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Abstract | The present study was aimed to evaluate the immunomodulatory activities of hot aqueous extract of pods
& leaves (HAEP & HAEL) of C. fistula in albino rats. HAEP/HAEL were given oral dose of 125, 250 & 500 mg/
kg to healthy rats divided into one unfed (control group) and six fed groups. The humoral immune response was car-
ried out by testing antibody titer against Salmonella typhimurium ‘O’ antigen by tube agglutination test and cellular
immune response was carried out on DNCB (1-Chloro-2, 4-dinitrobenzene) sensitized albino rats. Results showed
that agglutination titer in all HAEP treated rats ranged from 153.6+25.6 to 256.0+62.71 and HAEL treated rats ex-
hibited antibody titer from 358.4+62.71 to 409+51.2 in relation to control & other groups. HPLC analysis of HAEP,
HAEL for determination of active immunomodulants have confirmed the presence of Quercetin dihydrate within
HAEP, HAEL and Kaempferol only within HAEL. Thus the present study concludes that rise in humoral immune
response may be due to the stimulation of B- lymphocytes, T-helper Cells & macrophages subsets by pods, leaf extracts
containing immunomodulants Quercetin dihydrate and Kaempferol. Hence it is concluded that C. fisfula plant has
immunomodulatory activity, although detailed study regarding digestibility, hepatic toxicity & molecular mechanism
of action are needed to be carried out.
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INTRODUCTION The commercialization of these antimicrobial agents by
pharmaceutical companies and related economic benefits

he greatest threat to human population on Earth has fascinated scientists to explore new broad spectrum

comes from microbes (Casadevall and Relman, 2010).
‘These microbes are ubiquitous in our environment and
have affected the development, evolution of every human
civilization. To combat these ubiquitous killers and to sur-
vive in an environment hosted by pathogens a remarkable,
versatile, defense system has evolved in animals called as
Immune system (Delves et al., 2010). Although Immune
system is an autonomous, inbuilt defense system present in
all living animals, yet humans have always shielded them-
selves against these microbes using antibiotic (Tortora et

al., 2009).

antibiotics (Monnet, 2005). The practice of indiscrimi-
nate use of these antibiotics have led to the development
of multi drug resistant (MDR) strains of microbes, evi-
denced from the recent epidemic caused by influenza vi-
rus, ebola virus, methicillin resistant Staphylococcus aureus,
etc. (Davies and Davies, 2010; Monnet, 2005; Vimalraj et
al., 2009; Spellberg et al., 2008). The gridlocks associated
with modern medicines such as several side effects, ever in-
creasing immunological disorders, development of MDR
strains have enforced researchers globally to move back to
basic approach, to combat microbes with the use of medic-
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inal plants as an immunostimulant (Vimalraj et al., 2009).

One of the most well documented plants in Vedas &
Upanishads is Cassia fistula (Caesalpiniaceae) (Bahorun et
al., 2005). Also known as golden shower tree, C. fistula is a
native of Indian subcontinent & occupies significant posi-
tion in the indigenous system of medicine of many Asian,
African and South American countries (Bahorun et al.,
2005; Bhalerao and Kelkar, 2012; Danish et al., 2011). In
ancient ayurvedic system C. fistula has been used for the
treatment of various ailments such as pruritus, leucoderma,
diabetes, haematemesis, etc (Danish et al., 2011; Rizvi et
al., 2009; Seyyednejad et al., 2014; Yadav and Jain, 1999).
Besides C. fistula, other species of cassia such as C. alata,
C. sophera, C. javanica, C. auriculata plants have also been
studied and are claimed to be of therapeutic importance
(Abo et al., 2000; Bhalerao and Kelkar, 2012; Bhuvane-
swari and Gobalakrishnan, 2014). Although the plant has
a high therapeutic value and reported to possess hepato-
protective, anti-inflammatory, antitussive, antifertility, an-
timicrobial and antitumor activities within itself, yet little
information is available regarding its role in immunomod-
ulation. Thus the present study was taken up to investigate
out the folklore use of the plant, determining immuno-
modulatory property of its aqueous pod & leaf extract with
scientific validation.

MATERIALS AND METHODS

CoLLECTION OF PLANT MATERIALS, PREPARATION OF
Hot AQuEous ExTrRACT oF Pops & LEAVES

Fresh pods and leaves of Cuassia fistula were collected sepa-
rately from the month of May to June from Mathura and
its adjoining areas. Cassia fistula plant was identified and
authenticated at the department of Botany, B.S.A. College,
Dr B.R. Ambedkar University. The pod, leaves were dried
in shade and coarsely powdered. The dried powder was ex-
tracted with triple distilled water using soxhlet apparatus.
The extracts obtained were evaporated to dryness at 45°C
using hot air oven and weighted.

ErrecT oF HAEP AND HAEL oN HUMORAL IMMUNE
SYSTEM

'The humoral immune response was measured by deter-
mining the amount of antibody raised in different groups
of rats fed with ‘O’ antigen and different concentration of

HAEP, HAEL extract.

PREPARATION OF SALMONELLA TYPHIMURIUM ‘O’
ANTIGEN

Salmonella typhimurium culture was obtained from the de-
partment of Microbiology and immunology, Pandit Deen
Dayal Upadhyay Pashu Chikitsa Vigyan Vishwavidylaya
Evam Go Anusandhan Sansthan (DUVASU), Mathura.

Prior to experimentation, the bacterial isolates were char-
acterized on the basis of their shape, microscopic examina-
tion, gram staining, ability to ferment sugars, biochemical
test such as catalase, oxidase, etc (Cruickshank et al., 1975).
After confirmation S. fyphimurium ‘O’ antigen was pre-
pared by standard methods (Bhatia et al., 2003). Smooth
colonies of 8. typhimurium grown on Tryptose agar me-
dium were selected and inoculated in nutrient broth. In-
oculated broth was incubated for eight hours at 37°C and
then centrifuged at 3000 rpm for 20 minutes, subsequently
supernatant was discarded and pellet obtained was washed
with normal saline and then boiled at 100°C for two hours
thirty minutes. This heated culture was then used as ‘O’
antigen for determination of humoral immune response in
albino rats.

IMMUNIZATION OF RATS

Experimental rats were divided in seven groups of albino
rats with 5 rats in each group. The I** group of rats in which
only 8. typhimurium ‘O’ antigen was inoculated served as
the negative control, as no plant extract was provided to
the rats of this group. Group II", ITI* & IV* rats were fed
orally, with 125 mg/kg, 250 mg/kg & 500 mg/kg of HAEP
respectively for 21 days, (Weichert, 1940) while albino rats
of group V, VI* and VII* were also fed orally with simi-
lar concentration of HAEL respectively for 21 days along
with ‘O’ antigen in all the above groups. One week after
last dose of ‘O’ antigen was provided, blood serum was col-
lected for determining antibody titer in rats against Sa/-
monella by serum agglutination test. The presence of active
immunomodulants within HAEP and HAEL was deter-
mined through HPLC analysis of both the extracts using
different standards.

ErrecT oF HAEP AND HAEL oN CeLL MEDIATED
IMMUNE SYSTEM

Study was conducted to access the effect of HAEP/
HAEL on DNCB (1-chloro-2,4-dinitrobenzene) sen-
sitized albino rats (Tiwary and Goel, 1985). In this ex-
periment DNCB acted as allergen. The experiments were
conducted over seven groups of albino rats, with five rats
in each group. The Group I** rats were used as a negative
control as only DNCB was provided with no plant extract.
Group I, IIT & IV*™ rats were fed with 125 mg/kg, 250
mg/kg & 500 mg/kg of HAEP and similar concentrations
of HAEL were provided to the rats of group V*, VI* and
VII* for 21 days.

Hair were removed from thigh of rats of all groups and
cleaned properly. 100 pl of 0.2% of DNCB (dissolved in
acetone) was applied on hairless thigh skin of albino rats
in all the groups on 7%, 14%* 17% day, respectively. Chal-
lenge dose was applied on 22" day at the same site. Skin
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thickness was measured with the help of Vernier Caliper at
0, 24, 48 and 72 hrs post challenge. Difference in the skin
thickness measured at 0, 24, 48 and 72 hrs was calculated.
'The inoculated site was also examined for erythema, indu-
ration and vesicle formulation.

RESULTS AND DISCUSSION

INDUCTION OF HUMORAL IMMUNE RESPONSE

Results obtained clearly illustrated that antibody titer in
the serum samples of all treated rats was higher in rela-
tion to control. Further, the result establish the fact that
HAEL fed rats exhibited much higher antibody titer
(358.4£22.71, 409.6+22.71, 409.8+21.2), over the serum
antibody titer raised in HAEP fed group (153.6+15.6,
256.0+£12.7, 256.0+12.6) and that of control (115.28
+12.7) (Figure 1).

Figure 1: Determining the humoral immune response of
albino rats by measuring antibody titer in rats fed with 125,
250 and 500 mg/kg of HAEP and HAEL with respect to

control

'This study confirms that there is a significant rise in an-
tibody titer, thus humoral immune response is induced in
HAEL and HAEP fed rats with significant higher immu-
nomodulatory effect in HAEL fed rats. The determination
of active immunomodulants within HAEP and HAEL
through HPLC confirms the presence of Quercetin dihy-
drate among both the extracts and Kaempferol only within
HAEL (Figure 2) (Laxmi et al., 2015).

'The presence of Quercetin dihydrate in both extracts might
be responsible for elevated humoral immune response as
Quercetin has been reported to up regulate IFN-y & Th-2
gene expression and production, which in turn modulate
NK cell function and act as immunostimulant (Nair et al.,
2002). Quercetin has also been shown to display anti-in-
flammatory and antibacterial activities (Toit et al., 2009).
Further the hyper immune response in case of HAEL

Figure 2: A) HPLC analysis of hot aq. Extract of pods
(HAEP) displaying the presence of Quercetin dihydrate;
B) HPLC analysis of hot aq. Extract of leaves (HAEL)
displaying the presence of Quercetin dihydrate and
Kaempferol

OH O

Quercetin dihydrate

Figure 3: Structure of Quercetin dihydrate and Kaempferol
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could be credited to the presence of Kaempferol which has
been reported to display a significant increase in phagocyt-
ic index and has been shown to exhibit dose dependence
enhancement in the production of T-Lymphocytes (CD3
and CD19), Th1 Cytokines (IL-2, IFN-y and IL-4) (Fig-
ure 3) (Swarnalatha and Puratchikody, 2014).

InpucTiON OF CELL MEDIATED IMMUNE RESPONSE

Almost all doses of both extracts exhibited a marked en-
hancement in skin thickness. Rats fed with 250 mg/kg
of body weight HAEP displayed max increase in skin
thickness by 27.1%, 21.1% & 14.5% at 24, 48 and 72 hrs,

Figure 4: A) Increase in skin thickness of albino rats fed
with 125, 250 and 500 mg/kg of HAEP recored at 24,
48 and 72 hrs time intervals with respect to control; B)
Increase in skin thickness of albino rats fed with 125, 250
and 500 mg/kg of HAEL recored at 24,48 and 72 hrs time

intervals with respect to control

respectively (Graph-II). Study on rats fed with 125
mg/kg HAEL indicated best increase in skin thick-
ness by 33.15%, 22.67% & 16.33% at 24, 48 and 72 hrs
with respect to control (Graph-II). Results also indicat-
ed that albino rats fed with 500 mg/kg body weight of
HAEP & HAEL induced less increase in their skin
thickness with respect to albino rats fed with 125 mg/
kg body weight of either extract. The best cell mediat-
ed immune response has been achieved in rats fed with

250 mg/kg of HAEP & 125 mg/kg of HAEL (Figure 4).

Comparative analysis with parallel studies suggest patients
treated with C. fistula pulp showed a significant decrease
in serum IgE level producing significant relief in patients
suffering from Eczema or Leprosy (Das et al., 2008). Sim-
ilarly several researchers have demonstrated the immune
system modulation activities of C. awriculata & C. tora

(Chakraborty, 2009; Tilwari, 2011).

CONCLUSION

From the results of present study, it was observed that C.
Jistula had stimulatory influence on humoral and cell me-
diated immunity as evident from increased antibody titer
against Sa/monella Typhimurium ‘O’ antigen and significant
enhancement in skin thickness in DNCB sensitized albino
rats. HAEL in comparison to HAEP was more effective in
stimulating both immune responses. The humoral immune
response obtained in HAEL & HAEP fed rats might be
due to the presence of quercetin dihydrate within both
extracts while increased immune response within HAEL
fed rats might be credited to the presence of Kaempferol
(Laxmi et al., 2015; Swarnalatha and Puratchikody, 2014).

The augmented humoral and cell mediated immune re-
sponses in the presence of HAEP and HAEL of C. fistula
reflect the induced proliferation and activation of both B
and T lymphocytes. Further studies are although needed
regarding digestibility, hepatic toxicity, molecular mecha-
nism of action HAEL & HAEP.
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