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ANTI-INFLAMMATORY ACTIVITY OF SODIUM PYRUVATE - A
PHYSIOLOGICAL ANTIOXIDANT
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Abstract : The anti-inflammatory activity of sodium pyruvate was
evaluated in acute and chronic models of inflammation in rats.
Oral administration of sodium pyruvate at three different dose levels
of 125, 250 and 500 mglkg body weight significantly inhibited the carrageenan
induced acute paw edema in a dose dependent manner. The effect of
500 mglkg sodium pyruvate was comparable to that of 12.5 mglkg of
standard diclofence. In Freund's adjuvant arthritis model, oral administration
of sodium pyruvate at the submaximal dose of 250 mg/kg once daily
upto one week before Freund's adjuvant injection and immediately by
the same route on the 7th day of adjuvant injection significantly reduced
the edema at 18 hours after the challenge. The treatment was continued
for 14 days thereafter in two divided doses of 125 mglkg in the morning
and 125 mg/kg in the evening. Sodium pyruvate showed significant
anti-inflammatory activity at the 14th day (chronic phase) also. To conclude,
sodium pyruvate exhibited significant anti-inflammatory activity in
both the models of inflammation which could be attributed to its antioxidant
properties.
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INTRODUCTION

Tissue injury caused by introduction of a
foreign antigen, trauma or local exposure to
certain chemicals triggers a complex process
of inflammation. This may consist of a fluid
stasis as well as accumulation of several
cellular and non-cellular elements of the
immune response. The prominent cellular
elements invading the injury sites are
lymphocytes, monocytes, macrophages and
the various granulocytes (1). While all these
elements are essentially immunoprotective
in nature, simultaneous tissue injury
also takes place. The injury is very
frequently reflected by tissue degeneration
and edema.

In this communication, we have
studied the anti-inflammatory activity of
sodium pyruvate. This substance being an
ex-keto acid, is rapidly decarboxylated
producing acetic acid, carbon dioxide and
water with the consequence of peroxide
elimination from the mileu. This substance
works as a peroxide scavenger (2). This would
also result in the prevention of OH
generation by the metal catalysed Fenton
reaction. In a recent communication it has
been shown to be an effective scavenger of
superoxide also(3,4). Hence it scavenges
most of the active species of oxygen. Its anti-
inflammatory action has been tested in
carrageenan and Freund's adjuvant induce
paw edema in rats.

METHODS

Sodium pyruvate, Carrageenan (TypeI,
Cat No C-1013) and Freund's complete
adjuvant were purchased from Sigma
Chemicals Co., USA. Diclofenac sodium was
generously gifted by Cipla Limited, Bombay.
Young Wistar albino rats of either sex

Indian J Physiol Pharmacol 2000; 44(1)

weighing 150-200 g were obtained from the
Experimental Animal Facility of All India
Institute of Medical Sciences and maintained
under standard laboratory conditions of
food and water. Indigenously made
plethysmograph filled with mercury was used
to measure the rat paw volume before and
after the pyruvate treatment.

Carrageenan induced acute rat paw edema

Anti-inflammatory activity of sodium
pyruvate was measured according to
the method of Winter et al (5). Rats were
distributed into 5 groups consisting of 6 rats
per group. Right hind paw edema was induced
by subplanter injection of 0.1 ml of 1%
carrageenan in normal saline. Sodium
pyruvate was administered orally at three
different doses of 125, 250 and 500 mg/kg
body weight everyday, starting one week
prior to carrageenan insult and
simultaneously on day 7 by the same route
(i.e. on the day of carrageenan injection) to
the rats in individual group. To the positive
control group diclofenac sodium was
administered just in a single dose of 12.5
mg/kg immediately after carrageenan
injection. Paw volume upto the ankle joint
was measured using the graduated
plethysmograph filled with mercury before
and 3 hours after carrageenan challenge in
each group.

Freund's adjuvant induced rat paw edema

The method as described by Goel
et al , 1990 was used with slight modification
(6). Rats were distributed into 3 groups
consisting of 6 rats per group. Edema (acute
and chronic) was produced by subcutaneous
injection of 0.1 ml of Freund's complete
adjuvant into the right hind foot pad.
Sodium pyruvate was fed orally at the
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dose level of 250 mg/kg body weight to
the treatment group, before injecting
Freund's adjuvant (one week pretreatment).
Treatment with sodium pyruvate was
continued in two divided doses (one dose in
the morning and one dose in the evening)
for 14 days thereafter. Paw volume after
18 hours of adjuvant injection was taken
as subacute phase of inflammation,
while paw volume on the 14th day was taken
as an index of chronic inflammation.

Statistical analysis

The data was analysed using Student's
unpaired t-test. The P value of <0.05 was
considered significant.

RESULTS

The results of studies
with sodium pyruvate are

conducted
shown in

TABLE I: Anti-inflammatory effect of sodium
pyruvate against carrageenan induced
paw edema in rats.

Group Edema volume in ml (Mean ± SD)

Control (Carrageenan alone)
Sodium pyruvate (125 mglkg)
Sodium pyruvate (250 mglkg)
Sodium pyruvate (500 mglkg)
Diclofenac 02.5 mglkg)

0.586±0.040
0.428± .039 (26.96%)***
0.353±0.031 (39.76%)***
0.152±0.062 (74.06%)***
0.088±0.051 (84.98)***

Number of rats per group (n)=6, ***P<O.OOI
compared with control. Value in the parenthesis
indicate % edema inhibition.

TABLE
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Table I and Table II. In carrageenan
induced model of inflammation sodium
pyruvate inhibited the edema in a dose
dependent manner. It was observed that 125,
250 and 500 rug/kg pyruvate inhibited the
edema by 26.96% (P< 0.001), 39.76% (P<O.Ol)
and 74.06% (P<O.OI) respectively. Pyruvate
at the dose of 500 mg/kg showed edema
inhibition comparable to standard declofenac.
In Freund's adjuvant arthritis model,
pyruvate (250 mg/kg) inhibited the edema
by 28.97% (P<O.Ol) in subacute phase
(18 hours) and 30.01% (P<O.Ol) in chronic
phase (14 days) of inflammation respectively
as compared to control.

DISCUSSION

Currently, the most widely used NSAIDs
suffer from inherent side effects, the most
important being the gastrointestinal
irritation. For chronic diseases like
osteoarthritis and rheumatoid arthritis, one
has to depend on these drugs for life long.
Therefore, there is a continuous search for
an ideal anti-inflammatory drug which is safe
and effective. Although these compounds have
been suggested to act as inhibitors of
prostaglandin synthetase, more recent
studies suggest that the inflammatory tissue
damage is due to the liberation of reactive
oxygen species (ROS) from the phagocytes
invading the inflammation sites (1, 7, 8).

II: Anti-inflammatory effect of sodium pyruvate against
Freund's adjuvant induced Paw edema in rats.

Group
Edema volume in ml (mean ± SD)

(At 18 hours) (At 14'h day)

Control
(Freund's adjuvant alone)
Sodium pyruvate (250 mg/kg)

0.863±0.024
0.613±0.029 (28.97%)**

0.723±0.026
0.506±0.023 (30.01%)**

No of rats per group (n)= 6, **P<O.Ol compared with control.
Values in the parenthesis indicate % edema inhibition.
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Hence, the therapy based on ROS
scavengers, alone or in combination with
NSAIDs is considered more beneficial. Since
pyruvate is an endogenously produced ROS
scavenger, the primary objective of these
investigations was to study its own anti-
inflammatory activity. Preliminary studies
described herein are in accordance with
the proposed hypothesis. It was found
significantly effective against carrageenan as
well as Freund's adjuvant induced
inflammation of the rat paw. The rats in the
pyruvate treated group were visualized for
the presence of duodenal and gastric ulcers
to rule out the potential of pyruvate to
produce gastrointestinal irritation. None of
the rats showed the presence of ulcers.
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Mortality was also not observed in either of
the models of inflammation. Therefore it is
reasonable to assume that pyruvate being a
physiological antioxidant, is well tolerated
when fed to the rats either acutely or on
chronic basis.

The antioxidant effect of this compound
on exogenous administration has been found
in a number of others oxyradical induced
pathologies such as myocardial infarction,
renal diseases and cataracts (9, 10, 11). The
effectiveness of pyruvate, in this study, could
be related to its action as stimulation of
glycolysis and citric acid cycle. Further
studies with this compound in other models
of inflammation are desirable.
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