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ABSTRACT
Introduction: Methotrexate (MTX) is a commonly used chemotherapeutic and immunosuppressant drug. Nevertheless,
due to its numerous side effects, clinical use is restricted. Lactoferrin (Lf) a natural milk glycoprotein with anti-viral, anti-
inflammatory, and antioxidant characteristics are among the various pharmacological effects.
Aim of the Study: Assessment of the reno-protective potential of Lf in experimental MTX-induced nephrotoxicity and renal
damage.
Material and Methods: A total of twenty-eight adult male albino rats were allocated into four groups: control group, Lf treated
group received Lf (300mg/kg/day) orally for 2 weeks; MTX treated group received MTX by intraperitoneal route (20mg/kg)
once; and Lf +MTX treated group. Kidney functions, redox status, interleukin (IL)-1p level and tumor necrosis factor (TNF)-a
expression were assessed. Moreover, histological characteristics were assessed by light and electron microscopic study.
Results: MTX nephrotoxicity was evidenced by significantly impaired renal functions, increased renal malodialdehyde (MDA)
level, IL-1B level, and TNF-a protein expression along with significant decreases in renal GSH and antioxidant enzymes
activities. The biochemical results were confirmed by histopathology results that showed disturbed architecture, glomerular
atrophy and congestion, damaged tubular cells, interstitial bleeding and inflammatory infiltration with significant increase in
collagen fibers and decreased PAS staining. Ultrastructure study revealed; degenerated mitochondria, cytoplasmic vacuoles,
and basement membrane damage in renal tubules. Additionally, renal filtration barrier was disrupted. Meanwhile, Lf treatment
improved renal function, redox state, inflammation, histology and ultrastructural characteristics.
Conclusion: Lf has the potential to protect the kidneys against MTX-induced nephrotoxicity and cytotoxicity. Results herein
suggested that Lf, as an adjuvant therapy, may be valuable in preventing the occurrence of renal damage in patients on MTX
or other reno-toxic drugs.
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INTRODUCTION of nephrotoxicity is determined by the dose and frequency
of its usage. In an experimental model, MTX-induced
renal injury can be induced by single doseP#. In both
low and high doses, MTX and its 7-hydroxy metabolite
cause nephrotoxicity via precipitation in the renal tubules,
inducing tubular necrosis and lowering the glomerular
filtration rate. Although the exact mechanism of MTX-
induced renal injury is unknown, mounting evidence
has implicated mitochondrial malfunction, oxidative
stress, inflammation and apoptosis as possible underlying
mechanisms in MTX-induced nephrotoxicity!'-l.

As kidney is involved in drug concentration and
excretion, it is considered the common site of drug
toxicity. Owing to this role, drug-induced kidney injury
and toxicity is a rapidly growing health concern with
socioeconomic consequences. The key underlying
mechanisms are oxidative damage and inflammation!'.
Methotrexate (MTX) a chemotherapeutic medication
inhibits dihydrofolate reductase enzyme which is important
for synthesis of activated folate, DNA replication and cell
division. MTX is extensively utilized in the treatment

of cancer, autoimmune and inflammatory diseases with Oxidative stress is the imbalance between oxidant
an effective therapeutic power™. The use of MTX has and antioxidant defense mechanisms causes tissue lipid,
significant side effects as nephrotoxicity, hepatotoxicity protein, nucleic acid and cell membrane damage. Moreover,
and bone marrow suppression, which often limits its reactive oxygen species (ROSs) activates nuclear factor-
therapeutic use. The kidney represents the main excretory kappa B (NF-kB), a master regulator of oxidative stress
organ for MTX, consequently nephrotoxicity is the most and inflammation, resulting in the production of pro-
concerning issues that limits its therapeutic utility. Severity inflammatory cytokines as tumor necrosis factor (TNF)-a
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and interleukin (IL) 1 B, which may play a crucial role in the
development and progression of acute and chronic kidney
injury, as well as in monitoring the severity of inflammation
during renal damage!™’). Preceding reports have shown
that natural compounds with antioxidant properties could
mitigate the oxidative damage caused by MTX without
compromising its anticancer action. Lactoferrin (Lf) is an
80-kD iron-binding glycoprotein present in milk, external
secretions as saliva and tears and granules of neutrophils(®.

Several investigators have revealed that Lf has many
implications as being anti-inflammatory, anti-oxidant,
anti-cancer and immune-regulatory agent. Lf was found
to be expressed in renal tissues, demonstrating that it
may have an important role in shielding the kidney from
oxidative damage!”. Lf has also been reported to diminish
hypoxia-induced lung and kidney injury by declining
the production of ROSs and regulating the inflammatory
responsel®.. However, the potential role of Lf in MTX-
induced nephrotoxicity has not studied yet. Hence, the
current study marveled to investigate the effects of Lf in
MTX-induced kidney injury through exploring its anti-
inflammatory, antioxidant and anti-cytotoxic potentials.

MATERIAL AND METHODS

MTX was provided by Maylan company in the form
of vials (2ml each ml contains 50 mg). Lf (Pravotin) was
acquired in the form of sachets, each sachet containing 100
mg, from hygint pharmaceuticals, Egypt.

Animals

Twenty-four adult male Wister albino rats, weighting
150-180 g, and aged twelve weeks were used. The
animals were placed in clean well ventilated cages, under
conventional laboratory settings and allowed 2 weeks of
adaptation before the beginning of the experiment. The
study was done in compliance with the National Institutes
of Health's guidelines for the care and use of laboratory
animals and accordance to Ethical Committee of Medical
Research, Faculty of Medicine, Tanta University' guiding
principles (approved code: 34706).

The experimental design

The animals were allocated into equal four groups.
Group I (control): injected with normal saline (vehicle)
intraperotineally (i.p.) (0.5 ml /rat once in the 1% day then
administrated orally via oral gavage with Iml distilled
water daily for 14 days. Group II (Lf group): received Lf
in a dose of 300 mg/kg /day once daily by oral gavage for
14 daysP.

Group III (MTX or nephrotoxic group): injected i.p.
with a single dose of MTX (20 mg/ kg) at the first day of the
experiment!!®l. Group IV (MTX + Lf group): injected i.p.
with a single dose of MTX ((20 mg/ kg) at the first day of
the experiment then they were orally administered Lf (300
mg/kg) daily for 14 days. At the end of the experiment, the
weights of rats in each group were assessed to estimate the
final body weights. Additionally, relative kidney weight

was estimated (organ ratio (%) = organ weight (gm) x 100/
body weight (gm)).

Blood and tissue sampling

Rats were anaesthetized with ether and then killed, at
the end of the experiment. Blood was collected for serum
separation then stored until utilized for the study of kidney
function. Kidneys were removed, rinsed in ice cold saline
then chilled on ice before being cut into pieces. Left kidney
from each rat was homogenized at 4°C in lysis buffer.
Homogenate was centrifuged at 11000 g for 20 minutes
at 4°C, and supernatant was kept at —80°C till utilized for
biochemical study. Estimation of Protein level was done as
previously reported'!.

Biochemical assessment of renal' impairment,
inflammation and redox state

Serum urea and creatinine as a measure for renal
impairment were assessed using commercial kit (Diamond
Diagnostic, Egypt). Renal malondialdehyde (MDA) level a
marker of lipid peroxidation; glutathione peroxidase (GSH-
Px) and superoxide dismutase (SOD) activities and reduced
glutathione (GSH) level as a measure of the anti-oxidant
defense were estimated by commercial kit (Biodiagnostic,
Inc., Egypt). Renal IL-1B level was assessed by ELISA
(Sunred Biological Technology Co., Ltd. Shanghai, China)
in line with the manufacturer' instructions by ELISA
Reader (Star fax 2001).

Histological and Immunohistochemical studies

The right kidney from each rat was cut longitudinally
and processed for light and transmission electron
microscopic studies.

Light microscopic study

For histological study, Specimens were kept in 10%
of neutral buffered formalin then were processed and
embedded in paraffin wax and serial sections of 4-6 pm
thickness were cut and stained with Hematoxylin and eosin
(H&E) stain, Masson’s trichrome stain and Periodic acid
Schiff reaction (PAS)!.

For immunohistochemical staining, briefly, 4pm
renal sections were de-paraffinized and handled for
immunohistochemical staining as described before by
Ramos-Vara et al., 20081, In this study, the diluted primary
Anti-TNF-a antibody (ab6671 Abcam, Massachusetts,
USA) was used to evaluate the inflammatory reactivity.
Positive TNF-o. —immunostaining was revealed by the
presence of brown cytoplasmic staining.

Transmission electron microscopic study

Renal specimens were sliced and fixed in phosphate
buffered glutaraldehyde and ultrathin sections were
obtained for ultrastructure analysis as described
previously" using JEM-1400plus JEOL at the lab of EM
in the Faculty of Science, Alexandria University
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Morphometric analysis

Ten separate non-overlapping fields in each slide were
chosen randomly and were examined using the computer
system for image analysis (Leica Qwin 500 C Image
analyzer computer system; Leica Imaging System LTD.,
Cambridge, England), at magnification power of 400.
Histopatholgical scoring to renal damage was done in line
with Colbay et al., 2010; the intensity of the renal damage
was scored according to dilatation of Bowman capsule, a
focal glomerular necrosis, damage of tubular epithelial,
inflammatory interstitial infiltration, and congestion. The
score used is as follow: no damage = 0, damage <25% =
1, damage from 25 to 50% = 2 and damage > 50% =311,
Moreover, mean arca % of masson trichrome stained
sections, mean area % of PAS stained sections, mean area %
and mean color intensity of TNF-o immunohistochemical
reaction were assessed.

Statistical analysis

Results were statistically analyzed as mean + standard
deviation by using the statistical package for social
sciences (SPSS) version 21.0 (IBM Corp., Armonk, NY,
USA). For multiple comparisons, one-way analysis of
variance (ANOVA) was used, followed by post-hoc test
to test the statistical significance between experimental
groups. Pearson test was used to examine correlations.
P value less than 0.05 was considered significant.

RESULTS

Effect of MTX and Lf on body, kidney, and relative
kidney weighs and renal toxicity indices

Animals treated with MTX (group III) revealed
significant (P<0.05) decrease in body and kidney weighs
and relative kidney weight as comparison to control group.
Lf, on the other hand, guarded against the loss in body,
kidney and relative kidney weighs in Lf+MTX group (group
IV) in comparison with group III (Table 1). Furthermore,
MTX treatment (group III) significantly raised serum urea
and creatinine levels (p<0.05) in comparison with controls.
Nevertheless, Lf significantly (P<0.05) improved renal
function in Lf +MTX group (group IV) in comparison
with group IIl. Additionally, non-significant (P>0. 05)
difference in body, kidney, and relative kidney weighs and
renal toxicity indices were found in group IV in comparison
with controls (Table 1).

Effect of MTX and Lf on redox and inflammatory
status

Intoxication with MTX (group III) caused impaired
redox and inflammatory states as evidenced by significant
(»<0.05) reduction in the antioxidant enzymes, GSH-PX
and SOD, activity and GSH level. On the other hand, MDA
and IL-1P levels were significantly raised in comparison
with controls. Meanwhile, Lf improved redox state as
evidenced by significant increase in the antioxidant
enzymes activity, and GSH level, however, MDA and IL-
1B levels were significantly reduced in MTX+ Lf group
(group IV) in comparison with group III (Table 2).

Histological results
Light microscopic results

Results from Hematoxylin and Eosin stained
sections

Hematoxylin and Eosin (H&E) stained sections of
renal cortex in control and Lf treated groups (group I, II
respectively) revealed that renal corpuscles, proximal and
distal convoluted tubules all had normal histology. The
renal corpuscles were made up of glomerular capillaries
enclosed by Bowman's capsule made up of outer parietal
and inner visceral layers separated by a clear Bowman's
space. The proximal convoluted tubules with simple high
cuboidal epithelium and the distal convoluted tubules with
low cuboidal epithelial lining (Figure 1 A,B) were seen.
In MTX group (group III), the renal cortex features were
disturbed, renal corpuscles revealed congested glomerular
capillaries and atrophy of the glomerulus with widening of
the Bowman's space, lining epithelium of tubules showed
degenerated cells and vacuoles with pyknotic nuclei, casts
and detached epithelial cells in lumen of some tubules, and
hemorrhage with mononuclear infiltration in the interstitial
tissue (Figure 1 C). On the other hand, there was noticeable
preservation of the normal renal tissue, renal corpuscles,
proximal convoluted tubules and distal convoluted tubules
except for few cells with pyknotic nuclei and degenerated
vacuoles were still seen in MTX &Lf treated group (group
IV), (Figure 1 D). The histopathological scoring of the
damage of renal cortex was recorded in (Table 3).

Results from Masson Trichrome stained sections

The amounts of collagen fibers around renal tubules
and in the glomerulus were minimal in Masson trichrome
stained sections of renal cortex in control and Lf treated
groups (group I, II respectively) (Figure 2 A,B). MTX
treatment in group III revealed that the amount of collagen
fibers was increased especially in the interstitial tissue
(Figure 2 C), however, Lf treatment decreased the amount
of collagen fibers in MTX+Lf treated group (group IV)
(Figure 2 D). Mean area % of Masson trichrome stained
sections from MTX treated rats (group III) revealed
significant (P<0.05) increase in comparison with controls.
While, Lf treatment showed significant (P<0.05) decrease
in MTX & Lf treated group (group IV) as compared with
group III (Table 3).

Results from peroidic acid schiff (PAS) stained
sections

PAS stained sections of renal cortex featured a strong
PAS-positive reaction in the apical brush borders of the
proximal convoluted tubules, in basement membrane
of the renal tubules, glomerular capillaries and parietal
layer of Bowman's capsule in control groups (group I, II
respectively) (Figure 3A,B). In MTX group (group III), the
apical brush borders of the proximal convoluted tubules,
basement membrane of the renal tubules and glomerular
capillaries, and in parietal layer of Bowman's capsule were
partially disrupted (Figure 3 C). On the other hand, in MTX
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&Lf treated group (group 1V) the apical brush borders of
the most proximal convoluted tubules appeared intact,
basement membrane of many tubules appeared regular,
glomerular capillaries and parietal layer of Bowman's
capsule could be noticed (Figure 3 D). Morphometric
measurements of the mean area percentage of PAS stained
sections exhibited significant (P<0.05) increase in MTX
treated rats (group III) in comparison with controls (group
1& 1II), however, a significant (P<0.05) decrease was
revealed in MTX & Lf treated group (group 1V). On the
other hand, group IV revealed non-significant (P>0.05)
difference in comparison with controls (Table 3).

Results of TNF-a immunohistochemical stained
sections

Immun-stained sections from renal cortex of group
I, I (control and Lf groups respectively) revealed
weak positive cytoplasmic immunoreaction for TNF-a
(Figure 4 A,B), while, sections from group III (MTX group)
displayed strong positive Immunoreaction in both tubular
and glomerular cells expressed by brownish coloration
(Figure 4 C). On the other hand, treatment of rats with
MTX & Lfin group IV depicted slight cytoplasmic TNF-a
immunoreaction in some tubular epithelial cells and in
glomeruli (Figure 4 D). Morphometric analysis of the mean
color intensity and area % of TNFa immunoreactivity
exhibited significant (P<0.05) expression of TNF-a in
rat renal cortex in group III in comparison with controls.
Nevertheless, MTX & Lf treated group (IV) revealed
significant (P<0.05) decrease in TNF-o expression in
comparison with MTX only treated group (Table 3).

Results of Transmission Electron Microscopic study

Ultra-thin sections of renal cortices depicted that cells
of the proximal convoluted tubules lining epithelium
exhibited oval central euchromatic nucleus, characteristic
long apical microvilli, elongated basal mitochondria, basal
infoldings, regular basement membrane, and multiple
electron dense lysosomes (Figure 5 A,B) in control groups
(group I, II). However, In MTX treated group (group
IIT), the luminal membrane was destructed with partial
loss of apical microvilli, many cytoplasmic degenerated
vacuoles, disorganized shaped of mitochondria with
some were ruptured and others are fused, basally located
nucleus, loss of basal infoldings and multiple lysosomes

could be noticed (Figure 5 C). Nevertheless, in MTX &Lf
treated group (group IV) the proximal convoluted tubules
epithelial lining showed more or less normal structure in
the form of normal long apical microvilli, basal elongated
mitochondria, basal infoldings and lysosomes except for a
few degenerated vacuoles that were still seen (Figure 5 D).

Ultra-thin sections of renal cortices depicted that the
cells of the distal convoluted tubules lining epithelium
in control groups (group I, II) revealed large oval apical
euchromatic nucleus, characteristic basal vertically
oriented mitochondria with basal infoldings in-between
as well as the cells were rested on well-developed thick
regular basement membrane (Figure 6 A,B). While, in
MTX treated group (group III), the lining epithelium
of the distal convoluted tubules revealed small central
dark nucleus, cytoplasm revealed degenerated vacuoles,
disrupted mitochondria, basal infoldings and basement
membrane was split (Figure 6 C). On the other hand,
sections from MTX &Lf treated group (group I'V) showed
near normal ultra-structure of the epithelial lining of the
distal convoluted tubules, the nucleus appeared large and
oval, The cytoplasm showed basal infoldings with vertically
oriented mitochondria, and the basement membrane had a
consistent thickness. However, only a few vacuoles were
found in the cytoplasm. (Figure 6 D).

Ultra-thin sections of renal cortices depicted that
filtration barrier formed of arranged three layers from
outside inwards; foot processes of podocyte, glomerular
basement membrane and fenestrated capillary endothelium.
In control groups (group I, II), the filtration barrier
displayed regular, uniform foot processes and basement
membrane, and fenestrated capillary endothelium
(Figure 7 A,B). While, in sections from MTX treated
group (group III), the filtration barrier was disturbed, some
podocyte's foot processes were fused together and some
were detached, irregular capillary fenestrated endothelium
and glomerular basement membrane where some areas
were thin and others were very thick. (Figure 7 C). On
the other hand, in sections from MTX &Lf treated group
(group IV) the filtration barrier was more or less similar to
the control, and the glomerular basement membrane and
the capillary fenestrated endothelium were regular except
few foot processes were still fused together (Figure 7 D).
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Fig. 1: Photomicrographs of Hematoxylin and Eosin stained sections of the studied groups' renal cortex; A & B) In group I & II (control & Lf group
respectively) showing renal corpuscle (RS) is made up of glomerular capillaries that are surrounded by a two-layered Bowman's capsule (arrows) with an
obvious clear Bowman's space (star) in between. Simple high cuboidal epithelium lines the proximal convoluted tubules (P). Low cuboidal epithelium lines
the distal convoluted tubules (D). C) In group III (MTX group) displaying a distorted renal cortex. The renal corpuscles show congested glomerular capillaries
(zigzag arrow) and one of them appears shrunken (thick arrow) surrounded by wide Bowman's space (star). The renal tubular epithelial lining shows dark
stained pknotic nuclei and degenerated cytoplasmic vacuoles (red arrow heads). Some of these cells become detached (black arrow heads) and appear in the
renal tubular lumina. There are interstitial haemorrhage (hg), an inflammatory infiltrate (yellow arrow) and acidophilic casts (curved arrows) inside some
tubular lumina. D) In group IV (MTX & Lf treated group) showing a normal renal cortex with a normal renal corpuscle (RS) surrounded by Bowman's capsule
(arrow) and normal proximal (P) and distal (D) convoluted tubules. There are only a few tubular cells with vacuolated cytoplasm (red arrow head), intraluminal
detached cellular debris (black arrow head), an intraluminal cast (curved arrow), and an interstitial inflammatory infiltrate (yellow arrow). Magnifications:
x400.
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Fig. 2: Photomicrographs of Masson trichrome stained sections of the studied groups' renal cortex; A & B) In group I & II (control & Lf group respectively)
demonstrating minimal collagen fibres deposition (arrows) around the tubules and between the glomerular capillaries (G). C) In group III (MTX group)
demonstrating massive collagen fibres deposition (arrows) around tubules and between glomerular capillaries (G). There is significant interstitial deposition
of collagen fibres (star). D) In group IV (MTX & Lf treated group) showing few collagen fibres (arrows) around the tubules, but there are moderate collagen
fibres in between the glomerular capillaries (G).Magnifications: x400.
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Fig. 3: Photomicrographs of PAS-stained sections of the studied groups' renal cortex; A & B) In group I & II (control & Lf group respectively) demonstrating
that apical brush borders of the proximal convoluted tubules (black arrows), the basement membrane of the renal tubules (red arrows) and glomerular capillaries
(zigzag arrow), and the parietal layer of Bowman's capsule all showing a strong PAS-positive reaction (arrow head).C) In group III (MTX group) showing
weak PAS-positive reaction in the apical brush borders of the PCTs, which was partially interrupted (black arrows). There was partial loss of the basement
membrane of the renal tubules (red arrows) and glomerular capillaries (zigzag arrow), as well as the parietal layer of Bowman's capsule (arrow head). D) In
group IV (MTX & Lf treated group) showing a strong PAS-positive reaction in the apical brush borders of the majority of proximal convoluted tubules (black
arrows), basement membrane of renal tubules (red arrows) and glomerular capillaries (zigzag arrow), and parietal layer of Bowman's capsule (black arrow
head). However, it appears to be interrupted in a few places (red arrow head). Magnifications: x400.
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Fig. 4: Photomicrographs of TNF-a immunoreaction of the studied groups' renal cortex; (A& B): group I & II (control & Lf groups respectively), exhibiting
a weak positive TNF- immunoreaction, (C): group III (MTX group), TNF-o expression is highly positive in tubular epithelium (arrows) and glomeruli
(arrow heads) (D): in group IV( MTX & Lf treated group), some tubular epithelial cells (arrows) and glomeruli (arrow heads) show a slight immunoreaction.
Magnifications: x400.
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Fig. 5: Transmission electron micrographs of ultrathin sections of the adult albino rat renal cortex showing the epithelial lining cells of the proximal convoluted
tubules in the studied groups: A & B) In group I & II (control & Lf group respectively) showing central oval euchromatic nucleus (N), characteristic long
apical microvilli (mv), basal elongated mitochondria (m), basal infoldings (dashed arrow), regular basement membrane (arrow head) and multiple electron
dense lysosomes (L). C) In group III (MTX group) demonstrating a damaged luminal membrane (curved arrow) and partial loss of apical microvilli (mv). The
cytoplasm reveals degenerated vacuoles (V), as well as rarified areas (double arrows). The mitochondria appear distorted; some are degenerated and ruptured
(arrow heads), while others are fused (m1). The nucleus (N) reverts to basal position. There may be a loss of basal infoldings (dashed arrow) and multiple
lysosomes. D) In group IV (MTX & Lf treated group) demonstrating distinct preservation of normal structure in the proximal tubular epithelial cell; normal
long apical microvilli (mv), basal elongated mitochondria (m), basal infoldings (dashed arrow), and lysosomes (L). However, only a few degenerated vacuoles
(V) are visible. Magnifications: x3000.
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Fig. 6: Transmission electron micrographs of ultrathin sections of the adult albino rat renal cortex showing the epithelial lining cells of the distal convoluted
tubules in the studied groups: A & B) In group I & II (control & Lf group respectively) showing large oval apical nuclei (N), distinctive basal infoldings (dashed
arrows), elongated basally arranged mitochondria (m) in-between, and regular basement membrane thickness (arrow heads).C) In group Il (MTX group)
demonstrating a small nucleus (N), disrupted basal infoldings (dashed arrows), and disorganised and degenerated mitochondria (m1). Multiple degenerated
vacuoles (V) and rarified areas can be seen in the cytoplasm (star). The basement membrane appears to be separated (arrow head). D) In group IV (MTX &
Lf treated group) revealing near normal structure in the distal tubular epithelial cell; normal oval nucleus (N), basal infoldings (dashed arrows) with vertically
oriented mitochondria (m), and normal basement membrane thickness (arrow head). However, there are few vacuoles (V) and electron dense bodies (arrows)
visible in the cytoplasm. Magnifications: x 3000.
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Fig. 7: Transmission electron micrographs of ultrathin sections of the adult albino rat renal cortex showing the renal glomerular corpuscle in the studied
groups: A & B) In group I & II (control & Lf group respectively) showing the normal filtration barrier formed by podocyte foot processes (red arrows); the outer
layer, regular and uniform glomerular basement membrane (dashed arrows); the middle layer and fenestrated endothelium (black arrows) of the glomerular
capillaries (G); and the inner layer. The podocyte's characteristic indented nucleus (P) could be seen. C) In group III (MTX group) reveals disturbance in the
filtration barrier The foot processes appear to be disorganised, with some fused together (red arrows) and others detached (zigzag arrow). The thickness of the
glomerular basement membrane appears irregular; areas are thin (arrow head) and areas are very thick (dashed arrow). The fenestrated endothelium (black
arrow) is erratic. Parts podocyte (P) and glomerular capillary (G) are visible. D) In group IV (MTX & Lf treated group) revealing a filtration barrier that is
more or less normal. The glomerular basement membrane (dashed arrow) and fenestrated endothelium (black arrow) appear to be in place. However, a few foot
processes (red arrows) remain fused together. Notice, the indented nucleus of the podocyte (P) and a portion of the glomerular capillary (G).Magnifications:
x5000.

Table 1: Effect of methotrexate and lactoferrin on body, kidney and relative kidney (%) weights, and kidney functions in the different studied
groups

Parameters/ Group I* Group II° Group III¢(n=15) Group V¢
Groups (control group) (Lf control) (MTX- intoxicated) (MTX-intoxicated+ Lf treated)
P (n=7) (n=7) (n=7) (n=7)

Body weight (g) 237.1+5.7¢ 235.7+4.1¢ 198.7+11.7204 227.22+10.1¢
kidney weight(g) 0.87+0.06° 0.88+0.05° 0.57+0.05%0¢ 0.8140.0%
Relative kidney weight (%) 0.37+0.029° 0.37+0.027¢ 0.29+0.03204 0.4+0.03¢
Serum creatinine level (mg/dl) 0.840.08¢ 0.84+0.09¢ 2.6+0.5%4 0.97+0.26°
Serum urea level (mg/dl) 27.6+4.2¢ 27.845.2¢ 46.909+6.5%4 31.5£2.9¢

a—d Significant difference between groups at p < 0.05 calculated by one-way ANOVA test followed by Tukey’s post hoc test. a denotes significance from group
I; b denotes significance from group II; ¢ denotes significance from group III; d denotes significance from group IV. MTX:Methotrexate; Lf: lactoferrin.
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Table 2: Effect of Methotrexate and lactoferrin on redox and inflammatory status in the studied groups

Parameters/ Group I* Group II° Group I1I* Group IV¢
Groups (control group) (Lf control) (MTX- intoxicated) (MTX-intoxicated+ Lf treated)
b (n=7) (@=7) (=7 (n=7)

Renal SOD activity (U / min./ mg protein) 39.8+3.7¢¢ 40.2+2.765¢¢ 14.2+2.6504 3242, 100¢
Renal IL-1B(pg/mg protein) 46 +3.01¢¢ 44.2+3.03¢¢ 129.142.28bd 653430200
Renal MDA level (nmol/mg protein) 1.03£0.17¢¢ 0.95+0.1¢¢ 6. 2407504 2.5:4£0.5u0¢
Renal GSH-Px activity (umol/ min./ mg protein) 133.6+2.3¢4 132.8+2.1¢¢ 54.7+3.012b4 103.9+4 320¢
Renal GSH( mg /g wet tissue) 3.8+0.6° 3.940.5¢ 1.4+0.4204 3.4+0.8¢

a—d Significant difference between groups at *p < 0.05 calculated by one-way ANOVA test followed by Tukey’s post hoc test. a denotes significance from group
I; b denotes significance from group II; ¢ denotes significance from group I1I; d denotes significance from group IV. MTX; Methotrexate; Lf; lactoferrin; GSH:

reduced glutathione; GSH-Px: glutathione peroxidase; SOD: superoxide dismutase; MDA: malondialdehyde.

Table 3: Effect of methotrexate and lactoferrin on morphometric study parameters in the different studied groups

Parameters/ Group I* Group II* Group III¢ Group IV¢
Groups (control group) (Lf control) (MTX- intoxicated) (MTX-intoxicated+ Lf treated)
b (n=7) (0=7) (n=7) (n=7)

Scoring of the renal injury 1£0.6¢ 2.24+0.8%b4d 0.6+0.5¢ 0.5+0.5¢
Area percentage% of Masson trichrome 16.851+7.8b¢ 42.2:+8.9%04 10.7+1 %4 10.4+1.7¢4
Area percentage% of PAS 33.3+10.1¢ 14.6£2.7404 36.7+7.9¢ 35.6+5.5¢
TNF-0, immune- Color intensity 17.3+4.1%0¢ 30.444 3204 10.5+1.3¢¢ 10.9+2.5¢¢
reactivity Area percentage% 13.3£1.7%b¢ 36.842.8%4 111£1.2¢¢ 10.2+1.3¢¢

a—d Significant difference between groups at *p < 0.05 calculated by one-way ANOVA test followed by Tukey’s post hoc test. a denotes significance from
group I; b denotes significance from group II; ¢ denotes significance from group III; d denotes significance from group IV. MTX: Methotrexate; Lf: lactoferrin

DISCUSSION

Chemotherapeutic drugs have a wide range of efficacy
in the treatment of cancer. Nonetheless, kidney is one of the
organs most vulnerable to their negative effects. MTX an
inhibitor dihydrofolate reductase enzyme acts by inhibiting
DNA synthesis!'®l,

Ascietal., 2017, previously reported that MTX-induced
nephrotoxicity via oxidative injury and inflammation
with sequel of tubular injury and decreasing glomerular
filtration rate!'”. To induce nephrotoxicity, we employed
a single dose of MTX, as described in the literature.
Despite the fact that there is a lot of evidence that MTX
could induce renal damage, competent therapies hindering
this severe complication aren’t available till now. Hence
then, it becomes crucial to find a novel treatment options
to prevent and/or cure MTX-induced renal damage!'. Lf
is a natural glycoprotein of transferrin family present in
milk with minimal adverse immune reaction!'®]. Lf was
used in the present study to explore its potential effect in
mitigating nephrotoxicity induced by MTX.

In the current study, MTX significantly decreased body,
kidney and relative kidney weighs the results that may be
due to excessive loss of water, salts and proteins as a result
of renal injury with subsequent dehydration and weight
loss and were in line with those reported previously!!.
Nonetheless, treatment of the nephrotoxic group with
Lf protected against the loss in body and kidney weighs
induced by MTX. These results were in accordance with
reported previously by Hsu et al., 202027,

Nephrotoxicity induced by MTX, was confirmed by the
histological alterations. Sections from MTX nephrotoxic
group in the present study revealed atrophic glomeruli
with congested capillaries, renal architecture was
disturbed, renal tubules depicted vacuolation, pyknosis of
the nuclei and detachment of its epithelial lining, and the
interstitial tissue revealed hemorrhage and inflammatory
infiltration. These histopathological findings were in line
with Asci ef al 2017, and Ahmed et al., 2020 results!'72!,
However, treatment of the nephrotoxic group with Lf had
a cytoprotective effect in the form of normally appeared
kidney with few degenerated vacuoles and slight interstitial
inflammatory infiltration that may be due to its antioxidant
and anti-inflammatory effects. The results herein were in
agreement with Hegazy ef al., 2016 who studied the effect
of Lf on Chromium-Induced acute kidney injury®. Arab
et al., 2018 reported that camel milk protected against
MTX-induced renal histopathological changes!®l.

In the present study, Masson Trichrome stained sections
ofrenal cortex of MTX group revealed increased amount of
collagen fibers. Similar changes were observed by Fu et al.,
202122, The results may be due to increased transforming
growth factor (TGF)- and kidney injury molecule-1 (KIM-
1) expression with excessive accumulation of extracellular
matrix and subsequent tubular injury and fibrosis®?>*1. On
the other hand, the results of the present study depicted
significant reduction of the amount of collagen fibers upon
treatment of nephrotoxic group with Lf. The results that
was in coherence with Hsu ef al., 2020 who reported that
Lf recovered renal function and suppressed renal fibrosis
through inhibiting TGF-B1-induced renal fibrosis and
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pro-fibrogenic genes expression, inhibition of apoptosis and
the induction of autophagy and finally recommended the
use of Lf as a potential therapeutic target for the prevention
of the acute to chronic kidney injury transition?’).

In present results, PAS stained sections of renal
cortex of MTX treated group revealed partial disruption
of the proximal convoluted tubules' apical brush borders,
basement membrane of the renal tubules, glomerular
capillaries and Bowman's capsule. These results coincide
with those obtained previously by Gronroos et al., 20061*.,
However, treatment of the nephrotoxic group with Lf
revealed intact apical brush borders of the most proximal
convoluted tubules. The results were in coherence with
those obtained by Abdel-Aall et al., 2016 who reported
that camel milk protect against tramadol-induced
nephrotoxicity through preservation of renal structure and
function!®!.

Ultra-structural results of the current study confirmed
the light microscopic findings. MTX treated nephrotoxic
group demonstrated many destructive effects on the renal
structure in the form of damaged luminal membrane
with loss of apical microvilli in the proximal convoluted
tubules,  degenerated  mitochondria,  degenerated
vacuolated cytoplasm and disturbed basal infoldings in
the proximal and distal convoluted tubules. Furthermore,
the renal filtration barrier experienced changes such as
detachment of some podocyte foot processes and fusion of
others, irregularity of the glomerular basement membrane,
and capillary fenestrated endothelium. These current
findings were in agreement with Nasr, 2013 who reported
an evidence of degenerative and atrophic changes in the
ultra-structure of renal cortex in rats that were treated with
cisplatin, antineoplastic drug!'’.

Du et al. 2004 assumed that the microvilli of brush-
border have a mechano-sensory function in fluid dynamics
and modulates Na absorption in the proximal tubules*®. So,
the distortion of brush border and completely disorganized
microvilli of renal tubules, described in the current study,
may lead to dysfunction of salt and water reabsorption,
and might result in kidney failure. Nagata, 2016 stated
that Podocytes preserve the glomerular filtration barrier
by production of glomerular basement membrane
components, slit membrane and maintain endothelial cell
viability®?”!. But excessive stress leads to loss of integrity
and dysregulation of cellular metabolism. In oxidative
stress, Podocytes produce ROSs as a response to stimuli
that are harmful and cause malfunction®. Fatty acid
oxidation and production of ATP are performed mainly by
mitochondria that play an important role in producing the
energy-dependent ion gradients that force the renal tubular
reabsorption. Also the mitochondria perform an important
role in apoptosis regulation®. In the present study, Lf
treatment in nephrotoxic group resulted in a distinct
improvement in ultrastructural findings. These findings
were in agreement with Hassan et al., 2021 who found that
treatment with Lf in Chromium-induced nephrotoxicity
improved brush borders integrity, basal infoldings and
normal shaped mitochondria®.

In the present study, the nephrotoxic effect of MTX
was also confirmed by assessment of kidney function,
redox and inflammatory state. The results herein revealed
a significant impairment in kidney function with depletion
of the antioxidant defense system in MTX treated group.
Meanwhile, significant increase in MDA level was found
indicating impairment in redox state. The obtained results
may be due to cystic dilation of the renal tubules, severe
inflammatory infiltrates, atrophy and hypertrophy in some
glomeruli®. MTX treatment caused persistent ROSs
production which caused exhaustion of the antioxidant
defense mechanisms and oxidative damage of enzyme
protein decreasing their activities in addition to decreased
their synthesis at the molecular level®. Furthermore, ROSs
cause cell injury through oxidizing lipid and proteins,
loss of membranes integrity via changing its fluidity and
permeability, inactivating the antioxidant enzymes, and
provoking DNA damageP®*. The results obtained here were
in line with previous reports obtained by Hassanein ef al,
2019 and Shalaby et al, 201916331,

On the other hand, treatment of the nephrotoxic group
with Lf revealed significant improvement in kidney
function, and redox status. Given the importance of ROS
and oxidative stress in the development of MTX-induced
nephrotoxicity, promoting the antioxidant mechanisms
and cytoprotective enzymes is crucial for protecting
against various redox assaults. The results obtained herein
may be due to its role in impeding ROSs production and
further lipid peroxidation¥. Arab et al., 2018 reported that
Camel milk which contains Lf attenuated MTX-triggered
impairment in kidney function, redox status and renal
histopathological changes®. Hassan et al., 2021 reported
that after inducing chromium nephrotoxicity, Lf played a
significant role in restoring kidney function*®’.

MTX, via boosting ROSs production and promoting
oxidative stress, causes inflammation and cell death through
activating multiple stress signaling pathways, such as NF-
kB, which promotes the expression of pro-inflammatory
cytokines as TNF-a, IL-1B, mitochondrial malfunction
and apoptosisP®. MTX increased immunohistochemical
gene expression TNF-a and IL-1f level in kidney tissue
in the present study demonstrating an inflammatory
response. The results were in coherence with previously
obtained ones!'!1. Cakir, 2015 and Kandemir, 2017
attributed the pathogenesis of MTX nephrotoxicity to the
release of inflammatory cytochines as TNF-a IL-1f which
activate inflammatory cells with the large amount of toxic
ROSs production leading to cellular damage by different
mechanisms including peroxidation of membrane lipids
and oxidative damage of DNA and proteins with vicious
circle of inflammation and oxidative stress?*¢1,

Meanwhile, treatment of the nephrotoxic group with
Lf revealed significant decrease in TNF-a expression and
IL-1B level. Legrand et al., 2005, reported that Lf bind
free Fet++ ions as well as pro-inflammatory compounds
reducing their effects on the immune cells' activation
and recruitment beside its ability to stimulate the release
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of anti-inflammatory cytokines and suppressed the po-
inflammatory cytokines synthesis®”. Hegazy et al.,
2016 reported the protective role of Lf in modulating
chromium-induced nephrotoxicity, via its antioxidant, anti-
inflammatory, and anti-proliferative effects.

CONCLUSION

Lf is a potential nephroprotective and cytoprotective
agent against MTX-induced nephrotoxicity and renal
damage through its antioxidant, anti-inflammatory and
ant-fibrotic properties. Our findings suggested that Lf
could be beneficial as an adjuvant therapy for cancer and
autoimmune disease patients on MTX to prevent kidney
injury.

CONFLICT OF INTERESTS

There are no conflicts of interest.
REFERENCES

1. Abd El-Twab, S. M., Hussein, O. E., Hozayen, W.
G.: Chicoric acid prevents MTX-induced kidney
injury by suppressing NF-kB/NLRP3 inflammasome
activation and up-regulating  Nrf2/ARE/HO-1
signaling. Inflamm. Res. 2019; 68,511-523.
https://doi.org/10.1007/s00011-019-01241.

2. =Famurewa A. C., Aja P. M., Maduagwuna E. K.,
Ekeleme-Egedigwe C. A., Ufebe O. G., Azubuike-
Osu S. O.: Antioxidant and anti-inflammatory effects
of virgin coconut oil supplementation abrogate acute
chemotherapy oxidative nephrotoxicity induced by
anticancer drug MTX in rats. Biomed Pharmacother.
2017;96:905-911. doi: 10.1016/j.biopha.2017.12.008.
Epub 2017 Dec 7. PMID: 29224791.

3. Arab H. H., Salama S. A., Maghrabi 1. A.: Camel
milk attenuates MTX-induced kidney injury
via activation of PI3K/Akt/eNOS signaling and
intervention with oxidative aberrations. Food Funct.
2018; 23; 9(5):2661-2672. doi: 10.1039/c8fo00131f.
PMID: 29667662.

4. Stojiljkovic N., Ilic S., Jakovljevic V., Stojanovic
N., Stojnev S., Kocic H., Stojanovic M., Kocic G.:
The Encapsulation of Lycopene in Nanoliposomes
Enhances Its Protective Potential in MTX-Induced
Kidney Injury Model. Oxid Med Cell Longev. 2018
13; 2018:2627917. doi: 10.1155/2018/2627917.

5. Keshk W. A, Soliman N. A., Ali D. A., Elseady W.
S.: Mechanistic evaluation of AMPK/SIRT1/FXR
signaling axis, inflammation, and redox status in
thioacetamide-induced liver cirrhosis: The role of
Cichorium intybus linn (chicory)-supplemented
diet. J Food Biochem. 2019; 43(8):e12938.
doi: 10.1111/jfbc.12938.

6. Brock, J. H.. The physiology of lactoferrin.
Biochemistry and Cell biology. 2002; 80(1), 1-6.

10.

I1.

12.

13.

14.

15.

16.

Abrink, M., Larsson, E., Gobl, A., & Hellman, L.:
Expression of lactoferrin in the kidney: implications
for innate immunity and iron metabolism. Kidney
international. 2000; 57(5), 2004-2010.

Yen, C. C., Chang, W. H., Tung, M. C., Chen, H.
L., Liu, H. C., Liao, C. H., Chen, C. M.: Lactoferrin
Protects Hyperoxia-Induced Lung and Kidney
Systemic Inflammation in an In Vivo Imaging Model
of NF-«kB/Luciferase Transgenic Mice. Molecular
imaging and biology.2019; 1-13.

Hegazy R., Salama A., Mansour D., Hassan A.:
Renoprotective Effect of Lf against Chromium-
Induced Acute Kidney Injury in Rats: Involvement
of IL-18 and IGF-1 Inhibition. PLoS One. 2016; 18;
11(3):e0151486. doi: 10.1371/journal.pone.0151486.
PMID: 26990190; PMCID: PMC4798745.

Kandemir F. M., Kucukler S., Caglayan C., Hanedan
B., Gur C,, Batil A. A. and Gulgin L.: Therapeutic
effects of silymarin and naringin on MTX induced
nephrotoxicity in rats: Biochemical evaluation of
anti-inflammatory, antiapoptotic, and antiautophagic
properties.  Journal of Food Biochemistry.
2017;41:12398

Lowery O. H., Rosebrough N. J., Farr A. L., Randall
R.J.: Protein measurement with the Folin phenol
reagent. J Biol Chem. 1951; 193(1):265-75.

Bancroft JD and Gamble M. Theory and practice of
histological techniques. 6th edition, Elsevier health
science. 2008; 126-127.

Ramos-Vara J. A., Kiupel M., Baszler T., Bliven
L., Brodersen B., Chelack B., West K., Czub S.,
Del Piero F., Dial S., Ehrhart E. J., Graham T.,
Manning L., Paulsen D. and Valli V.E.: Suggested
guidelines for immunohistochemical techniques in
veterinary diagnostic laboratories. J Vet Diagn Invest.
2008; 20: 393—413.

Bozzola J. J. and Russell L. D.: Electron microscopy:
principles and techniques for biologists, 2nd edition,
Jones and Bartlett Publishers. 1999; 100-124.

Colbay M., Yuksel S., Uslan 1., Acarturk G., Karaman
0., Bas O., Mollaoglu H.,Yagmurca M. and Ozen
0O.A. :Novel approach for the prevention of contrast
nephropathy,Exp. Toxicol. Pathol. 2010; 62 81-89,
https://doi.org/10.1016/j.etp.2009.02.119

Hassanein E. H. M., Shalkami A. S., Khalaf M. M.,
Mohamed W.R., Hemeida R. A. M.: The impact
of Keapl/Nrf2, P38SMAPK/NF-kB and Bax/Bcl2/
caspase-3 signaling pathways in the protective effects
of berberine against MTX-induced nephrotoxicity.
Biomed Pharmacother. 2019; 109:47-56.
doi: 10.1016/j.biopha.2018.10.088.

62



Elseady et. al.,

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Asci H., Ozmen O., Ellidag H.Y., Aydin B., Bas E.,
Yilmaz N.: The impact of gallic acid on the MTX-
induced kidney damage in rats. J Food Drug Anal. 2017
Oct; 25(4):890-897. doi: 10.1016/j.jfda.2017.05.001.

Elzoghby A. O., Abdelmoneem M. A., Hassanin L.
A., Abd Elwakil M. M., Elnaggar M. A., Mokhtar S.,
Fang J. Y., Elkhodairy K. A.: Lf, a multi-functional
glycoprotein: Active therapeutic, drug nanocarrier
& targeting ligand. Biomaterials. 2020; 263:120355.
doi: 10.1016/j.biomaterials.2020.120355.

Nasr A.Y.: Effect of Misoprostol on Ultrastructural
Changes of Renal Tissues in Cisplatin-Treated Adult
Rats. Journal of Cytology & Histology.2013; 4:3
DOI: 10.4172/2157-7099.1000175.

Hsu Y. H,, Chiu I. J., Lin Y. F,, Chen Y. J., Lee Y.
H., Chiu H. W.: Lf Contributes a Renoprotective
Effect in Acute Kidney Injury and Early Renal
Fibrosis. Pharmaceutics. 2020 May 8; 12(5):434.
doi: 10.3390/pharmaceutics12050434.

Ahmed E., Abd-ellatief R., Ali M., Saleh T. and
Ahmed E.: Optimization of the effectiveness and
cytocompatibility of Nigella sativa as a co-treatment
for reducing MTX-related adverse effects Comparative
Clinical Pathology. 2020; 29:287-296.

FuR., TajimaS., Shigematsu T., Zhang M., Tsuchimoto
A., Egashira N., Masuda S.: Establishment of an
experimental rat model of tacrolimus-induced kidney
injury accompanied by interstitial fibrosis. Toxicology
Letters. 2021; 341, 43-50.

Abouelela, M. E., Orabi, M. A., Abdelhamid, R. A.,
Abdelkader, M. S., Madkor, H. R., Darwish, F. M.,
Elsadek, B. E.: Ethyl acetate extract of Ceiba pentandra
(L.) Gaertn. reduces methotrexate-induced renal
damage in rats via antioxidant, anti-inflammatory,
and antiapoptotic actions. Journal of traditional and
complementary medicine. 2020; 10(5), 478-486.

Gronroos M, Chen M, Jahnukainen T, Capitanio
A, Aizman RI, Celsi G. Methotrexate induces cell
swelling and necrosis in renal tubular cells. Pediatr
Blood Cancer. 2006; 46: 624—629.

Abdel-Aall F. S., Al-Shahed F. Z. N., Al-Saeed H.
F.. Effects Of Camel's Milk Supplementation On
Adult Male Albino Rats Subjected To Tramadol-
Induced Nephrotoxicity 2016, 45(2); 345-364.
Doi: 10.12816/0029134.

Du Z., Duan, Y., Yan Q., Weinstein A. M., Weinbaum
S., Wang T.: "Mechanosensory function of microvilli
of the kidney proximal tubule." Proceedings of the
National Academy of Sciences of the United States of
America. 2004; 101(35): 13068-13073.

Nagata M.: Podocyte injury and its Consequences.
Kidney International. 2016; 89, 1221-1230.
doi: 10.1016/.kint.01.012.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Chen S., Meng X. F., Zhang C.: Role of NADPH
oxidase-mediated reactive oxygen species in podocyte
injury. Biomed Res Int. 2013; 839761.

Saber A. W., Fares N. H., Ananieva L. S., Mohamed A.
I., and Ibrahim F.K.: Histopathological, Ultrastructural
and Morphometric Studies on the Effect of Atorvastatin
on Rat Kidney. Egyptian Journal of Aquatic Biology
& Fisheries. 2018; 22(4): 61- 75.

Hassan M. H., Zaghloul D. A.M., Mahmoud M. A.,
Zamzam N. A. Abd-Alla R. T.: "Protective Effect
of Lactoferrin against Chromium Induced Adverse
Renal Changes in Rats: Oxidative Stress Theory."
American Journal of Biochemistry and Biotechnology.
2021; 17 (2): 181.191.

Abdel-Raheem I. T., and Khedr N. F.: Renoprotective
effects of montelukast, a cysteinyl leukotriene
receptor antagonist, against methotrexate-induced
kidney damage in rats, Naunyn Schmiedeberg’s Arch.
Pharmacol.2014; 387 341-353. DOI 10.1007/s00210-
013-0949-x

Schieber M., Chandel N. S.: ROS function in redox
signaling and oxidative stress. Curr Biol. 2014 May
19; 24(10):R453-62.

Shalaby Y. M., Menze E. T., Azab S. S., Awad A.
S.: Involvement of Nrf2/HO-1 antioxidant signaling
and NF-xB inflammatory response in the potential
protective effects of vincamine against MTX-
induced nephrotoxicity in rats: cross talk between
nephrotoxicity and neurotoxicity. Arch Toxicol. 2019;
93(5):1417-1431. doi: 10.1007/s00204-019-02429-2.
Epub 2019 Apr 24. PMID: 31020375.

Sabra S., Agwa M. M.: Lf, a unique molecule
with diverse therapeutical and nanotechnological
applications. Int J Biol Macromol. 2020 1; 164:1046-
1060. doi: 10.1016/j.ijbiomac.2020.07.167.

Aladaileh S. H., Hussein O. E., Abukhalil M. H.,
Saghir S. A. M., Bin-Jumah M., Alfwuaires M.A.,
Germoush M. O., Almaiman A. A., Mahmoud A. M.
Formononetin Upregulates Nrf2/HO-1 Signaling and
Prevents Oxidative Stress, Inflammation, and Kidney
Injury in MTX-Induced Rats. Antioxidants (Basel).
2019 26; 8(10):430. doi: 10.3390/antiox8100430.

Cakir T., Polat C., Basturk A., Gul M., Aslaner A.,
Durgut H.,Sabuncuoglu M. Z.: The effect of alpha
lipoic acid on rat kidneys in methotrexate induced
oxidative injury. European Review for Medical and
Pharmacological Sciences. 2015; 19(11), 2132-2139.
PMID: 26125279

Legrand D., Elass E., Carpentier M., Mazurier J.: Lf
a modulator of immune and inflammatory responses.
Cell Mol Life Sci. 2005 Nov; 62(22):2549-59. doi:
10.1007/s00018-005-5370-2. PMID:  16261255;
PMCID: PMC7079806.

63



LACTOFERRIN IN METHOTREXATE INDUCED RENAL INJURY

A padlal)

B S sl gy 3 160 Bpadl o 8 583 Apmeal) 50
Ao U dpilpass 9 dsaead A 2 13 )

‘bl Saallae W dlES4d e oY o Aiad) daa) did O pamal) dw Y g

Uaib daaly - cabal) 408 <Yl 4y gaad) plasSll andd ¢ g pil) ad

3 g3na 5y peall Aaladind (8 ¢ @b ey Aeliall hadia g el 0l (8 aild o) 50 s Sl 5 all sAG8IAY)
A culally and (5 S (5 sa (5SSO (2SIl aenaill 5 4 SISH Al Jie Apiladl SEY) (e el Casesy
3280 alicas 5 UL alias s Cila g il slcaaS 4330 sall (ailadd) he 2aell

Loy Al (558U ) puall 5 Ay oyl 4 5ISH Bpandl (3 (b SO0 S 8l ) o sl pal) iad
Sy 55 sl

Ao ganall 1o gane gl ) ) pde IS sland) 13 ad) e 1S3 (5 ke 5 Ailal apnadl o5 2§ al) g 3 gall
dallaal) de sanall Caili | e susl 30l dlly (a1 / aaS / ane Yo v ) (b iSVAATlaall Ao ganall i ¢ Adajliall
+ LSy 5 sally dallaall Ao ganall 5 ¢ (a8 / pade Y o) sbl Giadl 305k e saal s de ja Sl i il
(O B- (IL 08 s) i) ani i ¢ @lly ) AlaaYly JI a5 5auSY) Al ¢ JSI (il g (ol a3 08 5 0 58 Y
L) pailiadll apdi o ¢ @l e 33 delidl sbwsll 30 5k 02 TNF) -a) ausl Jad dale (o sl
(SN 5 Sl S Saall ddaud

Gsimay ¢ a8 IS Catlag 5Kl sal 3l DA e Sl gl 3 IS0 Apend) il W5 ol
& Lsale Rl ae iin ) i TNF-oL 0fis 2 swds O B-IL s siwe s « (Malodialdehyde (MDA
Aawi¥) (and il IR (e AilasS sl i) Akl a3 320 Claliae cilay 351 5 49 IS GSH lay 33 ol
o el 4y 5il <l Allaia A gl LA 5 ¢ Liliial g sl ) sanim g ¢ ) S Sl (Al ol < jelal Al
Drpa b aliddl ge ¥ KU LI 8 adagale 300 ) e (ledl) s ¢ (A Gy g (il s SI) dia
caza O g ) gad ¢ Allaia g A8dTIe ) e 3 ga e LA 38011 5 jeaall (o pill Al j3 ciiS WS PAS
Ands gl o o sl il ks 8 IR D) A8l Glld Sl 5 Ay 58l ) 8 sac ) Liall (3
Sl Ampatl) ailiadll s Ol 5 J) AV 5 32uSY) Al 5 SN Cailda 5 a0y 5KV 20l 500 ¢
LAl Al

LS i sl (A Ay 1A dandl 5 4 5ISD dpaid) e JSH Alea e 3 )80 4nal (g 58 5SY 1 galiial)
Ao liall Gl yal g o judl (am yal debise - 3laS S Ailial dua Tia ()5S0 38 (b Y O ) Linili 3 LS
Gl i gl jlie  addica ¢ yedsil Al

64



