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Abstract 

Background and Objective: Kaempferol (KM) is one of the most important plants with 

neuroprotection and analgesic effects. In addition, bicuculline (BIC) is a competitive antagonist of the 

GABAA ionotropic receptor (the most important targets of benzodiazepines and other anxiety 

suppressants). In this study, intracerebroventricular microinjection of KM on anxiety and its 

interaction with GABAergic mechanism were investigated in male rats. 

Materials and Methods: In this exploratory investigation, the male rats were divided into the 

following groups: control (saline), groups treated by KM (0.5 and 2 g/rat), DMSO (1g/rat), KM 

0.5+BIC1 g/rat, KM 0.5+BIC4 g/rat, KM 2+BIC1 g/rat, BIC groups (1, 4 g/rat), and KM 2+BIC 4 

g/rat. Besides, an elevated plus-maze paradigm was used for the evaluation of the anxiety. 

Results: Statistical analysis revealed that the indices of TTOA in KM groups (0.5 and 2 g/rat) 

significantly increased in comparison to the control group (P<0.05 and P<0.01, respectively). 

Moreover, regarding the involvement of the GABAergic system in the anxiolytic-like activity of KM, it 

was demonstrated that the TTOA related to co-administration of KM (0.5g/rat) with bicuculline 

(1g/rat) significantly reduced, compared to the control group (P<0.05). 

Conclusions: According to the obtained results, the use of KM can likely improve anxiety through 

GABAergic mechanism(s). 
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Background 

Today, anxiety is an overwhelming condition that is 
broadly associated with various disorders in the 
community. It is presumed that 26.9 million persons 
in the USA have anxiety syndromes (AS).  
Moreover, about 5-30% of people around the world 
are affected by AS during their lifetime. 
Predominant attainable of effective, comparatively 
low rate outpatient management may significantly 
lessen the economic and aggregate load of these 
common and habitually devastating disorders [1]. 
Presented in 1980, benzodiazepines immediately 
became the most generally utilized psychotropic 
medications. However, currently, perspectives 
toward these chemical compounds have extremely 
changed, and the development of awareness and 
concern about dependence risk, withdrawal marvels, 
and side effects have called the usage of these 
compounds into question [2].  
The GABAA receptors (γ-Aminobutyric acid type 
A) are prime control elements (on the molecular 
levels) in light of the fact that benzodiazepines-site 
ligands can therapeutically attenuate anxiety. 
Moreover, a deficit of GABAA receptors has been 

recognized in the different areas of the brain in 
patients experiencing panic attacks. A GABAA 
receptors deficit has likewise been ensnared in 
summed up anxiety disorders [3]. 
Bicuculline (C2OH17NO6) is a phthalate-isoquinoline 
compound that can be extracted from plants, such as 
Dicentra cucullaria and Adlumia fungosa. Bicuculline 
(BIC) has also been a competitive antagonist of the 
GABAA ionotropic receptor. These receptors are 
also the most important targets of benzodiazepines 
and other anxiety suppressants [4, 5]. 
The flavonoid of Kaempferol (KM) (molecular 

formula: C15H10O6) is found in numerous palatable 
plants (e.g., tomato and grapes) or floral products 
frequently utilized in conventional medicine (e.g., 
Hedera helix and Erigeron acer) [6-8]. Some basic 
examinations found a positive relationship 
between the utilization of nourishments containing 
KM and a diminished risk of developing a few 
disorders, such as cardiovascular and neurological 
diseases. Various pre-clinical investigations indicated 
that KM as well as its glycosides have a wide range 
of pharmacological effects, such as anti-diabetic, 
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anti-microbial, anti-osteoporotic, and analgesic 
effects [9-13]. The evidence has shown that 
kaempferol can act as a ligand for various 
receptors, such as GABAergic and cholinergic 
receptors [13-15].  
To the best of our knowledge, no investigations 
have been performed on the intracerebroventricular 
microinjection of KM on anxiety through the 
GABAA mechanism.  
 
Objectives 
The present study aimed to examine the anti-anxiety 
effects of KM and its interaction with GABAA 
receptors using one of the most important validated 
paradigms to assess anxiety (elevated plus-maze 
test) in male rats. 
 
Materials and Methods  
Experimental animals 
Male rodents (Wistar race rats; weighing 220–250 g) 
were obtained from the neurophysiology research 
center (animal house sub-group) of Hamadan 
University of Medical Sciences, Iran. All male rats 
were permitted to adjust to the research center 
conditions for about one-week for five min/day 
before the procedure. The rodents were kept in 
special boxes at standard temperature (22±2°C) 
with a 12/12 h dark/light cycle. The adult rats were 
free to use food (Pellet) or water (eight male adult 
rats in each laboratory group).  
The present research was approved by the Ethics 
Committee of the Hamadan University of Medical 
Sciences (code: IR. UMSHA. REC. 1397. 728). In 
this study, the following groups (10 groups) were 
used (n=8 rats in each group): control, DMSO, KM 

0.5 g/rat, KM 2 g/rat, KM 0.5 g/rat +BIC 1 

g/rat, KM 0.5 g/rat +BIC 4 g/rat, KM 2 

g/rat +BIC 1 g/rat, KM 2 g/rat +BIC 4 

g/rat, BIC 1 g/rat, BIC 4 g/rat.  
 
Medications 
Kaempferol and bicuculline were bought from 
Sigma-Aldrich Company, USA. Dimethyl sulfoxide 
or DMSO were utilized for dissolving KM and BIC 
20 min before intracerebroventricular micro-injection 

(ICVM). The KM (0.5, 2 g/rat) and bicuculline (1, 4 

g/rat) dosages were chosen depending on recently 
distributed examinations [13, 16]. 
 
Surgery procedure and infusion of the medications 
The surgical procedure started by co-administration 
of ketamine-xylazine (with the proportion of 50 
mg/kg+5 mg/kg, respectively) for the production 
of anesthesia [17,18]. The 22-gauge tube (guide 
cannulas) was inserted one mm above the injection 

site (lateral ventricles [LV]) based on the rat brain 
atlas by Paxinos and Watson, bilaterally (both left 
and right hemisphere) [19]. The 50 μl Hamilton 
syringe connected to polyethylene (PE) tubing was 
utilized for the administration of KM or BIC. It 
must be mentioned that the infusion took  
3-4 min.  
 
Coordinates of the rodent brain 
For this purpose, a single administration was used 
in the LV as follows: 0.8 mm posterior to the 
bregma, ±1.4 mm lateral to the sagittal suture, and 
3.4 mm from the top of the skull [20, 21].  
 
Elevated plus maze 
This technique is essentially the same as the one 
described by Shahidi et. al [22, 23]. The elevated 
plus maze (EPM) consists of four arms (a wooden 
cross-shaped maze) and looks like a plus sign. There 
were two open arms as well as two closed arms in 
the EPM and it was elevated 50 cm. The effects of 
ICVM of the medications were examined in the 
EPM five days after cannulation. The rodents were 
independently positioned in the focal point of the 
EPM (confronting an open arm) and permitted five 
min of free investigation. The total time spent in the 
open arms (TTOA) and the number of entries into 
the open arms (NEOA) were determined by 
videotaped records.  
 
Statistical analysis  
The GraphPad Prism (Version 6) was utilized for 
the analysis of the significant differences among 
groups. Moreover, the data were scanned by 
ordinary one-way ANOVA and Bonferroni post-
hoc test. All the results were presented as 
means±SEM and a p-value of less than 0.05 was 
considered statistically significant. 
 
Results 
According to Figure 1.A., the results of the one-way 
ANOVA regarding TTOA reflect the significant 
differences between the groups [F (3, 28) =92.4, 
P<0.001]. Further analysis using Bonferroni post-
test revealed significant changes in the TTOA after 

injection of 0.5 and 2 g/rat doses of KM, 
compared to the vehicle control group (P<0.05, 
P<0.001, respectively).  
According to Figure 1.B., results of the one-way 
ANOVA regarding TTOA revealed a significant 
difference between the groups [F (7, 56) = 24.8, P < 
0.001]. Further analysis using Bonferroni post-test 
showed that the TTOA after co-injection of KM 

(0.5 g/rat) and BIC (4 g/rat) reduced, compared 
to the vehicle control group (P<0.01). Moreover, 
there were significant differences between BIC with  
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Figure 1. Effect of intracerebroventricular injection of 0.5 and 2 g/rat of kaempferol (KM) on the TTOA (A) and its interaction with GABAA 

mechanism (b) in male rats.  

DMSO: dimethyl sulfoxide, BIC: bicuculline (1, 4 g/rat, an antagonist of GABAA receptors). The data are expressed as mean±SEM.  

*
: P < 0.05, 

**
: P < 0.01, 

***
: P < 0.001 vs. control group

 

&&
: P < 0.01, 

&&&
: P < 0.001 vs. BIC: 4g/rat (n=8 in each group) 

 
doses of 1 and 4  g/rat compared to the vehicle 
control group (P<0.05, P<0.001, respectively). In 
addition, the results of the co-administration  

of KM (2 g/rat)) and BIC (4 g/rat) were 

significantly different from those of BIC (4 g/rat) 
(P<0.001). 
According to Figure 2.A., one-way ANOVA 
analysis of the number of entries into the open arm 
revealed significant differences between the groups 
[F (3, 16) =63.87, P<0.001]. Further analysis using 
Bonferroni post-test exhibited significant changes in 
the number of entries into the open arm after 

injection of 0.5 and 2 g/rat doses of KM, 
compared to the vehicle control group (P<0.05, 
P<0.001, respectively).  

According to Figure 1.B., one-way ANOVA of the 
number of entries into the open arm points out  
the significant difference between the groups [F  
(7, 56) =37.22, P< 0.001]. Further analysis using 
Bonferroni post-test revealed that the number of 
entries into the open arm after co-injection of KM 

(2 g/rat) and BIC (4 g/rat) reduced, compared to 
the vehicle control group (P<0.05). Moreover, there 
were significant differences between BIC with doses 

of 1 and 4  g/rat compared to the vehicle control 
group (P<0.01, P<0.001, respectively). In addition, 

results of the co-administration of KM (2 g/rat)) 

and BIC (4 g/rat) were significantly different in 
comparison to those of the administration of BIC 

(4 g/rat) (P<0.001). 

 

E
n

tr
ie

s
 i

n
to

 o
p

e
n

 a
rm

s

C
o

n
tr

o
l

D
M

S
O

K
M

 0
.5

K
M

 2

0

5

1 0

1 5

*

***
(A )

                 

E
n

tr
ie

s
 i

n
to

 o
p

e
n

 a
r
m

s

C
o

n
tr

o
l

D
M

S
O

K
M

 0
.5

+
B

IC
 1

K
M

 0
.5

+
B

IC
 4

K
M

 2
+
B

IC
 1

K
M

 2
+
B

IC
 4  1  4

0

2

4

6

8

**

& & &

*

**

(B )

& & &

**

***

& & &

& & &

& & &

B IC

 

   

Figure 2. Effect of intracerebroventricular injection of 0.5 and 2 g/rat of kaempferol (KM) on the entries into the open arms (A) and its 

interaction with GABAA mechanism (b) in male rats. 

DMSO: dimethyl sulfoxide, BIC: bicuculline (1, 4 g/rat, an antagonist of GABAA receptors). The data are expressed as mean±SEM 

*: P < 0.05, **: P < 0.01, ***: P < 0.001 vs. control group 

&&&: P < 0.001, vs. BIC: 4 g/rat) (n=8 in each group) 
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Discussion 
Based on the findings of this study, it can be said 
that intracerebroventricular microinjection of 
kaempferol in male rats decreases the level of 
experimental anxiety through the GABAA 
mechanism as measured by the TTOA and the 
NEOA of the EPM. Currently, the use of an EPM 
test for the evaluation of anti-anxiety medications is 
well established. In this test, the TTOA and the 
NEOA are used as indicators of anxiety [24].  
According to the results of previous studies, it has 
been clearly shown that intrathecal injection of 
bicuculline (as an antagonist of GABAA-type 
receptors) at a dose of 4 μg reduced both the 
TTOA and the number of entries of female mice 
into the open arm [25]. Based on the findings of 
this study, the use of bicuculline at a dose of 4 μg 
could reduce anxiety which is in line with those of 
the previous studies. Moreover, in the present 
study, the use of low dose bicuculline (1 μg) was 
able to reduce the number of rat entries into the 
open arm; however, this is inconsistent with the 
results of previous studies in this regard. This 
difference could be due to the use of different 
routes of administration and/or dependent on the 
gender of rodents [26]. 
The results of numerous studies have confirmed the 
anxiolytic effect of flavonoids by intracere-
broventricular injection in laboratory animals  
[27-29]. For example, the low-dose of flavonoid 
baicalein (2 μg/rat) has been shown to exert anti-
anxiety effects when injected directly into the 
central nervous system due to its gabaergic 
mechanism, which is independent of the 
benzodiazepine sites. In the above-mentioned 
study, both indicators of anxiety, NEOA and 
TTOA, increased in rats [30].  
In this study, it was also found that the use of 
dehydroepiandrosterone sulfate as a GABA-A 
receptor antagonist could inhibit the anxiolytic 
effect of baicalein. The findings of this study also 
indicated that the use of low and high doses of KM 
as a flavonoid compound injected intraventricularly 
could increase both the NEOA and TTOA in male 
rats, which is inconsistent with those of previous 
studies. Moreover, it was found that the use of 
GABAA receptor antagonist (bicuculline), in a dose-
dependent manner, was able to reduce the 
anxiolytic effect of KM, which is in line with the 
findings of previous research. These results 
indicated the anti-anxiety effect of KM through 
interaction with the GABAA system. 
Based on the results of a study conducted by 
Wolfman et al. in 1994, the administration of 
chrysin, as a flavonoid, could reduce anxiety 
through GABAA receptors. According to the 

aforementioned study, it is clearly demonstrated 
that microinjection of bicuculline reversed the anti-
anxiety effects of chrysin [31]. This is in line with 
the results of the present study which indicated that 
the use of bicuculline altered the anti-anxiety effects 
of KM. Therefore, we proposed that the anti-
anxiety effects of KM may be related to interaction 
with GABAA receptors.  
Moreover, in the previous studies, it has been 
demonstrated that the anxiolytic activity of KM 
administrated through intraperitoneal injection was 
partially antagonized by concomitant administration 
of flumazenil (a benzodiazepine antagonist), but not 
by WAY-100635 (5-HT1A receptor antagonist) [14]. 
In addition, in our laboratory, we have shown that 
the cholinergic system (methoctramine, a selective 
M2 receptor antagonist of acetylcholine) may be 
involved in improving the effect of KM on 
scopolamine-induced memory impairment [13]. 
Therefore, GABAaergic (neurons that produce 
GABA as their output) and cholinergic mechanism 
(s) could be involved, at least in part, in the 
anxiolytic activity of KM. 
Studies have shown that overexpression of 
glyoxalase-1 (GLY) and glutathione reductase-1 
(GRE) genes in the brains of rats increases anxiety-
like behaviors (through oxidative stress metabolism) 
[32]. Due to the fact that KM contains many 
antioxidants, like unsaturated fatty acids, it has 
probably exerted its anti-anxiety effect by inhibition 
of the GLY and GRE genes. 
As previously said, flavonoids have been reported 
to have strong anti-anxiety effects as well as a  
wide range of pharmacological and biochemical 
functions. Flavonoids inhibit nitric oxide-mediated 
production as well as macrophage-induced nitric 
oxide-synthesizing enzyme mRNA expression in 
rats. It should also be noted that nitric oxide 
production also increases anxiety [33]. Therefore, in 
other words, the flavonoid KM may also inhibit 
anxiety through the nitric oxide pathway. 
Flavonoids can exert their anti-anxiety effect by 
acting on benzodiazepine receptors attached to 
GABA receptors. In a study performed on 
Coriandrum sativum, it was found that the use of the 
extract of this plant due to its active constituents, 
KM, could reduce anxiety through the gabaergic 
mechanism by binding to specific sites of 
benzodiazepines which is consistent with the results 
of the present study [29].  
 
Conclusions 
In summary, the results of the present study 
indicated that the intracerebroventricular 
microinjection of KM through interaction with 
GABAA-A receptors could possibly improve anxiety 
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in male rats. The cellular and molecular 
investigation of the lesion in specific nuclei of the 
brain associated with anxiety, such as the amygdala 
and hypothalamus as well as the study of other 
pathways can help us to better understand the 
mechanisms of anxiety altered by KM. 
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