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Abstract

Doxorubicin (Adriamycin) is one of the chemical drugs commonly used worldwide for the treatment of
various types of cancer , and high doses of it cause unwanted toxic side effects on the kidney. This study
aims to demonstrate the physiological and histopathological effect of the doxorubicin drug on kidney of
rats. For this purpose , twenty adults male were used in this study and were divided equally into four groups
(A: control group, B: a group treated with the carcinogen only , C: a group treated with the carcinogen and
doxorubicin and D: a group treated with doxorubicin only). Five rats were included in each group and the
cancer was developed by injection with azoxymethane once a week for the B and C groups. Compared
to the other groups, there was a significant decrease in the weights of animals for the carcinogen-treated
group. The concentrations of the hematological parameters of the groups, such as Hb, PCV as well as some
tests related to the kidney functions like the concentration of urea , uric acid ,albumin ,globulin, creatinine
and total protein were measured and it was found differences between these three groups in term of these
testes compared with control group. Regarding to the histological examination of the kidney present study
showed specific tissue changes in the treated-carcinogen groups , such as lymphocytes infiltration , glomeruli
condense , destroyed of urinary tubules in addition to the presence of bleeding. As for the group treated with
doxorubicin , pathological changes were observed include, destroyed of glomerular basement membrane ,

glomeruli and urinary tubules.
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Introduction

Cancer a major public health problem and the
second leading cause of death worldwide. Many
chemotherapy drugs are used to many various types
of cancer, doxorubicin drug is one of the most highly
effective agents against a wide variety of cancer
because Quinine-containing anthracycline antibiotic
I In spite of its high antitumor efficacy but used
in chemotherapy has limited due to side effects and
toxicities on kidney, testis, cardiac, lung, liver and blood
(2. 341 In addition, this chemotherapy causes disorder
antioxidant systems Dl Although, the mechanism of
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nephrotoxicity that occurs by this drug is unknown , it
is believed that this toxicity is through the formation
of free radicals and the oxidative damage caused by
these free radicals to the tissues [°l. Doxorubicin also
causes direct toxic glomerular damage because of its
impact on the glomerular filtration barrier composed
of glomerular endothelial cells containing glycocalyx,
glomerular basement membrane and podocytes, thus
affecting membrane permeability, as doxorubicin leads
to a decrease in glycocalyx thickness, increasing the
size of the holes in the glomerular endothelial cells and
decreasing the selectivity of the glomerular charge. All
these changes end with passage of large molecules as
protein lead to proteinuria and decrease glomerular
filtration rate (GFR) I). The presence of this protein in the
lumen of tubular stimulate to reabsorbed more protein by
the proximal tubular cells lead to protein accumulation
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causing tubular obstruction and increased pressure
inside the renal tubular and tubular expansion , as well
as rupture of the basement membrane and leaking of this
protein to the intestitium which trigger the inflammation
1891 Furthermore, administration of doxorubicin causes
vasoconstriction in vessels and the concentration of the
drug in the blood leads to glomerular tuft atrophy and

urinary space expansion 101,

Material and Methods

1- Animals experimental design : In this study
, twenty adult male Sprague Dawley rats, aged (3-4
months) and (225-240 gm) body weight . The animals
were divided into four experimental groups. Five rats
for each group. Group A was considered a control
group as it was only injected with normal saline , while
B and C group were injected with the carcinogen (
azoxymethane) (15 mg/kg body weight) once a week
for two weeks intraperitoneally for cancer induction [,
in addition to carcinogen, group C were also injected
intraperitoneally with doxorubicin drug (25 mg/kg body
weight) once a week for two months, while group D was
only recived doxorubicin drug (25 mg/kg body weight)
once in a week interperitoneally for two months [12],

2- Sample collection and haematological |,
biochemical tests: The body weight of the animals were
recorded before and after the injection. (6 ml ) of rat blood
were drawn, (1 ml) of it was placed in plastic tubes with
anti-coagulant EDTA for some blood analyses such as
calculating the haemoglobin concentration (Hb) 13! and
packed cell volume (PCV) 4], The rest of the blood was
placed in tubes without anticoagulant and centrifuged
to obtain blood serum for biochemical tests of kidney

function such as urea [13] uric acid ['®], albumin 7],

[18]

globulin 8], total protein ['] and creatinine [1°],

3- The histological study: two weeks after, the
carcinogen-injected rats were investigated to detect
the occurrence of cancer, while the other groups were
exaimend a week after the last dose, the rats kidney were
then sectioned and fixed in 10% formalin for the purpose
of the histological study 2% ,

4- Statistical analysis: Using the 2008 statistical
package (Social Science, version 20(SPSS)) program,
the statistical analysis of the current study results was
carried out to study the effect of the materials used in the
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experiment and to determine the significant differences

between the average probability level ( p< 0.05) 2!,

Results and Discussion

The current study showed a significant reduction in
the weight of the rats group treated with the carcinogen
compared with the other groups and the control group
(p <0.05) as shown in figure (1-A). The reason is that
during the treatment period, the negative effect of the
carcinogen on the animals causes a decrease in their
nutrition, an increase in the production of free radicals,
and therefore an increase in lipid peroxidation, as the
decrease is due to the loss of fatty tissue in the muscle
[22.23] Doxorubicin drug also has an effect on the DNA
of the cancer cell, which leads to apoptosis of the cancer
cell and its non-proliferation [>¥. It was also observed
that there was a significant decrease below the level p<
0.05 in some haematological parameters such as Hb
concentration and PCV in cancer-induced group (B
group) compared with control group and as shown in
figure (1-B), this is due to the effect of tumour cells on
intestinal cells and microvilli enzymes in the intestine
impact their effect on absorption and metabolism of

22] Tumor cells also cause side effects on the

iron [
kidneys, such as cases of bleeding and a decrease or lack
of erythropoietin hormone secretion that is important
for blood cell production. In addition , the tumor cells
collecting in the organs may be cause ulcers and scarring
, especially in the gastrointestinal tract , leading to
malabsorption of iron and other minerals , as well as
a decrease in body proteins as a result of lack appetite
and difficulty in feeding and the occurrence of cachexia
condition in carcinogenic rats , an example of which
is the transferrin protein, which has the ability to bind
to iron and transporting it to the inside of the cells and
since iron is important in the formation of blood cells,
so the lack of this protein causes anaemia. In addition
to a decrease erythropoietin hormone, which is secreted
by the adrenal gland and responsible for the process of
formation of blood cells (erythropoiesis) due to the effect
of the carcinogen on the kidney tissue [?*1. A significant
decrease was also observed in group C and D compared
with the control group due to the effect of this drug on the
kidneys and induced alterations in kidney functioning, as
well as their effects on erythropoietin hormone secretion

[26], Doxorubicin disrupts the production of blood cells

and cause blood clotting disorders and anaemia [?7,
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28) observed that rats treated

Consistent with our results, |
with this drug exhibited a sharp decrease in red blood

cell number and haemoglobin level.

Current results also observed a significant decrease
(p< 0.05) in the concentration of Urea, uric acid ,
albumin, globulin , total protein and creatinine as
shown in figure (1-C,D,E) for the group treated with the
carcinogen compared to control group, and this may due
to the effect of the carcinogen on the kidney tissue [??
1. while the group that subjected to the carcinogen and
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drug, it was proven that there was a significant increase
in the previous concentration of above tests compared
to the carcinogen group only. As for the drug treated
group only, due to the increased production of free
radicals in the body, there was an insignificant decrease
in the concentration of above parameters compared to
the control group, causing tissue damage, especially the
kidney tissue, causing a nephrotoxicity condition %],
Proteinuria causes mesangial cell injury, which in turn
causes mesangial proliferation and increased mesangial
matrix production by doxorubicinin causing glomerular
expansion 1301,
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Figure (1): A): Body weight for experimental groups.
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B) Hemoglobin concentration (Hb): Packed cell
volume (PCV)

C) Urea , Uric acid concentration for experimental
groups.

D) Albumin,
experimental groups.

Globulin  concentration  for

E) Total protein , Creatinine concentration for
experimental groups

Histological study :

The microscopic examination of the kidney tissue
of the control group reveal normal shape and structure
, as shown in figure (2-A), while the histological
examination of the group treated with carcinogen
(figure2-B,C,D), showed the presence of bleeding
between the renal tubules , lymphocytes infiltration,
glomeruli condense, destroyed of urinary tubules,
degeneration of cells lining the renal tubules, dilation of
the tubules, presence of non- living materials in tubules
lumen, expansion of bowman space, destroyed basement
membrane, destroyed urinary tubules, and epithelial
cells degeneration due to the effect of the carcinogen on
the renal cells causing tissue damage [>1. Regarding to
the group treated with the carcinogen and doxorubicin
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drug, the following effect were observed, presence
case degeneration in renal tubules, cell necrosis, lysis
of cortical tubules, lymphocyte infiltration, glomerulus
destroy ,tubules destroy,

glomerular thickening.

Basement membrane breakdown, epithelial cell
degeneration tubules expansion and bleeding between
the cells (figure2-E,F,G), these disorders may due to the

effect the carcinogen and drug on the kidney tissue %
26,31, 32, 33].

Different pathological changes have been observed
for the group treated with doxorubicin drug, including
thickening of the basement membrane, metaplasia
of the epithelial lining of the tubules, bowman space
expansion, complete dissolution in the lining of tubules
and necrosis of medulla tubules, expansion of their
lumen (figure2-H,LJ). High dose of doxorubicin causes
acute toxic side effects in kidney tissue which in turn

29,3334, 35, 361 In addition

induced nephrotoxicity |
doxorubicin drug causes cell damage due to oxidative
stress and this is consistent with 32, The presence of
protein in the kidney causes mesangial cell injury, which
in turn causes mesangial proliferation and increased
mesangial matrix production, causing doxorubicin

glomular expansion. 3],

Figure (2): A):kidney rat control group illustrates the normal shape of the kidney, glomular(G),urinary
tubules(CT) (H&E) (400X).
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B):kidney rat group illustrate
lymphocyte infiltration(IL), glomeruli condense and
destroy(AG,DG) , destroyed urinary tubules(DT) |,

endothelial cell degeneration(D) (H&E) (400X).

carcinogen

C):kidney rat carcinogen group illustrate destroyed
basement membrane(DBM) , destroyed urinary
tubules(DT) , epithelial cells degeneration (D) (H&E)
(400X).

D):kidney rat carcinogen group illustrate dilation of
the tubules(TD) , presence of non- living materials in
tubules lumen(N), expansion of bowmans space(EB),
hemorrhage(H),Congestion(CON) (H&E) (400X).

E):kidney rat carcinogen and doxorubicin drug
group illustrate cell necrosis(N), lysis of corticol tubules
(L) (H&E) (400X).

F):kidney rat carcinogen and doxorubicin drug
group illustrate epithelial cells degeneration ,tubules
degeneration and expansion ,hemorrhage (H&E) ,(400X)
. G) : kidney rat carcinogen and doxorubicin drug
group illustrate lymphocyte infiltration(IL), glomerulus
destroy(DG) ,tubules destroy(DT) , glomerular
thickening(AG), Basment membrane breakdown(DBM),
epithelial degeneration(DES) (H&E) (400X).

H):kidney rat doxorubicin drug group illustrate
tubules destroy(DT), epithelial cells degeneration(D)
(H&E) (400X).

I):kidney rat doxorubicin drug group illustrate
bowman space expands(BE) , completely dissolves in
tubules lining(DT) (H&E) (400X).

J):kidney rat doxorubicin drug group illustrate
necrosis of medulla tubules(N) , expansion of their
lumen€ (H&E) (400X).

Conclusion

The study showed the effect of carcinogen (
azoxymethane (AOM)) on the hematological parameters
and biochemical tests specially kidney function. Effects
carcinogen upon the kidney tissues. Side effects for
doxorubicin on kidney tissue .

Conflict of Interest: we declare that there 1s conflict
of interest

Indian Journal of Forensic Medicine & Toxicology, April-June 2021, Vol. 15, No. 2

Ethical Approval: the research approved by
scientific and ethical committee at our department

Source of Funding: the research funded by the
authors only

References

[1]  Singal PK, Deally CM, Weinberg LE.
Subcellular effects of adriamycin in the heart: a
concise review. Journal of molecular and cellular
cardiology. 1987 Aug 1;19(8):817-28.

[2] LiL. Anovelsensitive doxorubicin hydrochloride
electrochemical sensor based on nickel
hexacyanoferrate/Ni-Al-LDH modified gold
electrode. Analytical Sciences. 2019:19P271.

[3] Jouyban A, Samadi A, Jouyban-Gharamaleki
V, Khoubnasabjafari M. A  microscale
spectrophotometric method for quantification
of doxorubicin in exhaled breath condensate.
Analytical Methods. 2019;11(5):648-53.

[4] Lai YL, Cheng YM, Yen SK. Doxorubicin-
chitosan-hydroxyapatite = composite coatings
on titanium alloy for localized cancer therapy.
Materials Science and Engineering: C. 2019 Nov
1;104:109953.

[5] Karaman A, Fadillioglu E, Turkmen E, Tas E,
Yilmaz Z. Protective effects of leflunomide
against ischemia-reperfusion injury of the rat
liver. Pediatric surgery international. 2006 May
1;22(5):428-34.

[6] Liu LL, Li QX, Xia L, Li J, Shao L. Differential
effects of dihydropyridine calcium antagonists
on doxorubicin-induced nephrotoxicity in rats.
Toxicology. 2007 Feb 28;231(1):81-90.

[71  Lee VW, Harris DC. Adriamycin nephropathy:
a model of focal segmental glomerulosclerosis.
Nephrology. 2011 Jan;16(1):30-8.

[8] Lovett DH, Ryan JL, Sterzel RB. Stimulation of
rat mesangial cell proliferation by macrophage
interleukin 1. The Journal of Immunology. 1983
Dec 1;131(6):2830-6.

[9] Bertani T, Zoja C, Abbate M, Rossini M,
Remuzzi G. Age-related nephropathy and
proteinuria in rats with intact kidneys exposed to
diets with different protein content. Laboratory
investigation; a journal of technical methods and
pathology. 1989 Feb 1;60(2):196-204.



Indian Journal of Forensic Medicine & Toxicology, April-June 2021, Vol. 15, No. 2

Ebaid H, Dkhil MA, Danfour MA, Tohamy
A, Gabry MS. Piroxicam-induced hepatic and
renal histopathological changes in mice. Libyan
Journal of Medicine. 2007 Jan 1;2(2):82-9.

Suaeyun R, Kinouchi T, Arimochi H,
Vinitketkumnuen U, Ohnishi Y. Inhibitory
effects of lemon grass (Cymbopogon citratus
Stapf) on formation of azoxymethane-induced
DNA adducts and aberrant crypt foci in the rat
colon. Carcinogenesis. 1997 May 1;18(5):949-
55.

Zhao X, Zhang J, Tong N, Chen Y, Luo Y.
Protective effects of berberine on doxorubicin-
induced hepatotoxicity in mice. Biological and
Pharmaceutical Bulletin. 2012 May 1;35(5):796-
800.

Coles EH. Veterinary
Veterinary clinical pathology.. 1967.

Sood R. Medical laboratory Technology,
methods and interpretation. Jaypee Brothers.
Medical Indina. 1987:115-9.

Mac Key, E.M.,Rackeyll,].(1927).Clin.
Invest.4,295.

Tietz NW. Textbook of Clinical Chemistry
WB  Saunders  Co.  Philadelphia, PA
(1986):(techniques and procedures to minimize
laboratory infections),(Specimen collection and
storage recommendations). 1986.

Doumas BT, Watson WA, Biggs HG. Albumin
standards and the measurement of serum albumin
with bromcresol green. Clinica chimica acta.
1971 Jan 1;31(1):87-96.

Burtis CA, Bruns DE. Tietz fundamentals of

clinical chemistry and molecular diagnostics-e-
book. Elsevier Health Sciences; 2014 Aug 14.

Finley PR, Tietz NW, editors. Clinical guide to
laboratory tests. WB Saunders company; 1996.

Drury RA, Wallington EA, Cameron R. Carleto’s
histological technique 4th ed Oxford university
press, New York. And Toronto. 1967.

Duncan DB. Multiple range and multiple F tests.
Biometrics. 1955 Mar 1;11(1):1-42.

Thaker AI, Shaker A, Rao MS, Ciorba MA.
Modeling  colitis-associated  cancer  with
azoxymethane (AOM) and dextran sulfate
sodium (DSS). JoVE (Journal of Visualized
Experiments). 2012 Sep 11(67):e4100.

clinical pathology.

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

4307

Alvarez-Gonzalez 1, Islas-Islas V, Chamorro-
Cevallos G, Barrios JP, Paniagua N, Vasquez-
Garzéon VR, Villa-Trevifio S. Inhibitory effect
of Spirulina maxima on the azoxymethane-
induced aberrant colon crypts and oxidative
damage in mice. Pharmacognosy magazine. 2015
Oct;11(Suppl 4):S619.

Pilco-Ferreto N, Calaf GM. Influence of
doxorubicin on apoptosis and oxidative stress in
breast cancer cell lines. International journal of
oncology. 2016 Aug 1;49(2):753-62.

Bauer C, Kurtz A. Erythropoietin production in
the kidney. Physiology. 1987 Apr 1;2(2):69-71.
Afsar T, Razak S, Almajwal A, Al-Disi D.
Doxorubicin-induced alterations in kidney
functioning, oxidative stress, DNA damage, and
renal tissue morphology; Improvement by Acacia
hydaspica tannin-rich ethyl acetate fraction.
Saudi Journal of Biological Sciences. 2020 Sep
1;27(9):2251-60.

Cortés-Funes H, Coronado C. Role of
anthracyclines in the era of targeted therapy.
Cardiovascular toxicology. 2007 Jun 1;7(2):56-
60.

Khiavi MM, Abdal K, Abbasi MM, Hamishehkar
H, Aghbali AA, Salehi R, Sina M, Abdollahi B,
Fotohi S. Comparison of injectable doxorubicin
& its nanodrug complex chemotherapy for the
treatment of 4-nitroquinoline-1-oxide induced
oral squamous cell carcinoma in rats. The Indian
journal of medical research. 2017 Jan;145(1):112.

Rajasekaran M. Nephroprotective effect of
Costus pictus extract against doxorubicin-induced
toxicity on Wistar rat. ||| Bangladesh Journal of
Pharmacology|||. 2019 May 14;14(2):93-100.

Grond J, Koudstaal J, Elema JD. Mesangial
function and glomerular sclerosis in rats with
aminonucleoside nephrosis. Kidney International.
1985 Feb 1;27(2):405-10.

Nagai K, Fukuno S, Otani K, Nagamine Y,
Omotani S, Hatsuda Y, Myotoku M, Konishi H.
Prevention of doxorubicin-induced renal toxicity
by theanine in rats. Pharmacology. 2018;101(3-
4):219-24.

Awwad IM, D’Lugos AC, Carroll CC, Gonzales
RJ, Sweazea KL, Dickinson JM, Angadi SS,
Hale TM. Exercise Preconditioning as A Means
To Protect The Kidney Against Doxorubicinl]



4308

Indian Journal of Forensic Medicine & Toxicology, April-June 2021, Vol. 15, No. 2

Induced Oxidative Stress. The FASEB Journal.
2017 Apr;31:819-1.

Tutun H, Ozmen O, Aktas I, Yalgin A, Tiirk A.
Investigation of the effects of artemisinin on
testis and kidney injury induced by doxorubicin.
Acta Veterinaria. 2019 Jun 1;69(2):177-91.

Zhao X, Tong N. Protective effects of berberine
on doxorubicin-induced nephrotoxicity in mice.
InJournal of Translational Medicine 2012 Oct

[35]

[36]

(Vol. 10, No. 2, pp. 1-1). BioMed Central.

Al-Hassawi WW, Al-Sammak MA. Effect of
doxorubicin on the histological structure of the

kidneys in male albino rats. Journal of the Faculty
of Medicine Baghdad. 2013;55(4):384-9.

Ali TA, Jumaa HJ. Histopathological effects of
doxorubicin on kidneys in rats. Iraqi Journal of
Veterinary Sciences. 2014 Jun 28;28(1):55-62.



