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Abstract:

Background: Cisplatin is a platinum derivative frequently used in the chemotherapy of different solid tumors. This biochemical and

histologic study investigated a possible protective effect of mirtazapine with regard to cisplatin-induced nephrotoxicity in the rat.

Methods: The animals were divided into 4 groups: 15 mg/kg mirtazapine + 10 mg/kg cisplatin, 30 mg/kg mirtazapine + 10 mg/kg

cisplatin, only 10 mg/kg cisplatin and negative control (healthy) group. During 14 days, the treatment and treated control group took

drugs, while the healthy animals were given distilled water on the same schedule. All animals were sacrificed by high-dose anesthe-

sia at the end of the 14 days of treatment; their kidneys were removed and subjected to histologic and biochemical study.

Results: In both of the doses we used, mirtazapine decreased the levels of malondialdehyde, creatinine, blood urea nitrogen and

myeloperoxidase activity when compared to cisplatin group. On the other hand, it increased total glutathione level in all doses. Slight

histopathological findings were determined in mirtazapine groups when compared to cisplatin control group.

Conclusion: In the light of our results and literature knowledge, we can conclude that the protective effect of mirtazapine in cisplatin

toxicity originates from its own antioxidant activity.
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Introduction

Cisplatin is a non-cycle-dependent cytotoxic platinum

derivative frequently used in different solid tumors,

including gastric, testicular, ovarian, urologic, head

and neck and other cancers [6, 17]. It causes serious

toxicity to the hematopoietic, gastrointestinal, central

and peripheral nervous and other organ systems [10].

One of its several dose-limiting toxicities, which can

also force an interruption of treatment, is its renal tox-

icity [1]. Because of being tubular toxin, it can be

used to induce nephrotoxicity in experimental studies

[4]. After the cisplatin treatment, approximately

25–35% of the patients present evidence of acute tu-

bular necrosis [12].

Oxidative damage is possibly an important mecha-

nism in the pathogenesis of cisplatin nephrotoxicity. It

was reported that cisplatin exerts nephrotoxicity
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through an increase in the production of excess free

radicals and a reduction in the production of antioxi-

dants [16, 30]. As a consequence, it has been hypothe-

sized that antioxidant treatment could be useful in

avoiding or reducing nephrotoxicity. Published studies

have shown a protective effect of different antioxi-

dants on nephrotoxicity caused by cisplatin [20, 29].

This nephrotoxicity remains one of the main dose-

limiting toxicities of cisplatin; studies directed at re-

ducing this toxicity are continuing.

Mirtazapine, which was used in our study, is used

for major depression. It has been shown that mir-

tazapine represses the production of enzymatic and

non-enzymatic oxidation indicators while increasing

the antioxidant parameters. Mirtazapine has also been

reported to protect gastric tissue from the gastro-toxic

effect of indomethacin [5]. This information suggests

that mirtazapine could be a cytoprotective agent. No

data on a possible protective effect of mirtazapine

with regard to the renal toxicity of cisplatin could be

found in a literature search. Our study aimed to exam-

ine, by biochemical and histological means, a possible

protective effect of mirtazapine against the nephro-

toxicity of cisplatin in the rat.

Material and Methods

Animals

A total of 28 male Wistar albino rats with a weight

varying from 210 to 230 g were procured by the

Atatürk University Medical Research Center. The ani-

mals were fed at room temperature (22°C) prior to the

experimentation.

Pharmacological study

The animals were divided into 4 groups: The two

treatment groups, each consisting of 7 animals, was

first given mirtazapine 15 and 30 mg/kg in distilled

water by gastric gavage, while the 7 animals in the

treated control group and the 7 untreated controls, or

healthy animals, received distilled water by the same

route. One hour later, 10 mg/kg cisplatin was injected

intraperitoneally (ip) to the both treatment groups and

treated control group, while the untreated control

group animals were given distilled water on the same

schedule. Then, this injection continued every day

consecutively for 14 days. All animals were sacrificed

by high-dose anesthesia at the end of the 14 days of

treatment; their kidneys were removed and subjected

to histologic and biochemical study. Also before

scarification, blood samples were collected from tail

vein of rats for blood urea nitrogen (BUN) and creati-

nine measurements. Histologic and biochemical find-

ings in the mirtazapine group were compared to those

in the treated and the untreated controls.

Histological study

Rat kidneys were fixed in 10% formaldehyde. The

5 µm slices from the prepared paraffin blocks were

stained by hematoxylin and eosin (H&E); selected

cases were stained also by periodic acid Schiff (PAS),

Mason trichrome and silver stains. The frequency and

intensity of renal lesions were evaluated by light mi-

croscopy on two tissue sections or more and in spe-

cially stained slides. Glomeruli, tubules and intersti-

tial tissue were studied for an exhaustive evaluation of

renal toxicity.

Biochemical study

For all the measurements the tissue-protein estimation

was performed according to Bradford’s method [7].

Malondialdehyde (MDA) measurement

The concentrations of lipid peroxidation were deter-

mined by estimating MDA using the thiobarbituric

acid test [19]. The tissues were promptly excised and

rinsed with cold saline. Then, tissue was homogenized

in 10 ml of 100 g/l KCl. The homogenate (0.5 ml) was

added to a solution containing 0.2 ml of 80 g/l sodium

lauryl sulfate, 1.5 ml of 200 g/l acetic acid, 1.5 ml of

8 g/l 2-thiobarbiturate, and 0.3 ml distilled water. The

mixture was incubated at 98°C for 1 h. Upon cooling,

5 ml of n-butanol:pyridine (15:l, v/v) was added. The

mixture was vortexed for 1 min and centrifuged for

30 min at 4,000 rpm. The absorbance of the super-

natant was measured at 532 nm.

Myeloperoxidase (MPO) measurement

MPO activity was measured according to the method

of Bradley et al. [8]. The homogenized samples were

frozen and thawed, and centrifuged at 1,500 rpm for
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10 min at 4°C. MPO activity in the supernatant was

determined by adding 100 ml of the supernatant to

1.9 ml of 10 mmol/l phosphate buffers (pH 6.0) and

1 ml of 1.5 mol/l o-dianisidine hydrochloride contain-

ing 0.0005% w/v hydrogen peroxide. The changes in

absorbance at 450 nm of each sample were recorded

on a UV-visible spectrophotometer (Beckman DU

500, USA).

Total glutathione (tGSH) measurement

The amount of GSH in the total homogenate was

measured according to the method of Sedlak and

Lindsay with some modifications [23]. The sample

was weighed and homogenized in 2 ml of 50 mM

Tris-HCl buffer containing 20 mM EDTA and 0.2 mM

sucrose at pH 7.5. The homogenate was immediately

precipitated with 0.1 ml of 25% trichloroacetic acid,

and the precipitate was removed after centrifugation at

4,200 rpm for 40 min at 4°C. The supernatant was used

to determine GSH using 5,5-dithiobis(2-nitrobenzoic

acid) (DTNB). Absorbance was measured at 412 nm

using a spectrophotometer.

Creatinine and blood urea nitrogen measurement

Venous blood samples were collected from tail vein

into tubes without anticoagulant. Serum was sepa-

rated by centrifugation after clotting and stored at

–80°C until assayed. Creatinine and urea levels were

determined in Cobas 8000 (Roche) spectrophotomet-

ric system with colorimetric method. BUN levels

were calculated with formula BUN = urea × 0.48.

In alkaline solution, creatinine forms a yellow-

orange complex with picrate. The color intensity is

directly proportional to the creatinine concentration

and can be measured by photometrical method (at

505 nm). Assays using rate-blanking minimize inter-

ference by bilirubin. Serum samples contain proteins

which react non-specifically according to the Jaffe

method. Serum results must be corrected by 0.3 mg/dl

(26 µmol/l) to obtain accurate values. This correction

causes a measurement error of £ 1% in urine speci-

mens because these do not contain non-specific pro-

teins. Urea is hydrolyzed by urease to form CO2 and

ammonia.

The ammonia formed then reacts with a-ketoglut-

arate and NADH in the presence of GLDH to yield

glutamate and NAD+. The decrease in absorbance due

to consumption of NADH is measured kinetically.

The NADH complex to decrement is determined by

photometrical method (at 340 nm).

Statistical analyses

All data were analyzed by one-way ANOVA using

SPSS 18.0 software. Differences among groups were

obtained using the LSD option and significance was

declared at p < 0.05.

Results

Histopathological results of healthy group

Healthy rat kidney tissue was assessed as normal. As

seen in Figure 1, no pathological finding was ob-

served in glomerular, proximal and distal convoluted

tubules and in interstitium. In kidney tubules, normal

microvillus can be seen (PAS statin) with arrow.

Histopathological results of cisplatin control

group

As seen in Figure 2a, serious cast formation was seen

in the kidney tubules of cisplatin control group, on the

other hand, significant swallow and severe desquama-

tion was seen in epithelial cells. As seen in Figure 2b,

significant tubular necrosis and many apoptotic bod-

ies were observed, while in Figure 2c, mild interstitial

596 Pharmacological Reports, 2012, 64, 594�602
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Fig. 2 (a, b, c, d). Renal tissue of the cisplatin-treated control group animals

Fig. 3 (a, b, c, d). Renal tissue of rats treated with 15 mg/kg mirtazapine and 10 mg/kg cisplatin



inflammation and mild glomerular degeneration was

seen, whereas in Figure 2d whole loss of microvillus

was observed.

Histopathological results of mirtazapine

15 mg/kg + cisplatin 10 mg/kg group

As seen in Figures 3a and 3b, moderate tubular necro-

sis was observed in kidney tissue of this group and

swallowing and desquamation was seen in epithelial

cells. In Figure 3c, moderate cast formation and sig-

nificant loss of microvillus were determined (PAS

stain). In Figure 3d, while phenomenal apoptotic bod-

ies were seen, no inflammation and glomerular de-

generation was observed.

Histopathological results of mirtazapine

30 mg/kg + cisplatin 10 mg/kg group

As seen in Figure 4a and 4b, tubular necrosis, cast for-

mation, swallowing and desquamation were observed

in kidney tissue of this group mildly. In Figure 4c,

microvillus structure was protected in large measure

(PAS stain). No apoptotic bodies, inflammation in in-

terstitium and glomerular degeneration was observed.

MDA, MPO and tGSH results

As shown in Figure 5, the MDA level in the renal tis-

sue of cisplatin-treated controls was 9.3 µmol/g pro-

tein, MPO activity was 5.5 U/g protein and the tGSH

level was 2.5 nmol/g protein.

While MDA, MPO and tGSH were measured as

6.1 µmol/g protein, 2.9 U/g protein and 4.4 nmol/g pro-

tein, respectively, in 15 mg/kg mirtazapine + 10 mg/kg

cisplatin treatment group; these measurements were

4.5 µmol/g protein, 1.8 U/g protein and 6.6 nmol/g pro-

tein, respectively, in the renal tissue of 30 mg/kg mir-

tazapine + 10 mg/kg cisplatin treatment group. In the

rats of untreated negative control group, the respec-

tive values were 3.2 µmol, 1.2 U and 7.6 nmol, each

expressed per gram of protein.

BUN and creatinine results

Mean BUN level in the cisplatin-treated control animals

was 259 mg/dl and, in those treated with 15 mg/kg mir-

tazapine + 10 mg/kg cisplatin, and 30 mg/kg mirtazapine

+ 10 mg/kg cisplatin were 190 mg/dl and 177.8 mg/dl, re-

spectively. This measurement was 16.9 mg/dl in un-

treated negative control group (Fig. 6).

Serum creatinine levels were 6.4 mg/dl in the con-

trol animals treated by cisplatin only and 0.33 mg/dl

in the negative control. This measurement was

expressed as 3.2 and 1.66 mg/dl in those animals

given 15 mg/kg mirtazapine + 10 mg/kg cisplatin and

30 mg/kg mirtazapine + 10 mg/kg cisplatin, respec-

tively (Fig. 6).

Discussion

This biochemical and histologic study examined the

effect of mirtazapine on cisplatin-induced nephrotox-

icity. The nephrotoxicity of cisplatin, which is used to

create an experimental model of nephrotoxicity, is

well known [9, 31] A large number of experimental

studies of the prevention of cisplatin nephrotoxicity

have been published [28]. Cisplatin, in these publica-

tions, was given at a lower dose or for a shorter time

than in our study; lower doses or shorter treatment

with cisplatin resulted in a lower degree of nephrotox-

icity [22]. Pharmacological treatment is easier for

a lower degree of nephrotoxicity. The reason for our

use of long-term cisplatin administration was to create

life-threatening, severe nephrotoxicity, in order to

find a treatment effective against such severe nephro-

toxicity. A preliminary investigation that we had per-

formed showed that 30% of the rats died on day 14

and the remainder on days 15 and 16. Our present

study was terminated after 14 days based on this pre-

liminary study. While no deaths occurred in the group

treated with mirtazapine and cisplatin, two animals

died (on day 13) in the cisplatin-only control group.

These data have shown that biochemical results

and histopathologic results were in accordance with

each other. A significant elevation of tissue levels of

MDA and MPO as well as levels of BUN and creati-

nine, and also a fall in tGSH levels were observed in

the cisplatin-only control group in our study when

compared to the healthy animals group. The cisplatin-

treated control group exhibited pathologic damage

including significant cast formation, swelling, des-

quamation, tubular damage, apoptosis, microvillus

disappearance and mild glomerular degeneration.

Biochemical and histopathological results of 30 mg/kg

mirtazapine + 10 mg/kg cisplatin given rat group were

598 Pharmacological Reports, 2012, 64, 594�602
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Fig. 4a. Renal tissue of rats treated with 30 mg/kg mirtazapine and 10 mg/kg cisplatin. 4b. Renal tissue of rats treated with 30 mg/kg mirtazap-
ine and 10 mg/kg cisplatin. 4c. Renal tissue of rats treated with 30 mg/kg mirtazapine and 10 mg/kg cisplatin

Fig. 5. MDA, MPO and tGSH levels of the groups. Results were expressed as the mean ± standart error of the mean, ** p < 0.0001 when com-
pared to control group in one way ANOVA test LSD option



nearly the same as negative control group. In 15 mg/kg

mirtazapine + 10 mg/kg cisplatin given rat group, the

MDA and MPO measurements were higher and tGSH

measurement was low. In addition, moderate patho-

logical results were observed in the rat kidneys of this

group. MDA is one of the end products of lipid per-

oxidation. The most important and damaging cellular

effect of free radicals is lipid peroxidation. MDA in its

turn causes more advanced cellular injury [14]. The

publications cited above show a high level of MDA

and a fall in the levels of MPO and tGSH in injured

renal tissue [21, 24]. This published information is

compatible with the measurements.

MPO is found in phagocytic cells (PNL). As an en-

zyme, MPO catalyzes the production of hypochlorous

acid (HOCl), a toxic product, from H2O2. PNL also

produce excess superoxide anions (O2�) and hydroxyl

radicals. Excess production of MPO and other reac-

tive radicals cause oxidative damage [15, 26]. In the

tissues, however, an antioxidant defense mechanism

develops against these toxic oxygen radicals; serious

tissue damage occurs when the defense mechanisms

fail [3]. The tGSH levels in the renal tissue of rats in

the cisplatin-treated control group were lower than in

the kidneys of the healthy rats, while mirtazapine sig-

nificantly reduced the fall in tGSH levels in the

mirtazapine-treated two groups compared to the

cisplatin-treated controls. An antioxidant, tGSH de-

toxifies peroxides and free radicals by reacting with

them. It protects, through this mechanism, cells from

damage that can be caused by free radicals. tGSH

keeps the sulfhydryl groups in a reduced state by pre-

venting their oxidation [18].

The significant increase in BUN and creatinine lev-

els in the blood samples from the cisplatin-treated con-

trol group rats shows the nephrotoxic effect of cisplatin.

Silici et al. also showed an increase in BUN and creati-

nine levels in animals treated with cisplatin [25]. Experi-

mental studies indicated that the maximum increase in

serum creatinine occurs on the fifth day following cis-

platin administration [13]. It has been suggested that

BUN and creatinine increase during cisplatin toxicity is

a result of the irreversible renal tubular damage [11].

The definitely lower BUN and creatinine levels seen

with dose dependently mirtazapine treatment as com-

pared to the cisplatin-treated control group could be a re-

sult of the protective effect on the nephron (proximal tu-

bule, distal tubule and glomeruli).

600 Pharmacological Reports, 2012, 64, 594�602
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It has been shown that apoptosis is important as

a mechanism of cell death during cisplatin nephrotox-

icity [27]. It is reported that high doses of cisplatin lead

to apoptosis (controlled cell death) [2]. The role of free

oxygen radicals in cell death related to cisplatin ad-

ministration has been shown [20]. Mirtazapine is

known as an antioxidative agent [5]. In the light of our

results and literature knowledge, we can conclude that

the protective effect of mirtazapine in cisplatin toxicity

originates from its own antioxidant activity.
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