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ORIGINAL ARTICLE

Swim exercise inhibits hemostatic abnormalities in a rat model of obesity and
insulin resistance

Mohammad Dallaka, Ismaeel Bin-Jaliaha, Hussein F. Sakrb, Bahjat Al-Ania� and Mohamed A. Haidaraa,c�
aDepartment of Physiology, College of Medicine, King Khalid University, Abha, Saudi Arabia; bDepartment of Medical Physiology, Faculty of
Medicine and Health Sciences, Sultan Qaboos University, Muscat, Oman; cDepartment of Physiology, Kasr Al-Aini Faculty of Medicine, Cairo
University, Cairo, Egypt

ABSTRACT
Background: We sought to determine whether swim exercise can inhibit high carbohydrate and fat
diet (HCFD)-induced biomarkers of coagulation and thrombosis.
Material and methods: Rats were either fed with HCFD (model group) or a standard laboratory chow
(control group) for 15 weeks. Swim exercise-‘treated’ rats started swim exercise training from the 11th

week until being sacrificed, on Week 15.
Results: HCFD caused a significant increase in blood glucose, insulin resistance (HOMA-IR), lipidemia,
and inflammatory biomarkers. In addition, HCFD significantly modulated coagulation and thrombosis
biomarkers; fibrinogen, plasminogen activator inhibitor-1, von Willebrand factor, prothrombin time,
activated partial thromboplastin time, blood clotting and bleeding time, and ADP-induced platelet
aggregation that was effectively inhibited by swimming exercises.
Conclusions: We demonstrate that in an animal model of obesity and insulin resistance, there is a sig-
nificant change in hemostasis, which is ameliorated by swim exercise.
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Introduction

The increase in dietary energy intake results in obesity, dia-
betes and cardiovascular disease (Gross et al. 2004).
Carbohydrate and saturated fats are believed to be the major
diet components that promote obesity and insulin resistance
(IR) (Bessesen 2001, Axen et al. 2003). Increased levels of free
fatty acids and inflammatory biomarkers lead to the develop-
ment of IR in adipocytes and liver (Schenk et al. 2008,
Paschos and Paletas 2009). In addition, a study on young
obese children showed a positive correlation between low-
grade systemic inflammation and obesity, and a negative cor-
relation between adiponectin and obesity (Valle et al. 2005).

The connection between obesity and hemostatic disorder
via upregulation of inflammation is well-established. Obesity-
induced inflammation triggers the liver to produce more
blood coagulation factors resulting in a hypercoagulable
state (Badimon et al. 2013), and the upregulation of the
inflammatory biomarkers tumor necrosis factor-a (TNF-a) and
interleukin-6 (IL-6) were proposed to underline the associ-
ation of IR with endothelial dysfunction and coagulopathy
(Sveinsdottir et al. 2014). Indeed, high levels of plasma pro-
thrombotic factor, fibrinogen, von Willibrand factor antigen
and activity and factor VIII, IX, XI and XII have been shown in
obese patients (Akkerman 2008, Kotronen et al. 2011).
Significantly, platelet function is also affected by an increase
in adipose tissue mass, which induces IR and systemic low-

grade inflammation (Faber et al. 2009). The reduced sensitiv-
ity of platelets to insulin in obese patients is a major factor
in platelet dysfunction (Anfossi et al. 2009). Therefore, adi-
pose tissue dysfunction could thus play an important role in
the prothrombotic state observed in obesity, by directly and
indirectly affecting hemostasis, coagulation and fibrinolysis
(Blokhin and Lentz 2013). The aim of the present study was
to investigate the protective effects of swimming exercise on
the prothrombotic and fibrinolytic activities in a rat model of
obesity and IR.

Preliminary results of this study were presented previously
in an abstract form by Ismaeel Bin-Jaliah, as a recipient of
the Physiological Society Travel Grant, at the Biomedical Basis
of Elite Performance Conference 2016 that was hosted by the
Physiological Society in Nottingham, England, UK (Bin-Jaliah
et al. 2016).

Material and methods

Animals

The animals employed in the present study comprised 40
male Wistar rats weighing 170–200g. All rats were bred and
housed in the Research Center of College of Medicine (King
Khalid University) at a temperature of 23±1 �C, and a 12h
light:12h dark cycle. All rats had a free access to tap water
and fed standard laboratory chow. All experimental procedures
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were approved by the medical research ethical committee at
King Khalid University and according to the Guide for the Care
and Use of Laboratory Animals published by the US National
Institutes of Health (NIH publication No. 85–23, revised 1996).

Experimental design

After a 1 week adaptation, the animals were randomly div-
ided into four groups (n¼ 6). Animals in Group 1 (Control)
were used as a control group and fed with standard labora-
tory chow for 15 weeks. Animals in Group 2 (Ex) were fed a
standard laboratory chow for 15 weeks and obliged to swim-
ming exercise from the 11th week to the 15th week. The third
group (HCFD) fed a high-fat diet with 10% fructose solution
for 15 weeks. Animals of the fourth group (HCFDþ Ex) were
fed high-fat diet with 10% fructose solution as in HCFD
group for 15 weeks and obliged to swimming exercise from
the 11th week to the 15th week. The high-fat diet contained
10.1% fat (5% coconut oil and 5.1% linoleic acid), 17% pro-
tein, 51.6% carbohydrate and 4% cholesterol). All diets con-
tained a standard mineral and vitamin mixture and body
weight were recorded weekly to calculate the gain in body
weight (Collino et al. 2010).

Exercise program

Swimming was practiced in the cylindrical tank (120 cm
diameter� 80 cm height) containing temperature-controlled
water (30–32 �C). Rats were placed in the tank 3 days/week,
1 h each session (9:00–10:00 a.m.). At the end of each exer-
cise session, animals were dried and kept in a warm environ-
ment. Sedentary controls were restricted to cage activity.
However, on the days of exercise practice, the sedentary ani-
mals were removed from their cages and kept for 1 h in the
container (previously cleaned and dried) where the swim-
ming sessions had taken place in order to handle stress. To
minimise the acute effect of the exercise, the trained animals
were sacrificed 48 h after the end of the last swimming train-
ing session. Food was removed from the animal cages in the
night before scarification (de Lemos et al. 2007).

Biochemical measurements

Blood samples
At the end of experimental period, the rats were anesthe-
tised with intraperitoneal (i.p.) injection (30mg kg�1) of
Zoletil 100 (Laboratoires Virbac, Carros, France), blood sam-
ples were collected by cardiac puncture, and then the animal
was killed by and killed by aortic exsanguination. These
blood samples were collected without anticoagulant, left for
10min, then centrifuged for 10min at 4000 r/min to obtain
serum, which was stored at �20 �C until further biochemical
analysis for determination of serum insulin, triglycerides (TG),
total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C). Liver
function was evaluated by assessing for serum ALT, AST, ALP
and GGT levels using an enzymatic kit (Randox Laboratories

Ltd, Crumlin, UK) according to the manufacturer’s instruc-
tions. Serum glucose was determined calorimetrically.

Determination of serum levels of cholesterol and HDL

Serum levels of cholesterol and HDL were measured using
commercial kits supplied by Spinreact, Girona, Spain,
according to the manufacturer’s instructions.

Determination of plasma levels of glucose and insulin

Plasma insulin was assessed by an ultra-sensitive ELISA Kit
(Crystal Chem Inc., Elk Grove, IL, USA). Plasma glucose was
determined using a commercial kit (Spinreact) according to
the manufacturer’s instructions.

Calculation of insulin sensitivity indexes

The insulin sensitivity was evaluated by calculating the
homeostatic model assessment of IR (HOMA-IR) index.
HOMA-IR was calculated by the following equation: HOMA-
IR¼ (FPG� FPI)/2430, where FPG is fasting plasma glucose
(mg/dl) and FPI is fasting plasma insulin (microunits/ml)
(Cacho et al. 2008).

Determination of serum levels of TNF-a and IL-6
cytokines

Rat TNF-a (ELISA kit; Biotang Inc., Waltham, MA, USA, Cat. No.
R6365) and Rat Interleukin-6 (IL-6) ELISA kit (Ray Biotech Inc.,
Norcross, GA; Mfr. No. ELR-IL6–001) were used as recom-
mended by the manufacturer.

Measurement of coagulation parameters

Coagulation factor-I (fibrinogen), plasminogen activator
inhibitor-1 (PAI-1), and fibrin degradation products (FDP)
were measured. Blood samples were anticoagulated using
sodium citrate according to the protocols provided by the
manufacturers. Fibrinogen level was measured using TEClot
FIB kit (catalog no. 050–500; TECO GmbH, Niederbayern,
Germany). PAI-1 activity (pg/ml) was assayed by a commer-
cial kit (catalog no. CSBE07948r, Cusabio, Hubei, China).
Plasma level of von Willebrand factor (vWF) is measured
using MyBioSource kit (San Diego, CA). FDP is measured by
Cusabio rat FDP ELISA assay kit (catalog no. CSB-E07942r;
Cusabio) according to the manufacturer’s instructions.

Estimation of platelet count and aggregation

Three milliliters of blood was collected into a tube containing
sodium citrate 3.8% and gently mixed. The citrated blood
was used for the preparation of platelet-rich plasma (PRP) by
centrifugation at �250 g for 10min. PRP was used for testing
platelet aggregation by the turbidimetric technique; accord-
ing to the method of Mustard et al. (1964). A Chrono-Log
Automatic Aggregometer (model 540, Chrono-Log
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Corporation, Harverton, PA) coupled with computer and
printer was used. The aggregating agent used was ADP at a
final concentration of 10 lM.

Assessment of prothrombin time and activated partial
thromboplastin time

Prothrombin time (PT) and activated partial thromboplastin
time (aPTT) were measured using calcium rabbit brain
thromboplastin and kaolin platelet substitute techniques
(Diagen Diagnostic Reagent Ltd., Oxon, UK). Briefly, PT was
assayed with 200ll of calcium rabbit brain thromboplastin
reagent placed in a clotting tube and incubated in a water
bath at 37 �C for 2min. One hundred microliters of plasma
are then added and a stopwatch started. The tube is gently
tilted at regular intervals and the watch was stopped when
the clot formation was observed. For aPTT, 200 ll of kaolin
platelet substitute mixture was placed in a clotting tube and
incubated in a water bath at 37 �C for 2min. One hundred
microliters of plasma were then added and the tube was
gently tilted at the interval for exactly 2min. One hundred
microliters of calcium chloride (pre-incubated at 37 �C) was
then added and a stopwatch started. The tube was tilted at
intervals and the time for clot formation was recorded.

Bleeding time

Bleeding time was obtained according to the reported meth-
ods. The rat tail was sterilised and was warmed for 1min in
water bath at 40 �C and then dried. A small cut was made in
the middle of the tail by a sterile lancet. A stopwatch was
started immediately. Blood was blotted every 30 s using cir-
cular filter paper until bleeding ceased. The time taken for
the blood to stop flowing was recorded as the bleeding
time.

Blood coagulation method

Blood clotting time was measured as reported previously
(Lemini et al. 1993). Briefly, the tail of the animal was
warmed for 1min in water at 40 �C. The tail was dried and

cut at the tip with a razor blade. A 25 ll sample of capillary
blood was collected into a microhematocrit glass capillary.
The chronometer was started when the blood first made con-
tact with the glass capillary tube. The blood was left to flow
by gravity between the two marks of the tube, 45mm apart,
by tilting the capillary tube alternatively to þ60� and �60�

angles with respect to the horizontal plane until blood
ceased to flow (reaction endpoint).

Statistical analysis

All values are expressed as mean± (standard deviation) SD
for n observations. One-way analysis of variance with
Dunnett’s post-test was performed using the Graph Pad
Prism version 6 for Windows (GraphPad Software, San Diego,
CA) and p values< .05 were considered as significant.

Results

Development of hyperlipidemia and IR in rats by HCFD

Hyperlipidemia and insulin resistant were produced in rats
fed on a high carbohydrate and fat diet (HCFD) for 15 weeks.
The data shown in Figure 1 and Table 1 confirmed the devel-
opment of the animal model. Compared to normal values in
the control group, high blood levels of lipids (except a lower
HDL-Chol level) and glucose (Figure 1(A,B)) are shown. In
addition, using transmission electron microscopy, we con-
firmed the accumulation of lipid droplets in liver tissues (hep-
atic steatosis) obtained from HCFD fed rats (data not shown).
Furthermore, high blood levels of glucose, insulin, and an
increase in HOMA-IR, BMI, body weight and liver weight in
the model group (HCFD) compared to control were obtained
(Table 1).

HCFD-induced biomarkers of coagulation and
thrombosis, are inhibited by swim exercise training

We tested the hypothesis that HCFD induced the release of
the coagulation and thrombosis biomarkers into the blood cir-
culation can be blocked by swim exercise training. Compared

Figure 1. Induction of hyperlipidemia and IR in rats by HCFD. (A) Blood levels of TG, TC, LDL-Chol, and HDL-Chol; and blood glucose (B) were measured after
15 weeks in the model group (fed on HCFD) compared to control group (normal diet) rats (n¼ 6 for each group). Results represent the mean (±SD); and
experiments were performed in triplicate. �p< .0001 versus control.
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to control groups, HCFD caused a significant (p< .05) increase
in the blood levels of vWF, ADP-induced platelet aggregation,
PAI-1, and fibrinogen which were significantly (p< .05) inhib-
ited by swimming exercises (Figure 2(A–D)). However, these
inhibitions were incomparable to controls (Figure 2), and there
were no significant changes in platelet numbers among all the
animal groups (data not shown).

HCFD ameliorated both in vivo and in vitro blood
clotting tests, are augmented by swim exercise training

The link between obesity and thrombosis is well-established
(Sakr et al. 2014, McLendon and Attia 2017). To investigate
the effects of swimming exercises on improving the hemo-
static activities, we measured the bleeding and clotting time,
PT, and aPTT in the blood of all animal groups. HCFD signifi-
cantly (p< .05) reduced all the above-measured blood

clotting tests compared to controls (Figure 3(A–D)). Whereas,
swim exercise significantly (p< .05) prolonged the time of
these clotting tests compared to the model group; however,
the effect of swim exercise was incomparable to controls as
the time of the blood clotting tests stayed significantly
(p< .05) lower than controls (Figure 3(A–D)).

HCFD-induced lipidemia, inflammation and IR, are
inhibited by swim exercise training

To investigate whether the observed correction of hemostatic
abnormalities by swim exercise training (Figures 2 and 3)
were associated with the inhibition of lipidemia, inflamma-
tion, and IR, we measured blood cholesterol, TNF-a, IL-6, and
HOMA-IR in the animal group (HCFDþ Ex) and compared it
to HCFD and control groups. Compared to the model group,
Table 2 shows that swim exercise significantly (p< .05)

Table 1. Effects of HCFD on body and liver weights, BMI, glucose, insulin, and HOMA-IR values in the model animal group.

Animal groups Body weight (g) Liver weight (g) BMI (g/cm2) Glucose (mg/dl) Insulin (mU/ml) HOMA-IR

Control 333.8 ± 4.3 10.8 ± 0.48 0.60 ± 0.04 79.3 ± 5.1 3.2 ± 0.72 0.65 ± 0.08
HCFD 398.5 ± 7.9� 13.00 ± 0.22� 0.72 ± 0.05� 145.75 ± 17.27� 7.02 ± 1.72� 2.03 ± 0.24�
Values are expressed as mean ± SD for six rats in each group. Values were considered significantly different at �p< .05 versus control.

Figure 2. Swim exercise inhibits biomarkers of coagulation and thrombosis induced by HCFD. Blood levels of vWF (A), ADP-induced platelet aggregation (B), PAI-1
(C), and fibrinogen (D) were measured at the end of the experiment, after 15 weeks in four groups of rats; Control, Controlþ Ex, HCFD, and HCFDþ Ex groups.
Results represent the mean (±SD); n¼ 6 for each group. Experiments were performed in triplicate. All shown p values are significant. �p< .05 versus control,��p< .05 versus HCFD.
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inhibited all these parameters that reached levels comparable
to the control group.

Discussion

The main outcomes of this study were that swim exercise
training inhibited the release of coagulation and thrombosis
biomarkers into the blood circulation and prolonged the
time of blood clotting tests that were modulated by high-fat
and high-sugar diets in a rat model of obesity and IR. These
conclusions are supported by the data indicating that high-
sugar and high-fat diets significantly increased blood levels
of fibrinogen, PAI-1, vWF, and ADP-induced platelet aggrega-
tion which was significantly inhibited by swimming exercises
(Figure 2). Furthermore, swim exercise augmented the

bleeding and clotting time, PT, and aPTT that were signifi-
cantly decreased in rats fed on high-fat and high-sugar diets
(Figure 3). However, none of the measured parameters have
returned to control levels after ‘treatment’ with swim exercise
(Figures 2 and 3).

Various studies have shown that diets rich in fat and
carbohydrate play a significant role in the development of IR,
dyslipidaemia, aortic plaque formation, P-selectin expression
and fibrinogen binding on platelets or deposition on the
intima of the aorta which also increased significantly as did
the levels of TNF-a, IL-6, and fibrinogen in plasma (Bessesen
2001, Gross et al. 2004). These findings are all in agreement
with our work. In addition, our results also showed significant
shortening of bleeding, clotting, prothrombin, aPTTs and was
associated with a significant increase in PAI-1, vWF,

Figure 3. Swim exercise prolongs the time of blood clotting tests suppressed by HCFD. PT (A), aPTT (B), bleeding time (C), and clotting time (D) were measured
after 15 weeks in four groups of rats; Control, Controlþ Ex, HCFD, and HCFDþ Ex groups. Results represent the mean (±SD); n¼ 6 for each group. Experiments
were performed in triplicate. All shown p values are significant. �p< .05 versus control, ��p< .05 versus HCFD.

Table 2. Effects of swim exercise on TC, TNF-a, IL-6, glucose, and HOMA-IR levels in all experimental groups of rats.

Animal groups TC (mg/dl) TNF-a (ng/ml) IL-6 (pg/ml) Glucose (mg/dl) HOMA-IR

Control 88.0 ± 4.51 7.90 ± 2.18 79.60 ± 12.78 79.3 ± 5.1 0.65 ± 0.08
Controlþ exercise 82.9 ± 5.15 5.78 ± 0.34 77.00 ± 13.44 74.4 ± 8.4 0.59 ± 0.05
HCFD 144.7 ± 15.7a,b 13.08 ± 1.79a,b 680.00 ± 204a,b 145.75 ± 17.27a,b 2.03 ± 0.24a,b

HCFDþ exercise 94.7 ± 8.61b,c 9.44 ± 1.40b,c 191.6 ± 119c 89.78 ± 14.90b,c 0.72 ± 0.04c

Values are expressed as mean ± SD for six rats in each group. Values were considered significantly different at p< .05.
aSignificant in comparison to control.
bSignificant in comparison to controlþ exercise.
cSignificant in comparison to HCFD.
BMI: body mass index.
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fibrinogen, FDPs and ADP-induced platelet aggregation. This
is in agreement with previous studies that showeda high-fat
meal activates blood coagulation factor VII in rats, and post-
prandial lipemia affects hemostatic factors (Miller 1998, Olsen
et al. 2002). Different types of exercises such a strenuous,
moderate, continuous and intermittent were reported to
modulate platelet activation (Heber and Volf 2015) and fibrin-
olysis (Fras et al. 2004), hemostatic response such as a reduc-
tion in PAI-1 levels (Ribeiro et al. 2007), and inflammatory
biomarkers levels (Chagas et al. 2017) are in agreement with
our study using swim exercise training. However, contrasting
data was reported of no direct influence of 8 months phys-
ical training on hemostatic markers such as fibrinogen, PAI-1,
and C-reactive protein levels in obese youths (Barbeau et al.
2002).

Collectively, this study demonstrates that feeding rats with
a HCFD diet for 15 weeks resulted in a significant induction
of hypercoagulable and hypofibrinolytic state due to several
known factors reported here such as a marked increase in
inflammatory biomarkers and IR. Swimming exercise was
effective in inhibiting hemostatic dysfunction in comparison
to HCFD but not to the control group, which points to the
need of a conventional method of treatment, i.e. using drug
therapy possibly in a low dose in conjunction with swimming
exercises, to achieve a complete restoration of these parame-
ters to levels comparable to the control group. This will
require further investigations.
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