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Abstract
Neurotransmitters and neurotrophic

factors are signaling molecules that play a
crucial role in cell proliferation, differentia-
tion, survival and functions of neurons. It is
believed that caloric restriction could help
the health of the nervous system by affect-
ing the synthesis of neurotrophins and neu-
rotransmitter and oxygen radical metabo-
lism. The objective was to investigate the
plasma levels of serotonin, dopamine,
brain-derived neurotrophic factor (BDNF),
and nerve growth factor (NGF) in 29
healthy fasted subjects (22 women and 7
men) during the month of fasting in
Ramadan. The levels of these factors were
measured (using ELISA method) three
times, 2 days before the fasting month as a
control, on the 14th and 29th day of
Ramadan as test groups. In addition, these
factors were investigated in the group of
women only. According to our investiga-
tion, the plasma levels of serotonin, BDNF
and NGF were significantly increased dur-
ing fasting month of Ramadan. In detail, the
levels of these factors were increased in 14th

and 29th day test groups compared to con-
trols (P<0.05). Moreover, these levels were
significantly increased on the 29th day com-
pared to the 14th day test groups, but there
were no differences between dopamine lev-
els in all groups. Furthermore, the results
obtained in women’s groups were the same
as those obtained in previous groups. Our
findings suggest that plasma levels of sero-
tonin, BDNF and NGF were significantly
increased during fasting month of
Ramadan.

Introduction
Neurons, in general, do not continue

to divide after they differentiate and may
have various damages and disorders in their
structure and function during their life.1 It
has been reported that the prevalence of

neurological disease is increasing world-
wide with the highest incidence and preva-
lence of these disorders in developing coun-
tries. Improving life style is one approach to
prevent neuronal damage.2

Neurotrophic factors are biochemical
molecules, which have an important role in
differentiation and survival of neurons.
These factors are known as neural growth
factors, capable of repairing damaged neu-
rons and thereby can prevent neurodegener-
ative disease.3 A number of studies have
been conducted to verify the therapeutic
features of these factors in maintaining and
survival of the neurons in recent years. As a
result, neurotrophic factors have been
reported to have neuronal health benefits,
making them appropriate drug candidates
for treatment of a number of neurodegener-
ative diseases. However, remarkable hin-
drances remain and need to be solved
before using these factors as therapeutic
agents.4,5 Besides, recent studies have
shown that neurotrophins have actions on
other cells. For example, nerve growth fac-
tor (NGF) has an important role in the main-
tenance of a balanced interplay between the
immune, endocrine and nervous systems.6

Previous studies on therapeutic features
of these factors with cell cultures and ani-
mal models provided support for the
hypothesis that neurotrophic factors could
prevent neuronal death. Many of these stud-
ies have shown that neurotrophins could be
considered as therapeutic agents. However
first clinical trials led to variable results and
severe side effects were observed.
Dopamine and serotonin, as neurotransmit-
ters, have neuroprotective effects.
Dopamine has also been demonstrated to
have neurotrophic effects. It is believed that
low serotonin is one of the factors which are
responsible for depressive symptoms in
schizophrenic patients.7,8 It has been report-
ed that the consumption of tryptophan, as a
precursor of serotonin, can lead to dimin-
ished depression.9 Therefore, scientists
have to find other ways to increase neu-
rotrophic factors in human brain. A number
of studies using animal models shows that
calorie restriction or fasting, by increasing
these factors, may have beneficial effects on
brain function.10 One way to change life
style for this purpose is the calorie restric-
tion or fasting, which is one of the religious
ceremonies in the month of Ramadan in
Islamic countries. Ramadan is one of the
five pillar of Islam observed by all healthy
Muslim’s of the world in an annual month
of fasting when they abstain any form of
drinking or eating during the day.11 The
food deprivation during month long fasting
in Ramadan has been the subject of exten-
sive investigation including the effect on

patients with chronic liver disease, diabetes,
cardiovascular disease, and cerebrovascular
disease.12-14

Some of the studies showed an
increased tissue concentrations of the amine
and of its metabolite 5-hydroxyindoleacetic
acid (5-HIAA) in some brain regions of the
fasted rats.15 Naswood et al. reported that
caloric restriction can alleviate the severity
of neurochemical deficits and motor dys-
function in a Parkinson’s disease model.
They also showed that levels of glial cell
line-derived neurotrophic factor, which has
an important role in the survival of
dopamine neurons, were increased signifi-
cantly in the caudate nucleus of calorie-
restricted monkeys, suggesting a role for
this factor in the anti-Parkinson’s disease
effect of the low-calorie diet.16

Duan et al. showed that the levels of
brain-derived neurotrophic factor (BDNF)
was significantly increased in the hip-
pocampus, cerebral cortex, and striatum of
rats maintained on a dietary restriction (DR)
regimen compared to controls.17 They
reported that seizure-induced damage to
hippocampal neurons could significantly
reduced in rats maintained on DR, provid-
ing evidence for the role of diet in expres-
sion of neurotrophic factor and proving DR
as an approach for reducing neuronal dam-
age in neurodegenerative disorders.17

Seizure-induced damage to hippocampal
neurons was significantly reduced in rats
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maintained on DR, providing evidence for
the role of diet in expression of neurotroph-
ic factor and proving DR as an approach for
reducing neuronal damage in neurodegener-
ative disorders.17

The majority of studies in this field has
been conducted on animals and there are a
few or no studies which were done in
human. Thus, to test the hypothesis that
serum neurotrophines (BDNF, NGF) and
neurotransmitters (dopamine and serotonin)
increase after a period of fasting in human
subjects, we conducted this study to investi-
gate the changes of plasma levels of these
neurotransmitters and neurotrophins in
healthy fasted subjects during the month of
fasting in Ramadan. 

Materials and Methods
Twenty-nine healthy fasted subjects (22

women and 7 men; average age 38±3 years)
were included in the study. All of the sub-
jects were healthy and there was no history
of other diseases and medication intake.
The consent forms that each subject had
signed was obtained. Collection of blood
samples was carried out during the month
of fasting in Ramadan (three times, 2 days
before the fasting month as a control group,
14th and 29th day of Ramadan as test
groups). Each time, about 20 mL of blood
was collected from each person in tubes
containing EDTA as anticoagulant. Samples
were centrifuged immediately for 20 min-
utes at 2500 g at 4°C and plasma was col-
lected in 1.5 mL microtubes and stored at -
80°C until they were analyzed. Plasma sam-
ples were assayed for BDNF, NGF,
dopamine and serotonin levels. In addition,
levels of these factors were also investigat-
ed in women only. This study was per-

formed under the approval and permission
of the Shahid Beheshti University of
Medical Sciences and written informed
consent that was obtained from all the vol-
unteers and participants.

Measurement of brain-derived 
neurotrophic factor, nerve growth
factor, dopamine, and serotinin in
plasma samples 

BDNF, NGF, dopamine, and serotinin
contents in the plasma of 100 subjects were
measured using a commercially available
direct enzyme-linked immunosorbent assay
(ELISA) kit (DemedItec, Kiel, Germany)
according to manufacturer’s specifications.
Both BDNF, NGF, dopamine, and serotinin
concentration in plasma were calculated
based on a standard curve. All samples were
processed in one assay to minimize the
interassay variability. 

Statistical analysis 
The data were analyzed using SPSS

version 11 software (SPSS, Chicago, IL,
USA). All data were analyzed by paired
sample t-tests for group comparison and are
expressed as mean±standard error of the
mean, using P<0.05 as the level of signifi-
cance.

Results
Evaluation of the changes in plasma
levels of brain-derived neurotrophic
factor in fasted subjects during the
month of Ramadan compared to the
non-fasting state

Figure 1 shows the BDNF levels in plas-
ma of the test, 14th (second) and 29th (third)
day of Ramadan, and control groups. The
BDNF levels in the second group were
increased significantly by 25% compared to
the control group (P<0.05). In addition, the
levels of BDNF in the third group were signif-
icantly increased compared to second group
by 29% and control group by 47%. In our
study, the levels of this factor were also inves-
tigated in women only. As shown in Table 1,
there was a significant increase in the levels of
BDNF in second (295±4) and third (417±7)
groups compared to control (221±3) and the
third group as compared with the second
group. 

Evaluation of the changes in plasma
levels of nerve growth factor in fasted
subjects during the month of
Ramadan compared to the non-fast-
ing state

The level of NGF in plasma of the test,
14th (second) and 29th (third) day of Ramadan,
and control groups are shown in Figure 2.
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Table 1. Effect of fasting on brain-derived neurotrophic factor levels in the group of
women only. All data are expressed as means±standard error of mean; P<0.05.

Groups                                                                                                   BDNF levels

Control (2 days before Ramadan)                                                                                         221±3
Second test (14th day of Ramadan)                                                                                       295±4
Third test (14th day of Ramadan)                                                                                           417±7
BDNF, brain-derived neurotrophic factor.

Figure 2. Effect of fasting on nerve growth factor levels on 14th
(second) and 29th (third) day of Ramadan compared to the con-
trol group. All data are expressed as mean±standard error of
mean; P<0.05.

Figure 1. Effect of fasting on brain-derived neurotrophic factor
levels on 14th (second) and 29th (third) day of Ramadan com-
pared to the control group. All data are expressed as mean±stan-
dard error of mean; P<0.05.
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NGF levels in the second group showed a sig-
nificant increase by 10% compared to the con-
trol group (P<0.05). In addition, the levels of
NGF in the third group were significantly
increased compared to the second group by
14.7% and control group by 23.2%. In our
study, the levels of this factor were also inves-
tigated in women only. The level of NGF was
significantly different between second
(376±5.2) and third groups (479±11.6) com-
pared to the control group (367±11.2). We
also found that the level of NGF between sec-
ond and third groups were significantly differ-
ent from each other (Table 2). 

Evaluation of the changes in plasma
levels of dopamine in fasted subjects
during the month of Ramadan com-
pared to the non-fasting state

The levels of dopamine in plasma of the
test, 14th (second) and 29th (third) day of
Ramadan, and control groups are shown in
Figure 3. As shown in the figure, there was
no significant difference between second
group and control in dopamine levels
(P<0.05). Accordingly, the levels of
dopamine showed no significant differences
between the third, second and control
groups. As shown in Table 3, there were no
significant between-group differences in
dopamine levels in women only.

Evaluation of the changes in plasma
levels of serotonin in fasted subjects
during the month of Ramadan com-
pared to the non-fasting state

Plasma levels of serotonin in the test,
14th (second) and 29th (third) day of
Ramadan, and control groups are shown in
Figure 4. Plasma serotonin levels in the sec-
ond group significantly increased by 33.4%
when compared to the control group
(P<0.05). In addition, the levels of serotonin
in the third group were significantly

increased compared to the second group by
14.7% and control group by 43.1%.
Furthermore, we conducted a study to
investigate the levels of serotonin in women
only. According to the Table 4, there were
significant differences between the levels of
serotonin in second (57.4±1.4) and third
(69.2±1.4) groups compared to control
(46.1±1.3) and the third group as compared
with the second group. 

Discussion 
All type of fastings, including fasting in

Ramadan, has been the subject of intensive

study by scientist and clinician. All tissues
and organs, including brain, response in one
way or another to caloric restriction.
Although brain-derived neurotrophic factor
and neurotransmitters play a significant role
in mental health few or no studies has been
conducted on human subject under caloric
restriction. 

There are reports indicating of a corre-
lation between fasting and BDNF levels
during fasting. One of the comprehensive
studies addressing this correlation was car-
ried out by Krisztina Marosi and his col-
league.18 Their investigations showed that
fasting/food deprivation can also induce
BDNF expression in neuronal circuits
involved in cognition by increasing their
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Table 2. Effect of fasting on nerve growth factor levels in the group of women only. All
data are expressed as means±standard error of mean; P<0.05.

Groups                                                                                                     NGF levels

Control (2 days before Ramadan)                                                                                      367±11.2
Second test (14th day of Ramadan)                                                                                      376±5.2
Third test (14th day of Ramadan)                                                                                        479±11.6
NGF, nerve growth factor.

Table 3. Effect of fasting on dopamine levels in the group of women only. All data are
expressed as means±standard error of mean; P<0.05.

Groups                                                                                              Dopamine levels

Control (2 days before Ramadan)                                                                                     701±14.7
Second test (14th day of Ramadan)                                                                                   739±14.9
Third test (14th day of Ramadan)                                                                                       759±16.4

Table 4. Effect of fasting on serotonin levels in the group of women only. All data are
expressed as means±standard error of mean; P<0.05.

Groups                                                                                            Serotonin levels

Control (2 days before Ramadan)                                                                                   46.1±1.3
Second test (14th day of Ramadan)                                                                                 57.4±1.4
Third test (14th day of Ramadan)                                                                                     69.2±1.4

Figure 4. Effect of fasting on serotonin levels on 14th (second) and
29th (third) day of Ramadan compared to the control group. All
data are expressed as mean±standard error of mean; P<0.05.

Figure 3. Effect of fasting on dopamine levels on 14th (second)
and 29th (third) day of Ramadan compared to the control group.
All data are expressed as mean±standard error of mean; P<0.05.
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activity, and by shifting cellular energy sub-
strate utilization from glucose to ketones.
They also added that intermittent fasting
and exercise through BDNF induce the neu-
rogenesis, by promoting the differentiation
of neurons from stem cells, and the survival
and synaptic integration of newly generated
neurons.18 Alberto Del Arco et al. conduct-
ed a study to investigate the effect of long-
term caloric restriction on neurotransmitters
release and working memory performance.
They showed that caloric restriction can
cause to the elevation of BDNF in some
region of the rat’s brain.19 Araya et al. eval-
uated the effect of 3-month reduced-calorie
diet (RCD) on serum BDNF concentrations
in overweight and obese subjects. They
reported that caloric restriction results in an
increase in serum levels of BDNF in their
studied subjects and therefore, they suggest-
ed that BDNF may be modulated in humans
through diet composition.20 There also are
several investigations, which indicate that
the calorie restriction has beneficial effects
on neurotrophic factors such as BDNF in
the brain and that the elevation of this factor
can improve the neurogeneration in the
nervous system.16,21-24

In this study, we observed a significant
increase in plasma BDNF levels in fasted
subjects when compared to the non-fasting
state as a control. We also studied the effect
of fasting on nerve growth factor as an
important factor in growth, differentiation
and survival of target neurons in the nerv-
ous system. According to our findings, the
levels of plasma NGF were significantly
increased in fasted subjects when compared
with control and this indicated that fasting
may cause to improve brain health through
the induction of the NGF levels. 

There is, however, no previous evi-
dence on the effect of fasting or caloric
restriction on NGF levels. According to our
results, the levels of serotonin in plasma of
fasting states were significantly higher than
those levels in non-fasting controls.
Fuenmayorl and Garcia reported that fast-
ing leads to increase the turnover of brain 5-
HT and suggested that the fasting state may
increase 5-HT turnover in all brain areas.
Moreover, they asserted that this increased
tunover appears to be accompanied, in the
hypothalamus, by an increased neuronal
release of the amine.15 Japanese researchers
have found that short-term fasting can lead
to increase in extracellular 5-hydroxyin-
dole-3-acetic acid (5-HIAA), and the serum
concentration of tryptophan (a precursor
amino acid of 5-HT) also increased in the
fasting group.25

Other studies also show that restricted
feeding increases the levels of serotonin.
Jeong Won Jahng, et al. reported that Five

weeks of food restriction in rat model
markedly increased serotonin levels in
hypothalamus although, the serotonin
turnover 5-HIAA/5-HT decreased.26

However, there are some studies, which
have different results than those obtained in
our investigation. For example, in a study
conducted to investigate the changes in
metabolism of serotonin and sex differences
in changes of this neurotransmitter in 4
weeks food restricted rats, it was found that
both tryptophan (a precursor of serotonin)
and serotonin levels markedly decreased.
Meanwhile, after 4 weeks food restriction,
the body weight of rats 20-25% were
decreased.27 It appears that the difference
between the results of the latter study and
the present study is due to the type of
dietary restrictions. It is believed that the
long-term food restrictions can lead to
depletion of tryptophan reservoirs and this
may cause serotonin levels to decrease.
While, in the present study, because of the
sufficient and nutritious food, the levels of
tryptophan were not decreased. In addition,
in the study mentioned above, the body
weight of feeding restricted rats was signif-
icantly lower than controls and this indi-
cates that food was too restricted. In this
study, no significant differences were
observed in the plasma levels of dopamine
in fasted subjects when compared with the
control group. Rosberry AG, showed that
food restriction or fasting could change the
properties of somatodendritic dopamine
release, and this may occur by increasing
dopamine release.28 A recent review of
impacts of fasting on mood studies reported
that modified fasting in humans during the
first 7 days increases the plasma levels of
dopamine and some other neurotransmit-
ters.29 However, Ishida, et al. showed that
short-term fasting could affect on
monoamine metabolism and thereby
decreases the levels of extracellular striatal
dopamine in rat pups.25

Our results, in the case of dopamine lev-
els, are inconsistent with the above men-
tioned findings. Probably the differences
between the results of our study and previ-
ous reports arise from the different types of
samples and dietary restriction methods
which were used. According to the results
of some investigations, serotonin can
decrease the firing rate of dopamine secret-
ing neurons and may lead to depression of
dopaminergic neurons. In addition, the
increase in serotonin release can also local-
ly depress dopamine release.30-34 It appears
that the increase in serotonin level in the
present study partially depressed the
dopamine release and it may be a reason-
able explanation for no significant changes
in dopamine levels in our study. 

Conclusions
In conclusion, our findings suggest that

plasma levels of serotonin, BDNF and NGF
were significantly increased during fasting
month of Ramadan. However, there is still
much that needs to be investigated to better
understand the underlying mechanisms. 
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