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ABSTRACT

Cyclophosphamide (CP) is an effective anti-cancer alkylating agent, while it also possesses a wide spectrum of
cytotoxicity as nephrotoxicity. Nanoparticles are used as drug carriers and imaging to increase drug solubility,
stability and control drug release and specific transport and reduce drug toxicity. The current study was constructed
to evaluate the ameliorating effect of the newly synthesized CP& Egg albumin /carbon nanotube nanocomposite
(CP&EA/ CNT) against CP induced nephrotoxicity in rats and to investigate the effectiveness of the newly
synthesized composite in treating nephrotoxicity. The physicochemical properties of the newly synthesized
composite were also assessed by Characterization techniques such as TEM, SEM, zeta-potential, FT-IR and XRD.
In vitro study (Cell viability assay) wherever the cytotoxic effect (IC50) of newly synthesized composite
(CP&EA/CNT). To achieve this goal In vivo assay, 24 adult male rats were randomly divided into three equal
groups (8 rats/group), (1) control group, (2) CP group, (3) CP&EA/CNT group. After experimental period, serum
renal biomarkers (creatinine, urea, uric acid, BTP, nepherin, interleukin 8(IL8) and NGAL were evaluated. In
addition, histopathological examination of kidney and was performed. Our results prove that CP caused
nephrotoxicity shows increase in (creatinine, urea, uric acid, BTP, nephrin, 1L8 and NGAL) levels for groups that
were injected with CP only in healthy rats. Groups were injected with CP&EA/CNT nanocomposite revealed a
significant improvement in renal biomarkers levels and also improve in histopathological disorders of Kidney.
Ultimately, the outcomes of this study ascertained the ameliorating role of the newly synthesized CP&EA/CNT
nanocomposite against nephrotoxicity induced by CP in rats without interfering with CP anticancer properties.

INTRODUCTION

Acute kidney injury (AKI) is caused by a wide variety of
pathogenic events, including sepsis, infection, ischemia,
and drug toxicity. AKI is a severe disorder in which renal
function declines rapidly and results in high mortality by

serum creatinine in conditions such as cardiac surgery-
associated AKI, after renal transplantation and AKI in
the critical care setting. Studies have also demonstrated
the utility of early NGAL test in predicting the prognosis
of AKI (Siddappa et al., 2019).

multi-organ failure and sepsis. Furthermore, some
patients who recovered from AKI are known to develop
chronic kidney disease (CKD). At present, therapies for
AKI are limited to supportive care such ashemodialysis.
For this reason, several biomarkers have been
investigated as early diagnostic markers of AKI severity
and markers of progression to CKD (Tabata et al.,
2020).

Urinary and serum/plasma Neutrophil gelatinase
associated Lipocalin (NGAL) levels are elevated within
6 hour of the kidney injury, while the rise in serum
creatinine levels occurs only after more than 50% of
renal function is lost, which may take days. Expression
of NGAL mRNA increases more than 1000-fold in
response to Kkidney injury and manifests as rapid
elevation of urine and blood NGAL levels, making it
useful as an early biomarker. It has been shown that
elevated NGAL predicts the development of AKI before

Nephrin is a slit diaphragm protein that is critical for
glomerular filtration as it provides architectural support
to podocytes. Nephrin shedding is used as a marker of
glomerular-specific renal damage in a variety of settings
and was observed prior to the development of
albuminuria in a mouse model of proteinuric renal
disease. As nephrinuria develops before albuminuria,
nephrin may be a suitable biomarker for early detection
of glomerulopathy. As nephrin is a glomerular-specific
protein, monitoring of this biomarker might be more
indicative of glomerular injury than other putative
biomarkers in the current literature (Heimlich et al.,
2018).

IL-8 is a proinflammatory cytokine produced by
monocyte, neutrophil, endothelial, and epithelial cells,
and it acts as a potent neutrophil activator and
chemoattractant. After ischemia- reperfusion injury, IL-8
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is released by stem cells and endothelial progenitor cells
into the systemic circulation, thereby increasing
inflammation. Several studies have previously reported
that plasma IL-8 is strongly associated with the
development of AKI and other adverse outcomes after
pediatric cardiac surgery. In a study on 817 critically ill
adults receiving Renal replacement therapy for AKI,
adding plasma IL-8 to a clinical model had predictive
value for renal replacement therapy (RRT) requirement
at 60 days after enrollment. IL-8 has also been reported
to predict mortality in patients with AKI, but its ability to
predict AKI progression has not been assessed (de
Fontnouvelle et al., 2017; Greenberg et al., 2018).

Cyclophosphamide is one of the oldest anticancer drugs.
It is an alkylating agent belonging to the group of
oxazaphosporines. It was discovered as early as 1958 and
introduced into cancer therapy in 1959. It is widely used
to treat various types of cancer including lymphoma,
leukemia, breast, ovarian, colon and small-cell lung
carcinomas (lqubal et al., 2020; Zhao et al., 2020).
Cyclophosphamide has severe side effects including
leuco- and thrombocytopenia, nephrotoxicity,
cardiotoxicity, malnutrition, urotoxicity and
hepatotoxicity. All these effects are highly dose
dependent (Amal et al., 2020; Ayza et al., 2020; S. Jiang
et al., 2020b).

In addition, one of the main mechanisms involved in
nephrotoxicity is apoptosis. CP induces apoptosis of cells
of kidney by induces the imbalance of apoptosis-
associated proteins. CP stimulation decreases the level of
antiapoptotic protein Bcl-2 and increase the level pro-
apoptotic protein Bax. Bax induces the release of
cytochrome C and cascade of apoptosis pathway. Also,
CP provokes NF-«B led to the generations of pro-
inflammatory  cytokines, such as interleukin-6,
interleukin-1p and tumor necrosis factor alpha (TNF-a)
(ALHaithloul et al., 2019a).

The current study was constructed to evaluate the
ameliorating effect of the newly synthesized
cyclophosphamide-biopolymeric ~ based  composite
against cyclophosphamide induced nephrotoxicity in
rats. The physicochemical properties of the newly
synthesized composite were also assessed.

MATERIALS

Cyclophosphamide (also it has trade name Endoxan
1gram) was purchased from (Baxter Oncology,
Dusseldorf, Germany; batch no 7c¢117). 1.2
dimethylhydrazine (DMH), Egg albumin and Carbon
Nanotube  from (Sigma Aldrich Chemical Company,
USA).

Methods

Preparation of nano composites (delivery systems).
Cross-linked egg albumin nanoparticles (EA-NPs) were
prepared by the desolvation method (Kayani et al.,
2017). In this regard, one g of EA was dissolved in 50

mM NacCl solution at pH 7.0 and then incubated in a
water bath at 60° C to ensure complete solubility. After
that, the pH of the EA solution was adjusted to 9 using
0.1 M NaOH. Proper amount of acetone as a desolvating
agent was added drop wise at a rate of 0.1 ml/min until
the solution became just turbid. Afterwards a volume of
58 pl of 10 %v/v glutaraldehyde solution was added to
induce particle cross-linking with continuous stirring at
room temperature for 72 h. The solid fractions were
washed several times by water, filtered and dried at 600
C for 6 h, and finally preserved under vacuum.

In preparing carbon nanotube (CNT) hybridized EA-
NPs, the same above-mentioned procedure for egg
albumin dissolution was followed. Then, appropriate
amount of CNT (0.4 g) was added to the egg albumin
aqueous solution and the reaction mixture was stirred for
2 h at 600 C and then 0.1 M NaOH was added drop
wisely until the pH achieved 9. Glutaraldehyde solution
(10 %v/v) was then added under vigorous stirring at
room temperature to initiate crosslinking of egg-albumin.
The black slurry was left under stirring over night at
room temperature, and then washed several times by
distilled water, filtered, and finally dried at 700C for 6 h.
The produced nanocomposite was preserved under
vacuum and symbolized by "EA/CNT".

Characterization of newly synthesized
nanocomposites. The EA-NPs and EA/CNT
nanocomposites were analyzed using X-ray powder
diffractometry (XRD) of Phillips model PW3710-
BASED equipped with Ni-filtered Cu Ka radiation (k =
1.5418 A), Fourier transform infrared (FTIR, ATi
Mattson, WI-53717, USA) spectroscopy with a nominal
resolution of 2 cm-1, scanning electron microscopy
(SEM, JEOL JSM-5300) working at 30 kV, and high-
resolution transmission electron microscope (HRTEM,
JEOL-2100) operating at 200 kV with resolution of 0.14
nm. The zeta potentials of the understudied samples were
measured by zeta sizer-Nano ZS (MALVERN, United
Kingdom) as discussed elsewhere (Mekewi et al., 2015).

In vitro study

Cell lines and cell culture. The cell lines on mammary
gland breast cancer cell line (MCF7) (Quaroni et al.,
1979) were used in this experiment. Use of trypan blue
for staining relies on the fact that live cells have intact
plasma membranes that can exclude various chemicals,
including trypan blue. Dead cells invariably have
ruptured plasma membranes, regardless of the
mechanism of death, and cannot exclude trypan blue
(Kunjeti et al., 2016). Cell viability was measured by
MTT assay for determination of IC50 (Twentyman &
Luscombe, 1987; Saeed et al., 2017).

In vivo study

Determination of LD50 of CP& Egg albumin/Carbon
nanotube nanocomposite: Preliminary experiments
were carried out on 6 groups (10 rats in each group) to
calculate LD50 for CP &EA/CNT nanocomposite. Rats
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were intraperitoneally injected in different doses to find
out the range of doses which cause zero and 100% dead
of animals. A range doses was determined as follow 50,
250, 450, 650, 850, and 1050 mg/kg, ac cording to the
method of Finney (1964) using the following formula:

Dm= the dose by which killed all the rats in the group.

Z = Half the sum of the dead rats from 2 successive
groups.

d = the difference between 2 successive doses.

N = number of animals in each group.

Experimental animals

Twenty four adult male albino rats weighing 150-200 g
were obtained from Faculty of pharmacy, Al-Azhar
University. The animals were in steel cages in 6 groups
of eight rats per cage. They were kept healthy under
optimum conditions of temperature, humidity and 12 h
photoperiod. Rats were fed a diet consisting principally
of fodder and bread. They had access to tap water, in
addition minerals and vitamins that added from time to
time. Animal's maintenance and treatments were
conducted in accordance with the National Institute of
Health guide for animal as approved by institutional
animal care and use committee (IACUC).

Experimental design. Twenty-four albino rats were
allocated into three groups, eight animals in each group
as: Group | (Normal control): Healthy rats were
intraperitoneally injected with saline (20 ml /kg b.w)
daily for 7 days. Group Il (CP group): Healthy rats were
intraperitoneally injected with CP (20 mg/kg b.w) daily
for 7 days (Cuce et al., 2015). Group Il (CP&EA/CNT

2000~

group): Animals were intraperitoneally injected with
1/10 dose of LD50 as CP+EA/CNT nanocomposite (CP
0.007 g + EA/ CNT 0.1g per 200 g b.wt) daily for 7
days according to results obtained from 1C50. At the end
of the experiment, animals were weighed then were
anesthetized with light diethyl ether and sacrificed after
24 h fasting period from the final administration. Blood
samples were collected from the abdominal aorta for
biochemical analyses and were left to clot and
centrifuged at 3000 rpm for 20 min at 25°C for serum
preparation. Kidney and colon tissues were removed for
histopathological studies.

Biochemical analyses and  Assessment  of
nephrotoxicity. Determination of kidney function
(serum creatinine, urea, Uric acid; according to the
instruction of kits). Moreover, B trace protein (BTP), that
was measured according to N Latex BTP assay kit in
addition to Nephrin and Interleukin 8 (IL8), in which,
assay is based on the sandwich ELISA technique, as well
as neutrophil gelatinase associated lipocalin (NGAL),
where immunohistochemical staining procedures were
done according to (Saber et al., 2019).

RESULTS

The current study was designed to evaluate the
ameliorating effect of Egg albumin/ carbon nanotube
composite against cyclophosphamide induced renal
injury in rats.

1- Characterization of
CP&EA/CNT composite

1-1-X-ray diffraction (XRD) analysis. The XRD
patterns of EA-NPs and EA/CNT nanocomposite are
represented in Fig. (1a&b). In both samples, strong broad
bands extended between 10 and 500 are appeared,
indicating significant amorphicity of the egg-albumin
structure, whether alone or in the hybrid nanocomposite.

newly synthesized

Counts

2’ Theta

Figure (1): XRD of the understudied samples; (a) EA-NPs and (B) EA/CNT Nanocomposite
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1-2-Fourier transform infrared spectroscopy (FTIR)
analysis

The FTIR spectra of the as prepared samples were
studied and depicted in (Fig. 2) in the spectrum of EA-
NPs (Fig. 2a), there are different peaks at 750, 967, 1230,
1750, and 2933 cm—1. The peak at 750 cm—1 belongs to
N-H wagging, peak at 967 cm—1 is associated to
stretching of C-C, peak at 1230 cm—1 is correlated to the
stretching C-N band of amide 11 region that is associated
to presence of B-sheet conformation, peak at 1750 cm—1
is associated with C=0 stretching vibration of amide |
region, and peak at 2933 cm—1 indicates stretching
vibration of C-H band (Sripriyalakshmi et al., 2014),
(Noorani et al., 2017a). A broad band centered at 1367
cm—1 is ascribed to the bending vibration of N-H band
and stretching vibration of C-N band of amide Il region

(Noorani et al., 2017b). Another broad band in the region
3000 - 3760 cm—1 reflects stretching vibration of OH
groups (Sripriyalakshmi et al., 2014).

After hybridizing EA-NPs by carbon nanotube (Fig. 2b),
red shifting in the amides I band and N-H wagging are
observed, revealing intimate interaction between
proteinaceous segments in the egg albumin chains and
carbon nanotubes, which may cause incorporation of EA
NPs within the carbon nanotubes as further shown by
TEM observations. Also, broadening of the band
characteristic to the stretching vibrations of OH groups is
much more pronounced when compared with that of EA-
NPs and shifts to lower frequency being centered at 3333
cm—1. This result confirms the significant linkage of the
polypeptide chains of egg albumin with carbon nanotube.

EA/CNT

Transmuttance (a.u.)

=
—

EA-NPs

Transmittance (a.u.)
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. -1
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Figure (2): FT-IR of the samples under investigation ;( a) EA-NPs and (b) EA/CNT Nanocomposite.

1-3-Surface charge potential study. The zeta-potential
distribution curve is presented in (Fig. 3) as shown from
(Fig. 19a), the mean zeta potential of EA-NPs is well-
described by negative charges pointing most probable to
the enrichment of polypeptide chains of EA-NPs by
various anionic species like carboxylate and phenolate
anions. Such diversity in the negative character is also
confirmed by the wide range of the recorded zeta-
potentials from -90 mV to -20 mV. Such alteration in
zeta values may reflect existence of large-sized charging

@) EA

N

—————————— e

particles, as the particles of large diameter may owe
plenty of negative charges as evidenced in previous work
(Mekewi et al., 2015). In EA/CNT nanocomposite (Fig.
19b), the formed particles exhibit lower negative mean
zeta-potential (-13 mV) in comparison with that of EA,
reflecting presence of protonated hydroxyls (-OH), and
neutral amide and carboxylic groups in the polypeptide
chains. Also, the zeta-potential curve of EA/CNT
displays a sharp peak indicating presence of unimodal
charged and uniformly sized particles.

(b) EA/CNT

Figure (3): Zeta-potentials of samples under study; (a) EA-NPs and (B) EA/CNT composite.

1-4- Scanning electron microscope (SEM) analysis

The SEM micrographs of EA-NPs and EA/CNT are
illustrated in (Fig. 4). The EA nanoparticles are
aggregated forming spherical micro-sized particles
(~7.5um), and uniformly separated from each other (Fig.
4A). By hybridization of EA NPs with CNT, the

spherical shape of albumin nanoparticles is highly
deformed (Fig. 4B). As shown in (Fig. 4C), a dense layer
of carbon nanotubes is firmly attached and radically
based onto the surface of aloumin aggregates. This view
is in consistent with the suggested intimate albumin -
carbon nanotube interactions by the FTIR study.
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Figure (4): SEM micrographs of: (A) EA-NPs and (B and C) CNT nanocomposite.

1-5-Transmission  electron  microscopy (TEM)
analysis
The TEM images of EA-NPs and EA/CNT are

represented in (Fig. 21) as can be seen in (Fig. 5A)
spherical-shaped albumin nanoparticles of sizes ranged
from 30 — 60 nm are formed and aggregated, as being
evidenced by corresponding SEM image. It can be seen
that the well-known homogenous tubular structure of

100 nm

y '\‘ “T:

Fig. (5): TEM micrograps of: (A) EA-NTDS and (B and C

2- The Invitro study

Determination of 1C50 of CP on mammary gland breast
cancer cell line (MCF7). IC50 was calculated from the
following table.

= —=00 im
> - _ N

carbon nanotube (Wang et al., 2020) is remarkably
remained unchanged after being hybridized with egg
albumin nanoparticles (Fig. 5B). The carbon nanotubes
are interconnected with extended lengths in millimeters
as shown in (Fig. 5B). Of special interest, nanosized egg
albumin spheres of ~ 10 nm are shown to be incorporated
and sparsely distributed within the carbon nanotubes, as
represented by white circles, (Fig. 5C).

100 nm

EA/CNT nanocomposite.

Table (1): Shows IC50 value of CP on mammary gland breast cancer cell line (MCF7).

ID S&’:ﬁl 0.D '\ge_aD” SE | Viability % | Toxicity % | 1C50
Mcf7 | dilution |0.223]0.233]0.222| 0.226 |0.003512| 100 0

1000 |0.031]0.026]0.042] 0.033 | 0.004726 | 14.60176991 | 85.39823009

500 |0.097|0.106|0.093| 0.098667 | 0.003844 | 43.65781711 | 56.34218289

250 ]0.191]0.188]0.197| 0.192 |0.002646 | 84.95575221 | 15.04424779

125 [0.222] 0.23 |0.227] 0.226333 | 0.002333 | 100.1474926 0 482,03
CP [ 625 |0.225[0.224]0.229] 0226 |0.001528| 100 0 :

31.25 ]0.223]0.221|0.224] 0.222667 | 0.000882 | 98.52507375 | 1.474926254

3- Invivo study (The Toxicity Studies)

Determination of LD50 of CP&EA/CNT nanocomposite
Intraperitoneal injection of CP&EA/CNT nanocomposite
in doses of 50, 250, 450, 650, 850, and 1050 mg/kg
resulted in deaths of 0, 3, 7, 8, 9 and 10 respectively. The
dose of CP&EA/CNT nanocomposite that killed half of
the rats (LD50) was 375 mg/kg b.w. as in table 2.
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Table (2): Shows rate of death of different doses of CP&EA/CNT nanocomposite.

Group Number | Dose(mg/kg) | No of animals/group | No of dead animals| Z | d | Z.d
1 50 10 0 1.5|250| 375
2 250 10 3 5 250/ 500
3 450 10 7 7 1250|1750
4 650 10 7 7.5|250|1875
5 850 10 8 9 |250|2250
6 1050 10 10 0 1250| O

Z = Half the sum of the dead rats from 2 successive groups.

d = the difference between 2 successive doses.

4- Biochemical analyses

4-1- Determination of kidney function (serum creatinine,
urea, uric acid and BTP)

Serum Creatinine, urea, uric acid and BTP are markers of
renal dysfunc-tion. Data was illustrated in table (3).
Results indicated a significant increase (P<0.001) in

creatinine, urea, uric acid and BTP levels of CP group
with percent change (176.36%), (167.86), (194.52) and
(1960.0) respectively compared with control. On the
other hand, creatinine, urea, uric acid and BTP values of
CP&EA/CNT nanocomposite group showed a non-
significant change compared with control.

Table (3): Data analyses of creatinine, urea, uric acid and BTP in three studied groups.

Group | Group 11 Group 11

(control group)| (CP group)| (CP&EA/CNT composite group) P
Creatinine
Mean + SE. 0.55+0.02 [0.97°+0.12 0.64° + 0.04 0.016"
Min. — Max. 051-059 |0.80-1.20 0.60-0.72 '
% Change from group | 176.36 116.36
Urea
Mean + SE. 28.0+1.53 [47.0°+1.53 34.67°+2.33 0.001"
Min. — Max. 25.0-30.0 |44.0-49.0 31.0-39.0 '
%Change from group | 167.86 123.82
Uric acid
Mean + SE. 3.10+0.06 |6.03*°+0.15 3.50°+0.29 <0.001"
Min. — Max. 3.0-320 |5.80-6.30 3.0-4.0 '
%Change from group | 194.52 112.90
B trace protein
Mean + SE. 0.55+0.05 |5.83°+0.67 1.80° +0.42 <0.001"
Min. — Max. 0.45-0.63 |4.60-6.90 1.20-2.60 '
%Change from group | 1960.0 1227.3

Data are expressed as Mean + S.E for 8 rats/ group

p: p value for comparing between the three studied of
healthy groups

a: Statistically significant with Group I; b: Statistically
significant with Group |1

*: Statistically significant at p < 0.05

Group I: control group; Group Il: Healthy rats were
injected with CP; Group Ill: Healthy rats were injected
CP&EA/CNT nanocomposite group

Table (4): Nephrin level in the three studied groups.

4-2 Determination of glomerular injury (Level of serum
Nephrin)

Nephrin is a novel biomarker of glomerular injury. Data
was illustrated in table (4) and graphically represented in
figure (21). Results indicated a significant increase (P<
0.001) in Nephrin level of CP group with percent change
(1155.5) compared with control group. While
CP&EA/CNT nanocomposite group showed a non-
significant change compared with control.

Nephrin Group | Group 11 Group 111 _ D
(control group)| (CP group) [(CP&EA/CNT composite group)

Mean + SE. 463+041 [11.83°+0.73 7.0°+0.58 <0.001"

Min. — Max. 4.0-5.40 10.5-13.0 6.0-8.0 '

% Change from group | 1155.5 151.19

Data are expressed as Mean + S.E for 8 rats/ group

p: p value for comparing between the three studied of
healthy groups.
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a: Statistically significant with Group I;

b: Statistically significant with Group Il

*: Statistically significant at p < 0.05

Group I: control group; Group Il: Healthy rats were
injected with CP; Group IlI: Healthy rats were injected
CP&EA/CNT nanocomposite group

4-3- Assessment of inflammation (Level of IL8)

Table (5): Level of IL8 in three studied groups.

IL 8 is a biomarker of kidney inflammation. Data was
illustrated in table (5) and graphically represented in
figure (5). Results indicated a significant increase
(P<0.001) in IL 8 level of CP group with percent change
(1113.6) compared with control group. On the other
hand, I1L8 values of CP&EA/CNT nanocomposite group
decreased significantly in comparison with the group
given CP only.

IL8 Group | Group 11 Group 111 0
(control group)| (CP group) [(CP&EA/CNT composite group)

Mean + SE. 36.67 +£2.73 |78.33°+4.41 54.0%+ 2.08 <0.001"

Min. — Max. 33.0-42.0 | 70.0-85.0 50.0 - 57.0 '

%Change from group | 1113.6 147.26

Data are expressed as Mean + S.E for 8 rats/ group

p: p value for comparing between the three studied of
healthy groups

a: Statistically significant with Group I; b:
Statistically significant with Group Il

*. Statistically significant at p < 0.05

Group I: control group; Group II: Healthy rats were
injected with CP; Group IlI: Healthy rats were injected
CP&EA/CNT nanocomposite group

4-4- Determination of tubulointerstitial injury (Level of
serum NGAL).

NGAL is a biomarker of tubulointerstitial injury. Data
was illustrated in table (18) and graphically represented
in figure (23and 24). Results indicated a significant
increase (P< 0.001) in NGAL level of CP group with
percent change (1322.4) compared with control group.
On the other hand, NGAL values of CP&EA/CNT
nanocomposite group decreased significantly in
comparison with the group given CP only.

Table (13): Comparison of three studied groups according to NGAL parameter.

NGAL Group | Group 11 Group 111 _ 0
(control group)|(CP group)|(CP&EA/CNT composite group )

Mean = SE. 14.44+1.66 [61.0°+3.79 27.33%+2.33 <0.001"

Min. — Max. 11.25-16.84 |55.0-68.0 23.0-31.0 '

%Change from group | 1322.4 189.27

Data are expressed as Mean + S.E for 8 rats/ group

p: p value for comparing between the three studied of
healthy groups

a: Statistically significant with Group I;

b: Statistically significant with Group Il

*: Statistically significant at p < 0.05

Group I: control group; Group II: Healthy rats were
injected with CP; Group Ill: Healthy rats were injected
CP&EA/CNT nanocomposite group

4-5 Histopathological Finding
Group | (control): It was found that, Kidney sections of
control group showed normal renal glomeruli and tubules

(Fig. 6A). Group Il (CP Group): Kidney sections of rats
injected with CP showed a marked congestion of the
glomerular tufts, degeneration of the renal tubules lining
epithelium and necrotic foci associated with
mononuclear inflammatory cells infiltration (Fig. 6B).
Group 111 (CP&EA/CNT nanocomposite Group): Kidney
sections of rats injected with CP&EA/CNT
nanocomposite showed marked decrease of the
congestion of the glomerular tufts and of degenerative
changes within the renal tubules (Fig. 6C).
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Figure (6): Kidney of normal animals showed normal histological structure of renal glomeruli and tubules
(panel A); Kidney of rats injected with CP showed marked congestion of the glomerular tufts (arrowheads) and
degeneration of the renal tubules lining epithelium (arrow; panel B), Kidney of rats injected with CP&EA/CNT
nanocomposite showed marked decrease of the congestion of the glomerular tufts (arrowhead) and decrease of
the degenerative changes within the renal tubules (arrow), (H&E, bar=50 um, X200).

DISCUSSION

Chemotherapy serves as one of the most important
cancer treatment modalities and has been extensively
used in clinic. However, conventional chemotherapeutics
usually induce serious side effects such as
hepatotoxicity, nephrotoxicity and cardiotoxicity due to
their low half-lives in the blood and rapid distribution in
healthy tissues and organs. Therefore, exploring and
developing more efficient methods to enhance cancer
chemotherapy is an urgent problem that must be solved.
With the development of nanomedicine, multifunctional
nanocarriers have showed a good application prospect in
improving cancer chemotherapy (Wei et al., 2021).

Nanotechnology is a promising alternative to overcome
different limitations in cancer therapy. Several
nanoparticles (NPs; diameter 1-100 nm) carrying
multiple drugs have been investigated regarding
anticancer activities. NPs are characterized by the
presence of high ligand density on the surface due to
their high surface-area-to-volume ratio. They also
increase local drug concentration by carrying the drug
within and control its release upon reaching the targets
(Shafei et al., 2017).

Cyclophosphamide (CP) is one of the oldest anticancer
drugs. It is an alkylating agent of the oxazaphosphorin
family, and has been used for a long time in
chemotherapy (Sherif, 2020). It is widely used to treat
various types of cancer including lymphoma, leukemia,
breast, ovarian, colon and small-cell lung carcinomas
(lqubal et al., 2020; Zhao et al., 2020). However, the
clinical use of this drug is restricted due to its adverse
effects that include nephrotoxicity, hepatotoxicity,
neurotoxicity, cardiotoxicity, immunotoxicity,
urotoxicity, vomiting, nausea, alopecia, and bone
marrow suppression (Caglayan et al., 2018; Taslimi et
al., 2019).

CP is converted in the liver into two reactive metabolites,
acrolein and phosphoramide. They interfere with tissues'
antioxidant capacity with subsequent production of
highly reactive oxygen free radicals. These radicals
induce considerable structural damage by interacting
with proteins' amino acids and DNA, producing
irreversible DNA cross-links and leads to cell apoptosis
(ALHaithloul et al., 2019).

Therefore, new manners are needed that can reduce the
side effects of these drugs without interfering with their
anticancer properties. Today more attention is being
given to Nanoparticles as they are used as drug carriers
and imaging to increase drug solubility, stability and
control drug release and specific transport and reduce

drug toxicity (Pavitra et al., 2019). The current study was
constructed to evaluate the ameliorating effect of the
newly synthesized cyclophosphamide +Egg
albumin/carbon  nanotubes nanocomposite  against
cyclophosphamide induced nephrotoxicity in rats. The
physicochemical properties of the newly synthesized
composite were also assessed.

The size and shape of (EA nanoparticles and EA/CNT)
were  characterized using transmission  electron
microscopy (TEM) by high resolution. The micrographs
under low and high magnifications are demonstrated in
(figure 1). SEM technique was applied to obtain
information about the surface topography of the prepared
nanomaterial as in (figure 2). The FT-IR spectroscopy is
an effective tool to investigate the function group on the
molecular level as in (figure 3). XRD is an analytical
technique used to define and identify nano-materials and
explain whether the sample materials are pure or contain
impurities as in (figure 4).

The in vitro study (Cell viability assay) wherever the
cytotoxic effect (IC50) of newly synthesized composite
(CP&EA/CNT) and (CP only) on breast cancer cell line
and colon cancer cell line were assessed using MTT
assays. 1C50 values revealed significant results of newly
synthesized composite (CP&EA/CNT) on breast cancer
cell line and colon cancer cell line (table 1). This study
revealed that newly  synthesized composite
(CP&EA/CNT) was effective at inhibiting cell viability
and proliferation. In determining a promising anticancer
compound, the nature of the apoptotic mechanism that
leads to cell death is essential. Cyclophosphamide is an
antineoplastic in the class of alkylating agents and is
used to treat various forms of cancer. Alkylating agents
are so named because of their ability to add alkyl groups
to many electronegative groups under conditions present
in cells. They stop tumor growth by cross-linking
guanine bases in DNA double-helix strands - directly
attacking DNA. This makes the strands unable to uncoil
and separate. As this is necessary in DNA replication, the
cells can no longer divide. In addition, these drugs add
methyl or other alkyl groups onto molecules where they
do not belong which in turn inhibits their correct
utilization by base pairing and causes a miscoding of
DNA. Alkylating agents are cell cycle-nonspecific.
Alkylating agents work by three different mechanisms all
of which achieve the same end result - disruption of
DNA function and cell death (Wormington et al., 2020).

The biochemical findings in the current in vivo
experimental set up revealed that the increased serum
creatinine, urea, uric acid and beta trace protein after CP
administration table (3) could be due to their leakage into
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the systemic circulation secondary to kidney damage and
membrane permeability. BTP is a lipocalin glycoprotein
and more sensitive indicator of glomerular filtration
particularly in the ‘creatinine-blind’ range. Significant
increase in serum creatinine is not observed in mild renal
impairment, in contrast to serum BTP (Wajda et al.,
2020). Our findings showed a marked increase in serum
of B trace protein level of rats of group was injected with
CP only (table 3). But group were injected with newly
synthesized nanocomposite (CP&EA/CNT) significantly
reduced B trace protein level. Our study is going with
previous studies which revealed the utility of BTP to
measure of kidney function and as biomarker for early
detection of adverse outcomes and complications of AKI
and chronic kidney disease (CKD) (Inker et al ; 2017;
Wajda et al., 2020).

Nephrin is a slit diaphragm protein that is critical for
glomerular filtration as it provides architectural support
to podocytes. As nephrin is a glomerular-specific protein,
monitoring of this biomarker might be more indicative of
glomerular injury than other putative biomarkers
(Heimlich et al., 2018). Our findings showed marked
increase in serum of nephrin protein level of rats of
group was injected with CP only as in (tablel). But
group was injected with newly synthesized
nanocomposite (CP&EA/CNT) significantly reduced
nephrin level. our results is agreement with earlier
Report (J. Chen et al., 2019) which revealed that nephrin
is a useful biomarker of glomerular maturation and
injury and it is associated with acute Kkidney injury
(AKI).

IL-8 is a proinflammatory cytokine produced by
monocyte, neutrophil, endothelial, and epithelial cells,
and it acts as a potent neutrophil activator and
chemoattractant (de Fontnouvelle et al., 2017; Greenberg
et al., 2018). Recent evidence demonstrated that the
hallmark mechanism for CP-induced toxicity is the
induction of proinflammatory cytokine associated with
kidney inflammation. Activation of pro-inflammatory
cytokines lead to elicit an inflammatory response
(Mahmoud et al., 2015). Our findings showed a marked
increase in IL 8 level of rats of group was injected with
CP only as in (table 5). But group was injected with
newly synthesized nanocomposite (CP&EA/CNT)
significantly reduced IL8 level. Our study is going with
previous studies which revealed activation of
proinflammatory cytokine in response to oxidative stress,
resulting in the stimulation of different inflammatory
cytokines which cause tissue injury in CP-challenged rats
(ElI-Kholy et al., 2017; EI-Shabrawy et al., 2020).

NGAL is glycoprotein belonging to the lipocalin
superfamily of proteins. Expression of NGAL mRNA
increases more than 1000-fold in response to kidney
injury and manifests as rapid elevation of urine and
blood NGAL levels, making it useful as an early
biomarker of kidney injury (Siddappa et al., 2019). Our
findings showed a marked increase in NGAL level of

rats of group was injected with CP only as in (table 6)
and (Figure 6). But group was injected with newly
synthesized nanocomposite (CP&EA/CNT) significantly
reduced NGAL level. Our results is agreement with
earlier Report (Zheng et al., 2020), which revealed the
utility of NGAL to measures tubulointerstitial injury,
diagnosis and evaluation of acute kidney injury.

Histological findings revealed that control group showed
normal renal glomeruli and tubules (figure 33A) While
CP treated groups showed a marked congestion of the
glomerular tufts, degeneration of the renal tubules lining
epithelium and necrotic foci associated with
mononuclear inflammatory cells infiltration (figure 7B)
as indicators of nephrotoxicity. But Kidney sections of
rats injected with newly synthesized composite
(CP&EA/CNT) showed marked decrease of the
congestion of the glomerular tufts and of degenerative
changes within the renal tubules (Fig. 7C). Our results is
agreement with earlier Report (Seshan & Salvatore,
2021) which revealed that degeneration of the renal
tubules lining epithelium and necrotic foci associated
with mononuclear inflammatory cells infiltration are
good indicators of nephrotoxicity.

In pilot study renal biomarkers and kidney sections
showed the same results of study with healthy rats.
Moreover, according to colon, DMH is a procarcinogen
that undergoes metabolic activation in the liver through
P450 monooxygenases (i.e. cytochrome (CYP) 2E1) and
is converted into intermediates such as AOM,
methylazoxymethanol acetate (MAM) and the highly
reactive methyldiazonium and methyl ions. These
metabolites produced in the liver are transported via bile
or bloodstream to the colon. In both liver and colon, the
methyldiazonium and methyl ions can alkylate DNA
bases thus triggering colon carcinogenesis (Rosenberg et
al., 2009; Siddique et al., 2017). Although the liver is
considered the main metabolizing site for DMH, this
carcinogen has also been proposed to be directly
biotransformed by colonocytes and intestinal microbiota
(Zhu et al., 2014; Caetanoa et al., 2020).
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