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Abstract
Background and Objective: Presently, Histamine H3 Receptor (HH3R) antagonists have been assured as a potential therapeutic candidate
for several CNS-related disorders. In animal experiments, ciproxifan, HH3R antagonist/inverse agonist causes arousal and attentiveness.
This study examined the neuroprotective potential of ciproxifan against Lipopolysaccharides (LPS)-induced neuroinflammation and
mitochondrial dysfunctions in mice. Materials and Methods: Ciproxifan(1 and 3 mg kgG1) was treated orally for 30 days and 4 doses of
LPS (250 µg kgG1, i.p.) was injected for the last 4 days of treatment (27-30 days) to induce neuroinflammation. Brain homogenates were
collected at end of the dosing (30 days) for estimation of cytokines [Interleukin-6 (IL-6) and Tumour Necrosis Factor-alpha (TNF-") as
pro-inflammatory cytokines, IL-10 and Transforming Growth Factor-beta 1 (TGF-$1) as anti-inflammatory cytokines], Cyclooxygenase-2
(COX-2) and Mitochondrial Respiratory Chain Complex (MRCC) enzymes (complexes I, II and IV). Results: Treatment of ciproxifan exhibited
its anti-inflammatory effects by significantly reducing the release of both pro-inflammatory cytokines (IL-6 and TNF-") and COX-2 levels,
further, it improved the anti-inflammatory cytokines (IL-10 and TGF-$1) levels in LPS-challenged mouse brain. Additionally, ciproxifan
reversed the brain MRCC (I, II and IV) levels in LPS-induced mice. Conclusion: According to the findings, ciproxifan assured its
neuroprotection against LPS-induced neurotoxicity in mice models by reducing neuroinflammation and restoring MRCC enzymes.
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The HH3R antagonists regulate the release of histamine
and other neurotransmitters pre-synoptically, making it a
promising target for CNS disorders such as narcolepsy,
cognitive impairments, Attention-deficit and hyperactivity
disorder and pain9. Ciproxifan, a strong HH3R antagonist, has
been demonstrated to elevate histamine, acetylcholine,
dopamine and norepinephrine production in the brain's
cortex and hippocampus4. Recently, a study from our
laboratory demonstrated the anti-Alzheimer potential of
ciproxifan by improving cognitive functions, enhancing
cholinergic transmission, improving anti-oxidant properties
and attenuating neuroinflammation in B6.129-Tg (APPSw)
40Btla/J transgenic AD mice4. Early, ciproxifan reversed the
cognitive deficit in the Tg2576 mouse model of AD also
supported the results of the previous study10. However, data
are scarce on ciproxifan's impact on neuroinflammation
and mitochondrial dysfunctions. The objective of the
existing investigation was to evaluate the effect of ciproxifan
pre-treatment for 30 days on LPS-induced neuroinflammation
and mitochondrial dysfunctions in a mouse model.

INTRODUCTION
Inflammation of the brain is thought to play a role in the
etiology of major chronic neurodegenerative diseases such as
Alzheimer's Disease (AD) and Parkinson's Disease (PD). It
causes neurodegeneration by activating the microglia and
brain's resident immune cells, which are trigger excessive
production of pro-inflammatory substances1. Considering
neurodegenerative diseases, the prevalence of AD-related
dementia is currently predicted to be approximately 40-50 M
cases, with the number expected to rise to 74.7 M cases by
20302. A prominent feature in AD is the formation of
Amyloid-beta (A$) plaques and the development of
intracellular neurofibrillary tangles. Neuroinflammation and
mitochondrial dysfunction also play a role in AD and other
neurodegenerative illnesses3,4. In AD, astrocytes and microglia
are arguably the most important generators of cytokines. The
productions of cytokines are involved in practically every facet
of neuroinflammation, including pro- and anti-inflammatory
processes, induce neuronal deficits, chemoattraction and A$
related microglia responses5. Other than cytokines, several
factors like prostaglandin E2, oxidative stress and reactive
nitrogen species also act as the key factors in the brain
inflammatory process6. An endotoxin, Lipopolysaccharide
(LPS) derived from the cell wall component of gram-negative
bacteria is identified as a pathogen-associated molecular
pattern by higher vertebrates' immune systems. In
mononuclear myeloid cell surface, LPS binds to the
Toll-Like Receptor 4 (TLR4)/CD14 complex and activates the
pro-inflammatory cytokines IL-6, IL-1$ and TNF-"1.
Mitochondrial dysfunction is associated with several
factors including activated immune-inflammatory pathways,
oxidative and nitrosative stress and metabolic problems in the
brain. Several neurodegenerative diseases, including AD and
PD, have been linked to changes in the mitochondrial
respiratory chain and related enzymes and coenzymes7.
Inflammatory mediators, particularly cytokines, can alter
cellular mitochondrial metabolism by decreasing
mitochondrial oxidative phosphorylation and ATP generation
while also causing mitochondrial Reactive Oxygen Species
(ROS) generation. Mitochondrial-derived ROS prolongs
neuroinflammation by activating NF-κB in the brain, which
causes the generation of proinflammatory cytokines6.
Experimentally, LPS could induce mitochondrial dysfunctions
through alteration of Mitochondrial Respiratory Chain
Complex (MRCC) activities. Intracerebroventricular (ICV)
injection of LPS established mitochondrial electron transfer
chain dysfunction by decreasing the MRCC (I, II, IV and V)
activities in the rat model6,8.

MATERIALS AND METHODS
Study area: The study was carried out at Pharmacology
Research Laboratory, Department of Pharmacology and
Toxicology, Qassim University, Saudi Arabia from MarchSeptember, 2021.
Drugs and chemicals: Fine chemicals such as ciproxifan
maleate and lipopolysaccharides extracted from Escherichia
were acquired from Sigma-Aldrich Co (St. Louis, MO,
USA). ELISA kits for mouse IL-6, TNF-", IL-10, TGF-$1 and
COX-2 were procured from Cloud-Clone Corp., Texas, USA.
Mouse MRCC-I, MRCC-II and MRCC-IV were obtained from
MyBioSource, Inc., San Diego, USA. All other chemicals and
solvents were obtained from local suppliers and were used of
analytical grade.

coli

Animals: In the current experiment protocols included a
total number of 24 male ICR mice with adult age (between
8-12 weeks, body weight between 25-35 g) were obtained
from animal house maintained by the Department of
Pharmacology and Toxicology, College of Pharmacy, Qassim
University, KSA. The animals were randomly divided into
4 groups with each group containing 6 mice and maintained
3 animals in a cage for entire experiment periods. During
7 days of adaptation and 30 days of drug treatment, animals
were allowed free access to water and food. The present
experimental protocols and use of animals were reviewed
2
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and approved by the Institutional Animal Ethical Committee
of the College of Pharmacy (Approval ID 2020-CP-7) and the
Deanship of Scientific Research of Qassim University (research
grant number: 5601-pharmacy-2019-2-2-I), Qassim University,
KSA.

(GraphPad version 9 from GraphPad Software Inc., USA. to
display the variations among all groups and a Tukey-Kramer
post hoc test was utilized for finding significance levels
between the targeted 2 groups. The p<0.05 were refereed
statistically significant.

Experimental design: A total of 4 groups of animals were

RESULTS

used in this present protocol. Among, the control group
received only vehicle (normal saline: 10 mL kgG1) by oral for
continuously 30 days and 4 doses of normal saline
(10 mL kgG1) by Intraperitoneal Injection (IP) for the last
4 days (27th-30th days) of treatment schedule. The second
group was the LPS-induced group administrated with a
vehicle similar to the control group and neuronal
inflammation induced with 4 injections of LPS (250 µg kgG1,
i.p.) for the last 4 days of the treatment schedule. The dose of
the LPS was selected from our previous researches11,12. The
remaining 2 groups (LPS+CIP1 and LPS+CIP3) were treated
with 2 doses (1 or 3 mg kgG1, respectively)of ciproxifan orally
for 30 days and induced neurotoxicity with 4 doses of LPS
(250 µg kgG1, i.p.) as followed LPS-induced group.

Ciproxifan reduced pro-inflammatory cytokine levels in
LPS-induced mice brains: Effect of the ciproxifan on proinflammatory cytokine markers such as TNF-" and IL-6
validated in Fig. 1. It is known that pro-inflammatory cytokines
up-regulate the inflammatory reactions. Refers to IL-6 levels,
there was a substantial difference (F(3,20) = 13.38, p<0.001)
among the treated groups when analyzed with one-way
ANOVA in Fig. 1a. The LPS-induced group showed a significant
elevation (87.03±3.98 pg mgG1 protein, p<0.01) in IL-6 levels
100
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Collection of brain homogenate: After successive treatment
with 30 days, each of the animals was sacrificed and brain
tissue was isolated from the skull. Using a homogenizer, the
isolated tissues were homogenized with phosphate buffer
(4EC, pH 7.4) and the homogenates were collected after
centrifuging at 4000 rpm for10 min. The biuret colorimetric
technique was used to determine the total protein content of
the homogenates (Crescent Diagnostics, Saudi Arabia).
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Determination of cytokines and cyclooxygenase levels:
Using mouse Enzyme Linked Immunosorbent Assay (ELISA)
(Cloud-Clone Corp., Texas, USA) procedure 2 pro-inflammatory
(TNF-" and IL-6), 2 anti-inflammatories (TGF$1 and IL-10)
cytokines and COX-2 were analyzed. Sandwich enzyme
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Fig. 1(a-b): Effect of ciproxifan (CIP) on pro-inflammatory
cytokines levels in lipopolysaccharide (LPS)induced mice brains, (a) IL-6 and (b) TNF-" levels
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(106.90±7.04 pg mgG1 protein, p<0.01) reversed with
declining the brain TNF-" levels associated with the
LPS-induced group.
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###

IL-10 (pg mgG1 protein)
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Ciproxifan improved anti-inflammatory cytokine levels in
LPS-induced mice brains: Figure 2 showed the results of

100

ciproxifan on 2 selected anti-inflammatory cytokine markers
such as IL-10 and TNF-$1 in the brain homogenates of
LPS-induced mice. Anti-inflammatory cytokines prevent the
inflammatory pathways by regulating the production of
proinflammatory cytokines. Comparing the variations among
the groups, there were significant changes (F(3,20) = 15.83,
p<0.001) in IL-10 levels by One-way ANOVA analysis in
Fig. 2a. The levels of the cytokine IL-10 in LPS-induced animals
were noted extensively decreased (68.08±4.29 pg mgG1
protein, p<0.001) as associated with the control mice
(138.0±11.22 pg mgG1 protein). It is explained that
LPS-induction reduced anti-inflammatory activity in the
mouse brain. Pretreatment with ciproxifan (1 and 3 mg kgG1,
p.o.), however, extensively (139.9±13.43 pg mgG1 protein and
160.0±9.14 pg mgG1 protein, correspondingly, p<0.001)
increased IL-10 levels in mice brains as compared to the
LPS-induced group.
Reference to TGF-$1 levels, there were notable
variations showed (F(3,20) = 21.28, p<0.001) as compared
among all the treatment groups in Fig. 2b. It was also
found that LPS-induction resulted in significantly declined
(137.8±14.47 pg mgG1 protein, p<0.001) brain TGF-$1
levels in mice as compared to the control group
(238.8±9.76 pg mgG1 protein). The reduction of TGF-$1 levels
in LPS-induced mice showed further validation of
neuroinflammation by LPS injection. Interestingly, treatment
with both doses of ciproxifan (1 and 3 mg kgG1, p.o.)
extensively elucidated (241.3±16.63 pg mgG1 protein and
299.0±16.20 pg mgG1 protein, respectively, p<0.001) the
TGF-$1 levels in the LPS-induced brain. The restore of both
IL-10 and TGF-$1 levels by ciproxifan with both doses was
equivalent to the control group of animals.

***
50

0
400

(b)

TGF-b (pg mgG1 protein)

###
300

###

200
***
100

3

1

CI
S+
LP

S+

CI

P-

P-

S
LP

LP

Co

nt

ro

l

0

Fig. 2(a-b): Effect of ciproxifan (CIP) on anti-inflammatory
cytokines levels in lipopolysaccharide (LPS)induced mice brains, (a) IL-10 and (b) TGF-$ levels
Results are expressed by Mean±SEM (n = 6), one-way ANOVA
(F(3,20) = 15.83, p<0.001 for IL-10 and F(3,20) = 21.28, p<0.001 for
TGF-$) followed by Tukey-Kramer multiple comparisons test,
***p<0.001 as compared to the control group and ###p<0.001 as
compared to the LPS-induced group

in the brain as paralleled to control (65.75±1.46 pg mgG1
protein) indicated the induction of neuronal inflammation by
4 doses of LPS (250 µg kgG1 i.p.). However, oral treatment of
ciproxifan with 1 mg kgG1 (72.45±4.11 pg mgG1 protein,
p<0.05) and 3 mg kgG1 (58.08±3.22 pg mgG1 protein, p<0.001)
extensively reduced the level of IL-6 in mice brains as
compared to LPS-induced animals.
Figure 1b highlights the effect of ciproxifan on the brain
cytokine TNF-" production in LPS-treated mice. It was
found that, when comparing among groups, differences in
TNF-" levels (F(3,20) = 14.74, p<0.001) were exhibited in
brain homogenates. In continuation of multiple post hoc
analysis represented that LPS administration was noted
with extensive elevation (156.30±13.68 pg mgG1 protein,
p<0.001) of TNF-" levels in brain tissues as matched to the
control mice (72.08±5.90 pg mgG1 protein). However,
treatment with ciproxifan (3 mg kgG1, p.o.) considerably

Ciproxifan reduced cyclooxygenase 2 (COX-2) activities in
LPS-induced mice brains: The results of ciproxifan on COX-2
activities in LPS-challenged mice brains is shown in Fig. 3.
Elevation of COX-2 activities results in increasing the
production of prostaglandins that leads to inflammation. As
compared among groups, significant differences were shown
for COX-2 levels (F(3,20) = 26.60, p<0.001) by analyzing with
one-way ANOVA. Further, LPS-induction with 4 doses showed
a significant elevation in COX-2 levels (724.7±23.94 pg mgG1
protein, p<0.001) in the brain as paralleled to control animals
(487.4±21.18 pg mgG1 protein). However, pre-treatment with
4
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Fig. 3: Effect of ciproxifan (CIP) on cyclooxygenase-2 (COX-2)
levels in lipopolysaccharide (LPS)-induced mice brains
Results are expressed by Mean±SEM (n = 6), one-way ANOVA
(F(3,20) = 26.60, p<0.001) followed by Tukey-Kramer multiple
comparisons test, ***p<0.001 as compared to the control group and
###
p<0.001 as compared to the LPS-induced group
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both doses of ciproxifan (1 and 3 mg kgG , p.o.) considerably
attenuated COX-2 activity (512.1±39.70 pg mgG1 protein
and 400.6±15.73 pg mgG1 protein, respectively, p<0.001) in
LPS-challenged mice. In both ciproxifan treatment groups, the
COX-2 levels were similar as referred to the control animals.
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Ciproxifan improved MRCC activities in LPS-induced mice
brains: The effect of ciproxifan treatment on MRCC-I, II and IV
activities in LPS-challenged brain is depicted in Fig. 4.
Reduction in the level of MRCC activities associates the
mitochondrial dysfunctions. The one-way ANOVA analysis
of MRCC-I activities resulted that there were significant
differences (F(3,20) = 22.60, p<0.001) among the groups
in Fig. 4a. Additionally, when compared to control
(250.1±14.10 pg mgG1 protein), LPS injections caused a
substantial decrease (199.6±7.42 pg mgG1 protein, p<0.05)
in MRCC-I activity in mice brains. However, pre-treatment of
ciproxifan at 1 mg kgG1 (301.7±11.73 pg mgG1 protein) and
3 mg kgG1 (328.9±13.72 pg mgG1 protein) diminished
(p<0.001) the LPS-induced reduction of MRCC-I activities in
the brain homogenates.
Reference from Fig. 4b, regarding MRCC-II activities,
when compared among all the treated groups, significant
changes (F(3,20) = 5.762, p<0.01) were noted in mice
brains. Furthermore, when compared to control groups
(2.03±0.15 ng mgG1 protein), administration of LPS induced
a substantial decrease (1.44±0.09 ng mgG1 protein, p<0.05)
in MRCC-II activity in the brain. Interestingly, there were
significant improvements in MRCC-II activities with the
administration of both doses of ciproxifan (2.21±0.17 ng mgG1
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Fig. 4(a-c): Effect of ciproxifan (CIP) on mitochondrial
respiratory chain complexes (MRCC) activities in
lipopolysaccharide (LPS)-induced mice brains,
(a) MRCC-I, (b) MRCC-II and (c) MRCC-IV activities
Results are expressed by Mean±SEM (n = 6), one-way ANOVA
(F(3,20) = 22.60, p<0.001 for MRCC-I, F(3,20) = 5.762, p<0.01for
MRCC-II, F(3,20) = 9.534, p<0.001 for MRCC-IV) followed by
Tukey-Kramer multiple comparisons test, *p<0.05 and ***p<0.001
as compared to the control group, #p<0.05 and ###p<0.001 as
compared to the LPS-induced group

protein, p<0.01 for 1 mg kgG1 and 2.14±0.17 ng mgG1 protein,
p<0.05 for 3 mg kgG1, p.o.) in LPS-induced mice brains.
Additionally, it was referred in Fig. 4c that there were
significant variations among the groups for brain MRCC-IV
activities (F(3,20) = 9.534, p<0.001) in mice. In continuous as
compared to the control mice (7.66±0.31 ng mgG1 protein),
5
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the LPS-induced animals showed a decline in MRCC-IV
activities (4.78±0.42 ng mgG1 protein, p<0.001) in brain
tissues. However, 30 days pre-treatment with both doses of
ciproxifan (1 and 3 mg kgG1, p.o.) reversed the MRCC-IV levels
(6.40±0.26 ng mgG1 protein, p<0.05 and 6.75±0.51 ng mgG1
protein, p<0.01, correspondingly) in a dose-depended manner
in mice brains. Regarding the level of brain MRCC-I, II and IV,
activities with the treatment of ciproxifan 1 and 3 mg kgG1 in
LPS-induction as identical to control animals.

Elevation of pro-inflammatory cytokines including IL-6,
TNF-", IL-1" and IL-1$ mediate the inflammatory responses in
the nervous system of human and experimental rodent
models that have been reported in AD and dementia17.
Evidence suggested that inflammation in neuronal might
induce the production and aggregation of A$ protein in AD
and a therapeutic approach against neuroinflammation is a
key area to slow the progression of AD18. In the experiment,
systemic administration of LPS induced COX enzymes (COX-I
and II), iNOS and pro-inflammatory cytokines including TNF-",
IL-1, IL-2, IFN-γ and IL-6 by a single and multi doses19. Similarly,
the present results demonstrated the elevation of IL-6, TNF-"
and COX-2 levels with four doses of LPS (250 µg kgG1, i.p.)
injections. Previous research has also revealed that the
administration of the same doses of LPS generated the
production of COX-2, TNF-" and IL-6 levels in brain tissues11,12.
Furthermore, peritoneal injection of LPS resulted in the
systemic elevation of IL-6 and TNF-" which can enter the CNS
via the bloodstream20. Hence, in the inflammatory pathway, an
inducible enzyme COX-2 is activated by cytokines and
mitogens. The activation of cytokines including TNF-", IL-1$
and IL-6 mediated the expression of COX-2 levels21.
Interestingly, in current results, groups of mice treated with
both doses of ciproxifan (1 and 3 mg kgG1, p.o.) significantly
reduced the IL-6 and COX-2 levels in the LPS-induced brain.
Also, attenuation of LPS-induced brain TNF-" levels has
resulted in only at a high dose of ciproxifan (3 mg kgG1, p.o.).
Concurrently, the 15 days treatment with similar selected
doses of ciproxifan (1 and 3 mg kgG1, p.o.) reduced
inflammation using an APP transgenic animal model
(B6.129-Tg (APPSw) 40Btla/J) by decreasing the level of
pro-inflammatory cytokines IL-1", IL-1$ and IL-6 and both
COX enzymes (COX-1 and 2) in the brain4.
In this present study, the LPS-induced neuroinflammation
has been further characterized by decreasing the levels of
anti-inflammatory cytokines such as IL-10 and TGF-$1 in the
mouse brain. Similarly, previous reports also supported the
dysregulation of anti-inflammatory activities by reduction
of both IL-10 and TGF-$1 levels followed by LPS (250 µg kgG1,
i.p.) induction11,12. Presently, ciproxifan in the doses 1 and
3 mg kgG1 attenuated LPS-induced decrease the levels of brain
IL-10 and TGF-$1 in mice suggesting the anti-inflammatory
activity. From the results of previous study, using APP
transgenic mice, treatment of ciproxifan (1 and 3 mg kgG1,
p.o.) significantly elevated the levels of TGF-$14.
The administration of LPS also leads to the breakdown

DISCUSSION
Current results provided scientific evidence that
ciproxifan, an antagonist of HH3R has neuroprotective effects
on LPS-induced neuronal inflammation and mitochondrial
dysfunctions in mouse experimental models. The majority of
findings supported ciproxifan neuroprotective effects by
reducing neuroinflammation and mitochondrial toxicity as
evidenced by decreased Cyclooxygenase-2 (COX-2) and proinflammatory cytokines while improving anti-inflammatory
cytokines and Mitochondrial Respiratory Chain Complexes
(MRCC) activities in LPS-induced mouse brains. Thus, by
modulating COX activity and cytokine levels in the brain,
peripheral injection of LPS has been linked to the production
of neuroinflammation and mitochondrial dysfunction11-13.
Corresponding to these results, current findings also validated
the generation of neuroinflammation in the mouse brain
by increasing COX-2, IL-6 and TNF-" production, while
decreasing TGF-1 and IL-10 levels with LPS administration.
Additionally, MRCC (I, II and IV) activities also declined
accompanied by LPS toxicities. MRCC (I, II and IV) activities also
decreased, which was associated with LPS toxicity.
Considering the significance of neuroinflammation in
nervous system illnesses in conjunction with oxidative stress,
which also plays a key role in memory and learning
impairments in AD3. Hence, anti-inflammatory medications
appear to offer some advantages. Furthermore, cytokines and
interleukins increased inflammatory processes that trigger
inflammatory pathways in neurodegenerative diseases
such as AD, multiple sclerosis, PD and amyotrophic lateral
sclerosis14. Neuronal inflammation is also associated with
intracellular mechanisms in neuronal degeneration, such as
protein degradation, mitochondrial dysfunction, axonal
transport abnormalities and the apoptotic process14,15.
According to a recent discovery, HH3Rs are abundant not only
in neurons but also in astrocytes and microglia. HH3R
antagonists have also shown anti-inflammatory effects in
some experimental models due to their role in the modulation
of neurotransmitters4,16.

of mitochondrial membrane potential by declining the
enzymatic complexes (I, II and IV) activities in these current
results. In eukaryotic cells, mitochondria act as a power station
6
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by producing ATP through the oxidation of glucose and other

more research into the favourable effects of ciproxifan in the

sugars. A series of large protein complexes in the inner

treatment of neurodegenerative illnesses.

mitochondrial

membrane transfer electrons from NADH

which is created in the citric acid cycle in the mitochondrial

CONCLUSION

matrix, to oxygen, creating a transmembrane electrochemical
gradient by pumping protons across the membrane22. Among,

Collectively, ciproxifan was showed its anti-inflammatory

complex-I, also known as NADH-ubiquinone oxidoreductase,

potential by attenuating LPS-induced elevation of COX-2

couples

electron transport from NADH to quinone with

enzyme activities and pro-inflammatory cytokines (TNF-"

proton translocation across the inner mitochondrial

and IL-6) levels in the brain. Further, it increased the

23

membrane . As part of the respiratory chain's complex II,

anti-inflammatory cytokines

Succinate Dehydrogenase (SDH) connects the tricarboxylic

Additionally, pre-treatment with ciproxifan improved the

acid cycle with mitochondrial oxidative phosphorylation24.

MRCC (I, II and IV) functions in LPS-challenged mice.

(TGF-$1 and IL-10) levels.

Cytochrome c oxidase refers to a complex IV enzyme that
regulates oxidative phosphorylation and also initiates the
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