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Background & Objective:  Anxiety disorders constitute a significant portion of the 
global mental health burden, affecting large segments of the population with 
considerable severity. Scutellaria pinnatifida, a medicinal plant belonging to the 
mint family, has been investigated for its potential anxiolytic effects. In this 
investigation, we assess the anxiolytic activity of methanolic extract derived from 
the roots of S. pinnatifida in mice, aiming to provide further insights into its 
neuropharmacological profile. 

 Materials & Methods:  Forty-eight male mice, weighing 20–30 grams, were 
randomly distributed into six distinct groups, each consisting of eight animals. The 
groups consisted of: I) control group receiving normal saline; II) positive control given 
diazepam at 2 mg/kg; III, IV, and V) treatment groups administered S. pinnatifida 
methanolic extract at doses of 50, 100, and 200 mg/kg, respectively; and VI) a 
combination group receiving flumazenil at 2 mg/kg along with S. pinnatifida extract 
at 200 mg/kg. Following intraperitoneal administration of all treatments, behavioral 
responses indicative of anxiety were evaluated via the elevated plus-maze paradigm. 
Statistical computations were performed using InStat software. Results are presented 
as Mean ± SEM, with significance defined at P < 0.05. 

Results:  The results showed that administering diazepam and the highest dose of S. 
pinnatifida methanolic extract (200 mg/kg) notably raised the number of entries into 
the open arms and reduced the duration spent in the closed arms. Additionally, the 
addition of flumazenil to the 200 mg/kg dose of S. pinnatifida did not produce a 
significant alteration in the observed anxiolytic effects, indicating a comparable 
response between the two groups. 

Conclusion:  This study suggests that the methanolic extract of S. pinnatifida 
possesses anxiolytic and sedative properties, with the most pronounced anxiolytic 
effect observed at the highest dose. 
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1. Introduction
linically, anxiety presents as a persistent yet 
often ambiguous feeling of worry or tension, 
commonly associated with physical 
manifestations like chest discomfort, rapid 

heartbeat, breathlessness, sweating, disorientation, and 
impaired cognitive performance (1). While mild levels of 

anxiety can enhance environmental awareness and 
heighten the perception of potential dangers, severe 
anxiety can disrupt behavioral consistency and impede 
rational decision-making (2). The modulation of anxiety 
involves multiple receptor systems, including serotonin, 
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gamma-aminobutyric acid (GABA), catecholamines, and 
sex hormones (3). 

GABA, the primary inhibitory neurotransmitter in the 
brain, reduces neuronal excitability by increasing chloride 
influx upon receptor binding, resulting in 
hyperpolarization and a dampening of nerve activity (3). 
Additionally, estrogen's anxiolytic effects are mediated 
through two intracellular receptors, ERβ and ERα, which 
modulate genomic activity (4). Evidence also indicates 
that oxidative damage to the brain may harm the nervous 
system, and accumulating evidence suggests that 
oxidative damage may be a major contributing factor in 
the pathogenesis of anxiety and depressive disorders, 
likely through disruption of neuronal homeostasis (5). 

Anxiety disorders pose a significant public health issue, 
impacting around 25% of people in the United States (6). 
According to national estimates, anxiety disorders affect 
15.6% of the Iranian population over 12 months (7). 
Hence, like other neuropsychiatric disorders, it may cause 
many complications and burdens on society and the 
healthcare system (8). Individuals with anxiety disorders 
frequently seek medical care due to symptoms like chest 
pain, palpitations, or dizziness, which they often fear are 
related to physical health problems (1). This increases 
visits to primary care physicians, specialists, and 
emergency departments, which strains healthcare 
resources (9). The economic burden of anxiety is also 
substantial, as it includes both direct healthcare costs, such 
as consultations, medications, and hospitalizations, and 
indirect costs, such as loss of productivity, absenteeism, 
and long-term disability (10). Moreover, anxiety 
commonly co-occurs with other mental health disorders, 
such as depression, and chronic physical conditions like 
cardiovascular disease (11). This comorbidity 
complicates treatment, leading to more extensive and 
complex care plans, which increases the demand for 
healthcare services and often results in poorer health 
outcomes (12). Left untreated, anxiety disorders can 
profoundly deteriorate an individual's quality of life, 
interfering with their capacity to manage routine 
responsibilities, sustain employment, and foster 
meaningful social ties (10). A diminished quality of life in 
anxious individuals may initiate a negative feedback loop, 
decreasing their adherence to treatments and engagement 
in health-promoting activities, thereby exacerbating 
overall health decline (13). On a broader scale, 
widespread anxiety within a population can affect public 
health by increasing the prevalence of mental health 
issues, reducing workforce productivity, and contributing 
to social and economic instability (6). This situation may 
necessitate the expansion of public health initiatives to 
address the growing mental health needs, diverting 
resources from other critical areas. Additionally, people 
with anxiety disorders face a greater risk of developing 
substance use disorders because they might use alcohol or 
drugs to self-medicate (14). This exacerbates the public 
health crisis by increasing the incidence of addiction and 
related health problems, further straining healthcare 
services, and intensifying the burden on public health 
systems (15).  

Many conventional anxiolytic medications are 
associated with adverse effects, including sedation, 
fatigue, risk of tolerance, and dependence, which limit 
their long-term usability (16). In recent years, the practice 
of using natural or herbal remedies for self-managing 
various stress-related conditions like anxiety has gained 
significant traction worldwide (17). Today, herbal 
medicine stands as one of the most commonly adopted 
complementary or alternative approaches for treating 
insomnia (17). Due to their favorable safety profiles, 
herbal treatments are increasingly considered viable 
substitutes for synthetic anxiolytics (18). However, the 
effectiveness of traditional medicinal herbs in addressing 
mental health disorders through complementary and 
alternative medicine remains insufficiently studied, 
particularly in terms of understanding the mechanisms by 
which their phytocomponents act.  

Scutellaria pinnatifida (S. pinnatifida), belonging to the 
Labiatae family, is a plant recognized for its potential 
therapeutic properties. It is a significant genus of perennial 
and annual herbs, comprising roughly 360 to 400 species 
(19). Species of the Scutellaria genus are found 
extensively in tropical highlands spanning continents such 
as North America, Europe, Asia, and extending from 
Siberian regions to South American tropics (19). 
Commonly called "skullcaps," it is one of the 20 species 
of the Scutellaria L. genus (Lamiaceae family) native to 
Iran and has been extensively used in traditional Chinese 
medicine (19). This plant is known as Boshghabi in 
Persian (19). The plant usually reaches a height of 20-50 
cm or slightly more. Its flowers come in various colors, 
such as purple, blue, pink, red, yellow, and white, and are 
arranged axially around the flowering branch (19). The 
stems are rigid, often square-shaped, and the leaves are 
opposite, elongated, serrated, and pointed, attaching 
directly to the stem without petioles (19). The chemical 
constituents of S. pinnatifida include glucosides, formic 
acid, cinnamic acid, and silica (19). Both in vitro and in 
vivo investigations have highlighted the therapeutic 
promise of Scutellaria-derived phytochemicals, 
particularly in neurological disorders like anxiety, 
depression, and neurodegenerative diseases (20). By 
examining the effects of S. pinnatifida root extract on 
anxiety-like behaviors and its possible interaction with 
benzodiazepine receptors, this study seeks to uncover a 
novel phytotherapeutic pathway for managing anxiety 
disorders. 
 

2. Materials and Methods 
2.1 Animals 

Male mice weighing 20 to 30 grams were obtained from 
the animal facility of the University of Medical Sciences 
in North Khorasan. The animals were kept in a carefully 
regulated environment, maintaining a temperature of 
21±2°C and a 12-hour light-dark cycle. The study 
received approval from the Ethical Committee of North 
Khorasan University of Medical Sciences, with Ethical 
approval ID: IR.NKUMS.REC.1398.038. 



Yousef Erfani Karimzadeh Tosi et al. 267 

       Volume 33, July- August 2025            Journal of Advances in Medical and Biomedical Research 

2.2 Plant Extraction 
The roots of Scutellaria pinnatifida were collected, air-

dried, and ground into a fine powder. A 100-gram portion 
of this powder was macerated in 70% hydroethanolic 
solution at 37°C for 72 hours with periodic agitation. The 
extract was subsequently filtered and concentrated under 
reduced pressure at 45°C using a rotary evaporator (Eyela, 
Heidolph, Germany) (21, 22). 

2.3 Experimental Groups 

Six experimental groups were formed (n = 8 each), 
comprising: 1) a saline-treated control group; 2) a 
diazepam-treated positive control (2 mg/kg); 3–5) groups 
receiving 50, 100, or 200 mg/kg of S. pinnatifida extract 
(SP 50, SP 100, SP 200); and 6) a co-treatment group 
administered flumazenil (2 mg/kg) and SP 200. All 
injections were performed intraperitoneally 30 minutes 
before behavioral assessment using the elevated plus 
maze (EPM). 

2.4 Anxiety Assessment 
The EPM serves as a standard behavioral paradigm to 

evaluate anxiety-related behaviors in rodents, capitalizing 
on their natural aversion to open spaces. It relies on their 
natural dislike of open and elevated areas and is widely 
employed in pharmacological and behavioral 
neuroscience studies (23). The EPM is made of wood and 
features two open arms opposite two closed arms, all of 
which are elevated approximately 50 cm above the 
ground. This model measures innate fear responses 
without prior animal training or learning. Thirty minutes 
before the test, each mouse was given its designated 
treatment and then moved to a study room. Five minutes 
before testing, each mouse was separately placed into a 30 
× 30 × 40 cm box to promote exploratory activity. 
Subsequently, the mouse was placed in the center of the 
EPM, and its behavior was recorded for 5 minutes, with a 
focus on the number of entries and the time spent in both 
the open and closed arms. The experiment was observed 
and documented with a video camera positioned above 
the maze in an adjacent room. 

2.5 Statistical Analysis 

Quantitative data were reported as mean values with 
corresponding standard errors (SEM). Statistical 
significance among groups was determined via one-way 
analysis of variance (ANOVA), followed by post hoc 
comparisons using the Tukey-Kramer method. A 
threshold of p < 0.05 was used to denote statistical 

significance. The analyses were carried out using InStat 
(GraphPad Software, USA). 
 

3. Result 
Treatment with a high dose of S. pinnatifida extract 

(200 mg/kg) and diazepam significantly increased the 
frequency of entries into the open arms of the maze 
compared to the control group (p < 0.05 and p < 0.01, 
respectively). Interestingly, the number of open arm 
entries observed across all extract-treated groups did not 
differ significantly from that of the diazepam group. 
Furthermore, no meaningful difference was detected 
between the high-dose extract group and the group 
receiving both flumazenil and the high extract dose 
(Figure 1). 

Figure 2 illustrates that a high concentration of S. 
pinnatifida methanolic extract (200 mg/kg), diazepam, 
and flumazenil with S. pinnatifida methanolic extract (200 
mg/kg) significantly reduced the number of entries into 
the closed arms of the maze, compared to the control 
group. The effect of the lowest extract concentration (50 
mg/kg) was significantly lower than that of diazepam. No 
notable differences were observed between the high 
extract concentration group and the treated flumazenil 
group (Figure 2). 

Administration of diazepam significantly prolonged the 
time mice spent in the open arms relative to the control 
group. Although the methanolic extract of S. pinnatifida 
demonstrated a dose-dependent increase in open-arm 
exploration, none of the tested concentrations matched the 
effect of diazepam. Furthermore, the duration spent in the 
open arms did not differ significantly between the group 
receiving 200 mg/kg of the extract alone and the group co-
administered with flumazenil and the same extract dose 
(Figure 3). 

Treatment with the extract, diazepam, or flumazenil 
resulted in a significant decrease in the amount of time 
spent in the closed arms compared to the control group, 
with the most pronounced effects observed at the highest 
dose of the extract (p < 0.001 across all comparisons; see 
Figure 4). Among the extract-treated groups, the 200 
mg/kg dose resulted in a significantly greater reduction in 
closed-arm duration compared to the 50 and 100 mg/kg 
doses (p < 0.05 and p < 0.001, respectively). In contrast, 
the lower doses of the extract had a less significant impact 
than diazepam (p < 0.001 for both). Importantly, no 
significant difference was detected between the group 
receiving 200 mg/kg of the extract alone and the group co-
treated with flumazenil and the same extract dose.
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Figure 1. The number of entering into the open arms in elevated plus-maze of control (C), S. pinnatifida (SP, 50, 100, and 200 mg/kg), 

diazepam (D), and SP 200 mg/kg with flumazenil, (n=8 in each group). Data are presented as mean ± SEM values. * p<0.05 and ** p<0.01 
shows significant differences compared to group C. Statistical analyses were performed using ANOVA with Tukey-Kramer’s post-test. 
(Designed by Authors, 2025). 

 

 

 
Figure 2. The number of entering into the closed arms in elevated plus-maze of control (C), S. pinnatifida (SP, 50, 100, and 200 mg/kg), 

diazepam (D), and SP 200 mg/kg with flumazenil, (n=8 in each group). Data are presented as mean ± SEM values. * p<0.05 and ** p<0.01 
show significant differences compared to group C. + p<0.05 shows significant differences between the three concentrations of SP and D. 
Statistical analyses were performed using ANOVA with Tukey-Kramer’s post-test. (Designed by Authors, 2025). 
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Figure 3. The time spent in the open arms in elevated plus-maze of control (C), S. pinnatifida (SP, 50, 100, and 200 mg/kg), diazepam 

(D), and SP 200 mg/kg with flumazenil, (n=8 in each group). Data are presented as mean ± SEM values. *** p<0.001 shows significant 
differences compared to group C. +++ p<0.001 show significant differences between the three concentrations of SP and D. Statistical 
analyses were performed using ANOVA with Tukey-Kramer’s post-test. (Designed by Authors, 2025). 

 

 
Figure 4. The time spent in the closed arms in elevated plus-maze of control (C), S. pinnatifida (SP, 50, 100, and 200 mg/kg), diazepam 

(D), and SP 200 mg/kg with flumazenil, (n=8 in each group). Data are presented as mean ± SEM values. *** p<0.001 shows significant 
differences compared to group C. +++ p<0.001 show significant differences between the three concentrations of SP and D. x p<0.05 and 
xxx p<0.001 show significant differences between the three concentrations SP. Statistical analyses were performed using ANOVA with 
Tukey-Kramer’s post-test. (Designed by Authors, 2025). 
 

4. Discussions 
This work explored whether the methanolic extract of 

S. pinnatifida exhibits anxiety-modulating effects in mice. 
Notably, the behavioral effects were more prominent at 
higher administered doses. To evaluate anxiety-related 

behavior, the EPM test was utilized, an established 
paradigm in behavioral pharmacology. This test leverages 
rodents’ aversion to open spaces, and its predictive 
validity is demonstrated by increased exploration of the 
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open arms following administration of known anxiolytic 
agents such as diazepam (23). 

In the current study, as expected from earlier studies, 
diazepam significantly increased both the frequency and 
duration of visits to the open arms in the EPM, confirming 
its known anxiolytic properties. Similarly, treatment with 
high concentrations of the S. pinnatifida methanolic 
extract resulted in a significant increase in open arm 
entries and a decrease in closed arm entries, suggesting an 
anxiolytic effect comparable to that of diazepam (20, 24-
29). Furthermore, all treatment groups, including those 
receiving high doses of the extract, diazepam, and high-
dose extract with flumazenil, spent significantly less time 
in the closed arms than the control group, underscoring 
the potential efficacy of the extract. Interestingly, the 
study found no significant interaction between high 
extract concentrations and flumazenil, a benzodiazepine 
receptor antagonist. This suggests that the anxiolytic 
effects of S. pinnatifida are likely mediated through 
pathways independent of the GABAergic system, 
particularly benzodiazepine receptors. Several 
investigations have proposed that the antidepressant 
effects of S. pinnatifida may be mediated through the 
inhibition of brain monoamine oxidases A and B, offering 
a plausible neurochemical mechanism underlying its 
action (20, 29). Thus, it appears that the methanolic 
extract of S. pinnatifida may exert its anti-anxiety effects 
through alternative receptor mechanisms. Previous 
studies have linked experimentally induced anxiety with 
oxidative stress, characterized by the overproduction of 
free radicals, lipid peroxidation, and subsequent neuronal 
damage. This connection has been supported by findings 
such as those from Merzoug et al., which highlighted the 
role of oxidative stress in anxiety, as well as from Ying 
Xu's study, which suggested that antioxidant therapies 
could offer a novel approach to anxiety treatment (30, 31). 
Antioxidant effects have been discussed in previous 
studies (26, 32). According to Del Azar and colleagues, 
the methanolic extract of the aerial parts of the plant 
exhibited vigorous antioxidant activity, as quantified by 
an RC₅₀ value of 350 ± 0.044 mg/mL, supporting its 
potential as a natural source of free radical scavengers 
(33). Golmakani et al. conducted a study that found a link 
between the phenolic content and the antioxidant activity 
of S. pinnatifida. These observations suggest that S. 
pinnatifida serves as a promising reservoir of naturally 
occurring antioxidant and flavonoid constituents (26). 
Subsequent phytochemical analyses using DPPH and 
FRAP techniques confirmed that S. pinnatifida contains 
significant quantities of antioxidant compounds, 
including various flavonoids, anthocyanins, and 
carotenoids. These findings suggest that the anxiolytic 
effects seen in this study may partly result from the 
antioxidant properties of S. pinnatifida, which could help 
reduce anxiety caused by oxidative stress. 

The study on Scutellaria pinnatifida demonstrates 
several significant strengths. Firstly, it addresses a 
relatively unexplored area within the Scutellaria genus. 
While species like Scutellaria baicalensis have been 
extensively researched for their anxiolytic properties, this 

study on S. pinnatifida offers new insights into the 
potential of lesser-known species. This contributes 
valuable information to the field of herbal medicine, 
particularly in the context of identifying alternative or 
complementary treatments for anxiety disorders. Another 
strength of the study is its systematic approach to dose-
dependent analysis. The research provides robust 
evidence of its anxiolytic potential by systematically 
examining the effects of varying doses of S. pinnatifida. 
This detailed approach not only strengthens the validity of 
the findings but also offers practical guidance for 
determining appropriate dosing in future clinical settings. 
Including flumazenil, a benzodiazepine receptor 
antagonist, is a powerful aspect of this research. The 
involvement of benzodiazepine receptors in the extract’s 
anxiolytic response enhances our understanding of the 
neuropharmacological basis of S. pinnatifida’s effects. 
This is important because it indicates that S. pinnatifida 
could be a safer option than traditional benzodiazepines, 
which are often linked to side effects like sedation. 
Another notable strength of the study is its potential for 
clinical application. The findings suggest that S. 
pinnatifida exhibits anxiolytic effects without significant 
sedation, making it a promising candidate for the 
development of new anxiolytic therapies. This is 
especially crucial due to the continuous demand for better 
and more reliable therapies to address anxiety conditions. 
By expanding the pharmacological understanding of S. 
pinnatifida, this research lays the groundwork for future 
innovations in anxiety treatment modalities. 

However, the study has its limitations. While the 
current findings support the anxiolytic potential of S. 
pinnatifida extract based on behavioral parameters, we 
acknowledge the preliminary nature of these results. 
Through biochemical and histological analyses, future 
studies must explore the underlying molecular 
mechanisms, including receptor-level interactions and 
oxidative stress pathways. One limitation is the reliance 
on a single behavioral test, the elevated plus-maze, to 
assess anxiety. Although this method is well-established, 
additional behavioral assays, such as the light-dark box 
test or open-field test, could have provided a more 
comprehensive evaluation of the anxiolytic effects. This 
would have strengthened the robustness of the findings 
and offered a broader understanding of the behavioral 
effects of S. pinnatifida. Another limitation is the lack of 
long-term efficacy data. The study primarily focuses on 
the acute effects of S. pinnatifida. Without long-term 
studies, assessing the extract's chronic effects, potential 
development of tolerance, or long-term safety is difficult. 
Future research would benefit from extending the 
treatment periods and incorporating follow-up studies to 
better understand the long-term implications of S. 
pinnatifida use. 

Additionally, while the study successfully demonstrates 
the anxiolytic effects of S. pinnatifida, it does not identify 
the specific active compounds responsible for these 
effects. Identifying and isolating these compounds would 
lead to a clearer understanding of the pharmacological 
mechanisms and could guide the development of more 



Yousef Erfani Karimzadeh Tosi et al. 271 

       Volume 33, July- August 2025            Journal of Advances in Medical and Biomedical Research 

targeted anxiolytic therapies. Lastly, the study's findings, 
though promising, are based on animal models. The 
differences in biology and psychology between mice and 
humans could limit the direct applicability of these 
findings to human medical outcomes. Given the 
encouraging outcomes observed in this study, future 
investigations, especially clinical trials, are warranted to 
determine whether S. pinnatifida can be safely and 
effectively used in the clinical treatment of anxiety 
disorders. 
 

5. Conclusion 
This study demonstrates that high doses of methanolic 

extract from S. pinnatifida significantly attenuate anxiety-
like behaviors in mice, yielding outcomes analogous to 
those produced by diazepam. While flumazenil was used 
to explore the possible role of benzodiazepine receptors, 
the lack of a notable antagonistic effect indicates that the 
anxiolytic effects of S. pinnatifida are probably mediated 
via pathways other than benzodiazepine receptors. 
Collectively, the data suggest that S. pinnatifida may serve 
as an effective plant-based agent for managing anxiety-
related conditions. Nevertheless, further biochemical, 
molecular, and receptor-level investigations are essential 
to elucidate the exact mechanisms underlying its effects 
and to assess the efficacy and safety of its active 
constituents in both preclinical and clinical settings. 
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