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Abstract
Objective:  The aim of this study is to compare the anxiolytic effects of Pimpinella anisum extract with diazepam in a rat model of anxiety 
induced by caffeine and chronic unpredictable stress (CUS). 
Method:  A total of 36 rats were randomly divided into six groups, including control, induced anxiety, diazepam-treated, and three plant-
treated groups receiving different doses of Pimpinella anisum extract (250, 350, and 500 mg/kg). Anxiety-like behaviors were evaluated 
using the Elevated plus Maze, light/dark exploration and Open Field Test. Additionally, brain tissue biomarkers including serotonin, tumor 
necrosis factor-alpha, interleukin-1 beta, total antioxidant capacity, and nuclear factor erythroid 2–related factor 2 were assessed in brain 
tissue using ELISA techniques. 
Results:  The Pimpinella anisum extract treated groups exhibited results comparable to those of diazepam with a significant increase in time 
spent in the open arms, center of field and light chamber as compared to corresponding control group (P <0.05). Additionally, all tested 
doses of extract treatment also showed comparable results to those of diazepam. Pimpinella anisum extract showed a dose-dependent 
effects, with higher doses approaching the efficacy of diazepam, the findings were significant (P <0.05) for the 250 mg/kg and 350 mg/kg 
in most behavioral tests and biomarkers levels in brain tissue, for the 500 mg/kg the results were significant (P <0.05) in most behavioral 
tests and biomarkers levels in brain tissue. 
Conclusion:  Pimpinella anisum showed anxiolytic effects with significant modulation in the anti-inflammatory, antioxidant biomarkers, 
neurotransmitter levels and behavioral assessment tests in a comparable manner to diazepam. In addition Pimpinella anisum extract  
anti-oxidant potential evidenced through the levels of NRF2 and total anti-oxidant capacity. 
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Introduction
Anxiety disorders are primarily manifested as persistent or 
excessive feelings of fear, uncertainty, and discomfort, often 
associated with a wide range of physical and psychological 
symptoms.1 These disorders develop during childhood and 
early adulthood may recur throughout life, greatly affecting 
one’s performance in daily activities, relationships, academic 
achievement, and quality of life.2 Anxiety may contribute to 
years of disability, especially in the Middle Eastern region, 
where anxiety disorders are one of the major contributors 
to disability.2 Anxiety has diverse etiological factors, such as 
genetics, environment and neurotransmitter systems dys-
function. Neurochemical imbalance plays a central role in 
the pathophysiology of anxiety. In particular, many neuro-
transmitters are involved like γ-amino butyric acid (GABA), 
serotonin, glutamate, noradrenaline systems and alterations 
in serotonergic signaling can contribute to the development 
of anxiety-related behaviors.3 In addition, neuroendocrine 
dysfunction, particularly hyper activation of the hypotha-
lamic–pituitary–adrenal (HPA) axis, and elevated inflamma-
tory biomarkers such as TNF-α and IL-1β further contribute 
to anxiety pathogenesis.4 Pharmacological therapy remains 
to be a crucial treatment for anxiety disorders. Drug groups 
that can be included in pharmacotherapy for anxiety disor-
ders include serotonin reuptake inhibitors (SSRIs), serotonin- 
norepinephrine inhibitors (SNRIs) and benzodiazepines like 
diazepam. The major mechanism by which diazepam pro-
duces its anxiolytic action is via enhancement of GABAergic 
neurotransmission through binding of GABA-A receptors in 
the CNS.5 Limitations such as adverse effects, tolerance, and 
dependence, especially in long-term benzodiazepine use are 

associated with Pharmacological agents.5 In the in recent years 
there had been growing interest in herbal and plant-based 
therapies as potential alternatives to conventional pharmaco-
logical treatments.6 Pimpinella anisum, commonly known as 
anise, is a medicinal plant widely used in traditional medicine 
for various therapeutic indications, including neurological and 
psychological disorders.7 The plant contains bioactive com-
pounds, particularly trans-anethole and cis-anethole, which 
have been linked to neuroprotective, anti-inflammatory, and 
antioxidant effects.8 Previous studies showed that the effects of 
Pimpinella anisum were mediated through modulation of the 
GABAergic system, reduction of oxidative stress, and reduc-
tion of pro-inflammatory cytokines such as TNF-α and IL-1β.9 
These mechanisms align with the recent understanding of 
anxiety pathophysiology, supporting the potential role of this 
plant as a therapeutic agent. This study was designed to eval-
uate and compare the anxiolytic effects of Pimpinella anisum 
extract with diazepam in a rat model of anxiety induced by 
caffeine and chronic unpredictable stress. The study further 
aimed to assess behavioral changes and investigate the under-
lying neurobiological mechanisms through the measurement 
of relevant brain tissue neurotransmitters, anti-inflammatory, 
antioxidant biomarkers.

Methods

Ethical Approvals 
This study adheres with essential 10 ARRIVE guidelines  
2.0 of laboratory animals use regarding study design, sample 
size, inclusion and exclusion criteria, randomization and 
blinding, procedures, statistical method and study results. 
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Highlighting the significance of transparency and reproduc-
ibility in animal research. The ethical approval from the sci-
entific research ethics committee in the university of Babylon/ 
faculty of medicine was obtained with a written consent from 
the committee (Ref. NO. 4-48. 11/6/2025).

Sample Size Selection 

This study was designed to detect large and various biolog-
ical effects due to the behavioral and biomarkers differences in 
anxiety metrics. Resource equation was used to calculate the 
power of detection which was slightly >20. For standard sensi-
tivity power analysis (1 - β = 0.80) and (α = 0.05) and One-Way 
ANOVA, 36 total animals with 6 groups establish an efficient 
power of detection especially with anxiety related biomarkers 
and behavioral tests that yield large and distinct results. These 
calculations were considered to maintain reduced animal size 
and avoid underpowered detection. 

Animals’ Preparation

Thirty-six Swiss albino male rats (200–250 g) were obtained 
from the animal research center in the university of Baghdad 
/ Faculty of Veterinary Medicine and housed in the animal 
research center of the University of Babylon/Faculty of Med-
icine. The rats were acclimatized for 14 days under standard 
laboratory conditions, such as a controlled temperature of 
25°C, normal humidity, and a 12 hour light/dark cycle. The 
animals were housed in poly propylene cages with metal mesh 
covers, ad libitum. Sawdust bedding was used and replaced 
daily to maintain hygienic conditions.10

Preparation of Pimpinella anisum Seeds Extract

The seeds of Pimpinella anisum were obtained from local mar-
kets and authenticated by the University of Babylon/ Faculty of 
Science/ Department of Medicinal Plants (6609- July 12, 2025). 
Extraction of the active compounds was performed using the 
Soxhlet extraction method. A hydro alcoholic solvent (70% 
ethanol) was used due to its effectiveness in extracting both 
polar and moderately non-polar phytochemicals, particularly 
flavonoids and phenolic compounds. The extraction process 
was conducted for 6 hours at a temperature of 60°C. The 
obtained extract was then dried in the oven at 40–44°C for 
36 hours, and stored under 2–8°C until use.11 Using the Sox-
hlet extraction method with 70% ethanol the extraction yield 
value was 21.3% calculated by taking the percentage of dried 
extract compared to the starting weight of grinded Pimpinella 
anisum seeds.

Phytochemical Characterization of the Extract

HPLC and GC-mass tests were performed in the ministry of 
science and technology labs (scientific research committee) to 
determine the phytochemical composition of the seeds. The 
composition of the Pimpinella anisum seeds showed a 41.2% of 
trans-p-Anethole, 28.86% of Anethole isomer cis-p-Anethole 
and 1.78% of Esragole (methyl chavicol) with a retention time 
9.535 min, 9.745 min and 8.133 min respectively.

Preparation of Drugs

Caffeine and diazepam were obtained from Macklin com-
pany/ China and prepared according to their manufacture 
instructions and dosing were performed according to animals 
weight.

Experimental Protocol 

This study was designed as experimental, randomized, con-
trolled in vivo study conducted on rats. A total of 36  rats 
were randomly allocated into six experimental groups. 
The experimental model was based on the induction of 
anxiety using a combination of chronic unpredictable 
stress and pharmacological induction with caffeine.3 The 
doses of the Pimpinella anisum extract selected according 
to the previous studies considering pharmacological and 
safety profile of the plant with three doses 250 mg/kg, 350  
mg/kg and 500 mg/kg to evaluate possible dose- dependent 
response.12–14

As illustrated in Figure 1, the animals were divided into 
six groups in a random manner as follows:

Group 1 (Control): Received D.W IP. Without any treat-
ment in order to act as baseline.

Group 2 (Induced Anxiety): The experimental rats in this 
group induced anxiety by couple of CUS for 14 days and Caf-
feine (25 mg/kg) I.P for 7 days.3,15

Group 3 (Diazepam-treated): The experimental rats in 
this group induced anxiety by couple of CUS for 14 days and 
Caffeine (25 mg/kg) I.P for 7 days. for two weeks and then 
treated with diazepam (1 mg/kg, IP.) for 12 days.16

Group 4: The experimental rats in this group induced 
anxiety by couple of CUS for 14 days and Caffeine (25 mg/kg) 
I.P for 7 days. for two weeks and then treated with Pimpinella 
anisum extract (250 mg/kg PO.) for 12 days.6,14

Group 5: The experimental rats in this group induced 
anxiety by couple of CUS for 14 days and Caffeine (25 mg/kg) 
I.P for 7 days. For two weeks and then treated with Pimpinella 
anisum extract (350 mg/kg PO.) for 12 days.13

Group 6: The experimental rats in this group  
induced anxiety by couple of CUS for 14 days and Caf-
feine (25 mg/kg) I.P for 7 days. For two weeks and then 
treated with Pimpinella anisum extract (500 mg/kg PO.) for  
12 days.17

Animal Randomization

The animals were randomized by using tail tags, all animals 
were numbered and divided into six groups each one had six 
rats in a random manner using simple lottery randomization. 
Randomization was maintained throughout all behavioral 
tests by flipping the tail tags and writing symbols on the back 
of tail tags in a random manner to give each animal a new 
unknown identity during tests. 

Animal Masking Procedure 

Single blind evaluated by other investigator who is unaware 
about grouping of animals and each animal was coded.
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Induction of Anxiety

Anxiety was induced using a combination of chronic unpre-
dictable stress (CUS) and caffeine administration. The model 
was selected due to its established effectiveness in producing 
persistent anxiety-like behaviors in animal models.3 The 
stressors included heat exposure, cage shaking, water splash, 
tilting of cages, noise, and disturbance of the sleep cycle.18 These 
stressors were applied randomly and unpredictably to prevent 
adaptation. The stress protocol was continued for 14 days. In 
addition, caffeine was administered at a dose of 25 mg/kg for 
7 days to enhance the induction of anxiety-like behavior, based 
on previously established experimental models.15

Behavioral Assessment

Behavioral evaluation of anxiety-like activity was performed 
using three established tests:

Elevated plus maze

The Elevated plus Maze test consisted of four arms (two closed 
and two open), each 50 cm in length and elevated 50 cm above 
the ground. Anxious animals usually tend to spend more time 
in closed arms, while less anxious animals spend more time in 
open arms. Time spent and number of entries into each arm 
was recorded for each animal.19

Open field test

The open field test consisted of a square arena divided into 
equal sections. Anxiety-like behavior was assessed by meas-
uring loco motor activity, line crossing, and time spent in 
the center versus the periphery. Less anxious animals tend to 
explore the central area more frequently.20 

Light/Dark box test

This test consisted of two compartments: one illuminated 
and one dark. Anxious animals tend to remain in the dark 
compartment, whereas reduced anxiety is associated with 
increased exploration of the illuminated area.21 

Isolation of brain tissue samples 

At the end of the experimental period and following behav-
ioral assessment, the animals were euthanized by adminis-
tration of ketamine 80 mg/kg I.P and xylazine 10 mg/kg I.P 
simultaneously followed by cervical dislocation and decapi-
tation. Brain tissues were collected, and the amygdala region 
which is located deep in the temporal lobe bordered by the hip-
pocampus22 was dissected and washed with PBS due to its crit-
ical role in anxiety regulation.23 The samples were preserved in 
deep freeze until biochemical analysis was performed. 

Biomarkers of study

Biochemical assessment was performed using ELISA kits 
obtained from sunlong/china to quantify the levels of key bio-
markers, which includes: TNF-α CAT.NO: SL0722Ra, IL-1β 
CAT.NO: SL0402Ra, Serotonin CAT.NO: SL1046Ra, NRF2 
CAT.NO: SL0985Ra, Total antioxidant capacity (TAC) CAT.
NO: AK0455, The ELISA was performed according to man-
ufacturer catalogues.

Statistical analysis 

Data analysis and graphical presentation were executed 
using Graphpad prism for Microsoft Windows. Results are 
showcased as (means ± SD). Data distribution was assessed 
using the Shapiro-Wilk test. One-way ANOVA for normally 

Fig. 1  Schematic representation of experimental protocol.
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distributed data, followed by Tukey’s HSD post hoc test was 
implemented. 

Results

Behavioral Assessment
As illustrated in Figures 2–4, the induction of anxiety resulted 
in clear highly significant (P <0.01) behavioral alterations 
compared to the control group. Animals in the induced anx-
iety group demonstrated increased anxiety-like behavior, evi-
denced by highly significant (P <0.01) reduced exploration 
of open arms in the EPM, decreased time spent in the center 
in the OFT, and increased preference for the dark compart-
ment in the L/D box test. Diazepam treatment significantly 
improved behavioral parameters, with animals presenting 
increased exploration time of open arms, higher loco motor 
activity, and reduced anxiety-like behavior. Treatment with 
Pimpinella anisum extract showed an anxiolytic effect. Lower 
doses (250 mg/kg) showed improvement, while higher doses 
(350 and 500 mg/kg) produced more pronounced behavioral 
changes, approaching the effects observed with diazepam 
(Tables 1–3).

Tumor Necrosis Factor-Alpha (TNF-α)

Analysis of TNF-α level revealed as it shown in Figure 5, a 
significant increase in the induced anxiety group compared 
to the control, indicating activation of inflammatory path-
ways associated with anxiety. Treatment with diazepam 
resulted in a significant reduction in TNF-α level. Similarly, 

Fig. 2  Effects of diazepam and Pimpinella anisum seeds ex-
tract on time spent in central zone through OFT. The time was 
recorded and exihbited in seconds. Data presented as (means 
± SD) F (5, 30) = 9.502, P <0.0001. n = 6 per group. *(P <0.05), 
**(P <0.01), ***(P <0.001), ****(P <0.0001) and ns(P >0.05). 
Data were analyzed using one-way ANOVA and Tukey’s post hoc 
multiple comparison test.

Fig. 3  Effects of diazepam and Pimpinella anisum seeds extract 
on time spent in open arms through EPM test. The time was 
recorded and exihbited in seconds. Data presented as (means 
± SD) F (5, 30) = 8.692, P <0.0001. n = 6 per group. *(P <0.05), 
**(P <0.01), ***(P <0.001), ****(P <0.0001) and ns(P >0.05). 
Data were analyzed using one-way ANOVA and Tukey’s post hoc 
multiple comparison test.

Fig. 4  Effects of diazepam and Pimpinella anisum seeds extract 
on time spent in light area through L/D test. The time was 
recorded and exihbited in seconds. Data presented as (means 
± SD) F (5, 29) = 8.158, P <0.0001. n = 6 per group. *(P <0.05), 
**(P <0.01), ***(P <0.001), ****(P <0.0001) and ns(P >0.05). 
Data were analyzed using one-way ANOVA and Tukey’s post hoc 
multiple comparison test.
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Table 2.  Mean and standared deviation of elevated plus maze 
test for the experimental groups

Group 1 2 3 4 5 6

Mean 89.33 11 92.67 80.17 77 117.8

Std. deviation 2.066 3.578 26.4 16.57 22.36 61.91

Table 3.  Mean and standared deviation of light/dark  
exploration test for the experimental groups

Group 1 2 3 4 5 6

Mean 97.4 15.83 114.8 56 88.67 114.2

Std. deviation 30.02 19.68 25.77 48.29 44.41 15.38

Fig. 5  Effects of diazepam and Pimpinella anisum seeds extract on 
brain tissue TNF-α. Results were measured by ELISA in ng/ml. Data 
presented as (means ± SD) F (5, 30) = 8.060, P <0.0001. n = 6 per 
group. *(P <0.05), **(P <0.01), ***(P <0.001), ****(P <0.0001) 
and ns(P >0.05). Data were analyzed using one-way ANOVA and 
Tukey’s post hoc multiple comparison test. 

Table 4.  Mean and standared deviation of TNF-α for the 
experimental groups 

Group 1 2 3 4 5 6

Mean 124 195.7 101.5 143.7 161.3 97.01

Std. deviation 13.27 33.6 28.64 40.65 48.52 14.78

Fig. 6  Effects of diazepam and Pimpinella anisum seeds extract on 
brain tissue serotonin. Results were measured by ELISA in ng/ml. 
Data presented as (means ± SD) F (5, 30) = 5.723, P = 0.0008. n = 6 
per group. *(P <0.05), **(P <0.01), ***(P <0.001), ****(P <0.0001) 
and ns(P >0.05). Data were analyzed using one-way ANOVA and 
Tukey’s post hoc multiple comparison test.

Table 1.  Mean and standared deviation of open field test for 
the experimental groups 

Group 1 2 3 4 5 6

Mean 40.67 14 39.83 10.33 37.5 42.33

Std. deviation 19.45 9.899 9.766 2.422 10.17 10.98

Pimpinella anisum extract demonstrated a reduction in 
TNF-α, with the highest dose (500 mg/kg) producing the 
most notable decrease, approaching normal levels (Table 4). 

Serotonin Levels

As explained in Figure 6, Serotonin levels were altered in 
response to anxiety induction and treatment. Treatment with 
diazepam normalized serotonin levels toward control values. 
Administration of Pimpinella anisum extract resulted in mod-
ulation of serotonin levels, with higher doses producing more 
balanced normalization (Table 5). 

Interleukin-1 Beta (IL-1β)

IL-1β levels were significantly elevated in the induced anxiety 
group compared to the control group as illustrated in Figure 7. 
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Fig. 7  Effects of diazepam and Pimpinella anisum seeds extract 
on brain tissue IL-1β. Results were measured by ELISA in pg/ml. 
Data presented as (means ± SD) F (5, 30) = 4.457, P = 0.0037. 
n = 6 per group. *(P <0.05), **(P <0.01), ***(P <0.001), 
****(P <0.0001) and ns(P >0.05). Data were analyzed using  
one-way ANOVA and Tukey’s post hoc multiple comparison test.

Table 5.  Mean and standared deviation of serotonin for the 
experimental groups 

Group 1 2 3 4 5 6

Mean 61.45 92.15 56.27 69.76 78.8 59.69

Std. deviation 10.2 25.13 6.978 14.95 10.06 8.232

Treatment with diazepam significantly reduced IL-1β levels. 
Pimpinella anisum extract also reduced IL-1β with higher 
doses producing anti-inflammatory effects similar to those 
with diazepam (Table 6). 

Nrf2 and Total Antioxidant Capacity 

Oxidative stress markers showed significant alterations fol-
lowing anxiety induction as they are shown in Figures 8 and 9. 
NRF2 levels and total antioxidant capacity were elevated in the 
induced anxiety group. Treatment with diazepam significantly 

Table 6.  Mean and standared deviation of IL-1β for the  
experimental groups 

Group 1 2 3 4 5 6

Mean 23.14 32.29 24.15 27.97 25.26 24.64

Std. deviation 3.226 3.252 4.351 3.683 5.299 3.25

Fig. 8  Effects of diazepam and Pimpinella anisum seeds extract on 
brain tissue NRF2. Results were measured by ELISA in pg/ml. Data 
presented as (means ± SD) F (5, 30) = 6.610, P = 0.0003. n = 6 per 
group. *(P <0.05), **(P <0.01), ***(P <0.001), ****(P <0.0001) 
and ns(P >0.05). Data were analyzed using one-way ANOVA and 
Tukey’s post hoc multiple comparison test.

Fig. 9  Effects of diazepam and Pimpinella anisum seeds extract 
on brain tissue TAO. Results were measured by ELISA in μmol./ml. 
Data presented as (means ± SD) F (5, 30) = 3.876, P = 0.0079.  
n = 6 per group. *(P <0.05), **(P <0.01), ***(P <0.001),  
****(P <0.0001) and ns(P >0.05). Data were analyzed using  
one-way ANOVA and Tukey’s post hoc multiple comparison test.
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improved antioxidant status. Notably, Pimpinella anisum 
extract demonstrated a marked decrease in NRF2 levels 
and total antioxidant capacity, particularly at higher dose  
(Tables 7 and 8).

Discussion
The study shows that Pimpinella anisum extract exhibits sig-
nificant anxiolytic effects in rat model of anxiety induced by 
chronic unpredictable stress and caffeine.12,15 Behavioral tests 
and biochemical levels support the capability of Pimpinella 
anisum as a natural therapeutic agent. The increased time in 
open arms in the EPM and enhanced loco motor activity in 
the OFT indicate reduced fear and improved behavior.19 The 
Pimpinella anisum treated groups findings are comparable 
to those observed with diazepam treated groups. As it was 
demonstrated in the previous studies one of the findings of 
this study is the significant role of inflammation in anxiety 
as observed with the elevated levels of pro inflammatory bio-
markers in the brain tissue samples.16,24,25 TNF-α and IL-1β ele-
vated levels in the induction group confirm the involvement 
of pro-inflammatory cytokines in anxiety pathophysiology.26 
Pimpinella anisum extract administration in different doses 
led to a significant decrease in these inflammatory biomarkers. 
The mechanism involved in this process is related to bioactive 
substances like trans-and cis-anethole that act on immune 
responses by modulating pro-inflammatory cytokines.8 As 
demoestrated in the GC mass performed on the seeds of Pimp-
inella anisum, anethole isomers were making up to 71% of the 
seeds. In addition to its anti-inflammatory effects, Pimpinella 
anisum demonstrated significant antioxidant activity, as evi-
denced by normalization of NRF2 expression and total antiox-
idant capacity toward physiological control values, suggesting 
attenuation of oxidative stress and restoration of redox bal-
ance.9 NRF2 acts as an important regulator in cellular protec-
tion against oxidative stress,27 and it’s up regulation indicates a 
defensive response to avoid neuronal injury. The elevation in 
levels of Nrf2 in the anxiety induction group and their reduc-
tion in the treated groups suggest that oxidative stress is an 
important element of anxiety disorders and that antioxidants 
could be effective treatments.27 Oxidative stress and oxidative 
biomarkers have been studied deeply in the recent years, and 
as it was demonstrated in previous studies, oxidative stress 
is an etiological factor in the pathogenesis on anxiety.28,29 
NRF2 regulates the activation of expression of cytoprotective 

genes. NRF2 existence in cells mainly regulated by four fac-
tors, one of them is KEAP1 which binds NRF2 and degrade 
it to regulate the levels of NRF2 in cells, ROS that are abun-
dant in increased oxidative stress react with cysteine found in 
KEAP1 and renders it inactive allowing the NRF2 bypass the 
regulatory action of KEAP1 and results in increased levels of 
NRF2 which in turn increases the expression of cytoprotec-
tive genes which counteract ROS that contributed in anxiety.30 
Total anti-oxidant capacity measurement relays on the ability 
of enzymes and components of the sample to neutralize oxi-
dants, and the results are directly proportional related to the 
levels of antioxidants in samples.31 Adding this to the find-
ings and interpretation of NRF2 levels, highlighting the anti- 
oxidative potential of Pimpinella anisum extract. In this study 
Serotonin levels were elevated in the induction group. While 
this finding may appear paradoxical, it can be explained by 
knowing the role of serotonin in different regions of the brain 
and understanding that different serotonin receptors act in 
complex manner.32 Increased 5HT-3A serotonin receptor gene 
expression has been related to anxiety as a driver, while 5-HT4 
receptors act to reduce and modulates anxiety.33 As demon-
strated in the recent studies that an acute elevation in the level 
of serotonin especially in the amygdala, hippocampus and 
bed nucleus of stria terminalis can induce anxiety.32,34,35 Para-
doxically elevated serotonin levels in the dorsal raphe nucleus 
contribute to the development of anxiety related behaviors in 
response to induction.36 The normalization of serotonin levels 
after treating the groups with diazepam and in dose dependent 
manner with Pimpinella anisum extract indicates that both 
diazepam and Pimpinella anisum have regained neurochem-
ical balance. This finding shows that the plant seed extract may 
act as an alternative or adjunct to pharmacological treatments. 
The anxiolytic effects of Pimpinella anisum appear to be medi-
ated through multiple mechanisms, including modulation of 
neurotransmitters, reduction of inflammation, and enhance-
ment of antioxidant defenses. These combined actions provide 
a comprehensive approach to anxiety management.

Conclusion
Pimpinella anisum has significant anxiolytic activity in 
animal models of anxiety caused by chronic unpredict-
able stress and caffeine. The findings showed that the plant 
extract successfully improved behavioral activity and affected 
important biomarkers related to anxiety. In particular, the 
anxiolytic effect of the plant seed extract was found to be dose- 
dependent since a higher dose of it caused better results com-
parable to the action of diazepam. The mechanisms involved 
in the anxiolytic action of Pimpinella anisum are multiple and 
include the reduction in inflammatory biomarkers, such as 
TNF-α and IL-1β, activation of the antioxidant response by 
NRF2, up regulation and alteration of serotonin levels. Also, 
due to its anti-inflammatory and antioxidant activity, the plant 
has additional beneficial potentials comparing to the other 

Table 7.  Mean and standared deviation of Nrf2 for the  
experimental groups 

Group 1 2 3 4 5 6

Mean 158.3 283 152.8 210.5 162.6 146.1

Std. deviation 18.15 59.15 17.34 83.9 43.75 46.75

Table 8.  Mean and standared deviation of total antioxidant capacity for the 
experimental groups 

Group 1 2 3 4 5 6

Mean 0.06048 0.08917 0.0542 0.0697 0.06232 0.05692

Std. deviation 0.01525 0.00942 0.02124 0.0256 0.006038 0.006985
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pharmacologic agents. Anxiolytic properties of Pimpinella 
anisum extract through modulation of the oxidative stress 
and ROS have been witnessed by the levels of NRF2 and total 
anti-oxidant capacity. Additional researches are needed to 
study long-term safety and clinical utility of the plant extracts.

Study Limitations 
The sample size was limited which can reduce the generaliza-
bility and statistical role of the findings additionally the dura-
tion of the induction and treatment was short to evaluate the 
long term effects of the plant extract and the study included 
only male rats which may affect the findings of this study. Not 
all anxiety related biomarkers were evaluated in this study and 
the absence of molecular analyses like gene expression affects 
the power of study findings. 
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