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Administration of herbal preparation, Rasayanas has been found to enhance the natural ki ller cell 
activity in normal as well asin tumour bearing animals. Brahma Rasayana (B R)was found to have the 
maximum activity. BRand Aswagandha Rasayana (AR) were fou nd to activate antibody-dependent cel ­
lular cytotoxicity sign ificantly. AR was also found to activate macrophages, All the Rasayanas were 
found to stimulate antibody dependent complement mediated tumour cell lysis . The results of these 
studies indicate usefullness of Rasayanas for immunostimulation in normal and in disease state. 

Rasayanas are a group of non-toxic herbal drug 
preparations which are used to improve the general 
health . It is be lieved that Rasayanas mainly act by 
stimulat ing the body's imm unity. However, no 
concrete studies were done to substantiate these 
claims. Previously we have shown that some of the 
Rasa' '1as could increase the total count of 
leuk~cytes and percentage of neutrophils in mice2. 
Rasayanas were found to protect the mice from 
cyclophosphamide3 and radiation4 induced 
myelosuppression. In the present manuscript we 
demonstrate the stimulatory activity of Rasayanas 
on the cellular effector mechanism against tumour 
cells . 

Materials and Methods 
Brahma Rasayana (B R), Narasimha Rasayana 

(NR), Ashwagandha Rasayana (AR) and 
AmruthaPrasham ( AP ) were purchased from 
"Vaidyaratnam Oushadhasala", OllurThe main 
ingredients of these Rasayanas were described 
elsewhere2. 

Y AC-I cells and L-92.9 were obtained from 
National Facility for Animal Cells and Tissue 
Culture, Pune and Ehrlich ascites tumour ce lls were 
origina!ly obtained from Cancer Research Institute, 
Mumbai. Sheep red blood cells (SRBC) were 
freshly collected in Alsever's solution. Balb/c mice 
(6-8 weeks) w~re purchased from National Insti tute 
of Nutrition, Hyderabad, India. 
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The mice were divided into fo ur groups. Group 
I-normal an imals, group II-tumour a lone, group IIl­
normal animals treated with Rasayanas and group 
IV -tumour bearing animals treated with Rasayanas. 
Rasayanas (50 mg/animal/dose) were given da ily 
orally for a total of 5 doses fo r a ll the experiments. 
Along with the last dose of Rasayana treatment, 
Ehrl ich ascites tumour cells (106

) were inj ected (ip) 
to groups II and IV . At various time intervals the 
animals were sacrificed and a single ce ll 
suspension of whole sp leen cells were made and 
used as effector cells. No attempt was made to 
remove adherent monocyte or macrophage 
popUlation . 

Target cells were labelled by incubating Y AC- I 
ce ll s(lx I06

) or SRBC ( l x I07) wi th Na251Cr04 (100 

J.lCi) (BRIT, Bombay) at 37° for I hr. The cells 
were washed and suspended at a concentration of 
I x 105 cells/ml. Anti-SRBC ant ibody was raised in 
rabbits and was used as a source of antibody for 
ADCC assay. 

Assay for natural killer cell activity-A short 
term (4hr) 5lCr-re lease assay in trip licates was 
performed in RIA tubes for the determination of 
NK-cell activity. The labelled target Y AC-I cells 
( I x l 04 ce lls/tube), specific to NK-ce ll , were 
incubated with spleen cel ls at an effector target 
rat ios of 100: I, 50: I, and 25: I 'at 37°C fo r 4hr. 
After the incubation the tubes were centrifuged and 
an a liquot of the supernatant was counted fo r 
radioactivity released after cell death us ing a 
gamma ray spectrometer. 
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Determination of antibody-dependent cellular 
cytotoxic activity-ADCC activity was detennined7 

using chromium labelled SRBC as targets and 
whole spleen cells population as effector cells. 
SRBC (lx104 cells/tube) were incubated with 
spleen cells at different effector:target ratios of 
100: I, 50: I and 25: I along with 0.1 ml of anti­
SRBC antibody in a total volume of O.4ml at 37° C 
for 4hr. The tubes were centrifuged and 0.1 ml of 
the supernatant was counted for released 
radioactivity as above. 

Antibody-dependent complement-mediated 
Iysis----Blood was collected from the animals from 
all groups on various days, sera separated and heat 
inactivated at 56°C for 30 min. Fresh rabbit serum 
diluted with RPMI-1640 was used as a source of 
complement. To serially diluted sera samples 0.1 
ml of Ehrlich ascites tumour cells (l x 104 cells) and 
50 fil of complement were added. The final volume 
was made up to 2 ml and incubated at 37°C for 3hr. 
Samples with cells alone and cells treated with 
complement and cells treated with antibody were 
kept as controls. The cytotoxicity was assessed 6 
by uypan blue exclusion method. All the tests were 
done -. in triplicates. Antibody-dependent 
cOl)1plement mediated lysis was calculated from the 
fonnula 

No.of dead cells - No.of dead cells 

% dead cells= with complement only x 10 
No.of viable cells + No.of dead cells 

Assessment of macrophage-mediated tumour 
cell lysis-Peritoneal macrophage mediated 
cytolysis was detennined according to the method 
of Flick et at. Different groups of mice were 
treated with five doses of Rasayanas and at the end 
of the treatment 0.2 ml of 5% sodium caseinate was 
injected (ip) to induce macrophages. On 5th day 
the animals were sacrificed and the macrophages 
were collected, washed and suspended in DMEM 
containing 10% FCS at a concentration of 
2.5x106 cells/ml. 

L-929 cells (5x103 cells/well) were added to 96-
well plates and incubated at 37° C in a humidified 
atmosphere containirig 5% CO2 for 24hr. 
Macrophages (2.5xI04 cells/well) from each group 
were added to each well (in quadriplicates) and 
incubated at 37° C in a humidified atmosphere 
containing 5% CO2 for 48hr. The cells were 
washed, fixed in 0.5%' fonnalin and stained with 
0.05% crystal violet. The cell death was assessed 

by checking the morphology using an inverted 
microscope. The cells were lysed in water and the 
interacting of staining which is measure of cell 
growth was measured using an Elisa plate reader at 
650 nm. 

Results 
Effect of Rasayanas on natural killer cell 

activity-The effect of various RaSayanas on NK­
cell mediated cytotoxicity in different groups of 
animals is shown in Table I. Oral -administration of 
Rasayanas augmented the NK-cell activity in 
tumour-bearing animals which occurred early when 
compared to untreated tumour-bearing animals.In 
control tumour-bearing animals the peak lysis 
(48%)was observed on day 9. Among the four 
Rasayanas studied the activity of AR was found to 
be superior and it produced 43% target cell lysis as 
early as day 2. Administration of Rasayanas also 
enhanced NK-cell activity in nonnal animals. In 
th is case also an early appearance of activity( day 2) 
was seen in AR treated groups with target cell lysis 
of 41 %. However percent lysis did not significantly 
alter. 

Effect of Rasayanas on antibody-dependent 
cellular cytotoxicity-Effect of oral administration 
of Rasayanas on ADCC in various groups of 
animals is represented in Table 2. Among the four 
Rasayanas studied only AR and BR were found to 
enhance the ADCC 43% and 58% lysis 
respectively at day 5 earlier in tumour- bearing 
animals. In tumour-bearing control animals the 
peak activity was on day 7 with target cell lysis of 
50%. All the Rasayanas were also found to 
augment ADCC in nonnal animals. 

Effect of Rasayanas on antibody-dependent 

Table I-Effect of Rasayanas on NK-cel l activity in mice 

Treatment Day on which peak % target lysis· 
lysis was observed" 

Untreated controls 5 
Tumour alone 9 48 
BR alone 7 59 
BR+Tumour 7 55 
NR alone 5 50 
NR+ Tumour 3 43 
AP alone 5 48 
AP+Tumour 5 43 
ARalone 2 41 
AR+Tumour 2 43 
• The values given are at an effector:target ratio of 100: I 
•• Five doses of Rasayanas were given prior to the deter­
mination of NK cell activity and tumour cells were injected 
along with th(! last dose of drug treatment. 
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Table 2-Effect ofRasayanas on ADCC activity in mice 

Treatment Day on which peak % target lysis· 
lysis was observed·· 

Without Rasayana 7 
Tumour alone 7 50 
BRalone 5 61 
BR+Tumour 5 58 
NRalone 7 59 
NR+Tumour 7 46 
APalone 7 60 
AP+Tumour 7 57 
ARalone 5 52 
AR+Tumour 5 43 

• The values given are at an effector:target ratio of 100: I 
•• Five doses of Rasayanas were given prior to the deter 
mination of ADCC activity and tumour cells were injected along 
with the last dose of drug treatment. 

Table 3-Effect of Rasayanas on NK-cell activity in mice 

Treatment Day on which % cell death 
maximum cell death 

was observed 
Tumour alone 21 19 
BR+Tumour 15 22 
NR+Tumour 17 31 
AR+Tumoul' 15 24 
AP+Tumour 15 38 

5 doses of each Rasayana were given prior to the tumour 
innoculation and 24hr after the innoculation sera were collected 
on various days to perfonn the assay. 

complement-mediated cytotoxicity in tumour­
bearing animals-The effect of Rasayanas on ACC 
in tumour-bearing animals is shown in Table 3. All 
Rasayanas enhanced ACC in the tumour-bearing 
animals. The maximum activity was observed on 
day 15 in the case of BR, AR and AP and for NR 
on day 17. In the case of tumour-bearing control 
animals the maximum cytotoxicity was observed 
on day 21 . Percentage lysis did not say 
significantly. 

Effect of Rasayanas on macrophage 
activation-Among the four Rasayanas studied 
only AR was found to activate macrophages (Figs 
I A, B). Normal peritoneal macrophages induced by 
sodium caseinate showed no lysis of tumour cells 
(Fig. lA). But macrophages isolated from AR 
treated which substantiated by morphology as well 
as the measurement of the stained cells animals 
showed complete lysis of L-929 cells (Fig.l B). 
which was substantiated by morphology and 
measurement of stained cell extracts. 

Discussion 
The present report demonstrated the activation 

of immune effector mechanisms against tumour 

Fig. I-Effect of AR on macrophage activation. (A) L-929 
cells treated with macrophages from animals treated with so­
dium caseinate alone and (B) L-929 cells treated with macro­
phages from animals treated with sodium caseinate and AR. 

cells after Rasayana treatment. Administration of 
Rasayanas enhanced the activity of non-specific 
immune cells such as NK-cells and macrophages. It 
has been shown that NK-cells lack both T-cell and 
B-cell markers and require no prior sensitization to 
cause target celllysis9

. They play an important role 
in cancer cell invasion and metastasis 1o. Rasayana 
treatment enhanced the NK-cells in normal animals 
and tumour- bearing animals. As the tumour cells 
could be destroyed before the tumour load is too 
large, an early activation of NK cells is beneficial 
to the host during cancer development. 
Administration of AR was found to activate the 
macrophages which were highly cytotoxic to L-929 
cells. As L-929 cells are highly sensitive to tumour 
necrosis factor (TNF)II mechanism of tumour cell 
lysis may be due to the TNF released by 
macrcphages. 

Rasayana treatment was found to enhance the 
ADCC activity in tumour-bearing animals and in 
normal animals. Rasayanas also activated ACC in 
tumour-bearing animals. We have already shown 
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that Rasayanas could increase the life span of 
ascites tumour-bearing animals and reduce the 
solid tOmour volume induced by Daltons 
lymphoma ascites tumour cells2

• As Rasayanas 
were found not to have direct cytotoxic effect, the 
tumour regression seen may be due to the increased 
immunostimulation after administration of 
Rasayanas. 

A herbal mixture, similar to Rasayanas, 
Mahsarishi Amrit Kalash (MAK-4) have been 
shown to have several biological properties. It has 
been shown to have antioxidant properties12

, inhibit 
mammary tumours in rats13 and decrease platelet 
aggregation 14. BR has been shown to inhibit 
methylcholanthrene induced sarcomal5, reduce 
myelosuppression induced by chemotherapi and 
radiotherap/ and reduce lipid peroxidation in the 
mice liver . Rasayanas contained extracts of several 
plants and some of them have been shown to 
possess immunomodulatory and an'tioxidant 
activity l6,17. The activity of Rasayanas on immune 
system may be due to several compounds present 
in these preparation acting synergistically in the 
biological system. 
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