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Abstract

Background: Methotrexate (MTX) is one of chemotherapeutic drugs that induce several side effects. The present
study aimed to investigate the ameliorative effect of human placental extract (HPE) against MTX-induced nephrotox-
icity in rats. In this study, forty adult male albino rats were equally divided into four groups. Control group: rats were
daily injected intraperitoneally with physiological saline (0.5 ml for each rat) for 5 days, HPE group: rats were subcuta-
neously injected with HPE at a dose level of 10.08 mg/Kg b.w/day for 2 weeks, MTX group: rats were intraperitoneally
injected with MTX at a dose level of 5 mg/Kg b.w/day for 5 consecutive days, MTX and HPE group: rats were intraperi-
toneally injected with MTX (at the same dosage of MTX group) for 5 days and at the same time they were subcutane-
ously injected with HPE (at an exact dosage of HPE group), daily for 2 weeks. Twenty-four hours after the last dose for
each treatment, rats were killed and blood samples were collected for determination of urea, creatinine, sodium (Na™)
and potassium (K*) levels. Kidney tissues were taken for histological examination and immunohistochemical staining
of both cysteine-aspartic protease-3 (caspase-3) and proliferating antigen Ki-67 (Ki-67) expressions.

Results: From the obtained data, MTX induced nephrotoxicity through a highly significant increase in urea, creati-
nine, Na™ and K* levels compared with the control group. In addition to massive histological alterations, a highly
significant increase in caspase-3 expression and a significant decrease in Ki-67 expression were observed. On the
other hand, injection with HPE ameliorated urea, creatinine, Na™ and KT levels comparing to MTX group. Moreover,
HPE markedly improved the histological and immunohistochemical changes resulted from MTX treatment.

Conclusions: It is concluded that HPE ameliorated the nephrotoxicity induced by MTX.
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Background

Chemotherapy is one of the most effective and important
methods for cancer treatment. It is probably the best way
to monitor cancers that do not respond to either surgery
or radiation for several years. Large numbers of chemo-
therapeutic drugs are effective in treating human cancers.
The most widely used chemotherapeutic drugs include
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methotrexate (MTX), cyclophosphamide and 5-fluoro-
uracil (Sarder et al., 2015).

Methotrexate, a structural analogue of folic acid, is one
of the most effective and extensively used drugs for treat-
ing many kinds of cancers and severe or resistant forms
of autoimmune diseases (Kozminski et al., 2020). Pro-
longed use of MTX causes many side effects on different
organs including kidney, liver, lung, testis, bone marrow
and brain (Asci et al., 2017).

Nephrotoxicity is a common adverse effect caused by
MTX and can lead to acute or chronic kidney disease and
increase health care spending. It has a high incidence of
morbidity and mortality in 40-70% of kidney injuries and
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accounts for 66% of cases of kidney failure in the elderly
population (Raza & Naureen, 2020).

Methotrexate-induced renal injury in rats was evi-
denced by significant increase in circulating kidney func-
tion markers and tumor necrosis factor alpha as well as
significant increase in lipid peroxidation and nitric oxide
levels with concomitant marked decline in the anti-oxi-
dant defenses. It induced nephrotoxicity with possible
mechanisms of attenuating oxidative stress and inflam-
mation (Abd El-Twab et al., 2016).

Fouad and Al-Melhim (2018) and Aldossary (2019)
documented that MTX induced kidney injury in rats by
inducing oxidative/nitrosative stress, inflammation and
apoptosis. Besides, Hassanein et al. (2019) reported that
kidney of MTX-treated rats revealed severe vacuoliza-
tion of the epithelial cells lining the renal tubules, severe
congestion of intertubular blood capillaries, moder-
ate congestion with hypercellularity of glomerular tuft
associated with moderate focal renal hemorrhage, mild
inflammatory cells infiltration and atrophy of glomerular
tuft.

Kitamura et al. (2018) reported three cases of acute
kidney injury resulted from MTX toxicity in patients
with hematological malignancies. An abrupt increase in
serum creatinine is a distinctive feature of high dose of
MTX-induced acute kidney injury. The authors suggested
that the major etiology of acute kidney injury was high
dose of MTX administration in these three cases.

The placenta is a metabolically active interfacial organ
that plays crucial roles in fetal nutrient delivery, gas
exchange and waste removal reflecting dynamic maternal
and fetal interactions during gestation (Saoi et al., 2020).

Human placenta has been used in clinical practice for
over a century, and there is substantial experience in clin-
ical applications of its extract for different indications.
Aqueous extract of human placenta contains growth fac-
tors, cytokines, natural metabolic, anti-oxidants, amino
acids, vitamins, trace elements and biomolecules. These
contents, individually or in combination, show accel-
erated cellular metabolism, immunomodulatory and
anti-inflammatory effects, cellular proliferation and
stimulation of tissue regeneration processes (Joshi et al.,
2020).

Human placental extract (HPE) has shown great prom-
ise as a therapeutic agent. Various studies investigated
the impact of HPE on inflammation in different mam-
malian organs. It was documented that pre-treatment
with HPE significantly decreased pro-inflammatory
cytokines and oxidative stress induced by benzo[alpha]
pyrene in rats (Park et al., 2010). Furthermore, treatment
with HPE ameliorated the hepatic injury, fibrosis and oxi-
dative stress in a mouse model of non-alcoholic steato-
hepatitis (Yamauchi et al., 2017). Moreover, HPE has an
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effective suppressive role on neuroinflammation induced
by benzo[alpha]pyrene in the hippocampus of male rat
pups through reduction of inflammatory markers (Parida
et al.,, 2019). Human placental extract can promote cel-
lular proliferation and tissue regeneration because it con-
tains supraphysiological rates of anabolic factors (Gwam
etal.,, 2019).

Serum urea, creatinine and electrolytes are renal bio-
chemical markers that are perturbed with the advent of
nephrotoxicity (Adikwu & Bokolo, 2018). The proliferat-
ing antigen Ki-67 (Ki-67) is a nuclear protein associated
with cellular proliferation (Bullwinkel et al., 2006). In
contrast, cysteine-aspartic protease-3 (caspase-3) is an
important marker controls apoptosis which may be asso-
ciated with many diseases (Wang et al., 2021).

Methods

Drugs

Methotrexate

Methotrexate was obtained in the form of vials manufac-
tured by the Hikma Specialized Pharmaceuticals Com-
pany, Egypt. Each vial (2 ml) contains 50 mg MTX.

Human placental extract

Human placental extract is commercially marketed as
Laennec. It was obtained in the form of ampoules, from
Japan Bio Products Co. Ltd., Korea. Each ampoule (2 ml)
contains 112 mg a water-soluble HPE.

Chemicals

All assay kits and chemicals used in the present study
were of analytical grade and high purity. They were
obtained from Chemical Kits Companies in Egypt.

Animal selection and care

Forty healthy adult (3 months old) male albino rats (Rat-
tus norvegicus), weighing about 120 g, were used in the
present study. They were obtained from Animal House
Colony of the National Research Centre, Dokki, Giza,
Egypt. Rats were housed in clean plastic cages and fed
a standard commercial pellets diet, and water was pro-
vided ad libitum. They were acclimatized at a tempera-
ture of 24 £ 2 °C, a relative humidity of 60—70% and light
set at a 12-h light—dark cycle, for 2 weeks before starting
the experiment.

Experimental design
Rats were randomly divided into four experimental
groups, each 10 rats, as follows:

Control group
Rats were daily injected intraperitoneally with physiolog-
ical saline (0.9% NacCl), 0.5 ml for each rat, for 5 days.
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Human placental extract group:

Rats were daily subcutaneously injected with HPE at a
dose level of 10.08 mg/Kg b.w (equivalent to the ther-
apeutic dose for human, Paget & Barnes, 1964) for 2
weeks.

Methotrexate group

Rats were intraperitoneally injected with MTX at a
dose level of 5 mg/Kg b.w/day for 5 consecutive days
(Li et al., 2016).

Methotrexate and HPE group

Rats were daily intraperitoneally injected with MTX

(at the same dose of MTX group) for 5 days, and at the

same time they were subcutaneously injected with HPE

(at an exact dose of HPE group), daily for 2 weeks.
During the experimental period, rats of all groups

were daily checked for clinical symptoms.

Samples collection
Twenty-four hours after the last dose, animals of all
groups were killed. Blood samples were collected from
heart in plain tubes and left to clot and then centri-
fuged for 10 min at 3000 rpm to obtain clear sera. Sera
were stored at —20 °C for determination of urea, creati-
nine, sodium (Na™) and potassium (K%) levels.

Kidneys of rats of all the experimental groups were
fixed in 10% neutral formalin for both the histological
and immunohistochemical examinations.

Biochemical analysis

Kidney function tests

Urea and creatinine levels were determined by using the

kits of Biodiagnostic Company (catalog numbers UR 21

10 and CR 12 51, respectively) according to Fawcett and

Soctt (1960) and Bartles et al. (1972), respectively.
Sodium and K* levels were measured by using colori-

metric method by the kits of Biomed Diagnostics Com-

pany (catalog numbers SOD100100 and POT100100,

respectively) according to Henry et al. (1974).

Histological studies

The formalin-fixed kidney tissues of all the experimen-
tal animals were dehydrated, cleared and embedded
in molten paraffin wax (melting point of 58 °C). Sec-
tions of 4 pm thickness were cut by a rotary microtome
(Leitz 1512, Leitz, Wetzlar, Germany). The prepared
sections were then stained with hematoxylin and eosin
(Bancroft & Cooks, 1994), examined and photographed
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by a light microscope with digital camera (Olympus,
Tokyo, Japan).

Immunohistochemical studies

Caspase-3 and Ki-67 expressions

Paraffin kidney sections of 4 um thickness were used for
immunohistochemical staining of both caspase-3 and
Ki-67 expressions according to Hsu et al. (1981). The
endogenous peroxidase activity was blocked by incuba-
tion using 3% H,O, for 5 min. Sections were incubated
at 37 °C with caspase-3 and Ki-67 monoclonal antibod-
ies and then washed with phosphate buffer saline (PBS)
for about 5 min. The monoclonal antibodies were then
bound with biotinylated goat anti-mouse IgG antibody
for 30 min. Sections were washed with PBS for 5 min,
and then they were incubated at 37 °C with streptavidin-
conjugated peroxidase about 30 min. A brown-colored
reaction was developed by exposing sections to 3,3-diam-
inobenzidine tetrahydrochloride liquid about 5 min. The
sections were washed with distilled water and stained
with hematoxylin. The intensity of both caspase-3 and
Ki-67 expression was quantitatively evaluated by using
Image] software (Varghese et al., 2014).

Statistical analysis

All the present data are presented as mean=+SE (n = 5)
and were analyzed using the one-way ANOVA. Statistical
Program of Social Science (SPSS) software was used. Sta-
tistical significance between the experimental groups was
assessed by least significant difference post hoc test, with
set at p <0.05, p <0.01 and p <0.001.

Results

Clinical observations

Examination of rats during the experimental period
showed that both the control and HPE-treated rats
were healthy. They did not show any signs of illness
and appeared to have normal activity with normal ade-
quate food and water intake. Methotrexate-treated rats
revealed general weakness, loss of appetite, disability for
walking and severe diarrhea. On the other hand, MTX
and HPE-treated rats appeared nearly normal.

Biochemical results
Serum kidney function tests: urea and creatinine
Data in Fig. 1(A & B) represented urea and creatinine
levels in sera of animals of the different experimental
groups.

There was an insignificant difference in the levels of
both urea and creatinine between the control group and
HPE-treated group. Methotrexate-treated rats showed a
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Fig. 1 The levels of (A) urea, (B) creatinine, (C) sodium and (D) potassium in sera of animals of the different experimental groups. (***): highly
significant at p <0.001 compared with the control group. (**): significant at p <0.01 compared with the control group. (a): highly significant at
p<0.001 compared with MTX group

highly significant increase (p <0.001) in the levels of both
urea and creatinine compared with the control group.

When rats were treated with MTX and HPE, the lev-
els of both urea and creatinine showed a highly signifi-
cant decrease (p<0.001) when compared with MTX
group, although a significant increase (p <0.01) was still
being recorded compared with the control group.

Serum electrolytes: sodium and potassium
Sodium and potassium levels are represented in
Fig. 1(C & D). Human placental extract-treated rats
showed insignificant difference in both Nat and K*
levels as compared with the control group. Treating
rats with MTX resulted in a highly significant increase
(p<0.001) in both Nat and K* levels when compared
with the control animals.

Animals treated with MTX and HPE showed a highly
significant decrease (p <0.001) in both Na* and K™ levels,
compared with MTX-treated rats. However, a significant

increase (p<0.01) was still being recorded compared
with the control group.

Histological observations

Control group

Light microscopic examinations of hematoxylin- and
eosin-stained kidney sections of control rats revealed
normal structure of both the outer cortex and inner
medulla. The kidney is covered by a smooth fibrous
capsule. The cortical parts of the nephron are Mal-
pighian or renal corpuscle, proximal convoluted tubule
(PCT) and distal convoluted tubule (DCT) (Fig. 2A &
B). Malpighian corpuscle is composed of a capillary
tuft (glomerulus) and parietal epithelium (simple squa-
mous epithelium) forming Bowman’s capsule. A narrow
space presents between the glomerulus and Bowman’s
capsule; Bowman’s space or urinary space (Fig. 2B). The
morphometric measurements of the glomerular diam-
eters and Bowman’s space widths are represented in
Fig. 3(A & B).



Mabhran et al. The Journal of Basic and Applied Zoology (2022) 83:39

Page 5 of 14

YOV
O Vb gl

n

) AP Gk e

(u Q "T,—’:‘s
A ,‘.‘_ » ,"'5 't
Fig. 2 Photomicrographs obtained from hematoxylin- and eosin-stained kidney sections of (A&B) control rats and (C& D) HPE-treated rats showing

normal Malpighian corpuscles with Bowman's capsules (BC) composed of squamous epithelium (arrows), Bowman's spaces (arrowheads) and
glomeruli (G), proximal (PCT) and distal (DCT) convoluted tubules lined with cuboidal epithelium, blood vessel (BV) and renal artery (RA)

Proximal convoluted tubules occupy most of the cor-
tex. They are lined with a single layer of large cuboidal
epithelial cells with apical brush borders of microvilli
and narrow lumens. The epithelial cells have eosino-
philic cytoplasm and central spherical nuclei (Fig. 2B).

Distal convoluted tubules differ from PCT in that they
have wider lumen and their lining cells are smaller and
flatter with less eosinophilic cytoplasm, spherical apical
nuclei and did not have brush borders (Fig. 2B). The mor-
phometric measurements of both PCT and DCT dimen-
sions (length and width) are represented in Fig. 3(C & D).

Human placental extract-treated group

When kidney sections of HPE-treated rats were exam-
ined; they showed a nearly normal histological structure
as in the control rats (Fig. 2C & D).

The morphometric measurements showed an insignifi-
cant difference in the glomerular diameters, Bowman’s
space widths (Fig. 3A & B) and PCT and DCT dimen-
sions (Fig. 3C & D), when compared to the control rats.

Methotrexate-treated group

Examination of kidney sections of MTX-treated rats
showed obvious alterations and deteriorations in the
renal cortex. The renal capsule appeared separated, in
some places, from the renal cortex (Fig. 4A).

Regarding the renal corpuscles, shrinkage of glomeru-
lar capillary network and dilation of Bowman’s spaces
were observed (Fig. 4B). A highly significant decrease in
the glomerular diameters (»<0.001) and a highly signifi-
cant increase (p<0.001) in Bowman’s space widths were
recorded when compared to the control group (Fig. 3A &
B).
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Fig. 3 Morphometric measurements of (A) glomerular diameters, (B) width of Bowman'’s spaces, (C) dimensions of proximal convoluted tubules
and (D) dimensions of distal convoluted tubules of animals of the different experimental groups. (***): highly significant at p <0.001 compared with
the control group.(**): significant at p <0.01 compared with the control group. (*): significant at p < 0.05 compared with the control group. (a): highly
significant at p <0.001 compared with MTX group. (b): significant at p <0.01 compared with MTX group. (¢): significant at p < 0.05 compared with

MTX group

The majority of renal tubules (PCT and DCT) were
highly injured with dilated lumens and lining epithelial
cells contained vacuolated cytoplasm and pyknotic nuclei
(Fig. 4C). Furthermore, morphometric measurements of
the length and width (dimensions) of both PCT and DCT
showed a highly significant increase at p <0.001 for PCT
and significant increase at p<0.05 and highly significant
increase at p<0.001, respectively, for DCT as compared
to the control rats (Fig. 3C & D).

In addition, hemorrhage, congestion of renal arter-
ies and dilation of blood vessels were observed (Fig. 4B).
Moreover, large areas of fibers, as a sign of fibrosis and
leukocytic infiltrations, were also prominent in these
specimens (Fig. 4D).

Methotrexate and HPE-treated group
Histological examination of kidney sections of rats
treated with MTX and HPE showed a marked degree

of improvement. The renal capsules appeared nearly
normal. Most of Malpighian corpuscles appeared
with their normal structure; Bowman’s capsules, nor-
mal glomeruli and normal Bowman’s spaces (Fig. 4E
& F). Morphometrically, a highly significant increase
(»p<0.001) in the glomerular diameters and a highly
significant decrease (p<0.001) in the Bowman’s space
widths were recorded, as compared to MTX-treated
rats. Insignificant difference in the glomerular diam-
eters was recorded, but significant increase (p<0.05)
in Bowman’s space widths was still being recorded as
compared to the control group (Fig. 3A & B).
Moreover, the lining cells of both PCT and DCT
restored their normal structure and the tubular lumens
appeared nearly normal (Fig. 4F). Furthermore, the
morphometric measurements of PCT and DCT
recorded a significant decrease at p<0.01 and p<0.05
in their length, respectively and highly significant
decrease at p<0.001 in their width, as compared to
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Fig. 4 Photomicrographs from hematoxylin- and eosin-stained kidney sections of (A-D) MTX-treated rats showing separation of the capsule
(double arrow) from the renal cortex by a wide space (star) containing hemorrhage (H), Malpighian corpuscles with damaged glomeruli (G),
Bowman's capsule (BC) and dilated Bowman's spaces (arrowheads), proximal (PCT) and distal (DCT) convoluted tubules with dilated lumens (stars)
and lining epithelial cells with vacuolated cytoplasm (V) and pyknotic nuclei (Py), congested renal artery (RA), leukocytic infiltration (LI) and fibers
(F) and E&F) MTX and HPE-treated rats showing nearly normal Malpighian corpuscles with Bowman'’s capsule (BC) with squamous epithelium
(arrows), Bowman's spaces (arrowheads) and glomeruli (G) and proximal (PCT) and distal (DCT) convoluted tubules (DCT)

MTX-treated animals. On the contrary, the data were  Immunohistochemical observations

still recording a significant increase only in PCT width  Expression of caspase-3

(p <0.01) as compared to the control rats (Fig. 3C & D).  In kidney sections of both control rats and those treated
with HPE, caspase-3 was expressed as brown color in
few nuclei of the tubular epithelial cells (Fig. 5A & B).
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Fig. 5 (A-D) photomicrographs from kidney sections showing caspase-3 expression in (A&B) control and HPE-treated rats, respectively showing
caspase-3 expression as brown color in few nuclei (arrows), (C) MTX-treated rat showing caspase-3 expression in large number of nuclei (arrows)
and (D) MTX and HPE-treated rat showing caspase-3 expression in few nuclei (arrows), (caspase-3 immunostain, counterstained with hematoxylin).
(E) Caspase-3 expression in the different experimental groups. (***): highly significant at p <0.001 compared with the control group. (*): significant
at p<0.05 compared with the control group. (c): significant at p < 0.05 compared with MTX group

By using Image] software, caspase-3 expression in HPE- When kidney sections of MTX-treated rats were exam-
treated rats showed insignificant difference when com-  ined, caspase-3 was expressed in large number of nuclei
pared with the control rats (Fig. 5E). (Fig. 5C). Highly significant increase (p<0.001) in cas-

pase-3 expression was recorded as compared with the
control group (Fig. 5E).
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Fig. 6 (A-D) photomicrographs from kidney sections showing Ki-67 expression in (A&B) control and HPE-treated rats, respectively, showing
Ki-67 expression as brown color in large number of nuclei (arrows), (C) MTX-treated rat showing Ki-67 expression in few nuclei and (D) MTX and
HPE-treated rat showing Ki-67 expression in large number of nuclei (arrows), (Ki-67 immunostain, counterstained with hematoxylin). (E) Ki-67
expression in the different experimental groups. (**): significant at p < 0.01 compared with the control group. (c): significant at p <0.05 compared
with MTX group

Examination of kidney sections of animals treated
with both MTX and HPE showed caspase-3 expres-
sion in few nuclei (Fig. 5D) with a significant decrease
at p <0.05 when compared with MTX group, but it was
still recording a significant increase at p<0.05 when
compared with the control group (Fig. 5D & E).

Expression of Ki-67

In kidney sections of both the control and HPE-treated

rats, Ki-67 was expressed as brown color in the nuclei of

large number of the tubular epithelial cells (Fig. 6A & B).
Kidney sections of MTX-treated rats showed positive

expression of Ki-67 in few nuclei (Fig. 6C). The decreased
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expression was significant at p<0.01 when compared
with the control group (Fig. 6E).

On the other hand, kidney sections of animals treated
with MTX and HPE showed Ki-67 expression in large
number of the nuclei (Fig. 6D). This increase was signifi-
cant at p<0.05 when compared with MTX group and it
showed insignificant difference when compared with the
control group (Fig. 6E).

Discussion
In our study, MTX-induced nephrotoxicity through
biochemical, histological and immunohistochemical
alterations.

In the current study, there was a highly significant
increase in both urea and creatinine levels in MTX-
treated animals as compared with the control rats. This
increase may be due to MTX or its metabolites toxicity
leading to tubular injury. The toxicological mechanism
of most chemotherapeutic drugs is production of reac-
tive oxygen species (ROS) which plays a significant role
in the MTX-induced nephrotoxicity (Jahovic et al., 2003).
Recently, Elmansy et al. (2021) attributed the increased
urea and creatinine levels, in MTX-treated rats, to the
excessive production of ROS in the renal tissues, while
Elsawy et al. (2021) attributed their increase to MTX pre-
cipitation and its direct toxic effects.

Serum urea and creatinine are recognized as biomark-
ers for determining renal functions and chronic kidney
diseases. The progression of kidney damage is character-
ized by an increase in urea and creatinine levels whose
evaluation in serum helps to assess glomerular filtration
(Nisha et al., 2017).

Our results were supported by Rizk et al. (2018) who
recorded a significant increase in both urea and creati-
nine levels after injection with MTX single dose (20 mg/
Kg b.w) in rats.

In the present study, a highly significant increase
in both Na™ and K% levels was recorded in sera of rats
treated with MTX as compared with the control group
which may be due to kidney cellular damage induced by
MTX treatment. Dhondup and Qian (2017) reported that
Na't and K* disorders predictably occur with progressive
loss of kidney function. Dehydration which produced
in cases of diarrhea or vomiting increased Na® level
(Yousafzai et al., 2011). Potassium disorders are common
in patients with kidney diseases, particularly with tubular
disorders and low glomerular filtration rate (Clase et al.,
2020). The significant increase in both Nat and K* lev-
els in MTX-intoxicated rats refers to impairment in the
functional capacity of the kidney (Adikwu & Bokolo,
2018).

In the present study, light microscopic examination
of renal cortex of MTX-treated rats revealed atrophied
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glomeruli, dilated Bowman’s spaces and degenerated
tubules with dilated lumens and lining epithelial cells
with vacuolated cytoplasm and pyknotic nuclei. In addi-
tion, the morphometric measurements recorded highly
significant decrease in the glomerular diameters, highly
significant increase in Bowman’s space widths, PCT
dimensions (length and width) and DCT width as well
as significant increase in DCT length. Inflammation,
fibrosis, congestion and dilation of blood vessels and
hemorrhage were also observed. These histopathologi-
cal observations were confirmed with the biochemical
results (increased urea and creatinine levels) which were
obtained in the present study.

The decreased glomerular diameters and increased
Bowman’s space widths and tubular dimensions may
be attributed to reduction in glomerular filtration rate
after MTX treatment which may lead to kidney lesions.
Balowria et al. (2019) reported that MTX precipitates in
the renal tubules and directly induces tubular injury and
a transient decline in glomerular filtration rate. Nephro-
toxic drugs lead to damage of the renal tubules through
stimulation of oxidative stress (Geetha et al., 2015). In
harmony with our results, Jalili et al. (2020) recorded a
significant decrease in the glomerular diameters and an
increment in the tubular diameters in MTX-treated rats.

The observed inflammatory cells infiltration in the
renal tissue of MTX-treated rats may be due to the tubu-
lar injury which was observed in the present study. The
proximal tubular injury can trigger inflammation, fibrosis
and distal tubular injury (Takaori et al., 2016). In agree-
ment with our results, Cetin et al. (2017) reported that
MTX increased the myeloperoxidase activity, a heme
peroxidase enzyme found in neutrophil primary granules
and monocyte lysosomes that lead to tissue damage in
acute and chronic inflammation, pointing to an accumu-
lation of inflammatory cells in the kidney tissue of rats.

The observed cytoplasmic vacuolization, in our study,
may be related to the increased sodium level that also was
recorded in the present study. Accumulation of sodium
in the cells leads to an increase in water content (Strayer
& Rubin, 2008).

In the present study, bundles of fibers were noticed
in the kidney of MTX-treated rats. In response to dif-
ferent types of tissue injury, formation and accumula-
tion of the extracellular matrix fibrosis are essential for
the normal healing, closely associated with inflamma-
tion and tissue regeneration that may occur during and
after the inflammatory response (Djudjaj & Boor, 2019).
The pathological deposition of collagen is a hallmark
of kidney fibrosis, mainly interstitial and perivascular
fibrosis (Baues et al., 2020). The excessive deposition of
fibers leads to organ dysfunction and can be associated
with high morbidity and mortality. During this process,
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abundance of cell types (such as epithelial, endothelial
and inflammatory cells) intervenes at different levels
and recruit mesenchymal cells (such as fibroblasts and
myofibroblasts) leading to fibrosis (Panizo et al., 2021).
Toxin-induced nephropathy triggers the rapid produc-
tion of pro-inflammatory mediators and the prolonged
inflammation allows the injured kidneys to develop
interstitial fibrosis (Li et al., 2021).

In agreement with our observations, Sener et al.
(2006) observed a significant increase in collagen con-
tent in kidney of MTX-treated rats and considered it as
a free-radical-induced.

In the present study, a highly significant increase
in caspase-3 expression in the nuclei and a signifi-
cant decrease in Ki-67 expression in the nuclei were
observed in MTX-treated rats as compared to the con-
trol animals. These results may be due to inhibition of
DNA synthesis induced by MTX leading to apopto-
sis and decreased cellular proliferation. Methotrexate
inhibits proliferation of malignant cells primarily by
inhibiting the de novo synthesis of purines and pyrimi-
dines (Saka & Aouacheri, 2017).

Methotrexate induces apoptosis through oxidative
stress by increasing caspase-3 levels (Elango et al.,
2014). Reactive oxygen species released during MTX
administration increase pro-inflammatory cytokines
leading to activation of caspase which mediates inflam-
matory response and apoptosis (Refaie et al., 2017).
During apoptosis progression, active caspase-3 is trans-
located in association with a substrate-like protein(s)
from the cytoplasm into the nucleus (Kamada et al.,
2005). Faleiro and Lazebnik (2000) found that cas-
pase-9 (which is activated earlier than caspase-3)
directly or indirectly inactivates nuclear transport and
increases the diffusion limit of the nuclear pores which
consequently allowing caspase-3 to enter or leave the
nucleus.

Methotrexate and its active metabolites compete
with folic acid for binding with the folate binding site of
dihydrofolate reductase. This enzyme is responsible for
reduction of folic acid to tetrahydrofolic acid which is
essential for DNA synthesis and cellular replication, so
competitive inhibition of this enzyme leads to blockage
of tetrahydrofolate synthesis, depletion of nucleotide pre-
cursors and inhibition of DNA, RNA and protein synthe-
sis (Widemann & Adamson, 2006).

Similarly, Refaie et al. (2017) and Elsawy et al. (2021)
observed a significant increase in caspase-3 expression
and Caglar et al. (2013) reported reduction of Ki-67
expression in kidney of rats treated with MTX.

In the current study, treatment of MTX-treated ani-
mals with HPE led to a highly significant decrease in
urea, creatinine, Nat and K" levels as compared to

Page 11 of 14

MTX-treated group. This improvement is considered as
an indicator for improving the kidney tissue and may be
due to the anti-oxidant effect of HPE. Placental extracts
have been used to treat various chronic diseases due to
their anti-oxidant effects (Xu et al., 2018). Moreover, it
was reported that HPE reduced elevated liver enzymes
which are considered as markers for hepatic injury (Bak
et al., 2018).

In the current study, HPE improved the histopatho-
logical changes induced by MTX in kidney of rats which
may be due to anti-oxidant, anti-inflammatory and cel-
lular regeneration ability of HPE. Mitchell et al. (2016)
reported that the administered placental extracts are
readily absorbed by binding to specific receptors present
on the surface of targeted cells followed by stimulating
inactive or damaged cells, tissues and organs in the body,
thus providing tissue repair and regeneration. Human
placental extract contains growth factors, hormones,
proteins, glycosaminoglycans, nucleic acids, polydeoxy-
ribonucleotides, antibodies and other nutrients which
may explain its capacity to stimulate tissue regeneration
and cell proliferation (Samiei et al., 2016). Furthermore,
Lee et al. (2019) confirmed that HPE contains numer-
ous growth factors and cytokines that are associated
with liver regeneration. Human placental extract can also
upregulate expression of anti-apoptotic factors Bcl-2 and
Bcl-xL in liver of mice (Yamauchi et al., 2017). In addi-
tion, Rozanova et al. (2012) reported that HPE possess
anti-oxidant activity due to its high concentration of bio-
active substances mainly proteins. The main amino acids
in HPE are leucine (0.12%), arginine (0.08%), alanine
(0.08%), phenylalanine (0.08%), serine (0.07%), threonine
(0.06%), valine (0.04%), tyrosine (0. 03%), methionine
(0.03%) and lysine (0.1%) (Park et al., 2018).

In the present study, HPE significantly increased Ki-67
expression and significantly decreased caspase-3 expres-
sion in kidney of MTX-treated animals as compared with
animals treated with MTX only. This may be attributed
to HPE content of growth factors and cytokines that have
proliferative and anti-apoptotic effects. Human placen-
tal extract can stimulate tissue regeneration and cellular
proliferation through increased Ki-67 expression caus-
ing hepatocytes proliferation and liver regeneration (Lee
etal., 2019).

Kwon et al. (2019) reported that HPE significantly
inhibited apoptosis by lowering caspase-3 activity on
skin flap in rats. Human placental extract attenuated
cellular senescence and cell apoptosis via reduction
of ROS both in vitro and in vivo (Gwam et al., 2019).
Pyroglutamic acid purified from HPE potentially stimu-
lated DNA synthesis in rat primary hepatocytes (Inoue
et al., 2015). Recently, Nensat et al. (2021) reported that
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porcine placental extract decreased cleaved caspase-3
level through inhibition of ROS overproduction.

Conclusions

It is clear that MTX caused nephrotoxicity in albino rats.
On the other hand, HPE ameliorated the elevated bio-
chemical parameters and improved most of the histo-
pathological and immunohistochemical changes induced
by MTX.

Abbreviations
MTX: Methotrexate; HPE: Human placental extract; Na™: Sodium; K*: Potas-
sium; Caspase-3: Cysteine-aspartic protease-3; ROS: Reactive oxygen species.

Acknowledgements
Not applicable.

Author contributions

MH and EM contributed to experimental design and supervised the practi-
cal experiments and revised the manuscript. KY supervised the practical
experiments. GY carried out the practical experiments, analyzed the obtained
data and wrote the first draft of the manuscript. All authors have read and
approved the manuscript.

Funding
Not applicable.

Availability of data and materials
Data generated during this study are included in this published article. Please
contact the corresponding author for data.

Declarations

Ethics approval and consent to participate

All experiments were done in compliance with the guide for care and use of
laboratory animals approved by Faculty of Science, Menoufia University, Egypt
(Approval No. FHI719), and according to the National Institutes of Health
guide for the care and use of laboratory animals (NIH publications No. 8023,
received 1978).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

!Zoology Department, Faculty of Science, Menoufia University, Shebeen
El-Kom, Egypt. Physics Department, Faculty of Science, Damanhour Univer-
sity, Damanhour, Egypt. *Zoology Department, Faculty of Science, Damanhour
University, Damanhour, Egypt.

Received: 29 November 2021 Accepted: 24 June 2022
Published online: 16 July 2022

References

Abd El-Twab, S. M., Hozayen, W. G., Hussein, O. E, & Mahmoud, A. M. (2016).
18[B-Glycyrrhetinic acid protects against methotrexate-induced kidney
injury by upregulating the Nrf2/ARE/HO-1 pathway and endogenous
antioxidants. Renal Failure, 38(9), 1516-1527.

Adikwu, E., & Bokolo, B. (2018). Ethanolic leaf extract of Ocimum gratissimum
ameliorates methotrexate-induced nephrotoxicity in albino rats. Asian
Journal of Medical Sciences, 9(5), 37-43.

Page 12 of 14

Aldossary, S. A. (2019). Protective effect of hesperidin against methotrexate-
induced nephrotoxicity in rats. Life Science Journal, 16(2), 18-22.

Asci, H., Ozmen, O, Ellidag, H.Y,, Aydin, B, Bas, E., &Yilmaz, N. (2017). The
impact of gallic acid on the methotrexate-induced kidney damage in
rats. Journal of Food and Drug Analysis, 25(4), 890-897.

Bak, D. H., Na, J,, Choi, M. J, Lee, B.C,, Oh, C. T, Kim, J. Y, & Kim, B. J. (2018). Anti-
apoptotic effects of human placental hydrolysate against hepatocyte
toxicity in vivo and in vitro. International Journal of Molecular Medicine,
42(5), 2569-2583.

Balowria, K. S, Syed, M., Tousia, S., & Farugi, N. A. (2019). Histopathological
effects of methotrexate on rat kidney—an experimental study on Wistar
albino rats. Academia Anatomica International, 5(1), 104-107.

Bancroft, J. D., & Cook, H. C. (1994). Manual of Histological Techniques and Their
Diagnostic Application (pp. 23-26). London, New York, Tokyo: Churchill
Living Stone.

Bartels, H., Bohmer, M., & Heierli, C. (1972). Serum creatinine determination
without protein precipitation. Clinica Chimica Acta, 37, 193-197.

Baues, M., Klinkhammer, B. M., Ehling, J., Gremse, F, van Zandvoort, M. A,
Reutelingsperger, C. P, Daniel, C., Amann, K, Babickova, J., Kiessling,

F, Floege, J,, Lammer, T, & Boor, P. (2020). A collagen-binding protein
enables molecular imaging of kidney fibrosis in vivo. Kidney International,
97(3),609-614.

Bullwinkel, J,, Baron-Lihr, B, Lidemann, A, Wohlenberg, C, Gerdes, J,, &
Scholzen, T. (2006). Ki-67 protein is associated with ribosomal RNA tran-
scription in quiescent and proliferating cells. Journal of Cellular Physiology,
206(3), 624-635.

Gaglar, Y, Ozgur, H, Matur, I, Yenilmez, E. D, Tuli, A, Génlisen, G., & Polat, S.
(2013). Ultrastructural evaluation of the effect of N-acetylcysteine on
methotrexate nephrotoxicity in rats. Histology and Histopathology, 28,
865-874.

Cetin, E. S, Tetiker, H,, Celik, ©.1, Yilmaz, N,, & Cigerci, I. H. (2017). Methotrexate-
induced nephrotoxicity in rats: Protective effect of mistletoe (Viscum
album L.) extract. Complementary Medicine Research, 24(6), 364-370.

Clase, C. M,, Carrero, J. J,, Ellison, D. H., Grams, M. E,, Hemmelgarn, B. R, Jardine,
M. J,, & Palmer, B. . (2020). Potassium homeostasis and management
of dyskalemia in kidney diseases: Conclusions from a kidney disease:
Improving Global Outcomes (KDIGO) Controversies Conference. Kidney
International, 97(1), 42-61.

Dhondup, T, & Qian, Q. (2017). Electrolyte and acid-base disorders in chronic
kidney disease and end-stage kidney failure. Blood Purification, 43(1-3),
179-188.

Djudjaj, S., & Boor, P. (2019). Cellular and molecular mechanisms of kidney
fibrosis. Molecular Aspects of Medicine, 65, 16-36.

Elango, T, Dayalan, H., Gnanaraj, P, Malligarjunan, H., & Subramanian, S. (2014).
Impact of methotrexate on oxidative stress and apoptosis markers in
psoriatic patients. Clinical and Experimental Medicine, 14(4), 431-437.

Elmansy, R. A, Seleem, H. S, Mahmoud, A. R, Hassanein, E. H.,, & Ali, . E. (2021).
Rebamipide potentially mitigates methotrexate-induced nephrotoxic-
ity via inhibition of oxidative stress and inflammation: A molecular and
histochemical study. The Anatomical Record, 304(3), 647-661.

Elsawy, H., Alzahrani, A. M., Alfwuaires, M., Abdel-Moneim, A. M., & Khalil, M.
(2021). Nephroprotective effect of naringin in methotrexate induced
renal toxicity in male rats. Biomedicine & Pharmacotherapy, 143. https://
doi.org/10.1016/j.biopha.2021.112180

Faleiro, L., & Lazebnik, Y. (2000). Caspases disrupt the nuclear-cytoplasmic bar-
rier. The Journal of Cell Biology, 151(5), 951-960.

Fawcett, J. K, & Scott, J. E. (1960). A rapid and precise method for the determi-
nation of urea. Journal of Clinical Pathology, 13, 156-159.

Fouad, A. A, & Al-Melhim, W. N. (2018). Vanillin mitigates the adverse impact of
cisplatin and methotrexate on rat kidneys. Human & Experimental Toxicol-
ogy, 37(9), 937-943.

Geetha, K, Ramarao, N,, Sindhu, B, & Rao, V. U. (2015). Nephroprotective,
nephrocurative activity of Mimosa pudica root against gentamicin
induced nephrotoxicity. International Journal of Pharmacy and Pharma-
ceutical Sciences, 7(4), 173-177.

Gwam, C, Ohanele, C,, Hamby, J,, Chughtai, N., Mufti, Z,, & Ma, X. (2019).
Human placental extract: A potential therapeutic in treating osteoarthri-
tis. Annals of Translational Medicine. https://doi.org/10.21037/atm.201910.
20

Hassanein, E. H., Shalkami, A. G. S, Khalaf, M. M., Mohamed, W. R,, & Hemeida,
R.A.(2019). The impact of Keap1/Nrf2, P38MAPK/NF-kB and Bax/Bcl2/


https://doi.org/10.1016/j.biopha.2021.112180
https://doi.org/10.1016/j.biopha.2021.112180
https://doi.org/10.21037/atm.201910.20
https://doi.org/10.21037/atm.201910.20

Mabhran et al. The Journal of Basic and Applied Zoology (2022) 83:39

caspase-3 signaling pathways in the protective effects of berberine
against methotrexate-induced nephrotoxicity. Biomedicine & Pharmaco-
therapy, 109, 47-56.

Hsu, S. M., Raine, L., & Fanger, H. (1981). Use of avidin-biotin peroxidase com-
plex (ABC) in immunoperoxidase techniques: A comparsion between
ABC and antibody (PAP) procedures. Journal of Histochemistry & Cyto-
chemisty, 29(4), 577-580.

Henry, R. J,, Cannon, D. C., & Winklelman, J. W. (1974). Clinical Chemistry: Prin-
ciples and Technics (2nd ed.). Hargersein (Md.), New York, Evanston, San
Francisco, London: Harper and Row.

Inoue, S., Okita, Y, de Toledo, A., Miyazaki, H., Hirano, E., & Morinaga, T. (2015).
Pyroglutamic acid stimulates DNA synthesis in rat primary hepatocytes
through the mitogen-activated protein kinase pathway. Bioscience,
Biotechnology and Biochemistry, 79(5), 795-798.

Jahovic, N, Cevik, H,, Sehirli, A. O, Yegen, B. C, & Sener, G. (2003). Melatonin
prevents methotrexate-induced hepatorenal oxidative injury in rats.
Journal of Pineal Research, 34(4), 282-287.

Jalili, C, Ghanbari, A, Roshankhah, S., & Salahshoor, M. R. (2020). Toxic effects
of methotrexate on rat kidney recovered by crocin as a consequence of
antioxidant activity and lipid peroxidation prevention. lranian Biomedical
Journal, 24(1), 39-46.

Joshi, M. G, Kshersagar, J,, Desai, S. R, & Sharma, S. (2020). Antiviral properties
of placental growth factors: A novel therapeutic approach for COVID-19
treatment. Placenta, 99, 117-130.

Kamada, S., Kikkawa, U, Tsujimoto, Y., & Hunter, T. (2005). Nuclear translocation
of caspase-3 is dependent on its proteolytic activation and recognition of
a substrate-like protein (s). Journal of Biological Chemistry, 280(2), 857-860.

Kitamura, M., Kitamura, S., Fujioka, M., Kamijo, R, Sato, S., Sawayama, Y.,
Uramatsu, T, Obata, Y., Mochizuki, Y, Nishikido, M., Sakai, H., Miyazaki, Y.,
Mukae, H., & Nishino, T. (2018). Methotrexate-induced acute kidney injury
in patients with hematological malignancies: Three case reports with
literature review. Renal Replacement Therapy, 4, 39. https://doi.org/10.
1186/541100-018-0180-9

KoZminski, P, Halik, P. K., Chesori, R., & Gniazdowska, E. (2020). Overview
of dual-acting drug methotrexate in different neurological diseases,
autoimmune pathologies and cancers. International Journal of Molecular
Sciences, 21(10). https://doi.org/10.3390/ijms21103483

Kwon, J.W.,, Hong, S. E, Kang, S. R, & Park, B.Y. (2019). Effect of human placental
extract treatment on random-pattern skin flap survival in rats. Journal of
Investigative Surgery, 32(4),304-313.

Lee, T.H, Park,D.S, Jang, J.Y, Lee, |, Kim, J. M., Choi, G. S., & Joh, J.W. (2019).
Human placenta hydrolysate promotes liver regeneration via activation
of the cytokine/growth factor-mediated pathway and anti-oxidative
effect. Biological and Pharmaceutical Bulletin, 42(4), 607-616.

Li, L, Tao, S, Guo, F, Liu, J, Huang, R, Tan, Z, Zeng, X, Ma, L, & Fu, P. (2021).
Genetic and pharmacological inhibition of fatty acid-binding protein
4 alleviated inflammation and early fibrosis after toxin induced kidney
injury. International Inmunopharmacology, 96. https://doi.org/10.1016/j.
intimp.2021.107760

Li, X, Abe, E,, Yamakawa, Y, Yoneda, G,, Fujino, R, Yamashita, M., & Saito, H.
(2016). Effect of administration duration of low dose methotrexate on
development of acute kidney injury in rats. Journal of Kidney, 2(130),
2472-1220.

Mitchell, A. C, Briquez, P. S., Hubbell, J. A, & Cochran, J. R. (2016). Engineering
growth factors for regenerative medicine applications. Acta Biomate-
rialia, 30. https://doi.org/10.1016/j.actbio.2015.11.007

Nensat, C, Songjang, W.,, Tohtong, R., Suthiphongchai, T, Phimsen, S., Rattanas-
inganchan, P. M., Metheenukul, P, Kumphune, S., & Jiraviriyakul, A. (2021).
Porcine placenta extract improves high-glucose-induced angiogenesis
impairment. BMC Complementary Medicine and Therapies, 21(1). https://
doi.org/10.1186/512906-021-03243-z

Nisha, R, Srinivasa Kannan, S. R, Thanga Mariappan, K, & Jagatha, P. (2017).
Biochemical evaluation of creatinine and urea in patients with renal fail-
ure undergoing hemodialysis. Journal of Clinical Pathology and Laboratory
Medicine, 1(2), 1-5.

Paget, G. E, &Barnes, J. M. (1964). Toxicity Tests. In: Evaluation of Drug Activi-
ties: Pharmacometrics. Edited by Laurence D. R. and Bacharach A. L, p
135-166, Academic Press, London.

Panizo, S., Martinez-Arias, L., Alonso-Montes, C,, Cannata, P, Martin-

Carro, B, Fernandez-Martin, J. L, Naves-Diaz, M., Carrillo-Lopez, N., &

Page 13 of 14

Cannata-Andfa, J. B. (2021). Fibrosis in chronic kidney disease: Pathogen-
esis and consequences. International Journal of Molecular Sciences, 22(1),
408-426.

Parida, R, Das, S., Raju, T. R, & Sathyaprabha, T. N. (2019). Human placental
extract ameliorates cytokine and cytokine receptor signaling in the
rat hippocampus upon Benzo[alPyrene exposure. Journal of Chemical
Neuroanatomy, 98, 8-16.

Park, H. J, Shim, H.S,, Lee, S, Hahm, D. H., Lee, H., Oh, C. T, Han, H. J,, Ji, H.

J, & Shim, 1. (2018). Anti-stress effects of human placenta extract: Pos-
sible involvement of the oxidative stress system in rats. BMC Com-
plementary and Alternative Medicine, 18(1). https://doi.org/10.1186/
$12906-018-2193-x

Park, S.Y, Phark, S., Lee, M., Lim, J.Y,, & Sul, D. (2010). Anti-oxidative and anti-
inflammatory activities of placental extracts in benzola]pyrene-exposed
rats. Placenta, 31(10), 873-879.

Raza, Z, & Naureen, Z. (2020). Melatonin ameliorates the drug induced
nephrotoxicity: Molecular insights. Nefrologia, 40(1), 12-25.

Refaie, M. M., Ibrahim, S. A, Sadek, S. A., & Abdelrahman, A. M. (2017). Role of
ketotifen in methotrexate-induced nephrotoxicity in rats. Egyptian Journal
of Basic and Clinical Pharmacology, 7(2), 70-80.

Rizk, F. H., El Saadany, A. A, Dawood, L., Elkaliny, H. H., Sarhan, N. I, Badawi, R,,

& Abd-Elsalam, S. (2018). Metformin ameliorated methotrexate-induced
hepatorenal toxicity in rats in addition to its antitumor activity: Two birds
with one stone. Journal of Inflammation Research, 11,421-429.

Rozanova, S., Cherkashina, Y, Repina, S., Rozanova, K., & Nardid, O. (2012). Pro-
tective effect of placenta extracts against nitrite-induced oxidative stress
in human erythrocytes. Cellular & Molecular Biology Letters, 17(2), 240-248.

Saka, S, & Aouacheri, O. (2017). The investigation of the oxidative stress-related
parameters in high doses methotrexate-induced albino Wistar rats.
Journal of Bioequivalence & Bioavailability, 9(2), 372-376.

Samiei, F, Jamshidzadeh, A, Noorafshan, A, & Ghaderi, A. (2016). Human pla-
cental extract ameliorates structural lung changes induced by amiodar-
one in rats. Iranian Journal of Pharmaceutical Research, 15(Suppl), 75-82.

Saoi, M., Kennedy, K. M., Gohir, W, Sloboda, D. M., & Britz-McKibbin, P. (2020).
Placental metabolomics for assessment of sex-specific differences in fetal
development during normal gestation. Scientific Reports, 10, 9399. https://
doi.org/10.1038/541598-020-66222-3

Yousafzai, A, Ara, S, Javed, F, Jahan, N, Ahmed, N., Waseem, M., & Asif, M.
(2011). Kidney function tests and serum electrolyte disorders in different
ethnic groups of Balochistan. Journal of Applied and Emerging Sciences,
2(2), 164-169.

Sarder, A, Rabbani, M. G,, Chowdhury, A. H. K., & Sobhani, M. E. (2015). Molecu-
lar basis of drug interactions of methotrexate, cyclophosphamide and
5-Fluorouracil as chemotherapeutic agents in cancer. Biomedical Research
and Therapy, 2(02), 196-206.

Sener, G, Eksioglu-Demiralp, E., Cetiner, M., Ercan, F, & Yegen, B. C. (2006).
-glucan ameliorates methotrexate-induced oxidative organ injury via its
antioxidant and immunomodulatory effects. European Journal of Pharma-
cology, 542(1-3),170-178.

Strayer D. S., & Rubin E. (2008). Cell Injury. In Rubin’s Pathology: Clinicopatho-
logic Foundations of Medicine. Rubin R, Strayer D. S., Rubin E,, & McDon-
ald J. M, (eds.) 5th Ed., Ch. 1, Lippincott Williams & Wilkins, Philadelphia,
Baltimore.

Takaori, K., Nakamura, J., Yamamoto, S., Nakata, H., Sato, Y, Takase, M., &
Yanagita, M. (2016). Severity and frequency of proximal tubule injury
determines renal prognosis. Journal of the American Society of Nephrology,
27(8), 2393-2406.

Varghese, F, Bukhari, A. B, Malhotra, R, & De, A. (2014). IHC Profiler: an open
source plugin for the quantitative evaluation and automated scoring
of immunohistochemistry images of human tissue samples. PLOS One,
9(5). https://doi.org/10.1371/journal.pone.0096801

Wang, P, Yang, H., Liu, C, Qiu, M., Ma, X, Mao, Z, &Liu, Z. (2021). Recent
advances in the development of activatable multifunctional probes for in
vivo imaging of caspase-3. Chinese Chemical Letters, 32(1), 168-178.

Widemann, B. C,, & Adamson, P. C. (2006). Understanding and managing
methotrexate nephrotoxicity. The Oncologist, 11(6), 694-703.

Xu, L, Nagata, N,, Nagashimada, M., Zhuge, F, Ni,Y, Chen, G, & Ota, T. (2018).

A porcine placental extract prevents steatohepatitis by suppressing
activation of macrophages and stellate cells in mice. Oncotarget, 9(19),
15047-15060.


https://doi.org/10.1186/s41100-018-0180-9
https://doi.org/10.1186/s41100-018-0180-9
https://doi.org/10.3390/ijms21103483
https://doi.org/10.1016/j.intimp.2021.107760
https://doi.org/10.1016/j.intimp.2021.107760
https://doi.org/10.1016/j.actbio.2015.11.007
https://doi.org/10.1186/s12906-021-03243-z
https://doi.org/10.1186/s12906-021-03243-z
https://doi.org/10.1186/s12906-018-2193-x
https://doi.org/10.1186/s12906-018-2193-x
https://doi.org/10.1038/s41598-020-66222-3
https://doi.org/10.1038/s41598-020-66222-3
https://doi.org/10.1371/journal.pone.0096801

Mabhran et al. The Journal of Basic and Applied Zoology (2022) 83:39

Yamauchi, A, Kamiyoshi, A, Koyama, T, linuma, N., Yamaguchi, S., Miyazaki,
H., & Shindo, T. (2017). Placental extract ameliorates non-alcoholic

steatohepatitis (NASH) by exerting protective effects on endothelial cells.

Heliyon, 3(9). https://doi.org/10.1016/j.heliyon.2017.e00416

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 14 of 14

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1016/j.heliyon.2017.e00416

	Possible ameliorative effect of human placental extract on methotrexate-induced nephrotoxicity in albino rats
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Drugs
	Methotrexate
	Human placental extract
	Chemicals
	Animal selection and care

	Experimental design
	Control group
	Human placental extract group:
	Methotrexate group
	Methotrexate and HPE group

	Samples collection
	Biochemical analysis
	Kidney function tests
	Histological studies

	Immunohistochemical studies
	Caspase-3 and Ki-67 expressions

	Statistical analysis

	Results
	Clinical observations
	Biochemical results
	Serum kidney function tests: urea and creatinine
	Serum electrolytes: sodium and potassium

	Histological observations
	Control group
	Human placental extract-treated group
	Methotrexate-treated group
	Methotrexate and HPE-treated group

	Immunohistochemical observations
	Expression of caspase-3
	Expression of Ki-67


	Discussion
	Conclusions
	Acknowledgements
	References


