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Abstract

Background: Echocardiographic assessed left 
atrial (LA) strain parameters are associated with 
atrial fibrillation (AF). Our aim was to determine 
if changes in left atrial peak systolic longitudinal 
strain (LAS) after electric conversion (CV) of atri-
al fibrillation to sinus rhythm is associated with 
AF recurrence in hypertensive patients.

Methods and results: 25 hypertensive patients 
with persistent AF and 31 age-matched hyperten-
sive patients with no AF were included in the stu-
dy. LAS was measured before and 24 hours after 
cardioversion (CV), using 2D speckle tracking. 
Follow-up period was 6 months. We divided AF 
patients after CV in patients who maintained sinus 
rhythm (MSR) and patients with recurrent atrial 
fibrillation (RAF). Pre-CV mean LAS was lower 
in patients with AF as compared to control group 
(16.9±2.2 vs 34.7± 2.9, p<0.0001). Immediately 
after CV, we noted a significantly increase in the 
mean LAS (19.0±2.3 vs 16.9±2.2, p<0.01), but 
without reaching the values of the control group. 
The changes in LAS after cardioversion were si-
gnificantly higher in the patients who maintained 
sinus rhythm (p<0.04) than in those who experien-
ced recurrent AF (p=0.35). 

Conclusions: LAS differed between hyperten-
sive patients with and without AF. Baseline LAS 
was not associated with AF recurrence. However, 
a smaller change in LAS after CV was associated 
with recurrent arrhythmia. 

Key words: Atrial fibrillation, Arterial hyper-
tension, Left atrial strain  

Introduction

Atrial fibrillation (AF) is one of the most 
common arrhythmia and the population with AF is 
increasing [1,2]. Left atrium (LA) has a major role 

in the occurrence of atrial fibrillation, by patholo-
gical remodeling, including fibrosis and myofiber 
disarray [3]. Increased diameter of the left atrium 
(LA), assessed by echocardiography, is associated 
with an increased risk of recurrent AF [4]. Left atri-
al strain, strain rate and stiffness, assessed echocar-
diographic by tissue Doppler Imaging (TDI) and 
2D speckle tracking imaging (2DSI) can be used 
as surrogate markers of atrial structural and functi-
onal remodeling [5-7]. 2DSI measures local atrial 
myocardial deformation, and, compared to TDI, 
has the advantage of being angle independent and 
not affected by cardiac translation [8]. According to 
some studies, LA strain parameters could be inde-
pendent risk predictors for AF recurrence [9]. 

The aim of this study was to determine if LA peak 
systolic longitudinal strain (LAS) changes after CV 
in hypertensive patients with persistent AF are asso-
ciated with the maintenance of sinus rhythm. 

Methods 

Patient population 
This study was approved the Timisoara “V. 

Babes” University of Medicine and Pharmacy. 
Between January of 2011 and January of 2013, 
59 hypertensive patients were enrolled. 28  hyper-
tensive patients had  persistent, but less than three 
months duration,  AF. They underwent electrical 
cardioversion (CV) for AF and were enrolled in 
the AF group , if the CV was successful .  31 su-
bjects were age-matched hypertensive patients 
with no history of AF. These were enrolled in the 
control group. All patients signed a written-infor-
med consent prior to enrollment. Exclusion crite-
ria were: significant (moderate or severe) valvular 
lesions, history of myocardial infarction,  presence 
of intracardiac thrombus, paced atrial or ventricu-
lar rhythm, history of cardiac surgery,  atrial septal 
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defect, pregnancy, age less than 18. Three AF pa-
tients were excluded from the study because they 
failed cardioversion. All patients were examined 
by standard 2-Dimensional  transthoracic echocar-
diography (TTE). In AF patients, TTE was per-
formed prior to CV and repeated within 24 hours 
post-CV.  CV for AF was performed respecting 
ESC guidelines - with direct-current, synchroni-
zed electric shock . The patients were fasting and 
with intravenous sedation [10, 11]. 

Echocardiography 
Standard TTE was performed using a Vivid 5S 

(GE Healthcare) echocardiograph and a 1.7/3.4 MHz 
transducer. Machine settings were adjusted by the 
echographer to optimize endocardial and myocardi-
al gray scale definition. The images were acquired 
during end-expiratory apnea. We stored loops of 4 
cardiac cycles. The offline analyze was done using 
Echo PAC, GE Healthcare, software package. 

LA diameter (LAD) was measured at end-
systole in parasternal long-axis view. The maxi-
mum LA volume was calculated using the biplane 
method of disks, at end-ventricular systole, in  api-
cal 4 and apical 2-chamber views  [10,11]. In all 
patients , we measured left ventricular end-systolic  
and end-diastolic volumes, as well as left ventricu-
lar ejection fraction (LVEF). Mitral flow velocity 
(E) was measured from apical 4 chamber view, 
by pulsed-wave Doppler, with the sample volume 
placed in diastole between the tips of the mitral 
leaflets. Peak flow velocities were averaged from 
measurements of five consecutive cardiac cycles. 
TDI was used to measure early diastolic velocity 
(E´) of the mitral annulus. Ventricular filling pre-
ssures were estimated using the E/E’ ratio [10,11]. 

Speckle tracking imaging 
LA peak systolic longitudinal strain (LAS) 

was calculated using offline 2DSI technique.  At 
peak systole, corresponding with the closure of 
the aortic valve, a line was drawn manually along 
the LA endocardium. The software generated au-
tomatically additional lines near the atrial epicar-
dium. Manual adjustments were made if the trac-
king of the LA endocardium was not satisfactory. 
LAS was measured dividing the LA wall into 6 
segments, in both 4 and 2 chamber views. LAS 
was measured for all segments from the annulus to 

the roof of LA (Figure 1) and was then averaged. 
Approximately 85% of the individual segments 
had adequate speckle tracking. The rest of 15% 
were excluded from the analysis because of ina-
dequate speckle tracking.  

Figure 1.  Speckle tracking of the left atrium in 
a hypertensive patient with recurrent atrial 
fibrillation

Statistical analysis 
Statistical analysis was performed using MedCalc 

statistical software for Windows, version 12.7.7.0. 
The differences between study groups were compa-
red using Chi square tests for categorical variables 
and Student’s t test for continuous variables. Ordinal 
variables are presented as mean ± 1 SD. 

Results 

Clinical characteristics  
The general clinical characteristics of the en-

rolled hypertensive patients are presented in Table 1. 
Compared to the control group, subjects in AF gro-
up had a higher incidence of obesity, dyslipidemia, 
coronary artery disease and systolic heart failure.  

Comparison of echocardiographic and strain 
parameters  
The echocardiographic measurements and strain 

parameters in hypertensive patients with and wit-
hout AF are presented in Table 2. Pre-cardioversion 
mean LAS was significantly lower in subjects with 
AF when compared to the control group (16.9 ± 2.2 
vs 34.7 ± 2.9, p<0.0001) (Figure 2). Mean post-car-
dioversion LAS was also significant lower (19.0 ± 
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2.3 vs 34.7 ± 2.9, p <0.0001), in patients with AF 
when compared to controls (Figure 2). We noted a 

significant increase in mean LAS after CV (16.9 ± 
2.2 vs 19.0 ± 2.3, p<0.01) (Figure 3).

Table 1.  Baseline clinical characteristics of patients with atrial fibrillation (AF) as compared to the 
control group

  AF (25)
n (%)

Controls (31)
n (%) P value

Mean age (years) 62.5 ± 1.7 61.7 ± 2.4 0.12
Male sex  15  (60 ) 19   (61.2 ) 0.85
BMI (Kg/m2) 29.5 ± 2.3 27.8 ± 1.6 <0.01
Comorbid conditions: 
CAD 8  (32) 2  (6) <0.03
Systolic HF 8  (32) 1  (3) <0.01
CVA 1  (4) 0 0.91
DM 5  (21) 3  (9.6) 0.4
Dyslipidemia 14  (56) 5  (15) <0.01
Medications: 
Statins 15 (60) 6    (19) <0.01
Beta blockers 27 (65.8) 9  (21.9) <0.01
ACE-i/ARB 15 (60) 18  (58) 0.90
CCB 10 (40) 10  (33) 0.79
Digoxin 3 (12) 0 0.16
Diuretics 13 (52) 15  (48) 0.97
ASA 3 (10) 4  (14) 0.96
Clopidogrel 4 (15) 5  (16) 0.78
Acenocumarol 25 (100) 0 <0.0001
Amiodarone 8 (32) 0 <0.01
Sotalol 3 (12) 0 0.16

BMI-Body mass index, CAD-Coronary artery disease, CVA- Cerebrovascular  accident, HF- heart failure, ACE-i/ARB – An-
giotensinogen converting enzyme inhibitors/Angiotensin receptor blockers, CCB – Calcium channel blockers, ASA –Aspirin

Table 2.  Echocardiographic and strain variables of hypertensive  patients with atrial fibrillation (AF) 
as compared to the control group

Echo variables AF (n=25) Controls (n=31) P value 
LVIDd, mm 51.4 ± 2.6 49.9 ± 2.3 0.02 
LVIDs, mm 37.6 ± 3.6 35.5 ± 2.8 <0.02 
IVSTd, mm 10 ± 0.6 9.5 ± 0.5 <0.01 
PWTd, mm 10 ± 0.6 9.4 ± 0.6 <0.02 
LVEF (%) 54.0 ± 3.6 56.1 ± 2.4 <0.02 
LAD, mm 43.7 ± 3.8 39.4 ± 3.1   <0.0001 
LAVI, ml/M2 32.5 ± 4.0 27.4 ± 3.6 <0.0001 
E/E’ 12.7 ± 1.3 7.9 ± 1.5 <0.0001 

Pre-CV Post-CV P value 
2CLAS, % 17.7±2,4 19.5± 2.1 <0.01 32.7± 4,1 <0.0001 
4CLAS, % 16.4 ± 2.1      18.6± 2.7 <0.01 33.1±2.5 <0.0001 
LAS, % 16.9±2.2 19.0±2.3 <0.01 34.7± 2.9 <0.0001 

LVIDd – Left ventricular internal diameter at end-diastole, LVIDs – Left ventricular internal diameter at end-systole, STd 
– Interventricular septum thickness at end-diastole, PWTd – Left ventricular posterior wall thickness at end-diastole, LVEF 
– Left ventricular ejection fraction, LAD – Left atrial diameter, LAVI – Left atrial volume index, E = early filling velocity of 
transmitral Doppler flow, E’ = Average early diastolic velocity of medial and lateral mitral annulus, 2CLAS -2 chamber ave-
rage peak systolic strain, 4CLAS -4 chamber average peak systolic strain, LAS – Mean peak systolic strain of 2C and 4C,



694

HealthMED - Volume 8 / Number 6 / 2014

Journal of Society for development in new net environment in B&H

Figure 2.  Comparison of mean LAS at baseline 
between FA and control group patients

Figure 3.  Comparison of mean LAS in patients 
with AF pre- and post- cardioversion (CV)

Clinical characteristics of the maintained 
sinus rhythm (MSR) and AF recurrence 
(AFR) subgroups 
Eighteen (72%) of participants undergoing 

CV for persistent AF remained in normal sinus 
rhythm throughout the 6-month follow-up period, 
whereas 7 (28%) experienced at least 1 recurren-
ce of AF. There was no significant difference in 
age, sex, body mass index (BMI), or medications, 
especially anti-arrhythmic drugs between both the 
groups (Table 3). Coronary artery disease had a 
significant higher prevalence in patients with AF 
recurrence (71% vs 16%, p=0.02). All AF hyper-
tensive patients continued anticoagulation with 
Acenocumarol after CV. None of the study su-
bjects experienced stroke or transient ischemic 
attack during the 6 month follow up. 

Comparison of echocardiographic and strain 
parameters in the MSR and AFR group 
The echocardiographic variables and strain pa-

rameters of MSR and AFR groups are recorded in 
Table 4.

The AFR subgroup patients, compared to MSR 
subgroup, had significant higher values for left ven-
tricular internal diameter and end-diastole (52.5±3,6 
mm vs 48.6±2.6mm, p<0.01), for left atrial diame-
ter (49.7±3.4mm vs 44.5±3.8 mm, p<0.01) as well 
as for E/E´ratio (13.5±2.8 vs 9.8±2.5, p<0.01). 
Also, post-conversion mean heart rate was higher 
in patients with recurrent atrial fibrillation com-
pared to those who maintained sinus rhythmus 

Figure 4.  Post-CV mean LAS as compared to pre-CV mean LAS in the maintained sinus rhythm group 
(MSR) and in the atrial fibrillation recurrence group (AFR)
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Table 3.  Baseline clinical characteristics of hypertensive patients in the AF group who maintained sinus 
rhythmus (MSR) compared to those with atrial fibrillation recurrence (AFR)

MSR (18)
n (%)

AFR (7)
n (%) P value

Mean age (years) 61 ± 1.7 62 ± 2.1 0.22
Male Sex  12  (66) 3  (43) 0.54
BMI (Kg/m2) 29 ± 3.0 30 ± 1.6 0.41
Comorbid conditions: 
CAD 3  (16) 5  (71) 0.02
Systolic HF 4  (22) 4  (57) 0.22
CVA 0   (0) 1 (14) 0.63
DM 2 (11) 3 (43) 0.21
Dyslipidemia 12 (66) 2 (29) 0.22
Medications: 
Statins 10 (55) 5 (71) 0.78
Beta blockers 12 (66) 5 (71) 0.81
ACE-i/ARB 12 (66) 3 (43) 0.54
CCB 8 (44) 2 (29) 0.81
Digoxin 0 (0) 0 (0)
Diuretics 12 (88) 1 (14) 0.05
ASA 3 (16) 0 (0) 0.28
Clopidogrel 3 (16) 1 (14) 0.62
Acenocumarol 18 (100) 7 (100)
Amiodarone 13 (72) 2 (29) 0.12
Sotalol 2 (7.4) 3 (21.4) 0.32
Propaphenone 5 (28) 2 (29) 0.65

BMI-Body mass index, CAD-Coronary artery disease, CVA- Cerebrovascular  accident, HF- heart failure, ACE-i/ARB – An-
giotensinogen converting enzyme inhibitors/Angiotensin receptor blockers, CCB – Calcium channel blockers, ASA –Aspirin

Table 4  Echocardiographic and strain variables of patients with maintained sinus rhythm (MSR) group 
as compared to the atrial fibrillation recurrence (AFR) group

Echo variables MSR (n=18) AFR (n=7) P value

LVIDd, mm 48.6 ± 2.6 52.5 ± 3.6 <0.01
LVIDs, mm 36.8 ± 4.6 37.2 ± 4.8 0.84
STd, mm 10.2 ± 0.8 10.3 ± 0.8 0.78

PWTd, mm 10.1 ± 0.8 10.5 ± 0.9 0.28
LVEF (%) 53.8 ± 5.4 50.5 ± 5.7 0.18
LAD, mm 44.5 ± 3.8 49.7 ± 3.4 <0.01

Pre-CV LAVI, ml/M2 35.5 ±3.2 36.9 ± 4.6 0.39
Post-CV LAVI, ml/M2 33.5 ± 5.4 34.2 ± 5.1 0.77

E/E’ 9.8 ± 2.5 13.5 ± 2.8 <0.01
Pre-CV Post-CV P value Pre-CV Post-CV P value

HR 84.0 ±12 63.0± 7 <0.0001 87.9 ± 10 68.7± 9 <0.0001
LAVI, ml/M2 34.7± 5.3 33.8±3.5 0.55 36.5± 4.8 35.2± 2.8 0.54

2CLAS, % 15.6 ±  5.3 19.9± 4,4 <0.02 15.4± 6.2 18.2± 7.3 0.45
4CLAS, % 16.8 ± 3.5 18.9 ±2.1 <0.04 16.2± 3.8 18.7± 3.1 0.17

LAS, % 16.5±3.9 19.2± 3,3 <0.04 15.8± 4.9 18.5 ±  5.5 0.35
LVIDd – Left ventricular internal diameter at end-diastole, LVIDs – Left ventricular internal diameter at end-systole, STd 
– Interventricular septum thickness at end-diastole, PWTd – Left ventricular posterior wall thickness at end-diastole, LVEF 
– Left ventricular ejection fraction, LAD – Left atrial diameter, LAVI – Left atrial volume index, E = early filling velocity of 
transmitral Doppler flow, E’ = Average early diastolic velocity of medial and lateral mitral annulus, HR – Heart rate, 2CLAS 
2 chamber average peak systolic strain, 4CLAS -4 chamber average peak systolic strain, LAS – Mean peak systolic strain of 
2C and 4C
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(68.7±9 vs 63,0±7, p<0.0001). There were no si-
gnificant differences between mean pre-CV LAS  
in MSR and AFR subgroups (16.5 ± 3.9% vs 15.8 
± 4.9%, p=0.71), nor between mean post-CV LAS 
(19.2 ± 3.3% vs 18.5 ± 5.5%, p=0.69). But we no-
ticed that in MSR subgroup, there was a significant 
increase in mean LAS post-CV as compared to pre-
CV (19.2 ± 3.3% vs 16.5 ± 3.9%, p<0.03), while in 
the AFR subgroup the increase was not significant 
LAS (18.5 ± 5.5 vs 15.8 ± 4.9, p=0.35 (Figure 4).

Discussion 

In this clinical study involving 56 participants, 
we found that mean LAS was lower in subjects 
with AF as compared to those in normal sinus 
rhythm and no history of AF. We also observed 
that, although mean LAS improved immediately 
after CV in subjects with AF, it remained lower 
than in the control group. Compared with indivi-
duals who experienced a recurrence of AF over 
the follow-up period, those who remained in nor-
mal sinus rhythm were more likely to experience 
a significant improvement in the LAS after CV. 

Atrial myocardial deformation properties and 
AF Normal LA function includes three compo-
nents: reservoir function, the LA storing the  blo-
od that comes  from the pulmonary veins; conduit 
function, the LA passing the blood from the pul-
monary veins to the left ventricle in early diastole; 
booster function, as LA contraction increases the  
end diastolic ventricular fiber stretch [8].  Atrial 
structural remodeling during AF includes fibrosis, 
hypertrophy, myofiber disarray and apoptosis [12]. 
Some studies have shown that atrial strain para-
meters correlate significantly with the underlying 
fibrosis and have been validated against MRI, as 
markers of  regional atrial myocardial deformati-
on [13]. But, these echocardiographic strain para-
meters are  influenced by loading conditions and  
by rhythm irregularity, not only by  fibrosis [14]. 

Interesting studies suggest that LA strain para-
meters may be used as independent predictors of 
atrial fibrillation recurrence  after cardioversion  or 
catheter ablation [15]. 

Our study aimed to explore if left atrial stra-
in (LAS) is influenced by atrial fibrillation and if 
may predict the recurrence of atrial fibrillation, in 
hypertensive patients. 

We found that LAS was significantly lower in 
subjects with AF as compared to hypertensive con-
trols. This finding is similar to the findings of other 
studies [16]. Post-conversion to sinus rhythmus, 
LAS increased significantly, but did not achieve the 
values found in the controls. The same results were 
found in a 3-year follow-up study [17]. In contrast to 
this work, we measured LAS within 24 hours after 
CV. The improvement in LA after restoration of si-
nus rhythmus was previously explained by ‘reverse 
atrial remodeling [17]. The immediate increase in 
LAS after cardioversion is probably explained by the 
restoration of atrial contraction. The fact that LAS 
measured 14 hours after CV did not improve to the 
levels seen among the control hypertensive patients 
might be explained by “myocardial atrial stunning” 
or by persistent LA structural abnormalities. 

Decreased left atrial strain assesses the impair-
ment in atrial compliance, and has been reported 
to be a predictor of atrial fibrillation recurrence 
after conversion to sinus rhythm in patients with 
persistent AF [18]. However, we did not find diffe-
rences between basal LAS in patients who main-
tained sinus rhythm and in patients with AF recu-
rrence. We found that the post-convertion  change 
in LAS was significant associated with mainte-
nance of sinus rhythm. This finding is concordant 
with the results of another study, who also showed 
that LAS continued to increase in subjects with 
MSR during a three month follow up, in contrast 
to subjects with AFR [6]. Due to the low rates of 
post-conversion recurrent AF, we consider  that 
further larger studies, with a longer follow-up pe-
riod, are needed in order to have the appropriate 
statistical power to clarify  this issue. 

Some recent studies suggest that  LAS could be 
a reliable predictor of stroke risk and cardiovascular 
outcomes in patients with AF [19,20]. While baseli-
ne atrial strain was not associated with the recurren-
ce of AF, the post-CV improvement in LAS could 
be  a predictor of sinus rhythm maintenance. 

Conclusion 

We observed that LAS differed between hyper-
tensive patients with and without AF, being lower 
in AF patients, both pre- and after conversion to si-
nus rhythm. Our results suggest that a failure to im-
prove LAS after CV may be a predictor of recurrent 
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arrhythmia. Further larger and long term follow up 
studies are required to establish the prognostic role 
of this non-invasive surrogate markers of left atrial 
filling pressure, in hypertensive patients with per-
sistent atrial fibrillation converted to sinus rhythm. 
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Abstract

Introduction: In Pakistan, no study on mental 
health status of male prisoners has been done so far. 
The purpose of this cross-sectional study was to de-
termine the prevalence of depression, anxiety and 
stress in male Pakistani prisoners at an urban jail.

Methods: This study was conducted on 100 
male prisoners at District Jail Lahore, Pakistan. 
Basic demographic characteristics, past medical 
history, and history of substance abuse, child abuse 
and child labor were obtained. Presence of depre-
ssion was assessed by a validated Urdu translation 
of the Beck Depression Inventory (BDI). Mean 
BDI scores for categories of binary variables were 
compared with each other by applying indepen-
dent samples t-test.

Results: The total prevalence of depression as 
per the BDI was 85%. 30% of prisoners had mild 
depression, 20% had moderate depression and 
35% had severe depression. Prisoners with a hi-
story of substance abuse, childhood sexual abuse, 
chronic medical diseases and child labor were fo-
und to have significantly higher BDI scores.

Conclusion: Pakistani male prisoners have a 
markedly high prevalence of depression leading to 
significant psychiatric morbidity. We suggest here, 
provision of psychological support along with de-
pression management and rehabilitation therapies 
such as musical therapy among others as essential 
to reduce mental health problems in prison inmates.

Key Words: Depression, Beck Depression In-
ventory, Prisoners, Cross-sectional Study, Mental 
Health

Introduction

The high prevalence of psychiatric disorders 
among prisoners compared to the general popula-
tion has long been recognized. The issue was be-

ginning to be highlighted by many authors as early 
as the first half of the 19th century and has been 
a topic of active research since the 1980s1-4. The 
magnitude of the problem can be further apprecia-
ted by considering the sheer number of people in 
prison worldwide. By 2011, there were more than 
10.1 million people in prisons around the world5. 

Around half of the prisoners worldwide are in the 
United States, Russia and China, with the United 
States having the highest incarceration rate in the 
world. Human Rights Commission of Pakistan re-
ported that by the end of 2012 there were 75,444 
detainees in Pakistan’s prisons in total, against a 
total authorized capacity of 44,5786.

Fazel7, 8 did two large-scale systematic reviews of 
severe mental illness in prisoners worldwide separa-
ted by a decade. The first one done in 2002 showed 
that 10% of men and 12% of women had major 
depressive disorder. The second one done in 2012 

analyzed data on 33,588 prisoners in 24 countries 
and reported similar prevalence of major depressive 
disorder: 10.2% in men and 14.1% in women. The 
prevalence of major depressive disorder in prisoners 
of low-income countries was 22.5%, which is more 
than double the prevalence of 10.0% in high-income 
countries. As most of the available literature is from 
the West, there is an urgent need to conduct studies 
on this topic in third world countries.

The mental health of prison inmates has been a 
much overlooked issue in Pakistan. A study done 
by Khan et al.9 describes the incidence of depre-
ssion in female prison inmates in Peshawar, Pa-
kistan. This study concluded that 59.4% of the 
inmates suffered from depression. A study done 
on psychiatric morbidity among female inma-
tes of District Jail Adyala, Rawalpindi, reported 
that affective disorders were found in 23.43%, of 
which 19.5% were depressive illnesses10. A small 
scale study by Zadeh11 reported a number of de-
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pressive symptoms among female prisoners in a 
jail in Karachi, with insomnia, aggression and su-
bjective feeling of stress being the most common 
(19%, 17% and 16% respectively). All of these 
studies included only female prisoners. While 
some studies have reported a higher prevalence of 
psychiatric disorders in female prisoners12, others 
have not found a substantial difference7, 8. Ours is 
the first study in Pakistan on the prevalence of de-
pression in male prisoners.

Turney considered the association between 
incarceration and major depression showing that 
current and recent incarceration was substantially 
associated with risk of major depression, due not 
only to the direct psychological implications of 
confinement, but also difficulties related to econo-
mic and social reintegration during and following 
incarceration13. It is of paramount importance that 
administrative authorities be made aware of the 
disastrous implications of the poor mental health 
of prisoners, and the negative impact of not provi-
ding appropriate physical and mental health facili-
ties to inmates, which may well cripple their soci-
al and mental faculties. The overall prevalence of 
anxiety and depressive disorders in the Pakistani 
population is reported to be 34%14. 

This study was undertaken in a jail in Lahore 
to measure the prevalence of depression in male 
prisoners and to relate it to variables such as inco-
me, history of previous police encounters, history 
of drug abuse and child abuse. Variables like drug 
abuse, unemployment and homelessness have 
been found to be positively associated with poor 
mental health in the jail population15.

Methods

The present study is a cross-sectional survey 
of the prevalence of depression among prisoners, 
conducted at District Jail Lahore in December 
2010. One hundred male inmates were inter-
viewed. Before conducting interviews, informed 
consent was taken from the participants and they 
were assured about the confidentiality of their per-
sonal details. Basic demographic characteristics 
like age, gender, education, occupation and mari-
tal status were obtained from prisoners. Informa-
tion was collected about birth order, total number 
of siblings and monthly family income. Past me-

dical history included questions about presence of 
chronic medical conditions such as hypertension, 
diabetes, psychiatric illnesses and a history of ad-
mission to mental health institutions. Participants 
were further queried about a history of substance 
abuse, child abuse and child labor. Presence of de-
pression was assessed by a validated Urdu transla-
tion of the Beck Depression Inventory (BDI)16. 
BDI is a widely used 21-item self-report questi-
onnaire for measuring the severity of depression, 
originally published in 196117. Every question has 
four possible answers, ranging in intensity from 0 
to 3. The total score for all items is added up, and 
the following cut-offs are used to assess the seve-
rity of depressive symptoms: a score of 0–9 in-
dicates minimal depression, 10–18 indicates mild 
depression, 19–29 indicates moderate depression, 
and a score above 30 indicates severe depression. 
SPSS version 20 was used for data analysis. Pre-
valence of Depression among the whole sample 
was calculated. Mean BDI scores for categories of 
binary variables were compared with each other 
by applying independent samples t-test. P value of 
less than 0.05 was considered significant. 

Results

At the time of data collection, the prisoners 
were not taking any medication and were not being 
evaluated by a mental health specialist. The mean 
age of the subjects was 28.8± 12.2. The total pre-
valence of depression in this inmate population, 
as per the BDI scale, was 85%. Of the total, 30% 
had mild depression, 20% had moderate depressi-
on and 35% had severe depression. The prisoners 
were divided into those aged 25 years of age and 
below, and those 26 years and above. The average 
BDI score in inmates below 25 years was 27 and 
the score for those above 26 years was 21. The 
difference was found to be significant (P=0.03). 
Inmates educated from grade 1-5 had a mean BDI 
score of 28, while the inmates who had received 
education beyond grade 6 had a mean BDI sco-
re of 17, with the difference between the groups 
being statistically significant (P<0.01). Another si-
gnificant variable that was analyzed was a history 
of childhood sexual abuse; those with a history of 
abuse had a mean BDI score of 48 and those wit-
hout a history of abuse had a score of 20(P<0.01).
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Figure 1.  Graph showing the Percentage of 
Inmates and their BDI Scores

The presence of a history of substance abuse 
also was significant (P<0.01) with the mean BDI 
score being 29 in those with a positive history and 
14 without history of substance abuse. The pres-
ence of chronic medical illness (Chronic Obstruc-
tive Pulmonary Disease, Hypertension, Tubercu-
losis, Congestive Heart Failure, Chronic Liver 
Disease, Chronic Renal Failure, Diabetes Melli-
tus) also increased the mean BDI score from 21 

to 36 (P<0.01). Inmates with a history of previous 
court cases had a mean BDI score of 35, and those 
without had a score of 18 (P<0.01). The pres-
ence of a history of child labor (before 16 years of 
age) was also seen to have an effect on mean BDI 
score, raising it from 18 to 29 (P<0.01).The mean 
BDI scores of inmates are presented in Figure 1. 
Table 1 shows a comparison of mean BDI scores 
of inmates against predictor variables.

Discussion

The jail system in Pakistan is in a state of 
extreme neglect. It has never received much con-
sideration from the government or the health care 
department. There is extreme overcrowding (total 
capacity around 45,000 with total number of inma-
tes at any one time, over 75,000), forcing groups of 
inmates to sleep together on the floor. In seven jails 
in Punjab the number of prisoners is more than 200 
percent higher than the sanctioned capacity. In 11 
facilities, it is more than 100% higher, and in one 
particular location (District Jail Multan), it is nearly 
350% higher6. As a result, the health of prisoners, 
both mental and physical, is highly neglected. 

Our study helps to shed light on the level of 
depression in the prisoners of Pakistani jails. The 
total prevalence of depression in our study is 85%, 

Table 1.  Comparison of mean bdi scores against predictor variables of inmates in an urban jail
No. Variables BDI Scores (Mean +/- SD) P-Value

1. History of childhood sexual abuse
Present 47.67 +/- 2.582

<0.01
Absent 19.94 +/- 9.112

2. History of substance abuse
Present 28.50 +/- 12.204

<0.01
Absent 13.83 +/- 8.457

3. History of chronic disease eg. 
CLD,COPD,CHD,CRF,TB,HTN,DM

Present 35.50 +/- 16.819
<0.01

Absent 21.25 +/- 10.216

5. Previous court cases
Present 34.71 +/- 12.470

<0.01
Absent 18.38 +/- 9.283

6. History of labor at age <16 years
Present 29.09 +/- 14.321

<0.01
Absent 18.00 +/- 7.906

7. History of living alone
Living alone 22.00 +/- 0.000

0.111
Not living alone 24.21 +/- 13.387

8. Upbringing (Both v/s Single parents)
Both parents 24.21 +/- 13.387

0.111
Single parent 22.00 +/- 0.000

9. Parents (married v/s Separated)
Married 20.63 +/- 8.037

 -
Separated  -
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which is a very high figure. The over-all preva-
lence of depression in men in Fazel’s systematic 
review8 was 10.2% and in prisoners of low inco-
me countries it was 22.5%.To take some examples 
from third world countries, a study from Nigeria18 
reported depression in 23% of prisoners; a study 
from Iran19 reported 29%,; Brazil20 17.6%-18.8%; 
and India21 18%. Two prior studies from Pakistan 
on female prisoners have reported the prevalence 
to be prevalence to be 59.4%9 and 19.5%10. What 
explains the excessively high prevalence of depre-
ssion in our study? One factor might be the degree 
of depression that a study uses as a cut-off. For 
example, if we exclude the category of mild de-
pression from our findings, the prevalence in our 
study falls to approximately 55%; still a very high 
figure but almost the same as reported by Khan et 
al.9. Andersen et al.22 reported that the incidence of 
psychiatric disorders in prisoners is related to the 
level of stress. The difference in prevalence rates 
cited may very well be a function of the stress and 
the hardship prisoners have to bear in each par-
ticular prison. The District Jail Lahore in which 
our study was conducted has approximately 3000 
prisoners while the authorized capacity is 1050 i.e. 
it is holding 200% more than capacity. This degree 
of over-crowding would be a constant source of 
stress for the prisoners. Other factors such as the 
behavior of the prison guards and the degree of 
harassment may also be contributing to the level 
of stress. Given that this is the only study on male 
prisoners in Pakistan, it is unknown whether this 
high prevalence will be found in male prisoners at 
other facilities as well. 

Inmates with a lower level of education were 
found to have higher mean BDI scores in this pri-
son population, while those with a higher level 
of education were seen to have lesser mean BDI 
scores. This is consistent with the literature, which 
has reported the protective effect of a higher level 
of education against depression23. Inmates with a 
history of chronic medical conditions were also fo-
und to be more depressed. Depression commonly 
co-occurs with medical illnesses and chronic pain, 
which can contribute to the somatic symptoms of 
depression, complicates diagnosis and treatment, 
worsens patient prognosis, and hinders recovery24. 
The occurrence of emotional, sexual and physical 
abuse is one of the most important factors for the 

development of depression25 and depressive pa-
tients with a history of childhood adversity have 
more severe and chronic forms of depression with 
higher suicide rates26. Consistent with this, inma-
tes with a previous history of childhood sexual 
abuse were found to have a higher mean BDI sco-
re in our study. Inmates with a prior history of su-
bstance abuse were also found to score higher on 
the BDI. The relationship between prior substance 
abuse and depression in prison inmates has also 
been reported previously27. Inmates with a history 
of child labor below the age of 16 were observed 
to have a higher mean BDI score. Studies have 
shown that childhood abuse, trauma and neglect 
put one at a significantly higher risk for mood dis-
orders as an adult28, 29.

Musical therapy was found useful in reducing 
mental health problems in prisoners in a study con-
ducted in Bergen in 200830. In Pakistan, such mea-
sures should be adopted to improve mental health 
status in prisoners and to reduce risk of suicide.

Limitations

One limitation of our study is that it was a sin-
gle center study and given the varying conditions 
prisoners face at different prisons, it is difficult to 
be certain whether the results of this study can be 
generalized to other prisons as well. We restricted 
our study to male prisoners. Hence, we are not in 
a position to determine if there was any gender-ba-
sed difference in the prevalence of depression at 
that particular prison. It was a cross-sectional study 
and therefore offers no information on the duration 
and course of the depressive symptoms in the pri-
soners. We did not keep a record of the duration of 
imprisonment for each participant, which can be a 
significant factor in the prevalence of depression in 
prison populations31. Studies carried out in future 
should address these limitations to improve existing 
literature on this topic in Pakistan.

Conclusion

Pakistani male prisoners have a markedly high 
prevalence of depression leading to significant 
psychiatric morbidity. This suggests the need for 
immediate interventions on the part of the go-
vernment, prison administration and health depar-
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tment. This is essential both to preserve discipline 
inside prisons as well as to help reintegrate inma-
tes back into society following their release. We 
strongly recommend essential measures to reduce 
depression and stress in prisoners and rehabilitate 
them by different management programs.
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Abstract

Background: Increased levels of asymmetric 
dimethyl arginine (ADMA) in hypertensive patients 
promote endothelial dysfunction and atherosclero-
sis, while statins improve endothelial function. 

Aim: This study is aiming to investigate the in-
fluence of rosuvastatin therapy on plasma ADMA 
levels, flow-mediated forearm vasodilatation 
(FMD) and carotid IMT in patients with essential 
hypertension. 

Material and method: The prospective pres-
ent study was conducted during a period of 18 
months and included a number of 63 patients 
with essential hypertension, without hypercho-
lesterolemia. All patients received conventional 
antihypertensive therapy. Group I patients, with 
endothelial dysfunction and subclinical athero-
sclerosis received 20 rosuvastatin for 6 months. 
Group II patients, with endothelial dysfunction 
but normal IMT received 10 mg rosuvastatin for 
6 months. Group III patients, with no endothelial 
dysfunction, received no statin therapy. Statistical 
analyses was performed using MedCalc 12.3.0.0 
statistical software for Windows. Significant dif-
ferences were assumed to be at p< 0.05.

Results: At 6 months, group I patients had a sig-
nificant decrease in ADMA levels (from 0.96±0.07 
to 0.73±0.06, p<0.0001), a significant decrease in 
IMT (from 1.15±0.1 to 1.02±0.11, p<0.01) and 
increase in FMD (from 6,53±0.76, to 7.55±0.81, 
p<0.01). In group II, ADMA levels decreased from 
0.67±0.07 to 0.58±0,08 (p<0.01), IMT decreased 
from 0.82±0.07 to 0.80±0.10 (p>0.05), FMD in-
creased from 8,48±0.79 to 9.10±0.71 (p<0.01). In 
the control group, the changes were not significant.

Conclusions: 6 months rosuvastatin therapy 
improved all biochemical, functional and struc-

tural parameters of endothelial dysfunction. The 
clinical benefits were dose dependent.

Key words: hypertension, asymmetric dimeth-
yl arginine, flow mediated vasodilatation, intima-
media thickness

1.  Introduction

Hypertension is one of the major risk factors 
in cardiovascular disease, it accelerates the de-
velopment of atherosclerosis and it affects 12% 
to 15% of the adult population. Ever since 1980, 
Furchgott [1,2], has stated that the acetylcholine 
induced vascular relaxation is critically linked to 
an intact endothelium. Loss of vascular endothe-
lium integrity in various heart diseases is associa-
ted with nitric oxide (NO) production. Physiolo-
gically, NO (Nitric Oxide) is synthesized within 
the endothelium, based on a reaction between the 
amino acid (L-arginine) and the corresponding ni-
tric oxide synthase enzyme (NOS) [3].

Endothelial dysfunction is the earliest marker for 
vascular endothelial damage. Endothelial dysfunc-
tion in hypertensive patients is a major factor for 
cardiovascular complications. Primary prevention 
of cardiovascular disease, makes is a main target, to 
identify endothelial dysfunction by means of non-
invasive clinical and laboratory methods.

Classical noninvasive assessment methods 
of endothelial dysfunction include tests such as: 
Doppler echocardiography (ultrasound flow me-
diated vasodilatation - ex. brachial artery ultraso-
und), circulating markers of endothelial dysfunc-
tion (asymmetric dimethylarginine) and vascular 
inflammation (high-sensitivity C-reactive protein 
and soluble cellular adhesion molecules) [4].

Carotid intima-media thickness (IMT) is an 
important marker in subclinical vascular lesion 
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assessment and an independent predictor of future 
cardiovascular events in the general population[5]. 
An increased carotid IMT is considered by some 
authors a marker of subclinical atherosclerosis[6], 
while other studies show that and blood pressure 
plays and important role in increasing the IMT [7].

Statins are known to improve endothelial func-
tion in hypercholesterolemic patients, having an-
ti-inflammatory effects, one of the most efficient 
being rosuvastatin [8,9].

The main study objective was to evaluate 
whether rosuvastatin treatment improves endothe-
lial dysfunction in patients with essential hyper-
tension and no hypercholesterolemia. 

2.  Material and methods

2.1.  Study design and patients

This is a prospective study that was conducted 
during a period of 6 months and included hyper-
tensive patients referred to a specialized Cardio-
logy Clinic of the Internal Medicine Department. 
The inclusion criteria in the study were: age ≥ 18 
years, diagnosis of mild/moderate essential hyper-
tension (systolic blood pressure (BP) of 140-179 
mmHg, diastolic BP of 90-119 mmHg), normal 
plasmatic cholesterol levels (<200 mg/dL), no 
cholesterol-lowering therapy six months prior to 
inclusion. We excluded the subjects presenting 
coronary artery disease, chronic heart failure, dia-
betes mellitus, chronic kidney or hepatic disease, 
stroke, bronchial asthma, peripheral arterial circu-
latory failure, and acute or chronic inflammatory 
states. All patients received conventional therapy 
for hypertension, such as beta blockers (nebivo-
lol), diuretics and/or calcium antagonists.

Prior to being admitted in the study, all pati-
ents completed an informed consent form to par-
ticipate in the study and to allow the retrospective 
evaluation of clinical data. The informed consent 
form was approved by the local ethical committee. 
The patients` participation in the study was com-
pletely voluntary, and they were able to withdraw 
it at any point. 

We conducted a background check on the pati-
ents` medical history; in all patients, we performed 
physical examination, laboratory determination, 
electrocardiogram (ECG), echocardiography, vas-

cular echocardiography evaluating flow mediated 
vasodilatation (FMD) at brachial artery and caro-
tid intima-media thickness (IMT). 

Blood pressure determinations were done after 
30 minutes of rest, in supine position at the right 
brachial artery and expressed as the mean value of 
3 measurements over a period of 30 minutes. 

Laboratory determinations were performed in a 
fasting state and in a temperature-controlled room. 
The venous blood samples were collected after 15 
minutes of rest, after an overnight fast (>12 hours 
since the last intake of food), immediately placed 
on ice and were drawn for glucose, total choleste-
rol, HDL-cholesterol, LDL-cholesterol, triglyceri-
des. All these analyses were measured by routine 
laboratory methods, inside the hospital. Total cho-
lesterol ≥ 200 mg/dL and triglyceride levels ≥ 150 
mg/dL were considered as dyslipidemia. 

Plasma levels of high-sensitivity C-reactive 
protein (hs-CRP) were measured within the Labo-
ratory Bioclinica SA, Timisoara through a highly 
sensitive quantitative immunoturbidimetric met-
hod, using a CRP Ultra kit, distributed by Abboth 
Diagnostics. The lowest detection limit for ultra-
sensitive method was 0. 01 mg / dL. 

Plasma ADMA levels were measured in La-
boratory Dr. Linbach Heidelberg by a simple and 
fast LC–MS–MS analytical method with fluores-
cence detection. Fluorescence was detected after 
solid phase extraction (SPE) with carboxylic acid 
(CBA) cartridges online o-phtaldialdehyde (OPA) 
derivation, and separation on a phenyl column 
(250 x 4.6 mm, Macherey-Nagel, Düren, Ger-
many). For our laboratory, the reference value for 
ADMA: range of 0. 3 – 0. 8 μmol/L, for both sexes 
and all age groups over 18 years of age.

Determination of forearm flow mediated vaso-
dilatation (FMD) was done using a VIVID S5 (GE 
Healthcare) equipment, according to the interna-
tional guidelines [10]. The diameter of brachial 
artery was measured with a 7.5 MHz transducer. 
Measurements were obtained at 09: 00 AM — 
at baseline, after at least 20 min of resting in the 
supine position in a quiet room and 12 h without 
caffeine, smoking, food or any vasoactive drugs. 
Longitudinal scans of the brachial artery were 
obtained approximately 5cm proximal of the an-
tecubital fossa. The transmit focus zone was set 
at the depth of the anterior brachial artery wall. A 
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view of a 5-cm longitudinal section of the brachial 
artery was recorded on S-VHS for 30 s at baseli-
ne, before and during peak (1 min) reactive hype-
remia (induced by deflation of a blood pressure 
cuff previously inflated to 50 mm Hg above the 
subject’s systolic blood pressure point). Endothe-
lium-dependent, flow-mediated dilation was cal-
culated due to percent change in diameter, 1 min 
after the cuff release and relative to the baseline 
diameter before cuff release.

Carotid intima-media thickness (IMT) of the 
common carotid artery was determined as an index 
of atherosclerosis, at baseline in both carotid arteri-
es, as agreed in the Mannheim consensus [11], with 
a GE medical system VIVID S5, high-resolution 
ultrasonography system, equipped with a 9 MHz li-
near array transducer (figure 1). The carotid arterial 
scanning was performed by a certified sonographer. 
The subjects were examined in a supine position. 
The intima-media thickness was calculated online 
by built-in software of the ultrasound system. The 
mean IMT was calculated for each of the four mea-
surements sites in each patient. 

Figure 1.  Ultrasound measurement technique of 
the carotid intima-media thickness (IMT)

All procedures and laboratory measurements 
were done at baseline and after 3 and 6 months.

According to the results of the investigations, 
the patients were distributed into three groups. 
Group I (n=23 patients) had endothelial dysfunc-
tion (FMD ≤10%) with subclinical carotid athe-
rosclerosis (IMT≥0.9 mm). They received 20 mg 
rosuvastatin daily. Group II (n=25 patients) had 
endothelial dysfunction (FMD<10%) with normal 
carotid IMT (<0.9 mm). They received treatment 

with 10 mg rosuvastatin. Group III (n=15 pati-
ents) represented the control group (FMD>10%, 
IMT<0.9). They received no rosuvastatin therapy. 

All procedures and laboratory measurements 
were done at baseline and after 6 months.

2.2.  Statistical analysis

Continuous variables were evaluated using t – 
test. Pearson correlation coefficient (r) test was used 
to calculate the correlation between the analyzed 
variables. The value of r closer to 1 was considered 
to indicate a stronger correlation of the parameters. 
Simple linear regression analysis was performed to 
assess the relationship between the ADMA plasma 
levels, FMD and IMT in hypertensive patients. The 
independent relationship between these biological, 
functional and structural parameters of endothelial 
dysfunction were also tested by backward multiple 
regression analysis. Parametric data are reported as 
mean±1 standard deviation (SD). Significant diffe-
rences were assumed to be at p<0.05. Statistical 
analysis was performed using MedCalc 12.3.0.0 
statistical software for Windows.

3.  Results

A total of 63 patients were enrolled. Sex dis-
tribution in the group was 30 (47.61 %) men and 
33 (52.38 %) women. Mean age was 55±11, with 
limits between 35 -69 years.

Baseline characteristics of the patients are pre-
sented in table 1.

There were no significant differences between 
the groups with respect to all demographic and blo-
od pressure parameters (p>0. 05). There were also 
no significant statistical differences regarding their 
mean plasma levels of LDL-cholesterol, HDL-cho-
lesterol, triglycerides and glucose (p>0. 05).

According to the criteria of distribution, group 
I patients had significant higher carotid IMT com-
parative to group II and III patients (p<0.0001). 
% FMD was significant lower in group I and II 
patients versus group III patients (p<0.0001). 

Mean plasma ADMA levels were significantly 
higher in group I (0. 96±0.07 μmol/L) in compari-
son with group II (0.67±0. 11 μmol/L; p<0.0001) 
and group III (0. 54±0. 06; p<0.0001). The diffe-
rence between the mean plasma ADMA levels 
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of group II and III patients was also significant 
(p=0.0002). 

In group I patients, with endothelial dysfuncti-
on and subclinical carotid atherosclerosis, % FMD 
was significant correlated with ADMA levels (r=-
0.83, p<0.0001) and IMT (r=-0.7, p=0.0002). 

At multiple regression analysis, independent 
variables associated with % FMD were again IMT 
(p<0.001) and ADMA levels ( P<0.01). 	

In group II, although the ADMA levels were 
still normal in the presence of demonstrated im-
paired flow-mediated vasodilatation, we found 
significant correlations between % FMD and 
ADMA levels (r=-0.93, p<0.001), systolic BP 
(r=0.87, p<0.0001), hs-CRP (r=0.79, p<0.0001), 
diastolic BP (r=0.77, p<0.0001), cholesterol le-
vel (r=0.71, p=0.0001), smoking (r=0.46, p=0.02)
and age (r=0.67, p=0.0002). At backward multiple 
regression analysis, only one variable – ADMA, 
was independent associated with FMD (p<0.001). 

In the non-interventional group III, %FMD 
correlated negative with ADMA levels (r=-0.55, 
p=0.03), cholesterol levels (r=-0.9, p<0.0001), hs-
CRP (r=-0.96, p<0.0001), systolic BP (r=-0.95, 
p<0.0001), diastolic BP (r=-0.94, p<0.0001) and 
smoking (r=-0.7, p<0.003). The multivariable re-

gression analysis found that independent variables 
associated with FMD were ADMA levels (p<0.01), 
hs-CRP (p<0.01) and systolic BP (p<0,001). 

As we see, there is a significant negative and 
independent correlation between ADMA levels 
and %FMD, in all the three groups of hypertensive 
patients. In group I there was a significant positive 
correlation between ADMA levels and IMT. The 
association between FMD, ADMA levels and IMT 
in the three patient groups, at baseline, as outlined 
by a linear regression model, is presented in figure 2. 
All procedures and laboratory measurements were 
repeated after 6 months. Variations of carotid IMT 
were used as indicator of progression or regression 
of atherosclerosis, while those of % FMD as indi-
cator of endothelial dysfunction evolution (table 2).

Analyzing the evolution of antioxidant ADMA 
levels in the three groups, we note that at 6 months 
a significant reduction occurred under rosuvasta-
tin therapy (p<0.001) (table2). This reduction was 
observed in all hypertensive patients treated with 
rosuvastatin, but in group I, with high lipoprotein 
levels ADMA at baseline, the decrease was extre-
mely significant (p<0.0001). A slight increase, not 
statistical significant, occurred in group III pati-
ents, without endothelial dysfunction and without 

Table 1.  Baseline characteristics of the patients
Patients

 characteristics
Group I

n=23 
Group II

n=25
Group III

n=15
P value
I vs. II

P value
I vs. III

P value
II vs. III

Male sex 10 (43 %) 11 (46 %) 9 (6 0%) >0.05 >0.05 >0.05
Age years 53.45±12 51.27±13 52.74±10 >0.05 >0.05 >0.05
Heart rate (beats/min) 74.6±8.8 75,8±9.7 73.9±10.2 >0.05 >0.05 >0.05
Systolic pressure (mmHg) 160. 74±10.54 158.81±9.43 157.66±9.12 >0.05 >0.05 >0.05
Diastolic pressure (mmHg) 99.00±7.21 96.32±5.27 95.46±5.97 >0.05 >0.05 >0.05
Total cholesterol (mg/dL) 188±6.5 190±7.6 188±13.1 >0.05 >0.05 >0.05
LDL (mg/dL) 117±13 115±12 116±8 >0.05 >0.05 >0.05
HDL (mg/dL) 39±4 41±6 40±8 >0.05 >0.05 >0.05
Triglycerides (mg/dL) 138±8 137±10 139±7 >0.05 >0.05 >0.05
Glycaemia (mg/dL) 98±4 97±5 99±3 >0.05 >0.05 >0.05
Smokers % 15 (63 %) 13 (57 %) 9 (60%) >0.05 >0.05 <0.05
hs-CRP (mg/L) 342±47 303±37 201±52 0.0061 <0.0001 <0.0001
Plasma ADMA (μmol/L) 0.96±0.07 0.67±0.07 0.54±0.07 <0.0001 <0.0001 <0.0001
Flow-mediated 
vasodilatation (%) 6.53±0.76 8.48±0.79 14.67±1.17 <0.0001 <0.0001 <0.0001

Intima-media thickness 
(IMT) (mm) 1.15±0.09 0.82±0.07 0.73±0.08 <0.0001 <0.0001 >0.05

Data are presented as number (%) for categorical variables and as mean±1 standard deviation for continuous variables. hs-
CRP: high-sensitive C reactive protein, ADMA: asymmetric dimethyl arginine, BP: blood pressure, SD: standard deviation. 
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statin therapy. The dynamics of these results is 
shown in figure 3.

Concerning the changes at 6 months in endothe-
lium dependent brachial flow mediated vasodilata-
tion (table 2), we note a highly significant increase 
in group I (p<0.001), in patients treated with 20 mg 

rosuvastatin. In group II patients, treated with 10 
mg rosuvastatin, the increase of % FMD was also 
significant (p<0.01). In the control group III, wit-
hout statin therapy, there was a slight increase, but 
not significant (p>0.05). All these dynamic aspects 
of FMD values ​​are represented in figure 4.

Figure 2.  Association between plasma ADMA levels, FMD, carotid IMT, in the three groups of hyper-
tensive patients, at baseline. %FMD: percent flow mediated forearm vasodilatation, IMT: carotid inti-
ma-media thickness, ADMA: asymmetric dimethyl arginine.

Table 2.  Variations of FMD, carotid IMT and plasma ADMA levels 

Values recorded at 6 months 

Group I
n=23
20 mg 

rosuvastatin

Group II
n=25
10 mg 

rosuvastatin

Group III
n=15
No 

rosuvastatin

p value
I vs II

p value
I vs III

p value
II vs III

Plasma ADMA (μmol/L) 0.73±0.06 0.58±0.08 0.56±0.08 <0.0001 <0.0001 >0.05
P value 6 months vs baseline P<0.0001 P<0.001 p>0.05
FMD (%) 7.55±0.81 9.10±0.71 14.53±1.21 <0.0001 <0.0001 <0.0001
P value 6 months vs baseline p<0.001 p<0.01 p>0.05
Carotid IMT (mm) 1.02±0.11 0.80±0.10 0.79±0.11 <0.0001 <0.0001 >0.05
P value 6 months vs baseline p<0.001 p>0.05 p>0.05

Data are presented as mean±standard deviation. %FMD: percent flow mediated forearm vasodilatation, IMT: carotid inti-
ma-media thickness, ADMA: asymmetric dimethyl arginine
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Figure 3.  Dynamics of ADMA values (µmol/L) in 
hypertensive patients treated with rosuvastatin 20 
mg (group I) or 10 mg (group II), versus no rosu-
vastatin therapy (group III). ADMA: Asymmetric 
dimethyl arginine

Figure 4.  Dynamics of FMD values in hyper-
tensive patients treated with rosuvastatin 20 mg 
(group I) or 10 mg (group II), versus no rosuva-
statin therapy (group III). FMD: flow mediated 
vasodilatation

Regarding the changes of carotid IMT (ta-
ble II), we note that in group I, with documented 
subclinical atherosclerosis, IMT decreased sta-
tistical significant (p<0.001) after 6 months tre-
atment with rosuvastatin 20 mg daily. In group II 
(10 mg rosuvastatin therapy), IMT decreased not 
statistical significant (p>0.05), while in group III 
patients (no rosuvastatin), there was a slight incre-
ase in IMT (p>0.05). The dynamics of IMT is pre-
sented in figure 5.

The dose of 20 mg rosuvastatin administered 
daily for 6 months was highly efficient in impro-
ving endothelium dependent vasodilatation and in 
reducing carotid IMT (p<0.001) in group I hyper-
tensive patients. At 6 months, the association 
between the biochemical, functional and structu-
ral parameters of endothelial dysfunction remai-

ned significant, but less strong than at baseline ( % 
FMD with ADMA: r=-0.51, p<0.02; % FMD with 
IMT: r=0.51, p<0.02, ADMA with IMT: r=-0.44, 
p<0,04) (figure 6). 

Figure 5.  Dynamics of FMD values in hyper-
tensive patients treated with rosuvastatin 20 mg 
(group I) or 10 mg (group II), versus no rosuva-
statin therapy (group III). IMT: carotid intima-
media thickness

In group II patients, 10 mg rosuvastatin admi-
nistered daily for 6 months improved significant 
% FMD (p<0.01), but did not influence signifi-
cantly carotid IMT. Plasma ADMA levels decrea-
sed significantly (p<0.0001) and correlated nega-
tive with % FMD (r=-0.51, p<0.02) and positive 
with carotid IMT(r=0.54, p<0.006) There was a 
strong positive association between %FMD and 
IMT (r=0.80, p<0.001).

In group III (control group), the changes in the 
evaluated parameters were not significant and the 
associations between %FMD, ADMA levels and 
IMT were not statistical significant (figure 6).

4.  Discussion

Asymmetric dimethyl arginine (ADMA), an 
analogue of L-arginine, is a product of metabolism 
that is present in blood in normal conditions. Ele-
vated ADMA levels induce endothelial dysfuncti-
on by inhibiting NO synthesis, and thereby favor 
atherosclerosis [12]. ADMA levels are increased 
in different conditions- essential hypertension, 
hypercholesterolemia, atherosclerosis, chronic 
heart failure, diabetes mellitus and chronic renal 
failure [13-14]. A number of studies have reported 
ADMA as a new and powerful risk marker of car-
diovascular disease. Increased levels of ADMA in 
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patients with coronary artery disease are a strong 
predictor for cardiovascular events and for gene-
ral and cardiovascular mortality, the predictive 
power overcoming traditional cardiovascular risk 
factors [15]. Interventions such as treatment with 
L-arginine have been shown to improve endothe-
lium-mediated vasodilatation in people with high 
ADMA levels [16]. One study has stated that ro-
suvastatin therapy lowers plasma ADMA levels in 
patients with hypercholesterolemia [17].

The relationship between ADMA and essenti-
al hypertension is a rather new field of research. 
During recent studies, repeated measurements of 
ADMA plasma concentrations have been found to 
be higher in hypertensive patients, compared with 
normotensive healthy subjects, suggesting a syste-
mic damage to the NO production levels [18-21].

In our study, hypertensive patients without 
hypercholesterolemia were included. Those with 

carotid IMT ≥ 0.9 mm, brachial FMD ≤ 10% and 
high plasma ADMA levels (≥0.8 µmol/L) were 
included in group I and received conventional 
antihypertensive therapy and 20 mg rosuvastatin 
daily. Group II patients had endothelial dysfunc-
tion (FMD≤10%) with normal carotid IMT (<0.9 
mm) and normal plasma ADMA (<0.8 µmol/L). 
They received conventional antihypertensive the-
rapy and treatment with 10 mg rosuvastatin daily. 
Group III patients represented the control group 
(FMD>10%, IMT<0.9 and plasma ADMA <0.8 
µmol/L). They received only conventional an-
tihypertensive therapy (no statin therapy). 

The ADMA plasma levels were repeated at 
6 months after treatment initiation, because a 
number of studies [22,23] reported that after 
a shorter time (1-3 months), only statistically 
not significant changes occur, for example af-
ter treatment with simvastatin 80 mg and 40 mg. 

Figure 6.  Association between ADMA levels and IMT, respective FMD, in the three groups of hyper-
tensive patients, at six months. %FMD: percent flow mediated forearm vasodilatation, IMT: carotid 
intima-media thickness, ADMA: asymmetric dimethyl arginine.
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In groups I and II, with endothelial dysfunction 
demonstrated by reduced % FMD, rosuvastatin 
therapy for 6 months induced a highly statistically 
significant reduction in plasma ADMA levels: 
from 0.96±0.07 to 0, 73±0.06 (p <0.0001) in gro-
up I and from 0.67±0.07 to 0.58±0.08 (p<0.001) 
in group II. Interestingly, the reduction of ADMA 
levels under rosuvastatin therapy occurred in all 
patients with endothelial dysfunction, even if they 
had normal ADMA values at baseline (group II). 
This is an interesting finding, not noted in previo-
us studies. The difference in ADMA levels betwe-
en groups I and II remained statistical significant 
at 6 months (p<0.0001)

In group III, with no endothelial dysfunction at 
baseline and no rosuvastatin therapy, there was a sli-
ght increase in ADMA values after 6 months (from 
0.54±0.07 to 0.56±0.08, p>0.05). Even so, absolute 
plasma ADMA levels remained with in normal ran-
ge. At 6 months, the difference in ADMA levels re-
mained highly significant compared to those in gro-
up I (p<0.0001), but became not significant when 
compared to those in group II (p>0.05). 

Endothelium-dependent vasodilation, assessed 
by brachial FMD, was significantly improved af-
ter rosuvastatin therapy for 6 months. The greatest 
improvement was observed in group I, at a dose 
of 20 mg, from 6.53±0.76 at baseline to 7.55±0.81 
(p<0.001). In group II, at a dose of 10 mg rosuva-
statin, the improvement was from 8.48±0.79 to 
9.10±0.71 (p<0.01). In the control group, FMD 
increased not significant (p>0.05). At the end of the 
study, the differences between the three groups re-
garding %FMD remained highly statistical signifi-
cant (p<0.0001). There are no data in the literature 
on the minimum time interval after which influence 
of statins on changes in endothelial function can be 
highlighted. In our study, the statin induced improve-
ment in endothelium dependent vasodilatation was 
significant after six months and was dose-dependent.

Structural changes induced by statin therapy 
were assessed by echocardiographic measurements 
of carotid IMT, at baseline and after six months. A 
statistically significant decrease occurred only in 
group I, from 1.15±0, 10 to 1.02±0.11 (p<0.001), 
at a dose of 20 mg rosuvastatin. In group II, with 
normal IMT at baseline at 10 mg rosuvastatin, IMT 
decreased not significant (p>0.05). In group III 
there was a not significant increase, without over-

coming normal values. These results suggest that 
high doses (20 mg) rosuvastatin act on subclinical 
atherosclerotic lesions and induce their regression, 
the effect being significant at six months. This re-
sult is concordant with the outcomes of other studi-
es that reported a dose-dependent decrease of IMT 
under rosuvastatin therapy [24,25]. Following the 
dynamics of ADMA, FMD and IMT changes un-
der rosuvastatin therapy, we observed that FMD 
and ADMA changes were dose independent, while 
IMT changed only at the dose of 20 mg. 

At baseline, ADMA levels had a significant ne-
gative correlation with FMD in all three groups of 
hypertensive patients (group I: r=-0.97, p<0.001; 
group II: r=-0.93, p<0.001, group III: r=-0.63, 
p<0.01). We found a significant positive correla-
tion between ADMA and IMT in group I (r=0.92, 
p<0.001) and in group II (r=0.82, p<0.001). The-
re was no significant correlation between ADMA 
and IMT in group III (r=0.23, p >0.05). The stron-
gest correlation between ADMA and FMD, res-
pectively IMT was found in group I patients, with 
subclinical carotid atherosclerosis and endothelial 
dysfunction. These data suggest the possibility to 
use ADMA levels as a surrogate marker of these 
structural and functional conditions.

At 6 months evaluation, the strongest corre-
lations between biochemical (ADMA), func-
tional (FMD) and structural parameters (IMT) 
were found in group I, were we also noticed the 
best response to high dose rosuvastatin therapy 
for 6 months. Analyzing the negative correlation 
between ADMA and FMD, we notice that it is less 
strong than at baseline, but still significant in all 
three groups: group I (r=-0.76, p<0.001), group II 
(r=-0.56, p<0.01), group III (r=-0.52, p=0.045). 
These data are in concordance with literature [26]. 

The positive ADMA-IMT correlation rema-
ins significant, but less strong in group I (r=0.62, 
p=0.002) and in in group II (r=0, 57, p=0.003), in 
accordance with the literature [27]. This correla-
tion remains not significant in the control group 
III (p>0.05). The significant reduction of IMT in 
group I indicates that high dose (20mg) rosuvasta-
tin therapy may induce the regression of subclini-
cal atherosclerotic lesions in hypertensive patients 
with high plasmatic ADMA levels.

Regarding the negative correlation FMD with 
IMT after 6 months of treatment, it remains significant 
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the first two groups and not significant in the control 
group, the data being in accordance with the literatu-
re [27]. This correlation was stronger in group II (r=-
0.77, p<0.01) than in group I (r=-0.71, p<0.01). The 
progressive increase in FMD and decrease in IMT 
in hypertensive patients with endothelial dysfunc-
tion reflect functional and structural changes in the 
arterial wall under rosuvastatin therapy. In group III, 
the direction of correlation between FMD and IMT 
changed at 6 months, becoming positive, although 
it remained not statistical significant. This change 
of direction indicates a worsening of endothelial 
function, even in the absence of detectable functi-
onal or structural abnormalities of the arterial wall.  
All these aspects observed in our study demonstrate 
the benefits of rosuvastatin treatment in hypertensi-
ve patients with documented endothelial dysfunc-
tion. Rosuvastatin treatment had benefits in impro-
ving endothelial function in group I, this fact being 
demonstrated by the decrease in ADMA levels and 
the increase in FMD. In group II patients, rosuvasta-
tin therapy prevented the progression of endotheli-
al dysfunction, this fact being demonstrated by the 
decrease of the already normal ADMA levels and 
by the increase in FMD. The doses of 20 mg rosu-
vastatin were efficient in inducing the regression of 
subclinical atherosclerotic lesions. All these benefits 
observed in groups I and II are independent of the 
dose level and regardless of the severity of the func-
tional or structural changes of the arterial wall. The 
intensity of the benefits is dose dependent. 

These results suggest that rosuvastatin admi-
nistration is efficient anytime in the treatment of 
hypertension, having a beneficial effect on the 
functional and structural condition of the endo-
thelium. Rosuvastatin therapy prevented the occu-
rrence and worsening of endothelial dysfunction. 
It also slowed the progression and promoted the 
regression of subclinical atherosclerotic lesions. 

ADMA appears as a possible marker of endothe-
lium functional status, its pathological changes are 
early and strong correlated with the degree of endo-
thelial dysfunction, while dynamics can be used as 
a predictive marker for the evolution of subclinical 
atherosclerotic lesions in hypertensive patients.

Rosuvastatin treatment in patients with essenti-
al hypertension seems to improve all biochemical, 
structural and functional parameters of endothe-
lial dysfunction. Our study demonstrates that a 6 

months treatment with rosuvastatin significantly 
improves FMD, this improvement being signifi-
cantly associated with a reduction in ADMA and 
IMT values. The clinical benefits are positive corre-
lated with the doses of rosuvastatin used, being gre-
ater at the dose of 20mg vs 10 mg. These results 
suggest that rosuvastatin treatment in hypertensive 
patients can improve endothelial function and slow 
down the progression of subclinical atherosclerotic 
lesion. The dynamics of plasma ADMA correla-
tes significantly with the functional and structural 
changes of the endothelium, suggesting its useful-
ness as a surrogate marker for these parameters.

Learning points

Endothelial dysfunction increases cardiovascular 
risk in patients with essential arterial hypertension.

Increased ADMA levels correlate strongly with 
impaired endothelium dependent flow-mediated 
vasodilatation and with the presence of subclini-
cal atherosclerotic lesions. In hypertensive patients 
without hypercholesterolemia, Rosuvastatin the-
rapy at 20 mg daily for 6 months reduces biochemi-
cal, functional and structural markers of endothelial 
dysfunction, while at 10 mg daily for 6 months it 
influences significantly ADMA levels and %FMD.
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Abstract

Background & Objective: Doxorubicin-
cyclophosphamide (AC) is used in the treatment 
of breast cancer as first line therapy. A retrospecti-
ve study was conducted to determine the hepato-
toxicity and grading of toxic effects on the basis of 
increase in the levels of hepatic enzymes by using 
this protocol in different age groups. 

Methods: Total 75 patients (n=75) on AC pro-
tocol with breast cancer were included in this stu-
dy. The patient records were retrospectively eva-
luated. The age, gender, body surface area, doses 
and disease status were recorded by reviewing 
their charts. Hepatotoxicity was diagnosed on the 
basis of abnormal level of liver enzymes and gra-
ded according to common terminology criteria 
for adverse events (CTCAE) in patients suffering 
from breast cancer in order of increasing adversity 
from grade-1 to grade-4. 

Results: Out of 75 patients, 49 (65%) had va-
lue of liver enzymes within range. While remai-
ning 26 patients (35%) had different grades of 
hepatotoxicity. According to the CTCAE out of 
26 patients, the value of liver enzymes raised and 
graded as grade-1 toxicity in 22 patients (85%), 
grade-2 toxicity in 3 patients (11%) and garde-3 
hepatotoxicity in only one patient (3%). 

After applying ANOVA through SPSS version 
21, results of the comparison between the baseline 
pretreatment values with the post-therapy values 
show highly significant increase (p < 0.05) in the 
levels of alanine transaminase (ALT), aspartate 
transaminase (AST) and gamma glutamyl transfe-
rase (GGT) in patients received AC protocol. 

Conclusion: It is concluded that Doxorubicin-
Cyclophosphamide (AC) protocol equally causes 

hepatotoxicity in the patients of all age groups 
with breast cancer. Therefore, AC affects the liver 
functions significantly as a result of increase in he-
patic enzymes. 

Key words: Breast cancer, AC Protocol, Hepa-
tic enzymes, Hepatotoxicity

Introduction

Cancer is a fatal disease that results into more 
deaths than heart diseases (1). Cancer affects every 
human being regardless of the age, gender and so-
cioeconomic status (2, 3). Global cancer prevalence 
is recorded to be 28.8 million from 2004 to 2008 
(4). In the United States of America (USA), 1.6 
million new cases of cancer are registered annually 
and according to a report, about 0.57 million pati-
ents died of cancer in the year 2012 (5). However in 
Europe, 3.45 million new cases of cancer are regi-
stered each year while 1.75 million died as a result 
of cancer in the year 2012 (6). Lung, colorectal, fe-
male breast and male prostate are the four main sites 
of cancer (7). Incidence of breast cancer is higher 
in patients who do not annually undergo screening 
examination through mammography (8). Several 
carcinogens cause cancer, which may be as minor as 
irritant scratch, to as complex as viruses and chemi-
cals (9). Any transformation occurring in the genetic 
makeup of the cells may lead to cancer development 
of different intensities and stages (10, 11). Cancers 
are being treated stereoscopically by using surgi-
cal, radiological or chemotherapeutic methods with 
good or bad results (12). There are several antican-
cer drugs which are extensively used either alone or 
in combination (13). These drugs beside producing 
therapeutic effects exert deleterious side-effects (14) 
and bringing structural and physiological changes in 
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vital organs of the body(15) as liver, kidney, brain 
and blood (16). Risk of death also increases in pa-
tients being treated with anticancer drugs (17). For 
the sake of patient safety, it is very important to mo-
nitor therapy either by checking plasma concentra-
tion of drugs through therapeutic drug monitoring 
(TDM) (18) or by avoiding serious adverse effects 
by monitoring laboratory values (19). 

Liver is involved in the regulation of vital func-
tions including synthesis, biotransformation and 
clearance of xinobiotics (20). Majority of anticancer 
drugs are metabolized through cytochrome-P450 
subfamily CYP3A4 (21, 22). Most of the drug-in-
duced injuries are attributed to liver because of their 
direct involvement in metabolism especially xeno-
biotics. In xenobiotic-induced hepatic damage, the 
hepatocytes are often disrupted by the activity of 
cytochrome P-450 enzymes (23). Liver injury may 
be either drug related or idiosyncratic (24, 25). Che-
motherapeutic agents also cause hypersensitivity 
reactions or direct hepatic toxicity in combination 
therapy as well as in monotherapy. It has been re-
ported that permanent disability or death of pati-
ents can occur through idiosyncratic drug-induced 
liver injury (IDILI) (26). Glutathione S-transferase 
(GST) depletion is associated directly with the che-
motherapeutic drug induced liver injuries (27). One 
of the reasons for drug withdrawal from the market 
is drug-induced liver injury (DILI) (28, 29). Drug-
induced liver injury can be minimized or avoided by 
monitoring liver function tests (LFTs) on regular ba-
sis. As a result of liver injury the plasma concentra-
tion of cyctotoxic drugs having narrow therapeutic 
window increases that in turn increases the potential 
for the side-effects and adverse drug reactions (30). 
Therefore, it is important to monitor hepatic functi-
ons during antineoplastic chemotherapy (31). 

Doxorubicin is an anthracycline antibiotic obta-
ined from Streptococcus peucetius (32). It is exten-
sively used as a part of therapeutic regimen in the 
treatment of various malignancies as lymphomas, 
sarcomas and leukemias (33, 34). It is quite frequ-
ently a part of therapeutic protocols like 5-flurou-
racil, doxorubicin and cyclophosphamide (FAC), 
doxorubicin, bleomycin, vinblastine, decarbazine 
(ABVD), doxorubicin and cyclophosphamide (AC) 
and cyclophosphamide, doxorubicin and 5-flurou-
racil (CAF) (13). Doxorubicin causes subclinical 
hepatotoxicity (35-37) and also has been observed 

to be hepatotoxic as a part of combination therapy 
in cancer patients (38). For instance doxorubicin 
is given as combination therapy with cyclophos-
phamide (AC- protocol) in the treatment of breast 
cancer (39). This protocol (AC) is considered to 
be preferred first line therapy in breast cancer (40). 
Doxorubicin and cyclophosphamide also have been 
reported to cause grade-2 to grade-3 hepatotoxicity 
when used in combination with docetexal combi-
nation chemotherapy protocol (41). Cyclophospha-
mide alone has been reported to cause hepatotoxi-
city at very low dose (42) and it undergoes redox 
cycling depleting glutathione (GSH) reserves in 
tissues leading to the generation of highly reactive 
species (free-radicals) and ultimately the hydro-
gen peroxide, which is a proposed mechanism of 
oxidative stress leading to hepatotoxicity (43, 44). 
Cyclophosphamide is administered intravenously 
and being cleared by hepatic metabolism and biliary 
excretion. Doxorubicin being metabolized through 
liver has direct adverse effects including hepatitis, 
cholestatic jaundice, steatosis and elevation of liver 
enzymes. Liver toxicity is due to mitochondrial oxi-
dative stress and formation of peroxynitrite (45).

Materials and Methods

This study was conducted retrospectively at the 
specialized cancer research centre in Lahore, Paki-
stan after the approval from the ethical committees 
of the hospital and the University College of Phar-
macy, University of the Punjab, Lahore, Pakistan. 
The patients included in this study were newly di-
agnosed with primary breast cancer having normal 
baseline hepatic functions and being treated with 
AC-protocol. Total sample size of study population 
was 75 patients (n=75). The patients were further 
categorized into three groups on the basis of age 
(20-35 years, 36-50 years and 51-65 years). 

Baseline liver function tests (LFTs) were asse-
ssed before initiating drug therapy. The LFT va-
lues were checked every 21 days after each cycle 
(cycle 1, cycle 2, cycle 3 and cycle 4). The data 
was recorded on a data collection form, further 
SPSS (version 21) statistical software package for 
data entry and analysis was used. Statistical test 
ANOVA was applied for comparing the changes 
in LFTs from the baseline (pre-treatment) with the 
post-cycle laboratory values. 
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Results

Total 75 patients were categorized according to 
the age into three groups as group-1(20-35 years), 

group-2 (36-50 years) and group-3(51-65 years) 
and the distribution number of total patients accor-
ding to age group was 18, 40 and 17 respectively 

Table 1.  Mean Baseline and Post Therapy Values of Liver Enzymes in different age groups
Laboratory 
Parameters

Age Group
(Years)

Baseline Value
U/L

Cycle 1
U/L

Cycle 2
U/L

Cycle 3
U/L

Cycle 4
U/L

Alanine 
transaminase (ALT)

20-35 20.72 25.83 26.86 28.89 32.80
36-50 20.67 25.65 26.60 28.57 32.45
51-65 20.33 25.58 26.23 27.12 30.45

Aspartate 
transaminase 
(AST)

20-35 20.72 22.82 25.31 27.13 30.41
36-50 20.69 22.49 24.99 26.96 30.20
51-65 20.67 22.55 24.33 25.43 28.30

Gamma glutamyl 
tranferase 
(GGT)

20-35 20.68 28.41 29.68 30.17 35.87
36-50 20.99 28.91 30.28 30.35 36.93
51-65 20.67 28.35 28.42 29.77 36.22

Table 2.  Comparison of mean baseline and post-therapy value in total population

Laboratory Parameter
(U/L)

Alanine transaminase 
(ALT)
(U/L)

Aspartate transaminase
(AST)
(U/L)

Gamma glutamyl 
tranferase

(GGT)
(U/L)

Baseline Value 20.67 20.69 20.99
Post-therapy value 32.45 30.2 36.93

S.D +21.57 +15.23 +30.75
M4-M0 11.78 U/L 9.51 U/L 15.94 U/L

p-value* < 0.001** < 0.001** < 0.001**
* Comparison of mean baseline and post-therapy value	 **highly significant

Table 3.  Multiple Comparison of different groups using ANOVA 
Multiple Comparisons ALT AST GGT

 Cycles (I) Cycles (J) Mean Difference 
(I-J) Sig. Mean Difference 

(I-J) Sig. Mean Difference 
(I-J) Sig.

Baseline

Cycle1 -4.98667 .281 -1.80000 .864 -7.92000 .230
Cycle2 -5.93333 .133 -4.29333 .134 -9.29333 .106
Cycle3 -7.90667* .016 -6.26667* .006 -9.36000 .102
Cycle4 -11.78667* .000 -9.50667* .000 -15.94667* .000

Cycle1

Baseline 4.98667 .281 1.80000 .864 7.92000 .230
Cycle2 -.94667 .996 -2.49333 .654 -1.37333 .996
Cycle3 -2.92000 .777 -4.46667 .108 -1.44000 .996
Cycle4 -6.80000 .057 -7.70667* .000 -8.02667 .218

Cycle2

Baseline 5.93333 .133 4.29333 .134 9.29333 .106
Cycle1 .94667 .996 2.49333 .654 1.37333 .996
Cycle3 -1.97333 .936 -1.97333 .819 -.06667 1.000
Cycle4 -5.85333 .142 -5.21333* .038 -6.65333 .405

Cycle3

Baseline 7.90667* .016 6.26667* .006 9.36000 .102
Cycle1 2.92000 .777 4.46667 .108 1.44000 .996
Cycle2 1.97333 .936 1.97333 .819 .06667 1.000
Cycle4 -3.88000 .540 -3.24000 .395 -6.58667 .416

Cycle4

Baseline 11.78667* .000 9.50667* .000 15.94667* .000
Cycle1 6.80000 .057 7.70667* .000 8.02667 .218
Cycle2 5.85333 .142 5.21333* .038 6.65333 .405
Cycle3 3.88000 .540 3.24000 .395 6.58667 .416

*The mean difference is significant at the 0.05 level. 
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(n=75). Parameters as ALT, AST and GGT were 
included. After recording laboratory values of these 
parameters prior to treatment and at the end of each 
cycle, mean of baseline values after each cycle up 
to maximum cycle-4 were recorded Table 1. 

Changes in Alanine transaminase (ALT) levels 
Baseline value of ALT was normal in all pa-

tients before the start of therapy. After completion 
of cycle 4, value of ALT remained within range in 
56 (75%) patients. The value of ALT according to 
the CTCAE showed grade-1 toxicity in 17 (22%) 
patients and grade-2 toxicity in 2 (3%) patients. In 
patients of age group 20-35 years, 13 (72%) pa-
tient values remained within normal range. Only 1 
(6%) patient showed grade-2 toxicity and 4 (22%) 
patients showed grade-1 toxicity. In age group of 
36-50 years, 29 (72%) patients remained within 
normal range. Only 1(3%) patient showed grade-2 
toxicity and 10 (25%) patients with grade-1 toxic-
ity. In elderly patients of age group 51-65 years, 
17 (85%) patients were within normal range and 
grade-1 toxicity had been seen in 3 (15%) patients.

Figure 1.  Hepatotoxicity grading in patients of 
different age groups on the basis of ALT value

Figure 2.  Trend graph of ALT during AC therapy 
in patients of different age groups. 

Mean baseline value of ALT in patients 
receiving AC protocol
The mean baseline value of ALT in patients re-

ceiving AC protocol before starting therapy was 
23 U/L and the value increased significantly (p < 
0.05) after completion of cycle 4. The average va-
lues of all patients were 25.65 U/L, 26.60 U/L, 2, 
28.57 U/L and 32.45 U/L after cycle 1, cycle 2, 
cycle 3 and cycle 4 respectively. In different age 
groups, same trend was observed and there was 
no significant difference in the average baseline 
values and post therapy values of ALT between 
different age groups. 

Changes in Aspartate Transaminase (AST) 
Levels
Baseline value of AST was also within normal 

range in all patients. After completion of therapy, 
value of AST remained within range in 62 (83%) pa-
tients. The value of AST according to the CTCAE 
showed grade-1 toxicity in 13 (17%) patients. In pa-
tients of age group 20-35 years, 15 (83%) patients re-
mained within normal range. Only 3 (17%) patients 
showed grade-1 toxicity. In age group of 36-50 ye-
ars, 37 (92%) patients remained within normal ran-
ge. Only 3 (8%) patients showed grade-1 toxicity. In 
elderly patients of age group 51-65 years, 10 (59%) 
patients were within normal range and grade-1 toxi-
city had been seen in 7 (41%) patients.

Average baseline value of AST before starting 
therapy was 20.69 U/L. The values of AST, 22.49 
U/L, 24.99 U/L, 26.96 U/L and 30.20 U/L after 
cycle 1, cycle 2, cycle 3 and cycle 4 were observed 
respectively. In different age groups, same trend 
was seen and there was no significant difference in 
the average baseline values and post therapy valu-
es of AST of different age groups. 

Figure 3.  Hepatotoxicity grading in patients of 
different age groups on the basis of AST value
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Figure 4.  Trend graph of AST during AC therapy 
in patients of different age groups

Changes in Gamma Glutamyl Transferase 
(GGT)
After completion of therapy, value of GGT re-

mained within normal range in 52 (69%) patients. 
The value of GGT according to the CTCAE showed 
grade-1 toxicity in 20 (27%) patients, grade-2 toxi-
city in 2 (3%) patients and 1(1%) patient with gra-
de-3 toxicity. In patients of age group 20-35 years, 
15 (83%) patients remained within normal range. 
Only 3 (17%) patients show grade-1toxicity. In age 
group of 36-50 years, 28 (70%) patients remain 
within normal range. A total of 11 (27%) patient 
showed grade-1 toxicity and 1 (3%) patient graded 
toxicity of grade 3. In elderly patients of age group 
51-65 years, 9 (53%) patients were within normal 
range and grade-1 toxicity had been seen in 6 (35%) 
patients and grade-2 toxicity in 2 (12%) patients.

The average baseline value of GGT before star-
ting therapy was 20.99 U/L and the value increa-
sed after completion of therapy. The values were 
28.91 U/L, 30.28 U/L, 30.35 U/L and 36.93 U/L 
after cycles 1, 2, 3 and 4 respectively. The values 
increased in the same trend in all age groups du-
ring course of therapy. 

Figure 5.  Hepatotoxicity grading in patients of 
different age groups on the basis of GGT value

Figure 6.  Trend graph of GGT during AC the-
rapy in patients of different age groups

Discussion 

Anticancer drugs are used under strict supervisi-
on because of their narrow therapeutic window, high 
toxicity profile, significance of drug interactions and 
finally to prevent recurrence of painful disease condi-
tion (46). Anticancer drugs affect every tissue of the 
body because the drug is unable to target the site of 
tumor (47). The drugs especially affect vital organs 
like brain, heart, kidney or liver and to those which 
undergo rapid cell division (30, 48). Therefore, ca-
reful monitoring is required to ensure desired outco-
mes. Liver enzymes are the most important parame-
ter to evaluate liver functions (49) and the increased 
level of liver enzymes are the indicator of some sort 
of injury to hepatocytes (50, 51). A very limited data 
is available on hepatotoxicity induced by combinati-
on chemotherapy in patients with breast cancer. Mild 
hepatotoxicity had been reported in 75% patients on 
the basis of abnormal AST and ALT level during the 
course of docetaxel, doxorubicin, and cyclophospha-
mide therapy (41). In this study, after analyzing the 
data using SPSS statistical tool by applying paired 
ANOVA between baseline values (pretreatment va-
lues) and post treatment values after cycle 4, showed 
that there was highly significant increase ( p < 0.05 ) 
in the levels of ALT, AST and GGT in patients recei-
ving AC protocol. The baseline values of all patients 
included in this study were normal (pre-treatment). 
After completion of therapy, overall results shown 
the value of liver enzymes was within range in 49 
(65%) patients and in remaining 26 (35%) patients 
with different grades of hepatotoxicity. According 
to the CTCAE out of these 26 patients, on the basis 
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of value of liver enzymes was categorized as gra-
de-1 toxicity in 22 (85%) patients, grade-2 toxicity 
in 3(11%) patients and grade-3 hepatotoxicity in 
1(3%) patient only. In patients of age group 20-35 
years, 15 (87%) patients were within normal range 
and the remaining all 3 (17%) patients had shown 
grade-1 toxicity. In age group of 36-50 years, va-
lue of liver enzymes was within range in 27 (67%) 
patients and in remaining 13 (33%) patients shown 
different grades of hepatotoxicity after completion of 
therapy. According to the CTCAE, out of these 13 
patients, the value of liver enzymes showed grade-1 
toxicity in 11 (84%) patients, grade-2 toxicity in 1 
(8%) patient and while grade-3 hepatotoxicity in 1 
(8%) patient. In elderly patients of age group 51-65 
years, 17 (85%) patients were within normal range 
and remaining 8 (47%) patients had shown different 
grades of hepatotoxicity. Of these 7 (78%) showed 
grade-1 toxicity and grade-2 toxicity had been obser-
ved in 3(22%) patients.

It demonstrated that when the offending agent 
was discontinued the elevated liver enzyme condi-
tion reverted back to normal assuring the involve-
ment of drug in liver toxicity. Once the symptoms 
of drug-induced injury appear, discontinuation of 
the offending agent is the only measure practiced 
(52). The genetic background of each patient sho-
uld be addressed by pharmacogenomic approaches 
(53). The only way to avoid drug-mediated liver 
injuries is screening methods for identification of 
enzymatic deficiencies that alter the metabolism 
and by modifying pharmacogenomic approaches 
before drug being used in patients (54). Doxorubi-
cin induced hepatotoxicity, like cardiotoxicity (55) 
may be prevented by screening methods that can 
identify aberrant gene polymorphism or enzyme 
deficiency before a patient uses anthracycline oxi-
dant drug (56). The patients should be given some 
additional supplements prophylactically like vita-
mins E and C which reduce the oxidative stress 
induced by doxorubicin (57).

Conclusion

Doxorubicin-Cyclophosphamide (AC) proto-
col equally causes hepatotoxicity in all age gro-
ups of patients with breast cancer. Therefore, it is 
concluded that AC affects the liver functions by 
significantly increasing the hepatic enzymes.
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Abstract

Background: Staphylococcus aureus (S. au-
reus) is the most virulent bacterium of that cau-
ses a wide spectrum of diseases including sinusi-
tis. Sinusitis is defined as an inflammation of the 
paranasal sinuses and it can occur with bacterial 
infection. Since traditional diagnosis of sinusitis 
such as bacterial culture is time-consuming, there 
is an urgent need to implement a rapid and sensiti-
ve method to detect S. aureus sinusitis. 

Objectives: In the present study, application of 
PCR in detection of S. aureus in sinusitis samples 
was evaluated.

Materials and Methods: Polymerase chain 
reaction (PCR) was performed with species-spe-
cific primers set to identify the S. aureus nuc gene. 
Also, by providing serial dilution and doing PCR 
on DNA extracted from different micro-organi-
sms, sensitivity and specificity of the primers were 
evaluated respectively.

Results: The product of 279 bp length correctly 
amplified by optimized PCR and observed on 
1.5% agarose gel electrophoreses. Evaluating 
selected primers in various PCR tests with DNA 
extracted from other micro-organisms demonstra-
ted 100% specificity of PCR technique. Moreo-
ver, sensitivity of the test was 10 CFU of bacteria. 
According to our PCR analysis, 18 out of 55 studi-
ed specimens (32.7%) from patients with sinusitis 
were positive for S. aureus. 

Conclusion: Current study showed that the used 
PCR method is a high specific, sensitive and reliable 
tool for rapid detection of S.aureus-derived sinusitis. 

Key words: Staphylococcus aureus, sinusitis, 
PCR, detection, nuc gene.

1.  Background

S. aureus is an omnipresent bacterium and the 
most virulent of staphylococcal species in the 
micrococcaceae family, and its versatility has been 
shown by remaininga main cause of morbidity and 
mortality in spite of theavailability of tremendous 
potent anti-staphylococcal antibiotics(1). The ma-
jor habitat of S. aureus is warm-blooded animals, 
including nasal membrane and skin of humans(2) 
and causes a wide range of diseasesuch as noso-
comial and community-based infections either by 
toxin-mediated or non–toxin-mediated mechani-
sms(3). It has been found that S. aureus consistently 
exist in cultures from patients with sinusitis (4). Si-
nusitis is inflammation, bacterial or viral infections, 
allergy, and autoimmune problems in paranasal si-
nuses. Sinusitis has two major types, acute sinusitis 
and chronic sinusitis.According to the sinus cavity 
including maxillary, frontal, ethmoidal and spheno-
idal, sinusitis causes pain in different parts of head 
and face.Sinusitis is counted as a common condi-
tion, with between 24–31 million cases occurring 
in the United States annually(5,6). According to the 
high frequency of patients who suffer from sinusi-
tis, using rapid and efficient technique plays crucial 
role in managing the disease. 

Culture-based testing is the main andconventio-
nal method fordiagnosis of bacterial infections. The 
diagnostic results which rely on these cultivations 
are usually time-consuming. In addition, someti-
mes due to unsuitable culturing conditions and met-
hods, scientists face failure in cultivating of bacte-
ria under laboratory condition. Molecular methods 
based on nucleic acid amplification can be used to 
overcome these problems and reach more rapid and 
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sensitive detection(7). These effectiveness and sen-
sitivity has made PCR as an attractive tool in di-
agnostic laboratories and leaded fast diagnosis of 
infectious diseases. PCR-based methodsenable the 
direct detection of low concentrations of bacteria or 
bacterial products in clinical materials (8,9).

One of the most important pathogenic factors 
of S. aureus is its thermo-stable nuclease. There 
are two open reading frames (ORFs) in S. aure-
us genomes which have been predicted to encode 
nucleases, one of which named nuc and produces 
an extracellular thermo-nuclease (TNase) with a 
molecular weight of 17KDa(1,9).It is an endo-
nuclease, degrading both DNA and RNA of the 
host by hydrolyzing phosphodiester bonds (10).
The enzymatic activity of TNase resists at 100’C 
for at least 1 h (11).The identification of S. aure-
us isolates is carried out in different laboratories by 
enzymatic test for TNase production(12). However, 
streptococci and probably other bacteriacan produ-
ce nucleases whose enzymatic activities are similar 
to S. aureus TNase (13). On the other hand, earlier 
studies have demonstrated that S. aureus TNase has 
species-specific sequences(14)and therefore am-
plifying this unique sequence of thermo-nuclease 
gene can provides rapidand sensitive method fordi-
agnosis of S. aureus. In this research, we used PCR 
method by the S.aureus nuc gene amplification, as 
a rapid, specific and sensitive method for diagnosis 
of S. aureus in sinusitis samples.

2.  Objectives

In the present study, the PCR method as a ra-
pid, sensitive and specific method to detection of 
S.aureus in sinusitis samples was evaluated. 

3.  Materials and Methods

3.1.  Samples and DNA extraction

55 specimens werecollectedfrom the secretion 
of maxillary, frontal and sphenoidal sinuses in Ra-
sool Akram hospital (Tehran-Iran) by endoscopic 

method. Genomic DNA was extracted by DNG-
plusTM DNA extraction kit (Cinagen, Iran). For 
DNA extraction, 100 μl sample was mixed with 
400 μl of DNG solution and was vortexed (20 
sec). 350 μl isopropanol was added and mixed by 
inverting the tube (10 times) gently, and then cen-
trifuged at room temperature (12000 rpm/5 min). 
Supernatant was gently removed, 1 ml 75% etha-
nol was added to it and mixed by inverting the tube 
(10 times) and centrifuged (12,000 rpm/5 min). 
The supernatant was removed again. The ethanol 
was totally poured off, and the pellet was dried (65 
°C for 5 min). The DNA pellet was dissolved in 
100 μl of double distilled water (DDW), or in Tris 
10 mM (pH = 8) for long time storage in -20°C.

In addition, the genomic DNA from S. aure-
us ATCC 25923, as a standard strain and control 
positive, was extracted using DNG-plusTM DNA 
extraction kit (Cinagen, Iran). The lyophilized S. 
aureus ATCC 25923 were resolved in 5 ml nutrient 
broth and incubated in 37°C 24hrs. The cultures of 
S. aureus ATCC 25923 which were at the late-lo-
garithmic phase were chosen for DNA extraction.

3.2. Primers and PCR

To evaluate the presence or absence of the se-
lected gene, nuc, all PCR tests were carried out in 
Thermal Cycler using the species-specific primers 
set.The amplification conditions and primers for 
nuc gene are shown in Table 1. The PCR mixture 
included 14 µl DDW, 2.5 µlbuffer (10X), 0.75 µl 
MgCl2, 0.5 µl dNTP, 1 µl of each primer (forward 
and revers), 0.3 µl Taq DNA polymerase enzyme 
and 5 µl template DNA. Amplified DNA segments 
were analyzed by 1.5% agarose gel electrophore-
sis containing cyber green dye and were observed 
by UV light and trans illuminator machine.

3.3. 	Sensitivity and specificity test for detection

For testing the sensitivity of PCR reaction, the 
extracted DNA concentration of S. aureus was 
obtained using spectrophotometer in OD=260. 

Table 1.  The Primers and Condition of PCR Analysis

Gene Primers Sequence( 5---> 3)
Conditions

Denaturation Annealing Extension Cycle(No)

nuc F:5′ GCGATTGATGGTGATACGGTT3′
R:5′AGCCAAGCCTTGACGAACTAAAGC3′ 94ºc- 30s 58ºc- 30s 72ºc- 40s 35



HealthMED - Volume 8 / Number 6 / 2014

Journal of Society for development in new net environment in B&H 725

Genomic DNA copy numbers were determined 
based on Genome Copy Number (GCN) formu-
la and the genome size of S. aureus. Serial dilu-
tion was then provided from the template having 
known genome number by Kokh method and PCR 
analysis was performed on each dilution. In addi-
tion, the specificity of PCR reaction was assessed 
by analyzing the obtained DNA from Haemo-
philus influenza, Escherichia coli, Mycoplasma 
pneumonia, Herpes Simplex Virus, Pseudomonas 
aeruginosa, ,Brucella abortus, Legionella  pneu-
mophila and S. aureus using PCR.

4.  Results

4.1.  Result of PCR test on sinusitis specimens

After DNA extraction of 55 specimens collec-
ted from pus and biopsy samples from pati-
ents with sinusitis, PCR test was performed and 
PCR products were analyzed by 1.5% agaros gel 
electrophoresis. A total of 18 out of 55 specimens 
(32.7%) could produce a 279 bp band related to S. 
aureus nuc gene (As shown in Figure 1).

Figure 1.  Gel electrophoresis of PCR products 
generated by direct testing of sinus specimens. M, 
Marker: 1 Kb DNA ladder; 
lane 1: positive control (279 bp); lane 2 to 4 and 7, speci-
mens which were not infected with S. aureus; lane 5 and 6, 
specimens infected with S. aureus; lane 8: negative control.

4.2. Result of sensitivity of PCR test

Assessing serial dilution of DNA extracted 
fromS. aureus has shown that amplification of nuc 
gene could be performedeven by only 10 copy 
numbers of DNA using PCR. However, no band 
was observed after electrophoresis of PCR products 
obtained from dilutions with less than 10 copies of 
S. aureus DNA; and these results prove high sensi-
tivity of PCR test (As shown in Figure 2).

Figure 2.  Gel electrophoresis of PCR products 
amplified from serial dilutions of S. aureus indi-
cating sensitivity of PCR test. M, Marker: 1Kb 
DNA ladder (Fermentas , Germany); 
lane 1-6, serial dilution of S. aureus DNA: lane1, positive 
control; lane 2: 10-1 dilution (103 CFU); lane 3: 10-2 dilu-
tion (102 CFU); lane 4: 10-3 dilution (10CFU); lane 5: 10-4 
dilution (1 CFU); lane 6: negative control .

4.3. Result of specificity of PCR test

Specificity of the primers directed to the nuc 
gene was evaluated on different organisms inclu-
ding Escherichia coli, Mycoplasma pneumonia, 
Herpes Simplex Virus, Haemophilus influenza, 
Pseudomonas aeruginosa, Legionella pneumo-
phila and Brucella abortus. The results of these 
assessments (As shown in Figure 3) have shown 
that S. aureus specific sequence was recognized 
and amplified by the utilized primer set, but none 
of the other micro-organisms were identified and 
amplified by the primers. Therefore, since only S. 
aureus nuc gene was amplified in this evaluation, 
primer specificity was shown to be 100%.

Figure 3.  Specificity of PCR test. M, Marker: 
100bp DNA ladder (Fermentas, Germany); 
lane 1: positive control; lane 2: Haemophilus  influenza 
DNA; lane 3: Herpes Simplex Virus DNA; lane 4: Myco-
plasma pneumonia DNA; lane 5: Pseudomonas aeruginosa 
DNA; lane 6: Legionella pneumophila DNA; lane 7: Es-
cherichia coli DNA; lane 8: Brucellaabortus DNA; lane 9: 
negative control.
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5. Discussion

Classical methods such as bacterial culture and 
metabolic tests are widely used for bacterial iden-
tification in laboratories and hospitals (15). How-
ever, these processesare not ideal since they usu-
ally take days and in spite of great advances, some 
bacterialspecies grow with difficulty in culture me-
dia (16). Hence, several ultra-sensitive detection 
techniques have been developed to address these 
deficiencies(15). Among these high-sensitive tech-
niques, there are efficient methods based on nucleic 
acid amplification, such as polymerase chain reac-
tion (PCR) (17), strand displacement amplification 
(SDA) (18) and ligase chain reaction (LCR)(19).

Different studies have shown that PCR is a sen-
sitive, rapid and reliable test (20,17) and therefore 
it has been used extensively in detection of differ-
ent pathogenic and non-pathogenic micro-organ-
isms such as viruses, bacteria, fungi, etc (21-23).
The primary goal in this study was to implement 
PCR method as a dependable technique for detect-
ing S.aureus in patients with sinusitis. To meet this 
goal, we used suitable primer set which identified 
species- specific sequences of S. aureus nuc gene 
encoding TNase. The nuc gene was amplified by 
our primers and amplification condition in sinus 
samples as well as S. aureus ATCC 25923, as a 
standard strain and control positive.

The sensitivity of nuc PCR test was 10 colony-
forming unit (CFU) and could detect low levels 
(0.1pg) of extracted DNA. This sensitivity matches 
what described for PCR with other bacteria, being 
between 1 and 20 CFU (24,25) and is ten-fold more 
than that described for PCR with S. aureus, being 
between 1 and 100 pg DNA, in other studies (26,27).

The specificity of utilized primer was assessed 
by performing PCR on extracted DNA from dif-
ferent micro-organisms and it was shown that the 
designed primer set has 100% specificity for S. 
aureus nuc gene. Current findings are supported 
by Brakstad et al. who proved the potentiality of 
PCR test for the reliable detection of S. aureus in-
fections(9)V. Atanassova et al. have also reported 
that specificity of PCR method in detection of 
S.aureus is more accurate in comparison to tra-
ditional methods (28,29). In addition, accumu-
lating evidence has proved that PCR-based tests 
are more specific and sensitive than conventional 

method in detecting wide range of bacteria and 
micro-organism (30).

Frequency of detection S.aureus in sinusitis 
patients based on conventional method in world 
is different and wide range studies have reported 
that this amount is between 3% - 20% (31-33).Ac-
cording to our study, a total of 32.7%of collected 
samples could produce a 279 bp band related to S. 
aureus nuc gene.

In conclusion, the results of this study clearly 
demonstratesthat PCR technique based on spe-
cies-specific sequences in S. aureus nuc gene, is a 
valuable method with high sensitivity, specificity 
and reliability for detecting S. aureus in patients 
with sinusitis.
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Abstract

Objective: To evaluate renal toxicity in chron-
ic hepatitis B patients treated with tenofovir

Methods: A total of 54 patients (mean(SD) age: 
47.2(13.8) years, 53.7% were males) diagnosed 
with chronic hepatitis B infection (CHB) and re-
ceived tenofovir treatment for at least one year were 
included in this study based on retrospective evalu-
ation of medical records of patients admitted to De-
partment of Gastroenterology at Antalya Training 
and Research between 2008 and 2013. Data on pa-
tient demographics, co-morbid diseases and treat-
ments, past history of renal diseases were collected 
along with fasting serum levels of creatinine, phos-
phate and calcium in each patient.

Results: When  compared to baseline , no sig-
nificant change in serum creatinine levels were de-
termined during tenofovir treatment (0.7(0.12) for 
1 year, 0.8(0.14) for 2 years and 0.9(0.17) for ≥ 3 
years of treatment), while a clinically insignificant 
decrease occurred in serum phosphate levels (mg/dl) 
in parallel to duration of tenofovir treatment (from 
3.5(0.5) to 3.3(0.4) for 1 year, 3.1(0.4) for 2 years 
and 2.8(0.4) for ≥ 3 years of treatment; p<0.001 for 
each).Serum creatinine levels were increased by 
0.1 mg/dL in 17.0% of patients, hypophosphatemia 
(<2.5 mg/dl) was detected in 20.3%, while severe 
hypophosphatemia (<1 mg/dl) in none of patients.

Conclusion: Given the lack of a significant in-
crease in serum creatinine levels regardless of the 
treatment duration, whereas a clinically insignificant 
decrease in phosphate levels in parallel to the treat-
ment duration, our findings indicate tenofovir to be 
a safe therapeutic option among patients with CHB. 

Key words: Renal complications; chronic 
hepatitis B; tenofovir treatment; safety; creatinine; 
phosphate

1.  Introduction

Hepatitis B virus (HBV) has been associated 
with cirrhosis and hepatic failure and considered 
as the major cause of hepatocellular carcinoma 
(Lavanchy, 2004). Introduction of the HBV-poly-
merase inhibitors such as tenofovir disoproxil 
fumarate in the treatment of chronic hepatitis B 
(CHB) enabled increase in the proportion of treat-
ed patient by means of suppression of viral repli-
cation, restriction in the progression of liver dis-
ease and prevention of the onset of complications 
(Mauss et al., 2011; Si-Ahmed et al., 2011). 

While the evidence on the convenience of te-
nofovir in patients with CHB as a once daily oral 
drug regimen has been reflected by the revision of 
the current treatment guidelines (Liaw et al., 2008, 
EASL, 2009), possible adverse events including re-
nal function have gained more attention with incre-
asing number of patients treated for years (Mauss 
et al., 2011).

Being actively accumulated in the proximal re-
nal tubule via action of renal-specific organic ani-
on transporters 1 (Cihlar et al., 2001), tenofovir 
has been associated with renal dysfunction with 
small but statistically significant changes in creati-
nine clearance (Gallant et al., 2006). Additionally, 
impairment of renal proximal tubular function 
under tenofovir therapy was reported leading to 
Fanconi or Fanconi-like syndrome with or without 
acute renal failure and characterized by decreased 
tubular handling of phosphate and the consequent 
hypophosphatemia (Badiou et al., 2006).

Although data in HIV infected patients revealed 
conflicting findings in terms of treatment tolerance 
and incidence of renal complications under tenofo-
vir therapy, higher-than-normal levels of creatinine 
and less than-normal phosphorus levels in the blood 
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and anecdotal reports of kidney failure were repor-
ted in HIV patients under tenofovir treatment (Mau-
ss et al., 2011,  Wiercińska-Drapało et al., 2009). 

Albeit much more limited, data from studies in 
HBV-monoinfected patients seem also inconsistent 
with data on a clear signal of renal impairment in 
the pivotal phase 3 studies in HBV-monoinfected 
patients (Marcellin et al., 2008, Heathcote et al., 
2011), whereas no evidence of increased risk for 
renal- or bone-related complications as indicated in 
another study conducted in CHB patients with pre-
existing mild renal impairment (Fung et al., 2013). 

Given the limited data on the real incidence and 
prevalence of renal dysfunction, hypophosphate-
mia in relation to tubular reabsorption disorder in 
particular, among tenofovir-treated patients with 
CHB, the present study was designed to evaluate 
renal toxicity in CHB patients treated with tenofo-
vir based on serum creatinine and phosphate levels 
measured within 1 to 5 years of follow up period.

2.  Materials and Methods

2.1.  Study population

A total of 54 patients (mean(SD) age: 47.2(13.8) 
years, 53.7% were males) diagnosed with CHB 
infection and received tenofovir treatment for at 
least one year were included in this study Data 
collection was based on retrospective evaluation 
of medical records of patients admitted to Depar-
tment of Gastroenterology at Antalya Training and 
Research Hospital and attended to regular follow 
up visits from 2008 to 2013 including 1-year 
(n=14), 2-year (n=25) and ≥3 years (n=14) of tre-
atment duration. Patients with a known kidney di-
sease, under dialysis or receiving drug treatments 
effective on serum levels for calcium and phos-
phate were excluded from the study.  

While the present study was exempt from the 
requirement of ethical approval in relation to its 
retrospective design, the permission was obtained 
from our institutional ethics committee for the use 
of patient data for publication purposes.

2.2.  Study parameters

Data on patient demographics, co-morbid di-
seases and treatments, past history of renal dise-
ases were collected along with fasting serum le-

vels (mg/dl) of creatinine, phosphate, calcium and 
albumin in each patient. An increase of 0.5mg/dl 
in serum creatinine levels was considered signifi-
cant. Based on serum levels for phosphate, pati-
ents were classified as normal (4.5-2.5 mg/dl) or 
with mild (2.5-2.0 mg/dl), moderate (2.0-1.0 mg/
dl) or severe (<1.0 mg/dl) hypophosphatemia. 

2.3.  Statistical analysis

Statistical analysis was made using computer 
software (SPSS version 12.0, SPSS Inc. Chicago, 
IL, USA). Chi-square (c2) test for the comparison 
of categorical data and Mann-Whitney U test was 
used for comparison of quantitative variables with 
non-normal distribution. Data were expressed as 
“mean (standard deviation; SD)”, minimum-maxi-
mum and percent (%) where appropriate. p<0.05 
was considered statistically significant

3.  Results

3.1.  Patient demographics, clinical and 
treatment related features

Males composed 53.7% of the study population 
and the mean(SD) age was 47.2(13.8) years with 
9.3% (n=5) of patients aged ≥65 years. The per-
cent of patients to receive tenofovir treatment only 
for one year was 27.8%, for 2 years was 46.3% 
and for ≥3 years was 25.9% (Table 1).

Co-morbid disease was evident in 51.9% of 
patients with hypertension alone in 20.4%. Con-
comitant treatment was identified in 44.4% with 
ACE inhibitor/Angiotensin receptor blocker tre-
atment in 14.8% (Table 1).

3.2.  Change in serum creatinine levels with 
respect to baseline 

Baseline pre-treatment serum creatinine level 
was 0.8(0.15) mg/dl in the overall population with 
no significant change in serum creatinine levels 
during tenofovir treatment compared to baseline 
(0.7(0.12) for 1 year, 0.8(0.14) for 2 years and 
0.9(0.17) for ≥ 3 years of treatment). Serum creati-
nine levels were determined to increase by 0.1 mg/
dl in 17.0% of overall study population while none 
of patients had an increase in creatinine levels by 
0.5mg/dl under tenofovir treatment (Table 2).
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Table 1.  Patient demographics, clinical and treatment related features

Age (years)

Mean(SD) 47.2(13.8)
Median(min-max) 47.5(21-74)
21-40years

n(%)

20(37.5)
41-50 years 21(38.5)
 51-65years 8(14.8)
≥65 years 5(9.3)

Gender n(%)
Male 29(53.7)
Female 25(46.3)
Duration of tenofovir treatment n(%)
1 year 15(27.8)
2 years 25(46.3)
≥3 years 14(25.9)

Duration of follow up (years) Mean(SD) 2.0(0.7)
Median(min-max) 1.98(1-5)

Co-morbid diseases n(%)
Absent 26(48.1)
Present 28(51.9)
Hypertension 11(20.4)
Diabetes mellitus 6(11.1)
Hypertension + diabetes mellitus 3(5.6)
Concomitant treatment n(%)
Absent 30(55.6)
Present 24(44.4)
ACE inhibitor/Angiotensin receptor blocker 8(14.8)
Lamivudin 7(12.9)
Calcium channel blocker-beta blocker 5(9.2)

Table 2.  Change in serum creatinine levels (mg/dl) with respect to duration of tenofovir treatment

Mean(SD) p value1

vs. baseline
Increase by

0.1 mg/dl 0.2 mg/dl 0.3 mg/dl 0.4 mg/dl 0.5 mg/dl
Baseline (n=54) 0.8(0.15) - - - - - -
1 year (n=15) 0.7(0.12) p=0.121 4(7.4) 1(1.9) - 1(1.9) -
2 years (n=25) 0.8(0.14) p=0.442 12(48.0) - 1(4.0) - -
≥ 3 years (n=14) 0.9(0.17) p=0.055 3(21.4) - - - -
Total 19(17.0) 1(1.9) 1(1.9) 1(1.9) -

Table 3.  Change in serum phosphate levels with respect to duration of tenofovir treatment

Mean
(SD)

p value
vs. baseline

Hypophosphatemia 
Overall 

(<2.5 mg/dl)
Mild 

(2.5-2.0 mg/dl)
Moderate

(2.0-1.0 mg/dl)  
Severe 

(<1.0 mg /dl)
Baseline (n=54) 3.5(0.5) -
1-year (n=15) 3.3(0.4) p<0.001 2(3.7) 2(3.7) - -
2 years (n=25) 3.1(0.4) p<0.001 5(12.8) 5(12.8) - -
≥3 years (n=14) 2.8(0.4) p<0.001 4(28.8) 3(21.4) 1(7.1) -
Total 11(20.3) 10(18.5) 1(1.9) -
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3.3.  Change in serum phosphate levels during 
the entire study period 

Baseline pre-treatment serum phosphate le-
vel was 3.5(0.5) mg/dl in the overall population. 
There was a significant gradual decrease in serum 
phosphate levels in parallel to duration of tenofo-
vir treatment ((3.3(0.4) for 1 year, 3.1(0.4) for 
2 years and 2.8(0.4) for ≥ 3 years of treatment; 
p<0.001 for each).

Hypophosphatemia (<2.5 mg/dl) was evident 
in 20.3% of patients within the entire 5-year study 
period, while none of patients was diagnosed with 
severe hypophosphatemia (<1 mg/dl) during the 
study (Table 3). 

3.4.  Duration of tenofovir treatment and 
laboratory findings with respect to change 
in serum phosphate levels 

Pre-treatment levels for serum creatinine, al-
bumin and calcium were similar in patients with 
increased or decreased serum levels for phospha-
te. Considering tenofovir treatment for 1, 2, and 
≥3 years, decrease in serum phosphate levels was 
noted in significantly higher percentage of patients 
in each group compared to patients with increased 
serum phosphate levels (p<0.05 for each) (Table 4).

4.  Discussion

Our findings related to renal toxicity in CHB 
patients treated with tenofovir revealed no signi-
ficant change in serum creatinine levels as com-
pared with pre-treatment levels regardless of the 
treatment duration. While increase in serum crea-

tinine levels by 0.1 mg/dl was shown in 17.0% du-
ring the entire follow up period, none of patients 
was shown to have an increase in creatinine levels 
by 0.5mg/dl under tenofovir treatment. Likewi-
se while a gradual decrease in serum phosphate 
levels was observed from baseline to 1, 2, and 3 
years of tenofovir treatment, hypophosphatemia 
(<2.5 mg/dl) was noted only in 20.3% and severe 
hypophosphatemia (<1.0 mg /dl) in none of pati-
ents during the entire follow up period.

In relation to active accumulation of tenofovir 
in the proximal renal tubule via the action of re-
nal-specific organic anion transporters 1 (Cihlar et 
al., 2001), renal dysfunction with small (6–10 ml/
min) but statistically significant changes in creati-
nine clearance was reported under tenofovir the-
rapy (Gallant et al., 2006).

Although a marked renal impairment was not 
reported amongst the general effects of antiviral 
therapy in controlled prospective studies with a 
variety of HBV-polymerase inhibitors including 
tenofovir (Mauss et al., 2011, Marcellin et al., 
2008, Heathcote et al., 2011, a decline in renal 
function under tenofovir therapy was also noted 
(Wiercińska-Drapało et al., 2009). 

Our findings related to increase in creatinine 
levels only by 0.1 mg/dl in 17.0%, up to 0.4mg/
dl in only three patients and beyond 0.5 mg/dl in 
none of patients correspond well with the publis-
hed data on good tolerance and low incidence of 
renal complications of tenofovir therapy (Mauss 
et al., 2011; Wiercińska-Drapało et al., 2009).

Indeed, use of HBV-polymerase therapy in 
patients with renal impairment or in combination 
with potentially nephrotoxic drugs has been consi-
dered likely to result in renal impairment in some 

Table 4.  Duration of tenofovir treatment and laboratory findings with respect to change in serum 
phosphate levels

Serum phosphate level  
p value

Increased Decreased 
Pretreatment levels Mean(SD) 0.389
Creatinine (mg/dl) 0.8(0.1) 0.8(0.0) 0.319
Albumin  (mg/dl) 4.1(0.1) 4.2(0.1) 0.836
Calcium (mg/dl) 9.2(0.2) 9.3(0.1)
Tenofovir treatment n(%)
1 year (n=15) 5(33.3) 10(66.7) 0.021
2 years (n=25) 1(4.0) 24(96.0) 0.031
≥3 years (n=14) 1(7.1) 13(92.9) 0.034
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patients in particular with pre-existing co-morbi-
dities (Ha et al., 2009). 

Exclusion of patients with concomitant renal 
disease and drug treatment that likely to affect 
serum levels of calcium and phosphate in the 
present study seems notable given that tenofovir 
related changes in serum have been usually con-
sidered to be clinically significant in the presence 
of normal renal function at baseline, whereas may 
become remarkable in case of concomitant renal 
disease (Hawkins, 2010). Nevertheless, given the 
rate of other concomitant diseases (51.9%) and 
treatments (44.4%) in our study population, lack 
of remarkable changes in serum creatinine and 
phosphate levels in  the overall population and 
even in our patients who were under concomitant 
antihypertensive treatment with ACE/ARB medi-
cations (n=8) is worth noting.  It should also be 
noted that no significant difference was determi-
ned in our study population between patients with 
increased or decreased serum levels for phosphate 
in terms of pre-treatment levels for serum creatini-
ne, albumin and calcium.

Sustained HBV suppression and a favorable 
safety profile has been reported through 6 years 
of tenofovir therapy, while data in CHB patients 
with mild renal impairment has been emphasized 
to be scarce as they are excluded from most tri-
als (Fung et al., 2013). However, in a past study 
concerning safety and tolerability of TDF in CBH 
patients with pre-existing mild renal impairment, 
patients with mild renal impairment and  normal 
renal functions were shown to be similar with res-
pect to safety and efficacy of tenofovir treatment 
with no evidence of increased risk for renal- or bo-
ne-related complications (Fung et al., 2013).

Age, gender, height, weight, concomitant di-
sease and treatments and methods to assess renal 
function in individuals with normal or abnormal 
kidney function have been implicated in the docu-
mented variability related to tenofovir related re-
nal toxicity (Mauss et al., 2011; Wiercińska-Dra-
pało et al., 2009). Therefore, all of these factors 
have been recommended to be considered before 
and during tenofovir treatment to ensure the pati-
ents best possible treatment (Wiercińska-Drapało 
et al., 2009).

Tenofovir has been involved in tubulopathy le-
ading to Fanconi or Fanconi-like syndrome with 

or without acute renal failure (Badiou et al., 2006) 
with hypophosphatemia reported in 32% of pati-
ents treated by antiretroviral therapy in a recent stu-
dy (Day et al., 2005). Data on the proximal tubular 
reabsorption of phosphate in HIV-positive adults 
receiving a tenofovir containing regimen revealed 
hypophosphatemia (26.0%) and decreased proxi-
mal tubular reabsorption (47.0%) to be frequently 
observed (Badiou et al., 2006). However, a similar 
prevalence of these disorders (31% and 41%) was 
also reported in treatment experienced patients be-
fore introduction of tenofovir with no worsened 
effect 6 months after starting tenofovir (Badiou et 
al., 2006). Likewise, in naive CHB patients treated 
with tenofovir, hyperphosphaturia was reported to 
affect approximately one third of untreated pati-
ents and worsens in approximately one quarter of 
naïve patients treated with tenofovir, yet without 
causing significant hypophosphatemia or clinical 
consequences (Viganò et al., 2013). Accordingly, 
hypophosphatemia (<2.5 mg/dl) was evident in 
20.3% of patients  and more commonly in patients 
with longer duration of tenofovir treatment in the 
present study, while none of patients was diagno-
sed with severe hypophosphatemia during the te-
nofovir treatment.

Consistent with the recently reported indepen-
dent association between hypophosphatemia and 
duration of highly active antiretroviral therapy 
(Jones et al., 2004), the likelihood of tenofovir 
related hypophosphatemia was positively asso-
ciated with the duration of treatment in our study 
population. In this regard, our findings emphasize 
the need for longer term monitoring of proximal 
tubular function in larger scale studies (Viganò et 
al., 2013).

Tenofovir-induced toxicity was recently descri-
bed in case reports to include tubulopathy, Fan-
coni syndrome and/or acute renal failure (Badiou 
et al., 2006). However, demonstration of mild and 
asymptomatic hypophosphatemia in 20.3% of pa-
tients under tenofovir therapy in the present study 
is in agreement with past studies indicated mode-
rate and asymptomatic hypophosphatemia in HIV-
positive patients under tenofovir therapy (Day et 
al., 2005, Izzedine et al., 2004, 2005) and renal 
safety both in treatment experienced (Izzedine et 
al., 2004) or treatment-naïve patients (Izzedine et 
al., 2005).
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Indeed severe renal tubular dysfunction has 
been considered as an uncommon and reversible 
adverse effect of tenofovir-containing regimen 
(Peyriere et al., 2004; Gaspar et al., 2004; Malik 
et al., 2005). Moreover, even in cases with severe 
and symptomatic hypophosphatemia associated 
with a decreased creatinine clearance, an improve-
ment of renal function was noted after discontinu-
ation of tenofovir (Izzedine et al., 2004; Peyriere 
et al., 2004; Malik et al., 2005).

In an analysis of data from more than 5000 pa-
tients in the Tenofovir Expanded Access Program, 
grade 3 or 4 abnormalities in serum creatinine or 
phosphorus were observed only in 0.3% and 0.6% 
of patients, respectively (Gallais et al., 2004). Hen-
ce, given that serum creatinine levels increased by 
0.1 mg/dl in 17.0% and by 0.5 mg/dl in none of 
our patients along with mild and asymptomatic 
hypophosphatemia in 20.3%, our findings correla-
te well with past clinical cohort studies indicating 
little evidence of nephrotoxicity associated with 
tenofovir  (Wiercińska-Drapało et al., 2009;Galla-
is et al., 2004).

Alike to case in HIV positive adults receiving 
a tenofovir containing regimen (8), data on the te-
nofovir related renal toxicity and proximal tubular 
reabsorption of phosphate in HBV patients are li-
mited and mostly based on short term retrospecti-
ve studies with different criteria for evaluation of 
renal function and toxicity (EASL, 2009;  Peyrie-
re et al., 2004; Duarte-Rojo and Heathcote, 2010; 
Khungar and Han, 2010; Herlitz et al., 2010).  

Accordingly, a renal tubular surveillance inclu-
ding phosphatemia, proteinuria and glycosuria as 
suggested in HIV-positive patients receiving te-
nofovir (Badiou et al., 2006) seems also to be of 
interest in HBV patients under tenofovir therapy 
to determine and avoid the risk of serious renal 
failure (De la Prada et al., 2006). 

Based on our findings, we recommend evalua-
tion of creatinine clearance in every patient prior 
to tenofovir treatment. If tenofovir is to be used 
in the presence of impaired renal function (crea-
tinine clearance <50 ml/min), then it seems im-
portant to follow the prescribing guidelines with 
monitoring for renal function (Hawkins, 2010) 
based on measurement of creatinine clearance and 
serum phosphate levels monthly within the first 
year of therapy and then once every three months 

with consideration of every-other-day therapy in 
case of severe hypophosphatemia (EASL, 2009;  
Peyriere et al., 2004; Duarte-Rojo and Heathco-
te, 2010; Khungar and Han, 2010; Herlitz et al., 
2010).

Nevertheless, in case of severe renal dysfuncti-
on (creatinine clearance <30 ml/min) and conco-
mitant use of nephrotoxic drugs, tenofovir seems 
not to be a reasonable choice given the increased 
risk of adverse reactions. 

5.  Conclusions

In conclusion, given the lack of a significant 
increase in serum creatinine levels under tenofo-
vir therapy regardless of the treatment duration, 
whereas a clinically insignificant decrease in 
phosphate levels in parallel to the treatment dura-
tion,  our findings indicate tenofovir to be a safe 
therapeutic option among patients with CHB. 
However, based on the demonstration of 0.1 mg/
dl increase in serum creatinine levels in 17.0% 
and mild-asymptomatic hypophosphatemia in 
20.3% of our patients along with the likelihood 
of an association between tenofovir related hypo-
phosphatemia and the duration of treatment, our 
findings emphasize the importance of adherence 
to prescribing guidelines with monitoring for re-
nal function and to conduct longer term monito-
ring of proximal tubular function among larger 
numbers of tenofovir recipients.
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Abstract

Although diclofenac application is considered 
to be postoperative rescue analgesia, the results on 
intestinal anastomosis healing are inconclusive. It 
is important to verify the very early post-surgical 
diclofenac administration along with the combined 
and mutually potentiated outcome in rats. Vice ver-
sa, a prompt reversal should be with stable anti-ul-
cer gastric pentadecapeptide BPC 157, proposed to 
be an antidote of NSAIDs toxicity that particularly 
counteracts diclofenac-toxicity and improves in-
testinal anastomosis healing. Macroscopical asse-
ssment, histological examination, and biomecha-
nical testing were used to evaluate stomach, small 
intestine, large intestine and liver lesions, sphincter 
failure, anastomosis healing at 1, 3, 5, 7, 9 and 14 
days after ileoileal anastomosis and diclofenac ad-
ministration (6.25 mg/kg intraperitoneally imme-
diately after anastomosis creation). As an antidote 
after anastomosis and after diclofenac, we applied 
the stable gastric pentadecapeptide BPC 157 (10 
µg/kg, 10 ng/kg): (i) intraperitoneally, once every 
day, with the first application 30 min after surgery, 
and the final application at 24 h before sacrifice or 
(ii) in drinking water (0.16 μg/mL, 0.16 ng/mL) un-
til the end of the experiment.

Indicative were progressive anastomosis dehis-
cence and loss of anastomotic strength, the leading 
diclofenac ulcerogenic effect that expands invading 
the stomach, small and large intestine, lower esopha-
geal and pyloric sphincter failure; progressing inte-
stinal wound healing inability (i.e., adhesion presen-
tation mostly with neighboring small intestine loops 
also included, stomach, liver ―packed‖, advanced 
intestinal passage obstruction, poor blood filling of 
the anastomosis arcade vessels, presenting vessels 
empty); and increasing hepatotoxicity. Specifically, 
when any of regimens of BPC 157 was given, the 

much smaller number of mucosal lesions in all of re-
gions, preserved sphincter function, advanced ana-
stomosis healing (only small adhesions presentati-
on, no passage obstruction, increased anastomotic 
strength exhibited no anastomotic dehiscence, pre-
served blood filling of the anastomosis arcade vesse-
ls, all intestine wall layers more vigorously adapt) 
and liver lesions recovery since very beginning (i.e., 
a higher number of binucleated hepatocytes, less 
fatty liver, no necrosis).

Therefore, it seems that BPC 157 combines the 
activated mucosal protection, wound (anastomo-
sis) healing and hepatoprotection, which all to-
gether have an effect against combined intestinal 
anastomosis with diclofenac-toxicity.

Key words: Intestinal anastomosis, diclofenac, 
BPC 157

1.  Introduction

Regardless their possible limitation due to their 
side effects, non-steroidal anti-inflammatory dru-
gs (NSAIDs) are commonly used analgesics for 
minor surgery and are useful adjunctive analgesics 
in patients undergoing major surgery, including 
abdominal surgery as well [1-3].

Thereby, with stable gastric pentadecapepti-
de BPC 157, we further challenge diclofenac, a 
NSAID associated with adverse drug reactions in 
humans, increased number of clinically significant 
anastomotic leakages in patients, and in particular, 
the still inconclusive results of diclofenac applica-
tion on anastomosis healing [4-9].

Here, we attempt to resolve this apparent in-
consistency in intestinal anastomosis/diclofenac 
search (i.e., no adverse effect [6] vs. expected 
greater fatality risk than diclofenac application or 
intestinal anastomosis per se (apparent worsening, 
i.e., anastomotic dehiscence followed by peritoni-

Intestinal anastomosis and diclofenac in rats 
counteracted by pentadecapeptide BPC 157
Floren Kavaja1, Robert Klicek1, Suzana Manxhuka/Kerliu1, Mehmet Maxhuni1, Sven Seiwerth2, Fatos Sada1, 
Predrag Sikiric2

1  QKUK Prishtina, Prishtina, Kosovo,
2  KBC Zagreb, Zagreb, Croatia.
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tis and death)[7]). Thus, advanced diclofenac toxi-
city (marked stomach-, intestinal-and liver-lesions 
[8] and sphincteric failure [10]) and poor healing 
of intestinal anastomosis [9] were together combi-
ned in rat. Diclofenac application was early after 
surgery and anastomosis creation.

To solve this complex combined diclofenac/
intestinal anastomosis issue, BPC 157, given pa-
renterally or perorally, is particularly interesting 
since it improves intestinal anastomosis healing 
[9,11], and especially, since therapy with BPC 157 
(for review see, [12-16]) is recently proposed to 
be an antidote of NSAIDs toxicity [16]. Pentade-
capeptide BPC 157 is an original anti-ulcer pepti-
de (GEPPPGKPADDAGLV, M.W. 1419, PL-10, 
PLD-116, PL 14736) since stable in human gastric 
juice more than 24 hours, in trials for inflamma-
tory bowel disease [12-16], wound treatment (i.e., 
stimulating the expression of the early growth 
response 1 (egr-1) gene and egr-1 repressor nerve 
growth factor 1-A binding protein-2 (nab2)) [17], 
no toxicity or side effects reported, LD1 could be 
not achieved, effective alone without carrier [for 
review see, i.e., [12-16]], particularly interacting 
with NO-system [18-24]. Also, its particular inte-
raction with NSAIDs [8,25-28] implies it`s spe-
cial role in cytoprotection as a novel mediator of 
Robert’s cytoprotection [13], and thereby, exhibi-
ting special counteracting potential for different 
NSAIDs and different NSAIDs lesions (i.e., ga-
strointestinal tract-, liver- and brain- lesions [8,25-
27], and finally, counteraction of aspirin-prolon-
ged bleeding and thrombocytopenia[28]).

2.  Materials and Methods

We used male Albino Wistar rats kept under 
normal conditions, weighing from 250 to 280 g, 
at least 10 rats per experimental group and period, 
randomly assigned for all experiments, approved 
by the Local Ethics Committee.

2.1. Surgery

Under deep anesthesia, as described before [9], 
the peritoneal cavity was entered through a 4-cm 
midline incision, the ileum divided above 10 cm 
from the ileocecal valve, and a single-layer ileoile-
al anastomosis performed with 7-0 polypropylene 

(Prolene; Ethicon, Hamburg, Germany) continuo-
us sutures; the abdominal incision was closed with 
3-0 silk sutures. The evaluation (at 1, 3, 5, 7, 9 
and 14 days after ileoileal anastomosis) included 
a macroscopical assessment, histological exami-
nation, biochemical, and biomechanical testing as 
described before.

2.2. Drugs

Medication, without carrier or peptidase inhibi-
tor, included pentadecapeptide BPC 157 (a partial 
sequence of the human gastric juice protein BPC, 
freely soluble in water at pH 7.0 and in saline). 
It was prepared as a peptide with 99% (HPLC) 
purity (1-des-Gly peptide was the main impurity; 
manufactured by Diagen, Ljubljana, Slovenia, 
GEPPPGKPADDAGLV, M.W. 1419).

Diclofenac (Voltaren®, Pliva) was prepared as 
described before [8]. Diclofenac (6.25 mg/kg) was 
given intraperitoneally once immediately after 
anastomosis creation. As an antidote after anasto-
mosis and after diclofenac, we applied the stable 
gastric pentadecapeptide BPC 157 (10 μg/kg, 10 
ng/kg) as follows: (i) intraperitoneally, once every 
day, with the first application 30 minutes after 
surgery, and the final application at 24 h before 
sacrifice or (ii) in drinking water (0.16 μg/mL, 
0.16 ng/mL) until the end of the experiment while 
corresponding controls received at the same time 
(i) an equivolume of saline (5ml/kg i.p.) or (ii) 
drinking water only (12ml/rat/day).

2.3. Anastomosis assessment

In general, the macroscopy and microscopy 
assessment was carried out as described before 
[9]. Briefly, adhesion presentation [9] was scored 
0–7: 0, no adhesion; 1, thin adhesions covering less 
than one half of anastomosis; 2, more prominent 
adhesions with more than half of anastomosis; 3, 
exaggerated adhesions with whole anastomosis; 4, 
the mesenterial part of small bowel also included; 
5 neighboring small intestine loop also included; 6, 
many neighboring small intestine loops included; 
7, neighboring loops, stomach, liver ―packed. 
Intestinal passage obstruction [6] was scored 0–3, 
according to the loop diameters ratio close to ana-
stomosis. In other words, if loop diameters at 2 cm 
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orally/loop diameters at 2 cm aborally = 1 passage 
is normal (score 0), between 1 and 1.33 is the sign 
of mild obstruction (score 1), between 1.33 and 
1.66 is moderate obstruction (score 2), and more 
than 1.66 is severe obstruction (score 3). Blood 
filling the anastomosis arcade vessels (between 10 
cm orally and 10 cm aborally) [6] was scored 0–2: 
0, vessels completely filled with blood; 1, vessels 
only partly filled; 2, vessels empty.

For microscopy assessment, the tissue speci-
mens were immediately fixed in buffered formalin 
(pH 7.4), for 24 h, dehydrated, and embedded in 
paraffin wax. The samples were stained with hema-
toxylin–eosin (for the evaluation of epithelization, 
necrosis, edema, granulation tissue, and inflamma-
tory cells), Gommori (for reticulin), Giemsa (for 
collagen), or immunohistochemically for desmin 
(Dako, Glostrup, Denmark) (newly formed muscle) 
and were examined in a blinded fashion. For the 
morphometrical analysis special software programs 
SFORM and ISSA (VAMSTEC, Zagreb, Croatia) 
were used. Five high powerfields were randomly 
selected for the analysis. We assessed the number of 
rats with progressing epithelization (surface epithe-
lium regeneration present), or with newly formed 
muscle unlike the muscularis (both mucosae and 
propriae) abrupt ending. We determined the scores 
for edema [i.e., none (0); gap not exceeding one 
third or one thickness of muscle layer area (1); gap 
exceeding one thickness, but not two thicknesses 
of muscle layer area (2); gap two thicknesses of 
the muscle layer area (3). Necrosis and granulati-
on tissue formation were scored as follows: none 
(0); presentation less than 20% of the anastomosis 
area (1); presentation between 20% and 60% of 
the anastomosis area (2); presentation more than 
60% of the anastomosis area (3). Morphometrical 
analyses were used to determine the total number of 
inflammatory cells, and reticulin and collagen pre-
sentation (expressed as a percentage of total area).

To assess adaptation of small intestine, as des-
cribed previously [9,11] (portion 3 cm proximal 
to 3 cm distal to the anastomosis), villus height 
(from villus base to villus tip), crypt depth (from 
crypt base to villus base), and muscle thickness 
(inner, circular, and outer, longitudinal muscular 
layer) were measured in blinded fashion using 
an objective mounted micrometer at 200x ma-
gnification and an optical microscope at 10x100 

magnification. Measured data for mucosal height 
(villus height and depth) and muscle thickness 
(inner, circular, and outer, longitudinal, muscu-
lar layer) are averages of eight measurements for 
each animal. Accordingly with previous findin-
gs [11] villus height 307.4±13µm, crypt depth 
145.2±14.7µm, and muscle thickness (inner, cir-
cular 22.6±5.8µm, and outer, longitudinal muscu-
lar 12.5±4.6µmlayer) were considered as normal.

2.4.  Biomechanics

Anastomosis dehiscence was biomechanically 
assessed in separate groups of animals, under deep 
anesthesia. We studied the volume (ml) infused 
through a syringe perfusion pump system (Argus 
600, Argus Medical A6,Heimberg, Switzerland) 
(1 ml/10 s) to leak induction using catheter (BD 
Careflow 5-F 200 mm, Becton Dickinson, Fran-
klin Lakes, NJ, USA).

2.5.  Gastrointestinal lesions assay

Injury severity was assessed immediately af-
ter sacrifice. The sum of the longest lesion dia-
meters was assessed as described previously [8], 
and tissues were processed for routine microscopy 
analysis as described previously.

2.6. 	Lower esophageal sphincter pressure 
assessment and pyloric sphincter pressure 
assessment 

As described before [29-32], in all rats mano-
metrical evaluation (cmH2O) was performed with a 
water manometer connected to the drainage port of 
the Foley catheter as described (the values of 68-76 
cmH2O for lower esophageal sphincter and 68-74 
cm H2O for pyloric sphincter were considered to be 
normal as determined before). The proximal side of 
the esophageal or distal side of the duodenal incisi-
on was ligated to prevent regurgitation.

2.7. Bilirubin and enzyme activity

To determine the serum values of aspartate 
transaminase (AST),  alanine transaminase (ALT) 
(IU/L) and total bilirubin (μmol/L), blood sam-
ples were obtained immediately after sacrifice 
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and were centrifuged for 15 min at 3000 rpm. All 
tests were measured using an OlympusAU2700 
analyzer with original test reagents (Olympus Di-
agnostica, Lismeehan, Ireland) [8,25,33,34]).

2.8. Weight assessment

Animals were weighed before protocol initiati-
on and before sacrifice. After sacrifice, livers were 
removed and weighed. The relative liver weight 
was assessed.

2.9. Liver lesions

Liver tissue was immediately placed in 10% ne-
utral buffered formalin for 24 h and subsequently 
embedded in paraffin. Hematoxylin–eosin stained 
sections were analyzed on three high-power fields. 
The number of nuclei as well as their diameter was 
measured using the ISSA program (Vamstec, Za-
greb, Croatia), and the number of binucleated cells 
was also counted. Microvesicular steatosis was 
scored from 1–3: 1–less than 20% of hepatocytes 
showing microvesicular steatosis, 2 – 20–60% of 
hepatocytes showing microvesicular steatosis and 
3 – over 60% of hepatocytes showing microvesi-
cular steatosis. Parenchymal necrosis, eosinophilic 
cytoplasm, pyknotic nuclei and conspicuous nucle-
oli were scored semiquantitatively as follows: 0 
-showing no changes, 1 – minimum, 2 – moderate 
and 3 – maximum changes [8,25,33,34].

2.10. Statistical analysis

Nonparametric Kruskall–Wallis and Mann–
Whithney U-tests were used for the statistical 
analysis. The number of rats presenting with epitheli-
zation or newly formed muscle was compared using 
Fisher’s two-tailed exact probability test. Values of 
P<0.05 were considered to be statistically significant.

3. Results

Commonly, diclofenac-treated rats with inte-
stinal anastomosis presented with downhill course 
that was apparently attenuated and even reversed 
with BPC 157 regimens (Table 1, Table 2, Table 
3, Figure 1, Figure 2, Figure 3, Figure 4, Figure 5, 
Figure 6).

3.1. Anastomosis assessment

In general, macroscopically and microscopi-
cally, diclofenac-treated rats with intestinal ana-
stomosis (Table 1, Table 2, Figure 1, Figure 5) 
clearly showed increased adhesion presentation 
mostly with neighboring small intestine loops 
also included, stomach, liver – packed‖, resul-
ting with advanced intestinal passage obstruction. 
Blood filling of the anastomosis arcade vessels was 
poor, presenting vessels empty (Table 2, Figure 5). 
Epithelization, necrosis, edema, granulation tissue, 
and inflammatory cells, reticulin, collagen presen-
tation (Table 1) accords with poor gross presenta-
tion despite adaptation presented as villus height, 
twofold increase in crypt depth and fourfold increa-
se in muscle thickness within the first week (Figure 
1).This threatening course was completely reversed 
by BPC 157 regimens, intraperitoneal and peroral, 
µg-and ng-regimens. Macroscopically, the adhesion 
formation remained attenuated, blood vessels filled 
with blood, and mild intestinal passage obstruction 
was only temporarily observed. Microscopically, 
edema was markedly attenuated and the number of 
granulocytes decreased, and subsequently, necrosis 
was attenuated, while granulation tissue, reticulin, 
and collagen formation substantially increased.

Microscopy anastomosis assessment (min/
med/max) (days) in rats with ileoileal anastomosis 
and diclofenac (6.25mg/kg, i.p.) application after 
surgery that received pentadecapeptide BPC 157 
(10 μg/kg, 10 ng/kg) (i) intraperitoneally, once 
every day, with the first application 30 min after 
surgery, and the final application at 24 h before 
sacrifice or (ii) in drinking water (0.16 μg/mL, 
0.16 ng/mL) until the end of the experiment while 
corresponding controls received at the same time 
(i) an equivolume of saline (5ml/kg ip) or (ii) drin-
king water only (12ml/rat/day). * P˂0.05, at least 
vs. corresponding control.

Gross anastomosis assessment (min/med/max)
(days) in rats with ileoileal anastomosis and diclo-
fenac (6.25mg/kg, i.p.) application after surgery 
that received pentadecapeptide BPC 157 (10 μg/
kg, 10 ng/kg) (i) intraperitoneally, once every day, 
with the first application 30 min after surgery, and 
the final application at 24 h before sacrifice or (ii) 
in drinking water (0.16 μg/mL, 0.16 ng/mL) un-
til the end of the experiment while corresponding 
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Table 1.  Microscopy anastomosis assessment (min/med/max)(days) in rats with ileoileal anastomosis 
and after surgery diclofenac (6.25mg/kg i.p.) application

Assessed
parameters

Treatment
/kg b.w. i.p.

Microscopy anastomosis assessment (min/med/max) (days) in rats with ileoileal 
anastomosis and after surgery diclofenac 6.25mg/kg i.p. application

1st day 3rd day 5th day 7th  day 9th day 14th day

Edema 
(scored 0-3)

0.9%NaCl
5ml 3/3/3 2/3/3 1/2/3 0/1/2 0/0/1 0/0/0

BPC 157
10 μg 1/1/2* 0/1/2* 0/0/0* 0/0/0* 0/0/0 0/0/0

BPC 157
10 ng 1/2/2* 0/1/2* 0/0/1* 0/0/0* 0/0/0 0/0/0

Drinking
water 3/3/3 2/3/3 1/2/3 0/1/2 0/0/1 0/0/0

BPC 157
10 μg 1/1/2* 0/1/2* 0/0/0* 0/0/0* 0/0/0 0/0/0

BPC 157
10 ng 1/2/2* 0/1/2* 0/0/1* 0/0/0* 0/0/0 0/0/0

Granulation
tissue
(scored 0-3)

0.9%NaCl
5ml 0/0/0 0/0/0 0/0/1 0/0/1 1/1/2 1/2/3

BPC 157
10 μg 0/0/0 0/0/0 1/1/2* 1/2/3* 1/3/3* 3/3/3*

BPC 157
10 ng 0/0/0 0/0/0 0/1/2* 0/1/2* 1/2/3* 2/3/3*

Drinking
water 0/0/0 0/0/0 0/0/1 0/0/1 1/1/2 1/2/3

BPC 157
10 μg 0/0/0 0/0/0 1/1/2* 1/2/3* 1/3/3* 3/3/3*

BPC 157
10 ng 0/0/0 0/0/0 0/1/2* 0/1/2* 1/2/3* 2/3/3*

Necrosis
(scored 0-3)

0.9%NaCl
5ml 3/3/3/ 3/3/3 1/2/3 0/2/2 0/1/2 0/0/0

BPC 157
10 μg 2/2/2* 2/2/2* 0/1/2* 0/0/2* 0/0/1 0/0/0

BPC 157
10 ng 2/2/2* 2/2/2* 0/2/2* 0/1/2 0/0/1 0/0/0

Drinking
water 3/3/3/ 3/3/3 1/2/3 0/2/2 0/1/2 0/0/0

BPC 157
10 μg 2/2/2* 2/2/2* 0/1/2* 0/0/2* 0/0/1 0/0/0

BPC 157
10 ng 2/2/2* 2/2/2* 0/2/2* 0/1/2 0/0.5/1 0/0/0

Number
inflammatory
cells

0.9%NaCl
5ml 140/149/155 60/66/75 78/88/94 78/90/98 60/70/78 58/65/70

BPC 157
10 μg 138/150/154 40/44/45* 39/42/45* 33/36/42* 31/36/40* 27/31/34*

BPC 157
10 ng 135/152/158 40/45/48* 35/41/48* 36/40/43* 34/40/42* 31/36/39*

Drinking
water 138/148/153 62/68/73 73/80/84 70/77/80 64/66/71 54/55/58

BPC 157
10 μg 132/151/154 38/44/49* 35/39/44* 33/36/42* 30/38/43* 25/33/36*

BPC 157
10 ng 138/152/158 39/45/51* 38/43/47* 36/42/45* 34/41/45* 29/38/40*
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controls received at the same time (i) an equivo-
lume of saline (5ml/kg ip) or (ii) drinking water 
only (12ml/rat/day). * P˂0.05, at least vs. corres-
ponding control.

Finally, increased epithelization progressed in 
all rates treated with higher doses contrasts with 
the absence of epithelial regeneration in controls 
(P < 0.05, at least). In addition, BPC 157 rats pre-
sented strands of newly formed muscle, in contrast 

to muscularis (both mucosae and propriae) ending 
abruptly in the controls (versus control P < 0.05, at 
least). Likewise, with the respect to the intestine 
adaptation after anastomosis and diclofenac admi-
nistration injury, presenting increased villus height, 
crypt depth, and muscle thickness values, with BPC 
157 therapy, both perorally and parenterally, adap-
tation may be advanced, and villus height, crypt 
depth, and muscle thickness (particularly inner (cir-

Table 2.  Gross anastomosis assessment (min/med/max)(days) in rats with ileoileal anastomosis and 
after surgery diclofenac (6.25mg/kg i.p.) application.

Assessed 
parameters

Treatment /kg 
b.w. i.p.

Gross ansstomosis assessment (min/med/max)(days) in rats with ileoileal 
anastomosis and after surgery diclofenac 6.25mg/kg i.p. application

1st day 3rd day 5th  day 7th  day 9th day 14th day

Intestinal
obstruction
(0-3)

0.9%NaCl
5ml 1/1/1 2/2/3 2/2/3 2/2/3 2/2/3 2/2/3

BPC 157
10 μg 0/0/0* 0/0/0* 0/0/1* 0/0/1* 0/0/1* 0/0/1*

BPC 157
10 ng 0/0/0* 0/0/1* 0/0/1* 0/0/1* 0/0/1* 0/0/1*

Drinking
water 1/1/1 2/3/3 2/2/3 2/2/3 2/2/3 2/2/3

BPC 157
10 μg 0/0/0* 0/0/0* 0/0/1* 0/0/1* 0/0/1* 0/0/1*

BPC 157
10 ng 0/0/0* 0/0/1* 0/0/1* 0/0/1* 0/0/1* 0/0/1*

Adhesions 
presentation 
(scored 0-7)

0.9%NaCl
5ml 1/1/1 3/3/4 4/4/5 4/5/6 4/5/6 4/5/6

BPC 157
10 μg 0/0/0* 1/1/1* 1/1/1* 1/1/1* 1/1/2* 1/1/2*

BPC 157
10 ng 0/0/0* 1/1/1* 1/1/1* 1/1/1* 1/1/2* 1/1/2*

Drinking
water 1/1/1 3/3/4 4/4/5 4/5/6 4/5/6 4/5/6

BPC 157
10 μg 0/0/0* 0/1/1* 1/1/1* 1/1/1* 1/1/2* 1/1/2*

BPC 157
10 ng 0/0/0* 1/1/1* 1/1/1* 1/1/1* 1/1/2* 1/1/2*

Fullfiling 
anastomosis 
arcade 
vesseles 
scored (0-2)

0.9%NaCl
5ml 2/2/2 2/2/2 2/2/2 2/2/2 2/2/2 2/2/2

BPC 157
10 μg 0/0/0* 0/0/0* 0/0/0* 0/0/0* 0/0/0* 0/0/0*

BPC 157
10 ng 0/0/0* 0/0/1* 0/0/1* 0/0/1* 0/0/1* 0/0/1*

Drinking
water 2/2/2 2/2/2 2/2/2 2/2/2 2/2/2 2/2/2

BPC 157
10 μg 0/0/0* 0/0/0* 0/0/0* 0/0/0* 0/0/0* 0/0/0*

BPC 157
10 ng 0/0/0* 0/0/1* 0/0/1* 0/0/1* 0/0/1* 0/0/1*



742

HealthMED - Volume 8 / Number 6 / 2014

Journal of Society for development in new net environment in B&H

cular), and then outer (longitudinal) muscular layer) 
also additionally increased (Figure 1).

Figure 1.  Ileum crypt depth, villus height, and 
muscle

Crypt depth, villus height, and muscle thickness 
(inner (circular), outer (longitudinal) muscular layer) 
in rats with ileoileal anastomosis and diclofenac 6.25 
mg/kg intraperitoneal application after surgery that 
received pentadecapeptide BPC 157 (10 μg/kg, 10 
ng/kg) (i) intraperitoneally, once every day, with the 
first application 30 min after surgery, and the final 
application at 24 h before sacrifice or (ii) in drinking 
water (0.16 μg/mL, 0.16 ng/mL) until the end of the 
experiment while corresponding controls received at 
the same time (i) an equivolume of saline (5ml/kg ip) 
or (ii) drinking water only (12ml/rat/day). *P˂0.05, 
at least vs. corresponding control.

3.2. Biomechanics

Biomechanically, anastomosis dehiscence was 
evidenced in diclofenac-rats with intestinal ana-
stomosis throughout the end of the observation pe-
riod (Figure 2). In contrast, all BPC 157 regimens, 
intraperitoneal and peroral, µg-and ng-regimens 
increased anastomotic strength and exhibited no 
anastomotic dehiscence.

Volume (ml) to anastomosis leak induction, 
pressure within lower esophageal sphincter (LES) 
and pressure within pyloric sphincter pressure (PS) 
(cmH2O) in rats with ileoileal anastomosis and diclo-
fenac 6.25mg/kg intraperitoneal application after 
surgery that received pentadecapeptide BPC 157 (10 
μg/kg, 10 ng/kg) (i) intraperitoneally, once every day, 

with the first application 30 min after surgery, and 
the final application at 24 h before sacrifice or (ii) in 
drinking water (0.16 μg/mL, 0.16 ng/mL) until the 
end of the experiment while corresponding controls 
received at the same time (i) an equivolume of sali-
ne (5ml/kg ip) or (ii) drinking water only (12ml/rat/
day). * P˂0.05, at least vs. corresponding control.

Figure 2.  Anastomotic biomechanics

3.3. Gastrointestinal assay

Gastric lesions, small and large intestinal lesions 
were consistently presented in all diclofenac-rats 
with intestinal anastomosis (Fig. 3). In contrast, all 
BPC 157 regimens, intraperitoneal and peroral, µg- 
and ng-regimens presented only minute lesions.

Figure 3. Anastomotic biomechanics

Figure 3A. Gastric  
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Figure 4. Intestinal lesions

Gastric lesions, small and large intestinal lesions 
were consistently presented in rats with ileoileal 
anastomosis and diclofenac 6.25 mg/kg intraperito-
neal application after surgery that received pentade-
capeptide BPC 157 (10 μg/kg, 10 ng/kg) (i) intrape-
ritoneally, once every day, with the first application 
30 min after surgery, and the final application at 24 
h before sacrifice or (ii) in drinking water (0.16 μg/
mL, 0.16 ng/mL) until the end of the experiment 
while corresponding controls received at the same 
time (i) an equivolume of saline (5 ml/kg ip) or (ii) 
drinking water only (12ml/rat/day). * P˂0.05, at le-
ast vs. corresponding control.

3.4. Lower esophageal sphincter pressure 
assessment and pyloric sphincter pressure 
assessment 

A decrease was consistently noted in lower 
esophageal sphincter pressure and pyloric sphincter 
pressure assessment in diclofenac-rats with intesti-
nal anastomosis (Figure 2). This was markedly co-
unteracted in rats that received BPC 157 regimens, 
intraperitoneal and peroral, µg-and ng-regimens.

3.5. Liver lesions

Accordingly with presentation of ALT and AST 
serum values, we observed parenchymal necrosis 
at the end of two week period, more conspicuo-

us nucleoli, more eosinophilic hepatocytes with 
pyknotic nuclei, extensive microvesicular steato-
sis and sinusoidal dilation. Liver weight conside-
rably increased (Table 3, Figure 4, Figure 6).

Microscopy liver assessment (min/med/max)
(days) in rats with ileoileal anastomosis and diclo-
fenac (6.25mg/kg, i.p.) application after surgery that 
received pentadecapeptide BPC 157 (10 μg/kg, 10 
ng/kg) (i) intraperitoneally, once every day, with the 
first application 30 min after surgery, and the final 
application at 24 h before sacrifice or (ii) in drin-
king water (0.16 μg/mL, 0.16 ng/mL) until the end 
of the experiment while correspon88ding controls 
received at the same time (i) an equivolume of sali-
ne (5ml/kg ip) or (ii) drinking water only (12ml/rat/
day). * P˂0.05, at least vs. corresponding control.

Serum values of aspartate transaminase (AST), 
alanine transaminase (ALT) (IU/L) and total bi-
lirubin (μmol/L), body weight (g) (animals were 
weighed before protocol initiation and before sa-
crifice), relative liver weight, the number of bi-
nucleated cells in rats with ileoileal anastomosis 
and diclofenac 6.25mg/kg intraperitoneal applica-
tion after surgery that received pentadecapeptide 
BPC 157 (10 μg/kg, 10 ng/kg) (i) intraperitone-
ally, once every day, with the first application 30 
min after surgery, and the final application at 24 h 
before sacrifice or (ii) in drinking water (0.16 μg/
mL, 0.16 ng/mL) until the end of the experiment 
while corresponding controls received at the same 
time (i) an equivolume of saline (5ml/kg ip) or (ii) 
drinking water only (12ml/rat/day). * P˂0.05, at 
least vs. corresponding control.

Figure 5. Liver function

Left; In control group (day 1 (upper), day 3 
(middle), day 9(lower)) blood filling of the ana-
stomosis arcade vessels was progressively poor, 
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Table 3.  Microscopy liver assessment (min/med/max)(days) in rats with ileoileal anastomosis and 
diclofenac (6.25mg/kg, i.p.) application after surgery.

Assessed
parameters

Treatment
/kg b.w. i.p.

Microscopy liver assessment (min/med/max)(days) in rats with ileoileal 
anastomosis and after surgery diclofenac 6.25mg/kg i.p. application
1st day 3rd day 5th  day 7th  day 9th day 14th day

Steatosis,
scored
(0-3)

0.9%NaCl
5ml 1/1/1 2/2/2 2/2/2 3/3/3 3/3/3 3/3/3

BPC 157
10 μg 0/0/0* 1/1/1* 1/1/1* 1/1/1* 1/1/1* 1/1/1*

BPC 157
10 ng 0/0/0* 1/1/1* 1/1/1* 1/1/1* 1/1/1* 1/1/1*

Drinking
water 1/1/1 2/2/2 2/2/2 3/3/3 3/3/3 3/3/3

BPC 157
10 μg 0/0/0* 1/1/1* 1/1/1* 1/1/1* 1/1/1* 1/1/1*

BPC 157
10 ng 0/0/0* 1/1/1* 1/1/1* 1/1/1* 1/1/1* 1/1/1*

Necrosis,
scored
(0-3)

0.9%NaCl
5ml 0/0/0 0/0/0 0/0/0 0/0/0 1/1/1 1/1/1

BPC 157
10 μg 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0* 0/0/0*

BPC 157
10 ng 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0* 0/0/0*

Drinking
water 0/0/0 0/0/0 0/0/0 0/0/0 1/1/1 1/1/1

BPC 157
10 μg 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0* 0/0/0*

BPC 157
10 ng 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0* 0/0/0*

Sinusoidal 
dilation, 
scored (0-3)

0.9%NaCl
5ml 3/3/3 3/3/3 3/3/3 3/3/3 3/3/3 3/3/3

BPC 157
10 μg 1/2/2 1/2/2* 2/2/2* 2/2/2* 2/2/2* 2/2/2*

BPC 157
10 ng 2/2/2* 2/2/2* 2/2/2* 2/2/2* 2/2/2* 2/2/2*

Drinking
water 3/3/3 3/3/3 3/3/3 3/3/3 3/3/3 3/3/3

BPC 157
10 μg 1/2/2 1/2/2* 2/2/2* 2/2/2* 2/2/2* 2/2/2*

BPC 157
10 ng 2/2/2* 2/2/2* 2/2/2* 2/2/2* 2/2/2* 2/2/2*

Hepatocytes with
Eosinophilic 
cytoplasm and 
pyknotic nuclei, 
scored (0-3)

0.9%NaCl
5ml 1/1/3 2/2/3 2/2/3 2/2/3 2/2/3 2/2/3

BPC 157
10 μg 0/0/1* 0/0/1* 0/0/1* 0/0/1* 0/0/1* 0/0/1*

BPC 157
10 ng 0/0/1* 0/0/1* 0/0/1* 0/0/1* 0/0/1* 0/0/1*

Drinking
water 1/1/3 2/2/3 2/2/3 2/2/3 2/2/3 2/2/3

BPC 157
10 μg 0/0/1* 0/0/1* 0/0/1* 0/0/1* 0/0/1* 0/0/1*
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presenting vessels empty, passage obstruction, 
and anastomosis dehiscience (lower). Right; This 
threatening course was completely reversed by 
BPC 157 regimens, intraperitoneal and peroral, 
µg-and ng-regimens. Macroscopically, the adhe-
sion formation remained attenuated, blood vessels 
filled with blood, and mild intestinal passage ob-
struction was only temporarily observed.

Figure 6. Liver lesions

Characteristic liver lesions course, microscopy 
presentation. HEx20. Day 3 (upper), 7 (middle), 14 
(lower) Left. Control rats presented with progre-
ssing course - moderate microvesicular steatosis, 
>30% cells affected,severe expansion of sinusoids, 
without necrosis (left, upper, day 3), severe micro-
vesicular, >60% cells affected, severe expansion of 
sinusoids,without necrosis(left, middle, day 7) re-
aching severe microvesicular and macrovesicular 
steatosis, >60% cells affected, severe expansion 
of sinusoids, focal necrosis (left, lower, day 14). 
Right. This threatening course was markedly atte-
nuated by BPC 157 regimens, intraperitoneal and 
peroral, µg-and ng-regimens. Mild microvesicular 
steatosis, <30% cells affected, moderate expansion 
of sinusoids,without necrosis (day 3 (right, upper), 
day 7 (right, middle), day 14 (right, lower)).

Diclofenac-treated rats with intestinal anasto-
mosis that received pentadecapeptide BPC 157 
exhibited decreased ALT and AST serum values, 
no liver weight increase and no parenchymal ne-
crosis. Morphometric analyses indicated a smaller 
average hepatocyte area, with a greater number 
of nuclei per high power visual field (HVF) and 
no sinusoidal dilation. Interestingly, hepatocytes 
in the BPC 157-treated animals demonstrated a 

higher number of binucleated hepatocytes (Table 
3, Figure 4, Figure 6).

There was neither fibrosis nor mononuclear 
inflammatory infiltrate in the portal areas of both 
groups, and there were no obvious differences in 
the bile duct numbers of both groups.

4. Discussion

Early post-surgical diclofenac administration 
induced the combined intestinal anastomosis with 
diclofenac-toxicity, and most likely, mutual poten-
tiation in rats. Hopefully, this may be important in 
practice with intestinal anastomosis and diclofenac. 
Vice versa, a prompt reversal due to stable gastric 
pentadecapeptide BPC 157 application established 
the consequent background for reciprocal, combi-
ned and mutually potentiating therapeutic effect. 
Accordingly, in previous separate studies [8, 9] BPC 
157 exhibited mucosal protection, wound healing 
and hepatoprotective effect, and sphincters function 
rescue [10], all demonstrated separately [8-10].

Now all these effects successfully combined 
appear as a practical solution for up to now unsol-
ved complexity of combined intestinal anastomo-
sis failure with diclofenac-toxicity progression, 
whatever may be the prime cause of poor healing 
course deterioration (i.e., diclofenac toxicity spe-
cifically depended on intestinal bacteria [37]; pro-
gressive anastomosis dehiscence and loss of ana-
stomotic strength and degradation of collagen [38] 
imply more toxins and more liver lesions [37]) or 
many in combination: the leading diclofenac ulce-
rogenic effect that expands invading the stomach, 
small and large intestine, lower esophageal and 
pyloric sphincter failure; progressing intestinal wo-
und healing inability (i.e., adhesion presentation 
mostly with neighboring small intestine loops also 
included, stomach, liver ―packed‖, advanced in-
testinal passage obstruction, poor blood filling of 
the anastomosis arcade vessels, presenting vessels 
empty) or still increasing hepatotoxicity.

Specifically, when any of regimens of BPC 157 
was given, the much smaller number of mucosal 
lesions in all gastrointestinal regions, preserved 
sphincter function, advanced anastomosis healing 
(only small adhesions presentation, no passage ob-
struction, increased anastomotic strength exhibited 
no anastomotic dehiscence, preserved blood filling 
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of the anastomosis arcade vessels, all intestine wall 
layers more vigorously adapt) and liver lesions re-
covery since very beginning (i.e., a higher number 
of binucleated hepatocytes, less fatty liver, no ne-
crosis). Therefore, it seems that against combined 
intestinal anastomosis with diclofenac-toxicity, the 
activated mucosal protection, wound (anastomosis) 
healing and hepatoprotection are the effects of their 
own combined all together by BPC 157.

In particular, in intestinal anastomosis with 
diclofenac-toxicity, it may be that the BPC 157 
activated mucosal protection [12-15]. Very likely, 
it implemented Robert’s concept of cytoprotecti-
on [17] (i.e., at least for 24 hours stable in human 
gastric juice [12-15], playing the role of novel me-
diator of Robert’s cytoprotection [13,21, 39, 40]) 
versus a NSAID (diclofenac) application, even with 
increased, more aggressive lesions since occupying 
lower parts of gastrointestinal tract as well. BPC 
157 cures the gastric/intestinal lesions induced by a 
variety of NSAIDs, i.e., aspirin [28], indomethacin 
[39], diclofenac [8] and ibuprofen [26]. Accordin-
gly, more sphincteric failure [29-31] in more da-
maged-diclofenac rats with intestinal anastomosis 
while less damaged gastric mucosa and preserved 
pressure in sphincters should be along with regu-
larly maintained and rescued sphincter function 
[29-31] after BPC 157 administration. Likewise for 
liver lesions counteraction, as a secondary effect 
(i.e., less gastrointestinal lesions, less toxins, less 
liver damage [37]) or as a primary effect, BPC 157 
recent counteraction of NSAIDs-(paracetamol-, 
diclofenac- and ibuprofen-) hepatotoxicity [8, 25, 
26] neutralizes here increased hepatotoxicity af-
ter intestinal anastomosis and diclofenac. Thus, it 
obviously does imply distinctive hepatic lesions 
and quite different mechanisms (i.e., unlike that of 
gastrointestinal lesions (COX-1/COX-2 inhibition), 
the hepatotoxic NSAIDs background is more di-
verse (i.e., intrinsic, immunoallergic, idiosyncratic 
and in particular metabolic idiosyncratic like that of 
diclofenac (for review see, i.e., [62])).

Also, we found convincing evidence that BPC 
157 activates in intestinal anastomosis with diclo-
fenac-toxicity an additional innate ―wound healing 
effect‖ [11, 13, 14, 36] (previously, after massive 
resection the remaining intestine quickly functions 
better and reaches more adaptive capacity [11], 
weight gain, bringing rats with short bowel to the 

weight of normal, non-operated rats [11] and likewi-
se here, as before [11], all intestine wall layers more 
adapt), all of the major healing events that occur in 
a set order following the loss of tissue integrity rea-
lized, step by step [9]. Namely, an advanced intesti-
nal anastomosis healing that occurs with only small 
adhesions formation and preserved blood filling 
of the anastomosis arcade vessels supports special 
BPC 157’s ―wound healing effect‖ [11, 13, 14, 
36] that includes different tissues [35, 41-55], in par-
ticular, gastrointestinal tract [9, 11, 18, 20] and blo-
od vessels [56] and potent anti-inflammatory effects 
[54]. And most importantly, BPC 157 stimulates 
the expression of the egr-1 repressor nerve growth 
factor 1-A binding protein-2 (nab2) [17], a feedback 
mechanism that serves to regulate egr-1-mediated 
gene transcription responsible for collagen and blo-
od vessel formation, but also the development of li-
ver lesions, chronic ethanol-induced steatosis [58], 
hepatic injury during acute inflammation and/or 
hepatitis [59], gastrointestinal (cysteamine) ulcers, 
while NSAIDs delay ulcer healing and hinder angi-
ogenesis by inhibiting egr-1 [37, 60, 61].

5.  Conclusion

A final argument that promotes BPC 157 as a 
practical solution of particular complex problem 
of intestinal anastomosis after diclofenac admini-
stration, should be that all these beneficial and co-
unteracting effects of BPC 157 were consistently 
obtained using an equipotent dosage (μg, ng/kg) in 
parenteral or peroral regimens .
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Abstract

The sample have been made of student group 
with age of 18 to 26 years, that filled questionare 
for participation in the study, voluntarily. This study 
consisted of two groups with an equal number of 
participants: 60 smokers and 60 non smokers. 

 The study was conducted at the JU HP Insti-
tute for health care of students, at the University 
of Sarajevo. The 120 students were divided into 
two groupes: 60 smokers and 60 non smokers. 
Trend of increasing rates of morbidity and morta-
lity from smoking diseases is demonstrated in the 
Federation of Bosnia and Herzegovina, according 
to regular statistical surveys. The appearance of 
human desire to improve the lifes quality is re-
sult of the development of civilization, increased 
knowledge and various experiences in the fight 
against disease. Tobacco smoking is very serious 
and difficult social problem in many countries of 
the modern world. Analysis and attempts to elimi-
nate the causes of the greatest number of diseases 
of modern society pointed to tobacco as one of the 
causes. Smoking habits have negative multiva-
riate character, because of smokers threaten their 
own health and life, but and the lives of those who 
are close to them. It is quite clear today that to-
bacco plants, the nature of tobacco leaf, the nature 
of the land, harvest, process of preparation, aging 
and fermentation have a great impact on tobacco 
ingredients. Poison that tobacco smoker entered 
into his body is his choice, but his community 
will put up with him, because they will have to be 
borne by, among others, the cost of treating tobac-
co smokers. Erythema, pain and frequent interrup-
tions in the continuity of the oral mucosa represent 
a clinical manifestation of heat effect of nicotine 
on the oral mucosa. Papillary changes, with the 
unpleasant odour and a reduced sense of taste and 

smell, dominate. The World Health Organization 
has placed special emphasis on the promotion of 
healthier lifestyles and care for a healthier envi-
ronment. Lifestyle is associated with the values, 
priorities and practical possibilities and obstacles 
specific cultural, social and economic situation.

Key words: smoking, bitterness in the mouth, 
bad breath 

Introduction

Smoking and tobacco use are frequent occur-
rences in our society. Smoking habits are acquired 
very early causing many diseases and it affects 
the quality and length of life. Smoking refers to 
four million lives worldwide, every year, accord-
ing to the World Health Organization, because it is 
rightly called “killer” number one in the world.(1)(2) 
Smoking as a socio-pathological phenomena can 
have medical, psychological, political, ideological 
and other dimensions which are expressed in yo-
ung people. (3)(5)

Unfortunately, there are more and more children 
and young people among the users of this poison.
The way of life of each individual depends on the 
interpersonal relationship, social attitudes which are 
connected and depend on the social environment.(3) 
Use of tobacco meets all these criteria, and becau-
se of that, compelling urge to smoke occurs, which 
causes a chronic need for tobacco. So we can say 
that nicotine is addictive similar to heroin! For this 
reason, only a small number of smokers succeed in 
the first attempt to stop smoking, and two-thirds of 
that number, do not want to.(4)(7)

Aim of research

We intend to determine the structure of smokers 
and non-smokers according to the number of ciga-

The tobacco smoking habits with the observed 
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rettes smoked per day and identify side effects as a 
result of smoking with a sense of bitterness in the 
mouth and bad breath that observed by smokers.

Materials and methods 

This is clinical, applicative and controlled stu-
dy with experimental- prospective character and 
randomly selected sample. We used questionnai-
re cardboard to determine side effects: feeling of 
bitterness in the mouth and feeling bad breath in 
patients. We have introduced into the data speci-
fically designed questionnaire card, which the pa-
tients filled out voluntarily. We determine the age 
and sex of smoking addicts, amount of cigarettes 
smoked per day by the survey. We sort smokers 
into three groups according to the amount of ciga-
rettes smoked per day, based on previous research. 
These are the groups:

1. 	Moderate smokers up to 10 cigarettes per day.
2. 	Medium moderate of 11-20 cigarettes per day.
3. 	Heavy smokers more than 21 cigarettes per 

day

Results

We sort smokers into three groups according to 
the amount of cigarettes smoked per day: moder-
ate smokers up to 10 cigarettes per day, medium 
moderate of 11-20 cigarettes per day, heavy smo-
kers more than 21 cigarettes per day (table 1).

There were 40.0% moderate smokers (1-10 
cigarettes per day), medium moderate 83.3% (11-
20 cigarettes per day) and heavy smokers, 11.7% 
(21 or more cigarettes per day) in the sample

Differences in smoking status were statistically 
significant. Medium moderate smokers - 43.3% 
are the most represented, followed by moderate 
smokers - 40.0%, and heavy smokers - 11.7%. Are 
least represented (table 2).

We found difference in the male smokers 
between medium moderate smokers and heavy 
smokers, on the level p <0.05 ( t= 2.27), betwe-
en smokers of both genders on the level p<0,05 
(t=2,43), and signifficant difference on the level 
p<0,0001 (t=3,58) between medium moderate 
male smokers and all female smokers in total, by 
testing difference in smoking habits on the model 
of Student’s t-test.

Graph 1.  Smokers status gender

Table 1.  Smoking status according to gender

Smokers
moderate medium moderate heavy Total

N % N % N % N %
Men 6 27,27 14 63,64 2 9,09 22 100
Women 18 47,37 15 39,47 5 13,16 38 100
Total 24 40,00 29 43,33 7 11,67 60 100

X2=16.604	 p<0.005

Table 2.  The difference in smoking habits between the genders was tested on the model of Student’s t-test
Smokers moderate smokers* medium moderate smokers ** Heavy smokers ***

Men 1,63 2,27 0,67
Women 0,45 1,34 1,79
Total 2,09 3,58 2,43

* moderate smokers 1-10 cigarettes per day,			 
** medium moderate smokers 11-20 cigarettes per day
*** heavy smoker 21 or more cigarettes per day	
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The highest percentage of moderate smokers was 
among female students - 47,4%, the highest percen-
tage of moderate medium was among male students 
- 63,6%, while heavy smokers were among female 
students 13,2%, and among male students 9,1%. 

The smokers themselves, perceive side effects 
of smoking on oral cavity. Cognition about the 
presence of bad breath and bitterness in the mouth 
is particularly present. There are differences in re-
lation to gender, actually bad breath more bothers 
to men, but in addition to bad breath, and bitterne-
ss in the mouth bothers to women.

Graph 2.  Side effects of smoking observed by 
smokers

Discussion and conclusion

The students group, with the age range betwe-
en 18-26 years, presented a sample, and they vo-
luntarily participated in the study, filling out the 
questionnaire. There were 120 students , involved 
in the study, with equal number of smokers and 
non-smokers.The smokers had significantly more 
frequent changes in the oral mucosa than non-smo-
kers. The changes in the oral mucosa were found 
in 50% of smokers, and in 10 % of non-smokers.

The results of our study show that in the Federa-
tion of Bosnia and Herzegovina primary health care 
system is not yet able to satisfy all the population 
needs that would have a preventive character and 
lead to a better quality of life. Analyzing data on 
the use of health care we see that a larger number of 
visits do not lead to improvement of health which 
is in contrast with the results of most authors.(11)(12)

The study included the 120 students at the Uni-
versity of Sarajevo, aged 18 to 26 years. They are 
classified into two groups: 60 students of smokers 

and 60 nonsmoker’s students. This research repre-
sents an initial study that examines the influence of 
the harmful effects of nicotine. The smokers were 
divided into moderate (1-10 cigarettes per day), me-
dium moderate (11-20 cigarettes per day) and heavy 
smokers (21 or more cigarettes per day), according 
to the number of cigarettes that they smoked per 
day. Differences in smoking status were statistically 
significant. The presence of medium moderate smo-
kers is the largest 43.3%, it was lower the incidence 
of moderate smokers (40,0), while the prevalence 
of heavy smokers was lowest 11.7% 

We found difference in the male smokers 
between medium moderate smokers and heavy 
smokers, on the level p <0.05 (t= 2.27), betwe-
en smokers of both genders on the level p<0,05 
(t=2,43), and high signifficant difference on the le-
vel p<0,0001 (t=3,58) between medium moderate 
male smokers and all female smokers in total, by 
testing difference in smoking habits on the model 
of Student’s t-test. 

The highest percentage of moderate smokers 
was among female students - 47,4%, the highest 
percentage of moderate medium was among 
male students - 63,6%, while heavy smokers 
were among female students 13,2%, and among 
male students 9,1%. We examined the effect of 
cigarette smoke on the oral health of the young 
population of students of the University of Sara-
jevo. Results of Muhammad Asif and colleagues 
(2002) study are interesting. The study included 
1,100 residents. The data show that 40.02% of 
respondents smoked different types of tobacco.(7) 
In their study, 36.66% of smokers among the 442 
participants, smoked only for the company, whi-
le 57.01% of them smoked because of concerns 
and anxieties. There were 292 (66.06%) smokers 
who had a cough at night, 96 (21,72%) smokers 
had a cough during the day, but 54 (12,22%) had 
cough during the day and night. There were 125 
(28,28%) smokers with unchanged sputum, while 
43 (9,73%) smokers had occasionally or frequ-
ently blood-colored sputum. They found that 290 
smokers (63.61%) smoked in public places.(9) The 
side effects of smoking on oral cavity and the pre-
sence of bad breath and bitterness in the mouth, 
especially in women are pointed out in our work. 
The smokers, themselves, noticed side effects of 
smoking on the oral cavity. Cognition about the 
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presence of bad breath and bitterness in the mouth 
is particularly present. There are differences in re-
lation to gender, actually bad breath more bothers 
to men, but in addition to bad breath, and bitterne-
ss in the mouth bothers to women. There is bitter-
ness in the mouth, in addition to bad breath, in 
the both genders. Hadžović Emir, in his master“s 
study: Predisposition and socio-demographic cha-
racteristics of smoking habits among the students 
of the University of Sarajevo “(1990)., found that 
2.000 students of both sex had prevalence of smo-
king 46,8%,the percentage for male smokers was 
46,8%, and 46,0%.(7) for female smokers. We in-
vestigated, in our study, student“s population with 
the same age, both sexes.
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Abstract

Inflammation plays a key role in many pat-
hophysiological conditions. Exposure of human 
cells to bacterial lipopolysaccharide (LPS) po-
tently initiates an inflammatory response, but the 
underlying mechanisms are unclear. Coding sequ-
ences of the human LPS-responsive gene HLrp 
were obtained from LPS-treated HEK293 cells. 
HLrp protein contains leucine-zipper domains and 
is thus a potential regulator of transcription. HLrp 
expression was robustly upregulated in cell cultu-
re following LPS or TNF-α treatment, and the pro-
tein was localized predominantly in cytoplasm, 
notably in association with the nuclear membra-
ne. Expression levels were low in Hela cells and 
HepG2 cells, but were high in human dental papi-
lla cells and in HEK293 cells. High levels of HLrp 
protein were detected in diverse primary human 
tissues including the liver, lung, the epithelia of 
the esophagus, stomach, colon, rectum, and small 
intestine, and in smooth muscles of the esophagus 
and rectum. Only low levels of expression were 
detected in breast and kidney. Because HLrp is 
probable regulator of transcription, and is induced 
by LPS and TNF-α, HLrp could modulate the cas-
cade of inflammatory response gene expression.

Key words: Functional characterization; Li-
popolysaccharide; Molecular cloning; Tissue 
expression

Introduction

Inflammation plays a key role in several patho-
physiological conditions [1] and is thought to be 
induced by innate immune cells in response to 
infection and/or tissue damage [2]. The induction 
of an inflammatory response results in extensive 

recruitment of macrophages that participate in de-
fense against foreign agents and tissue repair [3]. 
Lipopolysaccharide (LPS), an outer membrane 
component of the Gram-negative bacteria (GNB), 
has been widely used to induce inflammation and 
macrophage activation [4] and provides a well-es-
tablished model for studies on the innate immune 
response [5]. Although LPS is a robust molecular 
signal for host recognition of Gram-negative patho-
gens [6], intense inflammatory responses to LPS 
can lead to endotoxic shock and death [7], and the 
risk of such adverse effects is dependent both on the 
level of LPS and on host susceptibility factors [7].

Inflammation is initiated and maintained by a 
network of chemokines, pro-inflammatory cyto-
kines and anti-inflammatory mediators, including 
mitogen-activated protein kinase (MAPK) and nu-
clear factor-kB (NF-kB), that play distinct or shared 
biological activities [8]. Upon activation, macro-
phages produce cytokines [9] such as tumor necro-
sis factor-α (TNF-α), interleukin-1β (IL-1β) and 
IL-6, [10]. Excess production of these cytokines and 
pro-inflammatory mediators has been implicated in 
the pathoetiology of several inflammatory diseases 
including atherosclerosis, rheumatoid arthritis, asth-
ma, pulmonary fibrosis, and septic shock [11]. Al-
though the mechanisms underlying LPS-mediated 
induction of inflammation and cytokine expression 
remain obscure, it has been reported that several 
host gene loci modulate the LPS response, and also 
that inflammation is associated with changes in the 
expression levels of several genes that are likely to 
reflect host adaptation to bacterial infection and/or 
LPS [12, 13]. Given the importance of inflamma-
tory disease, we sought to investigate the molecular 
mechanisms mediating the induction of inflamma-
tion by LPS. We report the characterization of the 
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cDNA sequence of the human LPS-responsive gene, 
HLrp, and the properties of the encoded protein.

Materials and methods

Materials
DEPC, HEPES, LPS (E. coli) and TNF-α were 

purchased from Sigma (Texas, USA). Plasmids 
pUC19, Triazol and DNA purification reagents were 
purchased from Invitrogen (California, USA). The 
reverse transcriptase kit was purchased from Pro-
mega (Madison, US) and the plasmid extraction kit 
(endotoxin-free) from Sangon (Shang’hai, China). 
Restriction endonucleases, Taq DNA Polymerase 
and T4 ligase were from Santa Cruz (Santa Cruz, 
USA). The enhanced chemiluminescence detection 
system was from Pierce (Rockford, USA). Human 
dental papilla cells HDPC, the HEK293, Hela and 
HepG2 cell lines, the BL21 (DE3) cell strain and 
plasmid pcTAT were provided by the Biochemistry 
and Molecular Biology Laboratory, Fourth Military 
Medical University (Xi’an, China). The protein 
chip of normal human tissues was purchased from 
ChaoYing company (Xi’an, China).

Primer sequences for amplifying HLrp gene
The HLrp gene was amplified using the up-

stream primer P1: (TCGGGTACCATGGCGA 
CGCGGGTAGAGG) and the downstream primer 
P2: (TCGTCTAGACACATCAAGGAACCA 
TCGTC). For cloning purposes the upstream and 
downstream primers contained KpnI and XbaI re-
striction sites (underlined).

Cell culture
Human HEK293 cells were cultured in 

Dulbecco’s modified Eagle medium (DMEM) at 
37oC under humidified 5% CO2. Cells were expo-
sed to LPS (100 mg/L) for 24 h in logarithmic 
growth phase.

RT-PCR amplification of HLrp cDNA
Total RNA was extracted from LPS-treated 

HEK293 cells using the TRIzol reagent. cDNA 
synthesis employed reverse transcriptase and oligo-
dT. PCR with primers P1 and P2 (above) was for 30 
cycles of denaturation at 95oC for 15 s, annealing 
at 55oC for 40 s, and extension at 72oC for 40 s; a 
further extension step was performed at 72oC for 30 

min. PCR products were separated by electropho-
resis on 1% agarose, excised from the gel and reco-
vered using a DNA purification kit. PCR products 
were digested with KpnI and XbaI and inserted 
between the KpnI and XbaI sites of vector pUC19 
prior to transformation into E. coli BL21 cells. 
Transformants were confirmed by DNA sequen-
cing. The insert of pUC19-HLrp was excised with 
KpnI and SphI and inserted between the KpnI and 
SphI sites of vector pcTAT prior to transformation 
into E. coli BL21 cells. The nucleotide sequence 
and the deduced amino acid sequence of HLrp were 
analyzed using software from the UCSC Genome 
Bioinformatics Site (http://genome.ucsc.edu).

Expression of HLrp and preparation of 
immune serum
Plasmid pcTAT-HLrp was transformed into E. 

coli BL21 cells and gene expression was induced 
with IPTG. 6His-TAT fusion proteins were puri-
fied by nickel-nitrilotriacetic acid (Ni-NTA) co-
lumn chromatography and SDS-PAGE. Rabbits 
were immunized according to standard procedures 
with recombinant HLrp polypetide, boosted three 
times, and antisera to HLrp were collected.

Evaluation of LPS- and TNF-α-induced 
changes in HLrp expression by Western 
blotting
HEK293 cells were exposed to LPS (1mg/L) 

for 24 h or to TNF-α (1×106 U/L) for 2 h. Cells 
were lysed and protein extracts were prepared by 
standard techniques. Aliquots (50 mg) were sepa-
rated by SDS-PAGE and transferred to nitrocel-
lulose membranes. Rabbit polyclonal antibodies 
were used to detect HLrp polypeptides; blots were 
developed using horseradish peroxidase (HRP)-
conjugated goat anti-rabbit IgG and an enhanced 
chemiluminescence detection system. 

Distribution of HLrp expression in normal 
human tissues
To determine the expression pattern of HLrp 

protein, a chip containing an array of immobilized 
extracts of normal human tissues was employed. 
Tissues represented included liver, kidney, lung, 
breast, epithelia from esophagus, stomach, colon, 
small intestine and rectum, and smooth muscle 
from esophagus and rectum. The presence of 
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HLrp was detected by immunohistochemistry. Ti-
ssues were fixed and blocked prior to the addition 
of rabbit anti-HLrp polyclonal antisera.

Detection of Hlrp expression in cell lines
Human dental papilla cells (HDPC), Hela cells, 

HepG2 cells and HEK293 cells in logarithmic 
growth phase were fixed and blocked prior to the 
addition of rabbit anti-HLrp polyclonal antisera. 
Bound antibody was detected using biotinylated 
goat anti-rabbit IgG, stained with streptavidin-bi-
otin peroxidase complex (SABC), developed with 
FITC, and imaged using laser-scanning confocal 
microscopy.

Results

Isolation and analysis of HLrp cDNA
Primers for the amplification of HLrp cDNA 

were designed based on the GenBank sequence 
(accession NM_018360) and were used to PCR 
amplify total oligo-dT-primed cDNA from LPS-
treated HKE293 cells. The full-length (2045 bp) 
cDNA for HLrp was cloned and sequenced. This 
was found to correspond to the Genbank sequen-
ce and contained the complete HLrp open reading 
frame (ORF) and the 5’ and 3’ untranslated regi-
ons (Figure 1A). The UCSC Genome Bioinforma-
tics Database (http://genome.ucsc.edu) permitted 

A

B

C

D
Figure 1.  (A) Full-length HLrp cDNA sequence was amplified by RT-PCR from a cDNA prepared from 
HEK293 cells and confirmed by restriction enzyme digestion and gel electrophoresis. Lane 1, HLrp gene 
amplified from HEK293 cells; Lanes 2,3, pUC19-HLrp digested with PstI; Lane 4, TaKaRa DL2000 
DNA marker. (B) Chromosomal location of the HLrp gene. The UCSC Genome Bioinformatics Database 
(http://genome.ucsc.edu) identified the location of the HLrp gene at p22.2 on the X chromosome X. (C) 
Analysis of functional domains with conserved leucine-zipper motifs in HLrp polypeptide (D) Confirmati-
on of recombinant plasmids containing HLrp cDNAs by restriction enzyme digestion and gel electrophore-
sis. Lanes 1,2, pcTAT-HLrp digested with KpnI and SphI; Lanes 3,4, pcTAT-HLrp digested with KpnI and 
EcoRI; Lane 5: TaKaRa DL2000 DNA marker.
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localization of the HLrp gene to p22.2 on the X 
chromosome (Figure 1B). The full length HLrp 
cDNA ORF encodes a protein of 528 amino acids 
(Figure 1B) containing leucine-zipper regions (L-
x(6)-L-x(6)-L-x(6)-L) (Figure 1C). 

Expression of HLrp protein in E.coli
To characterize the HLrp polypeptide, the full-

length cDNA was introduced into the  pcTAT 
expression vector to generate a hybrid coding sequ-
ence in which HLrp sequences were fused in frame 
to 6His-TAT. The integrity of recombinant plasmid 
pcTAT-HLrp was confirmed by restriction enzyme 
digestion with KpnI and SphI (or KpnI and EcoRI) 
(Figure 1D). The 6His-TAT-HLrp fusion protein 
was then expressed in E. coli where the expressed 

products were present in inclusion bodies (Figure 
2A). The polypeptides were purified by nickel-nitri-
lotriacetic acid (Ni-NTA) affinity chromatography 
and used to immunize rabbits. Titres of the antisera 
obtained exceeded 1:1000 (Figure 2B).

Effects of LPS and TNF-α on HLrp 
expression
HEK293 cell lines were treated with LPS or 

TNF-α and levels of HLrp were quantitated by 
Western blotting using antisera directed against 
the recombinant protein. Expression levels of 
HLrp were very low in untreated control cells, 
but HLrp was strongly upregulated both after LPS 
treatment (Figure 2C) and after TNF-α treatment 
(Figure 2D)

A

B

C

D

Figure 2.  (A) Expression of 6His-TAT-HLrp in E. coli. The 6His-TAT coding sequence was fused in-
frame with the HLrp cDNA ORF; the fusion protein was expressed in E. coli and purified by a Ni-NTA 
column. Lane 1, pcTAT-HLrp/BL21 (DE3) with IPTG induction; lane 2, pcTAT-HLrp/BL21 (DE3) 
without IPTG induction; lane 3, pcTAT/BL21 (DE3) with IPTG induction; lane 4, pcTAT/BL21 (DE3) 
without induction; lane 5, protein markers. (B) Western blot analysis of HLrp expression. Lanes 1,2, 
pcTAT-HLrp/BL21(DE3) with IPTG induction; lane 3, protein markers; (C) Western blotting of HLrp 
proteins in HEK293 cells exposed to LPS. Lanes 1,2, HEK293 cells exposed to LPS; Lanes 3,4, un-
treated HEK293 cells. (D) Western blot analysis of HLrp proteins in HEK293 cells exposed to TNF-α. 
Lanes 1,2, HEK293 cells exposed to TNF-α; lanes 3,4, untreated HEK293 cells.
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Distribution of HLrp expression in human 
tissues
The tissue profile of HLrp expression was 

determined using a tissue microarray technique 
and immunohistochemistry. High levels of HLrp 
protein were detected in diverse primary human 
tissues including liver, lung, the epithelia of the 
esophagus, stomach, colon, rectum, lung, and 
small intestine, and in smooth muscles of the 
esophagus and rectum (Figure 3). Only low levels 
of expression were detected in breast and kidney.

Expression and subcellular localization of 
HLrp in different cell lines 
To determine the subcellar distribution HLrp 

protein, different cell lines were probed with anti-
HLrp polyclonal antisera (Materials and Meth-
ods). HLrp was found to predominantly located 
in the cytoplasm but appeared to be most densely 
distributed around the nuclear membrane in HDPC 

(Figure 4A), Hela (Figure 4B), HepG2 (Figure 
4C) and HEK293 (Figure 4D) cells. Expression 
levels of HLrp were low in Hela and HepG2 cells, 
but were high in human dental papilla cells and 
HEK293 cells.

Discussion 

Tissue invasion by microorganisms is known 
to activate a potent inflammatory response [14]. 
Detection of bacterial molecular markers, inclu-
ding the pathogen-associated molecular pattern 
(PAMP), is mediated by innate pattern recognition 
receptors (PRRs) [14], and PRR activation leads 
to upregulation of the transcription of genes enco-
ding inflammatory mediators that coordinate the 
elimination of pathogens and infected cells [14]. 

Host defense against invading Gram-negative 
bacteria depends on innate immune recognition of 
LPS [15]. LPS induces an increase in body tempe-

Figure 3.  Expression profile of HLrp protein in normal human tissues. (A) Esophagus epithelium, (B) 
stomach epithelium, (C) liver, (D) colon epithelium, (E) small intestine epithelium, (F) lung, (G) kid-
ney, (H) breast, (I) esophagus smooth muscle, (J) rectum smooth muscle, (K) rectum epithelium. Ori-
ginal magnification, ×200. Expression levels were high in all tissues with the exception of kidney and 
breast where only low levels of expression were detected.
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rature, malaise, and increased secretion of cortisol 
and cytokines [5]. LPS stimulation of mammalian 
cells takes place via multiple pathways [16], and 
macrophage activation leads to the secretion of 
proinflammatory cytokines including TNF-α, IL-
6, and IL-1β [17]. Although these cytokines play 
an important role in mediating host defense, persi-
stent overexpression of TNF-α, IL-6, and IL-1β in 
chronic inflammatory disease leads to a spectrum 
of adverse effects including changes in cell adhe-
sion molecules and angiogenesis [18]. 

The mechanisms underlying the induction of 
inflammation by LPS are not well understood, 
and the extent of the inflammatory response is 
modulated by both environmental factors and the 
genetic susceptibility of each individual [19]. We 
report the cloning and characterization of human 
sequences for HLrp, a gene whose expression is 
induced by LPS and TNF-α. The HLrp gene is 
located at p22.2 on the X chromosome and the full 
length HLrp cDNA encompasses an ORF enco-
ding a protein of 528 amino acids.

Sequence analysis revealed that the HLrp pro-
tein contains a leucine-zipper region, a a common 
3D structural motif that has been implicated in the 
regulation of diverse aspects of physiology inclu-
ding cell survival, learning and memory, cancer 
progression, lipid metabolism, and development 
[20, 21]. Leucine-zipper factors constitute one of 
the most important classes of enhancer-type trans-
cription factors [22].

HLrp protein is strongly upregulated by LPS 
treatment and, in view of its conserved leucine-
zipper domains, is a potential transcriptional regu-
lator. It is therefore possible that HLrp is involved 
in transcriptional regulation following activation 
of the LPS signaling pathway. However, it is not 
known whether HLrp upregulation is involved in 
the induction of the inflammatory response or is a 
downstream consequence of inflammation. Howe-
ver, we also report that HLrp expression is rapidly 
stimulated by TNF-α, suggesting that HLrp is li-
kely to play a role in TNF-α-induced inflamma-
tion. TNF-α is known to stimulate the production 

Figure 4.  Intracellular location HLrp protein in four cell lines by laser scanning confocal fluores-
cence microscope. (A) human dental papilla cells cells, (B) HeLa cells, (C) HepG2 cells, (D) HEK293 
cells. Original magnification, ×400. A–D: blue fluorescence, nucleus; A’–D’: green fluorescence, 
HLrp protein; A”–D”: superimposition of green and blue fluorescence.
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of many proinflammatory cytokines [23,24], and 
high plasma levels of TNF-α are associated with 
an increased risk of developing inflammatory di-
sease and of morbidity and mortality [25,26]. 

Immunohistochemistry revealed that HLrp is 
predominantly localized in the nuclear membrane 
and cytoplasm of human dental papilla cells and 
of Hela, HepG2 and HEK293 cell lines. Expressi-
on levels of HLrp were low in Hela and HepG2, 
but high in dental papilla cells and HEK293. High 
levels of HLrp protein were detected in diverse 
primary human tissues including liver, lung, the 
epithelia of the esophagus, stomach, colon, rectum, 
lung, and small intestine, and in smooth muscles 
of the esophagus and rectum. Only low levels of 
expression were detected in breast and kidney. In 
inflammatory bowel disease it has been proposed 
that the production of TNF-α, IL-6, and IL-1β is a 
consequence of infiltration of inflammatory cells 
[27], and the widespread distribution of HLrp su-
ggests that it plays a role in LPS- and/or TNF-α- 
induced inflammation.

Previous studies revealed that the sequence 
of HLrp polypeptide is highly homologous to 
γ-taxilin/FIAT, molecules described by other gro-
ups [28, 29]. Taxilin is a novel syntaxin-binding 
protein that contains a long coiled-coil region in 
its C-terminal half. Database searching revealed 
the presence of two other molecules with a long 
coiled-coil region homologous to that of taxilin 
in mammals, arguing that there are three distint 
members of the mammalian taxilin family [28]. 
FIAT, a nuclear leucine-zipper protein described 
previously, was reported to interact with ATF4 to 
inhibit ATF4 binding to DNA, thereby inhibiting 
ATF4-mediated transcription of the osteocalcin 
gene in vitro. Transgenic mice overexpressing 
FIAT in osteoblasts had reduced osteocalcin expre-
ssion and decreased bone mineral density [20, 29]. 
Although members of the taxilin family have been 
implicated in transcriptional and translational con-
trol [30, 31], few studies have addressed the po-
tential involvement of taxilins in inflammation.

In summary, we report cDNA and polypepti-
de sequences for the human LPS-inducible gene 
HLrp. HLrp polypeptide is predominantly loca-
lized in the cytoplasm and nuclear membrane, 
and contains conserved leucine-zipper domains, a 
structural motif commonly found in transcriptio-

nal regulators. This suggests that HLrp expression 
induced by LPS could potentially contribute to the 
inflammatory response. Further research will be 
required to determine if pharmacologic interventi-
on in HLrp pathways might be of therapeutic value 
in septic shock induced by endotoxin exposure. To 
our knowledge, this is the first evidence of HLrp 
involvement in LPS and/or TNF-α inflammatory 
pathways and provides a foundation for further in-
depth studies on the function of HLrp.
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Abstract

Background: We aimed to estimate and 
analyze epidemiological profile of deaths during 
childhood. 

Method: We used the databases of deaths pro-
vided by Information System of mortality betwe-
en 2006 and 2010. We selected only those records 
where the occurrence of deaths corresponded to 
Porto Velho city and those who were aged betwe-
en 12 and 48 months old at the moment of death. 
We examined only deaths from preventable cau-
ses and poorly defined. 

Results: The total number of deaths was estima-
ted to be 103, 48.6% male. High frequencies of de-
aths occurred (39.8%) in children before reaching 
two years old. Vast majority of deaths (66.9%) was 
due to preventable causes, 18.4% by poorly defined 
causes and nearly one in three by external causes. 
Approximately one in four were due to traffic acci-
dents, 41.9% by drowning and submersion. Also, 
there were significant frequencies of deaths asso-
ciated with respiratory diseases (17.5%) and infec-
tious and parasitic diseases (16.6%). 

Conclusion: These findings reinforce the impor-
tance of studies of infant mortality, drawing attention 
to the debate on policy design to reduce childhood 
deaths, especially in acting on preventable causes.

Key words: Mortality; Child Health; Public 
Policy.

Background

One way to evaluate the policies and actions of 
health care is through studies regarding the distribu-
tion of deaths in a population, the identification of 

the most vulnerable issue to health problems and de-
finition of the main problems. These aspects guide 
the allocation of resources and assist the planning, 
management and health evaluation. [1]

Wagstaff, [2] studying the magnitude and cau-
ses of socioeconomic inequalities in mortality of 
children under five years old from nine countri-
es found that inequalities were higher than the 
corresponding mortality of infants, and were quite 
pronounced in Brazil and relatively high in Nica-
ragua and the Philippines. Inequalities in morta-
lity in children under 5 years old were lower in 
Cote d’lvoire, Ghana, Pakistan and Vietnam. The-
se results reflect intense inequalities in mortality 
between socioeconomic groups, with deaths con-
centrated among the most disadvantaged.

The biological determinants of death in child-
hood are subject to environmental, social and eco-
nomic conditions and the availability of health 
services. [3] Rutstein et al. [4] indicate that the death 
is linked to the economic structure, social health 
of the country, and it is also associated with me-
dical care. These authors proposed a method for 
evaluating the quality of medical care and created 
the concept of preventable death.

The preventable deaths in infancy occur for 
lack of adoption of individual and social actions, 
when compared to other observed populations, 
whose indexes are shown in low or reduction pro-
cess. [5] Avoidable death is an excellent indicator 
of the quality of access to health services and indi-
cates the perverse face of mortality manifestation, 
especially in children. [6]

The prevention of deaths is crucial to understan-
ding the changes that occur in the structure of mor-
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tality, as to distinguish the causes that are preven-
table by certain actions of health sector interventi-
ons for those preventable through public policies, 
as well as to evaluate access to health services and 
provide support for interventions priority problems 
observed. [7] Similarly, another study claims that 
the estimate and profile analysis of infant mortality 
may subsidize aims for good health planning. [8]

In view of the above considerations, this study 
aimed to estimate and analyze the epidemiological 
profile of deaths during childhood in Porto Velho, 
RO, Brazil.

Method

This is a descriptive study, we used the databa-
ses of deaths provided by the Information System 
of mortality between 2006 and 2010. The study 
was approved by the Ethical Committee in Rese-
arch (Protocol CAAE No. 042/2010). We selected 
only those records where the deaths corresponded 
to the Porto Velho city and those who were aged 
12 to 48 months old at the moment of death. We 
examined only deaths from preventable causes 
and poorly defined.

In this study we considered as the causes of 
avoidable deaths, only the following classificati-
ons: (I) – reduced through appropriate actions to 
diagnosis and treatment, and (II) reduced through 
appropriate actions to promote health, linked to 
appropriate actions to attention of health. To the 

poorly defined causes of death we considered: (I) 
signs, symptoms and abnormal findings of clinical 
and laboratory not elsewhere classified. In others 
cases, the classification considered the list of pre-
ventable deaths of the Brazilian Health System 
proposed by Malta et al. [9]

The descriptive analysis of deaths was presen-
ted by frequency tables.

Results

The total number of deaths by cause was esti-
mated to be 103, 51.4% female. There were high 
rates of deaths (39.8%) in children before reaching 
two years old. Vast majority of deaths (66.9%) 
was due to preventable causes, poorly defined 
causes comprised 18.4%. We observed that aro-
und one in four was due to traffic accidents, 41.9% 
by drowning and submersion. There were large 
discrepancies between the extremes of the years 
studied, i.e. the coefficient from 5.7 deaths in 2006 
to 8.1 (per 10,000 inhabitants) in 2010, an increase 
of 70%. Table 1 shows the results of distribution 
of deaths of children.

The epidemiological profile of deaths remained 
during the first three consecutive years. On the 
other hand, it appeared generally decreased during 
2010. Table 2 shows the results of distribution of 
deaths of children aged 1 to 4 years old, according 
to specific causes.

Table 1.  Distribution of deaths of children aged 1 to 4 years old, according to the variables investigated
Socio-demographic 

variables
Year

Total
2006 2007 2008 2009 2010

n* % n* % n* % n* % n* % n* %
Age (year)
1 10 50.0 5 45.5 11 39.3 11 52.4 4 17.4 41 39.8
2 3 15.0 4 36.4 6 21.4 5 23.8 4 17.4 22 21.4
3 1 5.0 2 18.1 8 28.6 4 19.0 9 39.1 24 23.3
4 6 30.0 - - 3 10.7 1 4.8 6 26.1 16 15.5
Gender
Male 12 60.0 7 63.6 16 57.1 10 47.6 5 21.7 50 48.5
Female 8 40.0 4 36.4 12 42.9 11 52.4 18 78.3 53 51.5
Race
White 8 42.1 4 44.4 11 47.8 4 22.2 10 45.5 37 40.7
Black 11 57.9 5 55.6 12 52.2 14 77.8 12 54.5 54 59.3

Source: SIM – Dept. Epidemiology/SEMUSA, 2012. We used the rate per 10,000 inhabitants.
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The data in Table 3 suggest that the vast ma-
jority of deaths from external causes occurred in 
children between one and two years old, with de-
creasing trend in the period of the study.

Table 4 presents the results of proportional dis-
tribution of preventable, poorly defended and not 
preventable deaths in children between 1 and 4 
years old.

Discussion

Considering that there are few studies that 
explore death data provided by the Information 
System of mortality in Brazil, mainly in Rondônia, 
this investigation was undertaken to evaluated epi-
demiological profile of deaths during childhood in 
Rondônia. In the city of Porto Velho, in the peri-
od studied, more black children died from one to 

Table 2.  Distribution of deaths of children aged 1 to 4 years old, according to specific causes

Specific Cause
Year

2006 2007 2008 2009 2010
n* % n* % n* % n* % n* %

Respiratory diseases 5 25.0 2 18.2 - - 5 23.8 6 26.0
Infectious and parasitic diseases 3 15.0 3 27.3 2 7.1 6 28.6 3 13.1

Poorly defined causes 4 20.0 - - 7 25.0 2 9.5 6 26.0
External Causes 6 30.0 4 36.3 15 53.6 3 14.3 3 13.1

Neoplasias - - 2 18.2 3 10.7 3 14.3 1 4.5
Others 2 10.0 - - 1 3.6 2 9.5 4 17.3
Total 10 100.0 11 100.0 28 100.0 21 100.0 23 100.0

Source: SIM – Dept. of Epidemiology/SEMUSA, 2012. Underlying cause of death according to the International Statistical 
Classification of Diseases - Tenth Revision (ICD-10). We used the rate per 10,000 inhabitants.

Table 3.  Distribution of deaths of children aged 1 to 4 years old, according to external causes

Specific Causes
Year

Total
2006 2007 2008 2009 2010

n* % n* % n* % n* % n* % n* %
Transport accidents 2 28.6 1 25.0 4 26.7 -   1 33.3 8 25.8

Accidental drowning 
and submersion 3 42.9 1 25.0 6 40.0 2 66.7 1 33.3 13 41.9

Exposure to smoke, 
fire and flames 1 14.3 1 25.0   0.0 -   - - 2 6.5

Others 1 14.3 1 25.0 5 33.3 1 33.3 1 33.3 8 25.8
Total 7 100.0 4 100.0 15 100.0 3 100.0 3 100.0 31 100.0

Source: SIM – Dept. of Epidemiology/SEMUSA, 2012. Underlying cause of death according to the International Statistical 
Classification of Diseases - Tenth Revision (ICD-10). We used the rate per 10,000 inhabitants.

Table 4.  Distribution of proportional deaths in 1-4 years old children

Deaths
Year

Total
2006 2007 2008 2009 2010

n* % n* % n* % n* % n* % n* %
Preventable 14 70.0 9 81.8 17 60.7 15 71.4 14 60.8 69 67.0

Poorly defined 4 20.0 - - 7 25.0 2 9.6 6 26.0 19 18.4
Not preventable 2 10.0 2 18.2 4 14.3 4 19.0 3 13.2 15 14.6

Total 7 100.0 4 100.0 15 100.0 3 100 3 100.0 31 100.0
Source: SIM – Dept. of Epidemiology/SEMUSA, 2012. Brazilian List of Preventable Deaths. We used the rate per 10,000 
inhabitants.
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four years old compared to white. This finding is 
in agreement with the socially expected in many 
countries of the world, particularly in Brazil [10] 
and the U.S. [11] In these countries there are a si-
gnificant number of black people whose families 
have low income and poor health care services 
and medication, which may be part of explaining 
mortality in black children.

Moreover, the present study found that more fe-
male children died when compared to male, which 
is against with what is biologically expected, i.e. 
there are more deaths in male gender compared to 
females, in all age groups. In this perspective, re-
search asserts that the male gender is a risk factor 
for mortality in all stages of human life. [12-14]

Besides this differential mortality between the 
genders of children in the study, the low number of 
deaths in 2007 compared to other years is typical of 
underreporting cases of information, suggesting the 
need for a commitment to provide complete and tru-
stful data by professionals qualified to perform such 
function. Also, according to Duarte (1992), [15] mor-
tality statistics are affected by the low coverage of 
the information system and / or the under-reporting 
of information or poor quality of death certificates, 
specifically regarding the causes of death. The de-
ath declarations when not properly filled preclude 
analyzes of mortality that serve to delineate the he-
alth profile of the population in a particular region.

In this study, we found that the one of the main 
causes of deaths were caused by external causes 
(30%) and by infectious and / or parasitic (16.6%) 
in children of Porto Velho. These findings corro-
borate the data in others Brazilian states [16-17] and 
in Porto Velho city. [9]

Almost half of the deaths due to external causes 
in this study were by drowning and / or submer-
sion. Accidents affect children because they are 
more exposed to factors risk such as, for example, 
swimming pools and rivers baths. The high inci-
dence of deaths from this accident in particular the 
deaths of children in swimming pools and rivers 
baths, can be understood as a public health issue, 
and can be avoided when protective and monito-
ring measures are taken with the child by respon-
sible and / or caregiver. [18]

In this direction, another research performed in 
one year old regarding drowning indicates that it is 
a result of lack of skill in the aquatic environment 

added with parents and guardians carelessness. [19] 
High percentage of deaths (67.0%) are estimated 
as preventable, in this study, if health promotion 
actions were adopted and / or if they had adequate 
actions of diagnosis and treatment, and according 
to a previous study, these high percentages of de-
aths suggest problems of access to health services, 
coverage and / or quality of care. [20]

It was also high (18.4%) the incidence of deaths 
due to poorly defined causes in this study. This in-
cidence of deaths is considered as an indicator of 
quality of information about death causes and their 
occurrence, pointing to the need for investments in 
diagnostic and therapeutic resources, as well as the 
training of professionals for the correct completion 
of death certificates. [21] Moreover, in some develo-
ped countries the incidence of deaths due to poorly 
defined causes is less than 1%. Brazil is considered 
by the World Health Organization as having mid-
level quality of mortality information system. [22]

There was a very important increase (70%) in 
mortality rate between 2006 and 2010 despite the 
improvement in living conditions in Porto Velho, 
from 2004, with improvements in urbanization, 
sanitation, nutrition and education, as well as im-
provements in the performance of health services 
with the expansion of the Family Health Strategy, 
the increased number of hospital beds and the qu-
ality of care.

Therefore, one may consider that Porto Velho 
city showed no improvements on economic health 
required for satisfaction of its population in the 
researched period. However, there was a reducti-
on in infant mortality in Brazil, although there are 
regional disparities, which persist in the high ra-
tes of mortality in children under five years old in 
some regions of the country, such as Porto Velho 
city, Rondônia. [23, 24]

Although our study presents limitations because 
it was based on secondary data, our findings seem to 
reflect the present situation in other cities with cha-
racteristics of health services similar to Porto Velho, 
Rondônia, reiterating the need to evaluate the effec-
tiveness of care provided, especially if it is consi-
dered that deaths could be avoided by health care 
measures. The absence of a network of verification 
services structured deaths makes the basic causes 
still poorly defined persistent in the city. 
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Conclusion

This study offers further evidence that reinfor-
ce the importance of studies of mortality infant, 
drawing attention to the debate on policy design to 
reduce deaths in childhood, working in particular 
on preventable causes.
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Abstract

The antibacterial potential of crude leaves ex-
tracts of Azadirachta indica against some bacte-
ria associated with surgical wound infections was 
investigated. Leaves were extracted using water 
and ethanol. Aqueous extract did not show any in-
hibitory activity. Ethanolic extract inhibited  the 
growth of all the pathogens to varying degree ex-
cept Klebsiella spp. The gram-positive bacteria 
were more susceptible to the effect of ethanolic ex-
tract. By agar well diffusion  method maximum in 
vitro inhibition was obtained at 100% concentra-
tion against Staphylococcus aureus with zone size 
of 22mm±0, followed by MRSA. The minimum  
inhibitory concentration (MIC) values for  the 
tested  bacteria ranged between 1-128mg/ml. The 
highest MIC value was obtained against 6 strains 
of Acinetobacter  species. While lowest MIC was 
observed for Staphylococcus aureus and MRSA, 
all strains inhibiting at 2mg/ml. The study recom-
mended trials to investigate the invivo activity of 
plant for management of wound infections.

Key words: Azadirachta indica, leaf extracts, 
wound  infections, antimicrobial assay.

Introduction

Many times human body has to deal with open 
wounds. Trauma is the most common cause of wo-
und which can be nosocomial (hospital acquired) 
or intentional [1]. When an individual develops an 
open wound, the nature attempts to cover the wo-
und by re-epithelialization. This is a slow process 
and invasion of the wound site by opportunistic 
bacteria is common [2]. If  infection  is not trea-
ted  properly complications like chronic open sores, 
sepsis and even death can occur [3]. The surgical 
site infections (SSIs) are the second most common  
nosocomial infection [4]. The 2002 survey report 
by Nosocomial Infection National Surveillance 

System (NINSS) which covers the period between 
October 1997 till September 2001 surgical site in-
fection rate was 10% in UK. In Pakistan  high rate 
of wound infection can be demonstrated  by a stu-
dy carried out at the department of general surgery, 
Shaikh Zayed Hospital, Lahore. Wound  infection  
rate was 3.3% corresponding to the infection rate 
of 2.6% of international figures (Nur et al., 2000).  

Some of the microorganisms frequently isolated 
from  infected wounds are Staphylococci, Strepto-
cocci, Escherichia coli, Pseudomonas, Klebsiella, 
Proteus, Acinetobacter and Candida. These pat-
hogens are resistant to most of the commonly used 
antibiotics (Nester et al., 2004). The indiscrimina-
te use of antimicrobials is the main cause of failure 
in the management of wound infection [5]. Plants 
are a good source of phytochemicals and produce 
a diverse range of agents which have structure si-
milar to many synthetic drugs [6]. Plant extracts 
have a great potential to act against multi-resistant 
bacteria for management and treatment of wounds 

[7]. Medicinal use of plants is the oldest form of 
healthcare [8]. Although modern medicinal scien-
ce has been developed to a great extent, many rural 
people of Pakistan still depend on plant products 
and herbal remedies for treating their ailments. 
Treatment of diseases through medicinal plants is 
also a characteristic feature of Islamic teachings. 

Neem tree (Azadirachta indica) specie of fa-
mily Meliaceae is evergreen tree found in most 
tropical countries (Pakistan, Bangladesh, India). 

Every part of the A.indica can be used to treat 
different conditions [8]. It was the Pakistani sci-
entist “Salimuzzaman Siddiqui” who pionee-
red the isolation of unique chemical compounds 
from neem. He extracted 3 bitter compounds from  
neem oil which he named as nimbin, nimbinin and 
nimbidin (Dr.Kazim, 2011). Since then  more than 
135 compounds have been isolated from different 
parts of A.indica [9][8][10]. The compounds have 
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been divided into major classes: isoprenoids and 
non-isoprenoids [11]. The isoprenoids include di-
terpenoids and triterpenoids. The non-isoprenoids 
include proteins (amino acids) and carbohydra-
tes (polysaccharides), sulphurous compounds, 
polyphenolics such as flavonoids and their glyco-
sides, dihydrochalcone, coumarin and tannins, 
aliphatic compounds etc [12]. Biological activities 
of compounds of A.indica proved by different re-
searchers are; anti-inflammatory, anti-arthritic,  an-
ti-pyretic, hypoglycemic, anti-gastric ulcer, sper-
micidal, anti-fungal, anti-bacterial, diuretic, anti-
malarial, anti-tumor, immunomodulatory etc [13]. 
Since rural people have developed techniques for 
treating their cuts and wounds by application of 
a paste made from fresh or dried leaves of neem, 
it will be interesting to investigate usefulness of 
plant in treating these infections. The present stu-
dy is aimed at evaluating the antimicrobial poten-
tial of crude extracts of neem against pathogenic 
bacteria associated with wound infections.

Materials and methods

Plant material
Neem  leaves were collected from grounds of  

PCSIR (Pakistan Council of Scientific and Indu-
strial Research). The collected  leaves were iden-
tified and authenticated by Department of Botany, 
Agriculture University, Faisalabad. The leaves 
were washed in fresh water and dried under shade 
at room temperature. The leaves were crushed to 
small pieces using pestle and mortar and grinded 
in an electric grinder to obtain 1kg of dried powder.

Preparation of extract
500g of powder was soaked in 1000 ml of dis-

tilled water. The preparation was left overnight at 
room temperature; the suspension was sieved thro-
ugh a muslin cloth and then centrifuged at 4000rpm 
for 20mins. The supernatant containing the plant 
extract was then transferred  to a pre-weighed  be-
aker, concentrated and  stored  in sterile bottle at 
40C until further use. The same experimental proce-
dure was followed when 95% ethanol was used as 
extract. The sterility of all the extracts was checked 
by spreading a loopful quantity on blood agar plate 
and  incubated overnight. No growth was obtained 
on blood culture medium after 24 hours.

Test Microorganisms
The test bacteria were Staphylococcus aureus, 

MRSA, Staphylococcus epidermidis, E.coli, En-
terobacter spp, Proteus spp, Provedencia  spp., 
Klebsiella spp., Pseudomonas spp. and Acineto-
bacter spp. isolated from clinical specimens obta-
ined from patients diagnosed with surgical wound 
infection at the Services Hospital (tertiary care 
hospital), Lahore, Pakistan. Collection, transpor-
tation of specimens and isolation of bacteria were 
performed following standard  microbiological 
procedures [14].These bacteria were gram stained 
and  identified  using  methods described by Mac-
kie & McCartney (2006) and then confirmed by 
API 20E and API 20NE kits wherever indicated 
and feasible (Bio Merieux, Inc). 

Screening for antibacterial activity 
The effect of plant extracts on the bacteria iso-

lated was assayed by Agar well diffusion method 
according to CLSI (2006). The bacterial cultures 
used in this study were regularly sub cultured and  
maintained at 40C. The freshly cultured bacterial 
colonies were transferred into nutrient broth for 
6hrs at 370C. The turbidity of  the actively growing 
broth culture was adjusted with sterile broth to 
obtain turbidity optically comparable to that of 
the 0.5 Mc Farland  standards. This resulted  in 
suspension containing approximately 1x 108 CFU/
ml. The required quantity of  the medium was pre-
pared according to the manufacturer’s instruction. 
The medium was sterilized and poured  into a ste-
rile petri dish and allowed  to solidify at room tem-
perature. Using a sterile cotton swab lawn cultures 
of the test organisms were made on the Muller 
Hinton agar plates. A sterile cork borer of 6mm 
diameter was used to cut four wells in the agar. For 
each type of plant extract (aqueous and ethanol) 
four concentrations were made; 100%, 50%, 25% 
and 12.5%. Against each gram-positive and gram-
negative bacteria first the activity of aqueous and 
then ethanolic extract was determined. The plates 
were incubated at 370C for 24 hours. Each sam-
ple was assayed  in triplicate and the mean values 
were observed. The anti-bacterial activity was in-
terpreted from the size of the diameter in mm of 
the clear zones surrounding the wells [15][16].
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Determination of minimum inhibitory 
concentration
The minimum  inhibitory concentration (MIC) 

of the extract was then determined using agar di-
lution method. One ATCC reference  strain of  
Staphylococcus aureus (ATCC 25923) and one 
ATCC reference strain of E.coli (ATCC 25922) 
were also tested for MIC. This assay is more sen-
sitive and provides quantitative results which are 
closer to clinical scenario. The agar (MH agar) was 
mixed with measured quantity of extract at 50 0C. 
Plates at different concentrations of the extracts 
were made, i.e. 128, 64, 32, 16, 8, 4, 2 and 1 mg/
ml [17]. They were allowed to solidify at room tem-
perature and kept in refrigerator till use. The MIC 
was recorded as the lowest concentration of  extract 
at which visible bacterial growth was completely 
inhibited. This experiment was performed in tripli-
cate to ensure the reproducibility of the results [18].

 Results and discussion

In this study, wound swabs were collected 
from 90 patients showing signs of local infection. 
Among the samples collected, 17 (19%) samples 
showed  mixed growth while majority (81%) yi-
elded growth of single organism. The gram-posi-
tive bacteria isolated were Staphlycoccus aureus 
(MSSA and MRSA), Staphylococcus epidermidis 
and gram-negative bacteria were E-coli, Entero-
bacter spp., Proteus spp., Acinetobacter spp., Pse-
udomonas spp., Providencia spp. and  Klebsiella 
spp. (Figure 1). The results of the antibacterial 
screening of the aqueous and ethanolic extracts of 
neem (Figure 2 and Table 1).                                   

Ethanolic extract showed good activity against 
all the tested bacteria except Klebsiella. Staphylo-
coccus aureus was the most susceptible bacteria 
with zone of  22mm. The inhibition zone of tested 
organisms was observed to increase with increa-
sing extract concentration.  Positive control, 6 % 
phenol (w/v) exhibited inhibition of 6mm -15mm 
zone range.  Ethanolic extract produced zone dia-
meters, between 8.97-22mm.The aqueous extract 
of neem leaves showed no inhibitory effect on 
both gram-positive and gram-negative bacteria.

The MIC values of the ethanolic extract are re-
presented in Table 2. The MIC of the test organi-
sms ranged between 1 - 128 mg/ml. All the strains 

of Staphylococcus aureus (MSSA) were inhibi-
ted at 2 mg/ml. Acinetobacter spp showed high 
MIC value and inhibited  at 128mg/ml whereas 
Klebsiella  spp. were not inhibited even at 128mg/
ml. The MIC values for the control bacteria were 
lower than the test organisms.

Plants have the great potential for the manage-
ment and treatment of wounds. Most of the plant 
extracts had  shown antibacterial activity which is 
comparable to antibiotics commonly used [19].  In 
many countries plants are considered very effec-
tive for the treatment of wounds and burns [20]. 
These natural agents possess  not only healing and 
regenerative properties [21] but are also safe and 
affordable [22]. The herbal extracts have effecti-
vely arrested bleeding from fresh wounds, inhi-
bited microbial growth and accelerated wound 
healing [23]. Azadirachta indica  phytochemicals 
have been established in previous studies and these 
include tannins, saponins, alkaloids, carbohydrate, 
phenols, flavonoid, anthraquinones, cardiac glyco-
sides, sterols and resins [8]. Several studies have 
linked these bioactive compounds to its antimicro-
bial activity. These compounds protect the plants 
against infection by micro-organism, predation by 
insects while some give plants their odors, flavors 
and pigments  [17]. These active compounds can 
be used in the synthesis of many useful drugs [24].

Figure 1.  Bacteria isolated from wound samples 

Figure 2.  Comparison of zones of inhibition of 
bacteria isolated at different extract concentrations
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In this study 110 pathogenic bacteria were iso-
lated from infected wounds and antibacterial ac-
tivity of the crude extracts of neem  leaves was 
determined against these bacteria. 

As reported in this study E.coli were the predo-
minant bacteria causing wound infection followed 
by Staph. aureus. Both  E.coli and Staph. aureus 
are one of the common  pathogens isolated from 
surgical wounds. E.coli is not only an inhabitant 
of human gastrointestinal tract but also associa-
ted with many extra intestinal infections. Another 
study carried out in a tertiary care hospital in Pe-
shawar from  January 2009 till December 2009. 
In which 100 patients who developed  SSIs after 

operation were sampled and the common organi-
sm involved in the SSIs was E.coli [25]. 

The ethanolic extract of neem leaves inhibited 
the growth of both the test (except Klebsiella spp.) 
and the control bacteria. The aqueous extract did not 
show any antibacterial activity. The organic solvent 
give superior results than aqueous because the com-
ponents of the plants are organic compounds which 
easily dissolve in an organic solvent and secondly 
the temperature used in the organic extraction is 
much higher than in water extraction. Several other 
studies have also shown similar results; a study [26] 
involving some dermatophites, no activity was re-
corded for aqueous extract of neem.

Table 1.  Antibacterial activity of leaves extract of Azadirachta indica by agar well diffusion assay

Bacteria 
Zone of Inhibition of Ethanolic and aqueous extracts of neem in mm 

12.5% 
Mean ± S.D 

25% 
Mean ± S.D 

50% 
Mean ± S.D 

100% 
Mean ± S.D 

Aqueous 
extract 

Acinetobacter spp 0 0 6.53 ± 0.01 8.97 ± 0.02 N/A 
E-coli 10.6±0.46 13.6±0.43 15.5±0.4 17.86 ± 0.36 N/A 

Enterobacter spp 0 5±0 11.33 ± 0.88 14.66 ± 0.45 N/A 
Klebsiella spp 0 0 0 0 N/A 

MRSA 12±0 14.76±0.31 15.83±0.2 18.96±0.03 N/A 
Proteus spp 10.16±0.45 12±0 13.6±0.43 15.86±0.18 N/A 

Pseudomonas spp 0 5±0 8.96±0.19 13±0.36 N/A 
Staphylococcus aureus 11±0 15.16±0.22 17.1±0.26 22±0 N/A 

Staphylococcus 
epidermidis 13±0.5 15±1.0 18±0.5 19.16±0.28 N/A 

Provedencia spp 10.16±0.45 11.33±0.88 13.03±0.36 14.2±0.52 N/A 
N/A= no activity observed  

Table 2.  The MIC values of ethanolic extract of Azadirachta indica

Bacteria N 
No. of isolates susceptible at MIC (mg/ml) 

1 2 4 8 16 32 64 128
Staphylococcus aureus 19                  *10 19 ** -  - - - - - 

Staphylococcus 
epidermidis 8 5 7 8 - - - - - 

 MRSA 11 5 11 -  - - - - - 
Escherichia coli 23 *** 0 0 * 13 20 23 - - - 

Proteus spp 8 0 4 8 - - - - - 
Enterobacter spp 4 0 0 1 3 4 - - - 
Provedencia spp 5 0 0 3 5 - - - - 
Klebsiella spp 11 0 0 0 0 0 0 0 0 

Pseudomonas spp 15 0 0 0 9 13 15 - - 
Acinetobacter spp  6 0 0 0 0 0 3 3 6 

*Staphylococcus aureus (ATCC 25923) was also inhibited at 1mg/ml.
*E-coli (ATCC 25922) was inhibited at 4mg/ml.   ** No growth observed. *** Not inhibited
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In another study no antibacterial activity was 
shown by aqueous extracts of both the bark and the 
leaves of neem. Staphylococcus aureus (MSSA) 
and MRSA were the most sensitive bacteria with 
inhibition zone of 22 mm and 18.96 mm at 100% 
concentration respectively. All of the strains of both 
were inhibited at MIC of 2mg/ml. Staph. aureus and 
MRSA infections are one of the main factors contri-
buting to impaired wound healing. In the past decade 
there has been  increase in the wound infections cau-
sed  by MRSA and are the leading cause of SSIs in 
hospitals [27]. If not treated properly many compli-
cations such as osteomyelitis, bacteremia and sepsis 
may occur. Treating the cases of MRSA successfully 
can save financial and human costs. Staph. aureus 
and MRSA are also intranasal and skin commensals 
and patients who carry them are at greater risk of 
developing wound infections.  Further work can be 
done to evaluate  its role as a possible topical body 
decolonizing agent. In vitro antibacterial activity of 
ethanol extract of neem against Staphylococcus au-
rues and MRSA was strongly suggested in another 
study [28]. Staph. epidermidis is often  regarded as 
a culture contaminant but in recent years its impor-
tance as a pathogen  has been recognized. All the 
clinical isolates obtained in this study of Staph. epi-
dermidis were inhibited effectively. All the bacteria 
against which neem activity was tested were bac-
teria commonly associated with nosocomial infecti-
ons and are known to possess resistance against se-
veral antibiotics. The gram-negative bacteria E.coli, 
Pseudomonas spp and Acinetobacter spp showed 
higher MIC values, meaning that higher concentra-
tion of extracts were required to inhibit their growth. 
This finding was also observed by another author 
[17]. Inhibitory activity of extract against bacteria 
of same species ranged widely from strain to stra-
in. This may be because the strains of same species 
may differ in their resistance pattern. This obser-
vation  is in agreement with another study [29] in 
which bactericidal activities of six commonly used 
disinfectants was determined against seven different 
species of clinically isolated bacteria. However, the 
results of this study contradict the findings of [30]
where the extracts of four plants were found to be 
ineffective against E.coli. The method of extraction  
used  in their study was different from ours and may 
be this is the reason why they didn’t find any activity 
against E.coli.  

The neem extract didn’t show any activity aga-
inst Klebsiella  spp. Klebsiella  spp.  possess cap-
sule (outer protective covering) that help in deve-
loping resistance against different plant extracts. 
Also these strains were of hospital isolates which 
are usually MDR, so they might have developed  
resistance to different plant extracts as well. The 
work published by an author [31] showed activity 
of acetone extract of neem against Klebsiella but 
the sizes of zone of inhibition were small. The 
neem extract in this research showed better acti-
vity against gram-positive bacteria as compared 
to gram-negative bacteria. Several other authors 
have also  reported that plant extracts are more 
effective against gram-positive than  gram-nega-
tive bacteria. They linked  this selective toxicity 
to the differences in the cell wall of gram-positive 
and gram-negative bacteria [32][17]. In another 
work on the antibacterial activity of the phyto-
constituents of  neem , the authors have  reported  
that  the extract of  neem leaves was very effective 
against Staphlococcus aureus and  E-coli [23]. On 
the contrary, a study carried out on four different 
bacteria using three extracts of  neem  leaves, fa-
irly high degree of activity against gram-negative 
bacteria was observed as compared  to gram-posi-
tive [33]. The ATCC strains of Staph. aureus and 
E.coli  were inhibited at lower MIC values then the 
test bacteria. The sensitivity of control  bacteria to 
toxic effects of  crude neem extracts was shown 
by other authors as well [17]. This study supports 
the use of neem by traditional health workers for 
treatment of wound infection.

Conclusions

The results of  this study  support the use of 
crude neem leaves extract to treat wound infecti-
on. Neem leaves could be a source of compounds 
useful in treating mono and poly microbial infec-
tions and resistant bacteria. However, further stu-
dies; about the absence of toxicity in plant extracts 
and  its activity in vivo, are important  to propose 
this plant as alternative approach for wound ma-
nagement.
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Abstract

Background: During the first stage of labor 
many women suffer from low back pain. Lower 
back pain during labor may be associated with 
different etiology.

Objectives: To compare the effect of, sterile 
water, normal saline and xylocaine in the manage-
ment of low back pain during labor. 

Materials & Methods: This intervening rese-
arch was conducted on primiparous women who 
referred to hospitals of Shiraz University of Me-
dical Sciences. Pain intensity was assessed on a 
visual Analogue Scale, before, 45 & 90 minute 
after injection.

Results: A total of 399 pregnant women were 
observed. Low back pain intensity in group (I), 
group (II) and group (III) prior to injection was 
different from in the same group 45 and 90 minu-
tes after the injection (P<0.001). There was a sta-
tistically significant difference between low back 
intensity at the time of 3-4 centimeter dilatation 
and 45 and 90 minutes after injection in the 3 gro-
ups to compared the control group.

Conclusion: Similar to xylocaine, normal sali-
ne has the least pain at the site of injection, and is 
most effective in reducing pain with a high satis-
factory rate (84.3%).

Key Words: Injection, Pain, Women

Introduction

Lower back pain during labor may associated 
with different degree of fetal malpositioning occi-
pito-posterior position that apply pressure on pain 
sensitive structures inside the pelvic which cause 
greater analgesic requirement(5)

During the first stage of labor many women 
suffer from low back pain. The back pain associa-

ted with more pharmacological analgesia uses that 
had negative outcomes(1).

The technique for sterile water injections is 
very old as it mentioned in 1885(6). The sterile 
water causes osmotic and mechanical irritation re-
sulting in a brief and significant sharp pain .pain 
relief that cause by sterile water injection follows 
immediately and last for up to 2 hour(5). 

Several techniques tries in studies for relieving 
low back pain in that happen during the first step 
of labor such as stimulation or anesthesia of the 
lumbosacral area, acupuncture and transcutaneous 
electrical nerve stimulation but some contradica-
tory finding been presented. Midwife must be able 
to communicate with a women in labor about her 
pain about pain (2) Intradermal sterile water injec-
tions produce skin nociceptors stimulation to relie-
ve referred pain (3). Varieties of blinded randomi-
zed controlled trials have previously done. Some 
of them compared the four injection of technique 
using sterile water against normal saline placebo 
controls, and others compare a single intradermal 
sterile water injection with the four injection tech-
nique in the degree and duration of analgesic effect.

Aim of this study is to find a non-pharmacolo-
gical analgesic techniquethat is simple, safe and 
effective without serious side effect that compare 
a single intradermal sterile water injection with the 
four injection technique in the degree and duration 
of analgesic effect in Iranian population that never 
done before.sterile water injection provide all of 
these option suitable for all maternity care setting 
and models of care all around the world.

Materials and Method

This intervening research was conducted on the 
primiparous women who referred to the labor ro-
oms of hospitals affiliated to Shiraz University of 

The Effects of Injection of Sterile Water, Normal 
Saline & Xylocaine on the Changes of Low Back 
Pain in Primiparous Women
Nooshin Nasooti1, Sareh Abdollahifard2

1  Department of Midwifery, Jahrom Azad university, Jahrom, Iran,
2  Department of Nursing and Midwifery, Jahrom University of Medical Sciences, Jahrom, Iran.
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Medical Sciences. There were 399 women whom 
were randomly divided into 4 groups. The first 
group included 99 subjects which received 0.4c.c 
of xylocaine injection, the second group with 102 
subjects received 0.4c.c of normal saline and the 
third group with 100 subjects received 0.0.4c.c of 
sterile water through intra-cutaneous injection in 
the lumbo sacral area. The fourth group including 
96 subjects was the control group. The severity of 
low back pain in all subjects was carefully studied 
in three stages. In the first stage the intensity of the 
pain was evaluated prior to the injection, during 
the 3-4 cm dilation of the cervix. 

During the second and third stages i.e. 45 and 90 
minutes after injection, the severity of the low back 
pain was measured by using the visual analog scale. 

ANOVA and Turkey multiple comparison tests 
were applied to compare the average severity of 
the low back pain before and after injection at 45 
and 90 minute intervals in all groups. Moreover, 
repeated measurement test was used to compare 
the intensity of the pain at the mentioned time in-
tervals separately in each group. No form of anal-
gesia was given before and during of injections. 
Twelve hours after injections, all mothers filled 
out a simple questionnaire, regarding their satis-
faction of the analgesia they had received during 
labor .All patients were further followed for any 
probable side effects. 

Results

Three hundred ninety nine women received 
the blocks and complete the questionnaire forms. 
Sterile water blocks were given to 100; Saline so-
lution was given to 102 women and xylocaine to 
99 women. Patients in all groups were matched 
regarding to the number of precipitous, maternal 
age, and the mean cervical dilatation, when the 
blocks were given. 

In the sterile water group 54 (54.5%) of the wo-
men noted an analgesic effect of the blocks, com-
pared with 86(84.3%) in the saline solution group 
and 80(80.8%) in the xylocaine group (P<0.001). 

Initial pain scoring did not show any significant 
difference between the groups. (P=0.27) (table I), 
but 45 and 90 minutes after the blocks were gi-
ven, there were highly significant differences (tab 
II, III)(Fig I, II, III) (P<0.001). Except for the ini-

tial burning sensation, lasting about 30 seconds, 
no local side effects were noted. The result of the 
questionnaire answered by the mothers after de-
livery are given in (tab I) of the 399 women 220 
(73.3%) found this technique sufficient during the 
first stage.

Discussion

While sterile water injectionsare a good tre-
atment for back pain during labor, there is a lack 
of knowledge among midwives about thismet-
hod of pain relief during labor and an interest in 
knowing more.

Our study shows that the pain level in all 3 gro-
ups was lower 45 and 90 minutes after injections. 
Our finding reflect statistically significant differen-
ce in outcome of low back pain intensity prior to 
injection and 45 and 90 minutes after injections, and 
normal saline with the least pain at the site of injec-
tion and a high satisfactory rate (84.3%) compared 
to xylocaine (80.8%) and sterile water (54.5%), 
Therefore we could consider normal saline as the 
most effective route in reducing low back pain du-
ring delivery compared to other blocking methods.

Some studies examined acupuncture for the pre-
natal back pain and the results shows acupuncture 
group reported significant improvement of pain(4).

Two studies examined acupuncture for the re-
lief of prenatal back pain and pelvic pain(7)(8).In 
a study comparing physiotherapy to acupuncture, 
participants attended ten sessions of either physi-
otherapy or acupuncture at a variety of acupo-
ints(7). The acupuncture group reported significant 
improvement of pain and perception of disability 
compared to physiotherapy but disproportionate 
dropout and the dissimilarity of the type of back 
pain limit interpretation. In another trial compared 
to physiotherapy but disproportionate dropout and 
the dissimilarity of the type of back pain limit inter-
pretation. In another trial of acupuncture at a variety 
of points specific to each subject, pain scores decre-
ased in 60% of the intervention group and 14% of 
the control group. Pain with various activities was 
found to decrease in 43% and 9% of controls, both 
results were statistically significant(8).

The opportunity to relieve or reduce the amo-
unt of pain and suffering experienced by women 
during the birthing process has long been the goal 
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of midwifes, and the normal saline injections cle-
arly provide a tool to safety and effectively achie-
ve this end. 
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Abstract

Duplication of collecting duct system is a 
frequent abnormality of urinary tract, often 
asymptomatic. It occurs due to a division of meso-
nephric diverticulum and its extension depends on 
the amplitude of this boundary. Duplication can be 
complete or partial (more common). Upper-pole 
exclusion is frequent. Treatment consists in a su-
perior polar heminephrectomy with resection of 
correspondent ureter.

Key words: Congenital urogenital malformati-
ons; ureteral duplication; heminephrectomy.

Background

Congenital abnormalities in human beings 
affects about 3% of all newborns1,2. Studies affirm 
that overall incidence of congenital anomalies in 
Latin America is not significantly different from 
what is seen in other regions3.

The study of congenital anomalies is relevant, 
because this deffects are one of most important 
causes of children mortality4. Children mortality 
is recognized as a sensitive indicator of the health 
situation in a determined population. It results ma-
inly of socioeconomic conditions5.

Another important information regarding to 
congenital anomalies, beside mortality, is a greater 
morbidity, defined as a higher risk for developing 
clinical complications and, consequently, increa-
sing the amount of internments and the gravity of 
recurrencies3.

Urinary tract is the third system most affected 
by congenital malformations, after central nervous 
system and cardiovascular system. These malfor-
mations can vary since anomalies without clinical 
significance to severe and potentially lethal dis-
morphic abnormalities, like renal agenesis6.

Materials and methods

Our study is based in the search and analysis of 
medical literature about congenital abnormalities 
of the urinary tract, especially the complete urete-
ral duplication with exclusion of the upper pole of 
the kidney.

Virtual Health Library (VHL) was surveyed 
between september and november of 2011. We 
consulted two databases: Latinoamerican and Ca-
ribbean Health Sciences Library (LILACS) and 
Scientific Electronic Library Online (SciELO). 
Keywords used in search were selected from spe-
cific terminology found in the Health Sciences 
Keywords (DECS-BIREME). They are: “conge-
nital urogenital anomalies”, “ureteral duplication” 
and “heminephrectomy”. We did no restrictions 
regarding to publications’ languages or dates.

Results and discussion

Congenital anomalies of urinary tracts are re-
latively frequent and found in about 3-4% of ove-
rall population7. These abnormalities of kidney or 
lower urinary tract, as its complications, are im-
portant causes of death during childhood, notably 
due to renal failure6. Anomalies of genital and uri-
nary tract can occur simultaneously, due to interre-
lations in their embrionary development7.

Duplication of collector duct system is a frequ-
ent deffect of urinary tract and it is often asymp-
tomatic. This kind of anomalies results from a 
wrong division of mesonephric diverticulum – the 
ureteric bud8.

Ureteric bud is an epithelial tube that grows in 
extension and gives rise to ramifications which 
promote the development of ureter and kidney’s 
collector ducts. While many genes that controls 
this process are known, events of the cells com-
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prehended in renal morphogenesis are unknown. 
Several cell changes which can contribute to 
ureteric bud morphogenesis, like migration and 
morphologic changes, involve actin cytoskeleton. 
Actin-depolymerising factor (ADF) proteins are 
important for these changes in the organization of 
cytoskeleton in cultivated cells, but their role in 
vivo were not completely comprehended9.

The extension of duplication depends on how 
complete is the division of mesonephric diverticu-
lum and can be divided in partial or complete. Par-
tial duplication is more frequent (present in 1/500 
people)7. Ureteric bud partial duplication usually 
results in a divided kidney with a bifid ureter. 
Complete division results in double kidney with 
bifid ureter of duplicated ureters8.

When the division is complete, it can ocurrs an 
obstruction of the upper segment due to an ectopic 
ureteric inserction or to the presence of an ecto-
pic ureterocele and reflux towards lower segment. 
The ureter draining upper segment is inserted in a 
position more inferior and medial than its normal 
location and ureter draining lower components is 
inserted more superior and laterally than usual7.

Ureteral duplication is present in about 75% of 
patients with ureteroceles and is more frequent in 
the ureter draining upper unity, due to its usually 
ectopic insertion7. Duplication is often associated 
to a malfunction on the middle of the upper pole 
and this malfunction is frequently caused by an 
obstruction which leads to an important hydronep-
hrosis of this unity10.

There are rare cases, like ureteric duplication 
with blind-ending bifid ureter, in which deplica-
ted ureter is connected to urinary tract by a fibrous 
wire or has not any connection11. Complete bilate-
ral ureteral duplication and ureteral triplication are 
very unfrequent in adults12,13.

Anatomic changes of urinary system cause uri-
nary stasis, leading to a delay in the crystal carrying 
and higher risk of urinary tract infection (UTI), pre-
disposing to the development of renal calculi. Pye-
loureteral duplication is the most common anomaly 
observed when there is calculus formation14.

In addition to this predisposition to calculi 
formation, ureteral duplication is related to recu-
rrent UTI with fever, vesicoureteral reflux (VUR), 
hydronephrosis, hematuria, abdominal pain and 
other urinary symptoms11,15. Late investigation re-

presents an important cost, considering potential 
sequels of recurrent UTI and sepsis15.

Avaliable imaging examinations for the inve-
stigation of anatomic changes of urinary tract are 
renal ultrasonography, excretory urography, com-
puted tomography, mictional urethrocystography, 
renal scintigraphy and magnetic resonance16.

Ultrasonography is the first method due to its 
lower cost and the absence of risks during the pro-
cedure16. In adition to this, ultrasonographic trial 
is important to detect other associated anomalies 
which could indicate some syndrome or chromo-
somal abnormality2,7. Excretory urography mea-
sures bilateral renal function and surveys urinary 
tract anatomy. It can diagnose nephrolithiasis, ob-
structions, duplication and position anomalies, but 
the use of iodine contrast presents risk of allergic 
and nephrotoxic reactions16.

Computed tomography evaluates urinary tract 
anatomy even in patients with renal failure and can 
give a tridimensional reconstruction with additio-
nal information. It can also evaluate nephrolithiasis 
without endovenous contrast and it is not affected 
by the superposition of bones and bowels, like 
excretory urography16,17. Mictional urethrocysto-
graphy assesses the anatomy of urinary bladder and 
urethra and if there is any vesicoureteral reflux. Re-
nal scintigraphy gives information about kidney’s 
function and anatomy. Magnetic resonance allows 
potential advantages in children and is a good met-
hod to appreciate multiple congenital anomalies16.

Treatment for symptomatic duplications of 
urinary tract in children has high complexity and 
stills very controversial15. When there is ureteral 
duplication and upper pole is not functional, stan-
dard tratment is a segmentar heminephrectomy 
with the resection of the correspondent ureter, in 
the larger possible extension, without another inci-
sion, and ligature of residual segment of ureter10,18.

In children, this surgery is often performed thro-
ugh a classic approach (lombotomy), with the iso-
lation of renal vascular pedicle, ligature of upper 
segmental branch of the renal artery and excision 
of ischemic segment. However, arterial dissection 
extends surgical time and the arterial isolament is, 
in many times, not possible, due to an additional risk 
for vascular injury. Thus, standard surgical tech-
nique is performed with risk of causing malfunction 
on the lower pole in about 5% of cases18.
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Jednak and colleagues19 described a simplifi-
ed technique of upper-pole heminephrectomy, in 
which renal vascular pedicle dissection is avoided. 
So there is a reduction of surgical time and surgi-
cal risk, in addition to minimizing risk of injury to 
lower segment blood supply. There is not, howe-
ver, other reports of this technique.

“Classic” open approach means a significantly 
more painful recovering and some scars10. In pedia-
tric practice, the use of minimally invasive surgery 
stills ascending, thanks to its several advantages 
when compared to open surgery. Nephrectomy was 
one of the first laparoscopic procedures performed 
in children and gained notable acception due to mi-
nimal morbidity, lower hospitalar permanence and 
better recovering20. Since the first report, by Jordan 
and Winslow21, laparoscopic approach became the 
best option for heminephrectomy.

Many other therapeutic proposals are recent, 
especially those using systematic endoscopic in-
cision for ureteroceles as initial therapy, with in-
complete long-term evaluation. This methodo-
logy, very attractive thanks to its simplicity, at the 
first sight, can cause, in many cases, severe vesi-
coureteral reflux with difficult tratment15.

Main controverses involve the dilemma betwe-
en endoscopic therapeutics and definitive cure 
capacity or high-risk methods (extense vesical re-
construction surgeries) against lower-morbidity 
methods (heminephrectomy) with a lower effici-
ency for definitive cure in a single time. We should 
highlight that diagnostic endoscopy has its classic 
indications and the referred controverse about the-
rapeutic endoscopy cannot be applied to cases of 
vesical obstruction or perinatal infection refractory 
to optimal antibiotic therapy, in which initial endos-
copic treatment, when avaliable, is not argued15.

High levels of success can be achived with the 
injection of dextranomer/hyaluronic acid (DHA) 
copolymer in children with complete ureteral du-
plication. DHA injection is more probable to have 
success for older female children with vesicoure-
teral reflux (VUR) and complete ureteral duplica-
tion. If initial injection does not result in VUR re-
solution, a second injection can give success. For 
doctors and families who look for an alternative to 
surgical treatment, DHA represents an attractive 
option for selected children with complete ureteral 
duplication22.

More recently, there was an advance in surgery 
with single-site laparoendoscopic and natural ori-
fice transluminal endoscopic surgery (NOTES). 
Term hybrid-NOTES refers to a NOTES approach 
with a transumbilical port. Usually, vaginal mean 
is employed to introduce cameras and instruments, 
as well as organ removal10.
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Abstract

Cervical cancer is the second most prevalent 
cancer in women worldwide and is thought to be 
a sexually transmitted cancer. Cervical cancer is 
pregnant women has been seen in early stages. 
Here we discussed a 37-year-old woman with va-
ginal spotting started at 21st weeks and diagnosis 
of cervical cancer.

Key words: Cervical cancer, pregnancy, Gorgan

Introduction

Cervical cancer is the second most prevalent can-
cer in women worldwide, with about 500000 cases 
and over 270000 estimated deaths annually. Infecti-
on with human papilloma virus (HPV) is believed 
to be the main etiology of the cervical cancer (1, 2). 
Cervical cancer is one of the possible malignancies 
occur in pregnancy estimated to be one per 1,000 
to 5,000 pregnancies (1-3). In the north of Iran, this 
malignancy is as common as stomach and esopha-
gus cancers (4). Most of the pregnant women with 
cervical cancer are in early stages and higher stages 
are rare (1). Here we represent a case of cervical 
cancer during pregnancy with late diagnosis.

Case definition 

A 37-year-old woman at 21st weeks and 3 days 
of gestation (based on ultrasound examination) 
presented to another gynecologic clinic with inter-
mittent self-limiting vaginal spotting and anemia. 
Spotting was no related to the sexual activity. In 
her past medical history, she was reported to be 
opium addict and had multiple sexual partners. Her 
obstetrics history was 8 pregnancies and 3 abor-
tions (induced abortions). At her first admission, 
she received 1 unit of packed cell and her ultraso-
und examination reported placenta previa. Second 
ultrasound evaluation in three days revealed low 
anterior marginal placenta previa. At second admi-

ssion in the next month that was for anemia and 
continuous spotting, she received 3 units of packed 
cell again. Two ultrasonic examinations by two 
different radiologists were performed ,one repor-
ting anterior placenta with 5cm distance from Cer-
vix and the other reporting a 49*29 cm hematoma 
in inferior margin and no distance between placen-
ta and endocervix (anterior marginal placenta). In 
the third admission after 2 months ultrasound exa-
mination reported anterior 2nd grade placenta, 3cm 
from the endocervix. Cesarean section was done 
the next month. Four days after Cesarean section 
she received the Depo injection. 

Three months later she was visited because of 
continued vaginal spotting. Estrogen tabs were 
prescribed and suggested to return after the end of 
the treatment course.

Two months later she had vaginal spotting yet 
and was visited in our clinic for the first time. In 
this session a vaginal examination was done and a 
large disrupted cervical mass was seen. Because 
of bleeding tendency she was transferred to opera-
ting room for biopsy. It was impossible to perform 
a diagnostic curettage. Histopathology reported 
a stage III SCC of cervix (involvement of pelvic 
wall, distal third of vagina and hydronephrosis).

Radiotherapy was started immediately and 
continued for 7 weeks. She is now cancer free and 
a Pap smear test is done every 6 months.

Discussion

The prevalence of cervical cancer is higher 
in low socioeconomic status and is considered 
mostly a sexually transmitted disease. In the Uni-
ted States, vaccination has been helping in redu-
cing its prevalence but it is yet the second-leading 
cause of death in women worldwide (3, 5, 6).

The main etiology of cervical cancer is HPV 
infection especially sexual acquisition of HPV (5). 
Our patient had multiple sex partners.
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Current studies have shown that cervical can-
cer in pregnant women is diagnosed in earlier 
stages and 76% of these lesions are in stage 1B 
and 3-8% are in stage III (1). Our patient was not 
diagnosed with cancer until after the delivery and 
it was mostly because she was not examined until 
then. It is not clear if she was in the earlier stages 
before referring to us or not.

Radiation therapy, surgery and adjuvant che-
motherapy are standard treatments for cervical 
cancer and radiation therapy is the first line tre-
atment but many people do not respond to it (7). 
Chun et al described 3 cases with early cervical 
cancer in pregnancy, 2 of them were referred be-
cause of cervical mass that were found by physi-
cal examination and 1 patient because of vaginal 
spotting. Two of these patients developed recu-
rrences and one died due to progressive disease 
(2).Our patient received radiotherapy alone but 
her response was excellent and she survived. 
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Abstract

Viral hepatitis B is common among human 
immunodeficiency virus (HIV) infected patients 
due to the similar routes of transmission and it is 
one of the main risk factor for developing hepa-
tocellular carcinoma (HCC). Co-infections may 
accelerate the progression from chronic viral he-
patitis to cirrhosis and/or to HCC. 

We describe a case of HCC developing over un-
derlying liver cirrhosis of hepatitis B virus (HBV) 
etiology in a 21-year-old young man infected with 
HIV. He was known with HIV-HBV coinfections 
from childhood and he was in treatment with an-
tiviral drugs for both conditions. Despite good 
therapy compliance over the time and favorable 
clinical and biological periodic evaluation, he de-
veloped during a few months’ cirrhosis and then 
fulminant HCC. Multiple lungs metastasize were 
considered at the beginning primary neoplastic tu-
mor leading finally to death. 

Our case showed very rapid clinical deteriorati-
on despite highly active antiretroviral therapy.

Key words: hepatocellular carcinoma, pulmo-
nary metastasis, HIV, HVB, autopsy, immunohi-
stochemistry

Introduction

Nowadays, the hope of life of HIV infected pa-
tients has increased, first of all due to use of com-
bined antiretroviral therapy (cART). Coinfection 
with hepatitis B virus (HBV) is frequently seen in 
HIV-positive subjects due to the similar routes of 
transmission. Progression to end-stage liver disease 
seems to occur faster in these patients and cirrhosis 
and hepatocellular carcinoma (HCC) may be reco-
gnized at an increasing rate in patients coinfected 
with HIV-HBV [1, 2]. Overall, 80% of HCC are 
attributed to chronic hepatitis B and C infection [3].

HCC rarely occurs before the age of 40 years and 
reaches a peak at approximately 70 years of age [4].

A majority of HCC patients are considered as 
advanced or even at end-stage at their diagnostic 
time, with extensive tumor status, for example, 
macroscopic vascular invasion or extra-hepatic 
metastasis [5, 6]. 

HCC shows also intrahepatic multiple occurren-
ce and intrahepatic metastasis in 75% of the time [7].

The usual route of metastatic spread from HCC 
is hematogenous, with the most common extra-
hepatic site being the lung, followed by lymph 
node, bone and brain [5]. The incidence of lung 
metastases is high, up to 43%, in HCC [8, 9].

In one retrospective study conducted by Zhang 
et al., the survival time of patients with lung me-
tastases from hepatocellular carcinoma was 264 
days (8.8 months) [10].

Nowadays, there are various treatment modali-
ties for both intrahepatic tumor and extrahepatic 
metastatic foci of HCC, including surgical resec-
tion, transcatheter arterial chemoembolization 
(TACE), radiotherapy, chemotherapeutics, and re-
cent molecular targeted therapeutic drugs. Surgical 
resection with complete extirpation of tumor gives 
the best chance of a cure for patients with HCC. [3]

Material and metod

Ethic comity agreement was obtained in order 
to publish patient data and accompanying images 
in scientific point of view. Written informed con-
sent of patient was obtained before last hospital-
ization regarding participation in medical teaching 
process and scientific interest.

Pathological autopsy was performed, accord-
ing to legal provisions. 

Tissue samples were collected from internal or-
gans and fixed in 10% formalin.

Rapid evolution of hepatocellular carcinoma in 
HIV-HBV co-infection. Autopsy case report
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Light microscopic study was performed after 
paraffin-embedded tissue samples were cut at a 4 μm 
thickness and stained with hematoxylin-eosin (HE). 

Immunohistochemical analysis was based on a 
panel of antibodies: 

-	 monoclonal mouse anti-Glypican 3 (clone 
IG12, Biocare Medical); 

-	 monoclonal mouse anti-hepatocyte specific 
antigen (HSA, clone OCH1E5, Biocare 
Medical); 

-	 policlonal rabbit anti-alpha 1 fetoprotein 
(AFP, Biocare Medical); 

-	 policlonal rabbit anti-carcinoembryonic 
antigen (CEAp, Biocare Medical); 

-	 monoclonal mouse anti-Ki 67 (clone MM1, 
Biocare Medical); 

-	 monoclonal mouse anti-CD 34 (clone 
QBEnd/10, Biocare Medical); 

-	 monoclonal rabbit anti-cytokeratine 7 (CK7, 
clone BC1, Biocare Medical); 

-	 monoclonal mouse anti-neuron specific 
enolase (NSE, clone DT01+BC100, Biocare 
Medical); 

-	 monoclonal mouse anti-chromogranine 
(clone LK2H10+PHE5, Biocare Medical).

Microscopic images were taken with a 518 
CU 5. OM CMOS camera using an Optech light 
microscope.

DNA–HBV and RNA–HIV were detected by 
polymerase chaine reaction (PCR), using a real-
time PCR method, Roche Amplicor. 

Case description

A 21-year-old young man, diagnosed with HIV 
and HBV infections at the age of 4 and who was 
under periodical clinical surveillance and com-
pliant to combine antiretroviral therapy (cART), 
effective for both conditions, was admitted for 
pains at right upper quadrant and asthenia. Under 
cART his CD4 cell count was above 800 cells/
mmc and the level of HIV-RNA became unde-
tectable. In all these years, levels of liver transa-
minases were normal, as well as alpha-fetoprotein 
level and abdominal ultrasound evaluation.

About one month before dying he performed a 
radiological examination of the thorax which evi-
denced multiple micro- and macronodular lesions 
(0.3-9 cm) of the lungs. Abdominal ultrasound re-
vealed features of cirrhosis with hepatosplenome-
galy and ascites.

Laboratory evaluation of blood cells revealed a 
decreased platelet count, a prolonged Quick time, 
bilirubin level and liver transaminases increased. 
HIV-RNA was undetectable but HBV-DNA level 
increased at 8410 copies/ml (one month earlier 
HBV-DNA level was 4648 copies/ml).

Computed tomography (CT) examination of 
thorax revealed bilateral lung micro- and macrono-
dular lesions of possibly granulomatous bacillary 
etiology (figure 1); abdominal magnetic resonance 
imaging showed hepatosplenomegaly and an irre-
gular outlined, voluminous tumoral mass located 
in segments VII, VIII, IV and VI of liver.

Figure 1.  Toraco-pulmonary computed tomography (a. axial view, b. coronal view, c. transversal 
view) show relatively well defined voluminous tissue mass, with maximum axial dimensions of 59/46 
mm situated infrahilar medial-basal on the right side, in contact with the mediastinal and costo-ver-
tebral pleura; and also multiple nodular and micronodular formations, clearly defined, with axial di-
mensions between 4 and 28 mm, disseminated in both lung fields 
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His clinical outcome has worsened rapidly le-
ading to death in 20 days. The cause of death was 
respiratory failure due to lung metastatic lesions 
from an advanced HCC.

Autopsy and histopathological findings
The autopsy was conducted in Pathology De-

partment of Constanta Clinical Infectious Disea-
ses Hospital. Internal examination revealed hepa-
tomegaly and an ill-defined large tumor located in 
the liver’s right lobe of 15 cm in greatest dimensi-
on with multiple satellite nodular lesions of 0.5-3 
cm with intraparenchymal and subcapsular dispo-
sition, all of them replacing more than 90% of the 
right lobe and extending to the left lobe; the cut 
surface of tumoral lesions showed light yellow co-
lor with areas of necrosis and hemorrhages; tumo-
ral mass invaded portal vein (Figure 2a). The re-
maining nontumoral liver has a mixed micro- and 
macro-nodular cirrhosis aspect. Peritoneal effusi-
on of 2000 ml was found in abdominal cavity.

Multiple nodular masses of 0,5-8 cm were fo-
und in the lungs (Figure 2b).

Histological examination with hematoxylin-
eosin staining (HE) revealed a malignant proli-
feration of epithelial type in liver, composed of 
variable size neoplastic cells with trabecular (Fi-
gure 3a), pseudoglandular and solid disposition, 
nuclear hyperchromatism, prominent nucleoli and 
atypical mitotic activity. In poorly differentiated 
areas, tumoral cells displayed sarcomatoid featu-
res with spindle shaped cells (Figure 3b), small 

cells patterns (Figure 3c), and clear cells (Figure 
3d); we identified also peliotic-like changes (Fi-
gure 3e). It was identified also intratumoral chole-
stasis (Figure 3f) and intracellular hyaline Mallory 
bodies. Large areas of necrosis of tumoral mass 
and invasion of portal vein were also noticed.

Microscopic examination established diagno-
sis of HCC moderately to poorly differentiate with 
intrahepatic, vascular and pulmonary metastasis 
arising in a background of micro- and macro-no-
dular cirrhosis.

Immunohistochemical tests confirmed diagno-
sis by revealing diffuse positivity in tumoral cells 
for Glypican 3 (figure 4a) and alpha 1 fetoprotein 
(figure 4b). HSA (figure 4c) was focally positive 
in tumoral cells and CEAp (figure 4d) was weakly 
positive. Nuclear proliferation index Ki67 was po-
sitive in 5% of tumoral cells. CD34 was comple-
tely positive in sinusoids and CK7, Chromograni-
ne and NSE were negatives in tumoral cells both 
in liver and lungs. 

Discussion

Although HIV-infected persons have a higher 
incidence of certain cancers than noninfected per-
sons, up until a few years ago, HCC was not one 
of them. [11] More studies suggested that HIV in-
fection raises the risk for HCC. [12, 13] HCC as 
much as cervical cancer or anal cancer has beco-
ming an increasingly significant clinical problem 
in the HIV population [14, 15].

Figure 2.  Autopsy findings (a) Gross appearance of liver showing a large tumoral mass developed on 
a cirrhotic liver; invasion of portal vein, multifocality and areas of tumoral necrosis can be noticed. 
(b) Multiple nodular lesions on both lungs
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In many retrospective studies were described the 
fact that a late diagnosis of HCC is less treatable and 
with lower survival. [16]  There is moderately strong 
evidence that antiviral therapy that controls HBV in-
fection substantially reduces but does not eliminate 
the risk of HCC in patients with viral hepatitis. [4]

As further discusses Gramenzi et al., HIV in-
fection per se worsens the prognosis of patients 
with virus-related HCC by doubling the risk of 
dying with a median survival of 16 months in HIV 
infected patients versus 30 months in seronegati-
ves. [17]

Figure 3.  Histological aspects of hepatocellular carcinoma (a) Interface of liver parenchyma with 
malignant proliferation displaying small cells pattern. (b) Sarcomatoid pattern of hepatocellular car-
cinoma. (c) Small cells features of malignant proliferation. (d) Clear cells pattern of tumor (e) Area 
with peliotic-like changes of tumoral proliferation. (f) Intratumoral cholestasis. 
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Bräu N et al. showed in one retrospective 
analysis conducted on 63 HIV infected HCC pa-
tients that in untreated patients, undetectable HIV 
RNA independently predicts better survival. [18] 
In our case, although the HIV RNA level was un-
detectable, clinical evolution was aggressive and 
survival was short (20 days).

From pathological point of view, HCC exhibits 
many histological features, and it varies archi-
tecturally and cytologically. 

Generally, architectural patterns of HCC are 
trabecular, pseudoglandular (acinar) and compact. 
Cytological variants include sarcomatous change, 
clear cells, pleomorphic cells and pelioid type. It 
has been demonstrated that tumor cells are accom-
panied also with bile pigment, glycogen, fat, glo-

bular hyaline bodies, Mallory hyaline bodies or 
ground glass inclusions.

Different architectural patterns and cytological 
variations may occur in combination in the same 
tumor as we found in this case. Besides classical 
and frequently encountered trabecular, pseudo-
glandular and solid patterns we find also areas 
displaying rare cytological variants such as sar-
comatoid, clear cells, small cells and areas with 
peliotic-like changes.

The lung is the most commonly affected organ 
of the extrahepatic metastases. Once the pulmonary 
metastases occur, the tumor is considered automati-
cally to have entered the advanced stage. [10]

Unfortunately, HCC is frequently diagnosed at 
an advanced stage, and mortality continues to be 

Figure 4.  Immunohistochemical findings. (a) Diffuse positivity for Glypican3 in tumoral cells. (b) 
Diffuse positivity for AFP in tumoral cells and hepatocytes. (c) Focal positivity for HSA in poorly 
differentiated areas of proliferation. (d) pCEA is focal weakly positive in tumoral cells.
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very high, with no significant changes in recent 
years. 

New treatment strategies are available for ad-
vanced HCC but there are few data available in 
HIV associated HCC. 

Patients co-infected with HIV and hepatitis vi-
ruses require heightened attention because they 
face a more rapid progression to HCC. [19]

Since our patient clinical course has worsened 
rapidly with extensive liver lesions and multiple 
pulmonary nodules, there was no effective physi-
cal time for any surgical treatment or palliative 
chemotherapy. 

The differential diagnosis in lifetime between a 
possible pulmonary tuberculosis and lung cancer, 
even drug abuse was taken into consideration, re-
presented one of the difficulty of the present case. 
Final results of the autopsy established diagnosis 
of hepatocellular carcinoma with intrahepatic, 
vascular and pulmonary metastasis, and fulminant 
evolution in a patient with HIV-HBV coinfection.

This case report describes an unfortunate cli-
nical course of HCC in a young HIV-HVB co-in-
fected patient, compliant to antiviral treatments. 
Although he had few symptoms and the immune 
status was relatively compensate, at the moment 
of diagnosis, the tumor was already at an advan-
ced stage, with multiple pulmonary metastases le-
ading to death in a short time.

In the last years we noticed that HCC occurs 
at a younger age in HIV-HBV coinfections. Des-
pite cART, evolution to cirrhosis, HCC and death 
was unavoidable in this case. Therefore, a more 
attentively clinical and biological monitoring is 
necessary in HIV-HBV coinfections with perio-
dic evaluation of alpha-fetoprotein and abdomi-
nal ultrasonography which may allow an earlier 
diagnosis and a potentially curative therapy. This 
case highlights also the importance of performing 
autopsy, even in cases with chronic diseases, to 
accurately determine the final diagnosis. 
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Abstract

Background: Duplication of collector duct 
system is a frequent abnormality of urinary tract, 
often asymptomatic. This kind of anomaly is cau-
sed by a division of the mesonephric diverticulum 
or ureteric bud.

Case Report: A male 9 year-old child was 
admitted complaining about pain in left flank in 
association with macroscopic hematuria and dysu-
ria. He underwent to an ultrassonography, which 
showed a dilatation of pyelocaliceal system and 
a volumous liquid image around the left kidney. 
Urotomography disclosed ureteral duplication 
with upper-pole exclusion at left. A polar hemi-
nephrectomy was performed, with resection of 
correspondent ureter.

Discussion: Extension of duplicity depends 
on how complete is the division of ureteric bud. 
It can be classified as complete or partial (more 
common). Ureteral duplication is present in about 
75% of patients with ureteroceles and is more 
frequent in the ureter draining the upper pole, ge-
nerally ectopic.

Key words: Urogenital congenital malformati-
ons; ureteral duplication; heminephrectomy.

Background

Congenital malformation is an structural abnor-
mality present at birth. It includes any functional 
or morphological anomalies of fetal development 
due to genetical, environmental or idiopathic cau-
ses, even when these defects are not apparent in 
the newborn child, becoming evident later1.

According to Moore and Persaud2, abnormali-
ties in the urinary tract are the third most common 
type of congenital anomalies. About 0,5-1% of 
newborns have prenatal diagnosis of these urinary 
anomalies, but these children are often asympto-

matic. Diagnosis is frequently given after patients 
present some complications. Congenital anomali-
es of the urinary tract are responsible for 20-35% 
of all situations that lead to chronic insufficiency 
of renal failure in childhood3.

Duplication of ureter and renal pelvis is a rela-
tively common congenital abnormality of genital 
and urinary tract4. This kind of anomalies results 
from a wrong division of mesonephric diverticu-
lum or ureteric bud – the origin of ureter and renal 
pelvis. The amplitude of ureteral duplication de-
pends on how complete is the embrionary divisi-
on of ureteric bud. Bifid pelvis and ureter can be 
unilateral or bilateral. Separated openings in the 
bladder are common. A partial division of ureteric 
bud results in bifid ureter, while a complete divisi-
on results in supernumerary kidney5.

This is a case report from a nine year-old male 
patient complaining about pain in left flank, in 
association with macroscopic hematuria and dysu-
ria. Imaging examinations diagnosed an complete 
ureteral duplication with exclusion of upper pole 
of the kidney, and its further surgical tratment.

Case report

K. B. L. A. S., a nine year-old male patient, 
was admitted at Hospital São Francisco de Assis, 
a public hospital located in Crato, in the northe-
ast region of Brazil. He was complaining about 
an intense pain in left flank, associated with ma-
croscopic hematuria and dysuria for the last five 
days. According to patient’s mother, he had not 
presented any related symptoms before. At physi-
cal examination, patient was pallid (++/4+) and 
presented pain on deep palpation of left flank and 
hypochondrium, without signals of peritonitis or 
other changes. His mother denied comorbidities, 
previous surgeries or blood transfusions. He also 
used no continuous medications.

Complete ureteral duplication with upper pole 
exclusion at left: Case report
Micaelle Jozinne Goncalves Cardoso1, Marcelo de Menezes Figueiredo Couto Bem2, Davi Carneiro de 
Brito1, Modesto Leite Rolim Neto1, Cícero Hedilberto Pereira Filgueiras Macedo1, Saulo Araujo Teixeira1.
1  Department of Medicine, Universidade Federal do Ceará – UFC, Brazil,
2  Faculdade de Medicina de Juazeiro do Norte – FMJ, Brazil.
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Laboratorial evaluation was requested (Ta-
bles 1, 2 and 3). An ultrasonography of abdomen 
showed an irregular-shaped kidney on the left 
side, with heterogeneous texture, enlarged pye-
localiceal system and a volumous liquid collecti-
on occupying perirenal space, parietocolic gutter 
and extended towards the pelvis. A computed to-
mography of urinary tract disclosed ureteropelvic 
duplication on the left side, in association with an 
important hydronephrosis of the upper unity and a 
hydroureter also significant. This ureter was enlar-
ged until the bladder. Contrast excretion was seen 
through the lower unity, but upper unity demon-
strated functional exclusion (Images 2 and 3).

Surgical procedure occurred in 05/03/2011 and 
was conducted through open medial approach, un-
der general anesthesia. A upper-pole heminephrec-
tomy at left and resection of the correspondent 
ureter were performed (Image 4). Patient had hos-
pitalar discharge six days after surgery, without 
complaints. Surgical specimen (Image 5) was sent 
to anatomopathological study. The segment of ure-
ter, measuring 14 centimeters in lenght and 2 cen-
timeters in its larger width, presented hypertrofic 
muscular layer, chronic and unspecific inflamatory 
process and nodular mucose hemorrhagia. The se-
gment of kidney, measuring 7,5 per 2,7 centimeters, 
had a contracted terminal standard and chronic and 
unspecific pyelonephritis, with presence of tubular 
leukocyte (segmented neutrophils) cylinders.

Nowadays, patient stills under ambulatorial 
follow-up, but presents neither symptoms os cli-
nical signals.

Image 1.  Ultrasonographic image of left kidney 
and ureter

Table 1.  Laboratorial examination (hematology)
04/05/2011 04/19/2011

Hemoglobin 10.6 g/dL 14.1g/dl
Hematocrit 31.8% 33.4%
Leukocytes 14,300/mL 4,800/mL
Eosinophils 0% 4%
Stab neutrophils 0% 0%
Segmented 
neutrophils 90% 48%

Lymphocytes 7% 40%
Monocytes 3% 8%
Platelets 304,000/mm³ 694,000/mm³
Coagulation time 
(Lee White) 3.15 min

Bleeding time 
(Duke) 2.3 min

Tourniquet test Negative
Stephanini 48%
PT 13seg
PA 100%
INR 1.00
aPTT 36seg

Table 2.  Laboratorial examination (biochemistry)
04/19/2011

Urea 15
Creatinine 0.5

Fasting glucose 78

Table 3.  Laboratorial examination (urinalysis)
04/05/2011

Biochemistry
Proteines Negative
Glucose Negative

Leukocytes Positive (++)
Ketone bodies Negative
Hemoglobin Positive (++)

Bilirubin Negative
Urobilinogen Normal

Nitrite Negative
Sedimentoscopy

Leukocytes Many
Red blood cells 6-8/HPF
Bacterial casts Negative
Urate crystals Negative

Uric acid crystals Negative
Oxalate crystals Negative
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Image 3.  Tridimensional reconstruction of com-
puted tomography disclosing contrast leaking on 
left kidney’s lower pole

Image 4.  Ureteral duplication: enlarged super-
numerary ureter (hydroureter)

Image 5.  Surgical specimen: upper pole of left 
kidney and correspondent ureter

Image 2.  Computed tomography showing hydroureter and and left kidney
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Discussion

This study reports a case of ureteral total duplica-
tion with kidney’s upper-pole functional exclusion 
on the left side in a nine year-old male patient, who 
only presented symptoms after the establishment 
of a complication from the existing anomaly. This 
information is compatible to literature. According 
to previous reports, children are often asymptom-
atic early after birth and the diagnosis is frequently 
achieved when patient presents any complication3. 
This patient’s clinical presentation, like reported in 
the literature, consisted in pain (usually located in 
the flank), macroscopic hematuria and dysuria6.

Aiming to support surgical procedure, patient 
underwent to some imaging examinations, stan-
dardized by recent studies about ureteral duplica-
tion. An abdominal ultrasonography showed a dila-
tation of pyelocaliceal system and discarded other 
kind of abdominal anomalies as suggested by some 
authors7,8. Urotomography disclosed a duplication 
of ureter and renal pelvis at left, with important hy-
dronephrosis in the upper unity, making clear its 
functional exclusion, and hydroureter. The anatomy 
of urinary tract was assessed by computed tomogra-
phy and tridimensional reconstruction, what made 
possible to improve surgical planning.

Surgery was programmed as a left upper-pole 
heminephrectomy, in association with the resec-
tion of correspondent ureter. This surgical tech-
nique is described in literature as the gold-stan-
dard treatment4,9.

Surgical procedure was performed through the 
open medial approach, what permitted a better vi-
sualization and an improved management of the 
duplicated ureter and its ureteropelvic junction. 
Literature, however, reports lombotomy as the 
best open approach9. Videolaparoscopic hemine-
phrectomy, when possible, is nowadays consid-
ered the best choice for treatment10.

Conclusion

Ureteral duplication with upper-pole exclu-
sion is a relatively frequent abnormality of urinary 
tract. It may be diagnosed through imaging as-
sessment, even in utero. The definitive treatment 
is surgical: upper-pole heminephrectomy and the 
resection of correspondent ureteric segment.
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Abstract

Increased rate of cesarean delivery is an im-
portant matter in developing countries. Lack of 
enough study regarding cervical ripening in Iran, 
this study was designed to assess the effect of va-
ginal Iisosorbide Mononitrate pills with low-dose 
Syntocinon in type of delivery. Randomized Con-
trolled Trial study was conducted in 2009 in Sha-
hid Sadoughi University of Yazd, Iran. Conveni-
ence sampling was used to select the participants, 
including primigravida women who needed labor 
induction. One hundred Participants were rando-
mly allocated to group 1 receivers of 40 mg Ii-
sosorbide Mononitrate pills and group 2 receivers 
of low-dose Syntocinon. Data were collecteded by 
questionnaire and were analyzed using t-student 
test. There was not significant statistical differen-
ce between two groups in mean of age (P=0.671), 
mean of Gestational Age (P=0.254), mean of Bis-
hop Score (P=0.221), mean length of labor induc-
tion (P=0.876), mean of neonate’s Apgar Score in 
the first (P=0.424) and fifth minutes (P=0.656). 
72% in group 1 and 78% in group 2 delivered va-
ginally (P=0.645). The most reason for cesarean 
delivery was arresting in labor progress (P=0.468). 
Two groups were similar in participants, satisfacti-
on regarding treatment procedure (P=0.99). Vagi-
nal Iisosorbide Mononitrate pill is effective, safe 
and available as low-dose Syntocinon in type of 
delivery. 

Key words: Iisosorbide Mononitrate, low-do-
se Syntocinon, induction of labor, delivery

Introduction

The nitric oxide donors including Isosorbide 
Mononitrate Donor (IMD) has been recently con-
sidered as one of the valuable agent in obstetrics 
and gynecology. They are used as a treatment met-
hod for disorders in reproductive age and postme-
nopausal women too.1,2

Oxide nitric is a free radical gas considered as 
releasing agent of flat vessel muscles, flat stomach 
muscles, and also myometrium.3, 4 In obstetrics, 
oxide nitric donors relax the myometrium5, 6 and 
have been used for preterm labor treatment 7,8, 
manual placenta removal and improvement of fe-
tal blood circulation.2,9

Labor induction is a common intervention be-
fore delivery and is defined as stimulation of uteri-
ne contractions prior to initiation of spontaneously 
labor pain.10 Labor induction is used for nearly 
9.7 to 32.7 percent of all pregnancies.11 Since la-
bor induction without suitable cervix is considered 
as one of the most complex situations in obstetrics 
and failure to adequate ripening the cervix leads to 
increase the rate of Cesarean operation, it seems 
vital to apply clinical measures which are accom-
panied with less materno-fetal complications besi-
des having desirable influence.2,5,12 

Cervical ripening is achieved through admini-
stration of several drugs such as Syntocinon and 
Prostaglandin E2 before induction of labor. Altho-
ugh Syntocinon has been known as a usual method 
in cervical ripening but adverse side effects like 
uterine hypertonisity may be occurred after admini-
stration both of Syntocinon and Prostaglandin. Ute-
rine hypertonisity produces painful contractions in 
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mother and also fetal distress in the fetus. This situa-
tion often increases emergency Cesarean delivery.2, 
4, 13 The best agent for cervical ripening is a drug 
with producing adequate cervical changes and with 
the least feto-maternal adverse side effects. IMD 
seems might be such agents for cervical ripening 
with unserious feto-maternal unwanted side effects 
and low-risk method of labor induction for deli-
very.5,14,15,16 Several studies approved vaginal 
application of oxide nitric donors are effective for 
cervical ripening before induction of labor.2,16,17 
In Nunes et al. (2006) study, the results showed 
that if glycerin trinitrate is vaginally administered 
together with Dinoprostone for cervical ripening, 
uterine tachysystole will be reduced as compared 
to vaginal use of Dinoprostone and placebo. This 
situation indicates antagonistic effect of oxide nitric 
donors on myometrium which is stimulated by pro-
staglandin, leading to loosing of myometrium and 
therefore reducing uterine tachysystole.18 Several 
research have been recently conducted on use of 
Isosorbide Mononitrate (IM) pill in cervical ripe-
ning during first three months of pregnancy befo-
re termination of pregnancy and cervical ripening 
prior to labor induction. In addition, a considera-
ble number of women given IM pill for cervical 
ripening at term go into labor within the next 24 
hours.19 Vaginally IM pill is used in 20 mg and also 
40 mg doses for cervical ripening; these doses can 
be replicated once or twice in some studies based on 
Bishop Score (BS).2 Bullarbo et al. (2007) reported 
IM pill is an effective, safe, and well tolerated agent 
for cervical ripening.4 In another study was con-
ducted by Abdellah et al. (2011), administering a 
combination of IM and Misoprostol was reported 
more effective than Misoprostol alone, fast cervi-
cal ripening was occurred and the length of labour 
induction was shorter.20 According to Nicoll et al. 
(2001) study vaginal administration of 20 or 40 mg 
IMN to pregnant women at term improved both 
maternal and fetal hemodynamics, but this effect 
was not clinically significant.2 In Haghighi et al. 
(2013) study Significant statistical difference was 
not observed in BS eight hours after administrati-
on of intravaginal Iso Sorbide Di Nitrate (ISDN,40 
mg) and Misoprostol (25 μg), but in the ISDN re-
ceiver group, labor induction was reported signifi-
cantly longer than Misoprostol receiver group with 
more frequently need induction of labor.17 

While, rate of Cesarean delivery is an impor-
tant matter in the world, especially in developing 
countries for its high cost and burden, reported rate 
of Cesarean delivery nearly threefold more than of 
its, world average rate (5-15%) in Iran (40%) reve-
aled that many strategies should be applied to de-
crease the rate of Cesarean delivery.21, 22 Altho-
ugh Syntocinon infusion has been introduced as a 
routine method for cervical ripening but according 
to Krening et al. (2012) the use of Syntocinon, for 
induction of labor has long been a source of argu-
ment because of increased obstetrical legal claims 
following tachysystole occurring after the admi-
nistration of Syntocinon.23 Also this treatment 
protocol needs a closed monitoring of mother and 
increases workload on labor and delivery units, 
searching for a perfect, safe and effective method 
for cervical ripening in order to manage cervical 
ripening process and a normal vaginal delivery is 
necessary.4 

Although Mansour Ghanei et al. (2013) and 
Yazdizadeh et al. (2013) conducted Randomized 
Controlled Trial (RCT) study for comparing effect 
of administration of IM in compare with placebo 
on cervical ripening and success of labor inducti-
on; and Haghighi et al. (2013) carried out a rese-
arch concerning intravaginal ISDN or Misoprostol 
for cervical ripening; however, vaginal administra-
tion of isosorbide mononitrate (IM) is considered 
a low-risk method of labor induction for pregnant 
women at full term.12, 16, 17 Considering lack of 
fully agreement upon the most appropriate met-
hod for cervical ripening and induction of labor 
by practitioners 16, and absence of enough studies 
regarding comparison of vaginal IM pills with ad-
ministration of Syntocinon (as a routine and usual 
method for induction of labor in maternity units) 
10 in Iran, this study was designed to assess the 
effect of vaginal IM pills in compare with low-do-
se Syntocinon in type of delivery.

Methods

This study was a comparative RCT research. It 
was conducted from March 2009 to August 2010 
in Shahid Sadoughi University of Medical Scien-
ces of Yazd, Iran. Ethical approval was obtained 
from the ethics committee of Shahid Sadoughi 
University of Medical Sciences before initiating 
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the study protocol with code 113-54. Convenien-
ce sampling was used to selecting the participants. 
Sample size was determined 86 women according 
to statistical calculation in 95% confidence level, 
but because of probability of exclusion from the 
study or emergency condition during treatment, 
one hundred women were considered as partici-
pants. Participants included primigravida women 
who needed labor induction due to termination of 
pregnancy (Postterm pregnancy, Oligohydramni-
os, Preeclampsia) with unsuitable cervix conditi-
on who were admitted in Shahid Sadoughi referral 
hospital of Yazd during 2009-2010. Informed 
consent was obtained from eligible women. Inclu-
sion criteria were singleton pregnancy, Cephalic 
presentation, intact embryo membranes, BS <6, 
reactive results of fetal wellbeing monitoring test, 
lack of uterine contractions, lack of Cephalo Pel-
vic Disproportion (CPD), Polyhydramnios, vagi-
nal delivery contraindication (including previous 

uterine scar, history of cervix conization), absence 
of unexplained antepartum vaginal hemorrhage 
and absence of systematic problems for clinical 
treatment. 

Allergic reaction to administrated drugs after 
participation in the trial and BS<6 were determi-
ned as exclusion criteria. At the beginning of the 
study, clinical examinations including BS eva-
luation, checking of vital signs (Blood Pressure, 
temperature, and mother’s puls rate), systematic 
examinations, Fetal Heart Rate (FHR) monitoring, 
uterine contractions and Trans Abdominal Sono-
graphy (TAS) were all done by the investigator. 

Assessment of the cervix including an mea-
surement of consistency, length, dilatation, positi-
on, and station of the fetal presenting part as des-
cribed by Bishop in 1964 and modified by Calder 
et al. in 1977 were performed.2, 14

Participants were randomly allocated in two 
groups using a computer-generated random num-

Algorithm 1.  Sampling process and treatment protocol in participants
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ber table. Sampling process and treatment proto-
col were showed in algorithm 1. 

In the group 1, two vaginal IM pills 20 mg were 
placed into the posterior fornix of the vagina and 
BS was again measured after 16 hours. Then, two 
additional other IM pills would be put into the 
posterior fornix of the vagina if BS was less than 
six, and BS was once again assessed 24 hours af-
ter the first dosage administration. If BS exceeded 
six, labor induction would proceed at four milli-
unit/minute dose of Syntocinon. Participants with 
BS<6 would be excluded from the study. During 
the treatment, participants, heart rate and BP were 
measured every four hours. In group 2 (receivers of 
low-dose Syntocinon), the solution was initially ad-
ministrated at a dose of one milli-unit/minute. After 
one hour, if frequency of uterine contractions were 
less than three contractions per 10 minutes, Synto-
cinon dosage would be increased to two milli-unit/
minute, and the dosage would be increased to three 
milli-unit/minute in the case of continuity of this 
condition. The last dosage would be kept until fully 
cervical ripening if FHR and uterine contractions 
frequency were ideal. If frequency of contractions 
in 10 minutes were more than five (tachysystole) or 
contraction lasted longer than 90 seconds (hyper-
tonus), hyperstimulation would be diagnosed and 
Syntocinon administration would be stopped. Cer-
vical examinations were done every four hours 
by the investigator and other maternity assistant 
coworkers. The investigator checked and compared 
the results of its BS measurement and other mater-
nity assistant coworkers. Because maternity assi-
stant coworkers were trained in the same method on 
BS measurement, the results of their examination 
were similar to the investigator. 

Participants, heart rate and BP were checked 
every four hours. BS was measured again 24 hours 
after treatment initiation. If BS exceeded six, labor 
induction would proceed at four milli-unit/minute 
dose of Syntocinon and in the case of BS<6, the 
participant would be excluded from the study. Three 
criteria were taken into account concerning dura-
tion of cervical ripening. Cervical ripening would 
be terminated as long as any of these three criteria 
were observed and the decision on participant wo-
uld be taken depending on the situation. The criteria 
includeing BS≥7 in vaginal examinations, sponta-
neous rupture of embryo membranes and failure to 

ripe the cervix 24 hours after start of treatment. Five 
milli-unit/milliliter Syntocinon ampoule produced 
by Abidi Company and 20 mg IM pill produced by 
Schwartz Company were used in this study.

All data related to personal characteristics, 
history of pregnancy, results of vital signs mea-
suring and monitoring, other performed clinical 
examinations, BS assessment and other treatment 
protocol were recorded at the beginning of the 
study until the end of the research by investigator 
and other maternity assistant coworkers by means 
of questionnaire. Data were analyzed using des-
criptive statistical tests and t-student tests. P value 
<0.05 was determined as significance level. 

Results

The results showed that mean age of partici-
pants was 24 ± 3.9 years in group1 and 24.3 ± 4.3 
years in group 2. There was not any significant 
statistical difference between two groups in mean 
of participants, age (P=0.671) (Table 1). Mean 
of Gestational Age based on the first day of Last 
Menstrual Period (LMP) were 40.2 ± 1.4 weeks in 
group1 and 39.9 ± 1.5 weeks in group 2 (P=0.254) 
(Table 1). Mean of Gestational Age based on Trans 
Abdominal Sonography were 40.1±1.3 in weeks 
in group1 and 39.7±1.4 weeks in group 2 respec-
tively (P=0.211) (Table 1). Significant statistical 
difference was not observed between two groups 
in mean of Gestational Age (based on LMP and 
Trans Abdominal Sonography). Frequency of pre-
vious abortion were 12 (24%) in group1 and 10 
(20%) in group 2 (P=0.577) (Table 1).

One of the objectives of the study was to com-
pare effect of two treatment methods, namely IM 
and low-dose Syntocinon on cervical ripening for 
labor induction in two groups. Significant stati-
stical difference were not observed between two 
groups in mean of BS at the beginning of the in-
tervention, mean length of labor induction, mean 
of neonate, s Apgar Score in the first and the fifth 
minutes. The results showed that mean of BS at 
the beginning of the intervention were 3.5 ± 1.0 in 
group 1 and 3.3 ± 1.0 in group 2 (P=0.221) (Table 
2). Mean length of cervical ripening until delivery 
were 36.13 ± 4.05 hours in group 1 and 36.28 ± 
3.88 hours in group 2, which suggests insignifi-
cant statistical differences (P=0.876) (Table 2). 
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Mean of neonate, s Apgar Score in the first minute 
were 8.8 ± 0.3 in group1 and 8.7 ± 0.6 in group 
2 (P=0.424) (Table 2). Mean of neonate, s Apgar 
Score of the fifth minute were 9.9 ± 0.2 in group 
1and 9.1 ± 0.3 in group 2 (P=0.656) (Table 2).

Assessment the type of delivery, indicated that 
most women in two groups (72% in group 1 and 
78% in group 2) delivered vaginally following 
cervical ripening protocol, which they were simi-
lar according to P = 0.645 (Table 3). 

Table 1.  Comparison of participants’ personal characteristics and obstetrics parameters in two groups 
group 1

(IM pill receivers)
group 2

(Low-dose Syntocinon receivers) P-value

Mean of participants, age (year) 24 ± 3.9 24.3 ± 4.3 0.671 (NS)
Mean of Gestational Age based on LMP 
(week) 40.2 ± 1.4 39.9 ± 1.5 0.254 (NS)

Mean of Gestational Age based on Trans 
Abdominal Sonography (week) 40.1±1.3 39.7±1.4 0.211 (NS)

Frequency of previous abortion 12 (24%) 10 (20%) 0.577 (NS)
*NS: Not statistically significant

Table 2.  Comparison of mean length of labor induction and Apgar Score in two groups

Treatment methods results group 1 (IM pill receivers) group 2 (Low-dose 
Syntocinon receivers) P-value

Mean of BS at the beginning of 
the intervention 3.5 ± 1.0 3.3 ± 1.0 0.221

Mean length of labor induction 
until delivery (hour) 36.13 ± 4.05 36.28 ± 3.88 0.876 (NS)

Mean of neonate, s Apgar Score 
in the first minute 8.8 ± 0.3 8.7 ± 0.6 0.424 (NS)

Mean of neonate, s Apgar Score
in the fifth minute 9.9 ± 0.2 9.1 ± 0.3 0.656 (NS)

*NS: Not statistically significant

Table 3.  Frequency Comparison of type of delivery in two groups

Type of delivery group 1
(IM pill receivers )

group 2
(Low-dose Syntocinon receivers) P-value

Vaginal delivery 36 (72%) 39 (78%) 0.645
(NS)Cesarean delivery 14 (28%) 11 (22%)

*NS: Not statistically significant

Table 4.  Comparison of reasons for Cesarean delivery in two groups 

Reasons for Cesarean delivery group 1
(IM pill receivers)

group 2
(Low-dose Syntocinon receivers) P-value

Arresting in labor progress 13 (92.9%)  9 (81.9%) 0.468
(NS)Meconium expulsion 1 (7.1%) 2 (18.8%)

*NS: Not statistically significant

Table 5.  Comparison of participants, satisfaction concerning treatment procedure in two groups
participants, satisfaction 
concerning treatment 
procedure

group 1
(IM pill receivers)

group 2
(Low-dose Syntocinon receivers) P-value

46 (92. %)  45 (90%) 0.99 (NS)
NS: Not statistically significant
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The main reason of Cesarean delivery in two 
groups was arresting in delivery progress in two 
groups (92.9% in group1 and 81.9% in group 2). 
No significant statistical difference was observed 
between two groups (P= 0.468) (Table 4).

One of the aims of this study was to compa-
re participants, satisfaction concerning treatment 
procedure. According to the results of the study 
participants in group 1 were more satisfied with 
treatment protocol (92%) than group 2 (90%), but 
this difference was not statistically significant (P= 
0.99) (Table 5).

Discussion

According to International Federation of Gyne-
cology and Obstetrics (Figo, 2009) unnecessary 
Cesarean delivery is not ethically and legally 
accepted and several strategies in order to decrea-
se it’s worldwide rate should be performed.24 New 
appropriate treatment methods for cervical ripening 
without unwanted serious side effects have been 
located in obstetrics research.15,20,21 The main 
objective of this study was to compare the effect of 
vaginal IM pill and low-dose Syntocinon for cervi-
cal ripening during labor on type of delivery.

The results of this study showed that mean len-
gth of cervical ripening until delivery was similar 
in two groups. In the similar studies the mean of 
BS was greater and the admission until delivery 
interval was shorter for the IM group in compa-
re with placebo group, with statistically signifi-
cant differences. 4, 12,16, 20, 25, 26,27 Also in 
Bollapragada et al. (2009) study, the effect of two 
aforementioned drugs (IM and placebo) on labor 
duration was reported no statistically significant. 
28 In Haghighi et al. (2013) study labor induction 
in the ISDN recievers group, was required more 
repeatedly and the time from the beginning of in-
tervention to the initiation of active phase of la-
bor in compare with Misoprostol receiver group 
was significantly longer.17 The results of current 
study showed that vaginally administration of IM 
is as effective as Syntocinon on cervical ripening 
and length of intervention to delivery. This finding 
approved the ripening effect of IM on cervix cells.

Mean of Apgar Score in the first and the fifth 
minute were similar in two groups in this study. 
The results implied that neonatal outcomes after 

vaginally IM administration were comparable 
with Syntocinon group. The same results reported 
in similar studies.2, 4, 12, 15, 16, 18, 20, 25, 26, 
28, 29, 30 According to this study an acceptable 
mean of Apgar Score approved vaginally admini-
stration of IM pill is as safe as Syntocinon without 
adverse side effects on neonate’s Apgar Score. 

The results of this study showed that percent 
of vaginal delivery were similar in two groups. 
The findings of the study regarding the rate of Ce-
sarean delivery was in accordance with findings 
of other related studies.4, 12, 16, 25, 26, 27, 28 
The most reason for Cesarean delivery in this stu-
dy was reported arresting in labor process in two 
groups. In similar studies reasons for Cesarean de-
livery were not reported. One of findings of this 
study was to compare participants, satisfaction 
regarding treatment procedure. According to re-
sults of the study participants in IM receiver group 
were more satisfied with treatment protocol than 
Syntocinon receiver group without statistically 
significant difference. In Agarwal and Bollapra-
gada et al. (2009), Bullarbo studies, participants, 
satisfaction concerning treatment procedure was 
reported similar in IM receiver group and placebo 
receiver group without any statistically significant 
differences. 4, 26, 28Although this difference was 
not statistically significant, it seems that more par-
ticipants, satisfaction in IM receiver group in this 
study is related to their less painful contractions in 
compare with Syntocinon receiver group.

BS measurement by other maternity assistant 
coworkers was the limitation of conducting this 
research because of determination of BS needed 
a long time period attending in the hospital from 
mother admission in labor to after delivery, which 
it is impossible to be done by one person. Fortuna-
tely, maternity assistant coworkers trained in the 
same method and the results of the examination 
were similar to investigator. Also this limitation 
was observed in other related studies.

Conclusion

The results of this study approved Vaginal Ii-
sosorbide Mononitrate pill is effective, safe and 
available as low-dose Syntocinon in type of de-
livery and can be used as simple and inexpensive 
treatment for delivery. 
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Abstract

Objectives: This review aimed to explore the 
advantages of eProblem-Based Learning in he-
althcare education in terms of group work and 
communication. The addressed research questions 
were: What are the evident advantages of ePro-
blem-Based Learning? Does the available evidence 
provide information about eProblem-Based Lear-
ning in healthcare education? Does virtual learning 
environment support Problem-Based Learning in-
teractions between students, and between students 
and teachers? Does virtual learning environment 
support Problem-Based Learning group work?

Data sources and Review methods: all major 
electronic sources of relevant information were 
systematically searched to identify peer-reviewed 
English language papers published between 2000 
and 2013. To identify all relevant studies for the re-
view, the search strategy comprised searches of the 
following databases: CINAHL, Proquest, Medline, 
Science Direct, DOAJ and Internet source (www.
google.com) using the key words: Problem-Based 
Learning, eProblem-Based Learning, online Pro-
blem-Based Learning, LMS, helthcare education. 
Included were studies which trials PBL strategy 
practice online especially in healthcare education. 

Results: This review has shown that PBL can 
be successfully implemented in an online format. 
It affords increased flexibility in time and location 
of learning. Adults learners with children or those 
who juggle work with studies, are likely to benefit 
the most from this added flexibility. Another po-
tential innovation of ePBL could be interdiscipli-
nary teams as small learning groups. A team made 
up of a nursing student, a medical student, a so-
cial work student, and a pharmacy student could 
operate differently from the PBL tutorial group as 
currently constituted.

Conclusions: Evidently ePBL research in he-
althcare and nursing education is still at its be-

ginning. Additional research with larger sample 
size and high quality is needed to ascertain real 
effectiveness within healthcare and nursing edu-
cational context. Design recommendations inclu-
de an emphasis on incorporating a rich multimedia 
background, realistic communication, and project 
management tools.

Key words: Problem-Based Learning, ePro-
blem-Based Learning, online Problem-Based 
Learning, Virtual Learning Environment, Health 
Education, Communication, Group work.

Introduction

Problem-based learning (PBL) has its origins 
within the medical education of North America 
during the late 1960s (Barrows, 1996). Therefore 
PBL is most widely associated with the large body 
of literature coming out of medical education. PBL 
is based on assumptions that learning is an active, 
integrated, and constructive process influenced by 
social and contextual factors. While the content 
and structure of PBL courses may differ, the gene-
ral goals and learning objectives tend to be similar. 
Howard Barrows (1996) lists the six original cha-
racteristics for the problem-based learning model 
employed in the medical school as follows: learning 
is student centered; learning occurs in small student 
groups; teachers are facilitators or guides; problems 
form the original focus and stimulus for learning; 
problems are a vehicle for the development of cli-
nical problem solving skills; new information is 
acquired through self-directed learning. PBL is not 
merely a teaching and learning technique, but a to-
tal approach to education. There are four important 
components of PBL: PBL curriculum design, PBL 
tutorials, PBL compatible assessments and phi-
losophical principles underpinning PBL (Barrett, 
2005). Evidently students learn as many facts as 
those in traditional classes, but they enjoy their 
studies more and become lifelong learners (Aspy 
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et al., 1993; Biley and Smith, 1998; Cooke and 
Moyle, 2002; Dolmans et al., 2005). Groupwork is 
also an essential aspect of PBL for several reasons. 
It is interesting and motivating for students because 
they become actively involved in the work and are 
held accountable for their actions by group mem-
bers (Cohen et al., 1994). Groupwork helps develop 
learning communities in which students feel com-
fortable developing new ideas and raising questions 
about the material (Allen et al., 1996), groupwork 
also enhances communication skills and students’ 
ability to manage group dynamics. For these rea-
sons, groupwork can enhance student achievement. 
Through the creative exchange of ideas, groups can 
solve problems and construct knowledge beyond 
the capacity of single member. So it is possible to 
talk about the concept of group learning (Cohen et 
al., 2002). It is generally agreed that effective PBL 
groups may be valued not only for the content of 
their work, but also for the way they work (Lycke, 
2002). Well designed, open-ended problems that 
require the input and skills of all group members 
also are essential to positive groupwork experien-
ces (Cohen, 1994). However, groups do not always 
work effectively without guidance. Usually the in-
structor facilitates and monitors group interactions. 
Many students have had little experience working 
in groups in an academic setting. The role of the 
facilitator is therefore central to the process, and 
without adequate understanding of the processes 
and philosophies involved, a PBL programme or 
any other innovations cannot function (Biley and 
Smith, 1998). Small-group work protects against 
dropout and encourages students to study regularly 
(Schmidt et al., 2011). 

Disadvantages of PBL

Despite of evident success of PBL, areas of 
weakness have been identified (Biley and Smith, 
1998): time-consuming when compared to the 
average, crucial literature and expert resources 
were sometimes missed and the end result so-
mewhat superficial, many students feel unduly 
pressurized and anxious when embarking on a 
PBL curriculum.

Students are familiar with traditional methods 
and may feel threatened if the system is changed. 
Due to lack of fixed curriculum and textbooks 

these students, confronted with messy, real-world 
problems, often lack the skills towards self-direc-
ted learning (Wood, 1994; Hoffman and Ritchie, 
1997). PBL turns the teacher, as one with autho-
rity and ownership of knowledge, into a facilita-
tor who does not necessarily know the answer, a 
situation which is less comfortable (Wood, 1994). 

Learning technology and PBL

PBL offers some advantages over traditional 
forms of instructional delivery, but it brings with 
it a variety of obstacles. Hallinger (2005) takes the 
position that the PBL and learning technology have 
the potential to enhance to each other’s strengths. 
Computer technologies can provide learners with 
access to knowledge relevant to a given problem-
atic situation in ways that are more flexible and 
powerful than traditional searching through books 
and journal articles (Hallinger, 2005). Hoffman and 
Ritchie (1997) discuss how multimedia might be 
used to address some problems with PBL. Multime-
dia as a tool for PBL activities holds the potential to 
help practitioners overcome numerous weaknesses 
and pitfalls of PBL. Camp (1996) has predicted po-
tential coming PBL innovation and real possiblity 
computer based or “virtual” PBL groups. Online 
learning practices usually follow constructivist per-
spectives and make use of the Internet to facilitate 
personalized learning regardless of time and space 
boundaries. Moreover, as online learning environ-
ments are flexible, attractive and interactive, it is 
more convenient to implement constructivist and 
PBL practices through online learning tools. On-
line collaboration, case learning and PBL were the 
preferred instructional methods during the coming 
decade for online instructors in colleges and uni-
versities. When asked to select four pedagogical 
techniques that would be used most widely online 
during the next few years from a list of twelve in-
structional methods, over 65 percent selected group 
problem-solving and collaborative tasks, while 58 
percent chose problem-based learning (Bonk et 
al., 2004). However, there is still confusion about 
the models, media and environments being used 
to support various kinds of PBL that use technol-
ogy in some way (Savin-Baden, 2006). Depending 
on media and the method of delivery, partially or 
fully online, the following terms are used in the lit-
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erature: web based PBL, online PBL, ePBL, virtual 
PBL, distributed PBL (dPBL), and blended PBL. 
Bowdish et al. (2003) in their research focused on 
exploring the effectiveness of prototypic virtual 
PBL (via world wide web), where a careful com-
bination of digital video, images, text, question and 
radio button prompts, and text boxes for posting 
group responses was implemented. PBL online is 
the incorporation of PBL strategy with web-based 
technology. This combination provides a more 
flexible mode of education delivery, while retain-
ing the key beneficial features of PBL. Online PBL 
also has the advantage of reducing the sense of 
isolation, which reduces motivation that pervades 
much of distance education. Students work coop-
eratively in virtual learning environmments such 
as Lotus Notes, WebCT, Blackboard, Moodle, etc. 
Distributed PBL (dPBL) is a version of PLB that 
can be offered to distance learners. Wheeler (2006) 
stated that in dPBL learning is mediated through 
computer technology, and a shared, ‘virtual’ dis-
tributed learning environment is used to enable stu-
dents to collaborate. McConnell (2006) introduced 
two types of distributed PBL: collaborative dPBL 
and cooperative dPBL. Cooperative and collabora-
tive learning essentially provide a structured way 
of sharing responsibilities for learning in groups. In 
collaborative dPBL students work in small group to 
define a problem relating to their personal or pro-
fessional practice. A blended PBL approach could 
contribute to overcoming some existing problems 
experienced in conventional PBL by providing 
a complementary pedagogical tool. Blending e-
learning with conventional PBL may help over-
come student-perceived shortcomings of conven-
tional PBL and improve the learning experience, 
making learning more interactive and interesting 
(Alamro and Schofield, 2012). Technology helps 
teacher implement PBL, but PBL also helps teach-
ers integrate technology by providing reasons for 
its use (Ravitz and Blazevski, 2010). Savin-Baden 
(2006) emphasises that the aim of online PBL is 
to develop and supplement what has already been 
achieved rather than replace it. Then also notes 
some concerns whether ePBL will affect the exis-
tence of facetoface problem-based learning since 
ePBL will be seen as being more cost effective, will 
destroy some of the original aims of problem-based 
learning since some forms of online problem-based 

learning tend to focus on solving narrowly defined 
problems that fail to encourage students to be inde-
pendent inquirers who own their learning. 

PBL online vs. PBL f2F

Cheaney and Ingebritsen (2005) in their study 
note a major difference between online PBL and 
PBL in a traditional face-to-face learning envi-
ronment. There are obvious differences in the way 
of interaction between group members, with regar-
ds to scheduling, interpersonal relationships, stu-
dent motivation, timeliness, and technical problems 
with hardware, software, or infrastructure. Findings 
indicated that online PBL application increased stu-
dents’ achievement levels and retention scores (Be-
dard et al., 2012; Chagas et al., 2012). The advan-
tages that are often unnoticed in discussion about 
PBL online are (Savin-Baden, 2007):

changes in university learning and teaching 
culture, new type of learning community, in some 
cases easier computed mediated communication 
than face-to-face with no social, pressure and gre-
ater freedom, virtual environment provide more 
opportunity for reflective analysis. Most of the 
studies when review effectiveness of online in-
struction compared with the traditional classroom 
are focused on measurable student outcomes (Ra-
mage, 2002). Clark (1994) presents the idea that 
selection of the media has little to do with learner 
outcomes, rather the method that the media sha-
re in delivering content. How faithfully can PBL 
methodologies be applied online? An important 
element in PBL group processing and collaborati-
ve learning is building a sense of learning commu-
nity. Given current technology, a low degree of in-
timacy and immediacy is inherent in online envi-
ronments; thus, how do learning groups collabora-
te effectively to negotiate meaning? How can tu-
tor effectively nurture and guide learning online? 
How can we support selfdirected learning online? 
What compromises, if any, are required to engage 
learners in PBL online? (Hung et al., 2008).

PBL Group work and communication

Chiriac (2008) notes that there are a few study 
conducted on the core of PBL, the tutorial group. 
These studies are focused on the role of problems, 
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the cognitive process and their effects on achie-
vement, motivational influences and the influence 
of the tutor on students’learning. Students have 
different levels of communication apprehension 
and these can affect their performance in gro-
up discussions. Students’ participation in PBL is 
affected by their comfort with communicating in 
groups. Although a student may be less involved 
in PBL discussions, this is not necessarily linked 
to an inability to acquire and process the infor-
mation (Blue et al., 1998). Moving PBL online 
can provide scaffolding to further support colla-
borative knowledge construction. Most studies 
recommended the provision of pre-intervention 
training for both the learners and facilitators, who 
are novice to the online PBL platform; adequate 
preparation of facilitators prior to assuming the-
ir roles; and clear learning objectives and course 
expectations to be conveyed to the learners prior 
to the commencement of the course (Lien, 2010). 
The key to the efficacy of collaborative learning is 
social interaction (Kreijns et al., 2003). Northrup 
(2001) propose a framework of interaction that 
includes interaction with content, collaboration, 
conversation, intrapersonal interaction, and per-
formance support. Collaborative group skills nee-
ded careful teaching and use of as many forms of 
communication as possible, both synchronous and 
asynchronous, helped develop social presence and 
collaborative communities online (Stacey, 2004). 
It has been found that in online settings a smaller 
number of group members makes online commu-
nication and collaboration more effective and acti-
ve and transforms groups into teams more rapidly 
(Novak, 1998; Donnelly, 2010). Synchronous co-
llaboration tolls are vital for the effective use of 
PBL online because tools such Chat, shared whi-
teboards, video conferencing or collaborative web 
surfing for groups (group surf the same website 
same time) are crucial to ensuring collaboration 
within the PBL (Savin-Baden, 2007). Baturay and 
Bay (2010) study measured the effects of pro-
blem-based learning on higher education students’ 
web-based classroom community perceptions and 
achievement. The results indicated that students 
who worked on problem-based projects felt much 
more connected to other class members when 
compared to the control group. Education is a soci-
al process therefore, online learning environments 

must be able to support the social practice and pro-
cess of learning. The construct and research on so-
cial presence help explain how the social practice 
and process of learning takes place online. Esta-
blishing social presence is an important aspect for 
effective online interaction and learning (Stacey, 
2002). Social presence is defined as the ability of 
participants in a community to project themselves, 
socially and emotionally, as real people through 
a medium of communication (Garrison and An-
derson, 2003). Richardson and Swan (2003) stu-
dy indicates that students perceive the presence 
of others in their online learning experience as an 
essential part of it and that students’ perceptions of 
satisfaction with an instructor are related to their 
perceptions of social presence. Furthermore the-
ir study indicates that the intensity of social pre-
sence students’ perceived in their online courses, 
from both their instructor and their peers, was di-
rectly related to their perceived learning. Barrows 
(2002) and Orrill (2002) are certain that colla-
boration suffered in online PBL environments. 
Orrill (2002) highlighted some difficulties in the 
transition from face-to-face to online PBL, related 
to the need for appropriate tools to support colla-
borative problem solving in a distributed context. 
Barrows (2002) has raised concerns regarding the 
application of authentic PBL in a distributed form. 
These concerns include questioning about the 
need for synchronous communication, the need of 
new skills for the dPBL tutor as facilitator and the 
development of adequate mediating technology. 
Facilitating virtual teams in dPBL courses takes 
time, effort and requires significant staff training.

PBL in healthcare education

The expectations of PBL teaching strategy are 
that it will enable nurses to develop skills required 
for professional practice that including enquiry, re-
asoning, interpersonal and lifelong learning skills. 
The problems are used as a focus for learning basic 
science and clinical knowledge along with clini-
cal reasoning skills. PBL approaches are claimed 
to be more effective in preparing student nurses 
for this role than the more traditional educational 
methods, so PBL has been adopted by a number 
of nursing and midwifery faculties (Barrow et al., 
2002). Biley and Smith (1998) noted that mostly 
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benefits of the PBL method have been extrapola-
ted from research into the medical experience and 
limited evidences of PBL implementation in nur-
sing education. They stated also that would be a 
mistake to wholeheartedly embrace the concept of 
PBL only on the supporting evidence of the medi-
cal literature. The suitability of PBL as a teaching 
method in health care and nursing will be shown 
only on the basis of the relevant research. Yuan et 
al. (2008) conducted a systematic review to provi-
de the available evidence on developing nursing 
students’ critical thinking through PBL. But the 
available evidence did not provide supportive da-
tabase to research. Baker et al. (2007) in their re-
search study contributed some evidence regarding 

the influence of PBL methods on learning styles of 
master’s students in Nursing Administration.

ePBL in healthcare education

The results of Chagas et al. (2012) research 
showed a great variability in the degree of parti-
cipation of each member of the group as well as 
the development of a group dynamic. Despite the 
individual variability observed, most students kept 
actively involved in the work. Not all, but some 
groups revealed a very good capability for self-
regulation. Different digital skills possessed by 
each individual student presenting a great imba-
lance in the level of participation of each group 

Table 1.  Mapping of reviewed articles – PBL online in health and nurse education

Author (year) Design, 
method Sample, participants Duration Intervention Findings, results

Chagas et al. 
(2012)

Qualitative 
study

30 students of an online 
course on health 

education
3 years online PBL participation, group 

functioning

King et al. 
 (2010)

Qualitative 
study

20 students in 
interprofessional Health 

Science course
10 class period online PBL

interaction between 
the social context 

(group PBL) and the 
environmental 

context (online)

Candela et al 
(2009)

Qualitative 
study

6 graduated students in 
doctoral nursing 

program
semester-long online PBL

positive perception, 
improvement in 

leadership abilities 
and confidence

Valaitis, Sword, 
Jones & Hodges 

(2005)

Qualitative 
study

22 undergraduate 
nursing and midwifery 
students, graduate stu-

dents in a neonatal nurse 
practitioner program

6 weeks online PBL

deeply process 
content, difficulties 

making group 
decisions online

Spinelo et al. 
(2004)

Qualitative 
study

28 undergraduate 
public health education 

students

semester 
course

web-based comput-
er simulation as an 
implementation of 

PBL

web- based 
simulation as 
motivation

Choi 
(2003)

Qualitative 
study 109 nursing students 4 weeks Online PBL

the role of 
interaction between 
tutor and student in 

web-based PBL

Price 
(2000)

Qualitative 
study

69 students of distance 
learning modul of the 
Bachelor of Science 

with honours degree in 
Nursing Studies

Semester-long PBL within 
distance

The role of learning 
materials and tutors 

as facilitators
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member. King et al. (2010) noticed a good interac-
tion between the social context (group PBL) and 
the environmental context (online). Candela et al. 
(2009) described the use and positive students’ 
perception of a semester-long problem-based lear-
ning activity in an online doctoral course focusing 
on nurse educator leadership. Valaitis et al. (2005) 
in their project investigated the health sciences 
students’ perceptions of their experiences in onli-
ne PBL, focusing on the learning and group pro-
cess in the online environment. They exposed the 
importance of tutors and students online literacy 
skills development to smooth their transition to an 
online PBL environment. The study of Spinello et 
al. (20004) suggested that a PBL experience ba-
sed on a community simulation may be effective 
in providing a motivating and interesting PBL 
tool for instructing undergraduate public health 
students. Price (2000) reported experiences with 
introducing PBL into one module of the Bachelor 
of Science with honours degree in Nursing Studies 
by distance learning degree (table 1).

Conclusions

This review has shown that PBL can be succe-
ssfully implemented in an online format. It affords 
increased flexibility in time and location of lear-
ning. Adults learners with children or those who ju-
ggle work with studies, are likely to benefit the most 
from this added flexibility (Valaitis et al., 2005). 

Another potential innovation of ePBL could be 
interdisciplinary teams as small learning groups. 
A team made up of a nursing student, a medical 
student, a social work student, and a pharmacy 
student could operate differently from the PBL tu-
torial group as currently constituted (Camp, 1996).

Evidently ePBL research in healthcare and nu-
rsing education is still at its beginning. Additional 
research with larger sample size and high quality 
is needed to ascertain real effectiveness within he-
althcare and nursing educational context. Design 
recommendations include an emphasis on incor-
porating a rich multimedia background, realistic 
communication, and project management tools.
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Abstract

In this paper the instructions for preparing came-
ra ready paper for the Journal are given. The reco-
mmended, but not limited text processor is Microsoft 
Word. Insert an abstract of 50-100 words, giving a 
brief account of the most relevant aspects of the pa-
per. It is recommended to use up to 5 key words. 

Key words: Camera ready paper, Journal.

Introduction

In order to effect high quality of Papers, the aut-
hors are requested to follow instructions given in 
this sample paper. Regular length of the papers is 5 
to 12 pages. Articles must be proofread by an expert 
native speaker of English language. Can’t be accep-
ted articles with grammatical and spelling errors.

Instructions for the authors

Times New Roman 12 points font should be used 
for normal text. Manuscript have to be prepared in 
a two column separated by 5 mm. The margins for 
A4 (210×297 mm2) paper are given in Table 1.
Table 1.  Page layout description

Paper size A4
Top margin 20 mm

Bottom margin 20 mm
Left margin 20 mm

Right margin 18 mm
Column Spacing   5 mm

Regular paper may be divided in a number of 
sections. Section titles (including references and 
acknowledgement) should be typed using 12 pt fonts 
with bold option. For numbering use Times New 
Roman number. Sections can be split in subsection, 
which should be typed 12 pt Italic option. Figures 

should be one column wide. If it is impossible to pla-
ce figure in one column, two column wide figures is 
allowed. Each figure must have a caption under the 
figure. Figures must be a resolution of 300 DPI, sa-
ved in TIFF format, width 10 cm min. For the figure 
captions 12 pt Italic font should be used. (1)

Figure 1.  Text here

Conclusion

Be brief and give most important conclusion from 
your paper. Do not use equations and figures here.
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