
Abstract. Background/Aim: Oxaliplatin-induced chronic
neuropathy is a prominent factor for dose reduction and not
completing all cycles of chemotherapy for patients with
colorectal cancer (CRC). The aim of the study was to
investigate the pharmacokinetics and toxicodynamics of
oxaliplatin-induced chronic neuropathy in CRC rats to
ensure effective management. Materials and Methods: A rat
model of CRC was developed using 1,2-Dimethylhydrazine
and dextran sulfate. Oxaliplatin (L-OHP) was administered
intravenously to CRC rats every week. The pharmacokinetic
profiles and tumor distribution of L-OHP and chronic
neuropathies were investigated for over four weeks. Results:
The mean values of the area under the concentration-time
curve for L-OHP showed a dose-dependent increase.
Chronic neuropathy occurred from Day 14 in the 8 mg/kg
group and Day 19 in the 3 and 5 mg/kg groups. Conclusion:
These results provide preliminary information for the
development of a pharmacokinetic and toxicodynamic model
of L-OHP for CRC therapy cycles.

Oxaliplatin (L-OHP) is often used for the treatment of
metastatic colorectal cancer as adjuvant therapy in
combination with 5-fluorouracil (5-FU) (1, 2). However,
peripheral neuropathy is a dose-limiting adverse effect of
L-OHP. This peripheral neuropathy may be acute or chronic
(3). The onset of acute oxaliplatin-induced neuropathy usually
occurs within 1-2 days after administration, and patients
experience a strong sensitivity to cold sensations. Oxaliplatin-
induced chronic neuropathy includes dysesthesias and

paresthesias of the extremities, similar to those observed with
cisplatin and paclitaxel (4).

Oxaliplatin-induced neuropathy is a prominent factor for
reduction of dose and withdrawal period and the discontinuation
of therapy. Therefore, strategies to prevent these problems can
increase the efficacy and tolerability of regimens containing 
L-OHP. Two different approaches, a stop-and-go method; and
the use of neuromodulatory agents, such as antiepileptics, or
calcium and magnesium infusions are considered. However,
neither approach is sufficiently efficient (5, 6).

Chronic neuropathy is irreversible and the symptoms,
dysesthesias and paresthesia of the extremities, do not
resolve quickly. Therefore, to prevent these conditions, the
oxaliplatin dose schedule must be optimized. Chronic
neuropathy, the result of the accumulation of oxaliplatin over
the course of prolonged treatment, results in lack of sensory
perception and is associated with painful sensations (7, 8).
L-OHP treatment results in inhibition of neurite outgrowth,
(9-11) and selective atrophy of a specific population of
dorsal root ganglion neurons (12). Our previous study has
indicated an association between the pharmacokinetic profile
of L-OHP, oxaliplatin-induced neuropathy, and the
hematological profile of normal rats (13). However, it is
important to use a pathological animal model for the
evaluation of clinical translational medicine approaches,
including pharmacokinetics, pharmacodynamics, efficacy,
and safety. 

For patients with colorectal cancer, the main goal is to
continue the treatment cycles, thereby retaining anticancer
efficacy. In this study, the relationship between the
pharmacokinetic profile including tumor distribution of 
L-OHP and chronic neuropathy and antitumor efficacy were
evaluated in a rat model of colorectal cancer. 

Materials and Methods
Materials. Elplat® (L-OHP) was purchased from Yakult Honsha
Co., Ltd. L-OHP was obtained from Wako Pure Chemical Industries
Ltd. (Osaka, Japan). Male Wistar rats were obtained from Japan
SLC Inc. (Hamamatsu, Japan) and fed a standard solid-meal
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commercial diet (LabDiet; Nousan Corp., Yokohama, Japan). All
other materials were of reagent grade and were used as received. 

Colorectal cancer rat model. The rat model of colorectal cancer was
established by using a rapid induction method (14). In total, 24 10-
week-old male Wistar rats were administered 1,2-dimethylhydrazine
(40 mg/kg) once a week and were supplied with drinking water
containing 1.0% dextran sulfate sodium solution ad libitum for 2
weeks. The rats were housed in a room with a controlled
environment: a 12-h light/dark cycle, ambient temperature of
23˚C±2˚C, and humidity of 50%±10%. The rats were given free
access to drinking water and were fed a moderate-fat basal diet
(Oriental Yeast Co., Ltd., Tokyo, Japan). After 10 weeks, aberrant
crypt foci (ACF) were observed by using an endoscope (AVS AE-
C1, OLYMPUS. Co. Ltd, Tokyo, Japan). The body temperature of
the colorectal cancer rat model was maintained at 37˚C during
experimental procedures. An aliquot of 0.25 ml of blood was
withdrawn from the left femoral vein and plasma samples were
collected after centrifugation of blood at 20,630 g for 15 min at 4˚C
(KUBOTA 3700; Kubota Corp., Tokyo, Japan). 

Pharmacokinetic study of L-OHP in rat colorectal cancer model. L-
OHP (100 mg) was added in 20 ml of saline and used for
intravenous injection. Male Wistar colorectal model rats (306±10 g
in mass) were anesthetized by isoflurane (2%) before the
administration of the L-OHP solution (at 3.0, 5.0, or 8.0 mg/kg). L-
OHP was administered once a week over 4 weeks (i.e., on Days 1,
8, 15, and 22). Each test group consisted of 4 to 6 rats. After the
first and fourth administration (Day 1 and 22), blood samples were
withdrawn from the right jugular vein at 3, 5, 10, 20, 30, 45, 60, 90,
and 120 min. The temperature of the rats was kept at 37˚C within
the experiment. Plasma samples were kept at –80˚C until use. All
experiments were conducted in accordance with the Guidelines for
Animal Experimentation, Kyoto Pharmaceutical University.

Von Frey test for mechanical allodynia. Chronic neuropathy was
evaluated by using von Frey test for mechanical allodynia.
Neuropathy was evaluated by the up-down method of the von Frey
filament test. The rats were left in Plexiglas boxes (20×20 cm),
which were constructed using a metallic mesh floor, and left to
acclimate to their environment for 15 min. Von Frey filaments
including 0.6, 1, 1.4, 2, 4, 6, 8, 10, 15, and 26 g, were attached to
each hind paw for 4 sec, and the withdrawal responses were
observed. First, stimuli using 8 g filaments were applied. Once a
withdrawal response to the filament was obtained, a weaker
stimulation was applied by thinner filament. This procedure was
repeated until monofilament stimuli did not induce a behavioral

response. When no response to filament stimuli was obtained,
stronger stimuli were applied using thicker monofilaments. The
weakest stimulus causing a positive response was set as the
threshold value. The stimuli were applied to each anterior paw for
a 5s period. The measurements were repeated five times, and the
final value was calculated by averaging these measurements (15,
16). The threshold value was determined every 3 or 4 days after the
first application.

Tumor tissue resection and body weight loss measurement in
colorectal cancer rat model. After the fourth treatment on Day 22,
whole tumor tissues of the colon were isolated. Tumor volume was
calculated using the following formula: 0.5 × (length) × (width)2. To
evaluate the tumor tissue distribution of L-OHP, the tumors were
surgically resected. After blood collection, tumor tissues were
collected and washed with 1 ml PBS to remove blood contamination,
dried briefly, transferred to 2 ml centrifugation tubes, and stored
at –80˚C. Prior to analysis, frozen tissues were thawed at room
temperature (25˚C), weighed, and homogenized in 4-volumes of PBS
by using a tissue homogenizer (Polytoron PT-10-35-GT, Kinematica
AG, Switzerland) operated at 24,000 rpm. L-OHP concentrations in
the homogenized samples were analyzed by using the extraction
method described in our previous report (13). The body weight of
the rats was recorded each week and was considered as a systemic
parameter indicative of toxicity.

Analysis of L-OHP. L-OHP was analyzed by liquid chromatography/
tandem mass spectrometry (LC-MS/MS), according to the report by
Minakata et al. (17). Standard samples were prepared for the
quantification of L-OHP in plasma. One hundred microliters of
plasma (or 90 μl of blank matrix and 10 μl of standard solution) and
200 μl of acetonitrile, added to deproteinize, were vortex mixed and
centrifuged at 13,000 rpm for 5 min (KUBOTA 3700; Kubota Corp.,
Tokyo, Japan). The supernatant (100 μl) was mixed with an equal
volume of 5 mM ammonium formate buffer (pH 3.0) and 20 μl of
1.0 M diethyldithiocarbamate solution for 3 min at room
temperature. One milliliter of isoamyl alcohol was then added to
extract L-OHP. After centrifugation at 13,000 rpm for 5 min, 100
μl of the supernatant was mixed with 10 μl of 1.0 M oxalic acid. A
100 μl aliquot was transferred into a vial, and 20 μl were injected
into LC-MS/MS instrument. The standard curve for L-OHP in
plasma was obtained using a range of 0.1 to 250 μg/ml. These
values were presented as platinum (Pt) amount, which includes the
Pt related metabolites. Chromatographic analysis was constructed
by a high-performance LC system (SHIMADZU, Kyoto, Japan)
with an API 3200 mass spectrometer (Applied Biosystems/MDS
Sciex, Foster City, CA, USA). L-OHP was detected by using the
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Table I. Pharmacokinetic parameters of L-OHP

Pharmacokinetic parameters                          3 mg/kg                                                       5 mg/kg                                                      8 mg/kg

                                                      Day 1                        Day 22                         Day 1                       Day 22                      Day 1                       Day 22

t1/2 (h)                                         0.6±0.2                      2.1±1.6                        0.5±0.4                      0.3±0.3                     0.4±0.3                     0.5±0.1
CL (l/h/kg)                                   2.6±1.8                      1.2±0.5                        1.6±1.0                      2.5±1.9                     2.0±1.9                     2.0±1.3
Vd (l/kg)                                      2.0±0.7                      3.1±1.3                        0.8±0.5                      0.7±0.3                     0.9±0.7                     1.4±0.6
AUC0→∞ (μg*h/ml)                    1.5±0.7                      2.8±1.3                        3.8±1.7                      3.8±3.7                     7.7±5.3                     5.2±2.5
                                                                                                                                                                                                                                       
Mean±S.D. (N=4-6).



mobile phase of methanol, with a flow rate of 0.2 ml/min, and total
run time of 3 min. The MS instrument was operated in positive ion
mode. The multiple reaction monitoring transition of L-OHP was
639.0/491.0 (Q1/Q3).

Statistics. All values are expressed as the mean±S.D. Differences
were assumed to be statistically significant for p<0.05 (Student’s
unpaired t-test).

Results 

Pharmacokinetics of L-OHP. The mean plasma concentration-
time profiles of L-OHP on Days 1 and 22, post
administration, are presented in Figure 1. Plasma L-OHP
concentrations were increased in a dose-dependent manner.
There were no significant differences in plasma L-OHP
concentrations between Day 1 and 22 after each administered
dose. The mean values of the area under the concentration-
time curve (AUC0-∞) for 3 mg/kg, 5 mg/kg and 8 mg/kg of
L-OHP on Day 1 were 1.5±0.7, 3.8±1.7, and 7.7±5.3 ng•h/ml,
respectively (Table I). The mean AUC0-∞ values on Day 22

were significantly higher than those on Day 1 (p<0.05) for
all doses. The volume of distribution was increased with
repeated administration of L-OHP. However, there were no
significant differences in AUC0-∞ or the volumes of
distribution. This suggests that the tumor tissue distribution
of L-OHP contributed to this phenomenon. 

L-OHP-induced chronic neuropathy. L-OHP-induced
mechanical allodynia was observed by using the von Frey test
for a chronic neuropathy, as shown in Figure 2. The percentage
of the withdrawal threshold compared to initial levels was
calculated from the results of the von Frey test. After the third
administration, mechanical allodynia occurred in all groups
except the control group. In particular, on Day 14, neuropathy
was observed in the 8 mg/kg group, as shown by a significant
reduction in the withdrawal threshold, unlike in the control
group. On Day 19, neuropathy onset occurred in the 3 and 5
mg/kg dose groups, and the withdrawal threshold decreased by
11.7%±6.7% and 11.5%±7.5%, respectively. After treatment,
the desensitized condition was observed as a response to
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Figure 1. Plasma concentration-time curve of L-OHP, on Day 1 and 22
after intravenous injection of 3.0, 5.0, and 8.0 mg/kg doses in colorectal
cancer rats. Open symbols and dotted lines refer to Day 1 and closed
symbols and solid lines refer to Day 22. The administered doses of 3.0,
5.0 and 8.0 mg/kg, are shown as squares, triangles, and circles,
respectively. Each point represents the mean±S.D. of four experiments.

Figure 2. L-OHP-induced mechanical allodynia was assessed as paw
withdrawal thresholds in colorectal rats after the administration of 3.0
(■), 5.0 (▲), and 8.0 (●) mg/kg doses, and control (u). Each point
shows the mean±S.D. of four experiments.



mechanical stimuli. Especially on Day 28, a significant
decrease in the threshold percentage, compared to that in the
control group, at 11.1±4.3% (3 mg/kg), 2.3±1.9% (5 mg/kg)
and 0.3±0.0% (8 mg/kg), respectively. These results suggested
that the sensitivity to L-OHP-induced neuropathy was
depended on the administered dose (18). Multiple dose
administration was shown to increase the incidence of L-OHP-
induced chronic neuropathy. 

Body weight loss after multiple dose administration of L-
OHP. The weight loss in the colorectal cancer model rats
is shown in Figure 3. On Day 14, body weight in the
groups of 5 and 8 mg/kg was significantly decreased
compared to the 3 mg/kg group. This was the result of
toxicity from L-OHP. Body weight in the control group and
the 3 mg/kg group decreased by less than 15% compared
with the initial weight. 

Tumor tissue distribution of L-OHP. After the fourth
treatment with L-OHP, tumor tissues were resected from the
colorectal cancer regions. The tumor volumes were
215.9±49.1, 170.4±20.8, 120.2±28.2, and 37.2±15.0 mm3 in

the control, 3, 5, and 8 mg/kg groups, respectively, as shown
in Figure 4. Moreover, the concentration of L-OHP in the
tumor tissue was 2.2±0.3, 8.5±1.6, and 12.5±3.3 Pt μg/g in
the 3, 5, and 8 mg/kg groups, respectively. Tumor volumes
were decreased in accordance with the cumulative dose of
L-OHP. L-OHP showed higher distribution in tumor tissues
at the dose of 8 mg/kg group than in the other two dose
groups. 

Correlation between pharmacokinetics and toxicodynamics
of L-OHP. The pharmacokinetic and toxicodynamic profiles
of L-OHP are presented in Figure 5. The AUC0-∞ of L-OHP
after the fourth treatment was strongly correlated with the
withdrawal threshold percentage on Day 22 (R2=0.9773).
This suggested that the concentration of L-OHP in plasma
was associated with the onset of the neuropathy. Therefore,
the dose reduction would be controlled before the onset of
the mechanical neuropathy.
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Figure 4. Tumor volume (a) and tumor concentration (b) of L-OHP in
colorectal cancer rats after treatment of L-OHP once weekly at the
administered doses of control (white bar), 3.0 (grey bar), 5.0 (dark bar),
and 8.0 (black bar) mg/kg L-OHP. Each point represents the mean±S.D.
of two of four experiments.

Figure 3. Body weight loss in colorectal cancer rats after the treatment of
L-OHP once per week at the doses of 3.0 (■), 5.0 (▲), and 8.0 (●) mg/kg,
and control (u). Each point shows the mean±S.D. of four experiments.



Discussion

Oxaliplatin-induced neuropathy is the main reason for dose
reduction, and withdrawal of chemotherapy. Approaches to
avoid or reduce these problems can improve the efficacy of
cancer chemotherapy. Two different approaches have been
proposed to avoid the oxaliplatin-induced neuropathy: a stop-
and-go approach; and the use of calcium and magnesium
infusions. However, neither approach is sufficiently efficient
(5, 6). Therefore, neuropathy represents a serious barrier to the
increase in survival rate in colorectal cancer patients treated
with chemotherapy. Sangeetha has reported that the sensory
testing is a useful method for the prediction of chronic
neuropathy (19) and Tanishima et al. (20) have reported that
hyperacute peripheral neuropathy can be evaluated as a
predictor in Cycle 1; however, neither study measured the
plasma concentrations of L-OHP. For clinical oncotherapy, it
is important to adjust the plasma or serum drug concentration.
Our previous study has indicated that there is a correlation
between plasma L-OHP concentration and the onset of
neuropathy (13). However, the association with the antitumor
efficacy was unclear in the pathological conditions of
colorectal cancer. Nikanjim (21) has reported population
pharmacokinetic analysis, including covariates, for the
administered dose and Rieu et al. have also proposed a
population pharmacokinetic model of L-OHP in patients with
thrombocytopenia (22). These scientists did not consider

neurotoxicity in the population pharmacokinetic model. Other
researchers have studied the mechanism of oxaliplatin-induced
neuropathy in mice, (23) but the pharmacokinetic and
toxicodynamic profiles were not simultaneously evaluated in
the model animals. In this study, to prevent the onset of
neuropathy, the association between the plasma concentration
of L-OHP and chronic neuropathy was investigated, including
the anticancer effect in colorectal cancer rats. 

In the pharmacokinetic study of multiple-dose L-OHP (3,
5, or 8 mg/kg) administration, the L-OHP concentrations in
plasma were dose-dependently increased, and significant
changes were observed at the dose of 8 mg/kg. The AUC0-∞
value of L-OHP was increased in the group of 8 mg/kg, but
the clearance was not significantly different. It is suggested
that repeated administration of L-OHP affects renal function
and results in high distribution of L-OHP in tumor tissue, as
has also been reported by Charlet et al. (22). 

In the study of the neurotoxicity, mechanical allodynia was
observed on Day 19 in the highest dose (8 mg/kg) group, and
the extent of the allodynia was increased in a L-OHP dose-
dependent manner (Figure 2), and with higher plasma
concentrations of L-OHP. This was due to the cumulative
dose, and was consistent with the report of Alejandro et al.
(24). Although there are some reports suggesting that the
mechanism of oxaliplatin-induced neuropathy is associated
with TRPA1- or STAT3-regulated CXCL12 in the dorsal root
ganglion cells (25, 26), there was no drastic strategy for
oxaliplatin-induced neuropathy (27). Therefore, a
methodology for dose adjustment of L-OHP, to prevent
disruption of chemotherapy, is expected to be based on the
relationship between the plasma concentration of L-OHP and
the occurrence of mechanical allodynia. In clinical
chemotherapy, maximum tumor shrinkage, minimum adverse
effects, and minimal withdrawal symptoms are simultaneously
required. That is, the management of the oxaliplatin-induced
chronic neuropathy, based on the control of L -OHP
concentration may lead to the improvement in the quality of
life of patients receiving chemotherapy. Our findings
confirmed the association between the AUC0-∞ value, as an
index of L-OHP exposure, and the onset of the mechanical
allodynia, with a correlation coefficient of 0.9773 (Figure 5),
where the AUC0-∞ value was estimated from the plasma L-
OHP concentration vs. time curve and was used as the index
of the exposure of L-OHP. Based on this result, the
pharmacokinetic-toxicodynamic model would help to predict
chronic neuropathy from L-OHP concentration. In addition,
the antitumor effect was confirmed by the reduction in tumor
volume and the distribution of L-OHP in tumor tissue. This
treatment was safely performed, whereas a higher frequency
of neuropathy (except for chronic neuropathy) was observed
at higher doses (Figures 3 and 4).

Recently, a Phase III clinical study has shown that a L-
OHP-based chemotherapy administered over a 3-month
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Figure 5. Correlation between the AUC0-∞ of L-OHP and chronic
neuropathy on Day 22 as paw withdrawal thresholds, in rats that
received 3.0 (■), 5.0 (▲), and 8.0 (●) mg/kg doses. Each point
represents the mean±S.D. of four experiments.



schedule was not inferior to a 6-month schedule (28). This
is one strategy for continuous regimen cycles of L-OHP
based therapy. It is important to balance the effectiveness
and the ineffectiveness of the anticancer drug by the
repeated administration. Therefore, we propose a
management strategy for the oxaliplatin-induced chronic
neuropathy based on the pharmacokinetic and
toxicodynamic data. Before peripheral neuropathy onset due
to the dose and exposure of oxaliplatin, dose reduction of
L-OHP is proposed to allow long-term chemotherapy and a
beneficial contribution to the long-term prognosis from the
perspective of patient risk-benefit. Based on the
pharmacokinetic/toxicodynamic (PK/TD) of oxaliplatin in
CRC model rats, a clinical PK/TD model could be
established to predict the occurrence of oxaliplatin-induced
chronic neuropathy (29). When the relationship between
animal data and human data has been determined, it is
necessary to confirm the association between patient’s
oxaliplatin blood concentration and the degree of peripheral
nerve disorder. 

Conclusion

Our findings in this preliminary study on the success of the
chemotherapy regimen contributed useful and valuable
information to the establishment of a pharmacokinetic-
toxicodynamic model. Furthermore, this work revealed the
importance of translational studies for the improvement of
the clinical outcomes by ensuring appropriate drug
treatments.
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