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ABSTRACT

BACKGROUND

Garlic has anti allergic, anti-tumour and chemo preventive effect. Turmeric has
analgesic, anti-inflammatory, wound healing, and immunomodulatory activities.
Spirulina has antioxidant, immunomodulatory, anti-inflammatory, anticancer, anti-
viral, and antibacterial effects. Honey has antimicrobial, antioxidant, anticancer, anti-
inflammatory. The purpose of this study was to prepare herbal formulations of garlic,
turmeric, honey, and spirulina and analyse its immunomodulatory effect.

METHODS

Garlic, turmeric, honey, and spirulina were combined with 100 ml of distilled water
and simmered for 15 minutes before being filtered and condensed again to 5 ml. The
diphenyl 1-picryl-hydrazyl-hydrate test (DPPH), ferric reducing antioxidant power
assay (FRAP) and H202 assays were used to evaluate the immunomodulatory effect.

RESULTS
The prepared extract showed significant results at 50 | when assessed using DPPH,
FRAP and H202 assay (i.e.) 72.1 %, 94.6 % and 67.9 % respectively.

CONCLUSIONS

This in-vitro study shows that the combination of garlic, turmeric, honey and
spirulina formulation have good immunomodulatory effects when compared to the
standard. Hence, in future, it can be used as a safe alternative instead of commercially
available medicines in the form of in-situ gel for management of immune mediated
disorders.
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BACKGROUND

Immunomodulation is a change in immune reaction that either
decreases or increases immune response. Immunostimulation
is the process of increasing immune response, whereas
immunosuppression is the process of decreasing immune
responsiveness. A substance that stimulates, suppresses, or
modulates any part of the immune response, which include
both adaptive and innate immune system is called as
immunomodulators.! The essence of immunomodulation
depends on the immunomodulating effect of pharmacological
agents acting under various doses and time.23 Majorly used
immunomodulators are natural adjuvants, synthetic agents,
antibody reagents. As they have generalized effects
throughout the immune system, a lot of adverse effects have
been reported.* In order to overcome the side effects, variety
of drugs derived from natural sources, either plants or
minerals, are used as an alternative to modify the immune
system.5 There are many other natural products that are used
in various medical systems around the world to treat
immunological disorders. Plant products have been used
successfully in the management of a variety of diseases since
6000 BC in India,*®¢

Allium sativum is an excellent nutrient component that is
primarily grown in India and is commonly known as garlic
around the world. Garlic has been shown to have
immunomodulatory effects in vitro and in vivo studies, with
increased T-lymphocyte blastogenesis and phagocytosis, as
well as activation of cytokine production. Aged garlic extract
has demonstrated various anti-tumour and anti-allergic
effects.” There was significant reduction of IL-12 production
and increase in IL-10 production with low concentration of
garlic extract.8 It is also reported that with the extract, there is
significant reduction with TNF - a (tumour necrosis factor), IL
-1a,IL- 6,IL - 8, T cell interferon - gamma (IFN - y), IL - 2.9

Curcuma longa is a perennial herb that is widely grown in
India. C. longa rhizome has variety of medicinal uses, which
include analgesic, anti-inflammatory, wound healing, and
immunomodulatory properties.l0 Curcumin, the main
constituent of C. longa, is important for immunomodulatory
activity.ll Curcumin administration increased bone marrow
cellularity, alpha-esterase positive cells, and macrophage
phagocytic activity.12 Numerous studies suggest that curcumin
can influence both T cell proliferation and activation.13
Curcumin has been shown to decrease the proliferation of T
lymphocytes isolated from healthy donors induced by phorbol
myristate acetate (PMA) and anti-CD28 antibodies, as well as
that caused by phytohemagglutinins (PHA).14 It can also
reduce IL-2 expression and NF-B39 expression, as well as
reduce phytohemagglutinin-induced proliferation of human
peripheral blood mononuclear cells.!> The processes of
honey's immunomodulatory properties were unclear, but a
few authors speculated that high concentration of hydrogen
peroxide in honey might have triggered a negative feedback
effect on MM6 cell ROI production.’¢ Increased TNF-a,
interleukin-1 (IL 1B) and IL-6 cytokines were also reported
with cells of MM6 and with human blood monocytes.1”

Spirulina, a cyanobacteria from Oscillators, has been a
source of protein and vitamins since time immemorial.18 The
most common species used in the field of medicine are
Spirulina platensis and Spirulina maxima.l® Spirulina has
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proven to be a powerful stimulant of the immune system
through the increased stimulation of IL-1B, IL-4 and
interferon.20 Spirulinas have proved to be antioxidant, anti-
inflammatory, anti-cancer, anti-virus and antibacterial.
Increasing the expression of TNF-a, IL-1f and IL-6 cells with
expression of IL-13en and COX-2 proteins have been shown to
be phycocyanins which are a component of spirulina.2!

Thus, the aim of this study was to perform in vitro analysis
to assess the combined immunomodulatory effect of garlic,
turmeric, honey, and spirulina.

METHODS

This in vitro study was conducted from November 2020 to
March 2020 and materials used in this study include extracted
compounds containing 1 g of each herbal, garlic, turmeric,
honey, and spirulina; these materials were acquired from
authentic biomaterial sellers. A beaker of 100 mL of distilled
water was taken and extract of 1g garlic, turmeric, honey and
spirulina were mixed together. These extracts were then
heated for 15 minutes, filtered and again heated until the
solution was reduced to about 5mL of concentration, in order
to reduce the water and increase the concentration of
extraction followed by cooling down of the prepared extract
[Figure 1].

The prepared extract of garlic, turmeric, honey and
spirulina is subjected to 2, diphenyl 1-picryl-hydrazyl- hydrate
assay (DPPH). The extract was first subjected to 5 different
concentrations of 10 pL, 20 pL, 30 pL, 40 pL, 50 pL in solution
containing 1 mL of DPPH. The solution was maintained at
room temperature for 10 minutes, followed by boiling of the
contents at 55 degree Celsius for 10 - 15 minutes. This solution
is then subjected to spectrophotometry for inhibition level
analysis. The reduction in the quantity of DPPH free radicals
was assessed dependent on the absorbance at 517nm [Figure
2a).

Ferric reducing antioxidant power assay (FRAP) was then
performed. FRAP solution (3.6 mL) was added to distilled
water (0.4 ml) and incubated at 37 C for 5 min. Then this
solution was mixed with 10uL, 20 pL, 30 uL, 40 pL, 50 pL
concentration of prepared extract of garlic, turmeric, honey
and spirulina and incubated at 37C for 10 minutes. The
absorbance of reaction mixture was measured at 593 nm
[Figure 2b].

H202 assay was performed by Halliwell method. All
solutions were prepared freshly 1.0 mL of the reaction mixture
contained 100 L of 28 mM of 2-deoxy-2-ribose (dissolved in
phosphate buffer; pH - 7.4), 500 L solution of various
concentration of the extract (10 - 50 L), 200 L of 200 m Fecl3
and 1.04 mM EDTA (1:1v/v), 100 L H202 (1.0mM) and 100
L ascorbic acid (1.0 mM). After an incubation period of 1 hour
at 37 c, the extent of deoxyribose degradation was measured
by TBA reaction and the absorbance was measured at 532 nm
[Figure 2c].

Statistical Analysis
Statistics was done using IBM Statistical Package for Social
Sciences (SPSS 23). t test was performed to assess the
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statistical significance between the assay group and control
groups.

RESULTS

The results of this study have shown that the prepared extract
of garlic, turmeric, honey and spirulina have better inhibition
action in DPPH, FRAP, H202 assay analysis.
Spectrophotometry readings of DPPH, FRAP, H202 assay
shows that the absorbance range was close to the standard
(vitamin C) and also at 50 of garlic, turmeric, honey and
spirulina have more absorption percentage of 72.1 %, 94.6 %
and 67.9 % respectively [Figure 3,4 and 5]. Statistically
significant difference was observed between the assay group
and standard group [table 1].
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H202 assay
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DISCUSSION

Allium plants have an interesting biological and
pharmacological properties because of their presence of
organosulfur compounds. One of the most commonly used
among these is garlic (Allium sativum). These compounds
exhibit large range of benefits against microbial infections and
are well known for their cardioprotective, anticancer,
immunomodulatory and anti-inflammatory activities when
extracted and isolated.22 Inflammatory conditions related to
inflammatory medications i.e. induction, oxidative stress and
activation of different immune cells is the reason for the effect
of garlic on immune systems components.8 The candidate is
promising to keep the immune system homeostasis.23
Thiacremonone, an isolated sulphur compound in garlic
blocks NFB activity in in vitro and improves inflammatory
responses and arthritis in acute and chronic oedema in
arthritis animal models, have been found to inhibit iNOS and
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NO" production, as reported by Ban ] et al.24 The antioxidant
effect of the cellular antioxidant enzymes, like superoxide
dismutase, catalase and glutathon peroxidase and important
source of antioxidants, was reported by Badr G M etal. who are
an important source of antioxidants from phytochemicals like
DAS and SAMC.25 A study by You H.S et al. shows that the garlic
extract suppressed the dimerization of the LPS-induced TLR4,
indicating that it is one of the anti-inflammatory garlicz3
mechanisms. Through the suppression of TLR activation
leading to an activation of NF UB and COX - 2 and iNOS
expression inhibition, garlic may thus modulate inflammatory
responses.

Turmeric constituents include three curcuminoids such as
curcumin, dimethoxy curcumin and bisde-methoxy curcumin.
Curcumin has the ability to suppress cellular transformation,
proliferation, invasion, angiogenesis and metastasis26 Khar A
et al. reported that tumour cell lines immune to curcumin-
mediated apoptosis, dependent on intermediate ROS, have
been induced by stress response.2’” The dose of curcumin
establishes ROS, intracellular adenosine triphosphate (ATP),
apoptosis or osteoblast necrosis.28 In a study done by
Limtrakul et al. curcumin modulates the reversal of multi-drug
resistance.2? Curcumin plays a direct role in the treatment of
varied autoimmune disorders and it inhibits IL-12-mediated
neuronal Th1l dependent demyelination by aiming Janus
kinase 2, tyrosine kinase 2, STAT3, and STAT4 on the murine
model of multiple sclerosis as reported by Natarajan C et al.30
This also improves the clearance of amyloid-f (plaques) by
Mus (macrophages) within the brain in patients with
Alzheimer's disease.3! Curcumin attenuated LPS-mediated
endotoxemia in severe conditions of infection.32 Curcumin is
aimed to achieve an anti-inflammatory response of TLR-
adapter-MD- 2 and to inhibit homodimerization of TLR4.33.34
Cho JW et al. reported in a study that curcumin has been found
to modulate human Kkeratinocytes treated with TNF-a
expression of IL-1f, IL-6, and cycline E.35 It also prevents
atrophic arthritis through apoptosis and inhibits the
production of prostaglandin E2 in synovial fibroblasts in
patients with atrophic arthritis.3637 [t checks allergic reactions
by reducing Th2 inflammatory reactions.38 Cooper and Burton
suggest that honey might reduce inflammation in an
inflammatory site by quenching free radicals.l6 Honey
containing high levels of methylglyoxal (MGO), Chepulis and
Francis reported that it had contradictory effects on
neutrophil TNF-a production.39 Mathew et al. found that
Spirulina fusiformis (1 g/day for 12 months) had chemo
preventive activity in reversing oral leukoplakia in pan
tobacco chewers in Kerala, India.40

CONCLUSIONS

The advantage of these natural products is the higher
bioavailability, ease of use and most importantly lesser
adverse effects. The present study was done to assess the
combined immunomodulatory effect of garlic, turmeric, honey
and  spirulina using modern technique and a
spectrophotometry was used for analysis. It showed
significant antioxidant, immunomodulatory properties and
higher zone of inhibition when compared to a standard. With
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more future studies, this extract can be used as an alternative
to other commercially available drugs in the form of in situ gel
for immune mediated mucocutaneous disorders.
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