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Abstract

To evaluate the protective role of silymarin in ameliorating the nephrotoxicity induced by
cyclosporine in male rats, 120 adult male rats were randomly allocated to control and three
treated groups (30 per each). Control group male rats were orally supplemented with
drinking water, while treatment group male rats were orally supplemented with silymarin
(200 mg/kg bw), cyclosporine (5mg/kg/day) and combination of cyclosporine and silymarin.
Animals were treated for 30 days and left without treatment for 15 days. Each group were
allocated to three subgroups (10 per each), and sacrificed after 15, 30 and 45 days of the
experiment. After each treatment period, the relative kidney weights were recorded. Blood
samples were obtained for assessment of serum concentrations of creatinine and urea
nitrogen. Kidney samples were obtained for histopathological examination. The results of
cyclosporine treated group male rats revealed significant increase in kidney weight and the
concentrations of serum creatinine and urea nitrogen among experimental groups, at all
experimental periods, whereas combination treatment of silymarin and cyclosporine retained
them to the control levels. Kidney tissue sections from cyclosporine treated male rats showed
obvious atrophy and low cellularity of glomeruli, necrosis of Bowman capsule, dilation of
renal convoluted tubules and necrosis of its lining, whereas combination of silymarin and
cyclosporine treatment showed normal glomeruli, mild degeneration Bowman capsule and
renal convoluted tubules lining. The present changes were duration dependent. In conclusion,
silymarin treatment in combination with cyclosporine has nephrotoxic ameliorating effect
against nephrotoxicity.
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Introduction

The exposure to toxic agents normally enzymatic and non-enzymatic antioxidants to
results in oxidative stress, which could be protect the integrity of cells or tissues (2).
compromised the delicate balance between Cyclosporine is one of the effective
the production of reactive oxygen species immunosuppressive agents (3), which has
and antioxidants levels. The release of been used broadly in transplant medicine and
reactive oxygen species could exceed the has evidently improved implant survival rates
antioxidant-protective mechanisms and lead in organ transplantation (4). (5) were the first
to oxidative damage such as DNA, protein, who examined a dose of 25mg/kg and
or lipid peroxidation (1). This imbalance is reported unexpected significant
usually neutralized by different kinds of nephrotoxicity that was not reported in the
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animal experiments. Lower dose (17 mg/kg)
has been used by the same group showed
improved results (6, 7). At present, it is well
known that structural renal damage as an
important side effect of cyclosporine therapy,
which may be dose and duration dependent
as well as individual susceptibility (8).
Therapeutic application of cyclosporine is
found to be accompanied by many side
effects could be affect the functions of the
liver, kidneys, heart, nervous system and
reproductive system (9-14). Due to the
antioxidant activity, silymarin isolated from
the milk thistle Silybum marianum seeds, has
been reported to be a potent protective agent
against hepatotoxicity and nephrotoxicity
induced by many different agents (15-20).
The present study aims to evaluate protective
potency of silymarin against nephrotoxicity
in male rats induced by cyclosporine and to
focuse a light on the nephrotoxicity induced
by cyclosporine.

Materials and Methods
Ethical approval

The Animal Ethical Committee of
Veterinary Medicine College, University of
Al-Qadisiyah, Irag, has approved the present
study.

Experimental animals:

In the present study, mature male
Sprague-Dawley rats were fed on the
standard chow and drinking water ad libitum
throughout the experiment periods. Animals
were maintained under room temperature of
22 + 2°C, 12:12 h light-dark cycle with light
on at 06:00 am and off at 06:00 p.m
throughout the experiment period.

Experimental design:
120 adult male rats were allocated to four
equal groups. Control (C) group male rats

Results
Kidney weight:

Kidney weight of Cyc and Sil+Cyc group
male rats showed significant (P<0.05)
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were orally supplemented with drinking
water, silymarin treated group (Sil) were
orally supplemented with silymarin (200
mg/kg bwi/day), cyclosporine treated group
(Cyc) were orally supplemented with
cyclosporine (5 mg/kg bw/day) and
combination of cyclosporine and silymarine
treated group (Sil+Cyc) were orally
supplemented with cyclosporine (5mg/kg,
bw/day) and silymarin (200 mg/kg, bw/day).
Male rats were treated for 30 days and left
without treatment for 15 days. Each group
were allocated to three subgroups (10 each)
and sacrificed after 15, 30 and 45 days. After
each treatment period, the relative kidneys
weights were recorded. Blood samples were
obtained for assessment of serum
concentrations of creatinin and urea
nitrogen. Kidneys samples were obtained for
histopathological examination.

Serum creatinin and urea nitrogen
concentrations:
were assessed using special  Kits,

according to the manufacturer instructions
(Biolabo Reagents, France).

Histological study:

Histological sections from kidneys were
prepared according to Luna (21) and
examined under the light microscope.

Statistical Analysis:

All values were expressed as mean + SD.
Comparisons were done using one way
analysis of wvariance (ANOVAI) and
Newman- Keuls to test all groups’ unpaired
values. Differences were considered to be
significant at the level of (p<0.05). The
statistical analysis was carried out using the
GraphPad Prism 5 (SAS Institute, Inc.,
USA).

increase at 15 and 30 days of treatment in
comparison with control and Sil group male
rats, but it declined to the control level in
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Sil+Cyc group male rats at 45 days treatment
period, while still at the elevated level in Cyc
group male rats at the same period. In
comparison between periods for each group,
control and Sil group male rats revealed no
significant (P>0.05) differences among
treatment periods, whereas Cyc group male
rats continued in its increase at 30 and 45
days periods in comparison with 15 days
period, while Sil+Cyc group male rats
showed significant (P<0.05) decline at 30
and continued in its decline at 45 days
periods when compared with 15 days period
(Table 1).

Serum creatinin concentration:

In comparison with control group male rats,
serum creatinine concentration of Sil group
male rats recorded significant (p<0.05)
decline among experimental groups at all
treatment periods, and Cyc group male rats
recorded significant (p<0.05) elevation
among experimental groups at all treatment
periods, whereas Sil+Cyc group male rats
showed no significant (p>0.05) difference
compared with control male rats but their
levels were significantly (p<0.05) higher than
Sil group male rats and significantly (p<0.05)
lower than Sil+Cyc group male rats at all
treatment periods. In comparison between
periods for each group, control and Sil group
male rats recorded no significant (p>0.05)
differences between periods, while Cyc
group male rats showed significant (P<0.05)
increase at 30 days period in comparison
with 15 days period but the level decreased
significantly (p<0.05) at 45 days periods
(Table 1).

Serum urea nitrogen concentration:

The results illustrated in table (1) recorded no
significant (p>0.05) differences of serum
urea nitrogen concentration between control,
Sil and Sil+Cyc groups male rats, whereas
Cyc group male rats showed significant
(p<0.05) elevation at 15 and 30 days
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treatment periods and no significant (P>0.05)
changes at 45 days treatment period in
comparison with other experimental groups.
In comparison between periods for each
group, control, Sil and Sil+Cyc groups male
rats showed no significant (P>0.05)
difference between all treatment periods,
whereas Cyc group male rats recorded
significant (p<0.05) increase at 30 days
period compared with 15 days period, and
significantly (P<0.05) decreased at 45 days
period.

Histopathological changes of kidney:

Figure (1) shows kidney sections obtained
from experimental male rat groups after 15
days of treatment. Control group male rat
sections (figure 1-C) showed normal
glomeruli and renal convoluted tubules. Sil
group male rat sections (figure 1-Sil) showed
increased cellularity of glomeruli and normal
renal convoluted tubules. Cyc group male
rats sections (figure 1-Cyc) showed low
cellularity of glomeruli, necrosis of Bowman
capsule, dilation of renal convoluted tubules,
and necrosis of its lining, whereas Sil+Cyc
group male rats sections (figure 1-Sil+Cyc)
showed normal glomeruli and mild dilation
of renal convoluted tubules. At 30 and 45 day
periods of treatment, kidney sections of the
control group male rats (figures 2-C and 3-C)
showed normal glomeruli and renal
convoluted tubules. Sil group male rats
sections (figures 2-Sil and 3-Sil) showed
increased cellularity of glomeruli and normal
renal convoluted tubules. Cyc group male rat
sections (figures 2-Cyc and 3-Cyc) showed
obvious atrophy of glomeruli, necrosis of
Bowman capsule lining, cystic dilation of
renal convoluted tubules and necrosis of their
lining, whereas Sil+Cyc group male rats
sections (figures 2-Sil+Cyc and 3-Sil+Cyc)
revealed normal glomeruli, mild
degeneration of the lining of Bowman
capsule and renal convoluted tubules.
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Table (1): effect of silymarin on relative kidney weight and kidney function tests in cyclosporine treated
male rats

Parameters Periods Groups
C Sil Cyc Sil+Cyl

Kidneys weight (g/100g 15d 156+0.11 Ba 164+012 Ba 205%+0.09 Aa 203+0.14 Aa
bw) 30d 162+0.10 Ca 166+0.10 Ca 2.05+0.13 Aa 1.86+0.10 Bb

45d 158+0.12 Ba 159+012 Ba 197+014 Aa 167012 Bc
Kidney Creatinin 15d 0.66+0.05 Ba 0.58+0.05 Ca 0.91+0.06 0.68+0.06 Ba
function conc. (mg/dL) Ab
test 30d 0.63+005 Ba 056+005 Ca 1.01+0.06 Aa 0.67+0.05 Ba

45d 0.62+0.04 Ba 055+0.05 Ca 0.80+005 Ac 0.65+0.05 Ba

Urea nitrogen  15d 21.8+1.71 Ba 22.0+160 Ba 27.0+£1.70 21.7+160 Ba
conc. (mg/dL) Ab

30d 221+150 Ba 223+130 Ba 29.0+150 Aa 22.0+150 Ba

45d 215+160 Aa 226160 Aa 23.0+140 Ac 220+150 Aa

All male rats were treated for 15 and 30 days and were left untreated for up to 45 days.

C group: drenched with drinking water. Sil group: drenched with silymarin (200 mg/kg bw), suspended in 0.5 ml of drinking water.
Cyc group: drenched with cyclosporine (5 mg/kg/day). Sil+Cyc group: drenched with cyclosporine (5 mg/kg/day) and silymarin
(200 mg/kg bw).

Data were presented as Mean +SD of 10 observations (n=10). Different capital letters denote significant difference (p<0.05) between
groups for each period. Different small letters denote significant difference (p<0.05) between periods for each group.

il+Cyc-15)
= ‘ -—

Figure (1): Kidney sections obtained from experimental male rat groups after 15 days of treatment. Control male rat section (C-15)
shows normal glomeruli and renal convoluted tubules. Silymarin treated male rat section (Sil-15) shows increased cellularity of
glomeruli and normal renal convoluted tubules. Cyclosporine treated male rat section (Cyc-15) shows low cellularity of glomeruli,
atrophy of Bowman capsule, dilation of renal convoluted tubules and degeneration of their lining. Combination of silymarin and
cyclosporine treated male rat section (Sil+Cyc-15) shows normal glomeruli (G), mild dilation of renal convoluted tubules (arrows).
H&E (400x).
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Figure (2): Kidney sections obtained from experimental male rat groups after 30 days of treatment. Control male rat section (C-30)
shows normal glomeruli and renal convoluted tubules. Silymarin treated male rat section (Sil-30) shows increased cellularity of
glomeruli and normal renal convoluted tubules. Cyclosporine treated male rat section (Cyc-30) shows obvious atrophy of glomeruli
(G), cystic dilation of renal convoluted tubules (arrows) and sever degeneration of their lining. Combination of silymarin and
cyclosporine treated male rat section (Sil+Cyc-30) shows normal glomeruli (G), mild degeneration of the lining of Bowman capsule
and renal convoluted tubules (arrows). H & E (400x).

Discussion

The present findings revealed significant
decline in serum creatinine and urea nitrogen
in both Sil and Sil+Cyl groups male rats than
cyclosporine treated (Cyl.) group male rats.
This decline could be attributed to the
potency of silymarin in the treatment of
nephropathy, as it has been mentioned that
silymarin has an efficient effect in reducing
nitrogen uria in type 2 diabetes patients with
nephropathy, which could be attributed to the
antioxidant and antiinflammatory roles of
silymarin (22, 23). Although animal studies
have not reported cyclosporine
nephrotoxicity (24, 25), various side effects
have been shown firstly in humans studies
after renal transplantation (5, 6), which have
been attributed to the functional changes of
kidneys and was therefore can be reversed
(26, 27). From the present results, it can be
suggested that silymarin application can
reverse the acute but not chronic renal
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damage, as it has been mentioned that
chronic cyclosporine nephrotoxicity could be
associated with irreversible renal histologic
damage, including arterioles, glomeruli, and
renal tubules (28), where nephrotoxicity is
mostly caused by oxidative stress and the
kidney protective activity of silymarin was
reported in diabetic nephropathy (29). There
are evidence proposes that silymarin has
beneficial effects in diabetic nephropathy
(20, 30, 32), where it concentrates in kidney
cells and helps in regeneration of renal
tissues by elevating protein and nucleic acid
biosynthesis.The present histopathological
changes were in agreement with previous
studies, as it has been mentioned that acute
cyclosporine nephrotoxicity was
accompanied by vacuolization of the tubular
cytoplasm (33, 34). These changes could be
due to the ischemia caused by
vasoconstriction of glomerular afferent
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arterioles, on the other hand, a direct effect of
cyclosporine on tubular epithelial cells could
be also exist (35). There is no study that can
be compared with the present study, but our
results were in agreement with that reported
by Dabak and Kocaman (36) who studied the
protective role of silymarin against
methotrexate sodium nephrotoxicity in rats,

References
1-Yoshikawa T, Naito Y. What Is Oxidative Stress? J.
Japan Med. Assoc., 2000;124 (11): 1549-1553).
2-Korolczuk A, Caban K, Amarowicz M, Czechowska
G, Irla-Miduch J. Oxidative Stress and Liver
Morphology in Experimental Cyclosporine A-
Induced Hepatotoxicity. Bio. Med. Res. Internat.,
Volume 2016; Article ID 5823271, 9 pages.
3-Masuda H, Fujihira S, Ueno H, Kagawa M,
Katsuoka Y, Mori H. Ultrastructural study on
cytotoxic  effects of cyclosporine A in
spermiogenesis in rats. Med Electron Microsc.,
2003; 36(3): 183-191.
4-Kahan BD. Cyclosporine: a
transplantation.  Transplantation
(1999); 31(1-2): 14S-15S.
5-Calne RY, White DJ, Thiru S, Evans DB, McMaster
P, Dunn DC, Craddock GN, Pentlow BD, Rolles
K. Cyclosporine A in patients receiving renal
allografts from cadaver donors. Lancet, 2: 1978;
1323-1327.
6-Calne RY, Rolles K, White DJ, Thiru S, Evans DB,
McMaster P, Dunn DC, Craddock GN, Henderson
RG, Aziz S, Lewis P. Cyclosporine A initially as
the only immunosuppressant in 34 recipients of
cadaveric organs: 32 kidneys, 2 pancreases, and 2
livers. Lancet, 3: 1979; 1033-1036.
7-Calne RY, White DJG, Evans DB. Cyclosporin A in
cadaveric organ transplantation. Br. Med. J.,
282(6268): 1981;934-936.
8-Kandaswamy R, Humar A, Casingal V, Gillingham
KJ, lbrahim H, and Matas AJ. Stable kidney
function in the second decade after kidney
transplantation  while on  cyclosporine-based
immunosuppression. Transplantation, 2007; 83(6):
722-726.
9-Busauschina A, Schuelle P, and Van der Woude F.
Cyclosporine nephrotoxicity. Transplant.
Proceedings, 2004; 36(2): S229-S233.
10-Liquate E, Williamson SR, Janakiraman N, and
Venkat KK. Renal complications of hematopoietic
stem cell transplantation: Report of a case and
review of the literature. Indian J. Nephrol., 2017;
27: 468.
11-Farthing MG, Clark ML. Nature of the toxicity of
cyclosporine A in the rat. Biochem Pharmacol.,
1981;30(24): 3311-3316.

revolution in
Proceedings,

44

where their results revealed a significant drop
in renal damage in silymarin treated group.
This protective role of silymarin could be
attributable  to its  anti-inflammatory,
antioxidant, free radical scavenging, and
immunomodulatory properties (37), as well
as its cytoprotective effects through
inhibition of apoptosis (36).

12-Erguder 1B, Cetin R, Devrim E, Kilicoglu B, Avci
A, Durak . Effects of cyclosporine on
oxidant/antioxidant status in rat ovary tissues:
protective role of black grape extract. Int
Immunopharmacol., 2005; 5(7-8): 1311-1315.

13-Turk G, Atessahin A, Sonmez M, Yuce A, Ceribasi
AO. Lycopene protects against cyclosporine A-
induced testicular toxicity in rats.
Theriogenology. 2007; 67(4): 778-785.

14-Yuce A, Atessahin A, Ceribasi AO. Amelioration
of cyclosporine A-induced renal, hepatic and
cardiac damages by ellagic acid in rats. Basic Clin
Pharmacol Toxicol., 2008; 103(2): 186-191.

15-Raskovic A, Stilinovic N, Kolarovic J, Vasovic V,
Vukmirovic S, Mikov M. The protective effects
of silymarin  against  doxorubicin-induced
cardiotoxicity and hepatotoxicity in rats.
Molecules. 2011; 16: 8601-8613.

16-Jia R, Cao L, Du J, Xu P, Jeney G, Yin G. The
protective effect of silymarin on the carbon
tetrachloride (CCl4)-induced liver injury in
common carp (Cyprinus carpio) In Vitro Cell Dev
Biol Anim., 2013; 49: 155-161.

17-Al-Sa‘aidi JAA, Shoabith HJ. Sequential liver Gss
and sodl genes expression levels in silymarin
treated male rats. OlIRJ, 2015; 5(7): 22-29.

18-Al-Sa‘aidi JAA, Shoabith HJ. Sequential changes
of serum and liver Subcellular oxidants and
antoxidant concentrations in silymarin treated
male rats. Iraqi J. Vet. Sci., 2016; 30(1): 9-14.

19-Sasu A, Herman H, Mariasiu T, Rosu M, Balta C,
Anghel N, Miutescu E, Cotoraci C, Hermenean
A. Protective effects of silymarin on epirubicin-
induced mucosal barrier injury of the
gastrointestinal tract. Drug Chem. Toxicol.,
2015;38: 442-451.

20-Hermenean A, Stan M, Ardelean A. Antioxidant
and hepatoprotective activity of milk thistle
(Silybum marianum L. Gaertn.) seed oil. Open
Life Sci., 2015; 10: 225-236.

21-Luna LG, Armed Forces Institute of Pathology
(U.S.). Manual of histologic staining methods of
the Armed Forces Institute of Pathology. New
York,, Blakiston Division. 1968.

22-Soto C, Perez J, Garcia V, Uria E, Vadillo M Raya
L. Effect of silymarin on kidneys of rats suffering



QJVMS (2019) Vol. 18 No. (1)

Al-Qadisiyah Journal of Veterinary Medicine Sciences
(P-ISSN 1818-5746/ E-ISSN 2313-4429)
www.gu.edu.ig/journalvm

from  alloxan-induced  diabetes  mellitus.
Phytomedicine, 2010; 17: 1090-4.

23-Dashti-Khavidaki S, Shahbazi F, Khalili H,
Lessan-Pezeshki M. Potential renoprotective
effects of silymarin against nephrotoxic drugs: a
review of literature. J Pharm Pharm Sci.,
2012;15: 112-23.

24-Homan WP, Fabre JW, Williams KA, Millard PR,
Morris PJ. Studies on the immunosuppressive
properties of cyclosporine a in rats receiving renal
allografts. Transplantation,1980; 29: 361 366.

25-Homan WP, French ME, Millard P, Denton TG,
Fabre JW, Morris PJ. Studies on the effects of
cyclosporine A upon renal allograft rejection in
the dog. Surgery, 1980; 88: 168— 173.

26-Klintmalm GB, Iwatsuki S, Starzl TE.
Nephrotoxicity of cyclosporin A in liver and
kidney transplant patients. Lancet, 1981; 1: 470-
471.

27-Bennett WM, and Pulliam JP. Cyclosporine
nephrotoxicity. Ann. Intern. Med., 1983; 99: 851
854.

28-Naesens M, Kuypers DRJ, Sarwal M. Calcineurin
inhibitor nephrotoxicity. Clin. J. Am. Soc.
Nephro, 2009; 4(2): 481-508.

29-Rafieian-Kopaie M, and Nasri H. Silymarin and
diabetic nephropathy. J. Ren. Inj. Prev., 2012;
1(1): 3-5.

30-Meyers CM, Briggs JP. Silymarin for diabetic
nephropathy: the challenges of botanical product
research. Am J Kidney Dis., 2012; 60: 887-9.

45

31-Jose MA, Abraham A, Narmadha MP. Effect of
silymarin in diabetes mellitus patients with liver
diseases. J Pharmacol Pharmacother., 2011; 2:
287-9.

32-Vessal G, Akmali M, Najafi P, Moein MR, Sagheb
MM. Silymarin and milk thistle extract may
prevent the progression of diabetic nephropathy in
streptozotocin-induced diabetic rats. Ren Fail.,
2010; 32: 733-9.

33-Mihatsch MJ, Kyo M, Morozumi K, Yamaguchi
Y, Nickeleit V, Ryffel B. The side-effects of
cyclosporine-A and tacrolimus. Clin. Nephrol.,
1998; 49:356-363.

34-Morozumi K, Takeda A, Uchida K, Mihatsch MJ.
Cyclosporine nephrotoxicity: how does it affect
renal  allograft function and transplant
morphology? Transpl. Proc., 2004; 36: S251-
S256.

35-Pallet N, Rabant M, Xu-Dubois YC, Lecorre D,
Mucchielli MH, Imbeaud S, Agier N, Hertig A,
Thervet E, Legendre C, Beaune P, Anglicheau D.
Response of human renal tubular cells to
cyclosporine and sirolimus: A toxicogenomic
study. Toxicol. Appl. Pharmacol.,, 2008;
229:184— 196.

36-Dabak DO, Kocaman N. Effects of silymarin on
MTX induced nephrotoxicity in rats. Ren Fail.,
2015; 37(4): 734-9.

37-Pradhan SC, Girish C. Hepatoprotective herbal
drug, silymarin from experimental pharmacology
to clinical medicine. Indian J Med Res., 2006;
124: 491-504



QJVMS (2019) Vol. 18 No. (1)

46



