
Biotechnology & Biotechnological Equipment

ISSN: 1310-2818 (Print) 1314-3530 (Online) Journal homepage: www.tandfonline.com/journals/tbeq20

Catecholamine levels in a Ramadan fasting model
in rats: a case control study

Pakize Gamze Erten Bucaktepe, Mehmet Akdağ, Suleyman Dasdag, Tahsin
Celepkolu, M. Abdullah Yılmaz, Vasfiye Demir & Parvez Haris

To cite this article: Pakize Gamze Erten Bucaktepe, Mehmet Akdağ, Suleyman Dasdag, Tahsin
Celepkolu, M. Abdullah Yılmaz, Vasfiye Demir & Parvez Haris (2016) Catecholamine levels
in a Ramadan fasting model in rats: a case control study, Biotechnology & Biotechnological
Equipment, 30:4, 706-712, DOI: 10.1080/13102818.2016.1172510

To link to this article:  https://doi.org/10.1080/13102818.2016.1172510

© 2016 The Author(s). Published by Taylor &
Francis.

View supplementary material 

Published online: 15 Apr 2016.

Submit your article to this journal 

Article views: 2275

View related articles 

View Crossmark data

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tbeq20

https://www.tandfonline.com/journals/tbeq20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/13102818.2016.1172510
https://doi.org/10.1080/13102818.2016.1172510
https://www.tandfonline.com/doi/suppl/10.1080/13102818.2016.1172510
https://www.tandfonline.com/doi/suppl/10.1080/13102818.2016.1172510
https://www.tandfonline.com/action/authorSubmission?journalCode=tbeq20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=tbeq20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/13102818.2016.1172510?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/13102818.2016.1172510?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/13102818.2016.1172510&domain=pdf&date_stamp=15%20Apr%202016
http://crossmark.crossref.org/dialog/?doi=10.1080/13102818.2016.1172510&domain=pdf&date_stamp=15%20Apr%202016
https://www.tandfonline.com/action/journalInformation?journalCode=tbeq20


ARTICLE; MEDICAL BIOTECHNOLOGY

Catecholamine levels in a Ramadan fasting model in rats: a case control study

Pakize Gamze Erten Bucaktepe a, Mehmet Akda�gb, Suleyman Dasdagc, Tahsin Celepkolua, M. Abdullah Yılmazd,
Vasfiye Demira and Parvez Harise

aMedical Faculty, Department of Family Medicine, Dicle University, Diyarbakir, Turkey; bMedical Faculty, Department of Biophysics, Dicle
University, Diyarbakir, Turkey; cMedical Faculty, Department of Biophysics, Istanbul Medeniyet University, Istanbul, Turkey; dPharmacy Faculty,
Deparment of Pharmaceutical Chemistry, Dicle University, Diyarbakir, Turkey; eFaculty of Health and Life Sciences, Department of Biochemistry,
De Montfort University, Leicester, UK

ARTICLE HISTORY
Received 27 January 2016
Accepted 28 March 2016

ABSTRACT
Eating habits as well as physical exercise are very important for a healthy lifespan. Ramadan-type
fasting, which is food and water avoidance during the daylight period for four weeks, has drawn
attention due to its positive impacts on metabolism and health. The aim of this study was to
compare the blood and urine catecholamine (CA) levels in fasting and non-fasting rats, in terms of
stress response. A total of 20 male rats were randomly divided into a fasting group and a control
group. Four weeks later, blood and urine samples were taken after decapitation. Analysis of CAs
was done using high-performance liquid chromatography with florescence detection (HPLC-FLD).
The dopamine (DA), adrenaline (ADR) and noradrenaline (NA) blood and urine concentrations were
found to be higher in the fasting group compared to the control group, but the difference was
statistically significant only for the blood DA levels (p < 0.05). In the fasting group, the blood values
of ADR and NA correlated with each other but not with the DA levels, whereas there was
correlation among the urine levels of DA, ADR and NA. In the control group, the blood and urine
values of DA, ADR and NA correlated with each other. The differences observed in the blood and
urine CAs indicate a specific regulation of CAs in Ramadan-type fasting, which needs to be
investigated thoroughly in future studies.
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Introduction

It is a common fact that inadequate eating habits can
affect a series of biochemical processes such as coping
with stress, excretion of toxic materials, inflammatory
response and may result in increased risk of allergic dis-
eases and metabolic disorders.[1] On the other hand,
having a regular and balanced diet, avoiding overeating
and performing religious fasting can regulate the metab-
olism, decrease inflammatory processes, improve repro-
ductive functions and prevent chronic diseases.[2,3]

Fasting is abstinence from food and/or water,
completely or to some degree, for a defined period of
time and mostly implemented as a religious obligation.
The fasting styles and rules vary from religion to religion.
In this context, Ramadan fasting involves refraining from
food and water from dawn till sunset for Muslims through-
out the Hijri month, Ramadan.[4] The effects of this fasting
style have recently attracted major interest, since its posi-
tive impacts on human metabolism and health have
become widely known over the past three decades.[5�8]

In the early stages of fasting, hepatic glycogen stores
are used for energy. However, if the fasting is prolonged,
the fat stored in the adipose tissue begins to be utilized.
These processes are regulated by a series of hormonal
changes such as reduction in insulin levels and increase
in the levels of glucagon, catecholamines (CAs), growth
hormone, thyroid-stimulating hormone and corticoste-
roids.[9] Additionally, the lack of access to food and
water when needed might lead to a form of stress in the
organism and activation of stress-related mechanisms.
One of the two major stress hormones is a CA called
adrenaline (ADR), which is rapidly released into the
bloodstream together with noradrenaline (NA) and gen-
erates the ‘fight-or-flight’ response.[10]

CAs, the catechols with two adjacent hydroxyl
groups on a benzene ring, are neurotransmitters and
hormones of the adrenomedullary, sympatho-neural
and brain catecholaminergic systems.[11] These sys-
tems are among the systems that have effective
responses and provide a rapid reaction to any stressor.
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Moreover, they have a critical role in adaptation to
acute and chronic stresses as well as in behavioural and
physical well-being.[10�12] CAs, ADR, NA and dopa-
mine (DA) are secreted seconds after the stimulation
and are rapidly degraded.[12] The release of CAs is a
key initial response to stressors, which is affected by the
characteristics of the stimuli and is regulated by
the hypothalamic�pituitary�adrenal axis. The release
is followed by an increase in the expression of genes
encoding the CA-synthesizing enzymes via the tran-
scriptional mechanisms that occur in the adrenal
medulla and the locus coeruleus.[13]

Stress-triggered responses of CAs are generally stud-
ied in the context of immobilization and cold stress;
however, fasting has been insufficiently investigated.
[14,15] The effect of fasting on stress-related mecha-
nisms including CAs depends on the type of the food
and water restriction and the duration of abstinence. In
contrast to the general consideration, it has been
reported that 48-hour fasting markedly suppresses the
activity of the sympathetic nervous system, which might
lead to prolongation of survival during famine, but con-
currently stimulates the adrenal medulla (reviewed in
[16]). Similarly, in a recent study, it has been shown that
intermittent fasting increased the hypothalamic NA con-
tent in diet-induced obese male mice.[17] Nevertheless,
the findings regarding the exact variation in CAs levels
in fasting in terms of stress are limited. In this study, we
aimed to compare the blood and urine CA levels of fast-
ing and non-fasting rats in order to investigate whether
and how the circulating CAlevels and their urinary excre-
tion vary in Ramadan-type fasting.

Materials and methods

Animals

A total of 20 male, 12-week-old Swiss Albino rats weigh-
ing 220�261 g were used in the study. All the rats were
housed in a temperature-controlled (22 �C—24 �C) facil-
ity with daylight allowance. The rats were allowed to
adapt to their environment for a period of one week
prior to the study and then were randomly divided into
two equal groups: a fasting group and a control group.
In the fasting group, a Ramadan-type fasting model was
employed: the rats were kept on a fasting regimen with
total abstinence from food and water from 7.00 am to
5.00 pm and were fed ad libitum during the remaining
part of the day. The rats in the control group were fed ad
libitum for four weeks. At the beginning of week five, in
the morning, the rats in both groups were anesthetized
by intraperitoneal injection of ketamine/xylazine (100/
7.5 mg/kg) and were decapitated. Blood samples were

immediately collected from the left ventricle and were
inserted into gel tubes with silica particles, centrifuged
at 1500 g for 10 min and placed into 2 mL Eppendorf
tubes. Urine samples were collected from the bladder
and were also placed into 2 mL Eppendorf tubes. Both
the blood and urine samples were stored at ¡80 �C until
analysis.

This work was conducted at the Medical Faculty of
Dicle University with the formal approval of the local ani-
mal care committees. All the procedures and protocols
were approved by the Dicle University Animal Experi-
ments Local Ethics Committee.

Catecholamine analyses

High performance liquid chromatography with flores-
cence detection (HPLC-FLD) was used for quantitative
analysis of the three CAs (ADR, NA and DA) in blood
(serum) and urine samples. In addition to this method, a
validated CA dual kit (Eureka Lab Division, Code Z10550)
was utilized for analysis by fluorimetry, following the
manufacturer’s instructions. Briefly, the analytes were
derivatized with two specific reagents and incubated at
70 �C for 15 minutes, and the derivatized solution was
injected in HPLC columns. A Shimadzu Nexera HPLC sys-
tem equipped with an RF-20A XS fluorescence detector
was used for the analysis.

The liquid chromatography was equipped with LC-
30AD binary pumps, a DGU-20A3R degasser, a CTO-
10ASvp column oven and an SIL-30AC autosampler.
The chromatographic separation was performed on a
C18 reversed-phase Inertsil ODS-4 (150 £ 4.6 mm, 3 m)
analytical column. The column temperature was fixed
at 40 �C. The elution gradient consisted of mobile phase
A (water, 5 mmol/L ammonium formate and 0.1% for-
mic acid) and mobile phase B (methanol, 5 mmol/L
ammonium formate and 0.1% formic acid). The gradient
programme that was applied contained the following
proportions of solvent B as (time�minute, B%): (0 min,
40%), (20 min, 90%), (23.99 min, 90%), (24 min, 40%)
and (29 min, 40%). The solvent flow rate was main-
tained at 0.5 mL/min and the injection volume was set
at 4 L.[18]

Blood and urine concentrations of ADR, NA and DA
were analyzed both in fasting and non-fasting rats for
the purpose of comparative analysis. In the control
group, the amount of urine in Sample 4 was too small
for analysis, which is why the CAs could not be calcu-
lated by the device. For this reason, the analyses were
only performed for the remaining nine urine samples.
The concentrations of ADR, NA and DA in the blood sam-
ples were presented in [ng/L] and those in the urine
samples, in [mg/L].
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Statistical analysis

Data were analyzed by SPSS for Windows (version 18.0,
SPSS, Chicago, IL, USA). The data presented in figures
and tables are median values with min�max values.
Mann�Whitney U Test was used for comparative analy-
sis of the fasting and control groups, and their effect
sizes were calculated. To evaluate the correlations
between the concentrations of the studied CAs in blood
and urine, Spearman’s rho-correlation was used. Values
of p < 0.05 were considered significant.

Results and discussion

The stress response of an organism is a unique phenom-
enon, since it can either be lifesaving during a threat, or
may cause undesirable consequences if prolonged.
[15,19] Moreover, studies have shown that although the
stress response is thought to be identified, more aspects
of this response have been found that need elucidation.
Considering the complexity of the urine and blood
serum, it is difficult to detect and quantify the CAs in
these matrices. However, after derivatizing the CAs, it is
possible to detect them in parts per trillion (pg/mL) lev-
els with HPLC fluorescence detection since fluorescence
detectors are probably the most sensitive ones among
the existing modern HPLC detectors.[20,21] Table 1
presents the medians and comparisons of the blood CAs
levels in the two studied groups, and Table 2 presents
the medians and comparisons of the urine CAs levels in
these groups. Crude HPLC-FLD data are given in the
Online Supplementary Appendix. The HPLC-FLD
method has been validated in terms of linearity, preci-
sion and accuracy, recovery, matrix effect, reproducibility
of retention time and stability [22], and the method is
known to be simple, accurate and suitable for routine
analysis.[23] Moreover, it allows complete purification of
CAs by an organic and specific complexing reagent and
allows having a complete extraction using a C-18 solid
phase column. The results showed that after four weeks
of fasting, the DA, ADR and NA blood and urine concen-
trations were higher in the fasting group compared to
the control group but only the differences in the blood
DA levels were statistically significant (p < 0.05) with a
large effect size (r D 0.56). Despite the non-significant

increase in the urine DA and NA levels in the fasting
group, both of these values had a medium effect size (r
D 0.36 and r D 0.28, respectively).

As Kvetnansky et al. [12] emphasized, stressful stimuli
evoke complex endocrine as well as autonomic and
behavioural responses that are extremely variable and
specific, depending on the type and the nature of the
stressors. Stress also activates the transcription and gene
expression of CA enzymes, particularly tyrosine hydroxy-
lase, which is the rate-limiting enzyme in CA synthesis
and has an important impact in terms of stress response.
However, the exact mechanism of this activation remains
unknown.[10,12,15,24�27]

Activation of stress-dependent systems is likely to allow
the improvement of homeostasis adjustment and to
enhance the survival; therefore, it is highly important.[28]
Exposure to any kind of stress only once or for a short
time could cause a three- to seven-fold increase in enzyme
activity above basal levels.[12,15,25] Even single, prolonged
or repeated stress exposures could generate different
responses and activate various pathways.[12,29] Sensitive
measurement tools such as HPLC devices allow the
detection of small amounts of CAs in blood and urine
samples as well as the monitoring of the changes dur-
ing the stress. However, it is highly difficult to under-
stand the exact mechanism of these changes. In the
analysis of CAs, sympatho-neural, sympatho-adrenome-
dullary, dihydroxyphenylalanine (DOPA)�DA autocrine/
paracrine and hypothalamic�pituitary�adrenocortical
pathways must be taken into consideration.[12]

Box plot graphics of the blood and urine concentra-
tions of DA, ADR and NA observed in the two studied
groups are shown in Figures 1, 2 and 3.

Of the adrenal medulla CAs, 80% are ADR, 16% are NA
and only 4% are DA because phenylethanolamine-N-
methyltransferase (PNMT), the enzyme that converts NA
to ADR, is mainly localized in the adrenal medulla and is
both hormonally and neurally controlled.[25,30] Stress
also elicits a rise in PNMT, resulting in increased ADR lev-
els.[10] Plasma ADR levels usually reflect neural outflow
to the adrenal medulla and these levels increase during
a series of conditions such as hypoglycemia, asphyxia
and distress, more than NA.[11] Our findings supported
this suggestion, since the ADR levels were greater than
the NA levels. This finding suggests that the

Table 1. Comparison of blood catecholamines.
Test statistics�

Blood levels
Fasting

Median (min�max)
Control

Median (min�max) U Z p r��

Dopamine [ng/L] 337.126 (157.207¡608.149) 138.723 (101.524¡251.824) 17.0 ¡2.495 0.013 0.56
Adrenaline [ng/L] 13025.839 (6834.155¡21787.055) 8580.966 (5124.206¡14633.425) 36.0 ¡1.058 0.290 0.24
Nonadrenaline [ng/L] 7588.572 (1638.916¡14667.067) 3781.430 (2479.220¡10082.690) 39.0 ¡0.832 0.406 0.19
�Mann�Whitney U test.
��Effect size.
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adrenomedullary activation during fasting is greater
than that of the sympathetic noradrenergic system, as
approximately 70%�80% of the blood NA comes from
sympathetic noradrenergic nerves, particularly around
the blood vessels.[11,12] However, in our study, the
increase in ADR and NA levels in the fasting group were
not as significant as the increase in the DA levels.

Landsberg [16] reported that, in terms of NA, the sym-
pathetic nervous system is suppressed by fasting and
stimulated by overfeeding. The author also added that,
although the sympathetic nervous system is suppressed,
the adrenal medulla is stimulated. Ramadan-type fasting
also fits into this model, since the blood pressure remark-
ably decreases during the fasting period.[16] Accord-
ingly, the increased fasting NA levels in our study are
likely to originate from the adrenal medulla and thus,
the suppression is likely to occur in the sympathetic nor-
adrenergic system; however, when high DA levels are
considered, this model does not appear to be applicable
for the dopaminergic nerves. Only a small fraction of CAs
that is released from the storage vesicles of the sympa-
thetic nerves enters into the bloodstream due to neuro-
nal uptake.[31] In fasting, the release from the storage
vesicles is likely to increase as a result of the overproduc-
tion of CAs, especially of DA, or the decreased neuronal
uptake; however, the latter is less likely to occur.

It is widely known that the release of ADR and NA into
the bloodstream rapidly increases with stressful

stimulation; however, in contrast to our findings, it is
generally accepted that the DA levels remain
unchanged.[12,15,24] The saliently increased activity
occurring during the first encounter with a stressor con-
tinues if the stimulation is repeated or prolonged but
the amplitude of the response decreases. Moreover, it is
possible to observe high levels of enzymes days after
the cessation of the stress.[24] The non-significant
increase in the levels of ADR and NA in the fasting group
in our study may result from the decreased but ongoing
response. Similarly, Tsigos and Chrousos [28] reported
that as the severity of the stressor increased, the specific
adaptive response was progressively lost. Another issue
suggested by the same authors is that the increased
ADR levels reduce the neurovegetative functions such as
eating.[28] In fasting, the increased ADR levels might
also help to withstand the desire to eat.

In the fasting group, there was correlation between
the blood ADR and NA levels (r D 0.842, p < 0.01) but
they did not correlate with the DA levels (r D 0.515, p >

0.05; r D 0.624, p > 0.05, respectively). The urine levels of
DA, ADR and NA in this group also correlated with each
other (r D 0.794, p < 0.01 for DA and ADR; r D 0.891, p <

0.01 for DA and NA; r D 0.891, p < 0.01 for ADR and NA).
In the control group, there was correlation among the

blood levels of the three studied CAs (r D 0.830, p < 0.01
for DA and ADR; r D 0.745, p < 0.05 for DA and NA; r D
0.964, p < 0.01 for ADR and NA). Correlations were also

Table 2. Comparison of urine catecholamines.
Test statistics�

Urine levels
Fasting

Median (min�max)
Control

Median (min�max) U Z p r��

Dopamine [mg/L] 69.520 (58.988¡102.148) 40.900 (28.511¡83.462) 26.0 ¡1.551 0.121 0.36
Adrenaline [mg/L] 23.916 (8.708¡40.538) 18.679 (10.452¡30.155) 38.0 ¡0.572 0.568 0.13
Noradrenaline [mg/L] 28.842 (15.536¡83.163) 17.526 (11.645¡56.492) 30.0 ¡1.225 0.221 0.28
�Mann�Whitney U test.
��Effect size.

Figure 1. Blood and urine dopamine concentrations in the fasting group and the control group.
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observed among the urine levels of DA, ADR and NA in this
group (r D 0.883, p < 0.01 for DA and ADR; r D 0.917, p <

0.01 for DA and NA; rD 0.883, p< 0.01 for ADR and NA).
DA concentrations are considered to be similar to

ADR concentrations.[11] The plasma concentrations of
free DA increase in association with events that increase
the sympathetic tone, though to a much lesser extent
compared to NA or ADR. [32] Since most of the DA in the
blood is synthesized in the brain and is derived from
the sympathetic nerves as well as the non-neuronal gut
cells and the circulating L-3,4-dihydroxyphenylalnine
(L-DOPA), the significantly increased concentrations of
DA in the fasting group cannot be explained by the adre-
nomedullary stimulation induced by fasting. In fasting,
the stress response of the sympathetic dopaminergic
nerves might be more pronounced.[11] This implies a
contribution of non-neuronal gut cells to DA blood con-
centration. Considering the concept of Ramadan fasting,
it is likely that the activity of the gut cells is affected.

On the other hand, Grouzman and Lamine [31]
reported that the free concentrations of CAs measured
in plasma and urine were not affected by feeding. The
higher levels of blood concentrations of DA in the fasting
group cannot be explained with the food intake because
the ingestion of a standard meal increases the plasma
DA sulphate levels, resulting in a slight increase in the
DA levels.[11] Additionally, it is reported that the regula-
tory hormones of the homeostatic system directly affect
the DA neurons (e.g. leptin and insulin inhibit the DA
neurons and ghrelin activates these neurons).[33] Also,
food restriction enhances the magnitude of the DA sig-
nals evoked by food, which indicates that the increase in
the DA system activity with food intake is more promi-
nent after fasting.[34] Numerous animal studies have
reported that lack of DA results in death from starvation
and dehydration, since DA is essential for feeding, and
that excessive DA signalling may inhibit feeding
(reviewed in [33]).

Figure 2. Blood and urine adrenaline concentrations in the fasting group and the control group.

Figure 3. Blood and urine noradrenaline concentrations in the fasting group and the control group.
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In our study, the urine concentrations of CAs were
higher compared to the blood concentrations. Similarly,
Grouzmann and Lamine [31] showed that the reported
reference intervals for plasma CAs were far below the
concentrations reported for urine.

In the kidneys, proximal tubular cells synthesize DA
from L-DOPA. Therefore, most of the DA in urine
comes from decarboxylation of L-DOPA in circulation
but not from the renal excretion of circulating DA.
[11,31,35] This could explain why the DA concentra-
tions in the urine were not significantly higher in our
fasting group than in the control group despite the
statistically higher blood levels of DA in the fasting
group. Similarly, M€uhlbauer and Osswald [35] showed
a remarkable increase in the renal DA excretion in fed
compared to fasted animals. Accordingly, the reason
for the statistically insignificant urine DA levels in the
groups may probably be due to increased renal excre-
tion of DA in our control group. However, no correla-
tions were observed between the blood and urine
levels of CAs in both groups.

Consequently, the differences observed in the blood
and urine CAs indicate a specific regulation of CA
release, synthesis and gene expression of CA biosyn-
thetic enzymes in Ramadan fasting. As Carasco and Van
de Kar [26] pointed out, stress, as a response to aversive
stimuli, is a concept that is difficult to define fully
because its interpretation tends to vary according to
individual disciplines. The effect of Ramadan fasting on
CA concentrations, particularly in terms of DA levels
either in blood or urine samples, should be further inves-
tigated thoroughly in future studies.

Conclusions

The results from this study showed statistically significant
higher levels of blood DA, but not ADR or NA, in fasting
rats, which is indicative of the complexity of the hypothal-
amic�pituitary�adrenal axis as well as the sympathetic
dopaminergic system responses during stress. The sympa-
thetic dopaminergic system response must be more pro-
nounced during fasting. Moreover, the reaction of the
dopaminergic system and the non-neuronal gut cells to
food intake after fasting may be contributed to the
observed higher blood DA levels. Additionally, the higher,
but statistically insignificant DA levels in the urine sam-
ples of fasting rats may indicate increased renal excretion
of DA in satiety and DA synthesized in the kidney. In eval-
uating the CA levels during fasting, the sympatho-neural,
sympatho-adrenomedullary, DOPA�DA autocrine/para-
crine and hypothalamic�pituitary�adrenocortical path-
ways must be taken into consideration.
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