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Abstract
Objective: Recombinant human erythropoietin is clinically proved to have antidepressant like effect. The present
study deals with evaluating the possible mechanism of action of the antidepressant effect of recombinant human
erythropoietin (rH-Epo).
Methods: The antidepressant activity of subcutaneously administered rH-Epo was tested in models of acute
stress and chronic stress. Simultaneous administration of rH-Epo in sub-effective dose with sub-therapeutic doses of
standard anti-depressants/agonist and antagonist of various receptors was done in mice to study the potential
mechanism of antidepressant effect of rH-Epo using the tail suspension test. One-way or two-way ANOVA, followed
by post- Turkey test and Paired T test were applied wherever appropriate.
Results: In acute stress model, rH-Epo produced significant decrease in immobility period in the dose range of
500 - 4000 IU/kg comparable to standard antidepressant. However dose dependency was not observed. In chronic
stress model, animals receiving stress showed significant decrease in rotarod activity, while pre-treated animals with
rH-Epo showed improvement in rotarod activity. rH-Epo at sub-effective dose, when combined with sub-therapeutic
doses of standard anti-depressants showed significant potentiation of antidepressant action. Antidepressant effect of
rH-Epo was completely blocked by therapeutic dose of Pindolol and Haloperidol, whereas clonidine partially blocked
it. Animals, pre-treated with sub-therapeutic dose of rH-Epo when injected with Yohimbine, showed moderate
potentiation of response.
Conclusion: Reversal of chronic stress induced depressive symptoms by rH-Epo treatment is indication of
upregulation of serotonergic receptors. There might be involvement of serotonergic and adrenergic system in
antidepressant effect of rH-Epo.
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Introduction
Depression is a serious illness and different factors are implicated in
the etiology of depression. Existing drugs have undesirable side-effects
including receptor desensitization [1], reducing their compliance with
therapy, hence new antidepressants are needed.
Erythropoietin (Epo) is a glycoprotein and has receptors present in
various parts of the brain [2]. rH-Epo is effective in the treatment of
anemias associated with surgery, AIDS, cancer chemotherapy,
prematurity, and certain chronic inflammatory conditions. During
erythropoietin therapy, absolute or functional iron deficiency may
develop. Virtually all patients eventually will require supplemental
iron to increase or maintain transferrin saturation to levels that will
adequately support stimulated erythropoiesis. It may result into
serious thromboembolic and cardiovascular events especially in people
undergoing dialysis. Headache, tachycardia, edema, shortness of
breath, nausea, vomiting, diarrhea, injection site stinging, arthralgias,
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and myalgias also have been reported in conjunction with rH-Epo
therapy [3]. rH-Epo is involved in decreased production of proinflammatory mediators by modulation of HPA axis which ultimately
works through the serotonergic receptors [4].
Thus, rH-Epo may have potential in treating depression like
symptoms mediated through regulation of serotonergic receptors [5].
For the present study the effect of rH-Epo on depression was
investigated. Furthering the results of this study, an attempt was made
to find its mechanism of action by co administration of various
receptor agonist/antagonists and standard antidepressants.

Methodology
Animals
Male Swiss albino mice (25-30 g) and male Wistar rats (250-280 g)
were obtained from animal house facility of Wockhardt Research
Centre, Aurangabad, India, where the study was conducted. The
animals were housed in standard laboratory conditions. The
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experimental protocols were approved by the Wockhardt Animal
Ethics Committee (WAEC).

Chemicals
Recombinant human Erythropoietin (rH-Epo, Wockhardt Ltd,
India), Pindolol, Yohimbine hydrochloride, Haloperidol, Clorgyline
(Sigma Aldrich, St. Louis, MO, USA.), Clonidine (UNICHEM
Laboratories Ltd, India), Venlafaxine (Wockhardt Ltd., India),
Imipramine (Nicholas Piramal India Ltd.), Fluoxetine (Sun Pharma
Ltd., India).
rH-Epo was dissolved in Phosphate – Albumin buffered saline.
Clorgyline was dissolved in 0.9 % normal saline. Pindolol, Imipramine,
Fluoxetin, Venlafaxine were dissolved in 1% tween 80 and volume was
made with 0.9% normal saline, Haloperidol, Clonidine, Yohimbine
were dissolved in 1% DMSO. Control animals received respective
vehicles.

Acute Stress Model
Antidepressant like activity of rH-Epo was evaluated in despair
swim test and tail suspension test in Swiss mice. The rH-Epo was
administered at doses of 250, 500, 1000, 2000, 4000 IU/kg by subcutaneous route18 hours prior to testing (Cmax is16 to 20 hours).
Venlafaxine 20 mg/kg i.p. and vehicle were administered 1 hour before
the test intra-peritonealy. Tail suspension test was conducted as
described by Steru [6]. Animals showing passive behaviour were
counted as time in seconds and compared with vehicle treated
controls. Despair swim test was conducted as described by Porsolt [7].
Duration of immobility was measured in controls and animals treated
with various doses of the test drug or standard [8]. Cumulative activity
counts were recorded for mice on a locomotor activity meter every one
min for ten min. Total movements including fast and slow movements
for test drug treated groups were added up and compared with
standard drug treated group and vehicle control [9].

Chronic Stress Model
Male wistar rats were subjected to stress regimen two hr daily for 4
weeks in water stress cage. The animals were selected as per the criteria
of Mizoguchi et al. [10] In all 40 animals were selected and were
divided into two groups as follows:
Group-1: Animals who received chronic stress. (n=32).
Group-2: Animals who did not receive any type of stress (n=8).
All 40 animals received training on rotarod for three days daily for
180 seconds on 20 rpm speed and were subjected to traction test once
in a day for three days for 60 seconds. After the training period
animals were exposed to chronic stress by placing them in stress cage
(dimensions 11.8 cm length × 29.1 cm width × 19.5 cm height) with
wired mesh at its bottom. Water at room temperature was filled in it
so as to reach the sternum process of the animals. The animals were
subjected to stress session in such cages by immersing them, daily 2hr
for the duration of 4 weeks. Drug treatments were given to the animals
in group 1 during 10 days recovery period and were subdivided in 5
groups (A, B,C,D and E). Animals in Group A(n=6), B (n=6),C (n=6)
and D(n=8), received rH-EPO in the dose of 1000 IU/kg, 2000 IU /kg,
4000 IU /kg and vehicle respectively by subcutaneous route every
alternate day. Group E (n=6) received the Venlafexine (40 mg/kg, i.p)
only on tenth day one hour before conduction of actual behavioural
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tests. Recovery period was given to avoid influence of recent stress
session and to study long-term consequences of chronic stress on
behaviour of animals [11]. The mean ridding time for animals
subjected to rotarod (ten cm diameter, 20 rpm) test was used as a
parameter for evaluation of behavioural performance during and after
stress regimen.

Effect of various antidepressants and receptor agonists/
antagonists in combination with rH-Epo in tail suspension
test
In the next set of experiments, we investigated interaction of rHEpo with standard antidepressant drugs such as imipramine (dual
reuptake inhibitor), fluoxetine (selective serotonin reuptake inhibitor
SSRI), venlafaxine (dual reuptake inhibitor of serotonin and
epinephrine) and clorgyline (selective monoamine oxidase-A
inhibitor). For this purpose rH-Epo and all other antidepressants were
administered simultaneously at their sub-effective doses and screened
for their antidepressant activity in tail suspension test. Doses studied
were rH-Epo (250 IU/kg s.c.), Imipramine (2.5 mg/kg i.p.), Fluoxetine
(5 mg/kg i.p.), Venlafaxine (2 mg/kg i.p.) and chlorgyline (125 μg/kg
i.p.). The doses of the drugs used were selected according to earlier
studies conducted in our laboratory and as reported in the literature
[12].
In further studies we investigated the interaction of rH-Epo with
agonist and antagonist of receptors involved in depression such as
alpha2 and beta adrenoreceptor, 5-HT 1A/1B receptor and dopamine
receptor using tail suspension test. In the first set of experiments,
animals were divided in six groups and pre-treated with therapeutic
dose of rH- Epo i.e.1000 IU/kg (18 hrs before test). First group
received Pindolol (10 mg/kg), second group received Clonidine (0.15
mg/kg i.p.), and third group received Haloperidol (2 mg/kg i.p.) along
with their respective standard positive control without rH- Epo pretreatment and tested for their effect in tail suspension test. In second
set of experiments, animals were pre-treated with sub-therapeutic dose
of rH-Epo i.e. 250 IU/kg s.c. (18hrs before test) and then injected with
sub-therapeutic dose of Yohimbine (10 mg/kg i.p.) and tested for
combined effect in tail suspension test [12].

Statistics
Results were expressed as Mean ± SEM and the data was analyzed
by one-way or two-way ANOVA, followed by post- Turkey test and
Paired T test wherever appropriate. p<0.05 was considered statistically
significant.

Results
Effect of rH-Epo on acute stress induced in mice
rh-Epo produced decrease in total immobility time (seconds) with
respect to vehicle control group in both forced swim test and tail
suspension test in mice as shown in Figures 1 and 2 at the 18th hour of
administration. However effect of rH-Epo was not found to be dose
dependant. rH-Epo at the dose of 250 IU/kg did not alter total
immobility time of mice as compared to vehicle control in both the
models.
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Figure 1: Effect of rH-Epo (18 h post administration) in forced
swim test in mice

Figure 3: Effect of rH-Epo treatment on rotarod activity of
chronically stressed rats

Effect of various antidepressants and receptor agonists/
antagonists in combination with rH-Epo in tail suspension
test
Table 1 shows that pretreatment of mice with sub therapeutic dose
of rH-Epo (250 IU/kg s.c.) upon treatment with sub therapeutic doses
of Venlafaxine (two mg/kg i.p.), Imipramine (2.5 mg/kg i.p.),
Fluoxetine (five mg/kg i.p.), Clorgyline (0.125 mg/kg i.p.) significantly
augmented antidepressant activity in tail suspension test.

Figure 2: Effect of rH-Epo (18 h post administration) in tail
suspension test in mice

Effect of rH-Epo treatments on rotarod activity of
chronically stressed rats
After ten days of recovery period (i.e. four week stress + ten days
recovery period), in which animals with chronic stress received
alternate day treatment of rH-Epo at doses of 1000 IU/ kg, 2000 IU/kg
and 4000 IU/kg. Animals showed improvement in rotarod activity at
all three doses. Dose dependency was not seen in this activity (Figure
3). Group treated with rH-Epo 1000 IU/kg animals showed maximum
and statistically significant increase in rotarod performance as
compared to other doses of rH-Epo. Group treated with Venlafaxine,
showed significant increase in rotarod activity of rat as compared to
that of positive control group as shown in Figure 3.
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Group I

Mean immobility time (sec) ±
S.E.M.

Vehicle control

214 ± 23.60

rH-Epo (250 IU/kg, s.c.)

212.2 ± 21.68

Venlafaxine (2 mg/kg).

202.4 ± 25.85

Imipramine (2.5 mg/kg)

199 ± 22.13

Fluoxetine (5 mg/kg)

201 ± 21.37

Clorgyline

(0.125 mg/kg)

213 ± 15.11

rH-Epo ( 250 IU/kg) ± venlafaxine (2 mg/kg)

82 ± 8.51***

rH-Epo (250 IU/kg) ± Imipramine (2.5 113.33 ± 10.05***
mg/kg)
rH-Epo (250 IU/kg) ± Fluoxetine (5 mg/kg)

96.5 ± 20.44***

rH-Epo ( 250 IU/kg) ± Clorgyline (0.125 154.17 ± 22.23***
mg/kg)
Group II
Vehicle control

186.33 ± 1.34

rH- EPO(1000 IU/kg, s.c.)

92 ± 1.48 ***

Pindolol (10 mg/kg)

183.33 ± 1.42
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Clonidine(0.15 mg/kg)

212 ± 2.14***

rH-Epo(1000 IU/kg) ± Pindolol (10mg/kg )

212 ± 3.56***

rH-Epo (1000 IU/kg) ± Clonidine . (0.15 138.66 ± 3.99***
mg/kg)
Group III
Vehicle control

204.66 ± 4.63

Haloperidol (2 mg/kg)

311.83 ± 2.35***

rH-Epo (1000 IU/kg ) ± Haloperidol (2 259.16 ± 4.67***
mg/kg)
Yohimbine (10 mg/kg)

203.8 ± 8.51

rH-Epo (250 IU/kg) ± Yohimbine (10 mg/kg)

155.66 ± 4.84***

Table 1: Effect of pretreatment of rH-Epo on sub therapeutic doses of
standard antidepressants/drugs in tail suspension test of mice
Pindolol (10 mg/kg i.p.) when administered to mice showed no
changes in immobility time period as compared to control. However
Pindolol (ten mg/kg) administered to animals pretreated with rH-Epo
(1000 IU/kg) completely blocked the antidepressant activity of rH-Epo
in tail suspension test of mice as shown in Table 1.
Clonidine at the dose of 0.15 mg/kg i.p., significantly induced
depression in mice as compared to vehicle control. This clonidine
induced depression was partially reversed by rH-Epo 1000 IU/kg as
shown in Table 1.
Haloperidol (two mg/kg) itself induced depression like condition in
experimental animals . Co-administration of rH-Epo 1000IU/kg,
reduced antidepressant effect of rH-Epo. However there was no
complete blockade of antidepressant action (Table 1).
Yohimbine (10 mg/kg), did not show any effect on immobility time
of mice in tail suspension test as compared to control. But in
combination with sub therapeutic dose of rH-Epo (250IU/kg) same
dose of yohimbine reduced immobility time as shown in Table 1.

Discussion
The tail suspension test and forced swim test were studied as a facile
means of evaluating potential antidepressants as well as to investigate
the mechanism underlying the action of antidepressants. The
immobility displayed by rodents when subjected to an unavoidable
and inescapable stress has been hypothesized and proved to reflect
behaviour despair, which in turn reflects depressive disorders in
human and is amenable to reversal by antidepressant drugs [13,14].
In present study, subcutaneously administered rH-Epo induced
antidepressant like effect in both forced swim test and tail suspension
test. This was in conformance with the clinical studies done showing
the effectiveness of rH-Epo in treatment resistant depression [15].
However, the effect was not dose dependent and was found to saturate
between 2000 IU/kg and 4000 IU/kg dose. Percentage reduction in the
immobility duration of 1000 IU/kg rH-Epo was comparable with
standard venlafaxine in case of tail suspension test; similarly 500 IU/kg
rH-Epo was comparable with standard venlafaxine in case of forced
swim test.
It is well known that depressive state is mainly produced by
deficiency of norepinephrine, serotonin and dopamine in the brain.
J Neurol Neurophysiol
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The therapeutic effects of antidepressants are related to either
preventing the reuptake {Tricyclic antidepressants (TCA’s),Selective
serotonin reuptake inhibitors(SSRI) and selective norepinephrine
reuptake inhibitors (SNRI)} or inhibiting metabolism {(Monoamine
oxidase inhibitors (MAOIs)} of neurotransmitters. Likewise this study
was aimed to reveal the antidepressant potential of rH-Epo, acting
either by increasing availability of monoamines at synapses or by
promoting the synthesis of monoamine neurotransmitters [16].
Number of studies has indicated that brain of depressed patients
and suicide victims show increased expression of 5HT2A receptors.
Immunolabelling studies in chronically depressed rats have shown that
5HT2A receptors are increased in frontal cortex and decreased in
hippocampus and hypothalamus of rat brain [17]. In rats receiving
chronic predictable stress, 5HT1A agonists like 8-OH DAPT is not
fully active as antidepressant indicating the down regulation of 5HT1A
receptors [18]. All these findings confirm that chronic stress induced
depression is attributed to up-regulation of 5HT2A receptors and
down regulation of 5HT1A receptors in the brain.
Impairment of rotarod performance in chronically stressed rats is
an attribute of stress induced depression and is advanced with the
chronic stress regimen despite the rats having the ability to acquire
habituation or adaptation to the stressor [19].
Chronic stress induced impairment of rotarod performance was
significantly ameliorated by the alternate day treatment of rH-Epo
over the ten days recovery period. This activity was also not found to
be dose dependant with considerable saturation at 4000 IU/kg. The
percentage improvement of rotarod activity in animal groups treated
with 1000 IU/kg and 2000 IU/kg rH-Epo was found to be comparable
with that of positive standard Venlafaxine (40 mg/kg).
Rotarod performance impairment in chronically stressed rats is
implication of depressive behavioural state caused by serotonergic
dysfunction. Further examination on this basis have revealed that
extracellular concentration of 5-HT in brains of chronically stressed
rats is less than that of normal non stressed control rats [10]. rH-Epo
ameliorated this depressive symptom of rotarod impairment,
indicating that rH-Epo treatment either up-regulate the serotonergic
system or increase availability of serotonin and other
neurotransmitters in the synapse.
Further studies showed that rH-Epo pretreated animals when
administered with sub therapeutic doses of various standard
antidepressants, reduced immobility time in tail suspension test of
mice. This potentiation of antidepressant activity due to rH-Epo
pretreatment would be due to either increased bioavailability of
monoamines in synapse or increased receptor sensitivity, any case in
which much more detailed mechanistic studies need to be
implemented.
This effect was very prominent in case of Fluoxetine (Selective
serotonin reuptake inhibitor) and Venlafaxine (atypical
antidepressant) than Imipramine (tricyclic antidepressant) and
Clorgyline (MAOI’s), indicating involvement of serotonergic system as
the primary mechanism in antidepressant action of rH-Epo.
Pindolol, a 5-HT1A/1B receptor antagonist fully blocked the
antidepressant effect of rH-Epo strengthening the possibility of
involvement of 5-HT1 receptor in antidepressant action of rH-Epo
[20]. Pindolol is also non selective β adrenoreceptor blocker. But this
action is unlikely to be related with the mode of action of rH-Epo, as β
adrenoreceptor blockers are not known to cause CNS depression [21].
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Partial reversal of clonidine, an alpha2 adrenoreceptor agonist
induced depression by rH-Epo indicates the involvement of
noradrenergic system [22].

4.

Yohimbine, selective α2 adrenoreceptor blocker when given to mice
pretreated with sub therapeutic dose of rH-Epo, considerably reduced
the immobility time period in tail suspension test. But this reduction
in immobility time period was not found to be comparable either with
response of rH-Epo alone or with standard antidepressant. These
results indicate limited involvement of noradrenergic system in
antidepressant action of rH-Epo [12].

5.

Haloperidol, a dopaminergic D2 receptor blocker when
administered to mice significantly increased immobility duration in
tail suspension test. But when injected to animals pretreated with rHEpo, mean immobility time reduced to some extent. But this reduction
in immobility time was not comparable to that of rH-Epo alone or
standard antidepressant. This indicated that dopaminergic system is
having limited involvement in antidepressant action of rH-Epo. It
could be possible that induction of depressive symptoms by
haloperidol and antidepressant effects of rH-Epo (though acting
through serotonergic and/or noradrenergic systems) is compensating
each other.

8.

The results lead to suggest that rH-Epo has significant
antidepressant like activity in acute and chronic stress induced
depression. This activity may be due to enahanced activity of the
serotonergic system or increased availability of monoamines such as
serotonin and noradrenaline in synapse.
However further specific interaction studies with selective
serotonergic receptor agents are needed to implicate the exact
antidepressant mechanism of rH-Epo, which are being planned.
Conventional therapy of depression is associated with chronic
administration of TCAs or MAOIs. Therapy with TCAs leads to
sedation, weight gain, and hypotension. In the elderly, this is a
particular problem, since it can result in fainting or falls. SSRIs and
other agents with 5-HT-potentiating activity can interact dangerously
or even fatally with MAO inhibitors leading to “serotonin syndrome”
[23] and most commonly occur in patients receiving combination
therapy with two or more serotonergic agents.
In light of the above undesirable effects with the existing therapy,
the inclusion of rH-Epo in conventional therapy of depression may
prove beneficial by decreasing these side effects and thus provide
newer target in the therapy.
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