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Abstract. – OBJECTIVE: We investigated the 
protective effect of ciproxifan on lipopolysaccha-
ride (LPS)-induced memory impairment by alter-
ing the cholinergic system in a mouse model. 

MATERIALS AND METHODS: Groups of mice 
were given ciproxifan (1 or 3 mg/kg, p.o.) for 30 
days. Neurotoxicity was induced with four doses of 
LPS (250 µg/kg, i.p.) from day-22 to day-25 of drug 
treatment in three groups. Then, mice were subject-
ed to behavioral assessments using tests [elevated 
plus maze (EPM), novel object recognition (NOR), 
and Y-maze]. Also, brain tissues were collected for 
estimation of cholinergic transmission [acetylcho-
line (ACh) and acetylcholinesterase (AChE) levels]. 

RESULTS: Ciproxifan could rescue the mem-
ory impairment caused by LPS by shortening the 
transfer latency in the EPM test, increasing the time 
spent to explore a novel object and increasing the 
Discrimination Index in the NOR test and increas-
ing the number of entries to the novel arm and du-
ration of time spent in the novel arm in the Y-maze 
test. Ciproxifan increased the levels of ACh by de-
creasing AChE activity in LPS-treated mice. 

CONCLUSIONS: Ciproxifan treatment can im-
prove memory impairment in mice by increasing 
ACh levels and decreasing AChE levels.
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Introduction

Alzheimer’s disease (AD) is a neurological dis-
ease characterized by increased memory loss and re-

duced cognitive skills. Neuronal degeneration in AD 
is characterized principally by plaque aggregation and 
excessive production of beta-amyloid and neurofibril-
lary tangles1. AD and other types of dementia are re-
garded as a substantial healthcare burden worldwide. 
More than 50 million people worldwide suffer from 
dementia, with the figure expected to rise to approx-
imately 152 million by 20502. Memory and learning 
problems associated with dementia are thought to be 
caused by several factors: cholinergic insufficiency, 
oxidative stress, and neuroinflammation3. The decline 
in levels of the neurotransmitter acetylcholine (ACh) 
has been linked to neurodegenerative disorders and 
other aging-related memory problems. In addition, 
the enzyme acetylcholinesterase (AChE) catalyzes 
ACh breakdown in synaptic clefts affects cholinergic 
neurotransmission in the brain. As a result, medica-
tions that target the cholinergic system are a promis-
ing treatment option for AD patients4. 

Several histamine H3 receptor (H3R) antago-
nists/inverse agonists are being tested in clinical 
studies for the treatment of minor cognitive defi-
cits, AD, dementia, and other cognitive disorders5. 
These receptors are found mostly in brain regions, 
including the cerebral cortex and hippocampal for-
mation, which are associated with cognition6. The 
H3R presents pre-synaptically and reduces the re-
lease of neurotransmitters, such as ACh, histamine, 
norepinephrine, and dopamine7. Increased levels 
of these neurotransmitters are thought to improve 
attention and memory, so H3R antagonists have 
been researched extensively and tested in behav-
ioral models.
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Ciproxifan is a strong antagonist of H3Rs. It has 
shown anti-AD potential in transgenic mice with 
AD (B6.129-Tg(APPSw)40Btla/J) by increasing 
cognitive abilities, strengthening cholinergic trans-
mission, improving antioxidant characteristics, and 
attenuating neuroinflammation3. Ciproxifan has 
been shown to reverse cognitive loss in a Tg2576 
mouse model of early AD8.

Lipopolysaccharide (LPS) is a component of the 
cell walls of Gram-negative bacteria. It causes neuro-
nal toxicity in the brain by triggering neuroinflamma-
tory responses, memory impairment, cholinergic insuf-
ficiency, and oxidative stress. LPS-induced memory 
impairment is linked primarily to neuroinflammation, 
which is associated with stimulation of microglial cells, 
production of proinflammatory mediators [e.g., tumor 
necrosis factor-α, interleukin (IL)-1α, IL-1β, and IL-
6] in the brain, and degeneration of brain cholinergic 
neurons (notably in the hippocampus9,10). LPS can also 
inhibit ACh production in cholinergic neurons by de-
creasing the function of choline acetyltransferase and 
weakening cholinergic transmission between neu-
rons11. The role of ciproxifan in inflammation-induced 
memory impairment is incompletely understood.

So, we investigated the neuroprotective ability 
of ciproxifan on LPS-induced memory deficit and 
cholinergic dysfunction in a mouse model. 

Materials and Methods

Drugs and Chemicals 
Ciproxifan maleate and LPS were obtained 

from MilliporeSigma (Burlington, MA, USA). En-

zyme-Linked Immunosorbent Assay (ELISA) kits 
for ACh and AChE in mice were obtained from 
Cloud-Clone (Houston, TX, USA). All other chemi-
cals and solvents were obtained from local suppliers 
and were of analytical grade.

Animals
The experimental protocol of our study was 

approved (2020-CP-7) by the Animal Ethical 
Committee of the College of Pharmacy and Dean-
ship of Scientific Research of Qassim University 
(5601-pharmacy-2019-2-2-I). Animal maintenance 
followed the procedures set out in the Guide for the 
Care and Use of Laboratory Animals (US National 
Institutes of Health, Bethesda, MA, USA).

Twenty-four adult male ICR mice (8-12 weeks; 
25-35 g) were collected from the animal facility of 
Qassim University (Buraydah, Saudi Arabia). Each 
polypropylene cage housed three mice, who had free 
access to food and water throughout the acclima-
tization period (5 days) and test period (30 days). 

Experimental Design
Twenty-four mice were separated randomly into 

four groups of six and given vehicle or ciproxifan. 
Mice in the control group were treated with vehicle 
[physiologic (0.9%) saline: 10 ml/kg per day, p.o.] 
for 30 days and then received four doses of 0.9% 
saline (10 ml/kg, i.p.) between day-22 and day-25 
of the treatment schedule (Figure 1). The LPS-in-
duced group was treated with vehicle (0.9% saline: 
10 ml/kg per day, p.o.) for 30 days and four doses 
of LPS (250 μg/kg, i.p.) from day-22 to day-25 of 
the treatment schedule. The LPS dose employed to 

Figure 1. Timeline of drug administration, behavioral assessments, and isolation of brain samples.
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induce neurotoxicity in this mouse model was as de-
scribed previously12,13. Two test groups (LPS+CIP1 
and LPS+CIP3) were administered ciproxifan (1 
and 3 mg/kg/day, respectively) via the oral route for 
30 days and four doses of LPS (250 μg/kg, i.p.). The 
elevated plus maze (EPM) test, novel object recog-
nition (NOR) test, and Y-maze test were conducted 
from day-26 to day-30 of the treatment schedule 
(Figure 1). All mice were killed on day-30 so that 
brain tissues could be harvested.  

Survival and Bodyweight 
Mice were examined from day-1 to day-30 and 

deaths were recorded. The bodyweight of each 
mouse was measured every 7 days (days 1, 8, 15, 
22, 29). 

EPM Test
The EPM was made of wood with four equal-

sized arms of length 16 cm and width 5 cm and 
elevated 25 cm above the floor. Two arms were 
closed and surrounded by 12-cm high walls. The 
other two arms were open and on the opposite side. 

Each mouse was placed at the end of the open 
arm, opposite the center platform, during the train-
ing session (day-26). The time taken (in seconds) 
by the mouse to move from the open arm to one of 
the closed arms with all its four feet was consid-
ered to be the transfer latency (TL). If the mouse 
did not enter the closed arm after 90 s, he was 
pushed gently into the closed arm and given an-
other 2 min to explore the maze. After 24 h, the 
mouse was brought back to evaluate the TL: this 
session was recorded as “retention of learned-task 
memory”14.  

NOR Test
The NOR test was carried out in accordance 

with a method described previously with slight 
modification15. An open wooden box (80 × 60 × 
40 cm) was utilized to carry out the NOR test. Two 
discriminating objects (familiar object: cylindri-
cal box; novel object: rectangle box) of identical 
height and build were used to carry out the NOR 
test. Experiments were in three phases: habitua-
tion (day-28), familiarization, and testing (day-29). 
Each mouse was given 5 min to explore the box 
freely without objects during the habituation pe-
riod. The familiarization phase (FP) was initiated 
after 24 h, and the mouse was allowed to explore 
the box, which now contained two similar familiar 
objects (FO1 and FO2), for 5 min. After 3 h, the 
test phase (TP) was undertaken. During the TP, the 
mouse was permitted to explore the box, which 

now contained two discriminating objects (a fa-
miliar object: FO1; novel object (NO): cylindrical 
box), for a maximum of 5 min. The time spent 
exploring the NO and FO1 was recorded. The “ex-
ploration time” refers to the amount of time an 
animal spends directing its nose to an object at a 
distance ≤2 cm and touching it with its nose14,15. 
During the TP phase, the capacity of a mouse to 
distinguish between FO1 and NO was calculated 
as the Discrimination Index (DI):

DI = N − F/N + E

where N is the exploration time of NO, and F 
is the exploration time of FO1.

Y-maze Test
The Y-maze test was carried out in accordance 

with a method described previously with slight 
modification14,16. The maze was constructed with 
three wooden arms at 120° (35 × 5 × 10 cm) be-
tween each other. A picture was fixed at each arm 
end to distinguish the arm. The test was conducted 
(day-30) with two sessions: training session (T1) 
and test session (T2). Among the three arms, arm ‘A’ 
was considered to be a novel arm, and arm ‘B’ was 
fixed and considered to be the starting arm. During 
T1, arm A was blocked, and the mouse was given 5 
min to explore two familiar arms. T2 was carried out 
3 h after T1. In T2, the mouse was given 5 min to 
explore all of the arms, including the novel arm (A). 
The number of entries to the novel arm and duration 
of time spent in the novel arm were recorded during 
T2. The “entry” of an animal is said to occurr if 85% 
of his/her body enters an area16.

Biochemical Assays Using Brain 
Homogenates

On day-30, at the end of the Y-maze test, all 
mice were killed by cervical dislocation. The 
whole-brain of each mouse was extracted from 
his skull. Each brain sample was homogenized in 
ice-cold phosphate-buffered saline (4°C, pH 7.4) 
using a homogenizer. The collected homogenate 
was centrifuged at 4000 × g for 10 min at room 
temperature, transferred to a 4-ml vial, and stored 
at -80°C. The total protein content of the sample 
was quantified using the biuret colorimetric method 
(Crescent Diagnostics, Riyadh, Saudi Arabia). The 
sample was tested using ELISA kits for ACh and 
AChE according to manufacturer (Cloud-Clone) 
instructions. Absorbance was measured at 450 nm 
using a microplate reader (ELx800; BioTek Instru-
ments, Winooski, VT, USA).
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Statistical Analyses
Results are the mean ± standard error of the 

mean (SEM). Comparisons between groups were 
analyzed using one-way ANOVA followed by the 
Tukey-Kramer post-hoc test to test the significance 
of differences between the two groups. Prism 9 
(GraphPad, La Jolla, CA, USA) was employed for 
statistical analyses.  p < 0.05 was considered as 
significant.

Results

Ciproxifan and LPS Do Not Alter 
Weight Loss

Figure 2 shows the effect of ciproxifan and 
LPS on the survival of mice during the treatment 

period. No mice died during 30 days of contin-
uous treatment with ciproxifan  (1 or 3 mg/kg) 
and 4 days of LPS (250 µg/kg) administration. 
A significant alteration in bodyweight with iden-
tical treatment on days 1, 8, 15, 22, and 29 was 
not observed as compared with that in the control 
group (Figure 3).   

Ciproxifan Shortens the TL of LPS-Treated 
Mice in the EPM Test 

A short TL in the EPM test is considered to de-
note improved memory capacity in rodents. Figure 
4 highlights the effect of ciproxifan on the TL in 
LPS-treated mice. Differences for the TL [F(3.20) 
= 35.32, p < 0.001; one-way ANOVA] were ob-
served upon comparison among all groups. Mul-
tiple post-hoc analyses of comparisons between 

Figure 3. Effect of ciproxifan (CIP) and lipopolysaccharide (LPS) on the bodyweight of mice during the 30 days of the study. 
Results are the mean ± SEM (n = 6). One-way ANOVA [F(3.20) = 0.7869, p > 0.05 for day-1; F(3.20) = 0.2586, p > 0.05 for 
day-8; F(3.20) = 0.5718, p > 0.05 for day-15; F(3.20) = 1.523, p > 0.05 for day-22; F(3.20) = 1.788, p > 0.05 for day-29] fol-
lowed by the Tukey-Kramer multiple-comparisons test. There were significant differences between the groups for bodyweight.

Figure 2. Effect of ciproxifan (CIP) and lipopolysaccharide (LPS) on mouse survival during the 30 days of the study.
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groups revealed that LPS treatment increased the 
TL significantly (p < 0.001) as compared with that 
in the control group, which explained the memo-
ry impairment resulting from LPS treatment. In-
triguingly, compared with the LPS group, 30 days 
of pretreatment with ciproxifan (1 and 3 mg/kg) 
shortened the TL significantly (p < 0.001). Further-
more, the duration of TL reversal was comparable 
with that in the control group. 

Ciproxifan Improved the Cognitive 
Functions of LPS-Treated Mice 
in the NOR Test 

The effect of ciproxifan on the time spent ex-
ploring the novel object and discrimination abili-
ties of LPS-treated mice in the NOR test is shown 
in Figure 5. In the TP, using two different objects 
(FO1 and NO), significant differences were ob-
served between all groups for the time spent ex-
ploring the novel object [F(3.20) = 15.82, p < 
0.001]. Comparison between the control group and 
the LPS group revealed a significant reduction (p 
< 0.001) of time spent exploring the novel object. 
However, significant (p < 0.001) improvements 
in the time spent exploring the novel object were 
noted after ciproxifan (1 and 3 mg/kg) treatment 
(Figure 5A). 

Comparison among the groups revealed that 
treatment of ciproxifan and LPS altered the DI 
significantly [F(3.20) = 26.97, p < 0.001, one-

way ANOVA] (Figure 5B). Mice administered 
LPS showed a significant (p < 0.001) reduction in 
the DI as compared with that in the control group. 
Pretreatment with ciproxifan (1 and 3 mg/kg) im-
proved the DI significantly (p < 0.001) upon LPS 
treatment.   

Figure 4. Effect of ciproxifan (CIP) on the transfer laten-
cy of lipopolysaccharide (LPS)-treated mice using the ele-
vated plus-maze test. Results are the mean ± SEM (n = 6). 
One-way ANOVA [F(3.20) = 35.32, p < 0.001] followed by 
the Tukey-Kramer multiple-comparisons test. ***p < 0.001 
compared with the control group;  ###p < 0.001 compared 
with the LPS-treated group.

Figure 5. Effect of ciproxifan (CIP) on lipopolysaccharide (LPS)-induced cognitive impairment in mice using the novel object 
recognition test. A, Time spent exploring the novel object. B, Discrimination Index. Results are the mean ± SEM (n = 6). One-
way ANOVA [F(3.20) = 15.82, p < 0.001 for the  time spent exploring the novel object; F(3.20) = 26.97, p < 0.001 for the Dis-
crimination Index] followed by the Tukey–Kramer multiple-comparisons test. ***p < 0.001 compared with the control group;  
###p < 0.001 compared with the LPS-treated group.
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Ciproxifan Improved the Cognitive 
Functions of LPS-Treated Mice 
in the Y-Maze Test 

Figure 6 depicts the effect of ciproxifan on the 
behavioral parameters of mice with LPS-induced 
cognitive impairment in the Y-maze test. Signifi-
cant differences were noted among groups for the 
number of entries into the novel arm [F(3.20) = 
4.789, p < 0.05, one-way ANOVA]. LPS treatment 
resulted in a reduction in the number of entries into 
the novel arm, but not significantly so. A higher 
dose of ciproxifan (3 mg/kg) led to a comparable 
increase in the number of entries into the novel arm 
(p < 0.05) compared with that in the LPS-treated 
group (Figure 6A). 

Figure 6B shows the duration of time spent in 
the novel arm during the T2 session of the Y-maze 
test. Comparison among groups showed significant 
differences [F(3.20) = 5.353, p < 0.01] in the dura-
tion of time spent in the novel arm. LPS-treated mice 
spent significantly (p < 0.001) less time in the novel 
arm compared with that by mice in the control group. 
Ciproxifan administration in LPS-treated mice led to 
a longer total time (p < 0.001) spent in the novel arm.  

Ciproxifan Increased ACh Levels 
by Reducing AChE Activities 
in the Brains of LPS-Treated Mice 

Figure 7 displays the effect of 30 days of cip-
roxifan administration on brain levels of ACh and 

AChE in different groups of LPS-treated mice. 
Using ELISA assay, there were significant differ-
ences in brain ACh levels among groups [F(3.20) 
= 33.87, p < 0.001] (Figure 7A, B). The ACh levels 
of LPS-treated mice were considerably lower (p 
< 0.001) than those of control mice. Pretreatment 
with ciproxifan (1 and 3 mg/kg) increased ACh 
levels in LPS-treated mice brains significantly (p 
< 0.001). 

Changes in AChE levels [F(3.20) = 20.18, p < 
0.001] were identified in the brain homogenates of 
mice in different groups. Compared with the con-
trol group, LPS treatment resulted in a significantly 
greater (p < 0.001) increase in AChE activity in 
brain brains. However, pretreatment with ciprox-
ifan (1 and 3 mg/kg) reduced AChE activity in 
LPS-treated mice brains significantly (p < 0.001).

Discussion

Inflammation can lead to several complications, 
including cognitive dysfunction17. Several lines of 
evidence have revealed that LPS induces the release 
of proinflammatory cytokines to result in inflam-
mation which, ultimately, induces cognitive im-
pairment18. Furthermore, there is evidence of a link 
between prolonged inflammation and ACh levels in 
the brain19. A decrease in ACh levels in the brain 
has been reported to cause cognitive dysfunction20. 

Figure 6. Effect of ciproxifan (CIP) on lipopolysaccharide (LPS)-induced cognitive impairment in mice using the Y-maze test. 
A, Number of entries to the novel arm. B, Duration of time spent in the novel arm. Results are the mean ± SEM (n = 6). One-way 
ANOVA [F(3.20) = 4.789, p < 0.05 for the number of entries to the novel arm; F(3.20) = 5.353, p < 0.01 for the duration of time 
spent in the novel arm] followed by the Tukey–Kramer multiple-comparisons test. *p < 0.05 compared with the control group;  
#p < 0.05 and ##p < 0.01 compared with the LPS-treated group.
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Ciproxifan is an antagonist of H3Rs (inhibitory 
receptors in the brain). Antagonism of H3Rs alters 
the levels of neurotransmitters, including ACh21,22. 
We investigated the neuroprotective effect of cip-
roxifan against inflammation-induced cognitive 
dysfunction in mice. We also evaluated the behav-
ioral (Y-maze test, NOR test, and EPM test) and 
neurochemical (ACh and AChE levels) effects of 
ciproxifan in a mouse model of inflammation. 

Using the Y-maze test, NOR test, and EPM 
test, we demonstrated memory impairment in mice 
treated with LPS, data which are consistent with 
results from other studies23. The Y-maze test showed 
a reduction in the number of entries and dwelling 
time in the novel arm, indicating that memory was 
impaired in LPS-treated mice compared with that 
in mice of the control group (Figure 6). Ciproxifan 
treatment reversed this memory impairment signifi-
cantly. In addition, the exploration time spent on 
the novel object and the DI in the NOR test were 
reduced significantly in the LPS-treated group, 
whereas this reduction was reversed back to lev-
els seen in the control group following ciproxifan 
treatment. Therefore, ciproxifan could be a thera-
peutic agent for the memory impairment caused by 
inflammation. According to the EPM test, the TL in 
the LPS-treated group was higher than that in the 
control group, which provided further proof of the 
cognitive impairment caused by inflammation. The 
TL recovered back to that observed in the control 

group following ciproxifan treatment. Taken togeth-
er, these data indicated that memory was impaired 
in mice with inflammation induced by LPS, and that 
this impairment recovered back to normal levels af-
ter ciproxifan treatment. 

ACh is an endogenous neurotransmitter present 
in central and peripheral nervous systems, and is 
involved in many physiological functions24. It ex-
erts physiological activity by binding to two types 
of receptors25: nicotinic (ionotropic) and musca-
rinic (G protein-coupled)26. ACh and its receptors 
have essential roles in the regulation of cognitive 
function24. When ACh is released, it binds to nic-
otinic receptors in the hippocampus to promote 
its function and results in memory formation27. 
A reduction in ACh levels in the hippocampus is 
associated with age-related cognitive decline and 
some diseases (e.g., AD)28. Moreover, ACh release 
has been reported to be increased in the hippocam-
pus during spatial-memory tasks29. In addition, a 
decrease in ACh levels in the hippocampus from 
the medial septum resulting from damage results 
in cognitive impairment30. We revealed that ACh 
levels were decreased in the brain of mice treated 
with LPS. Consistently, the activity of the hydro-
lyzing enzyme of ACh, AChE, was increased in 
LPS-treated mice. Preclinical studies12,13 from our 
research team have demonstrated that LPS treat-
ment alters the levels of ACh and AChE in ani-
mal brains. Interestingly, the levels of ACh and 

Figure 7. Effect of ciproxifan (CIP) on lipopolysaccharide (LPS)-induced cholinergic deficits in the mouse brain. A,Acetylcho-
line. B, Acetylcholinesterase. Results are the mean ± SEM (n = 6). One-way ANOVA [F(3.20) = 33.87, p < 0.001 for acetylcho-
line; F(3.20) = 20.18, p<0.001 for acetycholinesterase] followed by the Tukey–Kramer multiple-comparisons test. ***p < 0.001 
compared with the control group;  ###p < 0.001 compared with the LPS-treated group.
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AChE were brought back to normal levels fol-
lowing ciproxifan treatment in mice in the pres-
ent study. Previously, we showed that ciproxifan 
treatment resulted in an increase in ACh levels in 
the brains of transgenic mice with AD (B6.129-Tg 
(APPSw)40BTLA/J mice)3.

The current findings support ciproxifan’s effica-
cy in reversing LPS-induced cognitive deficits by 
enhancing cholinergic transmission through antag-
onizing pre-synaptic H3R in cholinergic neurons. 
The conclusions reported from the current study 
are based on preliminary evaluations and will 
help in directing the researchers to explore addi-
tional benefits of ciproxifan on the management 
of memory deficits. Our study mainly focuses on 
the effect of drug on cholinergic neurotransmis-
sion. However, there are several other mechanisms 
involved in neuronal deficits including neuronal 
inflammation, oxidative vulnerability, deficits of 
other neurotransmitters, mitochondrial dysfunc-
tions, and cellular apoptosis. Therefore, it will be 
interesting to explore other mechanisms which will 
provide additional support for the potential role of 
ciproxifan in memory dysfunctions. Furthermore, 
the study can be extended to the effect of ciprox-
ifan on the specific areas of the brain such as the 
hippocampus, cortex, etc.

Conclusions

We demonstrated the beneficial effects of 
ciproxifan in mice suffering from cognitive im-
pairment due to the inflammation induced by 
LPS. Enhancement of behavioral parameters 
(e.g., shortening of the TL in the EPM test; in-
creased time spent exploring a novel object and 
a DI increase in the NOR test; increased number 
of entries to the novel arm and duration of time 
spent in the novel arm in the Y-maze test) were 
observed. Cholinergic activity was improved 
(increased ACh levels and decreased AChE ac-
tivities in the brains of LPS-treated mice) upon 
ciproxifan treatment.

Our findings support the notion of ciprox-
ifan reversing LPS-induced cognitive deficits 
in maze tests (EPM, NOR, and Y-maze) by en-
hancing cholinergic transmission thanks to an-
tagonization of pre-synaptic H3Rs in cholinergic 
neurons. This conclusion is based on preliminary 
studies in mice, but our results may direct re-
searchers to explore the benefits of ciproxifan in 
management of memory deficits related to neu-
ronal disorders.  
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