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ABSTRACT

In certain painful disorders, B12 vitamins have been documented to be
clinically useful alone or paired with non-steroidal anti-inflammatory
drugs (NSAIDs). However, it has not been identified to equate these effects
with related effects of ketorolac tromethamine (KT) and their combination.
To test and compare the effects of vitamin B12 on pain with those of the
combination of vitamin B12 with KT in rat models. This experimental
research was performed at the Department of Physiology, BSMMU. The
control (A, Al with 5 ml/kg normal saline) and experimental (B1, Bla with
15 mg/kg B12; B2, B2a with 10 mg/kg KT; B3, B3a with B12+KT) groups
of 5 rats in each group were divided into 40 (forty) long Evans rats (215£35
gm) of either sex. Both medications and vitamins were administered
intraperitoneally in a single dose just one hour prior to the writhing and
paw edema test caused by formalin. The statistical study was carried out
by ANOVA, followed by the post-hoc Bonferroni test. In the interpretation
of outcomes, p<0.05 was regarded as significant. B12 lowered only the
writhing count and KT lowered both writhing appearance latency time and
writhing count significantly (p<0.001) in the writhing test. However, the
combination of B12 and KT significantly (p<0.001) lowered both the study
variables in the writhing test. In addition, KT lowered edema volume
significantly (p<0.01) in the paw edema test. The combination of B12 and
KT, on the other hand, substantially (p<0.001) decreased the amount of
edema in the paw edema test. It can be concluded that vitamin B12 has
analgesic and anti-inflammatory effects, and that the combination of B12
with KT is more effective than when administered individually.
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. INTRODUCTION, BACKGROUND AND OBJECTIVES

Nociception is an enormous field in both neuroscience and
medical research, as is pain [1]. The severity of pain does not
coincide with the degree of tissue damage, and it affects one's
standard of living if it does not manage properly. Pain
associated with acute injury to tissue, illness or intervention
can be seen as a symptom and is an active symptom in many
medical conditions [2]. In addition, nociceptive pain,
however, is a crucial physiological sensation triggered by
peripheral nerve fibre stimulation. Nociceptors have
characteristic sensitivity or thresholds [3]. Thus, it is a central
early warning mechanism for tissue damage [4] [5]. It may
define as "Pain in the peripheral tissue caused by injury
activating the nociceptors" [6]. Therefore, pain assessment is
vital to find out the severity of the illness. It is also
indispensable for an appropriate analgesic to chose. Twisting
is another legitimate tool for assessing nociceptive and
inflammatory pain behaviours in the animal model and is
susceptible to different analgesic drugs. In this experiment,
the writhing reaction consists of the contraction of the
abdominal muscles and stretching the hind limbs together.
This test is responsive to both opioids and non-opioid
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analgesics [7].

Moreover, a basic approach is the formalin-induced paw
oedema test, among the numerous methods for measuring
inflammation in animals. In this examination, subcutaneous
formalin administration in any paw causes local tissue injury
and paw oedema subsequently [8]. Ketorolac tromethamine
(KT) is one of the most potent non-steroidal anti-
inflammatory drugs (NSAIDs) used in the treatment of
inflammatory pain such as postoperative pain, renal colic,
inflammation, lumbago, headache and cancer [9], [10].
Vitamins are perfect cost-effective alternatives, of which
eight distinct water-soluble compounds make the vitamin B
complex. In some animal studies, among these eight vitamins,
supplementation with B12 in combination with B1 and B6
showed a decrease in nociceptive and inflammatory pain
[11]-[15]. However, a single dose of 10 mg/kg KT has been
a sub-effective dose against nociceptive and inflammatory
pain [16]. Combined administration of B vitamins (B1, B6,
B12) with KT has also suggested potentiating nociceptive and
inflammatory pain effects [15]. So far, however, the data on
this matter is not adequate to draw any conclusion.
Furthermore, no recorded data were available to compare the
combined analgesic effects of vitamin B12 with KT on
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nociceptive and inflammatory pain with that of their
administration. In this context, this study would have planned
to assess the analgesic and anti-inflammatory effects of a
single administration of Ketorolac and its combination with
vitamin B12 to compare the combined analgesic and anti-
inflammatory effects of a single administration Ketorolac
with those of individual administration in Long Evans rats.

Il. MATERIAL AND METHODS

A. Study Design

This experiment was performed between March 2015 and
February 2016 in the Pain Laboratory, Department of
Physiology, Bangabandhu Sheikh Mujib Medical University
(BSMMU), Dhaka.

B. Procurement and Maintenance of Animals

Forty (40) stable adult Long Evans rats of either sex,
weighing 180 to 250 gm [17], were acquired from the animal
house at the University of Health Sciences Bangladesh
(BUHS), Dhaka. We kept all the rats in the Department of
Physiology's Pain Laboratory, BSMMU, where they were
housed in specially designed plastic cages with six rats per
cage under a light/dark cycle of 12/12 hours [7], [18]. The
ambient room temperature, corresponding to the thermo-
neutral zone for rodents, was maintained at about 27 to 28 °C
[11]. Both rats had access to standard laboratory food and
cooled boiled water [19]. They were retained there before the
experiment for seven [7] consecutive days for environmental
acclimatization. All the tests were carried out during the
daytime between 08:00 and 16:00 to avoid circadian
influences [20].

C. Vitamins and Drugs Collection

Vitamin B12 (Granules): Courtesy of Biopharma
Pharmaceuticals Limited, Bangladesh.

Ketorolac Tromethamine (Granules): Courtesy of Novartis
(Bangladesh) Limited.

Normal saline: Purchased from the local market (Popular
infusions limited, Bangladesh).

Formalin: Purchased from the local market (MERCK,
Germany).

Acetic acid: Purchased from the local market (MERCK,
Germany).

Chloral Hydrate: Purchased from the local market (BDH
Laboratory, Germany).

D. Dose Schedule

The granular vitamins B12 (Biopharma, Bangladesh) and
Ketorolac tromethamine (Novartis, Bangladesh) were
obtained and dissolved in standard saline (5 ml/kg body
weight). All the rats divided into control (A, Al) and
experimental groups based on drugs and vitamin
administration (B1, Bla; B2, B2a; B3, B3a). In addition, the
control group (A, Al) received normal saline only (5 ml/kg
body weight) [20]. Vitamin treated group (B1, B1a) received
vitamin B12 (15 mg/kg body weight) [21], ketorolac treated
group (B2, B2a) received ketorolac tromethamine (KT)
(10 mg/kg body weight) [22], combination-treated group
(B3, B3a) received vitamin B12 (15 mg/kg body weight) and
KT (10 mg/kg body weight) [21], [22] in equal quantities,
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respectively, to that of normal saline.

Just an hour after intraperitoneal [21], [23], [24] drug and
vitamin administration, both rats underwent writhing and
testing of formalin. All the rats were euthanized immediately
after the above studies. Moreover, inflammation was assessed
by the formalin-induced paw oedema test after sacrificing in
groups Al, Bla, B2a and B3a.

E. Writhing Test

All the rats labelled for the writhing test put in the
plexiglass observation chamber for 30 minutes daily for
seven (7) consecutive days before the test to make the rats
accustomed to the test environment. The rats marked for the
twisting test were first put in a Plexiglas observation chamber
on the day of the experiment and allowed to acclimatize for
30 minutes in the chamber environment. Then, following the
investigation paradigm, they were injected intraperitoneally
with regular saline or vitamin B12 or KT or combinations
thereof. One hour later, using a 25-gauge syringe needle [7],
[25], one ml of 2 per cent acetic acid was injected
intraperitoneally [23], [25].

Immediately after injection, we counted 60 minutes of
observation time for the latency of appearance of the first
writhes and the number of writhes. Finally, the percentage of
analgesic activity calculated using the formula below [26]:

% Analgesic activity
_ Mean writhing count(control group — Treated group)

Mean writhing count of control group
x 100

The findings expressed as mean + SEM, and the data were
evaluated statistically by ANOVA, followed by the
Bonferroni post hoc test. In the results, p <0.05 accepted as
the level of significance in the analysis of outcomes.

F. Formalin Induced Paw Oedema Test

All the rats were put in the observation chamber of the
plexiglass formalin test box in pairs for fifteen minutes daily
for four consecutive days and individually for three days
before the test to make the rats accustomed to the test
environment [27].

On the day of the experiment, following the experimental
paradigm, all the rats were injected with normal saline,
vitamin B12, KT or combinations thereof intraperitoneally.
Only one hour later, a thick towel restrained the rat manually,
and 50 ul of dilute (2.5%) formalin was injected
subcutaneously with an insulin syringe into the plantar part of
the right hind paw [27]-[29]. The animal was placed
immediately afterwards in the observation chamber of the
plexiglass formalin test box, and we observed pain
behaviours for consecutive sixty minutes [24], [29]. We used
a stopwatch to count the writhing. Every rat was
anaesthetized with chloral hydrate (400 mg/kg body weight,
i.p.), and mortality was verified by decapitation after
cessation of respiratory chest movement (30)—both the hind
paws of the sacrificed rat of group A (control), B1 (vit. B12),
B2 (KT) and B3 (B12+KT) were cut by sharp scissors at their
knee joints, and a water plethysmometer was used to measure
the volume of both hind paws.
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Paw volume = water column height after paw immersion-
water column height before paw immersion.

By subtracting the left paw volume from the right paw
volume, the net volume of oedema was determined.

Net volume of oedema = right paw volume-left paw
volume [11].

I1l. RESULTS

A. Antinociceptive Effects

The results of a single dose of vitamin B12 and vitamin KT
alone, as well as the combined administration of vitamin B12,
vitamin KT in the acetic acid-induced writhing test, was
observed, the pain behaviours were evaluated as the duration
of latency time, and writhing counts.

The mean values of the duration of latency time were
higher in all the study groups than those of the control group.
However, this increment in latency time duration was
statistically significant (p < 0.001) for rats with single KT
administration and combined vitamin B12 and KT treatment
in the writhing test (Table | & Fig. 1).

TABLE 1: WRITHING APPEARANCE LATENCY TIME IN WRITHING TEST IN
DIFFERENT GROUPS OF RATS (N=20)

Groups Latency time

n (Minutes)

A (control) 5 5.4+0.50
B1 (vit. B12) 5 6.9+0.29
B2 (KT) 5 10.8+0.73
B3 (B12+KT) 5 14+ 0.57

1 4esen

14 4
10.8%%%
12 4
10 4
6.9
1 5.4
6 -
4
3
0l . ‘ .

Control (A)  Vit. B12 (B1) KT (B2) Vit. B12+ KT (B1)

Minutes

%

Fig. 1. Writhing appearance latency time in various groups of rats in the
writhing test. For five rats, each bar represents the mean + SE.
***=p<0.001 compared to those of control. KT= Tromethamine from
Ketorolac.

TABLE II: WRITHING COUNTS IN WRITHING TEST IN DIFFERENT GROUPS
OF RATS (N=20)

Number of writhes

Groups . % analgesic
Frequency/60 min activity
A (control) 5 74.6 £2.42
B1 (vit. B12) 5 59+1.81 21.00
B2 (KT) 5 32+221 57.10
B3(B12+KT) 5 2640+ 1.16 64.61
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Fig. 2. Writhing counts in various groups of rats in the writhing test. For
five rats, each bar represents the mean + SE. ***=p<0.001 compared to
those of control. KT= Tromethamine from Ketorolac.

Similarly, the single administration of B12 and KT as well
as the combined administration of vitamin B12 and KT in the
writhing counts of the writhing test showed a substantial
reduction in mean writhing values (p <0.001) (Table Il & Fig.
2) compared to control.

In addition, the percentage of analgesic activity was higher
in the combined treatment of vitamin B12 and KT (64.61%)
than in the single administration of B12 (21%) and KT
(57.10%), respectively (Table Il & Fig. 4).

B. Anti-inflammatory Effect

The amount of oedema in the paw was measured at the end
of the formalin test in this analysis. In all the study groups,
the mean paw oedema volumes were lower than those of the
control group. However, this decrease in rats treated with a
single dose of KT (p<0.01) was statistically significant.
Moreover, in the combined B12 and KT (p<0.001) treated
group in the paw oedema examination, the paw oedema
volume decreased further, statistically significant (Table Il &
Fig. 5).

TABLE Ill: PAW OEDEMA VOLUME IN DIFFERENT GROUPS OF RATS (N=20)

Paw oedema volume

Groups n (ml of water)
A1l (control) 5 0.36 = 0.02
B1b (vit. B12) 5 0.28 +0.02
B2b (KT) 5 0.20 + 0.03
B3b (B12+KT) 5 0.16 = 0.02
90 1
30 64.61

57.1

Vit. B12 (B1) KT (B2) Vit. B12 + KT (B1)

Fig. 4. Percentage (%) of analgesic activity in writhing test in different
groups of rats.
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Fig. 5. Edema volume in various groups of rats in the paw oedema test. For

five rats, each bar represents the mean + SE. ***=p<0.001 and **=p<0.01

compared to those of control. B12= vitamin B12 and KT= Tromethamine
from Ketorolac.

IV. DISCUSSION

The individual administration of B12 in this study reduced
only the mean writhing values of the writhing test. However,
researchers reported similar results when they studied the
impact of single vitamin B12 supplementation combined with
vitamin B1 and B6 administration [11], [31], [32].

In addition, in the writhing test of our study, KT
significantly reduced writhing counts and increments of the
latency period length. UlugOl et al. [33] also found an almost
identical pattern of results, although it was the impact of
writhing counts after subcutaneous administration of
Ketorolac (1, 5, and 10 mg/kg) was investigated.

In addition, Miranda et al. [34] also recorded a decrease of
writhing counts after a single administration of Ketorolac at
different doses and routes in mice models. In this study, vit.
B12 and KT combination significantly reduced both the study
variables for the writhing test in the experimental group.

Medina-Santillan et al. [15] found a similar pattern in
outcomes, while they investigated the impact of oral
administration of individual Ketorolac (0.32-10 mg/kg) and
combined (100:100:1 mg/kg) in nociceptive pain
experiments.

In addition, in the rats treated with a single dose of KT, the
decrease in paw oedema volume was statistically significant
(p<0.01). Other researchers also recorded the reduction in
paw oedema volume by KT after a single administration of
KT at different doses in rat models, showing a similar trend
in the findings (25). However, they have investigated the
effect of intramuscular administration of individual Ketorolac
(24, 80, and 240 uM/kg). Furthermore, the combined
administration of B12 and KT is more efficient than KT alone
in reducing paw oedema volume. Medina-Santillan et al.
(2004) (15) have found a similar pattern in their results, while
the effects of oral administration of individual Ketorolac
(0.32-10 mg/kg) and combined (100:100:1 mg/kg) have
studied.

The formalin-induced paw oedema test is an effective and
easy method of measuring inflammation in animals, in which
subcutaneous administration of formalin induces local tissue
injury [3], [11]. Unfortunately, the exact mechanism involved
in the substantial reduction of inflammation can not be
precisely explained in the current research. However, some
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researchers have indicated that vitamin B12 supplementation
can decrease inflammation and reduce TNF-alpha, IL-6, and
the formation of some free radicals in inflammatory cells[26],
[32], [33].

Some mediators such as TNF-alpha and IL-6 are pro-
inflammatory  cytokines, which by increasing the
development of more inflammatory  cytokines,
prostaglandins, free radicals, increase inflammation and
inflammatory pain [4], [34], [35]. In addition, free radicals
have been suggested to increase inflammation through direct
effects on tissue damage, cytokines, and inflammatory
oedema formation [36]. Although the precise mechanisms of
these effects could not be explicitly clarified in the present
research, different suggestions on these aspects were made by
various investigators from several countries, which could be
the source of our current findings. The antinociceptive
activity of vitamin B12 has been suggested to be due to
enhanced inhibitory effects of afferent nociceptive neurons at
the spinal cord levels, along with decreased thalamic neuron
response to nociceptive stimulation [36], [37]. In addition,
vitamin B12 stimulation could release endogenous opioids or
trigger opioid receptors and the metabolism of GABA, which
may reduce the release of neurotransmitters by Ca2+ [15].
Furthermore, GABA could also increase conductance
through K+ channels and cause the post-synaptic membrane
of the dorsal horn neurons to hyperpolarize, eventually
contributing to decreased pain conduction [37], [38].

Again, KT's antinociceptive effect has also been shown to
involve activation of the NO-cyclic GMP (cyclic guanosine
monophosphate) pathway, accompanied by the opening at the
peripheral level of ATP-sensitive K+ channels. In essence,
this opening of the channel allows K+ to spread out from the
post-synaptic neurons to hyperpolarize it and thus reduce the
conduction of pain [4]. Added to this, some researchers have
indicated that the anti-inflammatory activity of KT is
mediated by inhibition of COX88 by suppressing PG
(prostaglandin) synthesis [13], [37], [38]. In addition, tissue
degradation releases inflammatory mediators such as
histamine, bradykinin, PGs42, and serotonin. The output of
PGs is blocked by KT [37].

V. CONCLUSION

It can be inferred from this study that the combined
administration of vitamin B12 and KT may be more effective
than the individual administration of KT in lowering pain. In
addition, the combined administration of vitamin B12 and KT
may be more effective than the separate administration of KT
in reducing inflammation. Such data will determine the use
of vitamin B12 and KT for improved pain control by
clinicians and general populations. However, a further
experimental study is needed to elucidate the exact
component and mechanism responsible for these effects.

VI. LIMITATIONS

We performed a single-dose test instead of multiple-dose
to observe acute antinociceptive effects. We did not complete
the chronic antinociceptive and histological change of liver
and inflamed paws due to time constraints and funding.
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