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Background: Nicotine as one of the potent psychostimulant drugs is characterized by its parasympathomimetic 
activity. Upon the abrupt discontinuation of nicotine intake, a number of symptoms such as anxiety, 
depression and cognition impairment develop. Kefir as a food supplement is rich in tryptophan. In this 
study, we have evaluated the effects of Kefir on nicotine cessation-induced anxiety, depression and cognition 
impairment.
Materials and Methods: Forty adult male rats were divided into four groups. All the groups received 6 
mg/kg/day of nicotine for 17 days and then the negative control groups got 5 mg/kg/day of normal saline. 
The positive control groups were given 40 mg/kg/day of Sertraline HCl for 7 days. The group treated with 
Cow Milk Kefir (CMK) and Soy Milk Kefir (SMK) received 5 mg/kg/day for 7 days. On the 25th day, Elevated 
Plus Maze (EPM), Open Field Test (OFT) and Forced Swim Test (FST) were used to investigate anxiety and 
depression. In addition, Moris Water Maze was applied to evaluate learning and memory in the animals 
between the 20th and 25th days.
Results: The results showed that administration of CMK, SMK and Sertraline had higher anti-depression 
and anxiolytic effects on nicotine withdrawal-induced depression and anxiety in rats (P < 0.05). 
Moreover, CMK and SMK improved learning and memory impairment results in the nicotine withdrawal 
period (P < 0.05).
Conclusion: This study revealed that Kefir had a potential effect on the treatment of nicotine cessation-
induced depression, anxiety and cognition impairment in the animal model. Kefir may be useful for adjunct 
therapy for nicotine abandonment treatment protocols.
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INTRODUCTION

Nicotine as one of the potent psychostimulant 
drugs is characterized by its parasympathomimetic 
activity. Nicotine constant usage in the form of 
cigarettes leads to the problem of physical dependency 
identified as withdrawal syndrome.[1] Upon the abrupt 
discontinuation or decrease in nicotine intake, a 
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number of symptoms such as anxiety, depression 
and cognition impairment develop.[2,3] Previous 
studies have demonstrated that nicotine activates the 
mesolimbic pathway (“reward system”) and arouses 
the feelings of pleasure and euphoria.[3,4] Other 
studies have also indicated that nicotine as a highly 
addictive chemical stimulates serotonin and dopamine 
reward circuits in the brain. Most research shows 
that nicotine withdrawal causes downregulation 
of the dopamine and serotonin levels.[5,6] Previous 
literature demonstrated that nicotine withdrawal 
after long-term administration and adaptations can 
result in increased anxiety and depression.[7,8] On the 
other hand, the anxiety and depression in nicotine 
cessation syndrome have been the main concerns in 
nicotine dependency treatment protocols.[9] In order 
to tackle this concern, some type of anxiolytic and 
antidepressant drugs such as selective serotonin 
reuptake inhibitors (SSRIs) was used alongside the 
nicotine detoxification program.[10] Recent studies 
have confirmed that downregulation of dopamine 
and serotonin in the hippocampus and mezolimbic 
regions is the major cause of this type of anxiety 
and depression.[11] Moreover, many previous studies 
showed that nicotine withdrawal is associated with a 
deficit in neurocognitive function, including sustained 
attention and working memory. Nicotine dependence 
treatment can be facilitated by a better understanding 
of the mechanisms underlying withdrawal-related 
cognitive deficits.[12] Kefir as a food supplement is a 
fermented dairy drink that has anti-depressant and 
anxiolytic effects.[13] Previous studies showed that 
tryptophan (serotonin precursor), as an essential 
amino acid abundant in kefir, is an initial substrate 
for the synthesis of 5-HT.[13,14] Recent reports have 
disclosed that serotonin (5-hydroxytryptamine) 
(5-HT) plays a crucial role in many aspects of the 
rewarding system and creating drug cessation-
induced depression and anxiety. The present study 
strives to determine the effects of various kinds 
of kefir as the donor of serotonin in the treatment 
and management of nicotine cessation depression, 
anxiety and cognition in the animal model of nicotine 
dependency.

MATERIALS AND METHODS

Nicotine hydrogen tartrate salt was purchased from 
Sigma-Aldrich (St Louis, MO, USA) and sertraline HCl 
was purchased from Razak Pharmaceutical Company 
(Tehran, Iran).

In summer 2013, 48 adult male Wistar rats (180-210 g) 
were purchased from the Iran Razi Institute (Tehran, 
Iran). All the rats were maintained at standard 
conditions (22°C ± 2 and 12/12 h dark and light cycles), 

with free access to food and water. The protocol was 
approved as an undergraduate research and was 
projected by the Research Council of the University 
of Tehran, Faculty of Veterinary Medicine.

Kefir grain is added to UHT-treated cow or soy milk in 
a plastic container and left at 25°C for 24 h. Then, the 
beverage is kept in the refrigerator at 4°C in order to 
stop fermentation and keep the pH at 4.8. Both the cow 
and soy milk kefir were prepared by the researchers 
in the Laboratory of Department of Food Hygiene, 
Faculty of Veterinary Medicine, University of Tehran.

Group I as the negative control group received 6 mg/
kg/day of nicotine for 17 days and then 5 mg/kg/day 
of normal saline for 7 days.

Group II as the positive control group received 6 mg/
kg/day of nicotine for 17 days and then 40 mg/kg/day 
sertraline HCl dissolved in distilled water for 7 days.

Group III received 6 mg/kg/day of nicotine for 17 days 
and then 5 mg/kg/day of Cow Milk Kefir (CMK) for 
7 days.

Group IV received 6 mg/kg/day of nicotine for 17 days 
and then 5 mg/kg/day of Soy Milk Kefir (SMK) for 
7 days.

On the 25th day, some standard behavioral methods 
such as Elevated Plus Maze (EPM), Open Field 
Test (OFT) and Forced Swim Test (FST) were used 
to investigate the anxiety and depression level of 
animals being experimented. In addition, a standard 
behavioral protocol by Moris Water Maze was applied 
to evaluate learning and memory in the animals 
between the 20th and 25th days.

Elevated plus maze (EPM)
This test is designed to assess anxiety in the case of 
laboratory animals. The setting is made of a plus-
shaped apparatus with two open arms and two closed 
arms and elevated 40 cm from the floor and the closed 
arm has 40 cm high walls. The length of each arm was 
considered 50 cm. Anxiety reduction is indicated by 
an increase in time spent in open arms.

Open field test (OFT)
This test is used to assess locomotor activity, 
exploratory and anxiety in the case of behaviors in 
rodents. The open field is a white table with walls 
commonly marked in grid crossings. The OFT task 
approaches the conflict between the innate fear that 
rodents have of the central area of a novel or brightly 
light open field against their desire to explore new 
environments. When anxious, the natural tendency 
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of rodents is to prefer staying close to the walls. The 
animals are placed in the center of the field and 
locomotor activity is assessed for 5 min.

Forced swim test (FST)
This test is widely used to measure the effect of 
antidepressant drugs on the behavior of rodents. 
This test, consisting of a transparent plastic cylinder 
container (30 cm in diameter and 50 cm in height), is 
filled with water (25°C) to a depth of 13 cm. In order 
to evaluate the anti-depression effect of treatments 
in this study, the rats are exposed to water for 10 
min and two parameters are considered: Duration of 
swimming and duration of immobility. When forced 
to swim, the rats become nearly immobile and refuse 
to escape. Immobility reduces when rats are treated 
with antidepressants.

Morris water maze (MWM)
The MWM is a dark circular pool, 145 cm in diameter 
and 80 cm high, filled with water at 22 ± 1°C 60 cm 
deep. A clear plexi glass platform (12 cm in diameter) 
was placed in the center of one of the designed 
orthogonal quadrants randomly and 1 cm below the 
surface of water. This platform was provided for 
the animals to escape from the water. The animal’s 
position was recorded by a camera set up above the 
center of the pool. The distance to reach the platform 
was measured. The rats received four trials per day 
(two blocks separated by a 3-min interval) for five 
consecutive days and their memory was tested on the 
25th day when the platform was removed.

The data were analyzed by Graph Pad PRISM v.6 
software and averaged in every experimental group 
and expressed as means ± standard error of the means 
(SEM). Then, the differences between the control 
and treatment groups were evaluated by ANOVA. 
To evaluate the severity of behaviors, the differences 
among averages in each group were compared using 
the Tukey test at a significant level (P < 0.05).

RESULTS

As shown in Table 1, the negative control group 
animals displayed profound anxiety in comparison 
with their controls (P < 0.05). This study also indicated 
that animals treated with CMK and SMK spent more 
time in the open arms of EPM, and this increased spent 
time was statistically significant in comparison with 
the negative control group (P < 0.05) [Table 1]. The 
positive control animals compared with the negative 
control group spent less time in the closed arms (s) 
(P < 0.05). Our data indicated that the animals that 
received CMK and SMK spent less time (s) in the 
closed arms of EPM (P < 0.05) [Table 1].

As shown in Table 2, the positive control group 
animals in comparison with the negative ones 
stayed immobile in the FST (P < 0.05). This research 
indicated that animals treated with CMK and SMK 
remained immobile in the FST, and this immobility 
was statistically significant in comparison with the 
negative control group (P < 0.05) [Table 2]. In the FST, 
the positive control animals in comparison with the 
negative ones spent more time swimming (P < 0.05), 
whereas the animals treated with CMK and SMK 
spent more time swimming in the FST (s), and this 
increased time was statistically significant compared 
with the negative control group (P < 0.05) [Table 2].

As shown in Table 3, the positive control animals in 
comparison with the negative ones spent more time 
in the central region of the OFT (P < 0.05). We found 
that the animals that received CMK and SMK spent 
more time (s) in the central region of the OFT, and 
this rise in time was statistically significant compared 
with the negative control group (P < 0.05) [Table 3]. 
The positive control animals versus the negative ones 
spent less time (s) in the peripheral region of the OFT 
(P < 0.05). The animals given CMK and SMK spent 
more time (s) in the peripheral region of the OFT, and 

Table 1: Duration of time spent in the open and closed arms 
(mean ± SEM) in the Elevated Plus Maze test
Group Time spent in the 

open arms (s)
Time spent in the 

close arms (s)
Positive control 242±20 58±10*

Negative control 81±21 221±18
Cow Milk Kefir (CMK) 178±19 178±19*

Soy Milk Kefir (SMK) 115±18* 115±18*

N = 10 per group, *Shows a significant difference (P < 0.05) in comparison with 
the negative control

Table 2: Duration of time spent swimming and immobility (s) 
(mean ± SEM) in the Forced Swim Test
Group Time spent in 

swimming situation (s)
Time spent in 

immobile situation (s)
Positive control 122±10* 118±10*

Negative control 20±18 280±22
Cow Milk Kefir (CMK) 220±15* 80±15*

Soy Milk Kefir (SMK) 254±18* 56±15*

N = 10 per group, *Shows a significant difference (P < 0.05) in comparison with 
the negative control

Table 3: Duration of time spent (s) (mean ± SEM) in the central 
and peripheral regions of the Open Field Test
Group Time spent in the 

central regions (s)
Time spent in the 

peripheral regions (s)
Positive control 47.3±4.1* 240±54*

Negative control 19.9±4.1 270±22
Cow Milk Kefir (CMK) 250±42* 25.9±4.4*

Soy Milk Kefir (SMK) 258±24* 32.2±5.3*

N = 10 per group, *Shows a significant difference (P < 0.05) in comparison with 
the negative control
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this rise was statistically significant in comparison 
with the negative control group (P < 0.05) [Table 3].

Our data in the MWM showed that in the groups 
under treatment with CMK, SMK and sertraline 
learning increased significantly in comparison with 
the negative control group on the third, fourth and 
fifth training days (P < 0.05) [Figure 1]. There was a 
significant difference in their memory retention on the 
6th day of training [Figure 2].

DISCUSSION

The present study indicates that kefir has the potential 
to treat nicotine cessation-induced depression, anxiety 
and cognition impairment in the animal model. 
Previous studies showed that food supplement and 
lifestyle could attenuate depression and anxiety after 
nicotine cessation.[15,16]

Many studies showed that dependency on nicotine and 
other drugs leads to a change in neurotransmitters 
functions like serotonin and dopamine in the brain 
regions such as the hippocampus and amygdala and 
the centers controlling the mood.[17]

Nicotine withdrawal is characterized by several 
symptoms, for instance depressed mood, anxiety, 
dysfunction in learning and memory and insomnia 
appearing within 24 h after the cessation or reduction 
in the amount of nicotine.[8] On the other hand, some 
practitioners use anti-depressant and anxiolytic drugs 
along with the specific nicotine cessation-related drugs 
to relieve depression and anxiety in these patients.[18] 
Previous studies show that some drugs, for example 

SSRIs, increase serotonin and dopamine levels by 
reuptake inhibition of these neurotransmitters in 
the brain. This function improves nicotine-induced 
mental disorders and decreases anxiety, stress and 
depression in the nicotine addict patients.[19] Also, 
there are many accurate studies about depression 
and anxiety induced by use and dependency on drugs 
like nicotine, morphine and alcohol that declare 
mental problems are associated with intervention in 
physiological function of tryptophan as a precursor of 
Serotonin (5-HT).[20] The present study showed that 
nicotine-induced dependency and its withdrawal 
cause an increase in depression, anxiety and cognition 
impairment in the FST, EPM, OFT and MWM tests 
(P < 0.05). Previous studies have demonstrated 
that this test is a standard method for evaluation 
of many kinds of anxiety and depression disorders 
such as nicotine cessation-induced anxiety and 
restlessness.[21-24] Our data also showed that nicotine 
cessation-induced anxiety and depression confirm 
the results of previous research. We can argue our 
findings with the basic concept that nicotine can alter 
and reduce brain neurotransmitters such as serotonin 
and dopamine responsible for anxiety and depression 
after the nicotine withdrawal period.[25]

It also seems that the treatment of the subjects by 
CMK and SMK in the nicotine withdrawal period 
reduces the severity of depression, anxiety and 
cognition impairment evaluated by the FST, EPM, 
OFT and MWM tests (P < 0.05). There are many 
researchers who believe that an imbalance in serotonin 
levels may influence mood in a way that it leads to 
depression and anxiety. Possible problems include low 
brain cell production of serotonin, a lack of receptor 
sites able to receive the serotonin made, inability of 
serotonin to reach the receptor sites or a shortage 

Figure 1: Comparison of distance to reach the platform on Days 1-5 
between the controls groups and the groups under treatment with 
Cow Milk Kefir and Soy Milk Kefir in the Morris Water Maze task. In 
the negative control group, the distance to reach the platform was 
significantly higher than the other groups on the third, fourth and fifth 
training days, *P < 0.05. Ordinate shows the mean ± standard error of 
mean of distance (cm) to reach the platform region

Figure 2: Comparison of memory retention on Day 6 as represented 
by the distance to reach the platform region between the control, sham 
and addicted groups in the Morris Water Maze task, *P < 0.05. Ordinate 
shows the mean ± standard error of mean of distance (cm) to reach 
the platform region
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in tryptophan, the chemical from which serotonin is 
made.[26,27] If any of these biochemical glitches occur, 
it is believed it can result in depression, anxiety, 
panic and cognition impairment. Antidepressant 
medications that work on serotonin levels, such as 
SSRIs and serotonin and norepinephrine reuptake 
inhibitors (SNRIs) are thought to reduce the symptoms 
of depression.[28,29] We can argue our finding with the 
basic concept that kefir as a rich food supplement has 
a high level of tryptophan that can be converted to 
serotonin effective in relieving anxiety and depression 
in the nicotine withdrawal period.[30] This high level 
of serotonin can also protect the brain function and 
improve learning and memory.[31] Kefir has fractions 
and compounds that can activate NMDA receptors 
in the brain and alter some ions such as calcium and 
sodium that result in better learning and memory.[31-33] 
Tryptophan is an important amino acid involved 
in the production of melatonin and serotonin. This 
amino acid and its byproducts play an important role 
in regulating mood (anxiety and depression), sleep 
cycles and the perception of pain.[26,34] Many studies 
demonstrated that L-tryptophan administration is an 
augmentation strategy in the treatment of depression 
and anxiety. Based on this concept, we can conclude 
that kefir as a food supplement with a high level of 
tryptophan can alter the tryptophan and serotonin 
level of serum and brain and can be effective in anxiety 
and depression.[34,35] We can argue our study results 
with this knowledge that kefir as a food supplement 
with high tryptophan can increase the production of 
serotonin and melatonin in the brain and act as an 
antidepressant and anxiolytic agent against nicotine-
induced depression and anxiety.[36,37] Also, previous 
studies demonstrated that serotonin 5-HT2A receptor 
and its constitutive activity were involved in cognitive 
function. Thus, it can be concluded that kefir with an 
increasing level of tryptophan and serotonin probably 
activated the 5-HT2A receptor and motivated the 
learning and memory.[38-40]

Recent studies report that the enhanced serotonergic 
neurotransmission in the hippocampus following 
tryptophan administration (50-100 mg/kg) improves 
learning acquisition and memory consolidation in 
Wistar rats. This study indicates that tryptophan 
protects the neurons responsible for memory.[40,41] A 
decrease in neurogenesis is thought to be related to 
the cognitive decline. On the other hand, serotonin 
as a neurotransmitter can promote hippocampus 
neurogenesis, especially neurons responsible for 
cognitive behavior, and can affect cognition. This 
report helps us argue our data considering the fact 
that kefir has a high level of tryptophan. Therefore, it 
can protect neurons responsible for memory and can 
diminish nicotine cessation-induced induce cognition 

alteration.[42,43] Previous studies also demonstrated 
that magnesium is an essential trace element in 
neurogenesis, and it has been reported that kefir is rich 
in this essential element. Thus, it can be effective in 
neurogenesis and the protection of neurons responsible 
for cognition.[43]

The present study shows that sertraline as a standard 
treatment reduces depression and anxiety induced 
by nicotine withdrawal (P < 0.05). The results of this 
study alongside previous ones suggest that kefir can 
elevate serotonin resources in the brain and its anti-
inflammatory properties can control and relieve the 
inflammation of neurons destroyed and degenerated by 
nicotine and other similar drugs.[44] Furthermore, we 
can argue that kefir is rich in calcium and magnesium, 
which are important minerals for promoting brain 
physiologic functions such as learning and memory, 
and can act as a neuroprotective and neuromodulator 
compound.[44,45]

However, there seems to be no precise knowledge 
about the molecular pathway and target region 
of these supplementary compounds, and it is not 
clear whether these compounds can be effective in 
serotonergic and adrenergic neuron damage like the 
way TCAs and SSRI medication do.

It is suggested that the evaluation of these compounds’ 
effects should be carried out on the neuronal and 
glial cell cultures. The application of development 
histological and biochemical methods for the 
assessment of its efficacy for future studies is also 
recommended.

CONCLUSION

The results of the present study support the hypothesis 
that kefir may be used as a diet to prevent depression, 
anxiety and cognitive impairment and an available 
natural therapy for patients suffering from nicotine-
induced anxiety and depression as seen in the animal 
model. It is believed that these results could be useful 
and referable in human smokers, but it needs to be 
explored by exclusive research on humans.
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