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ABSTRACT

Introduction: Fluoxetine and other Selective Serotonin
Reuptake Inhibitors (SSRIs) are reported to produce
hyponatremia especially in elderly patients.

Aim: To evaluate histological changes in kidney tissue of
albino rats by different doses of fluoxetine for different duration
and changes in the mean diameter of Proximal Convoluted
Tubules (PCT) and Distal Convoluted Tubules (DCT) in control
and experimental group was observed.

Materials and Methods: An Experimental study was conducted
in which total of 72 albino rats (36 male and 36 female) received
single different doses- Mild (10 mg/Kg/day), moderate (20 mg/
kg/day) and high (40 mg/kg/day) of intraperitoneal injection of
fluoxetine hydrochloride daily for 14 days (2 weeks), 28 days
(4 weeks) and 84 days (12 weeks). Changes in kidney tissue
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histology were investigated and changes in the mean diameter
of PCT and Distal convoluted tubules were also observed.

Results: Mild and moderate doses of fluoxetine hydrochloride
produce changes in the kidney histology in the form of
appearance of podocytes bridge, degenerated/shrunken and
swollen glomerulus, dilated tubules when given for long duration.
High doses of fluoxetine change kidney histology within few days
in the form of hypercellular shrunken glomerulus with apparently
increased urinary/capsular space, appearance of podocytes
bridge, dilated and degenerated tubules with presence of cast.
Mean diameter of PCT was found to be increased in experimental
rats in comparison to control rats (p<0.01) but there was no
statistical significant change in diameter of DCT.

Conclusion: The findings showed that fluoxetine produce changes
in kidney histology both at the level of glomerulus and tubules.

Keywords: Hyponatremia, Podocyte bridge, Selective serotonin reuptake inhibitors,

Syndrome of inappropriate secretion of anti diuretic hormone

INTRODUCTION

SSRIs are most widely prescribed anti-depressant drugs for
psychiatric diseases. Fluoxetine is a prototype drug of SSRIs group
of antidepressants. SSRIs inhibit the presynaptic serotonin or
5-Hydroxytryptamine (5-HT) Reuptake Transport (SERT) system of
serotonergic neurons [1,2]. Normally in serotonergic neurons after
the release of serotonin, a portion of it is recycled by reuptake into
presynaptic serotonergic neurons [3]. The inhibition of SERT leads
to an acute increase in serotonin concentrations at the synaptic
cleft. The accumulated serotonin binds to the post-synaptic
serotonin receptors and produces its effects. Because SSRIs are
highly specific for 5-HT receptors and have less effect on other
neurotransmitters and channels, these have better safety profile and
fewer side effects in comparison to other antidepressants [1,2].

In a review article, Jacob S and Spinler SA included various case
reports, observational studies, case-control studies and clinical
trials and have documented SSRIs associated hyponatremia (low
sodium level) and the incidence varies from 0.5% to 32% [4].
The risk increases in low body weight, elderly, female, associated
use of diuretic drugs, and lower baseline concentration of serum
sodium [4]. In old patient slow serum sodium developed within 1st
and 3" week after starting the therapy but in the younger patient’s
hyponatremia developed after 3° week of therapy [5]. In elderly
people normal level of sodium (normonatremia) achieved within
2 weeks after discontinuation of drug [4].

In mild to moderate hyponatremia, serum sodium concentration
remain between 120 to 135 mEg/L and symptoms are headache,
blurred vision, polydypsia, weakness, muscle pain, cramps, tremor,
impaired gait, feeling of listlessness, tiredness, nausea, vomiting,
reduced appetite, confusion progressing to disorientation, agitation
and psychosis. Most of these symptoms are non-specific and
similar to signs and symptoms of depression [6]. Usually, these
similarities in signs and symptoms may lead to under diagnosis and
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mismanagement usually. In severe hyponatremia serum sodium
concentration falls <120 mEg/L and lead to seizures, coma,
respiratory arrest. Neurological effects of severe hyponatremia are
potentially dangerous and emerge as medical emergency [7,8].

Different previous clinical studies reported cases of hyponatremia in
old ladies who developed weakness, nausea, confusion, vomiting
progressed to unresponsiveness, generalised seizures on 9" day
after they have started 20 mg/day fluoxetine hydrochloride for
depression. These cases were diagnosed as a case of fluoxetine
induced Syndrome of Inappropriate Secretion of Anti-Diuretic Hormone
(SIADH). Hyponatremia and mental status gradually became normal on
discontinuation of therapy [9-11]. The rapidly progressive hyponatremia
leads to serious neurological dysfunction and accumulation of fluid
inside the body’s cells especially in elderly people because their body
becomes unable to maintain fluid levels [11].

Fluoxetine is mainly excreted in urine. Kidney plays a central role
in maintaining homeostasis by conserving water and electrolytes
and disposing metabolic waste [12,13]. There were no previous
histological studies which investigate whether fluoxetine effect
the kidney’s histology during its excretion. This study was done to
see the changes in kidney histology by different doses for different
duration of Intraperitoneal (I/P) injection of fluoxetine in albino rats.
The present study is the part of previously published study [14].

MATERIALS AND METHODS

An Experimental study was carried out in the Department of
Anatomy of Himalayan Institute of Medical Sciences (HIMS),
Dehradun (Uttarakhand) for a period of twelve months (May 2009-
April 2010). A total of 72 albino rats (36 males and 36 females) of
Rattus norwegicus strain weighing approximately 120-160 grams
were used as the experimental animals. All the experimental animals
were taken from the Central Animal House of the institute. Study
was started after obtaining the approval of Institutional Animal
Ethical Committee (IAEC-(Registration No.589/02/a/CPCSEA).
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Disease and disability free rats were taken for this study. Throughout
the experiment they were allowed free access to standard balanced
diet and water ad libitum from the Central Animal House. In the
cages, they were kept with a 12 hour: 12 hour light-dark cycle.
The drug Fluoxetine hydrochloride (Cap. Flunil-20 mg, INTAS
Pharmaceuticals), 20 mg was dissolved in 2 mL of normal saline
to make 10 mg/mL drug concentration. The drug was injected I/P,
according to weight of the rat, once in a day in 3 phases-Phase-1
(2 weeks), Phase-2 (4 weeks) and Phase-3 (12 weeks) duration.
Each phase consisted of 24 animals. These 24 animals were further
randomly subdivided into 4 Groups. Each group consists of 6 albino
rats (3 males and 3 females). Group 1 (Control) received I/P injection
of vehicle (Normal saline). Group 2, group 3 and group 4 rats were
injected with 10 mg/kg/day, 20 mg/kg/day and 40 mg/kg/day of
body weight/day of fluoxetine respectively. All rats were weighed on
alternate day for drug dose calculation and growth monitoring [14].

The control group and experimental group rats were sacrificed
at the end of 2 week, 4" week and 12" week after giving ether
anaesthesia. Dissection was done and kidney tissues were procured
and fixed in 10% formalin. A 3-5 mm thick tissue slices were taken
and processed. They were sectioned (4-5 p thickness) and stained
with Harris Haematoxylin and Eosin (H&E) for histological analysis
under light microscope. Microscopic examination was done under
X200 magnification.

STATISTICAL ANALYSIS

The data collected was statistically analysed with the help of
Microsoft Excel version 2007 (Mean, Standard Deviation (SD) and
Student’s t-test was used.

RESULTS

On histological examination of group 1 (control), there was presence
of spherical renal corpuscle. Visceral and parietal layer of Bowman'’s
capsule are made up of podocytes lining the glomerular capillaries
and simple squamous epithelium respectively. In between the two
layers, there are space known as Glomerular (urinary) Space (GS).
Lining epithelium of PCT, DCT, thin limb (ascending and descending)
and thick limb of loop of henle was simple cuboidal epithelium
with microvilli, simple cuboidal epithelium without microvilli, simple
squamous epithelium and simple cuboidal epithelium respectively.
Due to presence of microvilli, lumen appears narrow in PCT in
comparison to DCT [Table/Fig-1].

[Table/Fig-1]: Photomicrograph of the Kidney of Group1 (control) albino rat
showing glomerulus (G), Glomerular space (GS), Proximal convoluted tubule (PCT),
Distal convoluted tubule (DCT) (H&E stain X 200).

In group 2, (10 mg/kg/day)-phase 3 (12 weeks) albino rats; there
was change in kidney histology in the form of dilation of tubule.
Glomerulus appear scattered (swollen) and degenerated at some
places, Glomerular Space (GS) were reduced. At some places
hyperemia was also found [Table/Fig-2].
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[Table/Fig-2]:
(12 weeks) of Experimental albino rats showing scattered glomerulus (SG),
Degenerated glomerulus (DG). (H&E stain X 200).

1otom\c10g|aph ofhe Kidney of Group 2 (10 mg/kg/day) Phase-3

In group 3 (20 mg/kg/day), there was not much change in kidney’s
histiology in phase 1 (2 week) but in phase 2 (4 week) albino
rats there was dilation of tubules with presence of podocytes in
between the glomerular capillary tuft and parietal layer of bowmans
capsule-Podocyte Bridge (PB). The glomerular capillary tuft
appears hypercellular. In phase 3 (12 weeks), there was shrunken
glomerulus with its attachment to the parietal layer of bowman’s
capsule [Table/Fig-3].
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[Table/Flg 3]: Photom|crograph of the Kidney of Group 3 (20 mg/kg/day) Phase-3
(12 weeks) of Experimental albino rats showing Dialated tubule (DT), Shrunken
glomerulus (SG), with capsular space (CS), Podocyte bridge (arrow). (H&E stain X200).

In group 4 (Phase 1) albino rats; the tubules were found dilated
with disturbed cellular orientation. There was presence of cellular
debris-cast (C) in the lumen of tubules. The glomerular tuft appears
shrunken and attached to the parietal layer of bowman’s capsule
with wide glomerular space [Table/Fig-4,5].

The diameter of PCT was increased in Group 2 albino rats in all
phases but in Group 3 PCT diameter was increased at the end of
2 weeks but the diameter was decreased in Group 3 at the end of
4 weeks and 12 weeks. The survived rats of Group 4 of 2 weeks
also showed the increase in PCT diameter [Table/Fig-6].

Changes in the diameter of PCT were observed in the present study.
The diameter of DCT did not change significantly. The diameter of
DCT in Group 2 experimental albino rats was found decreased
slightly in comparison to same phase control. In Group 3 (20 mg/kg/
day) albino rats a slight decrease in DCT diameter was observed at
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the end of 2, 4 and 12 weeks respectively in comparison to control
of same group. The rats which survived in Group 4 (40 mg/kg/day)
did not show much change [Table/Fig-7].
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[Table/Fig-4]: Photomicrograph of the Kidney of Group 4 (40 mg/kg/day) Phase-1
(2 weeks) of Experimental albino rats showing Hypercellular shrunken glomerulus
(HSG), Capsular space (CS), Podocyte bridge (Yellow star), Tubular degeneration
(TD). (H&E stain X200).

(2 weeks) of Experimental albino rats showing cast (C) in the lumen of Collecting
duct (CD), Dialated tubules (DT), Tubular degeneration (TD). (H&E stain X200).

TS 2 weeks 4 weeks 12 weeks
P (Mean+SD) (Mean=SD) (Mean=SD)
Group 1 (Control) 10+1.154 11.1:0.875 12.9+2.02
12.1+3.665 14.8+3.82 15.4+2.8
Group 2 (10 mg/kg/day) 0=0.073 p=0.009 p=0.004
16.8+1.23 12.7+1.82 13.3+3.02
Group 3 (20 mg/kg/day) | 6 0000004 p=0.024 p=0.363
Group 4 (40 mg/kg/day) | | SBEEE 0 0

[Table/Fig-6]: Comparative changes in the mean diameter of Proximal Convoluted

tubules in Control and Experimental Groups.
(All numerical data were subjected to student’s t-test)

In the present study, most of the rats of Group 4 died within 2 weeks.
These rats developed muscle twitching, sluggish movements during
initial days of drug administration and later on they died.

DISCUSSION

Nephron is the structural and functional unit of paired kidney.
The endothelium of glomerular capillary, Glomerular Basement
Membrane (GBM) and the podocytes of visceral layer of Bowman’s
capsule together form the filteration apparatus. Foot processes
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o 2 weeks 4 weeks 12 weeks
P (Mean=SD) (Mean+SD) (Mean=SD)
Group 1 (Control) 11+£2.21 11.1+2.33 12.4+2.41
9.8+1.54 10.3+1.05 11.6+1.2
Group 2 (10 mg/kg/day) p=0.093 p=0.163 p=0.01
10.8+0.92 10.8+0.918 10.6+1.71
Group 3 (20 mg/kg/day) p=0.404 p=0.363 p=0.079
Group 4 (40 mg/kg/day) 1;'_?31;9 0 0

[Table/Fig-7]: Changes in the mean diameter of Distal convoluted tubules in

Control and Experimental Groups.
(All numerical data were subjected to student’s t-test)

(pedicle) of one podocyte interdigitate with foot process of the
neighboring podocytes and the spaces between interdigitating foot
processes form filteration slit [13].

Authors  reported morphologic alterations in endocapillary
compartment without any appeared effect on podocytes after
giving intravenous injection of rabbit’s anti-glomerular basement
membrane serum to mice on 39 day. On 6" day, there were
widespread alterations of podocytes in the form of podocytes
adhered to glomerular basement membrane form bridges between
the glomerular tuft and parietal layer of Bowman'’s capsule-Podocyte
Bridge (PB) with crescents formation in few glomeruli. On 10" day,
crescents were found in 40% of glomeruli. They interpreted this that
after a lesion of the parietal epithelium, the glomerular podocytes
spread on the parietal basement membrane. The PB initiates
crescent formation by proliferation of Parietal epithelial cells (PECs)
[15]. In the present study, PB were found in the Group-2 (10 mg/
kg/day) Phase-3 (12 week), Group-3 (20 mg/kg/day) Phase-3, and
Group 4 (40 mg/kg /day) phase -1 albino rats [Table/Fig-2-4].

It was reported that in degenerative and inflammatory diseases,
nephron loss starts from glomerulus in the form of loss of the
separation between tuft and Bowman'’s capsule by formation of PB.
Tubular injury remains secondary to glomerular lesions. PB initiates
the formation of crescents. Podocytes play an important and
central role. Endocapillary compartment injuries usually repaired by
scarring [16]. In present study, it was also found that glomerulus
was adhered to the parietal layer. But we could not find crescent
formation although there were tubular changes in the form of
dilatation of tubules.

A histopathological study reported changes in kidney in SIADH in
the form of dilatation of renal tubules associated with degenerative
changes in the malpighian corpuscles in the form of contracted
glomeruli and narrowed out Bowman'’s capsule in the renal cortex.
They also found that inflammatory cells infilteration in the kidney
tissue, basophilic reaction in tubules, and mineralization of kidney
tissue which lead to increased weight of kidneys [17]. In the present
study, inflammatory infilterate and mineralization of kidney tissue
were not found. Dilatation of tubules with contracted glomeruli were
seen. In some tubules, there were cells within the lumen in group 4
(40 mg/kg/day phase-1 albino rats [Table/Fig-4,5].

LIMITATION

The present study limits only to histological and few morphometric
findings.

CONCLUSION

The present study showed changes in glomerulus and also in tubules.
It was reported and seen that glomerular and tubular changes effect
the normal filtration and reabsorption process which may lead to
filtration of RBCs, proteins, electrolytes and casts in urine. The point
of further investigation is whether changes in kidney’s histology
may be primary action of SSRIs or it may be secondary to SIDAH
produced by SSRIs. The elderly patients on the moderate or high
doses of SSRIs should be monitored and investigated for levels of
electrolytes in blood, RBCs, protein and casts in urine.
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