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ABSTRACT  
 
Background Ovarian cancer is a heterogeneous disease representing variable tumors of different biological 
behavior, the origin of most of them is poorly understood. This fact makes the definite diagnosis of some 
ovarian tumors, including secondary tumors, a difficult challenging task.  
Aim:  Apply immunohistochemistry (IHC) in the diagnosis of different ovarian cancer types, especially those 
with similar histopathologic (H.P) morphology or poor differentiation. 
Methods: This study included 61cases of ovarian cancer diagnosed and reviewed histopathologically in the 
central lab of Duhok/ Iraq, from July 2008 to November 2011. Different immunohistochemical markers were 
used for different cases to identify the type and the origin of the tumor. The selection of these combinations 
based mainly on preliminary histopathological findings . 
Results: With the aid of IHC the provisional diagnosis of ovarian cancer was changed in 18 cases (29.5%). 
Sixteen of them proved to be metastatic cancers from different parts of the body. The colon possessed the 
commonest site of origin (14.8%). In two cases the IHC changed the diagnosis from one primary type to 
another.  
Conclusion :Histopathologically, ovarian cancer is among the most complex of all human malignancies. The 
IHC technique affirmed to be an important diagnostic aid to differentiate the primary and secondary ovarian 
cancer and to verify the specific type of the tumor in the poorly differentiated malignancies. 
                              Duhok Med J 2012;6 Suppl 2: 1-9. 
Key words: Immunohistochemistry, Ovary, Cancer, Diagnosis 
 

 

varian cancer is the second most 
common gynaecologic cancer, and 

the most lethal type among them in the 
Western world.1 The aggressiveness and 
the late diagnosis in most types are 
responsible for an overall 5-year survival 
of less than 30%.2 Morphologically and 
biologically ovarian cancer is a 
heterogeneous disease, which has likely 
contributed to difficulties in defining the 
origin and molecular alterations associated 
with its development and progression. 3On 
the basis of morphological criteria, ovarian 
cancer is classified into five categories; 
surface epithelial carcinoma, sex cord-
stromal tumors, germ cell, mixed (contain 
elements of more than one tumor), and 
metastatic one. This classification dictates 
many aspects of management, and 
prognosis. 4 The large group of surface 
epithelial carcinoma includes major types 

like serous carcinoma (comprises about 
one-half of all ovarian cancers), mucinous, 
endometrioid, and others. The sex cord-
stromal tumors include estrogens-
producing granulosa cell and Sertoli-
Leydig cell tumor, accounting for 8% of 
ovarian cancer. Although the germ cell 
tumors represent approximately 30% of 
ovarian tumors, they account for only 5% 
of ovarian cancer, because most germ cell 
tumors are teratomas and most teratomas 
are benign.  
Occasionally the definite diagnosis may be 
difficult or impossible histopathologically, 
as the tumors may show overlapping 
features. Since the IHC is an excellent 
technique to detect exactly the location of 
proteins in the examined tissue, it could be 
of great value to assess the type and origin 
of malignant cells. 5 In specific situations 
secondary tumors represent diagnostic 

*School of Medicine, Faculty of Medical Sciences, University of Duhok. 
Correspondence author: Melad A. Yalda.Email: sylvana737@yahoo.com 
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challenge area. The examples not only 
include poorly differentiated tumors but 
also the moderately differentiated or even 
so well differentiated types that can be 
mistaken for primary tomur with similar 
morphology. 6 
 
METHODS 
 
This study was conducted from the first of 
July 2008 to the first of November 2011. 
The study included 61females diagnosed 
as patients having ovarian cancer, 52 of 
them diagnosed by histopathological 
examination of ovarian specimens referred 
to the central lab of Dohuk/ Iraq, in 
addition to 9 cases referred to the same 
center as slides and paraffin embedded 
blokes (PEBs) for second opinion and 
reevaluation. Pathological examination 
and classification carried out in a routine 
fashion using the revised World Health 
Organization histologic classification for 
ovarian neoplasms. 7 
Representative PEBs contain the ovarian 
cancer tissues were selected to perform the 
immunohistochemical staining protocol 
according to the Avidin Biotin  Complex 
(ABC) detection system. 8 
Sections of 4 microns thickness, obtained 
from the PEBs, placed on positively 
charged slides together with adjacent 
parallel control sections which were 
processed with each set of staining for the 
IHC. Primary and secondary antibody kits 
were used, provided by the DAKO 
Company detected with the Envision+ 
system that employs peroxidase-labeled 
polymer conjugated to anti-mouse 
immunoglobulin antibodies. Immune 
complexes were identified by using a 
peroxidase reaction with DAB+ as 
chromogen (Envision+ detection system, 
K4006, Dako Corp, Carpinteria, CA). The 
markers were used in panels of different 
combinations according to the different 
preliminary histopathological results using 
the few distinguishing microscopic 
characteristics. In some cases a second 
panel was used according to the IHC 

results of the first panel. The following 
markers were used in the IHC analysis: 
cancer antigen 125 (CA-125), cytokeratin 
7 (CK7), cytokeratin 20 (CK20), 
carbohydrate antigen 19-9 (CA19.9), 
Wilms tumor protein 1 (WT-1), 
carcinoembryonic antigen (CEA), 
vimentin , cluster of differentiation 99 
(CD99), pan-keratin (PK), cluster of 
differentiation 45 (CD45), inhibin, alpha-
fetoprotein (AFP), gross cystic disease 
fluid protein-15 (GCDFP-15), estrogens 
receptor (ER), complexin 2 (CPX2), 
human melanoma black 45 (HMB45), 
Anti-Placental alkaline phosphatase 
(PLAP), Beta human chorionic 
gonadotropin (beta-hCG), thyroid 
transcription factor-1 (TTF-1), 
chromogranin, S100 and actin.  
 
RESULTS  
 
Among the 61 ovarian cancer cases 
examined histopathologically, 22 cases 
diagnosed as poorly differentiated 
carcinoma, 14 mucinous adenocarcinoma, 
9 serous adenocarcinoma, 5 yolk sac 
tumors. The diagnosis favored granulosa 
cell tumor, stromal tumor and 
dysgerminoma three cases for each type 
and undifferentiated malignancy in two 
cases. After performing IHC staining for 
all cases, the diagnosis changed in 18 
cases (29.5%). In 16 cases (26.2%) the 
diagnosis changed from primary ovarian 
cancer into secondary (Table 1). Seven 
cases of the poorly differentiated 
carcinoma appear to be metastatic 
malignancy from different parts of the 
body; three cases originated from stomach, 
two from colon, one from fallopian tube 
and one from the breast. Seven out of the 
14 cases (50%) of mucinous 
adenocarcinoma appear to be metastatic 
tumors. Only one case of the serous 
adenocarcinoma verified to be originated 
from fallopian tube. One of the two 
undifferentiated malignancies proved to be 
secondary involvement of the ovary by 
lymphoma. 
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Table 1. Preliminary histopathologic (H.P) results versus tissue of origin by IHC results.  Cross-

tabulation. 

   IHC results 

Total  Preliminary H.P results  Primary Secondary 

 Poorly differentiated carcinoma    15 SEC* 7 22 

 68.2% 31.8% 100.0% 

Mucinous adenocarcinoma  7 7 14 

 50.0% 50.0% 100.0% 

Serous adenocarcinoma  8 1 9 

 88.9% 11.1% 100.0% 

Yolk sac tumor  5 0 5 

 100.0% .0% 100.0% 

Granulosa cell tumor  3 0 3 

 100.0% .0% 100.0% 

Stromal tumor  3** 0 3 

 100.0% .0% 100.0% 

Dysgerminoma  3 0 3 

 100.0% .0% 100.0% 

Undifferentiated malignancy  1*** 1 2 

 50.0% 50.0% 100.0% 

    Total  45 16 61 

 73.8% 26.2% 100.0% 

* Changed to Surface Epithelial Carcinoma which include the mucinous and serous adenocarcinoma 
** One of the three cases changed from sex cord-stromal tumor to primary mixed ovarian tumor 
 ***Proved by IHC to be Granulosa cell tumor in addition to the 3 cases diagnosed by H.P examination 
 
The colon was the commonest primary site 
for metastatic cases (Table 2). Regarding 
the age at time of diagnosis, there was no 
significance difference between the mean 
ages of patients with primary and 
secondary malignancy (Table 3). The IHC 
changed the diagnosis in other 2 cases 
from one primary type to another. One of 
the 2 undifferentiated malignancy affirmed 
to be granulosa cell tumor which increased 
the diagnosed of granulosa cell tumor to 4 
cases. In one of the three cases of sex 
cord-stromal tumor the IHC analysis 
convert the diagnoses to primary mixed 
ovarian tumor.  
 
DISCUSSION  
 
Ovarian carcinoma is one of the most 
complex malignancies histopathologically 

and immunochemically.8 This fact has 
been attributed to the heterogeneous origin 
of the cells; moreover, unlike cells of most 
other organs the ovarian cancer cells 
contain a complex malignant 
differentiation progression. 10 
Histological features facilitate the 
distinction between different types of 
primary and secondary tumors, but in 
some cases it might be difficult or 
impossible to decide the diagnosis with 
certainty by histopathology alone. 11 
In our study depending on the IHC 
analysis, secondary carcinoma was 
affirmed in 16 out of the 61 cases (26.2%). 
Our results show that the colon conquered 
the highest site for secondary metastasis 
(representing the primary in 56% of 
secondary tumors and 14.8 of all 
malignancies).
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Table2. Preliminary H.P result versus definite IHC diagnosis Cross-tabulation. 
 

   IHC definite diagnoses 

 
Preliminary H.P 

results 
 

Secondary 
colon 

Secondary 
gastric 

Secondary 
tubal 

Secondary 
breast 

Granulosa 
cell tumor 

Mixed 
tumor 

Lymphoma

 

Poorly 
differentiated 

carcinoma 

 2 3 1 1 0 0 0 

 9.1% 13.6% 4.5% 4.5% .0% .0% .0% 

Mucinous 
adenocarcinoma 

 7 0 0 0 0 0 0 

 50.0% 0% 0% 0% 0% 0% 0% 

Serous 
adenocarcinoma 

 0 0 1 0 0 0 0 

 0% 0% 11.1% 0% 0% 0% 0% 

Stromal tumor 
 0 0 0 0 0 1 0 

 0% 0% 0% 0% 0% 33.3% .0% 

Undifferentiated 
malignancy 

 0 0 0 0 1 0 1 

 0% 0% 0% 0% 50.0% 0% 50.0% 

Total 
 9 3 2 1 1 1 1 

 14.8% 4.9% 3.3% 1.6% 6.6% 1.6% 1.6% 

 
Table 3. The age in respect to the primary & secondary ovarian tumors. 
 

 Tissue of origin Number Mean Std. Deviation Std. Error Mean

Age 
Primary 45 42.8444 18.37607 2.73934 

Secondary 16 42.0625 13.46338 3.36584 

Colon and ovarian carcinomas can be 
difficult to distinguish histologically from 
each other in ovarian masses, in peritoneal 
carcinomatosis, and in metastases to 
distant lymph nodes. 12,13 
 Misdiagnosis in this context may result in 
delayed identification of the primary lesion 
or misdirected clinical procedures. 
Incorrect diagnosis may also lead to 
inappropriate therapy because metastatic 
colon cancer is generally treated 
differently from the primary ovarian 
cancer. 14 
  Antila R et and Singh N reported in their 
studies that approximately 10–30% of 
ovarian tumors are metastatic, of these, 
colorectal metastasis accounts for 
approximately 4%.15Their results were in 
agreement with our findings. 
In congruent to our findings, Seidman JD 
et, reported that metastatic mucinous 
carcinomas are more common than 

primary ovarian mucinous carcinomas in 
routine practice. 16 
 A lower figure of secondary ovarian 
cancer (7%) has been reported with a 
higher incidence of Krukenberg i.e. gastric 
primary origin (a common mistake is to 
name all peritoneal metastases from any 
gastrointestinal cancer as Krukenberg 
cancer) but this is only the case if it 
originates from primary gastric cancer. 17  
 
In our study, the role of IHC in detecting 
the secondary colonic cancer metastasized 
to the ovary was magnificent. McCluggage 
WG and Wilkinson N concluded in their 
study that the use of different markers was 
an adjunctive diagnostic tool to 
differentiate secondary colonic cancer 
from primary ovarian mucinous 
adenocarcinoma, in addition to clinical 
history and gross and microscopic 
findings. 18 
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  Primary ovarian adenocarcinomas, 
including those of mucinous types, are 
usually CK7 positive and CK20 negative, 
whereas colorectal adenocarcinomas are 
generally CK7 negative and CK20 
positive. 12 
However, occasionally colorectal 
adenocarcinomas, particularly the poorly 
differentiated and right-sided tumors, can 
be CK20 negative. 19 
 Furthermore, adenocarcinomas of the 
appendix, small intestine, and stomach can 
be CK7 positive. Thus, immune-stains for 
CK7 and CK20 should be interpreted with 
caution, always in the light of all clinical 
information, and with the understanding 
that no tumor shows absolute consistency 
in its staining. Therefore, a CK7-
positive/CK20-negative immune-profile 
favors a primary ovarian carcinoma, 
whereas a CK7-negative/CK20-positive 
suggests metastatic adenocarcinoma. 20 
It is stressed that the value of CK might be 
increased when used as part of a larger 
panel, which may include antibodies to 
CEA, CA125, and CA19.9. The use of 
combinations of different kinds of 
Immunohistochemistry markers was 
mandatory to differentiate between 
different types of the ovarian tumors. That 
was the reason behind using different 
markers to the recruited cases to approach 
the accurate diagnosis between primary 
and secondary ovarian tumors. 21 
Baker PM in his study concluded that most 
ovarian carcinomas, including those of 
mucinous type, can be discriminated with 
high probability from a colorectal 
carcinoma using a panel of different 
antibodies directed against CK7 and 
CK20, as well as Cdx-2, and β-catenin. 22 
Features favoring a metastatic mucinous 
carcinoma include bilateral involvement, a 
multi-nodular growth pattern 
microscopically, ovarian surface 
involvement (surface implants) and 
extensive intra-abdominal spread of tumor. 
However all these features can be seen 
with primary mucinous tumors and 
therefore are not reliable for diagnosis. 6 

IHC have changed totally the diagnosis of 
the 2 cases of undifferentiated 
malignancies one to secondary lymphoma 
and the other one to granulosa cell tumor.  
Sex cord stromal tumors account for 
approximately 4% of benign ovarian 
neoplasms and 7% of primary ovarian 
malignancies. They have a varied  hist-
logical   appearance and can mimic a wide 
range of other ovarian neoplasms. 23 
IHC staining was able to change the 
diagnosis in one of the three cases of sex 
cord stromal tumors to a mixed type. 21,22 

The distinction between a sex cord tumor 
and carcinoma with sex-cord-like patterns 
may be greatly aided by the triad of 
epithelial membrane antigen (EMA), 
inhibin, and calretinin, the latter two being 
typically positive and EMA negative in sex 
cord tumors, the converse being typical of 
endometrioid carcinoma Sertoli-Leydig 
cell tumours and granulosa cell tumours 
can closely resemble ovarian endometrioid 
adenocarcinomas, and the juvenile variant 
of granulosa cell tumour might be difficult 
to distinguish from small round cell 
carcinoma including lymphoma. . 18, 21 
 
 
 
 CONCLUSIONS 
 
The IHC is of great help in the 
differentiation between different malignant 
patterns of ovarian cancer and proved to be 
a useful ancillary method in the diagnosis 
and confirmation of primary and 
secondary tumors, particularly the 
mucinous type; a challenging aspect of 
ovarian tumor interpretation. Furthermore, 
it's of great value in determination of the 
tissue of origin of the metastatic tumor. 
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ABSTRACT  
 
Background and objectives Prescription writing is a science and an art, as it conveys the message from the 
prescriber to the dispenser. The study aimed at screening of the prescriptions written by physicians for the 
presence of essential elements. 
Methods This study was carried out in six primary health care (PHC) centers, three hospitals (Rizgary, Hawler 
and Rapareen teaching hospitals), and in three private pharmacies in Erbil city. A cross sectional study was 
carried out from April 1, 2010 through  March 30, 2011. Using convenience sampling method, 1124 
prescriptions were collected from the selected health facilities and examined. Comparisons were made between 
the health facilities. 
Results Prescriber name was present on 76.0% of the prescriptions and prescriber address was present on 42.4% 
of the prescriptions. The name of the patient was present on 98.1% of the prescriptions, whereas the patient’s 
age and sex were mentioned in only 41.3% and 38.1% of the prescriptions respectively. The date of the 
prescription was provided on 96.1% of the prescriptions, the generic drug name was present only in 6.9% and 
brand name in 54.6% of the prescriptions. The diagnosis was present in 53.1%. 
Conclusions It was concluded that the majority of prescriptions were not ideal. 
                   Duhok Med J 2012;6 Suppl 2: 10-23. 
Key words: Prescription, drug dispensing, Erbil 
 

 

rescription writing is not merely 
putting few drug names on a piece of 

paper, rather it is science and art which can 
be attained only after years of experience, 
hard work and sound knowledge of the 
basic subject.1,2 
Prescribing is a clinical skill that almost 
every physician practices regularly to 
attain the desired therapeutic goals. 3 
Correct prescription writing has a great 
influence on the fate of medicine therapy 
and health of patients. 4 Prescribers are 
human; therefore make mistakes. 5 
Although the prescription format may vary 
slightly from one country to another, most 
countries agree on the core elements that 
should be included in the prescription 
order 6-9 .These are: prescriber’s name and 

address, telephone number and signature; 
patient’s name and address, age and 
weight (important at the extremes of age); 
prescription date; drug name (preferably 
generic), formulation, strength, dose, 
frequency of administration, quantity 
prescribed, and instructions for patient use. 
6-9 In addition, the physician is required to 
stamp the prescription. The stamp usually 
contains the name, title and degree of the 
physician. 10   
Proper documentation of prescribing 
practice allows the identification of 
acceptable and non-acceptable prescribing 
habits. It also helps in setting up 
monitoring systems to ensure good 
prescribing practice and to maintain them. 
Health professionals may also utilize this 

,Azadi family health center, Erbil.  
Professor/ Consultant physician (PH). Department of community medicine, college of medicine, Hawler
Medical University 
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information to develop guidelines for safe 
and cost-effective prescribing.10 According 
to the authors’ knowledge the subject was 
not studied before in Erbil city, and no 
published work is available. 
The objectives of the study were to find 
out the proportion of prescriptions that 
contains adequate information about the 
prescriber (name, telephone no, specialty, 
department of prescriber, and signature), 
the patient  (name, age, sex, and weight),  
and the drugs (drug names, strength of 
medications, dose units, quantity of 
medications, and  instructions for patient 
use); and finally to compare between PHC 
centers, hospitals, and private sectors 
regarding proficiency of  writing ideal 
prescription. 
 
METHODS 
 
Study setting: This study was carried out 
in six PHC centers (Azadi, Kurdistan, 
Malafandi, Nafie Akrei, Nazdar Bamarni, 
Manara), three hospitals (Rizgary, Hawler 
and Rapareen teaching hospitals), and 
three private pharmacies (Medica, Hala, 
and Pak) in Erbil city, Iraq. Erbil 
governorate is the capital of Iraqi-
Kurdistan region. Erbil city was divided 
into six geographical areas according to 
the municipalities. From each municipality 
one PHC center was randomly selected (by 
simple random sampling method); 
accordingly six PHC centers were selected. 
A convenience method of sampling was 
used to choose the private pharmacies. 
One of them was chosen by intension of 
the researchers to be far from the private 
clinics. Samples were taken from PHC 
centers and private pharmacies during 
attending the patients to the pharmacy. 
Rizgary and Hawler are the only teaching 
general hospitals in Erbil city, and 
Rapareen is the only teaching pediatric 
hospital in the city. 
 
Study design:  Cross-sectional study. 
 

Period of study: The study extended from 
April 1, 2010 through March 30,  2011. 
Data collection was conducted over a 
period of six months from Aug 1, 2010 
through Jan 31, 2011. 
 
The sample: A convenience sample of 
1124 prescriptions were collected from the 
selected health facilities and reviewed for 
the presence and accuracy of information 
contained. 
Two methods were used for data 
collection: in the first method, 314 stored 
prescriptions in Rizgary and Hawler 
hospitals were reviewed (273 from 
Rizgary, and 41 from Hawler hospital); 
whereas in the second method, an exit 
interview was carried out (after doctor 
consultation) with 810 patients (369 from 
the three hospitals, 344 from the PHC 
centers, and 97 from the private clinics). 
Regarding the hospitals’ sample, 170 
interviews done in Rapareen hospital, 113 
done in Rizgary hospital, and 86 
interviews done in Hawler teaching 
hospital. 
During the interview, patients were asked 
whether the doctor examined them or not, 
and whether the doctor gave them 
information about the prescription or not. 
Patients have been asked about their age, 
in order to compare it with the age that is 
registered on their prescriptions. Then their 
prescriptions were examined for the 
completeness of information. 
Compliance with the elements of 
prescription writing was defined as the 
degree to which the physician had met the 
obligation of including all the elements of 
a prescription in the prescription order. 
The information written within the 
prescription was judged “partly clear” if 
one word or the dose unit was not written 
clearly and “not clear” if none of the 2 
observers present during the screening 
session can read it (The 1st observer was 
one of the researchers, and the 2nd observer 
was the pharmacist).  
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The questionnaire:  
A questionnaire designed by the 
researchers was used to collect the 
following information: Prescriber’s name 
and degree, telephone number and 
signature, department of prescriber, 
specialty; patient’s name, age, sex and 
weight (important at the extremes of age); 
prescription date; drug name (preferably 
generic), formulation, strength, dose, 
frequency of administration, quantity 
prescribed, and instructions for patient use.  
 
Ethical considerations:  
The interview was done in a friendly 
environment in the pharmacy with 
assurance of the privacy and 
confidentiality of the collected data. A 
permission to carry out the study was 
obtained from the Directorate of Health 
(DOH) of Erbil Governorate. The study 
proposal was approved by Scientific 
Committee of the College of Medicine 
Hawler Medical University and a verbal 
consent (for an interview) was obtained 
from participants having prescriptions in 
their hand. 
 
Data analysis: 
Data were analyzed using statistical 
package for social sciences (SPSS version 
18). Chi square test of association was 
used to compare between three proportions 
(of PHC centers, hospitals, and private 
sectors). 
A “P” value of ≤ 0.05 was considered as 
statistically significant. 
 
RESULTS 
 
Prescriber name and address were present 
on 76.0% and 42.4% of the prescriptions 
respectively. Prescriber telephone number 
was present only on 3.2% of the 
prescriptions, both prescriber department 
and signature were included in 66.6%, and 
97.7% of the prescriptions respectively. 
Prescriber handwriting was clear in 30.1% 
of the prescriptions, not clear in 5.9% of 

the prescriptions and partly clear in 64.0% 
of the prescriptions as shown in (Table 1).  
Results showed that the name of the 
patient was present on 98.1% of the 
prescriptions, whereas the patient’s age 
and sex were present in only 41.3% and 
38.1% of  the prescriptions respectively. 
None of the prescriptions included weight 
of the patient. 
The date of the prescriptions was provided 
in 96.1% of the prescriptions, the generic 
drug name was present only in 6.9% and 
brand name in 54.6% of the prescriptions, 
while both were present on the same 
prescription in 35%, and in the rest (3.5%)  
of the prescriptions the drug names were 
not readable. Regarding the strength of 
medications, it was included for all drugs 
in 8.5% of the prescriptions. The dose 
units were not mentioned for all drugs in 
69% of the prescriptions, the units were 
mentioned for all drugs in 8% of the 
prescriptions. Quantity of medications not 
included for all drugs in 59.7% of the 
prescriptions. The majority (94.1%) of the 
prescriptions contained partial instructions. 
The diagnosis was present in 53.1%, and 
missing in 46.5% of the prescriptions as 
shown in (Table 2).   
During patient interview age was 
compatible in 89.2% of the 446 
prescriptions. The prescription was based 
on clinical examination in 84.2%. 
Instructions were given to the patient in 
42.2% of 810 prescriptions as shown in 
(Table 3). 
(Table 4) shows that the prescriber name 
was present in 69.5% of the PHC centers, 
and it was present in about 76.6% of the 
hospitals, while in private sectors 94.8% of 
the prescriptions  contained prescriber 
name (P<0.001). Prescriber address was 
present in (6.1%, 53.9%, 90.7%) of the 
PHC centers, hospitals, and private sectors 
respectively (P<0.001). Prescriber 
telephone number was present only in 
37.1% of the prescriptions in private 
sectors (P<0.001). Signatures were present 
in (99.7%, 96.6%, 97.9 %) of the PHC 
centers, hospitals, and private sectors 
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respectively (P=0.008). Diagnosis was 
present in 95% of the PHC centers, and in 
38.2% of the hospitals, while in private 
sectors present in 9.3%. The hand writing 

of the prescriber was partly clear in 78.8%, 
56.8%, 61.9% of the PHC centers, 
hospitals, and private sectors respectively 
(P<0.001). 

 

Patient’s  name was present in 100% of the 

PHC centers, 98% of the hospitals and 

92.8% of the private sectors (P<0.001), 

patient’s age was present in 77% of the 

PHC centers, 25.5% and 25.8% of the 

hospitals and private sectors respectively 

(P<0.001). The sex of the patient was not 

present in private sectors, in PHC centers 

the sex of the patient was present in 

74.1%, while in hospitals the sex of the 

patient was present in 25.3% (P<0.001). 

Patient’s weight was not present in all 

health facilities. Date of prescription was 

provided in 100% of the PHC centers and 

in 97.7% of the hospitals, while in the 

private sectors the date of prescriptions 

was provided in 71.1% (P<0.001) as 

shown in (Table 5).  

Generic drug name was written in 8.1% of 
the PHC centers, and 7.2% of the 
hospitals, while in private sectors drugs 
were not prescribed by their generic 
names. Brand names were written in half 
of the prescriptions of the PHC centers and 
hospitals, and in 67% of the private sectors 
(P<0.001). Strength of medications was 
included for all drugs in 4.7%, 5.1%, 
46.4% of the PHC centers, hospitals, and 
private sectors respectively (P<0.001). 
Dose units were written for all drugs in 
4.7% of the PHC centers, and hospitals, 
while in private sectors dose units were 
written in 43.3% (P<0.001). Quantity of 
medications were included for all drugs in 
24.2% of the PHC centers, and in 16% of 
the hospitals, while in the private sectors 
were present in 53.6% (P<0.001).

 

Table. 1 Distribution of sample by prescriber information present on prescriptions. 

Prescriber information 
 

N 
       No         % 

Name                              Absent 
           Present 

     1124 270 
854 

24.0 
76.0 

Address                          Absent 
                                        Present 

1124 647 
477 

57.6 
42.4 

Telephone number 
                                       Absent 
                                        Present 

 
1124 

 
1088 
36 

 
96.8 
3.2 

Specialty                        GP  18 1.6 
                                       Specialist 1124 148 13.1 
                                       SHO  311 27.7 
                                        Unidentified  647 57.6 
Department of prescriber                       
                                       Absent  
                                        Present            

 
683* 

 
228 
455 

 
  33.4 
   66.6 

Signature                       Absent 
                                        Present 

1124 26 
1098 

2.3 
97.7 

Prescriber’s handwriting                            
                                        Not clear 
                                        Clear 
                                        Partly clear 

 
1124 

 
66 
339 
719 

 
        5.9 

30.1 
64.0 

 * For hospitals only 
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Table 2. Distribution of sample by drug information present on prescriptions. 

Element 
 

 No. 
  

 
 

               % 
            n=1124 

Date of prescription 
                           Not provided 
                           Provided 

 

44 3.9 
 1080 96.1 

Drug names      Generic 
                           Brand 

 77 
614 

6.9 
54.6 

                           Mixed  394 35.0 

                           Not readable 
 

39 3.5 

Strength of medications 
                           Included for all drugs 

  
96 

 
8.5 

                           Included for some drugs  275 24.5 

                           Not included for all drugs  753 67.0 

Dose units 
 

  

                           Included for all drugs 
 

90 8.0 

                           Included for some drugs  258 23.0 

                           Not included for all drugs  776 69.0 
Quantity of medications    

                           Included for all drugs  244 21.7 

                           Included for some drugs  209 18.6 

                           Not included for all drugs  671 59.7 
Instruction for patient use 
                           Included for all drugs 

  
    28 

 
2.5 

                           Included for some drugs  3 0.3 

                           Partial instructions 
 

1058 94.1 
                           Not included for all drugs  35 3.1 
Diagnosis    
                           Missing   523 46.5 

                           Not clear  
 

4 0.4 

                           Present  597 53.1 

Table. 3 Distribution of sample by patient information present on prescriptions (patient interview)  

Patient interview n No. % 

Compatibility of age written in 
prescription: 

  

                             Not compatible   446* 48                     10.8 
                             Compatible  398                    89.2 
Was prescription based on clinical 
examination: 
                             No 

 
810** 

 
 

128                    15.8 
                             Yes  682                    84.2 
Were  instructions given to the patient 
verbally:  

  

 No              810 468                     57.8 
        Yes  342                    42.2 

* Number of the prescriptions age written on it (patient interview). 
** Number of sample taken by interviewing with patients. 
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Most of instructions were partial, 96.5% of 

the PHC centers, and 94.3% of the 

hospitals, while in the private sectors 

84.5% of the instructions were partial 

(P=0.001) as shown in (Table 6).   

During patient interview the age was 

compatible in 87.6% of the PHC centers 

and in 90.6% of the hospitals, while in 

private sectors the age was compatible in 

100% (P=0.175). Patients were examined 

in 80.5%, 85.1%, 93.8% of the PHC 

centers, hospitals, and in private sectors 

respectively (P=0.005). Instructions were 

given to the patient verbally in 20.3% of 

the PHC centers, and in 59.6% of the 

hospitals, while in private sectors 

instructions were given in 53.6%  

(P<0.001) as shown in (Table 7). 

 

Table 5.  Proficiency of writing ideal prescriptions (patient information) by type of health care facility. 

 
 
           variables 

 

 
PHC centers 

 
n=344 

    No.      % 

 
Hospitals 

     
    n=683 
  No.     % 

 
Private 
sectors 
n=97 

  No.     % 

 
Total 

 
n = 1124 

  No.      % 

 
 
P value 

Patient name    
                  Absent 
                  Present 

 
 0         0 

344      100 

 
14     2 

669   98 

 
7     7.2 

90     92.8 

 
21     1.9 

1103   98.1 

 
< 0.001 

 
Patient age       
                 Absent 
                 Present 

 
79       23 
265      77 

 
509   74.5 
174    25.5 

 
72    74.2 
25     25.8 

 
660    58.7 
464     41.3 

< 0.001 
 

Patient sex              
                Absent                   
                Present 

 
89      25.9 
255     74.1 

 
510   74.7 

173     25.3 

 
97    100 

    0        0 

 
696     61.9 
428     38.1 

 
< 0.001 
 

Patient weight  
                Absent 
                Present 

 
344      100 

 0         0 

 
683    100 
0        0 

 
97    100 
0       0 

 
1124    100 

0         0 

NA 
 

Date of prescription    
                Not provided 
                Provided 
 

 
0          0 

344     100 

 
16     2.3 
667  97.7 

 
28      28.9 
69      71.1 

 
 44     3.9 

1080   96.1 

 
< 0.001 

 

NA: Not applicable 
 
 

Table 6.  Proficiency of writing ideal prescriptions (drug information) by type of health care facility. 

 

              Variables 

PHC centers 

    n=344 

   No.       % 

   Hospital 

      n=683         

No.      % 

Private  sector        

      n=97 

    No.    % 

      Total            

   n=1124 

 No.     % 

      

P value      

Drug name     Generic  
                         Brand   
                         Mixed 
                         Not readable      

28      8.1 
175    50.9 
141     41.0 

0        0 

49     7.2 
374    54.8 
227   33.2 
33     4.8 

      0        0 
65     67.0 
26     26.8 
6        6.2 

77     6.9 
614    54.6 
394      35 
39     3.5 

 

< 0.001 

Strength of medication 
    Included for all drugs 
    Included for some drugs 
    Not included for all drugs 

 
16      4.7 
67     19.4 
261    75.9 

 
35     5.1 

179    26.2 
469    68.7 

 
45     46.4 
29     29.9 
23     23.7 

 
96     8.5 

275    24.5 
753    67.0 

 
 
< 0.001 
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Dose unit 
    Included for all drugs 
    Included for some drugs 
    Not included for all drugs    

 
16     4.7 
60    17.4 

268    77.9 

 
32     4.7 

169    24.7 
482    70.6 

 
42     43.3 
29    29.9 
26     26.8 

 
90     8.0 

258    23.0 
776    69.0 

 
 
< 0.001 
 

Quantity of medication 
    Included for all drugs 
    Included for some drugs 
    Not included for all drugs 

 
83    24.2 
40     11.6 
221   64.2 

 
109   16.0 
154    22.5 
420    61.5 

 
52    53.6 
15    15.5 
30     30.9 

 
244    21.7 
209   18.6 
671    59.7 

 
 
< 0.001 
 

Instruction for patient use 
    Included for all drugs 
    Included for some drugs 
    Partial instruction 
    Missing for all drugs 

 
2      0.6 
0        0 

332    96.5 
10     2.9 

 
22      3.2 
3       0.4 

664    94.3 
14     2.1 

 
4     4.1 

     0       0 
82    84.5 
11    11.4 

 

 
28     2.5 
3    0.3 

1058   94.1 
35    3.1 

 
 
< 0.001 
 

 

Table 7.  Proficiency of writing ideal prescriptions (patient interview) by type of health care facility. 

 
 
Patient interview 

PHC centers 
    n=344 
     No.     % 

   Hospital 
      n=683 
   No.    % 

Private sector       
      n=97 
   No.     % 

      Total 
     n=1124 
   No.    % 

      

   P value      

Compatibility with 
age written in 
prescription :                

    
 

                    Not  
compatible 
                    
Compatible 
                         

 33   12.4 
232  87.6 

15    9.4 
145   90.6 

   0       0 
25    100.0 

 

48    10.8 
402   89.3 0.175 

Was prescription 
based on          
clinical examination :   
                    No 
                    Yes 

 
 
 

67    19.5 
277   80.5 

 
 
 

55    14.9 
314   85.1 

 
 
 

6      6.2 
91    93.8 

 
 
 

128   15.8 
682   84.2 

 

 
0.005 

Were instructions 
given to the   patient 
verbally :    
                    No 
                    Yes         

 
 
 

274    79.7 
70      20.3 

 
 
 

149   40.4 
220   59.6 

 
 
 

45   46.4 
52   53.6 

 
 
 

468   57.8 
342   42.2 

 

 
<0.001 

 
DISCUSSION 

 

A drug prescription is often the endpoint 

of a patient’s visit to a medical 

practitioner. As an instruction from a 

prescriber to a dispenser, it is considered to 

be a medico-legal document that should be 

written legibly, accurately and completely 
6,7 . In this study prescriber name and 

signature were absent in 24% and 2.3% of 

the prescriptions respectively, disagree 

with the study done in Asir region, Saudi 

Arabia 11 in which 16.7% of the 

prescriptions were deficient in the 

prescriber name and 18.1% deficient in the 

prescriber signature. Also disagree with 

what was found by Balbaid and Al-

Dawood 12 who reported that prescriptions 

from some Ministry of Health hospitals in 

Jeddah city were deficient in physician’s 

name and signature in 14% and 16.3% of 

cases, respectively. Meyer 13 from a 
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hospital and clinic in Texas mentioned that 

through a survey sent to 71 outside 

pharmacies requesting information on 

problems related to prescriptions indicated 

that 96% of responders (one physician and 

one pharmacist) believed that failure to 

print the prescriber name was one of the 

main problems. Blatt et al. 14 have shown 

that 20-30% of prescriptions from a central 

hospital in Yaounde, Cameroon, did not 

include the name and the degree of the 

prescriber. Result of this study showed that 

3.2% of the prescriptions contained 

telephone number of prescriber this 

disagrees with the study done in Asir 

region, Saudi Arabia 11 in which none of 

the prescription contains prescriber 

telephone number. Also finding of current 

study showed that almost two-thirds (64%) 

of prescriptions suffered from poor 

handwriting this is agree with the result of 

the study done in Asir region, Saudi 

Arabia 11 in which illegible handwriting 

reported in 64.3% of the prescriptions and 

it disagrees to what was found by Balbaid 

and AL-Dawood 12  in Saudi Arabia who 

reported illegible handwriting in only 7.2% 

of the prescriptions. The high percentage 

of poor handwriting could be due to the 

fact that the presence even of a single 

unclear word or a dose unit was considered 

as poor handwriting for the whole 

prescription. Poor handwriting is a serious 

problem that might lead to dispensing error 

to the patient with serious or even fatal 

results. 15 Meyer 13 found that 15% of 

prescriptions studied had illegible 

handwriting.  

Furthermore, in a survey sent to 71 outside 

pharmacies from a hospital and clinic in 

Texas, 69% of responders stated that 

illegible handwriting was one of the main 

problems they encountered. Makonnen et 

al. 16 of a tertiary care pharmacy in Addis 

Ababa, Ethiopia also reported illegible 

prescriptions in 15% of cases. 

Concerning patient information, in the 

current study the prescriptions were 

deficient in patient’s name, age and sex in 

1.9%, 58.7% and 61.9% of prescriptions, 

respectively, this disagrees with the study 

done in Asir region, Saudi Arabia 11 in 

which 5.4%, 22.7%, and 48.7% of the 

prescription were deficient in patient’s 

name, age, and sex, respectively. This 

might be attributed to that the receptionist, 

being in a hurry, writes only patient’s 

name, rather his age and sex. Also 

disagrees with the results of Balbaid and 

AL-Dawood 12 in Saudi Arabia, their 

corresponding figures were 14.5%, 10%, 

and 4.1% respectively; and disagree with 

what was reported by Bawazir. 17 in a large 

study from 22 major hospitals from all 

health regions within Saudi Arabia, patient 

age was missing in 18.6% of prescriptions, 

while patient’s name and sex were missing 

in 0.2% of prescriptions. Current study 

was somewhat similar to what was 

reported by Makonnen et al. 16 about the 

quality of prescriptions at a tertiary care 

pharmacy in Addis Ababa, Ethiopia, where 

50% of prescriptions did not contain the 

sex and age of the patient. Francois et al. 18  

in a French university hospital reported 

that complete patient information was 

provided in only 35.5% of prescriptions. In 

the current study none of the prescriptions 

reviewed contained weight of patient; 

inclusion of weight is recommended for 
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patients at the extremes of age 6-9 because 

of the implication it has on drug 

pharmacokinetics and pharmacodynamics.  

Finding of this study showed that 3.9% of 

prescriptions were not dated, this disagree 

with study done in Asir region, Saudi 

Arabia 11 in which 64.3% of their 

prescriptions were not dated. And lower 

than the results of Balbaid and AL-

Dawood 12 in Saudi Arabia and Francois et 

al. 18 in a French university hospital who 

found that only 8.7% and 4.5% of 

prescriptions were not dated, respectively. 

This might be due to the regulations of the 

DOH that consider presence of date of 

prescriptions as mandatory for dispensing 

of medications.  

Result showed that doctors rarely (6.9%) 

wrote the generic names of drugs (8.1% in 

PHC centers, 7.2% in hospitals, 0% in 

private sectors). Disagree with the study 

done in Islamic Republic of Iran in which 

98% of GPs used to write generic names of 

drugs on the prescriptions. 19 However, a 

number of factors have been attributed to 

the failure of private doctors to prescribe 

medicine. Economic factors may play a 

role, as some pharmaceutical companies 

pay rewards to doctors who prescribe their 

products and this discourages generic 

prescribing. Also in a study conducted in 

Zimbabwe found that the desire to sustain 

income, play a role in the prescribing and 

dispensing habits of private doctors. 20 

The result of this study disagrees with a 

study conducted in outpatient clinic of a 

Nigerian public hospital where the average 

percentage of drugs prescribed by generic 

names was 49.5%. 21  Using generic names 

in prescriptions give flexibility to the 

dispensing pharmacist and may be of 

economic benefit to the patient. However, 

use of brand names may be acceptable 

when problems of drug bio-availability are 

expected. 6,8 The result of current study 

was lower than the result observed in 

health centers in Bahrain in which for only 

10.2% of the prescribed drugs was the 

generic name of the drug used. 22  Also 

lower than results of a study done in 

Sudanese hospital in which generic drug 

names were written in 19.5% of the 

prescriptions. 23 In this study brand names 

were written in 54.6% of the prescriptions 

this results lower than two studies 

conducted in Hadramout, Yemen, their 

results were 60.8%, and 68% of 

prescriptions prescribed by brand names. 24  

And agree with the results from a study of 

health units in Nepal. 25 These results may 

indicate a strong influence of the 

pharmaceutical industry on prescribers. 26 

The result of this study higher than the 

study conducted in Asir region, Saudi 

Arabia in which brand names were 

recorded in 50.1% of prescriptions. 24 

In this study approximately two-thirds 

(67%) of prescriptions did not include the 

strength of medication, the dose units were 

not included in 69% and the quantity of 

medications was not included in 59.7% of 

prescriptions. The result of this study 

disagrees with Balbaid and AL-Dawood 12 

in Saudi Arabia reported that the dose, 

frequency and duration of medications 

were deficient in 7.6%, 6.9% and 10.2% of 

prescriptions, respectively. Also disagrees 

with Bawazir 17  in Saudi Arabia who 

reported that the dose of the drug was 

missing in 4% of prescriptions. 
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Apparently, these parameters are left to the 

pharmacist to decide upon and the 

implications for the duration of therapy 

will be dependent on the individual 

pharmacist. The strength of medication is 

particularly needed when the 

pharmaceutical product exists in more than 

one strength. Francois et al. 17 in a French 

university hospital reported that 

medication information was complete in 

only 24% of cases, whereas Blatt et al. 14 

in France recorded that medication 

information was stated in 85% of 

outpatient and 50% of emergency room 

prescriptions.  

One of the prescription problems in this 

study was that doctors paid little attention 

to the instructions for patient use, which 

leads to poor compliance, and the majority 

(94.1%) contained only partial 

instructions, a finding that certainly will 

affect the adequacy of therapy. The result 

of this study was higher than a study 

conducted in Asir region, Saudi Arabia 24 

in which 90.7% of the prescriptions 

contain partial instructions. And disagrees 

with Bawazir 17 in Saudi Arabia who 

reported that instructions for patient use 

were missing in only 4% of prescriptions. 

 Result showed that the diagnosis was 

missing in 46.5% of the prescriptions, this 

result was higher than the study conducted 

in Asir region, Saudi Arabia 24 reported 

that diagnosis was missing in 34% of the 

prescriptions. Disagree with what was 

found by Balbaid and AL-Dawood 12  in 

Saudi Arabia who found that the diagnosis 

was missing in only 6.8% of prescriptions, 

and Bawazir 17 in Saudi Arabia who found 

that the diagnosis was missing in 9.8% of 

the prescriptions. 

The researcher did not come across a study 

that compare between PHC centers, 

hospitals, and private sectors. It was found 

that there were significant differences 

between PHC centers, hospitals and 

private sectors regarding presence of 

information about prescriber name, 

address, telephone number and specialty. 

These differences might be due to presence 

of prescribers own printed forms in the 

private sector that contain the name, the 

address, telephone number and specialty of 

the prescriber, or as a propaganda for the 

economic benefit of the prescriber, or for 

patient’s follow up reason. There were 

significant differences in writing the 

diagnosis and presence of signature 

between PHC centers, hospitals, and 

private sectors, both of them written more 

in PHC centers. This might be due to the 

regulations of the DOH that consider 

“diagnosis writing” and “presence of 

signature” mandatory for drug dispensing. 

Also there were significant differences 

regarding patient’s information (name, 

age, and sex) where they were written 

more in PHC centers. This might again, be 

due to the regulations of DOH in this 

respect. 

 

CONCLUSIONS 

 

Results of this study showed that the 

majority of the prescriptions reviewed 

were not ideal. 
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ABSTRACT  
 
Objective: This study was conducted to compare the efficacy and accuracy of the molecular Polymerase Chain 
Reaction – Sequence Specific Primers (PCR – SSP) based method with the serologic methods for HLA typing, 
in order to choose the best feasible test as a routine tissue typing test in the future in our clinical laboratories 
concerned to organs transplantation. 
Methods: The HLA-I was typed serologically by lymphocytotoxicity method using (HISTO TRAY HLA-I 
typing Kit, Germany) and the HLA Class I by PCR-SSP method using (HISTO TYPE SSP kit, Germany). 
Results: For the serologic method, the frequency of the different polymorphic HLA-I antigens were 44 for locus 
A, 53 for locus B and 38 for locus C in 20 screened persons (2.2, 2.6 and 1.9 polymorphic HLA antigens per 
single person respectively), whereas the frequency of the HLA-I (A) locus detected by PCR-SSP was 310 in 70 
screened persons which makes 5.2 polymorphic (A) antigens per single person. Also the discrepancy between 
the two methods was  very clear in the serologic method, there was only one (A38 antigen) (2.27%) which was 
not detected by the PCR-SSP method, while in DNA dependent method (SSP), there were 4 (A) antigen types 
(A68, A31, A34, and A210). 
Conclusions: Amplification of HLA loci with PCR-SSP has proved to be a rapid and accurate method for HLA-
A, -B and -C alleles typing. Also PCR-SSP allowed determination of the subtypes of HLA antigens very clearly 
and in broader scale making the matching of HLA types easier and more precise. 

Duhok Med J 2012;6 Suppl 2: 24-38. 
Key words: Human Leukocyte Antigens (HLA), Tissue Typing, PCR-SSP and 
lymphocytotoxicity. 
 

 

he genetic loci involved in the 
rejection of foreign organs are known 

as the Major Histocompatibility Complex 
(MHC). In humans, the MHC is called 
Human Leukocyte Antigen (HLA) because 
these antigens were first identified and 
characterized using alloantibodies against 
human leukocyte cells 36. The human 
major histocompatibility complex (HLA) 
maps to the short arm of chromosome six 
(6p21) and spans approximately 3.600 
Kilo base of DNA 7. Based on the structure 
of the antigens produced and their 
functions, there are three classes of HLA 
antigens termed accordingly as HLA Class 
I, Class II and Class III 31.The cell surface 
glycopeptides antigens of the HLA-A, -B 

and -C series are called HLA Class I 
antigens 30. The cell surface glycopeptides 
antigens of the HLA-DP, -DQ and -DR 
loci are termed HLA Class II 15.The tissue 
distribution of HLA Class II antigens is 
confined to the “immune competent” cells, 
including B-Lymphocytes, macrophages, 
endothelial cells and activated T-
lymphocytes 22,34. The class III region has 
the highest gene density but some of the 
genes are not involved in the immune 
system 3,16. HLA-A, HLA-B and HLA-DR 
have long been known as major 
transplantation antigens. Recent clinical 
data indicate that HLA-C matching also 
affects the clinical outcome of 
heamatopoitic stem cell transplantation, 
but HLA-DQ and HLA-DP do not appear 
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critical 14,28.Since some HLA antigens are 
recognized on all body tissues (rather than 
just blood cells), the identification of HLA 
antigens is described as “Tissue typing”. 
Tissue typing is a procedure in which the 
tissues of a prospective donor and recipient 
are tested for compatibility prior to 
transplantation 8. There are clear 
relationships between the degree of HLA 
matching and organs graft survival in 
transplants from living related donors 37.  
With respect to the extensive variations of 
HLA molecules and scarcity of mono- 
specific antibodies for detection of each 
antigen, HLA-I and HLA-II can be typed 
at DNA level with more accuracy (fewer 
errors) and more precise (more 
discriminating) by molecular techniques 
compared to serologic typing 4,38.  Variety 
of Polymerase Chain Reaction based 
typing such as Restriction Fragment 
Length Polymorphism (RFLP), Sequence 
Specific Primers (SSP), Sequence Specific 
Oligonucleotide Probes (SSOP) and 
Sequence Based Typing (SBT) have been 
developed and applied for clinical HLA 
typing 22 . 

Amplification of HLA loci with PCR-
SSP has proved to be a rapid and accurate 
method for genotyping HLA-A, B and C 
alleles 9,12, and indicates that HLA typing 
by serology may not be sufficiently 
reliable 2,21. Serology is a quick and 
convenient method of  HLA Class I 
detection, but it is hindered in many  cases 
by serological cross reactivity and 
decreased in expression of HLA antigens, 
particularly in immunosuppressed patients 
or in patients with different hematological 
tumors 11.The aim of this Study is 
tocompare the efficacy and accuracy of the 
molecular (PCR-SSP) based method with 
the serologic routine methods, in order to 
choose the feasible one as a routine tissue 
typing test in the future in our clinical 
laboratories related to organs 
transplantation units. 

 
 
 

METHODS 
 

Sampling : A total of 14 families were 
selected randomly from Duhok city/ 
Kurdistan Region/ Northern Iraq, each 
family constituted of 5 people (the parents 
and 3 siblings ) enrolled in this study. So 
the total number of the subjects involved 
was 70 people. Ethical committee approval 
was obtained prior to the commencement 
of the study with full consent from people 
involved in the study. Thirty-five of the 
total subjects (50%) were males and the 
other 50% were females. The ages of the 
siblings ranged between 8-32 years and the 
parents ranged between 38-75 years. A 
total of 5ml of peripheral blood was taken 
from each person involved in the study 
using disposable sterile syringes, 2.5 ml of 
blood sample was collected in a 
heparinized tube from four families (5 
person from each) for the serological 
HLA-I typing as a control for the best 
histocompatibility match (Group I), 
whereas the other 2.5 ml was collected 
from the whole 70 people (Group II) in an 
EDTA tube and stored frozen for the DNA 
analysis. 
   
 
SEROLOGICAL HLA TYPING 

 
The HLA-I was typed serologically by 

lymphocytotoxicity method using (HISTO 
TRAY HLA-I typing Kit, Germany). In 
this test, sample lymphocytes that are 
previously isolated were added to readily 
prepared sera (microplates reaction trays 
that already pre dropped specific anti-HLA 
antibodies with pre identified HLA-I 
phenotypes) which may or may not have 
antibodies directed to HLA antigens. If the 
serum contains an antibody specific to an 
HLA class I antigen on the lymphocytes, 
the antibody will bind to this HLA antigen. 
Complement is then added. The 
complement binds only to positive cells 
i.e., where the antibody is bound, and in 
doing so, it causes membrane damage 18. 
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The damaged cells are not completely 
lysed but suffer sufficient membrane 
damage to allow uptake of vital stains such 
as eosin or fluorescent stains such as 
ethidium bromide. Microscopic 
identification of the stained cells indicates 
the presence of a specific HLA antibody. 
Stained lymphocytes indicate a positive 
reaction. In case of missing antigen-
antibody reaction, the cell membrane 
remains intact, no penetration of indicator 

dye takes place and the cells remain 
unstained indicating a negative reaction. 
For reading the results, each reaction tray 
was covered with a cover glass shortly (5 
min.) before reading under an inverse 
contrast microscope 10 .To evaluate the 
HLA-I type, the amount of lysed 
lymphocytes (%) in each reaction tray 
compared with the total amount of 
lymphocytes was quoted as a score value 
in each tray as follows: 

Table 1. score value. 
 
% Lysed cells                   Score                        Evaluation 
0-19%                       =      score 1                       negative 
20-39%                     =      score 2                  doubtful negative 
40-59%                     =      score 3                   weak positive 
60-79%                     =      score 4                       positive 
80-100%                   =      score 5                  no evaluation possible 
 
DNA Analysis and Molecular Techniques
 

DNA was extracted from whole blood 
samples according to the modified method 
described by 6. The concentration of DNA 
was then determined 
spectrophotometricaly using UV 
spectrophotometer. The extracted DNA 
was used to detect the HLA Class I by 
PCR-SSP method using (HISTO TYPE 
SSP kit, Germany). The preparation of 
DNA master mix and running program in 
the thermal cycler has performed 
according to manufacture instructions that 
are provided with kit. The PCR 
amplification products were detected using 
gel electrophoresis (The gel concentration 
should be 2.0 - 2.5% of Agarose) and 
detected under UV light source. 
 
RESULTS 

 
According to the scoring Table provided 
with the kit, all the test wells were 
examined microscopically and the number 
of the lysed cells were the indicator of the 
test evaluation. All the test wells contained 
40-100% lysed lymphocytes were 
evaluated as positive for a defined specific 
HLA-I phenotype (Figure 1), but the wells 

contained less than 40% lysed cells were 
evaluated as negative (Figure 2). 
The positive reaction findings were 
assigned to the specificities of the anti-sera 
contained in each well that were already 
defined on provided HLA-I, A, B, and C 
polymorphism tables (included with each 
kit), the anti-sera used for the typing are 
listed in (specific appendix that provided 
with kit). Each positive reaction occurred 
was due to the presence of antigens on the 
lymphocytes corresponded to antibody 
present in the antisera of HLA class I. 
There was a clear polymorphism, and most 
of the samples were typed for HLA-I A, B 
and C successfully. (Table 2) shows the 
phenotypes of HLA-I, A, B, and C in all 
the families tested. The results of HLA-I 
typing of the whole 20 screened subjects 
are given in the(Table2), which shows 
polymorphism in both the loci "A" and 'B" 
alleles reflecting many sero-specificity, but 
less in locus "C".  In locus "A" there were 
44 different polymorphic sero-specificities 
found, the most frequent one was A10 
which represented 15.9% of the total "A" 
locus typed. 
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  A                          B    
Figure 1. Positive results of two different test sample wells for HLA-I specific antigen phenotypes,  A; 
about 60% cell lysed,  B; about 80% cell lysed are indicated. (400X). 

   A                        B    
Figure 2. Negative results of two different test sample wells for HLA-I specific antigen phenotypes,  A; 
less than 10% cell lysed,  B; about 30% cell lysed are indicated. (400X). 
 . 
Table 2. The HLA-I sero-pattern of each subject in each family. Families No. (5, 6, 7, and 8) are the 
families correspondent to the same families tested for HLA-I, A by PCR-SSP. 
 

Family No. 5  HLA – A, B, C (loci) 
 A B C 

Father A66/A10 B7/B45, B76, B82  Cw1 / Cw6 
Mother A10/ A24 (9) B8, B59 / B39 Cw5 / Cw6 

Sibling 1 A66/ A19 B76 / B39 Cw5/Cw1 
Sibling 2 A10/A9 B59 / B7 Cw5 / Cw1 
Sibling 3 A24 (9) / A23 B76 / B39 Cw5 / Cw1 

Family No.6    
Father A24 / A32 B5, B51, B52/ B28 Cw5/ Cw7 
Mother A66 / A19 B8, B14, B39 / B33, B31 Cw5/ Cw6 
Sibling1 A10 / A30 B8, B59 / B51 Cw3 / Cw5 
Sibling2 A9 / A19  B45, B76 / B12 (44) Cw4 / Cw5 
Sibling3 A24 / A19 B51 / B30, B31 Cw6 / Cw7` 

Family No.7    
Father A66 (10) / A43 B8, B59 / B38 Cw2 / Cw7 
Mother A1 / A203 B62 / B52 , B49 Cw1 / Cw2 

Sibling 1 A1 / A10 B38 / B52  ----- 
Sibling 2 A2/ A11 B58 / B52 Cw2 / Cw2 
Sibling 3 A1 / A43 B52 / B8 Cw7 / Cw1 

Family No.8    
Father A24 / A3(38) B52, B49 / B12 Cw2 / Cw4 
Mother A1 / A26 B7 / B8, B59 Cw4 / Cw7 

Sibling 1 A26 / A10 B49 / B59 Cw4 / Cw4 
Sibling 2 A43 / A3 B52 / B59 Cw4 / Cw2 
Sibling 3 A24 / A43 B49 / B12 Cw2 / Cw7 
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Whereas for the locus 'B", polymorphic 
alleles reflected greater sero-specificity 
which was 53 different types, the most 
frequent one was B59 (13.20%). For the 
locus "C", usually the polymorphism was 
much less in comparison with the others. 

Only the Cw 1, 2, 3, 4, 5, 6 & 7 were 
typed, and the most frequent one was Cw 5 
(21.05%), the sibling 1 in family No.7 
were excluded from typing HLA-I,C 
because most of the results were 
doubtfully positive as shown in (Table 3). 

 
Table 3. The frequency and percentage of the A, B and C serotypes in HLA class I typing. 
 

HLA class I 
A Locus B Locus C Locus 

Serotype Freq. % Serotype Freq. % Serotype Freq. % 

A10 7 15.90 B59 7 13.20 CW5 8 21.05 
A24 6 13.63 B8 6 11.32 CW2 7 18.42 
A66 4 9.09 B52 6 11.32 CW1 6 15.78 
A9 4 9.09 B76 4 7.54 CW4 6 15.78 
A19 4 9.09 B39 4 7.54 CW7 6  15.78 
A43 4 9.09 B49 4 7.54 CW6 4 10.52 
A1 4 9.09 B51 3 5.66 CW3 1 2.63 
A3 2 4.54 B7 2 3.77    
A26 2 4.54 B31 2 3.77    

A203 1 2.27 B45 2 3.77    
A23 1 2.27 B12 2 3.77    
A32 1 2.27 B45 1 1.88    
A30 1 2.27 B82 1 1.88    
A11 1 2.27 B5 1 1.88    
A38 1 2.27 B28 1 1.88    
A2 1 2.27 B14 1 1.88    

   B33 1 1.88    
   B44 1 1.88    
   B30 1 1.88    
   B38 1 1.88    
   B62 1 1.88    
   B58 1 1.88    
 Total: 44   Total:53   Total: 

38 
 

 

Regarding to Molecular Typing (PCR-
SSP) of HLA, the specificity table and 
evaluation diagram included with the kit 
were used for the evaluation, In all lanes of 
the electrophoresis gel  for each run there 
was a clearly visible PCR band in 1070 bp 
size which is reflecting the internal 
positive control (Figure 3). 
Figure (3) represents an example of the gel 
electrophoresis for family screened for 

HLA-I, A typing. The upper row of lanes 
were the PCR results of the father, the next 
down row lanes represented the PCR 
results of the mother, and the other three 
rows represented the PCR results of the 
three siblings in each family. In all the 
tests, most of the PCR bands size was 
measured according to the marker 
provided from (BAG healthcare).
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Figure. 3. Represents 2-2.5% agarose gel electrophoresis of PCR-SSP molecular pattern of the subjects 
typed for HLA-I, A in family number 1 (Lane M; DNA marker;  Lanes 1 to 24 are DNA PCR product 
samples;  The band at 1070 bp are the internal positive control). 

All of the measured bands were 
compared and aligned with the evaluation 
diagram (specific appendix, provided with  

each kit), and evaluated for the HLA-I, 
A sero- typing as indicated in (Table 4). 

 

Table 4. Sero-specificity indicated by PCR-SSP DNA band sizes. 

Family   HLA-A Locus 
Allele 1 (sero-specificity according to 
PCR product band size) 

Allele 2 (sero-specificity according to 
PCR product band size) 

 
 

1 

Fath. A23, (9), Null, A24, A43 
Moth. A23 (9), A9, Null A24 (9), A24, Null  
S.1 A23 (9), Null, A24 (9), A9, Null A43 
S.2 A23 (9), Null, A24 (9), A9, Null A43 
S.3 A23 (9), Null, A24 (9), A9, Null A66 (10), A (10), A 11  

 
 

2 

 
Fath. 

A2,  A203, A210,  Null A29 (19), Null 

Moth. A2, A203, A210, Null A69 (28)   
S.1 A2, A203, A210, Null A69 (28)   
S.2 A29 (19) Not recognized  
S.3 A3, Null  A25 (10), A10 (Doubtful) 

 
 
 

3 

Fath. A10, A11, Null, A66 (10)  A24 (9),A 24, A9 
Moth. A3, Null A80 
S.1 A3, Null  A10, A11, Null, A66 (10) 
S.2 A24 (9), A24, A9, Null Doubtful  
S.3 A24 (9) A24, A9 A23, A9, Null doubtful or A11, Null, 
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A10, A66, (10)   
 
 

4 

Fath. A24 (9), A(24) , Null, A(9)  --- 
Moth. A11, Null, A10,A 66 (10) A23 (9), Null, A24 (9), A24 A9 
S.1 A24 (9), A24, A 9, Null, A 23, A9 A2, A203, A210 
S.2 A24 , Null A11, Null, A10, A66 (10)  
S.3 A24 (9), Null, A9 A2, A203, A210 

 
 

5 

 
Fath. 

A66(10) A10 

Moth. A66(10) A23 (9), A24(9)  
S.1 A66(10) A31(19) 
S.2 A66(10) A23(9) 
S.3 A24(9) A 10, Null  (doubtful)  

    
 
 

6 

Fath. A11, Null,A10,A66(10),A23(9),A24  A32(19) 
Moth. A11, (Null), A10, A66(10) A30, A19  
S.1 A10, A11, A66(10) A19, A30 
S.2 A10, A11, Null, A66(10) A23(9), A24(9), A24 
S.3 A23(9), Null, A24(9), A24, Null, A9 A34, A24, A9  

 
 

7 

 
Fath. 

A11 ,Null, A10, A66(10) A26(10), A10, Null, A43 

Moth. A1, Null A2, A203, A210, Null  
S.1 A1, Null A11(Null), A10, A66(10) 
S.2 A2, A203, A210, Null A11, Null, A10, A66(10) 
S.3 A1,Null A26(10),43,Null 
   

 
 

8 

Fath. A24, Null, A9 A3, Null, A68, A(28), Null 
Moth. A1, Null A26(10), A10(Null), A43  
S.1 A26(10), A10, A10(Null) A25(10), A10, Null, A43, A66(10)   
S.2 A43, A26(10), A10(Null), A3, Null 
S.3 A24(9), Null A2, A203, A210, Null 

 
 

9 

 
Fath. 

Not included   

Moth. Not included  
S.1 Not included  
S.2 Not included  
S.3 Not included  

10 No PCR  bands (No Reaction) 
 
 

11 

Fath. A2, A203, A210, Null A11, Null, A10, A66(10) 
Moth. A30(19) A34(10), A66(10)  
S.1 A34(10), A66(10) A74(19), A19, Null 
S.2 A2, A203, A2(10), Null A30(19) 
S.3 A11,Null,A66(10) A31(19),Null 

 
 
 

12 

Fath. A23(9), Null, A24(9), A9, A24 A24(9), A9, A24 
Moth. A11(Null), A10 A23(9), Null, A24(9), A(9), A24  
S.1 A11(Null), A10 A23(9), Null, A24(9), A(9), A24 
S.2 A11(Null), A10 A23(9), Null, A24(9), A(9), A24 
S.3 A11(Null)A10 A23(9), Null, A24(9), A(9), A24 

 
 

13 

Fath. A23(9), Null, A24(9), A9 A24(9) 
Moth. A2, A203, A210, Null A34(10), A66(10) 
S.1 A10, A66(10) A23(9), A9, A24 
S.2 A3, Null A23(9), A24(9), A9 
S.3 A3, Null A10, A66(10) 

14 No PCR  bands (No Reaction) 

 
According to (Table 4), there were 23 

different polymorphic HLA-I A antigens 
detected and 74 Null antigens. The PCR-
SSP pattern of the (father) in family 4, 

gave a vague result, and so it was excluded 
from the screening. Also the PCR-SSP 
pattern of the sibling 3 in family five gave 
some doubtful results. All of the screened 
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subjects for HLA-I, A of the family 9 gave 
the same pattern which could be due to 
sample contamination. (Table 5) presents 
the number, frequency and percentage of 
the different polymorphic HLA-I, A 
antigens detected by PCR-SSP on all the 
alleles of the screened subjects. 

 
Table 5. Types, frequency and the percentage of 

the detected HLA-I, A antigen using PCR-SSP 

HLA     typing method. 

HLA-I, A 
(Locus) 

Frequency % 

A9 65 20.96 
A10 53 17.09 
A24 45 14.51 
A66 24 7.74 
A23 21 6.77 
A11 19 6.12 
A2 12 3.88 

A203 11 3.54 
A210 11 3.54 
A19 11 3.54 
A43 7 2.25 
A3 6 1.93 
A1 4 1.29 
A30 4 1.29 
A34 4 1.29 
A28 3 0.96 
A29 2 0.64 
A69 2 0.64 
A25 2 0.64 
A80 1 0.32 
A31 1 0.32 
A74 1 0.32 
A68 1 0.32 

 Total expressed HLA-
I,A antigens : 310 

 

A, Null 
(not 
expressed) 
antigen 

74 19.27 

 
Comparing the results of HLA-I, A 

typing of the subjects in families 5,6,7   
and 8 using both  the serologic method and 
the PCR-SSP method, it was found that the 
serologic method was able to detect 16 
different polymorphic HLA-I,A antigens, 
and the PCR-SSP method detected 23 
different polymorphic HLA-I,A antigens 
and 26 Null antigens (not expressed) with 
a higher frequency in the same screened 
subjects as shown in (Table 6). 

 

Table. 6. Comparison of the A locus between the 

serologic and PCR-SSP methods in HLA-I 

typing. 

Families 
Serologic 
Method 

PCR-SSP Method 

Family 
No.5 

A  

Fath. A66/A10 A66(10) / A10 
Moth. A10/ A24 

(9) 
A66(10) / A23, A24(9) 

S.1 A66/ A19 A66(10) / A31(19) 
S.2 A10/A9 A66(10) / A23(9) 
S.3 A24 (9) / 

A23 
A24(9) / A Null 

(Doubtful) 
Family 

No.6 
 

Fath. A24 / 
A32 

A11, Null, 
A10,A66(10), 

A23(9),A24(9) / 
A32(19) 

Moth. A66 / 
A19 

A11(Null), A10, 
A66(10) / A30, A19 

S.1 A10 / 
A30 

A10, A11, A66(10) /  
A19, A30 

S.2 A9 / A19 A10, A11,Null, A66(10) 
/ A23(9), A24(9), A24 

S.3 A24 / 
A19 

A23(9), Null, 24(9), 
A24, Null,A9 / A34, 

A24, A9 
Family 

No.7 
 

Fath. A66 (10) 
/ A43 

A11,-,Null, A10, 
A66(10) / 

A26(10),A10,Null,A43 
Moth. A1 / 

A203 
A1, Null / A2, A203, 

A210, Null 
S.1 A1 / A10 A1, Null /A11, A10, 

A66(10) 
S.2 A2/ A11 A2, A203, A210, Null / 

A11, Null, A10,A66, 
A10 

S.3 A1 / A43 A1,Null /A26(10), 
A43,Null 

Family 
No.8 

 

Fath. A24 / 
A3(38) 

A24, Null, A9 / A3, 
Null, A68, A28, Null 

Moth. A1 / A26 A1, Null / A26(10), 
A10, Null,  A43 

S.1 A26 / 
A10 

A26(10), A10, 
A10(Null) / A25(10), 

A10, Null, A43,A6610) 
S.2 A43 / A3 A43, A26(10), 

A10(Null) / A3, Null 
S.3 A24 / 

A43 
A24(9),Null  / A2, 

A203, Null 
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DISCUSSION 
 

This study is the first one done in 
Kurdistan Region, Iraq, using serological 
and  PCR-SSP methods for HLA typing.  
HLA  antigens  are  the  major  
determinants used by the body's immune  
system  for  recognition  and 
differentiation  of  self  from  non-self 
(foreign) substances. This system consists 
of numerous SNPs (Single Nucleotide 
Polymorphisms) encoding more than 2,000 
known alleles 29. HLA antigens are 
regarded as the major barriers in 
transplantation of organ and tissue 
between individuals. Data obtained by 38 

and 24, about the role of HLA matching in 
renal transplantation has consistently 
shown a stepwise decrease in graft survival 
rate with increasing antigen mismatch.  
     The HLA types of the donors and 
acceptors have a significant effect on the 
occurrences of graft versus host disease 
(GVHD), engraftment failure, and graft-
versus-leukemia effect 20. The actual HLA 
testing is performed on a blood sample 
from the patient and potential donors. 
There are different ways that an HLA 
typing test can be done.    

These methods differ in their ability to 
detect differences between a patient and 
donor. HLA typing can be performed by « 
serologic typing » or by « DNA molecular 
typing » techniques 35. In this study, for 
serologic HLA typing, we used a panel of 
ready prepared antisera from (BAG- 
Healthcare, Appendix I); the antisera were 
pre-dropped in microtitration wells. 
Twenty subjects belonged to four families 
(5 each) were screened for HLA-I A, B 
and C serologically, if any of which is 
used as a virtual recipient and the others 
are used as donors, the probability of 
selecting the best matched donor is twenty 
multiplied by twenty which makes 400 
comparisons.   
For DNA analysis by SSP-PCR, a total of 
14 families were screened including 5 
persons each which makes the total 
number of the examined subjects 70 

persons. Two of the families were 
excluded from the study because their 
SSP-PCR product did not show any 
pattern, which could be due to the lack of 
DNA in their samples or any defect in the 
PCR mixture.  So, the total number of the 
subjects included for DNA analysis were 
60 persons, the probability of the 
comparison for any one of them as a 
virtual recipient with the others as best 
matched donors was (60 x 60) which 
makes 1800 matching. The principle of 
PCR-SSP is that each individual allele 
(making up a serological specificity) is 
amplified by a primer pair exactly matched 
to that region. Specificity is determined by 
the use of sequence specific primers in 
which a 3' single-base mismatch inhibits 
the priming of non-specific reactions. 
Because Taq polymerase lacks 3' to 5' 
exonuclease activity, even if primer pairs 
do anneal non-specifically, they will not 
amplify efficiently.  Thus, only the desired 
allele or alleles will be amplified 32. The 
antisera panel that are used for serologic 
HLA-I (A, B, C) typing was consisting 
antisera of 24 different alleles for the locus 
"A" 39 for the locus "B' and only 7 for the 
locus 'C" (Appendix I).The reason for 
HLA-C alleles being undetected by 
serology is unclear but a possible 
explanation is the lack of surface 
expression and a lack of suitable 
serological reagents 5. The most likely 
cause of serologically undefined HLA-C 
alleles the lack of suitable antisera 
complete with low cell surface expression. 
Despite similar messenger RNA levels, 
HLA-C antigen are expressed on cell 
surface at approximately 10 % of the level 
of either HLA-A or B 17.This may be due 
to in sufficient assembly of HLA-C 
molecule with 2-Micoglobulin 39.  
The antisera were used for the serologic 
typing of HLA (A, B, C) of 20 persons 
belonged to four families (each family was 
composed of the parents and three 
siblings). In each family it was tried to 
investigate the best tissue compatibility 
between the members serologically. For 
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the molecular typing, the primers used in 
the low-resolution  PCR-SSP method, we 
used  a panel of 24 primers pairs (5' and 3' 
ends primers) available from (BAG 
Healthcare, appendix II), they were 
specific primers for HLA-A locus. The 
PCR-SSP low resolution method was used 
to detect the best tissue compatibility 
between the members of 12 families (5 
persons each) including the same families 
investigated serologically for HLA typing. 
In the current study, comparison of the 
results of the serologic method with the 
those of the PCR-SSP method for the same 
screened subjects indicated a broader 
detection of the "A" locus in the HLA 
class I antigens with a greater 
polymorphism and frequency with the 
PCR-SSP method than that found in 
serologic method, which means a more 
flexibility and easiness in matching the 
donors with the recipients. Also it has been 
found that the PCR-SSP method is more 
efficient in detecting the non-expressing 
HLA-I, A genes (the Null antigens), there 
were 74 Null "A' genes in all the screened 
persons by SSP method.  
Since the introduction of DNA-based 
human leukocyte antigen (HLA) typing a 
number of discrepancies with serological 
typing have been documented.  13 found 42 
HLA class I and II Null alleles had been 
described characterized by a lack of 
expression of cell surface antigen. These 
Null alleles can be accounted for by a 
number of demonstrated molecular 
mechanisms including insertion, deletion 
and point mutation and may lead to a 
nonsense codon, splicing defect or 
premature stop codon.  In a study done by 
23, the results of HLA-A, -B and-C typing 
using serology in 40 normal Iranian 
individuals were compared to the results of 
typing with PCRSSP.  In serological HLA-
typing, they used a panel of antisera from 
the third Asia-Oceania Histocompatibility 
Workshop 26. The large antisera panel used 
consisted of 23 different alleles for the "A" 
locus, 49 for the "B" locus and 8 for the 
"C" locus. In the PCR-SSP low-resolution 

method, they used 32 different primer 
pairs for the "A" locus, 27 for the "B" 
locus and 23 for the "C" locus. In spite of 
using a very large panel of antisera in the 
serological method, 23 found that there 
were at least 16 blank or undefined 
antigens (9 in the "A' locus and 7 in the 
"B" locus) and the PCR-SSP low-
resolution method allowed the 
identification of 2 blanks in the "A" locus 
and 3 blanks in the "B" locus. According 
to their results, the resolution of HLA-A 
PCR-SSP method was largely unaffected 
by cross-reactivity and they were able to 
obtain correct and exact results in this 
locus. 
In the present study, however, the 
precision and accuracy of both the 
serologic method for HLA-I (A, B, C) and 
the DNA based method for HLA-I,A for 
the same families were compared only 
based on the detection of serologically 
defined HLA-I (A,B,C) alleles 
serologically , and indeed, the used 
primers were specific for determination of 
only (HLA-A) alleles depending on PCR-
SSP. Despite of these, there was a 
difference between the results of the two 
methods. For the serologic method, the 
frequency of the different polymorphic 
HLA-I antigens were 44 for locus "A" 53 
for locus "B" and 7 for locus "C" in 20 
screened persons (2.2, 2.8 and 1.9 
polymorphic HLA antigens per single 
person respectively), where as the 
frequency of the HLA-I, A locus detected 
by PCR-SSP was 309 in 60 screened 
persons which makes 4.4 polymorphic "A" 
antigens per single person. But the 
discrepancy between the two methods was 
not very clear, in the serologic method, 
there was only one (A38 antigen) (2.27%) 
which was not detected by the PCR-SSP 
method, where as in DNA dependent 
method (SSP), there were 4 (21.05%) "A" 
antigen types (A68, A31, A34, and A210) 
not detected by the serologic method in the 
20 screened persons.  (These results are 
highly  in favor  with  the conclusion of   1, 
when they found a difference between the 
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results of the two methods of about 43.7%, 
that indicated the higher error in serology 
or more accuracy in PCR-SSP for DR 
typing.  Because in molecular typing such 
as PCR-SSP, the factors including 
quantity, quality, and viability of the cells, 
lack of mono specific antiserum, 
difference in time and temperature of 
incubation, precision in reading of 
microplates, and etc, that are variable in 
serology, do not affect the PCR-SSP  27.  
In some other studies a difference rate of 
about 10- 57% between serology and 
DNA-based typing methods has been 
indicated 25,33. In another study, 19, 
demonstrated that the difference in results 
of PCR-SSP and serology was mainly due 
to an increase in doubtful results by 
serology, not technical failures or missed 
antigens. By serology they found that high 
percentages in incorrect or inclusive 
assignment were obtained in HLA, DR13, 
DR14, DR11 and DR12 for HLA class II 
and A80, A33, A74, and B38 for HLA 
class I. Their results clearly show that 
incorrect antigen assignment which 
account in about (25%) of HLA class I and 
(40%) of HLA class II serological typing 
were all resolved by molecular typing.  

From viewing of different studies and 
articles, it is found that the serological 
techniques and reagents can not detect all 
currently known alleles, for this reason, the 
serological typing is often followed by the 
molecular typing. The molecular typing 
identifies nucleotide polymorphism, which 
code for the different allelic variation 
where as the serological typing shows 
molecules that are currently expressed on 
the cell and involved in the immune 
rejection of the mismatched grafts. 
However the use of antibodies to detect 
HLA specificities can support the 
molecular techniques and solve 
ambiguities occurring between the 
expressed and null alleles. Therefore 
serology may still be an important tool for 
tissue typing in donor selection 23 . 
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ABSTRACT  
 
Background:  Jaundice is a common neonatal problem. Sixty-five percent of newborns develop clinical 
jaundice with a bilirubin level above 5 mg/dL during the first week of life. Bilirubin is a potent antioxidant that 
may help the newborn who is deficient in most antioxidant substances. Hyperbilirubinemia can also be toxic 
with high levels resulting in an encephalopathy. Identifying infants at risk of developing severe neonatal 
hyperbilirubinemia and kernicterus is a problem that clinicians have faced since the condition of neonatal 
jaundice initially was recognized more than 100 years ago. 
Aim:  To assess the important risk factors for significant neonatal hyperbilirubinemia in Duhok , Iraq Kurdistan 
Region. 
Methods:   The study included 160 cases of non–hemolytic neonatal hyperbilirubinemia that needed 
management with phototherapy or exchange transfusion and 260 controls who were neonates without significant 
hyperbilirubinemia. Both groups were studied in terms of the maturity, type of feeding, use of oxytocin to 
induce labor, the presence of cephalhematoma and or bruises and a family history of a sibling who had 
significant  hyperbiliribinemia and results were statistically analyzed using Chi-square test where P less than 
0.05 is significant. 
Results:   Prematurity was present in 71 cases (44%) and 47controls (18%) P <0.001, Birth weight <2500 grams 
was present in 76 cases (47%) and 78control (30%) P <0.001, Breast feeding was present in 64 cases (40%) and 
123 controls (47%) P <0.001, oxytocin was used in 79 cases (49%) and 173 controls (67%) P 
<0.001,Cephalhematoma was present in 12 cases (8%) and 42 controls (16%) P = 0.015, family history of a 
sibling with significant hyperbilirubinemia was present in 16 cases (10%) and 10 controls (4%) P= 0.02 
Discussion and conclusion:   By statistical analysis it was found that prematurity, low birth weight (< 2.5 kg), 
breast feeding, use of oxytocin to induce labor, the presence of cephalhematoma and/or bruises and a sibling 
with history of significant hyperbilirubinemia  are all significant predisposing factors as agrees with many 
studies done allover the world. 
                          Duhok Med J 2012;6 Suppl 2: 39-47. 
Key words: Neonatal Jaundice, non hemolytic Hyperbilirubinemia, prematurity,  
 

 

aundice is a common neonatal 
problem. Sixty-five percent of 

newborns develop clinical jaundice with a 
bilirubin level above 5 mg/dL during the 
first week of life. Bilirubin is a potent 
antioxidant that may help the newborn 
who is deficient in most antioxidant 
substances. Hyperbilirubinemia can also 
be toxic with high levels resulting in an 
encephalopathy (Kernicterus) 1. 
Hemolytic disease of the newborn is a 
common cause of neonatal jaundice. Many 
newborn infants without evidence of 
hemolysis become jaundiced. Bilirubin is 
produced by the catabolism of hemoglobin 

in the reticuloendothelial system.  One 
gram of hemoglobin produces 35 mg of 
bilirubin. Sources of bilirubin other than 
circulating hemoglobin represent 20% of 
bilirubin production, these sources include 
inefficient (shunt) hemoglobin production 
and lyses of precursor cells in bone 
marrow. Compared with adults, newborns 
have a twofold to threefold greater rate of 
bilirubin production (6 to 10 mg/kg/24 hr 
versus 3 mg/kg/24 hr). This increased 
production is caused by an increased RBC 
mass (higher hematocrit) and a shortened 
erythrocyte life span of 70 to 90 days 
compared with the 120-day erythrocyte 
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life span in adults. Unconjugated bilirubin 
binds to albumin on specific bilirubin 
binding sites. The enzyme glucuronyl 
transferase represents the rate-limiting step 
of bilirubin conjugation. The 
concentrations of ligandin and 
glucuronyltransferase are lower in 
newborns particularly in premature infants. 
Bacteria in the neonatal intestine convert 
bilirubin to urobilinogen and 
stercobilinogen which are excreted in urine 
and stool respectively and usually limit 
bilirubin reabsorption. Delayed passage of 
meconium which contains bilirubin also 
may contribute to the enterohepatic 
recirculation of bilirubin 2. 
Identifying infants at risk of developing 
severe neonatal hyperbilirubinemia and 
Kernicterus is a problem that clinicians 
have faced since the condition of neonatal 
jaundice initially was recognized more 
than 100 years ago 3 . Bilirubin dissociates 
from albumin at the hepatocyte and 
becomes bound to a cytoplasmic liver 
protein "Y" (ligandin). Hepatic 
conjugation results in the production of 
bilirubin diglucuronide, which is water 
soluble and capable of biliary and renal 
excretion. 2.  
 Epidemiologic studies have identified 
multiple factors that are associated with an 
increased or decreased risk of severe 
neonatal hyperbilirubinemia. The risk 
factors can be related to maternal or infant 
characteristics and include items from the 
medical history, labor and delivery record, 
physical examination, and blood tests. 
Used in isolation, such factors have limited 
predictive ability, but combining multiple 
factors in clinical prediction rules greatly 
enhances predictive performance. Major 
risk factors for non hemolytic significant 
hyperbilirubinemia include: gestational 
age 35 to 36 wk , a previous sibling 
received phototherapy, cephalohematoma  
or significant bruising, exclusive 
breastfeeding  particularly if nursing is not 
going well and weight loss is excessive 
and East Asian race. Minor risk factors 
include: gestational age 37 to 38 wk, 

jaundice observed before discharge, 
previous sibling with jaundice , infant of a 
diabetic mother who has macrosomia, 
maternal age more than or equal  to 25 yr , 
male sex and prematurity 4 . 
 
Aim of the study 
To assess the significance of  prematurity, 
low birth weight, breast feeding, oxytocin 
use, cephalhematoma and bruises, a family 
history of a sibling with significant 
hyperbilirubinemia and maternal age as 
predisposing factors for non-hemolytic 
neonatal hyperbilirubinemia and to specify 
those jaundiced neonates who are in need 
of close follow up and management 
 
 METHODS 
 
This case-control study was conducted in 
Duhok city for the period of one year from 
1st of April 2009 to 1st April 2010. Both 
cases and controls were taken from both 
Heevi pediatric hospital and neonatal care 
unit in Azadi hospital.  
Two hundred sixty controls were taken as 
full term and preterm newborn infants in 
the first two weeks of life without any 
significant hyperbilirubinemia i.e. no need 
for phototherapy or exchange transfusion. 
One hundred sixty cases were taken as 
newborn infants within first 2 weeks of life 
with significant hyperbilirubenemia 
(needed either phototherapy or exchange 
transfusion.) but without any evidence of 
hemolysis neither on ABO and Rh blood 
grouping nor laboratory studies (i.e. no 
reticulocytosis or other evidence of 
hemolysis like decreasing hematocrit). 
        All the cases and controls were 
studied in terms of gestational age 
(according to last menstrual period and 
ultrasound study), birth weight (1.5-2.5 kg 
, 2.5-3.99 kg ), type of feeding (breast, 
bottle, mixed ), use of Oxytocin during 
delivery ,the presence of cephalhematoma 
or bruises (that could be clinically 
diagnosed , family history of significant 
hyperbilirubinemia in siblings and the 
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maternal age ( less than 25 yrs or more 
than25 yrs). 
        All the cases and controls underwent 
the following laboratory studies: TSB and 
differential, blood grouping and Rh of the 
mother and babies (any ABO or Rh 
incompatibility case was excluded), CBC 
and Direct Coomb's test. The results were 
studied and statistically analyzed using 

Chi-square and P value where P value less 
than 0.05 is significant. 
 
RESULTS 
 
Prematurity is a highly significant risk 
factor predisposing to neonatal 
hyperbilirubinemia (p value < 0.001) as 
shown in (Table 1). 

 
Table 1. Gestational Age 

Gestational Age Case % Control % 

Pre-Term  71 44% 47 18% 

Full Term 89 56% 213 82% 

Total 160 260 

 Prematurity is a significant risk factor (P<0.001). 

The low birth weight [<2.5 kg] 
significantly predisposes to significant 

hyperbilirubinemia (p value < 0.001) as 
shown in (Table 2).  
 

Table  2.Birth weight 
Birth weight Case % Control % 

<1.5 kg 21 13% 7 3% 
1.5-2.499 kg 76 47% 78 30% 
2.5-3.99 kg 62 39% 164 63% 

≥ 4 kg 1 1% 11 4% 
Total 160 260 

 Low birth weight < 2.499 kg is significant (P<0.001). 

 
The role of breast feeding in predisposing 
to significant hyperbilirubnemia is very 

highly significant (p value < 0.001) as 
shown in (Table 3).  

 
Table 3. The type of feeding 

Feeding type Case % Control % 

Breast 64 40% 123 47.4% 
Bottle 60 37% 39 15% 
Mixed 36 23% 98 38% 
Total 160 260 

Breast feeding is significant (P<0.001). 

The use of oxytocin in induction of labor is very high significant predisposing factor to 
significant hyperbilirubinemia (p value < 0.001) as shown in(Table 4).  
 
              Table 4. The effect of the use of Oxytocin in the  induction of labor 

Oxytocin use Case % Control % 

Yes 79 49% 173 67% 

No 81 51% 87 33% 

Total 160 260 

  Oxytocin use is significant (P<0.001). 
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The presence of cephalhematoma or 
bruises is high significantly predisposing 

to significant hyperbilirubinemia (p value 
= 0.015) as it is shown in (Table 5).  

 
Table 5. The role of cephalhematoma and/or Bruises 

Cephalhematoma and/or Bruises Case % Control % 

Yes 12 8% 42 16% 

No 148 92% 218 84% 

Total 160 260 

 cephalhematoma and/or Bruises is significant (P = 0.015). 

 
The role of family history of significant 
hyperbilirubinemia in siblings is high 

significant predisposing factor (p value = 
0.020) as shown in (Table 6).  

 
Table 6. Family History of a sibling with significant neonatal hyperbilirubinemia 

Family History Case % Control % 

Yes 16 10% 10 4% 
No 144 90% 250 96% 
Total 160 260 

Family History of a sibling with significant neonatal hyperbilirubinemia is significant             (P (P= 
0.020). 

 
Maternal age of more than 25 years is not 
significant as a predisposing factor of 

significant hyperbilirubinemia (p value = 
0.063) as shown in (Table 7).  

 
Table7. The effect of maternal age 

Maternal Age Case % Control % 

<25 yrs 79 49% 156 60% 
≥25 yrs 81 51% 104 40% 
Total 160 260 

 Maternal Age 25 ≥  yrs are not significant (P = 0.063). 

 
Among the breastfed babies, maternal age 
doesn't seem to be of significance in 
predisposition to significant 

hyperbilirubinemia as shown in (Table8) 
(p = 0.859).  ≥ 25yrs 27 case breastfed 
42% and 104 control 40%. 

 
Table 8. The maternal age in neonate who were breastfed & controls 

Maternal Age Case (breast) % Control % 

<25 yrs 37 58% 156 60% 

≥25 yrs 27 42% 104 40% 

Total 64 260 

Among the breastfed babies maternal age ≥ 25 yrs is not significant (P = 0.859). 

Low birth weight of less than 2.5 Kg is it 
is shown in (Table 9). (P ≤ 0.001) and it is 

more clear in very low birth weight less 
than 1.5 Kg       

very high significant predisposing factor as 
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Table 9. Birth weights of premature neonates with significant hyperbilirubinemia and controls 

Birth weight Case (premature) %  Control (all) % 

<1.5 kg 20 30% 7 8% 

1.5-2.499 kg 46 70% 78 92% 

Total 66 85 

  Birth weight < 2.499kg is significant (P = <0.001). 

 
DISCUSSION 
 
This study investigated the effect of 
different risk factors other than hemolysis 
in predisposing to significant 
hyperbilirubinemia in neonates in Duhok 
city. 
           According to this study it is shown 
that prematurity (gestational age of < 37 
weeks) is a significant factor predisposing 
to significant neonatal hyperbilirubinemia. 
This is due to immaturity of 
uridyldiphosphate glucuronyle transferase 
enzyme responsible for conjugation of 
bilirubin in the liver, decreased Y liganden 
receptors on the surface of hepatocytes and 
delayed and poor oral feeding which 
enhances the enterohepatic circulation. 
This agrees with that found by some other 
studies 5,6,7,8 where a study done in Italy by 
Bertini et-al showed that gestational age is 
not a significant predisposing risk factor 9  . 
           The birth weight < 2.5 kg is found 
to be a significant predisposing risk factor 
for significant neonatal hyperbilirubinemia 
and this effect is found to be even more 
clear when birth weight < 1.5 kg. This is 
due to that most of these LBW neonates 
were premature and in those who are full 
terms, the high biliruben production is 
caused by the larger hematocrit due to in 
utero hypoxemia 7,8,10. 
          According to this study breast 
feeding is a significant predisposing risk 
factor to significant neonatal 
hyperbilirubinemia. This is due to delayed 
and impaired breast milk intake specially 
in mothers who are primigravida and not 
well experienced with breast feeding. This 
leads to weight loss and dehydration and 

lead to elevation of bilirubin level 
10,11,12,13,14. Also the breast milk contains 
an inhibitor which is a fatty acid that 
inhibits the function of UDPglucuronyl 
transferase enzyme and it contains the 
glucuronidase enzyme that converts the 
conjugated to uncongugated bilirubin and 
this enhances the enterohepatic circulation 
15, 16, 17. Similar results were found in many 
studies done allover the world[14,18,19,20,21.   
           In our study, we found a strong 
relation between significant neonatal 
hyperbilirubinemia and exposure to 
oxytocin. Oxytocin has a direct effect on 
neonatal bilirubin metabolism, and similar 
results were found in different studies done 
previously 21, 22,23,24,25. 
           According to this study, 
cephalhematoma and bruising are 
significant risk factors for 
hyperbilirubinemia. This is because the 
extravasated RBCs undergo hemolysis and 
produce indirect bilirubin 15,16,17.  
          Another risk factor for significant 
neonatal hyperbilirubenemia according to 
our study is a family history of previous 
sibling with significant neonatal 
hyperbilirubinemia. Similar results were 
found in previous studies26,27 . 
           Maternal age of > 25 years was not 
found to be significant as a predisposing 
factor of neonatal hyperbilirubinemia in 
this study. This is in contrast to some 
studies that considered it as a minor risk 
factor 4,26. This is most probably because 
the effect of maternal age is blunted by the 
other risk factors that were found to be 
significant.                                    
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CONCLUSIONS 
 
According to this study it is proved that 
prematurity, low birth weight, breast 
feeding, oxytocin exposure, 
cephalhematoma and bruises and also a 
family history of a previous sibling with 
significant hyperbilirubinemia are all 
significant risk factors for neonatal 
hyperbilirubinemia that mandates 
treatment. 
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ABSTRACT  
 
Background and Objectives There is now a consensus that atherosclerosis represents a state of heightened 
oxidative stress characterized by lipid and protein oxidation in the vascular wall. The objective of this study was 
to measure levels of these mediators in the systemic circulation as biomarkers for potential use in risk 
assessment in patients with type 2 diabetes mellitus. 
Methods :This study involved 108 patients with type 2 diabetes mellitus admitted to the angiography 
department for assessment of coronary artery diseases, divided into 3 groups, 66 patients with positive 
angiography results, 25 with ischemic heart failure, 17 with negative angio results, we compared them with 30 
non diabetic subjects with negative angiography results, assessment of plasma osteopontin, serum soluble 
receptors for advanced glycation end products and total antioxidants capacity were done by ELISA technique. 
Results: serum total antioxidants capacity in diabetic patients with positive angio and diabetic with ischemic 
heart failure were significantly lower compared with other studied groups (non-diabetic controls and diabetic 
with negative angio), mean serum soluble receptors for advanced glycation end products level was lowest 
among diabetics with positive angio and ischemic heart failure and highest in the non-diabetic controls, patients 
with atherosclerosis proved by angiography (diabetic with positive angio and diabetics with positive angio and 
ischemic heart failure) showed appreciable and significantly higher levels of plasma osteopontin levels 
compared with other study groups without atherosclerosis (non-diabetic control and diabetic with negative 
angio). 
Conclusion: Measurement of osteopontin and oxidative stress biomarkers are of value for diagnosis of 
macrovascular complications in patients with type 2 diabetes mellitus. 
             Duhok Med J 2012;6 Suppl 2: 48-59. 
Key words: Osteopontin, sRAGE, Total antioxidant, Atherosclerosis, T2DM. 
 

 

iabetes mellitus (DM) is a major 
health problem throughout the world1. 

Early diagnosis of diabetes aims to prevent 
long term complications. Because 
cardiovascular disease is the main 
complication of Type 2 diabetes mellitus 
(T2DM), recent studies have investigated 
the capability of new criteria to predict 
these complications. The association of 
hyperglycemia and cardiovascular diseases 
is a crucial one on which to test the 
validity of the new criteria2. 

Oxidative stress, through the production of 
reactive oxygen species (ROS), has been 
implicated in the progression of long-term 
diabetes complications, including 
microvascular and macrovascular 
dysfunction. Excess nourishment and a 
sedentary lifestyle leads to glucose and 
fatty acid overload, reaction of glucose 
with plasma proteins forms advanced 
glycation end products (AGEs)3,4. AGEs 
bind with receptors on the surface of 
endothelial cells lining blood vessels. 
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Receptors for AGEs (RAGE) are 
expressed in many different tissues and 
cell types, including endothelial cells, 
vascular smooth muscle cells and 
macrophages. The binding of AGEs to 
RAGE leads to the intracellular generation 
of ROS3. 
Osteopontin (OPN) is an extracellular 
matrix protein that mediates cell-cell and 
cell-matrix interactions. OPN was first 
isolated from bony matrix5, OPN is highly 
expressed in human atherosclerotic lesions 
and is not only a marker of inflammation 
but also an active player in the progression 
of atherosclerosis6. OPN stimulates 
proliferation of smooth muscle cells, 
migration of endothelial cell and 
recruitment of macrophages, all of which 
are directly related to atherosclerosis 
process7. Plasma OPN levels are 
associated with the presence and extent of 
coronary artery disease5. Recent reports 
show that high glucose levels stimulate 
OPN expression through protein kinase C-
dependent pathway as well as hexosamine 
pathways in cultured rat aortic smooth 
muscle cells8. Furthermore, OPN 
expression has been shown to be up-
regulated in the vascular wall of diabetic 
patients and diabetic animal models, which 
might be induced by high glucose and 
AGEs9, in addition OPN deficiency has 
been shown to result in reduced 
atherosclerotic lesion areas 10, 11. 
The aims of the present study were to 
evaluate the roles of osteopontin and 
oxidative stress in pathogenesis of 
atherosclerosis & ischemic heart failure 
(IHF) in patients with T2DM. 
 
METHODS 
 
Participants of the current research 
included one hundred-thirty eight patients 
(57 males and 81 females), admitted to the 
cardiac catheterization and angiography 
Department in Azady Teaching Hospital.  
Patients (n=108) were divided into two 
major groups: 

1. The first group comprised of one 
hundred-eight patients with type 2DM who 
had been referred for assessment of 
coronary artery disease, the diagnosis of 
diabetes was made from a previous 
diagnosis and drug history. This group was 
subdivided into three subgroups, as 
follows; 
a. Sixty-six (28 males and 38 females) 
patients angiographically proved to have 
coronary artery disease (CAD) and with an 
age range of 32-80 years (mean ± SE of 
55.6 ± 1.22), the inclusion criteria were 
diabetic patients with angiographically 
documented CAD. 
b. Twenty-five (16 males and 9 females) 
patients angiographically proved to have 
CAD and with an age range of 42-77 years 
(mean ± SE of 60.4 ±1.65) and they were 
diagnosed as having ischemic heart failure 
on the basis of history of ischemic heart 
diseases, ischemic ECG changes, history 
of anti-ischemic and heart failure drug 
intake, and based on ejection fraction 
measurements by echocardiography of 
0.4512 or less, all the patients were 
receiving standard therapy at time of 
enrolment.  
c. Seventeen (4 males and 13 females) 
patients with negative angiography results, 
they were regarded as positive control and 
with an age range of 43-65 years, (mean ± 
SE of 52.9 ± 1.89). 
2. The second group included thirty (9 
males and 21 females) non-diabetic 
individuals they served as negative control 
group their ages ranged from 24-72 years 
(mean ± SE 47.7 ± 2.02). Patients were 
recruited in catheterization department 
after undergoing coronary angiography for 
suspected CAD. Patients were only 
considered if invasive examination and 
echocardiography excluded CAD as well 
as normal systolic and diastolic cardiac 
functions with normal results on routine 
laboratory testing 13.  Informed consent 
was obtained from each subject before 
study entry and the study was approved by 
the local research ethics committee. 
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Pre-tested questionnaire was designed to 
obtain information on age, gender, height, 
weight, smoking history, past medical 
history, history of myocardial infarction, 
systemic hypertension, diabetes mellitus, 
family history of diabetes, coronary artery 
disease and hypertension. 
Blood samples were withdrawn from a 
suitable forearm vein, and used for 
assessment of glycated hemoglobin 
(HbA1c) and measurement of biochemical 
markers.  All patients underwent 
echocardiography examination by 
cardiologists one day before coronary 
artery angiography study. Non-invasive 
color Doppler echocardiography was used 
for assessment of ventricular wall function, 
and measurement of ejection fraction%. 
Serum total antioxidants capacity was 
measured by calorimetric microplate assay 
using Oxford Biomedical Research ELISA 
kit, Osteopontin was measured by invitro 
enzyme-linked immunosorbent assay for 
human osteopontin (Ray Biotech) ELISA 

kit, human sRAGE ELISA was measured 
by a sandwich enzyme immunoassay 
(MyBioSources), hemoglobin A1c 
measured in human blood using 
fluorescence immunoassay ί-CHROMA. 
Statistical analyses were done using SPSS 
version 13 computer software (Statistical 
Package for Social Sciences). We assumed 
the level of statistical significance at P 
<0.05.  
 
RESULTS  
 
Table (1) illustrates that serum TAC in 
diabetic patients with positive angio and 
diabetic with IHF were significantly lower 
compared with other studied groups (non-
diabetic controls and diabetic with 
negative angio). Moreover, patients with 
positive angio and IHF showed 
significantly lower serum TAC compared 
with diabetics with positive angio (868.5 
Vs 1170.5, P= 0.035).  

 
Table1. Measurement of Serum Total Antioxidants Capacity in the Studied Groups 
 
Studied groups Controls                           Patients ANOVA 

Variable 

Negative controls 
(non-diabetic-ve 
angiography) 
N=30 

Positive control 
(DM with -ve 
angiography) 
N=17 

DM with +ve  
 angiography 
  
         N=66 

DM with +ve 
angiography 
 and IHF 
N=25 

P-value 

 
   TAC  (µmol/L)     
   Mean ± SE   1784.7 ±  220.84 1521.4 ±  60.48 1170.5 ±  26.04 868.5 ±  66.09 <0.001 
P–value of LSD 
test Non-diabetic controls (-ve angio) X DM with +ve angio <0.001 
for difference in 
mean between 
groups Non-diabetic controls (-ve angio) X DM with +ve angio and IHF  <0.001 
 Positive control (DM with -ve angio) X DM with +ve angio =0.035 
 Positive control (DM with -ve angio) X DM with +ve angio and IHF  <0.001 
 DM with +ve angio X DM with +ve angio and IHF  =0.035 
   

The differences observed in mean sRAGE 
levels between all the studied groups were 
statistically significant (P=0.006). Mean 
sRAGE level was lowest among diabetics 
with positive angio and IHF (393.9 pg/ml) 
and highest in the non-diabetic controls 
(564.7 pg/ml) (Table 2). All patient groups 
showed significantly lower mean sRAGE 

levels compared with non-diabetic 
controls. (Table 3) shows the results 
obtained from plasma Osteopontin 
measurements in the studied groups. 
Patients with atherosclerosis proved by 
angiography (diabetic with positive angio 
and diabetics with positive angio and IHF) 
showed appreciable and significantly 
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higher levels of plasma Osteopontin levels 
compared with other study groups without 

atherosclerosis (non-diabetic control and 
diabetic with negative angio) (Figure 1). 

  
Table 2. Measurements of serum soluble receptors for advanced glycation end products (sRAGE) in the 
studied groups 
Studied groups Controls                           Patients   ANOVA     

Variable 

Negative controls 
(non-diabetic-ve 
angiography) 
N=20 

Positive control 
(DM with -ve 
angiography) 
N=12 

DM with +ve  
 angiography 
  
         N=23 

DM with +ve 
angiography 
 and IHF 
N=10 

   P-value 

 
 
sRAGE ( pg/ml)      
Mean ± SE 564.7 ± 43.35 474.5 ± 51.33 403.5 ± 21.67 393.9 ± 35.48 =0.006 
P-value of LSD test   for difference in mean between:                             
                                                                      Non-diabetic controls (-ve angio) X DM with 
+ve angio =0.001 
                                                                      Non-diabetic controls (-ve angio) X DM with 
+ve angio and IHF  =0.005 

 
Table 3. Measurements of plasma Osteopontin in the studied groups 

      Groups  
 
Variable 

Controls                           Patients 
  ANOVA     
   P-value 

Negative controls 
(non-diabetic-ve 
angiography) 
N=20 

Positive control 
(DM with -ve 
angiography) 
N=12 

DM with +ve  
 angiography 
  
         N=23 

DM with +ve 
angiography 
 and IHF 
N=10  

Osteopontin( 
pg/ml)      

Mean ± SE 429.2 ±  52.96 443.3 ± 60.98 1296  ± 108.12 
1523.2 ± 
210.09 <0.001 

 
P-value of LSD test 
for the  Non-diabetic controls (-ve angio) X DM with +ve angio <0.001 
 difference in mean Non-diabetic controls (-ve angio) X DM with +ve angio and IHF  <0.001 
between groups Positive control (DM with -ve angio) X DM with +ve angio <0.001 
 Positive control (DM with -ve angio) X DM with +ve angio and IHF  <0.001 

 Means  (error bars: 95% CI for mean)
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Figure 1. Serum OPN level (pg/ml) in the studied groups. 
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Correlation between selected 
parameters in the studied groups:      
     There was a statistically significant 
positive correlation was found between 
serum RAGE and FBS (r=0.547, P=0.013) 
in non-diabetic patients with negative 
angio (negative control group). In 
diabetics with positive angio, plasma OPN 

level was significantly positively 
correlated with BMI (r=0.495, P=0.016).     
      In diabetic patients with positive angio 
and IHF, TAC significantly negatively 
correlated with age (r=-o.478, P=0.016). 
Interestingly statistically significant 
negative correlation was observed between  
OPN level and Ejection fraction% (EF%) 
(r=-0.647, P=0.043) (Figure 2). 

Figure 2. Scatter diagram with fitted regression line showing the correlation  
between OPN and EF% among DM with positive angio and IHF 

 
 
ROC Area and validity for selected 

parameters when used to predict 

diabetic with positive angio 

differentiating them from positive 

diabetic controls: 

 
OPN and TAC were of high validity (AUC 
= 0.942 and 0.885, P<0.001) respectively, 

and had statistically significant role in 
predicting atherosclerosis among diabetics.  
     OPN optimum (typical) cut-off value 
and highest specificity is ≥799.4 pg/ml 
which yields a sensitivity of 87.0% and 
specificity of 100%. Testing positive at 
this cut-off value may establish the 
diagnosis of atherosclerosis in diabetic 
patients with 100% confidence. In the 
same context, testing negative might 
exclude the diagnosis of atherosclerosis in 
diabetic patients with (98.6%) confidence 
(Table4).          
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Table 4. Validity parameters for selected tests when used to predict diabetics with positive angio (PPV) 
differentiating them from positive diabetic controls (NPV) 

Parameters 

   
PPV at pre-test      
Probability = 

NPV at pre-test 
Probability = 

Sensitivity Specificity Accuracy 50% 90% 10% 

Positive if  ≥ cut-off value       
Osteopontin (pg/ml)       

132.2 (highest sensitivity) 100.0 8.3 68.6 52.2 90.8 100.0 
799.4 (highest specificity & 
typical value) 

87.0 100.0 91.5 100.0 100.0 98.6 

ROC area=0.942 , P≤ 0.001       
Positive if ≤ cut-off value 

Total antioxidants capacity 
µmol/L 

      

1048.8 (highest specificity) 45.0 100.0 65.6 100.0 100.0 94.2 
1454.0 (highest sensitivity 
& typical value) 

100.0 58.3 84.4 70.6 95.6 100.0 

ROC area=0.885 , P≤ 0.001       

 
ROC Area and Validity for Selected 
Parameters when used to Predict Diabetics 
with IHF Differentiating Them from 
Diabetics with Positive Angio only: 
TAC was the only parameter, which had a 
high validity in predicting heart failure 
among diabetics with positive angio 
(AUC=0.87, P=0.001), in addition to EF 

(AUC=1, P<0.001). The optimum (typical) 
cut-off value of TAC associated with 
highest sensitivity is (1014.3µmol/L) may 
help the diagnosis of IHF in diabetic 
patients with positive angio with (96.8%) 
confidence. In the same context, testing 
negative might exclude IHF in diabetic 
patients (100%) confidence (Table 5). 

 
Table 5. Validity parameters for selected tests when used to predict diabetics with IHF differentiating 

them from diabetics with positive angio only 

Parameters 
   

PPV at pre-test       
probability  = 

NPV at pre-
test 

Probability =
Sensitivity Specificity Accuracy 50% 90% 10% 

Positive if  ≥ cut-off value       
Total antioxidant capacity 
Mmol/L  

      

454.1 (highest specificity) 20.0 100.0 73.3 100.0 100.0 91.8 
1014.3 (highest sensitivity 
& typical value) 

100.0 70.0 80.0 76.9 96.8 100.0 

ROC area=0.87 , P≤ 0.001       

 
DISCUSSION 
 
     In this study serum TAC of the diabetic 
patients with positive angio and diabetic 
with IHF were found to be significantly 
lower compared with non-diabetic controls 
and diabetic with negative angio. Gul et 
al.14 (2010) found that among patients with 
cardiovascular diseases, patients with MI 
had low TAC levels. They considered that 

free radicals generated by hyperglycemia-
dependent endothelial dysfunction is 
counterbalanced by antioxidants15, 
Valabhji et al.16 (2001), reported that TAC 
was reduced in diabetic subjects compared 
with non-diabetic subjects (P < 0.001). 
Mean RAGE level was found to be 
statistically lowest among diabetics with 
positive angio and IHF comparing with the 
non-diabetic controls.  Kiuchi17 (2001) 
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found higher mean serum AGE 
concentrations (p < 0.0125) in type 2 
diabetic patients with obstructive coronary 
artery disease (CAD) than in patients 
without it, and higher than in non-diabetic 
patients with and without obstructive 
CAD, this finding indicates that serum 
AGE concentrations may be associated 
with long term uncontrolled glycemic state 
and reflect the severity of coronary 
arteriosclerosis in T2DM patients. 
Moreover, a statistically significant 
positive correlation was found between 
serum RAGE and fasting blood sugar 
(r=0.547, P=0.013) in the present work. 
Negrean et al.18 (2007) reported that 
T2DM patients have significantly higher 
serum AGE concentrations than do healthy 
control subjects because hyperglycemia 
and oxidative stress both contribute to their 
accumulation. Elevated serum AGEs are 
associated with increased CAD in type 2 
diabetic subjects. AGEs may be associated 
with atherosclerosis in a number of ways, 
including increased endothelial 
dysfunction, elevated vascular LDL, 
increased plaque destabilization, 
neointimal proliferation, and inhibited 
vascular repair after injury19. 
Patients with atherosclerosis proved by 
angiography (diabetic with positive angio 
and diabetics with positive angio and IHF) 
showed appreciable and significantly 
higher levels of plasma OPN levels 
compared with other studied groups 
without atherosclerosis (non-diabetic 
control and diabetic with negative angio), 
the results of this study are in agreement 
with that reported by Minoretti et al.20 

(2006) who have shown a statistically 
significant trend towards higher 
cardiovascular event rates in those patients 
with higher OPN, these results were also in 
harmony with that of Tanaka et al.21 
(2006), in which high plasma OPN levels 
reported in patients with coronary artery 
disease (CAD) and to correlate with the 
severity of CAD. Similar findings were 
also observed by Yan et al.8 (2010), who 
found that patients with OPN 

concentrations greater than the median 
value had a higher incidence of CAD than 
those with OPN levels below the medium 
value. 
The levels of plasma OPN were 
significantly elevated in patients with IHF 
as compared with non-diabetic control 
subjects (P<0.001).   Frey et al. 22 (2010) 
reported that median OPN plasma level in 
the control sample was significantly lower 
than patients with systolic heart failure 
(p<0.01). However, it appears that OPN is 
associated with the presence and the extent 
of cardiovascular diseases.  OPN can serve 
as a chemo-attractant for a number of cell 
types, thus, production of OPN at the sites 
of endothelium injury may modulate the 
proliferation, migration, and accumulation 
of endothelial and vascular smooth muscle 
cells, thereby promoting vascular repair, 
but also perhaps initiating vascular 
calcification23.            
In diabetics with positive angio group, 
plasma OPN level was significantly 
positively correlated with BMI (r=0.495, 
P=0.016), similar findings was observed 
by Gürsoy et al. 22 (2010) they found that 
OPN levels of obese patients were 
significantly higher than its level in non-
obese controls.    In diabetic patients with 
positive angio and IHF, the TAC 
significantly negatively correlated with age 
(r=-o.478, P=0.016), the finding was in 
agreement with the previous study, that 
found TAC value becomes decreased with 
the increase in age22. Interestingly 
statistically significant negative correlation 
was observed between OPN level and 
EF% (r=-0.647, P=0.043, Figure 2), our 
finding was in consistence to the findings 
of Satoh et al. 25 (2005) they found that 
OPN mRNA were negatively correlated 
with left ventricular EF.   
It was found that, OPN and TAC were had 
a high validity (AUC= 0.942 and 0.885, 
P<0.001) respectively, and had statistically 
a significant role in predicting 
angiographic evidence of atherosclerosis 
among diabetics. Valabhji et al.16 (2001) 
reported that a decrease in serum TAC 
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level was entered as a predictor of CAD, 
and the effects on its predictive value of 
adding other explanatory variables in 
bivariate analyses were assessed. The 
power of TAC was independent of many 
of the traditional risk factors.   
The capacity of OPN when used to 
differentiate diabetics with positive angio 
and diabetic with positive angio and IHF 
from non-diabetic and diabetic controls 
was statistically significant, Ömer et al.26 

(2009) studied ROC analysis  for the role 
of OPN in coronary artery calcification 
(CAC), the AUC for identification of CAC 
was greatest for OPN (p=0.004). 
 
CONCLUSION 
 
 It is concluded that serum TAC is 
decreased in diabetic patients with positive 
angio and diabetic with IHF, suggesting 
the presence of oxidative stress, and that 
change in TAC seems to be influenced by 
diabetes severity. OPN and RAGE 
measurements may be important and 
useful biomarkers in estimating the 
severity of diabetic complications 
including CAD and is a probable 
indication for the administration of 
antioxidants in the management of the 
disease. 
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ABSTRACT  
 
Background and objectives This study was designed to evaluate the anticancer effects of the soluble beta 
glucan (ß-glucan) local and commercial extracts of the Saccharomyces cerevisiae on cancer cell line AMN3 in 
vivo. 
Methods :In vivo study was performed on cancer cell line murine mammary adenocarcinoma (AMN-3) cell line 
and the median lethal dose (LD50) of β-glucan extract through SC administration in BALB/c mice. 
Results: BALB/c mice showed no LD50 to all the concentration of ß-glucan (200, 400, 600, 800, 1000 
µg/ml).The effect of the ß-glucan extract on relative tumor volume (RTV) for three weeks (that treated after 
24hrs of tumor implantation ) , and also for one month (after tumor implantation) had the best effect when 
compared with commercial extract. RTV was not denoted in mice groups that treated before tumor cell 
implantation and gave the best protocol for cancer treatment. The period of three weeks show that all groups 
have significant inhibition (P<0.05) percentage (38.6,42.6,50.14, and 51.67)% for local extract, (35.22, 42.17, 
43.5  and 45.5)% for commercial , so the local and commercial extracts gradually increase the tumour growth 
inhibition (TGI) depends to the time, except in commercial group showed decrease in TGI (38.3%) at fifteenth 
day ,also the local extract showed decrease in TGI at the periods of sixth (35.8%) days, reveals tumour growth 
inhibition of local and commercial extracts for one month .  
Conclusions: The soluble β-glucan of Saccharomyces cerevisiae (local & commercial extracts) had a great 
potent cytotoxic effect against tumor cells line AMN-3 in mice. 

Duhok Med J 2012;6 Suppl 2: 60-71. 
Key words: ß- glucan (β-G) , AMN-3(Adeno mammary carcinoma) , TGI (Tumor growth 

inhibition ) , RTV(Relative Tumor Volume) 
 

 

ancer is one of the leading causes of 
death in the world. The main cause is 

that they damage immune systems in 
tumor treatment. So, it is necessary to 
develop novel anti-tumor agents with 
administrating immunity potential. The 
polysaccharides have attracted more 
attention recently in the biochemical and 
medical fields because of their anti-tumor 
and immunomodulating properties 1. Some 
polysaccharides extracted in medicines 
laboratory have been reported to possess 
anticancer activities 2.  
Recent developments of modern 
techniques of targeted tumor cell 
elimination include Immunotherapy, which 

also called biological therapy, that uses the 
body's own immune system to fight cancer 
3,4, and gene therapy, as a new trials to 
treat cancer 3. However, there is a 
continuing need for development of new 
anticancer drugs, drug combinations and 
chemotherapy strategies, by methodical 
and scientific exploration of enormous 
pool of synthetic, biological and natural 
products 5. A safe and effective cancer 
treatment has been the goal of scientists 
for many decades. Such a technique must 
be selective in destroying the cancer cells 
without irreversibly damaging normal cells 
6.Beta glucan is a scientifically proven 
biological defence modifier (BDM) that 
nutritionally potentiates and modulates the 
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immune response. through immune 
response potentiation and modulation, in 
many instances various therapeutic healing 
effects generated by the immune cells. For 
many years glucan have been investigated 
for these immune enhancing properties 7,8. 
β-glucans are polysaccharides of D-
glucose monomers linked by β-glycosidic 
bonds. β-glucans are a diverse group of 
molecules that can vary with respect to 
molecular mass, solubility, viscosity, and 
three-dimensional configuration. They 
occur most commonly as cellulose in 
plants, the bran of cereal grains, the cell 
wall of baker's yeast, certain fungi, 
mushrooms and bacteria 9. Immunotherapy 
can lead to effective immune recognition 
and/or elimination of tumors, both CD4+ 
and CD8+ T cells have been identified as 
components of breast tumor infiltrating 
lymphocytes despite these specific 
immune responses, tumor cells manage to 
evade detection and/or destruction 7. 
Recent advances in tumor immunology 
have provided a more complete 
understanding of the interaction of tumors 
with the immune system, and have 
delineated the diverse mechanisms by 
which tumor cells circumvent the immune 
response 10, Dendritic Cells (DCs) have 
been recognized as important mediators of 
immune response. They are specialized 
antigen-presenting cells that are highly 
potent in their presentation of antigen to 
naïve or quiescent CD4+ and CD8+ T 
cells. They capture, process, and present 
antigens in combination with Major 
Histocompatibility Complex (MHC) class 
I and II molecules, activating specific 
Cytotoxic T lymphocytes (CTLs). This 
ability to stimulate CTLs directly and 
effectively makes DCs ideal targets to 
exploit for manipulation of the immune 
system for cancer immunotherapy 
purposes 11. Programmed cell death, is 
modulated by anti-apoptotic and 
proapoptotic effectors, which involves a 
large number of proteins. The proapoptotic 
and anti-apoptotic members of the Bcl-2 
family act as a rheostat in regulating 

programmed cell death and are considered 
as targets of anticancer therapy 12. The 
ratio of death antagonists Bcl-2 to agonists 
Bax determines whether a cell will respond 
to an apoptotic stimulus. Down-regulation 
of the death suppressor Bcl-2 could inhibit 
tumor growth via promoting programmed 
cell death 13. It has been proven that Bax 
promotes apoptosis whereas Bcl-2 
suppresses apoptosis 7,14.                                                     
The general aim of the study was to 
evaluate the anti-tumor activities of the 
soluble β-glucan extracted from S. 
cerevisiae against tumor cells line AMN-3 
in mice in vivo; using the following 
parameters:    
1 - Determination the lethal dose (LD50) 
of the extract β-glucan of Saccharomyces 
cerevisiae in normal mice to evaluate the 
therapeutic doses.    
2 - Determination the effect of β-glucan 
local and commercial extracts on the 
growth of transplanted tumor in mice. 
 
METHODS 
 
Ahmed-Mohammed-Nahi-2003 (AMN-3 
cell line)  
 The cell line was supplied by Tissue 
Culture Unit / Iraqi Centre for Cancer and 
Medical Genetics Research (ICCMGR), 
Baghdad, Iraq (passage number 162) 
maintained in RPMI- 1640. The origin and 
description of this cell line was first 
mentioned by Al-Shamery 15. The 
specimen was taken from murine 
mammary adenocarcinoma.  
 
Experimental animals 
Seventy female inbred BALB/C mice, 
aged 6-8 weeks and weight range (20-
25gm), supplied from animal house / 
(ICCMGR) were used .They were housed 
and maintained in a conventional animal 
facility, with controlled conditions of 
temperature (20 ± 5ºC) and (10 and 14 
hours of light and dark respectively). The 
animals were fed on special formula food 
pellets and given water on an ad libitum. 
Throughout the experiments, each ten 
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animals were housed in a plastic cage 
containing hard-wood chip as bedding. 
The bedding was changed weekly to 
ensure a clean environment.  
 
Preparation of soluble beta glucan 
extract from S. cerevisiae (local extract): 
According to the 16,17the baker's yeast β-
glucan material was obtained from the 
Market.  
 
A – Preparation of particulate β-glucan  
Saccharomyces cerevisiae was processed 
from common, active dry yeast (300)g 
then added to one litre 0.1 mol of NaOH 
and stirred for 30 min at 60 °C. The 
material was then heated to 115 °C at 8.5 
pressure /inch for 45 minute and then 
allowed to settle for 72 h. The sediment 
was resuspended and washed in D.W. by 
centrifugation 350 xg for 20 min. The 
alkali insoluble solids were combined with 
0.1 mol of 1L of acetic acid and heated to 
85 °C for 1 h, then allowed to settle at 38 
°C. The acid insoluble solids were drawn 
off and centrifuged as above. The 
compacted solid material was mixed with 
3% H2O2 and refrigerated for 3h with 
periodic mixing. Then the material 
centrifuged and the pellet washed twice 
with D.W. followed by two washes in 
100% acetone. The harvested solid 
material was dispersed on drying trays and 
dried under vacuum at 38 °C for 2h in the 
presence of Ca2SO4, and then further 
dried overnight under vacuum at room 
temperature. This procedure yielded a 
bright yellow powder.   
 
B- Preparation of soluble local β- glucan 
extract.  
The particulate β-glucan was 
phosphorylated by dissolving 4g of β-
glucan powder  in 200ml  of Dimethyl 
sulfoxide Me2SO containing 72g of urea. 
With stirrer, about 40ml of phosphoric 
acid 85% H3PO4 was added drop wise 
slowly to the above solution at ambient 
temperature. Then the solution was heated 
to 100 ◦C, and the reaction was carried out 

for 6h with stirring. A crystalline 
precipitate (presumed ammonium 
phosphate) formed at 1–2h of reaction. 
Following heating, the reaction mixture 
was cooled to ambient temperature and 
diluted in distilled-water to form a yellow 
bright solution. Finally, the resulting 
phosphate derivative was dialyzed (3000 –
5000)µm Millipore in size against double 
D.W. for seven days to remove endotoxin 
(includingMe2SO,H3PO4 and salt). The 
total concentration of carbohydrates 
present in the extract was determined 
according to the method use by Dubois et 
al.,18with some modification; the optical 
density was determined at 490 nm (the 
wavelength of maximum absorbance for 
glucose and starch). 
 
Commercial extract (Pharmaceutical 
Grade β-glucan)    
Imuneks (10 mg/capsule) was purchased, 
Istanbul Turkey, and 1 mg/ml from 
Imuneks was prepared by 17method. 
 
Determination of LD50 
Graded doses of β-glucan extract of 
Saccharomyces cerevisiae in 0.3 ml were 
administered subcutaneous S.C to each one 
mouse daily, a series of concentrations of 
beta glucan local extract were chosen. The 
ranges of single doses which were used in 
the determination of LD50 of glucan 
extract was (200, 400, 600, 800, 1000 
µg/ml) .The mortality was recorded after 
24hs. Then the LD50 was determined 
according to the formula employed by 
Dixon 19. 
 
Transplantation of tumor cells in mice 
Preparation of cells for subcutaneous 
injection in mice: 
According to the (15, 20) the following 
protocol was followed to perform the 
transplantation process, which carried 
under highly sterile conditions. 
a) The tumor mass region was well 
disinfected with 70% ethyl alcohol. 
b) Ten ml disposable syringes (18 Gage) 
was used to aspirate the contents of tumor 



 

63 
 

Duhok Medical Journal                                                                      Volume 6, Supplement 2, 2012

mass tissue then withdrawn into sterile 
flask and suspended into 50 ml of sterile 
PBS. 
c) The solid contents were allowed to 
settle down while the supernatant 
discarded. 
d) The sediments washed 2-3 times with 
sterile PBS. Generally, then withdrawn 
content from tumor mass of single mouse 
was adequate for transplantation of an 
average 20-25 mouse. 
e) The cells suspension was homogenized 
via vigorous pipetting. 
f) One ml of tumor cell suspension was 
transplanted to the adult female albino 
mice BALB/C (6 weeks old) through 
insertion of a needle (gauge no.18) 
subcutaneously from thigh region toward 
the shoulder region where the injection 
was performed. 
 
Treatment of tumor by using soluble β-
glucan extract: 
    Once tumor was reached the suitable 
volume at least 6 - 9 mm in dimension 
(20,21). The tumour dimensions were 
measured with vernia in millimetre (mm) 
,mice were randomized  arrange into 6 
groups : 
1 - Six treatment groups (each contains of 
10 adult female albino BALB/C mice) 
were divided as follow: 
          A – Four experimental groups were 
injected SC with (1mg/ml) of soluble β- 
glucan extract  of S. cerevisiae ; two 
groups of mice was administrated with 
soluble β-glucan before tumor 
transplantation was considered as (G1) 
,whereas the other two groups were daily 
injected SC of soluble β-glucan after 10 
days from tumor transplantation and 
continued for thirty days (considered as 
G2). 
       B - Other two groups (G3) were daily 
injected SC of (1mg/ml) soluble β-glucan 
after 24h from tumor transplantation and 
continued for three weeks. 
2- Control groups (G4) were SC tumor 
transplantation; and SC injected with PBS 
only. 

Tumor measurement: According to (20, 
21) 
1 -Relative Tumour Volume (RTV) % 
(mm3):  

   
  100x

0day  metumor volu

day x metumor volu
day xR.T.V. 

 
 

Tumor volume (mm3) = 2

axb 2

 
  a= length of tumor mass (mm)  
  b= width of tumor mass (mm) 
 
2- Tumor growth inhibition (TGI %) : 
 

 
 
RESULTS 

 
β-glucan extract 
The dried particulate of local of 
Saccharomyces cerevisiae that gave a 
bright yellow product; and became powder 
upon drying. Samples containing 
carbohydrate developed a red-orange 
colour rather than the amber colour typical 
of the phenol-sulphuric acid assay. 
Intensity of the red colour increased with 
increasing the concentration and compared 
with commercial extract. The percentage 
of crude local extract of beta glucan was 
12.3%. 
Determination of LD50: 
The median lethal dose (LD50) of Beta 
glucan local extract of Saccharomyces 
cerevisiae through S.C administration in 
female mice, showed no LD50 to all 
concentration .The mice showed normal 
respiration, eating, and behavior , there 
wasn't signs observed later. 
Treatment of tumour by using β-glucan 
local and commercial extracts (in vivo 
study)  
1 -Relative Tumour Volume (RTV) %: 
After the tumour reached to suitable 
volume and became palpable (7-9) days 
after the transplantation of tumour cells 
AMN3; treatment with the soluble β-
glucan was given subcutaneous . In 
(Figure 1); the results showed that the 
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RTV of the control group at third day was 
(179) mm3 and at the twenty one day was 
(389) mm3 as compared with the groups 
(G3) that treated with local and 
commercial extracts (108, 114) mm3 and 
(188, 212) mm3 respectively. While in 
(Figure 2) the RTV for the control group 
was (189) mm3at the third day and was 
(478)mm3 at the thirty day as compared 

with the groups(G2) that treated with local 
and commercial extracts (177,181) mm3 
and  (216 , 241) mm3 respectively . There 
was a significant differences (P<0.05) 
between the treated and control groups. A 
relative tumour volume was not denoted in 
mice groups G1 (that treated before 
tumour cell transplantation ) . 

 
 Figure 1. Mean values of relative tumour volume percentage (RTV) % (mm3) of animal groups (G3), 
that treated within tumour implantation (local and commercial extracts) β-glucan of S. cerevisiae with 
control group for three weeks. Significant differences (P ≤ 0.05) between treated groups and control 
group. Significant differences (P ≤ 0.05) between periods. 

 
  Figure 2. Mean values of relative tumour volume percentage (RTV) % (mm3) of animal groups that 
treated with (local and commercial extracts) β-glucan of S. cerevisiae after 10 days of tumor cell 
implantation (G2) with control group for one month. Significant differences( P ≤ 0.05) between treated 
groups and the control group. Significant differences (P ≤ 0.05) between periods. 
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2- Tumour Growth Inhibition (TGI) %  
   The percentage of TGI in different mice 
groups; showed that the best inhibitory 
effect on TGI was obtained from the 
groups (G2) that treated with local extract 
(54.4%) at day thirty (Table 2), while 
groups (G3) treated with extract showed 
the best inhibitory effect (51.67%) at 
twenty one days (Table 1). 
The period of three weeks in (Table 1) 
refers that all groups have significant 
differences(P<0.05) with inhibition 
percentage (38.6,42.6,50.14,and 51.67)% 
for local extract,(35.22, 42.17, 43.5  and 
45.5)% for commercial extract , so the 

increase in the tumour growth inhibition 
depends on the time, except in commercial 
extract showed decrease in TGI (38.3%) at 
fifteenth day, also in the local extract 
showed decrease in TGI (35.8%) at the 
sixth day. (Table 2) reveals tumour growth 
inhibition of local and commercial extracts 
for one month period; the groups had 
significant inhibitory effect (P<0.05); 
except at the sixth day there was no 
inhibitory effect and also at the ninth day 
(0.5, 2.2) % for local and commercial 
extracts respectively.  

 

 
Table 1. Mean values of tumour growth inhibition percentage (TGI) % of treated animal groups (G3) 

that treated with (Local and commercial extracts) β-glucan of S.cerevisiae for three weeks 
 

Types of 
therapy 

Tumour Growth Inhibition (TGI) % 
Periods of measurement (TGI)% Mean ± SE 

3 days 6 days 9 days 12 days 15 days 18 days 21 days  

Local Extract 
( β-glucan) 

38.63±1.
22 a 

35.85 
±1.22 

b 

42.60 
±0.90 

a 

43.29 
±0.28 

a 

43.77 
±0.81 

a 

50.14 
±2.04 

a 

51.67 
±1.63 

a 

 

Commercial 
Extract 

(β-glucan ) 

35.22 
±1.22 b 

37.87 
±1.22 

a 

42.17 
±0.81 

a 

42.14 
±0.87 

a 

38.38 
±1.22 

b 

43.58 
±1.22 

B 

45.50 
±1.22 

b 

 

 

Small different letter denoted significant between treated groups at level P ≤ 0.05  
 
Table 2. Mean values of tumour growth inhibition percentage (TGI) % of treated animal groups (G2) 
that treated with (Local and commercial extracts) β-glucan of S. cerevisiae for one month. 
 

Types of treatment Tumour Growth Inhibition (TGI) % 
Periods of measurement (TGI)% Mean ± SE 

3  
days 

6 
day 

9 
days 

12 
days 

15 
days 

18 
days 

21 
days 

24  
days 

27 
days 

30 
days 

Local extract (β-
glucan) 

6.3 
±0.12 

a 

0 
a 

0.5 
±0.0
2 b 

8.27 
±0.11 

a 

17.1 
±1.22 

a 

33.78 
±1.43 

a 

42.96 
±1.22 

b 

47.33 
±0.81 

A 

50 
±2.04 

a 

54.4 
±1.63 

a 
Commercial 
extract (β-glucan) 

4.23 
±0.01 

b 

0 
a 

2.2 
±0.1
2 a 

8.64 
±0.81 

a 

11.2 
±0.40 

b 

31.06 
±1.22 

b 

44.75 
±1.63 

a 

48.1 
±1.63 

a 

48.2 
±1.63 

b 

49.58 
±1.63 

b 

       Small different letter denoted significant between treated groups at level P ≤ 0.05 
 
DISCUSSION 

 
       The extract of S. cerevisiae yield 
crude extract (12.3%) which was greater 
than (8.7%) of beta glucan extracts of 
Poria cocos 23,24. differences between 
percentage of extracts may be due to 
somelost during the processing and the 

type of preparation to each one. The 
extract  
showed fine bright yellow powder and 
sticky 16,17  ,but was dark brown sticky for 
hot aqueous extract of Poria cocos .  
Median lethal dose LD50 test considered 
one indicator of the toxicity of a substance 
that kills half of the laboratory animals19  .  
Local extract β-glucan have no side 
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effects, and there are no LD50 in mice 
after subcutaneous administration . Such 
products have received the generally 
regarded as safe rating by the food and 
drug (FDA) 24.  
     The transplantation of AMN-3 was 
successfully appearing in inoculated 
healthy female mice during 2-3 weeks. 
The mass of tumour then was ready for 
treatment when it reached at least 7-9 
millimetre (mm) in any dimension. The 
control group showed advanced in growth 
of tumour and the mass was enlarged 
which soft in consistency and indurate and 
sometime became ulcerated. Whereas in 
treated mice the tumour mass was smaller 
in size and dry with little ulceration in 
some cases. Large area of necrosis was 
occurred in the skin of control group of 
mice that noticed around the area of 
tumour mass, and this may be due to rapid 
division of cancer cells that surpass the 
ability of new blood vessels to supply it 
with adequate amount of nutrient and 
oxygen 26. 
Failure of transplanted cancer cells in 
animals group that treated before tumor 
cell implantation (G1) attribute to non- 
specific defence mechanisms, β-glucan 

The transplanted groups of mice treated 
with local and commercial β-glucan 
extract was reported significant effect in 
all the periods of the experiment 
(Figures1&2) for relative tumour volume 
(RTV), and (Tables 1&2) of TGI for the 
periods of (three weeks & one month) 
respectively. 
Tumour growth inhibition of treated 
groups that treated after tumor 
implantation (G2) with β-glucan extracts 
of Saccharomyces cereivisae ,showed 
significant inhibition (P<0.01) of tumour 
growth in all groups of local and 
commercial extracts at all periods. These 
extract have shown an effect by increasing 
the life span of animals 34,35 Ma et.al. , 8 

proved that the Auricularia auricular of 
fruit bodies caused a significance 
inhibitory effect on the experimentally 
induce adinocarcinoma in mice.      
      Analysis of the response of human and 
mouse leukocytes to β-glucan has shown 
that the complement receptor CR3 is 
primarily responsible for the high affinity 
binding of soluble and particulate β-
glucans and the cytotoxic and phagocytic 
responses mediated by β-glucan stimulated 
macrophages, neutrophils and NK cells 36 ,

have attracted attention in the fields of 
biochemistry and pharmacology for their 
immunopotentiation and anti-tumor effects 
26-28. The anti-tumor activities of glucan 
are mostly resulted from their 
immunopotentiation effects 29.Its can 
stimulate immune cells such as 
granulocytes, monocytes, macrophages 
and nature killer cells (NK)to trigger the 
secretion of cytokines that will stimulate 
the immune system 30 , it can interact with 
the receptors of immune cells to trigger 
immunological responses including anti-
tumor activity 31,32,so the NK and 
lymphokine-activated killer cells (LAK) 
inhibit the tumour growth of the animals, 
which have the same activity in human 
tumours. The non- specific defense 
mechanisms may have an important effect 
in the failure of transplanted cancer cells 
33.      

in addition to CR3, dectin-1 a specific β-
glucan receptor 29. Dectin-1 is expressed 
on macrophages, monocytes, granulocytes, 
dendritic cells and also on B cells and a 
subpopulation of T cells 37. On 
macrophages,dectin-1 is the dominant 
receptor mediating the phagocytosis of 
glucan. Although macrophages and 
granulocytes may also use dectin-1 to 
capture glucan 33, only CR3 with bound β-
1,3-glucan triggers cytotoxic degranulation 
in response to inactivated complement 3b( 
iC3b) fragment coated tumors ,previous 
reports also suggest that β-glucan can 
promote T cell-specific response , and 
shown that there was a marked 
deregulation in the balance between Th1 
and Th2 immune response in the course of 
cancer, being reported dominant Th2-type 
responses as a consequence of the 
progressive loss of Th1-type responses in 
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tumor-bearing animals 38. In conclusion 
the soluble β-glucan of S. cerevisiae (local 
& commercial extracts) had a great potent 
cytotoxic effect against tumor cells line 
AMN-3 in mice 
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ABSTRACT  
 

Background: Anterior cervical approach has, for many decades, been a well established and standard access to 
degenerative, traumatic and neoplastic cervical spine lesions achieving a substantial benefit to the patient 
population. 
Design and Setting : This is a retrospective study encompassing twenty adult patients, who had been operated 
upon, “anterior cervical discectomy and fusion” at the Neurosurgical Department, the Accident and Emergency 
Teaching Hospital in Duhok City between April 2010 – April 2012, by the neurosurgical staff as a team 
approach. The follow-up period ranged from 6 months to 2 years. 
Aim of study 
An initial and preliminary report spreading the Duhok experience in this respect of neurosurgical practice. 
Patients and methods: There were twenty adult patients, 12 males and 8 females, ages ranged from 18 – 60 
years, mean 39 years and 4 months. Diagnosis was achieved via clinical history and examination, plain cervical 
spine X-ray radiography, computed tomography (CT) and magnetic resonance imaging (MRI); other ancillary 
clinical investigations were done like neurophysiologic tests. The surgical procedure was the standard anterior 
cervical discectomy with fusion. Polyetheretherketone (PEEK) cages were used utilizing Ulrich Co. 
instrumentation system aided by image intensifier localization and the use of operating microscope (Pantera of 
Zeiss Co.). All patients had post-operative imaging checking.  
Results: There were 16 patients with symptomatic degenerative and 4 patients with traumatic cervical spine 
lesions. Post-operatively, all patients experienced various degrees of immediate relief of symptoms with marked 
improvement of radicular and neck pain in 93.75% of the patients with degenerative spine disease. However, 
those with traumatic spinal cord injury had slow neurological recovery. Transient complications were in form of 
hoarseness, swallowing difficulty and C5 pain were mild and seen in 20% of cases. Permanent and surgical and 
cage related complications were not encountered.  
Discussion: The indications for the surgical intervention were symptomatic degenerative cervical disc disease 
and spondylotic myelopathy in 16 cases (Fig. 1 and 2) and cervical spine trauma (4 cases). The lower cervical 
spine segment involvement (C5-6-7 levels) was noticed in 13 (81.25%) out of 16 patients with degenerative 
spine disease. Overall, single level surgery was done in 6 (30%) patients while the rest 14 (70%) patients 
underwent two levels surgery. The implants included either single-level interbody cage insertion or two-level-
cage insertion with, additional, plate and screws fixation.  
Conclusions: It is concluded that the team neurosurgical approach to the anterior cervical pathology, in the 
availability of standard facilities, is very fruitful and can achieve an excellent clinical results to the patients. 
             Duhok Med J 2012;6 Suppl 2: 72-80. 
Key words: Degenerative Cervical Lesion, Traumatic Cervical Lesion, Anterior Cervical 

Discectomy and Fusion, Polyetheretherketone. 
 

 

nterior Cervical Discectomy and 
Fusion (ACDF) remains the gold 

standard for the surgical management of 

cervical spondylotic radiculopathy and 
myelopathy. The principal aim of the 
operation is to remove disc material and 
osteophytes causing neural compression. 
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The operation can be performed for 
multilevel (1-3 levels) compression, gives 
direct access to the offending pathology, 
resulting in a favorable outcome in 80–
90% of patients 1, 2. 
Objective clinical signs of myelopathy and 
certain radiculopathies associated with 
spinal cord and nerve root compression 
from disc herniations and/or osteophytes 
seen on MRI scans, CT scans, or CT 
myelography are indications for an 
anterior approach. 
Interbody fusion is achieved by insertion a 
bone graft harvested from the patient or an 
artificial cage into the disc space. A 
number of synthetic bone grafts and cages 
have been used as a substitute for 
autologous bone graft. The cage has been 
shown to reduce the complication rate by 
22% in comparison with autogenous iliac 
crest graft fusion3. Also bone graft donor 
site pain remains a drawback of ACDF 
which is reported in up to 31% of 
patients.1 Cages also restore disc height, 
restore cervical lordosis, avoid donor site 
pain and reduce operative time. Additional 
advantages of fusion are stability of the 
cervical spine, preservation of the 
physiological lordosis, reduce neck pain 
and prevent post operative foraminal 
narrowing 4, 5. 
Many different cage designs (e.g. 
cylindrical, mesh, ring or box shaped) and 
materials (e.g. titanium, carbon, 
polyetheretherketone, hydroxyapatite 
coated) have been introduced  4, 6 . Each 
one has its own advantages and 
drawbacks.   
 
METHODS 
 
This study includes 20 patients with mean 
age of 39 years, ranging from 18 to 60 
years. There were 12 males and 8 females. 
All were operated for anterior cervical 
microdiscectomy and fusion at the 
Neurosurgical Department, Accident and 
Emergency Teaching Hospital in Duhok 
city between April 2010 and April 2012. 

Follow-up period ranged from 6 months 
and 2 years.  
Sixteen patients were treated for 
degenerative cervical disc disorders, the 
rest for cervical spinal trauma. Among 16 
patients with cervical disc degenerative 
disorders, presenting symptoms included 
radiculopathy in 12 (75%), myelopathic 
symptoms in 2 patients (12.5%) and 
myeloradiculopathy in another 2 (12.5%) 
patients. The preoperative diagnosis was 
performed by MRI in all 16 cases. 
Additional cervical spinal CT scan 
examination was done for spinal trauma 
cases. 
In all patients with radicular and neck pain, 
the discectomy and fusion were proposed 
after three months of unsuccessful 
conservative measures. 
Informed Consent was taken from all 
patients. The surgical procedure was the 
standard anterior cervical discectomy with 
fusion, done under microscopic 
magnification using Pantera Zeiss 
operating microscope aided by image 
intensifier localization of the level. The 
fusion was performed using the PEEK 
cages utilizing the Ulrich fixation system. 
All patients received perioperative 1 gm 
intravenous ceftriaxone antibiotic 
prophylaxis. 
Cervical collar application was used for 2 
weeks to avoid excessive cervical motion. 
Clinical and radiographic controls 
(including standard and flexion-extension 
radiographs) were conducted at periodic 
intervals after surgery (1st post-operative 
day, 1 month, 3 months, 6 months and 12 
months after surgery). 
 At each visit the level of patients’ 
satisfaction was assessed by questionnaires 
regarding the postoperative residual pain 
using the visual analogue scale from 0 to 
10, assessment of the motor function if 
weakness was present pre-operatively, the 
need for postoperative analgesics and the 
time period taken for the patient to join his 
work.  
The outcomes were considered as "very 
good", "good" or "fair" depending on 
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complete resolution of the pre-operative 
complaints, if there is transient post-
operative complications and if there is 
non-consistent improvement of pain and 
the pre-operative neurological changes 
respectively. 
 
RESULTS 
 
The indications for surgical intervention in 
our patients were symptomatic 
degenerative diseases of the cervical spine 
and unstable cervical spine injury.  
Cervical disc disease was seen in 12 cases, 
spondylotic myelopathy in 4 cases and 
cervical spine trauma in 4 cases. 
Clinically, all 12 patients with 
degenerative disc lesions were presented 
with radicular pain with paresthesia in the 
corresponding nerve root territory.  Two of 
them had associated early motor weakness. 
In contrast, all patients with cervical 
spondylotic myelopathy were presented 
with grade 3-4 spastic weakness of both 
upper and lower limbs. Three patients with 
spinal trauma were due to road traffic 
accident. The other one patient had history 
of fall from height. Two of these patients 
were presented with features of anterior 
cord syndrome, whereas the others were 
presented with neck pain and 
radiculopathy. 
Among trauma cases, 2 patients underwent 
one level ACDF for C3-C4 and C4-5 
respectively. The other 2 patients 
underwent two levels surgery for C4-5-6 
and C6-T1 (with corpectomy to C7).  
The rest 16 patients presented with 
spondylotic cervical degenerative diseases. 
Of these, 4 patients had single level 
surgery for C3/4 (1 case), C4/5 (1 case) 
and C5-6 (2 cases). The rest 12 patients 
underwent two levels surgery which 
includes: 1 patient for (C3-4-5), 6 patients 
for (C4-5-6) and 5 patients for (C5-6-7) 
levels. The lower cervical spine segment 
involvement (C5-6-7 levels) was noticed 
in 13 (81.25%) out of 16 patients. Overall, 
single level surgery was done in 6 (30%) 

patients while the rest 14 (70%) patients 
underwent two levels surgery.       
Hospital stay after operation was 3 days, 
without major complications and with a 
low requirement of analgesics during the 
first post-operative days. 
Permanent hoarseness or swallowing 
complaints were never observed. Transient 
hoarseness was seen in 2 (10%) patients 
lasted up to 8 weeks. Of these, 1 patient 
had degenerative spine disease and the 
other had spinal trauma. Transient 
swallowing difficulties were observed in 1 
(5%) patient. Another 1 patient was 
complaining of C5 root pain for 2 days 
post-operatively. The peri-operative 
mortality was nil (0%).  
In degenerative spine disease group, 
follow-up evaluation of the outcomes at 
the end of the 6th post-operative month 
showed that 1 (6.25%) patient with 
spondylotic myelopathy had fair outcome, 
2 (12.5%) patients experienced "good" 
results and the rest 13 (81.25%) patients 
had "very good" outcome. Thus sustained 
improvement of the initial neurological 
changes with marked improvement of 
radicular and neck pain was noticed in 
93.75% of the patients with degenerative 
spine disease. 
Patients with vertebral and spinal cord 
injury showed slower neurological 
recovery. Implant related complications 
were never observed in our patients. No 
patient in this study required re-operations 
whether early or late.  
 
DISCUSSION 
 
The past decade has witnessed significant 
advances in the surgical treatment of 
cervical myelopathy and 
myeloradiculopathy. 
There is a large bulk of evidence 
confirming the safety and efficacy of the 
ACDF. The procedure has been widely 
used as an ideal surgical treatment for 
cervical disc degenerative disorders.7 It has 
been demonstrated to be effective in the 
treatment of cervical disc degenerative 
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disorders in many reports, and the 
advantages of this procedure may include 
direct decompression of spinal cord and 
nerve roots, immediate stability of 
involved segments, and restoration of 
cervical lordosis and intervertebral height 8 

. 
Typical presentation of spondylotic disc 
lesion or myelopathy was seen in all of our 
patients with degenerative diseases of the 
cervical spine.  There was high incidence 
of lower cervical spine involvement in our 
patients. Similar results had been presented 
in other studies 9, 10.  
It has been stated that the most important 
outcome predictive factor is the correct 
determination of operative indications 9 
and more reports suggest a significant 
benefit with surgical intervention in 
appropriately selected patients 11,12. Several 
outcomes studies in the literature 
demonstrate overall good or excellent 
results in 70% to 89% after ACDF 13, 14, 15 
and significant pain relief in 93% of the 
patients( 11) .In another recent study, 78.9% 
of patients rated their level of satisfaction 
as excellent and good in the ACDF 16 .The 
overall surgical outcome (good and very 
good outcome) in our patients with 
degenerative cervical spine diseases 
indicated marked improvement of 
radicular and neck pain in addition to 
sustained neurological improvement of the 
preoperative changes in 93.75% of 
patients. This is comparable to the results 
shown in the literature.  
Because the majority of our patients 
(81.25%) showed a very good response to 
treatment, it is presumed here that both age 
and sex has no influence on the outcome. 
This is in contrast to other reports which 
considered young age of the patient as a 
predictor of a satisfactory outcome 9) .The 
predominance of the lower cervical 
segment involvement in our patients can 
also contribute to the marked response 
noticed in this study. This is in agreement 
with others who reported that ACDF to the 
lower cervical spine is considered as 
predictors of a satisfactory outcome.9   

Fourteen (70%) patients in this study 
underwent two levels surgery. Multiple 
level discectomy and fusion should be 
considered for nerve root compression at 
multiple levels with significant axial neck 
pain or significant narrowing of the neural 
foramen by osteophyte formation17. 
According to the outcome of our patients, 
the current study clearly demonstrates the 
feasibility of the ACDF procedure in 
addressing the multiple ventral 
compressive pathologies and effectively 
dealing with the degeneration process that 
is at or near the disc spaces.  
The traditional autograft from the ileum 
used to achieve fusion, documenting high 
fusion rate, was often reported to have 
donor site complications 18 . To overcome 
this problem, synthetic interbody cages 
with different materials and designs have 
been developed and are very popular in the 
treatment of cervical disc degenerative 
disorders. Among these cages, PEEK was 
considered as an enticing alternative to 
bone graft19. PEEK cages were used in our 
patients to achieve fusion after discectomy. 
We found that PEEK cages were simple to 
use, easy to handle and its central cavity 
can be packed with bone. More advantages 
include: having a modulus of elasticity that 
approaches normal bone, causes minimal 
inflammatory response, and it is 
radiolucent, therefore, it is easy to assess 
the fusion status 19 . 
Concerning complications, major 
complications were not noticed in this 
study while the types of complications 
seen were only temporary and well 
described in the literature. One of a 
recognized complication of ACDF surgery 
is recurrent laryngeal nerve (RLN) palsy. 
The RLN is often exposed in the lower 
part of the wound at the C5/6 level. 20 The 
reported incidence of symptomatic RLN 
after ACD varies between 0.07 and 11% 21. 

A prospective study utilizing pre- and 
post-operative indirect laryngoscopy 
revealed an overall incidence of 24.2%  22 
.Interestingly, transient hoarseness was 
seen in 2 (10%) of our patients only which 
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lasted for 8 weeks. The rest of noticed 
complications were mild and not 
permanent.  
 
CONCLUSIONS 
 
This is a preliminary report about our 
experience with anterior cervical 
discectomy and fusion surgery in our 
locality. It showed that the procedure is 
safe and effective means of treating both 
spinal degenerative cervical diseases and 
traumatic cervical lesions with very good 
clinical results for both single and multiple 

levels. All disc patients have very good 
outcome. Sustained and marked 
improvement was noticed in 93.75% of the 
patients. Trauma cases showed slower 
neurological recovery. Age and sex has no 
predilection to the satisfactory outcome. 
These findings are comparable to the 
literature. The rate of complications was 
low and all were transient. No major 
complications were noted and cage related 
complications were never noticed in this 
study. Peri-operative mortality was nil 
(0%) and no patient in this study required 
early or late re-operations.  

 
 

Figure 1. Axial T2 weighted MRI examination at the level of C5-6 showing left sided disc lesion with 
compression of the nerve root. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Axial T2 weighted MRI examination at the level of C4-5 showing severe compression of the 
spinal cord causing advanced spondylotic cervical myelopathy. 
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ABSTRACT  
 
Background: Natural family planning methods are considered easy methods and have no side effects when 
used to prevent unintended pregnancy, so nurses have an important role in providing counseling and health 
education for women in fertile age. 
Objective: To assess nurses knowledge about effectiveness of natural family planning methods to avoid 
unwanted pregnancy. 
Methods: A descriptive study was conducted on probability sample (systematic random) of (100) nurse and 
midwife who work in obstetric and gynecological departments from six  hospitals at Baghdad City which 
include family planning clinic which include: AL-Karkh  maternity  Hospital, Al-Elwia Maternity Teaching 
Hospital, Fatima Al-Zahra'a Maternity and Pediatric Teaching Hospital, AL-Yarmouk Teaching Hospital, AL-
Kademya Teaching Hospital  and AL-Nuaaman Teaching Hospital. Study implemented for the period of 
February 24th 2012 to April 25th 2012.  A questionnaire was used as a tool of data collection to fulfill with 
objective of the study and consisted of four parts, including demographic, reproductive characteristics, personal 
experience in using method or in attending continue education training of knowledge and effectiveness for each 
methods of natural family planning. A pilot study was carried out to test the reliability of the questionnaire and 
content validity was carried out through the 17 experts. Descriptive statistical analyses were used to analyze the 
data.  
Results: The results of the study revealed that most mothers their average age (39) years, (39%) of study sample 
was graduated  from secondary school of nursing, (53%) of study sample work at obstetric and gynecological 
ward, (84%) of study sample were married and the highest percentage (44%) their sources of knowledge about 
natural family planning were from Friends and family. Most of the study sample had unaccepted knowledge 
about effectiveness of natural family planning methods, one reason for this is that little information on natural 
family planning is provided in nursing curriculum and also because of sources of nurses about natural family 
planning was not equability enough to based on it.   
Conclusion: Nurses had inadequate knowledge regarding the effectiveness of different types of natural family 
planning because of not have awareness about these methods and not have equability source of knowledge about 
natural family planning. 
            Duhok Med J 2012;6 Suppl 2: 81-88. 
Key words: Knowledge, Effectiveness, Natural Family Planning Methods. 
 

 

atural family planning (NFP) refers to 
a variety of methods used to prevent 

or plan pregnancy, based on identifying a 
woman’s fertile days 1. Fertility awareness 
methods (FAMs) are appropriate for 
women with regular menstrual cycles. 
They involve monitoring the cycle and 
having intercourse only during infertile 
phases or using another method, e.g. 
condoms, during fertile phases. A woman 
cannot identify the exact day of ovulation 
using FAM methods; rather she identifies 
when the fertile phase of her cycle begins 

and ends. A woman’s fertile phase may 
begin 3-6 days before ovulation (because 
sperm can live in cervical mucus for 3-6 
days); a woman’s fertile phase ends 24 
hours after ovulation 2.  Several names 
have been used to describe this approach 
to contraception—rhythm, natural family 
planning, periodic abstinence and fertility 
awareness methods. NFP is actually more 
effective if applied with discipline than 
most forms of artificial birth control. This 
may come as a surprise to some physicians 
who don’t pay any attention to NFP 3. 
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Fertility awareness or natural family 
planning has been used successfully since 
the 1930's to predict woman's fertile days. 
These natural methods are based on the 
fact that fertilization is most likely to occur 
around the time of ovulation. Intercourse is 
avoided during those times when a woman 
is fertile, thus preventing conception 3. 
Natural family planning methods are 
methods which use the body’s natural 
physiological changes and symptoms to 
identify the fertile and infertile phases of 
the menstrual cycle 4. There are different 
methods of natural family planning which 
include: Standard Days Method (SDM), 
Calendar-rhythm method, Two-Day 
method (TDM), Symptothermal Method 
(STM), Ovulation method, Basal body 
temperature method (BBT), and 
Lactational amenorrhea method (LAM) 3,5. 
The effectiveness and advantages of NFP 
attend to needs of varied populations with 
varied religious and ethical beliefs. They 
also provide an alternative to women who 
wish to use natural methods for medical or 
personal reasons 1. The results of several 
studies have found the natural methods to 
be comparable in effectiveness to 
contraceptive pills and the intrauterine 
device, although proper teaching and 
motivation of couples is required for their 
successful application. Knowledge of these 
methods is invaluable to Nurses 6. The 
effectiveness of NFP will have: 91- 99 % 
with perfect use; 75% with typical use. 
Typical use is defined as a term when 
couples follow the direction of the process 
but there may be inconsistencies in 
charting. The term perfect use defines 
couples who comply with direction and 
consistently, couples who practice perfect 
use of NFP will have 98% percent success 
of preventing pregnancy 2. The objectives 
of present study were to assess nurses 
knowledge about effectiveness of natural 
family planning methods to avoid 
unwanted pregnancy. 
 
 
 

METHODS 
 
Descriptive study was carried out upon 
nurses who work at Baghdad city hospitals 
in gynecological and obstetric 
departments. Study implemented for the 
period of February 24th 2012 to April 3rd 
2012. Data collection will be gathered by 
questionnaire format and Interview with 
nurses at Baghdad city hospital.   
Probability sampling approach; (systemic 
random sampling) was utilized through 
following steps: 
1. Researcher got a list of hospitals names 
that have family planning unit from the 
primary care department/ Ministry of 
Health. 
 2. Researcher has a  frame list of (401) 
nurses  names who work in obstetric ward, 
delivery room and maternity operational 
room and family planning clinics in six 
Baghdad City hospitals that were chosen 
according to having family planning clinic 
there.  
3. Research consisted of 100 nurses as size 
of study sample. Researcher calculated the 
sampling interval as standard distances 
between the elements chosen for the 
sampling.  
4. The first element was selected 
randomly. 
 5. The total sample was illustrated in 
(Table 1). 
 6. The period of data collection for all 
hospitals was two months. The research 
study was conducted in six  hospitals at 
Baghdad City which include family 
planning clinic: Al-Elwia Maternity 
Teaching Hospital, Fatima Al-Zahra 'a 
Maternity and Pediatric Teaching Hospital, 
AL-Yarmouk Teaching Hospital, AL-
Karkh  maternity  Hospital, AL-Kademya 
Teaching Hospital  and AL-Nuaaman 
Teaching Hospital. Nurses who work in 
obstetric ward, delivery room, obstetric 
operational room in their hospitals and 
family planning units were selected as 
study sample. 
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Table 1. Selection of study Sample According to Systematic Random Sampling from Six Hospitals in 

Baghdad City. 

No. Hospitals Name 
Total 

Number 
Sample 

Size 
 AL-Karkh  maternity  Hospital 71 18 
 Al-Elwia Maternity Teaching Hospital 106 26 
 Fatima Al-Zahra'a Maternity and Pediatric Teaching Hospital 91 23 
 AL-Kademya Teaching Hospital 43 11 
 AL-Yarmouk Teaching Hospital 65 16 
 AL-Nuaaman Teaching Hospital 25 6 
Total 401 100 

 
A questionnaire was used as a tool of data 
collection to fulfill with objective of the 
study and consisted of four parts, including 
demographic, reproductive characteristics, 
personal experience in using method or in 
attending continuing education training 
and source of knowledge. Pilot study was 
carried out between the February 2nd to 
February 21 of 2012, on (10) nurse who 
work in maternity department to determine 
the reliability of questionnaire and content 
validity was carried out through the 17 
experts. Descriptive statistical analyses 
were used to analyze the data. Data were 
analyzed using the Statistical Package for 
Social Sciences (SPSS) version 16, and 
Excel. Through the application of 
descriptive statistical data analysis 
includes (Frequencies, Percentage, Mean, 
Standard Deviation & Mean score). All 
questions rated according to the following 
criteria: Yes= 2, No= 1. 
So the cut-off-point = 1.5       
 
RESULTS 
 
(Table 2) Shows that the highest 
percentage (43%) of study sample at age 
group (40-49) years while the lowest 
percentage ( 13%) of them between age 
(20-29) years and the same at (55-59) 
years; and the mean age with SD of age: 
(39.76± 8.41). The highest percentage 
(39%) of study sample was graduated from 
secondary school of nursing while the 
lowest percentages (4%) were college of 
nursing. The highest percentage (53%) of  
 

 
study sample work at obstetric and 
gynecologic word, while lower 
percentages were (2%) work at family 
planning clinic. The highest percentages 
(84%) were married and (16%) were 
single. 
 

Table 2. Distribution of Study Sample 
According to Demographic Characteristics. 

 
Demographic Characteristics Nurses 

(n=100) 
Age/years No. % 
20  -  29 13 13% 
30  -  39 31 31% 
40  -  49 49 49% 
50  -  59 13 13% 
 ± SD           39.76± 8.41 

Educational Level 
Nursing school graduated 16 16% 

Secondary  school nursing 
graduated 

39 39% 

Secondary  school midwifery 
graduated 

25 25% 

Institute of medical 
technology/nursing 

15 15% 

College of nursing 5 5% 
Location of Work 

Ward 53 53% 
Delivery room 32 32% 
Theater room 13 13% 

Family  planning clinic 2 2% 
Marital Status 

Single 16 16% 
Married 84 84% 

 
(Table 3) shows The highest percentage 
(70.2%) of study sample had three and 
more pregnancies, while (20.2%) of them 
nulligravida. The highest percentage (55.9 
%) of study sample had three and more 
deliveries while the lowest percentage 
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(9.5%) was nullipara.  The highest 
percentage (51%) of study sample had 
three and more, while (9.5 %) of them 
hadn't child. Regarding abortion: The 
highest percentage (48.8%) of study 
sample had no history of abortion, while 
(3.5%) of them had five and more 
abortions. 

 
Table 3. Distribution of Study Sample 

According to Reproductive Characteristics 
 

Reproductive 
Characteristics 

Nurses (n=84) 
No. % 

Gravidity  
*nulligravida 8 9.5% 
1-2 17 20.2% 
(≥3) 59 70.2% 
Parity 
*nullipara 8 9.5% 
1-2 29 34.5% 
(≥3) 47 55.9% 
Alive Children 
*None 8 9.5% 
1-2 33 39.2% 
(≥3) 43 51% 
Abortion 
*None  41 48.8% 
1-2 34 40.4% 
3-4 6 7.1% 
(≥5) 3 3.5% 

* (84) nurses in study of nurses were married 
 
 
 

(Figure 1): shows the highest percentage 
(44%) their sources of knowledge about 
natural family planning were from Friends 
and family. 
The highest mean of score (1.86) in 
knowledge regarding item No. (7)  Which 
refer to effectiveness of LAM is (98%), 
while the lowest mean of score (1.2) was 
in item No. (1)  Which refer the 
effectiveness of SDM is (95%). So the 
grand mean score (1.37) for all methods 
(Table 4). 
 

 
 

Figure1. Sources of Nurses Knowledge 
Regarding Natural Family Planning Methods. 
 
 

 
 

Table (4): Distribution of Nurses by Knowledge about the Effectiveness of Natural Family Planning 
Methods. 

NO. 
Perfect Use Effectiveness Natural Family 
Planning  Methods in to Avoiding 
Pregnancy 

Nurses (n=100) 
M.S Yes No 

No. % No. % 

1 Standard day method is ( 95%) 20 20% 80 80% 1.2 
2 Calendar-rhythm method  (92%) 34 34% 66 66% 1.34 
 Two-Day method is (96%) 18 18% 82 82% 1.18 
 Basal body temperature (BBT) method 

(99%) 
36 36% 64 64% 1.36 

 Symptothermal method (98%) 34 34% 66 66% 1.66 
 Ovulation method  is (97%) 37 37% 63 63% 1.37 
 Lactational amenorrhea (98%) 86 86% 14 14% 1.86 
Grand mean score = 1.37 

 
DISCUSSION 
 
The highest percentage (43%) of study 
sample at age group (40-49) years while 

the lowest percentage ( 13%) of them 
between age (20-29) years and the same at 
(55-59) years; and the mean age with SD 
of age: (39.76± 8.41) as shown in Table 1. 
This finding is consistent with study of  
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Moura et.al 8  reported  that out of 121 
nurses from health system of Fortaleza,CE, 
Brazil, their range age (26-59) years, while 
the average (38.3) years. And the highest 
percentage (39%) of study sample was 
graduated from secondary school of 
nursing while the lowest percentages (4%) 
were college of nursing. This finding is 
consistent with study of  Fehring  9 who 
reported that the (80%) of study sample 
are  graduated from basic nursing program. 
Nurses are person who qualified to educate 
and counsel their couple about NFP 
method. So they need to be educated and 
have a lot of knowledge regarding NFP 
method to be good counselor10. Nurses 
have been well known as patient 
educators. They are known to empower 
patients with information regarding health 
issues and concerns. Nurses don’t just tell 
patients what to do, but also why and how 
11.  
The finding of present study is consistent 
with study of  Moura who reported 
(51.1%) out of 121 nurses have children 
while (48.9%) not have children8. 
The highest percentage (44%) of them 
their sources of knowledge were from 
friends and family, while the lowest 
percentage (12%) by self learning. The 
finding is inconsistent  with Fehring who 
reported that  source of learned NFP  
method  (44% vs. 24%) from training, 
(29% vs.19%) from continuous education 
and (52% vs. 63%) by self-instruction12. 
(Table 2) shows that nurses had acceptable 
knowledge regarding effectiveness of  
perfect use of Lactational amenorrhea and 
Symptothermal method, while had 
unaccepted knowledge regarding of perfect 
use of effectiveness of the following 
methods: Standard day method, Calendar-
rhythm method, Two-day method, 
Ovulation method and  Basal body 
temperature. The finding of this study is 
consistent with  Fehring  in his study faxed 
questionnaires on natural family planning 
to a random sample of 317 active 
physicians and all gynecological registered 
with college of physician and surgeons of 

British Colombia and all (N=239) family 
medicine and gynecologist at university of 
British Colombia. They obtained a 44% 
return rate from both groups. When asked 
about the effectiveness of natural family 
planning method to avoid pregnancy, 6% 
were correct identifying perfect use of 
methods, and 33% were correct  in 
estimating the typical use effectiveness of 
natural family planning methods12. So 
nurse and other health care professionals 
often have little knowledge of methods of 
natural family planning and do not readily 
prescribe natural method for their couple, 
one reason for this is that little or no 
information on natural family planning is 
provided in nursing or medical school 13. 
 
CONCLUSION 
 
Based on study findings; nurses had 
inadequate knowledge regarding the 
effectiveness of different type of natural 
family planning because of not having 
awareness about these methods and not 
having equability source of knowledge 
about natural family planning. 
 
RECOMMENDATION 
 
Increase nurse's awareness about 
effectiveness and type of natural family 
planning methods by continuous 
education. 
Distribute scientific booklet about   natural 
family   planning methods and its 
effectiveness. 
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ABSTRACT  
 
Background: Awareness of the risks of colonization and subsequent infection, effective treatment and the 
appropriate use of antibiotic prescribing remain as high priorities to combat Methicillin-resistant Staphylococcus 
aureus (MRSA) related issues.  
Objectives: The aim of this study was to assess the knowledge of doctors working in the hospitals of Duhok 
province about MRSA. 
Methods: the study was done in 8 hospitals of Duhok province. The participants were doctors working in those 
hospitals with any professional qualification. A questionnaire of ten true and false questions was developed to 
study their knowledge of MRSA related issues.  
Results: A total 239 doctors filled the questionnaire. Nearly two thirds of them were in the age group of 24-34 
years, with a male to female ratio of 3.4:1. The majority of respondents (90.4%) correctly identified MRSA as a 
Gram-positive organism. 72% of them identified the correct anatomical sites for MRSA colonization and 68.2% 
realized that MRSA could be acquired in the community without prior hospitalization and 41.4% of doctors 
thought that Cefoxitin is the drug of choice for MRSA. The rate of correct answer was significantly higher in 
male than female doctors. Age, being a specialist, type of specialty and type of hospital did not affect the 
knowledge of doctors significantly. 
Conclusion: doctors working in hospitals of Duhok province have good knowledge about MRSA, but in some 
areas of the subject, they have low or no information. This necessitates a well-defined program for control of 
hospital-acquired infections including MRSA. 
             Duhok Med J 2012;6 Suppl 2: 89-96. 
Key words: Doctor’s Knowledge ,MERSA, Duhok 
 

 

taphylococcus aureus has long been 
recognized as an important pathogen 

in human diseases. Methicillin-resistant 
Staphylococcus aureus (MRSA) is the 
name given to a strain of the 
Staphylococcus aureus bacteria that is 
resistant to a number of antibiotics. MRSA 
is a major cause of hospital-acquired 
infections that are becoming increasingly 
difficult to combat because of emerging 
resistance to all current antibiotic 
classes.1,2 According to The European 
Centre for Disease Prevention and Control, 
in 2008 MRSA accounts for 44% of 
nosocomial infections, 22% of attributable 
extra deaths and 41% of extra days of 

hospitalization associated with these 
infections.3 MRSA inhabits the nose and 
some other body sites of normal 
individuals without causing any disease. In 
hospitalized patients, however, it can cause 
wound infections, pneumonia, septicemia 
and death. 4 Whereas hospital-acquired 
MRSA has been a concern for in-patients 
since the 1960s, the threat of community-
acquired MRSA (CA-MRSA) has recently 
been associated with healthy people 
without traditional risk factors. 5,6 
Knowledge about health problems is 
crucial to deal with them properly and it is 
the first step in modifying behavior in 
relation to physicians’ adherence to 
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clinical practice guidelines. Awareness of 
the risks of colonization and subsequent 
infection, effective treatment and the 
appropriate use of antibiotic prescribing 
remain as high priorities to combat MRSA 
related issues. 7,8 
To the best of our knowledge, no MRSA 
awareness survey targeting doctors and 
other medical staff has been performed in 
Duhok province.  The aim of this study 
was to assess the knowledge of doctors 
working in the hospitals of Duhok 
province about MRSA which would be as 
the first step of further projects and 
studies. We also aimed to identify specific 
doctors' demographics and variables 
associated with their knowledge levels to 
MRSA related issues. 
 
METHODS  
 
The study was a cross sectional one done 
in hospitals of Duhok province. Duhok is 
one of the three provinces of Kurdistan 
Region of Iraq. There were eight hospitals 
in Duhok province. Three of those were 
teaching hospital situated in Duhok city 
including. Azadi general hospital, Heevi 
pediatrics hospital and Duhok emergency 
hospital. The others were Zakho general 
hospital in Zakho district, Gulan hospital 
and Akre emergency hospital in Akre 
district, Amedi general hospital in Amedi 
district and Duhok burn and plastic 
surgery hospital in Duhok city. The overall 
number of doctors working in these 
hospitals was 549 at the time of data 
collection. 
A questionnaire was developed to study 
the knowledge of doctors working in those 
hospitals about MRSA. The questionnaire 
included ten true and false questions, they 
were about the nature of MRSA; risk 
factors for MRSA, common sites of 
colonization, screening, prevention, 
control and treatment. The questions were 
inferred mostly from the guidelines for the 
control and prevention of MRSA in 
healthcare facilities. .(8)  Demographic data 
were also covered by the questionnaire 

including age, gender, credential, 
specialty, professional qualification and 
the working place (hospital).  
A convenience sample was recruited from 
all the eight hospitals. The inclusion 
criteria for participants were a medical 
doctor, who is currently working in one of 
the eight hospitals. Data collection from 
each hospital was conducted in one single 
day, except for Azadi general teaching 
hospital, the largest one and with the 
highest number of staff, in which the 
survey was conducted in two days. On the 
day of data collection, all departments of 
the hospital were visited and every doctor 
who was available at the time of visit was 
participated. Questionnaire was filled by 
the participants themselves in front of one 
of the investigators after short clarification 
of the nature of the survey and obtaining 
consent, without explaining the specific 
questions to them. Data collection for this 
study was completed within nine days in 
February, 2011. 
The survey results were analyzed using 
SPSS v.18. Description of demographic 
data and frequencies of correct and 
incorrect answers were performed through 
frequency tables and differences between 
groups were compared using Chi-squared 
test with a 5% significance level.  
 
RESULTS 
 
A total of 241 doctors were interviewed. 
The response rate was (99.2%) as only two 
of them refused to participate. Nearly two 
thirds of them (61.1%) were in the age 
group of 24-34 years, with a male to 
female ratio of 3.4:1. About one third 
(33.5%) were specialists, while the rest 
(66.5%) were either house officers, or 
practitioners. The vast majority of the 
interviewees (73.2%) were from the three 
teaching hospitals. Participants were from 
different specialties and different medical 
departments of hospitals. (Table 1) 
The majority of respondents (90.4%) 
correctly identified MRSA as a Gram-
positive organism. 72% of doctors 
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identified the correct anatomical sites for 
MRSA colonization and 68.2% realized 
that MRSA could be acquired in the 
community without prior hospitalization. 
The lowest rate of correct answers (44.4%) 
was to statement number five which was 

about the transfer of  patient in between 
hospital wards, followed by statement 
number four about how to reduce MRSA 
transmission (56.5%) and 41.4% of  
doctors thought that Cefoxitin is the drug 
of choice for MRSA (Figure 1). 

 
Table 1 .Demographic characteristics of the study population (n=239) 
 

 
Demographic variable Number % 
 
Age (years) 

 
24 – 34 
35 – 45 
> 45 

 
146 
60 
33 

 
61.1 
25.1 
13.8 

Gender Male 
Female 

185 
54 

77.4 
22.6 

Professional qualification Non-specialists 
Specialists 

159 
80 

66.5 
33.5 

Type of Hospital Teaching 
Non-teaching 

175 
64 

73.2 
26.8 

Department and/or specialty Internship 
Medicine 
Surgery 
Gynecology and Obstetrics 
Pediatrics 
Ophthalmology 
ENT 
Dermatology 
Orthopedics 
Radiology 
Laboratory 
General Practice 

62 
28 
44 
15 
 
22 
11 
7 
6 
6 
15 
11 
12 

25.9 
11.7 
18.4 
6.3 
 
9.2 
4.6 
2.9 
2.5 
2.5 
6.3 
4.6 
5.0 

 
Table (2). Association of some variables with knowledge 
 

Variable 

Low knowledge 
1-5 correct 
answers 
No. (%) 

Good knowledge 
6-10 correct 
answers 
No. (%) 

P value 

 
Age (years) 

 
24-34 

 
22 (15.2) 

 
123 (84.8) 

NS* 
35-45 9 (15) 51 (85) 
> 45 4 (12.1) 29 (87.9) 

Gender 
Male 22 (11.9) 163 (88.1) 

0.026 
Female 13 (24.1) 41 (75.9) 

Professional 
Qualification 

Not a specialist 25 (15.6) 135 (84.4) 
NS 

Specialist 10 (12.7) 69 (87.3) 

Type of specialty 
Medical 5 (12.5) 35 (87.5) 

NS 
Surgical 5 (12.8) 34 (87.2) 

Type of Hospital 
working in 

Teaching 25 (14.3) 150 (85.7) 
NS 

Non teaching 10 (15.6) 54 (84.4) 

 
* NS = not significant (p-value > 0.05) using Chi-squared test 
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Figure 1. Proportion of participants providing the correct response for each question
For the purpose of comparisons, the 
knowledge of doctors about MRSA was 
categorized into two categories, low 
knowledge (those who had correctly 
answered five or less statements) and good 

knowledge (those who had six and more 
correct answers). It was shown that with 
increasing age, the rate of correct answers 
was numerically, but not statistically, 
higher (Table 2). The rate of correct 

Question
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answer was significantly higher in male 
doctors (88.1%) than female doctors 
(75.9%) with a p-value of (0.026).  Being a 
specialist did not affect the knowledge of 
doctors, though the specialist had slightly 
more knowledge than non-specialist 
(87.3% compared to 84.4%). Amongst 
specialists, there was no difference 
between those with medical background 
compared to those with surgical 
background (Table 2). Finally, no 
significant difference was found in 
responses obtained from doctors working 
in teaching hospitals and those working in 
non-teaching hospital (85.7 and 84.4% 
respectively).  
 
DISCUSSION 
 
Cross sectional studies have their own 
limitations. Despite that, however, they are 
essential in providing basic data, especially 
in the case of MRSA when no such data is 
available in the region. Doctors were 
chosen as participants for this study 
without involving other health staff as no 
special guidelines and systems for control 
of infections inside hospitals are available 
for the hospital staff. In some countries 
were such guidelines are available, they 
usually assess the knowledge of all health 
staff in addition to that of patients and 
even of the general public. 4,7,8,10,11 The 
design of the questionnaire was true and 
false statements. This type of questionnaire 
was also performed in a study done in 
United Kingdome. 8 This could be one of 
the limitations of this study as the 
participants guessed the answer to some 
questions. Eventually, this affected the real 
level of their knowledge about MRSA. 
The interviews were conducted in all 
hospitals, except one, in a one day visit. 
The aim was to limit the chance of sharing 
knowledge about the subject between 
doctors. The purpose of having the 
questionnaires completed at the time of 
interview was so that answers were 
spontaneous, without the use of reference 
materials such as textbooks or internet 

websites. The sample size of 239 was 
thought to be good as it represent nearly 
44% of the total number of doctors' 
population in the hospitals of Duhok 
province. A higher rate of males than 
females was due to the fact that the total 
number of female doctors constituted only 
35% of the total number of doctors in the 
involved hospitals. 
Majority of participants realized that 
MRSA is a Gram-positive organism, and 
this was convenient with the answer to the 
same question in a study done in Scotland 

7. More than half of the doctors in this 
study (55.6%) agreed that it is contra-
indicated to transfer patients colonized or 
infected with MRSA between hospital 
wards. This gave us an idea that 
participants over estimated the danger of 
MRSA. Such strict attitude toward 
isolation of MRSA patients was also seen 
among staff of ENT and general surgery 
wards in a study done in England. 12  The 
low rate of correct answers to statement 
nine indicated  that participants had low 
knowledge of what antibiotics MRSA is 
resistant to; 41.4% of them thought that 
cefoxitin is the drug of choice for the 
treatment of MRSA, which is in fact one 
of the antibiotics that MRSA is resistant to. 
The study showed that male have more 
knowledge of MRSA than female doctors. 
The reason is difficult to be explained and 
is against the results stated in the study 
done in United Kingdome when no 
difference was found between the two 
genders.8 No significant differences were 
detected regarding all other studied 
variables including age, professional 
qualification, type of specialty and type of 
the hospital. This might be due to the fact 
that no organized program of hospital 
acquired infection control was applied in 
any of the involved hospitals and the 
subject of MRSA was not touched in the 
continuing medical education activities. 
In conclusion, doctors working in hospitals 
of Duhok province have good knowledge 
about MRSA in some areas of the subject 
that is beside low or no information 
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regarding other aspects. This necessitates a 
well-defined program for surveillance and 
control of nosocomial infections including 

MRSA and to tackle this issue in 
continuing medical education activities. 
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ABSTRACT  
 
The present study was undertaken to extract ketamine powder from ketamine hydrochloride by precipitate 
ketamine. After that we examine the purity of this powder by infra-red (FTIR) and ultra-violet(UV) 
spectroscopy. ketamine gel in different concentrations was prepared ( 0.5 ,  1 , 5 , 10 , 15 )% to evaluate the 
antinociceptive activity. ketamine powder was seen is pure and this show in infra-red and ultra-violet scanner. 
Ketamine gel at concentrations 0.5, 1, 5, 10,15) % produce antinociceptive in mice (5.6±2.2) (4.4±2.0) (8.2±4.3) 
(10.6±5.2) (8±2.1) second after 2 min respectively by using a hot plate test in comparison with control(2.4±2). 
The percentage of maximum possible effect (MPE) increased from (9.9) % in control group to (23.3) (18.3) 
(34.2) (44.2) (33.3)% respectively according to the concentrations of ketamine gel after 2 min . Purification of 
ketamine powder from ketamine solution and use as a gel to could be of value relief pain by topical application. 
                     Duhok Med J 2012;6 Suppl 2: 97-105. 
Key words: Purification of ketamine, Ketamine gel , analgesia, Infrared spectroscopy, Hot-plate test 
 

 

etamine, a phencyclidine (PCP) 
analog, has been used for more than 

30 years to produce “dissociative” 
anesthesia 1. In this state the patient is 
awake and can respond to stimuli but has a 
diminished sense of awareness and an 
amnesia for events occurring while under 
the influence of ketamine.Early experience 
with ketamine revealed that it also 
produced analgesia that sometimes well 
outlasted its anesthetic effects. Although 
the mechanisms of ketamine’s analgesic 
effects remain the subject of debate, and 
are likely multiple 2-4. Antagonism at the 
NMDA-receptor site appears to be central 
to both its anesthetic and analgesic effects 
5, 6. Ketamine is available only I.M , I.V 
administration but it has been used orally. 
Ketamine is a dissociative anesthetic that 
is used to provide sedation and anesthesia 
in short surgical procedure, Patient may 
have adverse psychological effect 
including hallucinations, nightmares, 
delusion, dissociative reaction and 
schizophrenic form psychosis7. Ketamine 
is primarily used for the induction and 
maintenance of general anesthesia, usually 

in combination with a sedative. Other uses 
include sedation in intensive care, 
analgesia (particularly in emergency 
medicine), and treatment of bronchospasm. 
It has been shown to be effective in 
treating depression in patients with bipolar 
disorder who have not responded to other 
anti-depressants 8. Pharmacologically, 
ketamine is classified as an N-Methyl D-
Aspartat (NMDA) receptor antagonist 9. 
Ketamine is an antagonist of N-methyl 1-
D-Aspartate (NMDA) class of glutamate 
receptors which is largely responsible for 
it's anesthetic and behavioral effect effects 
7 .NMDA inhibition produce catalepsy, 
consistent with the effect of ketamine 
administration. Ketamine also produces 
profound analgesia which seen to be at 
least partially mediated by µ - opioid 
receptor , in addition to it's binding to the 
phenylcyclidine binding site on the 
NMDA. ketamine is not frequently used 
for treatment of humans ,because it 
induces psychedelic episodes in patients 
,especially adults, there are an increasing 
number of reports about patients that have 
become addicted to ketamine 10. Among 
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the latest innovations of the 
pharmaceutical industry is the technology 
of drug delivery that overcomes the 
disadvantages of oral administration, these 
effects include first-pass metabolism and 
adverse drug side effects 11 . An ultimate 
route of administration that by pass these 
events would offer the patient drug 
delivery through skin has been a promising 
concept for a long time because skin is 
easy to access , has a large surface area 
with fast exposure to circulating and 
lymphatic net works and the rout is 
noninvasive 12 .Therefore, the aim of the 
present study is to extract ketamine 
powder from ketamine hydrochloride 
solution and prepare ketamine gel with 
examine the analgesic effects of topical gel 
application in mice. 
 
METHODS 
 
 Preparation of ketamine powder  
      10 ml of (1M) sodium bicarbonate was 
slowly added to 100 ml of  the aqueous 
ketamine hydrochloride solution 5% 
(Alhukamma company) under continuous 
stirring until the pH of solution was close 
to 11, stirring was continued for one hour, 
and then the ketamine was precipitated. 
The solvent was eliminated by filtration 
and washed several times with distal water 
and then dried. The powder was studied by 
infra-red and ultra-violet spectroscopy in 
order to confirm the structure of the 
converted product. 
 
Infrared Spectroscopy. 
The infrared spectra recorded for prepared 
ketamine was examined by using Bruker 
Tensor 27 IR spectrophotometer 
(Germany) in the region (500-4000 cm) 
using KBr disc. This measurement was 
carried out in University of Mosul, College 
of Education, Iraq. 
 
Electronic Spectra Measurement: 
The measurement was carried out by using 
ethanol as a solvent with (1cm) diameter 
quartz cell by using Shimatsu-UV-Vis 

recording UV-1600 spectrophotometer 
(Japan). This measurement was carried out 
in Mosul University, Collage of Science, 
Department of Chemistry. 
 
Preparation of ketamine gel  
 
Ketamine gel was prepared (0.5, 1, 5, 10, 
15)gm of ketamine powder in 100ml gel 
base to give a final concentration of (0.5%, 
1%, 5%, 10%, 15%) with continuous 
mixing using Vortex device to prepare a 
homogenous gel. Gels were kept in plastic 
containers and store at room temperature.  
 
Determination of Analgesic Activity of 
Ketamine Gel by Using a Hot –Plate Test: 
Mice were divided into 2 main groups 
(A,B) each group were subdivided into six 
group with 5 animals per each group and 
the test was assessed by the hot plate 
method ( 13). The mice were treated 
topically with ketamine gel (0, 0.5, 1, 5, 
10, 15) % respectively, on the planter area 
of the for and hind limb. 
All the animals in group A were tested on 
hot plate after 1 minute while the mice in 
group B were tested after two minutes 
from topically application of the gel to 
determine the onset of action of gel. The 
mice were placed on top of hot plate of 
55±1 0C. The time between placement and 
jumping or licking the hind paw was 
recorded as response latency. 
The reaction time was recorded for control 
mice and for the animals treated with 
ketamine gel. 
The percentage increase in reaction time 
was calculated by using the following 
equation :- (14) 
% increase in reaction time 
(antinociceptive)=(T1-T0 / 30-T0) ×100 
T0 = mean time for the control group 
(second) 
T1 = mean time for the test group (second) 
30= cut off time (second) 
 
Statistical analysis 
 The data were expressed as mean  ± SD , 
difference between three experimental 
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groups were statistically analyzed by one 
way analysis of variance ( ANOVA) 
followed by the least significant difference 
test. The level of significance was at 
p≤0.05 . (15) 
 
RESULTS  
 
   ( Figure 1) represents the vibrational 
response of pure Ketamine when passed 
via an infrared beam. The spectrum 
showed band at 3000-3200cm-1 which 
attributed to the N-H stretch from the 
amide group connected to the 
cyclohexanone. The spectrum also 
showing band at 2800-2900 cm-1 which 
assign to C-H stretch from an alkyl group. 
At this frequency the alkyl group is 
generally a non aromatic CH3 or CH2 
stretch. The band at 1750 cm-1 due to R2 –
C=O stretch which appear very precise and 
typical stretch for cyclic ketones. In 
Ketamine the carbonyl is connected to the 
cyclohexane ring. The band 1600 cm-1 
assigned to C-N band (Generally 
expressed in C-NH2 and C-N=O 
compounds).The band at 1400-1500 cm-1 
is attributed to C-H bend, this is another 
vibration mode of the CH2 or CH3 
components of Ketamine. This is not the 
C-H bond from the aromatic carbons. The 
band at 1450cm-1 region is due to C-C 
stretch. This carbon to carbon stretch is not 
for the aromatic specie and hence 
characterizes the bonding involved in the 
cyclohexane ring. Pure ketamine extract 
measurement by UV (Ultra-Violet) 
spectroscopy (Figure 2). 

Analgesic effect of ketamine Gel:  
The results of assessment of analgesic 
activity of ketamine gel at    ( 0.5 ,  1 , 5 , 
10 , 15 )%  shown that the gel has no 
significant difference after 1min from 
application of gel between 
control(2.4±2.6) second and all treated 
groups(1.4±1.6 )(2.4±2.4)( 5.8±5.4)( 
4.6±4)(6.2±3.1) second respectively at 
p≤0.05.( Table 1),( Figure 3). 
The result shown that the application of 
ketamine gel after 2min produce a highly 
significant difference between groups 
treated with ketamine gel at concentration 
(5, 10, 15) % (8.2±4.3) (10.6±5.9) (8±5.5)  
second respectively in comparison with 
control(2.4±2) second and other treated 
group (Tables 2 and 3). 
Topical application of ketamine gel at 
0.5% and 10% produce analgesic activity 
in highly significant difference after 2min 
(5.6±3.5) (10.6±5.9) sec at p≤0.05 in 
comparison with same concentration after 
1min from application (1.4±1.6)(4.6±4)sec 
respectively at p≤0.05(Table 2)(Figure 4). 
      Reaction time (antinociceptive) was 
increased from (10)% in control treated 
group after 1min to (25, 19.2,  25.8)% 
according to the concentration of gel (5, 
10, 15)% (Figure 2), while after 2min the 
percentage of reaction time 
(antinociceptive) increase to (23.3, 18.3, 
34.2, 44.2, 33.3)% respectively according 
to the  increase concentration of ketamine 
gel(0.5, 1, 5, 10, 15) in comparison to 
control group (9.9) % (Figure 5). 
   
 

 

 
Figure 1. Pure ketamine extract measurement by FTIR (Infra-red ) spectroscopy . 
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Figure 2. Pure ketamine extract measurement by UV (Ultra-Violet) Spectroscopy. 
 

Table 1. Statistics of antinociceptive effect of ketamine gel after 1  minutes 

                                                               ANOVA After 1 Minute 

 
Sum of 

Squares 
Df Mean Square F–value p–value 

Between Groups 100.400 5 20.080 
1.707 0.171 

Within Groups 282.400 24 11.767 

Total 382.800 29  

Table 2. Statistics of antinociceptive effect of ketamine gel after 2   Minutes. 
                                                               ANOVA after 2 Minutes 

 
Sum of 

Squares 
Df Mean Square F–value p–value 

Between Groups 219.867 5 43.973 
2.503 0.048* 

Within Groups 421.600 24 17.567 

Total 641.467 29  

*Indicated significant difference at p < 0.05. 
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Figure 3. Mean ±S.D of antinociceptive effects of ketamine gel after 1minute in hot-plate test. 
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Figure 4. Mean ±S.D of  antinociceptive effects of ketamine gel after  2minutes in Hot-plate test. 
 
 
Table 4. Antinociceptive effect of different concentration of ketamine    gel after 1 and 2 min Hotplate 
Student's t–test 
 

Concentration Time No. Mean + SD t–value df p–value 

Control 
After 1 Minute 5 2.40 2.608 

0.000 8 1.000 
After 2 Minutes 5 2.40 2.074 

0.5% 
After 1 Minute 5 1.40 1.673 

–2.417 8 0.042* 
After 2 Minutes 5 5.60 3.507 

1% 
After 1 Minute 5 2.40 2.408 

–1.407 8 0.197 
After 2 Minutes 5 4.40 2.074 

5% 
After 1 Minute 5 5.80 5.404 

–0.775 8 0.460 
After 2 Minutes 5 8.20 4.324 

10% 
After 1 Minute 5 4.60 4.037 

–1.868 8 0.05* 
After 2 Minutes 5 10.60 5.941 

15% 
After 1 Minute 5 6.20 3.114 

–0.635 8 0.543 
After 2 Minutes 5 8.00 5.523 

* indicated significant difference at p < 0.05. 
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Figure 5. Effect of ketamine gel ( 0.5 ,  1 , 5 , 10 , 15 )% on antinociceptive maximum pain effect (MPE) in 

hot plate test after 1and 2 min. 
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DISCUSSION 
 
         ketamine is classified as an NMDA 
receptor antagonist 9 . Our findings suggest 
that topical application of Gel containing 
KET within the range of concentration 
from 0. 5% to 15% is an additional 
approach to attenuate painful stimulated by 
thermal (Hot-plate) in mice. The analgesic 
activity depended on concentration of 
ketamine. This result agreement with 
previous study suggested that topical 
application ketamine demonstrate efficacy  
in neuropathic and nociceptive pain 16,17 . 
The analgesic efficiency of ketamine gel 
it’s may be attributed to it's action on 
NMDA receptors7. 
Many studies identified several glutamate 
receptors, such as NMDA, amino-3-
hydroxy-5-methyl -4- isoxazolepropionic 
acid and kainate with action on 
unmyelinated, myelinated, and 
postganglionic sympathetic axons. It was 
suggested that these peripherally 
distributed receptors play a role in the 
transmission of sensory signals to the 
central nervous system. 18,19. Glutamate is 
the primary excitatory neurotransmitter of 
central nervous system and is normally 
released by pain-signaling afferent neurons 
as they synapse on central pain pathways 
in the spinal cord. The persistence release 
of glutamate, due to peripheral injury or 
inflammation, leads to the activation of N-
methyl-D-aspartate (NMDA) receptors. 
This process of activation has been shown 
to play a crucial in mediating the 
phenomena of pain 20 . This activation can 
be prevented mitigated by agents that 
block the effects of glutamate at NMDA 
receptor 21, 22 . These discoveries have 
promoted attempted to use NMDA 
receptor antagonist in the treatment of 
neurogenic and other, often difficult to 
control, pain state 23. NMDA receptor 
antagonism effects analgesia by preventing 
central sensitization in dorsal horn 
neurons; in other words, ketamine's actions 
interfere with pain transmission in the 
spinal cord 24 .    

       Another possible explanation of the 
analgesic activity of ketamine gel, its 
interacts with sigma and opioid μ receptors 
25-27 . Ketamine also inhibits nitric oxide 
synthase, inhibiting production of nitric 
oxide, a neurotransmitter involved in pain 
perception, and hence further contributing 
to analgesia 28 . another mechanism of 
analgesic action of ketamine due to blocks 
voltage-sensitive calcium channels and 
depresses sodium channels, attenuating 
hyperalgesia; Finally ketamine alters 
cholinergic neurotransmission, which is 
implicated in pain mechanisms; and it acts 
as a noradrenergic and serotonergic uptake 
inhibitor, which are involved in 
descending antinociceptive pathways 29.  
 
 
CONCLUSION 
 
Although only a small number of topical 
agents are available for use in peripheral 
and local conditions, the obtained results 
demonstrate that the topical ketamine may 
provide clinicians with anew option in the 
battle against pain  
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ABSTRACT  
 
Background and Objectives: Liver X receptors (LXRs) belong to the nuclear receptor superfamily of ligand-
dependent transcription factors, LXRs are activated by endogenous Oxysterols, metabolites of cholesterol, and 
therefore act as intracellular sensors of this lipid. The Oxysterol receptors (LXRα and LXRβ) regulate 
cholesterol and lipid biosynthesis; particularly reverse cholesterol transport (RCT). One complicating factor in 
studies utilizing synthetic LXR agonists in the potential for pharmacologic and receptor-independent effects. 
Here, we show that an LXR gain-of-function system that does not depend on the addition of exogenous ligand. 
Methods:  We transfected the cells of MCF-7 cell line by a specific recombinant plasmid of VP16-LXRα and 
VP16-LXRβ instead of addition of exogenous synthetic agonists (such as GW3965 or T0901317),  Analysis of 
gene expression in MCF-7 cells treated with recombinant plasmid confirmed by qPCR and Western Blot 
Analysis.  
Results: These cells exhibit increased LXR signaling. Analysis of gene expression on mRNA and protein levels 
in transfected MCF-7 cells with VP16-LXR confirmed that the ability of LXR to drive expression of genes 
involved in cholesterol efflux and fatty acid synthesis (SCD1, SREBP1c, ABCA1 and ABCG1). Furthermore, 
we demonstrated that significantly reduced the proliferation in MCF-7 human breast cancer cell line, LXR 
suppressed mRNA and/or protein expression of SKP2, while it increased the expression of P53 at the protein 
level.  
Conclusions: The net results of this study showed that the transcriptional activation of VP16-LXRβ act as both 
antiproliferative and regulation of key lipogenic LXR target genes in MCF-7 human breast cancer cell line. 
               Duhok Med J 2012;6 Suppl 2: 106-115. 
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iver X receptors (LXRs) are ligand-
activated transcriptional factors that 

belong to the nuclear receptor superfamily. 
LXRs are important regulators of 
cholesterol, fatty acid, and glucose 
homeostasis 4. There are two LXR 
isoforms. LXRα (NR1H3) expression is 
most abundant in liver, kidney, intestine, 
fat tissue, macrophages, lung, and spleen 4, 
it was initially isolated from a rat liver 
cDNA library as a novel orphan nuclear 
receptor, i.e. receptors with no known 
physiological ligands 1, while LXRβ 
(NR1H2) is ubiquitously expressed 4. 
The herpes simplex virus virion protein, 
VP16 is a potent transcriptional activator. 
As a transcriptional regulatory protein, it 

contains two functional domains. The 
aminoterminal portion of the protein, in 
association with host cellular proteins 26,27. 
The transcriptional enhancement activity 
resides in the carboxyl-terminal 78 amino 
acids 6. This domain can strongly activate 
transcription in various systems when 
attached to the DNA-binding domain of a 
heterologous protein 20.  
Human LXRα and LXRβ share almost 
80% amino acid identity in their DNA-
binding domain and ligand-binding 
domain. The LXR paralogs are highly 
conserved between rodents and humans. 
Human LXRα and rat LXRα show close to 
100% homology in amino acid sequence in 
their DNA-binding domain and ligand-
binding domain 15. With the discovery of 
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oxysterols 11 as endogenous ligands for 
LXRs, these receptors were included in the 
group of ‘adopted’ nuclear receptors, i.e. 
receptors where a physiological ligand has 
been identified subsequent to the 
identification of the receptor 28. As 
regulators of metabolism, LXRs have been 
considered as potential drug targets by the 
pharmaceutical industry, and synthetic 
LXR ligands have been developed, which 
are widely used as tools in biomedical 
research. Synthetic LXR ligands include 
T0901317 21 and GW3965 5 . 
LXRs regulate cholesterol transport in the 
liver and macrophages and under normal 
circumstances prevent atherosclerosis 19. 
Synthetic LXR ligands potentially could 
be used to treat diseases such as 
atherosclerosis 23, but their lipogenic effect 
in the liver causes hypertriglyceridemia, an 
undesirable side effect 17. 
A wide variety of cancers show increased 
lipogenesis and expression of lipogenic 
enzymes including SREBP1c, FAS and 
ACC 22. Interestingly, recent work has 
identified LXRs as anti-proliferative 
factors suppressing growth of both normal 
and cancer cells 25 Activation of LXRs 
suppresses proliferation 3,8.  
 LXR agonists appeared to cause G1 cell 
cycle arrest in prostate cancer cells by 
reducing expression of S-phase kinase-
associated protein 2 (Skp2), which 
resulting in the accumulation of cell cycle 
inhibitor p27Kip 8. In MCF-7 breast cancer 
cells, treatment with synthetic LXR 
agonists T0901317 and GW3965 
suppressed the mRNA and protein 
expression of Skp2, cyclin A2, cyclin D1 
and estrogen receptor (ER) α, while it 
increased the protein expression of p53 
and decreased the phosphorylation of 
serine 780 and 795 of retinoblastoma (Rb) 
24. Reduced phosphorylation at these two 
sites is related to an active form of the 
Retinoblastoma (Rb) protein that binds 
E2F and inhibits cell cycle progression. 
T0901317 is a very potent LXR agonist, its 
effective concentration to activate LXRα is 
20 nM 21. The aim of this study is to show 

that VP16-LXRs are anti-proliferative 
factors in MCF-7 human breast cancer cell 
line. 
 
METHODS 
 
Cell culture 
Human breast adenocarcinoma cell line, 
MCF-7, was cultured in DMEM medium 
(Invitrogen, Carlsbad, CA) containing 5.6 
mM glucose, 1 mM sodium pyruvate, 4 
mM L-glutamine, 25 mM HEPES and 2 to 
10% fetal bovine serum (FBS, Saveen 
Werner, Malmö, Sweden). The cell culture 
media were supplemented with 100 
Units/ml penicillin and 100 μg/ml 
streptomycin (Invitrogen) in a humidified 
37ºC incubator with 5% CO2. This cell 
line was obtained from Vedin L. and 
Hassan T., Ph.D. students, Bioscience and 
Nutrition Department, Karolinska 
Institutet, Stockholm, Sweden 
. 
Transfection of the cells 
 
A day before transfection the cells plated 
into 6 cm dish so that they were 80-90% 
confluent for the day of transfection. In 
this experiment 2μg for each Empty, 
VP16-LXRα and VP16-LXRβ plasmids 
were diluted in free serum and antibiotic 
media (Media without Fetal Bovine Serum 
{FBS} as well as without Penicillin and 
Streptomycin {PEST}) according to the 
special experimental design as follow: 
In the other tube dilute 6-10 μl (10μl) of 
Lipofectamine into 290 μl DMEM without 
FBS/well were used and incubated for 5 
minutes at room temperature (RT), then 
diluted plasmid (Table 1) and diluted 
Lipofectamine (Table 2) were combined 
and mixed gently and incubated for 15-45 
minutes (30 min.) at RT to allow DNA-
liposome complex to form. During this 
period (30 min.) the media of the pales 
were exchanged with 3 ml of free serum 
media (Free of FBS and PEST). Then 600 
μl of the mixture were added into each 
well containing 1.4ml (1400 μl) media free 
serum. The plates were incubated for 4-6 
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hrs. (5 hr.) at 37 °C. Following incubation, 
media were replaced with 2 ml (2000 μl) 
of treated media with 1% FBS, then 
incubated O/N. A day later both RNA and 

Protein of the cells were extract for further 
examination. 
 
 
 

 
Table 1. Preparation of the desired plasmid (Empty, VP16-LXRα and VP16-LXRβ) concentration and 
volume. 
 

 
Tube 
No. 

 
Plasmids 

Plasmid Conc. 
(μg/μl) 

Plasmid Desired  
Vol. (μl) 

Free serum media 
Vol. (μl) 

Total Vol./Tube 
(μl) 

1. Empty 2 μg/μl 1μl 299 μl 300 μl 
2. VP16-LXRα 0.7 μg/μl 2.9 μl 297.1 μl 300 μl 
3. VP16-LXRβ 0.9 μg/μl 2.2 μl 297.8 μl 300 μl 

 
Table 2. Preparation of the desired Lipofectamine concentration and volume. 
 

Tube No. Lipofectamine Desired Vol. (μl) Free serum media 
Vol. (μl) 

Total Vol./Tube 
(μl) 

1. Lipofectamine 10μl 290 μl 300 μl 
2. Lipofectamine 10 μl 290 μl 300 μl 
3. Lipofectamine 10 μl 290 μl 300 μl 

 
Quantitative PCR (qPCR) 
Total RNA was isolated using the 
E.Z.N.A. Total RNA kit I (Omega Bio-Tek 
Inc., Norcross, GA), 500 ng RNA was 
reverse-transcribed using the SuperScript 
II reverse transcriptase kit (Invitrogen). 
Real time qPCR was performed using the 
SYBR Green technology using the Power 
SYBR mastermix (Applied Biosystems) 
and amplified in an 7500 fast real time 
PCR system (Applied Biosystems). 
Primers were designed using Primer 
Express software; primer sequences are 
available on request. We calculated 
relative changes by the comparative CT-
method using 18S and/or 36B4 as the 
reference genes. 
 
Western blot 
For protein expression levels in MCF7 
cells, 5 x 105 cells were plated in 6 well 
plates. Medium was replaced after 16h and 
cells treated with Empty, VP16-LXRα and 
VP16-LXRβ plasmids for 72h. Cells were 
harvested directly in 1xSDS protein 
loading buffer and boiled for 5 min. The 
proteins were separated on 8 to 12.5% 
SDS-polyacrylamide gels using standard 

procedures. The antibodies used were 
against Skp2 p45 (H-435), p53 (DO-1) 
(Santa Cruz Biotechnology, Inc., Santa 
Cruz, CA), SCD1 (CD.E10) (GeneTex, 
Inc., San Antonio, TX), SREBP-1c (BD 
Bioscience, BD Pharmingen, USA), 
ABCG1 (abcam Inc, US, UK), ABCA1 
(abcam INc, US, UK), α-Tubulin (Cell 
signaling technology, Inc.) and β-actin 
(Sigma-Aldrich).  
 
RESULTS 
 
To further our understanding of the 
function of LXR we used a model of 
VP16-LXRs overexpression. A transgenic 
expression vector was engineered to 
generate an N-terminal-VP16 activation 
domain-LXR -fusion protein. The 
expression of LXRs after the addition of 
the VP16 transcriptional activation domain 
was studied to find its functions on both 
mRNA and protein levels. Real-time 
quantitative PCR analysis confirmed the 
expression of the VP16-LXRs. In addition, 
Western blot analysis verified that the 
VP16-LXRs were expressed selectively in 
MCF-7 cell lines. 
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Many authors have previously shown that 
LXRs contribute to the regulation of genes 
involved in lipid metabolism. Consistent 
with prior studies employing synthetic 
LXR ligands, VP16-LXRs exhibited 
increased expression of the LXR target 
genes against an internal control (Fig. 1A, 
1B), i.e. Stearoyl-CoA desaturase-1 
(SCD1) (Fig. 1C), sterol-regulatory 
element binding protein (SREBP)-1c (Fig. 
1D), ATP Binding Cassette transporter 
isoforms A1 (ABCA1) (Fig. 1E), and 
ABCG1 (Fig. 1F).  
This observation confirms that the LXR -
VP16 fusion protein functions as a 
constitutively active receptor for the key 
lipogenic genes. Contrary to the 
proliferation genes, i.e. S-phase kinase-
associated protein 2 (SKP2) (Fig. 1G), 
which was significantly decreased on both 
mRNA and protein levels, however, we 
have not observed consistent alterations in 
the tumor protein 53 (p53) in the same 
experiment (Fig. 1H). 
LXRs inhibit proliferation in human breast 
cancer cells. MCF-7 breast cancer cell line 
was established as a model system to 
analyses LXR responses. MCF-7, 
expressed both LXRα and LXRß and 
showed induced expression of known LXR 
target genes including ABCA1 and 
SREBP1c, ABCG1 and SCD1 upon 
activation of LXRs with the GW3965 
LXRα and LXRß selective agonist. Hence, 
we conclude that LXRs are functional in 
these cells and can be activated by an 
agonist. We analyzed the effect of VP16-
LXRs on proliferation of the cells in the S-
phase of the cell cycle by using qPCR with 
SKP2 primer and western blot with SKP2 
antibody.  
As we mentioned that LXRs regulate 
expression of cell cycle genes and 
lipogenic genes in MCF7 cells. We 
performed mRNA and protein expression 
profiles in an effort to elucidate the 
detailed molecular mechanisms underlying 
the anti-proliferative effect of LXRs.  
Interestingly, the mRNA induction of 
lipogenic target genes including SREBP1c, 

SCD1, ABCA1 and ABCG1 peaked at 2µg 
of recombinant VP16-LXRß plasmid 
concentration. In contrast, expression of 
gene involved in cell-cycle progression 
such as Skp2 was suppressed by the same 
concentration of VP16-LXRß as repressed 
proliferation. These mRNA expression 
profiles of VP16-LXRß were not 
paralleled at the protein level for SCD1 
and ABCG1, but they were paralleled for 
SREBP-1c and Skp2. while the internal 
control GAPDH and α-Tubulin remained 
unchanged, whereas p53 protein levels 
were induced by VP16-LXRß (Figure 2).  
These results of the present study confirm 
that lipid metabolism is involved in cell 
cycle regulatory events, but that the anti-
proliferative effect of LXRs is independent 
of their role in lipogenesis. 
                                       

 
 
                  ABCG1 
                  
                   GAPDH 
 
DISCUSSION 
 
The identification of high-affinity 
synthetic agonists for nuclear receptors has 
enabled many studies on the biological 
functions of these nuclear receptors. The 
availability of antagonists has also been 
important to demonstrate that a given 
effect is indeed mediated by a nuclear 
receptor. However, the development of 
pure agonists and antagonists are only 
rarely the goal in therapeutic strategies 
based on nuclear receptors as drug targets, 
when attempting to improve the 
pharmacological profile of new molecules. 
In most cases, partial and selective 
modulators (agonists or antagonists) are 
desired, which activate or block the 
receptor in a tissue specific manner and/or 
present target-gene specificity 7. 
In addition to endogenous ligands, a 
number of synthetic LXR ligands have 
been developed. Most of them are dual 
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agonists, activating both LXRα and LXRβ, 
and present both the favorable effects on 
cholesterol metabolism and the 
unfavorable effects on fatty acid 
metabolism. Treating mice deficient in 
either LXRα, LXRβ or both, with an 
agonist displaying equal potency for both 
isoforms or an agonist selective for LXRα, 
demonstrated that specific activation of 
LXRα or LXRβ yields distinctive lipid 
outcomes in vivo 16. Most importantly, this 
study lends further support to the 
hypothesis that a VP16-LXRβ would 
increase the expression of ABCA1 in 
MCF-7 (stimulating therefore cholesterol 
efflux). This particular interest for LXRβ 
has been supported by another study in 
which selective activation of this isotype 
by treatment of LXRα-deficient mice with 
a dual agonist results in a strongly 
decreased expression of hepatic genes 
concomitant with an increased expression 
of both the ABCA1 and SREBP1c genes 
in peripheral tissues (kidney and 
duodenum), causing plasma HDL 
increases without hypertriglyceridemia 18. 
The most important finding of this work is 
that VP16 selectively activated with LXRβ 
but not with LXRα on mRNA level. This 
result may explain some of the functional 
differences between the two LXR isotypes. 
LXRα and LXRβ bind the same ligands 
and bind to the same promoter DNA 
sequences. Therefore, the functional 
dominance of LXRα is likely regulated by 
differences between the LXR isotypes in 
yet unidentified mechanisms. One of these 
mechanisms may be related to the 
inhibitory effect on the ligand-induced 
transcriptional activity of LXRβ. It is 
likely that, selective protein-protein 
interactions regulate the functions of 
LXRα and LXRβ 13.  In addition to the 
reported anti-proliferative effects of LXRs 
in human cancer cell lines, outlined in the 
introduction, activation of LXRs also 
reduced proliferation and caused growth 
arrest in vascular smooth muscle cells 2 .In 
keratinocytes, LXRs induces epidermal 

differentiation and inhibits 
hyperproliferative epidermis in vivo  14. 
Recently, an indirect antiproliferative role 
of LXRs was documented where activation 
of LXR induced hepatic expression of the 
estrogen deactivation enzyme, estrogen-
sulfotransferase, which led to inhibition of 
breast cancer growth in a nude mouse 
model of tumorigenicity 9. In this study we 
provide evidence for a strong anti-
proliferative effect of VP16-LXRs in 
human breast cancer cell lines. Signaling 
lipids including fatty acids participate in 
control of cellular processes such as 
metabolism and cell proliferation. LXRα 
and LXRβ are important sensors of 
cholesterol and lipid metabolism. We 
observed less proliferation of MCF7 cells 
when transfected with VP16-LXRβ. 
Interestingly, LXRs might have a dual role 
in this respect. First, LXRs are anti-
proliferative in the breast cancer cells. 
Second, LXR-induced expression of 
lipogenic genes peaked at lower agonist 
(VP16) concentration than needed for the 
anti-proliferative effect of LXR. Hence, 
regulation of lipid production by LXRs 
seems to be mechanistically different from 
that of the anti-proliferative effect of 
LXRs.  
Here we showed that a strong anti-
proliferative effect of LXRs is dependent 
on activation of LXRs with VP16, which 
reduced expression of the mRNA and/or 
protein level of Skp2. LXRs induced 
expression of p53 at the protein level 
which was associated with the active form 
of p53.  
These observations strongly suggest that 
VP16-LXRs act upon several molecular 
targets regulating cell cycle which is in 
line with our observations that there is also 
a small, but significant, anti-proliferative 
effect in MCF-7 cells. Nuclear receptors in 
general and LXRs in particular are well 
suited targets for drug development as they 
are transcription factors easily 
activated/deactivated by small compounds 
that can penetrate the cell membrane and 
modulate receptor activity in vivo. LXRs 
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are interesting drug targets for 
pharmacological intervention of various 
metabolic disorders. The present and other 
recent reports establishing LXRs as 
regulators of cell growth indicate that LXR 
signaling may also be a potential target for 
anticancer drugs. The nuclear receptors 
LXRα and LXRβ have been shown to play 
important roles in both inflammatory and 
metabolic pathways. Prior studies have 
relied on synthetic LXR ligands and in 
vitro overexpression systems 10 . 
 Here, we describe a novel in vitro 
overexpression model in which VP16-
LXRα and VP16-LXRβ are constitutively 
expressed in MCF-7 cells, in which the 
VP16-LXRs were positively regulated 
known target genes. Furthermore, in this 
overexpression system model we provided 
additional in vitro evidence for metabolic 
and antiproliferation roles of LXRs in 
relation to recombinant VP16 plasmid. 
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ABSTRACT  
 
Background: Coronary artery disease is the leading cause of morbidity and mortality both, in the developed and 
the developing world. Oftentimes further diagnostic tests are needed for the diagnosis of coronary disease in 
addition to history and physical exam. Few studies have been performed to compare two-dimensional resting 
echocardiographic findings directly with coronary angiography. Aim of Study: This study was conducted to 
estimate the validity of two-dimensional echocardiography in the diagnosis of coronary artery disease.          
Methods: A cross-sectional study was conducted at Azadi General Teaching Hospital in Duhok City. Data were 
collected from January 20, 2010 to May 8, 2010. A consecutive sampling procedure was used to enroll a total of 
300 adult patients (164 men) who had undergone two-dimensional echocardiography and were referred for 
coronary angiography.  
Results: Most of the patients (86%) were 40 to 69 years old. The overall two-dimensional echocardiographic 
sensitivity, specificity, and accuracy were 58%, 88%, and 68%, respectively. The negative predictive value of 
two-dimensional echocardiography was higher in women than in men (66% vs. 31%, p < 0.01). The more 
coronary arteries are diseased the more echocardio-graphy corresponds to the angiographic results. Out of the 
six echocardio-graphic findings, wall motion abnormality and left ventricular dysfunction showed the highest 
association with coronary artery disease (p < 0.001).  
Conclusions: The overall validity of two-dimensional echocardiography in the diagnosis of significant coronary 
artery disease is limited. With a better specificity than sensitivity it is useful for ruling in coronary artery disease 
but should not be used to rule out significant disease. 
               Duhok Med J 2012;6 Suppl 2: 116-125. 
Key words: Coronary artery, Echocardiography, Coronary angiography. 
 

 

ardiovascular diseases (CVD) are 
among the leading causes of 

mortality and morbidity. The major 
underlying cause of CVD is the 
progression of coronary artery disease 
(CAD) or narrowing of the coronary 
arteries due to atherosclerosis,¹ presenting 
asymptomatically or as angina, acute 
coronary syndrome, myocardial infarction, 
arrhythmias, or chronic heart failure.² 
The diagnosis of CAD is often difficult to 
establish, especially in those patients who 
are asymptomatic for the disease, and in 
those who have atypical chest pain 
associated with a normal resting 
electrocardiogram (ECG). Early diagnosis 
is mandatory as it may benefit the patient 
to be treated properly medically, or 
through angiographic interventions.³ 

 Coronary angiography remains the 
standard for identifying the presence or 
absence of arterial narrowing related to 
atherosclerotic CAD 4,5 It is limited, 
however, by its invasiveness and is 
associated with risks of serious 
complications, thus there is a growing 
interest in non-invasive technologies to 
diagnose obstructive CAD.6 One non-
invasive diagnostic modality is two-
dimensional echocardiography, which is 
well accepted for the evaluation of 
myocardial function in patients with 
known or suspected CAD.7 Although 
association of CAD and some isolated 
echo findings have been examined, few 
studies have performed a direct 
comparison of different echo features in 
predicting CAD as compared to the gold 
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standard, coronary angiography.8 
 Due to a lack of studies about the validity 
of non-stress 2D-Echo in the diagnosis of 
CAD in Duhok governorate, and with the 
recent establishment of the Duhok Cardiac 
Center, in 2008, this study was conducted 
in Azadi Teaching Hospital to assess the 
validity of 2D-Echo in the diagnosis of 
CAD. 
 
METHODS 
 
This study was conducted in the Cardiac 
Angiography Unit at Duhok Cardiac 
Center in Azadi General Teaching 
Hospital in Duhok City. 
 The study is a cross-sectional study. The 
investigator interviewed the eligible 
patients ( age 18 years or above, having a 
previous 2D-Echo report, being prepared 
for diagnostic coronary angiography), and 
exclude patients with established diagnosis 
of CAD or prior coronary angiography, 
Patient prepared for therapeutic coronary, 
Decomponsated heart failure, Congenital 
heart disease, Valvular heart disease. 
 A consecutive sampling procedure was 
used to include 300 patients (164 men and 
136 women) who underwent 2D-Echo and 
the data were collected from January 20, 
2010 to May 8,2010.  
 Statistical Analysis All the data was 
entered into Microsoft Office Excel 2003 
and transferred to SPSS 15.0 for statistical 
analysis. The chi square (χ2) and p-values 
were obtained after entering the data into 
two-by-two tables in OpenEpi 2.3, using 
the uncorrected chi square and a 2-tailed p-
value. For two-by-two tables that did not 
meet Cochran’s criteria for accepting the 
chi square (no more than 20% of cells have 
expected < 5 and no cell has an expected 
value < 1), the Fisher exact test was used 
.The multinomial logistic regression 
analysis function in SPSS 15.0 was used to 
assess the correlation between the 
echocardiographic findings, and the 
angiographic results. 
 

RESULTS 
  
The study sample included 300 patients 
comprising 164 men and 136 women. 
Most of the patients (37%) were in the age 
group 50-59 years. There were more men 
than women in the age groups from 40 to 
59 years as shown in (Figure1). 
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Figure 1. Study Population by Age and Gender 

The women were slightly older than the 
men (not statistically significant). The 
most common echocardiographic 
abnormality was wall motion abnormality 
(WMA) (41.7%) which show also gender 
differences (53.7% men vs. 27.2% women) 
followed by left ventricular diastolic(LVD) 
dysfunction. The coronary angiographic 
results show that more than 70% of the 
study population suffer from coronary 
artery disease. In both genders, there were 
about twice as many in whom significant 
CAD was diagnosed as compared to severe 
CAD as shown in (Table1). 
 
(Table 2) represents a summary of the 
validity measures of both men and women, 
showing the differences and similarities of 
the echocardiographic detection in terms 
of sensitivity, specificity, accuracy 
PPV(Positive predictive value), and 
NPV(Negative predictive value) . 
A summary statistics comparing the 
differences in validity measures in (Table 
2 ) by gender in terms of p-values, all 
comparisons proved statistically 
insignificant apart from the NPV which  
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Table 1. Echocardiographic and Angiographic Characteristics of the Study Sample by Gender 

Characteristics Men Women Overall 

Number 164 136 300 

Age ± SD 54.2 ±6.6 55.6 ±10.3 54.8 ±8.6 

2D-Echo Findings       

Wallmotion Abnormalities 88 (53.7) 37 (27.2) 125 (41.7) 

Dilatation of LV 37 (22.6) 14 (10.3) 51 (17.0) 

EF < 50% 20 (12.2) 9 (6.6) 29 (9.7) 

LV D Dysfunction 53 (32.3) 46 (33.8) 99 (33.0) 

Mitral Valve Regurgitation 32 (19.5) 16 (11.8) 48 (16.0) 

Thinning of Septum 10 (6.1) 6 (4.4) 16 (5.3) 

Coronary Disease       

No CAD 21 (12.8) 57 (41.9) 78 (26.0) 

Non-Significant CAD 8 (4.9) 12 (8.8) 20 (6.7) 

Significant CAD 91 (55.5) 46 (33.8) 137 (45.7) 

Severe CAD 44 (26.8) 21 (15.4) 65 (21.7) 

 

Table 2. The Estimated Validity Measures by Gender 

Measures Men and Women Men Women 

Sensitivity 58.42% 62.22% 50.75% 

Specificity 87.76% 79.31% 91.30% 

Accuracy 68.00% 65.24% 71.32% 

PPV 90.77% 93.33% 85.00% 

NPV 50.59% 31.08% 65.63% 

 
reflects significant differences between the 
three categorized groups as shown in 
(Table 3). (Figure 2) comparing the six 
echocardiographic findings, it shows that 
wall motion abnormalities were highly 
associated with CAD and to a lesser 

degree left ventricular dysfunction, an 
ejection fraction of less than 50%, and 
dilatation of the left ventricle (LVD). Still 
significantly associated was mitral valve 
regurgitation while thinning of the septum 
barely missed statistical significance. 
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Table 3. Statistical Analysis* of the Estimated Measures  

Measures All vs. Men All vs. Women Men vs. Women 

Sensitivity 0.51  0.30  0.12  

Specificity 0.30  0.46  0.10  

Accuracy 0.55  0.48  0.30  

PPV 0.50  0.30  0.13  

NPV < 0.01  0.01  < 0.01  

* Based on z - test 

Multinominal Logistic Regression Model of  2D-Echo Findings According 
to Likelihood Ratio Tests
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Figure 2.Multinominal Logistic Regression Model of  2D-Echo Findings According to Likelihood Ratio 
Tests 

In (Table 4) the Validity of 2D-
Echocardiography by the Extent of 
Coronary Vessel Involvement as it 
compare the echocardiographic results 
with the extent of coronary vessels 
involvement, the numbers of false positive 
and true negative echocardiographies 
remain the same, thus resulting in a 
specificity of almost 88%. It shows that 
2D-Echo has a sensitivity of almost 50% 
when using it for the diagnosis of single-
vessel, 54% for the diagnosis of two-vessel 
CAD, it demonstrates a higher sensitivity 
of 75% for triple-vessel disease, While left 
main stem disease of at least 50% stenosis 
has a very high negative predictive value 
of almost 99%, the positive predictive 
value is low with less than 15%. The 
sensitivity and positive likelihood ratio are 

67% and 5.4, respectively. However, 
because of the small numbers, the results 
are not significant. It also demonstrates 
that when using 2D-Echo for the diagnosis 
of proximal LAD-CAD, the sensitivity is 
almost 62%, echocardiographic detection 
of double vessel disease with the 
involvement of the proximal LAD has a 
sensitivity and a positive predictive value 
of about 63% and 67 %, respectively. 
           
DISCUSSION  
 
This study included 300 people with 
slightly more men than women (164 and 
136, respectively). The mean age of the 
study population was with 54.8 (±8.6)  
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Table 4. The Validity of 2D-Echocardiography by the Extent of Coronary Vessel Involvement. 

Validity 
Measures 

Single 
vessel 

disease 

Double 
vessel 

disease 

Triple-
vessel 

disease 

Left Main Stem 
Disease 

 

PLAD 
Disease 

 

2 Vessel Disease 
with one of them 

Being PLAD 

Sensitivity 49.21% 54.29% 75.00% 66.67% 61.54% 63.16% 

Specificity 87.76% 87.76% 87.76% 87.76% 87.76% 87.76% 

Accuracy 72.67% 78.95% 85.25% 87.13% 80.29% 80.88% 

PPV 72.09% 61.29% 60.00% 14.29% 66.67% 66.67% 

NPV 72.88% 84.31% 93.48% 98.85% 85.15% 86.00% 

Chi Square (χ2) 
= 

26.76 25.5% 40.9%  34.99 36.47 

p-value <0.001 <0.001 <0.001    

Fisher exact 
test p-value 

   0.099 <0.001 <0.001 

 
years (18 to 72 years) slightly lower than 
the one in Elhendy’s study who found a 
mean age of 57 ±13 years7 and the one 
performed in California (56.4 ±15.8 
years).9 A mean age of greater than 50 
years in most studies is quite plausible 
since CAD is a disease that becomes more 
evident as people age, due to less people 
with CAD reach their 60s secondary to its 
fatal complications and lack of early 
diagnosis and the diverse socioeconomic 
status and their poor access to outpatient 
health care .10 Our results confirm the 
trend noted in the Iraq Ministry of Health 
which states that there is a dramatic 
increase in heart diseases after the age of 
50.11 Regarding the gender distribution the 
ratio of men to women in this study was 
found to be 54.7% to 45.3%. Other studies 
had a similar ratio regarding gender like in 
Chang’s study that found 59% of the study 
population to be men.8 While (Table 1) 
reflects the distribution of CAD-severity 
among the study population according to 
the definition given in Patients and 
Methods, starting from (Table 2), a 
positive angiography was defined as 
significant or severe CAD while negative 
angiographic results were considered to be 
no CAD or non-significant disease. The 
results were grouped in order to simplify 
calculations and to give results and 
interpretations according to the generally 
accepted division of CAD being present or 

absent. Even though non-significant 
obstruction (1%-49% obstruction) was 
considered negative, a newer study shows 
that women with symptoms and signs 
suggestive of ischemia but with normal 
coronary arteries (stenosis of 0% in all 
coronary arteries) had a threefold risk for 
cardiovascular events, and those with 
nonobstructive CAD (stenosis in any 
coronary artery of 1%-49%) had a sixfold 
risk of cardiovascular events as compared 
to a control group of asymptomatic 
community-based women with no history 
of heart disease. The cardiovascular events 
were most frequent in women with four or 
more cardiac risk factors.12 At least half of 
all first coronary events occur in 
asymptomatic individuals who are 
unaware that they have developed silent 
CAD, and substantial risk reduction can be 
attained with both secondary and primary 
prevention measures.13 Scanlon and Faxon 
discovered that although coronary lesions 
that reduce luminal diameter by less than 
50% are considered hemodynamically 
insignificant, they are not clinically 
benign.14 Others suggests a direct 
correlation exists between the 
angiographic severity of coronary disease 
and the amount of angiographically 
insignificant plaque buildup elsewhere in 
the coronary tree and  the higher mortality 
rate of patients with multi-vessel disease 
may occur because they have more mildly 
stenotic or non-stenotic plaques that are 
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potential sites for acute coronary events 
than those with one-vessel disease.15 
The overall echo sensitivity and specificity 
were 58.4%, and 87.8%, respectively, 
which was a little lower than those found 
by a study performed by Chen who 
recorded an overall sensitivity of 2D-Echo 
of 67% with a specificity of 99%. They 
also suggest that the sensitivity is higher in 
patients with past MI than in those without 
MI (81% versus 42%), as would be 
expected.16 The lack of standardization as 
to when a two-dimensional resting 
echocardiographic study is considered 
positive in the diagnosis of CAD 
contributes to the variation of sensitivity 
and spesificity in different studies, and due 
to the imaging windows which become 
more limited as body weight increases. 
Thus, it may be less accurate in the more 
obese populations.17 The higher sensitivity 
and positive predictive value of 2D-Echo 
in men might be due to the gender 
differences in presentation and disease 
manifestations as atypical chest pain is 
more common in women.4 
In this study, wall motion abnormalitiy 
was significantly associated with 
angiographic CAD (χ2 = 69.3, p-value 
< 0.001). Dortimer and Dejoseph 
discovered similar findings almost 35 
years ago the explanation is that partially 
obstructed vessels cause diminished wall 
motion without actual MI.18 Kirk states 
that regional WMA suggests ischemia 
while the size of the defect and associated 
findings (e.g., left ventricular dilatation, 
global function, mitral regurgitation) 
reflect the level of clinical risk.10 Elhendy 
suggests that resting wall motion 
abnormalities were the only predictor of an 
abnormal perfusion and its presence was 
an independent predictor of an ischemic 
response.7Others found that the resting 
wall motion score index appears to be  a 
more powerful predictor of combined 
cardiovascular event than LVEF in 
patients evaluated for CAD and the resting 
WMA is indeed predictive of obstructive 
coronary disease,8 while the LVEF is well 

known prognostic marker for 
cardiovascular events. Even though WMA 
is significant for the diagnosis of CAD the 
examiner needs to be aware that artifacts 
can lead to a false interpretation.19 
Although an expert can identify this 
artifact, at times it is difficult to separate it 
from an actual abnormality, especially 
when the rest of the posterior-inferior wall 
is not well seen. The ability to deal with 
such artifacts is a vital interpretative 
issue.19 Furthermore the elderly diabetic 
patients unable to exercise with low EF 
and WMA appeared to be of highest risk 
of severe CAD.8In this study, coronary 
angiographic results show that more than 
65% of the study population had CAD, 
about 45% significant and more than 20% 
severe disease. Our results indicate that 
patients without previous MI can have 
ischemic signs on echocardiography as 
Gibbons suggests that LV segmental wall 
motion abnormalities occur in patients 
with chronic stable angina and a history of 
previous MI.4 
In this study, the multinominal logistic 
regression model of 2D-Echo findings 
according to likelihood ratio tests showed 
that echocardiographic findings such as 
WMA, left ventricular dysfunction, an 
ejection fraction < 50%, and LV dilatation 
correlate very well with angiographic 
results when present, being indicative of 
significant or severe CAD. However, their 
absence cannot exclude CAD. Other echo 
findings like mitral valve regurgitation 
(p = 0.012) and thinning of the septum 
(p = 0.05) show a less stringent association 
with angiographic results. When 
differentiating the angiographic results by 
the diseased vessels .The sensitivity as 
well as the negative predictive value rise 
from 50% and 73% (single-vessel disease) 
to 75% and 92% (triple-vessel disease), 
which means that according to this study’s 
results, triple-vessel CAD can be excluded 
to a great extent in a patient with a 
negative 2D-Echo, yet, double- or single-
vessel disease cannot be ruled out. 
Accordingly, significant three-vessel 
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disease can be detected more easily than 
significant single- or double-vessel disease 
by 2D-Echo. 
When looking at LMS involvement with a 
stenosis of more than 50%, the validity 
measures are lower than the measures in 
triple vessel disease; however, the negative 
predictive value is higher with almost 
99%. Yet, these values are limited by the 
fact that only 3 patients (1%) presented 
with LMS involvement, also represented 
by the non significant p-value of 0.099. 
Similarly, with proximal LAD narrowing 
the validity measures all are less as 
compared to those in three vessel disease 
.The reason for looking at LMS and 
proximal LAD involvement separately 
from two- and three-vessel disease is based 
on the knowledge that patients with severe 
stenosis of the left main coronary artery 
have a poor prognosis when treated 
medically and that the presence of severe 
proximal LAD disease significantly 
reduces the survival rate.15The five-year 
survival rate with three-vessel disease plus 
95% proximal LAD stenosis is 59% 
compared with three-vessel disease 
without LAD stenosis being 79% .4 
 In the CASS registry of medically treated 
patients the 12-year survival rate of 
patients with normal coronary arteries was 
91% compared with 74% for those with 
one-vessel disease, 59% for those with 
two-vessel disease, and 40% for those with 
three-vessel disease (p < 0.001). The effect 
of LV dysfunction on survival was quite 
dramatic. In the CASS registry, the 12-
year survival rate of patients with ejection 
fractions in the range of 50% to 100%, 
35% to 49%, and < 35% were 73%, 54%, 
and 21%, respectively (p < 0.001).20 
As the severity progresses from single- to 
double-vessel-artery disease, the extent of 
coronary atheroma increases from 40% to 
75% of the coronary tree; after this, the 
extent of coronary disease increases only 
slightly, even when multiple severe 
stenoses are present.15 
 
 

CONCLUSIONS AND 
RECOMMENDATIONS 

 
The overall two-dimensional 
echocardiographic findings can be helpful 
in ruling in significant or severe coronary 
artery disease. The negative predictive 
value is more useful in the women 
(31.08% vs. 65.63%). The best correlates 
with angiography were wall motion 
abnormality and left ventricular 
dysfunction .The more coronary arteries 
are diseased, the more two-dimensional 
echocardiography corresponds to coronary 
angiographic results. Further studies are 
needed to confirm the results of this study 
before two-dimensional resting 
echocardiography can be routinely used in 
the diagnosis of coronary artery disease.  
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ABSTRACT  
 
Background and objectives: To investigate the effects of losartan and enalapril on serum uric acid in 
hypertensive patients with metabolic syndrome, one hundred and twenty six hypertensive patients, having 
markers of metabolic syndrome included  in the study.  
Methods : The patients were divided into two groups. Group 1 (60 patients) was given losartan (50 mg/ day) 
and group 2 (66 patients) was given enalapril (20 mg/ day). A control group of seventy apparently healthy 
individuals were included. Metabolic syndrome was diagnosed according to diagnostic criteria of metabolic 
syndrome related to the American National Cholesterol Education Program-Adult Treatment Panel III. Serum 
uric acid levels were measured before and after drug administration.  
Results: The results revealed a significant higher levels of uric acid were found in the hypertensive patients as 
compared with control group and a  significant drop of uric acid was noted after treatment with losartan but not 
with enalapril.   
Conclusion: In conclusion, this study demonstrates significantly higher serum uric acid concentrations in 
hypertensive patients having markers of metabolic syndrome. Losartan but not enalapril therapy produced a 
significant fall in the serum uric acid level. Losartan can be useful therapeutic agent to control blood pressure 
and to reduce serum uric acid level in hypertensive patients having markers of metabolic syndrome and 
hyperuricaemia. 
                 Duhok Med J 2012;6 Suppl 2:126-135. 
Key words: metabolic syndrome, hypertension, uric acid, losartan, enalapril. 
 

ome investigators have suggested 
that uric acid plays a causal role in 
the development of cardiovascular 

disease 1 whereas others have concluded 
that uric acid merely reflects other 
concomitant risk factors, such as 
hypertension, insulin resistance, obesity, or 
lipid abnormality 2. Elevated serum uric 
acid concentrations are also found in 
healthy offspring of parents with coronary 
heart disease, indicating a possible causal 
relationship 3. 
Krishnan et al 4 demonstrating that 
hyperuricemia increases the risk of 
developing hypertension by approximately 
80%, independent of baseline blood 
pressure measurements, renal function, 
serum lipid levels, body mass index, 
proteinuria, alcohol use, and age. Johnson 
et al 5 reported that elevated uric acid level 
was 
obser
ved 

in 40% to 60% of hypertensive subjects; 
similarly, hypertension was observed in 
50% to 65% of subjects with gout. Johnson 
et al 6 reported that hyperuricemia was 
observed in 25% of  treated hypertensive 
subjects, 50% of those without treatment, 
and 75% to 100% of those with malignant 
hypertension or renal dysfunction. 
Serum uric acid (SUA) levels are often 
increased in subjects with MS. However, 
none of the proposed sets of diagnostic 
criteria include SUA levels in the 
definition of MS 7,8. In 2001, the National 
Cholesterol Education Program Adult 
Treatment Panel III (NCEP ATP III) 
published the most widely used set of 
diagnostic criteria. These criteria include 
elevated plasma triglyceride (TRG) levels 
(≥150 mg/dl[1.69 mmol/l]), decreased 
levels of high-density lipoprotein 
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cholesterol (HDL-C) (<40 mg/dl[1.04 
mmol/l] in men and <50 mg/dl[1.29 
mmol/l] in women), elevated blood 
pressure (BP)(≥130/85 mm Hg), increased 
fasting plasma glucose levels (≥ 110 mg/dl 
[6.1 mmol/l]), and abdominal obesity 
(waist circumference >102 cm in men and 
>88 cm in women) 9 . 
             It is possible that the increased 
cardiovascular disease risk associated with 
the MS is partially attributed to elevated 
circulating SUA concentration 7,8. Large 
epidemiologic studies demonstrated that 
the prevalence of MS showed a graded 
increase according to SUA levels 10,11,12. 
Moreover, SUA concentration was 
positively correlated with blood pressure 
(BP), body mass index, levels of fasting 
plasma glucose, triglycerides, high-
sensitivity C-reactive protein, and 
inversely correlated with high density 
lipoprotein cholesterol levels (HDL-C) 8.  
 Many drugs have hypouricaemic 
properties, in addition to their main 
therapeutic effects. The oral weight loss 
agent sibutramine decreases serum uric 
acid in obese patients by 20% to 25% 13. 
Similarly, in patients with type 2 diabetes 
and hyperuricemia, the insulin sensitizing 
agent troglitazone lowers serum uric acid 
by 20% to 25% 14. Ramipril was found to 
increase the excretion of uric acid in a 
number of hypertensive patients 15 . 
 The present study was conducted 
to investigate the effects of losartan 
compared with enalapril on uric acid levels 
in hypertensive patient having markers of 
metabolic syndrome. 
 
METHODS 
 
One hundred and twenty six hypertensive 
patients having markers of metabolic 
syndrome participated in this study. They 
were divided into two groups according to 
the type of the drug taken. Group 1 was 
given losartan (Angizar 50mg, Micro 
Pharmaceutical Industries, Co. Ltd., India) 
in doses of 50mg daily. They are 28 males 
and 32 females, with a mean age of 

56.68±6.32 years. Group 2 received 
enalapril (Enalapril 20mg, Asia 
Pharmaceutical Industries, Co. Ltd., 
Aleppo-Syria) in doses of 20 mg once 
daily. They are 30 males and 36 females 
with mean ages of 52.80±7.23 years. 
Another 70 healthy, non obese, 
normotensive individuals,   age and gender 
matching with study patients, participated 
in the study as a control group. They were 
34 males and 36 females, with mean age of 
53.51±6.66 years.  
This open 2-month, controlled, 
comparative clinical trial was conducted 
on hypertensive patients having markers of 
metabolic syndrome who were seen at Ibn-
Sina teaching hospital in Mosul, Iraq. The 
study protocol was approved by the Ethics 
Committees of the College of medicine 
and Mosul health administration. 
Non-diabetic patients with mild 
hypertension (Stage 1: Systolic 140 - 159 
mmHg and Diastolic 90 - 99 mmHg) 16 , 
who met the diagnostic criteria of 
metabolic syndrome according to the 
American National Cholesterol Education 
Program-Adult Treatment Panel III 
(NCEP-ATP III) 9  were included in this 
study. Those with hepatic or renal 
diseases, pregnancy and lactation, 
hypertensive patients on antihypertensive 
therapy, hypersensitive patients on losartan 
or enalapril, gouty patients and 
inflammatory diseases such as rheumatoid 
arthritis were excluded. 
Markers of metabolic syndrome including, 
waist circumference, blood pressure, 
serum glucose concentration, triglycerides, 
and HDL-cholesterol were determined 
before and at the end of study period. The 
presence of 3 or more of such markers 
indicates metabolic syndrome state. Blood 
pressure was measured by standard 
mercury sphygmomanometer. Goal BP 
after treatment was less than 140/ 90 
mmHg. Serum glucose concentration, total 
cholesterol, triglycerides, and HDL-
cholesterol were measured by using 
special kits. LDL-cholesterol was 
calculated from Friedewald equation 17. 
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Serum uric acid concentration was 
measured at baseline and after 2 months 
therapy with losartan or enalapril by 
enzymatic method using a kit supplied by 
Biolabo laboratories (France). 
Statistical methods: Standard statistical 
methods were used to determine the mean 
and standard deviation (SD). Paired 
student t-test was used to compare the 
results between before and after drug 
therapy. Unpaired t-test was used to 
compare the results of cases before and 
after drug therapy with control. The 
statistical results were considered 
significant at p=0.05 or less. 
 
 
RESULTS 
 
Baseline measurement of waist 
circumference, Body mass index  (BMI) , 
blood pressure, serum glucose 
concentrations and lipid profile  of the 

patient's groups showed a significant 
elevation as compared with the control 
group, while HDL-cholesterol showed 
lowered values as compared with the 
controls  ( P<0.001) (Table 1). 
Baseline uric acid levels were 
306.69±67.72 µmol/l for losartan group 
and 302.94±56.86 µmol/l for enalapril 
group which showed a significant 
elevation (P<0.001) as compared with the 
control (284.95±76.52 µmol/l) (Table 1 
and Table 3) respectively.   Comparison of 
uric acid levels before and after 2 months 
of therapy by each drug showed a 
significant reduction in losartan group 
(P<0.001) (Table 2) but not in enalapril 
group (p=0.123) (Table 4). Comparison of 
uric acid levels between losartan group and 
enalapril group showed a significant 
reduction in the losartan group (P<0.001) 
as compared with the enalapril group 
(Table 5).   

 
 
 
 
 
 
 

Table 1. Comparison of data between control and losartan group ( before  and after therapy). 
 

Parameters Mean  SD 

Control (n=70) Before (n=60) After (n=60) 

BMI (kg/m2) 22.2  1.8 33.46  2.08*** 30.95  1.8*** 

Waist circum. (cm) 83.95  6.2 106.79  8.53*** 104.08  8.3*** 

SBP (mm Hg) 127.05  6.93 143.60  7.72*** 136.82  8.4*** 

DBP (mm Hg) 79.24  4.91 92.18  6.21*** 83.92  6.3*** 

FSG (mmol/L) 4.75  0.9 6.6  0.4*** 5.12  0.7*** 

Total-C (mmol/L) 4.45  0.63 5.28  0.74*** 4.65  0.8*** 

TG (mmol/L) 1.48  0.6 1.67  0.37 1.23  0.5* 

HDL-C (mmol/L) 1.60  0.28 1.32  0.32*** 1.54  0.4*** 

LDL-C (mmol/L) 2.20  0.70 3.20  0.67*** 2.84  0.8*** 

Uric acid (�mol/L) 284.95  76.52 306.69  67.72 275.92  61.63 

 
* Significant difference from control at p<0.05, ** at p<0.01 and *** at p<0.001 using unpaired t-test. 
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Table 2. Comparison of the effects of losartan before and after therapy . 
 

Parameters 
Mean  SD 

Before (n=60) After (n=60) p-value 

BMI (kg/m2) 33.46  2.08 30.95  1.8*** <0.001 

Waist circum. (cm) 106.79  8.53 104.08  8.3*** <0.001 

SBP (mm Hg) 143.60  7.72 136.82  8.4*** <0.001 

DBP (mm Hg) 92.18  6.21 83.92  6.3*** <0.001 

FSG (mmol/L) 6.6  0.4 5.12  0.7*** <0.001 

Total-C (mmol/L) 5.28  0.74 4.65  0.8 0.135(NS) 

TG (mmol/L) 1.67  0.37 1.23  0.5 0.240(NS) 

HDL-C (mmol/L) 1.32  0.32 1.54  0.4*** <0.001 

LDL-C (mmol/L) 3.20  0.67 2.84  0.8 0.098(NS) 

Uric acid (�mol/L) 306.69  67.72 275.92  61.63*** <0.001 

 
***Significant difference  at p<0.001 using paired t-test. NS= Not significant. 
 

 
Table 3. Comparison of data between control and enalapril group ( before  and after therapy). 
 

Parameters 
Mean  SD 

Control (n=70) Before (n=66) After (n=66) 

BMI (kg/m2) 22.2  1.8 32.79  1.9*** 30.6  2.18*** 

Waist circum. (cm) 83.95  6.2 103.44  8.87*** 100.8  8.53*** 

SBP (mm Hg) 127.05  6.93 145.78  5.39*** 136.95  7.58*** 

DBP (mm Hg) 79.24  4.91 91.44  6.15*** 86.07  5.0*** 

FSG (mmol/L) 4.75  0.9 6.55  0.38*** 5.35  0.66*** 

Total-C (mmol/L) 4.45  0.63 5. 40  0.93*** 5.42  0.76*** 

TG (mmol/L) 1.48  0.6 1.36  0.60 1.2  0.51* 

HDL-C (mmol/L) 1.60  0.28 1.40  0.3*** 1.57  0.32*** 

LDL-C (mmol/L) 2.20  0.70 3.26  0.72*** 3.27  0.99*** 

Uric acid (�mol/L) 284.95  76.52 302.94  56.86 289.99  50.28 

 
* Significant difference from control at p<0.05, ** at p<0.01 and *** at p<0.001 using unpaired t-test  
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Table 4. Comparison of the effects of enalapril before and after therapy . 
 

Parameters Mean  SD 

Before (n=60) After (n=60) p-value 

BMI (kg/m2) 32.79  1.9 30.6  2.18*** <0.001 

Waist circum. (cm) 103.44  8.87 100.8  8.53*** <0.001 

SBP (mm Hg) 145.78  5.39 136.95  7.58*** <0.001 

DBP (mm Hg) 91.44  6.15 86.07  5.0*** <0.001 

FSG (mmol/L) 6.55  0.38 5.35  0.66*** <0.001 

Total-C (mmol/L) 5. 40  0.93 5.42  0.76 0.205(NS) 

TG (mmol/L) 1.36  0.60 1.2  0.51 0.193(NS) 

HDL-C (mmol/L) 1.40  0.3 1.57  0.32 0.178(NS) 

LDL-C (mmol/L) 3.26  0.72 3.27  0.99 0.716(NS) 

Uric acid (�mol/L) 302.94  56.86 289.99  50.28 0.132(NS) 

 
***Significant difference  at p<0.001 using paired t-test. NS= Not significant. 
 
Table 5. Comparison of  data  after  losartan  and  enalapril therapy. 
 

Parameters 

Mean  SD 

Losartan (n=60) Enalapril 

 (n=66) 

p-value 

BMI (kg/m2) 30.95  1.8 30.6  2.18 0.026 (NS) 

Waist circum. (cm) 104.08  8.3 100.8  8.53 0.605(NS) 

SBP (mm Hg) 136.82  8.4 136.95  7.58 0.134 (NS) 

DBP (mm Hg) 83.92  6.3 86.07  5.0* 0.05 

FSG (mmol/L) 5.12  0.7 5.35  0.66* 0.05 

Total-C (mmol/L) 4.65  0.8 5.42  0.76 0.120(NS) 

TG (mmol/L) 1.23  0.5 1.2  0.51 0.321(NS) 

HDL-C (mmol/L) 1.54  0.4 1.57  0.32 0.062(NS) 

LDL-C (mmol/L) 2.84  0.8 3.27  0.99 0.126(NS) 

Uric acid (�mol/L) 275.92  61.63 289.99  50.28*** <0.001 

 
* Significant difference at p<0.05 and *** at p<0.001. NS= Not significant. 
 
DISCUSSION 
 
The present study demonstrates 
significantly higher uric acid levels in 
subjects with metabolic syndrome as 
compared with the control group. These 
results are in consistent with the results 
obtained from many articles which also  

 
demonstrate increased levels of uric acid in 
patients with metabolic syndrome 8,12,18 . 
The increase in serum uric acid in 
metabolic syndrome may be related to 
insulin resistance, which is accompanied 
MS.        
Several mechanisms were attributed to the 
increase of UA levels in MS. One of these 
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mechanisms which is reported by 
Cappuccio et al 19 , is related to insulin 
resistance, which is accompanied by MS. 
Proximal tubular reabsorption of UA 
occurs by an active transport mechanism 
closely linked to or identical with the 
tubular reabsorption of sodium. Insulin can 
enhance renal tubular sodium reabsorption 
in humans. Furthermore, renal excretion of 
UA is reduced in situations with increased 
renal tubular reabsorption of sodium. 
Another mechanism for the increased SUA 
levels in MS is that MS is associated with 
increased oxidative stress 20  . Because uric 
acid is considered to be an effective 
antioxidant. The elevated SUA levels 

encountered in individuals with MS may 
reflect a compensatory mechanism 
counteracting the increased oxidative 
stress associated with the MS 21. 
In the present study, only losartan causes a 
significant reduction of serum uric acid 
concentrations in patients with metabolic 
syndrome after 2 months of therapy. These 
results indicate that losartan have 
uricosuric effects. Many studies have 
demonstrated that the uricosuric effect of 
losartan was due to the parent compound 
and not to the active metabolite EXP 3174 
and that this effect is independent of 
angiotensin II receptor blockade and is due 

 to unique biochemical properties of 
losartan 22,23,24. The hypouricemic effect of 
losartan may be due to that losartan target 
the urate anion exchange and diminish 
urate reabsorption in the proximal 
convoluted tubule; as a result, the urate 
excretion fraction is increased by 13%-
30% and increases renal uric acid 
excretion 25.  
This aspect of losartan therapy might have 
therapeutic advantages by reducing the 
risk of elevated uric acid in patient with 
MS, since elevated serum uric acid levels 
in patient with MS is regarded as a risk 
factor for the development of CV diseases 
26 and may ameliorate hyperuricemia 
induced by other drugs. It was reported 
that the risk of death due to ischemic heart 
disease increased by 77% (men), and by 
30% (women) when serum uric acid levels 
where in the highest quartile (>416 µmol/l) 
compared with the lowest quartile (<321 
µmol/l) 27. 
Data obtained from the present study 
showed that enalapril produce no 
significant effects on uric acid 
concentration in patients with metabolic 
syndrome. Data from the literature 
demonstrates different results. No effect 
was reported by Tikkanen et al., 28 , rise in 
SUA levels reported by De Rosa et al 29 , 
and and others demonstrates SUA 
lowering effect 8,30  . 
 

CONCLUSION 
  
This study demonstrates significantly 
higher serum uric acid levels in 
hypertensive patients having markers of 
metabolic syndrome. losartan therapy but 
not enalapril therapy produced a 
significant fall in serum uric acid levels. 
Losartan can be a useful therapeutic agent 
to reduce serum uric acid level in 
hypertensive patients having markers of 
metabolic syndrome and hyperuricaemia. 
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ABSTRACT  
 
Objectives: The purpose of this study was to prepare a new root canal obturating material named Nano-Calcium 
Carbonate-Polyurethane and evaluate three of its physical properties which are solubility, water sorption and 
radiopacity. 
Methods: Poly Carbonate,  1,6-Hexanmethylene Diisocyanate, NCO 49.79%, and 1,4-butanediol were mixed to 
form Polycarbonate based thermoplastic polyurethane. Additives material like Nano calcium carbonate powder, 
zinc oxide, calcium hydroxide and barium sulfate with different ratios blend together with the polycarbonate 
based thermoplastic polyurethane to form the final obturating material. Solubility  water sorption and 
radiopacity tests have been  done to evaluate some physical properties of this material. 
Result and conclusion: The Nano-Calcium Carbonate-Polyurethane is a promising root canal filling material 
and their solubility percent, water sorption and radiopacity  are consistent with ISO standards. 
                uhok Med J 2012;6 Suppl 2: 136-144. 
Key words: Polyurethane, Nano-Calcium carbonate, Root canal obturation, Water sorption, 

solubility, Radiopacity 
 

 

he success of endodontic therapy 
depends not only on adequate 

access and thorough biomechanical 
preparation but also on proper obturation. 
Several techniques and materials have 
been used since time immemorial for root 
canal obturation. The most popular and 
tested materials of choice are gutta percha 
and resilon. However gutta percha  had its 
own advantages and disadvantages. Some 
of the disadvantages are lack of bonding to 
root dentin leading to micro leakage, 
increased shrinkage when used in the form 
of thermo plasticized material and non-re-
inforcement of the root structure. Resilon 
has been introduced as a superior 
alternative to gutta percha. This synthetic 
polymer reportedly, not only provides a 
better seal but also reinforces the tooth 
structure through a combination of primer, 
dual cure sealer and resin obturating 
material 1. The polyester chemistry 

containing bioactive and radio opaque 
fillers have been developed and tested. It 
performs, handles and looks like gutta-
percha; in addition, when used in 
conjunction with a resin based sealant or 
bonding agent it forms a monoblock within 
the canals that bonds to the dentinal walls. 
However, there are some disadvantages for 
resilon such as low push-out bond strength 
1 and low cohesive strength plus stiffness 2 
.In addition, Resilon could not achieve a 
complete hermetic apical seal 3 .These 
results indicate that a more appropriate 
material for root canal obturation still 
needs to be developed. Lee et al, 4 
developed a new  polyurethane-based 
composite to serve as a root canal 
obturation material and a visible-light 
curable urethane-acrylate/tripropylene 
glycol diacrylate (UA/TPGDA) oligomer 
to serve as a root canal sealer. This 
material has excellent properties but the 
major disadvantage was that it composed 
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chemically of Polybutyleneadipate 
polyol(PBA) which decomposed by time 4. 
So, for long run this material may lose 
some of its physical and mechanical 
properties. 
      poly carbonate is a stable polyol and 
last for long time without biological 
disintegration .Calcium carbonate nano 
powder gave good properties when mixed 
with polyurethane. The major intention of 
this study is to prepare root canal filling 
material by using poly carbonate polyol in 
combination with calcium carbonate nano 
powder and other additive to enhance the 
physical properties of the previously 
prepared  thermoplastic polyurethane 
obturating material 5. The absorption of 
water by polymers is a phenomenon of 
considerable importance since it is 
accompanied by dimensional changes, also 
it reduces the tensile strength of the 
material. Regarding the   solubility, it 
represents the mass of soluble materials 
from the polymers and the soluble material 
may affect the periapical tissue 6. More, 
over the root canal filling material should 
present  enough radiopacity to allow 
distinction from the adjacent anatomical 

structures , such as bone and tooth. Finally, 
The aims of this study are  to prepare a 
new Nano-Calcium Carbonate-
Polyurethane-based Root Canal– 
obturation Material and to evaluate some 
of the physical properties which are 
solubility, water sorption and radiopacity. 
 
METHODS 
 
1. Preparation of Nano CaCO3/TPU 
Composite as a Root Canal–Filling 
Material 
PolyCarbonate(POLY-®CD220,Carbonic 
acid, dimethylester, polmer with1,6-
hexandiol. MW 2000. Arch 
Chemicals,Inc,USA ),1,6-Hexanmethylene 
Diisocyanate, NCO 49.79%, (HDI,Bayer 
MaterialScience,USA), and 1,4-
butanediol(1,4-BD, Alfa Aesar,USA) were 
mixed in 1:1.12:0.1 molar ratios, dissolved 
in acetone (Acetonen99.5%, Sigma-
Aldrich, USA) and reacted to  form 
Polycarbonate based TPU. All chemicals 
used in this study are listed in (Table 1) 
and (Table 2).  
 

 
Table 1. Raw materials 

Designation Composition Supplier 

Polyols   

POLY-CD®CD220 

(PCA) 

Carbonic acid, dimethyl ester, polymer with 1,6- 

hexandiol.MW 2000, OH-number 55.6 

Arch Chemicals, 

Inc.USA 

Chain extender   

1,4 BD 1,4 –Butane diol  equivalent weight 45 (MW 90) Alfa Aesar,USA 

Isocyanate   

DESMODUR H 

(HDI) 

Hexamethylene-1,6-Diisocyanate, NCO %49.79.  Bayer 

MaterialScience,USA 

Catalyst   

DABCO®T-12      

(0.1%) 

Dibutyltin dilaurate Air Products,USA 

Solvent   

Acetone  Aceton C3H6O  99.5% Sigma –Aldrich,USA 
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Table 2. Additives Raw Materials 

Designation Composition Supplier 

Zinc Oxid (ZnO) ACS reagent ≥99.0% Sigma- Aldrich 

Barium Sulfate (BaSo4) Reagent plus 99% Sigma-Aldrich 

Calcium hydroxide Ca(OH)2 ACS reagent ≥95.0% Sigma –Aldrich 

Calcium Carbonte Nano particles  

(CaCo3) 

15-40 nm surface modified for 

adhesives 

Sky Spring Nanomaterials, Inc. 

 
            Polycarbonate Polyol and chain 
extender were checked for H 2O content 
using Karl –Fisher device and water 
content was in the range of  0.01-0.05. 
Isocyanate was used as received from the 
supplier and isocyanate content was 
determined by the Di-n-butylamine 
method. The NCO content was 49%.  All 
other additives ingredient were used as 
received.  The polymerization reaction was 
carried out in 600 ml reaction cattle which 
was equipped with a mechanical stirrer, 
thermocouple, heater, Nitrogen inlet and 
Refux condenser. 
           Polycarbonate polyol was weighted 
and added to reaction cattle, then 1,4 BD 
was added , followed by the catalyst . Then 
acetone was added to the mixture and 
mixed with a stirrer. The reaction mixture 
was heated up to 50◦C and the HDI was 
added via funnel. After addition of HDI, 
the funnel was rinsed with a small amount 
of acetone and the reaction was continued 
for 2 hours at 50◦C. 

           During the synthesis, additional 
amount of acetone was added due to the 
high viscosity of polymer solution. After 2 
hours of synthesis, clear viscous polymer 
solution was obtained. After 
polymerization is completed, a sample for 
NCO% determination was taken and 
NCO% was determined.  
 
   2-Additives mixing ratio:   Filler 
materials shown in (Table 3 ) were added 
to the solution of polyurethane in the 
following ratios: 50 wt% of polyurethane 
solution and 50% fillers to form 
CaCo3/TPU composite . 
Water sorption and Solubility 
Specimen preparation: 
                  A total of 10 discs for the new 
materials were made. Each specimen disc 
was 20 mm in diameter and 1.5 ± 0.1 mm 
thick which prepared using a metal mould. 
The material was prepared, by filling the 
mold with the material using a plastic 
spatula to condense, and covering it with a 
piece of polyester transparent film which 
was placed below and over the mold. 

Table 3 . Weight percentage of the fillers 

%wt of 
additives Calcium Carbonate Zinc Oxide Calcium Hydroxide Barium sulfate 

50% 12 25 10 3 

Test procedure 
                The specimens were transferred 
to the desiccators containing silica gel, 
freshly dried for 5 hours (h) at 130 ◦C. 
They were maintained in the desiccators at 
37 ± 1 ◦C. After 24h, the specimens were 
removed and stored in a second desiccators 

which contained silica gel (freshly dried 
for 5h at 130 ◦C) and stored at the lower 
temperature (room) of 23 ± 1 ◦C for 1h. 
The specimens were weighed using an 
analytical balance (Mettler Analytical 
Balance, Gallenkamp Mettler, E. Mettler, 
Zurich, Switzerland) to an accuracy of ± 
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0.1 mg. This cycle was repeated until a 
constant mass (m1 ) was obtained, i.e. until 
the mass loss of each specimen was not 
more than 0.2 mg in any 24h period. The 
specimens were immersed in distilled 
water , and maintained at 37 ◦C for seven 
days. After that time, the specimens were 
removed, washed with water, surface 
water blotted away until free from visible 
moisture, and waved in the air for 15 
seconds, then finally weighed 1 minute 
after being removed from the water. This 
mass (m2 ) was recorded. The specimens 
were placed in the desiccators using the 
same cycle as described above to obtain 
(m1 ). This cycle was repeated until 
constant mass (m3) was obtained. Finally, 
the specimens were measured for 
thickness. This was done by taking three 
readings in the centre of the specimen to 
measure the thickness. The mean values of 
thickness of each specimen, was used to 
calculate the volume (V) in cubic 
millimeters 6 . 
Calculations and expression of results 
       The values of water sorption WSP , 
were calculated in micrograms per cubic 
millimeter for each of the  specimens, by 
using the following equation: 
WSP = (m2 – m3)/ V  Where: m2 is the 
mass of the conditioned specimen in 
micrograms, after immersion in water for 
seven days; m3 is the reconditioned mass 
of the specimen in micrograms, and V is 
the volume of the specimen in cubic 
millimeters. 
The values of water solubility WSL were 
calculated in micrograms per cubic 
millimeter for each specimen using the 
following equation: 
WSL = (m1 – m3 ) / V    where: m1 is the 
conditioned mass in micrograms; 
m3 is the reconditioned mass of the 
specimen in micrograms, and V is the 
volume of the specimen n cubic 
millimeters (6) . 
Radiopacity  
      A washer of 10mm internal diameter 
and 1mm height is filled with the mixed 
material and radiographed together with an 

aluminum step wedge having incremental 
thickness of 1 mm to 9 mm. The 
radiopacity of ten specimens is compared 
with that of the step wedge by means of a 
densitometer (Heiland electronic, Wetzler, 
Germany,( Figure 1). 
 The minimum requirement is 6 mm Al-
equivalents, which may be on the low side 
considering that conventional gutta-percha 
points are about 6mm Al-equivalents. 
Most materials are in the range of 4–9 mm 
(ANSI/A.D.A Specification No.78) (7) . 

 
Figure 1. Densitometer, Some specimens, and 
Aluminum step wedge that were used for 
Radiopacity test. 
 
RESULTS 
 
Solubility and water sorption: 
The solubility of Nano calcium carbonate 
polyurethane material in micrograms per 
cubic millimeter was 0.0035 ±.0003, while 
the water sorption was 0.0047±.001. The 
allowable ratio for solubility for our 
material according to ISO specification is 
0.026 g which represents 3% of the total 
weight which is 0.869 g. As shown in 
(Table 4) and (Figure 2). 
Radiopacity 
(Tables 4& 5 ) shows the mean gray value 
and equivalent aluminum thickness (mm) 
of Nano calcium carbonate polyurethane. 
Radiopacity was expressed in milimeters 
of aluminum and higher value represented 
greater radiopacity. Nano calcium 
carbonate polyurethane possessed  
radiopacity equal to 0.92 mm which is 
closest to the 0.93, the score of aluminum 
with 6 mm, complying with the ISO 
requirements. (Figure 3) 
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Table 4. The result of solubility percent and water sorption of Nano calcium carbonate polyurethane 

material in micrograms per cubic millimeter 

 N Minimum Maximum Mean Std. 

Deviation 

weight one (M1) 10 .576 1.079 .869 ±.147 

weight two (M2) 10 .577 1.088 .875 ±.149 

weight three (M3) 10 .563 1.059 .851 ±.145 

Volume of cylinder =r2*height *3.14 10 3.45 6.500 5.105 ±.880 

Water sorption 10 .004 .007 .0047 ±.001 

Water solubility 10 .003 .004 .0035     ±.000 

Table 5. The mean and standard deviation of radiopacity of Nano calcium carbonate polyurethane. 

Sample 
1 

Sample 
2 

Sample 
3 

Sample 
4  

Sample 
5 

Sample 
6 

Sample 
7 

Sample 
8 

Sample 
9 

Sample 
10 

Mean Standard 
deviation 

0.92 0.89 0.84 1.07 0.89 0.89 1.07 0.84 0.89 0.92 0.92 
 

±0.02 

 
Figure 2: The result of solubility and water sorption of Nano calcium carbonate polyurethane material in 

micrograms per cubic millimeter. 
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A 

 

 
B 

Figure 3. A and B:  The mean gray value and equivalent aluminum thickness (mm) of 
Nano calcium carbonate polyurethane

. 
DISCUSSION 
 
   There is no ideal root canal filling 
material which fulfills all the requirements 
of successful endodontic treatment until 
now. Preparation of new root canal 
material that overcome the drawbacks of 
previous material is a logical demand 7 .   
The polyol which is used for the 
thermoplastized polyurethane prepared by 
Lee et al. 4 had short life span and it was 
liable for biological disintegration. The 
major intention of this study is to prepare 
root canal filling material by using poly 
carbonate polyol, which has very good 
stability for long duration, in combination 
with calcium carbonate nano powder and 
other additives to enhance the mechanical 
and physical properties of previous 
material 9 . 
     ISO and ANSI/ADA have standardized 
some technological tests to investigate the  

 
 
 
physical properties of endodontic filling 
materials. Assessment of the radiopacity, 
solubility and water sorption properties in 
this study were evaluated as recommended 
by ISO standard (4049:1988). It appears 
from the results of water sorption and 
solubility that Nano calcium polyurethane 
material behaved satisfactory with this 
standard. Solubility is an undesirable 
property for a root canal filling because it 
can cause the filling to release components 
that may be biologically incompatible and 
formation of gaps can affect the hermetic  
 
seal of the root canal filling negatively. 
According to ISO standards the solubility 
of root canal filling shouldn’t exceed 3% 
mass fraction. The value of solubility of 
Nano calcium carbonate polyurethane was 
within this limit which is 0.4% 6 . 
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   It's obvious  that polymers are prone to 
hydrolysis by enzymes, mechanical 
loading, and water. The degradation 
products and their effects on oral tissues 
are of prime concern. 
    Resilon showed exposure of glass-filler 
particles following surface dissolution of 
the polymer matrix by a gravimetric 
analysis and SEM, creating a rough 
surface topography after incubation in 
lipase PS (from Burkholderia cepacia; 
Amano Enzyme Inc., Nagoya, Japan) or 
cholesterol esterase (from Pseudomonas 
species; Amano Enzyme Inc.) for 96 
hours. Similarly, the presence of spherical 
polymer droplets that appeared deformed, 
pitted or much reduced in dimensions was 
seen with Resilon after enzymatic 
hydrolysis. Rates of hydrolysis of Resilon 
by lipase PS and cholesterol esterase were 
much faster than those of polycaprolactone 
at a 1×or even 4× enzyme concentration. 
Field-emission SEM and energy dispersive 
spectrometric analyses showed that the 
surface resinous component of Resilon 
was hydrolyzed after 20 minutes of sodium 
ethoxide immersion, exposing the 
spherulitic polymer structure and 
subsurface glass and bismuth oxychloride 
fillers. More-severe erosion occurred after 
60 minutes of sodium ethoxide treatment, 
while gutta-percha was unaffected 9 .  
     Furthermore, gutta-percha exhibited 
minimal surface changes after 4 months of 
incubation in wet dental sludge, while 
polycaprolactone and Resilon exhibited 
severe surface pitting and erosion. In the 
latter, disappearance of the polymer matrix 
was accompanied by exposure of mineral 
and bioactive glass fillers. Bacteria and 
hyphae-like structures were present on the 
Resilon surfaces 9 . 
         Radiopacity is widely acknowledged 
as a desirable e  property  of   all   intraoral  
materials, including the endodontic root 
canal material. The root canal filling 
material must be radiopaque in order to 
detect the extention and the quality of  the 
filling. Beyer-Olsen & Orstavik  
established a standardized system to 

measure the quality of radiopacity. They 
used an aluminum step-wedge with 2 mm 
increments as a reference to determine the 
equivalent aluminum thickness of the 
studied materials. In literature usually, 
conventional radiographic films and 
optical densitometers were used to 
evaluate the radiopacity of filling 
materials. However, in some studies, 
indirect method by converting the 
radiographs to digital images were also 
used instead of optical densitometer 8 . 
      Rasimick et al. stated that the imaging 
technique could affect the measured 
radiopacity values of the materials. Barium  
containing materials could have different 
radiopacities on film and phosphor store 
plates. Also differences could be found in 
the aluminum alloy of the step-wedge, 
exposure time, focal film distance, kVp, 
and mAs affects the radiopacity 
measurements of materials in situ 10 . 
    The radiopacity of root canal filling 
should be at least 6 mm Al ,but excessive 
radiopacity of the material is not 
mentioned by ISO standardization, The 
radioopacity rates of Nano calcium 
carbonate polyurethane used in the present 
study was consistent with ISO standards. 
The inorganic fillers like Nano calcium 
carbonate, zinc oxide, calcium hydroxide 
in addition to barium sulfate are 
considered a radiopaque fillers, so they 
give the radiopacity for thermoplastic 
polyurethane base (TPU) which is a 
radiolucent material and corresponding to 
1 mm of the Aluminum step wedge. As a 
conclusion for the present study, the Nano 
calcium carbonate  polyurethane  is a 
promising root canal filling material with 
good physical properties that comply with 
ISO standardization. 
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ABSTRACT  
 
Background and Objective Umbilical cord blood (UCB) is an interesting source of mesenchymal stem cells 
(MSCs) for gene therapy, cell transplantation and cell therapy. This study is aimed to isolate, characterize and 
immunophenotypic analysis of human UCB- derived MSCs by using a simplified technique.                                                           
Methods  Cord blood was collected after normal delivery of placenta by puncturing umbilical cord veins. The 
mononucleated cells (MNCs) was isolated after gradient centrifugation and cultured in Iscove,s Modified 
Dulbecco Medium (IMDM) supplemented with 10% Fetal calf serum (FCS). Cultures were maintained at 
37C°,5% CO2 for two weeks. Then immunophenotypic analysis which was performed with CD90, CD71, CD34 
and HLA-DR.  
Results: The MSCs derived from MNCs appeared like the fibroblast cell and these cells were extensively 
expanded in culture. Immunocytochemistry staining indicated that UCB-derived MSCs were positive for CD90, 
CD71 and negative for CD34, HLA-DR.    Conclusion: The result of the present study indicate that using this 
method can result in isolation of homogenous population of UCB- MSCs. 
 
                                                                                 Duhok Med J 2012; 6 Suppl` 2: 145-152. 
Key words: Umbilical cord blood, mesenchymal stem cells,immunocytochemistry 
 

 

ord blood (CB) is the blood 
remaining in the umbilical cord and 

placenta after birth. When CB was 
unknown it was considered as a useless 
thing and normally discarded after birth, 
but with increasing knowledge and 
awareness to the benefits of this blood and 
after many clinical and individual 
evidences, CB is considered to be very 
important and useful blood so the people 
are saving or donating this blood to a CB 
bank 1. Cord blood is known to contain 
both of hematopoietic stem cells (HSCs) 
and pluripotent mesenchymal stem cells 
(MSCs) 2.                                                                              
Mesenchymal stem cells comprise a rare 
population of multipotent progenitors 
capable of supporting hematopoiesis and 
differentiation into various lineage 
including bone, muscle, brain, lung, heart, 

cartilage and variety of other connective 
tissues 3,4. In their undifferentiated state, 
MSCs are spindle shaped and resemble 
fibroblastoid morphology 5. Unlike HSCs, 
Fluorescence activated cell sorter (FACS) 
results showed that MSCs did not express 
antigens (CD11a, CD11b, CD14, CD34, 
CD45, HLA – DR and α – smooth actine), 
while express (CD29, CD44, CD71, CD 
90, CD106, CD120a, CD124, HLA – 
ABC, SH2, and SH3) antigens, and they 
produce fibronectin, laminin and vimentin 
6, 7.                                                                      
Wang et al., 8 showed that MSCs from 
UCB when expanded in culture express 
adhesion molecules (CD44 and CD105), 
intigrin markers (CD29 and CD51) and 
MSCs markers (SH2 and SH3), but not 
express the markers of hematopoietic 
differentiation (CD34 and CD45). 
In 2003 an attempt was made to isolate 
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MSCs from the UCB using standard 
methodological approaches: the routine 
isolation and culture of isolated cells under 
conditions appropriate for BM– derived 
MSCs, these results suggest that CB 
contains a high number of MSCs – like 
elements forming colonies of fibroblastoid 
cells that may be successfully expanded in 
culture 3. Then  different techniques can be 
used to obtain MSCs such as plastic 
adhesion and negative selection (CD45, 
Gly-A) or positive selection (CD49-a, 
Stro-1, and CD133) with derived pattern 
identical to that of human BM-derived 
MSCs 4. Therefore, UCB could be 
regarded as an alternative source of MSCs 
for experimental and clinical needs. The 
present study was done to isolate and 
detect the immunophenotypic analysis of 
human UCB- derived MSCs by using a 
simplified technique.                                                           
 
METHODS 

  
Cord blood cell separation                                                                  
Cord blood samples were collected freshly 
from discarded placenta of full term 
normal deliveries in Al- Kadhemia 
Hospital in Baghdad.  
Blood (30 ml) was kept in anticoagulant 
treated tubes and used within10 hours after 
collection. Cord blood was diluted 1:1 
with phosphate buffer saline (PBS), the 
diluted blood was carefully overlaid on 
Ficoll-paque at a ratio of 3:1 in 10 ml 
sterile conical tubes, the specimens were 
centrifuged on a cooling centrifuge for 25 
minutes at 2000 rpm at 4°C.  
After centrifugation, the MNC layer was 
recovered from the gradient interface and 
washed two to three times with PBS at 
2000 rpm for 10 minutes at 4°C. The 
MNCs were cultured in sterile tissue 
culture flask (25ml)  in 5ml of Iscove,s 
Modified Dulbecco Medium (IMDM) 
(Sigma) supplemented with 10% Fetal calf 
serum (FCS) (Sigma) and 100 units\ml 
Penicillin, and 100µg\ml Streptomycin.  at 
final concentration 1-2 X 106 cells/ml. 
Cultures were maintained at 37 ºC in 

humidified atmosphere containing 5% 
CO2, with 50% of the media being 
changed every week according to previous 
studies (9,10).  Cultures were screened 
continuously to get hold of developing 
colonies of adherent  MSCs. 
 Fibroblastoid cells were recovered 
between 6-8 days after initial plating using 
0.25% trypsin-EDTA and placed at a ratio 
of 1:3 in the same conditions for two 
weeks.  
 Immunophenotypic analysis of 
mesenchymal stem cells 
After two weeks the fibroblastoid cells 
were dispersed with trypsin-EDTA and re-
cultured in multi –well tissue culture plates 
(4-wells) at a density of 1X104 cells/well 
in IMDM supplemented with 10% FCS. 
The cells were allowed to developing a 
monolayer of adherent cells within 4-5 
days, then the medium was aspirated and 
the monolayer of adherent cells were 
washed two times with PBS. After that the 
monolayer was fixed with 4% 
paraformaldehyde diluted in PBS for 10 
minutes, then detected by 
immunophenotypic procedure (11), which 
was performed with anti-rat and human 
body CD90, anti- human antibody CD71 
(specific markers for detection of MSCs), 
anti- human antibody CD34 and HLA-DR 
anti- human antibody (specific markers for 
detection of HSCs).                                                              
The first step in immunophenotypic 
procedure was the addition of 4% 
hydrogen peroxide for 15 min. The second 
step was the addition of primary antibody 
(anti CD90,anti CD71,anti CD34 and  
HLA-DR)for 1h.except for the incubation 
period of CD90 which was over night, then 
the addition of secondary antibody (biotin) 
for 1h.The streptavidin conjugated to horse 
radish peroxidase was added to the wells 
for 1h. 
The wells in all the above steps were 
incubated in a humidified chamber at 37C° 
and were washed extensively with PBS 
after each step.                                                                      
For visualization of the stain, liquid DAB 
chromogen solution was added to the wells 
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for 15 min then washed with PBS and 
counterstained in Harris hematoxylin for 
2-3 min, washed with DW and then with 
PBS. The wells were mounted with 
glycerol and they were inspected by light 
microscope and photographed.    
 
RESULTS 

  
Culturing and propagation of umbilical 
cord blood-derived                                  
mesenchymal stem cells 
     After plating the MNCs, only a few 
cells were attached to the plastic culture 
flasks sparsely, and formed adherent cells 
while the non-adherent cells were 
discarded by the first medium change. The 
adherent cells began to proliferate, as soon 
as 5days after cultivation numerous 
fibroblast like-cells could be observed. 
These cells gradually grow to form small 
individual colonies displaying fibroblast-
like morphology with short and long 
processes as well as, a small round cells 
with a high nuclear to cytoplasmic ratio 
can also be seen (Figures 1A,B).  

Mesenchymal stem cells are characterized 
by their ability to aggregate and to form 
colonies comprising spindle-shaped cells 
deriving from a single cell. The number of 
cellular colonies with different sizes has 
obviously increased. In large colonies, 
cells were more densely distributed and 
shown spindle shaped. These colonies are 
termed colony forming unite derived 
fibroblast like cells (CFU-F) and usually 
used as an indicator for mesenchymal 
progenitor potential. These colonies 
gradually expanded in size and 
interconnected with adjacent colonies 
(Figures 2 A, B). When the cells grew to 
80% confluence, the cells were ready for 
first passage. So, after first passage, the 
MSCs began to grow and formed colonies 
and by the end of the second week, a 
homogeneous layer of fibroblastoid-like 
cells occupied the whole plastic surface 
(Figures 3 A,B). So according to this result 
and to the morphological aspect and 
growth characterization of these MSCs, 
they are considered to be fibroblastic F-
type cells. 
 

A  
B  

Figure 1. UCB-derived MSCs cultured in IMDM+10%FCS. (A): After 3 days, the adherent cells began to 
proliferate and have a fibroblast-like morphology (arrows) (X100.8). (B): After  5 days, the MSCs appeared 

with long (indicating long arrows) and short (indicating short arrows) processes as well as a small round 
cells can also seen (X160). 
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Figure 2. Primary culture of UCB-derived MSCs cultured in IMDM+10% FCS. (A): the appearance and 
growth of MSCs colonies after 7 days (X100.8). (B): note that the colonies interconnected with each other 

and reaching a confluent stage so they were ready for passaged(40x). 
  

 
Figure3. The first passage culture of UCB-derived MSCs. (A): 3 days after reseeding, the cells began to 
proliferate and formed colonies (arrows) (X40). (B): 7 days after reseeding, the cells were expanded and 

occupied the whole plastic surface (X100.8). 
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The cells were reseeded in same conditions 
for the second passage culture. These 
adherent cells could be readily expanded in 
vitro by successive cycles of 
trypsinization, seeding and culture every 5 
days without visible morphologic 
alteration.Immunophenotypic  
 
 

characterization of umbilical cord blood- 
derived mesenchymal stem cells. 
The results of the Immunophenotypic 
study revealed that  MSCs were stained 
positive for CD71+ and CD90+ ( Fig. 4 
A,B), while negative for CD34- and HLA-
DR- (Figure 4 C,D), indicating that these 
cells were not of hematopoietic origin. 

 
Figure 4. Immunophenotypic analysis of UCB-derived MSCs at the 2nd passage, the positive cells were 

stained with brown color (DAB stain), while the negative cells were stained with blue color (hematoxylin 
stain). (A): MSCs show positive response for CD71 (arrows) (X100.8). (B): MSCs show positive response 
for CD90 (arrows) (X100.8). (C): MSCs show negative response for CD34 (arrows) (X100.8). (D): MSCs 

show negative response for HLA-DR (arrows) (X100.8). 
 
DISCUSSION  

 
The present study, aimed to isolate and 
expanded UCB-derived MSCs in culture 
by using a simple culture technique. 
Although the evidence for the isolation of 
fibroblastoid cells with MSC 
characteristics from UCB is conflicting.  
But the results of the present study reveled  

 
that MSCs were isolated from full-term 
UCB with efficiency of greater than 50%. 
This good percentage is probably due to 
the use of IMDM, a medium which as 
indicated by others 12, represents the 
perfect culture medium for isolation and 
maintaining MSCs in vitro. Besides, it is 
known that FCS is crucial for the growth 
of MSCs 13, so the addition of FCS to the 
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culture medium might provide additional 
growth and adherence factors, favoring the 
generation of MSCs from UCB. 
Different methods were applied for 
obtaining MSCs from UCB. The first 
method was the classic plastic adhesion 
and sub cultures, the second method was 
the using of 5% from condition medium.  
 
The third method was the 
immunoselection for specific CD markers 
of MSCs directly from fresh samples 4. In 
the present study, the classic plastic 
adhesion method was used for obtaining a 
plate-adhering population from plating 
total MNCs, raising the possibility that 
such heterogeneous population may 
contain progenitors of all three germ 
layers.  
Tasi et al., 14 reported that under routine 
culture conditions for MSCs, UCB- 
derived MNCs can be divided into two 
major categories: adhering and non – 
adhering cells. Furthermore, MSCs can 
also be classified according to their 
morphological aspects and growth 
characteristics into two groups: epitheloid  
(E-type)  cells, and fibroblastic (F-type 
cells), so from the result of the present 
study and according to the morphological 
aspects and growth characterization of 
MSCs, they are considered to be 
fibroblastic F-type cells. This finding are 
in agreement with the results described by 
others 7,15,16,17, who demonstrated that 
freshly isolated cells principally displayed 
a fibroblast-like appearance in the first 
week and during the second week, they 
typically appeared as slender cells with a 
narrow cytoplasm. Then after 12-14 days, 
they grew to 100% confluence. These 
attached MSCs with fibroblastic 
phenotype, having a fairly uniform 
morphology that is similar to that of MSCs 
isolated from BM 18.    
Immunophenotypic characterization of 
umbilical cord blood-derived 
mesenchymal stem cells                                                                 
     The result of morphological studies and 
immunophenotyping of cultured MSC-like 

cells from human UCB suggest that these 
cells closely resemble cultured BM-MSCs 
obtained by other studies 3, 19.  
   The present result indicated that the 
UCB-derived MSCs are positive for 
CD71+, CD90+ while negative for CD34-, 
HLA-DR-,  a finding that is compatible 
with that of other authors 7,14,17,20,21 , who 
demonstrated that UCB-derived MSCs 
have a characteristic set of surface markers 
that include cluster of differentiation (CD) 
markers, for example MSCs are positive 
for: CD29, CD44, CD71, CD90, HLA-A, 
B, C and SH2, SH3, and negative for: 
CD10, CD11b, CD14, CD34, CD45, 
CD117 and HLA-DR, DQ.  
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ABSTRACT  
 
Background and objective: The resistance to antimicrobial agents among Staphylococci is an increasing 
problem. This has led to renewed interest in the usage of Macrolide-Lincosamide-Streptogramin B (MLSB) 
antibiotics to treat Staphylococcus aureus infections. Clindamycin resistance in Staphylococcus species can be 
either constitutive or inducible which can lead to therapeutic failure.  In vitro routine tests for clindamycin 
susceptibility may fail to detect inducible clindamycin resistance thus necessitating the need to detect such 
resistance by a simple D test on routine basis.   
Methods: Between October 2009-March 2010, 36 isolates of Staphylococci spp. were recovered from 130 urine 
samples of children with UTI at Rapareen Pediatric Hospital in Erbil city. All the Staphylococcal spp. were 
identified by using standard microbiological procedures [4]. All isolates were tested for inducible clindamycin 
resistance by the D-zone test. 
Results: Out of 36 isolates of Staphylococci spp.16 isolates were Staphylococcus aureus (56.3% MRSA, 43.8% 
MSSA) and 20 were coagulase negative Staphylococci. Inducible clindamycin resistance was demonstrated in 
33.3% of methicillin resistance Staphylococcus aureus (MRSA), 14.3% in methicillin sensitive Staphylococcus 
aureus (MSSA) and 35% in coagulase negative Staphylococci. 
Conclusions: This study indicates importance of the D-zone test in detecting inducible clindamycin resistance 
in staphylococci to aid in the optimal treatment of patients. 

Duhok Med J 2012; 6 Suppl.2:153-159. 
Key words: Staphylococcus, inducible clindamycin resistance, D-test 
 

 

taphylococcus aureus and coagulase 
negative Staphylococci are 

recognizes as causing nosocomial and 
community acquired infections. Macrolid 
(e.g., erythromycin), lincosamide (e.g., 
clindamycin) and streptogramin B (e.g. 
quinupristin–dalfoprin) antimicrobial 
agents are widely used in the treatment of 
Staphylococcal infection1. Macrolid 
antibiotics are bacteriostatic agents that 
inhibit protein synthesis by binding 
reversibly to 50s ribosomal subunits of 
susceptible organism 2. 
The Macrolid, lincosamide and 
streptogramin B (MLSB) family of 
antibiotics has three different mechanisms 
of resistance–target site modification, 
enzymatic antibiotic inactivation and 
macrolide efflux pumps. Clindamycin, a 
lincosamide antibiotic, is among the 
limited choice of antimicrobials effective 

against MRSA. There is concern about use 
of this antibiotic in the presence of 
Erythromycin resistance because of the 
possibility of induction of cross- resistance 
among members of the macrolide, 
lincosamide, streptogramin B group. As 
MRSA infections have become 
increasingly common in the community 
setting,the development of empirical 
antimicrobial therapeutic strategies for 
Staphylococcal infections has become 
more problematic .Clindamycin has long 
been an option for treating both MSSA and 
MRSA infections. However, expression of 
inducible resistance to clindamycin could 
limit the effectiveness of this drug 3. 
Previous reports indicated that treatment of 
patients harboring iMLSB resistant S. 
aureus with clindamycin might lead to 
development of c MLSB resistant strains 
and subsequently, therapeutic failure. 
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EVALUATION 

Unfortunately, the iMLSB phenotype 
cannot be recognized by using standard 
susceptibility test and require specific 
methods.  A test known as disk 
approximation test or simply D-test detects 
MLSB resistance pattern of Staphylococci 
4.  
 

 
 METHODS 

 
Between of October 2009-March 2010, 36 
isolates of Staphylococci spp. were 
recovered from 130 urine samples of 
children with UTI at Rapareen Pediatric 
Hospital in Erbil city. Pathogens were 
isolated using standard media, including 
CLED agar, Blood agar, Mannitol salt 
agar, DNase agar and specimen were 
inoculated using standard techniques. 
Plates were incubated at 37c˚for overnight. 
Identification of all isolates was done on 
the basis of biochemical tests using 
catalase, ,coagulase, DNase tests and API 
STAPH. Methicillin resistance was 
detected by using oxacillin (OX) (1µg), 
cefoxtitin(Cn) (30 µg) and methicillin 
(ME) (5 µg) disks were placed on the 
inoculated  Mueller Hinton agar plates, 
then incubated at 35c˚ for 24 hours. The 
diameter of inhibition zones were 
measured to the nearest millimeter. An 
isolates was considered to be MRSA strain 
if the cefoxtitin, methicillin and Oxacillin 
inhibition zones diameter were ≤14, ≤9 
and ≤13 respectively. To identify the 
MLSBi phenotype, the D-test was 
performed; suspension equivalent to 0.5 
McFarland of each freshly cultured isolate 
in normal saline was prepared and 
inoculated onto a Mueller–Hinton agar 
plate and discs of clindamycin (CL)(2μg) 
and  erythromycin (ER) (15μg) were 
placed at a distance of 12mm (edge to 
edge). Plates were incubated at 37° C for 
24 hr. The diameter of inhibition zone was 
measured; in addition, each CL zone was 
examined carefully to detect a flattening or 
blunting of the shape (D-shape zone) near 
E disc. The disc diffusion test, based on 
the D test, four phenotypes were 
interpreted as follows: 

1-D test Positive (iMLSB Phenotype): 
Inducible resistance to Clindamycin was 
manifested by flattening or blunting of the 
CL zone adjacent to the ER disc, giving a 
D shape (D-test positive). 
2-Sensitive phenotype (MS): sensitive to 
both clindamycin and erythromycin.  
3-Constitutive Phenotype (cMLSB): 
Resistant to both ER and CL. 
4-D test Negative (MLSB Phenotype): No 
flattening of the CL zone; Resistant to ER 
but susceptible to CL. Staph. aureus ATCC 
25923 was used for quality control of 
clindamycin and erythromycin disks 
according to the standard disk diffusion 
procedure. 
 
Statistical Analysis: Data analysis and 
calculate of P-value was done using SSPS 
version 16.0 through contingency 
coefficient test (CC test). A P-value≤ 0.05 
is regarded as significant (S). 
 
RESULTS 

 
Out of 36 isolates of Staphylococci spp.16 
isolates were Staphylococcus aureus 
(56.3% MRSA, 43.8% MSSA) and 20 
were coagulase negative Staphylococci. 
Inducible clindamycin resistance (iMLSB) 
was demonstrated in 30.6 of Staphylococci 
isolates (33.3% in methicillin resistance 
Staphylococcus aureus (MRSA), 14.3% in 
methicillin sensitive Staphylococcus 
aureus (MSSA) and 35% in coagulase 
negative Staphylococci). While 36% of 
isolates showed D-test negative (MLSB) 
and was found in 14.3% of MSSA, 60% of 
coagulase negative Staphylococci but not 
detected in MRSA (0%). Constitutive 
Phenotype (cMLSB) was detected in 5.6% 
of isolates in which 11.1% MRSA, 5% 
coagulase negative Staphylococci whereas 
cMLSB was not found in MSSA and 
27.6% of isolates had sensitive phenotype 
(MS) which was detected in 55.6% MRSA 
and 71.4% MSSA, but not found in 
coagulase negative Staphylococci (Table 
1). (Figure 1) shows iMLSB phenotype in 
MRSA. (Figure 2) Disc diffusion test for 
inducible clindamycin resistance which   
shows the four phenotypes in the 
Staphylococci isolates. 
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Table 1. Distribution of Staphylococcal isolates according to phenotypes. 
 

Staphylococci 
isolates 

No. (%) of 
isolates 

Phenotypes 

(iMLSB) 
D-test 

positive 
No. (%) 

(MLSB) 
D-test 

negative 
No. (%) 

(cMLSB) 
Constitutive 
Phenotype 

No. (%) 

Sensitive 
phenotype (MS) 

No. ( %) 

MRSA 9 (25%) 3 (33.3%) 0 (0%) 1 (11.1%) 5 (55.6%) 

MSSA 7 (19.4%) 1 (14.3%) 1 (14.3%) 0 (0%) 5 (71.4%) 

Coagulas negative 
Staphylococci 

20(55.5%) 7 (35%) 12 (60%) 1 (5%) 0 (0%) 

Total 36 (100%) 11(30.6%) 13 (36.0%) 2 (5.6%) 10 (27.8%) 

                               P- value  =0.002 HS 

 
Figure 1. Inducible clindamycin resistance in MRSA (D- test positive). 

 

        
(A)                                                                            (B) 

            
(C)                                                                        (D) 

Figure 2. Disc diffusion test for inducible clindamycin resistance showing four phenotypes: (A) D–test 
positive phenotype; (B) Sensitive phenotype (MS); (C) D–test negative phenotype; (D) Constitutive 
Phenotype. 
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EVALUATION 

DISCUSSION 
 

The present study showed that inducible 
clindamycin resistance (iMLSB), 
constitutive (cMLSB), sensitive (MS) and 
D-test negative MLSB were demonstrated 
in 30.6%, 5.6%, 27.8%, and 36% 
respectively. These results agree with 
results obtained by Abdulrahman5 who 
showed that out Of the 291 ER 
Staphylococci studied, 38.8% were 
iMLSB, 28% were cMLSB, and 33% of 
isolates were remained susceptible 
clindamycin (MS).  
Our study showed that inducible 
clindamycin resistance was found in 
33.3% MRSA, 14.3% and 3.5% of 
coagulae negative Staphylococci isolates. 
In a study conducted in India, Ciraj et al6 
reported that inducible clindamycin 
resistance was found in 38.4% of MRSA, 
12.9% of MSSA and 6.3% of coagulae 
negative Staphylococci. Deotale et al7 
reported that 14.5% of isolates showed 
iMLSB, 3.6% showed cMLSB while 
remaining 14.1% showed MS phenotype 
and they added that iMLSB and MS 
phenotype were found to be higher in 
MRSA as compared to MSSA (27.6%, 
24.3% and 1.6%, 4% respectively). 
Shantala et al8 stated that out of 230 
Staphylococci isolates, 24.78% were found 
to be iMLSB phenotype and they 
demonstrated that 32.5% of  MRSA 
isolates and  15.53% of  MSSA isolates 
showed iMLSB resistance and 25.39% of 
MRSA isolates  and 9.6% of MSSA 
isolates showed cMLSB. 
The present study showed that in 20 
isolates of coagulase negative 
Staphylococci 35% had iMLSB, 5% had 
cMLSB, 60% D-test negative (MLSB) and 
no MS phenotype. Hamilton- Miller et al9 
determined that in coagulase negative 
Staphylococci strains 31% had iMLSB, 
11% had cMLSB and 13% had MS. 
Abdulrahman5 reported that in coagulase 
negative Staphylococci strains 20.7% had 
iMLSB, 26% had cMLSB  and 52.8% had 
D-test negative (MLSB).In a study 

conducted in Turkey, Yilmaz et al10 

showed that 24.3% were determined to 
have the inducible MLSB resistance 
phenotype and they added that when the 
Staphylococcus aureus and coagulase 
negative Staphylococci strains among all 
staphylococcal isolates were statistically 
compared, iMLSB  in coagulase negative 
Staphylococci strains was determined to be 
23% more positive.  
Clindamycin is indicated for the treatment 
of soft tissue infections, pediatric 
infections caused by Staphylococci, or for 
patients allergic to β-lactam agents11. 
Clinically, bacterial strains exhibiting 
MLSB have a high rate of spontaneous 
mutation to constitutive resistance, and the 
use of non inducer antibiotics such as 
clindamycin can lead to the selection of 
constitutive mutants and may result in 
clindamycin treatment failure. The 
emergence of MDR Staphylococci has left 
very few therapeutic options for clinicians. 
A therapeutic decision is not possible with-
out the relevant clinical and 
microbiological data. The increasing 
frequency of MRSA with in vitro inducible 
clindamycin resistance raises a concern of 
clindamycin treatment failures3. 
In vitro susceptibility testing for 
clindamycin may indicate false 
susceptibility by the broth microdilution 
method and by disk diffusion testing with 
erythromycin and clindamycin disks in 
nonadjacent positions. The true sensitivity 
to clindamycin can only be judged after 
performing D test on the erythromycin 
resistant isolates12. 
 
CONCLUSIONS 
 
The implementation of the D-test a simple, 
auxiliary method with routine antibiotic 
susceptibility testing, delineates inducible 
and constitutive clindamycin resistance. 
The high rates of occurrence of inducible 
resistance in the MRSA, MSSA and  
CoNS strains raise concerns that 
clindamycin treatment failures may occur 
with MSSA and coagulase negative 
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Staphylococci as well as with MRSA 
infection. Consequently early detection 
helps in the use of clindamycin only in 
infections caused by truly clindamycin 
susceptible Staphylococcus aureus and 
thus helps to avoid treatment failures.  
 
RECOMMENDATIONS 
 We recommend that microbiology 
laboratories perform erythromycin 
induction test on all ER-R CL-S 
staphylococcal isolates prior to reporting 
clindamycin susceptibility 
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EVALUATION 

ón‚íq  

@@
کانى   وه ره جياکه بو ده ست نيشانكردنى به رگرى ھاندراو بۆ كلينده مايسين له  D- testبه كارھێناني ڕێگاى 

Staphylococci@@
  

ئه .  زياد بووندايه   كه  روو له  كێشه يه Staphylococciکتريا  له به  انك بۆ دژه  زينده گيه رگری به -:پێشه كى وئارمانج
  انیك دژه  زينده گيهدووباره چاو پێخشاندن و گرنگى دان به  به كار ھێنانى وه ده بێته ھۆى 

B(MLSB)  Macrolide-Lincosamide-Streptograminه  له  Staphylococcusچاره سه ركردنى تووشبوون ب
aureus  .به رگرى بۆ كلينده مايسين له  Staphylococci  ه   له وانه يه جێگير يان ھاندراو بێت كه ده بێته ھۆى سه رن

هستيار  ھهى  وه    تاقيگردنه. كه ويتنى  چاره سه ر ده مايسين ل ۆ كلين ه وانه   ى ڕۆتينى ب ه  ي ه وتوون ه ده ست   سه رك بێت ل
اني ڕێگاى  ه كارھێن ه ب ه وه ب ره بدۆزرێت ه رگ ه م ب ه بێوسته ئ ده مايسين بۆي  -Dنيشانكردنى  به رگرى ھاندراو بۆ كلين

zone test  .  
ه  رينی منداڵان له ی ڕاپه  خوشخانه   نه  له  نجام دراوه  يه  ئه  وه  م توێژينه  ئه -:ه كولينێرێكێن ڤ ر، ل ه ولێ انگی   شاری ھ م

ه ه  تشرينی ي اداری  2009می   ك انگی ئ ا م ه  .Staphylococci spp  36, 2010ت اكراوه ل ه  130جي زی  نموون ی مي
زوه كان وکردنی ڕێره  ھه  منداڵان تووشبو به ه موو جياكراوه, ی مي ان شێکرانه ھ ه ڕێگای  وه ك ه تاقيکراوه   ب يی  وه کێلگه ن

ده  ده ست وه بۆ نه كان تاقيکراوه ھا ھه موو جياكراوه  روه کيميای ژيانی ستاندارو،ھه نيشانكردنى به رگرى ھاندراو بۆ كلين
  . D- zone testمايسين به به كارھيناني ڕێگاى 

ام ه نج ه -:ئ ۆی   ل اکراوه   36ک  ,Staphylococci ،16  Staphylococcus aureus )(56.3% MRSAى   جي
43.8% MSSA    

ه. بوو coagulase negative Staphylococci   20  وه ه  ب انی رێگه  ب ار ھێن ه  D-zone test ی  ک ۆ تاقيکردن وه ی    ب
ژه ه ڕێ ۆ كلينده ی ب دراو ب ه رگری ھان ين ل هنج ئه ، Staphylococci    مايس ت کان ده ام ان خس ه ري ای ب رگريکردن  توان

را  ين بين ده مايس ۆ كلين دراو ب هھان  coagulase negative  %35  وه MRSA 33.3% ، 14.3% MSSAل
Staphylococci .  

هله ده ست نيشانكردنى   D- zone testيه بۆمان ده رده خات گرينگى   وه  م توێژينه  ئه -:ده رئه نجام داراو   ب رگری ھان
  .به مه به ستى به كار ھێنانى باشترين چاره سه ر بۆ نه خۆشه كان Staphylococciکانى  وه ره مايسين له جياکه يندهبۆكل
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ó–þ©a@ @
@@óÕî‹ @ßbáÉnaD-test@@ 

@@óî†íÕåÉÜa@paŠíÙ¾a@pýÉÜa@À@@μïîbà‡åïÝÙÜ@òÑa@óàìbÕ¾a@@æÈ@Ò“ÙÜ(Staphylococci)@@
@@

szjÜa@Óa‡èaì@óïÑÝ‚ZM@@ìbÕà@¶a@ñ†üî@@b¿@@ò‡Èb—nà@óÝÙ“à@óîíï¨a@pa†b›áÝÜ@óî†íÕåÉÜa@paŠíÙ¾a@óà@@@óÈíáª@ßbáÉna@À@‹ÅåÜa@ò†bÈa
@@@óîíï¨a@pa†b›¾aMacrolide-Lincosamide-Streptogramin B (MLSB)@@bîÙji@pbib–a@ó§bÉà@À

Staphylococcus aureus@@N@À@μïîbà‡åïÝØ@ñíï¨a@†b›áÝÜ@óàìbÕ¾a@ça@@@@@@‡Ô@Üaì@òÑ«@ìa@ónibq@çíÙm@bàa@óî†íÕåÉÜa@paŠíÙ¾a
ðuþÉÜa@Þ“Ð@¶a@ñ†üî@@N@@@@Ób“nØa@À@Þ“Ñm@‡Ô@b·Š@óïåïmì‹Üa@óÕî‹Übi@μïîbà‡åïÝÙÜ@@óïb¨a@Šbjn‚a@óïuíÜíîbiì‹Ùîb¾a@panƒ¾a@À

@μïîbà‡åïÝÙÜ@òÑa@óàìbÕ¾a~óub¨a@kuìa@a‰Ü@a‡ƒndi@óàìbÕ¾a@ò‰è@Ób“nØýŠbjn‚a@@ã@ID-zone test@H.@@
szjÜa@×‹ ZM@@ÞïiŠa@óåî‡à@À@ßbÑ ŁÜ@æî‹iaŠ@ôÑ“nà@À@óaŠ‡Üa@ë‰è@oî‹ua@@~@@@@ßìýa@æî‹“m@μi@bà 2009@Šaˆaì 2010@N@@ßÈ@36@

æà@@óî†íÕåÉÜa@paŠíÙ¾a@æà@óÜÈ130@óïÜíjÜa@ñŠba@lbénÜbi@μib—¾a@ßbÑ ýa@æà@oÉ»@@ŠaŠ†ýa@óåïÈ@N@ýÈ@Êï»@o—ƒ’@@paŠíÙ¾a@p
@@@óïbïÕÜa@óïuíÜíîbiì‹Ùîb¾a@paŠbjn‚ýa@óaíi@@êî†íÕåÉÜa@N@@@@@ñíï¨a@†b›áÝÜ@êïb¨a@oî‹uaI@@@μïîbà‡åïÝÙÜ@òÑa@óàìbÕà@H@@ôÝÈ

@@@@óÕî‹i@óÜìÉ¾a@bîÙjÜaID- zone testHN@@
w÷bnåÜaZM@@Þ–a@æà@ça@w÷bnåÜa@p‹éÄa36@@@óî†íÕåÉÜa@paŠíÙ¾a@æà@@óÜÈ16@oäbØ@óÜÈ@@@

Staphylococcus aureus@(56.3% MRSA, 43.8% MSSA) @@@ì20@oäbØ@óÜÈ@@
@coagulase negative Staphylococci@N@ça@w÷bnåÜa@oåïiì33.3%@MRSA@~14.3%@MSSA@@ì35%@coagulase 

negative Staphylococci@@@Šbjn‚ý@ójuíà@oäbØD-zone test@I¾aμïîbà‡åïÝÙÜ@òÑa@óàìbÕNH@@
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ABSTRACT  
 
Background and objectives: The increase concentrations of serum protein pentosidine in diabetes are generally 
accepted to be a consequence of hyperglycemia. Offspring of individuals with type 2 diabetes mellitus are 
known to have increased risk for hyperglycemia state and metabolic abnormalities .Our aim was to determine 
serum pentosidine levels in subjects with positive family history of diabetes mellitus in an attempt to investigate 
its state towards risk of metabolic disease. 
Methods: A case-control study design was conducted on 202 apparently healthy subjects (aged 20-40 years). 
Among these, 100 subjects (50 sons and 50 daughters) were offspring of individuals with type 2 diabetes 
mellitus. The remainders were 51 males and 51 females of comparable age and sex selected from the staff and 
students of Medical College.  Inclusion criteria were negative family history of diabetes mellitus. At the 
baseline, the demographic data was collected, and then a blood sample was taken in fasting state to measure 
serum pentosidine, glucose, lipid profile and uric acid. Oral glucose tolerance test was performed. Insulin levels 
were measured and homeostatic model assessment-insulin resistance was calculated. 
Results: Serum pentosidine levels were significantly higher in the subjects with positive family history of type 2 
diabetes mellitus  as compared to those with negative family history (serum pentosidine ng/ml, 33.8  Vs 19.4). 
There were positive relationship between serum pentosidine and metabolic risk factors. A highly significant 
correlation between serum pentosidine and insulin resistance was observed (r=0.557, p<0.001). Pentosidine 
determination appear to be a good screening method for risk  evaluation of metabolic disease since it presents 
high specificity (94.1%) and sensitivity (54.0%) values with an area below the ROC curve =0.821,( 95% CI  
0.761-0.872). The positive and negative predictive value was 90 and 67 respectively.  
Conclusion: We concluded that determination of serum pentosidine is a good screening method for metabolic 
risk stratification among offspring of individuals with type 2 diabetes mellitus 

Duhok Med J 2012; 6 Suppl 2:160-169. 
Key words: Pentosidine, Diabetes Mellitus 
 

 

entosidine is one of the few 
chemically characterized advanced 

glycation end products, is generated by 
non-enzymatic glycation and oxidation of 
protein.1The increase concentrations of 
serum protein pentosidine in diabetes are 
generally accepted to be a consequence of 
hyperglycemia.2,3 Results from the Iraqi 
study which  investigated Arab population, 
showed an impaired glucose tolerance 
(IGT) and previously undiagnosed diabetes 
(PU-DM) prevalence of 17.8% and 3.7%.4  
In North Iraq, most recent study estimated 
that 14.3% and 10.9% of the Kurd 
population had IGT and PU- DM 
respectively .5 Offspring of individuals 
with type 2 diabetes mellitus (type 2 DM) 

are known to have increased risk for 
hyperglycemia state and metabolic 
abnormalities.6 Hence, it is essential to 
know the concentration of serum 
pentosidine in individuals at a high risk 
category for developing type 2 DM; i.e. 
first –degree relatives of type 2 DM and to 
investigate its state towards risk 
stratification of metabolic disease. 
 
METHODS 

 
This study included one hundred subjects 
with positive family history of type 2 DM. 
They were 50 sons and 50 daughters  
offspring of individuals who attended the 
Duhok Diabetes Center, who were 

* Department of Clinical Biochemistry, College of Medicine,Faculty of Medical sciences, University of Duhok.
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diagnosed with type  2 DM ; and one 
hundred two subjects (51 males and 51 
females) of comparable age and sex, who 
were with negative family history of 
diabetes served as a control group . A 
protocol involved that, all individuals 
diagnosed as type2 DM , randomly (every 
third) were interviewed and informed 
about the nature of the study and asked to 
bring their first degree relatives (sons or 
daughters) at the range of 20-40 years in 
fasting state for at least 12 hours. The 
study protocol was approved by the ethical 
committee of the General Directorate of 
Health in Duhok Governorate. 
At the beginning, a total of 183 subjects 
were participated in the study. After 
exclusion of 83 respondents who were 
with a BMI>27 or <20 Kg/m2, non-
fasting, as well as those who had an acute 
infection that required antibiotic therapy, 
the remainder were enrolled in the study. 
After obtaining the demographic data, 
fasting blood samples were obtained from 
the subjects and pentosidine, glucose, 
triglycerides, high density lipoprotein-
cholesterol and uric acid levels were 
estimated.   Oral glucose tolerance test was 
performed. Insulin levels were measured 
and homeostatic model assessment-insulin 
resistance was calculated according to the 
formula adopted by Esteghamati et al.7 
Monobind  microplate ELISA test was 
used for the quantitative determination of 
pentosidine and insulin levels. Serum 
concentrations of glucose, lipid profile and 
uric were measured by clinical chemistry 
Auto Analyzer ,KENZA. TX .The blood 
pressure was measured in the right arm in 
supine position;  3 readings were taken and 
the mean value of the 3 readings was taken 
as the final recording. The waist 
circumference was measured using a 
plastic metric tape applied midway 
between the lower costal margin and the 
iliac crest. The offspring of individuals 
with type 2 DM were classified into two 
groups: metabolically obese normal weight 
(MONW) and non-metabolically obese 
normal weight (non-MONW) according to 

the established criteria for identifying an 
MONW individual.8 Statistical analysis 
was done by using the SPSS software 
version 18.0. 
 
RESULTS 

 
The characteristics of the study subjects 
are presented in (Table 1). Substantial 
differences in most the variables examined 
were observed. Serum pentosidine levels 
were higher in subjects with positive 
family history of type 2 DM than in 
negative family history group at a cutoff 
value of 29 ng/ml , the prevalence of 
hyperpentosidinemia  was 60% Vs 8.8% 
(Figure 1).There were positive 
relationships between serum pentosidine 
and metabolic risk factors (Table 2). A 
highly significant correlation between 
serum pentosidine and insulin resistance 
was observed (r=0.557, p<0.001.) ,  
(Figure 2) .Pentosidine at a maximum 
cutoff value of 29 ng/ml appear to be a 
good screening method for risk  evaluation 
of metabolic disease since it presents high 
specificity (94.1%) and sensitivity 
(54.0%), values with an area below the 
ROC curve =0.821,( 95%  CI  0.761-
0.872). The positive and negative 
predictive value was 90 and 67, 
respectively. The extrapolation of data to a 
ROC curve is shown in (Figure 3). 
Subjects who classified with MONW had a 
higher pentosidine levels as compared with 
non-MONW group (Table 3). 
 
DISCUSSION 

 
This study has provided definitive 
evidence for the first time that offspring of 
individuals with type 2 diabetes mellitus 
had hyperpentosidinemia, but no evidence 
of Body Mass Index abnormality. These 
subjects had increased levels of insulin and 
had impaired insulin sensitivity and had a 
high prevalence of MONW as compared to 
those in the negative family history group. 
In prospective study of non- diabetic 
offspring of type 2 diabetes patients,  
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hyperinsulinemia, and impaired insulin 
sensitivity with increased levels of 
fructosamine and glycated hemoglobin 
(HbA1C) had been suggested.9 Our data 
showed that pentosidine is related with 

majority of MONW parameters and a 
significant positive correlation between 
pentosidine and insulin resistance was 
observed.  

 

Table 1. Subject characteristics 
 
Variable                         Positive family history    Negative family history         P-value 
                                         of type 2 DM                   of type 2 DM 

Number                                       100                              102 

Age (years)*                              25.0+5.1                    24.4+3.1                               NS 

Male sex**                                 50(50.0)                      51(50.0)                             NS 

Body mass index (kg/m2)*      24.1+2.2                    22.9+1.9                                NS 

Waist circumference (cm)*      80.4+10.5                  75.1+10.3                            NS 

Hypertension**                        29(29.0)                     4(3.9)                                  <0.001 

(BP>135/85 mm/Hg) 

Diabetes mellitus**                  10(10.0)                     1(0.98)                               <0.001 

FSG>126mg/dl) 

Impaired fasting glucose**     14(14.0)                     1(0.98)                               <0.001 

 (FSG 100-125 mg/dl) 

Dyslipidemia**                         33(33.0)                     7(6.8)                                 <0.001 

(Serum triglycerides>150mg/dl+ HDL- ch<35 mg/dl) 

Hyperuricemia **                      6(6.0)                       2(1.96)                                NS      

 (Serum uric acid>7.0 mg/dl) 

Fasting Insulin(µIU/ml)*           8.4+2.1                     4.9+2.6                               <0.001 

HOMA-IR *                                2.0+0.7                     1.1+0.6                               <0.001 

Serum pentosidine (ng/ml)*     33.8+12.8                 19.4+6.6                              <0.001  

Prevalence of MONW**            65(65.0)                   2(1.96)                                 <0.001 

 

*Mean ±SD, ** n(%), NS: p >0.05 

 
Table 2. Correlation analysis of pentosidine with metabolic risk factors  

Variables                                              r                              P-value 

<0.01 0.202 Age in years  

<0.01 0.293 Body mass index  

<0.001 
<0.01 

0.328 
-0.209 

Waist circumference 
Hypertension 

<0.01 0.170 S. triglycerides  

<0.01 -0.257 S. HDL- cholesterol  

<0.01 0.234 Fasting S. glucose  

<0.01 0.194 S. uric acid 

<0.001 0.509 Fasting insulin  

<0.001 0.557 HOMA-IR  
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Table 3.  Mean+ SD of clinical and biochemical data of MONW and non- MONW subjects  
 

P. value Non- MONW  MONW  Variable 

<0.01  25.9 ±4.4  27.6  ±5.4 Age (year) 
 

< 0.05 
<0.01 
<0.05 

23.4±2.1 
76.4±7.1 

92.8 ± 48.4 

24.4±2.1 
84.4±8.7 

103.2 ±56.1 

Body mass index (kg/m2) 
Waist circumference 
(cm) 
S. triglycerides    (mg/dl) 

<0.01 40.2 ± 10.3 37.9 ± 9.5 S. HDL- cholesterol (mg/dl) 

<0.001 88.4 ± 13.2 107.8 ±40.6 Fasting S. glucose (mg/dl) 

< 0.01 3.8 ± 0.9 4.2 ± 1.1 S. uric acid (mg/dl) 
<0.001 5.9 ± 1.6 10.8 ± 2.6 Insulin (µlU/ml)   
<0.001 1.2 ± 0.3 2.8 ± 1.1 HOMA-IR* 
<0.001 22.3 ± 5.3 40.0 ± 11.3 S. Pentosidine (ng/ml) 

 
Figure 1.  Distribution of  serum protein pentosidine in positive and negative family history of type 2 

diabetes    (          Positive,            Negative      ). 
 

 
Figure 2. The correlation between serum pentosidine and insulin resistance 
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This finding represents an important 
extension of previous finding that ethnic 
groups with high propensity for diabetes 
are markedly hyperinsulinemic with 
fasting glucose within the normal 

range.10Indeed, fasting hyperinsulinemia 
known to reflect decreased insulin 
sensitivity and decreased insulin secretion 
together constitute the strongest 
independent predicator of type 2 diabetes. 

ROC Curve
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Figure 3. ROC  Curve  showing  that  trade- off  between  sensitivity ( true positivity) and 100- specificity 

(true negativity) for serum protein pentosidine level (ng/ml) when used as a test for difference between 
positive family  history of type 2 diabetes and negative family history. 

 
The mechanisms for the increased 
pentosidine among the offspring of 
individuals with type 2 diabetes mellitus 
are not clear.11 Glycated insulin has been 
identified in the pancreas of normal and 
diabetic animal models; the process of 
glycation in the beta cell is rapid and 
occurs in a time- and concentration- 
dependent manner.12 Glycated insulin has a 
reduced ability to regulate plasma glucose 
homeostasis in vivo and to stimulate 
adipose tissue lipogenesis or glucose 
uptake and oxidation by isolated 
diaphragm and abdominal muscle in 
vitro.13,14  
Studies in healthy human volunteers using 
the hyperinsulinaemic euglycaemic 
glucose clamp technique suggest that 
glycated insulin contribute to insulin 
resistance in type 2 diabetes mellitus.15 
The same process may occur in the body, 
and final result of this reaction is 

pentosidine. Pentosidine accumulates over 
time, and pentosidine formation and 
accumulation is greatly accelerated with 
high levels of circulating sugars and 
oxidative stress. It has been reported that  
 
the increased concentrations of pentosidine 
found in diabetes are generally accepted to 
be a consequence of hyperglycemia.16  
However, still permissible to speculate that 
accumulation of pentosidine in various 
tissues may contribute to insulin resistance 
which associated with a number of clinical 
and metabolic abnormalities.   Pentosidine 
is a highly sensitive marker for all 
advanced glycation end products. Serum 
levels of this so- called senescence cross 
link were found to be raised in patients 
with diabetes mellitus and more overtly in 
renal failure.17 However, none of these 
reports directly investigated the level of 
serum protein pentosidine in first degree 
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relatives of type 2 diabetics and in MONW 
subjects.  
The present study (a case- control study) 
reports on the levels of serum pentosidine 
of first- degree relatives of type 2 diabetics 
affected by MONW parameters. The 
results of this study showed that there were 
significant differences between MONW 
and non- MONW groups concerning the 
pentosidine. The most often approach for 
assessing the risk of diabetes, particularly 
in large population studies, is the high risk 
approach that usually includes first degree 
relatives of type 2 diabetic patients; Thus, 
this study was conducted on two identities, 
MONW and first degree relatives of type- 
2 diabetic patients, both are being under 
more attention in the scientific research as 
both are young, less likely to undergo 
medical intervention, more likely to 
benefit from medical interventions and 
when combined together, are less likely to 
be detected because of their apparently 
normal weight.  
To determine the risk stratification for 
serum pentosidine in first- degree relatives 
of diabetics, ROC curve analysis was 
tested according to the trapezoidal rule.18 
At a cut- off value of  29 ng/ml, a good 
specificity and positive predictive value 
was observed. This finding likely indicated 
that changes in serum protein pentosidine 
level are related to MONW parameters in 
offspring of individuals with type 2 
diabetes mellitus. It must be noted that the 
present study has limitations. First, the 
study involved a small number of subjects 
and the results must be confirmed in a 
large sample. Insulin resistance has been 
measured indirectly only, although good 
correlation between HOMA insulin 
resistance and the values of serum protein 
pentosidine was obtained.   Glycated 
hemoglobin (HbA1C) was not used as 
variable in the present study by reason of 
only 10 subjects were previously 
undiagnosed asymptomatic diabetes 
mellitus. Whatever was the reason or 
defect, the present study agrees with 
previous studies that off spring of type 2 

diabetics are at increased level of AGEs. 
Further studies of large population 
including different level of relatives of 
type 2 diabetic patients should be 
investigated.  
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ABSTRACT  
 
Objective: To assess the effect of a Levonorgestrel releasing intrauterine system in the management of heavy 
and   irregular menstrual bleeding. 
Design:  A prospective study. 
Setting: The cases were collected from a private clinic in Dohuk city/ Kurdistan Region.  
Methods:  Sixty patients with a failed trial of medical therapy and awaiting   hysterectomy were treated with a 
Levonorgestrel Intrauterine System (LNG-IUS). The menstrual loss was estimated by the number of sanitary 
protection devices used and the degree of staining. Further assessment was made by   any concomitant 
menstrual clots, flooding and the associated dysmenorrhoea that affecting their life or job. The follow- up was 
carried out at 3 months (first visit), 6 to 9 months (second visit) and up to 5 years period.  
Results: Out of the 60 patients, 45 were pleased with the results of using the LNG-IUS. There was no expulsion 
at the time of insertion. During the follow-up, LNG-IUS was prematurely removed from 8 patients before the 
1st visit due to different side effects (pain, backache, continuous vaginal bleeding) and 5 patients did not attend 
at all. Around the end of the first year, 2 patients had their removal because of bleeding problems. Most of the 
patients had unscheduled bleeding for six to eight weeks post-insertion. Amenorrhoea was seen in 10 patients 
and the improvement of the premenstrual syndrome recorded in 70%, with a satisfaction rate of 75%. The 
reduction in dysmenorrhoea was in 85% of the patients.  
Conclusion: The  LNG-IUS is  an  effective  nonsurgical  treatment  for  the  management of heavy and 
irregular  menstrual bleeding and dysmenorrhoea, with  high  rates  of  continuation   and  satisfaction,  low rates 
of side-effects and  complications  that  has  an  additional  benefit  as  a contraceptive  and in  relieving  of  
premenstrual  syndrome. 
               Duhok Med J 2012;6 Suppl 2: 169-177. 
Key words: Levonorgestrel, heavy menstrual, vaginal bleeding 
 

 

eavy menstrual bleeding (HMB) is 
defined as excessive blood loss 

(over several consecutive cycles).It is now 
the preferred  description for  
abnormalities of  blood loss, due to some 
confusion over the various  terminology  
used for abnormalities of  menstrual blood 
loss. It has replaced the older term 
‘Menorrhagia’. HMB is a major  clinical  
problem, with significant effects on the 
quality of women’s life .1,2,3 The objective 
definition of HMB is a blood loss of 
greater than 80 ml per menstruation, but it 
is usually women’s perception  of  their 
own bleeding which dictates referral  and 
subsequent  treatment. 4,5 

    HMB affects  one  in three women of  
reproductive  age .5,6 In the UK, around  

1.5 million women per year consult  their 
general  practitioner with    menstrual 
complaints.6 It accounts for around 12% of  
all  referrals  to  gynecology outpatients  in 
Australia and other Western countries. 7 

The causes of HMB are: fibroids, polyps , 
coagulopathy, malignancy, thyroid  
disease, pelvic infection, arteriovenous  
malformations, iatrogenic (drugs, copper 
intra-uterine devices) and  bleeding of  
endometrial  origin, which  has  previously  
been  termed  as ‘Dysfunctional  Uterine  
Bleeding’ (DUB).8  
Various treatments for HMB with no 
organic causes (endometrial origin) have 
been used. Medical therapy in form of  
(Antifibrinolytics, Prostaglandin 
synthetase inhibitors, Combined oral  
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contraceptive pills and  Norethisterone) 
has  limited   effectiveness, due  to  poor  
patient  compliance,  adverse  side   effects 
and the cost of medications. 5-8 

Hysteroscopic endometrial ablation has 
proved to be an attractive option but can be 
technically difficult and may  result in 
serious complications .8,9 Hysterectomy is 
associated with  significant morbidity 
expense, prolonged hospital  stay and  
recovery  time  .9 
One of the treatment option emerged in the 
last years for the management of HMB is a 
Levonorgestrel-Releasing Intrauterine 
System Mirena®‚ (LNG-IUS). The Mirena 
has a capsule containing Levonorgestrel 
52mg around its stem which releases a 
daily dose of 20 micrograms of hormone. 
Used originally as a contraceptive method. 
It causes atrophy of the endometrial  
glands, decidualisation of the stroma, 
thickening of the cervical  mucus and 
desensitization of the endometrium to 
estrogen, so it is an excellent alternative to 
surgery for a women with  HMB who  also 
seek  reliable  long-acting  reversible  
contraception with an effective lifetime of  
5 year .5,10 

The  use  of  LNG-IUS  is  associated  with  
little  or  no vaginal  bleeding. 
Randomized controlled trials show that 
Mirena will reduce menstrual loss  by up 
to 96% after 1 year but that full benefit 
may not be seen for 6 months of insertion. 
11,12 Another study revealed a reduction in  
menstrual  blood loss  by  up  to 90% with 
85% satisfaction,[13]  there is a significant 
reduction of clotting,flooding,less anaemia 
and improve the quality of life .14 
As  its  action  is  local, progestogene -
related  side  effects(abdominal pain, 
mastalgia, weight gain , backache, 
headache, anxiety) are much  less  than  
with  oral  agents .15Women  should be  
fully  counseled  that  they are  likely to 
experience unscheduled spotting/bleeding 
during the initial months of use .16,17In UK 
study ,10.5% of new cases of  LNG-IUS 
ceased  use by the end of  the  first  year  
owing  to bleeding  problems.  18 Primary 

and secondary dysmenorrhoea are greatly 
reduced with using this system, in addition 
to its effect for the improvement of the 
premenstrual syndrome. 19  
The  LNG-IUS  may  be  inserted  in  the  
outpatient  setting  and requires   change   
every  5 years ,the expulsion  rate is low 
(2-5%) but is more likely to occur in the 
few weeks after fitment. 5 
The LNG-IUS is licensed for 
contraception, treatment of  HMB , DUB, 
dysmenorrhoea  and  a part  of   hormone  
replacement  therapy  (HRT)  regime in 
conjunction  with  systemic  estrogen, by  
providing  endometrial  protection.20 
   
 METHODS  

 
    Ethical  approval  for the study was 
obtained from  the  Human  Research   
Ethics Committee  a  Directorate  General  
of  Health –Duhok Governorates.   The  
consent  form  had  applied  for  each  
patient  in  the  study. 
    Sixty eight patients were recruited into 
the study over a period from January 2004 
till January 2009, at private clinic in 
Duhok city/ Kurdistan region of Iraq. The 
study concentrated on 60 patients of them 
with menstrual disorders, the other 8 
patients were excluded as the insertion was 
purely for contraception reasons. 
    Most of the patients had tried one or 
more forms of medical treatments   which 
are used for this problem. The majority 
received a combination of   prostaglandin   
synthetase   inhibitors   and   
antifibrinolytic   drugs. 
   The  age range  was  28  to 53 years  
(mean 39.8years; median 40 years); 58 of  
the  patients  were  parous  and  2 
nulliparous; 9 patients  had  been  
sterilized; 44  were using  barrier with  
natural methods  and 7 were not sexually  
active. 
Assessment of  the menstrual  blood loss 
was  estimated  by the number of   sanitary  
protections  used, the   degree  of  staining,  
concomitant  menstrual  clots,  flooding, 
soiling  of  the  under-wears  and  cloths 
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which might affect the normal  life. All 
patients were asked about   associated   
symptoms like    dysmenorrhoea and deep 
dyspareunia. Vaginal  ultra-sound  
scanning  was performed  for all  patients 
to assess  the  endometrial  thickness  and  
to  exclude  any  obvious organic causes. 
Endometrial  sampling  was done  to 
exclude  premalignant  or  malignant  
changes and a note  was  made  about  the  
length  of  the  uterine  cavity. 
    The LNG-IUS (Mirena; Schering, 
Bayer, Finland), was inserted aseptically at 
the end of a menstrual period. The degree 
of  difficult  was  recorded  as  either  
being  easy, moderate  or  difficult  and  
whether  local   anesthesia  was  necessary  
for  insertion  of  the  device. If required, 
10 ml of local anesthetic gel was inserted 
into the cervical canal for minutes before 
insertion of the LNG-IUS. [14] 
     Each  patient  was reviewed  at  three  
months(first visit), between  six and  nine 
months (second visit) , then  follow- up 
until 5 years. Each  patient  was   asked  to  
use  the  same  sanitary  protection  
throughout  the  study  to  standardize the 
observed  loss. The percentages were 
calculated according to the intention-to-
treat model. 

RESULTS 
 
 
  

In most parous women (n =54) LNG-IUS  
insertions  were  classified as  easy, with  
only  2  recorded  as  moderately  difficult  
and  2  as  difficult. In  nulliparous  women  
1  insertion  was  considered  easy  and  1 
moderately difficult. Local anesthesia was 
necessary in 2 parous patients. There was 
no expulsion of the device during 
insertion. 
Of  the  60  patients, 48 (80%) had  the  
device inserted for regular  heavy  periods, 
11 (18.3%)  for  irregular  heavy  periods  
and 1 (1.7%) for inter-menstrual  bleeding. 
Forty-two (70%)  of  the  60 patients  had  
tried other medical therapies  for menstrual 
dysfunction before the insertion  of  LNG-
IUS in the following categories: 29 (48%) 
having tried one form of medical 
therapy,12 (20%) having tried two forms 
and 1 (2%) having tried  three  types. 
Eighteen (30%) had the LNG-IUS inserted 
as first-line management. (Table 1) shows 
the different types of medication used prior 
to loop insertion. 

 
Table 1 .  Previous   medical   management   of   menstrual   dysfunction 
 

Medical  treatment         Number of women (%) 

Progestogens                  25 (36)  

Tranexamic acid              15 (22)      

Non-steroidal anti-inflammatory drugs                                    19 (27)      

Combined oral contraceptive      10 (14)      

Hormone replacement therapy      1 (1)  

Total                                                            70 

 
Thirteen (13)  women  were  withdrawn  
from  the  study  just before  the  first visit: 
five (5) did not attend the follow up; the 
device was removed in eight (8): three (3) 
because of severe lower  abdominal  pain  
and  backache, two (2)  had   spontaneous  
 

 
expulsion of the device during their heavy 
cycle and both asked to be put on the 
waiting list for surgery, three (3) found the 
unscheduled loss  unacceptable  and 
requested  the  removal of  the  device; 
(although most of the patients experienced 
some unscheduled bleeding and requiring 
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the  use  of  sanitary  protection  during   
the  first  six  to  eight weeks post-
insertion),one ended with hysterectomy 
and  GnRH  analogues  were given  for the 
2 others( as this kind of medication was 
not tried before). After a mean period of 
10.5months (range 9–12 months) two 
patients continued on  
having the vaginal bleeding, there was no 
respond to the device for which removal 

was mandatory and they ended with 
hysterectomy. For the sake of pregnancy, 2 
patients requested the removal of the 
system after mean period of 18 months. 
(Table 2).The remaining 43 (71.7%) 
women continued their follow up regularly 
and were pleased with the results. The 
mean duration of use was 51 months 
(range 42 to 60 months).During the follow 
up: 10 (16.7%) became amenorrhoeic, 26

 
Table 2  . Reasons for discontinuation of   LNG-IUS 
 
Case      Insertion-removal       Reasons for dissatisfaction                              Treatment 
                      Interval 
 
Before the 1st visit: 

1                 2 months                    Pain, backache.                                                   Nil 

2                 2 months                    Pain, backache.                                                   Nil                                                                       

3                 2 months                    Pain, backache.                                                   Nil 

4                 2 months                    Heavy bleeding (expulsion)                     Hysterectomy 

5                 2 months                    Heavy bleeding (expulsion)                     Hysterectomy                         

6                 2 months                    Spotting continuous bleeding                  GnRH analogues 

7                 2 months                    Spotting continuous bleeding                  GnRH analogues 

8                 2 months                    Spotting continuous bleeding                   Hysterectomy 

After the 2nd visit: 

9                 9 months                    Continuous bleeding                                 Hysterectomy 

10              12 months                   Irregular heavy spotting                            Hysterectomy 

11              16 months                   Wanted pregnancy                                              Nil 

12              18 months                   Wanted Pregnancy                                              Nil 

 

 (43.3%) described occasional bleeding 
and 7(11.7%) had regular cyclical 
bleeding. It was apparent that there was a 
considerable reduction in menstrual blood 
loss (oligomenorrhoea). 
The removal rate as a result of bleeding 
causes was 7 (11.7%) and 5(8.3%) for 
other causes. Important observation was 
that 85% of patients had a reduction in the 
associated dysmenorrhoea, With 70% 
improvement in the premenstrual 
syndrome. 

Regarding the adverse  effects experienced  
by the patients; 22 (47%) reported  various 
adverse  effects;  some   had  more  than  
one  as  shown  in (Table 3).   
Weight gain was the most common 
reported symptom 16 (34%) of  the  60 
women: 45 (75%)  women  felt  they  
would  like to  use  a  LNG-IUS again, 10 
(17%) would not (including those who had 
it removed) and 5 (8%)  were  unsure. 
(Table 4) 
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Table 3   .Adverse   effects   experienced while Levonorgestrel releasing Intrauterine System   in situ   
after the 1st visit 
 
Adverse  effects                                             Number  of  women             
                                                        Increased            Decreased             Unchanged or nil 
 

Abdominal pain                                    8                        19                           20 

Mastalgia                                                3                        17                           27 

Headaches                                              6                        15                           26 

Weight increase (1–5 kg)                    10                         0                             0 

Weight increase (6–10 kg)                   6                          0                             0 

Weight increase (>10 kg)                     0                          0                           31 

Anxiety                                                  5                          7                           35 

Backache                                               4                          8                           35 

Nausea                                                  4                          0                           43 

               

Table 4. Satisfaction rates with levonorgestrel releasing intrauterine system       
                                                 
                                                              Number of women (%)  

 

Satisfied                                                  45 (75)         

Dissatisfied                                                           10 (17)                        

Uncertain    5 (8) 

 

DISCUSSION  
 

In the current study, there was no 
expulsion noticed for the device 
spontaneously at time of insertion. This 
finding was in contradictory to the results 
reported by Crosignani PG et al. and 
Barrington JW with a high rate of 4-8% 
and 12% of expulsion respectively, 12,13 
and to 1% in another study in Newzealand. 
7  Our finding  of  3.3% expulsion  rate at 
the second month  of insertion  was  
similar to  2-5%  rate in UK which 
occurred in the few weeks after fitment. 5 
Regarding the use of medical therapies, 
70% of the patients had tried other medical 
therapies for menstrual dysfunction before 
the insertion of LNG-IUN, and 30% had 
the device inserted as first line of 
management, this result was contrastive to 
the study had done in Newzealand, where 
49% of patients had tried medication prior 
to insertion and 51% had the device 

inserted as first line of management. 7 

Another study in UK, 48% had a direct 
insertion for the device as a first mode of 
management for DUB, with medical 
therapies in 52% of the patients. 21 
Excessive and/or continuous vaginal  
bleeding was the most common   
indication for  removal  of  the  device , 
our finding 11.7% was in agreement with 
the results of  Finnish  study 16, but  was  
contrasting to the finding  had seen in  
Palmerston North Hospital in  Newzealand 
,with a low rate of 7% removal of the loop 
as a cause of continuous bleeding , 7 and to 
a high rate of 16.7% in UK .8,18 
It was thought that  adverse hormonal side-
effects were experienced  most commonly 
in the first year after insertion, but  there  
were  reports of  higher rates of them with  
prolonged use of the  LNG-IUS. However, 
they rarely led to premature  removal of 
the device .16,17 The  total  incidence  of  
side-effects  that  has been described  by 
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Lahteenmaki P et al, was 56%.18 In 
Palmerston North  Hospital, 36 patients  
out of  69(52%)  reported  that  they  had  
experienced  adverse  effects  that  might 
be  considered  hormonal, one patient  
cited  a possible  hormonal  side-effect 
(migraine) as an indication for removal of 
the system. 7 These  were  not  
corresponding  to the current  study in 
which , 47%  was the total  incidence  of  
side effects. Weight gain was the most 
common one noticed by users as 34%.    
Amenorrhoea was noticed in 16.7%  of 
women, Oligomenorrhoea  in 55% (either 
in form of regular cycles with less blood or 
occasional bleeding).This finding disagree 
with  65% oligomenorrhoea  rate  in  a 
study  by Crosignani  PG  et al, 13 and rates 
of  amenorrhea of  8%  and 12%  in others  
studies  had been previously   published   
by Barrington  J W  and  Da Silva MO. 
13,15 the  same  difference  with  another  
study  that  64%   oligomenorrhoea  and  
29%   amenorrhea   which  had  been  
published  later  in  Australia  and  
Newzealand .7 
This study had demonstrated a 
continuation rate for LNG-IUS  of  71.7%, 
which disagreed with 50% found by Rani  
Nagrani C. et al. 22About the satisfaction 
rate, 75% of our patients had reported 
satisfactory respond to the device ,these 
finding where in congruent with the 
findings reported by Palmerston  North  
Hospital 76% 7 and Crosignani  PG et al, 
72%.[13]A high rate of satisfaction  had  
reported by  Lahteenmaki P et al, 80%.15  
The average age of women in this  study 
was  40  years and therefore the device  
would only  need  to  be changed  once  or  
twice at  the  most before the  end  of  
naturally  occurring  period. 
 
CONCLUSION  
In conclusion, the LNG-IUS offers a 
simple and effective alternative to surgical 
treatment for abnormal and heavy vaginal 
bleeding with a concomitant reduction in 
surgical morbidity and mortality. In 
addition to its benefit in relieving 

dysmenorrhoea and premenstrual 
symptoms for women in our region. With 
high rates of continuation, satisfaction and 
low rates of side-effects and 
complications. 
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ABSTRACT  
 
Background and Objectives Mesenchymal stem cells (MSCs) are pluripotent adult stem cells residing within 
the bone marrow (BM) capable of self renewal, production of large number of differentiated progeny and 
regeneration of tissue.  This study aimed to isolating and culturing of  the BM-MSCs from albino rats and 
detecting of the phenotypic nature of rat MSCs. 
Methods The BM was collected from young male white rats and separated by gradient centrifugation, then the 
mononuclear cells (MNCs) were retrieved from the buffy layer and cultured in Modified Eagle,s Medium 
(MEM) supplemented with 10% Fetal calf serum (FCS) and incubated at 37Cº and 5% CO2. Then 
immunophenotypic analysis of MSCs were detected by using CD markers (CD 11b, CD34, CD71 and CD90).                                
Results After 10-12 days of primary culture, the MNCs derived MSCs was duplicating rapidly and showed 
fibroblast like morphology appearance. By the end of the second week the adherent cells formed monolayer 
which expanded by two passages. The results of immunophenotypic analysis of MSCs indicated that most of 
them express positive response for CD71, CD90 and negative response for CD11b, CD34. 
Conclusion: The results of the present study indicate the major population of adherent cells are MSCs and these 
cells are positive for CD71, CD90 the MSCs specific markers, and negative for heamtopoeitic specific markers 
(CD11b, CD34) . 

Duhok Med J 2012; 6 Suppl 2:178-185. 
Key words: Bone marrow stromal cells, Proliferation, Immunocytochemistry analysis, In vitro. 
 

 

tem cells have been regarded as 
undifferentiated cells capable of 

proliferation, self-renewal, and production 
of a large number of differentiated progeny 
1. Bone marrow (BM ) can be collected 
from adults and used for transplantation 
without posing ethical questions or 
creating problems of tissue matching and 
rejection 2. BM transplantation is normal 
operation which is used for treatment of 
many diseases 3. There are at least two 
populations of adult stem cells that have 
been identified in the BM which 
represented by hematopoietic stem cells 
(HSCs) and mesenchymal stem cells 
(MSCs). MSCs are pluripotent adult stem 
cells residing within the BM 
microenvironment, it has an adherent 
nature and expandable in culture and can 
be differentiated into osteoblasts, 
chondrocytes, neurons, skeletale muscle 

cells and cardiomyocytes 4. 
Identification has relied on morphological 
and molecular indications of functions, 
such as expression of specific enzymes. 
The surface of every cell in the body are 
coating by specialized proteins called 
receptors that have the capability of 
selectively binding or adhering to other 
signaling molecules 5 . Bone marrow – 
derived stem cells include both HSCs and 
MSCs. Unlike HSCs, the MSCs are CD34- 
and CD45-. Other cell – surface markers 
characteristic of MSCs include CD29, 
CD44, CD90, CD106, CD120a, CD124, 
SH2, SH3 and SH4 6,7. The development 
of series of monoclonal antibodies raised 
towards surface mesenchymal progenitor 
cells (MPCs) antigens, along with other 
antibodies developed to characterize BM 
stem cells has been crucial for the 
immunophenotyping of these cells. 
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Mesenchymal progenitor cells do not 
express the typical hematopoietic antigens 
CD45, CD34 and CD14 8. So, the present 
study aimed at isolating and culturing of 
the BM-MSCs from albino rats Rattus 
rattus norvegicus albinos and detecting of 
the phenotypic nature of rat MSCs by 
using CD 11b, CD34, CD71 and CD90.                                                                          
 
 METHODS 

 
Cell isolation and culturing 
Young male rats (Rattus rattus norvegicus 
albinos ) age (50-55) days were used  as an 
animal model for the isolation of MSCs 
from the BM. These animals were 
obtained from the animal house in Medical 
Research Center / College of Medicine / 
Al-Nahrain University / Baghdad.  
Bone marrow was extruded from femur 
and tibiae by using a syringe with 20-
gauge needle and mixed with 3mL culture 
medium (Modified Eagle,s Medium) 
(MEM) supplement with 10% Fetal Calf 
Serum  (FCS). Then centrifuged at 2000 
rpm for 10 minutes. After centrifugation, 
the fat and serum layers were discarded 
and the cell pellet was resuspended with 
3ml of culture medium.  
To separate BMCs and red blood cells, the 
gradient centrifugation method described 
by Yablonka-Reuveni and Nameroff, 
(1987) was used 8. The cell suspension was 
loaded carefully onto 5ml of 60% Percoll 
in sterile conical tube, and then was 
centrifuged in a cooling centrifuge for 20-
25 minutes at 2000 rpm at 8Cº. After 
density gradient centrifugation the 
mononuclear cells (MNCs) were retrieved 
from the Buffy coat layer by sterile Pasteur 
pipette. Then washed two to three times 
with phosphate buffer saline (PBS) by 
centrifugation at 2000 rpm for 10 minutes 
at 8Cº.   
The cell suspension of MNCs were seeded 
in 50 cm2 culture flasks with 5 mL of 
culture medium supplement with 10%FCS 
at a plating density of 1x106 cells/mL.  
The culture was maintained in an 

environment of 37Cº and humidified 
atmosphere with 5% CO2 for two weeks, 
with 50% of the media being changed 
every 3 days. Cultures were screened 
continuously to get hold of the cell 
development and growth.  
After 10 days, the primary culture of 
MSCs reached nearly 70-80% confluence. 
Culture medium was aspirated and the 
cells were detached by incubation with 
2ml of 0.25% trypsin-EDTA for 5-10 
minutes at 37Cº. The cell suspension was 
centrifuged at 2000 rpm for 10 minutes 
then the supernatant (medium) was 
aspirated and the cells pellet was 
resuspended in 1ml of culture medium. 
The cell suspension was plated as ratio 1:2 
in plastic tissue culture flasks. The cultures 
should be passage when the MSCs have 
reached an approximately 80% confluence 
10. 
 Immunophenotyic analysis of 
mesenchymal stem cells:        
    The second passage of rat BM-MSCs 
were resuspended after trypsin treatment 
and seeded into 4-well culture plates at 
density of 1x104 cell /well.  After the cells 
had grown to near confluences, the 
attached cells were washed three times 
with PBS and fixed with 4% Phosphate 
buffered formalin for 10 minutes, then 
detected by immunocytochemistry method, 
which was performed with mouse 
monoclonal antibodies against human CD 
71 and CD 90 for detection of MSCs and 
CD 11b and CD 34 for detection of HSCs 
according to the method of (`10, 11).  
 
RESULTS 

  
Morphology of mesenchymal stem cells 
in primary culture                       
After three days of primary culture, the 
MSCs were attached to the culture flask 
sparsely and  this cells displayed a spindle 
– like shape (Figure 1A). At seven days 
cultivation numerous fibroblast like- cells 
were observed. These cells gradually grow 
to form small individual colonies  
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 A  B 

  C  

Figure 1. The morphology of BM-MSCs, (A): The cells after three days of culture, MSCs began to 
proliferate (arrow) (X160). (B):The cells at seven days of culture showed the formation of the large colony 
of MSCs surrounded by spindle like cells (arrow) (X160). (C): The cells in the end of second week of 
culture showed that the cells more expanded and formed a monolayer of adherent cells (X100.8). 
 
displaying fibroblast – like morphology 
with short and long processes (Figure 1B). 
By day 10, the MSCs was duplicating 
rapidly and the cells morphology was 
mainly spindle shaped. By the end of the 
second week, the adherent cells reached 
nearly 70-80% confluence and formed 
monolayer of adherent cells and this layer 
was expanded by two passages (Figure1C). 
 
 Expansion of mesenchymal stem cells: 
The passaged MSCs behaved similarly to 
those in primary cultures, however, the 
cells are larger in size and more 
homogenous in morphology. Grossly, the 
MSCs in subcultures could be divided into 
two types of cells small spindle or triangle-

like cells and broad flattened cells (Figure 
2A).When the first passage become nearly 
confluence, the cells recultured in similar 
conditions for second passage (Figure 2B). 
 
Immunophenotype analysis of 
mesenchymal stem cells  
To determine the phenotypic nature of rat 
MSCs, the surface antigen CD11b, CD34, 
CD71, and CD90 were examined by 
immunocytochemistry staining technique. 
The results of immunophenotypic analysis 
showed that more than  90% of the BM-
MSCs were strongly stained with CD71 
(Figure 3A) and CD90 (Figure 3B). The 
stained cells with brown granular DAB 
reaction product in the cytoplasm were 
considered positive for both surface 
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antigen CD71+ and CD90+ . Besides, 
these cells represented the undifferentiated 
state of rat MSCs. 
In contrast, a majority of adherent cells are 
color of counter stain Harris hematoxylin.  

negative for CD11b- (Figure 3C) and 
CD34- (Figure 3D) and stained with blue 
Thus we confirmed that the majority 
population of adherent cells are MSCs. 
  
 

Figure 2. Expansion of BM-MSCs. (A): Two days after first passage, this figure showed the appearance of 
two types of cells in culture: spindle-like cells (thick arrow) and broad flattened cells (thin arrows) 
(X160). (B): The cells after first week from the first passage, the monolayer become nearly confluence 
(X160). 

A B 

C D 
Figure 3. Immunophenotypic analysis of rat MSCs on the second day of the second passage. (A): the most 
of adherent cells MSCs were positive response for CD71 marker and stained with brown color DAB stain 
(arrows) (X100.8). (B): the MSCs were positive response for CD90 marker and stained with brown color 
(arrows) (X160). (C): the cells MSCs were negative response for CD11b marker and this cell stained with 
blue color of counter stain haematoxylin (arrows) (X100.8). (D): the cells of MSCs appeared negative 
response for CD34 marker and stained with blue color (arrows) (X100.8). 
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DISCUSSION 
 

    The most widely used separation liquid 
for isolation cells on density gradients has 
been Ficoll but this separated liquid has a 
number of disadvantages which are 
presented their low stability on storage, 
their coast and difficulties in the 
preparation of gradients 13, so in the 
present study,  Percoll was used to replace 
the separated liquid.  Percoll is a 
commercially available material for 
density gradient centrifugation of cells and 
subcellualr particles. It is composed of 
colloidal silica treated with polyvinyle 
pyrolidine which is non toxic to the cells 
and dose not penetrate biological 
membrane 13.  The result of the present 
study demonstrated that one – step  Percoll 
gradient procedure can be used 
successfully to separate MSCs from BM.  
    Mesenchymal stem cells was first 
described in 1970 by 14 who discovered 
that MSCs adhered to tissue culture plates 
resembled fibroblasts in morphology and 
grew in the form of colony. These 
characteristics have been identified in our 
culture of MSCs. So, after three days of 
culture, MSCs appeared sparsely and 
began to proliferate in culture medium, 
and after seven days cultivation numerous 
fibroblast like- cells were observed and 
gradually grow to form small individual 
colonies displaying fibroblast – like 
morphology. This finding also was 
recorded by 15, 16, 17, their finding showed 
that after seven days in the primary 
culture, numerous fibroblast –like cells 
began to proliferate and formed small 
individual colonies. Within the time of 
culture these small colonies continued to 
proliferate, and many cells displaying 
fibroblast – like morphology with short 
and long processes migrating from these 
colonies. 
The result of the present study showed 
that, in the end of the second week MSCs 
formed the monolayer of adherent cells 
and this layer was expanded by two 
passages. Also our results correspond to 

other results such as 4,12 who reported the 
formation of the MSCs monolayer 
approximately in the second week of 
primary culture.  
Immunophenotypic analysis of 
mesenchymal stem cells 
    Most specific surface markers have been 
found in adequate as a means to identify 
stem cells because the putative markers 
may also be found on non stem cells, and 
special ( particular) markers may be only 
expressed on a stem cell at a certain stage 
or under certain conditions such as CD34 
on HSCs. Within the BM , a simplified 
distinction is between CD34+HSCs, which 
are precursors of blood and endothelial 
cells, and CD34-MSCs, which are 
precursors of stromal cells, including 
fibroblasts 18,19 . 
    In this study, we used the surface 
antigen CD11b, CD34, CD71, and CD90, 
to determine the phenotypic analysis of rat 
MSCs. 
Under inverted microscope, the 
immunophenotypic analysis of rat MSCs 
showed that most of cultured adherent 
cells were positive response to CD71 and 
CD90. These results also observed by 11,12 
who demonstrate that the BMCs showed a 
high percentage of CD71 and CD90 
positive cells by immunostaining. This 
result indicate that these cells are primarily 
of mesenchymal origin.  
According to this result, we noted that the 
most majority of cells in the rat MSCs 
cultures express CD71 and CD90 
consistently with their undifferentiated 
state. These cells were stained with brown 
color DAB reaction, and the most majority 
of adherent cells are negative and not 
expressed for CD11b and CD34 markers , 
these cells stained with blue color. This 
observation are in agreement with other 
studies as in 11,20 who suggested that the 
cell surface markers CD11b and CD34 
associated with lymphohematopoietic 
cells. Also the results of  Nadri et al., 7 to 
the CD44, Sca-1 and CD 90 cell surface 
markers, and these cells are negative for 
the hematopoietic surfac3e marker such as  
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CD 34, CD 11b, CD 45, CD 31, CD 106, 
CD 117 and CD 135.  
In conclusion , there was no evidence for 
the presence of hematopoietic cells in 
cultures which already removed by 
changing medium, that indicate the major 
population of adherent cells are MSCs. 
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ABSTRACT  
 
Background and objectives: Periodontitis is one of the most wide spread disease in the world, and its 
prevalence in the center of Erbil city was high. Saliva was used as a noninvasive diagnostic fluid to measure 
chemical parameters released during oral diseases (especially sialic acid in  periodontitis).  
Method: This study included total sample of (286) individuals. They consisted of (149) males and (137) 
females. They included two age groups (18-44) years and (45-75) years. The individuals were distributed into 
161 periodontitis patients, 59 patients of clinical controls, also 66 healthy individuals as controls. The levels of 
the following chemical biomarkers in both supernatant and sediment of saliva were measured: total sialic acid 
and its fractions (include; free sialic acid, lipid bound sialic acid and protein bound sialic acid), total calcium,  
total proteins.  
Results: The levels of salivary biochemical parameters in periodontitis were higher than that of controls and 
clinical controls groups, except for some biochemical parameters in some groups of clinical controls. These 
groups were medicated mild inflammable group which showed non-significant difference with periodontitis in 
total proteins  and total calcium. Also in gingivitis group there was a similarity in total calcium with 
periodontitis. In caries group protein bound sialic acid especially in sediment of saliva also showed a non-
significant difference with periodontitis. 
Conclusion: This study revealed that salivary total lipid bound sialic acid (TLSA) had significant role  in raising 
total sialic acid  in periodontitis and can be used with (TSA) in diagnosis of periodontitis of dentate. While the 
roles of total salivary; calcium (except in smoker) protein and protein bound sialic acid were no significant in 
periodontitis. 
 
               Duhok Med J 2012;6 Suppl 2:186-201. 
Key words: salivary biochemical's, periodontal disease, simple caries 
 

 

eriodontitis (periodontal disease) is 
a persistent bacterial infection 

causing chronic inflammation in 
periodontal tissues. It is characterized by 
the formation of pathologic periodontal 
pockets concomitantly with destruction of 
the periodontal ligament fibers attaching 
teeth to the alveolar bone and alveolar 
bone itself 1. 
 Periodontal diseases affect (5-30% ) of the 
adult population. It is a multi-factorial 
influenced by genetics as well as by the 
environment 2 . It is one of the most 
widespread oral disease in the world, and 

is more prevalent in developing countries 3 
particularly in rural area 4. Prevalence of 
periodontal disease was very high (99.5%) 
in the center of Erbil city 5. In Hawler city, 
6 showed poor periodontal status in the age 
groups (25-29) years.  Whole saliva serves 
as a reservoir for host-derived products 
(e.g. salivary gland components, gingival 
crevice fluid, and host enzymes) as well as 
exogenous components (e.g. oral 
microorganisms and microbial products).  
Considerable variation exist in the amount 
of salivary components among individuals 
and populations , and few well accepted 
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normal value have been established for any 
specific marker2. Saliva could be used as a 
noninvasive diagnostic fluid to measure 
biomarkers released during disease 
initiation and progression such as 
periodontal infections.  Saliva would also 
benefit from a faster screening of large 
sample size of subjects for epidemiological 
surveys 7. 
Sialic acids  are family of nine carbon 
acidic monosaccharide that occur naturally 
at the end of sugar chains attached to the 
surface of cells and soluble proteins 8. 
Sialic acids occupy the interface between 
the host and commensally or pathogenic 
microorganisms. An important function of 
host sialic acid is to regulate innate 
immunity 9 . 10 Suggested that the amount 
of sialic acid in the saliva can be useful 
index of the severity of periodontal 
disease. 
 There is no  sufficient studies in Kurdistan 
region about periodontitis showing 
relationship between the biomarker 
components of saliva  ( especially salivary 
sialic acid and its related parameters) and 
periodontitis, so this study was directed to 
investigate the levels of total sialic acid 
and different fractions of sialic acid (free, 
lipids & protein associated sialic acid), 
total salivary; calcium, proteins in 
periodontitis patients.  Levels of the same 
biochemical parameters in controls 
(healthy periodontal patients) and  clinical 
controls consist of  small groups of 
patients with simple gingivitis, simple 
caries, medicated mild inflammable group 
and partial edentulous 
 
METHODS 
 
 The present study was carried out in Erbil 
city-Hawler Medical University, College 
of Dentistry and Khanzad specialized 
dental center. The data collected through a 
personal interview in the dental teaching 
clinics during the period of 1st August 
2008 up to 25th May 2009. The 
biochemical studies was done for all 

subject in the laboratory of  basic science –
College of Nursing. 
The study population composed of three 
categories ( 161 ) cases (patients) attended 
the department of periodontics. They 
consist of ; 85  males and 76  females, 
their age range was (18-75) years and  
include patients with  periodontitis, smoker 
periodontitis , and  periodontitis patients 
with diabetes mellitus, and hypertension of 
blood.  
Fifty nine (59) Clinical controls their age 
range was (19-75) years, and include (32) 
males and (27) females. They represent 
individuals who have simple caries and 
simple to moderate  gingivitis, individuals 
with missing teeth more than 10 (partial 
edentulous), and  medicated mild 
inflammable individuals.  
Sixty six  ( 66 ) controls, they represented 
individuals free from oral disease, which 
include        ( 35 ) males and ( 34) females. 
Pregnant and lactating women, individual 
with viral, fungal infection were excluded. 
A structured questionnaire (interview 
forms) was used to collect data by asking 
the studied population about social and 
behavior factors include; age, sex, address, 
hereditary effect, diseases and use of 
medications 
 Saliva samples (prior to the clinical 
measurements) were collected from all 
subjects between 9 and 11 hours AM., to 
minimize the effect of diurnal variation on 
flow and composition. Spitting method 11 
was used for collection un-stimulated 
whole saliva.  
 The time of collection was 5 minutes. The 
samples were stored at -200 C for one 
hour, then centrifuged immediately at 
(10000)g and at 40C for 20 minutes to 
obtain clear supernatant and  are stored at -
20C0 for analysis. The remaining sediment 
(precipitate) was washed with saline (7% 
pH 7.0), and centrifuged at 40C, 10000g 
for three minutes. The saline supernatant 
fraction was discarded and the wash 
procedure was repeated. The sediment was 
then re-suspended to the original volume 
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with saline (7% pH 7.0) and stored at -
20C0  for analysis 12.  
 
Biochemical  analysis 
 
 Total and free sialic acid were measured 
with modified thiobarbituric acid method 
of Skoza and Mohos , 1976)13. Extraction 
and determination of lipid -bound sialic 
acid (LSA)  (Masami, 1989) 14 
Determination of sialic acid bound to total 
proteins (Shetty and Pattabriaman,, 
2004)15. Determination of salivary total 
proteins Lowry method (Davidson, 2000)16 
. Determination of  salivary total calcium  
(Moorehead and Briggs, 1974)17.  
 
RESULTS 

 
This study included a total sample of (286) 
individuals. They consisted of (149) males 
and (137) females which represented 52% 
and 47% of the total sample size 
respectively. Their age ranged between 
(18-75) years. They were distributed into 
five cases; periodontitis 161(56.29%),  
simple gingivitis 25 (8.7%), simple caries 
13 ( 4.5%),  periodontitis with missing 
more than (10) teeth ( partial edentulous) 
13 (4.5%) and medicated  mild 
inflammable periodontitis patients 
(medicated either with antibiotic or anti-
inflammatory drugs ) 8 ( 2.8% ),  and 
controls 66 ( 23.1%). All these groups with 
frequency of genders   are shown in 
(Figure 1). 

 

 
Figure 1. Frequency of ( males and females) and total sample in different  groups of the study. 
P = Partial  M= Medicated 
 
The levels of total salivary; sialic acid,  
calcium and proteins in cases and 
control  
 Total sialic acid (TSA) , total calcium, and 
total protein were estimated in supernatant 
and sediment of saliva of all the cases;  
periodontitis, clinical control ( included 

simple and moderate  gingivitis, simple 
caries, partial edentulous periodontitis 
patients, medicated mild inflammable 
periodontitis patients)  and control.   
The statistical analysis showed significant 
(P≤0.01) difference for total sialic acid, 
total calcium, and total proteins among 
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groups, (Figure 2) . Multiple comparisons 
between groups was showed that the mean 
of total salivary sialic acid in periodontitis 
(160.58± 39.64 mg/l) is significantly 
(P≤0.01)  higher than controls (76.34± 
16.73 mg/l), gingivitis  (106.75 ±12.42 
mg/l ), caries (124.39±15.69 mg/l) , Partial 
edentulous, (89.44±18.74 mg/l ) , and 
medicated mild inflammable group 
(88.35±12.73 mg/l).    
 Significant (P≤0.01) difference in total 
salivary sialic acid was observed between 
the groups; caries (124.39±15.69 mg/l)  
with gingivitis (106.75 ±12.42 mg/l ) ) and 
controls (76.34± 16.73 mg/l) . While no 
significant difference was observed 

between groups ;partial edentulous 
(89.44±18.74 mg/l )  with medicated mild-
inflammable (88.35±12.73 mg/l)  and 
controls (76.34± 16.73 mg/l)   . 
 There was significant (P≤0.01) difference 
in total salivary sialic acid between groups 
of caries (124.39±15.69 mg/l)  and partial 
edentulous (89.44±18.74 mg/l ),  and at 
(P≤0.05) between caries and medicated 
mild inflammable groups (88.35±12.73 
mg/l). There was non-significant 
difference in total salivary sialic acid 
between gingivitis (106.75 ±12.42 mg/l )  
and groups ( partial edentulous and 
medicated mild inflammable).  
 

 
                        Figure 2. Means of total salivary sialic acid in controls and cases. 
 
 Multiple comparisons between groups for 
means of total salivary calcium was 
showed significant (P≤0.01) difference in 
periodontitis (9.97± 2.8 mg/dl) with 
controls (7.62± 2.4 mg/dl),  with caries 
(7.84± 2.42 mg/dl), and with partial 

edentulous (7.95±2.14 mg/dl)  at (P≤0.05). 
There was no significant difference in total 
salivary calcium between periodontitis and 
groups of (gingivitis 8.94±  2.82 mg/dl and 
medicated mild inflammable  8.98± 3.23 
mg/dl).  (Figure 3)  

Figure 3.Means of total salivary calcium in cases and controls. 
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  Multiple comparisons between groups for 
means of total  salivary proteins, shows 
significant (P≤0.01) ) difference  of  
periodontitis (7.37±2.39 g/l) with controls 
(5.0±1.85 g/l),  gingivitis (5.49± g/l) and 

partial edentulous (5.26±  2.09 g/l),  and  at 
(P≤0.05) with caries (5.8± 1.63  g/l) , but 
not with medicated mild inflammable        
( 6.87± 2.22 g/l) group. (Figure 4) 
 

 
Figure  4.  Means of total salivary proteins (g/l) in cases and controls. 

 
 
Levels of salivary sialic acid  fractions in 
cases and controls 
Total salivary  sialic acid (TSA)  
represents the sum of free sialic acid 
(FSA), lipid bound sialic acid(LSA) and 
protein bound sialic acid (PSA) in both 
supernatant and sediment fractions of 
saliva.  
Statistical analysis of multiple 
comparisons, (Figure 5) shows significant 
(P≤ 0.01) difference between levels of 
total salivary free sialic acid (TFSA) in 
periodontitis (54.1± 18.28 mg/l)  and         
( control  26.59 ± 11.96 mg/l ). Also 
(TFSA) in periodontitis and cases; 
gingivitis (39.87±  15.09 mg/l ) , caries 

(39.27 ± 12.44 mg/l) , partial edentulous 
(27.4 ±8.29 mg/l ), and medicated mild 
inflammable (34.79 ± 14.49 mg/l ) group.  
While (TFSA)  in control had significant 
(P≤ 0.01) difference  with caries and 
gingivitis but had  no significant difference 
with groups of partial edentulous and 
medicated mild inflammable. Both 
gingivitis and caries were nearly similar in 
(TFSA) and had significant (P≤ 0.05) 
difference with group of partial 
edentulous. The (TFSA) in medicated mild 
inflammable group (34.79 ± 14.49 mg/l )  
had no significant difference with all cases 
and controls  except periodontitis (54.1± 
18.28 mg/l). 

 
Figure 5 .Means of total salivary free sialic acid in cases and controls. 
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Statistical multiple comparisons in the 
levels of total salivary protein bound sialic 
acid (TPSA) showed significant (p≤ 0.01) 
difference in (TPSA) between  
periodontitis patients (40.95 ± 21.41 mg/l)  
and control (22.21± 7.96 mg/l). Also 
(TPSA) in periodontitis showed significant 
(p≤ 0.01) difference with groups; 
gingivitis, partial edentulous and 
medicated mild inflammable, (25.7 ± 
10.51, 25.3 ± 11.5,  23.02 ± 12.86  mg/l) 
respectively except with caries group 

(40.07 ± 14.69 mg/l). Caries group had 
significantly (p≤ 0.01) higher level of 
(TPSA) comparing to controls. Also 
significantly (p≤ 0.05) higher level 
comparing to groups; gingivitis, partial 
edentulous and medicated mild 
inflammable. Gingivitis, partial edentulous 
and medicated mild inflammable groups 
had no significant difference  between 
each other's and with controls in (TPSA)  
as shown in (figure 6).  

 
Figure 6. Means of total salivary protein bound sialic acid in cases and controls. 

 
Levels of total salivary lipid bound sialic 
acid (TLSA) in periodontitis (65.52± 25.77 
mg/l) had significant (P≤ 0.01) difference 
with controls (27.1± 9.35 mg/l) and also 
with (gingivitis, caries, partial edentulous 
and medicated mild inflammable) groups 
(41.22± 14.66 , 45.1± 7.63 , 36.7 ± 8.43 

and 30.9± 8.59  mg/l) respectively . While 
(TLSA) in control had significant 
difference (P≤ 0.01) with other groups 
(gingivitis, caries, partial edentulous and 
medicated mild inflammable) that were not 
changed significantly, (Figure 7).  

 
 

 
Figure 7 . Means of total salivary lipid bound sialic acid in cases and controls 



 

192 
 

Levels of salivary biochemical's in periodontitis and related diseases 

DISCUSSION 
 
Salivary biochemical parameters 
 
 Salivary glycoprotein plays an important 
role in the properties and functions of 
saliva. Interest in saliva as a diagnostic 
fluid has grown in recent years and 
biochemical analysis of saliva was not 
evaluated in detail in routine clinical 
laboratories. These prompted to estimate 
salivary biochemical parameters as marker 
of periodontitis. 
 
Total Salivary sialic acid 
 
In this study, total salivary sialic acid 
showed significant higher concentration in 
periodontitis patients comparing with 
controls . This was accompanied with  that 
salivary sialic acid concentration in the 
periodontal group was significantly higher 
than that in healthy group 10 . This increase 
in total salivary sialic acid may be due to 
presence of certain Gram negative bacteria 
(periodpathogenic) adhered only to low 
molecular weight and free form of salivary 
mucin (MG2) throughout the sialic acid 
residues present on MG2 which may cause 
a decrease in (MG2) and an increase in 
sialic acid 18. Also increase synthesis of 
mucin as scavenger of hydroxyl group 
throughout sialic acid was resulted from 
increase in lipid peroxidation in 
periodontal diseases 19 . Serum sialic acid 
concentration was elevated in patient with 
bacterial infection. This was due to the 
change in biosynthesis and post 
translational glycosylation process of the 
acute-phase glycoproteins in liver 20. 
Elevation in sialic acid concentration 
during inflammation was resulted from 
elevation in richly sialylated acute-phase 
glycoproteins 21.         
Significant difference was observed 
between periodontitis and clinical controls 
in the level of total salivary sialic acid. 
This result was similar to that of 22 who 
reported that the sialic acid concentration 
increased with the severity of 

inflammatory symptoms compared to a 
group of patients with cellulites and other 
diseases with relatively mild symptoms.  10 
suggested that total salivary sialic acid was 
a useful parameter for determining the 
severity and course of periodontal 
diseases. 23 indicated that total salivary 
sialic acid levels in Down’s syndrome 
were higher than in controls of similar 
caries indices. While 24 found significant 
differences in sialic acid content of mixed 
saliva between healthy and an active caries 
groups.    
 
Total salivary calcium 
 
The result showed significant higher 
concentration of total salivary calcium in 
periodontitis patients than in control and 
simple caries. This was in agreement with 
25 who detected a higher concentration of 
calcium in peridontitis than healthy 
subjects. Positive correlation was observed 
between high salivary calcium content and 
periodontitis, suggesting that a person with 
high calcium content of plaque and saliva 
might be susceptible both to calculus 
formation and periodontitis. 26 study 
showed that elevation in calcium 
concentration of saliva is a characteristic 
of periodontitis. High salivary calcium in 
periodontitis may be due to calculus 
(calcified plaque which is resulted from 
deposition of calcium and phosphorus) that 
build up along gingival and cause 
inflammation 27. 
 Low total salivary calcium in simple 
caries may be due to low caries 
experience, and agree with28 who reported 
that caries is demineralization of the 
inorganic portion and destruction of the 
organic substance of the tooth and the 
concentration of salivary calcium 
increased with increase severity of caries 
experience (DMFS).  
Total salivary calcium in gingivitis and 
medicated mild inflammable  groups had a 
high total salivary calcium and mild 
periodontal disease and they include more 
men than women .In gingivitis may be due 



2 

193 
 

Duhok Medical Journal                                                                      Volume 6, Supplement 2 , 2012

to genders (men has higher rate of salivary 
secretion) and the stage of  gingivitis,  
Percentage of men were (60%) in 
gingivitis group. This was in agreement 
with 25  who found more elevated salivary 
calcium concentration in men than women, 
men showed more bleeding on probing and 
lower (DMFS) – scores of caries and 
concluded that salivary calcium may be 
important with regard to both dental and 
gingival health. While medicated mild 
inflammable group were (80%) smoker 
men, may affect the levels of salivary 
calcium. This was similar to 26, 29 who 
found higher salivary calcium 
concentration in heavy smokers than in 
non smokers.  
  
 
Total salivary proteins 
 
 The total salivary protein was 
significantly higher in periodontitis 
comparing with controls and clinical 
controls except for the medicated mild 
inflammable group. This increase may be 
due to several mechanisms that take place 
in periodontal diseases (mainly due to 
bacteria products and tissues break down) . 
The result was in agreement with that of 29 
who found  high  concentration of total 
proteins in  periodontitis and gingivitis 
compare to controls, 30 identified that 
subject with poor gingival health had 
higher concentration of total protein than 
those with no need for periodontal 
treatment. 31 Study indicated that subject 
with periodontitis showed enhanced 
amylase (major protein of parotid gland) 
concentration in saliva. An increased level 
of salivary IgA and IgG reflect oral 
inflammation 32. 33 Observed elevated 
levels of total salivary proteins and sugars 
in oral cancer compared to those of healthy 
controls.   
Bacterial pathogens such as 
Porphyromonas gingivallis has the 
capacity to activate host defense 
mechanisms that break down the epithelia  
and other structures of the gum and 

inactivate of repair system in individuals 
with periodontal disease with a lack of 
antioxidant defense 34 and they found 
increase in concentration of salivary 
protein carbonyl (as index of oxidative 
injury) in periodontitis. 35 Stated that 
bacteria- host interaction cause stress and 
production of reactive oxygen species 
which cause degradation of host tissues 
and accumulation of bacteria products.36 
study showed that a number of enzymes, 
tissue breakdown products and 
inflammatory mediators are released from 
host cells and tissues during the 
development and progression of 
periodontitis infections. 37 indicated that 
infection of tissues surrounding the teeth is 
associated with elevated level of C-
reactive proteins (CRP).   
 In recent study total protein in simple 
inflammable cases (gingivitis, caries, 
partial edentulous) was similar to control 
group. This may be to the decrease of 
protective protein. This result was similar 
to 38 who proposed that decrease of 
protective protein , accompanied with an 
increase in antimicrobial proteins which 
include proline-rich proteins, lysozyme, 
lactoferrin, sialoperoxidase, agglutinins 
and histidine, as well as secretary 
immunoglobulin A (sIgA) and 
immunoglobuulins G (IgG) and (IgM)  and 
it is equilibrated with saliva 27 .   
Non-significant difference in total salivary 
proteins in medicated mild inflammable 
group with periodontitis in contrast to total 
sialic acid which was low (88.35±12.7 
mg/l) comparing to periodontitis 
(160.58±39.64 mg/l). This may be due to 
higher percentage (80%) of men smokers 
in this group and high salivary calcium. 
The result in line with that of 32 who 
concluded that smoking habit cause low 
inflammatory markers. Low antioxidant 
defense capacity in smokers which cause 
high tissue injury 34. Smoking and nicotine 
increase an over production of immune 
factors (interleukins), which in excess are 
harmful to cells and tissues 39.   
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Levels of biochemical  parameters  in  
partial  edentulous  group 
 
The (84.6%) of this group were in old age 
group (45-75) years and their results were 
not differ from controls in total salivary 
sialic acid, calcium and proteins. This may 
be due to that less inflammation will be 
occurred in this group. The result was in 
line with that of 32 who found that the 
intensity of periodontal inflammation has 
been associated with the number of teeth 
affected.. The study also indicated that 
subjects with fewer remaining teeth had 
less evidence of periodontitis than those 
with more teeth 40 and they suggested that 
these subjects had received therapy with 
selective extractions of teeth affected by 
periodontitis. 
 
Levels of salivary sialic acid fractions in 
cases and controls 
 
 Total free sialic acid 
  
 Higher significant concentration of total 
free sialic acid (TFSA)  in periodontitis 
compare to other cases and controls. Mild 
inflammable groups (Gingivitis , caries, 
medicated mild inflammable  were differ 
significantly from non-inflammable groups 
( controls and partial edentulous). This 
agree with 31, 44 who found high levels of 
(FSA) in oral cancer and in alcoholic 
patients  respectively. 
In this study high (FSA) in periodontitis 
may be due to large number of oral 
bacteria which produce neuraminidase that 
cleaves terminal sialic acid residues from 
carbohydrate moieties of salivary 
glycoproteins and abolishes aggregation 
and removing bacteria from the oral cavity 
42.   
 Control group which had good oral 
hygiene had higher level of (TFSA) (26.59 
± 11.96 mg/l). This was in agreement with 
43 who suggested that healthy subjects with 
good oral hygiene had significantly higher 
levels of free sialic acid on their teeth 
surface than gingivitis subjects. 44 Who 

indicated that sialic acid residues in sub 
maxillary gland mucin is an essential 
moiety to scavenge (OH) group and 
release of free sialic acid.45 Who found 
that free sialic acid may be an alternative 
oxidative stress marker in healthy athletes 
Medicated mild inflammable group not 
differs from gingivitis and caries. This 
result may be due oxidative stress in this 
smoker group. This result was in 
agreement with 46 who found positive 
correlation of (TSA) with antioxidant 
enzymes. Prolonged stimulation by 
nicotine also cause increase in total 
proteins and decrease in glycosylation of 
salivary glycoprotein 11  . 
   Total  protein  bound  sialic  acid 
 
The total protein bound sialic acid (TPSA) 
levels in periodontitis,  and caries  were 
significantly higher comparing to control  , 
gingivitis , partial edentulous  , and 
medicated mild inflammable group . This 
result agree with 21 who found richly 
glycated glycoproteins in periodontitis. 
Also in line with 33 who estimated elevated 
levels of salivary (PSA) in oral cancer. 
Whereas low level of (PSA) in gingivitis 
was in consistence with 15 who found 
reduced level of protein bound sugar in 
gingivitis and periodontitis.               
 No significant difference between caries 
and periodontitis was in agreement with 47  
who stated that the high molecular-weight 
of glycoprotein  (which was characterized 
by a high content of carbohydrates, 
associated lipids and covalently bound 
fatty acids) was predominant in caries 
susceptible mucus and  aids adhesion of 
bacteria , whereas the low molecular 
glycoprotein (which was richer in protein 
and contained lesser amount of associated 
lipids and covalently bound fatty acids and 
more sialic acid) predominant in caries 
resistant  mucus and aid aggregation and 
removing of microbes  
  Homogeneity between periodontitis and 
caries in (TPSA) especially in sediment 
fraction of saliva may be due to bacteria 
products and their cell walls. The cell wall 
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of Gram positive bacteria in caries rich in 
piptidoglycan while cell wall of Gram 
negative bacteria  in periodontoitis have 
only one or a few layers of piptidoglycan  
but  they possess an outer membrane 
consist of  lipopolsaccharide. This 
structure reflected in high levels of (PSA)  
( 18.77± 14.26) and (LSA) (21.14± 14.2) 
in sediments of saliva of periodontitis, 
while in caries only (PSA) (14.5 ±6.4) in 
sediment was significantly higher  
comparing to other groups. This was in  
agreement with 48 who mentioned that 
removal of  terminal negatively charged 
sialic acid by neuraminidase could cause 
precipitation of glycoprotein out of saliva 
and their protein residues incorporated 
onto the surface of the developing plaque 
(bacterial bio-film) and the bacteria use 
sugars derived from glycoprotein. 9 
Reported that sialic acids also were 
excellent sources of carbon, nitrogen, 
energy, and precursors of cell wall 
biosynthesis.                                                
 High levels of total (PSA) in caries may 
also be due to destruction of teeth tissues,  
(dentin and cementum) which were high in 
sialoprotein49  by acid forming bacteria in 
dental plaque 35 .  
 
Total  lipid  bound sialic acid  
 
The highest significant value of total lipid 
sialic acid (TLSA), was found in 
periodontitis patients (represent 42.7%  of  
TSA) and the lowest  was found in control 
which was also different significantly from 
the  cases.  
The Lipid bound sialic acid levels in 
gingivitis, partial edentulous group, and 
medicated mild inflammable group were 
significantly lower than periodontitis. This 
may be due to unsialylated  
lipopolysaccharide  strain of  bacteria in 
these patients. This result was 
accompanied with that of 50 who 
concluded  that  incorporation of  N-
acetylnuraminic acid into F. bacterium 
nucletum lipopolysaccharide  (most 
dominant of oral bacteria) can hinder the 

function of the host defenses via disruption 
of the complement pathway. 9 Mentioned 
that microbes decorated their surfaces with 
sialylated oligosaccharides that mimic 
those of the host sialic acid which regulate 
innate immunity. 51 Found that lipo-
polsaccharide enhance endotoxin level, 
oxidative stress (reactive oxygen species 
production), tissues inhibitor of 
metalloproteinase-1, aspartate 
aminotransferase, and cytokines 
production.  
 In caries group (LSA) was significantly 
lower than periodontitis and agree with38 
who reported  that there were no difference 
in lipid peroxidation  between groups with 
caries and group without caries and  stated 
that lipid peroxidation induced mucin 
synthesis and  total sialic acid increases in 
saliva. 52 research showed that total sialic 
acid increased with increasing lipid 
peroxidation and it showed that the 
antioxidant enzymes were involved in 
protecting membrane bound lipid as well 
as membrane bound sialic acid from 
exogenous reactive oxygen species . 53 
Stated that lipid peroxidation  increased in 
periodontitis and some systemic diseases 
such as diabetes mellitus, etc.  
 Marked elevation of serum sialic acid 
concentration (TSA and /or LSA) that 
correlate with the clinical activity of a 
disease have been documented in many 
malignancies 54. 55 reported  that in a 
patient  having primary gastric cancer 
whose total sialic acid concentration has 
not increased yet (LSA) concentration  of 
the patient has significantly increased.  
 
CONCLUSIONS 
 
 High  significant role of salivary total 
lipid bound sialic acid (TLSA)  in raising 
total sialic acid  in periodontitis  
demonstrate sialylation of  
lipopolysaccharide of gram negative 
bacteria and can be used with (TSA) in 
diagnosis of periodontitis of dentate (more 
than 21 teeth) patients. 
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 Non significant role of total salivary; 
calcium (except in smoker) ,  protein and 
protein bound sialic acid  in diagnosis of 
periodontitis , improved by homogeneity ; 
in the levels of  total calcium between 
periodontitis and gingivitis , in the levels 
of total; proteins and calcium  between  
periodontitis and medicated mild 
inflammable group , and in the (TPSA) 
between periodontitis and caries . 
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