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ABSTRACT:  

Sildenafi l  ci trate is a phosphodiesterase type 5 
(PDE5) inhibi tor, which increases cyclic 
guanosine monophosphate (cGMP). It is  wel l 
establ ished that the pathogenesis of diabetic 
mel li tus is associated with abnormal i ties of 
ni tric oxide (NO) generation. Many of the 
biological  actions of NO are mediated by cGMP, 
which is rapidly degraded by 
phosphodiesterase’s. The Aim of this study is to 
evaluate the effect of si ldenafil  c i trate on some 
biochemical and haematolog ical  parameters in 
al loxan-induced diabetes in male albino rat. 
Diabetes was induced after an intraperi toneal 
(i .p.) injection of a single dose of al loxan (150 
mg/kg B.W.). Sildenafi l was administered daily 
at a dose of 10 mg/kg B.W. via oral  gavages 
during a period of 14 days to normal healthy 
rats, as wel l  as diabetic rats. Blood samples 
were collected after 7 and 14 days of treatment 
in all  experimental  groups.  The present 
investigation showed that al loxan injection 
induced signi ficant elevations in serum glucose 
level , the percent of glycol haemoglobin 
(HbA1c) and serum malondialdehyde (MDA) 
level . Moreover, al loxan administration resulted 
in prolongation of prothrombin time (PT),  
activated partial thromboplastin t ime (APTT), as 
wel l  as the increase in p lasma fibrinogen level .  
Meanwhile, protein C and protein S 
concentrations were signi ficantly decreased due 
to alloxan treatment. Oral  administration of 
s ildenafi l  to diabetic rats improved most diabetic 
compl ications including hyperglycaemia, 
oxidative stress, haemoglycation and 
hyperfibrinogenaemia induced by al loxan . The  
modulatory effects of si ldenafil  obtained herein 
were partial , but signi ficant and more 
pronounced when administered for 14 days. In 
addition, si ldenafil  administration to normal 
healthy rats was found to have no effect on the 
studied parameters. The present study showed 
that s ildenafil  may have benefic ial  effects 
against some diabetic compl ications. The 
mechanism by which sildenafi l  c itrate exerts i ts 
effect on the studied parameters might be 
attributed to increase cGMP, which is brought 
out by i ts phosphodiesterase inhibi tory action, 
and this is discussed in detail . 
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INTRODUCTION:  

Diabetes mell i tus is  a heterogeneous 
disease characterized by a chronic  

hyperglycaemic condition,  with subsequent  
disturbances of  fat  and protein metabolism, 
resulting from insulin deficiency and/or  

resistance. The prevalence of diabetes is  
increasing rapidly worldwide and the World 
Health Organization (WHO) has predicted that  

the number of adult patients  with diabetes 
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would have almost increased to 422 mil l ion in 
2014 (WHO, 2016).  In Egypt, diabetes 

prevalence that estimated by WHO is 6-7 
mil l ion patients by the year 2030.  There are 
two main types of diabetes mell i tus. Type 1 

diabetes known as insulin dependent diabetes 
mell i tus, is caused by lack of insulin secretion 
by β cells of  the islets of Langerhans in the 

pancreas. Type 2 diabetes known as non-
insulin dependent  diabetes mell i tus or insulin 
resistance,  is caused by decreased sensitivity 

of target tissues to insulin. In both types of  
diabetes mell i tus,  metabolism of  al l  main 
foodstuf fs is altered (Abd El-Ghffar, 2016).  

Diabetes mell i tus  associated wi th both 
metabolic and vascular abnormaliti es  

especial ly myocardial infarction,  
cerebrovascular and peripheral vascular  
diseases. Abnormalities in endothelial and  

vascular smooth muscle cell function,  as  well  
as a propensity to thrombosis, contr ibute to 
atherosclerosis and its complications .  

Endothelial  cells  regulate vascular  function 
and struc ture. Among the important biological  
substances synthesized by the endothelial  

cell  is NO, which is constitutively produced by 
endothelial  NO synthase (eNOS). Diabetes 
management with conventional tre atment  is  

not possible without harmful effect. Thus, the 
present study is an attempt to assess the 

efficacy and safety of oral si ldenafi l  citrate as  
a NO donor,  after one and  two weeks of  
treatment, on either diabetic rats induced by 

alloxan or non-diabetic control on some 
haematological and biochemical studies in 
rats.  

Pathogenesis of Diabetes mell i tus  
involves both genetic and environmental  

factors. The long-term persis tence of  
metabolic disorders can cause susceptibi l i ty 
to specific complications including  

hyercoagulopathy, arteriosclerosis,  
cardiovascular disease,  peripheral  vascular  
disease, and cerebrovascular disease ( Keen 

et al., 1999). Moreover, there is a relation 
between diabetes and growing different types 
of cancer (Garg et al., 2013). Diabetes 

mell i tus is associated with a broad range of  
cl inical presentations, from being  
asymptomatic to ketoacidosis or coma, 

depending on the degree of metabolic  
disorder. Several potential mechanisms have 
been proposed to explain abnormal  

endothelium dependent  vasodilation in 
patients with diabetes. These include:  
decreased synthesis of nitr ic oxide (NO) by 

the endothelium, increased inactivation of N O 
and decreased responsiveness of the nitr ic  
oxide-guanylate cyclase pathway at  the level  

of the vascular smooth muscle (W il l iams et  
al., 1996). The loss of  endothelium-derived  

NOx permits increased activity of the pro-
inflammatory transcription factor nuc lear  
factor kappa β, resulting in expression of  

leukocyte adhesion molecules and production 

of chemokines and cytokines. These actions 

promote monocyte and vascular smooth 
muscle cell migration into the intima and  

formation of macrophage foam cells,  
characterizing the initial morphological  
changes of atherosclerosis .    

NO is a biological mediator plays an 
important  role in a variety of biological  

processes and is a fundamental  component in 
the fields of biochemistry, physiology,  
immunology and  neuroscience.  NO is  

synthesized from L-arginine by the enzyme 
nitr ic oxide synthase (NOS).  NO is a unique 
biological messenger molecule. It mediates, in 

part, the immune functions of  macrophages,  i t  
is produced by endothelial cells to mediate 
blood vessel relaxation;  and it  also serves as 

a neurotransmit ter in the central and  
peripheral nervous system (Zhao et al., 2015).  
cGMP is an enzyme has an important role in 

the physiology of the vascular system.  
Phosphodiesterase-5 (PDE5) is primari ly 
distr ibuted within the arterial wall,  smooth 

muscles  of the lungs and penis  (Mahre et  al . ,  
2017). PDE5 inhibitors are well known being  
effective via the NO and cyclic guanosine 

monophosphate (cGMP)  pathway and  are 
widely used in the treatment of diabetic  
erecti l e dysfunction (Angulo et al., 2010).  

Sildenafi l  citrate is the first effective oral  
PDE5 inhibitors  treatment for erecti le 

dysfunction of  various etiologies including  
diabetes mell i tus. Its pharmacological ac tion 
is due to its abil i ty to prolong the signall ing  

actions of neurotransmitter NO in penile 
smooth muscle through raising the available 
cGMP pool  by stimulating soluble guanylyl  

cyclase and by preventing its hydrolysis via 
PDE5. This action lead to relaxation of  
smooth muscle in the corpus cavernosum and  

to engorgement of the penis  with blood,  
resulting in an erection (Webb et  al. , 2000).  
Therefore,  diabetic  males suffered from 

erecti l e dysfunction are now treated  routinely 
with Sildenafi l . Additionally, si ldenafi l  has 
several anti -oxidative properties ( Yousry et  

al ., 2016). Recent  data reported a potential  
application for si ldenafi l  in many experimental  
models of diseases rather  than erecti le 

dysfunction (Balarini et al ., 2013; Yousry et  
al ., 2016). Sildenafi l  d i lates epicardial  
coronary arteries,  improves endothelial  

dysfunction and inhibits platelet activation in 
patients with coronary artery disease and  
acutely enhances flow-mediated vasodilation 

in patient  with heart  fai lure ( Mahre et  al . ,  
2017).  The concept  of  the present s tudy to 
evaluate the ef fec t of si ldenafi l  citr ate as a 

nitr ic oxide donor on some haematological  
and biochemical parameters  of diabetic rats  

induced by alloxan. Alloxan is the most  
prominent diabetogenic chemical used in 
diabetes research.  It is  a cytotoxic glucose 

analogues causing selective destruct ion of  
beta cells through generation of  reactive 
oxygen species (ROS) ( Misra et al .,  2015).  
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MATERIAL AND METHODS:  

Experimental  animals:   

Adult male Wistar albino rats (Rattus  
norvegicus),  weighing between 180 –  200 gm, 

were used through this study. They were 
obtained from medical research centre, Ain 
Shams University hospitals  and housed in 

suitable cages under good venti lation 
condition and natural l ight  regimen with food  
and water supplied ad-l ibi tum .  At least  one 

week before use, rats were left  to acclimatize 
to the environment  

Alloxan monohydrate was purchased  
from Al-Gomhoria pharmaceutical company,  

Cairo,  Egypt.  In addition, si ldenafi l  cit rate was 
purchased from Pfizer, USA.  All chemicals  
used were analytical grade, obtained from 

Sigma-Aldrich (St  Louis , MO, USA).  

Induction of diabetes:    

Rats were injected i.p. with a single 
dose of al loxan monohydrate (150 mg/Kg  

B.W.)   according to Misra and Aiman (2012)  
that was dissolved in 0.9% steri le saline 
sodium chloride,  pH 7 to induce diabetes .  

After 7 days of al loxan injection, blood  
glucose level was determined  using a portable 
glucose analyser,  a serum glucose level  of  

200 mg/dl was considered diabetic . These 
diabetic animals were selected for  
experiments.  Treatments  were then carried on 

through a dail y oral administration for a 
period of 14 days as a single dail y dose.  

Experimental  design:  

The animals were divided into 4 groups 
of 8 rats each.   

Group 1 : Rats of this group  received a 
corresponding placebo and served as control.   

Group 2 : Each rat received a dail y oral  
dose of  si ldenafi l  citrate (10 mg/kg  B.W.) 7 for  
14 days via gavages according to Cadirci et  
al . (2011).  

Group 3:  Each rat  was injec ted  i.p. with 
a single dose of al loxan (150 mg/kg  B.W.) to 
induce diabetes.   

Group 4: This group comprised diabetic  
rats treated with a dail y oral dose of  si ldenafi l  
citrate (10 mg/kg B.W.) for 14 days.  

Collection of samples for analysis:  

Blood samples were withdrawn from 
each fasted  rat  from retro-orbital  veins  under  
l ight ether anaesthesia two times, the first  

was after seven days of si ldenafi l  treatment ;  
the second  one was af ter  fourteen days of  
si ldenafi l  treatment. Blood samples were 

collected from fas ted animals in three 
different tes t tubes. The first  was collec ted in 
a clean dry test tube for measuring serum 

glucose level  and serum MDA level , the 

second was collected in a tube containing  
ethylene diamine tetra acetic acid (EDTA) for  
the determination of HbA1c, while, the las t  

one was collec ted in a tube containing sodium 
citrate solution as an anticoagulant to prepare 
platelets r ich plasma for the determination of  

PT,  APTT, Fibrinogen,  protein C,  and protein 
S.  

Measurements:  

Serum glucose level was measured  
according to the method of Trinder (1969)  
using Spectrum diagnostic ki ts (Spectrum, 
Cairo, Egypt).  

The percent of HbA1c was determined  
according to Trivell i  et  al . (1971) using  

commercial kits (Vitro Company, Cairo,  
Egypt).  Serum malondialdehyed (MDA)  level  
was carried out according to method of Satoh 

(1978) using bio diagnostics  kits (bio 
diagnostics , Cairo, Egypt).  PT and APTT 

were measured according to Loeliger et al.  
(1985), Hof fmann and Neulendijk (1978),  
respectively,  using Spectrum diagnostic kits  

(Spectrum, Cairo, Egypt).  

Fibrinogen,  protein C and protein S and  
were estimated according to Poon et al.  
(2012), Stocker et al . (1986), and Dahlbäck 
(1991),  respectively, using  commercial kits  

(Biomed kit , Cairo, Egypt) . 

Statistics: 

Statistical  presentation and analysis of  
the present s tudy was conducted, using the 

mean,  standard deviation,  Paired  t - test,  and  
Analysis of  variance (ANOVA) tes ts by SPSS 
V17.  

Unpaired Student  T-tes t was used to 
compare between related samples.  ANOVA 

test  (according to the computer program 
SPSS for W indows) was used for comparison 
among different times in the same group in 

quantitative data.  In the entire test , P < 0.05 
was considered as statisticall y significant.  

RESULTS:  

Diabetic  rats  (al loxan-treated) group  
showed significant increase (P < 0.0 5) in 

serum glucose, HbA1c and serum MDA levels  
after 7 and 14 days as compared to normal  
control group (Table 1 & Fig. 1).  These 

changes in sera of  diabetic  rats due to 
hyperglycaemia,  oxidative s tress and  
impairment of  β cell of pancreas function.  

Oral administration of si ldenafi l  to diabetic  
rats group significantl y al leviated (P < 0.005)  
the increment in serum glucose,  HbA1c and  

serum MDA levels induced by alloxan. This  
ameliorative effect  was time-dependent  and  
more obvious af ter 14 days of si ldenafi l  

treatment.
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Table 1. Effect of sildenafil on serum glucose, HbA1c and serum MDA levels in healthy and diabetic male rats (Rattus 
norvegicus).  

Groups 

Parameters 
Periods control group 

Sildenafil-treated 

group 

Alloxan-treated 

group 

Alloxan + Sildenafil-

treated group 

Serum glucose 
(mg/dl) level 

After 7 days 72.50 ± 0.76 a 
73.25 ± 1.04 a 

(1.03) 

 2.23 b250.13 ± 

(245.01) 

± 2.12 cA 175.75 

(142.41) 

After 14 days 72.13 ± 0.83 a 
 73.00 ± 0.76 a 

(1.21) 
 257.50 ± 0.76 b 

(256.99)  
150.50 ± 2.62 cB 

(108.65) 

HbA1c% 

After 7 days 3.79 ± 0.09 a 
3.85 ± 0.13 a 

(1.58) 
5.17 ± 0.11 b 

(36.41) 
5.31 ± 0.05 bA 

(40.11)  

After 14 days 3.80 ± 0.09 a 
3.86 ± 0.13 a 

(1.58) 
5.91 ± 0.04 b 

(55.53) 
4.80 ± 0.02 cB 

(26.32) 

Serum MDA (μmol/dl) 

level 

After 7 days 1.21 ± 0.06 a 
1.23 ± 0.04 a 

(1.65) 
2.26 ± 0.03 b 

(86.78) 
2.20 ± 0.02 cA 

(81.82) 

After 14 days 1.21 ± 0.06 a 
1.22 ± 0.04 a 

(0.83) 

2.77 ± 0.02 b 

(128.93) 

1.77 ± 0.02 cB 

(46.28) 

Data presented as means ± standard deviation.  HbA1c: glycohemoglobin; MDA: malondialdehyed. Means with different 
small letters within the same raw are significantly different at P value < 0.05. Means with different capital letters 
within the same column are significantly different at P value < 0.05. Numbers between parentheses indicate the 
percentage of change in comparison with control values.  

 
Fig. 1. Effect of sildenafil on serum glucose, HbA1c and serum MDA levels (a-c, respectively) in healthy and diabetic 

male rats (Rattus norvegicus). Data presented as means ± standard deviation represented by vertical bars.  
Within the different treatment groups, means with different small letters are significantly different at P value < 
0.05. Within the different time groups (especially alloxan + sildenafil), means with different capital letters are 
significantly different at P value < 0.05.  

As shown in table 2 and figure 2, diabetic 
rats group showed significant increase (P < 0.05) 

in PT, APTT and fibrinogen levels  after 7 and 14 
days as compared to normal control group. Oral 
administration of sildenafil to diabetic rats group 

significantly alleviated (P < 0.005) the increment 
in PT and APTT. This ameliorative effect was 

time-dependent and more obvious after 14 days 
of sildenafil treatment. In addition, the maxim um 
effect that was obvious after 14 days of sildenafil  

treatment brought plasma PT level to normal 
value. Moreover, the significant increment (P < 
0.05) of fibrinogen level in response to alloxan 

treatment was attenuated with sildenafil  
administration that brought fibrinogen level to 

normal value after 7 and 14 days. While, diabetic 
rats group showed significant decrease (P < 
0.05) in protein C and protein S after 7 and 14 

days as compared to normal control group. Oral 
administration of sildenafil to diabetic rats 
induced a significant increase (P < 0.05) in 

protein C and protein S after 7 and 14 days of 
treatment. The ameliorative effect of sildenafil  

was time-dependent, with a maximum effect that 
was obvious after 14 days of treatment that 
brought plasma protein C level to normal value. 

Moreover, the significant decrement (P < 0.05) of 
plasma protein S in response to alloxan 
treatment was attenuated with sildenafil  

administration that brought plasma protein S 
level to normal value after 7 and 14 days.  
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Table 2. Effect of sildenafil on plasma PT, APTT, fibrinogen, protein C and protein S levels in healthy and diabetic male rats 
(Rattus norvegicus). 

Groups  
Parameters 

Periods control group 
Sildenafil-treated 

group 
Alloxan-treated 

group 
Alloxan + Sildenafil-

treated group 

Plasma PT  

(sec.) 

After 7 days 21.84 ± 0.19 a 
21.81 ± 0.48 a 

(- 0.41) 
28.58 ± 0.22 b 

(30.86) 
26.42 ± 1.33 cA 

(20.97) 

After 14 days 21.72 ± 0.24 a 
21.81 ± 0.48 a 

(0.41) 

28.53 ± 0.24 b 

(31.35) 

21.55 ± 0.49 adB 

(- 0.78) 

Plasma APTT  
(sec.) 

After 7 days 39.43 ± 0.38 a 
39.76 ± 0.31 a 

(0.84) 

52.00 ± 0.36 b 

(31.88) 

47.34 ± 0.24 cA 

(20.06) 

After 14 days 39.43 ± 0.38 a 
39.76 ± 0.31 a 

(0.84) 

51.22 ± 0.22 b 

(29.90) 

44.46 ± 0.10 cB 

(12.76) 

Plasma fibrinogen 
(mg/dl) 

After 7 days 229.19 ± 1.10 a 
228.44 ± 1.58 a 

(- 0.33) 

284.80 ± 1.43 b 

(24.26) 

230.44 ± 0.37 adA 

(0.55) 

After 14 days 229.07 ± 0.95 a 
228.44 ± 1.59 a 

(- 0.28) 

287.53 ± 0.92 b 

(25.52) 

230.03 ± 0.67 adA 

(0.42) 

Plasma protein C (%) 

After 7 days 58.92 ± 0.74 a 
58.37 ± 1.32 a 

(- 0.93) 

44.57 ± 0.73 b 

(- 24.36) 

51.15 ± 1.09 cA 

(- 13.19) 

After 14 days 58.92 ± 0.74 a 
58.59 ± 1.48 a 

(- 0.56) 
38.84 ± 0.85 b 

(- 34.08) 
57.50 ± 2.09 adB 

(- 2.41) 

Plasma protein S  
(%) 

After 7 days 63.23 ± 0.93 a 
62.31 ± 1.36 a 

(- 1.46) 

48.81 ± 0.57 b 

(- 22.81) 

62.88 ± 0.80 adA 

(- 0.55) 

After 14 days 63.24 ± 0.94 a 
62.32 ± 1.38 a 

(- 1.45) 
40.03 ± 0.74 b 

(- 36.70) 
63.00 ± 0.88 adA 

(- 0.38) 

Data presented as means ± standard deviation.  Means with different small letters within the same raw are significantly 
different at P value < 0.05. Means with different capital letters within the same column are significantly different at P 
value < 0.05. Numbers between parentheses indicate the percentage of change in comparison with control values.  

 
Fig. 2. Effect of sildenafil on plasma PT, APTT, fibrinogen, protein C and protein S (a-e, respectively) levels in healthy 

and diabetic male rats (Rattus norvegicus). Data presented as means ± standard deviation represented by vertical 
bars.  Within the different treatment groups, means with different small letters are significantly different at P value 
< 0.05. Within the different time groups (especially alloxan + sildenafil), means with different capital letters are 
significantly different at P value < 0.05.  
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The percentages of changes of al l  
parameters measured, compared with the 
control group, in al loxan-treated only group  
versus  al loxan +sildenafi l - treated after either  

7 or 14 days groups were 51.00 ± 30.40 
versus 36.52 ± 18.39 and 57.18 ± 33.97 
versus 23.86 ± 13.53, respectively , indicating  

that antidiabetic  ac tivity of  si ldenafi l  af ter  14 
days exceeded that of 7 days treatment in 
al loxan-induced diabetes in rat model.   

All  the above parameters measured in 
this study did not significantl y alter (P > 0.05)  

in healthy rats  that received si ldenafi l  either  
after 7 or 14 days compared with the control  
group. Therefore, no deleterious effects  were 

detected for the dose of si ldenafi l  used in the 
present study either after 7 or 14 days 
(Tables 1 &2 and Figs 1 & 2).  

DISCUSSION:  

The present study indicated that,  
diabetic rats  group (al loxan-treated) showed  
significant increase in serum glucose level,  
HbA1c,  serum MDA level,  PT,  APTT, and  

fibrinogen, and decreased plasma protein C 
and plasma protein S after 7 and 14 days 

compared to normal control group.  Present  
finding of  this s tudy are in agreement with 
other previous studies (Berl iner et al. , 2002;  

Eteng et  al. , 2008;  Daisy et al.,  2009;  
Behnam-Rassouli et  al. ,  2010;  Madan et  al . ,  
2010; Abdulrahaman and  Dallatu, 2012;  

Kanthlal  et al., 2014; Mahre et al ., 2017).   

Alloxan is  the most  prominent diabetogenic  
chemical used in diabetes research. It is a 

cytotoxic glucose analogue causing selective 
destruction of β ce l ls of islets of Langerhans 
in pancreas through generation of ROS  which 

cause severe hypoinsulinaemia (Type 1 
diabetes)  that is  responsible for the 
hyperglycaemia and many complications 

(Syiem et al.,  2002).  The increased level of  
HbA1c (%) is directl y proportional to the 
increased level  of blood glucose in diabetic  

experimental rats   (Mohan et  al. , 2013;  
Kanthlal et al.,  2014).  

Weak defence system of the body due 
to diabetic  condition makes the body unable 
to counteract the enhanced ROS generation,  

imbalance between ROS and antioxidant  
pathways lead to domination of the condition 
of oxidative s tress (Pandey et al . ,  

2010; Matough et al ., 2012; Abdel-Alaa et al . ,  
2017). Diabetes represents a state of  
increased oxidative s tress, which is mainly 

based on the evidence of increased l ip id  
peroxidation,  or by indirect evidence of  

reduced antioxidant  reserve. In animal  
models,  decreased antioxidant  enzyme levels  
and  enhanced  l ip id peroxidation have been 

well-documented in al loxan-induced diabetes 
(Prince et al. , 1998). There is a strong  
positive correlation between MDA (index of  

polyunsaturated fat ty acid oxidation) and  

increased production of ROS and decreased  
activities of endogenous radical scavengers  

that lead to increased glycation of  
haemoglobin/proteins  and oxidation of  
coagulation factors  as  shown in the present  

study.  

The pathogenic  mechanism of  the 
clotting activation in diabetes is not  
completely clear. ROS are believed to be 
responsible for haematological  complications 

develop in diabetes consist mainly of  
abnormalities in the function, morphology and  
metabolism of  RBC, WBC, and platelets ( Abd 

El-Ghf far,  2016) .  There is evidence suggests  
that certain haematological indices are altered  
in patients with diabetes mell i tus (Dallatu et  

al., 2009). In patient with diabetes mell i tus ,  
persistent hyperglycaemia exposes red blood  
cells to elevated glucose concentration, thus 

resulting in glycation of  haemoglobin,  
prothrombin,  fibr inogen, and other proteins  
involved in clotting mechanisms (Thanopoulou 

et al.,  2010).  The glycation results in the  
incomplete activation and function of the 
clotting cascade (Qin et al. , 2004). Glycation 

of intr insic and extr insic clotting proteins wil l  
decrease the availabil i ty of these proteins  
which affect the clotting capacity. PT and  

APTT are haematological indices that  give an 
insight into the coagulation status of  patients  

(Hinchcliff et  al. , 2004).   

Prothrombin time (PT)  is a laboratory 
screening tes t used to detect  disorders  
involving the activity of the Fibrinogen 
(factors I),  Prothrombin (factors II) ,  

Proaccelerin (factors V), Proconvertin (factors  
VII),  and Stuart-Prower (factor X) of the 
extr insic  and common pathways (Hinchcliff  et  

al., 2004; Furlanello et al ., 2006). Also, APTT 
measures the activiti es of fibr inogen (factors  
I),  prothrombin (factors II),  proaccelerin 

(factors V), Fibrin s tabil izing fac tor (factors  
VIII),  Antihemophil ic  factor (factors VIII) ,  
Plasma thromboplastin antecedent (factors  

XI), and Hageman factor (factors XII) of the 
intr insic and common pathways ( Iazbik et al. ,  
2001).  Fibrinogen (Factor I),  acute phase 

protein, is increased in diabetic  patients  
(Zachary and  Bloomgarden,  2011) .   An 
increase in fibrinogen plasma levels  is  also 

considered an independent r isk  factor for  
cardiovascular disease. The glycation of  
fibr inogen results  in the  formation of a denser  

fibrin clot with finer fibres that is resis tant to 
fibrinolysis (Soares et al., 2010).  

 The circulatory disturbances in 
diabetes are characterized by alternation in 
platelet count and activity,  fibr inolytic  

aberration, haemorrheologic factors and  
changes in endothelial  metabolism (Kim et  al . ,  

2013).   

Proteins  C and S, besides their known 
anticoagulant  properties , have multip le 
actions such as anti -apoptotic and anti -
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inflammatory activities , regulation of gene 
expression and s tabil izat ion of  endothelial  
barrier protection (Wypasek and Undas,  

2013). Hyperglycaemia may induce the 
glycation of the anticoagulants (protein C and  
protein S) and their function may be impaired.  

The function of protein S is to stop the action 
of  two activated cl otting proteins  (factor Va  
and VIIIa). In case of protein S deficiency,  

these clot ting proteins  remain activated and  
increased the tendency for blood to clot .  
Deficiencies of protein S and  protein C are 

considered r isk factors for thrombotic events .  
It is speculated that the non-enzymatic  
glycation of the protein causes structural  

changes that  lead to dysfunction (Soares et  
al., 2010).  

The above findings supported  the 
cytotoxic ef fec t of al loxan shown in the 

present study. On the other hand, oral  
administration of si ldenafi l  to diabetic rats  
induced significant decrease in serum glucose 

level, serum MDA, PT, APTT, and fibrinogen 
after 7 and 14 days,  as  well as HbA1c after  14 
days. Moreover, oral administration of  

si ldenafi l  to diabetic  rats induced significant  
increase in plasma proteins C and S after 7 
and  14 days of treatment . The results of  this  

study found that,  the ameliorative ef fec t of  
si ldenafi l  (at doses of 10 mg/kg body weight)  
was time-dependent and more obvious after  

14 days of treatment in al leviating diabetic  
manifestations (hyperglycaemia,  
hyperfibrinogenaemia, oxidative stress,  

glycation of haemoglobin/ proteins and  
oxidation of coagulation fac tors)  of diabetic  
rats.  The results of  this study agree with other  

previous studies  (Aversa et al.,  2007;  
Khowailed et al.,  2012;  El Sayed et al ., 2014;  
Mahre et al ., 2017).  

Hypoglycaemia induced by si ldenafi l  
could be produced via the inhibition of PDE5 

and s timulation of NO-cGMP pathway, NO 
was considered  a second messenger for the 
stimulatory effect  of  insulin in carbohydrate 

metabolism (Mahre et al ., 2017). Furthermore,  
NO has insulin l ike effect  in s timulating  
glucose transport and oxidation (Young et al. ,  

1997; Khan et al ., 2004). During blockage of  
cGMP breakdown by si ldenafi l , exogenous NO 

donors b ypass autoregulation of vascular NO 
release,  resulting in increased and potential l y 

uncontrol led vasodilation (Schalcher et  al . ,  
2002).  The abil i ty of si ldenafi l  to control  
hyperglycemia which promotes free radicals  

production or direc tl y inactive free rad ical  
species (Mohamed and Faddah, 2007). There 
are supported by previous s tudies showed  

that,  even si ldenafi l  is poor hyperglycaemic  
control (Ojewole et al.,  2006)  it has long- term 
protective effects  on oxidative stress (Devan 

et al.,  2004), i t  inhibits the formation of  ROS 
by direct  inhibition of oxidases activiti es  
(Muzaf far et al.,  2005;  Shukla et al.,  2005).  

The anti-oxidative action of  si ldenafi l  
may have an important role in modifying the 

vascular complication associated with diabetic  
state as  it has transient  vasodilatory 
properties in vivo (Loureiro-Silva et  al. , 2006;  

Ojewole et al ., 2006). Sildenafi l  as a NO 
donor can help in preventing vascular  

complications associated with diabetic  state 
which is clearl y proven in this results  through 
decreasing the values of PT, APTT, and  

fibrinogen and  increasing the values of  
natural  endogenous anticoagulants including  
protein C and protein S according to Webb et  

al. (2000)  and Aversa et al . (2007). Oral  
administration of  si ldenafi l  citrate showed a 
good successful efficient capacity to improve 

the diabetic complications due to their ac tion 
as a NO donor and PDE5 inhibitor. This  
results  in an increase of  cGMP, which 

promotes vasodilation.  

No adverse/side effects were detected  
for si ldenafi l  consumption on all  p arameters  
measured of healthy rats. These finding of the 
present study are in agreement with other  

previous authors (Rinaldi et al.,  2013; Morsy  

et al., 2014). In general, the modulatory 
effects of si ldenafi l  on some biochemical/  

haematological parameters measured in the 
present study were partial, but significant ,  
and time-dependent.  Therefore,  i t may be 

more beneficial i f the time increased in future 
studies.  
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والدموية في ذكور الجرذان  الفيزيولوجية تأثير عقار سترات السيلدينافيـل على بعض المعايير
 البيضـاء المصابة بمرض السكـرى

                          نفيسة حسين مكي*، إيمان علي عبد الغفار*، عصام محمد إبراهيم**، هدى جمال حجازي*، 

 ر العباسي*مريم صابر عبد القاد

 * قسم علم الحيوان، كلية العلوم، جامعة عين شمس، مصر

 ، معهد بحوث صحة الحيوان، الجيزة، مصرالباثولوجيا الاكلينيكية** قسم 

 

في البلازما.  النشط والفيبرينوجينالثرومبوبلاستين الجزئى 

 C وأيضا إلى أدى إلى أحداث انخفاض معنوي في بروتين

العلاج بالسلدينافيل عن طريق الفم . كما أظهر Sوبروتين 
إلى تحسين في معظم المضاعفات لمرض السكرى مثل 

الزيادة المعنوية للجلوكوز والأكسدة وتجلط البروتينات وفرط 

الفيبرينوجين في الدم الناجمه عن طريق الألوكسان في 

وبوجه عام فان التأثيرات المحسنة  .ذكور الجرذان

لسلدينافيل في هذة الدراسه كانت جزئية ولكنها معنوية ل

وتزداد بزيادة الوقت. لم يتسبب تناول السلدينافيل إلى 

أحداث اي تأثيرات ضارة على جميع القياسات في الجرذان 
دعمت هذه الدراسة الحالية إفتراض أن السلدينافيل  .الصحاء

رجع ون .قد يكون له آثار مفيدة ضد مضاعفات مرض السكرى

الالية تاثير سترات السلدينافيل على قياستنا الى قدرته 

(  (cGMPعلى زيادة الجوانزين الحلقى أحادى الفوسفات

الذى قد يثبت بواسطة أنزيم الفسفودايستريز النوع 

 .الخامس

 

سترات السيلدينافيل من مثبطات أنزيم 

الفسفودايستريز النوع الخامس، مما يزيد الجوانزين الحلقى 

(. ومن الثابت أن الآلية المرضية  (cGMPى الفوسفاتأحاد
لمرض السكري مرتبط بتشوهات لتوليد أكسيد النيتريك 

(NO تهدف الدراسة الحالية إلى تقييم تأثير سترات .)

السيلدينافيل على بعض القياسات البيوكيميائية والدموية 

في مرض السكري المستحث بعد حقن جرعة واحدة من 

مليجرام / كجم من وزن الجسم( في  150الالوكسان )

الغشاء البريتوني لذكور الجرذان البيضاء. ثم تعامل الجرذان 

الاصحاء وكذلك الجرذان المصابة بمرض السكري بجرعة 
مغ/كغ من وزن الجسم من سترات السيلدينافيل  10يومية 

يوما للجرذان الاصحاء وكذلك  14عن طريق الفم خلال فترة 

 7بمرض السكري. تم أخذ عينات الدم بعد الجرذان المصابة 

يومًا من المعاملة في كل مجموعات التجربة.  14أيام وبعد 

أوضح البحث الحالي أن الألوكسان أحداث إرتفاع في قيم 

وانزيم الجلوكوز في مصل الدم، والهيموجلوبين السكرى 

 وزمن البروثرومبين وزمنMDA) المالون داى الديهيد )
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