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Chronic Antidepressant Use: Effects on Various Organ Histology and Blood

Cell Counts in Adult Albino Rats

Abstract

Background: Chronic use of antidepressant drugs often results in drug-induced organ damage, which is
mostly undetected and under-reported. The study aimed at evaluating the effect of selected antidepressants
on organs and blood cell counts in adult albino rats. Materials and Methods: Adult rats were divided
into four groups (n = 5): Group 1 (5 mL/kg of body weight/day normal saline), Group 2 (1 mg/kg of
body weight/day risperidone), Group 3 (5 mg/kg of body weight/day fluoxetine), and Group 4 (15 mg/
kg of body weight/day imipramine) for 14 days. The animals experienced different stressors during
the treatment period to simulate physiological state of depression. On the 14th day, the animals were
exposed to the forced swimming test 1 h after the respective treatments. On the 15th day, the animals
were sacrificed under halothane anesthesia. Blood sample was collected. Liver and kidney were excised
for histological examination. Results were analyzed using one-way analysis of variance. Results: Kidney
histology was normal for all groups. Risperidone-exposed rats presented with hepatotoxicity with areas
of zonal necrosis and partial central vein congestion. Neutrophil (%) was significantly reduced (P <0.01)
in all treatment groups when compared with controls. White blood cell count was significantly increased
(P <0.01) in the imipramine and risperidone treatment groups but significantly reduced (P < 0.01) in
the fluoxetine treatment group when compared with controls. Also, the platelet count was significantly
increased (P < 0.01) in the fluoxetine group but decreased in imipramine-and risperidone-treated groups.
Conclusion: Chronic antidepressant use can cause changes in blood cell counts and drug-induced organ
damage; hence, frequent organ function tests and blood count are required in patients undergoing chronic
antidepressant therapy.
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numbers do not represent all categories of
persons with real-life conditions.! The last
few years have witnessed the advent of several
newer antidepressant drugs with fewer adverse
events than the classic agents such as tricyclic
antidepressants (TCAs) or monoamine
oxidase inhibitors. Antidepressant drug
actions are not completely understood with
etiologic factors such as oxidative stress being
implicated as antidepressants may not all
possess antioxidant activity.”? Abnormalities
in red blood cells (RBCs), mononuclear
cells, and aerophilic stress markers in urine,
cerebrospinal fluid, and postmortem brains
have been reported with their use.®19 It is,
however, strenuous to attribute kidney or
liver impairment to a single medication in

Introduction

Depression is a recurrent neurotic disorder
affecting all genders and ages and is a major
world health burden.!"! Psychotropic drug
abuse such as antidepressants, antipsychotics,
sedatives, anxiolytics, and others cuts across
all age groups.”! Chronic utilization of these
substances is a recurrent trend in medical
practice as these conditions require long-term
treatment to achieve resolution of symptoms
howbeit with chances of relapse in some
instances.?! Prolonged use of antidepressant
drugs tends to cause adverse effects even for
the safest molecules. Drug-induced organ
injury is a predominant challenge facing
clinical practice.l

Studies conducted during clinical trials often
do not portray the true outcome produced by
drugs in actual clinical practice as they are
often for a short duration and oftentimes, the
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a patient.'!! Vis-a-vis drug-induced organ
damage, antidepressants present a special
clinical problem as many antidepressants
are metabolized by hepatocytes and toxicity
is then a concern. There are publications of
hepatotoxicity linked to some antidepressants
(e.g., sertraline, paroxetine, and nefazodone)
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in subjects without preexisting liver disease.’”’ The impact
of antidepressant drugs on liver integrity and progression of
hepatic disease is largely unknown with no recommendations
regarding liver function testing in patients taking antidepressant
medication. Antidepressants though used extensively, the
outcomes of therapy on hematologic and biochemical indices
in patients were seldom evaluated unless symptoms of organ
toxicity are visible. A need to establish a benchmark for blood
and organ function evaluation in patients on antidepressants
to avert preventable drug-related adverse effects exists. In
this study, we evaluated hematological, biochemical, and
histomorphologic changes in adult Wistar albino rats after
chronic antidepressant therapy.

Materials and Methods
Experimental animals

Twenty (20) adult Wistar albino rats of both sexes weighing
150-250 g were obtained from the animal breeding and
research unit of the institution. The rats were assigned into
four groups and placed in eight accurately labeled cages
(40 cm x 40 cm padded with wood shaving which was
changed daily) with the males separated from the females
in a ventilated room at ambient temperature for the 2 weeks’
period of acclimatization. The rats were fed with mash hybrid
feeds (Vital Feeds Ltd, Edo State, Nigeria) and water (ad
libitum). Ethical approval (NDU/PHARM/PCO/AEC/38)
dated February 12, 2020 was obtained from the Animal
Ethics Committee of the study institution. All animals were
handled in accordance with EU directive (2010/63/EU) for
animals. This study was carried out between February and
March 2021

Drugs

The following drugs are used: imipramine (Imi) (Recipharm
Ltd, UK), risperidone (Risp) (Hangzhou Chemical Company
Ltd, China), and fluoxetine (FIx) (Roche, Switzerland). All
other reagents and chemicals used were of standard and were
obtained from reputable companies. Risp was solubilized in
1% methanol and made up to volume with saline, and other
drugs were soluble in saline.

Experimental protocol

The adult rats of both sexes were randomly assigned into four
groups (n = 5). The control group was administered 5 mL/
kg body weight/day of 0.9% normal saline daily for 14 days.
Experimental groups 2—4 were administered 1 mg/kg body
weight/day of Risp, 5 mg/kg body weight/day of Flx, and
15 mg/kg body weight/day of Imi for 14 days, respectively.
Healthy non-pregnant animals were used, and treatments
were administered by gavage once daily between 9 and
10 a.m. without blinding. The animals experienced different
stressors (food or water deprivation on alternate days, cold
water immersion for 10 min daily, isolation every 2 days)
during the treatment period to simulate the physiological
state of depression. On the 14th day, forced swimming test

was conducted 1 hour after the respective treatments. The
animals were sacrificed under halothane anesthesia on the
15th day, and blood sample was collected for hematological
and biochemical analysis. Liver and kidney were excised for
histological studies.

Forced swimming (Porsolt’s) test

An open cylindrical container of 25 cm diameter and 25 cm
height, filled with water at 25+ 1°C to a depth of 15 cm,!'? was
placed in an isolated environment devoid of noise during this
experiment. Group 1 (placebo control) was administered 5 mL/
kg body weight/day of 0.9% normal saline, Group 2 received
1 mg/kg body weight/day of Risp., Groups 3 and 4 were
administered 5 mg/kg of body weight/day of Flx and 15 mg/
kg of body weight/day of Imi, respectively. All treatments were
administered orally for 14 days, respectively. One hour after
the various treatments on the 14th day, each rat was exposed
to the forced swim test in the cylinder. Time of inactivity
(immobility time) was measured for the last 4 min within a
6-min test. A reduced time of inactivity was considered an
antidepressant activity index.!')

Histological assessments

On day 15, the rats were sacrificed under halothane anesthesia
and the organs were excised, rinsed in normal saline, blotted
with Whatman’s number 1 filter paper, scrutinized for visible
injury, weighed, and embedded in 10% formal saline. They were
processed with a Leica TP 1020 tissue processor, embedded in
pure paraffin wax using an embedding panel (Leica EG 1160),
allowed to solidify and section using rotary microtome (Leica
RM 2125). Enhanced pictures (x400) of hematoxylin and eosin
(H & E)-stained tissue sections were produced using a digital
microscope (Olympus®).

Hematological analysis

Blood samples were collected from the abdominal aorta of the rat
under halothane anesthesia using a 2 mL syringe. The parameters
measured include packed cell volume, white blood cell (WBC)
count, RBCs, hemoglobin concentration (Hb), platelets count
(PLT), neutrophil (NEU), and lymphocyte (LYM).

Biochemical assays

Biochemical assays [urea, creatinine, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total protein (TP),
albumin (ALB), and globulin (GL)] were performed in
triplicates. The Fawcett and Scott 196014 and Brod and
Sirota 1948[5! methods were utilized for urea and creatinine
estimation. ALB concentration was determined as urea
determination above.l'!” TP and GL were estimated using
the Biuret method.!'® The method of Reitman and Frankel
(1957)1"1 was employed for serum ALT and AST assays.

Statistics

Results were analyzed by one-way analysis of variance and
Dunnet’s post hoc test for multiple comparisons (GraphPad
Prism version 6, San Diego, CA, USA). Data were considered
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different at P < 0.05. Results are presented as mean + standard
error of mean (SEM) and “n” represents the number of animals

per group.
Results

Effect of 14-day antidepressant administration on
Porsolt’s test in rats

Figure 1 represents the effect of antidepressant treatment on
forced swimming test in rats. Risp significantly (P < 0.001)
increased inactivity (floating) in rats, whereas Flx (P < 0.0001)
and Imi (P <0.001) significantly reduced floating time in rats
vs. the sham-treated group (control).

300+
! E= Control

E=3 Risperidone
E= Fluoxetine
M Imipramine

immobility time (s)

Figure 1: Effect of 14-day antidepressant treatment on forced swimming
test in adult Wistar albino rats (a=P < 0.001, 8= P < 0.0001)
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Alterations in liver and kidney histology of adult rats
following 14-day antidepressant therapy

Changes in liver and kidney histology of adult rats following
14-day antidepressant administration are shown in Figure 2.
Liver histology of the Risp-exposed rats shows areas of zonal
necrosis and partial congestion of the central vein. The other
treatment groups showed normal liver histological features.
The kidney histology was normal for all groups [Figure 3].

Effect of 14-day administration of antidepressants on rat
hematologic indices

Table 1 shows effects of antidepressants on rat hematological
indices. NEU count was reduced (P < 0.01) in all treatment
groups, WBC was significantly increased (P <0.01) in the Imi
and Risp treatment groups but significantly reduced (P <0.01)
in the Flx treatment group. No difference in RBC, LYM, MCV,
and HB occurred between the groups.

Effect of 14-day therapy with antidepressants on rat
biochemical indices

The data in Table 2 resulted from 14-day antidepressant therapy on
biochemical indices of rats. ALT concentration was significantly
elevated (P < 0.01) in the Flx- and Imi-treated groups vs. the
saline group; also, the FIx and Imi treatment groups had elevated
(both at P < 0.01) AST levels. Urea levels reduced (P < 0.05)
in the Risp treatment group, but the ALT, AST, ALB, TPs, and
creatinine levels were same with those of controls.
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Figure 2: Photomicrograph of liver (400x H&E) exposed to normal saline (5 mL/kg body weight/day), Risp (1 mg/kg body weight/day), FIx (5 mg/kg body
weight/day), and Imi (15 mg/kg body weight/day). The group administered with Risp shows areas of zonal necrosis and partial congestion of the central vein
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Figure 3: Photomicrograph of kidney (400x H&E). All treated groups show normal kidney histology (normal Bowman’s capsule and glomerulus, normal
renal tubules)

Table 1: Effect of 14-day administration of antidepressants on hematologic indices of rats

Parameter Control Imipramine Risperidone Fluoxetine
PLT (x10%uL) 809.4+23.04 689.4+22.08" 799.4+38.13* 902.6+43.41*
WBC (x10%uL) 9.3+0.31 12.94+0.31™ 15.7+£0.81" 7.9+£0.25™
RBC (x10%/uL) 7.1+£0.33 6.8+£0.42 6.6+0.42 7.1+£0.54
LYM (%) 44.4+1.73 46.2+1.84 51.2+1.84 53.0+2.15
NEU (%) 38.6+0.30 36.6+0.51 30.4+0.51" 24.0+1.58"
MCYV (fL) 56.2+0.33 55.4+0.42 56.4+0.62 57.9+0.44
HB (g/dL) 12.7+0.33 11.8+0.42 12.4+0.67 12.1+£0.46

*P < 0.05, **P < 0.01 vs. control. PLT: platelets, WBC: white blood cells count, RBC: red blood cells count, LYM: lymphocytes; NEU:
neutrophils, MCV: mean corpuscular volume, HB: hemoglobin

Table 2: Effect of 14-day therapy with antidepressants on biochemical indices of rats

Treatment Control Imipramine Risperidone Fluoxetine

Parameter

ALT (IU/L) 279+1.16 32.9+1.86 29.1+2.08 37.6+1.66™
AST (IU/L) 196.5+5.48 224.6+8.64* 289.8+£7.99" 283.0+£9.22™
Urea (IU/L) 37.0£0.26 38.2+0.86 35.6+£0.44 36.7+£1.02

Creatinine (mg/dL) 0.48+0.06 0.51+0.06 0.49+0.03 0.46+0.04

Albumin (mg/dL) 4.55+0.14 4.08+0.16 3.98+0.12 4.22+0.22

Globulin (mg/dL) 2.53+0.12 2.44+0.18 2.23+0.09 2.68+0.18

Total protein (mg/dL) 7.08+0.27 7.02+0.14 6.88+0.18 6.57+0.18

*P<0.05, **P<0.01 compared with control. ALT: alanine aminotransferase, AST: aspartate aminotransferase
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Discussion

In Porsolt’s test, the inactivity time depicted in the Risp group
is not a classical feature of antidepressant drugs. Risp treats
schizophrenia, bipolar depression, and irritability linked to
autism.?% Treating depression with antidepressant therapy
may relieve some but not all symptoms, in such cases Risp
is sometimes used as a complement in depression resistant to
other therapies.?"! Dhir and Kulkarni® also reported that Risp
potentiated the anti-immobility actions of venlafaxine and Flx
in the forced swim test but had no effect on its own. This is
in agreement with the findings in our present study. This may
be connected with its mode of action as it also inhibits both
D, and SHT, receptors. Enhancement of SHT transmission
promotes swimming behavior?’); therefore, its inhibitory action
on SHT, receptors may have contributed to its negative effect
on the swimming behavior of the rats.

Liver function integrity can be evaluated by various means;
measurement of liver enzyme concentrations in serum is
a primary method of studying such effects. The most
precise index of hepatotoxicity is ALT because it is mainly
synthesized within the liver. AST is abundant in various
tissues. The increase in ALT and AST in our result agrees
with that of Abdel Salam et al.!®! Serum concentrations of
the aminotransferases (ALT and AST) elucidate the cellular
integrity of hepatic tissue. An elevation in serum AST and
ALT is due to alteration of structural integrity or secretory
function of hepatocytes. The increase in AST and ALT is a
classical sign of hepatotoxicity,* even though histological
damage occurred only in the Risp-treated group. Risp (3 mg/
kg) induced increase in reactive oxygen species generation,
glutathione synthase depletion, lysosomal leakage, and lipid
peroxidation in rats.?>2?! Antidepressants have been reported to
increase peroxidation and diminish nitric oxide concentration
in the liver.®? Antidepressants modulate oxidative function
in glial cells by a dose-dependent inhibition of nitric oxide
production,?”! and this may culminate in oxidative stress and
consequent toxicity. Acute studies with antidepressants reveal
that they may possess antioxidant effects; however, these effects
are reversed following chronic use and lead to hepatotoxicity
in rats.?®?% These pro-oxidant and antioxidant effects seem to
be organ-specific as they tend to portray antioxidant effects in
the blood but pro-oxidant effects in the liver,?®! and this may
account for the results in this study.

Hematological analysis, a key diagnostic tool of disease
conditions, reveals the balance between wellness and the
morbid state of toxicological study participants.**) WBCs
are the first to be mobilized in immune reactions. A major
activator of the defensive system in living tissues is the NEU;
they are recruited in microbial infections and also mobilized
in acute inflammation.% Thus, the significant decrease in
neutrophil level elicited by the antidepressants is associated
with suppression of free radical species generation.? The
neutropenia seen in this report agrees with that of some

other researchers.”*3! Thrombocytopenia and granulocytosis
manifested in the Risp- and Imi-exposed animals, whereas
thrombocytosis and agranulocytosis were seen in the FIx-
treated group. The difference in their hematologic effects may
reflect their action modes. FIx, an antidepressant, mediates
serotonin reuptake into presynaptic terminals, thus enhancing
and prolonging serotonergic neurotransmission. The action
mode for Risp is poorly understood. New frontiers mainly
probe its propensity to block D2 and 5-HT2A receptors.
The TCA, Imi, owes its antidepressant activity primarily
to suppression of noradrenaline and serotonin reuptake.!
Neutropenia-associated thrombocytosis has been described in
patients receiving mirtazapine, an atypical antidepressant.[*!]
This is in consonance with our findings except in the Flx-treated
group in which thrombocytosis occurred. The elevated PLT
predisposes patients to hemostatic disorders and consequent
cardiovascular risk; these call for caution in utilization of
these agents.

Cases of life-threatening hepatic and renal injury are reported
in patients treated with antidepressant and antipsychotic
medications.! The liver, a major organ of detoxification, is
highly prone to chemical injuries.** The hepatic necrosis
reported in this study resembles an acute, toxic injury to the
liver. The time of onset of acute hepatic necrosis is typically
short usually 1-14 days.3 Widely reported drugs causative of
hepatotoxic agents include acetaminophen, aspirin, cocaine,
and others. In this report, rats treated with Risp exhibited
hepatotoxicity with zonal necrosis and partial congestion of
the central vein. Guicciardi et al.P% reported that a severe
form of hepatic injury can evolve into an acute or chronic
liver failure, displaying features of cellular swelling with
lysed cells, spilling intracellular content into the surrounding
environment and ultimately eliciting an inflammatory response.
The histomorphological observation in this report is not in line
with previous studies of Mustafa et al.,’”) as they reported no
hepatic architectural variations in adult rats administered with
2.5 mg/kg Risp orally for 3 weeks. Other animals exposed to
Imi, FIx, and saline revealed features consistent with normal
hepatic tissue architecture.

The glomerulus shows normal Bowman’s capsule, and loop of
Henle and both proximal convoluted tubules are with normal
epithelium, showing that the drugs administered at the present
concentration, dosage, and time are not nephrotoxic. Halici
et al B® reported normal glomeruli with intact structure and
blood perfusion in animals treated with Risp; this agrees
with the present report. Our findings differ from those of
Mustafa et al.,” which report the presence of histopathological
abnormalities. However, they report that there is no strong
evidence pointing to nephrotoxic effects of the antidepressants
used in their study, although oxidative stress is suspected to
have caused the histopathological changes seen in the study.
We can hypothesize from our findings that antidepressant
drug-induced toxicity may be more pronounced in some organs
than others.

122 Journal of Reports in Pharmaceutical Sciences | Volume 11 | Issue 1 | January-June 2022



Bariweni, et al.: Chronic antidepressant use

Conclusion

The present study showed that NEU count was reduced by Imi,
Risp, and Flx; PLT count and WBC count were reduced by Imi
and Risp. Flx increases PLT count. There was no harmful effect
on kidney histology, except Risp-induced hepatic injury. Flx
increased PLT. In conclusion, the antidepressants utilized in
this research are capable of causing organ damage following
chronic use; therefore, they should be used with caution.
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