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Metabolic and Behavioral Effects of Serotonergic Antidepressants
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Abstract: Metabolic syndrome (MS) is a collection of risk factors for coronary artery disease and type 2 diabetes.
Prevalence of the MS in patients with depression is high and use of antidepressants also exert variable effects on
constituent elements of the MS. Metabolic and behavioral effects of chronic serotonergic antidepressants treatment in
rats subjected to swim endurance test (SET) were investigated. The Albino Wistar rats were divided into 2 groups
vehicle (n=12) and drug (n=12). Each group was further divided into unstressed and stressed. Tianeptine (20 mg/kg),
and sertraline (30 mg/kg), was administered orally for 28 days. Results showed that tianeptine and sertraline treatment
correspondingly increase rat swimming time in SET. Swim stress raised circulating glucose, non-esterified free fatty
acids (NEFFA), cholesterol, high density lipoprotein (HDL), low density lipoprotein (LDL) and corticosterone levels with
no effects on triglycerides (TGs). Drug alone administration showed that serum glucose levels were decreased by
sertraline but not by tianeptine. Lipid levels were raised by both the drugs without effecting TGs. When drug treated
stressed group was compared with the stressed controls, showed that tianeptine increases total cholesterol and LDL
whereas TGs were decreased with no change on glucose levels. However sertraline treatment decreased the circulating
glucose levels while the lipid profile remained unchanged. Corticosterone levels were increased by both the drugs. In
conclusion, both the drugs may contribute potentially to the development of MS.It is suggested that antidepressant
therapy should include routine surveillance for clinical and/or biochemical evidence suggestive of the metabolic

syndrome.
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INTRODUCTION

Stress is a biological response to aversive
conditions that tend to threaten or perturb the
homeostasis of the organisms [1]. Stress has been
shown to induce a marked rise in the brain levels of
biogenic amines such as adrenaline and nor-adrenaline
[2]. These chemical substances are released in
response to stress signals and are meant to assist the
organisms to cope with stress [3]. However, increased
utilization of the amines resulting in their depletion in
prolonged severe stress is responsible for fatigue,
reduced stamina, lowered mood (depression) or
despair seen in individuals under intense stress [2, 4].
Major depressive disorder is a prevalent medical
syndrome associated with inter-episodic dysfunction.
The metabolic syndrome is comprised of several
established risk factors for cardiovascular disease
(CVD) (i.e. abdominal obesity, dyslipidaemia,
dysglycaemia and hypertension). The criteria of the
metabolic syndrome represent a multi-dimensional risk
factor for cardiovascular disease and type 2 diabetes
mellitus. Extant evidence indicates that both major
depressive disorder and the metabolic syndrome,
though distinct, often co-occur [5]. It has been
hypothesized [6] that altered central serotonergic
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function is causally related to the metabolic syndrome,
and blunted serotonergic response is observed in
individuals with the metabolic syndrome and insulin
resistance.

Selective serotonin reuptake inhibitors (SSRIs) first
appeared in the late 1980s (fluoxetine, sertraline-,
paroxetine. fluvoxamine, citalopram escitalopram. This
group of antidepressants has eclipsed all others
because of their efficacy, ease of administration,
including favorable cardiac side effect profile [7].
Compared with tricyclic antidepressants (TCAs) that
block the reuptake of serotonin (5HT) and
norepinephrine (NE), SSRIs are largely serotonin
reuptake blockers and have little therapeutic effect on
other neurotransmitters. SSRIs are much less likely
than TCAs to cause fatalities (particularly cardiac
deaths) in overdoses. Also, TCAs may be associated
with an increased risk of myocardial infarction
compared with SSRIs [8]. Among antidepressants that
are currently available, selective serotonin reuptake
inhibitors and possibly a few others with pronounced
serotonin activity, appear to have the greatest potential
for positively influencing cardiovascular health,
independent of their effect on depression. Sertraline
postulated mechanisms driving this association include
serotonin mediated antiplatelet activity, and increased
heart rate variability [9]. Besides 5HT reuptake
inhibition, sertraline has dopamine reuptake inhibitor
action and sigma opioid receptor antagonistic activity.

© 2013 Lifescience Global



270 Journal of Basic & Applied Sciences, 2013 Volume 9

Gitay and Bano

The therapeutic effect of the drugs cannot be
assessed in normal animals, unless the environment
for drug action and the conditions to be restored by the
drugs are created, in other words a biologically altered
model is required to explore the therapeutic action of
the drug, without which only the pharmacology can be
checked [10]. Numerous animal models of stress and
depression are in use by researchers to screen the
therapeutic activity of the drug, namely, restraint stress
model, foot shock, tail suspension, forced swim stress
(FST) and the swim endurance test (SET). Though
physical activity promotes glucose uptake independent
of insulin action [11], the central nervous system (CNS)
alterations caused by these models play a major role in
development of behavioral despair. SET model has
been used previously by researchers to explore the
adaptogenic activity of various compounds [12-14], the
original method of Nimbakar and coworkers, 2001 was
followed [15]. Tricyclic antidepressant (TCA) use also
increased likelihood for the metabolic syndrome,
independent of depression severity [16]. Some SSRIs
are also associated with clinical and biochemical
elements of the metabolic syndrome [17]. An
interesting clinical observation is that psychotropic
agents, particularly antidepressant drugs, commonly
affect the cardiovascular system and drugs used to
treat heart disease commonly affect the CNS. Perhaps,
the roles played by serotonin, norepinephrine, and
dopamine in both depression and CVD account for this
finding. The connection between changes in lipid and
glucose homeostasis, corticosterone and long-term
administration of therapeutically effective doses of
tianeptine, a selective serotonin reuptake enhancer
(SSRE) and sertraline (SSRI) that are potent
antidepressants has not been suffciently demonstrated
so far. Therefore, we analyzed the effects of chronic
administration of serotonergic antidepressants on
behavior in SET paradigm, serum glucose,
corticosterone and lipid levels which are risk factors for
cardiovascular disease in depressive patients.

MATERIALS AND METHODS

Animals and Treatment

All animal procedures described below were
conducted in strict accordance with the national
research council for the care and use of laboratory
animals (1996). Ethical approval was obtained from
institutional animal ethics committee. Locally bred Adult
Albino Wistar rats (150-200 g body wt.) were housed 6
per cage under standard light and dark cycle at 25°C +
2°C room temperature and were maintained on lab

chow and water ad libitum. All experiments were
carried out in the light phase of the cycle. All
experiments were carried out with minimum suffering to
the animals. Rats were checked for open field
locomotor activity. Tianeptine (20 mg/kg/ml) and
sertraline (30mg/kg/ml) was orally administered to the
test group for 4 weeks. An equal volume of vehicle
(ethanol: saline, 1:3) was given to the controls. Rats
were decapitated on the day following treatment
completion. The rats of the SET group were made to
swim till exhaustion (indicated as when the rat was
about to drown), an average of 30 minutes swimming
before decapitation. Serum was collected and stored at
-20°C until analysis.

Swim Endurance Test (SET)

The animals were forced to swim in a transparent
glass chamber (80 cm high and 45cm inner diameter),
filled with tap water, 45 cm deep at room temperature.
The water temperature was strictly maintained at 30°-
32°C and none of the animals experienced
hypothermia, which could be additional stress. The rats
were allowed to swim till they got exhausted and the
moment they drowned was considered the end point
[15]. The end point of the rats was an average of 30
minutes.

Chemicals and Drugs

Tianeptine Sodium salt (Sigma-Aldrich) and
Sertraline HCI (a kind gift from a local pharmaceutical)
were used for the present study. All chemicals were of
the highest analytical grade.

Biochemical Analysis

Serum total Cholesterol, high-density lipoproteins
(HDL) and triglycerides were determined by Randox®
Kit.  Low-density lipoproteins  cholesterol was
determined by formula. Glucose levels were estimated
by o-toulidine method. Non esterified free fatty acid
(NEFFA) was estimated by the method of Mikac- Devic
(1973) using separate solutions of copper nitrate and
triethanolamine that were mixed before use. Copper
soaps are formed with the fatty acids and are
determined using 1, 5- diphenylcarbohydrazide as a
color developing reagent at 628nm [18]. Corticosterone
was quantified by Glick et al., 1964. The procedure is
based on organic extraction of corticosterone with iso-
octane and chloroform. Fluorescence developed by
ethanol-sulphuric acid solution was measured at
excitation (462nm) and emission (518 nm) wavelengths
[219].
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Statistical Analysis

All results were expressed as mean + standard
error of mean (SEM). Data was analyzed using two
way ANOVA followed by Newman Keul's g-test. P<
0.05 was considered statistically significant. The
analysis was carried out using SPSS software version
19.

RESULTS

Table 1 shows the effects of serotonergic drugs on
swimming endurance in minutes. Data analyzed by
student’'s t-test indicates that swimming time was
significantly increased by tianeptine (P = 0.0005) and
sertraline (P = 0.0005).

Table 1: Effect of Serotonergic Antidepressants on
Swimming Time in Rats Exposed to Swim
Endurance Test

Groups Mean
Vehicle 10.66+ 2.2
Tianeptine 24.03 + 2.1*
Vehicle 11.62+ 1.5
Sertraline 22.06 + 3.2

Experimental details are given in materials and methods section. Values are
means+ SEM for each group of 6 rats. Statistical analysis was carried out using
student’s t-test. The significance of the differences is indicated by *P=0.0005
when drug treated groups were compared with respective saline controls.

Table 2 shows the effects of tianeptine on serum
glucose, NEFFA and Lipid profile. Data analysed by 2

way analysis of variance show significant effects of
stress on serum glucose (F=10.94, P=0.004), NEFFA
(F=7.89, P=0.011), cholesterol (F=5.84, P=0.025), and
on TG levels (F=10.81, P=0.004), whereas
aninsignificant change was seen in HDL and LDL
levels. Similarly significant effects were seen by drug
on serum NEFFA (F=38.35, P=0.0005), cholesterol
(F=53.78, P=0.0005), HDL (F=6.35, P=0.02), TGs
(F=7.57, P=0.012) and on LDL levels (F=30.59,
P=0.0005). Stress x drug effects were significant on
NEFA (F=16.18, P=0.001), cholesterol (F=10.45,
P=0.004), HDL (F=9.57, P=0.006) and TGs (F=18.08,
P=0.0005) while insignificant effects on glucose and
LDL levels were seen.

Table 3 shows the effects of sertraline on serum
glucose, NEFFA and Lipid profile. Data analysed by 2
way analysis of variance show significant effects of
stresson serum glucose (F=6.91, P=0.0005), NEFFA
(F=22.5, P=0.0005), cholesterol (F=8.36, P=0.009) and
on LDL levels (F=4.86, P=0.039, whereas a significant
change was seen in HDL & TG levels. Similarly
significant effects were seen by drug on serum glucose
(F=327.94, P=0.005), NEFFA (F=30.56, P=0.0005),
cholesterol (F=7.18, P=0.014), HDL (F=16.64,
P=0.001), and on LDL levels (F=12.99, P=0.002) stress
x drug effects were significant on glucose (F=13.67,
P=0.0005), NEFFA (F=18.03, P=0.0005), cholesterol
(F=7.99, P=0.01), HDL (F=23.00, P=0.0005) while
insignificant effects on TGs and LDL were seen.

Figures 1 shows the effect of tianeptine on serum
corticosterone levels. Data analyzed by 2-way ANOVA

Table 2: Effects of Tianeptine Administration on Serum Glucose, NEFFA and Lipid Profile
Vehicle Drug 2 way ANOVA df=1,20
Parameters Unstressed Stressed Unstressed Stressed Stress Drug Stress x drug
Glucose 160.95 + 15.03 |210.66 + 12.36*| 157.11 + 12.88 | 188.71 + 17.72 F=10.94 F=1.09 F=0.55
(mg/ dl) P=0.004 (NS) (NS)
NEFFA 0.48 £ 0.02 0.61+0.04* | 0.85+0.02 1 0.81+0.05 F=7.89 F=38.35 F=16.18
(mM/) P=0.011 P=0.0005 P=0.001
Cholesterol 80.58 + 2.91 |120.20 + 7.64* |154.71 £10.2 T | 148.98 + 7.691* F=5.84 F=53.78 F=10.45
(mg/dl) P=0.025 P=0.0005 P=0.004
HDL 42.21 + 2.52 62.3+2.86* |67.43+6.84 7 54.31 + 3.55 F=0.58 F=6.35 F=9.57
(mg/dl) (NS) P=0.02 P=0.006
TGs 64.68 + 2.53 69.94 + 3.22 72.60+4.2 |3562+1.89t1* F=10.81 F=7.57 F=18.08
(mg/dl) P=0.004 P=0.012 P=0.0005
LDL 25.32+1.91 43.98+6.86 |72.76 £3.021 | 88.03+3.63t F=4.21 F=30.59 F=0.042
(mg/dl) (NS) P=0.0005 (NS)

Experimental details are given in materials and methods section. Values are means+ SEM for each group of 6 rats Data was analysed using 2-way ANOVA followed
by Newman kuel’s g test. The significance of the differences is indicated by *P<0.05 when stressed group is compared with respective control and "P<0.05 when

drug treated group is compared with similarly treated vehicle control.
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Table 3: Effects of Sertraline Administration on Serum Glucose, NEFFA and Lipid Profile
Vehicle Drug 2 way ANOVA df=1,20
Parameters Unstressed Stressed Unstressed Stressed Stress Drug Stress x drug
Glucose 192.10 + 14.05 | 248.38 £ 10.83* | 163.92+ 10.23 ¥ |154.41+13.55 1 F=6.914 F=327.94 F=13.67
(mg/ dIy P=0.0005 P=0.0005 P=0.0005
NEFFA 0.27 £ 0.07 1.01£0.3* 1.08+ 0.08 T 1.12 £ 0.07 F=22.5 F=30.56 F=18.03
(mMI/L) P=0.0005 P=0.0005 P=0.0005
Cholesterol 84.13+5.03 |140.61+ 10.51* | 138.52+ 11.66 T 139.15+ 11 F=8.36 F=7.18 F=7.99
(mg/dl) P=0.009 P=0.014 P=0.01
HDL 3391+1.14 56.05 + 1.95* 64.10 £+ 2.28 t 5423+ 29 F=0.83 F=16.64 F=23.00
(mg/dl) (NS) P=0.001 P=0.0005
TGs 59.75+ 7.71 69.45 + 6.82 51.95 + 6.60 70.38 £ 5.85 F=2.49 F=0.15 F=0.24
(mg/dl) (NS) (NS) (NS)
LDL 26.31+2.6 46.31 + 2.61* 56.63+4.2 1 56.73 + 8.88 F=4.86 F=12.99 F=2.61
(mg/dl) P=0.039 P=0.002 (NS)

Experimental details are given in materials and methods section. Values are means+ SEM for each group of 6 rats. Data was analysed using 2-way ANOVA followed
by Newman kuel’s q test. The significance of the differences is indicated by *P<0.05 when stressed group is compared with respective control and "P<0.05 when

drug treated group is compared with similarly treated vehicle control.

indicates that the effect of tianeptine (F=98.88,
P=0.0005) and stress x drug interaction (F=26.99,
P=0.0005) was significant.
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Figure 1: Effect of Tianeptine administration on serum
corticosterone. Data was analysed using 2-way ANOVA
followed by Newman'’s kuel's g test. Values are means+ SEM
for each group of 6 rats. The significance of the differences is
indicated by *P<0.05 when stressed group is compared with
respective control and "P<0.05 when drug treated group is
compared with similarly treated vehicle control.

Figure 2 shows the effect of tianeptine on serum
corticosterone levels. Data analyzed by 2-way ANOVA
indicates that the effect of stress (F=9.09, P=0.007)
and drug (F=294.17, P=0.0005) was significant.

DISCUSSION

The swimming time was equally increased by both
the drugs during the swim endurance test (SET). It has

been observed by Bano and group in 2010 [20], acute
administration of 10mg/kgdose of tianeptine, sertraline
raises brain tryptophan levels, thus serotonin.
Antidepressants drugs may act in part by enhancing
serotonergic activity. The serotonergic deficit may
occur at any of several levels: diminished availability of
precursor, impaired activity of tryptophan hydroxylase,
abnormalities in 5-HT release or uptake, 5-HT receptor
abnormalities or interaction with other
neurotransmitters. Cerebral 5-hydroxytryptamine
(serotonin, 5-HT) synthesis is controlled mainly by
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Figure 2: Effect of Sertraline administration on serum
corticosterone. Data was analysed using 2-way ANOVA
followed by Newmankuel's q test. Values are means+ SEM
for each group of 6 rats. The significance of the differences is
indicated by *P<0.05 when stressed group is compared with
respective control and "P<0.05 when drug treated group is
compared with similarly treated vehicle control.
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brain tryptophan concentrations, because the rate
limiting enzyme of the 5-HT biosynthetic pathway,
tryptophan hydroxylase, is unsaturated with its
substrate (tryptophan). This process is determined by
at least three peripheral factors influencing circulating
tryptophan availability to the brain that play important
roles in central 5-HT synthesis. These factors include
tryptophan binding to circulating albumin, competition
between tryptophan and large neutral amino acids
(LNAA), namely valine, leucine, isoleucine,
phenylalanine & tyrosine for cerebral uptake [21] and
activity of the major tryptophan degrading enzyme, liver
tryptophan 2,3 dioxygenase activity.

Drugs that elevate mood (antidepressants) have
profound interactions with the HPA axis. The use of
antidepressants is on the rise with the rising incidence
of depression in the general population all over the
world currently. Long term antidepressant treatments
are associated with metabolic disorders, obesity and
insulin resistance, leading ultimately to cardiovascular
disorders, besides the proposed effects of
antidepressants that include, neurogenesis [22, 23],
strengthened neuroplasticity [24] and attenuation of
HPA axis to stress [25]. It has been concluded in a
study that the relationship between antidepressants
and diabetes type 2 is biologically implausible and may
be based on overestimations [26]. Hummel and
coworkers concluded through a randomized open-label
prospective trial that remission from depression with
antidepressant treatment improves the LDL/HDL
cholesterol ratio, shifting the lipoproteins towards a
lesser atherogenic profile [27]. Paroxetine and
sertraline have been found to increase the LDL levels
in the serum [28, 29]. Sauer and coworkers reported
that the percentage of occurrence of
hypercholesterolemia in antidepressant users is higher
than the non-users [30]. Colotto and coworkers have
highlighted a collective conclusion that sertraline and
paroxetine have an unfavorable effect on the lipid
profile in contrast to citalopram that shows a slight
increase in HDL cholesterol with no effect on total
cholesterol and LDL levels [31]. In a case report,
citalopram and to a lesser extent fluoxetine were
suspected to cause severe hypertriglyceridemia [32].
Wei and coworkers, in 2009 concluded through a
cohort study that long-term use of paroxetine or
sertraline may have a measurable adverse impact on
cardiovascular risk in adults [33]. To normalize the
metabolic hypo activity, caused by depression the
energy pathways are worth pursuing [34]. It can be
sparingly explained that adjustment of central

monoamine levels is not the only way to treat mental
disorders; in fact peripheral involvement plays a major
role in alleviation of depression. Present study shows
(Table 2) that tianeptine does not modulate serum
glucose levels. The serum free fatty acids are elevated,
probably due to the lipolytic effect of corticosterone.
HDL are raised with tianeptine treatment. Drug induced
rise in LDL which is highly significant, suggests
desensitization of hepatic lipoprotein receptors
rendering greater availability of the lipoprotein for
steroidogenesis. No change in the Triglyceride levels is
found with tianeptine treatment in unstressed rats.
However there was significant decrease in TG in drug
treated stressed rats.

Sertraline is a glucose lowering drug, accompanied
with elevated circulating free fatty acids. Cholesterol as
well as HDL and LDL are raised by sertraline. TGs
remain unaltered with sertraline treatment. Previously,
in 2001, Gomez and coworkers declared sertraline
(30mg/kg) to be a drug that reduces glucose levels due
to its effect on glucose induced insulin release [35].
Since serotonin and insulin are co-localized in the
pancreatic beta cells, insulin is accompanied with
serotonin when released [36]. High insulin levels by
sertraline administration without hypoglycemia led to
the presumption of the involvement of hepatic insulin
sensitizing substance (HISS) secreted from the liver,
responsible for the uptake and storage of glucose as
glycogen in large skeletal muscles. It is suggested that
sertraline prevents HISS secretion, increasing release
of insulin to regulate glucose levels [37].

Since endurance training is known to enhance
responsiveness to insulin and uptake of glucose into
the muscles by increasing the expression of GLUT 4
(the insulin dependent transporters that are responsible
for the uptake of glucose by the muscles, heart and
skeletal muscles) [38], the rise in glucose levels of rats
subjected to swim endurance test may be explained as
a consequence of increased mobilization of glucose
from storage depots along with enhanced uptake.
Tianeptine does not modulate serum glucose levels in
the stressed group, suggesting the presence of
simultaneous mechanisms to counter act any change
in the glycemic homeostasis that may be caused by
stressful conditions. Stress as well as tianeptine
induced rise in free fatty acids remained unaltered
when the drug treated rats were subjected to the
endurance test. The rise in cholesterol levels of the
drug treated stressed group was greater than the
untreated stressed group, though the levels were
reduced as compared to the drug treated unstressed
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group. The increase in the HDL levels of the drug
administered stressed group was similar to the
stressed as well as drug treated unstressed group. The
triglyceride level remained unchanged by stress as well
as tianeptine, though the level declined when the drug
treated group was subjected to SET. The decline in
TGs in the SET subjected group can be suggested to
have a correlation with the lowered corticosterone
levels in the same group. Endurance session with its
effect on glucose mobilization and uptake may have a
counter effect on the HPA axis activity, lowering
circulating corticosterone. As glucocorticoids have the
ability to potentiate the lipolytic action of epinephrine by
its action on hormone sensitive lipase promoting re-
esterification of free fatty acids,low levels of
glucocorticoids may be the cause of low levels of
circulating TGs. The rate of glucocorticoid induced
lipolysis or lipogenesis can be determined with the help
of available glycerol for gluconeogenesis.

Sertraline lowered the glucose levels in the drug
treated stressed group as well. Stress induced rise in
cholesterol, HDL and LDL remained unchanged in the
sertraline treated stressed rats. It can be finally
concluded that in spite of the hyper activation of the
HPA axis that is obvious with stress, the adaptation
process is enhanced by the drugs assessed in the
present study and is observed as a regulated
mobilization and utilization of energy molecules
preventing the possible development of hyperglycemia
and insulin resistance. The rise in circulating LDL levels
with tianeptine raise doubts whether prolong treatment
is safe in preventing the allostatic load to the users.

In conclusion, both the drugs may contribute
potentially to the development of MS. It is suggested
that antidepressant therapy should include routine
surveillance for clinical and/or biochemical evidence
suggestive of the metabolic syndrome.

ACKNOWLEDGEMENT

We thank Higher Education Commission (HEC) for
the financial support to Mehnaz Gitay (HEC indigenous
scholar).

REFERENCES

[1] Hoffman BB. Catecholamines, sympathomimetic drugs, and
adrenergic receptor antagonist. In: Goodman and Gilman’s
the pharmacological Basis of theraﬁ)eutics (Eds. Hardman
JG, Limbird LE and Gilman AG) 10" ed. McGraw-Hill, New
York 2001; pp. 235-238.

[2] Subarnas A, Tadano T, Nakahata N, Arai Y, Kinemuchi H,
Oshima Y, et al. A Possible mechanism of antidepressant
activity of beta-amyrinpalmitate isolated from Lobelia inflata

(31

(4

(5]

6]

[

8l

19

(10]

[11]

(12]

(23]

[14]

[15]

[16]

[17]

leaves in the forced swimming test. Life Sci 1993; 52: 289-
296.
http://dx.doi.org/10.1016/0024-3205(93)90220-W

Anisman H, Zacharko RM. Multiple neurochemical and
behavioural consequences of stressors: Implications for
depression. In: Psychopharmacology of anxiolytics and
antidepressants. Pergamon Press, New York 1991; pp. 57-
82.

Bhattacharya K, Ghosal S. Experimental evaluation of the
anti-stress activity of a herbal formulation, zetress. J Nat
Remedies 2000; 1: 1-7.

Mcintyre RS, Woldeyohannes HO, Soczynska JK, Miranda
A, Lachowski A, Liauw SS, et al. The Rate of Metabolic
Syndrome in Euthymic Canadian Individuals with Bipolar /11
Disorder. Adv Ther 2010; 27(11): 828-36.
http://dx.doi.org/10.1007/s12325-010-0072-z

Muldoon MF, Mackey RH, Korytkowski MT, Flory JD, Pollock
BG, Manuck SB. The metabolic syndrome is associated with
reduced central serotonergic responsivity in healthy
community volunteers. J Clin Endocrinol Metab 2006; 91(2):
718-21.

http://dx.doi.org/10.1210/jc.2005-1654

Grimsley SR, Jann MW. Paroxetine, sertraline, and
fluvoxamine: new selective serotonin reuptake inhibitors. Clin
Pharm 1992; 1: 930-57.

Rodriguez de la Torre B, Dreher J, Malevany |, Bagli M,
Kolbinger M, Omran H, et al. Serum levels and
cardiovascular effects of tricyclic antidepressants and
selective serotonin reuptake inhibitors in depressed patients.
Ther Drug Monit 2001; 23: 435-40.
http://dx.doi.org/10.1097/00007691-200108000-00019

Pollock BG, Laghrissi-Thode F, Wagner WR. Evaluation of
platelet activation in depressed patients with ischemic heart
disease after paroxetine or nortriptyline treatment. J Clin
Psychopharmacol 2000; 20(2): 137-40.
http://dx.doi.org/10.1097/00004714-200004000-00004

Borsini F. Models for depression in drug screening and
preclinical studies: Future directions. World J Pharmacol
2012; 1(1): 21-29.

http://dx.doi.org/10.5497/wjp.v1.i1.21

Moura LP, Bertolini NO, Ghezzi AC, Bertucci DR, Bonfim
MR, Serafim THS, et al. Glucose Homeostasis in Type 1
Diabetic Rats after Acute Physical Activity. J Exer Physiol
(Online) 2011; 14(6): 8-19.

Debnath J, Prakash T, Karki R, Kotresha D, Sharma P. An
Experimental Evaluation of Anti-stress Effects of
Terminaliachebula. J Physiol Biomed Sci 2011; 24(2): 13-19.

Lakshmi BVS, Sudhakar M. Screening of Psidiumguajava
Leaf Extracts for Antistress Activity in Different Experimental
Animal Models. Pharmacognosy Res 2009; 1(6): 359-66.

Kannur DM, Hukkeri VI, Akki KS. Adaptogenic activity of
Caesalpiniabonduc seed extracts in rats. J Ethnopharmacol
2006; 108: 327-31.
http://dx.doi.org/10.1016/j.jep.2006.05.013

Nimbakar SR, Patki VP, Patki MP. Pharmacological
evaluation of anti-stress and androgenic activity of polyherbal
formulation “A.P-3000"-containing Panaxginseng. Indian
Drugs 2001; 38: 27-39.

Van Reedt Dortland AK, Giltay EJ, van Veen T, Zitman FG,
Penninx BW. Metabolic syndrome abnormalities are
associated with severity of anxiety and depression and with
tricyclic antidepressant use. Acta Psychiatr Scand 2010; 122:
30-9.

http://dx.doi.org/10.1111/j.1600-0447.2010.01565.x

Raeder MB, Ferng J, Vik-Mo AO, Steen VM. SREBP
activation by antipsychotic- and antidepressant-drugs in
cultured human liver cells: relevance for metabolic side-
effects? Mol Cell Biochem 2006; 289(1-2): 167-73. Epub
http://dx.doi.org/10.1007/s11010-006-9160-4




Metabolic and Behavioral Effects of Serotonergic Antidepressants

Journal of Basic & Applied Sciences, 2013 Volume 9 275

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Mikac Devic D, Stankovic H, Boskovic K. A method for
determination of free fatty acids in serum. Clin Chim Acta
1973; 45(1): 55-59.
http://dx.doi.org/10.1016/0009-8981(73)90144-7

Glick D, Voredlich D, Levine S. Flourimetric determination of
corticosterone and cortisol in 0.02 and 0.05 mls of plasma or
submiligrams of adrenal tissue. Endocrinology 1964; 74: 653-
65.

http://dx.doi.org/10.1210/endo-74-4-653

Bano S, Gitay M, Ara |, Badawy AAB. Acute effects of
serotonergic antidepressants on tryptophan metabolism and
corticosterone levels in rats. Pak J Pharm Sci 2010; 23(3):
266-72.

Fernstrom JD, Wurtman RJ. Brain serotonin content.
increase following ingestion of carbohydrate diet. Science
1971; 174: 1023-25.
http://dx.doi.org/10.1126/science.174.4013.1023

Malberg JE, Eisch AJ, Nestler EJ, Duman RS. Chronic
antidepressant treatment increases neurogenesis in adult rat
hippocampus. J Neurosci 2000; 20(24): 9104-10.

Santarelli L, Saxe M, Gross C, Surget A, Battaglia F, Dulawa
S, et al. Requirement of hippocampal neurogenesis for the
behavioral effects of antidepressants. Science 2003;
301(5634): 805-9.

http://dx.doi.org/10.1126/science.1083328

Vaidya VA, Duman RS. Depression--emerging insights from
neurobiology. Br Med Bull 2001; 57: 61-79.
http://dx.doi.org/10.1093/bmb/57.1.61

Holsboer F. Stress, hypercortisolism and corticosteroid
receptors in depression: implications for therapy. J Affect
Disord 2001; 62(1-2): 77-91.
http://dx.doi.org/10.1016/S0165-0327(00)00352-9

Kiviméki M, Batty GD, Jokela M, Ebmeier KP, Vahtera J,
Virtanen M, et al. Antidepressant Medication Use and Risk of
Hyperglycemia and Diabetes Mellitus—A Noncausal
Association? Biol Psychiatry 2011; 70(10): 978-84.
http://dx.doi.org/10.1016/j.biopsych.2011.07.008

Hummel J, Westphal S, Weber-Hamann B, Gilles M,
Lederbogen F, Angermeier T, et al. Serum lipoproteins
improve after successful pharmacologic antidepressant
treatment: a randomized open-label prospective trial. J Clin
Psychiatry 2011; 72(7): 885-91.
http://dx.doi.org/10.4088/JCP.09m05853blu

Bailey D, Le Mellédo JM. Effects of serotonin reuptake
inhibitors oncholesterol levels in patients with panic disorder.
J Clin Psychopharmacol 2003; 23: 317-19.
http://dx.doi.org/10.1097/00004714-200306000-00016

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

Le Melledo JM, Mailo K, Lara N, Abadia MC, Gil L, Van
Ameringen M, et al. Paroxetine-induced increase in LDL
cholesterol levels. J Psychopharmacol 2009; 23(7): 826-30.
http://dx.doi.org/10.1177/0269881108094320

Sauer W, Berlin J, Kimmel SE. Effect of antidepressants and
their relative affinity for the serotonin transporter on the risk
of myocardial infarction. Circulation 2000; 108: 32-36.
http://dx.doi.org/10.1161/01.CIR.0000079172.43229.CD

Colotto M, Vinci F, Vo Hong N, Raimo O, Castle A,
Carnovale A, et al. Effect of treatment with selective
serotonin reuptake inhibitors on the lipid profile: state of the
art. La Clinica Terapeutica 2012; 163(1): e41-45.

Teitelbaum M. Severe and Moderate Hypertriglyceridemia
Secondary to Citalopram and Fluoxetine. Psychosomatics
2000; 41: 448-49.

http://dx.doi.org/10.1176/appi.psy.41.5.448

Wei F, Crain AL, Whitebird RR, Godlevsky OV, O'Connor PJ.
Effects of paroxetine and sertraline on low-density lipoprotein
cholesterol: an observational cohort study. CNS Drugs 2009;
23(10): 857-65.
http://dx.doi.org/10.2165/11310840-000000000-00000
Webhofer C, Gormanns P, Tolstikov V, Zieglgénsberger W,
Sillaber 1, Holsboer F, et al. Metabolite profiling of
antidepressant drug action reveals novel drug targets beyond
monoamine elevation. Transl Psychiatry 2011; 1(12): e58.
http://dx.doi.org/10.1038/tp.2011.56

Gomez R, Huber J, Lhullier F, Barros HMT. Plasma insulin
levels are increased by sertraline in rats under oral glucose
overload. Braz J Med Biol Res 2001; 34(12): 1569-72.
http://dx.doi.org/10.1590/S0100-879X2001001200009

Paulmann N, Grohmann M, Voigt JP, Bert B, Vowinckel J,
Bader M, et al. Intracellular Serotonin Modulates Insulin
Secretion from Pancreatic B-Cells by Protein Serotonylation.
PLoS Biol 2009; 7(10): e1000229.
http://dx.doi.org/10.1371/journal.pbio.1000229

Kesim M, Tiryaki A, Kadioglu M, Muci E, Kalyoncu NI, Yaris
E. The effects of sertraline on blood lipids, glucose, insulin
and HBAI1C levels: A prospective clinical trial on depressive
patients. J Res Med Sci 2011; 16(12): 1525-31.

Goodyear LJ, Kahn BB. Exercise, glucose transport, and
insulin sensitivity. Ann Rev Med 1998; 49: 235-61.
http://dx.doi.org/10.1146/annurev.med.49.1.235

Received on 07-02-2013

http://dx.doi.org/10.6000/1927-5129.2013.09.35

© 2013 Gitay and Bano; Licensee Lifescience Global.
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in

any medium, provided the work is properly cited.

Accepted on 13-03-2013

Published on 08-04-2013



