
INTRODUCTION

Cisplatin has been used to treat cancers of various organs, 
including lung, urinary bladder, testis and ovary [1]. However, 
peripheral neuropathy is one of its major side effects which can 
lead to cessation of treatment and poor quality of life. Sensory 
perception and nerve conduction deficits are similarly observed in 
both patients and animals treated with cisplatin [2-7]. In addition, 
structural alterations including loss of dorsal root ganglion (DRG) 
neurons and atrophy of neuronal nucleus and nucleolus have also 

been reported [5,7-10].
Curcumin is a polyphenol found in the root of Curcuma longa 

and possesses antioxidant, anti-inflammatory and antineoplastic 
properties [11]. Its beneficial effects on various neurological 
diseases have also been shown [12]. However, the data regarding 
its effect on cisplatin neuropathy remain lacking. Mendonca and 
co-workers reported that curcumin could reduce the toxicity 
of cisplatin on neurite outgrowth [13]. In cisplatin-treated 
rats, curcumin had some favorable effects on biochemical and 
histological alterations of sciatic nerve [14]. Despite these data, 
stronger evidence is still needed to prove the efficacy of curcumin. 
In this study, we showed the novel findings that curcumin could 
attenuate the functional and structural abnormalities in the rats 
receiving cisplatin.
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Peripheral neuropathy is one of the major side effects of cisplatin; however, effective treatments are lacking. Curcumin is a 
polyphenol found in the root of Curcuma longa and has been shown neuroprotective against several neurological diseases. 
Nevertheless, its effects on cisplatin neuropathy remain unclear. This study aimed to clarify this issue by inducing neuropathy in the 
rats with intraperitoneal injection of cisplatin 2 mg/kg twice a week for 5 consecutive weeks. Curcumin 200 mg/kg/day was given by 
gavage to a group of cisplatin-treated rats during these five weeks. The results showed that cisplatin induced thermal hypoalgesia in 
the 5th week which could be prevented by curcumin. In the 5th and 8th weeks, sciatic motor nerve conduction velocity was reduced 
in the cisplatin compared with the control groups. Curcumin significantly attenuated this deficit. Morphometric analysis of L4 
dorsal root ganglia from the cisplatin group revealed nuclear and nucleolar atrophy including loss of neurons in the 8th week. These 
alterations were significantly blocked by curcumin. Moreover, curcumin also ameliorated the reduced myelin thickness in the 
sciatic nerve of cisplatin-treated rats. Taken together, our findings suggest the favorable effects of curcumin on both functional and 
structural abnormalities in cisplatin neuropathy. Future studies are needed to clarify the exact underlying mechanisms.
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MATERIALS AND METHODS

Twenty-four female Wistar rats weighing 200~250 g were housed 
on a 12 hour light-dark cycle with access to food and water ad 
libitum. This experiment was approved by the institutional ethics 
committee, Faculty of Medicine, Chulalongkorn University and 
was carried out in accordance with the guidelines of the National 
Research Council of Thailand. All efforts were done to minimize 
pain and discomfort.

Drug administration

The animals were divided into 3 groups: control, cisplatin and 
cisplatin+curcumin (n=8 each). The cisplatin and cisplatin+ 
curcumin groups received cisplatin (Pfizer) 2 mg/kg intraperitoneally 
twice a week for five consecutive weeks (20 mg/kg cumulative dose). 
Cisplatin was diluted in normal saline to the final concentration 
of 0.5 mg/ml. The dilution was done to give excess fluid to prevent 
nephrotoxicity. Functional and structural abnormalities of 
peripheral nerve were induced with this dosage regimen of cisplatin 
[4]. Administration of curcumin (Cayman Chemical) 200 mg/
kg dissolved in 1% sodium carboxy methyl cellulose (SCMC) was 
given by gavage to the cisplatin+curcumin group once daily for five 
weeks. A group of curcumin alone was not included since the results 
from our pilot study (unpublished data) showed no significant 
effects. The cisplatin group also received the vehicle for curcumin 
(1% SCMC) while the control group received the vehicles for 
cisplatin (normal saline) and curcumin. After 5 weeks of treatments, 
all the animals were left untreated until sacrificed at the 8th week 
since this was the appropriate time-point to observe the structural 
abnormalities [10].

Hind-paw thermal threshold

The hot plate test was used to evaluate the thermal perception 
and the procedure used here was able to detect the cisplatin-
induced thermal hypoalgesia in the previous study [10]. Briefly, 
the rats were allowed to familiarize with the test procedure and 
apparatus prior to the measurement. The test was done at baseline 
and the 3rd, 5th and 8th weeks after the start of cisplatin injection. 
Each rat was placed on the hot plate analgesia meter (Harvard 
Apparatus, UK) maintained at 55oC. When the rat licked its hind 
paw on either side, elapsed time was recorded as latency. The 
cut-off duration of 35 s was employed to avoid skin injury. If the 
latency was over this limit, 35 s was used for further analysis. The 
test was repeated at least 3 times with an interval of 15 min and 
mean latency was obtained for each rat.

Sciatic motor nerve conduction velocity

The motor nerve conduction velocity (MNCV) was measured 
at baseline and the 5th and 8th weeks. The rat was anesthetized 
using isoflurane and rectal temperature was maintained at 
37±0.3oC using a heating pad and digital rectal thermometer. The 
stimulating and recording needle electrodes were inserted at the 
sciatic notch and the second interosseous muscle of the hind foot, 
respectively. The ground electrode was placed at the laletal side of 
the hind foot. These electrodes were connected to the oscilloscope 
(Neurostar, Oxford Instrument). The sciatic nerve was stimulated 
with a supramaximal stimulus and compound muscle action 
potential (CMAP) was recorded. Latency1 (L1) was measured 
from the stimulation artifact to the positive peak of M wave. The 
average L1 was derived from at least five stimulations. Then, the 
stimulating electrode was moved to the side of Achilles’ tendon 
and the procedure was repeated to determine the average latency2 
(L2). The MNCV was calculated by dividing the distance between 
the two stimulation points by the latency difference (L1-L2).

Tissue collection

At the end of the 8th week, all rats were sacrificed by overdose 
anesthetics and then transcardially perfused with 200 ml of 
normal saline followed by 400 ml of 4% paraformaldehyde. L4 
DRG and sciatic nerves were post-fixed in 3% glutaraldehyde for 
6 hours and embedded in epoxy resin. These specimens were used 
for structural analysis.

Nerve morphometry

Transverse 1 μm-thick sections of the sciatic nerve were cut, 
mounted on slides, and stained with paraphenylenediamine. 
Representative image is shown in Fig. 1. The sections were 
examined under a light microscope and the cross-sectional areas 
were chosen using the three-window sampling method. Details 
of this sampling technique were described elsewhere [15]. Briefly, 
under 40x objective lens, three windows of 0.012 mm2 were 
randomly placed, one in the middle and the other two in the 
periphery of fascicle. Images of these windows were imported 
into the microcomputer via a digital camera. Morphometric 
analysis was done to obtain the number of myelinated fibers, axon 
diameter, myelinated fiber density, myelin thickness and g ratio 
using the Image-Pro Plus software. The values derived from the 
three windows were extrapolated to the whole nerve.

DRG morphometry

The DRG were serially cut into 2 μm-thick sections and stained 
with toluidine blue. Representative image is shown in Fig. 1. The 
estimation for total number of neurons in each ganglion was 
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done using the physical dissector method modified from those 
reported by Tredici et al. [9] and Schenker et al. [16]. Details of 
the procedures were described elsewhere [17]. In brief, every 20th 
section was selected and the number of neurons with prominent 
nucleus and nucleolus was counted. Then, this number was 
extrapolated to the total number for the whole DRG. Moreover, at 
least 300 neurons in each DRG were randomly analyzed for areas 
of the nucleus and nucleolus using the Image-Pro Plus software.

Statistical analysis

One-way ANOVA was used to compare mean body weight, 
thermal latencies, MNCV and morphometric parameters between 
the experimental groups at each time point. This test was done 
using SPSS for Windows version 13. Statistically significant 

differences were considered when p<0.05.

RESULTS

Control rats showed continuous weight gain over the study 
period (Fig. 2). In contrast, body weight of the cisplatin and 
cisplatin+curcumin groups started to decrease significantly 
compared with that of the control group in the 3rd week and 
remained lower until the end of study. There was no significant 
difference between the cisplatin and cisplatin+curcumin groups at 
any time point.

Hind-paw thermal threshold

Since heat latencies were highly variable, comparisons were 

Fig. 1. Representative images of dorsal root ganglion (A) and sciatic nerve (B) used for morphometric analyses. Since the pathological changes could 
not be seen with eyes and images from different groups looked similar, only representative images from the control group are shown. The sections of 
ganglion and nerve were stained with toluidine blue and paraphenylenediamine, respectively. In A, arrows and arrowheads indicate nuclei and nucleoli 
of neurons, respectively. In B, asterisks and arrowheads indicate axons and myelin sheath, respectively. Scale bars represent 50 µm.

Fig. 2. Changes in the average body weight of the control (C), cisplatin (P) 
and cisplatin+curcumin (M) groups. The graph shows means and SEM. 
*p<0.05 C vs. P, #p<0.01 C vs. P & M, **p<0.05 C vs. P & p<0.01 C vs. M.

Fig. 3. Changes in the heat latency of the control (C), cisplatin (P) and 
cisplatin+curcumin (M) groups. The graph shows means and SEM. 
*p<0.05 P vs. C & M.
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made only between groups at each time point. The values were 
significantly higher in the cisplatin compared with the control and 
cisplatin+curcumin groups in the 5th week, indicating thermal 
hypoalgesia (Fig. 3, p<0.05). At other time points, the latencies 
were not significantly different between groups.

Sciatic motor nerve conduction velocity

The MNCV of the cisplatin-treated rats was significantly lower 
than that of the controls in the 5th week (14.8% reduction, p<0.05) 
(Fig. 4). The velocity of the cisplatin+curcumin group was between 
those of the two groups with no significant differences. In the 8th 
week, the MNCV of the cisplatin group remained significantly 
lower than that of the control group (18.3% reduction, p<0.05) 
(Fig. 4). Moreover, the value of the cisplatin+curcumin group was 
comparable to that of the control group with significant difference 
from that of the cisplatin group (p<0.05).

Nerve morphometry

No significant change was observed in any morphometric 
parameter of sciatic nerve (Table 1). However, it is worth mentioning 
that myelin thickness was slightly decreased in the cisplatin 
compared with the control groups. In the cisplatin+curcumin 
group, the thickness was similar to that of the controls.

DRG morphometry

The cisplatin group had significantly decreased nuclear and 
nucleolar areas compared with the control group, p<0.05 
and p<0.01, respectively (Table 2). The nuclear area of the 
cisplatin+curcumin group was in between those of the two groups. 
In contrast, the cisplatin+curcumin group had the significantly 
higher nucleolar area than the cisplatin group (p<0.01) and the 
value was similar to that of the controls. Regarding the number 
of L4 DRG neurons, the significant loss of neurons was observed 
in the cisplatin group (29.1% reduction, p<0.05) (Table 2). The 
number in the cisplatin+curcumin group was higher than that of 
the cisplatin group but remained lower than that of the control 
group.

DISCUSSION

Administration of cisplatin induced significant weight loss 
consistent with other studies using similar dosage regimens 
[4,7,10,14,17]. Curcumin had no significant effect on this general 
toxicity as shown by this and the previous studies [14]. Transient 
thermal hypoalgesia in the 5th week was also observed. It appeared 
that there was a trend toward reduced latency in both control 
& curcumin groups during the study period. This is unlikely 
hyperalgesia as it was also observed in the control group. The 
reason remains unknown, but it might be an adaptation due to 
learning. The similar finding was also observed in our previous 
work [10]. Besides the learning behavior, high variations in the 
data might also be partly responsible for these temporal changes. 
Due to these issues, comparisons must be made among groups 
within each time point, not between the different time points. 
Therefore, the longer latency of the cisplatin group compared 

Fig. 4. Changes in the sciatic motor nerve conduction velocity (MNCV) 
of the control (C), cisplatin (P) and cisplatin+curcumin (M) groups. The 
graph shows means and SEM. *p<0.05 P vs. C, #p<0.05 P vs. C & M.

Table 1. Morphometric data of sciatic nerve

Group Axon diameter (µm) Myelin thickness (µm) g ratio Fiber density (/µm2) No. of fiber

Control
Cisplatin
Cisplatin+curcumin

3.43±0.08
3.71±0.07
3.58±0.05

1.26±0.01
1.18±0.02
1.25±0.04

0.57±0.01
0.60±0.00
0.58±0.01

17,688.9±741.3
16,333.3±388.5
15,750.0±336.2

8,732±186
8,622±245
8,959±410

Data are means±SEM.

Table 2. Morphometric data of L4 DRG

Group Nuclear area 
(µm2)

Nucleolar 
area (µm2) No. of neuron

Control (C)
Cisplatin (P)
Cisplatin+curcumin (M)

150.2±1.0
127.3±0.7*
139.6±6.3

12.6±0.1
10.5±0.4#

12.3±0.3

21,268±1,611
15,073±1,128*
19,643±1,100

Data are means±SEM, *p<0.05 vs. C, #p<0.01 vs. C&M .
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with those of other groups in the 5th week likely suggests the 
heat hypoalgesia. Thermal hypoalgesia after cisplatin treatment 
was previously reported [4,7,10,17]. Curcumin could prevent 
this sensory deficit in the 5th week. In contrast, the study by Al 
Moundhri and colleagues could not demonstrate its efficacy, likely 
due to the highly variable data [14]. Mechanical hyperalgesia could 
also develop after cisplatin treatment [4]. However, in our previous 
report using the same dose regimen of cisplatin, the mechanical 
hyperalgesia was not found [10]. Therefore, the mechanical 
perception test was not included in this study.

The sciatic MNCV was significantly lower in the cisplatin group 
in the 5th and 8th weeks relative to the controls. It appears that the 
MNCV deficit is dose-dependent since high doses of cisplatin 
caused the slow MNCV [10,17,18] but low doses did not [6,19]. 
Curcumin was able to improve this abnormality in the 5th week 
and prevented it in the 8th week. Regarding the above data, our 
findings indicate the favorable effects of curcumin on functional 
deficits caused by cisplatin.

Morphometric analysis of DRG neurons from the cisplatin-
treated rats in the 8th week demonstrated significant atrophy of 
nucleus and nucleolus. The similar findings were also reported 
by the previous studies [5,7-10,17]. Furthermore, we found the 
significant reduction in the number of DRG neurons in the 
cisplatin compared with the control groups. This was consistent 
with a trend toward reduced number of neurons after cisplatin 
treatment in other studies [9,10,17]. The nucleolar atrophy was 
completely prevented by curcumin, whereas the nuclear atrophy 
was partially blocked. Moreover, curcumin could partially 
attenuate the loss of neurons. Mendonca et al., 2013, however, 
showed that curcumin did not affect the viability of PC12 cells 
reduced by cisplatin [13]. More data are needed to verify if 
curcumin could attenuate neuronal loss after cisplatin treatment.

Morphometric study of the sciatic nerve revealed no statistically 
significant changes among the three groups. Nevertheless, it 
is worth noting that there was a trend toward thinner myelin 
sheath in the cisplatin relative to the other groups. Reduction in 
the myelin thickness after cisplatin treatment was reported in 
the previous studies [10,17]. This abnormality might be due to 
apoptosis of Schwann cells induced by cisplatin [20]. Possible 
demyelination seen in this study could explain the slow MNCV 
in the cisplatin group and improvement in the velocity with 
increased myelin thickness observed in the curcumin group. 
These data further support the findings in Al Moundhri et al., 
2013 that curcumin improved the cisplatin-induced myelin loss 
by qualitative examination of nerve sections [14].

Although the mechanisms underlying cisplatin neuropathy are 
not fully understood, current evidence suggests oxidative stress as 

a major culprit. Increased generation of reactive oxygen species 
(ROS) was observed in neurons exposed to cisplatin [21,22]. 
Furthermore, cisplatin also induces mitochondrial impairments 
in DRG neurons [23]. Elevated ROS levels and mitochondrial 
dysfunction together cause oxidative stress. Since cisplatin 
preferentially accumulates in the DRG [24] and can induce 
neuronal apoptosis [25,26], morphological changes and loss of 
DRG neurons including sensory impairment ensue. Besides 
neurons, cisplatin toxicity on Schwann cells likely resulted in 
reduced myelin thickness and MNCV. Therefore, it is conceivable 
to assume that the favorable effects of  curcumin on these 
abnormalities in cisplatin neuropathy are likely via reduction in 
oxidative stress. Nevertheless, direct evaluation of oxidative stress 
in the nervous tissues should be done to prove this hypothesis.

In fact, several anti-oxidants have been tested and demonstrated 
promising results in experimental cisplatin neuropathy [27,28]. 
However, clinical trials so far yielded inconclusive results [29]. 
Newer and more potent anti-oxidants are, thus, needed to improve 
the efficacy. Curcumin possesses anti-oxidant property and is 
effective against several neurological diseases in which oxidative 
stress is known to play a role, for example, Alzheimer’s disease [30], 
Parkinson’s disease [31], stroke [32], brain injury [33] and diabetic 
neuropathy [34]. Regarding cisplatin neuropathy, curcumin starts 
to show favorable effects as shown in this and the previous studies 
[14]. However, there is a concern that concomitant administration 
of curcumin might reduce anticancer activity of cisplatin. Recent 
reports have shown that curcumin did not decrease but, instead, 
enhanced the antitumor activity of cisplatin, at least in hepatic 
cancer cells [13,35]. Another advantage of curcumin is that it is 
proved non-toxic and tolerable even at high doses in humans 
[36]. The only major problem is its poor absorption and thus 
bioavailability, but, many approaches are being developed to solve 
this [37]. Taken together, curcumin is very promising as the safe 
and effective therapeutic agent against cisplatin neuropathy. 

In conclusion, this study showed that curcumin could 
ameliorate the functional and structural abnormalities observed 
in experimental cisplatin neuropathy. Future studies are needed to 
elucidate the mechanisms underlying the neuroprotective effects 
of curcumin.
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