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sue.

Methods: Male Wistar rats were categorized into two groups. The group I was Control (C) rats and
received glucose, whereas group Il was Rose Bengal (50 mg/kg) induced thrombotic rats. The animals sac-
rificed and biological samples collected were analysed for various biochemical parameters.

Ié?;v;?nséa] Results: In rats RB induced heart damage/thrombosis showed significantly increased levels of lipid per-
Thrombosis oxidation (LPO), nitrate and nitrite. In RB administered group the antioxidant activities were lowered sig-
Platelet membrane fluidity nificantly ie., reduced glutathione, glutathione S-transferase, glutathione peroxidase, superoxide
Antioxidants dismutase and catalase when compared with control rats. Plasma enzymes SGOT, SGPT were decreased
Nitric oxide and Na*-K* ATPase was significantly increased in group II in comparison with group I. There is no signif-
icant change in plasma hexokinase enzyme in RB administered rats when compared with control rats.
The non-enzymatic and enzymatic antioxidants levels were decreased significantly in experimental
groups II to compare with control group I rats. A significant increase in platelet membrane fluidity
observed in group II rats when compared with group I rats in DPH and pyrene employed method. A sig-
nificant raise in LPO of platelet membrane was observed in the experimental rats. Plasma nitrite and
nitrate levels were increased in group Il when compared to group I. Furthermore, the haematological
parameters were also increased in group Il when compared to group I rats.

Conclusion: This investigation pointed out that the nitric oxide scavenging levels increased and might be

protected the oxidative stress and free radicals generated by RB induced cardiac thrombosis in rats.
© 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Annually more than 19 million mortalities resulting from car-
diovascular diseases (CVD) and significant part of these mortalities
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ticipation of platelets are the key processes involved in the devel-
opment and progression of CVD (Fuentes et al., 2013). The rupture
30 of plaque and adhesion of platelets secret the contents from
ELSEVIER Production and hosting by Elsevier granules initiate the formation of thrombus. The last stage of the

https://doi.org/10.1016/j.jksus.2023.102838
1018-3647/© 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2023.102838&domain=pdf
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jksus.2023.102838
http://creativecommons.org/licenses/by/4.0/
mailto:hongjiangman@sina.com
https://doi.org/10.1016/j.jksus.2023.102838
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com

L. Zhang, Q. Xia, L. Yu et al.

process is activation which leads to obstruct blood flow and results
ischemic damage that proceeds to organ failure (Ruggeri, 1997). In
arteries the interruption of the vascular endothelium is the major
event of pathogenesis of thrombosis. Vascular endothelium and
its homeostasis are considered as crucial for prevention of throm-
bosis. It regulates platelet adhesion and suppresses activation by
releasing the molecule like nitric oxide.

Animal usage is the most preferred cost-effective model to
investigate the thrombosis pathophysiology. Different types of
methods and techniques were applied for the induction of throm-
bosis in animal models. Among them, foremost method is ferric
chloride compound application that initiates damage of endothe-
lium which causes adventitia to intima injury and further proceeds
to loss of endothelium integrity. Second method is stasis which
leads to the interrupted blood flow causing rupture of blood ves-
sels that further proceeds to hypercoagulable condition
(Aghourian et al., 2012). Other methods also applied such as ultra
sound (Hechler and Gachet, 2011) and laser treatment. Laser irra-
diation induces photosensitization performing thrombi formation
by executing endothelial damage (Fukuoka et al., 2012). The inter-
action of Rose Bengal (RB) compound with laser initiates the gen-
eration of reactive oxygen species that plays a crucial role in tissue
necrosis which promotes pathological events and formation of
thrombosis in rat models (Inamo et al., 1996). Among all these
methods the laser administered injury seems to be a model of
thrombosis mostly like the injury caused by inflammation.

RB is a dye compound denoted as 4,5,6,7-tetrachloro-2',4',5',7’-
tetraiodofluorescein (Redmond and Kochevar, 2019). In most of
biological and non-biological tasks the RB is employed as photo-
sensitizer. With the illumination of green light, RB gets activated
and produces (ROS) reactive oxygen species (Talley Watts et al.,
2015). The ROS generated by RB triggers activation of tissue factor
which is the initiator of coagulation cascade. The initiation of coag-
ulation process enhances ischemic lesion which is pathologically
similar to clinical stroke. Alternatively, the process of ROS genera-
tion leads to the destruction of endothelial cells and activation of
clotting to execute thrombosis. Therefore, RB is strongly recom-
mended in the induction of photothrombotic lesion in murine ani-
mal models (Piao et al., 2009). The current study aimed to
investigate the induction of thrombosis by treated with RB in male
Wistar rats. In this study, we targeted to analyse the effect and
underlying mechanisms of RB induced thrombosis. Our findings
elucidated that the increased nitric oxide levels executed the pro-
tection against the oxidative stress and free radicals in cardiac
thrombosis rats along with the support of various other biochem-
ical parameters.

2. Methods
2.1. Animals

Sixty-days-old male Wistar rats weighing approximately 120 to
140 g were housed in the animal house. The rats were procured
from the National Institute of Nutrition (NIN), Hyderabad, Telan-
gana, India. They maintained in cages in an air-conditioned room
(25 £ 1 °C) with sunlight between 7:00 am and 7:00 pm. These ani-
mals were fed ad libitum with pelleted feed and tap water. The
food and water intake of each rat was recorded daily and their
body weight was recorded daily. This study was approved by the
Ethics Committee (No/12/1/2023-AWD).

2.2. Experimental protocol

Rats were divided into 2 groups. Group I control 12 rats (C),
experimental group II thrombus -induced 12 rats. The effective
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final dose of RB was fixed to 50 mg/kg with preliminary dose
dependent study by injection of RB at different doses (10, 20, 50
and 75 mg/kg). RB was intramuscularly administered after apply-
ing a light on tail with 3 min warm-up. Animals were sacrificed
by cervical puncture and heart tissues were immediately removed,
washed with chilled isotonic saline, and used for these studies. This
study used the blood samples taken from rats which were fasted
overnight. Blood was drawn from rats and plasma was separated
for further study.

2.3. Biochemical analysis

Plasma protein carbonyls (Reznick and Packer, 1994), TBARS for
LPO (Sreejayan and Rao, 1997), glucose levels (Trinder, (1969),
superoxide dismutase (SOD) (Mishra and Fridovich 1972), catalase
(CAT) (Reznick and Packer, 1994), glutathione peroxidase (GPx)
(Rotruck et al.,, 1973), and reduced glutathione (GSH) content
(Ellman 1959), blood pressure, viscosity (mm/Hg), heart rate
(beats/min), haematocrit (%) (Henry, 1984), platelet count 10%/ml
blood (Aster and Jandl, 1964), platelet membrane (Wrzyszcz
et al., 2016), phospholipids (Fiske and Subbarow, 1925), cholesterol
(Zlatkis et al., 1953), C/P, membrane lipid peroxidation (Ohkawa
et al,, 1979) membrane fluidity in the membrane (Shinitzky and
Barenholz, 1978), serum glutamate oxaloacetate transaminase
(SGOT) and serum glutamate pyruvate transaminase (SGPT)
(Reitman and Frankel, 1957), Na*-K*ATPase (Ismail and Edelman,
1985) were estimated.

2.3.1. Determination of plasma nitric oxide

The nitroprusside production was predicted by the Greiss reac-
tion followed by modified method of Narendra et al., (2007). Blood
was centrifuged and packed cell volume (PCV) was prepared. PCV
was added with phosphate-buffered saline (5 mM) and mixed with
sodium nitroprusside in various concentrations and incubated at
25 °C for 150 min. Greiss reagent was prepared in O-phosphoric
acid (5%), sulfonamide (1%) and naphthaleneethylenediamine
(0.01%) composition and was reacted with the above formula.
The absorption of the chromophore formed was checked during
the diazotization of the nitrite and sulfonamide followed by naph-
thylenediamine mixture in a UV-Vis spectrophotometer at
546 nm.

2.4. Statistical analysis

The statistical study performed by Duncan’s Multiple Range
(DMR) test with consideration of p value as p < 0.05. Results were
expressed as means * SD.

Table 1
Effect of Rose Bengal treated formation of thrombosis rats on the activities of plasma
enzymes, LPO, protein carbonyls of rats.

Parameter Groups

Controls rats Rose Bengal treated
formation of thrombosis

rats

Plasma lipid peroxidation (p 1.94 + 0.01° 2.13 £ 0.20°
mole of MDA formed/mg
protein)
Platelet count (%) 3.8 +0.5° 4.2 +042°
HCT (%) 56.8 +2.27 421 + 0.64°
Peroxynirites 2+0.112 3.2 +1.10°
Protein carbonyls 4+0.22° 6.2 +1.33°
Systolic blood pressure (SBP) 112.54 £ 1022 116.3 £ 6.32°
Diastolic blood pressure (DBP)  72.14 + 9.34? 82.20 + 6.12°

All the tables and figure values are expressed as Mean * SEM, in each column
followed by the same letter are not significantly different (P < 0.05) from each other
according to Duncan’s Multiple Range (DMR) test, n = 12.
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3. Results

The results clearly revealed a significant (p < 0.05) increase in
plasma LPO levels, platelet count, haematocrit, peroxy nitrites, pro-
tein carbonyls, systolic and diastolic blood pressure in thrombosis
rats compared to controls (Table 1). The results in Table 2 repre-
sented a significant increase (p < 0.05) in platelet membrane
cholesterol (C) and a significant decrease (p < 0.05) in the content

Table 2

Effect of Rose Bengal treated formation of thrombosis rats on the activities of Platelet
membrane cholesterol, phospholipids, C/P ratio, Platelet membrane lipid peroxida-
tion, membrane fluidity of rats.

Parameter Groups

Controls rats Rose Bengal treated
formation of thrombosis

rats

0.204 * 0.009°
0.168 * 0.006°

0.182 + 0.009%
0.198 + 0.009%

Cholesterol (ng/1 10° platelets)
Phospholipid (ng/1 10°
platelets)

Platelets Cholesterol/ 0912 1.21°
Phospholipid ratio
Lipid Peroxidation (MDA 0.60 + 0.04% 1.16 £ 0.05°

formed (pmoles x 10°
platelets)

All the tables and figure values are expressed as Mean + SEM, in each column
followed by the same letter are not significantly different (P < 0.05) from each other
according to Duncan’s Multiple Range (DMR) test, n = 12.
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of phospholipid (P) in thrombosis induced group II rats when com-
paring to the normal control group I rats. Table 2 also exhibited sig-
nificantly (p < 0.05) increased platelet membrane LPO in
thrombosis exerted group. Furthermore, data in Table 2 indicates
the platelet membrane fluidity with significant increased levels
in thrombosis group rats in comparison with control group rats.
Fig. 1a-1d revealed various antioxidants such as GST, GPx, CAT,
SOD and GSH showed significant (p < 0.05) decrease levels in the
heart tissues of RB induced thrombosis rats when compared to
control rats. Fig. 2a-b exhibited the significant (p < 0.05) increased
levels of plasma parameters namely plasma glucose levels, nitrate,
and nitrites in control and thrombosis rats. Data in Fig. 3a-c enu-
merated the significantly decreased in SGOT, SGPT levels in RB
administered rats compared to control rats. The erythrocytes
Na*-K*ATPase activities were increased significantly (p < 0.05) in
thrombosis rats compared with control rats and there was no sig-
nificant (p < 0.05) change in erythrocyte glycolated enzymes.

4. Discussion

Isoenzyme that catalyzes the binding of GSH to various elec-
trophilic compounds; GST is a multigene family of isoenzymes
and thus plays a decisive role in protecting cells from ROS (Wilce
and Parker, 1994). Due to decreased GST activity, the detoxification
of the toxic aldehyde 4-hydroxynonenal is impaired and LPO is
produced. Thus, it may cause a decrease in enzyme activity or car-
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Fig. 1. a-d. Rose Bengal treated formation of thrombosis rats with effect of antioxidant enzymes. All the tables and figure values are expressed as Mean + SEM, in each
column followed by the same letter are not significantly different (P < 0.05) from each other according to Duncan’s Multiple Range (DMR) test, n = 12.
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diotoxicity that may be derived from the GST isozyme-specific
drug and its metabolites (Hayes and Pulford, 1995). Side-by-side
detoxification reactions and their GSH-based redox reactions pre-
serve cell association and function (Alin et al., 1985). Therefore,
GSH plays an important role in the coordination of the antioxidant

defence mechanism, as it is the main non-protein thiol. Glu-
tathione is a tripeptide (Gueeri, 1995) found in almost all cells
and plays an important role in metabolism, cell formation and
transport in addition to the oxidation of reactive oxygen species
and free radical intermediates in group II, which is like group I
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compared to controls (Das et al., 1997). This type of reactive oxy-
gen requires the antioxidant enzyme glutathione reductase (Das,
1997) to reduce GSSG to GSH, and the use of NADPH, shunt HMP,
glutathione peptide peroxidases catalyze and reduce organic
hydroxide. hydrogen peroxide (Oberley, 1998) SOD, GSH catalyzes
the reduction of superoxide radicals to hydrogen peroxide (Jacob,
1995) and CAT reduces hydrogen peroxide to water and multifunc-
tional proteins, glutathione S-Glucosaceyl-catalyzes and con-
tributes to GSH conjugation It transforms into several minor
substrates that are very important in xenobiotic detoxification
(Ashour et al., 1999). Endogenous glutathione and the combination
of glutathione peroxidase and catalase is an important antioxidant
and cell protective device in drug-exposed hepatocytes (Deisseroth
and Dounce, 1970). GR is concerned with the storage of concen-
trated GSH at the cellular level. This study aimed to evaluation of
lipid composition changes in male albino Wistar rats treated with
RB, showing an increase in heart function and blood aspartate
aminotransferase and alanine aminotransferase levels, followed
by a decrease in heart rate and a significant increase in blood glu-
cose. Therefore, our findings show that it causes changes in lipid
composition and lipid toxicity.

5. Conclusion

RB administration notably altered the systolic and diastolic
blood pressures, antioxidants, membrane bound sodium-potas-
sium ATPase, plasma membrane fluidity, LPO and NO in plasma
and heart tissues of rats. Thus, our study clearly revealed that RB
induced thrombosis in rats by oxidative stress and generating free
radicals, and the increased NO levels might be involved in the
protection.
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