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Abstract

Introduction: Methotrexate, a folic acid antagonist is used &sstline drug for the treatment of a number ddlignancies and immune
disorders like rheumatoid arthritis. Due to hepatiox its dose needs to be monitored and sometiiniess to be stopped. In the present
study we intend to do a detailed histopathologicatstigation after methotrexate toxicity on thiatieely neglected organ i.e. kidney of
rat. Subjects and Methods Albino rats were divided into four groups (1,2,and 4) of six animals each. Control group 1 giagn
distilled water whereas experimental groups 2,8 4 were given low, therapeutic and high dosemethotrexate orally for 28 days.
Results: The results showed congestion and infiltrationhef lomeruli and interstitial edema and tubularetegation which were dose
dependentConclusion: The degenerative changes necessitate extra pratsut be taken while using drug for prolonged qekriThe
study merits due to great social impact.
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progressive hepatic fibrosis and cirrhdsfs. MTX can

Introduction additionally cause increased serum creatinine sewekmia
and hematuria, while its administration in high e®das

Methotrexate (MTX), a folic acid antagonist, is amanon been reported to cause acute renal fafflire the present

cytotoxic agent used in the treatment of leukennid ather study we have done a detailed investigation inte th

malignancies. It is also wused as an effective histopathological alteration in kidney caused bffedéent
immunosuppressive and anti-inflammatory agent for doses of MTX in albino rats.
treatment of some chronic inflammatory diseaseuiticlg
psoriasis, rheumatoid arthritis, Crohn’s disda8eMTX is Subiects and Methods
classified as an antimetabolite drug, as it is bblpaf J
blocking the metabolism of cells. Methotrexate
competitively inhibits dihydrofolate reductase (DR an
enzyme that participates in the tetrahydrofolatettysis®*
The affinity of methotrexate for DHFR is about one
thousand-fold that of folate.
DHFR catalyses the conversion of dihydrofolate be t
active tetrahydrofolate. Folic acid is needed f@ tle novo
synthesis of the nucleoside thymidine, required DiMA — - -
synthesis. Folate is also essential for purine @imidine Table 1: Division of animals into 4 groups ___
base biosynthesis. Methotrexate, therefore, irdilite Groups Types Specimen numbers

. Y ! ! ’ 1 Control group 6
synthesis of DNA, RNA, thymidylates, and protefis. 2 Experimental grou 6
Together these enzymes are responsible for theuptiod 3 Experimental group 6

4

The present study was carried out on Wistar sto@iboth
sexes. The rats were procured from the “Centralmahi
House” of Government Medical College, Jammu.

The clearance for use of animals was obtained from
“Institutional Ethics Committee” of Government Medl
College, Jammu.

of the main source of nicotinamide adenine dinudeo Experimental group 6
phosphate (NADPH) in proliferating cells, thus initing

cell proliferation. Experimental Design

Cyclic high doses of MTX, as used for acute leulehf or The animals were housed in propylene cages with foes
the relatively high doses of MTX used to treat seve rice husk as bedding material where they were metized
psoriasis have been associated with hepatotoxinitjding for two weeks under standard laboratory conditib? four
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light and 12 hour darkness, temperature at 25tWith ad loops of Henle were lined by simple squamous elpitine
libitum access to food and water as per the gunegllaid with central bulging nuclei. [Figure 1]
down by committee for both control and experinaént e © K
animal.

Experimental groups were given 3ml of differenteogdow,
medium and high) of methotrexate orally for a perad 28
days. Control the Group 1 was given 3ml of didtilleater
for 28 days.

Table 2: Detail of exposure of rats

Groups Exposure Dose of MTX

Group 1 No exposure Distilled water

Group 2 Low dose 0.25 mg/kg body weight

Group 3 Therapeutic dose 0.5 mg/kg body weigh . .

Group 4 High dose 0.75 mg/kg body weight s - . "5 N Wp'a “w Navk_o, ' =

Figure 1: Photomicrograph of kidney of rats of Growp
showing  Glomeruli  (A),Convoluted  Tubules (B&C)

Dissection of the kidneys Interstitium(D) (H&E stain 100 X)

The animals were sacrificed after 48 hours of the
administration of final dose of drugs. The rats aver

euthanized by keeping them in an inverted glass jar &
containing a large piece of cotton soaked in clitora. The
sacrificed rats were laid supine on the dissectiag and
pinned down at fore- and hind- feet in stretchetpmsition.

A midline incision was made in abdominal wall arldns
was retracted to open the abdominal cavity. Thestires
were displaced to one side to visualise the kidioéy
opposite sides. The renal vessels and ureters ligated

and cut and the kidneys removed. Tissue of 3mm w&e
cut from kidney by using sharp blade and placed (8%

formalin solution of, the following compositidtf’

[. Formalin: 100m
Il. Tap water: 900m showing glomerular edema (A), Vascular congestionBj and
[ll. Sodium chloride: 8.5gms interstitial edema. (H&E stain 100X)

The tissue samples were embedded into paraffin amaix8

um thick sections were obtained by using a rotary |
microtome. Haematoxylin and Eosin was used to dfaén
tissue sections.

Results

Severity of changes observed under microscope ewxioin
was graded as: Mild (+), Moderate (++), Severe (+++

Group 1(control 3 . < ' .
Sections showed normal architecture in the form of Figure 3: APhotomicroraph of kidny of rats of Growp 3
connective tissue capsule surrounding renal pasgenah showing tubulitis (A). (H&E stain 400 X)

which consisted of outer cortex and inner meduRanal
corpuscles, proximal and distal convoluted tubulesre
seen in the cortical region. Renal corpuscles sdowe
glomeruli within Bowman'’s capsule. Visceral and iptal
layers of Bowman’s capsules were visible along with
Bowman’s space. The proximal convoluted tubulesewer
more numerous in number and were lined by a silagyler

of low columnar cells with apical surfaces showimgish ;
border. The DCT were less numerous and lined by low &
columnar cell with wide lumen. The medullary pontio
contained loop of Henle and collecting tubules. eTh
collecting tubules and ducts of Bellini were linday
cuboidal or columnar epithelium with clear, lightyained
cytoplasm and distinct cell outlines. The thin segis of
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showing Ischemic necrosis with areas of fresh haerrrlbage (A)
(H&E stain 100X)
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Flgure 5 Photomlcrographlof kldney of rats of GrOLp 4
showing ischemic necrosis (A) (H&E stain 400 X)

Group 2(Low dose group)
Section of kidney of rats which received low doske o
0.25mg/kg Body weight (B.W) showed mild (+)

haemorrhage and congestion of glomeruli. The ititens
showed foci of fresh haemorrhage and edema. Thddsib
had dilated lumen and the lining epithelium showaduolar
degeneration.[Figure 2]

Group 3 (Therapeutic dose group)

Section of kidney of rats given therapeutic dos8.6Mmg/kg
Body weight (B.W) showed marked congestion and
haemorrhage (++) in the glomeruli. Interstitial ede (++)
with focal infiltration of mononuclear cells in rantubules
was reported. The lumen of renal tubules was filléth red
blood cells. [Figure 3]

Group 4 (High dose group)

Section of kidney of rats exposed to high dose.85®g/kg
Body weight (B.W) showed marked congestion and
haemorrhage (+++) of glomeruli. Bowman’'s space was
increased i.e. there was increased space betweegratletal
and visceral layers of Bowman’s capsule with atropyhe
glomeruli. Interstitium showed edema with multiftei of
ischemic necrosis of tubules. [Figure 4 &5]

Table 3: Light microscopic changes in kidneys of rs at different doses of methotrexate.

Changes Group 1 Group 2 Group 3 Group 4
1. Glomeruli
a. Haemorrhage No Mild(+) Moderate(++) Severe{p+
b. Congestion No Mild(+) Moderate(++) Severe(}++
c. Atrophy No No No No
2.Interstitium
a. Edema No Mild(+) Moderate(++) Severe(+++)
b. Haemorrhage No Focal - -
3.Tubules
a. Lumen Normal Dilated Dilated and filled wRBC'S
b. Epithelium Normal Vacoular degeneration ++
c. Infiltration No No ++
d. Necrosis No No No +
Discussion areas of dilated tubules with weekly dose of 0.1&mg

Even though methotrexate is an important first ineg for
treatment of a number of malignancies and immune
diseases, its use is limited due to hepatotoxictaedrenal
side effects. The mechanisms of MTX-induced reoxikctty
have not been exactly established yet. Howeveg, riadicals
are expected to play a role in MTX induced renaidity.
MTX precipitates in the renal tubules, directly uthg
tubular injury and induces a transient decline longerular
filtration rate following each dose. The purpose thé
present study was to evaluate the toxicity prasiiehe drug
methotrexate histologically in wistar albino ratsarder to
suggest whether to modify the present therapeutage of
this drug for avoiding or minimising its toxicitynidney
All the experimental groups showed toxic effectskaimey
which were manifested in form of congestion and
haemorrhage in glomeruli. The PCT were the maia oft
damage and showed sloughing of epithelium, vacattia
of cells, dilated tubules and foci of chronic imflenator
cells which is in line with the report by Chelab KBal™*
who found cortical tubules basophilia with infilien of
lymphocytes and congested glomeruli along with icakt

methotrexate.

Asci H et al*? reported similar acute methotrexate toxicity
as observed in current study in the form of hydopsc
degeneration of tubular epithelial cells, focallanimatory
cell infiltration and vascular congestion. Our fings are
also in concurrence with the study done by Bozliret
al™ in which H & E sections of kidney in methotrexate
treated albino rats with a single dose of 20mg/kyVvB
showed prominent degenerative changes with celllisgge
prominent nuclear loss, nuclear pyknosis of theitarbcells
and infiltration of mononuclear inflammatory cells.

Our study corroborated with the work done by Patil et
al™ who observed severe congestion with vacuolar
degeneration of the tubular epithelium. There waseased
space between the parietal and visceral layersoafnBan’s
capsules along with the infiltration of mononuclezslls.
Mohammed TA et df® showed changes in the kidney in the
form of hydroscopic degeneration of tubules witlsslof
central lumen and vascular congestion after sipglental
dose of methotrexate 100mg/kg. It is also in acaonce with
the results reported by Ahmed W ef'8lwho stated that a
single intraperitoneal dose of methotrexate
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(20mg/kg)showed massive degenerative changes ih bot
renal corpuscles and renal tubules. Some of thealren
corpuscles appeared shrunken with atrophied gldimend
widening of the urinary space. Moreover, markedgestion

of glomeruli and cortical blood vessels with vaarol
degeneration were observed in podocytes and medengi
cells with pyknotic nuclei. The most proment featof most
examined sections was degeneration and compleseolos
cellular architecture of renal tubules. The cytepiaof most
affected tubular epithelial cells showed vacuolar
degeneration with pyknotic nuclei, loss of theircap brush
border with marked dilatation of renal tubular Imaj focal
areas of peritubular lymphocytic infiltration ancterstitial
edema.

The findings of present study are also similar witiose
reported by Dabak DO et &' which showed dilated
Bowman’s space, inflammatory cell infiltration, gierular
and peritubular vascular congestion and swellingesfal
tubular epithelial cells. Erboga M et'8. showed prominent
degenerative changes with tubular degenerationuldub
dilatation, tubular cell swelling, cellular vacuzdtion,
glomerular congestion and degeneration in the reowical
tissues. These findings are in accordance with our
observations which revealed chronic inflammatorsi fwith
infiltration of cells with congestion and haemomgkain all
the three groups.

Conclusion

So the present study has clearly demonstratedkilaty
get affected with methotrexate with these dosezb(@g/kg,
0.5mg/kg and 0.75 mg/kg) for 28 days and proximal
convoluted tubules was the principle site of dam#gen
distal convoluted tubule. The magnitude of thesanges
increases with increase in dose of methotrexate.
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