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Scopolamine is a well-known pharmacological agent responsible for causing memory impairment in ani-
mals, as well as oxidative stress and neuroinflammation inducer which lead to the development of
Alzheimer disease. Although a cure for Alzheimer’s disease is unavailable. Ranuncoside, a metabolite
obtained from a medicinal plant has demonstrated antioxidant and anti-inflammatory properties
in vitro, making it a promising treatment with potential anti-Alzheimer disease properties. However,
as ranuncoside has not been evaluated for its antioxidant and anti-neuroinflammatory properties in
any in vivo model, our study aimed to evaluate its neurotherapeutic efficacy against scopolamine-
induced memory impairment in adult male albino mice.
Mice were randomly divided into four experimental groups. Mice of group I was injected with saline,

group II was injected with scopolamine (1 mg/kg/day) for 3 weeks. After receiving a daily injection of
scopolamine for 1 week, the mice of group III were injected with ranuncoside (10 mg/kg) every other
day for 2 weeks along with scopolamine daily and group IV were injected with ranuncoside on 5th alter-
nate days. Behavioral tests (i.e., Morris water maze and Y-maze) were performed to determine the
memory-enhancing effect of ranuncoside against scopolamine’s memory deleterious effect. Western blot
analysis was also performed to further elucidate the anti-neuroinflammatory and antioxidant effects of
ranuncoside against scopolamine-induced neuroinflammation and oxidative stress.
Our results showed memory-enhancing, anti-neuroinflammatory effect, and antioxidant effects of

ranuncoside against scopolamine by increasing the expression of the endogenous antioxidant system
(i.e., Nrf2 and HO-1), followed by blocking neuroinflammatory markers such as NF-jB, COX-2, and
TNF-a. The results also revealed that ranuncoside possesses hypoglycemic and hypolipidemic effects
against scopolamine-induced hyperglycemia and hyperlipidemia in mice as well as scopolamine’s hyper-
glycemic effect. In conclusion, our findings suggest that ranuncoside could be a potential agent for the
management of Alzheimer’s disease, hyperglycemia, and hyperlipidemia.
� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Alzheimer’s disease, a complex neurodegenerative disorder,
poses significant challenges, it typically progresses in old age and
affects a substantial portion of the global population (Lucey,
2020; Serafín et al., 2020). The primary features of Alzheimer’s dis-
ease include extracellular accumulation of amyloid beta (Ab) pep-
tides (i.e., Ab1–40 and Ab1–42) (Gul et al., 2023) and intracellular
accumulation of neurofibrillary tangles (i.e., insoluble hyperphos-
phorylated tau protein) (Majdi et al., 2020; Saeed et al., 2020;
Shah et al., 2015; Yun et al., 2021). Multiple factors have been
attributed to Alzheimer’s disease’s pathogenesis, therefore exact
mechanism underlying this disease remains elusive (Gadhave
et al., 2021; Uddin et al., 2020; Wang et al., 2020; Zhu et al.,
2020), although, Ab accumulation and oxidative stress are widely
accepted major factors responsible for Alzheimer’s disease (Ullah
et al., 2019). Further, research has revealed that neuroinflamma-
tion, characterized by the aggregation of Ab, plays a significant role
in the development of Alzheimer’s disease. This neuroinflamma-
tion can trigger the activation of a mitochondrial apoptotic path-
way and lead to synaptic dysfunction (Parodi-Rullán et al., 2019;
Shin et al., 2019).

Using animal models, various studies shown that the antimus-
carinic, scopolamine cause memory deficits particularly in short-
term memory and cognitive impairment, by inducing oxidative
stress and neuroinflammation, mimicking those observed in Alz-
heimer disease (Kim et al., 2021; Tang, 2019). Other recent findings
have shown novel compounds in some medicinal plants that have
antioxidant effects which counteract Alzheimer’s disease
(Pellegrini et al., 2019). During the phytochemical analysis, Ranun-
culus muricatus, a medicinal plant, exhibited the presence of a
novel crystalline metabolite in its ethyl acetate fraction. This com-
pound, named ranuncoside due to its origin in the Ranunculaceae
species, holds potential significance for its unique characteristics
and potential therapeutic applications. Ranuncoside’s antioxidant,
antibacterial, antifungal, and minor cytotoxic properties, as well
as lipoxygenase and xanthine oxidase-inhibiting properties, have
been documented (Raziq et al., 2017). Although ranuncoside has
been shown to have potent anti-inflammatory and antioxidant
activities in vitro, to the best of our knowledge, no study has been
conducted to evaluate its effects in its isolated pure form on Alz-
heimer disease induced by oxidative stress in any animal model
in vivo. Therefore, our study aimed to examine ranuncoside’s
potential anti-Alzheimer effect against scopolamine-induced reac-
tive oxygen species (ROS), neuroinflammation, and memory
impairment in the brains of adult male albino mice. Moreover,
for the reason that no study has clarified ranuncoside’s potential
role in hyperlipidemia and hyperglycemia caused by scopolamine,
we also aimed to examine ranuncoside’s potential effect in an Alz-
heimer’s disease mouse model with coexisting hyperglycemia and
hyperlipidemia.
Table 1
List of primary and secondary antibodies with catalog number.

S.# Antibodies Name Catalog #

1 Anti-HO-1 sc-136960
2 Anti-Nrf-2 sc-365949
3 Anti- NF–jb sc- 8008
4 Anti-COX-2 sc-376661
5 Anti-TNF-a sc- 52,746
6 Anti-b actin sc-47778
7 Goat anti-mouse (IgG-HRPs) secondary antibodies W4028
2. Materials and methods

2.1. Chemicals

All chemicals used in our experiments were sterile and stored
according to their respective protocols. Purchased chemicals were
dextrose, chloroform, tween, ammonium persulfate, and tetram-
ethylethylenediamine (Daejung Chemicals and Metals Co. Ltd,
Gyeonggi-do, Shiheung, South Korea); RNA wait (Beijing Solarbio
Science & Technology Co., Ltd., Beijing, China); phosphate-
buffered saline, sodium dodecyl sulfate, scopolamine (Santa Cruz,
CA, USA); enhanced chemiluminescence solution A and B (Bio-
2

Rad Laboratories, Inc., Biotechnology Company Philadelphia, PA,
USA); tissue protein extraction reagent and methanol (Thermo Sci-
entific, Meridian Rd., Rockford, IL 61101 USA); Trizma base (Sigma
Aldrich, Burlington, MA, USA); skim milk powder (Oxoid Ltd, Wade
Road, Basingstoke, Hants, UK), Ranuncoside (provided by Umar
Farooq). The primary antibodies were purchased from Santa Cruz,
CA, USA, while the secondary antibody, i.e., anti-mouse IgG, was
purchased from Promega, Madison, WI, USA (Table 1).

2.2. Mice and their groups

Male albino mice of strain BALB/C approximately 7–8 weeks old
and weighing 25–30 g were obtained from the Veterinary Research
Institute in Peshawar, Khyber Pakhtunkhwa, Pakistan. Mice were
housed individually in separate cages (Biobase, China) in the
breeding room of animal section of the Neuro-Molecular Medicine
Research Centre (NMMRC), situated on Ring Road, Peshawar, Khy-
ber Pakhtunkhwa, Pakistan, under a 12–12-hour dark-light cycle
with controlled room temperature (25 ± �C) and humidity (60–
65%) and were provided free access to water and food. All animal
care as well as treatment procedure was carried out in accordance
with the guidelines of the UK Animals (Scientific Procedures) Act
1986.

The mice were equally divided into four experimental groups
(n = 5). Group I (Control group or C), Group II (Scopolamine treated
group or SCOP), Group III (Scopolamine plus Ranuncoside treated
group or SCOP + R) and Group IV (Ranuncosid treated group or
R). Mice of group 1 received normal saline (0.9%) on daily basis
as described in previous literature (Naseer et al., 2014; Jahan
et al., 2022), group II received injection of scopolamine (1 mg/kg/-
day) for a period of three weeks, according to the protocol
described in previous literature (Yadang et al., 2020; Noroozi
et al., 2022; Sandhu et al., 2022; Syed et al., 2022), group III was
subjected injections of scopolamine (1 mg/kg/day) for three weeks,
along with ranuncoside (10 mg/kg) administered every other day
for a duration of two weeks while group IV was treated with
ranuncoside (10 mg/kg) after a gap of every fifth day. The injec-
tions were delivered intraperitoneally with great care on the spec-
ified days. Fig. 1 described the experimental layout of the drug
administration schedule, behavioral evaluation, blood glucose
tests, and isolation of brain samples after euthanasia.

2.3. Behavioral tests

After treatment, a behavioral study involving a Morris water
maze (MWM) test and Y-maze test was conducted to determine
the learning abilities and memory of the mice, respectively
(Imran et al., 2021). The researcher who led the behavioral tests
was completely blinded to the groups.

2.3.1. Morris water maze (MWM) test
The apparatus used during the test consisted a water filled cir-

cular metal tank (diameter of approximately 100 cm and a height
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Fig. 1. Experimental layout of animal grouping, drug administration schedule, behavioral evaluation, blood glucose tests (Random Blood Glucose and Glucose Tolerance Test),
lipid level, and isolation of brain samples after euthanasia.
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of 40 cm) having a platform (diameter of 10 cm and a height of
20 cm), at a depth of up to 26 cm in one of the four quadrants of
the tank. All experimental mice were given daily twice swimming
session of 60 sec for five consecutive days in the water pool with
platform where starting pole was changed on each day to get accli-
mated to the platform. If a mouse failed to locate the platform
within the given time, it was gently placed on the platform for
10 sec to familiarize itself with its location. After 24 h rest, a probe
test was conducted. During the probe test, all mice were allowed to
search missing platform for 60 sec. The mean escape latency, which
indicated the time taken to find the platform, was recorded for all
the groups.
2.3.2. Y-maze test
Y-maze is an apparatus having 3 arms of 50 cm in length, 20 cm

in height and had a width of 10 cm at the bottom, tapering to
10 cm at the top, lying at angle of 120◦. All mice received two trials
training a day for two consecutive days. Trial session was started
by placing the mice at the center of the apparatus and was allowed
to move freely for 8 min to discover the arms. Next, an experimen-
tal session was followed for four days. Throughout the sessions,
mice’ total arm entries and successive number of triplets were
noted. Spontaneous alternation behavior of mice (consecutive
entry of the mouse into the three arms in overlapping sets of tri-
plets) was calculated by the formula

Spontaneousalternation% ¼ Succeesivetripletset
totalnumberofarmentries� 2

� 100
2.4. Random blood glucose (RBG) detection

The blood glucose concentrations (mg/dL) of all groups were
randomly measured on days 4, 8, and 12 with a glucometer (On
Call Plus, San Diego, CA, USA).
3

2.5. Glucose tolerance test (GTT)

After the dextrose injection, blood glucose levels were checked
after 15 min, 30 min, 60 min, 120 min, and 180 min (Huang et al.,
2018).

2.6. Protein extraction from mice brains

The brains were carefully removed after all mice were eutha-
nized, for protein extraction followed the protocol described in
an earlier study (Farooq et al., 2021; Gul et al., 2023).

2.7. Lipid profile test

Blood samples were collected from all mice to conduct a lipid
profile test included high-density lipoprotein (HDL), low-density
lipoprotein (LDL), Triglycerides and Total cholesterol using the
Easy Tech kit (Clinical Chemistry Analyzer) as reported in earlier
studies (Barthold et al., 2020; Feng et al., 2019; Khan et al., 2018).

2.8. Western blot analysis

The western blot procedure was carried out as previously
described by Farooq et al., (2021). All brain tissues were homoge-
nized, centrifuged and then loaded to perform 12–15% SDS PAGE.
To record the desired protein’s molecular weight; a pre-stained
protein marker (Gang Nam-STAINTM, iNtRon Biotechnology, Inc.,
Seongnam, Korea) that covers a broad range of molecular weights,
i.e., 10–245 kDa range was used throughout the study. It was fol-
lowed by the transfer of proteins to PVDF membrane (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) using Semi Dry Trans-Blot
(Bio-Rad). A mouse derived primary monoclonal antibodies were
applied at 4 �C overnight (1:1000 in TBST) to detect different tar-
geted proteins (HO-1, COX-2, Nrf-2, TNF-a, NF-jB, and b-actin).
The binding of non-specific proteins was reduced by using 5%
(w/v) skim milk which blocked the membranes. The blots were
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rinsed, and then incubated for two hours at room temperature
with horseradish-peroxidase-conjugated goat anti-mouse (IgG-
HRPs) secondary antibody (1:2000 in TBST). The bands of the west-
ern blot were visualized using enchanced ochemiluminescence
solution, a detection reagent according to the manufacturer’s
instructions (Amersham Pharmacia Biotech, Uppsala, Sweden).
Results obtained were developed on the X-ray films, which were
later scanned.
2.9. Statistical analysis

To perform the statistical analysis of the scanned X-rays, Prism
6 (Graph Pad Software, San Diego, CA, USA) was used for the Stu-
dent’s t test followed by one-way analysis of variance and Tukey’s
Multiple Comparision Post Hoc Test, whereas Image J was used to
analyze the optical densities of the scanned X-ray films of the
western blot and immunofluorescence images by densitometry.
Protein densities were recorded as the M ± SEM in arbitrary units.
# represented significant difference among C group and SCOP
group while * showed that SCOP group was significantly different
from SCOP + R group; *, # P < 0.05, **, ## P < 0.01, ***, ###
P < 0.001. A P < 0.05 was considered a statistically significant value.
2.10. Institutional review board Statement

The Ethics Committee of the NMMRC in Peshawar granted
approval for all experimental procedures involving animals on June
25, 2021 (Ref. NMMRC/03/2019).
3. Results

3.1. Effect of scopolamine and ranuncoside on the memory of mice

The findings of MWM test revealed contrasting effects of treat-
ment among the different groups of mice. The decreased mean
escape latencies reported in C group mice indicated improved per-
formance in searching of platform. SCOP group took significantly
longer time to reach the platform and their performance over con-
secutive days also decreased (F = 10.88). SCOP + R group exhibited
shorter escape latencies compared to SCOP group (F = 12.32), and
their performance improved day after day. The R group also dis-
played reduced escape latencies, demonstrating a positive effect
of the drug on mice reaching the platform (Fig. 2A). Reduced
escape latencies in SCOP + R and R group indicated a beneficial
impact of the drug on reaching the platform.

During the probe test, the C group spent a significant amount of
time in navigating the target quadrant. On the other hand, SCOP
group spent the least amount of time (F = 75). However, the
SCOP + R group exhibited a significant increase in time spent in
the target quadrant (F = 56.75) and R group spent a considerably
higher amount of time, indicated effectiveness of the drug admin-
istration on both group’s spatial memory (Fig. 2B).

Similarly the findings of Y-maze test (Fig. 2C) demonstrated dis-
tinct patterns of spontaneous alternation among mice’s groups.
The spontaneous alternation of C group exhibited highest percent-
age of spontaneous alternation due to greater tendency of reaching
the arms of maze, while SCOP group had the lowest percentage of
spontaneous alternation (F = 262.1), indicating impaired working
memory. However, SCOP + R group demonstrated a significant
increase in the percentage of spontaneous alternation (F = 198.1)
due to better exploration of different arms of the maze, suggesting
an improved working memory compared to SCOP group and lastly
R group showed a relatively high percentage of spontaneous alter-
nation. This increase indicated the positive influence of ranun-
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coside by effectively reversal of memory impairment in mice of
SCOP + R and R group.

Considering the results of both behavioral tests, our study
demonstrated that the best memory performance of C group
showed while SCOP group showed impaired performance. Con-
versely, SCOP + R group showed relatively positive improvements
in performance while R group displayed much better performance.

3.2. Effect of scopolamine and ranuncoside on mice blood glucose level

Scopolamine induced hyperglycemia after being injected for
three weeks in mice. The SCOP group (F = 370.4) exhibited higher
levels of blood glucose compared to the control group. On the other
hand, the introduction of ranuncoside, either in combination with
scopolamine (F = 312.8) or alone, resulted in lower glucose levels in
the blood.

For further validity of these findings, GTT was performed at dif-
ferent time points after administering a glucose load. In this study,
at all time points tested (including 0 and between 15 min to 3 h),
the SCOP group (F = 26.31) consistently displayed higher concen-
tration of glucose in the blood compared to the SCOP + R
(F = 19.97) and R group (Fig. 3A and 3B).

3.3. Scopolamine and ranuncoside effect on serum lipid levels in mice

The results of the lipid profile test (Fig. 4A–4D) revealed that the
SCOP group (F = 40.75) exhibited a decrease in HDL content com-
pared to the C group. However, the administration of ranuncoside
reversed this effect, leading to an increase in HDL levels, as
observed in the SCOP + R group (F = 31.25). Conversely, the SCOP
group (F = 3062) had the highest content of LDL, but ranuncoside
administration counteracted this effect by reducing LDL levels in
the SCOP + R group (F = 2698). Total cholesterol levels were also
highest in the SCOP group (F = 2003), but the hypolipidemic effects
of scopolamine were neutralized by ranuncoside, as evidenced in
the SCOP + R group (F = 387.0). Furthermore, the SCOP group
(F = 2108) exhibited elevated triglyceride content, which was effec-
tively reduced by ranuncoside, as indicated in the SCOP + R group
(F = 601.7).

3.4. Effects of scopolamine and ranuncoside on oxidative stress
markers, i.e., Nrf2 or HO-1 in mice brains

Scopolamine caused the inhibition of Nrf2 (F = 195.9) and HO-1
(F = 204.5) in the brains of mice, whereas ranuncoside upregulated
the expression of Nrf2 (F = 101.6) as well as HO-1 (F = 232.0), in
turn reduced scopolamine-induced oxidative stress, as shown in
Fig. 5A–5C.

3.5. Scopolamine and ranuncoside effect on NF-jB and its downstream
signaling, i.e., COX-2 and TNF-a in mice brains

The administration of scopolamine caused neuroinflammation
in mice by upregulating NF-jB (F = 175.0) and its downstream sig-
naling protein molecules i.e., COX-2 (F = 565.1) and TNF-a
(F = 386.8), whereas ranuncoside inhibited the neuroinflammatory
markers i.e., NF-jB (F = 237.0), COX-2 (F = 484.4), and TNF-a
(F = 421.7) in mice and, in turn, reduced scopolamine-induced neu-
roinflammation (Fig. 6A–6D).

4. Discussion

This study aimed to identify a novel therapeutic agent for treat-
ing Alzheimer’s disease, hyperglycemia, and hyperlipidemia. It was
observed that ranuncoside eliminated scopolamine-generated



Fig. 2. Scopolamine-induced memory deficits improved following the administration of ranuncoside in mice. Behavioral tasks, including the Y-maze and MWM tests, as well
as probe tests for all four experimental groups was presented in respective bar graphs along with their p values (**, ## p < 0.01, ***, ### p < 0.001), for identifying the statistical
difference between the C, SCOP, SCOP + R and R group. (A) Graph of the MWM test results showing the mean escape latency time for each group. (B) Histogram showing the
probe test results for the four groups and the time spent in the target quadrant on the day of probing. (C) Histogram depicting the Y-maze test results in the form of the
percentage of spontaneous alternation in the groups.

Fig. 3. Ranuncoside administration lowered the scopolamine induced high blood glucose level in mice. (A) Changes in the RBG level of all experimental groups are
represented in a bar graph along with the statistics applied (**, ## p < 0.01) for the comparison. (B) GTT results (histogram) at 0 time interval or at any other time between
15 min and 3 h, showing that, in all cases, the SCOP group mice had a higher concentration of glucose, whereas the SCOP + R group had a lower concentration. *, # p < 0.05, **,
## p < 0.01, ***, ### p < 0.001 was the statistics applied to compare the C, SCOP, SCOP + R and R groups.
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oxidative stress mediated by neuroinflammation and associated
memory impairment in vivo by following the Nrf2 or NF-jB path-
way in the brains of adult male albino mice. Moreover, ranuncoside
could reduce oxidative stress by increasing the expression of
endogenous antioxidant enzymes such as Nrf2 and HO-1, thereby
improving memory. Likewise, ranuncoside suppressed NF-jB and
its subsequent signaling molecules (i.e., TNF-a and COX-2) to min-
imize scopolamine-induced neuroinflammation in mice brains. On
top of that, it has been revealed that scopolamine possesses a
hyperglycemic effect that could be reduced by the hypoglycemic
potency of ranuncoside. Moreover, ranuncoside has a hypolipi-
demic effect against scopolamine-induced hyperlipidemia. Those
discoveries suggest that ranuncoside is a promising therapeutic
medicine for treating Alzheimer’s disease in the future.
5

For this purpose researchers have used different extracts as
therapeutic agents that can effectively reduce the prevalence of
Alzheimer’s disease. An in vivo model of Ab (25–35), or
isoflurane-induced memory dysfunction, apigenin was used as
treatment, revealed in memory assessment tasks (Kim et al.,
2021). Lee et al., (2017) reported the neuroprotective effect of a-
pinene (a volatile component) via spontaneous alternation behav-
ior in a scopolamine-induced amnesia model. Amanita caesarea
polysaccharides is also used to recover the memory impairment
in a mouse model (Li et al., 2019). Similarly, scopolamine-
induced memory deficits in humans were reverted to normal by
physostigmine (Prohovnik et al., 1997). Likewise, scopolamine-
induced memory deficits have been recovered by danshensu and
donepezil (Bae et al., 2019) and a cyclopentanone derivative has



Fig. 4. Lipid profile test (HDL, LDL, Total cholesterol and Triglycerides) of mice were statistically compared between the C, SCOP, SCOP + R and R groups. The data was
presented in the form of bar graphs with different p values (*, # p < 0.05, **, ## p < 0.01, ***, ### p < 0.001). The X-axis denotes the various experimental groups, whereas the Y-
axis showed the amount of lipids (mg/dl).

Fig. 5. Ranuncoside reduced oxidative stress amid the long-term administration of scopolamine in mice brains. (A)Western blot results of both the antioxidant enzymes (i.e.,
Nrf2 and HO-1) and b-actin were used to determine protein expression and interpret western blot results accurately on the scanned X-rays for all experimental groups. (B-C)
Respective histograms of all experimental groups for Nrf2 and HO-1 protein expression along with the statistics applied (**, ## p < 0.01, ***, ### p < 0.001) for comparison
between the C, SCOP, SCOP + R and R groups.
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also been identified as a memory enhancer in 5XF Alzheimer’s dis-
ease mice (Ullah et al., 2019). Woo et al., (2020) have confirmed
that administering Euonymus alatus extract had a memory-
enhancing effect in scopolamine-treated mice. Another study has
shown that Ab (1–42)-treated mice had less interest in entering
6

different arms of the Y-maze, which was later neutralized with
the administration of quinovic acid and, in turn, enhanced the
memory of mice (Saeed et al., 2020). The neurotherapeutic efficacy
of lutein on scopolamine-induced memory loss in mice and
zebrafish has also been documented (Patel et al., 2021).



Fig. 6. Ranuncoside inhibited the upregulation of scopolamine-induced NF-jB and its downstream signaling (i.e., COX-2 and TNF-a) in mice brain. (A) Immunoblot results of
NF-jB, TNF-a, COX-2, and b-actin proteins. (B–D) bar graphs of all four groups for the expression of NF-jB, COX-2 and TNF-a, proteins, in which p values (*, # p < 0.05, **, ##

p < 0.01, ***, ### p < 0.001) denoted significant differences between the C, SCOP, SCOP + R and R groups.
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During the MWM test, the mice of control group exhibited high
activity comparatively other groups, and even on the day of prob-
ing their performance was relatively good. In contrast, the scopo-
lamine treated group reported difficulty in locating the platform,
leading poor performance on the day of probing. On the other
hand, scopolamine + ranuncoside treated group demonstrated
notable improvement, as well as positive results on the day of
probing, indicating that ranuncoside successfully reversed their
memory impairment induced by scopolamine. These findings high-
light the beneficial impact of ranuncoside in ameliorating memory
deficits in mice caused by scopolamine administration.

Our study evidenced that SCOP group had increased blood glu-
cose concentration compared with all other groups, and exhibited
the hyperglycemic properties of scopolamine. Consistent with our
findings, others have reported that treating male mice with olanza-
pine raised their blood glucose levels (Medak et al., 2020), while a
preliminary study by Uto et al., (2021) revealed the hyperglycemic
activity of dexamethasone in male mice as well. Previous reports
have documented the role of streptozotocin in inducing hyper-
glycemia in rats (Gupta et al., 2011), while its property of causing
hyperglycemia in mice has also been reported (Wu et al., 2021).

As various multiple abnormalities are associated with hyper-
glycemic conditions, there is an imperative need for its effective
treatments. Consequently, researchers have dedicated their efforts
to explore novel therapeutic interventions aimed at treating hyper-
glycemia. Our study explored ranuncoside’s anti-hyperglycemic
effect against the effects of scopolamine in the mice leading to
the establishment of new approaches for treating hyperglycemia.
A study confirmed the ability of catalpol to lower blood glucose
in mice (Wu et al., 2021), other revealed the ameliorating effect
of aqueous Ajwa seeds extract on hyperglycemia induced by strep-
tozotocin and nicotinamide in a rat model (Mani et al., 2022). The
7

Pluchea indica tea’s antihyperglycemic capability was reported by
Sirichaiwetchakoon et al., (2021), hypoglycemic effect of doxepin
on obese diabetic mice by Chen et al., (2020) and caffeoylquinic
acid derivatives from P. indica mitigating effect on hyperglycemia
was reported in previous studies (Araujo et al., 2015; Cui, 2009;
Sirichaiwetchakoon et al., 2021; Wu et al., 2018).

The current biochemical analysis revealed that the administra-
tion of scopolamine induced hyperlipidemia in mice, leading to
valuable information regarding the hyperlipidemic lowering prop-
erties of scopolamine. On other words, ranuncoside was able to
reverse the effects of scopolamine on HDL, LDL, TC, and TG levels,
thereby promoting a normal lipid profile. This finding enhances
our understanding of the potential therapeutic options for manag-
ing hyperlipidemia and its associated complications. Different
studies have also identified various compounds with potent
hypolipidemic activity. Among their results, Enterococcus faecium
WEFA23 reduced cholesterol levels in rats fed a high-fat diet
(Barthold et al., 2020; Zhang et al., 2017), while the combination
of probiotics reduced serum TC and LDL levels (Barthold et al.,
2020; Bordoni et al., 2013). The use of atorvastatin to reverse
hypercholesterolemia induced by a high-fat diet in rats has also
been documented. Moreover, in a study on hyperlipidemia induced
by a high-fat diet in rats, reduced serum TC, TG, and LDL levels
were attributed to the ameliorative effects of 3,5,6,7,8,30,40-hepta
methoxyflavone on HFD induced hyperlipidemia in rats (Feng
et al., 2019). Other evidence suggests using nobiletin to improve
hyperlipidemia in obese mice (Lee et al., 2013), and elevated serum
lipid profile was shown to be inhibited by obtusifolin while coun-
teracting hyperglycemia and oxidative stress in albino rats (Tang &
Zhong, 2014).

The western blot analysis indicated that scopolamine blocked
the expression of endogenous antioxidant enzymes in the brains



H. Sara Salahuddin, S. Attaullah, S. Ali Shah et al. Saudi Pharmaceutical Journal 31 (2023) 101702
of the mice, including Nrf2 and HO-1. On the one hand, Nrf2 is a
transcription factor that upregulates antioxidant enzymes in cellu-
lar defense amid oxidative stress. It also degrades ROS, while its
upregulation increases the amount of HO-1 output, which reduces
oxidative stress (Krajka-Kuźniak and Baer-Dubowska, 2021). On
the other, HO-1 is an antioxidant enzyme that eliminates tau pro-
tein and possesses an anti-inflammatory effect (Fujita et al., 2012;
Schipper et al., 2009). To extend studies involving the use of
antioxidant drugs as therapeutic agents for scopolamine-induced
oxidative stress in patients with Alzheimer’s disease (Abu
Almaaty et al., 2021), we evaluated ranuncoside’s role as a potent
antioxidant. We found that it upregulated the expression of Nrf2
and HO-1 proteins, thereby lessening scopolamine-induced oxida-
tive stress. Recently, anthocyanin has been reported to reduce
oxidative stress in D-galactose-treated rats (Rehman et al., 2017)
and Amanita caesarea polysaccharides to reduce Nrf2-mediated
oxidative stress (Li et al., 2019). In another study, vanillic acid
attenuated oxidative stress in a free radical scavenging assay and,
in turn, reduced the production of ROS (Ul Amin et al., 2017).
Fig. 7 revealed the pathway that ranuncoside induces its potential
neuroprotective effect by preventing neuroinflammation, generat-
ing reactive oxygen species, and recovering the memory deficits
induced by scopolamine via the Nrf2 and/or NF-jB pathway.

Among our other findings, scopolamine-induced oxidative
stress caused neuroinflammation in Alzheimer’s disease mice by
upregulating NF-jB and its subsequent signaling protein mole-
cules (i.e., COX-2 and TNF-a), which are neuroinflammatory mark-
ers secreted by microglia. Increased ROS production stimulates
NF-jB (Rehman et al., 2017), which has essential inflammatory
properties, by producing proinflammatory cytokines and enzymes
(Krajka-Kuźniak and Baer-Dubowska, 2021). In the brain, COX-2
Fig. 7. Schematic diagram reveal that ranuncoside induces its potential anti-Alzheimer
recovering the memory deficits induced by scopolamine via the Nrf2 and/or NF-jB path
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mediates inflammation and is considered to be the best target for
discovering a cure for Alzheimer’s disease (Prabhakaran et al.,
2021), while TNF-a also causes inflammation by over-activating
microglial cells and producing inflammatory cytokines, thereby
impairing memory (Chen et al., 2021; McCoy and Tansey, 2008;
Morris et al., 2013).

The ranuncoside inactivated the expression of astrocytes and
microglia in the Alzheimer’s disease mice model by decreasing
the Nrf2 and NF-jB inflammatory pathways and inflammatory
cytokines, including TNF-a and COX-2. Those findings suggest that
ranuncoside can inhibit the inflammatory signaling pathways in
mice with Alzheimer’s disease. Other researchers have shown that
using forsythoside B inactivated astrocytes and microglia as well as
inhibited neuroinflammation by suppressing NF-jB (Kong et al.,
2020). NF-jB and its downstream signaling molecules have also
been shown to be inhibited by another vital therapeutic agent,
vitamin D (Ali et al., 2021), and vanillic acid’s role in reducing
Ab-induced neuroinflammation has also been documented (Ul
Amin et al., 2017).
5. Conclusion

Our study confirmed that ranuncoside could reduce scopolamine-
induced oxidative stress and neuroinflammation by upregulating the
Nrf2 or NF-jB pathway and improved memory in mice. It is a potent
natural neurotherapeutic agent that can be used as a supplement in
poly-drug treatment for Alzheimer’s disease. Additionally, we discov-
ered that scopolamine is a hyperglycemic agent; and introduced the
promising effects of ranuncoside as an antihyperglycemic and
antihyperlipidemic agent.
effect by preventing neuroinflammation, generating reactive oxygen species, and
way.
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6. Recommendation

Although we analyzed ranuncoside’s antioxidant and neuropro-
tective effects against scopolamine-induced oxidative stress and
neuroinflammation leading to memory loss in mice, more detailed
studies are recommended to determine the molecules that played
pharmacological roles in our research.
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