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INTRODUCTION

  Rheumatoid arthritis (RA) is a chronic disease affecting up 

to 3% of the population in most countries. The causes of RA 

have not been completely elucidated. Oxygen free radicals have 

been implicated as mediators of tissue damage in patients with 

RA. Thus it is possible that several micronutrients acting as 

antioxidants and free radical scavengers provide protection 

against RA. 

  The generation of reactive oxygen species (free radicals)1,2) 

is an important factor in the development and maintenance of 

RA in humans and animal models. One source of free radicals 

is nitric oxide produced within the synoviocytes and chondrocytes 

and giving rise to the highly toxic radical peroxynitrite. Sev-

eral cytokines, including tumor necrosis factor-alpha (TNF- 

alpha) are involved in the formation of free radicals, partly by 

increasing the activity of nitric oxide synthase. Free radicals 

contribute significantly in modification of immune processes 

and inflammatory reactions. They are produced by activated 

phagocytes, which for killing microorganisms. 

  Free radicals facilitate production of cytokines, which are 

important as modifiers of inflammatory reactions. Formation of 

free radicals is influenced by antioxidants, which thus modify 

the intensity of inflammatory reaction and immune response. 

The antioxidant defenses consist of low molecular mass 

antioxidants such as vitamins C and E and enzymes, e.g. 

superoxide dismutase. Their function is to act as a coordinated 

and balanced system to protect tissues and body fluids from 

damage by reactive oxygen whether produced physiologically 
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or as a response to inflammation, infection or disease. The 

plasma concentration of the principal lipophilic antioxidant, 

alpha-tocopherol, is lower in patients with rheumatoid arthritis 

than in healthy age- matched controls, although this association 

may be a result of the disease or its treatment.3) Similarly, a 

cohort study identified low alpha-tocopherol status as a risk 

factor for rheumatoid arthritis.4) When supplemental alpha-toco-

pherol was administered orally to rheumatoid arthritis patients 

who were already receiving anti-rheumatic drugs, three mea-

sures of pain (i.e., pain in the morning, pain in the evening, 

and pain after chosen activity) were decreased compared to 

placebo control.5) Therefore, the aim of the present study was 

to assess the therapeutic value of daily injection of vitamin E 

in an animal model of arthritis.

MATERIALS AND METHODS

    Animals

  Experiments were conducted on male Sprague-Dawley rats 

weighing between 300-350 grams. The rats were housed in 

pairs, and maintained on a 12/12 hour allowed free access to 

food and water. All experiments were preformed according to 

approved protocol by the animal care committee at the Uni-

versity of Western Ontario, in accordance with the guidelines 

from the Canadian Council of Animal Care and I.A.S.P Com-

mittee for Research and Ethical Issues.

  Vitamin E (100 mg/kg) or vehicle was given daily 

intraperitoneally (IP) for 10 or 20 days following induction.

  Thus, groups were as follows: group 1, untreated, n = 3; 

group 2, CFA+ vehicle, n = 10; group 3, CFA+ vitamin E 

for 10 days, n = 10; group 4, CFA+ vitamin E for 20 days, 

n = 10. 

    Induction of mono-arthritis6)

  For the formal studies of the final model the complete 

Freund's adjuvant (CFA) was prepared as follows: 60 mg of 

killed Mycobacterium butyricum (Difco laboratories) were 

added to a mixture of mineral oil 6 ml, saline 4 ml, and 

Tween 80 ml mixed thoroughly and then autoclaved for 20 

min at 120oC to rupture the cell walls of mycobacteria. This 

preparation was refrigerated until use and warmed and thor-

oughly mixed prior to injection to prepared animals. Injection 

of the right hind ankle joints was performed under brief 

halothane/O2 anesthesia as follows: the tarsal area of the hind 

paw was grasped and the fossa distal and medial to the lateral 

malleolus of the fibula was palpated. A 27-gauge needle was 

introduced into the capsule of the tibio-tarsal joint (TTJ) 

percutaneously by directing it cephalad, mesiad and superiorly 

from the midpoint of the inframalleolar fossa until a distinct 

loss of resistance was felt approximately 4 mm and complete 

adjuvant was injected. (135μg of mycobacterium butyricum in 

25 bμl vehicle). Baseline (pre-induction) clinical observations 

were made prior to injection of CFA.

    Vitamin E treatment 

  Vitamin E was prepared as follows: vitamin E was dissolved 

in one volume of ethanol and then diluted with nine volumes 

of 16% (v/v) Tween 80 in saline. Rats were injected via IP 

daily with either vitamin E (100 mg/kg) or vehicle.7) G1 was 

untreated control group; G2 was injected with CFA and 

administered vehicle for vitamin E; group G3 was injected 

with CFA and received vitamin E for 10 days while G4 was 

injected with CFA and vitamin E for 20 days. Vehicle or 

vitamin E treatment started on one day after CFA injection. 

All injections were given around 10：00 o'clock in the 

morning before testing began. Some parameters were continued 

to measure for 2 to 3 days after stopping the administration of 

vitamin E to see if the effect continued to persist. 

    Clinical experiments

  Ankle circumference: The animal was acclimatized to a 

piece of cloth that was wrapped around it to minimize move-

ment and to reduce handling stress. A piece of thread was 

wrapped around the ipsilateral ankle joint and the length of 

thread around the joint was determined. This procedure was 

repeated three times and the values averaged. Measurements 

were taken daily or according to the experiment protocol.

  Range of articulation: The degree of articulation for the 

ipsilateral ankle joint was determined as follows. The axis of 

the femoral bone and the heel of the foot were set as the 

reference points. The tarsal bone was flexed and extended to 

the maximum and the reading taken. Range of articulation was 

determined as the difference between the angle of maximum 

extension and the angle of maximum flexion. 

  Mechanical withdrawal threshold (von Frey hair): Me-

chanical response thresholds were determined by measuring the 

hind paw withdrawal response to Von Frey filament stimu-

lation according to the method described by Pitcher.8) In brief, 

animals were placed in a PlexiglasⓇ box (30 × 30 × 30 

cm) with an opaque plastic floor (3 mm thick with 1.5 mm 
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diameter holes in perpendicular holes 5 mm apart) through 

witch the von Frey filaments (Stoelting) were applied to the 

soft tissue of the plantar surface of the injured hind paw. 

Filaments were applied in ascending order, beginning at 0.25 

g, to determine the filament closest to the threshold of re-

sponse. Each filament was applied to the hind paw 5 times 

for 2 sec at 10-second intervals. A withdrawal response was 

considered if the hind paw was completely removed from the 

surface of the platform. The withdrawal response was recorded 

for the filament that successfully stimulated withdrawal 4/5 or 

5/5 times. The gram force of each hair was determined at the 

end of each testing period.9)

    Physiological experiments

  Plasma extravasation and edema measurement: Plasma ex-

travasation measurement was accomplished on day 26 under 

anesthetzed. Initially, animals were anesthetized with sodium 

pentobarbital at a dose of 50 mg/kg. Evans blue Dye, 25 

mg/ml saline, was injected via the tail vein at 0.1% body 

weight (gm). Thirty minutes after the injection of Evans blue 

dye, 500 ml of saline was perfused through the aorta. Sub-

sequently a measured length of the paw close to the ankle 

was removed and weighed to obtain the wet weight of the 

tissues. It was then dried in an oven at 60oC and after 24 

hours the weight of the dried tissue was obtained. The 

difference between the wet and dry weights was measured as 

edema. The dried tissue was then placed in a vial with 10 ml 

of formamide in an oven at 60oC. Twenty four hours later, the 

fluid in the vials was filtered and evaluated by its absorbance 

measure by color spectrophotometer compared to pure forma-

mide at wavelength 600 nm. Calculated formula is ([ipsilateral 

absorbance/ipsilateral weight]/[contralateral absorbance/contralateral 

weight]).

    Statistical analysis: Statistical analysis was done using 

either the students unpaired t-test or one way analysis of 

variance (ANOVA) P ＜ 0.05 was considered statistically sig-

nificant for all analysis. All data are expressed as means ± 

SEM. 

RESULTS

  The adjuvant-induced arthritis model has been used for eval-

uation of compounds with potential for treatment of human 

RA, and the development of ankle edema is commonly used 

as a measure of inflammation.10) Another symptom commonly 

seen in potential is lack of flexibility of the joint. Thus ankle 

circumference and flexibility were used as a measure to study 

the effect of vitamin E treatment in model of monoarthritis.

    Ankle circumference 

  The mean baseline circumference of ankle in a normal 

animal was observed to be 28.9 ± 0.07 mm. After the 

induction of arthritis the ankle circumference started to increase 

on second day and the mean value recorded was 38.2 ± 0.6 

mm on day 2. Daily injection of vitamin E for 10 days to the 

monoarthritis rat did not affect the increase of ankle 

circumference. But a significant decrease was observed when a 

daily injection of vitamin E was given for 20 days compared 

to CFA animals treated with vehicle only (n = 7, P ＜ 0.05). 

This decreases remained up to 23 days even when the daily 

dose of vitamin E was stopped on day 20 (Fig. 1).

    Range of articulation of the joint 

  As shown in Fig. 2, the range of articulation of the tibio- 

tarsal joint of the CFA animals deteriorated with time. Daily 

injection of vitamin E to CFA animals (n = 7) for 10 days 

did not alter this deterioration significantly. However, treatment 

with vitamin E for 20 days was so effective that the range of 

articulation remained almost normal. Thus a significant differ-

ence (P ＜ 0.05) arose between the CFA rats that received 

vitamin E (n = 7) and those that received was observed 

Fig. 1. Effect of vitamin E on circumference of ipsilateral ankle joint 

of monoarthritic rats. Significant difference started on day 18 between 

CFA group given vehicle (□, n = 7) and CFA group given vitamin 

E for 20 days (■, n = 7, P ＜ 0.05). No significant difference was 

observed between vehicle and the group given 10 days of vitamin E 

(▲, n = 7). *P ＜ 0.05.
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vehicle (n = 7). 

    Mechanical withdrawal threshold

  Sensory withdrawal thresholds to mechanical stimulation in 

ipsilateral ankle joint with vitamin E treatment started to show 

an analgesic effect as early as on day 3 after CFA injection 

(P ＜ 0.05 on 20-day vitamin E treatment as compared to 

vehicle, Fig. 3). The baseline value of withdrawal threshold 

before induction of monoarthritis in normal rats was 15 ± 0. 

As Fig. 3 shows the group of CFA animals given vehicle only 

demonstrated a gradual increase in mechanical sensitivity that 

was indicated by a change in the withdrawal threshold as early 

as on day 3 after CFA injection (7.7 ± 2.1 on day 3 and 2.4 

± 0.9 on day 21). This sensitivity to the mechanical 

stimulation was prevented by a daily administration of vitamin 

E in both 10 days and 20 days groups (threshold values 

averaged 9.3 ± 2.1 on day 18, n = 6, P ＜ 0.05 as compared 

to vehicle). The group with 10 days administration of vitamin 

E (group 3) showed delayed lowering of the mechanical 

withdrawal thresholds until 10 days. There was no statistical 

significance between group 3 and group 4.

    Plasma extravasation

  Compared to the control group of rats, CFA treated rats 

showed significantly greater plasma extravasation (n = 6, P ＜ 

0.05, Fig. 4). However, a daily injection of high dose of 

vitamin E for 20 days reduced the permeability of the vas-

culature surrounding the tibio-tarsal joint, significantly when 

Fig. 2. Range of articulation of tibio-tarsal joint in monoarthritic rats 

with vitamin E. Daily injection of vitamin E for 20 days (■, n = 7) 

prevented the decrease in articulation of the joint which became 

significant on day 20 when compared to the group of CFA rats with 

vehicle (□, n = 7, P ＜ 0.05). Daily injection of vitamin E for 10 

days had no effect on the articulation of the joint (▲, n = 7). *P ＜ 

0.05.

Fig. 3. Effect of vitamin E on sensory threshold to mechanical 

stimulation in monoarthritic rats. A daily dose of vitamin E for 20 days 

to CFA treated rats (■, n = 7) prevented the decrease in sensitivity 

to mechanical stimulation as compared to CFA group with vehicle (□, 

n = 7). The difference was first significant on day 3 and remained 

significant up to the end of observation period on day 21 (P ＜ 0.01). 

A daily dose of vitamin E for 10 days (▲, n = 7) was significantly 

different from the control group. *P ＜ 0.05, †P ＜ 0.01.

Fig. 4. Effect of vitamin E on extravasation of plasma proteins around 

the tibio-tarsal joint of CFA treated rats. Significant difference in the 

values of plasma extravasation was observed in CFA rats (▤, n = 6) 

compared to the normal untreated rats (□, n  = 3, P ＜ 0.01). The 

difference between these groups was significant (P ＜ 0.01), when 

vitamin E was administered for 20 days (■, n = 6). Extravasation of 

plasma proteins was seen to be much less compared to the vehicle 

treated group. A daily injection of vitamin E for 10 days, to the CFA 

rats (▥, n = 5) showed a slight decrease but not significant as 

compared to the vehicle treated rats. *P ＜ 0.01.
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compared to vehicle treated arthritic rats (n = 6, P ＜ 0.01, 

Fig. 4). No effect was seen when vitamin E was given for 

only for 10 days.

    Edema

  The effect of vitamin E on edema induced by CFA is 

shown in the Fig. 5. Compared to the control rats (n = 3), 

edema was significantly greater in CFA animals (n = 6, P ＜ 

0.001). Vitamin E administration for 10 days did not affect 

edema in CFA rats (n = 5). However, the 20 days treatment 

with vitamin E decreased edema compared to vehicle control 

(n = 7, P ＜ 0.05).

DISCUSSION

  This study was aimed to investigate whether high dose 

vitamin E has any anti-inflammatory or analgesic effects or 

both in CFA induced arthritic rat model. Adjuvant-induced 

arthritis in rats is widely used as a model of human RA 

because adjuvant arthritic animals show immunologic and 

inflammatory features which are also observed in patients with 

RA.10) The CFA-induced inflammation resulted in significant 

elevation in the levels of TNF-alpha, IL-1 beta and nerve 

growth factor (NGF) in the inflamed paw and the peptides, 

substance P and calcitonin gene-related peptide (CGRP) in the 

L4 dorsal root ganglion 48 h post CFA injection.11) The 

activation of nitric oxide synthase (NOS) can be induced by 

lipopolysaccharide (LPS) and several cytokines such as inter-

leukin-1β (IL-1β) and TNF-alpha.12) The inducible form of 

the synthetic enzyme nitric oxide synthetase (iNOS) is found 

primarily in synovial lining layer (especially CD68+ macro-

phages and fibroblasts and type A synoviocytes), chondrocytes 

and epithelial cells.13) 

  Joint pain is a common symptom in various forms of 

arthritis. Unfortunately, the mechanisms involved in the patho-

genesis of joint pain are not well understood, but probably 

include peripheral and central neural mechanisms. 

  Noxious stimulation leads to the release of aspartate, 

glutamate and substance P in the dorsal horn of the spinal 

cord. Activity of these transmitters at N-Methyl-D-Aspartate 

(NMDA), NK-1 and metabotropic glutamic receptors result in 

increased intracellular Ca2+ in dorsal horn cells. The increase 

in intracellular Ca2+ stimulates the nitric oxide synthase- 

induced conversion of L-arginine to nitric oxide and the 

phospholipaseA2-induced release of arachidonic acid. Lastly, 

central sensitization in the spinal cord may play an important 

role in the pathogenesis of joint pain. Phosphorylation of the 

NMDA receptor by activated kinases allows the NMDA 

receptor to operate at resting membrane potential level and 

further enhances the accumulation of intracellular Ca2+. Synthesis 

of novel transmitters, growth factors and ion channels may 

lead to phenotypic changes within the nociceptive system (e.g. 

production of substance P in large fibers).14) Vitamin E is the 

major lipid soluble antioxidant found in human plasma, eryth-

rocytes, and tissues.15) The efficacy of vitamin E has been 

studied in a variety of rheumatological disorders including RA, 

osteoarthritis, and ankylosing spondylitis.2,8,16)

  Our study showed significantly greater plasma extravasation 

and edema from group 4. We think that means accumulation 

effect of high dose vitamin E.17) Vitamin E treatment of the 

transgenic animals led to a significant decrease in the levels of 

IL-1β but not TNF-alpha.2) Also vitamin E has a peripheral 

anti-inflammatory effect is related to inhibition of arachidonic 

acid pathway,17) or scavenging of free radicals.18) Vitamin E 

could inhibit ROS release by neutrophils and monocytes by 

blocking the activity of protein kinase C (PKC), which is 

involved in the activation of NADPH oxidase.19)

  Vitamin E activates microglial PP2A activity and thereby 

silences an LPS-activated PKC/extracellular signal regulated 

kinase (ERK)/Nuclear factor kappa B (NF-κB) signalling cas-

cade resulting in significantly attenuated COX-2 protein synthe-

Fig. 5. Edema in the tibio-tarsal joint of monoarthritic rats (▤, n 

= 6) was significantly higher than the untreated controls (□, n = 

3, P ＜ 0.01). Administration of vitamin E for 10 days to CFA 

treated rats (▥, n = 5) showed no improvement but vitamin E 

injected daily for 20 days (■, n = 6) had a significant effect on 

reducing the edema of the arthritic joint (P ＜ 0.05) compared to 

the vehicle treated rats. *P ＜ 0.01, 
†
P ＜ 0.05.
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sis.20) NF-κB is an ubiquitous rapid response transcription 

factor in cells involved in immune and inflammatory reactions, 

and exerts its effect by expressing cytokines, chemokines, cell 

adhesion molecules, growth factors, and immunoreceptors. In 

this manner, NF-κB contributes to immunologically mediated 

diseases such as allograft rejection, RA, and bronchial asthma.21) 

Vitamin E has effectively inhibited the activation of cytokine- 

induced NF-κB by influencing the redox state of the cell. 

Since NF-κB plays a critical role in the induction of an 

iNOS gene by LPS.22)

  Vitamin E was found to inhibit LPS-induced formation of 

PGE2 at 100-300μM, which is within the range of plasma 

or tissue concentrations that can be expected during high-dose 

oral therapy.23-25) Inhibition of prostaglandin formation was 

accompanied by comparable decrease in COX-2 expression at 

the translational and transcriptional level. Vitamin E-induced 

decrease in PGE2 production is due to decreased COX activity. 

However, vitamin E had no effect on COX mRNA and 

protein levels, indicating a post-translational regulation of COX 

by vitamin E. Further experiments indicated that vitamin E 

decreases COX activity through reducing formation of peroxy-

nitrite, a hydroperoxide shown to be involved in the ativation 

of COX-2 (dose dependent, peroxinitrite is important). Another 

study demonstrated that attenuation of the formation of 5- 

lipoxygenase products in polymorphonuclear neutrophils (PMNL) 

can be achieved by dietary vitamin E enrichment.26) Activation 

of PMNL leads to the release of arachidonate from cellular 

phospholipids via a phospholipase A2, and conversion of pro-

ducts of the 5-lipoxygenase pathway. The inhibition of PGE2 

production by vitamin E results from the inhibition of the 

activities of both phospholipase A2 and cyclooxygenase.27) 

  The present results showed analgesic effect on day 3 from 

group 3 and group 4. In nested case-control studies using 

serum obtained prior to diagnosis of rheumatoid arthritis, 

alpha-tocopherol concentration was inversely associated with the 

later development of rheumatoid arthritis.28) When supplemental 

alpha-tocopherol was admininistered orally to rheumatoid arthritis 

patients who were already receving anti-rheumatic drugs, three 

measurement of pain (i.e., morning stiffness, pain in the 

evening, and pain after chosen activity) were decreased 

compared to placebo control.5) Surprisingly, this pain relief 

occurred even though vitamin E did not change clinical indices 

of inflammation.3) Also, vitamin E treatment did not modify 

the clinical features of the disease (date of onset or disease 

intensity, as measured by the articular index), but it did 

prevent joint destruction from transgenic mouse model of 

rheumatoid arthritis.29) In conclusion this study shows relatively 

long duration of high dose vitamin E treatment have anti- 

inflammatory and early onset analgesic effect. 
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