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INTRODUCTION 
Depression is a highly prevalent neuropsychiatric 

condition characterized by multifaceted origins. Prior studies 
have identified disturbances in the hypothalamic-pituitary-
adrenal axis, increased inflammation, glutamatergic and 
monoaminergic system dysfunctions, and reduced neurogenesis 
and neuroplasticity [1]. However, these results were not 

observed in all patients, indicating diversity of pathophysiology 
associated with depression necessitates further study. Studies 
show that neuroinflammation plays a significant role in the 
pathophysiology of depression [2,3]. Pro-inflammatory 
factor activation, including IL-1, IL-6, and TNF-α, has been 
implicated in major depressive disorder-related neuronal injury 
[4–6]. Contrarily, antidepressants, selective serotonin reuptake 
inhibitor fluoxetine, which inhibits serotonin reuptake, reduce 
inflammation by inhibiting microglial activation [7–9]. 

Due to their neuroprotective qualities and low incidence 
of side effects, herbal treatments have become the preferred 
pharmacological agents for treating various neuropsychiatric 
disorders [10,11]. In Ayurveda, Celastrus paniculatus (CP), 
Celastraceae, also known as Jyotishmati, Malkangni, and 
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ABSTRACT
Long-term stress exposure induces anxiety, depression, and cognitive impairment. Previous research has established 
a correlation between chronic stress, memory deficits, and behavioral changes linked to neuroinflammation. 
Studies in both preclinical and clinical settings have highlighted the remarkable protective characteristics of herbal 
medicines. This research seeks to explore the positive impacts of Celastrus paniculatus Willd. (CP) and Tribulus 
terrestris L. (TT) in an experimental model of depression. Wistar rats were exposed to stress for 2 hours per day for 
10 days in immobilization bags. After the stress induction, these rats were orally administered CP oil (400 mg/kg/
day) and an ethanolic extract of TT (250 mg/kg/day) for 2 weeks. The observed increase in anxiety-like behavior, 
depressive-like behavior, and memory impairment in stressed rats aligns with previous research linking chronic 
stress exposure with neuropsychiatric disorders and cognitive dysfunction. The elevation of interleukin 6 (IL-6) 
and tumor necrosis factor-alpha, along with decreased brain-derived neurotrophic factor (BDNF) levels, further 
supports the involvement of neuroinflammation and neurotropic factors in stress-induced pathophysiology. The 
significant improvement in anxiety, depression, and memory deficits following CP and TT treatment suggests their 
potential as therapeutic agents against stress-related disorders. The restoration of BDNF levels and attenuation of 
neuroinflammation in the prefrontal cortex and hippocampus underscore the mechanisms through which CP and TT 
exert their beneficial effects. Overall, our research highlights the importance of exploring natural compounds like CP 
and TT as potential adjunctive therapies for stress-related neuropsychiatric disorders, offering safer and potentially 
more accessible alternatives to conventional pharmacotherapy.
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4720. The ethanolic extraction was done by using a Soxhlet 
extractor with the condenser method [18]. The powder was kept 
out of direct sunlight and stored in an airtight container. CP 
seed oil was procured from the Sadvaidyasala Pvt. Ltd. M.G.S. 
Road, analytical laboratory, Nanjangud, India, and batch No. 
003S. The oil was dissolved in 5% DMSO and 1% Tween 20. 

CIS
As previously mentioned, the rats were subjected to 

immobilization stress in immobilization bags for 2 hours each 
day, from 10:00 am to 12:00 pm, for 10 days [17–18]. 

Sucrose preference test (SPT)
Rats’ anhedonia was assessed using the SPT described 

earlier [17,18,23–26]. During the first 48 hours of adaptation, 
each rat was kept individually and given tap water and a 1% 
w/v sucrose solution. Rats had no access to food or water for 18 
hours before the test phase. Then, they were given two bottles: 
one containing 100 ml of 1% sucrose solution and the other 
100 ml of drinking water for 2 hours. The amount of sucrose 
preferred was estimated by applying: Sucrose preference = 
(quantity of sucrose solution consumed/total amount of liquid 
consumed) X 100). 

Forced swim test (FST)
To assess rats’ “behavioural despair,” the FST was 

conducted the day following the sucrose preference test, as 
previously reported [17,18,23–26]. During the training session 
(15 minutes), each rat was put into a plastic container (25 ± 2t 
C, 60 cm high, 45 cm in diameter, 40 cm deep) to swim. The 
test trial was done 24 hours later, with each rat being kept in the 
container for 5 minutes. The behavior was video-recorded for 
offline analysis. 

Open field test (OFT)
Anxiety, exploration, and locomotor activity were 

assessed using the OFT [17,18,26]. The rat was placed in an 
open field arena (100 × 100 × 40 cm) made of wood, painted 
black with white lines, which had 25 squares. The rat was given 
5 minutes to move around freely, and its behavior was recorded, 
coded, and subjected to offline analysis. Time spent in the 
center and periphery and the number of squares crossed in the 
center and periphery were measured. After removing every rat, 
the arena was thoroughly cleaned using 70% ethanol.

Elevated plus maze (EPM)
The EPM consists of two closed and open arms 

shaped like a “+” sign, measuring 50 × 10 × 40 cm and placed 
approximately 50 cm above the ground. A rat was allowed 5 
minutes to freely explore after being placed in the middle of the 
maze, facing the open arm. Time spent in both open and closed 
arms, the total number of head dips and open-arm entrances, 
and the duration of each activity were noted [17,18,26,27]. 

Novel object recognition test (NORT)
The NORT was performed with an open-field 

apparatus and consisted of three parts: acclimatization, training, 

Kangani, is used as a nervine tonic. In several animal models, CP 
has already demonstrated neuroprotective qualities [12,13].

Practitioners of ayurvedic medicine extensively 
used Tribulus terrestris L. (TT) as a therapeutic herb. 
Phytochemical investigations indicated that cinnamic acid, 
phytosterol, alkaloids, flavonoids, steroidal glycosides, and 
steroidal saponins provided a significant therapeutic benefit 
against neurodegeneration [14]. Recent studies demonstrated 
that flavonoids and saponins had outstanding neuroprotective 
effects in neurodegenerative disorders [15–17]. 

The precise neural processes responsible for TT 
and CP’s antidepressant-like effects are still unknown. 
Specifically, it is unknown whether these herbs protect neurons 
in depression by inhibiting inflammatory processes. Thus, 
this study attempted to determine if TT and CP could aid in 
reducing neuroinflammation and cognitive deficiencies caused 
by chronic immobilization stress (CIS).

MATERIALS AND METHODS
Animals

Male Wistar rats (200–220 g) aged 1.5 months were 
procured from the commercial vendor. The rats were housed 
in a typical animal housing with a temperature control system 
(27°C ± 3°C), humidity, and a 12-hour light/dark cycle. The 
animals also had free access to food and water, except during 
stress. The study protocol was approved by the Institutional 
Animal Ethics Committee, KLE College of Pharmacy, KLE 
Academy of Higher Education and Research, India (Approval 
No. 02/BVR/2021, Dated: 12/10/21).

Experimental design
The rats were randomly divided as follows: (1) 

the control group, which was not exposed to any stress and 
was orally administered 0.5 ml vehicle (5% DMSO and 1% 
Tween-20); (2) the CIS + VEH group, rats were exposed to 
CIS protocol 2 hour/day (10.00 am–12.00 noon) for 10 days 
duration, followed by 14 days of vehicle injection (i.p); (3) 
the CIS + FLU group, which received fluoxetine (10 mg/
kg, p.o.) treatment for 14 days after being exposed to the 
CIS; (4) the CIS + CP group, which was exposed to the CIS 
and then received 14 days of therapy with CP oil (400 mg/
kg, p.o.); (5) the CIS + TT group, which was exposed to the 
CIS followed by TT (250 mg/kg, p.o) treatment for 14 days; 
(6) the CIS + COMB group, which was exposed to the CIS 
followed by the combination treatment (CP 400 mg/kg and 
TT 250 mg/kg p.o) for 14 days. The doses of CP and TT have 
been selected based on previous studies [15,16]. The number 
of animals in each group was determined based on earlier 
studies [17–19]. 

Drugs and chemicals
The fruit of the plant TT [20–22] was collected 

from Siliguri, West Bengal, Maity, and this material was 
authenticated by Botanist Dr. N. Dhatchanamoorthy, Assistant 
Professor, Plant Systematic and Nomenclature, Foundation for 
Revitalisation of Local Health Traditions (FRLHT), Bengaluru, 
India, and the voucher specimen was kept in FRLHT Coll. No. 
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RESULTS
CP and TT treatments prevented depressive behaviors caused 
by CIS

Figure 1 displays the results of the SPT, and a one-
way ANOVA revealed a statistically significant difference in 
the percentage of sucrose consumed by each group [F(5,42) 
= 35.77, p < 0.001] (Fig. 1A). CIS exposure decreased 
sucrose consumption compared to normal control (p < 0.001). 
Administration of 400 mg/kg of CP and 250 mg/kg of TT daily, 
both alone and in combination, for 14 days enhanced preference 
for sucrose water in stressed animals (p < 0.001). 

The one-way ANOVA findings showed significant 
differences in immobility time across the groups in FST [Fig. 1B; 
F(5,42) = 59.65, p < 0.001]. Stress caused a longer period of 

and testing. Rats were allowed to acclimate to the apparatus 
for 10 minutes in the center of the open field during the 
habituation phase. The next day, rats were given 10 minutes 
to explore two identical objects that had been put in opposite 
corners of the open field during the training phase. After 24 
hours of training, the rats were given 10 minutes to explore 
one familiar and novel object. Both training and test sessions 
were video recorded, coded, and analyzed offline. The duration 
of time spent examining both familiar and unfamiliar objects 
was noted. Analyses have been done for the discrimination and 
recognition indices [28,29].

T-maze spontaneous alteration task
Spatial working memory was measured using the 

T-maze-rewarded alternation task [27,30]. The rats were 
introduced to the T-maze after an acclimatization session. The 
rats were administered a restricted diet before the experiment, 
which kept their body weight at 85% of what it would have 
been at rest when fed freely. They also had constant access to 
water. The rats were given 15 minutes to explore the T maze and 
pick up food pellets dispersed throughout the maze. Following 
2 days of acclimatization, the rats underwent training for the 
rewarded alternation. Each rat received ten trials per day, and 
the rat had to switch arms to receive the reward during the 
acquisition as only one arm was baited in each trial. Using 
70% alcohol, the maze was cleaned during the 30-second inter-
trial break to remove olfactory cues. A memory retention test 
was performed 2 days following the final training session. 10 
trials were continually given to rats, with a 30-second inter-
trial interval. In 10 trials, the number of correct entries into the 
baited arm was recorded.

Enzyme-Linked Immunosorbent Assay (ELISA)
Following the manufacturer’s directions, ELISA 

kits were utilized to measure the amounts of TNF-α, IL-6, and 
brain-derived neurotrophic factor (BDNF) (BD OptEIATM, 
Biosciences). After stress and treatment protocol, the animals 
were sacrificed, the brain was isolated, and tissues were 
washed with ice-cold phosphate-buffered saline (0.01 M, 
pH = 7.4). The prefrontal cortex and the hippocampus have 
been separated, weighed, minced, and homogenized in PBS 
(9:1, volume: weight). The homogenates were centrifuged 
for 5 minutes at 5,000 g to separate the supernatant. Using 
bovine serum albumin as a reference protein, the total 
protein content was determined using the Lowry et al. [31] 
method, and samples were stored at −80°C until estimation. 
The standard curve for each biomarker was done, and the 
O.D. absorbance was recorded in the microplate reader at 
450 nm [32]. 

Data analysis
GraphPad Prism 5 was used to carry out the statistical 

analyses. The data were analyzed using a one-way ANOVA 
followed by Tukey’s multiple comparisons test or a repeated 
measures two-way ANOVA followed by the Bonferroni 
multiple comparisons test. The data are provided as mean 
± SEM. p < 0.05 is considered statistically significant at the 
probability level.

Figure 1. CP and TT showed antidepressant activity in an animal model of CIS. 
(A) Two weeks of treatment with CP (400 mg/kg) and TT (250 mg/kg) reversed 
the sucrose preference in stressed rats. (B) CP and TT treatment decreased 
immobility in stressed rats in FST. All data are presented as mean ± SEM (n 
= 8/group). A one-way ANOVA followed by Tukey’s post-hoc test was done 
for analysis. ###p < 0.001 Control group (non-stressed) vs. CIS + VEH. ***p < 
0.001 CIS + VEH group versus CIS + FLU, CIS + TT, CIS + CP, CIS + TT + 
CP groups. 
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dips was significantly reduced in the CIS rats compared to the 
control group. Remarkably, in stressed rats, the number of head 
dips in the open arms increased with the treatment [Fig. 3D, 
F(5,42) = 11.80, p < 0.001].

CP and TT ameliorated object recognition memory in stressed 
rats

In the training part of the NORT, all groups spent 
the same time examining the two familiar things. Between the 
groups, there was no noticeable statistical difference (data not 
presented). During the test, a one-way ANOVA and a Tukey’s 
post-hoc test revealed significant differences between the 
groups in the amount of time spent exploring familiar [F(5,42) 
= 58.57, p < 0.001; Fig. 4A] and new objects [F(5,42) = 32.83, 
p < 0.001; Fig. 4B]. In the CIS group, there was a substantial 
difference in the amount of time spent examining novel objects 
compared to those in the control group. Besides, the duration 
increased in the CIS + CP, CIS + TT, and combination groups. 
CIS rats exhibited a significantly lower recognition index 
[F(5,42) = 110.4, p < 0.001; Fig. 4C] and discrimination index 
[F(5,42) = 145.8, p < 0.001; Fig. 4D], and both recognition and 
discrimination ratios were increased after CP and TT treatment. 

CP and TT improved impaired memory in T-maze alteration 
task

The learning curve of rats in each group is displayed in 
Fig. 5A. Data shows that, compared to the control animals, the 
rats in the CIS group had a significantly lower ability for spatial 
working memory. In contrast, the CP, TT, and their combination 
groups showed significant memory restoration. Interestingly, 

immobility than normal control (p < 0.001). Remarkably, the 
immobility was decreased in the CIS + CP, CIS + TT, and CIS 
+ TT + CP groups.

CP and TT treatments restored anxiety-like behavior in the 
chronically stressed animals

In the OFT, chronic immobilization reduced the 
time spent in the center [Fig. 2A, F(5,42) = 8.474, p < 0.001], 
increased time spent in the periphery [Fig. 2B, F(5,42) = 
6.406, p < 0.001], decreased the number of squares crossed 
in the center [Fig. 2C, F(5,42) = 5.242, p < 0.001], and 
increased the number of squares crossed in the periphery 
[Fig. 2D, F(5,42) = 19.74, p < 0.001]. Interestingly, this 
anxiety phenotype was completely reversed by chronic CP 
and TT treatment (p < 0.001). CP and TT-treated rats spent 
more time in the center [Fig. 2A, F(5,42) = 8.474, p < 0.001] 
and in the periphery [Fig. 2B, F(5,42) = 6.406, p < 0.001], 
and crossed more squares in the center [Fig. 2C, F(5,42) = 
5.242, p < 0.001], and in the periphery [Fig. 2D, F(5,42) = 
19.74, p < 0.001]. These data suggest that chronic treatment 
with CP and TT for 2 weeks reversed anxiety-like behavior 
in chronically stressed rats. 

Rats in each group spent significantly different 
amounts of time in the open arms of the EPM (p < 0.001). In 
contrast to the control group, the CIS rats spent less time in 
open arms. The treated rats (CP combined with 250 mg/kg 
of TT) remained longer in the open arms [Fig. 3A, F(5,42) = 
24.55, p < 0.001]. In addition, time spent in closed arms was 
reduced in the treatment groups [Fig. 3B, F(5,42) = 19.62, p < 
0.001]. Compared to the individual treatment, the combination 
treatment increased open-arm entries. The number of head 

Figure 2. CP and TT exhibited anxiolytic effects in the OFT. (A) Chronic 
treatment of CP (400 mg/kg) and TT (250 mg/kg) increased the time spent in 
centre of the arena open arms. (B) CP and TT treatment decreased the time 
spent in the periphery. (C) Treatment increased the number of squares crossed 
in the centre. (D) The number of squares in the periphery. All data are presented 
as mean ± SEM (n = 8/group). A one-way ANOVA followed by Tukey’s post-
hoc test was done for analysis. #p < 0.05, ##p < 0.01, ###p < 0.001 Control group 
(non-stressed) versus CIS + VEH. *p < 0.05, **p < 0.01, ***p < 0.001 CIS + 
VEH group versus CIS + FLU, CIS + TT, CIS + CP, CIS + TT + CP groups. 

Figure 3. CP and TT displayed anti-anxiety effects in the EPM. (A) Chronic 
treatment of CP (400 mg/kg) and TT (250 mg/kg) increased the time spent in 
the open arms. (B) CP and TT treatments decreased the time spent in the closed 
arms. (C) Treatment increased the number of open-arm entries. (D) The number 
of head dips in the open arms. All data are presented as mean ± SEM (n = 8/
group). A one-way ANOVA followed by Tukey’s post-hoc test was done for 
analysis. ###p < 0.001 Control group (non-stressed) versus CIS + VEH. **p < 
0.01, ***p < 0.001 CIS + VEH group versus CIS + FLU, CIS + TT, CIS + CP, 
CIS + TT + CP groups. 
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the combination group had significantly better spatial memory 
than individual drugs. Stressed rats exhibited a significantly 
lower number of correct choices than in the control group across 
all time points [p < 0.001; Fig. 5A], signifying compromised 
working memory in chronic stress conditions. Remarkably, 
the results of the two-way ANOVA with the Bonferroni post-
hoc test showed that CP, TT, and the combination treatment 
significantly increased the number of correct choices across all 
days [Fig. 5B, F(5,378) = 24.23, p < 0.001]. 

When compared to the control group, CIS rats 
demonstrated fewer correct responses in the retention test [p < 
0.001; F(5,42) = 22.51, Fig. 5C]. CP, TT, and the combination 
groups performed better than in the CIS group. The number of 
correct choices made by these groups is higher than that of the 
stressed group. 

Potential effect of CP and TT on the BDNF, IL-6, and tumor 
necrosis factor-α (TNF-α) levels in the prefrontal cortex and 
hippocampal regions

Significantly lower BDNF levels are revealed by a one-
way ANOVA and Tukey’s test in the hippocampal tissue of the CIS 
group [Fig. 6A; p < 0.001; F(5,29) = 55.37]. Further investigation 
revealed that a 10-day immobilization stress dramatically raised 
the proinflammatory marker TNF-α [Fig. 6B; F(5,29) = 265.1, 
p < 0.001] and IL-6 [Fig. 6C; p < 0.001; F(5,29) = 226.0] levels 
in the hippocampal region. Interestingly, CIS rats were treated 
with CP and TT, and the combination caused a significant 
decrease in hippocampal TNF-α and IL-6 but increased BDNF 
concentrations in the chronically stressed group. 

Figure 4. CP and TT treatments resulted in better recognition memory in the 
NORT. (A) Time spent exploring familiar objects. (B) Time spent exploring 
novel objects. (C) Recognition index. (D) Discrimination index. All data are 
presented as mean ± SEM (n = 8/group). A one-way ANOVA followed by 
Tukey’s post-hoc test was done for analysis. ###p < 0.001 Control group (non-
stressed) versus CIS + VEH. ***p < 0.001 CIS + VEH group versus CIS + 
FLU, CIS + TT, CIS + CP, CIS + TT + CP groups. 

Figure 5. CP and TT treatments ameliorated working memory deficits in 
the T-maze alteration task. (A) Learning curve during 10 days of training in 
the T-maze task. (B) The number of correct choices on 9th and 10th days of 
training. (C) The number of correct choices during the retention test. All data 
are presented as mean ± SEM (n = 8/group). A one-way ANOVA followed by 
Tukey’s post-hoc test was done for analysis. ###p < 0.001 Control group (non-
stressed) versus CIS + VEH. ***p < 0.001 CIS + VEH group versus CIS + 
FLU, CIS + TT, CIS + CP, CIS + TT + CP groups. 

Figure 6. Two weeks of treatment with C. paniculatus and TT completely 
restored molecular markers in the hippocampal tissue, estimated by the ELISA 
method. (A) BDNF; (B) TNF-α; (C) IL-6. All data are presented as mean ± 
SEM (n = 6/group). A one-way ANOVA followed by Tukey’s post-hoc test was 
done for analysis. ###p < 0.001 Control group (non-stressed) versus CIS + VEH. 
***p < 0.001 CIS + VEH group versus CIS + FLU, CIS + TT, CIS + CP, CIS 
+ TT + CP groups. 
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and lower BDNF in the prefrontal cortex and hippocampal 
regions [17,18]. The survival, differentiation, and growth of 
neurons depend on BDNF, which plays an important role in 
memory [34]. There is evidence that the etiology of anxiety 
and depression is significantly influenced by the elevated brain 
cytokines brought on by prolonged stress. Previous work has 
revealed that hippocampus inflammation and oxidative stress 
may be associated with chronic stress-induced abnormalities 
[35–37]. Our results demonstrated that repeated stress exposure 
elevated inflammatory markers. This finding suggests that 
neuroinflammation plays a part in the emergence of behaviors 
resembling anxiety, and additionally, it replicates the findings of 
a few prior studies [35,38]. 

Interestingly, we found that CP and TT administration 
decreased anxiety-like behavior and had a noticeable impact on 
depressive-like behavior. Previous studies showed that both CP 
and TT have anxiolytic effects on rodents [39–42]. We observed 
that CP and TT restored hippocampal and prefrontal cortical 
BDNF levels and reduced neuroinflammation. Our findings thus 
suggest a possible role for CP and TT treatment in ameliorating 
stress-related neuroinflammation.

The findings of this study supported the generally 
accepted opinion that CP may be a useful memory enhancer and 
possess qualities that improve memory. Agarofuran derivatives, 
fatty acids such as oleic, linoleic, linolenic, palmitic, stearic, 
and lignoceric acid, phenolic triterpenoids such as celastrol 
and paniculatadiol, and alkaloids such as paniculatine and 
celastrine have all been identified in the seeds and seed oil of 
CP [13,43–46]. Several studies have shown that CP seeds and 
seed oil can protect neurons and enhance memory [47–54]. 
Additionally, CP seed and its aqueous extract have been shown 
to have neuroprotective properties against H2O2 and glutamate-
associated neuronal toxicity [48,49]. By inhibiting NMDA 
receptors and lowering Ca2+ influx in neurons, CP has been 
shown to reduce glutamate toxicity in neurons [49,54].

In a model of Huntington’s illness caused by 3-nitro 
propionic acid, CP seed ethanolic extract showed significant 
therapeutic potential. The prevention of oxidative damage in 
animals was related to enhanced locomotor activity, motor 
coordination, and memory retention following CP therapy 
[55]. Mice treated with CP seed oil demonstrated strong 
antidepressant-like effects when given for 14 consecutive days 
[41], with anti-anxiety effects [40]. Previously, CP seed oil 
prevented kainic acid-induced hippocampus neuronal death and 
reversed memory loss [56,57]. Significant antioxidant activity 
has been suggested as the main mechanism underlying the 
plant’s neuroprotective and memory-improving properties [52–
58]. According to a recent study, CP oil reduced inflammation, 
corticosteroid levels, and neurotransmitter levels while 
exhibiting antidepressant effects in a chronic unpredictable 
stress paradigm [59]. 

A previous investigation from our laboratory 
demonstrated that a 2-week duration of CP oil treatment reduced 
the cognitive deficits caused by the chronic restraint stress 
paradigm. In the T-maze and 8-arm radial arm maze tests, stressed 
mice treated with CP oil fared better. Moreover, CP therapy has 
shown anxiolytic effects under stressful circumstances [27]. CP 
oil enhanced glutathione, catalase, and superoxide dismutase 
activities in addition to norepinephrine, dopamine, and serotonin. 

Statistical analysis revealed that chronic stress 
significantly reduced BDNF levels in the prefrontal cortical 
tissue compared to normal animals [Fig. 7A; F(5,29) = 88.49, 
p < 0.001]. Also, CIS significantly increased TNF-α [Fig. 7B; 
p < 0.001; F(5,29) = 349.1] and IL-6 [Fig. 7C; p < 0.001; 
F(5,29) = 276.8 in the cortical tissue relative to the control. It is 
interesting to note that following CP and TT treatment, BDNF 
levels increased, and the overall effect was better than in the 
individual treatment groups. Additionally, treatment restored 
proinflammatory markers TNF-α and IL-6 levels to normal 
values. 

DISCUSSION
The current study highlights the beneficial effects of 

TT fruit ethanolic extract and CP seed oil in restoring memory 
deficits, anxiety, and depression caused by CIS. Behavioral 
recovery is associated with the restoration of BDNF and the 
neuroinflammatory markers TNF-α and IL-6. In our study, 
we found that stressed rats had higher levels of anxiety and 
depression than the control rats after being exposed to stress 
for 10 days. In the novel object recognition and T-maze 
tests, CIS animals demonstrated diminished memory. Also, 
prolonged immobilization stress caused reduced hippocampal 
and prefrontal cortical BDNF levels with increased 
neuroinflammation (IL-6 and TNF-α). 

CIS is a widely used rodent version of depression. 
More and more evidence suggests that continuous and 
persistent stress can cause rats to exhibit anxiety and 
depressive-like behaviors [17,18,26,27,29,33]. Earlier studies 
on CIS revealed cognitive impairment, hippocampal atrophy, 

Figure 7. Chronic treatment with C. paniculatus and TT effectively improved 
molecular markers in the prefrontal cortical tissue, as estimated by the ELISA 
method. (A) BDNF; (B) TNF-α; (C) IL-6. All data are presented as mean ± 
SEM (N = 6/group). A one-way ANOVA followed by Tukey’s post-hoc test was 
done for analysis. ###p < 0.001 Control group (non-stressed) versus CIS + VEH. 
***p < 0.001 CIS + VEH group versus CIS + FLU, CIS + TT, CIS + CP, CIS 
+ TT + CP groups. 
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It also reduced behavioral abnormalities in various memory 
tasks. In rats suffering from cognitive impairment caused by 
scopolamine, it decreased neuroinflammatory markers such as 
NGF, NF-кB, IL-6, and TNF-α [60].

TT, containing cinnamic acid, alkaloids, furanostol 
steroids, and spirostanol, has shown beneficial effects on the 
brain [15,61–64]. An additional investigation revealed that the 
neuroprotective properties of TT can mitigate the neurotoxicity 
produced by monosodium glutamate [65], and TT ethanolic 
extract had anxiolytic effects in rats [39].

TT demonstrated antidepressant activity, restored 
serotonin levels, elevated the production of the interleukin 
10 gene, and downregulated the expressions of the IL-1 and 
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CONCLUSION
This study examined the synergistic effects of TT 

and CP on chronic immobilization stress-induced deficits in 
cognition, neuroinflammation, BDNF, heightened anxiety, and 
depressed behavior. Future studies are required to understand 
the active components responsible for the restoration of chronic 
stress-induced cognitive deficits and neuroinflammation. 
Previous reports state that both CP and TT are safe to use as 
medications since they are non-toxic and have no side effects. 
These findings may lead to the development of novel therapy to 
treat stress-related cognitive impairments in the future.

The current investigation has certain shortcomings. 
Notably, the study did not estimate the chemical components of 
the CP and TT herbs responsible for cognitive benefits in chronic 
immobilization stress. Further investigations are warranted 
to analyze the active constituents of CP and TT. Additionally, 
neurotransmitter estimations in various brain regions further 
validate the neuroprotective effect of CP and TT.
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