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Research Paper

The immune system is a remarkably sophisticated 
defense system, which protects the body from 
invading pathogens. Lack of immunological balance 
and impaired immune system are often make the 
body prone to diseases including inflammatory and 
degenerative diseases. Modulation of immune system 
denotes alterations of immune responses by induction, 
expression and amplification of part or phase of 
the reaction[1]. Thus, immunomodulators are often 
employed, targeting an effect on the immune system. 

Immunomodulatory agents have immunostimulating 
or immunosuppressive effects depending on the 
target site, including both innate and adaptive arms 
of the immune system. This includes a large number 
of phytocompounds. Their effects are of three types 
namely stimulation, suppression and restoration of the 
immune system[2]. Immunomodulators may play a role 
in maintaining the immune system by increasing T cell 
adhesion, blocking the suppressor activity, stimulating 
the interferon production, natural killer (NK) cells as 
well as it activates target cells by inducing specific 

cytokine production[3-5]. Immunomodulators isolated 
and purified from natural sources such as plants and 
microorganisms are the most promising alternatives to 
conventional therapy in a variety of diseases[6]. 

India is blessed with rich medicinal plant diversity, 
which would be the best source to obtain a variety 
of drugs and natural products and some are being 
used by several tribal communities since ages[7]. An 
example of one of the groups of medicinal plants, 
credited with innumerable medicinal qualities used 
since ancient times is Amarkand[8]. Tribal people have 
extensively used members of genus Eulophia and 
Dioscorea bulbifera L. as an important constituent in 
their diet and called them Amarkand. But, a nagging 
ambiguity between the authentic species among these 
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species remained unaddressed[9]. Amarkand is praised 
in Ayurveda for having good health promoting ability 
as well as rasayana properties[10]. Eulophia species 
comprises a perennial terrestrial orchids (herb) with 
one to three feet height having fleshy tubers in the form 
of chain, generally grows along the water channel on 
deep soil slopes, distributed worldwide[11] and mostly 
tropical Himalaya and Deccan peninsular region in 
India[12], while D. bulbifera (family: Dioscoraceae) is 
a tuberous large perennial wine with broad leaves. It 
also produces bulbils at the base of its leaves, generally 
grows at moist places also found as planted in kitchen 
garden of villagers[13]. It is distributed in tropics and 
subtropics of world and found throughout the warmer 
part of India[14]. 

From ethnopharmacological point of view, 
multiple uses of Amarkand is an advantage, it is an 
indicator of medicinal value. Previously, Eulophia 
ochreata species have shown antiglycation[15], 
antioxidant[16], antiinflammatory properties[17]. 
Phenanthrene compounds isolated from E. nuda[12] 
have antiproliferative[18] as well as antiinflammatory 
potential[19]. Furthermore, studies on D. bulbifera 
demonstrated antitumor activity of tubers[20] and 
analgesic and antiinflammatory activity of bulbils[21]. 
In our previous work, out of 21 Amarkand plants,  
methanol extract of bulbils of D. bulbifera (DBB), 
tubers of E. ochreata (EO), E. leghapannsis and 
D. bulbifera have found a significant antioxidant 
potential[16] as well as antifatigue potential[9]. There are 
however, no scientific data available to substantiate 
their immunomodulatory effect. Thus, the present study 
was undertaken to explore the immunomodulatory 
potential of these four extracts on humoral and cellular 
immune responses to the antigenic challenge by sheep 
red blood cells (SRBC) and efficacy was checked on 
serological, haematological parameters as well as on 
vital organs of the body as these are the primary signs 
to diagnose any disease. 

MATERIALS AND METHODS

Fresh tubers of EO and E. leghapanensis (Noven) 
(EL) were collected in early monsoon. While tubers 
of D. bulbifera L. (DBT) and DBB, respectively, 
were collected in late monsoon. All these plants were 
identified and collected from Leghapani (Nandurbar) 
and Bhimashankar (Pune) area of Maharashtra, 
India. Plants were authenticated at Medicinal Plants 
Conservation Centre (MPCC), Pune with voucher 
specimen numbers, MPCC3125 for E. ochreata, 

MPCC3468 for EL and MPCC906 for D. bulbifera. 
Pulverization of dried material was carried out 
using an electronic blender and stored in an airtight 
polythene bags for further use. Extracts were prepared 
in methanol for all the samples using hot extraction 
method and concentrated to dryness under reduced 
pressure using a rotary evaporator. Yeild obtained 
for EO, EL, DBB and DBT was 70.2, 44.4, 64.6 and  
47.6 mg/ml, respectively. 

Experimental animals:

The study was carried out on female Wistar rats (150-
250 g, 6 w old). Animals were maintained under 
standard husbandry conditions 25±2° and fed with 
standard pellet diet and tap water ad libitum. All animals 
were procured from National Institute of Biosciences, 
Pune and handled according to the international 
guidelines for the care and use of laboratory animals of 
national research council. This study was carried out in 
accordance with Committee for the Purpose of Control 
and Supervision of Experiments on Animals (CPCSEA) 
guidelines. The study was approved by the animal 
ethical committee (CPCSEA/7/2679/2012-2013) 
of Bharati Vidyapeeth Deemed University, Medical 
College, Dhankawadi, Pune, India.

Preparation of antigen:

Sheep blood was aseptically collected from a city 
slaughter house in sterile Alsever’s solution (1:1), 
to avoid coagulation of blood. RBCs were washed 
repeatedly by thoroughly mixing and centrifuging at 
2000 rpm for 10 min. Supernatant was discarded and 
centrifugation was repeated for 4-5 times until the 
supernatant fluid became colourless. Obtained SRBCs 
were resuspended in saline and adjusted to the required 
concentration for immunization and to challenge as an 
antigen[22].

Treatment:

Animals were randomly divided into 15 groups and 
each plant extract has three groups as per its dosage 
viz., 100, 300, 500, including healthy, negative and a 
positive control group having six (n=6) rats per group. 
Healthy and negative control groups were fed orally 
with saline by gavage, the positive control group 
received prednisolone (10 mg/kg) standard and another 
12 treated groups were force fed with different doses 
of EO, EL, DBT and DBB (100, 300 and 500 mg/kg) 
by gavage once a day for seven days. SRBCs were 
injected on day zero by intraperitoneal administration 
of 0.4 ml of 5×109 SRBC/ml/rat[23]. On the 8th d, animals 
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were sacrificed, vital organs viz., thymus, spleen, liver 
and kidney were dissected, cleaned, dabbed with filter 
paper to remove moisture and then weighed separately 
on a digital balance.

Haematological parameters:

Blood samples were collected by cardiac puncture 
in ethylenediamine tetra acetic acid (EDTA) coated 
heparinized vials to estimate haematological parameters 
using an auto analyser (Abacus-3, Diatron, Austria). 
Haematological parameters included hemoglobin 
content; total RBC count, total white blood cells 
(WBCs) count, differential WBC count and lymphocyte 
count were estimated. Whole blood was used to analyse 
hemoglobin, which is expressed in gm %. 

Serum biochemical parameters: 

Serum was separated by centrifugation at 3000 rpm at 
4° for 10 min. Aminotransferase enzyme levels were 
analysed by the references given in the kit literature 
mentioning the basis of the methods on which test 
procedures were carried out. Total protein and albumin 
to globulin (A/G) ratios were analysed according to 
Biuret method[24].

Neutrophil adhesion test:

The method of Fulzele et al.[25] was used for this test. 
SRBCs were injected on day 0 by intraperitoneal 
administration of 0.4 ml of 5×109 SRBC/ml/rat. On  
8th d of the experiment, blood samples were collected 
by heart puncture and analysed for total leukocyte 
count (TLC) and differential leukocyte count (DLC). 
After original counts, all blood samples were incubated 
for 15 min with 80 mg/ml of nylon fibres at 37°. These 
incubated samples were again analysed for TLC 
and DLC. Neutrophil index (NI) of a blood sample 
is obtained from TLC of sample and express as a 
percentage of neutrophil. Percent neutrophil adherence 
was calculated using the formula, percent neutrophil 
adhesion=[NIu–NIt/NIu], where, NIu is a NI of 
untreated blood sample and Nit is NI of blood sample 
incubated with nylon fiber.

Delayed type of hypersensitivity (DTH) response: 

On the 7 d, treated rats were again sensitized with 
0.1 ml of 1.25×109 cells SRBC/ml subcutaneously in 
right hind foot pad[23]. Whereas, the healthy control 
group was administered with equal volume of saline. 
Swelling edema in foot pad thickness was measured 
24 h after sensitization using plethysmometer (Orchid 
Scientific, India). Difference in foot pad thickness pre 

and post challenge, was taken as a measure of DTH 
response. 

Humoral immune response:

Haemagglutination antibody (HA) titre assay was used 
to measure the humoral immune response using animal 
serum by the procedure of Ismail and Asad[26]. The 
microtiter plate was filled with 0.1 ml sterile normal 
saline and serial two fold dilutions were made with  
0.1 ml of the serum in sterile saline solution. Titre value 
was obtained by titrating each microtitre well with  
0.1 ml of 3× saline washed SRBCs having 1.25×109 
cells. The plate was allowed to stand overnight at RT 
until control wells showed a negative pattern (small 
button formation). A minimum volume of serum 
required to produce hemagglitination was taken as 
antibody titre and converted to log 2 values for easy 
comparison.

Histopathology analysis:

Liver, thymus, spleen and kidneys were dissected 
at the end of the experiment and transferred to 10 % 
phosphate buffered formalin for histopathological 
studies. Slides were stained with haematoxylin and 
observed at various magnifications to note changes in 
cytoarchitecture of tissue studied.

Statistical analysis:

The values are presented as a mean±SD. One way 
ANOVA was used to determine significant differences 
between groups and negative control group. All 
analyses were performed using graph pad prism 
version 7.0 followed by Dunnett’s multiple comparison 
test. The level of significance was set at p<0.05.

RESULTS AND DISCUSSION

Effect of Amarkand species on relative organ weight is 
shown in fig. 1. It was observed that, treatment with all 
the Amarkand extracts did not alter the relative organ 
weights. Among the four extracts, EL100 treatment 
followed by DBB500, have shown a significant increase 
in the weight of the liver (p<0.05) as compared to the 
negative control group. Additionally, DBB100 and 
DBB300 treatment significantly increased the weight 
of thymus (p<0.05) as that of healthy group, compared 
to negative control group. EL and DBB apparently 
attenuated the weight loss in the spleen and kidney as 
compared to the negative control group. 

Alteration in immunity would lead to a significant 
decrease in the counts of total WBC, lymphocytes, 
RBC and hemoglobin content in prednisolone 
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treated and negative control group. While EL100 
treatment had shown no significant effect in the total 
WBC count, EO500 significantly increased the RBC 
count as compared to the negative control group  
(Table 1). Among the four extracts, EO treatment failed 
to produce any significant increase in lymphocyte 
count and hemoglobin content as compared to negative 
control group.

Administration of EO and DBB extracts significantly 
attenuated liver enzymes (Table 2). DBB500 and 
EO100 (p<0.05) effectively reduced serum glutamic 
pyruvic transaminase (SGPT) levels while, serum 
glutamic-oxaloacetic transaminase (SGOT) levels 
were significantly maintained within range by EO100 
(p<0.05) and EL500 (p<0.05) treatment as compared to 
the negative control group. Table 2 depicts the level of 
serum protein and A/G ratio where, EO at higher dose 
showed a marked increase in serum protein (p<0.05) as 
compared to SRBC treated group. DBB treatment also 
shown increase in A/G ratio comparatively, but this 

was not statistically significant relative to the negative 
control group.

Neutrophils incubated with nylon fibres showed 
decrease in neutrophil percentage due to their adhesion 
to fibres. DBB300 (p<0.05), EO500 (p<0.05) followed 
by EL500 (p<0.05) extracts have shown significantly 
more neutrophil adhesion as compared to the negative 
control group (fig. 2). Hence it was inferred that DBB, 
EL and EO treatment caused stimulation of neutrophils 
towards the site of inflammation.

Increased DTH response indicates the stimulatory 
effect of the extract, which has occurred on the 
lymphocytes and accessory cell types required for the 
expression of the reaction. Fig. 3 demonstrates a time 
course alterations in DTH response for negative and 
standard drug treated group. DBB extract at the dose 
of 300 and 500 mg/kg (p<0.05) and EO at the dose of 
100 and 500 mg/kg (p<0.05) elicited significantly DTH 
response compared to negative control animals.

Fig. 1: Effect of Amarkand extracts on relative organ weights
(a) EO, ■ HC;  NC;  pred.;  EOL;  EOM;  EOH; (b) EL, ■ HC;  NC;  pred.;  ELL;  ELM;  ELH; (c) DBB, ■ 
HC;  NC;  pred.;  DBB L;  DBB M;  DBB H; (d) DBT, ■ HC;  NC;  pred.;  DBTL;  DBTM;  DBTH;. All values 
are expressed as mean±SD; n=6. ***p<0.05 compared to NC. Data were analysed using one-way ANOVA followed by Dunnett’s 
multiple comparison test 
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The indirect haemagglutination titre value was 
considered to confirm the effect of drug treatment 
on humoral arm of the immune system. As shown in  
fig. 4, a significant increase in titre values of circulating 
antibodies by all the doses of EO and DBB treatment 
was observed. EO300 and EO500 followed by DBB300 
significantly raised (p<0.05) antibody formation as 
compared to negative control group.

Histopathological examination of various organs was 
performed for healthy control, negative control and 
treated groups which are given in fig. 5. Microscopic 

Groups

Leukocyte 
count RBCs 

(106/µl)a
Lymphocytes 

(%)a Hb (g %)a

WBC(10 E3/
mm3)a

HC 15.3±1.2 8.8±0.9 73.7±4.3 13.2±1.6
NC 8.7±4.3 8.2±0.9 70.7±9.4 12.7±1.6
Pred 5.7±2.0 9.0±0.2 53.8±14.3 13.3±0.4
EO100 13.7±3.6 8.6±0.3 79.2±5.1 12.8±0.5
EO300 14.3±0.7 8.5±0.5 80.0±8.3 13.0±0.6
EO500 7.3±0.8 9.6±0.8 75.7±13.0 13.9±1.3
EL100 14.5±2.8 8.1±0.5 66.5±20.8 12.3±0.6
EL300 14.0±3.7 8.3±0.9 80.2±6.4 12.3±1.2
EL500 11.0±3.5 7.9±0.5 78.2±5.5 12.0±0.4
DBB100 11.1±4.5 9.0±0.7 74.8±10.3 12.2±2.2
DBB300 10.7±1.4 8.8±0.4 70.3±14.3 13.1±0.3
DBB500 13.5±3.4 8.8±0.8 67.7±14.5 13.4±0.7
DBT100 10.2±1.5 7.4±1.0 72.5±10.0 12.6±0.8
DBT300 14.5±6.5 8.1±0.7 75.5±15.1 13.4±0.8
DBT500 12.5±1.7 8.3±0.7 79.2±7.6 13.2±0.41

TABLE 1: EFFECT OF AMARKAND EXTRACTS ON 
WBC, RBC, LYMPHOCYTES AND HEMOGLOBIN

aAll values are expressed as mean±SD; n=4 for WBC and n=6 for 
other. Data were analysed using one-way ANOVA followed by 
Dunnett’s Multiple Comparison test 

Groups SGPT  
(U/ml)a

SGOT  
(U/ml)a

Totprotein 
(g/dl)a A/G ratioa

HC 76.3±8.3 147.8±9.6 7.1±1.0 6.2±0.3
NC 90.8±14.5 177.4±22.6 5.4±0.3 3.5±0.4
Pred 61.0±5.4*** 161.4±26.8 7.4±1.5 3.9±0.3
EO100 61.8±8.3*** 140±17.7 4.6±1.0 5.5±2.4
EO300 70.3±16.6 161.4±29.6 7.2±0.9 4.5±0.2
EO500 77.5±5.3 170±5.6 7.6±1.9 5.4±0.3
EL100 89.8±4.0 159.2±17.1 6.5±0.7 7.4±1.1
EL300 60.0±2.8 151.4±6.3 7.4±0.8 4.1±1.6
EL500 59.5±2.5 139.6±31.3 7.1±0.9 3.3±1.9
DBB100 76.8±5.4 164.6±21.3 5.3±1.3 5.6±2.0
DBB300 68.5±11.0 152.8±20.1 6.1±2.0 3.9±1.0
DBB500 62.5±6.5*** 149.4±6.5 7.3±0.7 3.9±2.5
DBT100 85.3±2.9 160.6±27.5 5.8±1.1 3.6±1.5
DBT300 73.0±4.7 155.8±17.7 7.0±0.6 5.2±0.2
DBT500 70.3±10.5* 172±17.5 7.1±1.7 3.5±1.7

TABLE 2: EFFECT OF AMARKAND EXTRACTS ON 
AMINOTRANSFERASES AND TOTAL PROTEIN

aAll values are expressed as mean±SD; n=4, 5, 6, 3 respectively. 
***p<0.05 compared to NC. Data were analysed using one-way 
ANOVA followed by Dunnett’s Multiple Comparison test

Fig. 2: Effect of Amarkand extracts on neutrophil adhesion test
All values are expressed as mean±SD; n=4. ***p<0.05 compared 
to NC. Data were analysed using one-way ANOVA followed by 
Dunnett’s multiple comparison test

Fig. 3: Effect of Amarkand extracts on DTH response
All values are expressed as mean±SD; n=6. ***p<0.05 
compared to NC. Data were analysed using one-way ANOVA 
followed by Dunnett’s multiple comparison test

Fig. 4: Effect of Amarkand extracts on humoral immune 
response
All values are expressed as mean±SD; n=4. ***p<0.05, 
compared to NC. Data were analysed using one-way ANOVA 
followed by Dunnett’s multiple comparison test 
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examination of liver section studied for negative 
control animals have shown inflammatory infiltrations 
having marginalization of lymphocytes as compared 
to healthy control animal. EO and DBB treated group 
animal showed well maintained cytoarchitecture, while 
EL and DBT treatment showed mild inflammation in 
portal tracts and sinusoids. No pathological changes 
were observed in the thymus of HC, NC and drug-
treated animals. Spleen tissue section of NC group 
animal showed congestion of red pulp and blood 
vessels compared to HC. DBT-treated animals showed 
mild congestion of red pulp and rest, i.e. EO, DBB 
and EL-treated animals showed normal appearing red 
and white pulp. Kidney histology of spleen in the NC 
group showed focal areas of inflammation consisting 
of lymphocytes and congestion. Among drug treated 
groups EL group showed some congested blood 
vessels and DBT group showed moderate infiltration. 
On the other hand, DBB and EO treatment effectively 
protected the normal cytoarchitecture compared with 
negative control.

Immunomodulators are agents that activate or suppress 
the immune system function by altering immune 
responses. Immunomodulators of plant origin increase 
the immune responsiveness of the body against 
pathogens by activating the non-specific immune 
system[27]. Presently, plant derived compounds having 
immunomodulatory effects plays a major role in 
many pharmaceutical interventions and has lead to 
rigorous research to determine efficacy and safety of 
the treatment[28]. Additionally, immunomodulatory 
regimes offer a striking approach as these compounds 
have fewer side effects than existing synthetic drugs[6]. 
From our earlier study, qualitative phytochemical 
screening of these selected species from Amarkand 
group revealed presence of bioactive compounds, 
which include alkaloids, anthraquinones, cardiac 

glycosides, flavonoids, steroids, tannins and terpenoids. 
Additionally, they contain high amount of polyphenols 
like phenols, flavonoids and proanthocynidins[16]. 
These may be the principal constituents to produce 
immunomodulatory activity. In the present study, 
these four methanolic extracts were studied for 
immunomodulatory potential using rat model where 
SRBCs were given intra-peritonealy. SRBCs were 
used both for sensitization and to determine antibody 
titre[29].

Thymus is one of the important secondary lymphoid 
organs while liver being the main detoxification organ 
in mammals. Spleen is responsible for purifying blood 
as well as storing blood cells while kidney is concerned 
with excretion of foreign substances. All these organs 
are susceptible to the toxicities of drugs[30]. Organ to 
body weight ratios are useful indicator to investigate 
the toxic effect of drug treatment on the vital organs as 
well as to determine disease state and progression[31]. In 
the present study, the observed protection in thymus by 
DBB treatment may be due to stimulation of the gland 
activity. While, EL and DBB treatment, maintained 
normal weight of liver as decreased liver weight leads 
to diseased conditions. Significant results by the DBB 
and EL treatment may be attributed to its beneficial 
effect on the body and its immunostimulant properties, 
which was also seen in the histopathological results.

Neutrophils including WBC and lymphocytes play a 
major role in the immune response. They participate 
in host defence, both as the first line of innate immune 
defence and as effectors of adaptive immunity. Normal 
functioning of these cells would ensure disease free 
status of the body[32]. Prednisolon treated group have 
shown decrease in the neutrophils count, showing 
adverse effect of steroids on the immune system. While, 
compared to DBB and DBT, treatment with EO and 

Fig. 5: Representative photomicrographs of H and E stained sections of liver, spleen and kidney tissues of rats
L1 to L12 are photomicrographs of liver tissues, S1 to S12 are photomicrographs of spleen tissues, K1 to K12 are photomicrographs 
of kidney tissues
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EL increase blood leucocytes as well as hemoglobin 
content suggesting improved immune status. 

SGPT is an enzyme normally present in liver and heart 
cells. Measurement of these enzyme activities in tissue 
or body fluid serves as a marker for liver damage[33]. 
Oral administration of extracts has a lowering effect 
on these enzyme levels, confirming their role in 
immunomodulation. Likewise, circulatory proteins, 
especially albumin and globulins are an integral part 
of immune system. They are involved in immunity or 
synthesized as the need arises. Albumin and globulins 
help to carry certain medicines/bioactive molecules 
through the blood. While, certain globulins made by 
the immune system may transport metal ions and help 
fight infection[34]. Treatment by DBB and EO extracts, 
prevented cellular tissue damage of vital organs like 
liver (fig. 5) and heart compared to that of EL and DBB 
treatment.

Neutrophils are important immune cells and are markers 
of healthy immune system, which can efficiently carry 
inflammation followed by adhesion; they use different 
defence strategies[32]. Among all plant extracts, DBB 
treatment showed a significant increase in adhesion 
of neutrophils to nylon fibres, which correlates with 
margination process of cells in blood vessels towards 
the site of inflammation. This activity may be due 
to bioactive compounds like steroidal saponins, 
phenanthrene, flavonoids and diterpenoids found in 
earlier studies in the methanol extract of DBB[21]. DBB 
extracts may cause up-regulation of β2-integrins on 
neutrophils, which help them to adhere firmly to nylon 
fibres.

DTH response is a type IV hypersensitivity reaction 
used to assess the effect of the fraction on cell-mediated 
immunity. It is characterized by influx of immune 
cells at the site of injection[35]. DTH reaction elicited 
by SRBCs requires specific recognition of antigen 
by activated T-lymphocytes, which subsequently 
proliferate and release pro-inflammatory lymphokines. 
Thus, DTH reaction is important in host defence against 
parasites and bacteria that can live and proliferate 
intracellularly[36]. Methanol extracts of DBB and 
EO showed immunostimulatory effect by enhancing 
DTH reaction comparatively, which is reflected from 
increased foot-pad thickness compared to negative 
control group (fig. 3). These overall effects suggest the 
effect of Amarkand extracts through intense infiltration 
of macrophages to the inflammatory site assisting the 
cell-mediated immunity response.

Humoral immunity is mediated by circulating 
antibodies. It involves transformation of B cells into 
plasma cells that produce and secrete antibodies 
specific to an antigen. These antibodies bind to antigens 
and neutralize it or facilitate its elimination by more 
ready ingestion by phagocytic cells[37]. The indirect 
haemagglutination test was carried out to evaluate 
the effect of plant extracts on the humoral immunity. 
In the present study, antiSRBC antibody titre was 
significantly raised by methanolic extract of EO over to 
negative control as well as other plant extract groups, 
which indicates enhanced responsiveness of T and  
B lymphocyte subsets, macrophages involved 
in antibody synthesis. This in turn signifies its 
immunostimulatory effect on circulating antibodies. 
Out of the four extract treatments, positive effect of 
EO on humoral immunity was observed which may be 
due to two bioactive phenanthrenes obtained found in 
earlier studies[12].

Among the four extracts, DBB and EO treatments 
showed pronounced recovery and near-normal 
cytoarchitecture than negative control group followed 
by EL and DBT treatment. Therefore, DBB and EO 
treatment proved to be immunoprotective and effective 
as an immunomodulator, which corroborates the results 
obtained in biochemical parameters. Previous studies 
also support the action of DBB[38] and EO[39], as they 
are rich in minerals like Na, K, Ca, Fe and Zn which 
play an important role in proper immune functions 
whereas deficiencies leads to irregular immunological 
profiles[40].

Folklore knowledge regarding the therapeutic use of 
these plants is the important sources for drug discovery. 
Results obtained from the present study depict that  
D. bulbifera bulbils and E. ochreata tubers (Amarkand) 
have shown appreciable immunomodulatory activity 
by potentiating humoral as well as cellular immunity. 
This may be due to secondary metabolites present in 
it. Phytochemical content present in these two plants, 
especially, phenols, flavonoids and proanthocyanidin 
seem to be most likely candidates eliciting 
immunostimulatory effect. The immunomodulatory 
effect of these species warrants further investigation to 
know their possible mechanism of action or isolation 
of bioactive compounds.
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