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Free Radical Quenching and Immunomodulatory Effect of a
Modified Siddha Preparation, Kalpaamruthaa
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Kalpaamruthaa (KA), a modified indigenous Siddha formulation constitutes Semecarpus anacardium nut milk
extract (SA), Phyllanthus emblica and honey. The present study attempt has been to investigate the antioxidant and
immunomodulatory activities of KA. Antioxidant activity of KA was determined by using ferric thiocyanate and
thiobarbituric acid methods. KA showed higher antioxidant activity when compared with vitamin E (α-tochoperol),
a well-known antioxidant. Immunomodulatory activities on humoral and cellular immunity were studied by heam-
agglutination (HA) titre, delayed type hypersensitivity (DTH) and phagocytic index. KA was administered at the
dosage level of 100, 150, 200, 250 and 300 mg/kg body weight. Also, KA enhanced the HA titre, phagocytic index
and delayed type hypersensitivity in a dose dependent manner, which indicates that KA triggers both humoral and
cell mediated immune responses to a greater extent. This improved antioxidant and immunomodulatory activities of
KA might be due to the synergistic effect of flavonoids, vitamin C and hydrolysable tannins present in the drug. The
current study shows that KA is effective at the dosage level of 200 mg/kg body weight were significantly induced
immunomodulatory activity in a dose dependant manner.
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munomodulation

INTRODUCTION

In recent times, focus on plant research has been
intensified all over the world and a large amount
of evidence has been collected to show immense
potential of medicinal plants used in various tra-
ditional systems.1) In Indian system of medicine,
a large number of herbal drugs have been advo-
cated for various types of diseases/stress related
disorders.2) One of their main strategies is to in-
crease body’s natural resistance to diseases/stress
causing agent rather than directly neutralising the
agent itself in practice. These immunomodulatory
agents are of plant origin which are claimed to in-
duce paraimmunity, the non-specific immunomod-
ulation of essentially granulocytes, macrophages,
natural killer cells and complement functions.3) It
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is now being recognized that immunomodulatory
therapy could provide an alternative to convential
chemotherapy to a variety of diseased conditions.2)

Hence, Kalpaamruthaa (KA), a modified indigenous
Siddha preparation which constitutes Semecarpus
anacardium nut milk extract (SA) and Phyllanthus
emblica was evaluated for its immunomodulatory
activity. In order to promote intellect and prevent se-
nility and for longevity, honey was also added to this
preparation.4) Further, the in vitro antioxidant prop-
erty of KA was assessed because the immunomod-
ulating agents enhance the immune responsiveness
against an antigen by controlling the amount of the
free radicals generated in the cell.5)

Semecarpus anacardium (S. anacardium) have
been highly preferred for its wide range of phar-
macological activities such as antioxidant, mem-
brane stabilizing and immunomodulatory proper-
ties.6) It also has been proved as an alternative ther-
apeutic agent for various types of cancers such as
breast and liver cancer.7, 8) Satyavati et al. (1969)9)

have reported the anti-inflammatory effect of S.
anacardium nuts on acute inflammation of both
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immunological and non-immunological origin. It
also possesses a promising hypolipidemic10) and an-
tiatherosclerotic activities.11)

Phyllanthus emblica (P. emblica) commonly
known as Amla, a rich source of vitamin C have
been used in Ayurveda as a potent rasayana.12) The
rasayanas are used to promote health and longevity
by increasing defence against diseases, arresting the
aging process and revitalizing the body’s debili-
tated conditions.13) A wealth of literature is avail-
able on the occurrence and health benefits of vita-
min C.14, 15) P. emblica was reported to have an an-
ticancer, immunopotentiating and antioxidant prop-
erties16, 17) as well to possess anticlastogenic and an-
timutagenic activities.18) It also exhibits significant
adaptogenic and hepatoprotective effects.16)

Since synergism between flavonoids and ascor-
bate has been known for a long time and inter-
actions between flavonoids and ascorbic acid have
been documented.19) Also, stabilization of vitamin
C at sub-optimal concentrations by flavonoids is
well established,20) the combination of SA which
has been reported for the presence of carbohy-
drate, sterols, glycosides, phenols and flavonoids
(biflavanones such as, semecarpuflavanone, se-
mecarpetin, anacardiflavanone and tetrahydroa-
mentoflavavone)6) with vitamin C rich P. emblica
was tried for the first time with a view to assess
if the combination promotes the immunomodula-
tory and antioxidant property of SA. In addition
to vitamin C, P. emblica have been reported for
the presence of low molecular weight hydrolysable
tannins (emblicanin-A, emblicanin-B, puniglucanin
and pedunculagin),21) flavonoid rutin, trigallolyl
glucose and phyllembic acid.16) The preliminary
phytochemical analysis of the drug, KA gave pos-
itive results for the presence of flavonoids, tan-
nins, steroids, triterpenes, proteins and carbohy-
drate. Further, phytochemical analysis of the drug
showed the presence of other compounds such as
minerals, vitamins, aminoacids and fiber. Hence, in
the light of above facts, the present study aims at in-
vestigating improved antioxidant and immunomod-
ulatory properties of S. anacardium nut milk extract
by combining with P. emblica and honey.

MATERIALS AND METHODS

Drug and Chemicals —— S. anacardium Linn.
nut milk extract has been prepared according
to Formulary of Siddha medicine (1972).22) To

this, fresh dried powder of P. emblica fruits and
honey were added. Linoleic acid and 1,1,3,3-
tetraethoxypropane were obtained from Sigma
Chemicals (St. Louis, MO, U.S.A.). All other
chemicals and solvents used were of analytical
grade.
Determination of Antioxidant Activity In Vitro
Study
Ferric Thiocyanate (FTC) Method —— The
methods of Mitsuda et al. (1967)23) and Osawa
and Namiki (1981)24) were slightly modified by
Kikuzaki and Nakatani (1993).25) The method was
used to determine the amount of peroxide at the
initial stage of lipid peroxidation. Briefly, a mixture
of 4 mg of the drugs KA and SA in 4 ml absolute
ethanol, 4.1 ml of 2.52% linoleic acid in absolute
ethanol, 8 ml of 0.05 M phosphate buffer (pH 7) and
3.9 ml distilled water in a screw capped bottle and
placed in an oven at 40◦C in the dark. To 0.1 ml
of this solution, 9.7 ml of 75% ethanol and 0.1 ml
30% ammonium thiocyanate were added. After
3 minutes, 0.1 ml of 0.02 M ferrous chloride in
3.5% HCl was added to the reaction mixture and
the absorbance was measured at 500 nm for every
24 hr until the absorbance of the control reached
maximum. The control and standard were subjected
to the same procedure as the sample but for the
control, only solvent was added. In standard, 4 mg
of the drugs KA and SA were replaced by 4 mg of
vitamin E.
Thiobarbituric Acid (TBA) Method —— The
method of Ottolenghi (1959)26) was used to deter-
mine the TBA values of the samples. The formation
of malonaldehyde is the basis for the well-known
TBA method for evaluating the level of lipid peroxi-
dation. Briefly, 2 ml of 20% trichloroacetic acid and
2 ml of TBA aqueous solution were added to 1 ml of
sample solution prepared as in the FTC procedure
and incubated in a similar manner. The mixture was
placed in a boiling water bath for 10 minutes. After
cooling, it was centrifuged at 800×g for 20 minutes
and the absorbance of the supernatant was measured
at 530 nm. Antioxidant activity was based on the
absorbance on the final day.
Animals —— Adult female albino rats of Wistar
strain weighing 170 ± 20 g were purchased from
King Institute of Preventive Medicine, Chennai, In-
dia. The animals were maintained under standard
conditions of humidity, temperature (25 ± 2◦C) and
light (12 hr light/dark). They were fed with standard
rat pelleted diet (M/s Pranav Agro Industries Ltd.,
Pune India) under the trade name Amrut rat/mice
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feed and had free access to tap water. Experimen-
tal animals were handled according to the Univer-
sity and Institutional Legalisation, regulated by the
Committee for the Purpose of Control and Supervi-
sion of Experiments on Animals (CPCSEA), Min-
istry of Social Justice and Empowerment, Govern-
ment of India.
Delayed Type Hypersensitivity —— Rats were di-
vided into four groups containing 6 rats in each.
Delayed type hypersensitivity (DTH) was induced
in rats using Sheep red blood cells (SRBC) as an
antigen according to Doherty (1981).27) KA and SA
at different dose levels (100, 150, 200, 250 and
300 mg/kg b.wt.) were administered on day 0 and
continued till the day of challenge. The rats were
primed with 0.1 ml of SRBC suspension containing
5 × 109 cells i.p., on day 8 and challenged on day
13 with 0.05 ml of 5 × 109 SRBC on the right hind
foot pad. The contralateral paw received equal vol-
umes of saline. The thickness of the footpad was
measured at 24 hr after the challenge using vernier
caliper. The difference in the thickness of the right
hind paw and the left hind paw was used as a mea-
sure of DTH.
Humoral Antibody Response —— The rats were
divided into four groups of six in each. KA and
SA at different dose levels (100, 150, 200, 200 and
300 mg/kg b.wt.) were administered on day 0 and
continued till the day of the experiment. On day
eight, the rats were immunized with 10% suspen-
sion of SRBC, i.p. Blood samples were collected
from the orbital plexus of individual animals on day
13 and their antibody titre from serum was deter-
mined according to Puri et al. (1994).28) Briefly, an
aliquot (25 µl) of 2 fold-diluted sera in saline was
challenged with 25 µl of 0.1% v/v SRBC suspen-
sion in micro titre plates. The plates were incubated
at 37◦C for 1 hr and then examined for heamagglu-
tination (HA) and expressed as HA titre.
Phagocytic Index —— Phagocytic index was de-
termined by the candida phagocytosis technique ac-
cording to Wilkinson (1977).29) The buffy coat was
isolated from the blood samples and incubated at
37◦C for 30 minutes in an incubating medium 0.1 ml
HBSS, Hanks solution (0.1 ml inactivated fetal calf
serum and 0.1 ml of 2 × 108 heat killed candida
species). After incubation, the preparation was cen-
trifuged at 800 × g for 5 minutes and subsequently
stained with Leischman stain. The number of pos-
itive cells/100 neutrophils gives the phagocytic in-
dex.

Statistical Analysis —— The values are expressed
as mean ± standard deviation (S.D.). Results were
analyzed statistically using student’s t-test. The sig-
nificant difference between the groups are consid-
ered at p < 0.05 level.

RESULTS

Antioxidant Activity
FTC and TBA methods assessed antioxidant

activity of KA and compared with vitamin E, a
well-known antioxidant. In FTC method, low ab-
sorbance values of the drugs indicated high level of
antioxidant activity. In general, KA and vitamin E
markedly inhibited the oxidation of linoleic acid for
a period of 5 days, when compared to the control
of KA showed a least absorbance than vitamin E.
On the contrary, the control showed no significant
changes from the sample until the day 2, but in-
creased significantly on day 3, reached maximum
level on day 4 and finally dropped on day 5 due to
malonaldehyde content from linoleic acid oxidation
(Fig. 1).

Absorbance values from TBA method showed
total peroxide values produced by the oxidation of
linoleic acid. The higher the absorbance values
the lower the antioxidant activity. The control had
the highest absorbance value followed by vitamin
E, SA and KA. Based on the present results, KA
was found to exhibit a profound antioxidant activity
(86%) than vitamin E (77%) as shown in Fig. 2.

Delayed Type Hypersensitivity Using SRBC as
Antigen

KA at difference dose levels (100 to 300 mg/kg

Fig. 1. Antioxidant Activity of Kalpaamruthaa and Vitamin E
by FTC Method

Values are expressed as Mean ± S.D. for six experiments. Com-
parisons are made between; a: Control Vs Vitamin E and KA, b: Vita-
min E and KA. The symbols a and b represent statistical significance
at p < 0.05.
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Table 1. Effect of Kalpaamruthaa on Humoral Antibody titre, DTH and Phagocytic Index

Parameters Group I
(Control)

Group II
(100 mg/kg

b.wt KA
treated)

Group III
(150 mg/kg

b.wt KA
treated)

Group IV
(200 mg/kg

b.wt KA
treated)

Group V
(250 mg/kg

b.wt KA
treated)

Group VI
(300 mg/kg

b.wt KA
treated)

Antibody titre 5.31 ± 0.71 5.62 ± 0.62 7.25 ± 0.64a,b 8.12 ± 0.75a,b,c 8.14 ± 0.76a,b,c 8.15 ± 0.78a,b,c

DTH (Paw thickness
in percentage)

9.72 ± 0.89 9.83 ± 0.73 10.2 ± 1.09a 15.11 ± 1.10a,b,c 14.91 ± 1.92a,b,c 14.90 ± 1.81a,b,c

Phagocytic index
(Number of positive
cells/100 cells)

62.03 ± 5.94 62.58 ± 5.91 65.10 ± 6.07 74.11 ± 7.79a,b,c 74.13 ± 7.01a,b,c 74.14 ± 7.24a,b,c

Values are expressed as mean ± standard deviation (S.D.) of six animals. Comparisons are made between; a: Group I Vs Group II, III, IV,
V and VI; b: Group II Vs Group III, IV, V and VI; c: Group III Vs Group IV, V and VI; d: Group IV Vs Group V and VI; e: Group V Vs Group
VI. The symbols a, b, c, d and e represent statistical significance at p < 0.05.

Fig. 2. Antioxidant Activity of Kalpaamruthaa and Vitamin E
by TBA Method

Values are expressed as Mean ± S.D. for six experiments. Com-
parisons are made between; a: Control Vs Vitamin E and KA, b: Vita-
min E and KA. The symbols a and b represent statistical significance
at p < 0.05.

b.wt.) produced a significant dose related increase
in DTH reaction in rats. The edema reached a peak
at 24 hr, the percent edema being 9% for the control
group, after which it subsided (Table 1).

Humoral Antibody Response
A significant dose related increase in humoral

antibody titres were observed in rats treated with
KA (100 to 300 mg/kg b.wt.) as shown in Table 1.
The dosage level of 200 mg/kg body weight was
found to be the effective dose with a significant
(p < 0.05) effect.

Phagocytic Index
Significant dose related increase in the phago-

cytic index was also observed in rats treated with
KA (100 to 300 mg/kg b.wt.). On drug treatment,
the levels were significantly increased in a dose
dependent manner showing a favorable change in
groups treated with 200 mg/kg (Table 1).

DISCUSSION

Free radical induced oxidative stress has been
implicated in the pathogenesis of a wide variety of
clinical disorders and great importance has been at-
tributed to antioxidants in the prevention and the
treatment of diseases.30) In FTC method, though
KA and SA showed low absorbance value, KA af-
flicts the least increase in absorbance values fol-
lowed by vitamin E without any difference from
day 1 to day 2 but on day 3 and day 4, the ab-
sorbance was increased and reached a maximum
level and that could be due to the maximal oxidation
of linoleic acid. On day 5, the reduced absorbance
was noted due to the accumulation of malonalde-
hyde compounds from linoleic acid oxidation and
the least absorbance due to KA indicates higher an-
tioxidant activity. The absorbance values from TBA
method showed total peroxide values produced by
the oxidation of linoleic acid. Since, higher the ab-
sorbance values, the lower the level of antioxidant
activity, KA showed decreased absorbance when
compared to vitamin E.

Since, it had been reported that the additive and
synergistic effects of phytochemicals were respon-
sible for the potent antioxidant activities,31) the in-
creased activity of KA might be due to the pres-
ence of complex mixtures of phytochemicals such
as flavanoids, vitamin C, hydrolysable tannins and
other phenolic compounds. Reports have demon-
strated that flavanoids found in plants might act as
antioxidant and studies have shown that flavanoids
can replace vitamin E as chain breaking antiox-
idant in liver32) because, like α-tochoperol (vita-
min E), flavonoids possess chemical structural el-
ements that might be responsible for its antioxidant
activity. Flavonoids and vitamin C are both very
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strong antioxidant agents and their biological activ-
ity are in part found to be synergistic.33) Further, re-
cently it has been proved that the combination of
flavonoids and vitamin C has been found to impart
a synergistic antioxidant effect.34–36) For the reason
that, ascorbate is reported to have flavonoid protec-
tive37, 38) and flavonoid-enhancing activities.39, 40)

But, Ghosal et al. (1996),41) have reported that the
potent vitamin C like activity of P. emblica is due to
the presence of low molecular weight hydrolysable
tannins (emblicanin-A and emblicanin-B). Hence, it
can be postulated that the enhanced antioxidant ef-
fect of KA than SA alone might be attributed to the
synergistic effect of flavonoids, vitamin C and tan-
nins present in KA.

DTH is a part of the process of graft rejection,
tumour immunity and most importantly, immu-
nity to many intracellular infections of microorgan-
isms, especially those causing chronic diseases.42)

In DTH, circulating T cells sensitized to the anti-
gen from prior contact react with the antigen and
induce specific immune response, which includes
mitosis (blasotgenesis) and the release of soluble
mediators. This reaction process involved antigen
presentation by macrophages, releases interleukin-
1 and tumour necrosis factor-α (TNF-α) from acti-
vated macrophages, releases Interleukin-2 and IFN-
γ from activated T cells43) and promotes phagocytic
activity and increases the concentration of lytic en-
zymes for more effective killing.44)

To evaluate the effect of KA on humoral re-
sponse, its influence was tested on SRBC hemag-
glutination antibody titre in rats. KA was found to
significantly enhance the circulating antibody titre
at a dose level of 200 mg/kg b.wt when compared
to untreated immunized rats. This indicates the en-
hanced responsiveness of T and B lymphocyte sub-
sets involved in antibody synthesis.45)

The event of phagocytosis is primarily the re-
moval of microorganisms and foreign bodies, be-
sides imparting the property of the elimination of
dead or injured cells. Phagocytic defects are as-
sociated with varied pathological conditions in hu-
mans.46) In view of the pivotal role played by the
macrophages in coordinating the processing and
presentation of antigen to B cells, KA was evaluated
for its effect on macrophage phagocytic activity. Ta-
ble 1 shows a significant increase of phagocytic in-
dex in 200 mg/kg b.wt treated rats at a value of
p < 0.05 compared to the controls, which indicates
that KA has enhanced the capacity of macrophage
system.

The enhancement of DTH response, phagocytic
index and HA titre provides the first line evidence
about the immunomodulatory property of KA by
stimulating both cell mediated and humoral im-
mune responses. This significant increase in the
immunomodulatory activity of KA could be at-
tributed to the presence of flavanoids, vitamin C,
hydrolysable tannins and other phenolic compounds
present in the drug. These promising results lend
support to the fact that KA exhibits a significant an-
tioxidant activity. In adition to that it also shows im-
munomodulatory activity in a dose dependent man-
ner and is pronounced at the levels of 200 mg/kg
body weight.
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