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ABSTRACT

Immunomodulators modify the immune response of the body to a threat by potentiating it, but conventional
immunomodulatory drugs are associated with higher costs and adverse drug reactions. Therefore, the exploration
of herbal immunomodulators is a need of time. Shilajatu is a compound of therapeutic importance that is described
in Ayurveda as Rasayana (Immunomodulator). The current study has been planned to assess the Rasayana property
(Immunomodulatory activity) of Shilajatu (4sphaltum punjabinum) collected from two market sources i.e. Amritsar
and Nepal, processed in Water and Triphala Kwatha (decoction prepared from fruits of Terminalia chebula Retz.
(Haritaki), Terminalia bellirica Gaertn. Roxb. (Vibhitaki) & Phyllanthus emblica L.(Amalaki) on cell-mediated
immunity. It involved Wistar strain albino rats, weighing 180 + 20 g of either sex, which were divided into five
groups. Test animals were subcutaneously sensitized (0.5 ml/100 g body weight) with triple antigen solution on
day 1 and the test drug was administered orally at the dose level of 100 mg per kg in four groups and one group
was served as negative control. On the seventh day, again 0.1 ml was injected into the plantar aponeurosis, and
hind paw edema was assessed at 24 and 48 hrs for cell-mediated immunity. Groups with drug intervention have
shown more edema inhibitory percentage than the water control group at all intervals. Besides, Shilajatu samples
processed in Triphala Kwatha have shown a better immunity-enhancing profile than water-processed samples at both
the time intervals i.e., 24 and 48 hrs. Therefore, Shuddha Shilajatu can be used as a potent immunomodulator in
the management of various diseases as well as enhancing the immunity of a healthy person. Moreover, processing

media and supply sources of drugs should be considered for achieving desired therapeutic outcomes.
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1. INTRODUCTION

The immune system is a comprehensively organized
defense system that confers protection to the human body
from harmful entities or foreign bodies. It comprises
various cells, proteins, and other molecules that identify
and decimate pathogenic and deleterious elements. A
quick response to any harmful agent is generated by the
immune system through the activation of immune cells
and the production of numerous chemokines, cytokines,
and inflammatory mediators'. Immunomodulators are the
agents that modulate the action of the immune system
to a threat by modifying and potentiating the immune
system, keeping it equipped for any threat?. They are
the pharmaceutical® agents, which are generally used to
replenish the immune deficit in the body.

Various conventional drugs are being used to modify
or enhance the immune system, but they are not readily
available and, are also not cost-effective. Moreover,
associated adverse drug reactions, and the constant rise
in antibiotic-resistant strains have propelled scientists
to explore herbal immunomodulators to treat different
diseases and infections®.
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Various studies have reported that herbal compounds
enhance the innate immunity of the body against infection®¢
and modulation of the immune system is a protective
as well as effective strategy against various infectious
diseases.” It has been reported that approximately 80%
of the population in Asia and Africa rely on traditional
and herbal medicine to meet their basic healthcare needs®.
Herbal and herbo-mineral drugs mentioned in numerous
texts of Ayurveda are being used in the management of
various diseases since time immemorial. Over the last few
decades, immunomodulation through herbal formulations for
alleviating diseases has gained the considerable attention
of scientists, and medical professionals around the world,
and many research studies have been conducted for the
same®!?. Plant-derived immunomodulators are also reported
to be effective in preventing acquired immune deficiencies''.
Immunomodulation is being used as a measure for the
assessment of Rasayana (immunomodulatory) properties
of any therapeutic preparation, and Rasayana therapy
is stated for health prevention along with treatment
of the diseases. It is said to provide strength to Ojus
(immunity), Dhatus'?> (various body tissues), prevents
Jara®® (aging). Furthermore, it helps the individual to
sustain good health. Shilajatu (Asphaltum punjabinum)
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is one such therapeutic compound, which is described
in numerous Ayurveda texts and being used as Rasayana
for centuries. Various studies have been conducted to
explore the immunomodulatory activity of Shilajatu.
However, no work has been published to assess the effect
of processing media and biogeography of the Shilajatu
source on its immunomodulatory potential.

The current study has been planned to evaluate
the immunomodulatory effect of Shilajatu procured
from Amritsar and Nepal and processed in Water and
Triphala Kwatha (decoction of fruits of Terminalia
chebula Retz., Terminalia bellirica (Gaertn.)Roxb. and
Phyllanthus emblica L.). The immunomodulatory activity
of Shilajatu processed in Water and Triphala Kwatha
was evaluated for cell-mediated immunity in the animal
experimental model. The study involved Wistar strain
albino rats of either sex weighing 180 £ 20 grams and
oral administration of the interventional drug at a dose
of 100 mg/kg. Immunological paw edema volume was
evaluated for cell-mediated immunity'“.

2. MATERIALS AND METHODS
2.1 Study Design and Setting

The study was designed as a laboratory-based preclinical
in-vivo experimental study. It was conducted at Siddhartha
Institute of Pharmacy, Dehradun, India.

2.2 Test Drug

Ashuddha (Raw) Shilajatu samples were procured from
raw drug markets of Nepal and Amritsar and authenticated
at the Pharmacognosy lab of All India Institute of Ayurveda
(AITA), Delhi. Samples were processed with Water and
Triphala Kwatha separately as per classical guidelines'>!¢
in the departmental laboratory of Rasa Shastra & Bhaishajya
Kalpana, AIIA, and Shuddha (Processed) samples were
used as test drugs. Test preparations processed in water
and Triphala Kwatha were coded as ASW, NSW, and
AST, NST respectively.

2.3 Experimental Animals Used in the Study

The present study employed Wistar Strain albino
rats (Rattus novergicus) of both sex having weight in the
range of 180 £ 20 g procured from SGRR Institute of
Medical & Health Sciences, Dehradun, India. They were
inhabited in spacious polypropylene cages with stainless
steel grills on the top, along with arrangements for food
and water bottle, and clean paddy husk bedding, which
was changed every morning. Male and female rats were
kept in separate cages throughout the study to refrain from
conception. Animals were fed with standard rat’s feed, and
RO water was provided ad libitum. For acclimatization,
animals were kept in a standard lab environment with
a 12-hour day and 12-hour night rhythm, maintained at
temperature and humidity of 25 + 3°C and 40 to 60%,
respectively, for seven days before the initiation of the
experiment at Siddhartha Institute of Pharmacy, Dobachi,
near IT Park, Sahastradhara Road, Dehradun, India. The

Institutional Animal Ethics Committee (IAEC) approved
the experimental study protocol (SIP/IAEC/PCOL/3/2019),
and experiments were conducted in conformity with the
concerned Institutional Animal Ethics Committee. All
animal care measures were adopted as recommended by
the Committee for Control and Supervision of Experiments
on Animals (CCSEA).

2.4 Dose Selection

The classical dose of Shuddha Shilajatu is 1g/
day!’. The experimental animal dose was determined by
deducing the human dose to animals by referring to the
standard table of Paget & Barnes'®. The calculated and
administered dose was 100 mg/Kg body weight.

2.5 Administration of Test Drugs

The test solutions were prepared with distilled water
(10 mg/ml) and administered orally to animals in the
calculated dose of 1 ml per 100 g of body weight by
intubation needle (18G) sleeved to a suitably graduated
syringe. The dosage volume given to an individual animal
was redacted according to its most lately recorded body
weight. The drugs were administered to overnight fasted
animals.

2.6 Reason for Dosing Route
This dosing route is the same as the route of human
exposure.

2.7 Preparation of Triple Antigen Solution:

The required solution was prepared by using Potash
alum (10 %), Normal saline (0.9 %), and triple antigen
(DPT) in the ratio of 1:4:1. The pH of the prepared
solution was stabilized in between 5.6 - 6.8 by adding
10% sodium carbonate.

2.8 Procedural Protocol

The selected animals were allocated to five groups
(NC, NST, NSW, ASW, AST)* comprising six animals
each. The first group was given only distilled water and
served as the negative control. To the second, third,
fourth, and fifth groups, measured doses of NST, NSW,
ASW, and AST were administered, respectively. All the
animals were subcutaneously sensitized (0.5 ml/100 g
body weight) by triple antigen solution i.e., potash alum
(10 %) - 1 ml, normal saline/NS (0.9 %) - 4 ml, and
triple antigen (DPT) - 1 ml, on the first day of drug
administration. The drug was administered orally for
seven continuous days. On the seventh day, sixty minutes
after drug administration, the initial left hind paw volume
was recorded, and triple antigen solution (0.1 ml) was
injected by a 1 ml syringe into plantar aponeurosis of
the same hind paw as shown in Fig. 1. The volume of
thus produced immunological edema was determined by
adopting volume displacement method!” at 24 and 48
hours after the injecting triple antigen solution, using a
plethysmograph as displayed in Fig. 2.
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Figure 1. Injection of triple antigen solution into the plantar
aponeurosis of the left hind paw on the 7th day.

*NSW- Nepal Shilajatu processed in water, NST-
Nepal Shilajatu processed in Triphala kwatha, ASW-
Amritsar Shilajatu processed in water, AST- Amritsar
Shilajatu processed in Triphala kwatha.

2.9 Statistical Analysis

Drug intervention groups were compared to the water
(NC) group at 24 and 48 hrs individually. Difference
between and within the groups was statistically calculated
by applying unpaired and paired Student ‘t’ test with
level of significance at 5 % i.e. P<0.05. Results were
represented as Mean + SEM.

3. RESULTS

Initial hind paw volume and volume after 24 and
48 hours of injecting triple antigen solution in various
groups has been depicted in Table 1. Actual and percentage
change in mean hind paw volume of experimental animals
in various groups after 24 and 48 hours of injecting
triple antigen solution has been profiled in Table no. 2
& 3 respectively. Mean hind paw volume at baseline, the
actual change in mean hind paw volume and percentage
of edema inhibition after 24 hours in different groups has
been shown in Table no. 4, while Table no. 5 represents
the actual change in mean hind paw and edema inhibition

Figure 2. Measurement of hind paw volume after 24 & 48 hours
by plethysmograph.

percentage after 48 hours in different experimental groups.

4. DISCUSSION

The immune system is a systematic assembly of cells,
tissues, organs, and cell products that render defence
against diseases, neutralize noxious substances, and trigger
phagocytic activity to ingest or injure foreign entities®’.
It comprises innate and adaptive arms of immunity.
Depending on the immune mediators involved, adaptive
immunity can be classified into Humoral immunity, which
is mediated by secreted antibodies, and Cell-mediated
immunity, which is predicated on the function of T-helper
(Th) lymphocytes. Differentiation and proliferation of
various immune cells are mediated by lymphocytes through
the release of various cytokines like Interleukin (IL)-2,4,5,
and 6 etc., which further leads to the activation of specific
cell-mediated immune response?'. This specific immune
response is channelized by the interaction between T
lymphocytes and macrophages*. T cells develop in the
thymus gland, and mature T cells keep on recirculating
between peripheral lymphoid tissue and blood until their
encounter with the specific antigen®. Moreover, before
their interaction with the antigen, they are designated as

Table 1. Change in hind paw volume after 24 and 48 hours in different groups

Hind paw volume (ml)

Animal Initial paw Groups
volume Water (NC) NSW NST ASW AST
24 hrs 48 hrs 24 hrs 48 hrs 24 hrs 48 hrs 24hrs 48 hrs 24 hrs 48 hrs
A 5.8 6.2 6.1 6 5.85 6 5.85 6 5.95 5.95 5.9
B 5.8 6.2 6.05 6 5.8 5.9 5.8 5.85 5.8 5.9 5.9
C 5.8 6.25 6.1 6.05 5.85 6 5.85 5.85 5.85 6 5.9
D 5.8 6.2 6.1 6.2 59 59 5.8 6 59 5.9 5.85
E 5.8 6.25 6.1 6 5.8 6.1 5.9 6.1 5.95 5.85 5.8
F 5.8 6.2 6.05 6 5.85 5.9 5.8 5.85 5.8 5.85 5.8
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Table 2. Percentage increase in hind paw volume after 24 hours in different groups

Actual change in mean paw

% increase in mean

Groups Dose (per kg) Initial 24 hrs volume (ml) paw volume
Water 5.800 + 0.000 6.217+0.0105 0.417+£0.0105A 7.19
NSW 100 mg 5.800 + 0.000 6.042 +0.0327 0.242 + 0.0327A 4.18
NST 100 mg 5.800 + 0.000 5.967 +0.0333 0.167 +0.0333B 2.88
ASW 100 mg 5.800 + 0.000 5.942 +0.0436 0.142 + 0.0436C 2.45
AST 100 mg 5.800 + 0.000 5.908 + 0.0239 0.108 +0.0239C 1.86

Mean £ SEM, A= p <0.001, B= p <0.01, C= p < 0.05 when compared to the initial value of the same group.

Table 3. Percentage increase in hind paw volume after 48 hours in different groups

Actual change in mean paw % increase in

Groups Dose (per kg) Initial 48 hrs volume (ml) mean paw volume
Water 5.800 + 0.000 6.083 £0.0105 0.283 £ 0.0105A 4.88
NSW 100 mg 5.800 + 0.000 5.842 +£0.0154 0.0417 £0.0154C 0.72
NST 100 mg 5.800 + 0.000 5.833 +£0.0167 0.0333 +£0.0167 0.57
ASW 100 mg 5.800 + 0.000 5.875 +0.0281 0.0750 £ 0.0281C 1.29
AST 100 mg 5.800 + 0.000 5.858 £0.0201 0.0583 £0.0201C 1.00

Mean + SEM, A= p <0.001, B=p <0.01, C= p < 0.05 when compared to the initial value of the same group

Table 4. Inhibitory potential of test drugs on triple antigen-induced hind paw edema (Inhibitory percentage after 24 hours)

Actual change in mean % inhibition in mean

Groups Initial 24 hrs paw volume (ml) paw volume
Water (NC) 5.800 + 0.000 6.217 +£0.0105 0.417 £0.0105 -
NSW 5.800 = 0.000 6.042 +0.0327 0.242 £ 0.0327A 41.96 |
NST 5.800 = 0.000 5.967 +0.0333 0.167 +0.0333 A 59.95 |
ASW 5.800 = 0.000 5.942 +0.0436 0.142 £ 0.0436 A 65.94 |
AST 5.800 £ 0.000 5.908 + 0.0239 0.108 +£0.0239 A 74.10 |

Data: Mean £+ SEM, A P<0.001 when compared to the control group (NC).

Table 5. Inhibitory potential of test drugs on triple antigen-induced hind paw edema (Inhibitory percentage after 48 hours)

Actual change in mean

% inhibition in mean

Groups Initial 48 hrs paw volume (ml) paw volume
Water (NC) 5.800 £ 0.000 6.083 +0.0105 0.283 +0.0105 -
NSW 5.800 £ 0.000 5.842+0.0154 0.0417 +0.0154 A 85.26 |
NST 5.800 £ 0.000 5.833+0.0167 0.0333 +0.0167 A 88.23 |
ASW 5.800 £ 0.000 5.875+ 0.0281 0.0750 + 0.0281 A 73.49 |
AST 5.800 £ 0.000 5.858 £ 0.0201 0.0583 £ 0.0201 A 79.39 |

Data: Mean + SEM, A P<0.001 when compared to the control group (NC).

naive T cells. To direct and participate in the adaptive
immune response, the first encounter of naive T cells
with the antigen is requisite because only then they
become able to differentiate and proliferate into cells
having the potential of rendering elimination of the
antigen®*. Therefore, in the present study, experimental
animals were first sensitized subcutaneously with the
triple antigen solution to make T cells able to recognize
the specific antigen on their subsequent encounter. The
subcutaneous route and nape of the neck have been used

for the sensitization because, at this site, the antigen is
absorbed slowly, drains into the lymphatic system to lymph
nodes, and ultimately stimulates B and T lymphocytes®.
In cell-mediated immunity, characteristic response peaks
at 24-48 h following exposure to the antigen®®. Based on
this concept, hind paw edema was measured at 24 and
48 hours of intervals to evaluate the immunomodulation
potential of Shilajatu. In the study, it has been found that
animal groups with drug intervention have shown less
increase in mean paw volume and more edema inhibitory
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percentage than the water control group at 8, 24, and
48 hours as depicted in Fig. 3 to Fig. 5.

Figure 3. Hind paw edema at 8 hours of injecting triple antigen
solution in interventional groups.

Figure 4. Hind paw edema at 24 hours of injecting triple antigen
solution in interventional groups.

Figure 5. Hind paw edema at 48 hours of injecting triple antigen
solution in interventional groups.
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This finding suggests that Shilajatu has enhanced
the immunity of the experimental animals, which further
leads to the inhibition of pathological edema due to
the presence of polyphenolic compounds, fulvic acid,
humic acid, triterpenes, phenolic compounds, 3,4-benzo-
coumarins, aromatic carboxylic acids, sterols, polyphenols,
and amino acids, etc. in Shilajatu*’ and having potential
antioxidant?®?’ and immunomodulatory properties®. One of
the possible factors responsible for the anti-inflammatory
and edema inhibitory action of Shilajatu is polyphenols
which contribute to its probable mode of action comprising
increasing the type and proliferation of immune cells,
suppression of pro-inflammatory genes expression and toll-
like receptor (TLR), modulation of cytokines production3!-2
inhibition of the pro-inflammatory cytokines like IL-6
and Tumor necrosis factor alpha (TNF-a),** along with
inhibition of certain enzymes which are reported to be
responsible for the generation of reactive oxygen species
(ROS) like xanthine oxidase, NADPH oxidase (NOX), etc.
Besides, it upregulates the production of enzymes having
antioxidant potential like glutathione (GSH) peroxidase
(Px), catalase, and superoxide dismutase (SOD)*.

As per the availability of the metal cofactors in the
active sites, SODs can be categorized into four distinct
groups: Iron SOD (Fe-SOD), Nickel SOD, Manganese
SOD (Mn-SOD), and Copper-Zinc-SOD (Cu, Zn-SOD)?.
These trace elements are necessary for the regulation
of antioxidant and immunological functions and act as
cofactors of various enzymes involved in the metabolism?3®.
Therefore, the considerable presence of these cofactors or
trace elements in Shilajatu’” may lead to an increase in
SOD enzyme activity. Besides, It has been reported that
Fulvic acid (FA) and Humic acid (HA) have increased
the generation of IL-2 and the IL-2 receptor expression
on lymphocytes which in turn enhanced the proliferative
response of lymphocytes and leads to the enhancement
of THI1 cells activity®. Therefore, Shilajatu, due to the
presence of FA and HA, may facilitate the formation of
major histocompatibility (MHC)-antigen complexes that
are recognized by T cells to initiate the stimulation of
immunologic activity through T lymphocytes. Some other
scientific studies have reported that Shilajatu exhibits
immunomodulation by significantly increasing CD4
cell count, optimizing selective Thl-type immunity, and
enhancing the production of selective Th1-like cytokines.

The sterols present in the Shilajatu, which can up-
regulate Thl immunity could be one of the reasons for
its immunomodulatory activity’. In a nutshell, TH1 cells
stimulate the type-1 pathway (cellular immunity) to fight
against viruses, antigens, and other intracellular pathogens
and activate delayed-type hypersensitivity (DTH) response.
CD4 and Antigen-specific cytotoxic T-lymphocytes destroy
the infected cells by inducing apoptosis. Humic acid is
a significant component of Shilajatu, and its treatment
provides an increased number of total leukocytes leading
to enhanced immunity response*'. In-vitro, Shilajatu
fractions have shown complement-fixing potential in a
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dose-dependent manner*?. The complement system performs
a crucial role in innate type of immunity, facilitating
the initiation of inflammatory responses leading to the
destruction and elimination of pathogens*’. These are all
the possible pathways/modes of action through, which
Shilajatu executes its immunomodulatory actions.

In the present study, it has been observed that
hind paw edema produced was significantly less in the
intervention groups than in the water (negative control)
at both the time interval (Fig. 6) which indicates the
immunity-enhancing activity of Shilajatu. Moreover, both
samples of Amritsar Shilajatu (Water and Triphala kwatha
processed) have exhibited superior immunomodulatory
activity than Shilajatu samples of Nepal at the interval
of 24 hours after antigen exposure while at the interval
of 48 hours, both samples of Nepal Shilajatu have shown
better immunomodulatory activity than Shilajatu samples
of Amritsar. Succinctly, Amritsar Shilajtu has demonstrated
a quick effect, whereas Nepal Shilajatu has displayed a
better long-term effect. These differences are possibly
due to the qualitative and quantitative variation in the
elemental composition of both samples, which in turn
depends on the source of origin along with climate and
temperature etc. of the region of Shilajatu collection as it
has been found that warm climate may alter the type and
enzymatic dynamics of the soil microbial communities
which generally speeds up the decaying and humification
of Soil Organic Matter (SOM)*. It further affects the
quality and therapeutic potential of Shilajatu®.

Furthermore, the average highest temperature in
India is reported to be 36.5 °C which stands out to
be approximately 30% higher than Nepal (28.1 °C).
The geographical position of India (distance from the
equator) also adds to its warmer climate as it is closer
to the equator than Nepal*®. Similarly, variation in fulvic
acid content, bioactive low molecular compound, pH,
and humic constituents based on geography has also
been reported*’. Due to all these factors, samples from
Amritsar (India) and Nepal have shown differences in
their immunomodulatory activity which provide evidence
of the impact of the source of origin on the therapeutic
potential of a drug.

Shilajatu samples processed in Triphala kwatha
have shown a better immunity-enhancing profile than
water-processed samples of Shilajatu at both the time
intervals i.e., 24 and 48 hrs. It is because Triphala is
well-reported for its immunomodulatory activities**+
which possibly provides a synergistic immunomodulatory
effect to Shilajatu. Hence, liquid media used to process
Shilajatu plays a very significant role in modulating the
therapeutic properties of a preparation. The comparative
effect of the geography and processing media of Shilajatu
on its immunomodulatory activity has been represented
in Fig. 7.

5. CONCLUSION
The present study revealed that Pre-treatment with all
test drugs, viz. NSW, NST, ASW, and AST significantly
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Figure 6. Edema produced in different study groups after
injecting the triple antigen solution.
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Figure 7. Comparative edema inhibition percentage in different
interventional groups.

attenuated edema at 24 and 48 hours when compared to
the control group. It shows that in the emerging threat
of drug resistance, Shuddha Shilajatu can be used as a
potent immunomodulator in the management of various
diseases as well as enhancing the immunity of a healthy
person. It has also been observed that processing media
significantly enhanced the pharmacological action of
Shilajatu. Thereby, different processing media can be used
to achieve the desired therapeutic effect or to potentiate
the effect of therapeutic preparations. Geography and
climatic conditions also affect the structural composition
of the Shilajatu, which further impacts its therapeutic
ability. On this account, the source of origin of the raw
drug should be considered while using it for therapeutic
purposes. Incisively, the present study highlighted the
immunomodulatory potential of Shilajatu along with the
impact of processing media and origin area on it.
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