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ABSTRACT

Background: Morphine is an opioid analgesic which is used to treat moderate to severe pain but has a
number of side effects. This study is aimed to explore that combination of morphine and o-tocopherol (oT)
are better analgesic as well as anti-inflammatory effect than that of morphine alone.

Objective: To assess the effects of combination of morphine with a-tocopherol on pain and inflammation.

Methods: This prospective experimental study was conducted in the Department of Physiology, Bangabandhu
Sheikh Mujib Medical University (BSMMU), Shahbag, Dhaka from January 2013 to December 2013. For this
purpose, 15 male Long Evans rats were studied. On the basis of vitamin and drug administrations, the rats were
divided into three (3) groups (5 rats in each). Control group received normal saline, one experimental group
received morphine sulphate (MS) at a dose of 3 mg/kg body weight and another experimental group received
combination of MS with T at a dose of 3 mg/kg body weight and 500 mg/kg body weight, respectively. All the
groups received single dose and equal volume (1 ml) through intraperitoneal route 1 hour before the test. Just one
hour after administrations, they were subjected to formalin test followed by formalin induced paw edema test. The
data were statistically analyzed by ANOVA followed by Bonferroni Post Hoc test.

Results: Combined administration of MS and oT lowered the variables for nociceptive pain, central
analgesic activity, inflammatory pain as well as inflammation than individual administration of MS.

Conclusion: From this study it may be concluded that combined administration of morphine sulphate and -
tocopherol were more effective in lowering pain and inflammation than individual administration of morphine.
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Introduction

The International Association for Study of Pain (IASP)
has been defined pain as- 'an unpleasant sensory and
emotional experience associated with actual or
potential tissue damage!. It involves not only the mere

recognition of the sensation of tissue damage, it is also
affected by emotional and cognitive state of an
individual?. It is a major presenting symptom in many
medical conditions which can significantly interfere
with a person's quality of life. As it is protective in
nature so it acts as a warning device which becomes
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active due to any ongoing damage of the tissue or
organism3. But it also causes discomfort, which brings
the patient to physician. Pain is not a uniform entity
and can be classified on the basis of etiological
characteristics into nociceptive, inflammatory,
neuropathic and functional pain®. Nociception is a
neural process by activation of nociceptors due to
exposure to noxious stimuli such as mechanical,
chemical or thermal stimuli’. Inflammatory pain
originates from the combination of nociceptor
activation and sensitization of the nervous system by
the inflammatory mediators®. Inflammation is the
body's natural response to injury. Inflammation occurs
frequently because the world around us consists of a
variety of microbes and injurious agents’. It is a
sequence of events that work to defend the body by
bringing plasma protein and phagocytes to the injured
area for the purpose of initiating tissue repair®- It is
protective in nature due to its healing property but
excessive inflammation is harmful because of its tissue
damaging perspective. Sometimes inflammation also
spirals out of control or becomes harmful which needs
medical attention. Traditional analgesic and anti-
inflammatory drugs which are being used to treat
painful and inflammatory conditions have many side
effects. Now a days, many studies are being carried
out throughout the world to replace or at least to
reduce the dose or duration of traditional analgesics or
anti-inflammatory drugs, by inventing alternate or
adjunct pain medications.

In the world of analgesics Morphine sulphate is
regarded as the gold standard or benchmark to relieve
pain and sufferings. It is a worldwide recognized
highly potent opiate analgesic used to relieve both
acute and chronic severe pain by directly acting on the
central nervous system. It is also used for pain due to
myocardial infarction and labor pain®, reduces
shortness of breath and also in acute pulmonary
edemal®. It is also beneficial for reducing the
symptoms of acute shortness of breath due to both
cancer and non cancer causes!l. According to the
WHO Model list of essential Medicine, it is one of the
most important medications in basic health system!Z.
But it can frequently causes nausea, stomach upset,
vomiting, constipation, drowsiness!3. It has a high
potential for addiction and abuse. If the dose is
reduced after long term use, withdrawal may occur.
Therefore, to minimize the side effects of this drug,
now a days, different animal studies have been
experimented to observe the beneficial effect of
different vitamins on pain and inflammation with

traditional analgesics!4. Recently, the analgesic and
anti-inflammatory effects of several members of the
Vitamin B complex such as B3, B216, Bg!7 as well as
B12 and folic acid!® and o-tocoherol 1920 have been
demonstrated in different experimental animals. o-
tocoherol is a well known anti-oxidant which is the
most biologically active form of vitamin E. It was
suggested to perform various functions in human body
including antioxidation and prevention of infertility
by preserving the sperm in male as well as by
protecting the zygotes in female?! | also involves in
CD36 gene expression??, enzyme regulation?3,
prevention of ataxia?4. It has been experimented that
deficiency of oT causes spinocerebellar ataxia,
dysarthia, absence of deep tendon reflex, anemia,
retinopathy25-26,

As far as we know, no experiment has been done
regarding the antinociceptive and anti-inflammatory
effect of combination of morphine sulphate and o-
tocopherol as a single loading dose and compares
these effects with individual administration of
morphine. Different investigators of different
countries have observed significant reduction of the
nociceptive pain, inflammatory pain and inflammation
after supplementation of this vitamin in different doses
in different animal model. In his study, as we used oT
and its combination with morphine sulphate, so we
used 500 mg/kg of oT through intraperitoneal route
as a single loading dose.

Meterials and Methods

This prospective experimental study was conducted in
the Department of Physiology, Bangabandhu Sheikh
Mujib Medical University (BSMMU), Shahbag,
Dhaka from 1st January 2013 to 315t December 2013.
The study was approved by the Institutional Review
board (IRB) of BSMMU.

Experimental Animals

For this study, fifteen (15) male long Evans rats,
weighting about 180 to 250 gram were obtained from
animal house of Bangladesh Institute of Research and
Rehabilitation for Diabetic Endocrine and Metabolic
Disorders (BIRDEM), Shahbag, Dhaka. They were
kept under a 12/12 hour light/dark cycle?” with the
room temperature of 289C +50C (which was
corresponded to the thermo-neutral zone of rats?8) at
the Pain laboratory of the Department of Physiology,
BSMMU. The animals were there for consecutive
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7 days prior to the experiments for acclimatization and
had free access to standard laboratory food and boiled
water after cooling. All the experiments were
performed during the day time between 8:00 AM to
1:00 PM, to avoid the circadian influences.

Grouping

On the basis of vitamin and drug administrations, the
rats were divided into three (3) groups (5 rats / each).
Control group received normal saline, one
experimental group received MS (3 mg/kg body
weight) and another experimental group received
combination of MS with oT (3 mg/kg body weight
and 500 mg/kg body weight, respectively). All the
groups received single dose and equal volume (1 ml)
through intraperitoneal route 1 hour before the test.
Just one hour after administrations, they were
subjected to formalin test followed by immediate
sacrifice and then formalin induced paw edema test.

All the experiments were conducted according to the
guidelines for the Animal Experimentation Ethics
Committee, Institute of Cholera and Diarrheal Disease
Research, Bangladesh.

Formalin Test

On the day of experiment the rat was adminstered by
NS or MS or combined dose of MS and oT
intraperitonealy. One hour after adminstration, the rat
was restrained by a thick towel and the right hind
paw was exposed. Fifty (50) ul of dilute formalin
(2%) was injected subcuteneously into the planter
aspect of the rat's right hind paw with an insulin
syringe. Immediately the animal was placed in the
observation cage of the plexiglas formalin
box(30x30%30 cm3) and the pain behaviors (total
frequency of jerking and total duration of flexing and
licking) was observed for consecutive 60 minutes.
Within this time the first 5 minutes (15t-5t) was
considered as the early phase, middle 10 minutes (6t
15t) as the interphase and last 45 minutes (16th-60th)
as the late phase?®. Observation was made by counting
the total frequency of jerking and total duration of
flexing plus licking of the injected paw through a
mirror fixed below the formalin box at 45° angle. A
stop watch was used to count the time.

Formalin Induced Paw Oedema Test

Immediately after the completion of formalin test, the
rat was sacrificed by using 10-12 ml of di- ethyl ether
(99%) and both the hind paws of the sacrificed rat
were cut at their knee joints by a sharp scissor. Then

the volume of both the paws were measured using a
water plethysmometer3?. The paw volume was
measured by using the following formula:

Paw volume=Height of water column after paw
immersion-height of water column before paw
immersion.

Net oedema volume=right paw volume-left paw
volume

The results were expressed as mean+SE and the data
were statistically analyzed by ANOVA followed by
Bonferroni's Post Hoc test. In the interpretation of
results p< 0.05 was accepted, as the level of significant.

Results

The effects of intraperitoneal (i.p) administration of
MS and its combination with oT in early, inter and
late phase were observed. In all the phases the study
variables were observed as total frequency of jerking
and total duration of flexing and licking in the
formalin injected paw.

Nociceptive Pain

In the early phase of formalin test, All the mean
values of this variable were significantly (p< 0.001)
lowered in the study groups in comparison to that of
control group. This variable was lowered in the
combined administered group in comparison to
morphine administered group but the difference was
statistically non significant (Figure: 1)
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Figure 1: frequency of jerking (A) and duration of
flexing and licking (B) in early phase of formalin test
in different groups of rats. Each bar symbolizes for
mean+SE for 5 rats. ***= p<0.001, compared to
control
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Central Analgesic Activity

Again the frequency of jerking and the duration of
flexing and licking in the interphase of formalin test
were significantly (p< 0.001) lowered in the study
groups in comparison to the control group.
Moreover, this study variables were lowered in the
combined administered group than that of morphine
administered group but significantly (p < 0.05)
lowered the duration of flexing and licking in the
intrerphase of formalin test (figure: 2)
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Figure 2: frequency of jerking (A) and duration of
flexing and licking (B) in inter phase of formalin test
in different groups of rats. Each bar symbolizes for
mean +SE for 5 rats. ***= p< 0.001, compared to
control and # = p< 0.05, compared between MS vs
MS+oT

Inflammatory Pain

In the late phase of formalin test, both test groups
shows significant (p=<0.001) reduction in the study
variables in comparison to the control groups.
Besides this, combined administration of morphine
with aT reduced this pain variables than those of
morphine alone but only significant (p= < 0.01) in
duration of flexing and licking in late phase of
formalin test (figure 3)
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Figure 3: frequency of jerking (A) and duration of
flexing and licking (B) in inter phase of formalin test
in different groups of rats. Each bar symbolizes for
mean+SE for 5 rats. ***= p?0.001, compared to
control and ## = p<0.01, compared between MS vs
MS+oT

Anti- inflammatory effect:

The amount of paw edema volume was measured
after the completion of formalin test. All the mean
values were significantly (p=<0.01) lowered in the
study groups than the control group. In addition,
this value was lowered in combined administered
group than morphine alone but it was not
statistically significant (figure 4)

0.28

0.35

0.25
0.2 1
0.15
0.1
0.05 +

ml of water

MS

Control

MS + ot

Groups

Figure 4: formalin induced paw edema voluin different
groups of rats. Each bar symbolizes for mean+SE for 5
rats. ***=p <0.001 and **= p<0.01, compared to
control.
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Discussion

Pain and inflammation are the body's protective
mechanism but from the most ancient period of time
human have been trying to conquer pain and
inflammation as they are the most unpleasant sensation
among all the sensory perceptions. Our body itself has
different mechanism for treatment of pain and
inflammation but their discomfortness bring the patient
to physicians and its management exceeds billion of
dollars every year. So its our great responsibility to
manage the pain in an appropriate way. From this
point the present study was undertaken to assess the
analgesic and anti inflammatory effect of a traditional
analgesic morphine and compare its effects with the
combination of oT

The formalin test is a useful model for the screening
of both the nociceptive and inflammatory pain3!. The
centrally acting analgesic like morphine inhibits both
early and late phase of formalin test32. Pain intensity
in this test is dependent on some objective behavioral
catagories which are converted to numerical values33.
In this test the early phase results from the direct
chemical stimulation of the nociceptive afferent fibers
while the late phase results from the action of locally
released inflammatory mediators and also by the
facilitation of synaptic transmission in spinal cord34.
In our study combined administration of morphine
and vitamin lowered the nociceptive pain as well as
inflammatory pain and enhanced the central analgesic
activity in comparison to that of morphine alone but
only significantly lowered the duration of flexing and
licking in interphase (p<0.05) and late phase (p<0.01)
of formalin test. Though the exact mechanisms of
these effects could not be elucidated from this study,
but several investigators of different countries
suggested different mechanisms for the decrement of
nociceptive pain and enhancing the central analgesic
activity like increased activity of endogenous
canabinoid or serotonergic pathway or closure of
Ca2*channel in presynaptic membrane or opening of
K+channel in the post synaptic membrane, as the
possible causes33-37,

For measuring inflammation in animal study, paw
edema test is an accurate and simple method38. In this
study combined administration of morphine and «-
tocopherol lowered the inflammation than individual
administration of morphine but they are statistically
non significant. Several investigators suggested several
mechanisms like inhibition of COX, decrement of

production of NO, TNF-q, free radicals, PGE; and
bradykinin might be the possible mechanisms for
lowering inflammation39-40,

Though the exact mechanism of these more
effectiveness of the combined administration could not
be understand directly from this study, however, the
concomitant activation of different pain lowering
pathways at the same time might be the possible
cause.

Conclusion

Therefore, from this result, it may be concluded that
combination of morphine sulphate and oT reduced
pain and inflammation more effectively, than
individual administration of morphine sulphate. This
study is help to reduce the adverse effect of this drug
and also help the general population to achieve a better
management for pain.

Conflict of Interest: Authors declared that they have
no conflict of interest.

References

1. Loeser JD, Treede RD. The Kyoto protocol of IASP Basic
Pain Terminology. Pain. 2008; 137(3): 473-477.

2. Scholz J, Woolf CJ. Can we conquer pain? Nat
Neurosci.2005; 5: 1062-1067.

3. Woolf CJ. What is this thing called pain? J Clin Invest.
2010; 120(11): 3742-3744.

4. Eli I, Svensson P. The multi-dimensional nature of pain.
In: Bergenholtz G; Hostewd-Bindslev P, Reit C, editors.
Textbook of endontology. New Jersey: Wiley-Blackwell.
2009; 277-289.

5. Zhu YZ, Lu TJ. A multi-scale view of skin thermal pain:
from nociception to pain sensation. Phil Trans R
Soc.2010; 368: 521-559.

6. NathaC, Ding A. Non resolving inflammation. Cell.2010;
140(6): 871-882.

7. Dafny N. Pain Modulation and mechenisms. Mol pain.
2000; 38(5): 172-178

8. Kumar V, Abbas AK, Fausto N, Aster JC. Robbins and
Cotran Pathologic Basis of Disease. 8th ed. India: Elsevier
Saunders.2010; 95-160.

9. Katzung B, Masters S, Trevor A. Basic and clinical
Pharmacology. 11th ed. New York: Mcgraw-Hill
Professionals. 2009 ; 553-556.

10. Nagqvi F, Cervo F, Fields S. Evidence based review of
interventions to improve palliation of pain, dyspnea and
depression. Geriatrics.2009; 64(8): 8-10.

11. Schrijver D, Van Fraeyenhore F. emergencies in Palliative
care. Cancer J. 2010; 16(5): 514-520.



Antinociceptive and Anti-inflammatory Effects of Combined

12

12

13

20

21.

22

23.

24.

25.

26.

. Who Model list of Essential Medicine. World Health
Organization. April 2014.

. OBrunton LL, Lazo JS, Parker KL. Goodman and Gilman's-
The pharmacological basis of therapeutics. 11th ed.
Mcgraw-hill medical publishing division. 2011; 553-558.

. Majagi SI, Bhosle TN, Patil PA. Anti inflammatory and
analgesic activity of D1 alpha-tocopheryl acetate and its
interaction with aspirin in wister rats. IJDDR.2011;
3(4): 86-93.

. IMoallem SA, Hosseirizadeh, Farahi S. A study of acute
and chronic anti-nociceptive and anti-inflammatory
effects of thiamine in mice. Iran Biomed J. 2008; 12(3):
173-178.

. Bertollo CM, Oliveira AC, Rocha LT, Costa KA,
Nascimento EB Jr, Coelho MM. Characterization of the
antinociceptive and anti-inflammatory activities of
riboflavin in different experimental models. Eur J
Pharmacol. 2006; 547(1-3): 184-19.

. 0Zimmermann M, Bartoszyk GD, Bonke D, Jurna I,
Wild A. Antinociceptive properties of pyridoxine.
Neuropsychological and behavioral findings. Ann N Y
Acad Sci. 1990; 585: 219-230.

. Imtiaz M. Study on effects of vitamin B12 and folic acid
on pain and inflammation in male long Evans rat
[Thesis]. Dhaka: Bangabandhu Sheikh Mujib Medical
University; 2012.

Lu R, Gerhardt WK, Geisslinger G, Schmidtko A.
Additive anti nociceptive effects of a combination of
vitamin C and vitamin E after peripheral nerve injury.
Plos one. 2011; 6(12): 244-250

. Edmonds SE, Winyard PG, Guo R, Kidd B, Merry P,
Smith AL, et al. Putative analgesic activity of reapeted
oral doses of vitamin E in the treatment of rheumatoid
arthritis. Results of a prospective placebo controlled
double blind trial. Ann Rheum Dis. 1997; 56: 649-655

Kaya NE. Alpha-tocopherol: looking beyond an
antioxidant. Molecular vision. 2009; 15: 855-860.

. DRigotti M. Absorption, transport and tissue delivery of
vitamin E. Mol aspect med.2007; 28: 423-436.

Kim MIJ, Hong BH, Zhang EJ, Ko YK, Lee WH. Anti
nociceptive effects of intraperitoneal and intrathecal
vitamin E in the rat formalin test. Korean J Pain.2012;
25(4): 238-244.

Hong B, Lee W, Ko Y, Ji S, Lee E, Kang Y. Antinociceptive
effects of vitamin E in formalin induced nociceptive response
in rats. Eur J Anesth. 2011; 28: 192-193.

Brigelius - Flohe R, Traber MG. Vitamin E function
and metabolism. FASEB J.1999; 13 (10): 1145-1155.

Kowdley KV, Masor JB, Meydani SN, Cornwall S,
Grand RJ. Vitamin E deficiency and impact cellular
immunity related to intestinal fat absorption.
Gastroenterology. 1992; 102(6): 2139-2142

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39

40.

Tajik H,Tamaddonfard E, Hamzah N. The effect of
curcumin on the acetic acid induced visceral nociception in
rats. Pak J Biol scei.2008; 11(2): 312-314.

Uddin Z, Aninda KN, Anowara J, Mycal D, Masud MM,
Talha BE. Analgesic activities of Crinum asiaticum. Mol
and Clinc Pharmacol.2012; 3(2): 125-133.

Henry JL, Yashpal K, Pitcher GM, Coderre TJ.
Physiological evidence that the 'interphase' in the
formalin test is due to active inhibition. Pain.1999;
82(1): 57-63.

Franca DS, Souza ALS, Almeida KR, Dolabella SS,
Martinelli C, Coelno MM. B vitamins induce an anti
nociceptive effect in the acetic acid and formaldehyde
models of nociception in mice. Eur J Pharmacol.2001;
421(3): 157-164.

0Tjolsen A, Berge OS, Hanskar S, Rosland JH, Hole K.
The formalin test: an evaluation of the method.
Pain.1992; 5(1): 5-17.

0Vogel HG, Vogel WH, Scholkens BA, Sandow J, Muller
G, Vogel WF. Drug discovery and evaluation
pharmacological assay. 2nd ed. Berlin: Springer. 2002 ;
669-774.

IDubuisson D, Dennis SG. The formalin test: a quantitative
study of the analgesic effects of morphine, meperidine and
brain stem stimulation in rats and cats. Pain. 1977; 4(2):
161-174

OHeapy CG, Jamieson A, Russel NJW. Afferent C fiber
and A-fiber activity in models of inflammation. Br J
Pharmacol. 1987; 90: 164

Chahl LA. Opioids- mechenism of action. Ex and clin
pharmacol. 1996; 9: 63-65

Nadine C, Ferreira MC, Solal CC, Kadmi CM, Bernad N,
Martinez J, Barbanel G, Vigens M, Guiramand J. ?-
tocopherol and ?-tocopheryl phosphate interact with the
canabinoid system in the rodent hippocampus. Free Radic
Bio Med. 2011; 51: 1643-1655.

0Barrett KE, Barman SM, Boitano S, Brooks H. Ganong's
Review of Medical Physiology. 23rd ed. New Delhi:Tata
McGraw- Hill. 2010; 167-168.

Alorainy M. Effect of allopurinol and vitamin E on rat
model of rheumatoid arthritis. Int J health Sci.. 2008;
2(1): 59-67.

. IWang ZQ, Porreca F, Cuzzocrea S, Galen K, Lightfoot R,
Masini E, Muscoli C, Mollace V, Ndengele M,
Ischiropoulos H, Salvemini D. A newly identified role for
superoxide in inflammatory pain. J Pharmacol Exp Ther.
2004; 309(3): 869-878.

Vanloon JP, Degrew JC, Van DM, Lami JJ, Vanweeren
PR. Intra articular opioid analgesia is effective in reducing
pain and inflammation in an equine LPS induced synovitis
model. Equine Vet J. 2010; 42(5): 412-419



