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Immunopotentiating activity of an herbal adjuvant:
its benefits thereof
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Modern generation vaccines have poor immunogenicity and rely on adjuvants to potentiate
their immunogenicity to generate a desired immune response. Adjuvants are macromolecular complexes that enhance immunogenicity of antigens in vaccines, thereby playing
an important role in vaccine formulation. The present study aims to develop a de-novo
herbal adjuvant derived from a medicinal plant growing in adverse climatic conditions at
high altitude. The adjuvant was compared with CFA and Alum. Animals were immunized
with native, recombinant and conjugated proteins. The humoral immune response was
measured in terms of antibody titers. A relative contribution of Th1/Th2 type was evaluated
in terms of IgG1 & IgG2a isotyping and IFN-γ & IL4 levels. Splenocytes from mice
immunized showed moderate T- cell recruitment in terms of cell proliferation. Antigen
specific immunoglobulin levels were significantly enhanced by adjuvant at par with CFA &
Alum. Therefore, this adjuvant could be substitute for oil and alum adjuvants.
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Introduction
Contemporary vaccine development has focused on the design
of subunit vaccines containing proteins or peptides from antigenic
epitopes of infectious organisms.1 However, it is well known that
the ability of vaccines to induce the desired immune response is
dependent on adjuvant chosen for delivery, immunization schedule,
route of immunization, delivery platform etc.

medically important fatty oils for commercial purpose.16 SBT leaves
show marked antibacterial, antiviral, antitumor and wound healing
properties.17,18 In addition SBT leaves have also been reported to have
significant antioxidant, immunomodulatory, anti-hyperlipidemic,
anti-myocardial and anti-fatty liver properties.19,20

Results and discussion

It is an established fact that adjuvants are able to generate robust
immune response against recombinant antigens, synthetic peptides and
weak immunogens.2–4 Adjuvants are also called immunopotentiators
because of their ability to modulate immune response, which is
directly proportional to the immune response they potentiate. The type
and character of the induced immune responses are also influenced by
the adjuvant.5,6 Therefore, the adjuvant has to be selected carefully
for generating the desired immune response, for example, IgG class
&isotype profile, and the type of cytokines produced.7,8

The adjuvanticity of DIP-HIP# was compared with two
commercially available adjuvants – CFA and Alum, in Balb/c mice.
In case of TT immunized animals (S1A) titers with CFA and DIP-HIP
administrations were significantly (p<0.01) higher (upto 1:10,000,00)
and more than alum administered animals (1:5,000,00). In case of DT
immunization (S1B), CFA showed significantly (p<0.01) higher titer
(1:10, 00,000) as compared to DIP-HIP and alum. The titers with DIPHIP and alum were not significantly different (1:1,00,000). Antibody
titers with all the three adjuvants were significantly higher (p<0.01)
than PBS control animals.

There are many adjuvants available, but most of them are either
toxic or do not generate immune response to the desired level.
Commercially available adjuvant, Complete Freund’s Adjuvant
(CFA) is being used for last 50 years for producing antisera in
animals.9,10 However, CFA has not been found suitable for human
use as it causes local granuloma when administered. Calcium and
Aluminium salts are known adjuvants registered for human use.
Considerable number of adjuvants are currently under clinical trials,
like immune stimulating complex,11 Quillaja Saponins, phospholipids,
and hydrophobic or amphipathic protein.12 Overall, the activity of the
adjuvant has been recorded with respect to magnitude and duration of
antibody response. Other aspects of adjuvant activity are also being
studied such as, influence on isotypes13,14 and local reaction at the site
of injection.

Adjuvanticity of DIP-HIP was further compared with CFA and
Alum using recombinant antigens DME, Hsp and Hsp-DME in Balb/c
animals (S2). It was observed that in case of DME, both CFA and
Alum showed significantly (p<0.01) higher titer (1:10,000) than DIPHIP (1:5000). Whereas, in case of Hsp, the titer with CFA and DIPHIP were significantly (p<0.01) higher (1: 10, 00,000) than Alum (1:
5,00,000). At the same time with recombinant Hsp-DME conjugated
protein, all the three adjuvants showed similar antibody titers
(1:10,00,000) and significantly higher (p<0.01) than PBS control
animals. Balb/c Mice treated with antigens alone (without adjuvant),
did not show detectable levels of antigen specific antibodies at any
time point. The results indicated that antigen specific immunoglobulin
levels were significantly enhanced by DIP-HIP and are at par with
CFA & Alum.

In light of the above mentioned facts, we developed an adjuvant
from Seabuckthorn, (SBT) (Hippophae Sp. L., Elaeagnaceae), a
shrub, medicinal plantwidely spread at high altitude in cold desert
trans Himalayan regions of India, China, Tibet & Bhutan, has
tremendous medicinal potential.15 SBT shrub is endowed with many
nutritional and medicinal properties and is used for production of

A relative measure of the contribution of Th1/Th2 type of immune
response was also measured on the basis of isotypic variation. The
IgG1/IgG2a isotype ratio was measured to determine the relative
measure of the contribution of Th1 and Th2 response. S4 depicts the
isotypic antibody response in terms of optical density. The isotype
response against antigens HSP, HSP-DME, TT and DT with all the
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three adjuvants showed significantly (p<0.01) higher response than
PBS control. Alum showed significantly (p<0.01) higher IgG1/
IgG2a ratio than CFA and DIP-HIP in case of Hsp, Hsp-DME and
DT antigens, whereas in case of TT and DT immunization there was
no significant difference between any of the three adjuvants. This
demonstrates that DIP-HIP is able to stimulate both IgG1 and IgG2a
antibodies in a pattern similar to that of CFA.
The adjuvanticity of DIP-HIP in Swiss albino was evaluated using
TT and DT antigens (S3). Comparison between DIP-HIP and CFA
showed a significantly (p<0.01) higher titer on DIP-HIP administration
than CFA administered mice on immunization with TT (S3A) and DT
(Fig. 3B). The efficacy of DIP-HIP was also evaluated in rabbits by
using TT antigen. DIP-HIP showed significantly higher (p<0.01) titre
(1:8,00,000) than CFA administered animals (1:5,00,000) (S3). The
magnitude of the antibody response using different adjuvants varied
with the strain and species of animals.
To further confirm the Th1 and Th2 type of immune response,
IL-4 and IFN-γ cytokines were also measured (S5A and S5B). The
antigen-adjuvant administered groups produced significantly higher
(p<0.01) amount of IL-4 and IFN-γ than control mice. All the mice
administered with DIP-HIP and CFA showed significantly higher
(p<0.01) IL-4 production than alum administered mice (S5A).
Between DIP-HIP and CFA, in Hsp, TT and DT immunizations, CFA
administered mice showed higher IL-4 production than DIP-HIP
administered, whereas, in case of Hsp-DME, DIP-HIP showed higher
IL-4 production than CFA. In case of IFN-γ, (S5B) mice administered
with DIP-HIP and CFA showed significantly higher (p<0.01) IFN-γ
production than Alum. Between DIP-HIP and CFA, in case of TT,
there was no significant difference between the two, whereas in
case of Hsp and Hsp-DME immunizations, DIP-HIP administration
showed significantly higher (p>0.01) IFN-γ production than CFA.
Interestingly in case of DT, CFA showed significantly higher (p>0.01)
IFN-γ production than DIP-HIP. Animals immunized with Alum had
highest IgG1/ IgG2a ratio as compared to CFA and DIP-HIP indicating
that Alum induced primarily Th2 type of immunity which is in line
with other studies [38-42]. On the other hand, CFA and DIP-HIP
shifted the humoral immune response towards Th1 type by generating
higher IgG2a antibodies. This data correlated well with expression of
IFN-γ and IL-4 cytokines.
To analyze T-cell proliferation, mice were immunized with different
adjuvants and antigens, the splenocytes from individual mice were
isolated (after the final booster) and activated in vitro with ConA and
antigens, with which animals were originally immunized with. (S6)
demonstrates that in case of DME, Hsp-DME and TT, Alum showed
the highest proliferation, followed by CFA and DIP-HIP administered
animals. Whereas in case of Hsp, CFA and Alum showed similar and
significantly higher (p>0.01) proliferation response than DIP-HIP.
Interestingly, in DT immunized animals DIP-HIP showed highest
proliferation followed by Alum and CFA administrations. Animals
immunized with CFA, Alum and DIP-HIP generated significant
number of splenocytes that produced IL-4, indicating thereby that all
adjuvants were capable of inducing T-cell proliferation. Importantly,
DIP-HIP adjuvant supported the generation of Th1 response in
splenocytes by inducing the production of IFN-γ. Our findings go
well in line with the findings of Cooper et al.,21 who have reported the
activation of MHC–I molecule leading to CTL response against HIV
using saponin as an adjuvant. Therefore, increase in IFN-γ production
by DIP-HIP particularly with Hsp-DME, which is a viral conjugated
antigen, may indicate its capability of activating CTL response,
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whereas, most adjuvants are efficient in eliciting MHC-II response
leading to antibody production.
The inflammatory response at the site of injection was recorded
for each group of rabbits immunized through intramuscular route.
In animals immunized with DIP-HIP, histological sections prepared
from representative sites of injection demonstrated intact muscle
architecture even after 24 and 48 h of immunization (S7). There was
no evidence of hypersensitivity or granuloma. Gross and histological
examination of other organs failed to reveal metastatic granulomas
of the type reported for CFA.22 The generation of antibody titer
varies with the route of immunization. DIP-HIP neither showed any
significant change in the titer, nor resulted in any muscular damage
of granuloma formation indicating, thereby that DIP-HIP injection is
safe while injecting and completely retains the muscular architecture.
In brief, it can be concluded that, with DIP-HIP - both the magnitude
and the type of immune response were affected. A good adjuvant
should elicit cell mediated immunity as well as adequate level of
humoral immunity, to confer protection against the infectious agents
or toxins. An adjuvant should also generate good immune response in
different strains and species using different immunization routes. DIPHIP enhanced both Th1 and Th2 type leading to both humoral and
cell mediated immunity. DIP-HIP did not cause any significant change
in the muscle architecture at the site of administration. Therefore, as
compared to CFA which is known to cause inflammation, granuloma
and necrosis,23 the administration of DIP-HIP was harmless to the
muscle tissues. A complete analysis of the results of the present
study indicate that DIP-HIP, a herbal adjuvant has the potential for
developing into a potent and immuno-effective adjuvant and can be
used as a substitute for both CFA and Alum.

Conclusion
Results indicated that antigen specific immunoglobulin levels
were significantly enhanced by DIP-HIP & were at par with CFA and
Alum. Efficacy of DIP-HIP was also tested with recombinant proteins
& synthetic peptides which are generally weak immunogens. DIP-HIP
combined with recombinant proteins showed considerable antibody
response. DIP-HIP enhanced both Th1 & Th2 type. The magnitude of
the antibody response using different adjuvants varied with strain &
species of animals. The different routes of immunization did not cause
any difference in the antibody pattern, or any muscular damage. DIPHIP alone did not evoke any non-specific response on its own. DIPHIP herbal adjuvant is therefore having the potential to be used as a
potent and immune-effective adjuvant. Experimental details relating
to this paper are available online, alongside with Figures S1 to S7.
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