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ABSTRACT

األهداف: التحقق في ما إذا كان انفليكسيماب - مثبط عامل 
عن  الناجتة  الكلوية  ألفا (TNF-α) - مينع السمية  الورم  نخر 

استخدام سيسبالتني.

الباطنية في  االمراض  في قسم  الدراسة  إجراء  مت  الطريقة:  
 1 من  الفترة  خالل  تركيا  ريزة،  اردوغان،  طيب  رجب  جامعة 
من  ذكراً   30 تقسيم  مت  2013م.  مايو   10 2012م إلى  نوفمبر 
احليوانات  حقن  مجموعات. مت   3 إلى  ويستار  البيضاء  اجلرذان 
من  ملغ/كغ)   7 واحدة (  بجرعة  سيسبالتني  مجموعة  في 
احليوانات  حقن  البريتونى. مت  الغشاء  طريق  عن  سيسبالتني 
 7 واحدة (  انفليكسيماب بجرعة  سيسبالتني+   مجموعة  في 

ملغ/كغ) قبل 72 ساعة من حقنهم بسيسبالتني.

 ،(IL-1β) بيتا   1 انترلوكني   ،TNF-α النتائج:  مستويات 
 (ADA) األدينوزين  أمني  ونازعة   (NO) النيتريك  وأكسيد 
املجموعة  من  كل  من  أعلى  كانت  سيسبالتني  مجموعة  في 
  NO ،(p<0.001) IL-1α ،(p<0.001) TNF-αالضابطة
 + سيسبالتني  و ADA (p<0.001) ومجموعة   (p<0.001) 
انفليكسيماب و IL-1b  (p<0.001) TNF-α (p<0.001) و 
NO (p<0.001) و  ADA (p=0.003). كشف فحص األنسجة 
اقل  كانت  بينما  مجموعة سيسبالتني  في  النطاق  واسعة  أضرار 
مستوى  كان  بينما  انفليكسيماب.  سيسبالتني+  مجموعة  في 
الكربونيك األنهيداز الثاني (CA-II) في مجموعة سيسبالتني 
اقل من املجموعتني، املستوى كان متشابها بني املجموعة الضابطة 

ومجموعة سيسبالتني+ انفليكسيماب. 

اخلامتة : انفليكسيماب يعمل بقوة ضد السمية الكلوية الناجتة 
 ،TNF-αل القوي  التثبيط  بواسطة  سيسبالتني  استخدام  عن 
من  يغير  ال  العقارين  هذين  بني  اجلمع  فإن  ذلك،  إلى  باإلضافة 

.CA-II مستوى

Objectives: To investigate whether infliximab (Ib), 
an inhibitor of tumor necrosis factor alpha (TNF-α), 
prevents cisplatin (Cis)-induced nephrotoxicity. 

Disclosure. Funding for this study was received from 
RTEU Bilimsel Arastirmalar Proje Birimi (BAP), Project 
No. 2012.106.01.5.

Methods: The study was performed in the Department 
of Internal Medicine, Recep Tayyip Erdogan University, 
Rize, Turkey, between November 2012 and May 2013. 
Thirty male Wistar albino rats were divided into 3 
groups, a control group, a Cis group, and a Cis+Ib 
group. The animals of the Cis group were injected with 
a single dose (7 mg/kg) of Cis intraperitoneally. The 
animals of the Cis+Ib group were injected with a single 
dose (7 mg/kg) of Ib 72 hours prior to Cis injection. 

Results: The TNF-α, interleukin-1 beta (IL-1b), nitric 
oxide (NO) and adenosine deaminase (ADA) levels of 
the Cis group were higher than both the control group 
TNF-α (p<0.001), IL-1α (p<0.001), NO (p<0.001) 
and ADA (p<0.001), and the Cis+Ib group TNF-α 
(p<0.001), IL-1b (p<0.001), NO (p<0.001), and ADA 
(p=0.003). Histopathological examination revealed 
extensive damage in the Cis group, while the damage 
in the Cis+Ib group was lower. While the carbonic 
anhydrase II (CA-II) level of the Cis group was lower 
than both groups, it was similar in the Cis+Ib and the 
control groups. 

Conclusion: Infliximab acts against Cis-induced 
nephrotoxicity by a strong inhibition of TNF-α. 
Additionally, the combination of these 2 drugs does not 
obviously change the level of CA-II. 
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Cisplatin (Cis) is an antineoplastic drug used to 
treat solid tumors. Although it is used in most 

chemotherapy regimens, its nephrotoxic effect is a 
common problem. The mechanisms for Cis-induced 
nephrotoxicity have been attributed to renal cell 
apoptosis, oxidative stress, and inflammation.1,2 

Cisplatin leads to the formation of reactive oxygen 
species (ROS) by increasing the release of pro-
inflammatory cytokines such as tumor necrosis alpha 
(TNF-α), stimulating apoptosis through the direct 
effect of the cytokines, and increasing inflammation.3 
Moreover, it causes nephrotoxicity by increasing the 
turnover of purine metabolism to its metabolites.4 
Cisplatin induced nephrotoxicity is one of the important 
side effects that limit the use of Cis. Therefore, effective 
treatment is still sought to prevent it. Infliximab (Ib) is a 
potent TNF-α inhibitor that can safely be used to treat 
many chronic diseases with inflammation.5 Previous 
studies have shown that Ib prevents organ damage,6,7 
and decreases nitric oxide (NO) and ROS formation.8 
It has no nephrotoxic effect and can be used in patients 
with renal impairment.9 Carbonic anhydrase II (CA-II), 
which is a zinc metalloenzyme, catalyzes the reversible 
hydration reaction of carbon dioxide form carbonic 
acid. It is found in many tissues, mainly the kidneys.10 

Over-expression of CA-II is observed in many cancers, 
including renal cell cancer.11 This condition leads to 
cancer cell growth and invasion. On the contrary, the 
suppression of CA-II or its deficiency leads to metabolic 
acidosis.12 In this study, we aimed to investigate 
whether Ib could prevent cis-induced nephrotoxicity, 
and whether this combination would affect the CA-II 
enzyme.

Methods. This was an experimental study conducted 
in the Department of Internal Medicine, Recep Tayyip 
Erdogan University, Rize, Turkey, between November 
2012 and May 2013. We used 30 male Wistar albino rats 
that were 12-15 weeks old and weighed 250-300 g. We 
randomly divided the rats into 3 groups: control group 
(n=10), Cis group (n=10), and Cis+Ib group (n = 10). 
We performed every stage of this research according to 
the Guide for the Care and Use of Laboratory Animals 
(NIH, 1985), and the local ethical committee approved 
the study. The study design was based on research that 
could serve as models. We searched for experimental 
studies on cis-induced renal toxicity, and those related 
to Ib in the Index Medicus database. Cis begins to 
show its toxic effect starting from half an hour to 7 
days; particularly, it occurs from one hour to 3 days.13 

The effects of Ib start one hour after administration, 
reaches the Cmax level after nearly one day, and lasts 

for approximately 8 weeks.5 In previous ischemia-
reperfusion studies, scarification is usually performed 
after 3 days of Ib administration.7 However, as there is a 
lack of studies on Ib toxicity, we designed this study to 
consider the pharmacologic effects of both drugs.  

Intraperitoneal injection of isotonic saline solution 
with the same volume of Cis was performed. A single 
dose of 7 mg/kg Cis (Cisplatinum Ebewe, EBEWE 
Pharma Ges.m.b.H Nfg.KG, Unterach, Austria, 0.5 
mg/ml) was given intraperitoneally to the animals of 
the cis group before they were sacrificed after 5 days.14 

Before 72 hours of Cis injection, one dose of 7 mg/kg 
Ib (Remicate, Schering-Plough (Brinny) Company, 
Innishannon, Ireland) was given to the rats of the 
Cis+Ib group.15 The rats were sacrificed 5 days after the 
injection of 7 mg/kg cis given as a single dose. All the 
rats were sacrificed using ketamine hydrochloride (50 
mg/kg intramuscularly; Ketalar, Parke-Davis Eczacibasi, 
Istanbul, Turkey). After their removal from all the rats, 
the kidney tissues were immediately stored at -80°C 
until analysis. Blood samples of 10 ml were drawn 
from all the rats to be biochemically evaluated. After 
standing at room temperature for 15 minutes, the blood 
samples were centrifuged at 3,000 rpm for 10 minutes. 
Serum blood urea nitrogen (BUN) and creatinine 
were analyzed in the serum using commercial kits 
(ARCHITECT c16000, Abbott Laboratories, Green 
Oaks, IL, USA). The tissue samples were homogenized 
in phosphate buffered saline (PBS) with pH 7.4 and 
then centrifuged at 10,000 rpm for 20 minutes. 
Aliquots of the supernatant were placed inside tubes and 
frozen at -80°C. A turbidimetric procedure was used for 
protein assay of the tissues by applying benzethonium 
chloride to denature the proteins. The fine suspension 
of proteins was measured by a turbidimetric procedure 
at 404 nanometers (ARCHITECT c16000, Abbott 
Laboratories, City, IL, USA). The TNF-α level was 
measured by using rat TNF-α (eBioscience, Vienna, 
Austria) and interleukin-1 beta (IL-1b) enzyme-linked 
immunosorbent assay (ELISA) kit (eBioscience, Vienna, 
Austria). The limit of detection (LOD) for the TNF-α 
assay was 11 pg/ml, and that for the IL-1b assay was 
4 pg/ml. We used a commercially available adenosine 
deaminase (ADA) ELISA kit (Cusabio Biotech Co., 
Hubei, P.R. China). The LOD for the ADA assay was 
0.39 mIU/ml. The NO concentration was measured 
using a colorimetric assay method (Cayman Chemical 
Company, Ann Arbor, MI, USA). The levels of NO 
were presented as µM (µmol/l). The LOD for the NO 
assay was 2.5 µM. 

Sections of 3-4 µm in thickness were prepared for 
immunohistochemical staining. These sections were 
put in xylene for 20 minutes before the alcohol series 
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(50-100%) was applied. They were kept for 10 minutes 
in H2O2 solution. The sections were washed by PBS 
and then heated in a citrate buffer solution at 800 W 
power for 4-5 minutes. They remained for 20 minutes 
in a secondary blocker substance. Before staining by 
anti-CA-II (cod: ab124687, Abcam Plc, Cambridge, 
UK), each slide was kept for 75 minutes in different 
dilutions of a primary antibody (CA-II 1/250-/500). We 
used diaminobenzidine solution as an achromogen, and 
Mayer’s hematoxylin as a counterstain for 3-5 minutes. 
We used PBS as a negative control. The preparations 
were photographed after they were covered with a 
suitable covering material. After immunohistochemical 
staining, the preparations were divided into 4 categories 
according to the percentage of immunopositive reaction 
areas of the tissues: mild (+), moderate (++), severe 
(+++), and very severe (++++). The blocked tissues 
were cut into 4-5 µm-thick sections and then stained 
by hematoxylin and eosin (H&E) to prepare them for 
histopathological examination. The regions suitable for 
histopathological evaluation were photographed. All the 
preparations were blindly evaluated by 2 histologists. 
We considered the results of the statistical comparisons 
of all the information obtained during, between, and 
within group evaluations.

The results were expressed as the mean ± standard 
deviation. We analyzed the data using the Statistical 
Package for Social Sciences for Windows, version 
13 (SPSS Inc., Chicago, IL, USA). The biochemical 
parameters were analyzed using ANOVA and then by 
Bonferroni analyses. The Mann-Whitney U test was 
used for 2 by 2 comparisons of the groups according 
to histopathological parameters. P-values of <0.05 were 
regarded as statistically significant.

Results. The BUN (p<0.001) and creatinine 
(p<0.001) levels of the cis group, and the BUN (p=0.006) 
and creatinine (p=0.021) levels of the Cis+Ib group were 
significantly higher than those of the control group. The 

BUN (p=0.021) and creatinine (p=0.041) levels of the 
Cis+Ib group were significantly lower than those of the 
Cis group. The TNF-α, IL-1b, NO, and ADA levels of 
the cis group were significantly higher than the TNF-α 
(p<0.001), IL-1b (p<0.001), NO (p<0.001), and ADA 
(p<0.001) levels of the control group; and the TNF-α 
(p<0.001), IL-1b (p<0.001), NO (p<0.001), and ADA 
(p=0.003) of the Cis+Ib group. The TNF-α (p=0.762), 
IL-1b (p=0.774), NO (p=0.642), and ADA (p=0.353) 
levels of the Cis+Ib group were similar to those of the 
control group. All biochemical results are shown in 
Table 1.

Immunohistochemical results. No pathologic 
disorders of the kidney tissues of the control group 
stained by H&E were found in the proximal tubules, 
distal tubules, glomerular parietal layer, and basement 
membrane that could damage cell structures and 
tissue integrity. As low lymphocytic cell infiltration 
was found at the border of the cortex-medulla region, 
no histopathological cellular degeneration occurred 
(Figure 1A). Pathologic deformation was found in the 
epithelial structures of the proximal and distal tubules 
of the kidney tissues of the Cis group stained by H&E. 
Intensive degenerative structures, general tubular 
dilatations, and fluid accumulation related to the edema 
of epithelial structures of proximal tubules surrounding 
glomerulus were found (Figure 1B). The glomeruli lost 
their normal morphologic structures because of the 
dilatation of Bowman’s space. Although connective 
tissue and edema in the cortex-medulla border increased, 
only focal infiltrative regions and an elevated amount of 
leucocytes in the cortex were found. The tubules lumens 
were dilated because of the deformation and shedding of 
the distal tubules epithelium. Although the dilatation of 
Bowman’s space and the edema of Bowman’s capsule and 
visceral cells was observed, the filtration space was wider 
than that of the control group. In some kidney tissues, 
Bowman’s capsule and the basement membrane of the 
renal tubules were observed to have intensive thickness. 

Table 1 - Tumor necrosis factor alpha, interleukin 1 beta, nitric oxide, adenosine deaminase, BUN, and creatinine levels of 3 groups.

Parameters Cis Cis+Ib Control F-value
BUN (mg/dl)    89.2 ± 39.9‡,¥   30.1 ± 26.5§ 24.9 ± 3.7 14.8*

Creatinine (mg/dl)    1.0 ± 0.4‡,€   0.7 ± 0.2¥     0.4 ± 0.04 10.6*

TNF-α (pg/mg protein)    750.1 ± 201.2‡,¶  449.5 ± 60.0‡‡ 431.6 ± 86.1 18.6*

IL-1b (pg/mg protein)  356.9 ± 62.3‡,¶  272.5 ± 37.7§§ 266.3 ± 38.3 11.3*

Nitric oxide (µmol/gr protein)    9.9 ± 1.3‡,¶    6.8 ± 1.5††   6.5 ± 1.6 14.8*

ADA (mIU/mg protein)  40.6 ± 9.2‡,₤  31.5 ± 3.1** 28.8 ± 4.4 10.0†

BUN - blood urea nitrogen, F - F-ANOVA test, TNF-α - tumor necrosis alpha, IL-1b - interleukin 1 beta, NO - nitric oxide, 
ADA - adenosine deaminase. *p<0.001, †p=0.001 for ANOVA. ‡p<0.001, §p=0.006, **p=0.353, ††p=0.642, ‡‡p=0.762, 

§§p=0.774 versus control group. ¶p<0.001, ₤p=0.003, ¥p=0.021, €p=0.041 versus Cis+Ib group
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In the deformation of the proximal tubules, cells were 
observed to be eosinophilic. Some tubules in the lumens 
had cystic mass structures similar to hyalinization 
(Figure 1B). Tissues of the Cis+Ib group stained by 
H&E had lower tissue and cellular deformities than 
those of the cis group (Figure 1C). Although glomeruli 
with kidney inclusion bodies improved toward normal 
properties, their damage was not completely improved. 
The epithelial cells of the proximal tubules had a lower 
degeneration, but their nuclei were stained slightly 
basophilic. Tubular dilatation and tubular cell injury in 
the Cis+Ib group were observed to be lower than those 
in the Cis group. Although the lymphocytic infiltration 
regions decreased, they did not completely disappear. 
Despite the decrease in the distal tubule dilatation, they 
were wider than those in the control group and had 
scattered edematous fluid. Despite the mild increase in 
connective tissue in the cortex-medulla, the amount of 
lymphocytes extensively decreased. Although swelling 
and extensive loss of cells in the tubular epithelium 
decreased in the Ib group, they did not completely 
disappear. Extensive deformation was observed to 
continue, especially in the outer cortex region (Figure 
1C).

The CA-II enzyme activities in the Cis group were 
significantly lower than those in both the control 
group (p=0.006) and the Cis+Ib group (p=0.001). All 
histopathologic results are shown in Table 2.

Discussion. The results showed that the serum 
levels of BUN and creatinine as well as the levels of 
TNF-α, IL-1b, NO, and ADA in the kidney tissues 
of the Cis group were higher than those of the Ib and 
control groups. Histopathological investigation of the 
kidney tissue in the Cis group revealed more extensive 
cellular loss, edema, tubular degeneration, and dilatation 
accompanied with lymphocytic infiltration than those 
in the other 2 groups. Interestingly, the CA-II level in 
the Cis group was significantly lower than that in the 
control and Ib groups. Lower histopathological damage 
was detected in the Ib group than in the Cis group. The 
CA-II level in the Ib group was similar to that in the 
control group. The serum levels of BUN and creatinine 
in the Ib group were significantly lower than those 
in the Cis group. Moreover, tissue levels of TNF-α, 
IL-1b, NO, and ADA were similar to those of the 
control group. These findings indicate that Cis-induced 
nephrotoxicity can be decreased by Ib treatment. 

Renal injury induced by Cis has been associated 
with oxidative stress, inflammation, and apoptosis. 
Tumor necrosis factor-alpha and IL-1b are the major 
pro-inflammatory cytokines. Elevated levels of these 
cytokines increase inflammation and lead to oxidative 
stress and ROS formation. Increased ROS leads to 
renal injury. Moreover, TNF-α leads to apoptosis by 
activating the caspases enzyme system. Previous studies 

Figure 1 - The investigation of infliximab’s (Ib) protective effect against Cisplatin (Cis)-induced nephrotoxicity in kidney tissues stained by Hematoxylin 
& Eosin in: A) control group; B) Cis applied group; and C) Cis and Ib applied group. Thin arrows - vacuolization, thick arrows - edema, star 
- dilatation.

Table 2 - Histopathological examination of kidney tissue.

Groups Cell degeneration Edema Lymphocyte 
infiltration

Tubular defect Tubular dilatation CA-II

Control 0.4 ± 0.5 0.4 ± 0.5 1.2 ± 0.4 0.2 ± 0.4 1.2 ± 0.4 3.1 ± 0.5
Cis    3.1 ± 0.5*,§    3.2 ± 0.6‡,§    3.1 ± 0.5‡,§    3.2 ± 0.4†,§    3.0 ± 0.0‡,#   2.2 ± 0.6††

Cis+Ib 2.2 ± 0.6§ 2.2 ± 0.4§  2.2 ± 0.4§  2.2 ± 0.6§    2.2 ± 0.6**  3.2 ± 0.4¥

CA II -  carbonic anhydrase-II, *p<0.001, †p=0.001, ‡p=0.002 versus Cisplatin (Cis)+ infliximab (Ib) group
§p<0.001, **p=0.002, ††p=0.006,  ‡‡p=0.689 versus control group 
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have shown that the release of TNF-α and IL-1b 
causes nephrotoxicity,16,17 and the administration of 
Cis-induced nephrotoxicity in experimental models 
lead to the release of TNF-α and IL-1b that damaged 
renal tissues.1,18 Infliximab is known to inhibit TNF-α 
and decrease the pro-inflammatory cytokine levels in 
the medium. Therefore, it decreases tissue injury by 
blocking the direct effect of these cytokines and their 
stimulation to oxidative stress. Infliximab has been 
reported to decrease renal injury by decreasing oxidative 
stress.19 Our study presented Cis-induced nephrotoxicity 
by increasing TNF-α and IL-1b levels. However, Ib 
treatment can be used to decrease nephrotoxicity by 
suppressing these 2 cytokines. 

Previous studies have shown Cis to induce 
nephrotoxicity by increasing the NO level.20 An 
elevated NO level is known to cause renal tubular 
damage. Peroxynitrite is the main product of the 
reaction between NO and superoxide anion.21 It is a 
potent cellular oxidant especially for DNA. Infliximab 
prevents the elevation of NO level by suppressing 
NO synthetase expression.22 In our study, although 
NO clearly increased in the Cis group, its level was 
similar to that in both the Ib and control groups. 
Infliximab has been shown to have a protective effect 
against Cis-induced nephrotoxicity by preventing 
excessive NO increase. However, some studies have 
reported an increase in renal blood flow and glomerular 
filtration after the administration of NO inhibitor, 
thus prolonging the renal injury induced by Cis.20 In 
our study, although the NO level in the Cis group was 
excessively elevated, it was similar to that in the Cis+Ib 
and control groups. This similarity shows that, although 
Ib prevents excessive NO formation, it does not lower 
its level below the basal level. Therefore, renal blood 
flow and glomerular filtration are maintained. 

The ADA enzyme catalyzes the conversion reaction 
of both adenosine to inosine and deoxyadenosine to 
deoxyinosine.23 The ADA levels have been shown to 
increase in Cis-induced nephrotoxicity.24 Elevated ADA 
levels also indirectly increase purine metabolites, such 
as adenosine, hypoxanthine, inosine, and ROS.25,26 In 
Cis-induced toxicity, superoxide radicals increase as a 
result of high cell turnover. Aside from the elevation 
of the ADA level, adenosine may also cause mesangial 
and vascular contractions in the kidney, leading to a 
reduction in renal blood flow and glomerular filtration 
rate.27 In the current study, ADA obviously increased 
in the Cis group, indicating an increase in both purine 
metabolites and ROS levels in the Cis group. Infliximab 
may prevent Cis-induced renal damage by decreasing 
the acceleration of purine metabolism. 

The CA-II, which catalyzes the reversible 
reaction between carbon dioxide and bicarbonate 
(H+ + HCO3

- ↔ H2CO3 ↔ H2O + CO2), is abundant in 
the kidneys.28 The kidneys maintain a normal acid-base 
balance using 2 major mechanisms: reabsorption of 
filtered HCO3 from the proximal tubule and excretion 
of net protons (H+) as titratable acid and ammonium in 
the distal nephron.29 In fact, CA-II over-expression may 
lead to excess bicarbonate, which may increase tumor 
growth.30,31 Therefore, the suppression of CA-II by Cis 
is a desired effect. The suppression of the CA-II level 
by Cis in therapeutic doses is a desired effect for cancer 
treatment. However, our data are limited in this subject. 

In this study, the CA-II level of the Cis group was 
suppressed in comparison with that of the control 
group. The suppression of this enzyme may lead to 
metabolic acidosis by preventing renal H+ excretion.32,33 
This metabolic acidosis may further increase renal 
injury. The similarity of the CA-II level in the Ib 
group and the control group may indicate that Ib may 
decrease renal injury by preventing Cis-induced CA-II 
inhibition, which leads to the decrease in metabolic 
acidosis formation. Moreover, the similarity of the 
CA-II level in the Cis+Ib group and the control group 
may indicate that these 2 drugs may be combined in 
cancer treatment. Further studies are needed on this 
subject.

Study limitations. In future studies, the bicarbonate 
level, aside from CA-II activities, can be measured 
to support our results. Measuring the urinary PH 
and blood gas can also give additional information. 
Excessive cytokine release that induces nephrotoxicity 
was evaluated in our study. Aside from these parameters, 
the measurement of oxidative stress parameters can also 
be performed. As we measured the NO level only, the 
malondialdehyde and antioxidant enzyme levels can be 
measured as well. Our study is a pilot study; therefore, 
further studies on this topic are needed. In this study, 
7 mg/kg of Cis and Ib was used. New studies may use 
different dosages, and the preventive effect of other 
dosages may be investigated. As the interval of this study 
is short, new studies with long intervals are needed to 
investigate whether the preventive effect of Ib decreases 
or increases with increasing time.

In conclusion, Cis-induced nephrotoxicity can 
occur not only by increasing pro-inflammatory 
cytokines and ROS formation, but also by accelerating 
purine metabolism. It may lead to metabolic acidosis 
by inhibiting the CA-II enzyme, which accelerates renal 
injury. Infliximab, which is a potent TNF-α inhibitor, 
may partially prevent Cis-induced renal injury by 
cytokine inhibition and maintenance of purine 
metabolism. However, Cis-induced nephrotoxicity 
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limits the use of Cis or may lead to the cessation of 
its treatment in practice. This study shows that Ib can 
prevent Cis-induced nephrotoxicity, making Cis safe to 
use in practice. However, as this study is a pilot one, 
further studies with more details and a long follow-up 
period are needed.
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