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Abstract 

Objectives: It is known that increased free radicals from oxidative stress are one of the major 
causes of complex regional pain syndrome (CRPS). In this study, we tested the hypothesis that 
vitamin C has a dose-related treatment effect in a chronic post-ischemic pain (CPIP) model. 
Methods: A total of 49 male rats weighing 250 to 350 g were used. The 4 treatment groups were 
control (no medication), group 1.0 (administration of 1 mg/day for vitamin C for 5 days), group 2.5 
(administration of 2.5 mg/day vitamin C for 5 days), and group 7.5 (administration of 7.5 mg/day 
vitamin C for 5 days). The 50% mechanical withdrawal threshold and total blood antioxidant status 
(TAS) were measured before and after administration of vitamin C.  
Results: Twenty-eight CPIP model rats were generated from 49 rats. Seven rats were randomly 
allocated to each group. The 50% mechanical withdrawal threshold of group 2.5 (after the 
administration of vitamin C) was higher than that of the control group and group 1.0 (P < 0.05). At 
1 day of the administration of vitamin C, the 50% mechanical withdrawal threshold of group 1.0 
was higher than that of the control group and the blood levels of TAS in groups 2.5 and 7.5 were 
higher than that in control group (P < 0.05). Twelve days after the administration of vitamin C, the 
blood levels of TAS in groups 2.5 and 7.5 were lower than that of the control group (P < 0.05).  
Discussion: The administration of a proper dose of vitamin C can reduce oxidative stress, 
increase antioxidants, and recover the threshold for mechanical allodynia in the CPIP model. 

Key words: antioxidants, chronic post-ischemic pain model, complex regional pain syndrome, oxidative stress, 
vitamin C. 

Introduction 
Complex regional pain syndrome (CRPS) is a 

disease that presents with severe pain.[1-3] The 
pathophysiology of CRPS is complex, and it is known 
that increased free radical production from oxidative 
stress is one of the major causes.[4-8]  

 The chronic post-ischemic pain (CPIP) model 
was introduced by Coderre et al.[9] in 2004. It is 
produced by prolonged ischemia and reperfusion of 
the hindpaw in rats. While there is no nerve damage, 

the rats do show color change, edema, hyperalgesia, 
and allodynia. Therefore, the model has been 
considered to be an animal model of CRPS Type 1.[9, 
10] In studies of the CPIP model, several free radical 
scavengers were effective for the improvement of 
mechanical allodynia.[9, 11, 12] However, there is no 
safety data for free radical scavengers in humans. 
Therefore, we hypothesized that if an easily available 
antioxidant such as vitamin C [13] is effective for the 
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treatment of CRPS, it will be used for CRPS patients 
immediately.  

 Zollinger et al. [14-16] have reported that 
vitamin C has a prophylactic effect in CRPS 
occurrence. The prophylactic effect of vitamin C was 
thought to be related to the antioxidant effect. 
However, we did not find studies on the therapeutic 
effect of vitamin C in the CPIP model or in CRPS 
patients. In this study, we tested the hypothesis that 
vitamin C has a therapeutic effect and that the effect 
shows a dose-response relationship in the CPIP 
model. 

Methods 
After approval by the Institutional animal care 

and use committee (52-2011-009) in our hospital, a 
total of 49 male-rats (Sprague-Dawley, Orient Bio Co., 
Ltd., Seoul, Korea) weighing 250–350 g were used. 
Rats were housed at two or three per cage with access 
to water and food. The room temperature remained 
constant at about 21°C. The light and dark cycles were 
12 hours. All rats had been acclimated to the 
laboratory environment over 7 days. 

 All experiments were conducted by one 
researcher. The CPIP models were produced by the 
methods introduced by Coderre et al.[9] After 
anesthesia with sevoflurane, ischemia was induced by 
a tight-fitting Nitrile 70 durometer O-ring (O-ring 
West, Seattle, WA) with a 7/32 inch internal diameter. 
This was placed for 3 hours on the left proximal ankle. 
Reperfusion was performed by removal of the ring 
lead. After confirmation of reperfusion for 30 minutes, 
the rats recovered from anesthesia. In order to 
confirm neurologic symptoms, the 50% withdrawal 
threshold was investigated using a von Frey filament 
(monofilament, Stoelting Co., Wood Dale, IL) for 48 
hours (at 1 hour, 4 hours, 24 hours, and 48 hours after 
reperfusion) (Table 1). The rat was placed in a box 
with a wire grid bottom and was acclimated for 20 
minutes. The von Frey filament was applied to the 
plantar skin of the hindpaw. The minimum stimulus 
intensity was 0.4 g and the maximum stimulus 

intensity was 15 g. Each filament was applied 5 times. 
The interval of each stimulus was 3 minutes, and 
responses to 3 out of 5 stimuli were regarded as 
positive. We started the stimulus at 2.0 g and used a 
total of 6 filaments via the up-down method 
according to the response.[17] The 50% withdrawal 
threshold was measured by the following formula 

50% withdrawal threshold (g) = 10[X(f) + Kd]/10000 

-X(f): log unit of the last used von Frey filament. 
-K: tabular value based on the pattern of + and - 

response to stimuli presented by Dixon[17]. 
-d: the mean difference in log units between 

applied stimuli. In this study, d was 0.224. 
After confirmation of CPIP model, vitamin C 

was administered for 5 days to the oral cavity using a 
syringe before the morning meal. Three doses of 
vitamin C were used or verifying the dose response 
relationship. These doses in rats were calculated 
based on the following human doses of vitamin C: 200 
mg/60 kg in humans is 1.0 mg/300 g in rats, 500 
mg/60 kg in humans is 2.5 mg/300 g in rats, and 1500 
mg/60 kg in humans is 7.5 mg/300 g in rats. 

The rats were randomly allocated to 4 groups: 
control (no medication), group 1.0 (administration of 
1 mg/kg vitamin C for 5 days), group 2.5 
(administration of 2.5 mg/kg vitamin C for 5 days), 
and group 7.5 (administration of 7.5 mg/day vitamin 
C for 5 days). The 50% mechanical withdrawal 
threshold was measured before administration of 
vitamin C, on the 1st and 5th days of vitamin C 
administration, and on the 7th and 21st days after the 
discontinuation of vitamin C. Blood samples was 
obtained via the caudal vein of rats before the 
administration of vitamin C, on 1st and 5th days of 
the administration of vitamin C, and on 7th day after 
the discontinuation of vitamin C. Blood sampling was 
performed before the morning meal. Collected blood 
was placed in a tube with EDTA and stored at 8°C for 
1 hour. Serum was obtained from the blood samples 
by centrifugation at 3000 rpm at 4°C. The serum was 
stored in polypropylene tubes at -20°C. 

 

Table 1. Example of an experimental table in the 50% mechanical withdrawal threshold test. 

Size Before ischemia 1 h after reperfusion 4 h after reperfusion 24 h after reperfusion 48 h after reperfusion 
3.61                            O   
3.84                       X    O    
4.08    X                  O  O  O     
4.31 X  O  X  X      X      X  O    O      
4.56  O    O  X      X      O           
4.74         X      X  X              
4.93          X      O  O             
5.18           X                    
Size: size of von Frey filament. 
Before ischemia: before applying tourniquet (O-ring).  
O: The rat showed withdrawal activity. 
X: The rat did not show withdrawal activity. 
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For evaluation of the effects of vitamin C, the 

50% withdrawal threshold and total antioxidant 
status (TAS) were measured. These measurements 
were conducted on the 1st day and on the 5th day of 
the administration of vitamin C and on the 7th day 
after the discontinuation of vitamin C.  

TAS was measured from blood samples by using 
a TAS kit (Randox Labs., Crumlin, UK). The kit works 
based on plasma antioxidant substances inhibiting the 
oxidation of 2,2′-azino-di-[3-ethylbenzthiazoline-6-sul
phonate] (ABTS®) by peroxidase and H2O2, which 
produces the radical cation ABTS®+. The radical 
concentration was measured at 600 nm by 
spectrophotometry. 

All statistical analyses were performed by SPSS 
version 18 (IBM, USA). The 50% withdrawal 
threshold and TAS were analyzed by a 
repeated-measures ANOVA. In order to compare the 
control group and other groups at each period, the 
Mann-Whitney U test was used. A P value of <0.05 
was considered statistically significant. 

Results 
 Twenty-eight rats of the CPIP model were 

generated from 49 rats (Fig. 1). Seven rats were 
randomly allocated to each group. The 50% 
mechanical withdrawal thresholds of group 2.5 after 
the administration of vitamin C for 5 days were 
higher than that of the control group and group 1.0 (P 
< 0.05) (Fig. 2). At 1 day of the administration of 
vitamin C, the 50% mechanical withdrawal threshold 
of group 1.0 (0.736 ± 0.173 g) was higher than that of 
the control group (0.465 ± 0.107, P = 0.017). However, 
on the other vitamin C administration days, there was 
no difference between the control group and group 
1.0. There was no difference between the control 
group and group 7.5 or between group 2.5 and group 
7.5.  

There was no difference in TAS blood levels 
between the control group and group 1.0. At 1 day of 
administration of vitamin C, the blood level of TAS in 
groups 2.5 (1.133 ± 0.053 mmol/l) and 7.5 (1.270 ± 
0.059 mmol/l) were higher than that in control group 
(0.958 ± 0.246 mmol/l, P < 0.05) (Fig. 3). At 5 days of 
administration of vitamin C, there was no difference 
between the control group and the other groups. 
Twelve days after the administration of vitamin C, the 
blood levels of TAS in groups 2.5 (0.958 ± 0.246 
mmol/l) and 7.5 (0.841 ± 0.344 mmol/l) were lower 
than that in control group (1.252 ± 0.068 mmol/l, P < 
0.05). Before administration of vitamin C, the blood 
level of TAS in group 7.5 (1.199 ± 0.083 mmol/l) was 
higher than that in control group (0.993 ± 0.120 
mmol/l, P = 0.004).  

 
Figure 1. Flow chart of the study. Control group: no medication group. Group 
1.0: administration of 1 mg/kg vitamin C for 5 days. Group 2.5: administration of 
2.5 mg/kg vitamin C for 5 days. Group 7.5: administration of 7.5 mg/day vitamin 
C for 5 days. 

 
 
 

 
Figure 2. Time-course changes of the 50% mechanical withdrawal threshold 
within each group. Control group: no medication group. Group 1.0: 
administration of 1 mg/kg vitamin C for 5 days. Group 2.5: administration of 2.5 
mg/kg vitamin C for 5 days. Group 7.5: administration of 7.5 mg/day vitamin C 
for 5 days. *P < 0.05 vs. control group. Error bar: standard error. 
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Figure 3. Time-course changes of blood total antioxidant status within each 
group. Control group: no medication group. Group 1.0: administration of 1 
mg/kg vitamin C for 5 days. Group 2.5: administration of 2.5 mg/kg vitamin C for 
5 days. Group 7.5: administration of 7.5 mg/day vitamin C for 5 days. *: P < 0.05 
vs. control group. Error bar: standard error. 

 

Discussion 
In this study, the success rate of the CPIP model 

was about 57%. Coderre at al. reported a success rate 
of approximately 70%.[9] After the administration of 
vitamin C for 5 days, the 50% withdrawal threshold in 
group 2.5 was higher than that in the control group 
and group 1.0. This indicates that administration of 
2.5 mg of vitamin C for 5 days can improve 
mechanical allodynia.  

 We also investigated the blood level of TAS for 
evaluating the correlation between improvement of 
mechanical allodynia and antioxidant status. The 
blood level of TAS in groups 2.5 and 7.5 at 1 day of 
administration of vitamin C was higher than that in 
the control group, but the TAS level in groups 2.5 and 
7.5 at 12 days after administration of vitamin C was 
lower than that in the control group. At first, 
administration of vitamin C in the 2.5 mg and 7.5 mg 
groups increased the level of TAS. The lower TAS 
level at 12 days after administration of vitamin C 2.5 
mg and 7.5 mg groups indicated lower oxidative 
stress in these groups than that in the control group. 
This indicates that administration of vitamin C at 
doses of 2.5 mg and 7.5 mg might decrease the 
oxidative stress at 12 days after administration. In the 
2.5 mg group, this might have relevance to increased 
mechanical allodynia in the CPIP model. These results 
showed that administration of vitamin C at 2.5 mg 
could have a therapeutic effect on allodynia and that 
the improvement of oxidative stress could increase 
mechanical allodynia in the CPIP model. 

We administered vitamin C for 5 days in the 
early stage of the CPIP model and the improvement of 
mechanical allodynia lasted until at least 26 days (Fig. 

2). At 1 day of administration of vitamin C, there was 
an increase in the 50% withdrawal threshold that was 
related to the dose-response relationship of vitamin C 
(no medication, 1 mg, and 2.5 mg). However, the 50% 
withdrawal threshold at other periods was no 
different between the control group and group 1.0. 
We hypothesized that the relatively low oxidative 
stress at the early stage might be controlled by 1.0 mg 
of vitamin C and that the effect of an increased 50% 
withdrawal threshold was proportional to the dose of 
vitamin C in the control group, group 1.0, and group 
2.5. Nevertheless, at other periods, the relatively low 
dose of 1.0 mg vitamin C might not decrease oxidative 
stress and could not increase the 50% withdrawal 
threshold. On the contrary, in group 2.5, there were 
persistent improvements in the 50% withdrawal 
threshold after vitamin C administration. Therefore, 
administration of 2.5 mg vitamin C for 5 days could 
improve mechanical allodynia in CPIP models. 

 The pathophysiology of CRPS may be related to 
peripheral neuronal inflammation, local systemic 
inflammation, sympathetic nervous system 
dysfunction, and central nervous system 
abnormality.[2, 3, 18, 19] Several studies suggested 
that oxidative stress plays an important role in CRPS 
Type 1 pathogenesis.[6, 8, 9, 11, 12, 19, 20] Neurogenic 
inflammation and chronic systemic inflammation can 
generate excessive free radicals.[5, 19, 20] The 
increased free radicals can increase vascular 
permeability and inflammatory reactions.[7, 21, 22] 
Free radical scavengers such as dimethyl sulfoxide, 
mannitol, and N-acetylcysteine were effective for 
improvement of symptoms in CRPS patients.[23-27] 
Vitamin C is a widely used dietary compound and 
well-known antioxidant.[13, 28] In previous studies, 
vitamin C had prophylactic effects on the 
development of CRPS.[14-16] However, we cannot 
find an investigation of the treatment effects of 
vitamin C in the CPIP model or in CRPS patients. In 
our results, administration of vitamin C can increase 
the antioxidant status and improve mechanical 
allodynia in the CPIP model. In this study, vitamin C 
was administered in the early stage of the CPIP 
model. Our results show the possibility of treatment 
effects of vitamin C in the early stage of CRPS. 
Vitamin C has been safely used for a long time. 
Therefore, the administration of vitamin C in CRPS 
patients can be easy and safe. Further evaluation of 
the treatment effect of vitamin C and the dosage in 
CRPS patients will be necessary.  

For the prophylactic effects of vitamin C in 
humans, there was no difference between 
administration of vitamin C at 500 mg/day or 1500 
mg/day.[15] Therefore, the authors suggested a 
vitamin C dose of 500 mg/day. In this study, 
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administration of vitamin C at 2.5 mg/day was 
effective for the treatment of allodynia in the CPIP 
model. The dose of 2.5 mg in rats was calculated from 
500 mg in humans. In humans, a daily dose over 100 
mg causes urinary excretion of unmetabolized 
ascorbate and a daily dose over 500 mg causes no 
increase in ascorbate concentration in tissue.[29] 
Therefore, 500 mg of vitamin C can be a reasonable 
daily dose in humans. 

 There are some limitations in this study. First, 
the number of animals in each group was not large. 
Second, there was no statistical improvement in 
Group 7.5. We hypothesize that these results are 
related to the relatively low number of animals in 
each group. Third, the baseline TAS level in Group 7.5 
was higher than in other groups. This might influence 
the results and be a source of bias in this study. It is 
impossible to statistically correct for different 
baselines in a non-parametric test. However, 
administration of vitamin C at 2.5 mg could increase 
TAS and improve mechanical allodynia in the CPIP 
model. This is a meaningful result in this study. 
Moreover, this result suggests the possibility of a 
therapeutic effect of vitamin C in early CRPS patients. 

 In conclusion, administration of vitamin C at 2.5 
mg for 5 days could improve mechanical allodynia 
and increase the total antioxidant status during the 
administration periods. After the administration of 2.5 
mg vitamin C for 5 days, TAS was decreased. This 
decrease in TAS was considered to be related to 
decreased antioxidant stress. The administration of a 
proper dose of vitamin C can reduce oxidative stress, 
increase antioxidant levels, and recover the threshold 
for mechanical allodynia in the CPIP model. These 
results suggested the possibility of a therapeutic effect 
of vitamin C in early-stage CRPS. 
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