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INTRODUCTION
Oxidative stress is the disturbance in the pro-
oxidant and antioxidant balance in the body, with 
a greater amount of pro-oxidant activity occurring 
compared to  antioxidant activity leading to 
potential cellular damage in the body1,2. Due to 
the oxidative process, reactive oxygen species 
(ROS) and reactive nitrogen species (RNS) are 
generated in cells and tissues and excess ROS/
RNS causes mitochondrial dysfunction, leading 
to deficits in energy production, damages cellular 
lipids, proteins or DNA and impair their normal 
function. The oxidative stress is associated with 
inflammation implicated in the etiology of many 
chronic and neuro degenerative diseases, and 
involved with the high mortality from several 

Ba
ng

la
de

sh
 J

ou
rn

al
 o

f M
ed

ic
al

 S
ci

en
ce

 V
ol

. 2
5 

N
o.

 0
3 

Ju
ly

’2
6

D
O

I: 
ht

tp
s:

//d
oi

.o
rg

/1
0.

33
29

/b
jm

s.v
25

i3
.9

05
63

Correspondence
Abdelbaset Taher Abdelhalim MSc.Paediatric, MD 
(doctorate) Pharmacology, Pharmacology Unit and Paediatric 
Unit, Faculty of Medicine, Widad University College, Bander 
Indera Makhota (BIM) Point, 25200 Kuantan, Pahang Darul 
Makmur, Malaysia. Email: baaset1956@yahoo.com 

Introduction

This experimental study evaluates the protective effect of 
Thymoquinone (TQ) and Hesperidin (HSP) as antioxidants on 
endotoxin Lipopolysaccharide (LPS) induced oxidative stress in rats. 

Materials and methods

Total 56 rats were divided equally into seven groups; each contained 
eight rats. Group-1 rats served as control, given normal saline orally 14 
days; Group-2 and Group-3 rats were given TQ and HSP respectively 
for 14 days; Group-4 rats were given a single dose LPS intraperitoneally 
on 14th day; Group-5 and Group-6 rats were given TQ and HSP 
respectively for 14 days followed by single dose LPS on 14th day; 
Group-7 rats were given TQ and HSP separately at 10-minutes interval 
for 14 days followed by single dose LPS on 14th day. After 14 days, 
rats were sacrificed and biochemical tests on (i) rats’ serum; (ii) rats’ 
brain tissue, with (iii) histopathology and (iv) immunohistochemistry 
in brain tissues were assessed among all seven groups.

Results

LPS induces significant increase in serum corticosteroid, tumor 
necrosis factor alpha (TNF-α) and decrease in total antioxidant 
capacity (T-AOC) compared to control group which were reversed 
with TQ and HSP treated group. Similarly, in brain tissue, LPS induces 
significantly increased brain Malondialdahyde (MDA), ATP, ADP, 
Cholesterol, Phospholipid, and significantly decreased Na+K+ ATPase 
and Superoxide dismutase (SOD) compared to control group which 
was reversed in TQ and HSP treated group. The histopathology and 
immunohistochemistry confirm the results.

Conclusion

Both TQ and HSP complement (synergistic) the antioxidant, anti-
inflammatory, and anti-apoptotic properties of each other, and have 
neuroprotective effects against oxidative stress induced by LPS. 

Keywords
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diseases such as endotoxic shock3. Reactive oxygen 
species (ROS) comprise both free radical and non-free 
radical oxygen containing molecules such as hydrogen 
peroxide (H2O2), superoxide (O2 

∙−), singlet oxygen 
(1/2O2), and the hydroxyl radical (∙OH)4,5.  
Lipopolysaccharide (LPS) induces and accelerates 
oxidative stress together with the inflammation cascade6. 
The LPS, a principal component of the outer membrane of 
all Gram-negative bacteria, is the endotoxin considered 
to be responsible for initiation of inflammation and 
oxidative stress and contributes to the development 
and pathogenesis of bacterial infections6,7. LPS induces 
the production and release of several inflammatory 
cytokines and creates a status of oxidative stress8. Thus, 
the host response due to these microorganisms causes 
sepsis including neurodegenerative disorders, diabetes, 
liver injury, renal dysfunctions6,7. 
It is reported that naturally occurring plant-based 
antioxidants such as Thymoquinone (TQ)9 and Hesperidin 
(HSP)10 have the potential in reducing endotoxin-
induced oxidative stress. Thus, reduction of LPS-induced 
oxidative stress may be a good target for prevention and 
treatment of sepsis and inflammatory response. 
Thymoquinone, is a compound derived from Nigella 
sativa L seeds (black cumin), a plant in the Ranunculaceae 
family. This monoterpene molecule is characterized 
as 2-methyl-5-isopropyl-1,4-benzoquinone. This 
compound exhibits pharmacological effects of anti-
inflammatory, antimicrobial, antioxidant, antiasthmatic, 
antihypertensive, and anticancer11.
Hesperidin, is a flavonoid found in citrus fruits has 
a number of health benefits and pharmacological 
properties. This compound is identified as 
3,5,7-trihydroxyflavanone 7-rhamnoglucoside, and 
demonstrates pharmacological actions such as anti-
inflammatory effect, neuro-protective action, oxidative 
stress reduction etc11. 
The objective of this study was to examine the ability 
of TQ and HSP both individually and combined as 
antioxidant in reduction of LPS-induced oxidative 
stress and inflammatory responses in rats. 

MATERIALS AND METHODS
Design of the study:

This was an experimental design of study on animal, 
conducted in the Department of Pharmacology at 

Faculty of Medicine, Al-Azhar University, Egypt. It was 
aimed to investigate the potential efficacy of TQ and 
HSP as prophylaxis for endotoxin induced oxidative 
stress in rats.   
Study sample

A total of 56 adult male albino rats, weighing 150-200g 
each were used as sample for this animal experimental 
study.  
Ingredients used

The following drugs, chemicals, buffer and ready-made 
kits were used in this experiment.
Drugs: The drugs used were TQ, HSP, and endotoxin 
LPS (Sigma-Aldrich Co.Ltd, USA).
Chemicals: The following chemicals were used in 
this study: n-Butanol (Merck), Catalase (Sigma-
Aldrich), Concentrated hydrochloric acid (Merk), 
Dipotassium hydrogen phosphate anhydrous (El-Nasr), 
Formaldehyde solution 37% (El-Nasr) Malondialdehyde 
(MDA) (Sigma-Aldrich), Orthophosphoric acid (1%) 
(El-Nasr), Potassium dihydrogen phosphate (El-
Nasr), Pyrogallol (Merck), Sodium chloride (El-Nasr), 
Thiobarbituric acid (TBA) (Sigma-Aldrich), Tris - HCl 
(Merck), Tween 80 (Sigma-Aldrich).
Buffer: The buffer solution used was Phosphate buffer 
solution (0.1M).
Ready-made kits: ATP and ADP ELISA kit (Kamiya 
Biomedical Company USA), Na+/K+ ATPase assay 
kit (Avecon Healthcare Pvt. Ltd India), Cholesterol 
and Phospholipid assay kit (bioMérieux, France), 
Corticosterone, ELISA kit (DRG International, Inc, 
USA), Glucose assay kit, (bioMérieux France), TNF-α, 
ELISA kit (Ray Biotech, Inc., USA), total antioxidant 
capacity assay kit, (Cayman Chemical Company, USA). 

METHODS  
All 56 rats were housed in a conditioned atmosphere at 
25±2°C, and fed with a standard laboratory diet and tap 
water. The rats were divided into 7 distinct groups, with 
each group consisting of 8 rats. 
Group 1: Served as a control group, and rats here 
received normal saline orally for 14 days. 
Group 2: Rats were given TQ 10 mg /kg orally by 
gavage tube for 14 days.
Group 3: Rats were given HSP 100 mg /kg orally for 
14 days.
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Group 4: Act as a stressed group, who were given a 
single dose of endotoxin LPS 2mg /kg intraperitoneally 
(IP). 
Group 5: Rats were given TQ 10 mg/kg orally for 14 
days followed by a single dose of LPS (IP).
Group 6: Rats were given HSP 100 mg/kg orally for 14 
days followed by a single dose of LPS (IP).
Group 7: Rats here given TQ 10 mg/kg orally and HSP 
100mg/kg orally 14 days followed by a single dose of 
LPS (IP).
Sample Collection and Storage for Analysis

After 14 days of treatment and followed by 4 hours 
after endotoxin administration, all 56 rats were 
sacrificed by cervical dislocation, and (I) serum 
analysis, (II) brain tissue homogenate examination 
and (III) histopathological and immunohistochemical 
examination of brain was done.
I. Serum analysis: Blood samples were collected from 
the retro-orbital plexus by heparinized capillary tube 
into centrifugation tubes and centrifuged at 3000 rpm 
for 10 min. Serum was taken by automatic pipette into 
Eppendorf tubes and kept at -80ºC till analysis.
As stressed markers, estimation of serum corticosterone, 
glucose, tumor necrosis factor alpha (TNF-α) and total 
antioxidant capacity (T-AOC) level were assessed. 
The serum corticosteroid level was determined using 
ELISA EIA-5186). The adopted method for serum 
glucose level followed the procedure described by 
Trinder (1969)12. The TNF-α was determined by using 
rat specific ELISA kit (Cat#: ELR-TNFalpha-001) and 
serum total antioxidant capacity was determined by 
following standard method by Rice-Evans and Miller 
(1994)13.  
II. Brain tissue homogenate analysis: Rats’ brains 
were quickly excised and washed with saline and used 
for preparation of tissue homogenate (20%) in 0.9% 
NaCl saline solution using homogenizer (X620 CAT, 
Germany) and stored at -80°C until analysis.
Biochemical changes that occur due to the effect of TQ 
and HSP as antioxidants on endotoxin LPS induced 
oxidative stress in rats’ brain tissue were studied 
through Malondialdehyde (MDA) content; Superoxide 
dismutase (SOD) enzyme activity; ATP; ADP; Na+ - K+ 
ATPase; Cholesterol and Phospholipid contents.    
The MDA content (nmol/g tissue) was determined 
colorimetrically14. The SOD enzyme activity (U/g tissue) 

was determined by the difference between autoxidation 
of pyrogallol alone and in presence of homogenate 
fraction that contain SOD15. ATP was determined by 
ELISA Cat. No. KT-59182, and ADP was determined 
by ELISA Cat. No. KT-59190. Na+-K+ ATPase in 
brain homogenate was determined following standard 
procedure16. Determination of cholesterol was done 
according to Allain et al (1974)17, and phospholipids 
were determined following a colorimetric method18. 
III. Histopathological examination and 
Immunohistochemical examination of brain: Brain 
of two animals from each group was kept in 5% 
formalin, which was used for histopathological and 
immunohistochemical examination and the examination 
was done following the method of Humason (1962)19.      
Immunohistochemical examination was done to 
investigate the expression of Caspase-3, Bax, and Bcl-
2 and neuron apoptosis. Caspase-3 and Bax are pro-
apoptotic proteins while Bcl-2 is an anti-apoptotic.  
Rabbit anti-rat Caspase-3, Bax and Bcl-2 
immunohistochemistry kits were employed to detect the 
expression of the three proteins. Assay procedures were 
performed according to the manufacturer’s instructions. 
Following immunohistochemical staining, the brain 
tissue sections were placed under the microscope to 
observe Caspase-3-, Bax- and Bcl-2-positive neurons.   
Statistical Analysis: The results were analysed using 
SPSS software, version 2020 (SPSS Inc., Chicago, 
IL, USA). Data was expressed as mean ± SD. Group 
comparisons were done by using One-way analysis of 
variance (ANOVA) followed by Tukey-Kramer post-
hoc analysis. P< 0.05 was considered as statistically 
significant.    

RESULTS  
Biochemical tests results of serum among rats of 
different groups   

Table 1 displayed the endotoxin LPS induced stressed 
rats of group-4 showed significant increase in serum 
corticosteroid, TNF-α and significant decrease in 
T-AOC in comparison with rats of group-1 (control), 
group-2 treated with TQ, and group-3 treated with HSP. 
Serum glucose concentration although statistically not 
significant but it was highly increased. Rats treated with 
TQ followed by LPS in group-5, group-6 rats treated 
with HSP followed by LPS and group-7 rats treated with 
both TQ and HPS followed by LPS showed significant 
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decrease in serum corticosteroid, TNF-α and significant 
increase in T-AOC in comparison with endotoxin 
LPS induced stressed rats of group-4; Glucose level 
also highly decreased, although it was statistically not 
significant.             
Table 2 showed the biochemical tests results in brin 
tissue of rats among different groups. It revealed 
that endotoxin LPS induced stressed rats of group-4 
have significantly increase in brain MDA, ATP, ADP, 

cholesterol, phospholipid, and significantly decrease 
in Na+K+ ATPase and SOD in comparison with rats 
of group-1, group-2 and group-3. The rats’ brain in 
groups-5, 6 and 7 treated with TQ+LPS, HSP+LPS 
and TQ+HSP+LPS respectively have shown significant 
decrease of brain MDA, ATP, ADP, cholesterol and 
phospholipid, while it significantly increases brain 
Na+K+ ATPase and SOD, in comparison with endotoxin 
LPS induced stressed rats in group-4. 

Table-1 Biochemical tests results of serum among different groups   

Serum Parameters 

Control 
Group Experimental Groups  

p
value       Group-1 Group-2 Group-3 Group-4 Group-5 Group-6 Group-7

Saline TQ HSP LPS TQ+LPS HSP+LPS TQ+HSP+LPS

Corticosteroid 
25.5167
± 1.336

14.716
±0.532                    

18.716
± 0.792           

87.566
± 2.208

48.566
± 1.506 

58.983
± 1.364 

25.633
± 1.238 0.00*

Glucose
96.666
± 2.741

64.500
± 1.727           

72.666
± 1.626           

277.500
± 11.459

159.500
± 4.217

161.167
± 3.070

78.000
± 2.620 0.06

TNF-α
35.75

± 1.816
19.716
± 0.585            

18.833
± 0.623           

131.417
± 3.150

81.766
±2.994

73.666
± 2.689

28.283
± 1.441 0.01*

 T-AOC 116.050
± 2.024

162.033
± 3.117           

125.350
± 2.430          

35.400
± 1.864

70.166
± 2.734

56.566
± 5.587

95.666
± 2.487 0.17 

Items marked * are significant (p is < 0.05). 
Table-2: Biochemical tests results of brain tissue among different groups       

Brain tissue 
Parameters

Control 
Group  Experimental Groups      

p 
value    

 
Group-1 Group-2 Group-3 Group-4 Group-5 Group-6 Group-7

Saline TQ HSP LPS TQ+LPS HSP+LPS TQ+HSP+LPS

MDA
nmol /g 

8.000 
± 0.337

3.600
± 0.171 

4.475
± 0.175

27.050
± 1.147

15.233
± 0.606

21.683
± 0.733

8.583
± 0.260 0.00*

SOD
U /g

7.183
 ± 0.426

11.966
± 0.462 

11.133
± 0.390 

1.883
± 0.094

3.816
± 0.130

4.183
± 0.282

9.316
± 0.256 0.01*

ATP
μmol/g tissue

6.566
± 0.301

3.700
± 0.204 

3.950
± 0.152 

19.983
± 0.758

12.016
± 0.340

12.033
± 0.398

6.483
± 0.170 0.00*

ADP
μmol/g tissue

0.998
± 0.0566

0.508
± 0.031 

0.661
± 0.025

2.456
± 0.241 

1.515
± 0.044

1.813
± 0.037

1.146
± 0.022 0.00*

Na+-K+ ATP ase 
umol /g tissue

2.658
± 0.143

3.873
± 0.069 

4.063
± 0.160 

0.786
± 0.038  

1.595
± 0.0343

1.271
± 0.040

2.775
± 0.106 0.00*

Cholesterol
mg/g tissue

7.766
± 0.359

3.933
± 0.130

4.083
± 0.142 

24.283
± 1.093

12.466
± 0.555

12.383
± 0.399

6.683
± 0.219 0.00*

Phospholipid
mg/g tissue

16.083
± 0.778

11.283
± 0.200 

8.483
± 0.454 

39.350
± 2.005

26.100
± 0.778

19.600
± 0.546

11.166
± 0.275 0.01*  

Items marked * are significant (p is < 0.05). 
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Histopathological alterations in brain tissue of rats 
among different groups 

The histopathological examination of brain tissues in 
different groups are shown a range of effects from no 
histopathological changes to severe damages. 
Figure-1a, Figure-1b and Figure-1c revealed no 
histopathological changes noted in brain tissues of rats 

in group-1, group-2 and group-3 respectively. Figure-
2a, 2b, 2c, and 2d showed various histopathological 
changes in rats injected with a single dose of endotoxin 
LPS in group-4 rats. Figure-3a, 3b and 3c showed 
necrosis of neurons and neuronophagia in group-5 rats’ 
brain; neuronal degeneration and neuronophagia in 
group-6 rats’ brain; and little neuronal degeneration in 
group-7 rats’ brain respectively. 

Figure-1a, 1b and 1c showed transverse sections of rats’ brain tissue where no histopathological changes were observed in group-1 
received normal saline 14 days, group-2 treated with TQ for 14 days and group-3 treated with HPS for 14 days respectively.  

Figure-2a, 2b, 2c, and 2d showed transverse sections of rats’ brain tissue where various histopathological changes 
were noticed in rats injected with a single dose of endotoxin LPS in group-4. The changes are focal necrosis (2a), 
multiple focal gliosis (2b), satellitosis (2c) and necrosis of neurons and neuronophagia (2d). 

Figure-3a, 3b and 3c showed transverse sections of brain tissue of rats in group-5, group-6 and group-7 respectively. 
It showed necrosis of neurons and neuronophagia (3a) in group-5 rats’ brain, treated 14 days with TQ followed by 
single dose of LPS; neuronal degeneration and neuronophagia (3b) in group-6 rats’ brain, treated 14 days with HSP 
followed by single dose of LPS; little neuronal degeneration (3c) in group-7 rats’ brain, treated 14 days with TQ + 
HSP followed by single dose of LPS.  

https://www.ibnsinatrust.com/Medical_College_Hospital.php
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Immunohistochemical alterations in brain tissue of 
rats among different groups

Figure 4 (4a-4i) showed the immunohistochemical 
expression of brain tissue of rats in group-1 (4a, 4b, 
4c), group-2 (4d, 4e, 4f), and group-3 (4g, 4h, 4i) 
respectively, where no Ag-Ab reaction was observed. 
Figure 5 showed the immunohistochemical expression 
in brain tissue of group-4 rats with positive reactivity 

or Ag-Ab reaction of Caspase-3 (5a), Bax (5b), and 
Bcl-2 (5c) respectively. Figure 6 and 7 revealed 
immunohistochemical expression of brain tissue in rats 
of group-5 and group-6 respectively with mild positive 
reaction of Caspase-3 (6a, 7a), and no reactivity with 
Bax (6b, 7b), and Bcl-2 (6c, 7c). Figure 8 showed 
immunohistochemical expression in brain tissue of 
group 7 rats showed no reactivity or no Ag-Ab reaction 
of (8a) Caspase-3, (8b) Bax (8b), and (8c) Bcl-2.

Figure-4 revealed transverse section of immunohistochemical expression in brain tissue of rats in Group-1 (4a, 4b, 
4c); Group-2 (4d, 4e, 4f) and Group-3 (4g, 4h, 4i) respectively where no Ag-Ab reaction of Caspase-3, Bax nor 
Bcl-2 was observed. 
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Figure-5a, 5b and 5c revealed transverse section of immunohistochemical expression in brain tissue of Group-4 
rats treated with endotoxin LPS showed positive Ag-Ab reaction of Caspase-3 (5a), Bax (5b), and Bcl-2 (5c) 
respectively.  

Figure-6a, 6b, 6c showed transverse section of immunohistochemical expression in brain tissue of Group-5 
treated with TQ for 14 days followed by endotoxin LPS showed mild positive reactivity or mild Ag-Ab reaction of 
Caspase-3 (6a), while no reactivity of Bax (6b), and Bcl-2 (6c).    

Figure-7a, 7b, 7c showed transverse section of immunohistochemical expression in brain tissue of Grope-6 rats 
treated with HSP for 14 days followed by endotoxin LPS showed mild positive reactivity or mild Ag-Ab reaction of 
Caspase-3 (7a), while no reactivity or no Ag-Ab reaction of Bax (7b), and Bcl-2 (7c). 

https://www.ibnsinatrust.com/Medical_College_Hospital.php
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Figure-8a, 8b, 8c revealed the transverse section of immunohistochemical expression in brain tissue of Group-7 
rats treated with TQ and HPS prior to induction with endotoxin LPS stress   showed no reactivity or no Ag-Ab 
reaction of Caspase-3 (8a), Bax (8b) and Bcl-2 (8c).  

DISCUSSION
Effect of endotoxin LPS on serum and brain tissue in 
rats

Our study results revealed that rats subjected to endotoxin 
LPS injection showed a significant increase in stress 
indices in serum marked by increase in corticosterone, 
TNF-α, and significant decrease in T-AOC compared to 
normal control. Glucose level although increased, does 
not showed significantly high. The effect of endotoxin 
LPS on the brain alters oxidative status of the brain 
and increases free radical generation, reflected by an 
increase in brain MDA, ATP, ADP, phospholipid and 
cholesterol and reduction in SOD, Na+-K+ ATPase 
activity. 
Under physiological conditions, a homeostatic balance 
exists between the formation of reactive oxygen species 
(ROS) and their removal by endogenous antioxidants20. 
The exposure to stress deranged this balance and causes 
activation of the hypothalamic-pituitary-adrenal (HPA) 
axis causing increased secretion of pituitary endorphins, 
adrenocorticotrophic hormone (ACTH) and adrenal 
corticosteroids21,22. There is increased availability 
of metabolic substrates for energy generation, 
most notably glucose (Kheir-Eldin et al 2001)8. 
Moreover, stress induced surges in  corticosterone, 
glucagon, and  catecholamines  promote 
hyperglycemia by enhancing liver glucose production 
via gluconeogenesis  and glycogenolysis and reducing 
glucose uptake by peripheral tissues, a process also 
known as insulin resistance23. As endotoxins are potent 
activator of the innate immune system and triggers a 
massive release of pro-inflammatory cytokines, causing 
high TNF-α level that contribute to the neuronal damage 

and sustain neurodegenerative diseases and behavior 
impairment10,24. Endotoxin induced oxidative stress 
causes a significant decrease in serum T-AOC compared 
to normal control as reported in previous study25.
The effects of LPS on the brain showed a significant 
increase in brain oxidative status observed as 
elevation of MDA and significant decrease in SOD 
compared to normal control. This increase in MDA 
and decreased SOD indicates that LPS induces cellular 
damage by triggering oxidative stress, leading to an 
imbalance of antioxidants and damage to the cell 
membranes10,26.  Endotoxins causing oxidative stress 
and neuroinflammation increases extracellular ATP, 
ADP release from damaged brain tissue3. The brain 
Na+-K+ ATPase activity of stressed rats decreases during 
endotoxemia is through NADPH oxidase activation27. 
The cholesterol and phospholipid content in stressed 
brain are increased as a result of LPS induced infection 
and neuro-inflammation through alterations in lipid 
metabolism28. 
Effect of TQ and HSP alone or in combination on 
serum and brain tissue in endotoxin-stressed rats

Concerning the effect of TQ and HSP alone or in 
combination on serum corticosterone, glucose and 
TNF-α level in endotoxin-stressed rats, our result 
showed that these antioxidants caused an apparent 
decrease in serum corticosterone level, glucose level 
and TNF-α level compared with stressed group. Study 
by Cai et al (2013)29 showed agreement with our 
results who found decrease in the corticosterone level 
by administration of HSP for three weeks in stressed 
rats. Regarding the effect on glucose, Abdel-Wahab 
(2013)30 showed TQ supplementation counteracts the 
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sodium fluoride-induced hepatotoxicity and reduces 
hyperglycemia without improving the insulin level. 
These results indicated that TQ induced hypoglycemia 
could be facilitated through enhanced peripheral glucose 
oxidation and/or reduction of gluconeogenesis30. Similar 
results were shown by Farah et al (2005)31 exhibiting 
significant reduction in liver glucose release in diabetic 
hamsters treated with TQ, partially mediated through 
a decrease in hepatic gluconeogenesis. The decrease 
in TNF-α by the action of antioxidants TQ and HSP 
in endotoxin–stressed animal compared with stressed 
group are in harmony with a previous study where 
TNF-α levels were decreased more in the combination 
group of HSP and TQ11. Our study results of endotoxin 
induced significant decrease in serum T-AOC compared 
to normal control was ameliorated after administration 
of TQ and HSP which is in harmony with the results 
obtained by Abdel-Wahab (2014)30. He found that 
supplementation with TQ significantly normalized the 
suppressed antioxidants in the Bisphenol A-treated 
male rats and to a large extent restored their values 
toward that of the control group30. 
Treatment of TQ, HSP reversed the MDA level towards 
normal. One study noted the combination therapy 
showed the most significant improvement on MDA, 
with HSP demonstrating better efficacy compared to TQ 
when administered individually (Farooq et al 2014)11. 
The TQ and HSP treatment reduces lipid peroxidation in 
the rat brain induced by LPS and manifests as decreased 
MDA content. These results are attributed to the potential 
antioxidant effect of TQ and HSP. The decreased brain 
activity of SOD by endotoxin single dose ameliorated 
by anti-oxidant TQ and HSP treatment is compatible 
with previous studies where use of anti-oxidants TQ 
and HSP was found to significantly elevating the SOD 
level and improves tissue damage11,32,33. Superoxide 
dismutase has therapeutic potential for antioxidant 
therapy as this antioxidant enzymes degrade superoxide 
(O2

−) into oxygen and hydrogen peroxide. Subsequently, 
H2O2  is reduced to water by the catalase enzyme, 
glutathione peroxidase, and/or thioredoxin-dependent 
peroxiredoxin enzymes34,35. 
The significant increase in brain ATP and ADP 
content compared to normal control in endotoxin-
stressed rats was ameliorated by administration of 
TQ and HSP. The effect of TQ and HSP as potent 
antioxidant and anti-inflammatory alleviates oxidative 
stress and neuroinflammation, and help regulate the 

aberrant energy metabolism caused by endotoxin by 
protecting mitochondrial function and restoring cellular 
homeostasis36,37.  The decreased activity of Na+-K+ 
ATPase activity was significantly increased with pre 
administration with TQ and/or HSP in endotoxin 
stressed rats. The strong protective effects of TQ in 
traumatic brain injury is the reduction in oxidative 
stress in the brain38.
With respect to the pre administration effect of TQ 
and HSP alone or in combination on brain cholesterol 
and phospholipid contents in endotoxin–stressed rats, 
a significant decrease was observed in comparison to 
the corresponding stressed control.   The reduction in 
cholesterol and phospholipids suggests that TQ and 
HSP protect brain cells from damage and dysfunction 
caused by the endotoxin-induced stress39.
Histopathological and immunohistochemistry 
examination 

Histopathological study, demonstrated that endotoxin 
administration produces focal necrosis, multiple 
focal gliosis, satellitosis, necrosis of neurons and 
neuronophagia whereas pre-treatment of TQ and HSP 
alone or in combination ameliorated oxidative stress 
injuries in brain tissue.  
Apoptosis of endothelial cells is the characteristic 
of sepsis40. In our study, immunohistochemistry 
examination showed endotoxin administration produces 
positive reactivity of Caspase-3, a pro-apoptotic protein 
revealing LPS induces apoptosis mediated by the 
activation of caspase-3, a key apoptotic effector.  In 
our study, both TQ and HSP prior to LPS showed no 
reactivity (no Ag-Ab reaction) of Caspase-3, Bax nor 
Bcl-2 showed improved cell viability. It is in harmony 
with Duarte et al (2014)41; who reported that apigenin, 
an anti-inflammatory flavonoid, protects endothelial 
cells from damage caused by the inflammatory agent 
LPS by reducing cell death (apoptosis) and improving 
mitochondrial function, specifically by lowering the 
activation of the cell-death enzyme caspase-3, thereby 
preserving cell viability.  

CONCLUSION
The results obtained in our study in addition to 
histopathological and immunohistochemistry 
examination revealed that, TQ and HSP complements 
the antioxidant, anti-inflammatory and anti-apoptotic 
properties. The endotoxin induced biochemical 
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changes in brain (MDA, ATP, ADP, cholesterol, 
phospholipid and SOD, Na+ - K+ ATPase) and in 
serum stress markers (corticosterone, glucose, TNF-α, 
and anti AOC) were restored toward normal.  The 
combined approach of TQ and HSP provides enhanced 
neuroprotective effects against LPS-induced oxidative 
stress and neuroinflammation in rat brains compared 
to either agent alone. Both TQ and HSP are natural 
compounds with antioxidant and anti-inflammatory 
properties, with their synergistic action offering a more 
significant protective outcome by mitigating oxidative 
damage and inflammatory responses in the brain. TQ 
and HSP are nearly equal in their activities with all the 
measured parameters except with serum corticosterone, 
and brain MDA, where TQ was more potent than HSP, 
while with brain phospholipid, HSP was more potent.
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