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Abstract

The presence of dydipidemia, atherogenesis and thrombophilia in diabetic patients is well
known. However, the presentation of these features in streptozotocin (STZ)-induced diabetic
ratsis a controversial issue; particularly the effect of STZ on blood coagulation tendency is
not clearly known. This study reportsthe effect of STZ (45 mg/kg, ip) on blood glucose, renal
function, lipids profile, serum electrolytes, albumin and blood clotting tendency in rats. Adult
male Sprague Dawley rats were divided into two groups of five animals each. The random
blood glucose (32.32 + 1.64 versus 6.80 £ 0.19 mmol/l) was significantly higher in the diabetic
rats as compared to control animals. There was no significant difference in prothrombin time
(PT) of control (15.02 £ 0.07 s) and diabetic (15.34 + 0.34 s) rats whereas activated partial
thromboplastin time (aPTT) was significantly lower in diabetic rats (16.62 + 0.94 s) than con-
trol animals (20.40 + 0.40 s). Administration of STZ significantly increased serum urea and
creatinine levels indicating impaired renal function in diabetic rats. There was no significant
difference in serum lipids, albumin and electrolytes between the two groups except that a sig-
nificant decrease in serum sodium was observed in diabetic rats. In conclusion, the findings of
this study show that even a short-term (1 week) hyperglycemia induced by STZ significantly
impairs the renal function and blood clotting tendency in rats. This animal model may have
potential relevance for anticoagulation ther apy testing.
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however a significant decrease was observed imdbr
gen levels in diabetic patients. Short aPTT and lesser
extant short PT have been associated with increased
for thromboembolism in renal transplant patienis [[7 a
series of 35 type 1 diabetic patients, there wasiguifi-
cant difference in coagulation parameters and driee
patients developed thrombosis or vascular diseasa i
two year follow up [8].

I ntroduction

Besides hyperglycemia, diabetic patients also sdiften
dyslipidemia [1], which can lead to increased atbene-
sis and heart disease [2]. Clinical and epidemiokdg
observations have led to the concept of a procaagul
state in type 2 diabetes. Thrombophilia in diabgige
tients is a well recognized phenomenon which cbutes
an additional risk of coronary heart disease (CHD)a

series of 1980 type 2 diabetic patients, both raakkfe- Administration of streptozotocin (STZ) causes peatc

male diabetic patients showed significantly shodeti-
vated partial thromboplastin time (aPTT) [3]. Acaaud
Jalil [4] have reported significantly high fibrineg and

beta cell destruction that leads to the developroéihty-
perglycemia, dyslipidemia and renal dysfunctionras
[9]. The STZ animal model develops characteristioz-

short prothrombin time (PT) and aPTT in diabetic patoms of diabetes such as hyperglycemia, hyperlipide

tients, especially those who suffered from diabébesa
long time. Yurekli et al [5] have concluded a saldkti-
vation of extrinsic pathway with a concomitant deuaent
in intrinsic pathway of the coagulation cascadayje 2
diabetics. Bae et al [6] observed that PT and afid@hot
differ significantly between diabetic patients asahtrols
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and increased water and food intake without bodyiatei
gain. In addition, STZ diabetes also induces kaynsy
toms including increased glycogen storage in theaas

dium, depressed ventricular performance and catuyac
pertrophy [10]. Renal hypertrophy can be detected a
early as one day after the onset of diabetes egnl iegu-
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larly post 60-day of STZ injection [11]. It has Ibeee-
ported that diabetes-induced renal hypertrophy ywesl
increased dimensions of renal cells along witheased
kidney weight [12]. STZ diabetes also causes sizamt
decrease in glycogen in liver and skeletal musslevall
as significant increase in glucose-6-phosphatakepatic
tissue of rats [13]. This study reports the effefcETZ on
serum biochemical parameters related to renal ifumct
lipid profile, electrolytes and blood coagulati@mdency.

Materials and M ethods

Khan/Ola

Results

The random blood glucose was significantly higher
(32.32+ 1.64 versus 6.8& 0.19 mmol/l) in diabetic rats
as compared to control animals (Table 1). The rigsti
blood glucose in diabetic rats (8.68.61) was not statis-
tically significant as compared to control rats3¢at 0.13
mmol/l). There was no significant difference in RVels

of control (15.02+ 0.07 s) and diabetic (15.340.34 s)
rats whereas aPTT levels were significantly lowedia-
betic rats (16.62 0.94 s) than control animals (20.40
0.40 s) (Fig. 1). Both urea and creatinine weraiicant-

Male Sprague-Dawley rats, weighing (250—-300 g) were

housed in a temperature-controlled room (24°C) waith
12-h light/dark cycle. Standard laboratory food avater

were availablead libitum throughout the study. The rats

were randomly divided into two groups of five anima
each. One group of rats was rendered diabetic avitim-
gle i.p. injection of STZ (45 mg/kg) dissolved iormal
saline, whereas the other group served as comibrex
ceived saline only. After 7 days, blood glucoseelevas
determined in fasted (15 h) and fed rats on conisecu
days. For blood glucose analysis, the blood wasnaka
a tail nick, and the glucose concentration wasrdeted

with a Glucometer (Accutrend, Germany). The ratsewe

then sacrificed and the blood was collected frowrrtior
biochemical analysis. Serum cholesterol, lipopritei
triglycerides, urea, creatinine, albumin and etdgtes

were analyzed using an Autoanalyzer (Roche, Gerjnany
The blood coagulation markers, PT and aPTT weresmea
ured by DiaPlastin and DiaClin kits (DiaMed GmbH,

Switzerland).
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The data were analyzed by both parametric (indegreind Figure 1. Comparisons of prothrombin time (PT) and

samples t-test) and nonparametric (Mann-Whitneg4i}t
tests using the SPSS version 10 software packdgeR T
values < 0.05 were considered as statisticallyifognt.

Table 1. Serum biochemistry of control and diabetic rats.

activated partial thromboplastin time (aPTT) between
control and diabetic rats. * P=0.006 (t-test), * P=0.008
(U-test) versus control group

. P value
Parameter (mmol/) Control Diabetes Mann-Whitney U-test  Independent samplet-test
Fasting blood glucose  5.34+ 0.13 6.80+ 0.19 0.095 0.050
Random blood glucose 8.66+ 0.61 32.32+1.64 0.008* 0.000*
Urea 5.24+0.76 8.48+ 1.34 0.008* 0.002*
Creatinine 4580+ 0.83 52.60+2.19 0.008* 0.000*
Triglycerides 1.26+0.22 1.25+0.63 0.690 0.979
Total cholesterol 1.56+ 0.18 1.67+0.28 0.690 0.467
HDL 1.16+0.19 1.23+0.24 0.841 0.655
Albumin 30.60+1.14 29.20+1.30 0.151 0.108
Sodium 144.60+ 1.14 138.40+1.67 0.008* 0.000*
Potassium 5.18+0.34 5.20+0.79 1.000 1.000
Calcium 2.61+ 0.06 2.66+ 0.08 0.310 0.187
Magnesium 1.15+0.16 1.01+0.08 0.151 0.118

Values are given as mean #+ SEM. * Satistically significant.
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ly higher in the sera of diabetic rats as compaoedon-
trol group (Table 1). There was no significant eliénce
in serum lipids and electrolytes between the twaupgs
except that a significant decrease in serum sodua®
observed in diabetic rats as compared to contriohals
(Table 1).

Discussion

A single i.p. injection of STZ (45 mg/kg) in fastedts
produced hyperglycemia all the rats without causing
mortality (Table 1). Although the PT levels wereatin
fected by STZ treatment, a significant decreasaRmT
levels was observed in diabetic rats as comparatito
mal controls (Fig. 1). PT and aPTT respectively sueas
the extrinsic and intrinsic pathways of coagulationl are
used to determine the bleeding or clotting tendeoty
blood. Significant increases in the markers of ¢nelal
function
(sTM), von Willebrand factor (VWF) and fibrinogeave
been noticed in STZ-induced diabetes in rats [E4po-
thelial dysfunction and elevation of endothelial ceark-
ers such as sTM may play a role in the initial stag
atherosclerosis [15]. In STZ diabetes, increasplasma
fibrinogen and decrease in aXIlll factor have alserb
reported [16]. Thus, a shorter aPTT in STZ-treated
suggest the possible use of this model for tedtiegef-
fect of anticoagulant therapy.

Administration of STZ caused significant increases
serum urea and creatinine levels indicating massual
dysfunction in diabetic rats (Table 1). Adminisioat of
STZ caused 2.66-fold and 1.87-fold increase in reeru
creatinine at 14-day and 28-day respectively [CHen et
al [17] observed that both 14-day and 28-day dialvats
exhibited reduced renal blood flow along with 3efdf
increase in plasma creatinine levels. Kang et 8] fib-
served a significant increase in serum urea witlamyt
significant change in serum creatinine in STZ-iretic
diabetic rats. This variation may be attributedhe dose
of STZ, route of drug administration, age, sex atidin
of rats and the duration of diabetes. Umerani angias
[19] demonstrated an increase in serum creatininana
indicator of deteriorated renal function in diabetats.
Itoh and coworkers [20] also demonstrated that meru
creatinine levels in control group and diabeticugrovar-
ied from 0.8 to 1.4 mg/dl respectively. Nogueiralkf21]
observed significant increases

diabetes rats. Yokozawa et al [22] have reportgdifsi
cant increases in serum urea, creatinine and cheati
clearance in 50 days diabetic rats. Thus the mesd@lour
study are in accordance with earlier findings iating
diabetes-induced renal dysfunction in rats.

We did not observe any significant difference ie lipids
profile and electrolytes (exceptsodium) betweemtrol
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in serum urea ang
creatinine and decrease in albumin in STZ (45 mg/kg

and diabetic rats (Table 1). Earlier studies hdvanvm a
wide variation in the lipid profiles of STZ-inducetia-
betic rats; this may be attributed to the diffeesin age,
weight, gender and species of rats as well asdbe dnd
route of STZ exposure. Serum total cholesterol, ard
LDL were significantly increased and HDL signifidhn
reduced at 14 day after STZ injection [13]. Haidetal
[14] observed significant reduction in HDL aftem@eks
of single intraperitoneal injection of STZ (65 mg)kMi-
guez et al [23] have reported significant increiaseDL
and TG at 4 weeks in STZ diabetic rats. Anandh Betbu
al [24] have found significant increase in serunels of
cholesterol, TG and LDL and decrease in HDL at 8@sd
after single ip injection of STZ (60 mg/kg). Tualnd
Yanardag [25] have reported similar observation§Gat
days after single ip injection of STZ (65 mg/kg)olki-
gren and Brown [26] failed to observe any significa
difference in plasma cholesterol between contrdl &8fiZ

including plasma soluble thrombomodulindiabetic rats, whereas STZ diabetic rats fed oresterol

rich diet exhibited significant hypercholesterolamas
compared to normal rats fed on the same diet. Zhal e
[27] did not find any significant difference in sen LDL,
HDL and TG at 6 and 12 weeks following STZ treattnen

In conclusion, a single injection of STZ inducegesima-
nent hyperglycemia in rats. These rats also shgwifsi
cant impairment in the renal function and bloodtttig
tendency. However, the levels of serum lipids, mdlvu
and electrolytes (except sodium) were similar betwihe
control and diabetic groups. The findings of thisdy
point towards the possible utilization of this anlmodel
for anticoagulation therapy testing however furteird-
ies are needed for its standardization and vetifica
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