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Abstract: Cyclophosphamide (CP) is utilized for the treatment of distinctive human malignancies; however,
its usefulness is complicated by the threat of developing nephrotoxicity. Oxidative stress is considered one of
the main principal components for CP-induced nephrotoxicity. Lactoferrin (LF) has several pharmacological
properties, comprising anti-inflammatory, antioxidant, and antiapoptotic activities The goal of the present study
is to explore the possible protective effect of LF against CP-induced nephrotoxicity. To determine the LF
protective properties, Sprague-Dawley rats underwent LF oral administration at 300 mg/kg per day for one
week. Then, on the seventh day, animals were administered CP (150 mg/kg) through intraperitoneal injection.
Treating CP-intoxicated rats with LF showed a manifested improvement in renal functions and reduced renal
oxidative damage that was evidenced by the marked decrease in renal nitric oxide level with a concomitant
increase in renal GSH content. Additionally, LF treatment markedly down-regulated TGF-$1/ SMAD-3
signaling pathway in CP-intoxicated animals. Kidney tissues were examined histologically to prove the
renoprotective effect of LF. In conclusion, our findings specify that LF can be utilized effectively as a
renoprotective agent in mitigating CP-induced nephrotoxicity.
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damaging??. As a response to oxidative stress,
several signaling pathways are disrupted, including
mothers against decapentaplegic homolog 3

1. INTRODUCTION

Cyclophosphamide (CP) accounts for an

alkylating and antineoplastic agent with potent
cytotoxic effects and the ability to suppress the
immune system. It is generally utilized in the
management of malignant tumors, and autoimmune
disorders 4. CP is associated with various toxicities,
including hemorrhagic cystitis, cardiotoxicity,
pulmonary toxicity, and hepatotoxicity 4°. The main
limiting reason for CP administration is its
nephrotoxicity °, which represents a main cause for
drug withdrawal from the market.

Mechanisms of CP-induced nephrotoxicity are
not entirely understood. However, oxidative stress
represents one of the major pathogenic mechanisms
by which CP induce nephrotoxicity . The metabolic
process of CP results in the formation of acrolein that
adversely binds to reduced glutathione (GSH),
leading to its depletion and finally ends with
elevated reactive oxygen species (ROS) generation
and, subsequently, initiation of oxidative tissue

(SMAD-3) and transforming growth factor-f1
(TGF-B1)!3, which activates the transcription of
several profibrotic genes and mediating tissue
fibrosis.

No effective measure has been yet discovered to
protect against CP-induced nephrotoxicity. Several
previous studies have indicated that antioxidants are
efficient in alleviating many toxic adverse effects of
anticancer drugs **. These facts drove our attention to
the search for an antioxidant that could potentially
protect against CP-induced nephrotoxicity.

Lactoferrin (LF) is a glycoprotein present in
breast milk and other fluids °. It acts as a vital
element in encouraging innate and adaptive
immunity . Additionally, LF possess numerous
pharmacological characteristics like
anti-inflammatory, anti-proliferative, and
antioxidant potentials ® -2, Various experimental
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and clinical studies have utilized LF in the treatment
of different diseases ?'. Recently, preclinical studies
have revealed the renoprotective activity of LF in
contrast to kidney diseases 16:22,

Thus, our research aimed to report a deeper
examination of the mechanisms underlying the
renoprotective impact of lactoferrin in mitigating
cyclophosphamide- induced nephrotoxicity
including TGF-B1/ SMAD-3 signaling pathway.

2. METHODS

2.1. Animals

Male Sprague Dawley rats (180-220 g) were
acquired from the animal facility at EI-Nile for
Pharmaceutical and Chemical Industries (Cairo,
Egypt). Before the experiment, the rats underwent a
one-week acclimation period. Throughout the study,
the rats were kept within a room with adequate
ventilation at a consistent temperature (26 °C £ 2
°C). Furthermore, the experiment upheld a regular
light-dark cycle of 12 hours and maintained the
humidity level according to the standard guidelines.
The rats were offered water and standard rat food ad
libitum. The experimental protocols adhered to the
ethical considerations set by the Faculty of Pharmacy
(Animal Ethics Committee), Al-Azhar University
(Egypt), and were approved under the number
80/2021. All ethical aspects related to the handling of
laboratory animals were duly taken into
consideration.

2.2. Drugs and chemicals

Hygint Pharmaceuticals (located in Smouha,
Alexandria) provided the lactoferrin used in the
study. The National Cancer Institute (Cairo
University, Egypt) graciously donated the
cyclophosphamide (Endoxan vial, from Baxter
Oncology GmbH, Germany). Before administration,
the dry lyophilized form of CP powder underwent
dissolution in sterilized water.

2.3. Experimental protocol

Rats were arbitrarily allocated in 4 groups, each
with 6 rats. Control group: animals were orally
administered normal saline for 7 following days,
then the animals were injected intraperitoneally (i.p)
with normal saline (0.25 ml/100 g) on the seventh
day. In the second group, rats received oral LF (300
mg/kg/day) for a week 2324 Animals in the third
group received saline for 6 days, and then a single CP
dosage (150 mg/kg, i.p) 2®was given. The animals of
the fourth group received oral LF (300 mg/kg/day)
for six days, and then a single CP dosage (150
mg/kg, i.p) was given.

2.4. Animal sampling

Animal euthanasia was accomplished on day
seven of the experiment through the Pentobarbital
Sodium (60 mg/kg, 1.P.)?® administration. Blood
samples were drawn via retro-orbital puncture;
serum was isolated and used to quantify kidney
functions. The cervical dislocation was performed to
humanely sacrifice the rats, and subsequent
collection of kidney tissues was carried out for the
assessment  of  biochemical — markers and
histopathological examination of kidney tissue.

2.5. Serum biochemical analysis

Creatinine and blood urea nitrogen (BUN)
concentrations (Catalog # UR 2110) were quantified
according to the instructions provided by the
commercial kits's manufacturer (Bio diagnostic Co).

2.6. Oxidative stress markers

Renal tissue homogenate was utilized to assess
reduced glutathione (GSH) levels (Catalog # GR 25
11), following Beutler et al., 1963 2. The procedure
includes reacting 5,5 dithiobis (2-nitrobenzoic acid)
with GSH to produce a yellow product. The GSH
concentration can be estimated by quantifying the
reduced chromogen absorbance at a wavelength of
405 nm. The absorbance values obtained are
directly correlated with the GSH concentration. To
evaluate oxidative stress, nitric oxide (NO) (Catalog
# NO 25 33) concentration was determined by
measuring the total nitrite level, which serves as an
indirect indicator of NO synthesis. This was
accomplished using Griess reagent in an acidic
environment, consisting of sulfanilamide and
N1-naphthylethylenediamine dihydrochloride 28.

2.7. Enzyme linked immunosorbent assay
(ELISA)
Tissue levels of TGF-B1 (Catalog #:

MBS824788) and Smad3 (Catalog # MBS2516123)
(MyBioSource, Inc., SanDiego, USA) were
quantified through rat ELISA kits based on the
guidelines provided by the manufacturer.

2.8. Histological analysis

Kidneys were put in buffered formalin (10%)
and implanted within paraffin; histological
preparations were prepared at that point. Tissues of
the kidney were divided to 4.0 pm thick sections.
The prepared formalin-fixed paraffin-implanted
pieces underwent Masson's Trichrome (MTC)
staining for histochemical analysis of the collagen
content consistent with the method described by
Bancroft and Layton*3?2, The staining results were
blue/black stain for the nuclei, red stain for the
erythrocytes, muscle, and cytoplasm, and blue stain
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for the collagen. The area stained blue (um?) was
measured in five repeated fields (200 X), and the
fibrotic area percentage was computed relying on the
total examined area. Quantitative analysis of the
collagen content in MTC-stained kidney tissue
sections was completed using imaging analysis
software (Image J).

2.9. Statistical analysis

Data analysis was displayed as per means + SD,
and the analysis was completed with GraphPad
Prism (I1SI®, USA) software (version 5). One-way
analysis of variance (ANOVA) was followed by a
post hoc Tukey’s multiple comparison test.
Comparison of means was made. P < 0.05 was
considered as of statistical significance.

3. RESULTS

3.1 LF effect on CP-induced macroscopic
changes, BUN, and serum creatinine within rats

As shown in Table 1; CP administration
considerably increased the kidney's relative weight,
approximately 147%, compared with the control

group.

Pretreatment with LF markedly reduced
relative kidney weight to 80% compared to the CP
group. Upon assessing the effect of CP on renal
function, it was found that CP induced marked renal
damage, proved by the significantly increased BUN
and serum creatinine (SCr) to 184% and 1017.44%,
respectively, compared to the control rates.
Alternatively, LF administration along with CP
exhibited a noticeable decline in these biomarkers to
68% and 30%, respectively, compared to the CP
group.

3.2. Impact of LF treatment on CP-induced
changes in renal content of nitric oxide (NO) and
reduced glutathione (GSH) in rats.

Administration of CP markedly elevated renal
contents of NO to 138 % and, at the same time,
reduced GSH levels in Kidney tissues to 22%
compared to the control rates. Meanwhile, LF
administration to CP-intoxicated rats substantially
decrease renal NO (84.5 %) and markedly elevated
GSH content (352%) compared to the CP group
(Figure 1 A&B) respectively.

Table 1. Impact of LF on CP-induced macroscopic changes, blood urea nitrogen (BUN), and serum creatinine (SCr) in

rats.
Parameter| kidney weight/Body weight BUN SCr
Group (%) (mg/dl) (mg/dl)
Control 0.34+ 0.023 48.84+ 2.378 0.1720+ 0.04147
LF 0.31+0.018 38.98+ 0.3962 0.1660+ 0.03362
cP 0.5+ 0.036" 89.88+ 7.588 " 1.750+ 0.2828"
LF +CP 0.4+ 0.0158% 61.20+ 5.09% 0.5240+ 0.1524*

Data are expressed as the mean £ SD (n=6) rats per group. ANOVA followed by post hoc Tukey's multiple
comparison Test were employed for the statistical analysis. “P < 0.05 versus control, *P < 0.05 versus CP
group, respectively. LF: lactoferrin - CP: cyclophosphamide. - LF + CP: lactoferrin+ cyclophosphamide.

3.3. LF treatment down-regulated renal TGF-p1/ 3.4. Histopathological examination

SMAD-3 signaling pathway in CP-intoxicated rats.

TGF-B1 is an important moderator in the
pathogenesis of tissue fibrosis #° that activates the
downstream mediator SMAD-3, which induces
matrix production; as shown in Figure 2, renal
fibrosis was induced by CP administration that was
confirmed by the significant elevation in renal
fibrotic markers TGF-B1 and SMAD-3 up to 562%
and 620%, respectively, compared to the control rats.
In comparison, LF-pretreated rats showed a
considerable decline in renal TGF-f1 and SMAD-3
contents to 39% and 59%, respectively, compared to
the CP group (Figure 2 A&B) respectively.

The extent of fibrosis was followed via using
MTC staining, which indicates rise in collagen |
level during fibrosis. Examination of the control
group and LF group exhibited normal amount of
fibrous tissue stained by MTC that was mainly
detected on the glomerulus capillary tuft.
Meanwhile, Masson staining showed abundant
collagen deposition (blue areas) in kidney sections
from CP group (2015.12%) compared to control rats,
which was mainly observed in the interstitial tissue
of the renal parenchyma. Pretreatment with LF
significantly decreased collagen deposition (73.3%)
as compared to CP group. While, LF group showed
little blue area with collagen fibers that was
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statistically insignificant upon comparison with that
of control group (Figure 3 a-d).
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Figure 1. Impact of LF administration on CP-induced oxidative kidney damage in rats. (A): Renal nitric oxide (NO) level;
(B): Renal reduced glutathione (GSH) level. Data are expressed as the mean + SD (n=6) rats per group. ANOVA followed
by post hoc Tukey's multiple comparison Test were employed for the statistical analysis. *P < 0.05 versus control, *P < 0.05
versus CP group, respectively. LF: lactoferrin - CP: cyclophosphamide. - LF + CP: lactoferrin+ cyclophosphamide.
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Figure 2. Impact of LF treatment on renal TGF-B1/SMAD-3 signaling pathway in CP-induced nephrotoxicity. (A): Renal
transforming growth factor-p1 (TGF-B1); (B): Renal mothers against decapentaplegic homolog 3 (SMAD-3) level. Data are
expressed as the mean £ SD (n=6) rats per group. ANOVA followed by post hoc Tukey's multiple comparison Test were
employed for the statistical analysis. *P < 0.05 versus the control, *P < 0.05 versus the CP group, respectively. LF: lactoferrin
- CP: cyclophosphamide. - LF + CP: lactoferrin+ cyclophosphamide.

4. DISCUSSION ROS®. The originated ROS interrupts and initiates
several signaling molecules and signaling pathways
that contribute in the induction of renal damage 3.
protection against CP-induced nephrotoxicity was
given by modulating these signaling cascades. Our
findings are consistent with the data mentioned
before, wherein CP administration elevated renal NO
level (as a marker for oxidative stress) and resulted in

Acroline, the main toxic metabolite of CP, is the a significant reduction in renal GSH %, The elevation
key player in its nephrotoxic mechanism. It initiates in the levels of these markers in kidney tissue was
oxidative stress and exaggerates the production of confirmed with the apparent cellular injury shown

from changed renal function.

Our objective in this study is to target the
devastating renal toxicity of CP. We clarified the
previously unexplored protective impact of LF on
kidney in contrast to CP-made nephrotoxicity via
inhibiting oxidative renal damage alongside down
regulating TGF-/ SMAD-3 signaling pathway.
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Figure 3. Representative photo-micrographs of rat kidney

#

sections after staining with Masson’s trichrome. (a): Control

group displaying collagen fibers with a weak histochemical reaction, indicative of normal conditions; (b): LF group

displaying collagen fibers with a weak histochemical reaction, indicative of normal conditions; (c): CP group revealing

extensive fibrosis as shown from the collagen fibers, which reveal strong histochemical reaction, in the interstitial tissue of
the renal parenchyma.; (d): LF+ CP group displayed moderate histochemical reaction for collagen fibers [200 X, scale bar
50um]; and (e) Fibrotic area % in kidney tissue following treatment with CP. Data are expressed as the mean + SD (n=6) rats
per group. ANOVA followed by post hoc Tukey's multiple comparison Test were employed for the statistical analysis. “P <
0.05 versus the control, *P < 0.05 versus the CP group, respectively. LF: lactoferrin - CP: cyclophosphamide. - LF + CP:

lactoferrint+ cyclophosphamide.

LF administration increased the antioxidant
level (GSH) and markedly reduced renal NO level
%, The nephroprotective impact of LF against
CP-induced nephrotoxicity was accompanied by
modulation in  functional (BUN and SCr)
improvements. These findings align with the
acknowledged antioxidant and ROS scavenging
activity 3 of LF in different experimental models.

It was found that TGF-B1 is highly produced
through inflammatory cells, comprising eosinophils
and neutrophils, and epithelium cells, fibroblasts,
and smooth muscle cells %%, The extreme
production of TGF-f1 can encourage fibrosis to
many diseased tissues such as liver, pulmonary and
kidney fibrosis 6. ROS generated by acrolein
stimulates the production of TGF-B1 within the
kidney. This oxidative stress could change the redox
stability in renal tissues and activate latent TGF-p1%.
Stimulation of TGF-1/ SMAD-3 signaling pathway
is a hallmark for tissue fibrosis progression. As
TGF-B1/ SMAD-3 which motivates myofibroblast
forming proliferation and plays a significant role in
collagen synthesis and progression of tissue fibrosis
% The SMAD family, especially SMAD-3,
facilitates responses of cells to TGF- B1 after that
leads to activation of a-SMA gene expression.
Finally, it causes collagen deposition®. TGF-B1
phosphorylates SMAD-3, promoting translocation to
the nucleus, where it orchestrates the transcriptional
regulation of several target genes “. These
biochemical  findings were  supported by
fibrosis-related pathological changes and collagen

deposition shown from MTC staining of kidney
tissue from CP-intoxicated rats.

Treating intoxicated animals with LF
significantly reduced renal TGF-B1 and SMAD-3
levels. These findings were corroborated by the
histopathological outcomes of the MTC staining,
which documented that the extensive collagen fiber
deposition in kidney tissues of CP-intoxicated rats
was significantly amended by LF treatment. Our data
are consistent with earlier recognized anti-fibrotic
action of LF #>*3, This antifibrotic impact may partly
correlate to its suppressive action on TGF-B1 4344,

5. CONCLUSION

Our study indicated that lactoferrin enhanced
kidney damage produced by CP oxidative stress
conceivably by means of its antioxidant action and
down-regulating TGF-p1/ SMAD-3 signaling
pathway.

Supplementary Materials:

Funding: This research did not have any funding
from any source.

Conflicts of Interest: The authors declare no
conflict of interest.

Ethical Statement: This study was done according to
the Ethics Committee of the faculty of Pharmacy
Al-Azhar University, Egypt with approval number:
80/ 2021. Unnecessary disturbance of animals,
pressure and tough maneuver was avoided.

70

https://aijpms.journals.ekb.eg/



Lactoferrin targets cyclophosphamide-induced nephrotoxicity

Author Contribution: All authors collaborated in
each part of this research.

List of Abbreviations: CP, Cyclophosphamide; LF,
Lactoferrin; GSH, reduced glutathione; NO, nitric

oxide; TGF-B1, transforming growth factor-pl;
SMAD-3, mothers against decapentaplegic homolog

3; i.p; Intra peritoneal; ELISA, Enzyme linked 7.
immunosorbent assay; SCr, serum creatinine; BUN,

blood urea nitrogen; MTC, Masson's Trichrome

staining.

REFERENCES

1. Razak RNHA, Ismail F, Isa MLM, Wahab
AYA, Muhammad H, Ramli R, et al.
Ameliorative  effects of  aquilaria
malaccensis leaves aqueous extract on
reproductive  toxicity  induced by
cyclophosphamide in male rats. Malaysian
J Med Sci MIMS. 2019;26(1):44. doi:
10.21315/mjms2019.26.1.4.

2. Awad, A., & Stiive, O. Cyclophosphamide
in multiple sclerosis: scientific rationale,
history and novel treatment paradigms.
Therapeutic Advances in Neurological
Disorders.2009; 2(6): 357-368. doi:
10.1177/1756285609344375.

3. Kim, Y. H,, Choi, B. K., Oh, H. S., Kang,
W. J., Mittler, R. S.;, & Kwon, B. S.
Mechanisms involved in synergistic
anticancer effects of anti-4-1BB and
cyclophosphamide therapy. Molecular
Cancer Therapeutics, 2009; 8(2): 469-478.
doi: 10.1158/1535-7163.MCT-08-0993.

4.  Mielcarek M, Furlong T, O’Donnell P V,
Storer BE, McCune JS, Storb R, et al.
Posttransplantation cyclophosphamide for
prevention of graft-versus-host disease
after HLA-matched mobilized blood cell
transplantation. Blood, J Am Soc Hematol.
2016;127(11):1502-8. doi:
10.1182/blood-2015-10-672071.

5. Jayachandran N V, Chandrasekhara PKS,
Thomas J, Agrawal S, Narsimulu G.
Cyclophosphamide-associated
complications: we need to be aware of
SIADH and central pontine myelinolysis.
Rheumatology. 2009;48(1):89-90. doi:
10.1093/rheumatology/ken402.

6. Almalag, H. M., Alasmari, S. S., Alrayes,
M. H., Binhameed, M. A., Alsudairi, R. A.,
Alosaimi, M. M., Alnasser, G. A,
Abuzaid, R. A., Khalil, N., & Abouzaid, H.
H. (2021). Incidence of hemorrhagic

10.

11.

12.

13.

cystitis after cyclophosphamide therapy
with or without mesna: A cohort study and
comprehensive literature review. Journal
of Oncology Pharmacy  Practice,
2021;27(2): 340-349. doi:
10.1177/1078155220920690.

Petri, M. Cyclophosphamide: new
approaches for systemic lupus
erythematosus. Lupus, 2004;13(5): 366—
371. doi: 10.1007/s40265-015-0534-3.

Tong J, Mo Q-G, Ma B-X, Ge L-L, Zhou
G, Wang Y-W. The protective effects of
Cichorium glandulosum seed and cynarin
against  c-yclophosphamide and its
metabolite acrolein-induced hepatotoxicity
in vivo and in vitro. Food Funct
2017;8(1):209-19.doi:
10.1039/c6f001531j.

El-Sebaey AM, Abdelhamid FM, Abdalla
OA. Protective effects of garlic extract
against hematological alterations,
immunosuppression, hepatic  oxidative
stress, and renal damage induced by
cyclophosphamide in rats. Environ Sci
Pollut Res. 2019;26:15559-72. doi:
10.1007/s11356-019-04993-7.

Zhai X, Zhang Z, Liu W, Liu B, Zhang R,
Wang W, et al. Protective effect of ALDH2
against cyclophosphamide-induced acute
hepatotoxicity via attenuating oxidative
stress and reactive aldehydes. Biochem
Biophys Res Commun [Internet].
2018;499(1):93-8. Available from:
https://www.sciencedirect.com/science/art
icle/pii/S0006291X18305151 doi:
10.1007/s11356-019-04993-7.

ALHaithloul HAS,  Alotaibi MF,
Bin-Jumah M, Elgebaly H, Mahmoud AM.
Olea europaea leaf extract up-regulates
Nrf2/ARE/HO-1 signaling and attenuates
cyclophosphamide-induced oxidative
stress, inflammation and apoptosis in rat
kidney. Biomed Pharmacother [Internet].
2019;111:676-85. Available from:
https://doi.org/10.1016/j.biopha.2018.12.1
12

Kern JC, Kehrer JP. Acrolein-induced cell
death: a caspase-influenced decision
between apoptosis and oncosis/necrosis.
Chem Biol Interact. 2002;139(1):79-95.
doi: 10.1016/s0009-2797(01)00295-2.

Sharawy MH, Abdel-Rahman N, Megahed
N, El-Awady MS. Paclitaxel alleviates

71
https://aijpms.journals.ekb.eg/


https://www.sciencedirect.com/science/article/pii/S0006291X18305151
https://www.sciencedirect.com/science/article/pii/S0006291X18305151
https://doi.org/10.1016/j.biopha.2018.12.112
https://doi.org/10.1016/j.biopha.2018.12.112

Mohamed SO. et al, Azhar Int J Pharm Med Sci 2025; Vol 5 (2):66- 73

14,

15.

16.

17.

18.

19.

20.

liver fibrosis induced by bile duct ligation
in rats: Role of TGF-B1, IL-10 and c-Myc.
Life Sci [Internet].
2018;211(September):245-51.  Available
from:
https://doi.org/10.1016/j.1fs.2018.09.037

Manda KL, Bhatia AL. Prophylactic action

of melatonin against
cyclophosphamide-induced oxidative
stress in mice. Cell Biol Toxicol.

2003;19:367-72. doi:
10.1023/b:cbt0.0000013342.17370.16.

Guo C, Xue H, Guo T, Zhang W, Xuan
W-Q, Ren Y-T, et al. Recombinant human
lactoferrin attenuates the progression of
hepatosteatosis and hepatocellular death by
regulating iron and lipid homeostasis in
ob/ob mice. Food Funct. 2020;11(8):7183—
96. doi: 10.1039/d0fo00910e.

Actor JK, Hwang S-A, Kruzel ML.

Lactoferrin as a natural immune
modulator. Curr Pharm Des.
2009;15(17):1956-73. doi:

10.2174/138161209788453202.

Hegazy, R., Salama, A., Mansour, D., &
Hassan, A. Renoprotective effect of
lactoferrin  against chromium-induced
acute kidney injury in rats: involvement of
IL-18 and IGF-1 inhibition. PloS One,
2016;11(3): e0151486. doi:
10.1371/journal.pone.0151486, 2016.

Belizi, S., Nazarova, I. A, Klimova, I. A,
Prokof’ev, V. N., & Pushkina, N. V.
Antioxidant properties of lactoferrin from
human milk. Bulletin of Experimental
Biology and Medicine,1999; 127: 471-
473.

Sinopoli, A., Isonne, C., Santoro, M. M., &
Baccolini, V.The effects of orally
administered lactoferrin in the prevention
and management of viral infections: A
systematic review. Reviews in Medical
Virology, 2022;32(1): e2261. doi:
10.1002/rmv.2261.

Fernandes KE, Carter DA. The antifungal
activity of lactoferrin and its derived
peptides: mechanisms of action and
synergy with drugs against fungal
pathogens. Front Microbiol.
2017;8:238609. doi:
10.3389/fmich.2017.00002, 2017.

21.

22.

23.

24.

25.

26.

217.

28.

Ahmed KA, Saikat ASM, Moni A, Kakon
SAM, Islam MR, Uddin MJ. Lactoferrin:
potential ~ functions,  pharmacological
insights, and therapeutic promises. J Adv
Biotechnol Exp Ther. 2021;4(2):223. doi:
10.3390/antiox13060751.

Hsu Y-H, Chiu I-J, Lin Y-F, Chen Y-J, Lee
Y-H, Chiu H-W. Lactoferrin contributes a
renoprotective effect in acute kidney injury
and early renal fibrosis. Pharmaceutics.
2020;12(5):434. doi:
10.3390/pharmaceutics12050434.

KIMOTO Y, NISHINOHARA M,
SUGIYAMA A, HARUNA A,
TAKEUCHI T. Protective Effect of

Lactoferrin on Cisplatin-Induced
Nephrotoxicity in Rats. J Vet Med Sci.
2013;75(2):159-64. doi:

10.1292/jvms.12-0154.

Ayob AR, Al-Najjar A, Awad A.
Amelioration of Bile Duct Ligation
Induced Liver Injury by Lactoferrin: Role
of Nrf2/HO-1 Pathway. Azhar Int J Pharm
Med Sci. 2021;84-90.

Gunes S, Sahinturk V, Uslu S, Ayhanci A,
Kacar S, Uyar R. Protective effects of
selenium on cyclophosphamide-induced
oxidative stress and kidney injury. Biol
Trace Elem Res. 2018;185(1):116-23. doi:
10.1007/s12011-017-1231-8.

Laferriere, C.A. and Pang, D.S. Review of
intraperitoneal injection of sodium
pentobarbital as a method of euthanasia in
laboratory rodents, Journal of the
American Association for Laboratory
Animal Science, Vol. 59 No. 3, pp.
2020;254-263. doi:
10.30802/AALAS-JAALAS-19-000081.

Beutler E. Improved method for the
determination of blood glutathione. J lab
clin Med. 1963;61:882-8. doi:
10.1186/s13048-019-0480-x.

Moshage H, Kok B, Huizenga JR, Jansen
PL. Nitrite and nitrate determinations in
plasma: a critical evaluation. Clin Chem.
1995;41(6):892-6. doi:
10.3390/nu13020281.

Humphreys BD. Mechanisms of renal
fibrosis. Annu Rev Physiol. 2018;80:309-
26. doi:
10.1146/annurev-physiol-022516-034227.

72
https://aijpms.journals.ekb.eg/


https://doi.org/10.1016/j.lfs.2018.09.037

Lactoferrin targets cyclophosphamide-induced nephrotoxicity

30.

31.

32.

33.

34.

35.

36.

37.

Sugumar E, Kanakasabapathy I, Abraham
P. Normal plasma creatinine level despite
histological evidence of damage and
increased oxidative stress in the kidneys of
cyclophosphamide treated rats. Clin Chim
Acta. 2006;376(1-2):244-5. doi:
10.1016/j.cca.2006.04.006.

Meng X-M, Nikolic-Paterson DJ, Lan HY.
Inflammatory processes in renal fibrosis.
Nat Rev Nephrol. 2014 Sep;10(9):493-
503. doi: 10.1038/s41581-019-0110-2.

Peresleni T, Noiri E, Bahou WF,
Goligorsky MS. Antisense
oligodeoxynucleotides to inducible NO
synthase rescue epithelial cells from
oxidative stress injury. Am J Physiol
Physiol. 1996;270(6):F971-7. doi:
10.1152/ajprenal.1996.270.6.F971.

Farid AS, EI Shemy MA, Nafie E, Hegazy
AM, Abdelhiee EY. Anti-inflammatory,
antioxidant and hepatoprotective effects of
lactoferrin in rats. Drug Chem Toxicol
[Internet]. 2021;44(3):286-93. Auvailable
from:

https://doi.org/10.1080/01480545.2019.15
85868

Ward PP, Paz E, Conneely OM.
Lactoferrin:  Multifunctional roles of
lactoferrin: A critical overview. Cell Mol
life Sci. 2005;62:2540-8. doi:
10.1007/s00018-005-5369-8.

Chen M-L, Yan B-S, Bando Y, Kuchroo
VK, Weiner HL. Latency-associated
peptide identifies a novel CD4+ CD25+
regulatory T  cell subset  with
TGFB-mediated function and enhanced
suppression of experimental autoimmune
encephalomyelitis. J Immunol.
2008;180(11):7327-37. doi:
10.4049/jimmunol.180.11.7327.

Gressner OA, Rizk MS, Kovalenko E,
Weiskirchen R, Gressner AM. Changing
the pathogenetic roadmap of liver fibrosis?
Where did it start; where will it go? J
Gastroenterol Hepatol.
2008;23(7pt1):1024-35. doi:
10.1111/j.1440-1746.2008.05345.x.

Mayer, A. K., Bartz, H., Fey, F., Schmidt,
L. M., & Dalpke, A. H. Airway epithelial
cells modify immune responses by
inducing an anti-inflammatory
microenvironment. European Journal of

38.

39.

40.

41.

42,

43.

44,

Immunology, 2008;38(6): 1689-1699. doi:
10.1002/€ji.200737936.

Korkmaz A, Topal T, Oter S.
Pathophysiological aspects of
cyclophosphamide and ifosfamide induced
hemorrhagic  cystitis; implication  of
reactive oxygen and nitrogen species as
well as PARP activation. Cell Biol
Toxicol. 2007;23:303-12. doi:
10.1007/s10565-006-0078-0.

Liu Y. Renal fibrosis: new insights into the
pathogenesis and therapeutics. Kidney Int.
2006;69(2):213-7. doi:
10.3390/antib12020040.

Cai X, Li Z, Zhang Q, Qu Y, Xu M, Wan
X, et al. CXCL 6-EGFR-induced Kupffer
cells secrete TGF-B1 promoting hepatic
stellate cell activation via the SMAD
2/BRD 4/C-MYC/EZH 2 pathway in liver
fibrosis. J Cell Mol Med.
2018;22(10):5050-61.

Dewidar B, Meyer C, Dooley S,
Meindl-Beinker N. TGF-B in hepatic

stellate  cell activation and liver
fibrogenesis—updated ~ 2019.  Cells.
2019;8(11):1419. doi:

10.3390/cells8111419.

Tung Y-T, Tang T-Y, Chen H-L, Yang
S-H, Chong K-Y, Cheng WTK, et al.
Lactoferrin protects against
chemical-induced rat liver fibrosis by
inhibiting stellate cell activation. J Dairy
Sci. 2014;97(6):3281-91. doi:
10.3168/jds.2013-7505.

Al-Najjar AH, Ayob AR, Awad AS. Role
of Lactoferrin in Treatment of Bile Duct
Ligation-Induced Hepatic Fibrosis in Rats:
Impact on Inflammation and
TGF-B1/Smad2/a SMA Signaling
Pathway. J Clin Exp  Hepatol.
2023;13(3):428-36. doi:
10.1016/j.jceh.2022.12.014

Chen H-A, Chiu C-C, Huang C-Y, Chen
L-J, Tsai C-C, Hsu T-C, et al. Lactoferrin
Increases Antioxidant Activities and
Ameliorates  Hepatic ~ Fibrosis  in
Lupus-Prone  Mice Fed with a
High-Cholesterol Diet. J Med Food.
2016;19(7):670-7. doi:
10.1089/jmf.2015.3634.

73
https://aijpms.journals.ekb.eg/


https://doi.org/10.1080/01480545.2019.1585868
https://doi.org/10.1080/01480545.2019.1585868

