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An Overview on the Current and Futuristic Rapid Diagnostic Assays 
 

Abdulamir AS MBChB MSc PhD 
 

Dept. of Medical Microbiology, College of Medicine, Al-Nahrain University, 70030, Baghdad, Iraq 

 
 
 
Abstract 
There is now a huge need to innovate, design 
and use novel and practicable rapid diagnostic 
assays (RDA) to combat the grave challenge of 
emerging life-threatening and multiple drug 
resistant bacteria (MDR) bacterial pathogens. 
The conventional methods of diagnosing 
bacterial pathogens are well enough to give 
good specificity. However, the sensitivity of 
assays in terms of short time is still not well 
settled. The increased population of the world 
along with availability of global transport means 
resulted in the emergence of critical health 
situations that the current time-consuming 
means of diagnosis cannot cope with the timely 
management of diseases caused by serious 
human pathogens.  
 
Introduction 
The limitations of the conventional procedures 
for diagnosing bacteria are various depending on 
the type of the assay. For cultures, they are labor 
intensive, need special media, prolonged period 
of time to culture, some organisms are 
uncultivable on artificial media, and have 
potential health hazards. Other assays are 
considered semi-slow such as antigen detection 
and serology assays. For antigen detection 
assays, negative tests require confirmation and 
usually effected by poor specimen collection. 
Serological assays are unhelpful during early 

stage of infection and are not quite useful in 
immunocompromised patients (1). 
Therefore, rapid diagnostic assays (RDA) have 
become a genuine need. The typical qualities of 
RDA are high sensitivity and specificity, high 
accuracy compared to gold standard, simple to 
perform, results in minutes to 1-2 hours, and 
cost effective. RDA without cultures are 
especially needed for microorganisms that grow 
poorly, cannot be cultured e.g. T. B., need for 
speed, there is critical case management (life 
threatening), and there is therapy failure (e.g 
Antibiotics resistance) (2). 
Most pathogenic microorganisms need RDA for 
proper and rapid diagnosis. However, there are 
some pathogens that need RDA more than 
others. Those pathogens are usually fastidious 
bacteria e.g. C. trachomatis, Gonococci, 
pertussis, TB, M. genitalium, T. whipplei, C. 
burnetti, and B. henselae. Moreover, rapid 
Bacterial diagnosis is essential in life-threatening 
systemic infections e.g. N. meningitidis, S. 
pneumoniae, and H. influenza. Also, MDR 
bacteria are in urgent need for rapid diagnosis as 
most their infections need prompt intervention 
such as MRSA, multi-drug resistant TB (3). 
 
Methods of RDA 
The main currently used or developed methods 
of RDA are antigen detection assays, antibody 
detection (serology) assays, molecular detection 
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assays, and bacteriophage-based RDA. For 
antigen detection assays, they detect bacterial, 
viral or parasite antigen (surface antigen, soluble 
antigen) or toxin in biological fluids (CSF, blood, 
urine). The primary techniques are direct 
agglutination: slides, cards, latex agglutination: 
slides, cards, Immunochromatography: dipsticks 
and latex agglutination test. For serological 
assays, the main techniques are direct 
agglutination (antigen, latex + antigen), 
agglutination inhibition, immunodot, and 
immunochromatography. For molecular 
detection assays, the conventional and real-time 
PCR, hybridization probes, and DNA chip 
microarrays. PCR assays are most widely used 
because of their high sensitivity and specificity 
(2).    
The advantages of molecular RDA are numerous 
including rapid, accurate, specific, sensitive, have 
powerful amplification potential useful for 
detecting traces of target pathogens nucleic 
acids. Moreover, molecular RDA does not 
require viable microorganisms and quantitative 
assessments are highly accurate (4). One of the 
currently focused techniques using the 
molecular RDA is using microarrays in blood 
pathogens or those pathogens detected by 
cultures. Such microarrays are all-in-one kits 
able to detect specifically certain pathogens 
along with identifying their genotypes, 
antibiotic-resistant genes, virulent genetic 
makeup, mutated pathogens, and also able to 
quantitate the microbial load specifically. These 
all-in-one kits are capable to perform all these 
tasks in several hours rather than days or weeks 
as used to be before by using the conventional 
methods. However, there are some 
disadvantages for using molecular RDA including 
cost, false positives caused by amplification of 
contaminants, only sample from normally sterile 
sites should be considered for broad-range PCR, 
specimen is required to be refrigerated or stored 
in alcohol before processing, need training and 
highly qualified personnel, no antimicrobial 
sensitivity is available, and cannot differentiate 
viable versus dead microbes (5).  
    

Phage-based RDT for Bacteria 
Phages or bacteriophages = bacterial viruses. 
Phages are initially discovered in 1915 by Twort 
and independetly in 1917 by d’Herelle. It is 
estimated that every 2 days 50% of the world’s 
population is destroyed by bacteriophages. 
Unfortunately, during Antibiotic era, phages 
were considered “non-conventional” medicine in 
spite of the continued use of phages in rapid 
diagnosis and in therapy in the former USSR: 
Eliave Institute in Tbilisi, Georgia 
(http://www.evergreen.edu/phage/home.htm). 
There are numerous prospects for the Phage-
based RDA (PBRDA) including phage-based rapid 
(1-60 minutes) detection methods were 
developed recently as both qualitative and 
quantitative assessments for several human 
pathogens such as E. coli, E. coli O157:H7, 
Methicillin-resistant staphylococcus aureus 
(MRSA), and other MDR bacteria. PBRDA are 
rapid, highly specific (up to species and strain) 
and unlike PCR, PBRDA can differentiate 
between viable and dead microbes. PBRDA are 
extremely sensitive, amplification effect is 
capable by using phage-based amplification 
means by which can detect up to 1-10 bacterial 
cells per sample. Also PBRA are good 
quantitative assays and there is possibility to 
develop phage lysins from used phages; these 
phage lysins are able to perform extra rapid 
assays, within seconds to 1 minute (6-8). 
Phage lysins are conceived to be the ultimate 
goal for human hopes for a completely 
successful and resistance hassle-free bacterial 
therapy and extra-rapid diagnostic assays for 
human and animal pathogens. Phage lysins are 
cationic enzymes that have been designated 
using various names including phage-lysozyme, 
endolysin, lysozyme, lysin, phage lysine which 
are able to hydrolyze specific bonds in the 
murrain or peptidoglycan layer of the cell wall. 
Phage lysins are known to kill the target bacteria 
in few seconds. The interesting thing that their 
host range is wider than the corresponding 
phage particles which sometimes host range of 
phage lysins reach to the species level (7,8). 

http://www.evergreen.edu/phage/home.htm
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One of the PBRDA invented by us is the Lumulus 
amoebocyte lysate (LAL) phage-based rapid 
detection assay for pathogenic E. coli.  LAL assay 
is able to detect traces of endotoxin by certain 
enzymatic reaction resulting in visible coloration 
measured by any spectrophotometer. It is 
traditionally used to measure any endotoxin 
contamination in food and pharmaceutical 
preparations. Specific designed phages lyse 
target Gram negative bacteria can lead to 
specific lysis which in turn leads to liberation of 
endotoxin. Hence, combing the use of specific 
phages with LAL resulted in inventing novel 
highly specific phage-based LAL rapid diagnostic 
assay for E. coli. Actually this novel approach can 
be simulated for any bacterial pathogen.   The 
total assay time is 40-50 minutes only. It is 
specific assay at strain/ species level and can use 
a portable handy spectrophotometer. This assay 
proved to be successful for Gram negative 
bacteria (E. coli, other enterobacteriacae) and is 
a revolutionary step for rapid diagnosis at strain 
level (6-8). 
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Abstract 
 
Background Glycosylation is an important modification involved during embryonic development. Lectins are specific 

carbohydrate-binding proteins; they can be employed as specific probes to localize defined 
monosaccharide and oligosaccharides on cell surface and on cytoplasmic structures, and in extracellular 
matrix. 

Objectives The lectins (SBA, PNA, WGA, SWGA, UEA-I) binding were used as a sensitive, stable, and easy tool that 
can provide an extraordinarily sensitive detection for changes glycosylation and carbohydrate expression 
that may occur during embryogenesis and development of trachea-esophageal region. 

Methods Fertilized chick eggs were incubated at 38 °C, embryos were fixed with Bouin’s solution. Sections were 
treated with fluoresce ineisothiocyanate (FITC) labeledlectins. 

Results The histochemical study during the 2
nd

and 3
rd

days of development revealed variable tempo-spatial 
variability of lectin bindings to the mesenchymal tissues and other embryonic structures at the trachea-
esophageal region. 

Conclusions The lectin bindings could be an indicator for the glycoconjucate changes that play an essential role in 
developmental phenomenon of trachea-esophageal morphogenesis by marking cellular differentiation, 
cellular migration, and cellular interactions. 

Key words Trachea, esophagus, chick, embryo, lectin, histochemistry. 

 
 
Introduction 

he digestive and respiratory systems have 
different physiological functions and are 

generally considered to be and studied as two 
independent systems. Although at birth they are 
separated, they were derived from a common 
and transiently developed structure, the foregut, 
which is the anterior part of the gastrointestinal 
(GI) tract. The development of the foregut is not 
well documented in comparison to that of other 
parts of the digestive system (1). 

Glycosylation is an important post-translational 
modification of proteins involved in cell-cell 
interaction during embryonic development. 
Specific carbohydrates moieties of the 
oligosaccharide side chains of the 
glycoconjugates are among the factors involved 
in these interactions and the developmental 
morphogenetic processes are correlated with 
changes in the sugar content of glycoconjugates 
located on cell surfaces or in extracellular matrix 
(2). Moreover glycocojugates that are present in 
the extracellular matrix are involved in 

T 
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regulatory cellular migration and play critical 
roles during early embryonic development (3). 
Lectins are specific carbohydrate-binding 
proteins of non-immune origin, which 
agglutinates cells and/or precipitates 
polysaccharides or glycoconjugates”, and does 
not have an enzymatic function.  Lectins 
selectively and specifically bind non-covalently 
to carbohydrate residues without modifying 
them. An important property of a lectin is the 
ability to bind to carbohydrates (4,5). It is for this 
reason that they can be employed as specific 
probes to localize defined monosaccharides and 
oligosaccharides on cell surface, on cytoplasmic 
and nuclear structures, and in extracellular 
matrix in cells and tissue from throughout the 
animal and plant kingdom, down to bacteria and 
viruses. Lectins have more than one binding site 
and therefore they are able to cross-link cells 
through interactions with carbohydrates in the 
cell membrane. They are sensitive, stable, and 
easy-to-use tools. Lectin histochemistry and 
cytochemistry can provide an extraordinarily 
sensitive detection system for changes in 
glycosylation and carbohydrate expression that 
may occur during embryogenesis, growth, and 
disease (6,7). In the present study we used 5 
lectins (Glycinmaximus (soya bean) SBA, Arachis 

hypogeal (peanut agglutinin) PNA, Triticum 
vulgaris (wheat germ agglutinin) WGA, Triticum 
vulgaris (succinylated WGA SWGA, 
Ulexeuropaeus UEA-I) in the study of trachea-
esophageal region development. 
 
Methods 
Chick embryos: Fertilized chick eggs were 
obtained from a local hatchery and incubated at 
38°C. Fifty chick embryos were removed out and 
were staged according to the criteria of 
Hamburger and Hamilton (8). About 2-3 embryos 
for each of the different stages (stage 14 to 19) 
were used. 
The tissues were fixed in Bouinۥs solution for 8 
hours at room temperature and were processed 
for paraffin sectioning (9). All lectins used were 
obtained from Sigma. They were fluoresceine 
isothiocyanate (FITC) labeled. The procedure for 
Fluorescein Isothiocyanate Labelled Lectins was 
done according to Allison (10). 

 
Results 
Lectin Histochemical Bindings: 
The binding pattern of the different lectins used 
in this study showed variable tempro-spacial 
criteria. These binding patterns were 
summarized in tables 1 and 2. 

 
 

Table 1. The lectins binding pattern with epithelial and mesenchymal tissue of 2 day embryo 
 

Lectin 
regions 

in 2 days 

head 
mesenchyme 

ateral to 
cardinal 
ventral 

vein 

Perinotochord 
mesenchyme 

Pharyngeal 
wall 

Pharyngeal 
arch 

Dorsomedial 
to cardinal 

vein 

Traingular 
pharynx 

SBA 
UEA I 
PNA 
WGA 

SWGA 

O 
*O 
O 
O 

*O 

*O 
*O 
*O 
O 

*O 

O 
O 
O 
O 
O 

O 
*O 
O 
O 

*O 

Oo 
*O 
* 
* 
* 

O 
*O 
* 

*O 
O 

Oo 
*O 
* 
* 
* 

O = Cell surface binding, *= Intracellular binding, Oo = extracellular, *O = Mixed intracellular and cell surface binding.  
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Table 2. The lectins binding pattern with epithelial and mesenchymal tissue of 3 day embryo 
 

Lectin 
Regions 

in 3 
days 

Ventrolateral 
to cardinal 

vein 

Head 
mesenchyme 

Perinotochord 
mesenchyme 

Slit-like 
pharynx 

Pharyngeal 
Arch 

Dorsomedial  
to cardinal 

vein 

Tracheal 
bud 

Mesenchyme 
around 

esophagus & 
bronchial 

buds 

SBA 
UEA-I 
PNA 
WGA 

SWGA 

O 
* 

*O 
* 

*O 

O 
* 

*O 
*O 
*O 

O 
O 
O 
O 
O 

*O 
* 
* 
* 
* 

* 
* 
* 
* 
* 

Oo 
* 
* 

*O 
*O 

*O 
O 

*O 
*O 
*O 

*O 
O 

*O 
*O 
*O 

O = Cell surface binding,* = Intracellular binding, Oo = extracellular, *O = Mixed intracellular and cell surface binding 
 
The Lectin Binding During the 2nd Day of 
Incubation: 
The binding f SBA during the 2nd day of 
development is shown in (Figures 1A, 1B, and 
1C). The binding of UEA-I during the 2nd day was 
shown in (Figures 1D, 1E, and 1F). The PNA 
binding pattern in the same developmental 
period was shown in (Figures 1G, 1H, and 1I). 
That of WGA shown in (Figures 1J, 1K, and 1L). 
The binding of SWGA was shown in (Figures 1M, 
1N, and O). 

The Lectin Binding During The3rd Day of 
Incubation: 
The lectin binding during the 3rd day of 
incubation was shown in (Figures 2A, 2B, 2C, and 
2D) for SBA. The binding of UEA-I is shown in 
(Figures 2E, 2F, 2G, and 2H). The binding of PNA 
is shown in (Figures 2I, 2J, 2K, and 2L). WGA 
binding was shown in (Figures 2M, 2N, 2O and 
2P). The SWGA binding pattern was shown in 
(Figures 2Q, 2R, 2S and 2T).  

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Transverse section of 2 day embryo, A-C incubated with SBA. 4X, D-F incubated 
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Figure 2. Transverse section of 3 day embryo, A-D incubated with SBA. 10X, E-H incubated with 
UEA-I. 10X, I-L incubated with PNA. 10X, M-P incubated with WGA. 10X, Q-T incubated with SWGA. 

10X 
 
Discussion 
The Lectin Histochemical Reactions: 
Thorpe et al. reported striking temporal and 
spatial patterning of specific carbohydrate 
sequences in the developing chick embryo (11). 
The variable lectin bindings found in this study 
supported this concept and also supported the 
conclusion of Adiet et al. that Ulexeuropeus I 
(UEA-I), Glycine maximus (SBA), 
Arachishypogaea (PNA) and Triticumvulgare 
(WGA) binding showed a time-related variability 
of staining intensity and binding sites that 
depends upon the stage of differentiation and 
maturation (12).  

The lectin binding to the mesenchymal tissue 
seen in this study supported the mesenchymal 
lectin binding reported by Gheri et al. (13). The 
lectin binding pattern found in this study 
supported the view of Mohammad et al. 
reported  that cell surface and extracellular 
glycoconjugate played an essential role in many 
developmental phenomenon as cell 
differentiation, cell migration, and cellular 
interactions (14).  
The color of the fluorescence was reported to be 
variable, the fluorescence reactivity had been 
shown to be in different colors, green/ yellow 
and TRITIC or Texas Red (which fluoresces red) 
(7,15). This conclusion was also found in the 
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fluorescence color of the lectin binding 
examined in this study, specially the 
fluorescence of WGA binding.    
The lectin bindings should be logically 
considered at the mesenchymal tissues 
enclosing the embryonic structures around the 
developing pharyngeal and tracheo-esophageal 
regions. 
Interpretation of the MesenchymalLectin 
Binding: 
Around the Developing Cranial Part of the 
Foregut and Ventro-Lateral to the Cardinal 
Veins:  
The Binding of PNA, SWGA, and UEA-I: 
It seems that the mixed cell surface and 
intracellular binding of PNA and SWGA is a 
criterion of mesencymal tissues propagation 
ventrolateral to the deviated cardinal veins 
during the second and third days, the same 
criterion is seen at the mesenchyme propagation 
around the cranial part of the foregut at the 
third day.  
The UEA-I binding varies at these mesenchymal 
regions showing temprospatial changes from 
mixed cell surface and intracellular binding at 
the second day to intracellular binding at the 
third day.  
This conclusion goes with the concept of Zalik et 
al. reported that galactose specific lectin is 
expressed in spreading cells (16). The PNA pattern 
binding (which is a galactose specific lectin could 
be related to spread of the mesenchymal tissues 
lateral to the deviated cardinal veins and around 
the developing cranial part of the foregut (17). 
Also, according to this, conclusion the SWGA 
binding specific for N-acetylgalactosamine may 
be considered for the same interpretation as the 
binding pattern of SWGA simulate that of PNA 
(18). The UEA-I binding specific for fucose may be 
related to cellular differentiation, this 
interpretation is based on the role of lectin 
binding in determination of the cellular 
differentiation (19,20).    
Catt et al. stated that it is likely that in most 
tissues the high concentrations of lectin are 
particularly active in connective tissue during the 

extensive tissue reorganization (21). The results of 
this study agree with that hypothesis.  
The Binding of SBA and WGA: 
SBA and WGA bindings showed variable tempro-
spatial pattern that did not follow a conclusive 
chronological pattern in the mesenchyme 
around the cranial part of the pharynx and 
ventrolateral to the cardinal veins. 
The variable SBA and WGA bindings at this 
mesenchyme are probably related to the 
masking effect described by Takahashi in the 
chick embryo (22). 
Sinning et al. shown that SBA binding could be 
related to active proteins associated with 
mesenchyme formation that are localized to a 
particulate form of extracellular matrix, specific 
for matrix particulates in areas of the embryo 
that undergo an epithelial- mesenchymal 
interaction (23).  
The results of this study reached a conclusion 
similar to that reported by Zschabitz et al. stated 
that WGA (Triticumvulgare) displayed a universal 
distribution of binding sites with differences in 
binding between focal areas of developing 
mesenchyme. These authors concluded that 
terminal sialic acid molecules, glucose, 
galactose-(β 1,4)-N-acetylglucosamine as well as 
galactose-(β 1,3)-N-acetylgalactosamine are 
diffusely distributed in mesenchymal tissue (24).  
Dorsomedial to the Deviated Cardinal Veins:  
The mesenchyme dorsomedial to the deviated 
cardinal veins lies on the sides of the neural tube 
represented the sclerotomal mesenchyme. It 
was described that the cells of the ventral and 
medial walls of the somites lose their compact 
organization, become polymorphous, and shift 
their position.  These cells collectively known as 
the sclerotome that form a loosely woven 
embryonic connective tissue. This tissue will 
surround the spinal cord and the notochord to 
form the vertebral column (25-29). 
In summary, during the 2nd day of development, 
the mesenchyme dorsomedial to the deviating 
cardinal veins showed cell surface reactivity with 
SWGA, and mixed reaction with UEA-I, and only 
intracellular reactivity with PNA.  During the 3rd 
day of development, this mesenchyme showed 
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mixed reaction with SWGA, while PNA and UEA-I 
showed intracellular reaction. The binding at this 
mesenchyme showed cell surface SBA binding 
pattern during the second and third day of 
development. The WGA binding was of mixed 
cell surface and intracelluar pattern at the same 
period. 
The PNA Binding: 
This sclerotomal mesenchyme was shown in this 
study to be marked by intracellular PNA during 
the second and third day of development. This 
finding is in agreement with the suggestions of 
Gotz et al. whom reported conclusions 
supporting the results of this study; these 
authors reported that PNA and WGA were found 
in the developing sclerotomes (30). 
Aulthouse and Solursh stated that PNA appears 
to be a marker for early precartilage cellular 
aggregates in chick embryo (31), also Zschabitz et 
al. suggested that in early stages of 
development, PNA selectively labeled the 
prevertebralblastema (the sclerotomes) (24). 
Stringa et al. found specific binding to the lectin 
(PNA) in embryonic precartilage tissues and the 
developing somite. The hypothesis was that 
PNA-binding may be a characteristic of chondro 
progenitor cells in chick embryos (32). Also, 
Mohammad et al. stated that PNA binding was 
found in the vertebral primordial at early stages 
(14).  
The SWGA Binding: 
The results of this study could support the 
hypothesis made by Griffith et al. that the 
undifferentiated mesenchymal transformation is 
accompanied by changes in the cell surface 
oligosaccharide complement of the 
differentiating cells. These authors stated that 
the pluripotential nature of the mesenchyme 
represents a developing system which is readily 
amenable to experimentation and should 
provide insights into the general mechanisms of 
cell differentiation and transformation (33).  
The UEA-I Binding: 
The binding pattern is probably a criterion of the 
mesenchymal tissue of the chick species during 
the third day of incubation, and thus this pattern 
could not be considered as a marker specific for 

the sclerotomal mesenchyme. This conclusion 
supported the finding of Zschabitz et al. that 
UEA-I failed to bind the vertebral primordial in 
rat embryo (24). 
The SBA and WGA Binding: 
The sclerotomal mesenchyme was shown in this 
study to be marked by cell surface and mixed 
cell surface and intracellular reactivity 
respectively during both the second and third 
days of development.  
This pattern may be considered as a criterion of 
the sclerotomal cells of the chick embryo at this 
developmental period. This conclusion 
supported the finding of Gotz et al. that SBA did 
not react at all in the paraxial mesenchyme of 
the human embryos in comparison to chick 
embryos (30). 
The Pharyngeal Arches:  
The WGA binding maintained intracellular 
localization during the second and third days of 
development. The SBA pattern has been 
changed from extracellular binding at the second 
day to intracellular binding at the third day.  
The PNA, SWGA and WGA Binding: 
These lectins showed intracellular reaction with 
the mesenchyme of the pharyngeal arches 
during the second and third day of development, 
this pattern could be considered as a marker of 
this mesenchyme. This finding is in agreement 
with the report of Rojo et al., these authors 
stated that WGA reacted at every site of the 
bronchial region thus showing the presence of 
N-acetyl-D-glucosamine. These authors reported 
that other lectins, such as PNA and UEA-I, 
reacted also for a short time at some sites (34). 
The same marker pattern of these lectins was 
found in the mesenchyme around the triangular 
pharynx at the second day and around the slit-
like pharynx during the third day. This may 
indicate that this caudal pharyngeal lumen is 
surrounded by the mesenchyme of the 
pharyngeal arches. This interpretation depends 
on the consideration of Brooks and Leathem that 
the pattern of lectin binding could indicate the 
specific tissue type (6). 
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The UEA-I Binding: 
The binding pattern of this lectin changes from a 
mixed cell surface and intracellular pattern at 
the second day to intracellular binding at the 
third day. Also this pattern was seen in the 
mesenchyme around the triangular and slit-like 
pharynx, and that could support the 
interpretation described with PNA, SWGA, and 
WGA binding. 
The SBA Binding: 
The pharyngeal arches mesenchyme changes the 
pattern of SBA from extracellular pattern at the 
second day to intracellular binding at the third 
day. Also the extracellular to intracellular 
changing pattern was seen in the mesenchyme 
around the triangular shaped pharynx at the 2nd 
day of developmentanl around the slit-like 
pharynx during the 3rd day, and that could 
supported the interpretation described with 
PNA, SWGA, and WGA binding. 
Around The Respiratory Diverticulum, the Lung 
Buds, and The Esophagus: 
The lectin binding pattern at the third day in 
these mesenchymal regions almost showed cell 
surface binding of the lectins with or without 
intracellular localization of pattern of the lectins 
used in this study. Such pattern could probably 
being considered to be specific to the type of the 
mesenchymal tissues at these regions. 
These finding goes with the descriptions of Gheri 
et al. that lectin UEA-I was concomitant with the 
beginning of respiratory development (35). The 
patterns of lectin binding appreciated in this 
study are the criteria that were applied as an 
indication of the topographic criteria or the type 
of the mesenchymal tissue separating the 
respiratory primordial from the esophagus.  
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Abstract 
 
Background Male infertility constitutes about 50% of overall causes of infertility and apoptosis is known to have an 

essential role in the control of germ cell number in testis. Cigarette smoking is common in males at 
reproductive age. Studying the influence of smoking on apoptosis in male genital tract and its influence 
on fertility helps in the management of infertility in smokers. 

Objectives To assess the influence of cigarette smoking on seminal plasma (SP) soluble Fas (sFas) and the 
correlation between SP sFas and serum sex steroidal hormones and conventional semen parameters in 
males of infertile couples. 

Methods Seventy male partners of infertile couples (30 smokers and 40 non-smokers) were enrolled in this study. 
A subject was considered smoker if he had history of smoking of more 10 cigarettes per day for at least 
one year. Semen analysis was done according to World Health Organization (WHO) 2010. Specific kits 
were used for the measurement of SP sFas and serum testosterone and estradiol (E2). 

Results In smokers' group, SP sFas was significantly (p <0.05) negatively correlated with age and sperm motility 
and positively correlated with immotile sperm and round cell number. 

Conclusion Germ cell apoptosis in smoker males of infertile couples is interrelated with sperm motility. 

Keywords Male infertility, Smoking, Apoptosis, Seminal plasma sFas. 

 
 
Introduction 

ale infertility factor is identified in almost 
50% of infertile couples while it is the sole 

cause in 20-30% of infertile couples; and a 
comprehensive male infertility evaluation is the 
goal to optimize a man’s reproductive potential 
while maximizing his overall health (1). 
Cigarette smoking is a widely recognized health 
problem and the highest prevalence of smoking 
observed in young adult males during their 
reproductive period (2). Many literatures support 
the hypothesis that a significant correlation 
exists between tobacco smoking and altered 
reproductive physiology (3). 

Apoptosis is an active, gene-directed cellular 
self-destruction which may occur in both 
physiologic and pathologic conditions (4). It is 
thought to be one of the important factors in 
regulating the production of spermatozoa (5). 
One factor implicated in sperm apoptosis is the 
cell surface protein, fibroblast associated (Fas). 
The interaction between Fas (CD95/Apo-1; a 
type I transmembrane glycoprotein receptor) 
and a cellular death inducing ligand (a type II 
transmemberaneglycoprotein; FasL) plays an 
important role in triggering the apoptotic 
pathway. Both Fas and FasL exist as membrane 
bound and soluble forms (6).  

M 
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Human sFas is a 26-35 kD glycoprotein formed 
from cleavage of the specific extracellular region 
of FasL by the Matrilysin (protease enzyme) (7). 
Soluble FasL is not as efficient as membrane-
bound FasL in executing apoptosis (8,9) and can 
be antiapoptotic in some circumstances (10,11). 
Previous reports have suggested that the Fas 
mediated system is implicated in the elimination 
of defective spermatozoa from the ejaculate and 
shows possible irregularities that could account 
for certain forms of male infertility (12). 
Testosterone hormone is obligatory for 
spermatogenesis and the proper functioning of 
Sertoli cells (13). It increases germ cell attachment 
to Sertoli cells and permit the release of mature 
sperms. In the absence of testosterone, 
spermatogenesis does not proceed beyond the 
meiosis stage. After withdrawal of testosterone, 
germ cells that have progressed beyond meiosis 
detach from supporting Sertoli cells and die, 
whereas mature sperm cannot be released from 
Sertoli cells resulting in infertility (14). 
About 80% of the 17β-estradiol (E2) in the 
plasma of adult men is produced by 
extragonadal and extraadrenal aromatization of 
circulating testosterone and androstenedione by 
the enzyme aromatase particularly in the 
adipose tissue. The remainder (20%) comes from 
Leydig cells (15). Some E2 is also produced by 
aromatization of androgens in testicular germ 
cells, sperms and Sertoli cells (16). 
Estrogen is considered as an indispensable “male 
hormone” in the early spermatogenetic cycle as 
spermatogonial stem cell renewal is promoted 
by estradiol implantation and many clinical trials 
with aromatase inhibitors have resulted in a 
tendency to improve seminal parameters 
through suppression of estrogen-testosterone 
ratio, with an associated increase of follicular 
stimulating hormone (FSH) (17). Additionally, 
estradiol and testosterone also inhibit luteinizing 
hormone (LH) in a negative feedback loop (18). 
The aim of the present study was to evaluate the 
influence of cigarette smoking on the SP sFas 
levels in infertile males, and the correlation 
between SP sFas with serum testosterone and 

E2, and conventional seminal parameters in 
those subjects. 
 
Methods 
This study was done on seventy male partners of 
infertile couples attending to the High Institute 
for Infertility Diagnosis and Assisted 
Reproductive Technologies, Al-Nahrain 
University. The couples had no history of 
pregnancy or abortion for more than one year 
from marriage with regular unprotected sexual 
intercourse and had no recent history or 
previous medical history of chronic disease. 
Their age range was (18-58 years with a mean of 
32.5±7.81 years). The smokers involved in this 
study were having a history of smoking of at 
least 10 cigarettes per day for at least one year.  
Semen sample was taken from each subject by 
masturbation after 2-7 days of abstinence. 
Conventional semen analysis was done for each 
sample according to the protocol of World 
Health Organization (WHO, 2010) (19), after 
incubation and liquefaction period (30-60 min). 
From 106 subjects enrolled primarily in the 
study, only 70 subjects included and divided into 
two groups (30 smokers) and (40 non-smokers); 
while those who were azoospermic or with 
severe oligozoospermia (sperm concentration 
less than 5 million sperm/ml) were excluded. 
Seminal plasma was collected after 
centrifugation of semen for 15 min. at 3000 rpm; 
and then frozen at -20oC till analysis of sFas was 
done. 
Seminal plasma sFas was measured using the kit 
of IBL International GMBH sAPO-1/FAS ELISA 
Enzyme immunoassay for the quantitative 
determination of human sAPO-1/Fas in human 
cell culture supernatants, serum, plasma or 
other body fluids ref. BE51901 (Germany). 
Two ml of venous blood were drawn from 
anticubital fossa for the assay of serum 
testosterone and estradiol using the following 
kits: Serum total testosterone and E2 were 
assayed using {VIDAS® testosterone kit (Ref. 30 
418, BioMérieux® SA, France), and VIDAS® 
estradiol II kit (Ref. 30 431, BioMérieux® SA, 
France)}, which are automated quantitative tests 
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for use on the VIDAS instruments for the enzyme 
immunoassay measure of total testosterone and 
E2 in human serum or plasma (lithium 
heparinate), using the ELFA (Enzyme Linked 
Fluorescent Assay)technique. 
 
Statistical analysis 
Data were analyzed using Microsoft Excel 2010 
and SPSS Version 18. The results were presented 
as mean±standard deviation (SD). Normally 
distributed data were analyzed using unpaired 

student t-test while abnormally distributed data 
(skewed) were statistically analyzed using Mann-
Whitney U test. Pearson correlation coefficient 
was used for correlations. A value of P < 0.05 
was considered to be significant. 
 
Results 
Table 1 shows that there was no significant 
difference of age, body mass index (BMI) and 
serum sex steroidal hormones between smokers 
and non-smokers. 

 
Table 1. Comparison between smokers and non-smokers infertile men parameters by unpaired t-

test 
 

Parameter 
Infertile men 

P value Smokers 
N = 30 

Non-Smokers 
N = 40 

Age (yr) 
BMI (kg/m2) 

Testosterone (T) (ng/ml) 
Estradiol (E2) (pg/ml) 
Testosterone/E2 ratio 

33.27±8.22 
27.24±4.12 
5.57±2.88 

37.82±22.57 
168.46±90.14 

31.93±7.55 
28.78±7.17 
5.67±3.22 

39.65±21.4 
151.51±67.44 

0.4869 
0.2624 
0.8906 
0.7327 
0.3915 

BMI: Body mass index, E2: Estradiol II 

 
This study revealed that there was no significant 
difference in median of SP sFas between 

smokers and non-smokers infertile men (P > 
0.05), table (2). 

 
Table 2. Comparison of seminal plasma sFas between smokers and non-smokers groups by Mann-

Whitney U test 
 

Parameter 
Smokers 

N = 21 
Non-Smokers 

N = 36 P value 
Range median Range median 

sFas (pg/ml) 0.0-298.0 32.0 0.0-712.0 4.0 0.653 

 
It was also demonstrated that there was no 
significant difference between semen analysis 
parameters (volume, concentration, motility, 
morphology, agglutination and round cells) 
between smokers and non-smokers groups, 
table (3). 
The age was significantly negatively correlated 
with SP sFas in smokers group (r = -0.474, P = 
0.03) as shown in figure 1. 

Figures 2 and 3 shows significant negative 
correlation between seminal sFas and 
progressive and non-progressive sperm motility 
percentage (r = -0.473, -0.448, P = 0.03, 0.042 
respectively) and significant positive correlation 
with immotile sperm percentage and round cell 
no. in semen (r = 0.537, 0.712, P = 0.012, <0.001 
respectively) in smokers group (figures 4 and 5), 
while these correlations were insignificant in 
non-smokers group. 
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Table 3. Comparison of semen parameters between smokers and non-smokers groups by unpaired 
t-test 

 

Parameters 
Infertile men 

P value Smokers 
N = 30 

Non-Smokers 
N = 40 

Semen Volume (ml) 
Semen pH 

Sperms Concentration (ml) 
Sperms Progressive motility (%) 

Sperms Non-progressive motility (%) 
Immotile Sperms (%) 

Total sperm count/ejaculate 
Normal Sperms Morphology (%) 

Sperms Agglutination (%) 
Round cell count/HPF 

2.25±0.82 
8.01±0.13 

39.07±26.29 
33.53±17.83 
21.0±12.63 

45.47±23.65 
83.94±65.34 
24.23±14.29 

1.27±4.38 
9.13±7.77 

2.09±0.78 
8.0±0.24 

48.8±30.83 
31.28±16.58 
20.88±9.38 

47.88±20.97 
104.24±83.66 

22.73±14.4 
1.2±3.02 

9.35±7.26 

0.4108 
0.7222 
0.1595 
0.593 

0.9638 
0.6599 
0.2586 
0.6647 
0.9432 
0.9059 

HPF= high power field 

 
Discussion 
In this study, there was no significant difference 
in median of SP sFas between smokers and non-
smokers males of infertile couples (P > 0.05); 
however, the SP sFas was negatively correlated 
with age of smokers; this may be explained as 
cigarette smoking may enhance apoptosis 
process in the testis and genital tract with age (7) 
as sFas is considered antiapototic factor and the 
decrease in sFas level indicates increased 
apoptosis as mentioned above (10,11). 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Correlation between age and seminal 

plasma sFas in smokers group 
 
This study also showed that SP sFas was 
significantly negatively correlated with sperm 
motility and positively correlated with immotile 
sperms. This result disagree with Zedan et al (20), 
but it is go with Chen et al (21) who found inverse 
associations between percent apoptosis in 

ejaculated human semen and sperm motility, 
progressive motility, and morphology. It could 
be explained that increased antiapoptotic factor 
(sFas) and decrease apoptosis would lead to 
overcrowding of growing sperms and decrease 
space within seminiferous tubules and this 
causes increase percentage of defected sperms 
in the semen and increase immotile sperms and 
round cells (which are mainly immature germ 
cells) (22). 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Correlation between seminal plasma 

sFas and sperm progressive motility percentage 
in smokers group 

 
The hormones per se in this study had no 
significant correlation with semen parameters or 
with sFas. However, the total testosterone level 
and E2 in serum were higher in non-smokers 
than in smokers although the difference was 
non-significant, while the T/E2 ratio was higher 
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(but non-significant) in smokers than in non-
smokers. These results go with Yardimci et al (23) 
who found significant decrease in total serum 
testosterone in smokers. 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. Correlation between seminal plasma 
sFas and sperms non-progressive motility 

percentage in smokers group 
  
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Correlation between seminal plasma 
sFas and immotile sperms percentage in 

smokers group 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Correlation between seminal plasma 
sFas and round cell number in smokers group 

 

The possible mechanism for these results, the 
smoking, over time, may cause degeneration of 
Leydig cells, which in turn reduce testosterone 
production. In contrast, English et al study 
showed a significantly higher total testosterone 
in smokers than non-smokers (24). This maybe 
explained as the study was done on healthy 
subjects while in our study was on males of 
infertile couples. Another assumption is that 
man with high testosterone level may become 
addict to cigarette smoking. Regarding E2, 
Trummer et al (25) also had found no significant 
different of E2 level between smokers and non-
smokers. 
For semen parameters, the study showed no 
significant difference between smokers and non-
smokers, these results were similar to the results 
of several other authors (26-29), but disagree with 
Künzle et al (30) who found that cigarette 
smoking was associated with a significant 
decrease in total sperm count (−17.5%), total 
number of motile sperm (−16.6%), significant 
reduction in the percentage of normal forms and 
sperm vitality, but ejaculate volume were slightly 
but non-significantly affected. This could be due 
to high number of subjects involved in their 
study compared with the low number in this 
study. On the other hand, Collodel et al (31) found 
that semen quality in infertile males seems not 
to be dramatically affected by cigarette smoking, 
only heavy smokers show significantly lower 
sperm concentration. The exact pathophysiology 
underlying cigarette smoking and sperm 
deterioration is unclear. Possible mechanisms 
include the influence of cigarette smoke on the 
function of Sertoli and Leydig cells and testicular 
microcirculation (30). 
In conclusion, Germ cell apoptosis in smoker 
males of infertile couples is interrelated with 
sperm motility. 
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Abstract 
 
Background The common sign of snake envenomation is hepatotoxicity or liver injury that is dependent on quality 

and quantity of venom. 

Objective To clarify the effect of intraperitoneal (i.p.) injection of LD50   dose of Naja naja snake venom on the 
hepatic tissues of albino rats after 3 and 24 hr from envenoming respectively. 

Methods The rats were divided into 3 groups, the first group served as a control group, while the other groups 2 
and 3 were treated with the snake venom (0.05 µg/g body weight i.p) and sacrificed by decapitation 
after 3 and 24 hours of the snake venom injection respectively. The livers were isolated and histological 
sections were prepared. 

Results Intraperitoneal LD50 for Naja naja snake cobra was determined in rats to be equal to 0.05 µg/g body 
weight. Histopathological changes in liver tissues after 3 hr from injection were congestion of the central 
veins, congested liver sinusoids, leucocytes infiltration, cytoplasmic vacuolization and nuclear pyknosis, 
cellular swelling and necrosis of some cells. While histopathological changes in liver tissues after 24h 
from injection were the same signs in addition to cellular swelling, necrosis and damage of the injured 
hepatocytes with acute inflammation cells infiltration. 

Conclusion The injection of LD50 dose of Naja naja snake venomin rats can induce hepatic damage and hepatotixicity 
in albino rats. 

Keywords Naja naja, snake venom, Rats, Liver, Histopathological changes. 

 
 
Introduction 

he venom of most snakes is highly phlogistic 
in humans (1). Tissue changes following snake 

envenomation depend on the species of snake 
responsible for the bite, the composition of its 
venom and also the susceptibility of the tissue 
for a particular component of the venom (2). Naja 
naja (cobra) is one of the most dangerous snake 
species in the world, where it provokes a high 
number of human deaths due to envenomations 

(3). The main compounds of Naja naja venom are 
complex mixture of biologically active 
components comprising hydrolytic enzymes that 

cause several disorders such as hemorrhage, 
coagulation disturbances, edema and 
myotoxicity (4). These enzymes are peptidases (5), 
phospholipases A2

 (6), metallopeptidases and 
non-enzymatic proteins/peptides like 
cardiotoxins, that caused hemolysis, local 
inflammation, depolarization, and contracture of 
smooth, skeletal and cardiac muscles (7), and 
small amounts of organic and inorganic 
molecules (8). There are reports showing the 
effects of various snake venoms on liver tissues 
in rat that the venom causes damage of the 
hepatocyes (9-11). The objective of this study is to 

T 
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determine the histological alterations in the liver 
of rats following Naja naja envenomation in an 
attempt to improve our understanding of snake 
envenomation in rats. 
 

Methods 
Venom  
Lyophilized crude venom of snake Naja naja 
venom was obtained from India (Sigma loeate 
Ltd). The crude venom was dissolved in 
phosphate buffered saline (PBS), pH 7.2. The 
determination of the median lethal dose LD50 of 
the snake Naja naja venom by intraperitoneal 
(i.p.) injection was carried on 40 adult healthy 
albino rats. The injected dose was 0.05 µg/g 
body weight of snake venom calculated 
according to the method of Meier and 
Theakston (12). Results are shown in table (1) 
                                                                                                                                 
Animals and Experimental design 
Healthy adult albino rats of same age group (80±5 
days) and weight (190±10 g) were taken from the 
High Institute for Infertility Diagnosis and Assisted 
Reproduction Technologies, AL-Nahrain University 

and the animals were housed in standard condition 
and fed with normal diet and water ad libitum. 
Animals were divided into three groups of 8 animals 
each. The first group, control, animals were injected 
i.p. with 0.1 ml in phosphate buffered saline and 
sacrificed 24 hr after injection. Groups two and 
three were injected i.p. with LD50 (0.05 µg/g body 
weight) of cobra venom and sacrificed at 3 and 24 
hr after envenomation respectively. All animals 
were sacrificed, then liver was isolated and cut to 
small pieces from each experimental rats then 
transferred immediately to 10% formalin for 24 hr 
and dehydrated in ascending grades of ethanol (50-
100%). Clearing was done in xylene and embedded 
in paraffin wax. Sections (4-5 µm thick) were 
prepared and then stained with hematoxylin and 
eosin (H & E) and methylene blue stain to be 
examined with light microscope.       
 
Results 
Venom Lethality: 
The approximate i.p. LD50 for Naja naja snake 
cobra was determined in rats to be equal to 0.05 
µg/g body weight, as shown in table 1.   

       
Table 1. Determination of LD50 of Naja naja snake Cobra venom 

 

Dose µg/g body weight No. of animals Survival (S) Death (D) % Mortality 

0.02 
0.04 
0.06 
0.08 
0.1 

8 
8 
8 
8 
8 

8 
5 
3 
1 
0 

0 
3 
5 
7 
8 

0 
37.5 
62.5 
87.5 
100 

LD50 = 0.05 µg/g body weight rats 

 
Histological studies: 
Light microscopic observation revealed that the 
control hepatic tissue (group 1) showed normal 
cells with prominent round nuclei and 
eosinophilic cytoplasm. The hepatocytes 
radiated towards a central vein and separated by 
blood sinusoids (Figures 1 & 2). 
In the second group showed some 
histopathological changes were recorded after 3 hr 
from envenoming including some scattered of the 
hepatocytes suffering from cytoplasmic 
vacuolization, nuclear pyknosis, few cellular 
rarified of cytoplasmic components and central 

vein congestion.  Congested blood sinusoids and 
lymphocytic infiltration were also recorded 
(Figures 3 through 6).  
The liver tissues of the third group showed more 
severe histopathological changes were recorded 
after 24 hr from envenoming. These changes 
include extreme extend of the cellular swelling, 
necrosis and damage. Numerous inflammatory 
cells and Kupffer cells hyperplasia were noticed in 
between the necrotic hepatocytes (Figures 7 
through 9). The injured hepatocytes were mostly 
infiltrated with numerous inflammatory cells 

(Figures 10 through 12). 
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Figure 1. Liver section (from control) showing 
hepatocytes radiating from the central vein (CV) (H & E, 

40X) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Liver section (from control) showing 
homogenously stained cytoplasm and normal nuclei, 

blood sinusoids (BS) and a central vein (CV) (H & E stain, 
X100) 

 

Discussion 
Several researches dealing with the effects of 
snake venoms in cells or tissues from the organs 
of   rodents, like liver, kidney and muscle showed 
varying results, depending on the experimental 
concentrations, exposure time, site of injection, 
the species of the snake and the composition of 
the venom (13,14). Snake venoms comprise 
complex mixtures of enzymatic and non-
enzymatic proteins and small organic 
compounds. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 3. Section of liver tissues of rat after 3h from 

envenoming with LD50 snake venom showing condensed 
nuclei (CN) cellular necrosis (N) and number of 

inflammatory cells (IC), blood sinusoids (BS) and a central 
vein (CV) congested, (H & E, X100) 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Liver section rat after 3h from envenoming with 

LD50 snake venom showing hydropic degeneration (H), 
increase number of kupffer cells (K), nuclear 

condensation (CN) and pyknosis (P), inflammatory cells 
(IC) and CV: central vein congested, (H & E, X200) 

 
The pathology of envenomation includes both 
local and systemic effects such as neurotoxicity, 
myotoxicity, cardiotoxicity, coagulant disorders, 
hemorrhagic, hemolytic and edema forming 
activities (15). Liver is considered as a target organ 
for envenoming by different types of snake 
venoms. Liver injury is among the common and 
most serious symptoms of cobra snake 
envenoming (16). 
In the present work, the livers of rats after 3 and 
24h envenomed with the LD50

 
of Naja naja snake 
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venom showed marked histopathological 
changes. The LD50

 
was selected for studying the 

histopathological changes associated with snake 
envenoming. These changes included congestion 
of intrahepatic blood vessels, increase in number 
of Kupffer cells, inflammatory cell, hydropic 
degeneration, variable degrees of cellular 
swelling, cytoplasmic changes, cellular necrosis 
and cellular damage. 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. Liver section of rat after 3 hr from injection of 

snake venom  showing hydropic degeneration (H), 
increase number of kupffer cells (K), variable sized nuclei 

(N), cytoplasmic vacuolization (v), pyknotic nuclei (PN) 
and inflammatory cell infilterations (Ic) (H & E stain, 

X400). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Section of liver tissues of rat after 3 hr from 
injection of snake venom showing hydropic degeneration 

(H), variable sized nuclei (N), cytoplasmic vacuolization 
(v), pyknotic nuclei (PN), lymphocyte (L), polymorph-

onuclear cell (PMN) and central vein filled with 
erythrocytes (RBC) (Mathylene Blue stain, X1000). 

 
The results of the present study were in 
agreement with those reported by 

Chethankumar (8) who observed that cellular 
swelling might be due to the action of Naja naja 
venom phospholipase, which causes disturbance 
of the cell membrane permeability with, which 
the Na+/K+ ATPase activities and consequent 
influx of Na+ and water, induces changes to 
cellular membranes, especially those related to 
fatty acid changes in the major membrane 
phospholipids and eventually lead to cell death. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 7. Section of liver tissues of rat after 24 hr from 
injection of snake venom showing hydropic degeneration 

(H), variable sized nuclei (N), cytoplasmic vacuolization 
(v), pyknotic nuclei (PN), central vein filled with 

erythrocytes and the sinusoids are filled with 
erythrocytes (H & E stain, X200). 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 8. Section of liver tissues of rat after24 hr from 

injection of snake venom showing hydropic degeneration 
(H), kupffer cell (K), variable sized nuclei (N), cytoplasmic 
vacuolization (v), pyknotic nuclei (PN) and inflammatory 

cell infilterations (Ic) (H & E stain, X600). 
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In addition, Rahmy and Hemmaid (17) reported 
that snake (Naja haje) envenoming causes 
cellular swelling, cytoplasmic granulation and 
vacuolization in addition to intrahepatic 
hemorrhage, liver necrosis and activation and 
hyperplasia of the Kupffer cells. This activation 
of these cells might represent a defense 
mechanism of detoxification induced by the 
venom correlated with the degree of injury to 
the hepatic tissue which increases autophagy 
throughout the hepatic tissue. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9. Section of liver tissues of rat after 24 hr from 

injection of snake venom  showing hydropic 
degeneration (H), hypertrophy of kupffer cell (K), variable 
sized nuclei (N), cytoplasmic vacuolization  (v), pyknotic 

nuclei (PN), leucocyte (L) and central vein with 
erythrocytes (RBC) (Mathylene Blue  stain, X1000). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Section of liver tissues of rat after 24 hr from 
injection of snake venom showing erythrocytes (E) (H & E 

stain, X200). 

 

Hanafy et al in 1999 (18) explained that Cerastes 
cerastes envenoming causes cellular swelling, 
cellular necrosis, nuclear pyknosis and presence of 
foci of damaged hepatic cells invaded with 
inflammatory cells. The appearance of vacuoles 
within the hepatocytes of the envenomed rats 
might indicate venom interference with 
mitochondrial and microsomal function that leads 
to disruption of lipoprotein and lipids 
accumulation. Similar findings were obtained by 
Abdel Ghani et al in 2009 (19) who attributed these 
changes to a hepatotoxic effect of the Naja 
Nigricollis venom and it is more likely to be 
described as  cytoplasmic changes of some snake 
toxins. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Section of liver tissues of rat after 24 hr from 
injection of snake venom showing erythrocytes (E), 

variable sized nuclei (N) and inflammatory cell 
infilterations (Ic) (Mathylene Blue  stain, X100). 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 12. Section of liver tissues of rat after 24 hr from 

injection of snake venom showing erythrocytes (E) 
(Mathylene Blue stain, X400). 
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The present study has indicated that Naja naja 
envenomation causes acute toxic insult to the 
envenomated rats as a result of metabolic 
disturbance. More work is needed to illustrate 
the histochemical and ultrastructural alterations 
induced by Naja naja venom in the liver and 
other vital organs. 
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Abstract 
 

Background Treatment of acute poisoning due to drug overdose in general depends on the prevention of further 
absorption of the drug and acceleration of elimination, using specific antidotes. Drugs adsorption is of 
significant importance in physical pharmacy for the preparation of physical antidotes. 

Objective To investigate the adsorption of glimepiride from aqueous solution on two adsorbents (activated charcoal 
and Iraqi kaolin). 

Method UV-Spectrophotometric technique was used to obtain the quantitive adsorption data at different 
conditions of pH and temperature. 

Results The quantities of glimepiride adsorbed on activated charcoal and kaolin were increased with decreasing 
temperature. Adsorption isotherms of glimepiride on both surfaces were consistent with Freundlich 
adsorption isotherm. Thermodynamic functions (∆G, ∆H and ∆S) were useful in describing the spontaneity 
of the adsorption process. 

Conclusion The quantity of the drug that is adsorbed on activated charcoal was higher than that adsorbed on kaolin 

surface therefore; the activated charcoal is a better antidote. 
Keywords Glimepiride, Adsorption, Activated charcoal, Iraqi kaolin 
 

Introduction 
dsorption from solution is rather 
complicated in its theory due to the 

influence of solvent molecules and their 
competition with the solute species to be 
adsorbed. The porous and finely divided 
materials enhance adsorption due to their high 
surface area. Adsorption is usually accompanied 
by a decrease in free energy change and entropy 
of the system. This process is influenced by a 
number of factors such as concentration of 
adsorbate, surface area of adsorbent, 
temperature, ionic strength, pH solubility of 
adsorbate and adsorbent molecules (1).Through 
the citation of literature, it has been noticed that 
there are so many adsorption studies, some of 
these studies concentrated on the medical 

applications of the adsorption particularly in the 
treatment of poisoning and drug overdose (1-13). 
These adsorption studies were carried out on 
different types of adsorbents such as kaolin, 
activated charcoal, attapulgite, talc, magnesium 
trisilicate and so many others. However the 
results of these studies indicated that the 
activated charcoal was the most active surface 
employed as adsorbent. 
A number of studies were concentrated on the 
adsorption of heavy metals on clay minerals and 
oxides (14). Recently an investigation was carried 
out on the adsorption of trimethoprim on 
cellulose acetate and attapulgite (15). 
Kaolin was also used to adsorb toxic substances 
from the alimentary canal and is used in the 
treatment of diarrhea associated with food 
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poisoning (16). Through the citation of literature it 
has been noticed also that no work has been 
done on the adsorption of the drug glimepiride, 
therefore it has been decided to investigate its 
adsorption on Iraqi kaolin and activated charcoal 
at different conditions. 
Glimepiride  is  one  of  the  third  generation 
sulphonylurea, antidiabetic  drug  which  
stimulates  insulin  release. It is used for the 
treatment of non-insulin-dependent diabetes 
mellitus. Glimepiride is a constituent of an oral 
anti-diabetic medicine commercially available as 
Amaryl tablets. Over dosage of this drug may 
lead to sever and sometimes life-threatening 
hypoglycemia and require hospitalization even 
as a precautionary measure (17). 
The aim of this investigation is to assess the 
abilities of both the Iraqi kaolin and the 
activated charcoal in adsorbing the over dosage 
of Glimepiride and to be used as antidote for 
such diabetic patients that may mistakenly 
ingest overdose of Amaryl or any other drug that 
contains Glimepiride. 
If (x) mg of a drug is adsorbed from solution on 
(m) grams of an adsorbent, the extent of 
adsorption is given by (x/m) or (Qe). Two main 
theories have been adopted to describe the 
mechanism of adsorbate- adsorbent interaction. 
1. The theory of Langmuir: Adsorption is limited 
to a monolayer of adsorbate molecules on a 
homogeneous adsorbent surface (18), (Equation 
1): 
Ce/Qe = 1/ab + Ce/a…… (1), where (a) and (b) 
are constants. 
(Ce) is the equilibrium concentration of the drug 
in solution.   
Plotting Ce/Qe versus Ce produce a linear 
relationship if Langmuir's isotherm is valid for 
the system under investigation. 

2. Freundlich theory: It is an empirical equation 
(2) based on the assumption that the surface 
possessing heterogeneous adsorption sites of 
different potential energies and different 
geometrical shapes. These sites exhibit different 
affinities towards the same adsorbate molecules 
(18) 
log Qe =log K+1/n log Ce…..(2), where (n) and (k) 
represent empirical constants. 
The study of the temperature effects on 
adsorption will help also in evaluating the basic 
thermo-dynamical functions (∆H, ∆S, ∆G) of the 
adsorption process. 
The importance of these functions is to see the 
feasibility and spontaneity of the adsorption 
process through the sign and value of the free 
energy change (∆G). The motive behind the 
spontaneous reaction is the tendency to 
decrease its free energy to the minimum value. 
The enthalpy function (∆H) is directly related to 
the electrostatic interaction during the 
adsorption process, whereas the entropy (∆S) is 
a function which can be linked to the mobility of 
the adsorbate in the adsorption media and can 
be determined from Gibbs equation (19). 
 
Methods 
The instruments used were UV - VIS 
Spectrophotometer (UV-1800) Shimadzu, 
thermostated Shaker bath/GFL (D-3006), 
Germany, pH Meter/HM -73, TDA Electronics 
Ltd., Centrifuge /eppendorf 5804 R, electronic 
Balance/Sartorius Lab. BP 3015. The materials 
used are HCl (GCC) and NaOH (Emscope 
laboratories Ltd). The drug used was Glimepiride 
that is obtained from (Zhejiang jiangbei 
pharmaceutical co., ltd.) Germany.  
Glimepiride is a white to yellowish–white 
powder, crystalline, odorless. Molecular 
Formula: C24H34N4O5S, Molecular Weight: 
490.62. 
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Figure 1. The structural formula of Glimepiride (20) 
 
Adsorbents 
Activated charcoal (fluka) 
  
 
 
 
 
 
 
 
 
 
 

Figure 2. (A): Scanning electron micrograph of a particle of activated charcoal, (B): The pores that 
tunnel into the actual activated charcoal particles (21) 

 
Iraqi kaolin: was obtained from (Dwaikhla) 
opened mine (north of Rutba) in the Iraqi 
Western desert supplied by the ''General 
Company for Geological Survey and Mining'', 

Baghdad, Iraq. The weight percentages of the 
Iraqi kaolin clay were: 

SiO2 (54.68%), Al2O3 (30.19%), Fe2O3 (1.02%), 

TiO2 (1.00%) and loss on ignition (10.94%). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 3. The shape characterization of kaolin (22) 
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Method 
Kaolin and activated charcoal adsorbents were in 
powder form. Each of them was washed several 
times with excessive amounts of distilled water 
then dried at (170 oC) in the oven for three hours 
and kept in airtight containers. Each adsorbent 
was ground and sieved using Retsch test sieve 
63µm. 
A stock of (50 ml) aqueous solution of 
glimepiride drug (54 mg Lˉ1) was prepared and 
its (λmax) was determined. The maximum 
absorbance (λmax) was (200) nm. Various drug 
solutions with different concentrations were 
prepared by diluting the stock solution with 
distilled water (5.4, 16.2, 27, 37.8 and 48.6 
mgLˉ1).  
In order to obtain the calibration curve for 
aqueous solutions of Glimepiride at pH =1 the 
absorbance values of these drug solutions were 
measured at the specific (λmax) using UV-Vis 
double beam Spectrophotometer and plotted 
versus the concentrations of these drug 
solutions (Figure 4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. UV Spectra of aqueous solution of 
Glimepiride at pH=1 

 
The time to reach equilibrium state, that is 
required for full saturation of adsorbent surface 
at 37 oC by the adsorbate has been determined 
by the following procedure: 50 ml initial 
concentration (54 mg/L) of adsorbate solution 

was shaken with (0.1 g) of each adsorbent. The 
absorbances of adsorbate solutions were 
measured by UV/Visible spectrophotometer at 
different intervals 10, 20, 30, 60, 90, 
120……minutes until reaching equilibrium (no 
further uptake of adsorbate by adsorbent as the 
time proceeds). 
A systematic procedure was followed to 
determine the adsorption isotherms for each 
pair of adsorbent -adsorbate systems. A volume 
of (50ml) of five different concentrations of drug 
solution (5.4, 16.2, 27, 37.8 and 48.6 mg/L) was 
shaken with (0.1 g) of adsorbent at a certain 
temperature in a thermostatic shaker. The speed 
of shaking was 60 cycles per minute. After the 
equilibrium time (30 min) elapsed, the mixtures 
were allowed to settle and the clear liquids were 
either centrifuged at 4000 round per minute 
(rpm) for 20 minutes or filtered using double 
filter papers T (whatman No. 42 Germany). The 
two methods of separation gave identical 
results. The absorbencies of the filtrate solutions 
were measured at (λmax). The equilibrium 
concentrations of the prepared solutions can be 
determined from the calibration curve using 
their absorbencies.  
The adsorbed amount of the drug was calculated 
at certain conditions from the concentration of 
solution before and after adsorption according 
to equation (3): 
Xm = (Co-Ce) V / m……………..(3), where Co and Ce 
are the initial and equilibrium concentrations of 
drug  solution (mg/L) respectively, V is the 
volume of solution in liter, Xm= the maximum 
quantity of adsorbate (in mg) that is adsorbed on 
the adsorbent at certain value of Ce that was 
fixed for all temperatures used in the study, (m) 
is the weight of adsorbent in grams.  
Xm can be determined from equation (4): 
Qe = Xm / m……………………(4), where Qe= is the 
quantity of adsorbate (in mg) held by (0.1 g) of 
adsorbent. 
The equilibrium constant (k) for the adsorption 
process at each temperature is calculated from 
equation (5): 
K = (Qe) (0.1 g)/(Ce) (0.05 L)………..(5), where (0.1 
g) represents the weight of the clay that has 
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been used, (0.05 liter) represents the volume of 
the drug solution used in the adsorption process. 
The change in free energy (∆G) could be 
determined from equation (6): 
∆G = - R T ln k…………….(6), where R is the gas 
constant (8.314 J/mol. deg) and T is the absolute 
temperature. 
The heat of adsorption (∆H) may be obtained 
from equation (7):  
In Xm = -∆H/RT + constant ……….(7) 
The change in entropy (∆S) can be determined 
from equation (8): 
∆G = ∆H – T∆S………(8) 
 
Results  
Adsorption isotherms 
The adsorption isotherms of glimepiride on 
activated charcoal and kaolin at pH=1 and 
different temperatures are shown in figures 5 
and 7. Figures 6 and 8 show a linear relationship 
between (log Qe) and (log Ce).   
 

 
Figure 5. Adsorption isotherms of Glimepiride 

on activated charcoal at pH=1 and different 
temperatures (25, 30, 37 oC). 

 
Effect of pH  
The adsorption extent of glimepiride on 
activated charcoal and kaolin investigated at 
different pH values (1, 4 and 7). It was found 
that the drug quantity adsorbed increased with 
increasing pH of the solution. It is clear from 
figures 9 and 10 that pH does play an important 
role in the adsorption of glimepiride on activated 
charcoal and kaolin. 
 

 
 

Figure 6. Linear form of freundlich isotherm of 
glimepiride adsorbed on activated charcoal at 

37 oC and pH=1 
 
Temperature effects and thermodynamic 
parameters 
The general shapes of the adsorption of 
glimepiride on kaolin and activated charcoal at 
three different temperatures 37, 30 and 25ºc are 
given in figures 5 and 7. Figures 5 and 7 show 
also that the adsorption of Glimepiride 
decreases with increasing temperature. 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 7. Adsorption isotherms of Glimepiride 
on kaolin at pH=1 and different temperatures 

(25, 30, 37 oC) 
 
Table 1 gives Xm values at different temperatures 
at pH=1. Plotting (In Xm) versus 1000/T produced 
a straight line with a slope = - ∆H/R as shown in 
figures 11 and 12). Table 2 shows the basic 
thermodynamical values of adsorption of 
Glimepiride on kaolin and activated charcoal.                  
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 Figure 8. Linear form of freundlich isotherm of 
glimepiride adsorbed on kaolin at 37 oC and 

pH=1 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. Adsorption isotherms of Glimepiride 
on activated charcoal at 37 oC and different pH 

(1,4,7) 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Adsorption isotherms of Glimepiride 

on kaolin at 37 oC and different pH (1,4,7) 

 
Figure 11. In Xm plotted against reciprocal 

absolute temperature for the adsorption of 
glimepiride on kaolin at pH=1 

 
 

 
Figure 12. In Xm plotted against reciprocal 

absolute temperature for the adsorption of 
glimepiride on activated charcoal at pH=1 

 
Discussion  
Adsorption isotherm 
The adsorption isotherms describe how 
adsorbates interact with adsorbents (23). The 
relationship between the amount of substance 
adsorbed at constant temperature and its 
equilibrium concentration is called the 
adsorption isotherm (24). The shape of the 
adsorption isotherms of Glimepiride on kaolin 
and activated charcoal was S type of Giles 
classification as shown in figures 5 and 7. This 
type of adsorption isotherm indicates a good 
applicability of freundlich assumptions. This 
indication can be seen clearly from the linear 
relationships between (log Qe) and (log Ce), 
Figures 6 and 8. 
Surface imperfection and the presence of 
impurities can play an important role in the 
heterogeneity of the surface. 
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Table 1. Effect of temperature on the maximum adsorbed quantity for adsorption of glimepiride on 
activated charcoal and kaolin in pH=1 

 

Adsorbent T. oC T. oK 1000/T oKˉ1 Xm (mg) In Xm 

Kaolin 
25 
30 
37 

298 
303 
310 

3.35 
3.30 
3.22 

0. 88 
0. 78 
0.63 

-0.1278 
-0.2484 
-0.4620 

Activated 
charcoal 

25 
30 
37 

298 
303 
310 

3.35 
3.30 
3.22 

1.03 
0. 93 
0.73 

0.0295 
-0.0725 
-0.3147 

 
Effect of pH 
According to the concept that is known as 
"diffuse double-layer" the clay particles in 
aqueous solution are charged and can attract 
molecules either by electrostatic forces or by 
inducing dipole formation in the neutral 
molecule.  
In general the pH of the solution affects the 
degree of ionization of the adsorbate molecules 
and the extent of dissociation of functional 
groups on the active sites of the adsorbent (25). 
The maximum quantities of the drug adsorbed 
on both adsorbents followed the order: pH 7 > 
pH 4 > pH 1 (figures 9 and 10). This behavior can 
be attributed to the changes that may take place 
in the nature of adsorbent and the changes in 
the interactions between solvent-surface, 
solvent-solute and solute-surface species. The 
changes in these interactions are due to the 
changes in the degree of dissociation of acidic or 
basic functional groups of the solute, the solvent 
and the surface. This in turn affects the 
polarization of these species and subsequently 
affects the adsorption extent (1). In addition, the 
solubility of Glimepiride may increase with 
decreasing pH because of the increase in the 
positive charges on the nitrogen atoms of the 
drug molecules which makes them more soluble 
and hence decrease the adsorption affinity 
toward kaolin or activated charcoal surface. 
 

Effect of temperature & pH on thermodynamic 
parameters  
The quantities of Glimepiride adsorbed on 
activated charcoal and kaolin were decreased 
with increasing temperature (figures 5 and 7). 
The increase in temperature may increase the 
solubility of the solute, hence decreasing its 
adsorption affinity towards the surface, in 
addition, to the increase in the kinetic energy of 
the species. Consequently, there is an increase in 
the entropy of the system, which results in a 
decrease of aggregate organization on the 
surface of the adsorbent.  
The negative values of the ∆G for the adsorption 
of Glimepiride on activated charcoal and kaolin 
at pH=4 and pH=7 indicated that the adsorption 
process of Glimepiride is spontaneous, but the 
positive values of the ∆G at pH=1 in 37, 30 and 
25 oC indicates that the adsorption process is 
nonspontaneous due to the small values (< 1) of 
the equilibrium constant. However, even with 
positive (∆G) values there were some 
interactions. 
The negative values of the ∆H for the adsorption 
of Glimepiride on activated charcoal and kaolin 
at pH=1, pH=4 and pH=7 at 25 oC indicated that 
the adsorption was an exothermic process. The 
positive values of ∆H at pH=1, pH=4 and at 37, 
30oC indicated an endothermic reaction, which 
could be attributed to the enlargement of pore 
size and/or activation of the adsorbent surface, 
creating some sort of interactions (23). 
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Table 2. Values of thermodynamic functions for the adsorption of glimepiride on activated charcoal 
and kaolin at different pH and temperatures 

 

Adsorbent ∆H( J/ mol) ∆G( J/ mol) ∆S(J/ mol k) pH Temperature 

Activated charcoal 
Kaolin 

Activated charcoal 
Kaolin 

Activated charcoal 
Kaolin 

+811.50 
+1191.08 
+183.25 
+626.22 
-72.35 

+317.27 

+2178.72 
+2705.74 
+1204.24 
+1887.43 
+760.40 

+1402.52 

-4.41 
-4.88 
-3.36 
-4.16 
-2.79 
-3.64 

1 
1 
1 
1 
1 
1 

37 oC 
37 oC 
30 oC 
30 oC 
25 oC 
25 oC 

Activated charcoal 
Kaolin 

Activated charcoal 
Kaolin 

Activated charcoal 
Kaolin 

+187.47 
+994.21 
-809.85 
-985.95 

-1355.47 
-1051.76 

+1232.06 
+2436.30 
-688.46 

-1116.82 
-2241.69 
-1314.66 

-3.36 
-4.65 
0.40- 
+0.43 
+2.97 
+0.88 

4 
4 
4 
4 
4 
4 

37 oC 
37 oC 
30 oC 
30 oC 
25 oC 
25 oC 

Activated charcoal 
Kaolin 

Activated charcoal 
Kaolin 

Activated charcoal 

-314.08 
-75.42 

-306.97 
-73.70 

-491.52 

+361.20 
+791.02 
+353.04 
+773.15 
-51.08 

-2.17 
-2.79 
-2.17 
-2.79 
-1.47 

7 
7 
7 
7 
7 

37 oC 
37 oC 
30 oC 
30 oC 
25 oC 

 
The negative values of ∆S for the adsorption of 
Glimepiride on activated charcoal and kaolin at 
pH=1, pH=4 and pH=7 at 37 oC indicated a 
decrease in the degree of freedom of the 
adsorbed species (26). The positive values of ∆S at 
pH=4 and at the temperatures 30 and 25 oC 
might be attributed to the more freedom of 
motion of the ions in the solution than that 
attached to the surface (27).  
We conclude that Iraqi kaolin showed a 
moderate ability to adsorb the Glimepiride drug 
from its aqueous media, however, the activated 
charcoal showed a better performance, 
therefore, both adsorbents can be used as 
antidotes for dealing with a case of drug 
overdose. Moreover, adsorption isotherms of 
the drug Glimepiride on Iraqi kaolin and 
activated charcoal obeyed Freundlich isotherm 
model. These results indicated the surface 
heterogeneity of the adsorbents leading to 
different adsorption strengths from site to site 
and different affinities towards drug molecules. 
Furthermore, the drug quantities adsorbed on 
Iraqi kaolin and activated charcoal at 37 oC 
showed an increase in adsorption of the drug 
uptake with increasing pH of the solution. 
Finally, adsorption of Glimepiride on Iraqi kaolin 

and activated charcoal decreases with increasing 
temperature. 
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Abstract 
 
Background Pseudomonas aeruginosa has assumed an increasingly prominent role as the etiological agent in a 

variety of serious infections in hospitalized patients. Pseudomonas aeruginosa strains produce three 
distinct types of bacteriocins (bactericidal substances). Bacteriocins of P. aerugonosa strains can be 
classified according to their morpology, or according to functions into pore forming pyocin and DNase 
activity–pyocins. 

Objectives To type by a molecular method local isolates of Pseudomonas aeruginosa utilizing the genes encoding 
for the potent bacteriocin (pyocin). 

Methods Fifty bacterial isolates of P. aeruginosa were re-identified by standard bacteriological methods and were 
subjected to PCR-amplification for the genes responsible for the production of three bacteriocins (pyocin 
S1, S2, and S3). 

Results Out of the fifty local isolates of P. aeruginosa enrolled in this study there were forty five (45) isolates 
which showed the presence of the genes encoding for the two mentioned bacteriocins (S1 and S2) 
corresponding to 95% of the isolates and there were forty five (41) isolates showed the presence of the 
gene encoding for the pyocin S3 corresponding to 82% of the isolates. 

Conclusions The present work showed a high genotypic relatedness of the studied clinical isolates of P. aeruginosa 
and it also emphasized the ability of the use of molecular typing of pyocins as more advanced and 
accurate methods for typing purposes and epidemiological studies. 

Key words Pyocins, Bacteremia, bacteriocins, polymerase chain reaction (PCR), electrophoresis 

 
 
Introduction 

seudomonas aeruginosa has assumed an 
increasingly prominent role as the etiological 

agent in a variety of serious infections in 
hospitalized patients (1). At particular risk are 
patients who have suffered major trauma or 
burns and are exposed to intensive care units (2). 
Also at risk are normal individuals exposed to a 
compromising occupational or recreational 
environment.  
Pseudomonas aeruginosa strains produce three 
distinct types of bacteriocins (bactericidal 

substances); proteins that have killing activity 
against strains of the same species. Bacteriocins 
of P. aerugonosa strains can be classified 
according to their morphology into three distinct 
types of bacteriocins designated R, F, and S 
pyocins, or according to functions into pore 
forming pyocin and DNase activity-pyocins (3). 
Pyocins are composed of three functional 
domains, the receptor-binding domain, the 
translocation domain, and the DNase domain, as 
reported previously, pyocins S1 and S2 inhibit 
the lipid synthesis of sensitive cells (4). 
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S-type pyocins (S1, S2, AP41, and S3) cause cell 
death by DNA breakdown due to an 
endonuclease activity located at the C-terminal 
end of the larger component. However these 
compounds do not express any DNase when it is 
engaged in the complex (5). 
Researchers stated that neither a revised pyocin 
typing technique nor O-serotyping provides all 
the requirements of the ideal typing system for 
P. aeruginosa. O-serotyping provides a rapid 
indication of antigenic differences when these 
occur. In an epidemic situation, however, the 
value of serotyping is limited unless the strains 
isolated belong to unusual serotypes. Pyocin 
typing requires a period of 24 h to achieve a 
result but provides adequate discrimination on 
which to base more confident epidemiological 
judgment (6). 
Molecular techniques offer a considerable 
improvement, and can complement phenotypic 
data to obtain a better understanding of 
bacterial diversity (8). PFGE is commonly 
employed, and has achieved widespread 
recognition as the ‘gold standard’ for P. 
aeruginosa DNA typing (9). However, this method 
is limited by technical complexity, expense and 
prolonged turnaround times for results (8). As an 
alternative, repetitive-element based PCR (rep-
PCR) has shown considerable potential as a DNA 
typing tool in the laboratory (Lau et al., 1995; 
Rep-PCR assays utilize primers targeting highly 
conserved repetitive sequence elements in the 
bacterial genome. Two such groups of repetitive 
elements are the enterobacterial repetitive 
intergenic consensus (ERIC) sequences common 
to Gram-negative enteric bacteria, and the BOX 
elements, originally detected in Streptococcus 
pneumoniae (10). 
This study was designed to find the frequency of 
a particular bacterial isolate associated with 
bacteremia as indicated by new PCR-based 
typing method for the genes encoding for pyocin 
S1, S2, and S3 located in the genome of local 
isolates of P. aeruginosa. 

 
 
 

Methods 
Sampling 
This study recruited fifty septicaemic 
Pseudomonas aeruginosa isolates obtained from 
four sources, eighteen isolates were taken from 
the department of microbiology, College of 
Medicine, Al-Nahrain University, thirteen 
isolates from College of Science, Al-Mustansyria 
University, nineteen from department of 
pharmacology, Al-Kindey College of Medicine, 
Baghdad University, and three isolates from Al-
Kadhiymia teaching hospital, Baghdad. These 
isolates were taken from patients of leukemia, 
lymphoma, urogenital, gastrointestinal, breast 
cancers, or from those suffering from burn 
infections and also from neonates. All of these 
isolates were collected in a period from February 
to December 2010. The isolates were subjected 
to various biochemical tests and standard 
bacteriological procedure to re-confirm the 
preliminary identification according to previous 
work (11). 
1. DNA Extraction 
The genomic DNA was extracted from bacterial 
cells using Wizard genomic DNA purification kits 
(Promega®, USA) and according to the 
manufacturer’s instructions. Agrose gel (1.5%) 
electrophoresis was adopted to confirm the 
presence and integrity of the extracted DNA (12). 
2. Primer  
Primers were purchased from Bioneer ® (South 
Korea) with melting temperatures and PCR 
product size of 58 oC; 278 bp and 53 oC; 541 bp 
for pyocin S1,S2 and pyocin S3, respectively.  
To determine the type of S pyocin produced by 
different P. aeruginosa isolates, certain primers 
were used to detect the presence of the genes 
encoding for pyocin S1 and S2 which cannot be 
detected separately as they share the same 
antigenic properties, the3 used primers were as 
follows:  
Because pyocins S1 and S2 share the same 
immunity protein, primers corresponding to the 
region encoding this protein were chosen (4). 
For pyocin S1 and S2 immunity proteins, the 
following primers were selected: 
a. S1S2imm-Fw (5-CACAAGGGAGGGAAGTGA-3). 
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b. S1S2imm-Rv (5-CGGCCTTAAAGCCAGGAA-3). 
1. For pyocin S3 the following primers were 

selected: 
a. RB-fw (5′-CGTATCACGAGACAGGCA-3′).  
b. RB-rv (5′-TGCCGCTTCTTCCGCTTT-3′).  
3. PCR Program 
The preparatory step for PCR included the 
addition of 5 μl of the template bacterial DNA 

onto preloaded master mix eppendorff tubes 
followed by the addition of 1.5 µl (10 
picomol\μl) of the specific primers, the final 
volume was completed to 20 µl by the addition 
of distilled water; finally the PCR program for 
pyocin S1 and S2 was run using the conditions 
mentioned in table 1. 

 
Table1. Cycling protocol for the PCR amplification of pyocin S1 and S2 gene 

 

Step Temperature (oC) Time No. of cycles 

Initial denaturation 94 30 seconds 1 

First loop 

Denaturation 
Annealing 
Extension 

Final extension 

94 
528 
72 
72 

30 seconds 
30 seconds 
30 seconds 
5 minutes 

30 

 
For amplifying pyocin S3 gene, the primer 
concentration was 10 picomol\μl and the PCR 
mixture was prepared as for pyocin S1 and S2 
while the cycling conditions run as mentioned in 
table 2. 

Note: Cycling conditions were adopted as trial 
and error approach relying upon previous study 
(4). 

 
Table2. Cycling protocol for the PCR amplification of pyocin S3 gene 

 

Step Temperature (oC) Time No. of cycles 

Initial denaturation 94 30 seconds 1 

First loop 

Denaturation 
Annealing 
Extension 

Final extension 

94 
56 
72 
72 

30 seconds 
30 seconds 
30 seconds 
5 minutes 

30 

 
 

4. Agarose Gel Electrophoresis 
The preparation of reagents, buffers, stains, and 
the method of electrophoresing PCR products 
were prepared and done according to previous 
work.  Agarose at 1.5, 1  grams was dissolve  in 
100 ml of 1X tris-borate EDTA buffer (or TAE) for 
PCR product and genomic DNA, respectively.  
The mixtures were then solubilized by heating 
with stirring, then they were left to cool at 60°C; 
ethidium bromide was then added to the 
mixtures and finally they were poured into the 
taped plate (12). 
 

Results 
The results of the current study revealed that all 
the fifty bacterial isolates (pre-identified as local 
isolates of P. aeuginosa) were re-identified as P. 
aeruginosa because they appeared as gram 
negative rods, capable of growth at 42oC, 
oxidase positive, sweet musty odor was 
produced, and were confirmed to be oxidative 
but not fermentative when applying 
oxidation/fermentation test.  
The results of this study confirmed that all the 
50 isolates enrolled in the study were viable and 
produced visible growth when activated and 
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sub-cultured; meanwhile the presence and 
integrity of their chromosomal DNA were also 

confirmed using agarose gel electrophoresis 
(Figure 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Chromosomal DNA bands on 1% agarose gel at 4V/cm for one hour 
  
The results of PCR amplification for the genes 
encoding pyocin S1&S2 indicated that out of the 
fifty local isolates of P. aeruginosa enrolled in 
this study, there were forty five (45) isolates 
which showed the presence of the genes 
encoding for the two mentioned bacteriocins (S1 
and S2) corresponding to 90% of the isolates 

(287 bp PCR products) while only five (5) isolates 
corresponding to 10% of the total fifty (50) 
isolates were recorded to be negative. The 
presence of the bands reflecting successful PCR 
amplifications and the absence of these bands 
indicated positive and negative results, 
respectively (figure 2). 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
Figure2. Electrophoresis profile of PCR products of pyocin types 1 and 2 found in P. aeruginosa. 

From left to right:  lane 2-5 represent the bands of PCR products belonged to four bacterial isolates, 
lane 6  represents the molecular size marker (100 bp) and lane 7-11 represent the bands of PCR 

products belonged to five bacterial isolates. Bands run on 1.5% agarose gel. 
 

1            2           3          4          5           6          7          8 

287 bp 

300 bp 

200 bp 

   1           2            3             4           5             6           7           8           9           10         11 
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The results of PCR amplification for the gene 
encoding pyocin S3 revealed that out of the fifty 
local isolates of P. aeruginosa enrolled in the 
current study, there were forty one (41) isolates 
showed the presence of the gene encoding for 
the pyocin S3 corresponding to 82% of the 
isolates (415bp PCR products) while only nine (9) 

isolates corresponding to 18 of the total fifty 
(50) isolates were recorded to be negative; the 
positivity and negativity of PCR amplification was 
evidenced by the presence of the bands and the 
absence of these bands when amplification 
failed, respectively (Figure 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure3. Electrophoresis profile of PCR products of pyocin types 3 found in P. aeruginosa. From left 
to right:  lane 1 and 8 represent the molecular size marker (100 bp), lanes2-7 represent the bands 

of PCR products belonged to six bacterial isolates. Bands run on 1.5% agarose gel. 
 
Discussion 
P. aeruginosa is an opportunistic pathogen that 
is able to cause severe invasive diseases in 
critically ill and immunocompromised patients 
(13). It is a common pathogen in hospitals and 
particularly in intensive care units (ICU) that 
shows a high phenotypic diversity (14). Moreover, 
high rates of resistance to antibiotics and 
frequent multi-drug resistance (MDR) are 
associated with nosocomial P. aeruginosa strains 
(15). 
Molecular typing demonstrated that most P. 
aeruginosa isolates belonged to distinct 
genotype, demonstrating again that these 
methods had a higher discriminatory power than 

the phenotypic methods (antibiotyping and 
biotyping) (16). 
Apart from discriminatory power, a suitable DNA 
typing assay must also have a high level of 
reproducibility, typeability and stability, low 
complexity and cost, as well as fast result 
turnaround times (17,18). 
In a comparison among different molecular 
methods for typing bacterial strains, it was 
agreed that pulse field gel electrophoresis is the 
golden standard for typing purposes but the cost 
of PCR- based techniques is less and the shorter 
hands-on time for the PCR assays means that 
labour costs were significantly less, and training 
of personnel in this technology was simpler and 
more generic, compared to PFGE. The result 

   1         2          3       4        5        6        7        8 

451 bp 

500 bp 

400 bp 
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turnaround time for the rep-PCR assays was less 
than 10 h, which was considerably faster than 
PFGE (4-5 days). Also, as with all PCR-based 
techniques, the chance of generating artifact 
rather than detecting true genetic variation is 
greater if low-stringency PCR conditions are used 
such as those used in arbitrarily primed-PCR (19). 
Rep-PCR assays use highly stringent conditions 
and therefore are more easily standardized (20). 
However, optimization of all parameters of any 
DNA typing assay is essential to ensure optimal 
inter- and intra-laboratory standardization (18). 
Overall, therefore, rep-PCR assays combine 
maximum discriminatory power, reproducibility, 
typeability and stability with cost-effective use of 
reagents and operator time.  
In conclusion, the present work showed a high 
genotypic relatedness of the studied clinical 
isolates of P. aeruginosa. This finding might lead 
the way toward better approach for 
understanding the pathogenicity of the bacterial 
spp. Isolated from single particular clinical 
specimens and it may also provide a tool for 
more accurate typing method for this important 
nosocomial and opportunistic pathogen as 
compared to the conventional typing method; 
the presence of higher percentages of isolates 
producing pyocin S1,S2, and S3 may explain 
some the competing mechanisms exhibited by P. 
aeruginosa and this in turn can explain the 
dominance of a particular isolate in a particular 
clinical specimens.  
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Abstract 
 

Background Mutation within the FLT 3 and NPM 1 genes ranked within the most frequent recurrent known genetic 
markers in acute myeloid leukemia (AML) and show apparently opposite prognostic significance. 

Objective To detect the frequency of FLT3-ITD and NPM-1 mutations in Iraqi pediatric AML patients using 
conventional polymerized chain reaction (PCR), and to relate their prevalence with the clinical 
presentation and the response to induction therapy. 

Methods A prospective study of 30 children presented with AML and 16 children who were age and gender 
matched served as negative control for the mutation. AML cases were classified according to FAB 
classification. WBC count, platelet count and hematocrit were measured at diagnosis and after 30 days. 
Molecular analysis was done on peripheral blood or bone marrow aspirate samples by conventional PCR 
technology. 

Results FLT 3-ITD mutation was detected in 3/30 (10%) patients, whereas NPM1 mutation was detected in 4/30 
(13.33%) patients. Both mutations were detected in older age patients and predominantly in male. No 
significant correlation between each mutation and various hematological parameters, however WBC 
count was significantly higher in FLT-ITD unmutated patients. FLT3-ITD mutation was detected in M3 and 
M3 variant whereas NPM-1 mutation was detected in M2 and M3v. The three patients having FLT-3-ITD 
mutation (100%) did not achieved complete hematological remission, whereas 3/24 (12.5%) patients 
without the mutation did not achieve remission. On the other hand 2 out of 4 (50%) patients with NPM-
1 mutation had not achieved complete hematological remission and 4/22 (18.18%) patients without 
mutation did not achieve remission. Finally regarding the interrelation between the two mutations, the 
two children who had NPM1 mutation and no FLT3-ITD mutation  had  achieved complete remission on 
induction therapy whereas the three children who had FLT3-ITD mutation  with or without NPM1 
mutation  did not achieved complete remission. 

Conclusion Prevalence of FLT3-ITD and NPM-1 mutations in Iraqi pediatric AML patients is comparable to that 
recorded worldwide and both mutations were observed in older age children and mainly in male. FLT3-
ITD mutation unlike NPM-1 mutation associate with poor response to induction therapy and the adverse 
effect of FLT3-ITD mutation overcome the favorable effect of NPM-1 mutation when they exist together. 

Keywords Pediatric AML, Flt3-ITD mutation, NPM1 mutation, PCR 

  

 
Introduction 

cute myeloid leukemia (AML) or acute non 
lymphocytic leukemia (ANLL) is group of 

marrow-based neoplasm that has clinical 
similarities but distinct morphologic, 
immunophenotypic and cytogenetic features, 

with wide spectrum of molecular genetic 
abnormalities (1). In Iraq leukemia ranks the 1st 
cancer among the commonest ten childhood 
cancers according to Iraqi Cancer Registry 2008 
with an incidence of 32.59%. Moreover, 85% of 
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Iraqi children with myeloid leukemia fall within 
the age group 5-14 years. AML constitutes 
16.35% of all types of leukemia in all age groups 
(2). Childhood leukemia rate have more than 
doubled over the last 15 years especially in the 
southern of Iraq and its rate are higher than that 
found in nearby countries, European Union and 
United States (3). Generally AML account for 
about 15% of childhood leukemia and for 
approximately 80-90% of acute leukemia in adult 
(4). 
In recent years several recurrent molecular 
markers were identified that allowed further sub 
classification and prognostic predictions in the 
vast majority of AML patients especially those 
with normal karyotype (5). Of those markers, 
FLT3 and NPM1 aberrations were the most 
frequent genetic lesions and they show 
apparently opposite prognostic significance (6). 
Fms-like tyrosine kinase (FLT3) is a cell surface 
tyrosine kinase (7) with important role in 
hematopoietic stem/progenitor cell survival and 
proliferation (8). Length mutation/internal 
tandem duplications with the insertion of 
hundreds of nucleotides in the juxtamembrane 
domain-coding sequence of FLT3 gene (FLT3-
ITM)  has been found in approximately 20-25 % 
of  adult (9) with lower prevalence in pediatric 
AML worldwide which may  reach approximately 
12% (10). 
Nucleophosmin (NPM) is a molecular chaperone 
that highly express in proliferating cells than 
quiescent ones and increase in response to 
mitogenic stimuli (11). It has a proliferative and 
growth suppressive role by maintaining genomic 
stability, modulate the function of other tumor-
suppressor transcription factors, regulate the 
function and stability of various nuclear proteins 
and promote the biogenesis of the ribosome (12). 
NPM can function both as oncogenes and 
oncosuppressors. 
NPM1 mutation result from insertion or 
combined insertion and deletion in one allele of 
NPM1. It is found in about 30 % of all adult AML 
(13) whereas it is much less common in childhood 
AML where in many study it occur in 8-12% 
(14,15). There is a close association between these 

two markers, so that the incidence of FLT3-ITD 
mutation is increased in AML with NPM1 
mutation, and they are seen twice as often in 
this group as compared with AML having wild 
type NPM1 (16).  
 
Methods 
This prospective study was conducted on 46 
subjects including 30 children with AML and 16 
children with benign reactive bone marrow 
aspirates which served as technical negative 
control for the mutation. Those patients were 
attending the Child Welfare Teaching Hospital 
from January 2011 to October 2011 and they 
were referred from different governorates of 
Iraq. This research was approved by the ethical 
committee at the College of Medicine, Al-
Nahrain University Baghdad-Iraq, and informed 
consents, were obtained from all participants.    
Patients were selected randomly in relation to 
age and sex. All patients were diagnosed as de 
novo AML and 26 out of 30 patients were newly 
diagnosed, whereas 4 patients were in relapse; 
all patients presented at diagnosis and were off 
treatment whether they were newly diagnosed 
or in relapse. From each patient and control 
subject peripheral blood sample and bone 
marrow (BM) aspirate were collected in 2 EDTA 
tubes. One ml of peripheral blood was used for 
analysis of hematological parameters by 
automated hematology analyzer (Sysmex KX-2N) 
in Al-Kadhimiya Teaching Hospital Laboratories. 
Of the 1 ml  BM aspirate, 0.5 ml was kept in 
deep freeze (-70 oC) until the day of DNA analysis 
and the other 0.5 ml was equally divided into 2 
eppendorff tubes, each contain 1 ml triozl 
reagent, mixed well and kept in deep freeze at -
70 C until the day of RNA  analysis. Peripheral 
blood and bone marrow aspirate smears were 
prepared and stained with leishman stain and 
special stains Sudan Black B and Periodic Acid 
Schiff using the standard procedures for staining 
(17) and were examined by two hematology 
consultants for diagnosis of AML and their sub-
classification according to French-American-
British (FAB) classification. Molecular analysis 
was performed in the Microbiology 
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Department/Al-Nahrain Medical College. The 
induction chemotherapy received by the 
patients consist of doxorubicine (Adriamycin) 
and cytosine arabinoside (Ara-C), while patients 
with M3 subtype  received  ATRA  with  
daunorubicin  and prednisolone. The initial 
response to induction chemotherapy was 
assessed in each patient after 30 days whether 
there is complete hematological remission (CR), 
treatment failure, or early death. Complete 
remission was defined as apparent recovery of 
hematopoiesis with < 5% blast cells on aspirate 
and near normal peripheral blood 
counts(hemoglobin > 10.0g/dl, neutrophil counts 
> 1.5 x109/l and platelet count > 100x109/l ) (18).                   
For detection FT3-ITD Mutation, high molecular 
weight DNA was extracted according to the kit 
protocol (Promega) following the instruction 
manual (19). All samples were analyzed for FLT3 
mutation on chromosome 13, exon 11 using 
conventional PCR. The use of exon 11 specific 
primers allowed covering the whole 
juxtamembrane and the first part of tyrosine 
kinase-1 domain where most of the reported 
mutations are located (20). 
Fifty  to 100 ng of  DNA(5 µl  )was amplified in a 
50 µl  reaction mixture containing 1.5 mM  MgCl, 
50 mM KCl, 200 µM for each 
deoxyribonucleotide triphosphate (dNTP), 2.5 
units Taq polymerase, 40 picomol of each primer 
which have the following sequences (Forward 
Primer 11F: 5'-CAATTTAGGTATGAAAGCC-3', 
Reverse Primer 12 R: 5'-
CAAACTCTAAATTTTCTCT-3'). A positive reaction 
was assessed in duplicate and a negative control 
was included in each reaction. PCR amplification 

was performed using PCR Thermal cycler 
(Eppendorf Master cycler, France).Amplification 
process consisted of 40 cycles of 30 sec at 94 oC 
for denaturation. 45 sec. at 50 oC for annealing, 1 
minute at 72 oC for extension and 1 cycle of 7 
minutes at 72 oC for the final extension. (20) 
Twenty µl of the PCR product was 
electrophoresed on 2.5% agarose gel (Promega), 
using 100 bp DNA ladder (Promega) as molecular 
weight marker and was stained with ethedium 
bromide (Promega). 
For detection of NPM1 mutation, total RNA was 
extracted from bone marrow cells using 
bioZOLTM-G RNA Isolation Kit (bioWORLD-US) 
following the instruction manual of the kit (21). To 
express different types of NPM1 mutations on 
chromosom 5 exon 12, Single Strand 
Confirmatory Polymorphisim-Reverse 
transcriptase-Polymerase Chain Reaction (SSCP-
RT- PCR) was used. Approximately 1 µg of RNA 
and 5 picomoles of each primer "NPM-F, 5_-
ATCATCAACACCAAGATCA and NPM-R, 5_-
CATGTCTGACCACCGCTACT 3_ were added to 0.2 
ml lyophilized reaction tube (Single step Accu 
power® RocketScript RT/PCR Premix Kit 
(BiONEER-Korea) and the volume was completed 
to 50 µl using nuclease free water. For the 
negative control tube, nuclease free water was 
added instead of the template RNA, whereas for 
the positive control tube 1 µg of RNA extracted 
from OCI-AML3 cell line was added. The PCR 
reaction conditions adopted by Brown et al 
study (12) was applied (table 1) and PCR product 
was visualized by electrophoresis on 3% agarose 
gel (Promega, US). 

 
Table 1. PCR reaction for NPM1 mutation analysis 

 

Step Temperature Time Cycles 

c DNA synthesis 
Inactivation 

Pre-denaturation 
Denaturation 

Annealing 
Extension 

Final extension 

42 oC 
95 oC 
94 oC 
94 oC 
57 oC 
72 oC 
72 oC 

60 min 
5 min 
3 min 
45 sec 
1 min 
1 min 

10 min 

1 
1 
1 

35 

1 
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The data were analyzed using SPSS program 
(Statistical Package for Social Sciences) version 
16 and Microsoft Office Excel 2007. Numeric 
data were expressed as mean±SE or SD, 
frequency was used to express discrete data. 
Student T-test was used to analyze numeric data 
while Chi-square was used to analyze discrete 
data, and Fischer Exact test was used when Chi 
square test was not valid. P-value was 
considered significant when it was less than < 
0.05.   
 
Results 
In this prospective study both patients and 
control group were age matched (P > 0.05). The 
age of AML patients ranged between 1.5-12 
years, with mean of 6.82±3.78 (Mean ± SD) and 
male to female ratio was 1:1. Whereas the age 
range of control children was 1-12 years and the 
mean age was 6.48±4.64 with male to female 
ratio of 2.2:1 (P > 0.05) .The most common FAB 
subtype in pediatric AML patients included in 
this study, was M3 (M3 and M3v) which 
constitute 43.33% of the cases followed by M2 
which constitute 36.67% of the cases, lastly M1 
and M5 each was detected in 10% of cases. 
FLT3-ITD mutation was detected in 3 out 30 
pediatric AML patients (10%), by applying 
conventional PCR on patients and control cases. 
The amplified DNA product of the wild type (i.e.) 
unmutated, was approximately 133 bp band 
whereas the mutated type showed additional 
band > 133bp (approximately 180 bp) as shown 
in figure 1.  All the control children enrolled in 
this study showed wild type FLT3 gene and they 
served as negative control for the mutation. 
NPM1 mutation was found in 4/30 cases 
(13.33%) by applying Single Strand Confirmatory 
Polymorphisim-Reverse transcriptase- 
Polymerase Chain Reaction (SSCP-RT- PCR) on 
extracted RNA. The mutated cases showed 
hetero duplex formed from mutant allele and 
wild type allele, both presented as 2 bands, the 
first band was approximately 550 bp, whereas 
the second band was approximately 320 bp. 
Patients negative for NPM1 mutation and 
control children did not showed hetero duplex 

formation (i.e.) they showed wild type; The 
OCI/AML3 cell line which was used as positive 
control had showed hetero duplex formation on 
agarose gel electrophoresis (Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. PCR detected FLT3-ITD mutation. Lane C: Amplified 

product from healthy control. Lanes P1, P2: amplified 
product from patients' wild type (app.133 bp, double 

head arrow). Lane P3: amplified products from patients 
show extra mutated band (app180 bp arrow) of FLT3-ITD. 
Lane –VeC: negative control (no template). M: Molecular 
weight marker (DNA ladder). Electrophoresis was carried 

in 2.5% agarose gel at (4V/cm) for 60 min. 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Detection of NPM1 mutations using Single Strand 
Confirmatory Polymorphism- RT-PCR in pediatric AML 

patients. Lanes 1 and 2: control children show absence of 
hetero duplex formation.  Lanes 3, 6, and 7: amplified 

products from AML children showed absence of hetero 
duplex formation. Lane 4: positive control OCI/AML3 cell 

line show hetero duplex formed from mutant and wild 
type alleles appear as 2 bands (band a app.550 and band 

b app. 320 bp). Lane 5: mutated AML patients show 
hetero duplex formation from mutant and wild-type 

allele of NPM1 gene, arrows a and b. Lanes 8: negative 
control (no template). M: Molecular weight marker (DNA 
ladder). Electrophoresis was carried in 3% agarose gel at 

(4V/cm) for 120 min. 
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Although equal numbers of male and female were 
included in the study, the FLT3-ITD mutation was 
found only in male and NPM1 mutation was 
predominantly in male M/F ratio 3/1.  The mean 
age of patients was not significantly higher in 
mutated than non-mutated patients. Regarding 
FAB classification, the three FLT3-ITD mutated 
cases were detected only in M3 and M3v, whereas 
one case carrying NPM1 mutation was detected in 
M2 and the other three cases were detected in M3 
and M3v subtype (Table 2 and 3). 
The current study showed that there was no 
significant correlation between the presence or 
absence of these two mutations in relation to 
hematological parameters as shown in table 2 and 
3. Although mean peripheral blood and bone 
marrow malignant cells percent were higher in 
FLT3 mutated compared to non-mutated patients 
but both correlations did not reach the level of 
significance. Also mean peripheral blood and bone 
marrow  malignant cells percent in NPM mutated 
patients were higher compared to that of non-
mutated and this relation was significant in the 
former but not in the latter. The three FLT3 
mutated cases were newly diagnosed and de novo-
AML cases. To  assess the response to induction 
therapy regardless of the regimen used , the three 
children with FLT3-ITD mutation (100%) did not 
achieved complete hematological remission on 

induction therapy, whereas 4/23 (12.5%) patients 
without the mutation did not achieved complete 
hematological remission (Table 2). 
Regarding NPM1 mutation, the four mutated 
patients were newly diagnosed and de novo- AML 
cases. Regardless to the regimen used, 2/ 4 (50%) 
patients having NPM1 mutation did not achieve 
complete remission and 4/22 (18.2%) without the 
mutation did not achieved complete remission 
(Table 3). Table 4 showed the correlations 
between the two mutations, it revealed that two 
patients had both mutation (group 1), two patients 
had only NPM1 (group 2), one patient had only 
FLT3-ITD (group 3) and 25 patients did not have 
any mutations (group 4). Most of these mutations 
were detected in male (4:1). Moreover 4/5 (80%) 
of those mutated cases were of M3 subtype. All 
other hematological parameters were reduced 
particularly in group 3 whereas peripheral blood 
and bone marrow malignant cells percent were 
increased in all AML cases particularly in group 1. 
The current study revealed that patients harboring 
FLT3-ITD mutation with or without NPM1mutation, 
in group 1 and 3 did not achieved response to 
induction therapy whereas the two patients 
harboring only NPM1 mutation in group 2 had 

achieved complete response to induction therapy. 

 

Table 2. Demographic characters and laboratory features of mutated and non-mutated FLT3-ITD 
pediatric AML patients 

 

Clinical Presentation 
FLT3-ITD - ve 

N = 27 
FLT3-ITD +ve 

N = 3 
N % P-value 

Gender 
Male 

Female 
12 
15 

3 
0 

15 
15 

50 
50 

0.224 
 

Age (years) 6.72 ± 2.84 9.25 ± 2.07 30 100 0.408 

FAB subtype 

M1 
M2 
M3 

M3v 
M5 

3 
11 
7 
3 
3 

0 
0 
2 
1 
0 

3 
11 
9 
4 
3 

10 
36.67 

30 
13.33 

10 

 

WBC count X10
9
/L 

Platelet count X10
9
/L 

Hematocrit % 
Peripheral blood blast % 

Bone marrow blast % 

42.32 ± 10.35 
25.67 ± 5.27 
21.73 ± 1.37 
35.78 ± 5.36 
56.94 ± 3.80 

11.55 ± 4.02 
19.00 ± 6.94 
18.00 ± 2.44 

50.50 ± 15.38 
64 ± 11.42 

30 
30 
30 
30 
30 

100 
100 
100 
100 
100 

0.039* 
0. 743 
0. 486 
0.491 
0.638 

Response* 
Remission 

Failure 
24 
3 

0 
3 

24 
6 

76.67 
23.33 

0.009* 

* Response to induction therapy  
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Table 3. Demographic characters and laboratory features of mutated and non-mutated NPM1 
mutation pediatric AML 

 

Clinical Presentation 
NPM - ve 

N = 26 
NPM +ve 

N = 4 
N % P-value 

Gender 
Male 

Female 
12 
14 

3 
1 

15 
15 

50 
50 

0.602 
 

Age (years) 6.79 ± 0.75 7.00 ± 2 30 100 0.753 

FAB subtype 

M1 
M2 
M3 

M3v 
M5 

3 
10 
8 
2 
3 

0 
1 
1 
2 
0 

3 
11 
9 
4 
3 

10 
36.67 

30 
13.33 

10 

 

WBC count X109/L 
Platelet count X109/L 

Hematocrit % 
Periphral blood blast % 
Bone marrow blast % 

41.35 ± 2.63 
24.11 ± 1.14 
21.85 ± 1.80 
32.00 ± 1.26 
56.00 ± 1.96 

27.26 ± 7.79 
30.00 ± 12.52 
18.56 ± 1.23 
67.00 ± 3.78 
67.00 ± 3.32 

30 
30 
30 
30 
30 

100 
100 
100 
100 
100 

0.354 
0. 563 
0. 362 
0.037 
0.453 

Response* 
Remission 

Failure 
22 
4 

2 
2 

24 
6 

80 
20 

0.169 

* Response to induction the 

 
Table 4: The interrelation between FLT3-ITD and NPM1 mutations in pediatric AML patients 

 

Feature 
G1 

(NPM+ & FLT3+) 
G2 

(NPM+ & FLT3-) 
G3 

(NPM- & FLT3+) 
G4 

(NPM- & FLT3-) 

Number 2 2 1 25 

Gender 
Female 

Male 
0 
2 

1 
1 

0 
1 

14 
11 

Age 11.00±3.00 5.00+2.00 7.50 6.93+0.98 

FAB subtype M3 M2, M3 M3 
M1(3), M2(10), 
M3(9), M5(3) 

WBCX109/L 
Platelet X109/L 

Hematocrit (L/L) 
Peripheral blood malignant cells % 

BM malignant cells (%) 

16.40±2.50 
8.00±3.20 

21.00±0.22 
73.00±3.00 
78.00±5.00 

32.70+2.30 
41.00+3.00 
17.35+0.35 
64.00+4.00 
61.50+6.50 

6.70 
30.00 
15.00 
28.00 
50.00 

43.52+4.10 
23.75+6.19 
22.28+1.86 
32.25+6.89 
56.37+5.20 

Response* Failure 2 0 1 4 
All means were express as mean ± SD  
* Response to induction therapy  

 
Discussion 
In this study FLT3-ITD mutation was detected in 
3 out 30 pediatric AML patients (10%), this result 
was in agreement with many studies (8,10,22,23), 
and was in line with Zaker et al  study from Iran 
who had reported that the frequency of this 
mutation in Iranian pediatric AML patients was 
7.7% (24). This study showed that the three 
patients with FLT3-ITD mutation were male in 
spite the male:female ratio of the patients 

included in the study was 1:1, this male 
predominance  was in agreement with  many 
studies and may add an  adverse prognostic 
effect to FLT3-ITD mutation (10,22-25). Furthermore 
those patients were older than patients without 
mutation (p>0.408). Meshinchi et al (22) had 
showed that there was a stepwise increase in 
the prevalence of FLT3/ITD by age as the 
prevalence of FLT3/ITD increased from 1.5% in 
infant AML to 7% for patients aged 1 to 5 years 
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to nearly 17% in patients aged 10 to 20 years. 
Such an age-associated increase in prevalence 
may offer clues to the pathology of FLT3/ITD in 
AML. FLT3/ITD is considered a cooperating event 
in the evolution of AML, so that an early 
molecular event (ex, translocation) may occur in 
a minor clone leading to maturation arrest. This 
subpopulation may remain quiescent until such 
a time when FLT3/ITD is acquired. Such a time-
dependent process provides a proliferative 
advantage and subsequent evolution of AML in 
the preleukemic clone (22).  
FLT3-ITD mutations was detected in 
M3(M3&M3v) subtype patients, this was in 
agreement to other studies (10,23-26), however  
Meshinchi et al (22) and Chang et al (10) had 
reported that there was no predominance of a 
particular FAB class in Flt3-ITD + cases. The mean 
WBC count at the time of diagnosis of those 
patients with FLT3-ITD mutation was significantly 
lower than that in patients without mutation, 
which is expected since FLT3-ITD mutation was 
detected in M3 and M3v and M3 subtype usually 
present with lower WBC count, added to this the 
small sample size (27). This result differs from that 
of Meshinchi et al who reported that WBC count 
at diagnosis was higher in mutated than 
unmutated cases (22). Furthermore, the mean 
malignant cells percent in peripheral blood and 
bone marrow in patients with FLT3-ITD mutation 
was non-significantly higher than in patients 
without this mutation which was in agreement 
to many studies (22,25). This was explain by 
Piacibello et al who had propose that FLT3 
expression may play a role in the survival or 
proliferation of leukemic blasts, and  that FL 
(FLT3 Ligand) may induce dose-dependent 
proliferation of leukemic blasts (28).  
Those patients with FLT3-ITD did not achieve 
remission on induction (0%) as compared to 
non-mutated cases where 24/30 (80%) had 
achieved remission, this result was confirmed by 
other studies (22,23,25) who had stated that the 
presence of the FLT3/ITD was a significant 
prognostic factor for induction failure or relapse. 
In the current study, NPM1 mutations were 
found in 4/30 (13.33%) of cases, which was 

comparable with other studies in which the 
incidence of NPM1 mutations ranges between 8-
12% (12,29-31). Furthermore the mean age of 
children harboring NPM1 mutations in this study 
was higher than those without the mutation (P = 
0.753) (12,23), Brown et al had stated that the 
mutation  appears not to occur in children 
younger than 3 years. On the other hand the 
incidence of the mutations is high in adult where 
It ranges between 25.4-41 % as stated by many 
studies (15,23,31,32). These epidemiologic data 
suggest that the risk of acquiring a mutation 
such as NPMc+ or FLT3/ITD in a myeloid 
stem/progenitor cell is cumulative and the 
latency between the acquisition of NPMc or 
FLT3/ITD and the acquisition of the cooperating 
mutation(s) for development of AML may be on 
the order of years. An alternative explanation is 
that the myeloid stem/progenitor cells in young 
children are relatively resistant to the acquisition 
of NPMc+ or FLT3/ITD mutations (12). 
  In the current study NPM1 mutations were 
detected mainly in male where male/female 
ratio was 3/1. Other studies found that there 
was no significant difference in the prevalence of 
NPM1 mutations among sexes (29,33). Whereas, 
other studies reported that there was a 
significant presence of NPM1 mutation in female 
(12, 14).This difference may be due to smaller 
sample size. 
Regarding the frequency of NPM1 mutation 
within the FAB classification, one of the four 
mutated children was of M2, two of M3V and 
one of M3 subtype. Brown et al (12) had stated 
that NPM1 mutations have been found in all FAB 
morphologic subtypes of AML but to less extend 
in M3 and rare in M5. Thus we may propose that 
the detection of the mutation in M3 and M3v 
reflect the high no. of M3 and M3v patients 
(43.33%) included in this study and the small 
sample size. Regarding the relation of NPM1 
mutations to the hematological parameters, 
children with NPM1 mutations  had lower  WBC 
count at diagnosis  than that in patients without 
mutations, (P = 0.354)  which was in line with 
Brown et al (12)who stated that the median 
white blood cell count at diagnosis did not 
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significantly differ between NPMc+ and NPMc- 
cases. The mean platelet count was higher in 
mutated patients (p = 0.563) which was in line 
with Rau and Brown et al (34) and Cazzaniga et al 
(29).  Chou et al (35), found non-significant 
difference in the platelet count between 
mutated and non-mutated patients. Hematocrit 
% was lower in mutated patients as compared to 
that in patients without mutation, (P = 0.362) 
which was expected since three of the mutated 
cases were of M3 and M3v subtype. This 
conflicted correlations between mutated and 
non-mutated patients due to that the exact role 
of NPMc+ in leukemic transformation is still 
unknown and more research is needed to clarify 
how mutated NPM1 promotes leukemogenesis 
and how it interacts with other mutations, and 
why it confers a more favorable prognosis (34). 
The mean peripheral malignant cell percent was 
significantly higher in children with mutations 
than in children with wild type NPM1 (P = 0.037) 
and the mean BMA malignant cell percent in 
mutated cases was higher than non-mutated 
cases (P = 0.453), this result was in agreement 
with previous studies (12,29,33,34). The 4 NPM1 
mutated pediatric patients were newly 
diagnosed and de novo cases .This result was in 
agreement with other studies (12,34). 
The interrelationship between those two 
mutations was shown in table 4, Flt3-ITD 
mutation was detected in 2 out of 4 cases 
harboring NPM1 mutation  , this was similarly 
observed in many studies (12,31,33,34) which stated 
that NPM1 mutations and FLT3 ITD mutations 
frequently occur together, therefore one might 
speculate that the two cooperate to cause 
leukemic transformation. However, a 
mechanistic link has yet to be established (34,35). 
Furthermore both those patients did not achieve 
early remission on induction therapy which 
clarifies the adverse effect of FLT-ITD which 
overcomes the favorable effect of NPM1 
mutation (34). In the current study  the two 
children having NPM1 mutations and no FLT3-
ITD mutations had achieved complete remission 
on induction, this result is supported by Brown 
et al (12) study who had found  that within the 

FLT3/ITD- subgroup, the presence of NPMc+ is 
associated with a near doubling of 5-year EFS 
(event-free survival) (from 35-69%), and a 
greater than 50% increase in5-year OS (overall 
survival) (from 51-77%) and they had suggested  
that the NPMc+, FLT3/ITD-negative subset of 
childhood AML may be prospectively identifiable 
as a favorable risk group, similar to patients with 
favorable risk cytogenetics (t(8;21) and inv (16). 
The same results were observed by Falini et al 
(31). Further in the present study , patients who 
had FLT3-ITD mutation whether they had  NPM1 
mutation or not , did not achieved remission on 
induction therapy which clarify the negative 
prognostic effect of Flt3-ITD mutation within 
NPM1 + and NPM1-  subgroups. This result was 
supported by study of Rau and Brown (34) 
Boonthimat et al (36) and Brown et al (12) who had 
suggested that there was a possible pathogenic 
link between these two gene mutations in a way 
that the FLT3-ITD adverse effect will overcome 
the favorable effect of NPM1 mutations. Finally 
within the FLT3/ITD-negative subgroup there 
was a trend toward improved EFS and 5 years 
OS, for NPMc positive patients compared with 
the NPMc negative patients i.e., patients having 
NPM1c +, had an advantage over those having 
FLT3-ITD+ or lacking NPM1 (12). 
We may conclude that in this pioneer study, the 
incidence of FLT3-ITD mutations and NPM1 
mutations in pediatric AML was 10% and 13.33% 
respectively in a sample of Iraq patients  and 
both mutations tend to appear in older age 
group (>3 years). Patients having NPM1 
mutation had better response to induction 
therapy over those harboring FLT3-ITD 
mutations whether they were NPM1c+ or NPM1 
c-. 
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Abstract 

Background Polycystic ovary syndrome (PCOS) is a common endocrinopathy characterized by oligo-ovulation or 
anovulation, signs of androgen excess, and multiple small ovarian cysts. PCOS is thought to be one of the 
leading causes of female subfertility. 

Objective To evaluate and compare the effects of finasteride vs metformin in treatment of PCOS related infertility. 

Methods Seventy seven infertile married women with an age range between 18 and 35 years were studied 
complaining from infertility due to PCOS. They were divided into group 1 treated with finasteride (5 mg 
daily concomitantly with an oral contraceptive pill "OCP" continuously for 2 months) and group 2 was 
treated continuously for 3 months with metformin (500 mg three times daily).  

Results The percentage of patients responded to metformin treatment was 35.89%, whereas 26.32% of patients 
were responded to the treatment with finasteride-OCP combination. There were no significant 
difference between metformin and finasteride in regard to the mean number of mature follicles 

(1.210.43 vs 1.20.42) and endometrial thickness (7.261.1 vs 7.802.25 mm) respectively. The 
pregnancy rate per patient was higher in metformin treated group in comparison to finasteride treated 
group (60% vs 21.42%); however, this difference was insignificant (P > 0.05). 

Conclusion Finasteride has a good promising effect in the treatment of infertility due to PCOS, as more patients 
responded to an oral finasteride-OCP combination in comparison to those responded to an oral 
metformin monotherapy and the difference in the pregnancy rate of the two groups was not significant.  

Keywords Finasteride, Metformin, Polycystic ovary syndrome, Infertility 

 

Introduction 
olycystic ovary syndrome (PCOS) is one of 
the most common endocrine disorders that 

affects approximately 5-10% of pre-menstrual 
women (1,2), and it a leading cause of infertility in 
these women (3,4). PCOS is a syndrome with 
unknown etiology, characterized by hyper-
androgenism which may be clinical (particularly 
hirsutism and acne) and/or biochemical 
(hyperandrogenemia), and chronic anovulation 

(2,5). However, PCOS includes a wide spectrum of 

signs and symptoms (obesity, polycystic ovary), 
pathology, and laboratory findings. Studies have 
shown that women with PCOS are frequently 
insulin resistant and at increased risk of 
developing glucose intolerance or non-insulin-
dependant diabetes mellitus in the third and 
fourth decades of their life (2,6).   

Hyperinsulinemia lead to hyper production of 
ovarian androgens because insulin like 
Luteinizing hormone (LH) stimulates directly the 
ovarian biosynthesis of steroid hormones, in 
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particular, of ovarian androgens (7). Furthermore, 
insulin decreases the sex-hormone-binding 
globulin (SHBG) production in the liver, thus, 
further elevating free androgen levels (8-10). 
Therefore, both pathways end in the stimulation 
of ovarian theca cells with elevated ovarian 
androgen production, resulting in disturbed 
folliculogenesis, cycle disorders and chronic 
anovulation (11). It is therefore probable that 
women develop PCOS because of a 
hypersensitivity of their intra-ovarian insulin 
androgen signaling pathway (12).  
Metformin is one of insulin-sensitizing agents, its 
an oral biguanide used for type 2 diabetes 
mellitus, is a safe and effective drug that can be 
used for the treatment of PCOS patients (10,13,14), 
to induce ovulation in anovulatory PCOS  
patients (15,16). In-vitro culture had shown that 
metformin has a significant inhibitory effect on 
androgen production by ovarian cells (17,18) also it 
lowers LH concentration, reduces total 
testosterone and raises SHBG levels, producing a 
decrease in the free testosterone index (19,20). 
Drugs that block male hormones can protect 
women with PCOS from developing diabetes, 
heart attacks, obesity and masculinizing traits 
such as hirsutism, acne, and large muscles and 
bones and that progesterone can protect them 
from uterine cancer  (21-23), also lower cholesterol 
(24) and help the eggs to pop from the ovaries 
(25,26). Reduction of ovarian androgen production 
not only improves ovulation and pregnancy 
rates, but also reduces spontaneous abortion 
rates (27).  
Finasteride, is a potent 5alpha-reductase (5α-R) 
inhibitor, has been approved by Food and Drug 
Administration (FDA) for treatment of 
androgenetic alopecia in men (28). The largest 
application of finasteride consists in treating 
benign prostate hyperplasia, in women 
finasteride has been used in some control trials 
for treatment of hirsutism (29), because of its 
teratogenicity (30) finasteride should be used a 
contraceptive.  Finasteride is a preferential, 
competitive inhibitor of the intracellular, 5α-R 
isoenzyme type II which converts testosterone 
into dihydrotestosterone (DHT), a more potent 

androgen. The high loss rate experienced by 
women with PCOS is partly due to compromised 
oocyte quality, but may also be due to the 
compromised uterine perfusion that occurs as a 
result of elevated androgen levels. Correction of 
androgen status clearly results in a decrease in 
the spontaneous abortion rate in these 
individuals (27). 
The intention of the study is to evaluate and 
compare the effects of finasteride vs 
metformin in treatment of PCOS related 
infertility. 
 
Methods 
Women included in this study had been assessed 
clinically regarding regularity of the menstrual 
cycle, body mass index (BMI) [calculated using 
the equation: [weight (kilograms)/height 
(meters)²], duration and type of infertility and 
presence or absence of hirsutism.  
Luteinizing hormone, Follicle stimulating 
hormone (FSH), LH:FSH ratio, total testosterone, 
Thyroid stimulating hormone (TSH), prolactin 
and fasting blood sugar levels were measured at 
day 2 (early follicular phase) of cycle. Diagnosis 
of PCOS was based on the revised 2003 
consensus on diagnostic criteria and long-term 
health risks related to PCOS. 
All patients   enrolled in the study fulfilled the 
following criteria:  
Inclusion criteria: (1) patients who had 
diagnosed as PCOS in the presence of at least 2 
of Rotterdam criteria, based on Rotterdam 
consensus meeting 2003 (23). (2) The patients 
were unable to achieve pregnancy in a period of 
last 12 months or more despite regular 
unprotected intercourse. (3) The patients had 
patent Fallopian tubes proved by 
hysterosalpingography. (4) The husband 
infertility evaluation by an urologist doctor 
revealed no abnormalities in the male side. (5) 
No history of heart, liver, or kidney disease, and 
unsuspected pregnancy. 
Exclusion criteria: (1) Patient aged more than 35 
years. (2) History of recent administration of 
hormonal therapy. (3) Male factor infertility. 
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Seventy seven married women in the 
reproductive age (18-35 years), who had 
diagnosed to have a PCOS, were included in this 
prospective study, all were complain infertility 
due to PCOS. For the amenorrhoeic women 
among those included in this study, 10 mg 
dydrogesterone oral tablets daily for 10 days 
was used to induce withdrawal bleeding. Two 
months washout period was used to eliminate 
the effect of any post-treatment in women who 
had received any treatment before enrolment in 
this study.   
Women included in this study were classified 
into two groups, 38 women received 500 mg 
metformin oral tablets three times daily for 3 
months and 39 women received 5 mg finasteride 
oral tablets daily continuously for 2 months, 
finasteride has been received concomitantly 
with an OCP consisting of 2 mg cyproterone 
acetate + 0.035 mg ethinyloestradiol oral 
tablets, OCP was received daily starting from day 
5 of the menses. TVS examination has done at 
day 12 of the menstrual cycle after 3 months of 
treatment with metformin, regarding finasteride 
US has done at day 12 of the third menstrual 
cycle in which finasteride and OCP have been 
withdrawn (drug free cycle).   
Post treatment the primary outcome measures 
were the number and size of the growing and 
mature follicles and endometrial thickness (ET) 
by monitoring with TVU at day 12 of the 
menstrual cycle.   
Good response was achieved when at least one 
mature follicle becomes 17 mm in diameter and 
the patients were advised to have timed 
intercourse every other day, starting at least 24 
hours after the leading follicular diameter 
reached 17 mm in size.          
The secondary outcome measure was the 
occurrence of pregnancy. Chemical pregnancy 
was assessed by measurement of ß-HCG (human 
chorionic gonadotropin) in blood after at least 3 
days of miss period and clinical pregnancy by 
detection of fetal heart beat on sonography 
after 6-7 weeks of missed period.  

Miscarriage rate was determined only in 
finasteride group because follow up for some 
women in metformin group had been lost.  
Statistical Analysis 
SPSS version 17.0 was used for the statistical 
analysis. ANOVA, chi-square and Fisher exact 
tests were use when appropriate. P- Values less 
than 0.05 were considered as statistically 
significant. 
 
Results 
Table 1 shows number of women and their 
clinical and hormonal characteristics on which 
the diagnosis of PCOS was determined according 
to Rotterdam criteria. 
Table 2 shows post treatment results with 
finasteride and metformin including number of 
women responded to the treatment, means of 
number and size of mature follicles, number of 
mature follicles (1 or 2) per women, also value of 
endometrial thickness and pregnancy rate per 
patient. 
 
Discussion  
Effect of Metformin  
Metformin is a very important component of the 
PCOS treatment (32). The low percentage of 
responded patients (26.31%) in the present 
study disagrees with that found by Palomba et al 
(33) study in which it was (55%) and with that 
found by Ashrafi et al study (34) in which 
ovulation had occurred in (65.7%) patients after 
8 weeks of treatment with metformin. This 
disagreement may be related to the period of 
therapy used by the present study which was 
relatively short or it may be attributed to the 
presence of clomiphene (CC)-resistance since it 
had been shown that metformin cause no 
improvement in insulin resistance in CC-resistant 
PCOS patients with normal glucose tolerance, 
and also has no significant effect on ovarian 
response (35). Regarding the percentage of 
patients in whom mono-follicle had developed 
(80%) and those in whom 2 mature follicles had 
developed (20%) among patients treated with 
metformin, up to knowledge studies that deal 
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with number of mature follicles after treatment with metformin were unavailable.  
         

Table 1. Clinical and hormonal characteristics of the patients pretreatment with finasteride and 
metformin 

 

Variable 
Finasteride 

N = 39 
Metformin 

N = 38 
P value 

Age (years) 
Duration of infertility (Years) 

Primary infertility No. (%) 
Secondary infertility No. (%) 

Irregular cycle No. (%) 
Regular cycle No. (%) 

BMI 
Present Hirsutism No. (%) 
Absent Hirsutism No. (%) 

Positive US No. (%) 
Negative US No. (%) 

LH (mIU/ml) 
FSH (mIU/ml) 
LH/FSH ratio 

Testosterone (ng/ml) 
PRL (ng/ml) 

TSH  (mIU/ml) 
FBS (mmol/L) 

25.10 ± 5.25 (18 - 35) 
2.64 ± 0.44 

24/36 (66.66) 
12/36 (33.33) 
39/39 (100) 

0/39 (0) 
30.4 ± 5.2 

35/37 (94.6) 
2/37 (5.4) 

36/38 (94.73) 
2/38 (5.26) 

6.90  4.24 

5.60  1.43 

1.28  0.772 

0.99  0.95 

23.38  10.49 

1.67  0.83 

4.56 0.4 

24.41 ± 4.06 (18 - 35) 
3.34 ± 0.54 

26/35 (74.28) 
9/35 (25.71) 

36/37 (97.29) 
1/37 (2.70) 
32.2 ± 6.4 

29/35 (82.9) 
6/35 (17.1) 

35/37 (94.59) 
2/37 (5.40) 

6.63  4.57 

4.67  1.73 

1.52  1.014 

0.99  0.95 

19.45  12.33 

2.46  1.21 

4.82 0.9 

> 0.05 
> 0.05 
> 0.05 
> 0.05 
> 0.05 
> 0.05 
> 0.05 
> 0.05 
> 0.05 
> 0.05 
> 0.05 
> 0.05 
> 0.05 
> 0.05 
> 0.05 
> 0.05 
> 0.05 
> 0.05 

 
Table 2. Post treatment results with finasteride and metformin 

 

Variables 
Treatment Groups 

P value Finasteride 
N = 39 

Metformin 
N = 38 

*Responded patients No. (%) 
No. (%) of patients with 1 MF 
No. (%) of patient with 2 MF 

Mean No. of mature follicle  SD 

Mean size of mature follicle  SD 

ET Mean  SD (mm) 
Pregnancy Rate / Patient (%) 

14 (35.89) 
11 (78.57) 
3 (21.42) 

1.21  0.43 

20.26  3.66 

7.26  1.1 
3/14 (21.42) 

10 (26.31) 
8 (80) 
2 (20) 

1.2  0.42 

18.75  1.82 

7.80  2.25 
6/10 (60.0) 

> 0.05 
> 0.05 
> 0.05 
> 0.05 
> 0.05 
> 0.05 
> 0.05 

* = Resulted in one or more mature follicles ≥ 17 mm; ET = endometrial thickness 

 

Endometrial thickness measured at day 12 of 
menstrual cycle after 3 months of treatment 

with metformin was (7.82.25) in the present 
study and was comparable to (8.2 mm) that 
found by Sohrabvand et al (36) who measured 
endometrial thickness (ET) at the day of hCG 
administration in women received letrozole (2.5 
mg) after an initial treatment for 6-8 weeks with 
metformin, while it disagrees with (5.5 mm) 
found by the same study when CC was combined 

with metformin instate of letrozole. Up to our 
knowledge there were no enough studies to 
which result of ET in the present study could be 
compared. 
In the present study the pregnancy rate per 
patient in metformin group is in agreement with 
Heard et al and Palomba et al studies (17,37) which 
were (69%) and (69%) respectively, also it goes 
with a meta-analysis of more than a dozen 
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randomized clinical trials that found metformin 
superior to placebo (38).  
The high rate of pregnancy in metformin group 
may be attributed to the small number of 
patients responded to metformin treatment, or 
the PCOS was less severe, thus these patients 
became pregnant despite short term of therapy.  
While it disagrees with that found by Tang et al 
and Palomba et al studies (39,40) which were (23%) 
and (20%) respectively, and with that found by 
Ashrafi et al (34) study which was (20%) despite 
high ovulation rate (65.7%) after 8 weeks of 
treatment with metformin the disagreement 
with Ashrafi et al may be due to large number of 
the responded patients (since ovulation rate in 
Ashrafi et al was 65.7% while the percentage of 
the responded patients (produced at least one 
mature follicle) in the present study was small 
(26.31%). Also it disagrees with that found by 
Palomba et al and Ortega et al studies (33,41) 
which were (19%) and (16.7%) respectively over 
6 months of treatment with metformin, this 
disagreement may be attributed to the 
differences in numbers of total patients and that 
of the responded patients, as ovulation rate was 
(55%) in Palomba et al (33) study and number of 
total patients was 18 in Ortega et al. study (41). 
Also it disagrees with Legro et al study (42) in 
which pregnancy rate was (8.7%) over 6 months 
of treatment with metformin. 
The high pregnancy rate (60%) of the present 
study population is consistent with the 
hypothesis that insulin resistance and/or 
hyperandrogensim play an important role in the 
pathogenesis of anovulation in patients with 
PCOS (17-19,34). 
An evidence of decreased insulin sensitivity is 
seen in both lean (30%) and obese (75%) women 
(6,43). It had been confirmed that metformin does 
not act on BMI but does appear to act on 
hirsutism and acne and induce the onset of 
regular cycles (18,38, 44,45).  
What have been found by the above studies is 
in agreement with our study. In the present 
study the mean of BMI of 4 out of 6 (66.66%) 
patients who were became pregnant on 
metformin was 25.68 (range 21.66-27.89), 

while it was  32.95 for the other 2 (33.33%) 
patients, this result agrees with other previous 
studies (18,38,44,45), and this proves the activity of 
metformin in obese as well as in non obese 
women which agrees with Ashrafi et al (34) who 
found that BMI and LH level had no significant 
effect on response to metformin and it's 
comparable to that of Baillargeon (32) who 
found that up to 90% of thin women with PCOS 
ovulated in the six months after initiating 
metformin treatment.  
The response obtained by the present study 
during the short-moderate term therapy (3 
months) with metformin goes with Nestler et 
al (46) who found that by day 35, 34% of women 
received metformin had ovulated, compared 
with only 4% of the placebo-treated women, 
also it goes with Ashrafi et al (34) who found 
that after 8 weeks of metformin monotherapy, 
ovulation occurred in (65.7%) patients and 
(20%) patients became pregnant, in regard to 
the present study 3 pregnant women among 
those who got pregnancy on metformin they 
became pregnant after 1.5-2 months of 
treatment with metformin.  Result of the 
present study in regard to metformin confirms 
what have been found by Ehrmann (47) who 
appeared that normal menstrual cycles 
achieved within 3 months of starting treatment 
in some groups of patients.  
High pregnancy rate (60%) after 3 months of 
treatment with metformin may be attributed 
to the reduction in serum insulin level (34). The 
correlation between hyperandrogenism and 
insulin resistance had been recognized in both 
obese and nonobese anovulatory PCOS women 
(48,49). Acien et al and Meirow et al reported 
that approximately 10% of non obese PCOS 
patients could present with insulin resistance 

(50,51).  
Result of the present study agrees with the 
United Kingdom's National Institute for Health 
and Clinical Excellence which recommended 
metformin's usage for PCOS women those whom 
BMI was above 25 when other therapy had failed 
(52), while it disagrees with the subsequent 
randomized control trials (53,54) which in general 
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not shown the promise suggested by the early 
observational studies.  
Effect of Finasteride 
Testosterone is converted into DHT by the 
enzyme 5α-R. DHT is a more powerful androgen 
than testosterone as it has a much higher affinity 
for the androgen receptor (55,56). Finasteride is an 
inhibitor of 5a-R by being an aza analog of 
testosterone, thereby initially binding to 5α-R 
similarly to testosterone (57). Up to knowledge 
the role of finasteride in the treatment of PCOS 
related infertility had been investigated only by 
one study done by Tartagni et al (58), who add 
finasteride to conventional protocol of ovarian 
stimulation with gonadotropin and found that 
finasteride can improve ovarian follicular growth 
and ovulation in PCOS women who did not 
respond to previous stimulation with 
gonadotropin alone. In regard to finasteride 
activity in the treatment of PCOS related 
infertility, result of the present study confirms 
what had been found by Tartagni et al (58).  
In comparison to metformin treated group the 
pregnancy rate in finasteride treated group was 
low (60% vs 21.43%) that may be explained by 
higher activity of metformin due to its ability to 
decrease insulin resistant which in turn decrease 
androgen production, while finasteride is an 
inhibitor of steroid 5α-R, the enzyme that 
converts testosterone to the more potent 
androgen DHT (55,56).   
The higher percentage of patients who 
responded to finasteride comparing to those 
responded to metformin (35.89% vs 26.31%) 
may be related to the time needed by the 
mechanism through which metformin decrease 
androgen production as it first should decrease 
insulin resistance for which more time may be 
needed, while finasteride decreases androgenic 
activity through direct inhibition of 5α-R.   
Finasteride has well-documented risk for 
teratogenicity in male fetuses, and adequate 
contraception should be used (30). Thus the 
lower rate of pregnancy in finasteride group in 
comparison to that in metformin group 
(21.43% vs 60%), may be related to the 

presence of OCP which necessarily had 
received concomitantly with finasteride. 
Reduction of ovarian androgen production not 
only improves ovulation and pregnancy rates, 
but also reduces spontaneous abortion 
rates.  The high loss rate experienced by 
women with PCOS is partly due to 
compromised oocyte quality, but it may also be 
due to the compromised uterine perfusion that 
occurs as a result of elevated androgen levels 
(27) and this may explain why there were no any 
miscarriage in finasteride group as the 
correction of androgen status is clearly results 
in a decrease in the spontaneous abortion rate 
in PCOS pregnant women (30).  
The three pregnancies obtained by finasteride 
treatment were ended with full term 
deliveries, this result may be attributed to the 
reduction in androgen level as found by Ajoss 
et al. (2002) (27) study which had demonstrated 
that reduction of ovarian androgen production 
not only improves ovulation and pregnancy 
rates, but also reduces spontaneous abortion 
rates and the high loss rate experienced by 
women with PCOS is partly due to 
compromised oocyte quality, but may also be 
due to the compromised uterine perfusion that 
occurs as a result of elevated androgen levels.  
Up to knowledge at least one miscarriage had 
occurred among the 6 patients who became 
pregnant on meformin therapy, the usefulness of 
metformin in reducing miscarriages and 
improving pregnancy outcome is in doubt (59). No 
occurrence of any miscarriage among the 
patients who became pregnant on finasteride 
may be attributed to the higher activity of 
finasteride in comparison to meformin to 
improve the compromised uterine perfusion 
rather than to its activity to improve the 
compromised oocyte quality which occurs as a 
result of elevated androgen levels (27). 
In conclusion, treatment with finasteride 
combined with an OCP for 2 months had a good 
promising effect in the treatment of PCOS 
related infertility in comparison to metformin as 
the responded patients were higher in 
finasteride group and although the rate of 
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pregnancy was higher in metformin group the 
difference was not significant (p > 0.05). 
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Abstract 
 
Background Pre-operative prediction of difficulties which may occur during laparoscopic cholecystectomy can help in 

reduction of operative and postoperative complications. 

Objectives To study the value of preoperative ultrasound findings for predicting difficulties encountered during 
laparoscopic cholecystectomy and to assess the usefulness of these findings to identify patients at high 
risk of conversion from laparoscopic to open cholecystectomy. 

Methods A prospective study of 200 patients who underwent laparoscopic cholecystectomy for symptomatic 
cholelithiasis. Pre-operative abdominal ultrasound was done. The diagnosis of gall stones was made and 
the presence of ancillary findings was recorded. Five ancillary ultrasound findings were assessed. These 
included; thickened gall bladder wall more than 4mm, presence of pericholecystic fluid, severely 
contracted gall bladder, empyma, and gall bladder filled with stones. Ultrasound findings were 
compared with the operative findings. 

Results In 36 patients who had one or more of these findings laparoscopic Cholecystectomy was difficult in 
22(61.1%) of them. Thick wall gall bladder > 4mm has the highest sensitivity (69%) and the presence of 
pericholecystic fluid has the highest specificity (100%) in predicting difficult laparoscopic 
cholecystectomy and the presence of more than 2 ancillary findings yielded an accuracy rate of (100%). 
Conversion to open cholecystectomy was needed in 13.9% of these patients. The rates of difficult 
laparoscopic cholecystectomy and conversion to laparotomy were much lower in those patients who 
had no ancillary findings (4.3%) and (1.2%) respectively. 

Conclusion Preoperative ultrasound findings are of value for predicting difficulties encountered during laparoscopic 
cholecystectomy which may require conversion to open cholecystectomy. 

Keywords Laparoscopic surgery, Cholecystectomy, Ancillary ultrasound findings. 

 
Introduction 

aparoscopic cholecystectomy is now 
considered the gold standard procedure for 

symptomatic gallstone disease (1) and one of the 
most frequently performed procedures in 
surgery. Laparoscopic cholecystectomy has 
substituted traditional cholecystectomy due to a 
more comfortable postoperative period than the 
open approach (2). The increasing experience with 
laparoscopic cholecystectomy has led to an 

expansion of the indications for this procedure, a 
reduction in contraindications of the procedure, 
and more complex cases being operated 
laparoscopically. The definition of difficult 
laparoscopic cholecystectomy is in consistent. 
The term difficult cholecystectomy refers "to 
multiple" technical intra-operative difficulties 
that increase the risk for complications and 
significantly prolong the operating time (3,4). 
Although most patients will also benefit from the 
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laparoscopic approach, difficult cases are at a 
higher risk for conversion and the resulting 
complications that may overshadow all 
advantages of the laparoscopic procedure, 
making this approach unsafe, uneconomic, 
inefficient, and hence possibly inferior to 
traditional open cholecystectomy (5,6). Reliable 
predictive factors for difficult procedures and 
hence conversion of laparoscopic 
cholecystectomy would be extremely useful in 
the preparation and planning of management for 
patients with symptomatic cholelithiasis (7-9). 
 
Methods 
This is a prospective study of 200 consecutive 
patients who underwent laparoscopic 
cholecystectomy for symptomatic gall bladder 
stones during the period from October 2005 to 
March 2007 in Baghdad Teaching Hospital in 
Baghdad by two surgeons. Exclusion criteria 
included patients with suspicion of 
choledocholithiasis. Preoperative workup 
included a complete history and physical 
examination and routine laboratory and 
radiological tests for all patients. Ultrasound 
examination for all patients was carried out in 
Baghdad Teaching Hospital by one sonography 
expert one day before operation, using a high 
resolution ultrasound machine (3.5MHz, 
curvilinear probe, G 50 Siemens). The patients 
fasted for 6-hours before the examination. The 
initial scan was performed in the right subcostal 
region during suspended inspiration. Scans were 
performed both along the long axis and at right 
angles to the long axis of the gallbladder. When 
necessary right lateral intercostal scans were 
performed along the length of the intercostal 
spaces. A further alternative approach was to lay 
the patients completely on their left side and to 
perform anterior sub costal scans. Care was 
taken to ensure that the entire volume of the 
organ is examined and that even a tiny calculus 
not missed. A special care was given to record 
any ancillary finding including; thick gall bladder 
wall, contracted gall bladder, presence of 
pericholecystic fluid, gall bladder filled with gall 
stones, and finally if the clinical and ultrasound 

findings would suggest empyma of the gall 
bladder. The study approved by local research 
ethics committee. Informed consent was taken 
from the patients. The procedure of laparoscopic 
cholecystectomy and the risk of conversion were 
explained to them, with a special emphasis for 
those patients with a higher risk of conversion. 
All patients received 1 gm Cefotaxime i.v. at time 
of induction of anesthesia and another 2 doses 
at 8 and 16 hours postoperatively. All operations 
performed under general anesthesia by standard 
North American laparoscopic technique (10, 11). 
Intra-operative cholangiography was not carried 
out in any of the procedures. A closed drain was 
used when indicated. The preoperative 
ultrasound findings compared with intra-
operative findings. The operations which were 
not converted to open cholecystectomy, graded 
as difficult or easy operations according to the 
period between insertion of the ports and 
clipping of the cystic duct and artery. When this 
period is less than 30 minutes the operation 
regarded as easy otherwise it regarded as 
difficult. The data was collected retrospectively 
and analyzed to see if the results are statistically 
significant by applying P-value (if P-value is 5 or 
less, it will be considered statistically significant) 
(12). 

 
Results 
The study comprised 200 patients. The age 
ranged between 16 to79 years (mean was 35). 
One hundred sixty one patients were females 
and 39 were males. The male to female ratio 
was (1:4). There was no mortality in the study. 
All patients had surgically proven gall stones, 
thus sensitivity, specificity, and accuracy of 
ultrasound in diagnosis of gall stones were100%. 
Thirty six patients (18%) had additional 
ultrasound findings that presumed to be of 
significance in predicting difficult laparoscopic 
cholecystectomy and conversion to open 
cholecystectomy. These ancillary findings are 
shown in table -1. Laparoscopic cholecystectomy 
was easy in 164 (82%) patients and difficult in 29 
(14.5%) patients, while in 7 (3.5%) patients the 
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procedure had to be converted to open 
cholecystectomy. 
In patients who didn't have ultrasound ancillary 
findings, the procedure was easy in 155 (94.5%), 
difficult in only 7 (4.3%) cases, the reasons of 
difficulty were; severe adhesions (n=3), morbid 
obesity (n=2), liver cirrhosis (n=l) and 

uncontrolled intra-operative bleeding (n=l), 
while conversion rate was 1.2% i.e. only in two 
patients and it was because of severe adhesions 
(Figure 1). Those with no ultrasound findings 162 
had Laparoscopic cholecystectomy and 2 ended 
with open surgery.  

 
Table 1. Ancillary ultrasound findings 

 

Ancillary findings No. of patients 

Thickened gall bladder wall ˃4mm 
Presence of pericholecystic fluid 

Severely contracted bladder 
Empyema 

Gall bladder filled with stones 

26 
8 
2 
2 
8 

The patients may have ˃ one finding 

 
 
 

  
 
 
 
 

 
 
 
 

Figure 1. A) Laparoscopic photo of a patient who had severe adhesions. B) The preoperative 
ultrasound of the same patient showed neither, ancillary findings nor any indication of a difficult 

procedure. 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. (a, and b.) Ultrasound and laparoscopic photo of a patient who had acute cholecystitis 
with a thick wall gall bladder 
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In patients who had ancillary ultrasound 
findings, the rate of difficult laparoscopic 
cholecystectomy was 61.1% and conversion rate 
was 13.9%. These results were much higher and 

statistically significant when compared with the 
results of patients who had no ancillary 
ultrasound findings (P > 0.05) (Table-2). 

 
Table 2. Ultrasound Findings related to difficult laparoscopic cholecystectomy and rate of 

conversion to open cholecystectomy. 
 

Laparoscopic cholecystectomy Without ancillary U/S With ancillary U/S Total 

Easy 
Difficult 

Conversion to open cholecystectomy 

155 (94.5%) 
7 (4.3%) 
2 (1.2%) 

9 (25%) 
22 (61.1)% 
5 (13.9%) 

164 (82%) 
29 (14.5%) 

7 (3.5%) 

Total 164 (82%) 36 (18%) 200 (100%) 

 
Gall bladder wall thickness was an important 
predicting factor of difficult laparoscopic 
cholecystectomy. Fifteen of 26 patients with wall 
thickness greater than 4mm had difficult 

operation (Figure 2), thus the sensitivity of wall 
thickness greater than 4mm in predicting 
difficulty was 69%, and specificity 96.5% (Table 
3).

 
Table 3. Value of Ultrasound findings in predicting difficult Laparoscopic cholecystectomy 

 

Procedure 
Ultrasound predictors 

Wall thickness 
˃4mm 

Pericholecystic 
fluid collection 

Contracted GB 
GB fluid with 

stones 
Empyema 

Easy LC 
Difficult LC 

Conversion to laparotomy 
Sensitivity (%) 
Specificity (%) 

PPV 
NPP 

Accuracy (%) 

6 
15 
5 

69.0 
96.5 
76.9 
94.8 
92.5 

0 
3 
5 

10.3 
100.0 
100.0 
86.8 
92.5 

0 
2 
0 

6.9 
100.0 
100.0 
86.4 
86.5 

3 
5 
0 

17.2 
98.2 
62.5 
87.5 
86.5 

0 
1 
1 

3.4 
99.4 
50.0 
85.9 
85.5 

Total 26 8 2 8 2 
GB = gall bladder, PPV = Positive predictive value (%), NPP = Negative predictive value (%) 

 
Presence of fluid in the pericholecystic area 
resulted in even more difficult laparoscopic 
procedure (Figure 3). In all of 8 patients with 
pericholecystic fluid collection the operation was 
difficult: sensitivity of pericholecystic fluid for 
surgical difficulties during laparoscopic 
cholecystectomy was 10.3%, and specificity 
100% (Table 3). Other ancillary ultrasound 
findings apart from gall stones indicating difficult 
surgical preparation namely contracted gall 
bladder and empyma were also observed (Table 
3). When the gall bladder was filled with stones 
(n = 8), difficulty was encountered in 5 patients, 

making its sensitivity 17.2%, it's specificity 98.2% 
(Table  3). 
In patients with more than one ancillary finding 
by ultrasound, laparoscopic cholecystectomy 
was never easy i.e. specificity and positive 
predictive value were 100% (Table 3). 
Laparoscopic cholecystectomy was converted to 
laparoscopic cholecystectomy whenever it was 
deemed necessary to avoid exposing patients to 
unnecessary risks. Conversion rate was higher 
when there was more than one ancillary 
ultrasound findings (Table 3). 
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Figure 3. Ultrasound and laparoscopic photo of a patient who had acute cholecystitis with 
pericholecystic fluid. 

 
Discussion 
The first account of gall stones was given in 1420 
by a pathologist Antonio Benevieni, in a woman 
who died with abdominal pain. With the passage 
of time, first open cholecystectomy and then, 
laparoscopic cholecystectomy were established 
as the standard treatment of gall stones (13). 
Ultrasound is noninvasive and cost effective, 
involves no ionizing radiation, and has a 
reported specificity of 99% for the detection of 
gall stones (14,15). 
In our study its specificity was 100%. It is the 
cornerstone imaging modality for the diagnosis 
of gall bladder stones, and it is unlikely to be 
replaced by other examination methods (16). It is 
generally accepted as the modality of first choice 
for the diagnosis of acute cholecystitis (17,18). It 
has relevance for decision taking, and is an 
indispensable procedure in the emergency 
setting (19). In the early years of laparoscopic 
cholecystectomy, acute cholecystitis was 
considered a relative contraindication, especially 
in severe attacks or if the gall bladder wall 
thickness was more than 4mm (20). Since then, 
many reports worldwide documented the safety 
of the procedure in acute cholecystitis (21) and 
the operation is recommended as the treatment 
of choice for acute cholecystitis (22). 
The definition of a difficult laparoscopic 
cholecystectomy is relative and it is linked to the 
experience of the surgical team (23). In the 
present study, difficult laparoscopic 
cholecystectomy occurred in 14.5% of total 

surgical procedures. We evaluated preoperative 
ultrasound's capacity of predicting technical 
challenges in laparoscopic cholecystectomy. 
When there were ancillary ultrasound findings, 
where difficulty was anticipated, the percentage 
of difficult laparoscopic cholecystectomy 
increased significantly to 61%.Our findings 
suggest that patients with thickened gall bladder 
wall tend to have technical difficulties during 
laparoscopic cholecystectomy. Similar findings 
have been reported by many authors (24-26), in 
fact it was the most sensitive ultrasound findings 
that predict a difficult laparoscopic 
cholecystectomy. 
Pericholecystic fluid is another predictor of 
difficult laparoscopic cholecystectomy. In our 
study eight patients had pericholecystic fluid and 
the surgicu1 procedure was difficult in all of 
them, making the presence of pericholecystic 
fluid more specific than gall bladder thickness in 
predicting difficult laparoscopic 
cholecystectomy. When there were more than2 
ultrasound findings suggesting acute 
cholecystitis, the specificity of ultrasound in 
predicting technical difficulty mounted to 100%. 
Difficult laparoscopic cholecystectomy needs 
longer time to finish and the preoperative 
prediction of long operation when patients are 
listed for laparoscopic cholecystectomy may 
have several practical applications. In addition to 
allowing better planning of the operating 
sessions, both in terms of service provision and 
training of junior doctors, it may allow a more 
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efficient selection of patients for ambulatory 
laparoscopic cholecystectomy. Moreover, 
additional anesthetic measures may be taken to 
minimize postoperative emesis and dizziness (27). 
In a large study involving 6,380 patients Kuldip 
and Ohri reported an overall conversion rate of 
0.42% and a rate of 1.86% in difficult 
cholecystectomies (28), while Livingston and Rege 
reported conversion rates ranging on average 
between 5% and 10% in a nationwide study in 
the USA (29). Others reported conversion rates of 
2.9-10% for elective laparoscopic 
cholecystectomy and 6-35% for acute 
cholecystitis (30-34). In our study the conversion 
rates were 1.2% in patients without ancillary 
ultrasound findings, 13.9% in patients with 
ancillary ultrasound findings, and an overall 
conversion rate of 3.5%. The quest for predicting 
the probability of conversion of laparoscopic 
cholecystectomy in unselected patients with 
calculus gall bladder disease has been extensive 
(35,36). 
Many authors have reached conclusions that 
preoperative ultrasound examination is useful in 
selecting patients who are likely to have 
difficulty and may require conversion from 
laparoscopic to open surgery. Thickened gall 
bladder wall (37,38), and the presence of 
pericholecystic fluid (39) being the most strong 
association with conversion, as seen also in our 
study. In our study, the conversion rate in 
patients with no ancillary findings was 1.2%, but 
it was significantly higher (13.9%) when 
ultrasound showed findings that might predict 
conversion from laparoscopic to open approach. 
Conversion rate was higher when there was 
more than one ancillary finding. Five patients 
from those with no ancillary ultrasound findings 
had difficult laparoscopic cholecystectomy and 
in two of them the procedure was converted to 
laparotomy. Ultrasound could not predict 
difficulty, mostly because the reason for 
difficulty and conversion was severe adhesions 
around the gall bladder which is a finding the 
preoperative ultrasound can not show, but 
rather it is an intraoperative finding (40,41). 

On the other hand 25% of our patients with 
ancillary ultrasound findings, laparoscopic 
cholecystectomy was easy, this can be explained 
partially by the fact that some of these 
procedures were done at later stages of the 
study i.e. later stage of the learning curve of the 
surgeon, and partially by the fact there are other 
factors which may contribute to the degree of 
difficulty, like age, sex and obesity (42-44). 
Conclude the current study that preoperative 
ultrasound is able to furnish valuable data in 
predicting laparoscopic cholecystectomy 
challenges. On the other hand, a relevant 
number of cases still exist wherein the 
concordance between the preoperative 
ultrasound findings and the surgical findings is 
unsatisfactory. In this group of patients the 
surgeon cannot safely rely on ultrasound 
examination alone and factors with a higher 
predictive value are obtained only during 
laparoscopic cholecystectomy. The need to 
convert can only be assessed during an attempt 
at laparoscopic cholecystectomy. 
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Abstract 
 
Background Vitiligo is the most frequent depigmentation disorder of the skin. None of the therapeutic alternatives is 

satisfactory. 

Objective To evaluate the effectiveness of systemic Co-enzyme Q10 in patients with vitiligo. 

Methods Twelve patients received Co-enzyme Q10 75 mg twice daily compared with 12 patients received placebo 

capsule twice daily orally for 8 weeks in the Department of Dermatology, Al-Kadhimiya Teaching 

Hospital (November 2011 to march 2012). History of patients was taken and measurement for serum 

glutathione (S. GSH) (by Elleman methods), malonialdehyde (S. MDA) (by Stocks and Dormandy 

methods) and VASI score at baseline, 4 and 8 weeks interval. 

Results No significant difference in S. GSH was found between Co-enzyme and placebo group after 4 and 8 

weeks. High significant decrease in S. MDA occurred after 4 and 8 weeks with significant decrease in 

VASI were found after 8 weeks. 

Conclusion Co-enzyme Q10 may have a role in treatment of vitiligo. 

Keywords Co-enzyme Q 10, Vitiligo, Antioxidant. 

 
 
Introduction 

itiligo is an acquired pigmentary anomaly of 
the skin manifested by depigmented white 

patches surrounded by normal hyperpigmented 
border (1).  It is one of the main cutaneous 
diseases in which psychological factors are 
thought to trigger the onset or substantially 
influence the course (2).  
Different studies suggest that there is some 
genetic mechanism involved in the etiology of 
vitiligo and it is polygenic in nature (3) with a 
positive family history in at least 30% of cases (4). 
The course of the disease is unpredictable, and is 
often associated with periods of remission and 
exacerbation (5). 

Vitiligo is a multifactorial polygenic disorder with 
a complex pathogenesis. Several theories have 
been proposed to explain the loss of epidermal 
melanocytes in vitiligo; they include 
autoimmune, cytotoxic, biochemical, oxidant-
antioxidant, neural, and viral mechanisms for 
destruction of epidermal melanocytes (6). The 
putative association of vitiligo with autoimmune 
diseases has suggested an immunologic basis for 
vitiligo (7). 
The best evidence that vitiligo antibodies play a 
role in melanocyte destruction is the 
observation of the disappearance of 
melanocytes from normal human skin engrafted 
onto nude mice injected with vitiligo patient sera 
(8). IL-6 is an important cytokine for skin and is 
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subject to dysregulation in several human 
diseases including some with skin manifestations 
(9). 
According to the self-destruction hypothesis 
initially put forward by Lerner (7), melanocytes in 
vitiligo have lost an intrinsic protective 
mechanism that eliminates toxic intermediates 
or metabolites in the melanogenesis pathway. 
Several reports provide evidence for increased 
oxidative stress in the entire epidermis of vitiligo 
patients (7). Although greater oxidative stress is 
observed in the active vitiligo group, this is 
probably correlated with increased intracellular 
reactive oxygen species (ROS) production in the 
tissues of these patients (10). Excessive free 
radical generation, leading to lipid peroxidation 
in vitiligo, may be related to a decrease of 
superoxide dismutases (SOD) and an increase of 
xanthine oxidase (XO) activities. In addition, an 
increased level of malondialdehyde (MDA) can 
support these findings. Lipid peroxidation in the 
cellular membrane of melanocytes may play an 
important role in depigmentation of generalized 
vitiligo (11), whereas the neural hypothesis (7) was 
based initially on anecdotal observations 
suggesting that stress and severe emotional 
trauma may initiate or precipitate vitiligo. 
The conventional treatment for vitiligo include 
photo chemotherapy (PUVA), phototherapy 
(UVB),  vitamin D3 analogues, topical 
corticosteroids, topical immunomodulators, 
excimer laser, and surgery.  These treatment 
options have limited success (12-14), and some 
present significant risks, including suspected 
increases in skin cancer risk by PUVA, skin 
atrophy with corticosteroids, and skin boils with 
UVB therapy (12-14); so probable useful 
therapeutic effects of Co-enzyme Q10 will be 
evaluated in patients with vitiligo.  
Coenzyme Q10 (CoQ10) is a fat-soluble, vitamin-
like, ubiquitous compound that functions as an 
electron carrier in the mitochondrial respiratory 
chain, as well as serving as an important 
intracellular antioxidant. CoQ10 protects 
phospholipids and mitochondrial membrane 
proteins from peroxidation and protects DNA 
against the oxidative damage that accompanies 

lipid peroxidation (15-17). Coenzyme Q10 is one of 
the antioxidants found in the skin (18). Coenzyme 
Q10 in its reduced form as the hydroquinone 
(called ubiquinol) is a potent lipophilic 
antioxidant and is capable of recycling and 
regenerating other antioxidants such as 
tocopherol and  ascorbate (17,19). CoQ10 is able to 
act as an antioxidant against the effects of 
hydrogen peroxide and UVA in cultured 
epidermal keratinocytes and UVA in dermal 
fibroblasts (20). 
The aim of this study was to measure the 
oxidative stress parameters (glutathione and 
MDA) in patients with vitiligo and to evaluate 
the effectiveness of systemic Co-enzyme Q10 in 
them. 
 
Methods 
Clinical Study design: This prospective, 
randomized, single blind and placebo study was 
done in the Department of Dermatology and 
Venereology, Al-Kadhimiya Teaching Hospital 
between November 2011 and March 2012. The 
total number of patients sharing in this study 
was 26. Only 24 patients completed the study 
successfully while 2 patients were unable to do 
so for unknown reasons. All included subjects 
have consented to be enrolled in this study and 
approval of College Council at Al-Nahrain 
Medical College was taken under order number 
1093 in 1/12/2011. 
All patients were subjected to detailed 
examination including the general, physical and 
mainly the skin examination. The diagnosis was 
made clinically by dermatologist. For all the 
patients at the initial visit, baseline 
characteristics had been made and involve age, 
sex, medical history, family history and drug 
allergy. 
Participants and Setting: A new onset(less than 2 
years), localized small patches vitiligo of  both 
sexes  that the affected body surface area of 10-
20% and age range 12-58 years were included in 
this trail. 
Along the course of treatment, each patient 
should satisfy three visits at 0, 4 and 8 weeks. In 
each visit, the assessment of response of vitiligo 
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lesion toward treatment was performed by using 
VASI (Vitiligo Area Scoring Index) calculation 
which is a quantitative parametric score 
conceptually derived from the PASI score widely 
used in psoriasis assessment. The total body 
VASI is calculated using a formula that includes 
contributions from all body regions (21). 
VASI = All Body Sites [Hand Units] × Residual 
Depigmentation 
A blood sample (5 ml) was obtained to 
determine Serum Glutathione (S. GSH) (It is 
based on the reaction of aliphatic compounds 
with dithio 2-nitrobenzoic acid at ph 8.0 to give 
p-nitro thiolphenol anion which is highly, colored 
at 412nm) (22), and S. MDA (its measurement is 
based on the reaction of thiobarbituric acid with 
MDA forming a pink- colored adduct that its light 
absorbance measured at 535 nm) (23).       
The patients were allocated into 2 groups and all 
the patients were given Vaseline and asked to 
apply it topically two times daily. 

Group I: Included 12 patients (8 females and 4 
males) were given 75 mg Co-enzyme Q10 (1 soft 
gel two times daily) orally with food for 8 weeks. 
Group II: Included 12 patients 8 females and 4 
males were given sucrose as placebo capsule 
two times daily orally after meal for 8 weeks. 
Statistical analyses: The data collected and 
analyzed using computer facilities of SPSS-18 
and Microsoft Excel 2010. 
The following measurements and tests were 
used (1) Mean and standard deviation. (2) 
Unpaired t-test and was considered statistically 
significant if the P value was less or equal to 0.05 
and highly significant if the P value was less or 
equal to  0.001 (24,25). 
 
Results 
Table 1 shows the descriptive parameters of all 
patients in this study. Both the treated groups 
are comparable with no significant difference in 
the parameters at baseline (before treatments). 

 
Table 1. Descriptive parameters of all patients with vitiligo 

 

Parameters 
Placebo group 

N = 12 
Co-enzyme Q10 group 

N = 12 

Frequency % Frequency % 

Sex 
Smoking 

Other skin disease 
Family history 
Drug allergy 

M/F 
Yes/No 
Yes/No 
Yes/No 
Yes/No 

4/8 
2/10 
6/6 
6/6 

0/12 

33.3/66.7 
16.7/83.3 

50/50 
50/50 
0/100 

4/8 
3/9 
6/6 
6/6 

0/12 

33.3/66.7 
25/75 
50/50 
50/50 
0/100 

 
No significant difference in S. GSH was found 
between Co-enzyme group and placebo group 
after 4 and 8 weeks, but a highly significant 
decrease in S. MDA (P value ≤ 0.001) in the Co-
enzyme group from the placebo group after 4 
and 8 weeks (Table 2). 
Regarding clinical parameters; no significant 
difference in VASI between Co-enzyme group 
and placebo group after 4 weeks while 
significant decrease in VASI after 8 weeks was 
found (Table 3). 

 
Discussion 
Vitiligo is the most frequent depigmentation 
disorder of the skin and is cosmetically and 
psychologically devastating (26). None of the 
therapeutic alternatives is fully satisfactory 
either because its improvement is unpredictable 
or the treatment is long or because of the side 
effects and operational difficulty of application 
of the medication (27).  
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Table 2. Effect of Co-enzyme Q10 on S. GSH and S. MDA concentration in patient with vitiligo in 
comparison with placebo-treated group 

 

Parameters 
Placebo 
N = 12 

Q10 
N = 12 

P value 

Serum GSH (mmol/l) baseline 
Serum GSH (mmol/l) 4wk 
Serum GSH (mmol/l) 8wk 

Serum MDA (mmol/l) baseline 
Serum MDA (mmol/l) 4wk 
Serum MDA (mmol/l) 8wk 

1.43±0.22 
1.44±0.23 
1.44±0.23 
2.58±0.21 
2.58±0.2 

2.65±0.24 

1.42 ± 0.1 
1.47 ± 0.12 
1.52 ± 0.11 
2.51 ± 0.11 
1.7 ± 0.13 

1.58 ± 0.11 

0.8509 
0.7126 
0.3181 
0.309 

< 0.0001 
< 0.0001 

 
Table 3. Effects of Co-enzyme Q10 on clinical feature (vasi score) in patients with vitiligo in 

comparison with placebo-treated patients 
 

Parameters 
Placebo 
N = 12 

Q10 
N = 12 

P value 

VASI baseline 
VASI 4wk 
VASI 8wk 

3.75±2.81 
3.75±2.81 
3.88±2.77 

2.33±0.72 
2.33±0.72 
2.08±0.9 

0.073 
0.073 
0.018 

 
 
No significant difference in S. GSH was found 
between Co-enzyme group and placebo group 
after 4 and 8 weeks. In vitiligo, both an 
imbalance of the intracellular redox status and a 
significant depletion of enzymatic and non-
enzymatic antioxidants feature of vitiligo 
patients, and an abnormal oxidative stress might 
be the causes of melanocyte degeneration (28). 
High significant decrease in S. MDA between Co-
enzyme Q10 group and placebo group after 4 
and 8 week was found. This effect was in 
agreement with the result of Lee et al (29) who 
showed patients with coronary artery disease on 
CoQ10 treatment having significantly lower 
malondialdehyde levels. Co-enzyme Q 10 in its 
reduced form has long been known to inhibit 
lipid peroxidation (30). Co-enzyme Q10 in its 
reduced form is a potent lipophilic antioxidant 
and is capable of recycling and regenerating 
other antioxidants such as tocopherol and 
ascorbate (31). 
The levels of CoQ10 in skin decline with age and 
UV irradiation (20) and thereby also compromise 
the skin’s antioxidant features, leading to an 
increased ROS concentration at advanced age. In 

skin, the epidermis contains a 10-fold higher 
level of CoQ10 than the dermis (18). 
No significant difference in VASI between Co-
enzyme group and placebo group after 4 weeks 
was found, while significant decrease in VASI 
after 8 weeks occurred. 
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Abstract 
 
Background Hyaluronic acid (HA) is removed by the liver via sinusoidal cell adhesion molecules. This is impeded in 

fibrosis, leading to a rise in serum HA. As a noninvasive marker of fibrosis, HA may obviate the need for 
liver biopsy. 

Objective To evaluate HA as a marker of hepatic fibrosis in unselected children undergoing liver biopsy or 
ultrasound. 

Methods Fifty children aged 2-156 months diagnosed to have different types of chronic liver diseases (CLDs) and 
thirty healthy children aged 2-156 months were studied as controls were evaluated at the Teaching 
Hospital and Gastroenterology and Hepatology Center, Medical City, Baghdad, Iraq. The degree of 
severity of liver infection was assessed by liver biopsy or ultrasound. HA levels were measured using an 
ELISA. 

Results The mean of HA level was 0.61± 0.32 ng/ml in the control group, 3.05± 1.11 ng/ml in patients with 
significant fibrosis and 1.18±0.86 ng/ml in patients with chronic liver diseases without significant fibrosis. 
Significant fibrosis was found in 31 out of 50 children with chronic liver disease, 20 of them were 
classified (METAVIR score) as cirrhotic liver. Seven out of 18 biopsies value of stage 4. Thirteen out of 32 
ultrasounds described as having a coarsely textured liver. The sensitivity and specificity of estimated HA 
values in the diagnosis of liver cirrhosis were 87.1% and 94.74%, respectively. 

Conclusion HA is a valid noninvasive predictor of histological fibrosis in children with CLD. It complements the 
thorough investigations of a child with CLD; however, it cannot at present replace histological 
examination to identify liver fibrosis. Further evaluation of HA is needed to ascertain the use of serial 
measurements in the targeted patient groups. 

Key word Hyaluronic acid, chronic liver disease, liver fibrosis. 

 
 
Introduction 

 wide spectrum of chronic liver diseases can 
cause liver fibrosis (LF). Liver biopsy shows 

these histopathologic changes, determines the 
degree of fibrosis and is a guide to treatment 
decisions. 
Many children each year require a liver biopsy 
under anesthesia. Liver biopsies, although 
generally a safe procedure, can be associated 
with serious morbidity and mortality, both from 

the procedure itself and the need for anesthesia 
in children (1,2). Serious complications include 
hemoperitoneum, pneumothorax and bile leak 
(3) are seen in approximately 1% of liver biopsies 
(4).  Another important limitation of liver biopsy 
is inter- and intra observer variation among 
pathologists (5-8) and therefore, liver biopsies are 
only carried out if deemed essential.   
Histological comparison of liver biopsies is 
limited by the lack of an ideal hepatic fibrosis 
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scoring system covering all spectrums of liver 
disease. The Ishak scoring system has been 
developed from the Histological Activity Index of 
Knowdell with modifications allowing for 
increased knowledge of etiology and histology 
(9). Furthermore, the semi quantitative grading 
systems developed for histopathologic analysis 
do not reflect linearity of fibrosis deposition or 
actual matrix content (9,10). 
Ultrasonography can provide a non-invasive 
prediction of liver histology which in moderate 
and severe steatosis and advanced fibrosis can 
be both highly sensitive and specific (11). 
Ultrasonography is the most common modality 
used in the diagnosis and staging of hepatic 
fibrosis (12). 
In recent years, interest in identifying and 
describing LF by using noninvasive surrogate 
markers has been on the rise. Serum markers of 
LF offer an attractive, cost effective alternative 
to liver biopsy for both patients and clinicians. In 
addition to being substantially less invasive, 
there are practically no complications, little or 
no sampling errors and small observer related 
variability. Moreover, measurements may be 
performed repeatedly, thus, allowing for a 
dynamic monitoring of fibrosis (13). Hyaluronic 
acid (HA) is a high molecular weight 
glycosaminoglycan synthesized by mesenchymal 
cells, circulated by the lymphatic system and 
widely distributed in connective tissue (14). It has 
a half-life of 5 to 6 minutes in plasma and a vital 
component in producing viscoelasticity in the 
extracellular matrix; it also lubricates the 
interstitial tissue. A small percentage of HA is 
locally metabolized while the greater part of it 
enters the blood through the lymphatic system 
and from there goes into the liver where it is 
immediately metabolized by the hepato-
endothelial cells (15, 16). 
The aim of the study is to determine the validity 
of serum HA as a marker of hepatic fibrosis in 
children with different types of chronic liver 
disease (CLD), undergoing a liver biopsy or 
ultrasound assessment. 
 
 

Methods  
This is a case-control study of fifty children with 
different types of CLDs, 18 of them have 
undergone liver biopsy at Gastroenterology and 
Hepatology Center, Medical city, Baghdad, Iraq 
during the period from Sep. 2011 to Feb. 2012. 
The METAVIR scoring system was applied to 
stage of LF. The other 32 were subjected to 
ultrasound evaluation at the same hospital to 
assess the liver texture as an indicator of 
significant LF (17,18). Children with viral hepatitis 
were excluded from the study.  No children were 
known at the time of sampling to have active 
juvenile idiopathic arthritis or any joint 
inflammation.  
Conventional laboratory tests of liver function 
such as alanin aminotransferase (ALT), aspartate 
aminotransferase (AST), and total serum 
bilirubin (TSB) were undertaken for patients and 
controls within 48 hours of taking the samples. 
Blood samples for hyaluronic acid (HA) were 
separated and frozen at -20 °C before analysis. 
HA levels were measured using an enzyme-
linked binding protein assay (Kit CUSABIO 2012, 
China). 
Liver biopsies of 18 patients with different types 
of CLD were done by ultrasound guided 
technique with spring loaded needle, and then 
processed in the laboratories of Gastro-
enterology and Hepatology Center. An 
experienced pathologist examined all the liver 
biopsy specimens during a single sitting. The 
pathologist was blinded to the results of the HA 
level and the underlying clinical diagnosis. 
METAVIR scoring system was applied. No or non 
significant fibrosis (0-1), significant fibrosis with 
(2-4). As for the ultrasound evaluated group, a 
coarse liver texture, especially when associated 
with irregularity of the liver surface, was 
regarded as indicator of significant fibrosis (14). 
The subjects in this study were divided into 
three groups: 
Group I: Children with different types of chronic 
liver disease with significant fibrosis. 
Group II: Children with unselected chronic liver 
disease without significant fibrosis. 
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Group III: Healthy children (control). 
All the data were analyzed using the Statistical 
package for social sciences (SPSS) software (v.17, 
SPSS, Inc., Chicago, USA). The student t-test was 
used to compare HA levels and the other 
biomarkers, in the groups of patients with and 
without significant fibrosis. Logistic regression 
analysis was undertaken with the presence and 
absence of significant fibrosis as the dependent 
variable and HA levels and standard liver 
functions tests (serum bilirubin, alanine 
transferase, and aspartate transaminase) as 
independent variables. To assess clinical 
applicability (sensitivity, specify and predictive 
values) a receiver operator curve was 
constructed and the area under the curve was 
calculated. 
 
 
 
 

Results 
Significant fibrosis was found in 31 of 50 children 
with CLDs. Twenty (40%) of them were classified 
(METAVER score) as cirrhotic liver, eleven (22%) 
have no cirrhosis and the rest 19 (38%) show no 
fibrosis (Figure 1). Seven out of 18 biopsies value 
of stage 4 and 13 of 32 ultrasound assessed 
group described as having a coarsely textured 
liver. The mean HA level was 0.61± 0.32 ng/ml in 
the control group, 3.05± 1.11 ng/ml in patients 
with significant fibrosis and 1.18 ± 0.86 ng/ml in 
patients with CLDs without significant fibrosis. 
The results of study showed that HA, AST, ALT, 
and TSB levels were significantly increased in 
children with fibrosis compared to the control 
group (p > 0.0001; p > 0.0001, p > 0.0001; p = 
0.0001, respectively). Similarly, AST/ALT ratio 
was significantly elevated in children with 
fibrosis compared to control group (p = 0.0113) 
as shown in table 1. 

Table 1. Comparison between control group and patients with significant fibrosis 
 

Parameters 
Control Group 

N = 30 
Mean ± SD 

Patients with fibrosis 
N = 31 

Mean ± SD 
P value 

Age (months) 
Hyaluronic acid (ng/mL) 

AST (IU/L) 
ALT (IU/L) 

AST/ALT ratio 
TSB (mg/dL) 

68.8 ± 39.67 
0.61 ± 0.32 
6.47 ± 2.18 
7.53 ± 2.49 
0.93 ± 0.51 
0.62 ± 0.22 

80.32±58.85 
3.05 ± 1.11 

53.13 ± 43.96 
42.23 ± 32.53 

1.41 ± 0.86 
9.31 ± 10.79 

0.3726 
<0.0001 
<0.0001 
<0.0001 
0.0113 
0.0001 

AST: Aspartate aminotransferase, ALT: Alanine transaminase, TSB: total serum bilirubin 
 

As shown in the table 2, mean HA, AST, and ALT 
levels were higher in children without fibrosis 
compared to the control group (p = 0.0108; p = 

0.0001; p = 0.0007, respectively) whereas, no 
significant differences in the AST/ALT ratio 
between the two groups (p = 0.0834). 

 

Table (2): Comparison between control group and patients without fibrosis 
 

Parameters 
Control Group 

N = 30 
Mean ± SD 

Patients without fibrosis 
N = 19 

Mean ± SD 
P value 

Age (months) 
Hyaluronic acid (ng/mL) 

AST (IU/L) 
ALT (IU/L) 

AST/ALT ratio 
TSB (mg/dL) 

68.8 ± 39.67 
0.61 ± 0.32 
6.47 ± 2.18 
7.53 ± 2.49 
0.93 ± 0.51 
0.62 ± 0.22 

60.37 ± 52.19 
1.18 ± 0.86 

48.21 ± 37.78 
40.21 ± 34.76 

1.45 ± 1.18 
7.39 ± 9.84 

0.5521 
0.0108 
0.0001 
0.0007 
0.0834 
0.0077 

AST: Aspartate aminotransferase, ALT: Alanine transaminase, TSB: total serum bilirubin 
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Table 3 illustrates comparison between CLDs 
children with and without fibrosis. The mean HA 
level was significantly higher in those with 
fibrosis as compared to those without (P < 

0.0001) whereas, no significant differences was 
noticed in AST, ALT, AST/ALT and TSB levels 
between the two groups. 

 
Table 3. Comparison between patients with and without fibrosis 

 

Parameters 
Patients with Fibrosis 

N = 31 
Mean ± SD 

Patients without fibrosis 
N = 19 

Mean ± SD 
P value 

Age (months) 
Hyaluronic acid (ng/mL) 

AST (IU/L) 
ALT (IU/L) 

AST/ALT ratio 
TSB (mg/dL) 

60.37 ± 52.19 
1.18 ± 0.86 

48.21 ± 37.78 
40.21 ± 34.76 

1.45 ± 1.18 
7.39 ± 9.84 

80.32±58.85 
3.05 ± 1.11 

53.13 ± 43.96 
42.23 ± 32.53 

1.41 ± 0.86 
9.31 ± 10.79 

0.2185 
<0.0001 

0.677 
0.8396 
0.8925 
0.5234 

AST: Aspartate aminotransferase, ALT: Alanine transaminase, TSB: total serum bilirubin 

 
The cutoff value of hyaluronic acid was 
calculated using receiver operating characteristic 
(ROC) test and it was found to be 1.66 ng/mL 
(figure 2), the sensitivity and specificity of 
estimation of HA value in diagnosis of liver 

cirrhosis were 87.1% and 94.74% respectively, 
while the positive predictive value of HA in 
diagnosis of liver cirrhosis was 96.43% and the 
negative predictive value was 81.82% (tables 4 
and 5). 

 
Table 4. Cutoff values, sensitivity and specificity of Hyaluronic acid in all patients groups 

 

Cutoff value Specificity Sensitivity Area under curve P value 

1.66 ng/mL 94.74% 87.1% 0.948 <0.001 

 
Table 5. Positive and negative predictive values for Hyaluronic acid in all patients groups 

 

Predictive values 
Cirrhosis 

Total 
Positive Negative 

Hyaluronic acid 
Positive test 
Negative test 

27 
4 

1 
18 

28 
22 

Total 31 19 50 
+ve predictive value: 96.43%, -ve predictive value: 81.82% 

 
Discussion:  
The liver excretes most of circulating HA, while 
the kidney accounting for approximately 1%. In 
the liver, HA is cleared from the circulation by 
binding to CD44 adhesion molecules on 
sinusoidal endothelial cells, with subsequent 
transport into the hepatocyte. The CD44 is a 
transmembrane glycoprotein involved in the 
interaction between cells and extracellular 
matrix. Sinusoidal endothelial cells lack a 

basement membrane and hence, are permeable 
to molecules moving into hepatocytes. In the 
presence of fibrosis, the sinusoidal endothelial 
cells become thickened which is less permeable, 
so HA clearance is impaired and serum levels 
rise. Fibrosis also stimulates hepatic 
mesenchymal cells, so more HA is produced. 
Serum hyaluronic acid levels are also raised in 
joint inflammation, due to increased synovial 
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production. Xie et al studied the relationship 
between HA and procollagen III and collagen 
type IV and the degree of the liver fibrosis and 
they reported that HA had the closest 
correlation with fibrosis (19). Some studies 
assessing HA levels have suggested serial 

measurements are recommended to predict 
clinical prognosis and correlate HA 
measurements with other biochemical markers 
of disease e.g., serum bilirubin and 
transaminases (20,21). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Results of Liver Biopsy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 The receiver operator characteristic (ROC) 
for sensitivity and specificity of hyaluronic acid 

test 
 
In children, HA has been studied in specific 
etiological groups. In biliary atresia, the serum 
levels of HA measured at diagnosis was found to 
predict the need for liver transplant within the 
first five years (22,23). Comparing serum HA levels 
with histological fibrosis in children with biliary 

atresia, Kobyashi et al (24) and Hasegawa et al (25) 
showed that significant fibrosis correlated with 
increased HA levels. In children with cystic 
fibrosis with biochemical or radiological 
evidence of liver disease, HA levels were also 
raised (15).  
 
This study has assessed the validity of HA as a 
marker of fibrosis in pediatric patients with 
chronic liver disease, by comparing its level with 
the gold standard histological diagnosis of 
fibrosis, or with ultrasound assessment. Thirty 
one of 50 children with chronic liver disease had 
significant fibrosis, 20 of them were classified as 
cirrhotic liver, showed high level of HA. 
The patients without significant fibrosis (mild to 
moderate) were reported to have a mean of HA 
level 1.18±0.86 ng/ml which is distinguished 
from those with significant fibrosis (3.05±1.11 
ng/ml). 
Our findings of the receiver operating 
characteristic (ROC) study are in agreement with 
those of the previous studies. Nyberg et al (27) 
have that HA levels are a sensitive tool that can 
be used to determine the degree of progressive 
liver injury in patients with primary biliary 
cirrhosis. Fried et al (28) showed that patients 
who developed liver fibrosis (LF) from chronic 
veno-occlusive diseases also presented with 
elevated HA levels. Other similar studies 
involving patients with hepatitis C also revealed 
a direct correlation between fibrosis in liver 
biopsies and elevated HA levels (29,30). In Iran, 
Montazeri et al (31) reported a relationship 
between serum hyaluronate and the severity of 
inflammation and fibrosis in patients with non-
HBsAg hepatitis B. Furthermore; the study of 
Hartley et al (32) confirmed these findings in a 
sample of unselected children undergoing liver 
biopsy. 
 
 

38% No 
Fibrosis 

40% Fibrosis 
with 

Cirrhosis 

22% Fibrosis 
without 
Cirrhosis 
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Abstract 
 
Background The treatment of chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) can be a frustrating 

challenge to physicians and many drugs had been used with variable results. 

Objective To evaluate the safety and the efficacy of adding 5 mg tadalafil for patients with CP/CPPS with the 
conventional treatment. 

Methods Thirty five patients received tamsulosin 0.4 mg capsule once daily, levofloxacin 500mg tablet once daily 
and indomethacin rectal suppository 100 mg once daily served as control group.  Another 35 patients 
received the alpha blocker, levofloxacin and NSAID as above with tadalafil 5 mg once daily for 1 month 
period comprised tadalafil group. The NIH Chronic Prostatitis Symptom Index (NIH-CPSI) assessment was 
completed by each patient at baseline and 4 weeks after the drug therapy to assess the response to 
treatment. We consider in our study the chronic prostatitis/CPPS or category IIIa or b according to NIH 
classification system. 

Results No significant difference in mean age and baseline score in between groups was found. After one month 
of starting treatment, it had been found that NIH-CPSI/pain, urinary and quality of life domains were 
significantly changed from (12.8±1.44, 5.9±1.77 and 8.8±1.82) at baseline to (9.6±1.04, 3.55±0.99 and 
3.88±1.31) respectively in group A. In group B also there was a significant reduction in the NIH-CPSI 
among patients in this group; the baseline NIH-CPSI/pain, urinary and quality of life domains  were 
(13.4±1.66, 5.8±1.85 and 9.3±1.92) and changed to (6.28±0.90, 2.65±0.86 and 2.69±1.43) respectively 
after treatment. The total NIH-CPSI was 27.5±4.78 and changed to 17.03±3.91 after treatmentin group A 
and 28.5±4.49 changed to11.62±3.59 in group B.  

Conclusion The use of tadalafil in patients of CP/CPPS with conventional treatment for 1 month was safe and has 
high efficacy in reducing the symptoms for the patients and improving the quality of life. 

Keywords Tadalafil, chronic prostatitis, chronic pelvic pain syndrome 

 
 
Introduction 

rostatitis is the most common diagnosis in 
urology clinic below 50 year of age and 2-

10% of community had prostatitis-like 
syndrome. The first who described the 
inflammation of prostate was Legneau in 1815, 
but it was Verdes, in 1838, who presented the 
first accurate description of the pathology of the 
prostatitis. In 20th century, more detailed 
description of prostatitis done and further 

bacterialand cytological localization studies of 
lower urinary tract was carried out (1). 
The initial and mainstay treatment of prostatitis 
in most of the last century was the repetitive 
prostatic massage. The introduction of 
antibiotics especially the sulphanilamide in 1930 
became the main treatment.The next era of 
prostatitis management began in the 1960s with 
Meares and Stamey's description of the four-
glass lower urinary tract segmented localization 
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study.Afterthat new era of treatment started 
with the introduction of alpha blocker and 
nonsteroidal anti-inflammatory drugs which 
then became the standard treatment for the 
patient of CP/CPPS. The syndrome becomes 
chronic after 3 months of symptoms. The 
symptoms wax and wane overtime and the 
patients become free of pain between attacks. 
The most common form of prostatitis is the 
lymphocytic infiltration of prostatic stroma 
immediately adjacent to prostatic acini, the 
peripheral zone is mostly affected. Prostatitis 
had 2 classification systems (traditional and the 
NIH national institute of health) (1,2). 
Phosphodiesterase 5 (PDE5) Inhibitor mediated 
relaxation of prostatic duct smooth muscle 
increases washout of prostatic reflux products 
reducing prostatic inflammation and consequent 

prostatitis symptoms. The presence of both 
Nitric Oxide Synthase and PDE5 in human 
prostatic tissue and the effect of nitric oxide 
donors and PDE5 inhibitors in vitro indicate 
PDE5 inhibitors relax prostatic smooth muscle. 
Significant retrograde urinary flux into prostatic 
ducts has been described and suggested as the 
mechanism of chronic prostatitis and it is 
postulated that PDE5 inhibitors alter prostatic 
reflux hence prostatitis symptoms (3). 
Tadalafil is a selective PDE5 similar to sildenafil 
and vardenafil. It is administered orally for the 
treatment of erectile dysfunction (ED). Tadalafil 
has the longest duration of action (~36 hours) 
among the current PDE5 inhibitors (4).In patient 
group we added tadalafil tablet 5mg once daily 
as the drug of 5PDI with long duration of action 
that permit us for once daily administration(5).

 
 

Table 1.The classification system of prostatitis syndrome(1) 

 

Traditional 
National institutes of 

health 
Description 

Acute bacterial 
prostatitis 

category I Acute infection of prostate gland 

Chronic bacterial 
prostatitis 

category II Chronic infection of prostate gland 

 
Category III chronic pelvic 

pain syndrome (CPPS) 

Chronic genitourinary pain in the absence of uropathogenic 
bacteria localized to the prostate gland employing standard 

methodology 

Nonbacterial 
prostatitis 

Category IIIA 
(Inflammatory CPPS) 

Significant No. of WBCs in expressed prostatic secretions, 
post-prostatic massage urine sediment (VB3), or semen 

Prostatodynia 
Category IIIB (non-

Inflammatory CPPS) 
Insignificant No. of WBCs in expressed prostatic secretions, 
post-prostatic massages urine sediment (VB3), or semen. 

 
Asymptomatic 

inflammatory prostatitis 

WBSs (&/or bacteria) in expressed prostatic secretions, post-
prostatic massage urine sediment (VB3), semen or histologic 

specimens of prostate gland. 
 

In this study we include category IIIa and b as 
they had the same clinical features and course of 
the disease (6,7). 
 
Method 
The study was carried out from the January 2012 
to September 2012 by participation of 70 
patients from the Baghdad Medical city/Urology 
OutpatientClinic and divided into 2 groups; 
group A as control and group B as tadalafil 

group, and the duration of treatment was for 1 
month to both groups provided that a written 
questionnaire was given to both groups pre and 
post study for assessment of treatment 
responsecalled NIH chronic prostatitis symptoms 
index(NIH-CPSI).The NIH Chronic Prostatitis 
Symptom Index (NIH-CPSI)assessment was 
completed by each patient at baseline and 4 
weeks after the drug therapy.  

http://smbrower.com/mediawiki/index.php/Sildenafil
http://smbrower.com/mediawiki/index.php/Vardenafil
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Group A (35) patients received treatment of 
alpha blocker (tamsulosin 0.4 mg capsule once 
daily), levofloxacin 500mg tablet once daily and 
NSAID (indomethacin rectal suppository 100 mg 
once daily) and Group B received the alpha 
blocker, levofloxacin andNSAID as above with 
tadalafil 5 mg once daily for 1 month period 
after documentation of chronic prostatitis and 
performing 4 glasses test as following: 
Patient voided the first 10 ml in 1st glass (VB1) 
then voided the next 30 ml in the 2nd glass (VB2) 
which represent the midstream urine afterthat 
prostatic massage was performed and the 
prostatic secretion was collected in another glass 
which represented (EPS) and finally let the 
patient void after prostatic massage and collect 
it in a separate glass (VB3) the result of 
microscopic examination of these 4 glasses 
represent the localization study of inflammatory 
process. The three urine specimens were 
centrifuged for 5 minutes and the sediment 
examined under high power for leukocytes 
(including aggregates of leukocytes), 
macrophages, oval fat bodies, erythrocytes, 
bacteria, and fungal hyphae. A wet mount of a 
drop of EPS can be examined under a coverslip 
in a similar manner and the 4 samples sent for 
histopathological examination (8). 
We considered in our study the chronic 
prostatitis/CPPS or category IIIa or b according 
to NIH classification system.The inclusion criteria 
were patients from age 20 to 49 year old with 
prostatitis like symptoms that documented by 
history, clinical examination and 4glass test and 
persistence of symptoms more than 3 months 
that classified as category IIIa or b. 
The exclusion criteria were patients who had 
acute and chronic bacterial prostatitis, age more 
than 50 years old to exclude the cases of benign 
prostatic hyperplasia, sexually transmitted 
disease documented infection, any patient who 
had urethral catheter, prostate surgery, urethral 
stricture or peptic ulcer, and patients with 
ischaemic heart disease on nitrate. 
By using SPSS (statistical package for social 
sciences) software for windows version 20, all 
data of both groups were entered and analyzed 

using appropriate statistical tests and 
procedures. 
Descriptive statistics for baseline characteristics 
were presented as mean ± standard deviation 
(SD). 
Multiple tables then had been conducted and 
comparative statistics were performed using 
students' paired (t) test to assess the significance 
of reduction in NIH-CPSI before and one month 
after treatment within each group.Independent 
two sample students' (t) test was used to assess 
the difference in between group regarding the 
NIH-CPSI. The level of significance of ≤ 0.05 was 
assumed. Finally all data and results were 
presented in tables and or graphs. 
 
Results 
The overall mean age of studied population was 
(34.7 ± 5.2) years with a range of (20-49) years. 
For group A, the mean age was (34.1 ± 4.8) years 
while for group B was (33.6 ± 3.9) years. No 
significant difference in mean age of both groups 
had been found, P > 0.05 (Table 2). 
The baseline NIH-CPSI/ pain domain was (12.8 ± 
1.44) in group A and (13.4 ± 1.66) among group 
B, The baseline NIH-CPSI/urinary domain was 
(5.9 ± 1.77) in group A and (5.8 ± 1.85) among 
group B. The baseline NIH-CPSI/ quality of life 
domain was (8.8 ± 1.82) in group A and (9.3 ± 
1.92) among group B. No significant difference in 
baseline score in between groups, P > 0.05. The 
baseline total NIH-CPSI was (27.5 ± 4.78) in 
group A and (28.5 ± 4.49) among group B.  
After one month of starting treatment, it had 
been found that NIH-CPSI/ pain, urinary and 
quality of life domains were significantly 
changed from (12.8 ± 1.44, 5.9 ± 1.77 and 8.8 ± 
1.82) at baseline to (9.6 ± 1.04, 3.55 ± 0.99 and 
3.88 ± 1.31) respectively in group A, P < 0.05.In 
group B also there was a significant reduction in 
the NIH-CPSI among patients in this group; the 
baseline NIH-CPSI/pain, urinary and quality of 
life domains were (13.4 ± 1.66, 5.8 ± 1.85 and 
9.3 ± 1.92) and changed to (6.28 ± 0.90, 2.65 ± 
0.86 and 2.69 ± 1.43) respectively after 
treatment, P < 0.05. The total NIH-CPSI was (27.5 
± 4.78) and changed to (17.03 ± 3.91) after 
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treatment, in group A and (28.5 ± 4.49) changed 
to (11.62 ± 3.59) in group B, P < 0.05 (Table 3). 
On comparing the mean reduction in between 
studied group it had been significantly found 

that despite both groups get areduction in the 
NIH-CPSI but the reduction among groupB was 
much higher than that in group A, P < 0.05 
(Figure 1). 

 
Table 2. Baseline patients' characteristics 

 

Variable Group A Group B 
Age (years) 

Baseline NIH-CPSI/ pain domain 
Baseline NIH-CPSI/ urinary symptoms domain 

Baseline NIH-CPSI/ Quality of life 
Baseline NIH-CPSI/ Total 

34.1 ± 4.8 
12.8 ± 1.44 
5.9 ± 1.77 
8.8 ± 1.82 

27.5 ± 4.78 

33.6 ± 3.9* 
13.4 ± 1.66* 
5.8 ± 1.85* 
9.3 ± 1.92* 

28.5 ± 4.49* 
*
P value > 0.05 

 
Table 3. Comparison of NIH-CPSI before and onemonth after treatment in both groups 

 

Patient Group 
NIH/CPSI pain domain 

Before treatment 
1 month after 

treatment 
Mean reduction 

Group A 
Group B 

12.8 ± 1.44 
13.4 ± 1.66 

9.6 ± 1.04* 
6.28±  0.9* 

3.2 ± 1.28 
7.12 ± 1.14 

NIH-CPSI/ urinary symptoms domain 

Group A 
Group B 

5.9 ± 1.77 
5.8 ± 1.85 

3.55 ± 0.99* 
2.65 ± 0.86* 

2.35 ± 1.36 
3.15 ± 1.47 

NIH-CPSI/ Quality of life 

Group A 
Group B 

8.8 ± 1.82 
9.3 ± 1.92 

3.88 ± 1.31* 
2.69 ± 1.43* 

5.49 ± 1.52 
6.61 ± 149 

NIH-CPSI/ Total 

Group A 
Group B 

27.5 ± 4.78 
28.5 ± 4.49 

17.03 ± 3.91* 
11.62 ± 3.59* 

10.47 ± 4.07 
16.9 ± 4.32 

*P value <0.05 compared with before treatment 
 

 

 

 

 

 

 

 

 
Figure 1. Comparison of mean reduction in NIH-CPSI one month after treatment in both groups 

(P ˂ 0.05) 
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Although side-effects, such as headache, 
dyspepsia, myalgia and Back pain occurred more 
in patients who were given tadalafil (P< 0.05), no 
significant side-effects was detected so as to 

require exclusion of a patient from the study, 
and medical intervention was not performed in 
any of the patients because of side-effects 
(Table4).

 
Table 4. Side-effects between the two groups 

 

The adverse effect Group AN (%) Group BN (%) 

Headache 
Flushing 

Dyspepsia 
Abnormal ejaculation 

Myalgia 
Back pain 
Dizziness 
Limb pain 

Nasal congestion 
Nausea 

Diarrhea 
Serious adverse events 

5 (14.2) 
0 

3 (8.6) 
10 (28.6) 

0 
0 

6 (17.1) 
0 

2 (5.7) 
2 (5.7) 
1 (2.8) 

0 

6 (17.1) 
2 (5.7) 

5 (14.2) 
10 (28.6) 
5 (14.2) 
3 (10) 
7 (20) 
2 (5.7) 
3 (8.6) 
3 (8.6) 
2 (5.7) 

0 

 
Discussion 
Over decades CP/CPPS was adifficult disease to 
treat that start with repetitive prostatic massage 
that permits frequent prostatic evacuation and 
decrease the pain for the patients (1), after that 
with introduction of antibiotics and subsequent 
addition of NSAID became the main treatment 
for this group of patients (9), which then 
overcome by the revolution of alpha blocker 
especially the highly selective group (10-12). The 
latest fashion for treating patients with CP/CPPS 
is the combination therapy of agents termed the 
"three As" antibiotics, nonsteroidal anti-
inflammatory drugs and α1-blockers (13). 

In our study, tadalafil in asmall dosewas 
introduced in addition to the conventional 
combination therapy "three As" to assess its 
safety and efficacy in improving the patients 
symptoms. 
The efficacy of tadalafil in relieving the patients' 
symptoms may be due to PDE5 inhibitor 
mediated relaxation of prostatic duct smooth 
muscle which increases washout of prostatic 
reflux products reducing prostatic inflammation 
and consequent prostatitis symptoms (3). 
This drug relieves lower urinary tract symptoms 
in patients with CP/CPPS because the PDE5 
inhibition leads to smooth muscle relaxation in 

the bladder neck and prostate. This in turn 
permits increased urine flow and decreased 
urinary retention. How this agent relieves the 
pain associated with CP/CPPS is less clear, 
however it may be due to increased frequency of 
the sexual activity that will relieve the 
congestion of prostate and decrease the pain 
which is the main complain of our patients. 
Mehik et al stated that alfuzocin improves the 
chronic prostatitis pain symptoms alone (14), 
while Nickel et al (15) use levofloxacin as the 
antibiotic of choice for chronic prostatitis 
symptoms improvement. Yoshimura et al (16) 
stated that levofloxacin had arole in CP/CPPS as 
it had immunomodulatory action on cytokine 
production by human peripheral blood 
mononuclear cells. Jeong et al (17) use both 
levofloxacin and doxazocin alone and in 
combination, the symptoms improvement was 
greater in combination group. 
In our patient group we noticed that the 
addition of tadalafil to the combination therapy 
of NSAID, antibiotic, alpha blocker achieveda 
marked improvement in patient symptoms 
especially the pain over the control group who 
use the NSAID, antibiotic and alpha blocker only. 
Caldwell et al (18) also stated that acombination 
therapy better than monotherapy for treatment 

http://ukpmc.ac.uk/articles/PMC3138850/reload=0;jsessionid=A3UCUH6thr1LMXiwqxRQ.4#B8
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of CP/CPPS although the PDE5 inhibitor was not 
included in their study. Similar results to our 
study were reported by Park et al who showed 
the use of tadalafil in addition to levoflxacin 
achieved significant symptomatic improvement 
in young and middle aged patients with CP/CPPS 

(19). 
The addition of tadalafil to the conventional 
combination therapy of CP/CPPS was highly 
effective in improving the patients symptoms as 
reflected by significant improvement in the NIH-
CPSI and was safe because no significant side-
effects was detected so as to require exclusion 
of a patient from the study, and medical 
intervention was not performed in any of the 
patients because of side-effects. 
 
Conclusion 
The use of tadalafil in patients of CP/CPPS with 
conventional treatment for 1 month is safe and 
has high efficacy in reducing the 
patientsymptoms. 
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Abstract 
Back ground Corticosteroid and antiviral agents are widely used to treat the acute phase of Bell's palsy but their 

effectiveness is still uncertain. 

Objective This study aimed to compare the theraputic effect of Acyclovir and steroid versus steroid alone, in 
combanation with physiotherapy, in patients with Bell's palsy. 

Methods This interventional study was conducted in Al-Yarmok Teaching Hospital and Al-Kadhimiya Teaching 
Hospital, during the period from July 2007 to July 2008. It involved (58) patients, who were divided into 
two groups: Group A; 28 patients, treated by steroid  for 10 days. Group B; 30 patients, treated by 
steroid and acyclovir for 10 days. Physiotherapy for one month for both groups was followed and 
reassessment according to House-Brackmann grading system was done after completion of each 
therapy. 

Results The recovery of patients treated with steroid and Acyclovir was (66.6%), while the patients treated 
with steroid alone was (46.4%), however, the diffrence was statistically insignificant. After one month 
physiotherapy the responses were (76.7% and 53.5%) for patients in both groups respectively. 

Conclusion The addition of Acyclovir therapy in Bell's palsy has not found to be benefitial. 

Keywords Bell's palsy, Corticosteroid, Antiviral agents, Physiotherapy. 

 

Introduction 
ell’s palsy is a dysfunction of the seventh 
cranial nerve that results in the paralysis of 

the facial muscles on the affected side of the 
face (1). It has an annual incidence of 11 to 40 
cases per 100000 population (2). Male and 
female, are equally affected, although the 
incidence was found to be higher in pregnant 
women (45 cases per 100000) (3).  
Many patients recover without intervention; 
however, up to 30% have poor recovery of facial 
muscle control and experience facial 
disfigurement, psychological trauma, and facial 
pain (2). Two main types of pharmacological 
treatment have been used to improve outcomes 

from Bell’s palsy: steroids and antivirals (4). 
Recent guidelines from the American Academy 
of Neurology suggest that acyclovir combined 
with prednisone is “possibly effective” for Bell’s 
palsy (5). Two recent placebo-controlled trials 
demonstrated full recovery in a higher 
percentage of patients treated with an antiviral 
drug in combination with prednisolone than with 
prednisolone alone (6). The rationale for these 
treatments is based on the presumed 
pathophysiology of Bell’s palsy, namely 
inflammation and viral infection (2). In 2001 a 
report of the quality standards subcommittee of 
the American Academy of Neurology mentioned 
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that the available evidence suggests that 
steroids are probably effective and acyclovir 
(combined with prednisone) is possibly effective 
in improving facial functional outcomes and a 
well-designed studies of the effectiveness of 
treatments for Bell’s palsy are still needed (7).  
The objective of this study is to determine 
whether steroids plus antivirals provide a better 
degree of facial recovery in a sample of Iraqi 
patients with Bell’s palsy than steroids alone. 

 
Methods 
This study was performed in Al-Yarmouk 
Teaching Hospital and Al-Kadhimiya Teaching 
Hospital (2 of the main taching hospitals in the 
capital Baghdad, Iraq) from July 2007 till July 
2008.  
A randomized controlled trial was done on 58 
patients attended the consultant of neurology 
complaining from symptoms suggestive of Bell’s 
palsy. Patients consent to participate in the 
study was taken verbally from the patient. 
Detailed history was taken from each patient 
and all patients were clinically examined of 
seventh cranial nerve in addition to the systemic 
examination. Then the patients were graded 
according to House–Brackmann grading system 

(8). House–Brackmann grading system started 
with grade I, normal facial in all areas and ended 
in grade VI with total paralysis. All were sent for 
routine laboratory investigations including: 
Complete blood picture, ESR, blood sugar, 
metabolic screen, and connective tissue screen, 
to identify or exclude any associated illness 
which may interfere directly or by its treatment 
with the outcome of Bell’s palsy. 
Then the patients were randomly assigned to 
two groups:  
Group (A): Included 28 patients, who received 
medical treatment in the form of Prednisolone 
tablets, 60 mg/day in divided doses, for 5 days, 
tapered gradually over the next 5 days. Then 
those patients were reevaluated clinically 
according to House-Brackmann grading system 
for Bell’s palsy. 
Group (B): Included 30 patients, who were put 
on medical treatment in the form of oral 

Prednisolone tablets, 60 mg/day in divided 
doses, with Acyclovir tablets, 400 mg, five times 
per day, for 10 days. Then these patients were 
reevaluated clinically according to House-
Brackmann grading system for Bell’s palsy. 
After the medical treatment the patients in both 
groups were referred for physiotherapy in a 
physiotherapeutic department. Again they were 
reevaluated clinically after 4 weeks of 
physiotherapy. 
The physiotherapy included: 
1. Electrical Stimulation: 
The electrical stimulation was done using a 
special electrical machine. It is usually started 
after the first week of medical treatment. One 
electrode is put on a finger of the hand and the 
other electrode was used as a stimulator for the 
facial muscles supplied by VII cranial nerve on 
selected points for few seconds on each point. 
The usual voltage of the current is 100 μV, while 
the intensity of the current ranged from 0 - 10, 
according to the patient’s sensitivity to the 
current. Each setting lasted from 10 - 15 
minutes. The number of sessions was depending 
on the response of the patient (from one week – 
one month, or more). 
2. Facial Massage: 
Facial massage was used after electrical 
stimulation either daily or on alternate day using 
the following techniques: 
a. Stroking: By applying powder on the face and 

massaging of the face by the hands of the 
physiotherapist. Rubbing started from the 
angle of the jaw to the angle of the mouth, 
and then to the temporal area. This rubbing 
was repeated with the same manner for at 
least 10 minutes. 

b. Percussion: By tapping the muscles of facial 
expression by fingers, for 10 minutes. 

c. Instruct the patients to do certain maneuvers 
at home, such; blowing, snuffing the nose, 
and rapid closing and opening of the eye, for 
10 times daily or more in front of the mirror. 
Also all the patients were instructed to use 
antibiotic eye ointment daily. 
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Best clinical response was considered as clinical 
improvement and full recovery from the 
condition. 
Data analysis was performed using descriptive 
statistics, Chi square, and student's t-test for 
proportions whatever applicable. The statistical 
package of social sciences (SPSS) version 15 was 
used for data input and analysis. P values of less 
than 0.05 were considered as statistically 
significant. 
 

Results 
The fifty eight patients participated in this study 
were between (18-47 years) of age, thirty seven 
of them were females making male:female ratio 
about 1:1.8. According to House-Brackmann 
score the patients were assessed before starting 
the treatment and found to be between grade 4 
(G4) and grade 6 (G6) [as moderately sever to 
total paralysis]. Their distribution into the two 
treatment groups (A and B) are shown in table 1. 

 
Table 1. Distribution of patients according to House-Brackmann’s grading system for Bell’s palsy in 

both groups before starting treatment. 
 

 

Grade 
Group A Group B 

No. % No. % 

G4 
G5 
G6 

6 
14 
8 

21.42 
50 

28.57 

7 
15 
8 

23.33 
50 

26.6 

Total 28 100 30 100 
X

2
 = 0.04     P = 0.98  

     
After 10-days medical treatment reassessment 
revealed that the best clinical response occur in 
13 patients out of the 28 (46.4%) for patients 
treated with Prednisolone, and in total 20 

patients out of 30 (66.7%) had clinical 
improvement to treatment with steroids and 
acyclovir, however the difference in the 
proportions were insignificant P= 0.12 (table 2).

 
 

Table 2. Distribution of patients improved by treatment according to House-Brackmann’s grading 
system for Bell’s palsy in both groups after using drugs alone. 

 
 

Grade 
Group A Group B 

Significance* 
No./total % No./total % 

G4 
G5 
G6 

4/6 
7/14 
2/8 

66.67 
50 
25 

5/7 
12/15 

3/8 

71.43 
80 

37.5 

P = 0.85 
P = 0.09 
P = 0.59 

Total 13/28 46.43 20/30 66.67 P = 0.12 
*Student's t-test for proportion 
 
Patients in both treatment groups underwent 
physiotherapeutic treatment at hospital and at 
home for one month, then reassessed clinically 
according to House-Brackmann grading, there 

was an additional number of patients who got 
clinical improvement within each grade but with 
no statistically significant difference between 
both treatment groups (table 3). 
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Table 3. Distribution of patients improved by treatment according to House-Brackmann grading 
system for Bell's palsy in both groups after using drugs and physiotherapy 

 

Grade 
Group A Group B 

Significance* 
No./total % No./total % 

G4 
G5 
G6 

5/6 
8/14 
2/8 

83.33 
57.14 

25 

6/7 
13/15 

4/8 

85.71 
86.67 

50 

P = 0.91 
P = 0.08 
P = 0.30 

Total 15/28 53.57 23/30 76.67 P = 0.06 
* Student's t-test for proportion, 

#
OR= 0.35 (95% C.I.=0.1-1.24)  

  
Discussion 
This study involved (58 patients) had onset of 
Bell's palsy of (3-5 days) duration, with 
male:female ratio of 1:1.76 that differs from 
many studies which reported equal male:female 
ratio of Bell's palsy or slightly in males more than 
females (9, 10, 11). 
Recovery rate of the 28 patients treated with 
steroid alone was (46.4%), and this was less than 
the recovery rate (61.8%) of the 34 patients 
reported by Shahidullah et al (12), (65.2%) of the 
210 patients reported by Engstorm et al (10), 
(74.5%) of the 47 patients reported by Yeo et al 
(9), (74.8%) of the 107 patients reported by Hato 
et al (6), and the recovery rate (83.0%) of the 130 
patients reported by Sullivan et al (11) who were 
treated by steroid alone. 
On the other hand, recovery rate of the 30 
patients treated with steroid and acyclovir was 
(66.7%), and this was close to the recovery rate 
(65.0%) of the 206 patients reported by 
Engstorm et al (10), but less than the recovery 
rate (79.9%) of the 124 patients reported by 
Sullivan et al (11), (81.8%) of the 44 patients 
reported by Yeo et al (9), (82.5%) of the 114 
patients reported by Hato et al (6), and the 
recovery rate  (94.1%) of the 34 patients 
reported by Shahidullah et al (12) who were 
treated by steroid and antiviral therapy. 
Despite the addition of physiotherapy in the 
treatment regimen treating Bell’s palsy with 
antivirals plus corticosteroid may lead to slightly 
higher recovery rates (66.67%) compared to 
treating with prednisone alone (46.43%), but this 
does not reach statistical significance. This goes 
with the conclusion of many studies (6,9,10,11,) and 
4 meta analyses who found that antivirals did 

not provide an added benefit in achieving 
recovery compared with steroids alone in 
patients with Bell’s palsy (2,13,14,15). This result 
may explained by the nerve palsy is due to the 
effect of the edema of the inflammatory 
reaction of the infection rather than the 
infection itself. 
In conclusion: in spite of the small sample size of 
this study but it can be concluded that adding of 
Acyclovir in patients with Bell's palsy, had no 
significant improvements, as compared to those 
treated by steroid alone. 
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Abstract 
 
Background Pregnancy is considered as a physiological stress, normal static metabolism of a woman is changed into 

dynamic anabolism, calcium (Ca) is the first most abundant cation in the human body, whereas 
magnesium (Mg) is the fourth most abundant one, role of calcium and magnesium in enzymatic activity 
of cell to release energy is well established. 

Objective To assess the relation of serum magnesium and calcium levels in cases of missed abortion. 

Methods Eighty two pregnant women at their 1
st

 and 2
nd

 trimester of pregnancy (before 24 completed weeks of 
pregnancy), 42 of them with missed abortion compared with 40 normal pregnancies served as a 
control group. Calcium analysis done using manual colorimetric method while magnesium analysis was 
done by magnesium calmogite method at the hospital laboratories. 

Results Serum calcium was found to be insignificantly altered while serum magnesium was found to be 
significantly reduced in cases of missed abortion compared with normal pregnancy. Serum Ca/Mg ratio 
was found to be significantly elevated in cases of missed abortion compared with normal controls. 

Conclusion Estimation of serum magnesium and Ca/Mg ratio in selected pregnancies can be valuable parameters 
for predicting missed abortion. 

Keywords Missed abortion, Serum Calcium, Serum Magnesium. 

 
  
Introduction 

iscarriage is the spontaneous end of a 
pregnancy at a stage where the embryo or 

foetus is incapable of surviving generally defined 
at or prior to 20 weeks of gestation, it is the 
most common complication of early pregnancy 

(1). A missed miscarriage is a type of abortion in 
which the foetus dies but the fetal tissue is not 
expelled by the woman's body and remains 
there until it is removed by a doctor (2). 

The exact cause of a missed miscarriage is 
unknown. However, about half of all early 
miscarriages occur due to a genetic problem 
within the ova or sperm. In addition, other 

factors such as immune system problems and 
serious infections can increase the risk of 
miscarriage. The chance of having a miscarriage 
also increases with age. About one percent of all 
pregnancies end in a missed miscarriage (3,4). 
Excellent nutrition is one of the primary 
cornerstones of maintaining a healthy 
pregnancy, and there is no better time to start 
than in the first trimester. A highly varied diet is 
the most important aspect of maintaining 
excellent health during pregnancy, but the three 
most important nutrients during the first 
trimester are folic acid, vitamin B-6 and calcium 

(5). Calcium (Ca) is required for muscle 
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contraction, blood vessel expansion and 
contraction, secretion of hormones and 
enzymes, and transmitting impulses throughout 
the nervous system (6). Magnesium (Mg) is 
needed for more than 300 biochemical reactions 
in the body. It helps to maintain normal muscle 
and nerve function, supports a healthy immune 
system, regulates blood sugar levels, promotes 
normal blood pressure, and is known to be 
involved in energy metabolism and protein 
synthesis (7,8).  
The aim of the study is to assess the relation of 
serum magnesium and calcium levels in cases of 
missed abortion.  
 
Methods 
This case control study was conducted at Al-
Elwiya maternity teaching hospital in Baghdad 
from Jan. 2010 to Jul. 2010. The study protocol 
was approved by the Obstetrics and Gynecology 
Committee of the Arab Board for Medical 
Specialization and the authority of Al-Elwiya 
Teaching Hospital. 
Eighty two women in their 1st and 2nd trimester 
of pregnancy (before 24 completed weeks of 
gestation) were included in the study, forty two 
of them with proved missed abortion and 40 
with normal pregnancy served as control group. 
The patients were selected during their visit to 
the outpatient clinic during the study period 
after submission to inclusion and exclusion 
criteria. 
The inclusion criteria included all singleton 
pregnancies before 24 completed weeks of 
gestation, age between 18-35 years, parity not 
more than 3 and abortions not more than 2. 
The exclusion criteria included all pregnancies 
with lethal congenital abnormalities; any 

associated maternal medical diseases that may 
lead to fetal compromise and pregnant women 
receiving medications for chronic illnesses like 
diabetes mellitus, thyroid disease and 
parathyroid disease, also cases of multiple 
pregnancies, patient receiving calcium and/or 
magnesium during current pregnancy and 
currently lactating women. 
A detailed history was taken from each woman 
included her gestational age (which was 
established according to the last regular 
menstrual period (LMP) and early pregnancy 
ultrasonography), fetal viability was established 
by 2 consecutive  ultrasound examinations,  
detailed history of a current pregnancy and 
previous pregnancy outcomes with any 
obstetrical or medical complications or early 
pregnancy disorders. The information recorded 
on special form designed for the study. 
Blood samples were taken from each patient in 
both study and control groups, serum isolated 
and sent for calcium analysis by manual 
colorimetric method, and magnesium analysis by 
magnesium calmogite method. 
 
Statistical analysis 
Data were collected and arranged in tables and 
then subjected to analysis using descriptive 
statistics (No. and %) and inferential statistics 
(unpaired t-test). P value less than 0.05 was 
considered statistically significant and CI not 
containing zero also was considered significant.  
 
Results  
All participants were comparable in regard to 
their age and gestational age of pregnancy 
(Table 1). 

 
Table 1. Age and GA (in weeks) of both study and control groups respectively 

 

 Study group Control group P value 

Frequency 
Age (years) 
GA (weeks) 

42 
26.45 ± 5.62 

11.33 

40 
26.4 ± 5.09 

12.03 

- 
0.965 
0.374 
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There was no statistical difference between 
study and control groups in the mean of serum 
calcium level. A significantly lower magnesium 

level was noticed in women with missed 
abortion compared with normal controls (Table 
2). 

 
Table 2. Serum calcium and magnesium level of both study and control group respectively 

 

Serum level 
(mg/dl) 

Study group 
Mean ± SD 

Control group 
Mean ± SD 

P value 

Calcium 
Magnesium 

8.074 ± 0.682 
1.597 ± 0.162 

8.072 ± 0.598 
1.682 ± 0.140 

0.99 
0.012 

 
The study also showed a statistically significant 
difference between study and control groups 
regarding mean of Ca/Mg ratio, there was 

significantly higher Ca/Mg ratio noticed in 
women with missed abortion compared to 
normal controls (Table 3). 

 
Table 3. The mean and SD for Ca/Mg ratio of both study and control groups respectively 

 

Ca/mg ratio Study group Control group P-value 

Frequency 
Mean ± SD 

42 
5.116 ± 0.698 

40 
4.834 ± 0.521 

 
0.041 

 
Discussion 
The loss of pregnancy is always distressing to the 
mother irrespective of its timing. Abortion has 
serious consequence with appreciable risk of 
maternal mortality and long term morbidity (9). 
Pregnancy is considered as a physiological stress, 
normal static metabolism of women is changed 
into dynamic anabolism, calcium is the first most 
abundant cation in the human body, whereas 
magnesium is the fourth most abundant one, 
role of calcium and magnesium in enzymatic 
activity of cell to release energy is well 
established (9). 
We selected eighty two pregnant women at 
their 1st and 2nd trimester of pregnancy, the 
participants were singletons, not currently 
lactating, their parity not more than three (to 
exclude exhaustion of maternal stores of trace 
elements), also no more than two abortions to 
exclude the other common causes of recurrent 
abortions like congenital abnormalities of the 
foetus, incompetent cervix and congenital 
abnormalities of the uterus. 
Nearly half of the sample served as a study 
group (pregnant with proved missed abortion) 
and another half served as a control group 

(normal pregnancy) of approximately the same 
gestational age in weeks. 
In order to focus on the difference in serum Ca 
and Mg levels and Ca/Mg ratio in the study cases 
and comparing the results with those of normal 
pregnancy, we excluded the statistical difference 
of gestational age in weeks, patient’s age, parity 
and number of abortions. 
No statistical significance was found between 
the two groups in regard to serum Ca level 
(Table 2), indicating that there is no direct 
relation of Ca level with missed abortion. This 
result is comparable with the study of Han et 
al.(10) who concluded that calcium level did not 
show statistical significance in most cases. While 
serum Mg level showed statistical significance 
between the study groups (Mg deficiency in 
cases of missed abortion compared with normal 
controls, as shown in table 2). These results are 
comparable with studies of Borella et al (11) who 
found that 25% of patients with abortion have 
hypomagnesemia. 
The same thing is seen with Ca/Mg ratio which 
shows statistically significant difference between 
the study groups (Ca/Mg ratio increased in cases 
of missed abortion compared with normal 
controls). This goes with the results obtained by 
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Borella (11) who reported an increased Ca/Mg 
ratio in patients with abortions, but not when 
patient had a successful continuation of 
pregnancy. 
We find that our study does not go with the 
results of Cilensec et al (12) where whole blood 
and serum magnesium levels were determined 
in 66 healthy pregnant women and in 68 women 
with imminent, incipient, or incomplete 
abortions. Serum magnesium levels were equally 
depressed in abortion and in normal pregnancy, 
but magnesium concentrations per 100 ml 
erythrocytes were significantly higher in 
abortion patients. This finding is probably due to 
the increased release of immature erythrocytes 
with high magnesium concentrations to 
compensate for blood losses (12).  
We think that trace elements and minerals are 
of value in continuation of normal pregnancy; 
this is confirmed by Barrington et al who 
suggested that low selenium levels were found 
in a significant number of women with single 
miscarriage (13). 
Moreover, group comparison performed by 
analysis of variance [ANOVA] followed by 
dunnett test indicated substantially lower 
plasma concentration of copper in pathological 
conditions diagnosed during first trimester of 
pregnancy (spontaneous abortion, threatened 
abortion, missed abortion and blighted ovum) 
but not in the 2nd trimester (14). 
Many studies show strongly positive balance of 
magnesium retention during pregnancy i.e. the 
formation of new tissues (maternal and fetal) 
during pregnancy requires higher magnesium 
intake than that of the normal non-pregnant 
women of comparable age (15). 
In conclusion, there is a significant relation 
among magnesium deficiency, Ca/Mg ratio and 
missed abortion while there is no significant 
relation noticed between calcium deficiency and 
missed abortion. 
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Abstract 
 
Background Tamoxifen is a selective estrogen receptor modulator (SERM) that is widely used in the treatment of 

patients with breast cancer and for chemoprophylaxis in high risk women. Tamoxifen results in a spectrum 
of endometrial changes due to it's estrogenic effect on the endometrium. 

Objectives To evaluate the extent of endometrial pathologies that might develop in postmenopausal breast cancer 
patients following treatment with tamoxifen. 

Methods Sixty postmenapausal with breast carcinoma women were involved in this study, Thirty women were 
receiving 20-40 mg of tamoxifen daily for a period of 6 to 60 months constitutes the study group, and a 
control group included 30 postmenopausal breast carcinoma patients who were not receiving tamoxifen. 
Transvaginal sonography was performed for the measurements of the endometrial thickness and the 
presence of endometrial pathology. All the patients underwent endometrial sampling  and the curetting 
were sent for histopathological examination. 

Results There was statistically significant increase in the frequency of endometrial pathology in those on 
tamoxifen;there was 11 endometrial pathologies in the case group,while the control group was associated 
with only 3 pathologies(p=0.015). There was significant difference in endometrial thickness between case 
group (0.73+0.32 mm) and the control group (0.5+0.16mm) with p value 0.002. Only patients with 
endometrial thickness of more than 5mm were associated with pathologies, 7 (38.8%) of the endometrial 
biopsies revealed normal endometrium, whereas, 11(61.1%) had endometrial pathology like hyperplasia, 
endometrial polyp or carcinoma. The rate of endometrial pathologies considerably increase with 
increasing duration of treatment. 

Conclusion The long term use of tamoxifen as adjuvant therapy for carcinoma breast is associated with increase 
frequency of endometrial pathology. Endometrial thickness is increased in such patients and is related to 
the duration of tamoxifen use. 

Key Words Tamoxifen, Endomatrial pathology, Breast cancer. 
 
 
Introduction 

amoxifen, A nonsteroidal antiestrogen, was 
first approved by the Food and Drug 

Administration for the treatment of patients 
with breast cancer in 1978. Large clinical trials 
involving over 75,000 patients have 
demonstrated an improved recurrence-free and 
overall survival benefit in both pre- and 
postmenopausal women (1).  Long-term adjuvant 
tamoxifen is the endocrine treatment of choice 

for selected patients with breast cancer, and 
there are currently large-scale trials continuing 
to evaluate its role as a chemopreventative 
agent in healthy women at risk for breast cancer. 
One of the most significant complications of 
long-term tamoxifen use is the possible 
development of endometrial cancer. Although 
tamoxifen is believed to exert its main effect by 
blocking the binding of estrogen to the estrogen 
receptor (ER), it exhibits a wide range of biologic 
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effects that may account for its activity in ER-
negative tumors as well as some of its unwanted 
side effects. These include inhibition of 
calmodulin, stimulation of transforming growth 
factor beta secretion, induction of apoptosis, 
interaction with P-glycoprotein, inhibition of 
protein kinase and phospholipase C, and 
stimulation of phosphoinositide kinase activity 
(2).  
Although primarily an antiestrogen, tamoxifen 
may also exhibit some mild estrogenic effects. 
After an initial report by Killackey et al (3) which 
suggested a possible link between tamoxifen use 
and the development of endometrial carcinoma 
in three patients. The National Surgical Adjuvant 
Breast and Bowel Project (NSABP) B-14 (4) 
performed a randomized trial of tamoxifen 
versus placebo in women with ER-positive breast 
cancer confined to the breast with negative 
axillary nodes. Results from this trial of 4,063 
patients revealed a 7.5-fold increase in the risk 
of developing endometrial cancer in the 
tamoxifen-treated group. The average annual 
hazard rate for endometrial cancer was 0.2 per 
1,000 women in the placebo group and 1.6 per 
1,000 women in the randomized tamoxifen-
treated group.  
Indications for tamoxifen use have broadened to 
include long-term adjuvant therapy as well as 
preventative therapy for selected high-risk 
women. Consequently, a large number of 
women, including healthy, young patients with 
no history of cancer, will be subjected to the 
long-term effects of tamoxifen. In the NSABP P-1 
trial, 13,338 women at increased risk for breast 
cancer were randomly assigned to tamoxifen 
versus placebo for 5 years (5). Tamoxifen reduced 
the risk of both invasive and noninvasive breast 
cancer by 49% and 50%, respectively. The 
authors reported 33 cases of endometrial 
cancers in the tamoxifen-treated group 
compared with 14 in the control group (relative 
risk = 2.53). The cancers in the tamoxifen-
treated group occurred predominantly in 
women over the age of 50. These cancers were 
diagnosed at an early stage and, therefore, did 
not result in any deaths as a result of 

endometrial cancer. This study investigates the 
association between tamoxifen uses in breast 
cancer patients and associated uterine 
pathology.  
 
Methods  
This case control study was conducted from the 
beginning of March 2010 to the end of July 2011.  
Postmenopausal women with breast cancer who 
attended the oncology outpatient clinic at al-
kadhmiya teaching hospital for regular control 
for their breast cancer were asked to participate 
in this study.  
All patients were treated by primary breast 
surgery, Adjuvant radiotherapy and/or 
chemotherapy were included in the therapeutic 
plan, according to current guidelines of oncology 
department at Al-Kadhmiya Teaching Hospital. 
Postmenopausal status was defined as more 
than 12 months amenorrhea.  
In total, 60 women with an intact uterus and 
without gynecologic symptoms (bleeding or 
discharge) took part in the current study.  
Thirty women were receiving 20-40 mg of 
tamoxifen daily for a period of 6 to 60months 
constitutes the case group, and a control group 
included 30 postmenopausal breast carcinoma 
patients who were not receiving tamoxifen.  
Patient approval was obtained from each patient 
after the nature of the study was fully explained.  
None of the women in either group used 
hormone replacement therapy at the time of the 
investigation.  
Age, body mass index, the years since 
menopause, history of hypertension, diabetes 
and smoking were recorded. 
Transvaginal ultrasound 
 Transvaginal ultrasonographic measurements of 
the endometrial thickness was performed by 
senior sonographist using Siemens Versa 
(Germany) ultrasound machine with 6.3 MHz 
transducer as follows: Patients consent was 
obtained and following explanation of the 
technique, the women asked to empty her 
bladder and were placed in the dorsal  lithotomy  
position, a small amount of gel is applied  to 
transducer tip, and the tip and the shaft of the 
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probe covered with condom, apply  a small 
amount of lubricant gel to allow easy insertion of 
the probe. 
The Measurements of the endometrial thickness 
were performed in the thickest part in the 
longitudinal plane. The measurement included 
both endometrial layers. When the endometrial 
layers were separated by intracavity fluid, both 
layers were measured and the sum  was 
recorded. 
All the patients underwent endometrial 
sampling using Novak curette size 3mm without 
anesthesia and the curetting was sent for 
histopathological examination done in the 
pathology department in Al-Kadhimiya hospital. 
Slides  were reviewed by senior pathologist. 
Endometrial pathology was defined by the 
presence of one or more of the following 
histologic findings: proliferative endometrium, 
simple hyperplasia, complex hyperplasia with or 
without atypia, endometrial polyp, or 
endometrial carcinoma. The endometrium was 
considered as negative if no finding, other than 
atrophic endometrium, was diagnosed. 
Statistical analysis 
Data were analyzed using SPS version 16 & 
Microsoft office Excel 2007. Numeric data were 
presented as means±SD and nominal data were 
presented as number and percents. Numeric 
data were analysied using T test or ANOVA while 
nominal data were analysed using Chi-Square. P 
value <0.05 was considered siginificant. 

Results 
60 patients with carcinoma of breast were 
included in this study. 30 patients were on 
tamoxifen constitue the study group and 30 
patients were without tamoxifen use  constitue 
the control group. 
The medium age of the on tamoxifen group was 
57.17±5.71 and of the without treatment was 
54.80±4.92. 
Mean BMI for the study group was 30.73±3.09, 
and 29.40±4.19 for the control group. Mean 
parity was  3.40±2.12 and 4.20±3.02 
respectively. Patients in study group were older, 
with higher BMI, but with lesser parity than the 
control group. The median duration of tamoxifen 
use was 3.31 years(range: 4.83-1.79). 
The mean time since breast cancer diagnosis in 
months in study group was 48±17.57 and in 
control group was 32.73±13.00, the difference 
was statistically significant with longer duration 
in study group. The study group was  associated 
with 11 endometrial pathologies while the 
control group was associated with only 3 
pathologies. The p value was  (0.015) so it was 
statistically significant. There was significant 
difference in endometrial thickness between 
study group (7.3+3.2 mm) and the control group 
(5.0+1.6mm) with p value 0.002. as shown in 
table 1. There is no difference in co morbid 
conditions(hypertention, DM) between the two 
groups. 

 

Table 1.  Comparison Between Patients On Tamoxifen Treatment And Those With No Tamoxifen 
Treatment 

 

Characteristic 
Patients on  tamoxifen 

N = 30 
Patients with no tamoxifen 

N = 30 

Age (years) 
BMI (Kg/m2) 

Parity 
Age at menopause (years) 

Smoking 
DM 

Hypertension 
Time since breast cancer diagnosis (months) 

Endometrial pathology 
Endometrial thickness (mm) 

57.17 ± 5.71 
30.73 ± 3.09 

3.4 ± 2.12 
48.4 ± 2.56 

6 
8 
8 

48.0 ± 17.57 
11 

7.3 ± 3.2 

54.8 ± 4.92 
29.4 ± 4.19 
4.2 ± 3.02 

47.63 ± 2.32 
6 
7 
5 

32.73 ± 13.0*** 
3*  

5.0 ± 1.6**  
* = P 0.05, ** = P 0.005, *** = P 0.001
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Table 2: Relation of Endometrial Thickness and 
Frequency of Endometrial Pathology in Study 

Group 
 

Endometrial 
thickness 

No. of patients % 

< 5 mm 
5 mm 

> 5 mm 

5 
7 

18 

16% 
23.3% 
60% 

P = 0.003 

 
In the study group, 5 patients (16%) showed 
endometrial thickness of less than 5 mm, while 7 
(23%) showed endometrial thicknessof 5 mm, 18 
patients (60%) with endometrial thickness more 
than 5 mm. The mean endometrial thickness was 
0.73 mm. 
There is statistically significant relation between 
endometrial thickness and endometrial 
pathology (p=0.003).as shown in table 2. 
Only patients with endometrial thickness of 
more than 5mm was associated with 
pathologies, 7 (38.8%) of the endometrial 
biopsies revealed normal endometrium, 
whereas, 11(61.1%) had endometrial pathology 
like hyperplasia, endometrial polyp or 
carcinoma. As endometrial thickness increased, 
the incidence of abnormal finding was increased. 
Endometrial pathology was present in three 
cases in the control group and all of them were 
in those with endometrial thickness of more 
than 5mm, as shown in table 3. 
 
Table 3. Relation of endometrial thickness and 
frequency of endometrial pathology in control 

group. 
 

Endometrial 
thickness 

No. of 
patients 

Percent 
% 

endometrial 
pathology 

< 5 mm 
5 mm 

> 5 mm 

13 
8 
9 

43.3 
26.6 
30 

0 
0 
3 

P = 0.02 

 
There were four cases of simple hyperplasia ,two 
cases of Complex atypical  hyperplasia, two 

cases of benign endometrial polyp and three 
cases with endometrial carcinoma in the study 
group. As shown in table 4.  
There were only two cases of  simple hyperplasia 
and one case with polyp  in the control group. 
There was no endometrial carcinoma  detected  
in control   group. As shown in table 4, the 
incidence of  total endometrial abnormalities in 
the tamoxifen group was greater than  that  in  
the  control  group  (P < 0.015) 
The three cases of endometrial carcinoma 
developed in those on tamoxifen were well 
differenciated  stage I endometrioid 
adenocarcinoma. 
 

Table 4. Type of pathologies of the 
endometrium for study and control groups. 

 

Endometrial pathology 
Tamoxifen 

Total 
P 

value Yes No 

Negative 
Simple hyperplasia 

Complex atypial 
hyperplasia 

Polyp 
CA 

19 
4 
2 
2 
3 

27 
2 
0 
1 
0 

46 
6 
2 
3 
3 

0.015 
0.671 
0.492 
1.000 
0.237 

Total 30 30 60  

 
There was significant relation between duration 
of treatment and endometrial thickness, after 3 
years of treatment there is marked rise in 
number of patient with thickened endometrium. 
As shown in table 5. 
 

Table 5. Relation between duration of use of 
tamoxifen and endometrial thickness 

 

Duration of use 
≤ 5 mm 

thickness 
> 5 mm 

thickness 

6 months – 1 year 
1 year – 2 years 
2 years – 3 years 
3 years – 4 years 

< 4 years 

2 
3 
4 
0 
3 

1 
0 
3 
3 

11 

P = 0.036 
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Table 6. The correlation between duration of tamoxifen exposure and the abnormalities detected 
in the study group 

 

H/P diagnosis 
≤1 year 

exposure 
N = 3 

>1 year 
exposure 

N = 27 
Odds ratio 95% CI P value 

Negative 
(atrophic) 
Positive 
simple 

complex hyperplasia polyp 
endometrial carcinoma 

2 
1 
0 
0 
1 
0 

17 
10 
4 
2 
1 
3 

1.17 
0.98 
1.17 
1.08 
0.1 

1.12 

(0.094-14.68) 
(0.77-1.25) 
(1.00-1.37) 
(0.97-1.20) 
(0.01-0.64) 
(0.98-1.28) 

1.000 
1.000 
1.000 
1.000 
0.18 

1.000 

 
Table 6 describes the distribution of endometrial 
pathologies with relation to duration of 
tamoxifen treatment, 3 (10%) patient were on 
tamoxifen for a duration of one year or less, 
27(90 %) used it for a duration more than one 
year. The rate of endometrial pathologies 
considerably increase with increasing duration of 
treatment.  
Three patient were on tamoxifen therapy (40 mg 
\day). One of them had carcinoma and the other 
have complex hyperplasia and one of normal 
endometrium. Twenty seven patients was on 
tamoxifen 20 mg \day, two had cancer, two with 
polyp, one with complex hyperplasia and four 
with simple hyperplasia, as shown in table 7. 
 
Table 7. Comparison between different doses of 
tamoxifen regarding endometrial pathology in 

the study group 
 

Dose Negative 
Positive 

pathology 
Total 

20 
40 

18 
1 

9 
2 

27 
3 

Total 19 1 30 

P = 0.548 

 
Discussion 
The oestrogen-receptor antagonist tamoxifen is 
effective in premenopausal, perimenopausal, 
and postmenopausal women with oestrogen-
receptor positive breast, including hyperplasia, 
polyps, cancer, and uterine sarcoma reported; 
Tamoxifen users have a two fold to seven fold 

increased risk of endometrial cancer, and the 
risk seems to be highest after long-term use (2-
3/1000 women per year, during or after 
Tamoxifen therapy) (6,7). 

In our study there was  statistical significant 
difference in number of pathologies  between 
tamoxifen treated and control groups (p=0.015). 
Our findings are consistent with those of Cohen 
et al. They found a high  rate of pathological 
endometrial changes among asymptomatic, 
postmenopausal patients who have been 
treated with tamoxifen for breast cancer, 
compared with non-treated patients. Twenty-
two (29%) of the 77 postmenopausal women 
tested had positive histological findings in the 
endometrial biopsy (8). 
Mcgonigle et al failed to detect a single case of 
endometrial hyperplasia after tamoxifen 
therapy, in this study patients with thickened 
endometrium and significant endometrial 
pathologies prior to tamoxifen therapy were 
excluded. As such, the effects on the 
endometrium detected after tamoxifen therapy 
were unlikely to be preexisting but rather a true 
effect of tamoxifen. At baseline, 80% of patients 
had atrophic endometrium and 9% proliferative 
endometrium compared with 61% and 26% at 1 
year, respectively. No cases of endometrial 
hyperplasia or adenocarcinoma were detected. 
Findings observed at 6 months persisted through 
5 years of follow-up. They conclude that 
tamoxifen exerts a weak estrogenic effect on the 
vagina and uterus in  pre-screened 
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postmenopausal women without preexisting 
endometrial pathology (9). 

We found a significant increase in endometrial 
thickness in tamoxifen treated group than in the 
control, and a highly significant positive 
correlation between the duration of tamoxifen 
treatment and endometrial thickness (P=0.036), 
and we found abnormal endometrial biopsy in 
36.6% (p 0.015) of women treated with 
tamoxifen and a significant relation between 
endometrial thickness and risk of endometrial 
pathology (p=0.003). Women with long-term use 
of tamoxifen (four or more years) were more 
likely to develop uterine pathology than 
nonusers.  
The time-dependent nature ofthe development 
of endometrial pathology by women treated 
with tamoxifen (shown in our study) is in 
accordance with the report by Decensi et al that 
tamoxifen at 20 mg per day exerts a time-
dependent proliferative effect on the 
endometrium (10). 
Kochar et al noticed a significant relation 
between endometrial thickness and duration of 
tamoxifen treatment (P=0.025) as in the present 
study and a significant linear relationship 
between the symptomatic status and duration of 
tamoxifen use (P = < 0.01), and a significant 
linear relationship between endometrial 
thickness and duration of tamoxifen use (11). 

The British Tamoxifen Second Cancer Study 
Group showed that the odds of endometrial 
cancer associated with tamoxifen use increased 
significantly with increasing duration of use up 
to 10 years (P= 0.001) (12). 
Fishman et al found that endometrial thickness 
increased with increasing duration of tamoxifen 
use at a rate of 0.75 mm/yr. The mean 
endometrial thickness after 5 years of tamoxifen 
use was 12 mm (range 6 to 21 mm). After 
discontinuation of tamoxifen treatment the 
endometrium decreased by 1.27 mm/yr (13). 

MIGNOTTE et al results clearly support the 
notion that tamoxifen increases the risk for 
endometrial cancer, with a significant crude 
overall risk, mainly dependent on the duration of 
treatment (relative risk 1.5 per year of 

treatment) irrespective of the daily dose. 
estimates for the RRs for endometrial cancer 
associated with the duration of treatment at this 
dose 20 mg were particularly high after 3 years 
of treatment (14). 
Gerber  et al, reported that mean endometrial 
thickness in tamoxifen- treated patients ranged 
from 7.2 ± 8.5 to 12.1 ± 12.4 mm, compared with 
1.5 ± 4.3 to 5.4 ± 2.7 mm in controls (15). 
Nahari et al  were unable to find a significant 
effect of the duration of tamoxifen exposure on 
the endometrial thickness, whereas other 
investigators have reported such a correlation 

(16).  
Ozsner et al have shown that tamoxifen use 
increases the risk of endometrial cancer and 
premalignant change. They also noticed 
significant relation between endometrial 
thickness and duration of tamoxifen treatment 
(P=0.025) as in our study (17). 
Bernstein et al in a case control study concluded 
that endometrial cancer associated with 
tamoxifen use and the risk increased with the 
duration of tamoxifen use (6). 
Leeuwen  et al emphasized that there was a 
significant increasing risk of endometrial  
carcinoman  with  duration  of  tamoxifen use, 
and also with cumulative dose (7). 
Cohen I et al, reported that endometrial 
pathologies are associated with high cumulative 
doses of tamoxifen administered to 
postmenopausal breast cancer patients. Women 
who received 20 mg of tamoxifen daily 
developed endometrial pathologies after longer 
periods of treatment compared to those who 
were treated with 40 mg of tamoxifen daily (8).  
This is not consistent with our result since we fail 
to demonstrate any association between dose of 
tamoxifen and endometrial pathologies, perhaps  
because of small size of our sample. 
The National Surgical Adjuvant Breast and Bowel 
Project study suggested that the incidence of 
uterine malignancies is increased in women 
taking tamoxifen (4). 
Magriples, et al. reviewed 53 patients diagnosed 
with breast cancer who subsequently developed 
uterine malignancy and found that 67% of 
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tamoxifen users developed a uterine cancer of 
high risk histologic type as compared to 24% of 
tamoxifen non-users, p=0.03 (18). 
The Stockholm Trial showed a continued 
divergence of the cumulative incidence curves of 
endometrial cancer for the tamoxifen treated 
and control groups even several years after 
cessation of tamoxifen treatment (19). 
Katase et al concluded that tamoxifen does not 
appear to increase subsequent endometrial 
carcinoma in patients with primary breast 
carcinoma who underwent annual screening for 
gynaecologic cancer (20).  
Long-term tamoxifen exposure, obesity, and 
prior estrogen replacement therapy  older 
menopausal age, and longer duration of breast 
disease may increase the risk of tamoxifen-
associated endometrial pathology. 
In our study we found no difference in age, BMI, 
parity, age at menopause, DM and HT co 
morbidity in both treatment and control group . 
We found no difference in these variables 
between patient with pathology after tamoxifen 
treatment and patient without 
pathology,Therefore, it was impossible to 
predict which of these women would have 
developed  pathological  endometrial  changes. 
Bland et al find There were no significant 
differences in age, BMI, or medical co-
morbidities or other demographic variables that 
they  identified between tamoxifen users and 
non-users (21). 
Mandana et al. find that, patient-related risk 
factors for endometrial cancer including age, 
history of unopposed estrogen use, and 
comorbid conditions such as obesity, 
hypertension, and diabetes were similar 
between the tamoxifen treated and non 
tamoxifen groups (22). 
Cohen et al could  find no  risk factors nor  any 
high risk subgroup  among the women in their 
study There was only a statistical tendency of  
lower mean age or those patients with positive  
histological findings when compared  to those 
with negative findings (P = 0.0510) (8). 

Patients should be told of the small risk of 
endometrial cancer (even after stopping the use 

of the drug), and encouraged to report relevant 
symptoms early. They can, however, be 
reassured that the clinical benefits of treatment 
far outweigh the risks.  
Women using tamoxifen should seek prompt 
medical attention and prompt investigation 
required if abnormal vaginal bleeding including 
menstrual irregularities, vaginal discharge, and 
pelvic pain or pressure in those receiving (or 
who have received) tamoxifen.  
Seoud et al concluded that the value of routine 
screening for endometrial pathology in patients 
on tamoxifen is controversial. They found that all 
patients who developed an abnormal 
endometrium had abnormal vaginal bleeding (23). 
Peters-Engl et al demonstrated that clinical 
benefits of tamoxifen greatly outweigh the risk. 
They recommended annual follow up of patients 
on tamoxifen (24). 
The etiology of endometrial cancer in tamoxifen-
treated patients has been theorized to be 
related to estrogenic effects on the 
endometrium, and randomized studies have 
been undertaken to determine if oral or 
intrauterine progestins can reduce the negative 
effects of tamoxifen on the uterus (25,26). 
Depending on the specific clinical situation, 
recent data suggest equal or superior efficacy of 
selective estrogen receptor modulators and new 
antiestrogens compared with tamoxifen for 
women with breast cancer (27,28). 
Despite the introduction of these newer 
hormonal therapies, tamoxifen remains the 
standard initial adjuvant therapy for women 
with hormone receptor–positive breast cancer 
and is still the most common hormonal therapy 
used for breast cancer patients. The clinician 
must keep in mind, however, that tamoxifen  is 
highly effective  in reducing recurrence and 
deaths from breast cancer, and the risk  to the 
patient of  developing endometrial cancer while 
taking this  drug is no worse than that of  
unopposed estrogen administration.  
The most recent American College of 
Obstetricians and Gynecologists guideline for 
tamoxifen use and endometrial cancer risk has 
several recommendations for postmenopausal 
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women:Routine endometrial screening is not 
recommended for women taking tamoxifen 
because of the costs incurred and risk of 
unnecessary further investigation. Instead, 
women should be educated regarding the 
symptoms of endometrial cancer and instructed 
to consult their doctor if they developany 
spotting or postmenopausal bleeding. If a 
woman develops endometrial hyperplasia, the 
use of tamoxifen should be re-assessed (29). 

The present study has shown that long term use 
of tamoxifen as adjuvant therapy for carcinoma 
of the breast is associated with increased 
frequency of endometrial pathology. 
Endometrial thickness is increased in such 
patients and is related to the duration of 
tamoxifen use. All patients on long term 
tamoxifen should be annually screened for 
endometrial pathology.  
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