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Introduction

Ayurveda, an alternative system of medicine in India, 
uses a number of plants either individually or in combi-
nation for treatment of a variety of diseases. Natural com-
plementary medical therapy like Ayurveda has always 
aimed for long-term stimulation of natural resistance 
and improvement of defective immunological conditions 
without causing any untoward or harmful effects to the 
biological homeostasis (Hajto et al., 2005). Traditional 
systems of medicine such as Ayurveda may play a pivotal 

role in modern healthcare, particularly in the treatment 
or amelioration of diseases where satisfactory treatments 
are not available. The rasayana class of medicinal plants 
in Ayurveda, are reported to have a triphasic activity, 
i.e. the ability to improve health and longevity, enhance 
memory, intelligence, youthfulness, and improve com-
plexion. Rasayanas are reputed to possess immunomod-
ulatory activity (Atal et al., 1986; Patwardhan et al., 2005; 
Ramnath et al., 2008).

Currently, there is a need to evaluate the potential 
of Ayurvedic remedies for therapy and as adjuvants to 
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Abstract
Context: Anacyclus pyrethrum DC (Compositae) roots, commonly known as Pellitory root and locally as 
akarkara, are widely recognized in the Indian traditional systems of medicine, Ayurveda, as a ‘rasayana’, i.e. 
a plant with immunomodulatory properties.

Objective: Evaluation of A. pyrethrum extract for its effect on normal and chemically suppressed immune 
systems in vivo.

Materials: Petroleum ether extract (PEE) of roots was tested at 50 and 100 mg/kg dose. The effect of both 
doses on total and differential leukocyte count, cyclophosphamide-induced immunosuppression, survival 
rate against Candida albicans infection, delayed type hypersensitivity reaction, percentage neutrophil adhe-
sion, and phagocytic activity were tested.

Results: The PEE-treated rats were able to overcome cyclophosphamide-induced myelo-suppression as evi-
denced by the normalization of blood parameters. Survival rate of albino rats was improved in Candida 
 albicans-infected animals by treatment with the extract (p <0.05). An increase in delayed type hypersensitiv-
ity response (DTH), percentage neutrophil adhesion, and in vivo phagocytosis by carbon clearance method 
was observed after treatment. Extract administration also increased the HA titer value and IgG antibodies.

Discussion: Immunostimulant activity increased two-fold upon doubling the dosage of extract administered. 
While a significant (p <0.05) improvement was observed in the humoral component, a highly significant  
(p <0.01) effect was observed in the cellular components of the immunity evaluated. The results thus pro-
vide a basis for the use of A. pyrethrum as an adaptogen and immunomodulator in the Ayurvedic system 
of medicine.

Keywords: Akarkara; Anacyclus pyrethrum; rasayana; immunomodulatory; alkylamide

(Received 21 October 2009; revised 08 February 2010; accepted 24 February 2010)

ISSN 1388-0209 print/ISSN 1744-5116 online © 2010 Informa Healthcare USA, Inc.
DOI: 10.3109/13880201003730642 http://www.informahealthcare.com/phb

Pharmaceutical Biology

2010

48

11

1247

1254

21 October 2009

08 February 2010

24 February 2010

1388-0209

1744-5116

© 2010 Informa Healthcare USA, Inc.

10.3109/13880201003730642

PHB

473586

mailto:vkdixit2011@rediffmail.com
http://informahealthcare.com/doi/abs/10.3109/13880201003730642


1248  Vikas Sharma et al.

counteract the adverse effects of modern therapy and 
imbalance of the immune system upon long-term treat-
ment with allopathic drugs (Dahanukar & Thatte, 1997). 
The word rasayana is composed of two words Rasa sig-
nifying vital elixir of life and ayana signifying the home 
of: rasayana in total signifying the vitality and immu-
nity enhancing properties. Rasayana therapy prevents 
diseases and counteracts the aging process by means 
of optimization or homeostasis (Puri, 2003; Thakur 
et al., 2007). Many plants have been extensively used 
as rasayana drugs in Ayurveda for the management of 
neurodegenerative diseases, as tonics and rejuvenators, 
immunomodulators, aphrodisiacs, and nutritional sup-
plements (Thakur & Dixit, 2008).

Anacyclus pyrethrum DC (Compositae) roots, com-
monly known as akarkara (pellitory root), have been 
widely acclaimed in the Ayurvedic system of medicine 
for their rasayana properties (Ministry of Health and 
Family Welfare, 2004). Akarkara has been described 
in ancient Indian literature, i.e. Charak Samhita as 
‘vajikaran rasayana’ which signifies a special category of 
immunomodulators (Puri, 2003). It is widely used in folk 
remedies for stimulating salivary glands. It is also useful 
as a remedy for toothache, paralysis of the tongue and 
throat muscles, and in neuralgic problems of the teeth 
(Bentley & Trimen, 2004). Pellitorine, an alkylamide, is 
one of the constituents amongst various phytochemicals 
reported from the roots of A. pyrethrum; it is a colorless 
crystalline acidamide, and is also known as pyrethrine. 
Pellitorine is an alkylamide consisting of undecadienic 
acid or nonadiene carboxylic acid that possesses an 
intensely pungent taste and produces a sialogogue effect 
(Mukerji, 1953). Other chemical constituents reported in 
the plant include N-isobutyldienediynamide (Crombie, 
1954), and polysaccharides (Bendjeddou et al., 2003). 
Since alkylamide has been acclaimed for potent immu-
nomodulatory activity, the petroleum ether extract of A. 
pyrethrum was evaluated for its in vivo immunomodula-
tory activity.

Materials and methods

Plant material

Dried whole roots of A. pyrethrum (Akarkara) were pur-
chased in August 2007 from local market of Sagar, India. 
The sample, was authenticated by A.M. Mujumdar, at 
the Agharkar Research Institute, Pune, India (voucher 
number Auth.07-86).

Extraction

Dried A. pyrethrum roots were crushed to moderately 
coarse powder (60-180 mesh) using a mechanical grinder. 

Root powder (500 g) was fed into a Soxhlet extractor and 
extracted with petroleum ether (60–80°C) for 72 h. After 
ensuring complete extraction, the extract was collected, 
filtered, and dried under vacuum using a rotary evapora-
tor (Heidolph, Schwabach, Germany) the yield was found 
to be 1.8% w/w. Extract was stored in an air tight vial 
till further use. For oral administration the extract was 
triturated with Arachis (peanut) oil and administered as 
a suspension orally. Cyclophosphamide was a gift sample 
from Khandelwal Laboratories (Mumbai, India). Candida 
 albicans was purchased from IMTECH (Chandigarh, 
India). All other chemicals and reagents used were of 
analytical grade and procured from Qualigens (Mumbai, 
Maharashtra, India).

Animals

The Institutional Animal Ethics Committee of Dr H.S. 
Gour University, Sagar, India, approved the protocol 
for animal experimentation. The guidelines of the 
Committee for the Purpose of Supervision and Control 
of Experiments on Animals (CPCSEA, India) were strictly 
followed.

Wistar albino rats of either sex weighing 120–150 g were 
fed on a standard diet and water ad libitum. The animals 
were housed at room temperature (24° ± 2°C) under a 
normal light/dark cycle of 12:12 h. Animals were allowed 
to acclimatize to the cage environment for one week prior 
to experimentation. Sheep red blood cells (SRBCs) were 
collected in Alsever’s solution, washed three times with 
large volumes of pyrogen-free sterile normal saline, and 
the cells were adjusted to a concentration of 5 × 109 cells 
per mL for immunization and challenge.

Statistical analysis

Data is expressed as mean ± SEM and was analyzed for 
significance of variance by one-way ANOVA followed by 
Dunnett’s test using InSTAT v 2.01.

Chromatographic analysis

High performance thin layer chromatography (HPTLC)
and gas chromatography-mass spectometry (GC-MS) 
analysis of the petroleum ether extract was performed 
in order to characterize the extract. For HPTLC analysis 
pre washed silica gel GF

254
 plates (Merck, Darmstadt, 

Germany) were used. The mobile phase used was 
toluene:ethyl acetate (97:3 v/v). The sample (5 µL) was 
applied on a thin layer chromatography (TLC) plate using 
a Linomat V applicator (Camag, Muttenz, Switzerland). 
The plate was scanned densitometrically at 220 nm using 
a Camag plate scanner. GC-MS analysis was carried 
out as per the methodology reported by Leitao and De 
Oliveira (2001).
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Treatment

Rats were randomly divided into 4 groups comprising of 
six animals each. Petroleum ether extract of Anacyclus 
pyrethrum (PEE) was administered orally as a suspension 
in arachis oil using a metal cannula.

Group I: Control, normal saline per ora (p.o.)•	
Group II: Negative control group, cyclophosphamide •	
(CP) 30 mg/kg; intraperitoneally (i.p.)
Group III: Petroleum ether extract 50 mg/kg (PEE50) •	
p.o.
Group IV Petroleum ether extract 100 mg/kg (PEE100) •	
p.o.
Dosages were determined as 1/10 and 1/20 of LD•	

50
, 

after performing a systematic toxicity assay. A fresh 
animal set was used for each experiment unless 
specified.

In vivo phagocytosis using the carbon clearance 
method

The non-specific immunity characterized by the change 
in macrophage phagocytic activity via the reticuloen-
dothelial system was determined by carbon clearance 
test (Biozzi et al., 1953). The animals of respective groups 
received PEE50, PEE100 or CP treatment as previously 
mentioned for 14 days prior to experimentation. On 
day 14, 3 h before extract treatment, all the groups were 
administered with 0.1 mL carbon suspension (Pellikan 
Tuschea Ink, Hamburg, Germany) intravenously through 
the tail. Blood samples were collected from the retro-
orbital plexus just after challenge with carbon particles 
(time 0) and at regular intervals i.e. 5,10, 15, 20, 25 and 
30min followed by challenge. The blood samples collected 
were lysed with 2 mL 0.1% v/v acetic acid, and absorbance 
was recorded at 675 nm (Cintra GBC, DB-UV, Gottingen, 
Germany) (Thakur et al., 2007). The slope (K) of each time–
concentration curve, was drawn by plotting absorbance 
as ordinate against time as abscissa was determined. The 
overall phagocytic index for each respective group was 
determined using the following formula:

Phagocytic index  
K

 K
sample

control

=

where, K
sample

 represents the slope for various treatments 
(PEE50, PEE100 or CP), and K

control
 represents the slope 

for untreated control group animals.

SRBC-induced delayed type hypersensitivity reaction 
(DTH response)

The effect of extracts on antigen-specific cellular immu-
nity was evaluated by measuring footpad swelling as an 
indicator for delayed type hypersensitivity response. 

Treatment for 14 days as mentioned earlier was carried 
to challenge with SRBC. On day 0, all the groups were 
immunized by subcutaneous administration of 1 mL of 
SRBC cell suspension, which was equivalent to 5 × 109 
SRBC per mL into the right hind foot pad. On day 15, 
all groups were challenged by subcutaneously injecting 
0.5 mL of SRBC cell suspension into the left hind foot pad, 
and the thickness of the left hind foot pad was measured 
after 24 and 48 h of challenge using a plethysmometer. 
The difference between the thickness of the left hind 
foot just before and after challenge in mL was taken as a 
measure of DTH (Lagrange et al., 1974).

Neutrophil adhesion test

The method described by Wilkonson (1978) was used 
for evaluating the effect of PEE of A. pyrethrum roots on 
neutrophil adhesion. After 14 days of treatment to all four 
groups, blood samples were collected in heparinized 
vials by retro-orbital puncture, and total as well as dif-
ferential leukocyte count was determined. After initial 
counts, the blood samples were incubated with 80 mg 
per mL of nylon fibers at 37°C for 15 min. The incubated 
samples were further analyzed for total and differential 
leukocyte count. The product of total leukocyte count 
and percentage neutrophil, known as neutrophil index, 
was determined for each animal of each respective group 
using the formula reported by Fulzele et al. (2002).

Non-specific immunity determined by survival rate 
against fungal infection

Animals of all four groups (Group I-IV) as defined previ-
ously were treated as control or with extract for 14 days 
prior to the challenge with Candida albicans infection. 
On day 15 animals of all groups were injected with 5 × 107 
viable C. albicans cells and observed daily for mortality 
over a period of 7 days (Thakur et al., 2007).

Cyclophosphamide-induced immunosuppression

Cyclophosphamide-induced immunosuppression was 
assessed after cyclophosphamide treatment with or with-
out extract administration. Test animals were divided into 
six groups of six rats each.

Group I: Control (without drug treatment)•	
Group II: Cyclophosphamide (CP) (30 mg/kg body •	
weight i.p. twice weekly)
Group III: Cyclophosphamide (30 mg/kg body weight •	
i.p. twice weekly) and PEE of A. pyrethrum (50 mg/kg 
body weight, daily)
Group IV: Cyclophosphamide (30 mg/kg body •	
weight i.p. twice weekly) and PEE of A. pyrethrum 
(100 mg/ kg daily)
Group V: PEE of •	 A. pyrethrum (50 mg/kg daily)
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Group VI: PEE of •	 A. pyrethrum (100 mg/kg daily)

On day 14, blood samples were collected from the 
retro-orbital plexus in heparinized vials and evaluated 
for hematological parameters. The changes in RBC, 
WBC, hemoglobin and platelet counts were determined 
(Ziauddin et al., 1996).

Humoral response to SRBC (Hemagglutination 
 antibody titer value)

Six groups of animals received drug administration for 
14 days as described earlier in the protocol for cyclo-
phosphamide-induced immunosuppression. On day 0, 
paralleling the aforementioned treatment, these animals 
were immunized by injecting 0.5 mL of 5 × 109 SRBC/mL, 
i.p. and were challenged by injecting an equal volume 
of SRBC (0.5 mL of 5 × 109 SRBC/mL) on day 7. Blood 
samples were collected by retro-orbital puncture on day 
14 for antibody titer (Atal et al., 1986). Hemagglutination 
antibody (HA) titer was determined by using the micro-
titration technique described by Damre et al. (2003). In 
brief, 40 µL of 0.1% (w/v) bovine serum albumin (BSA) 
solution in normal saline was pipetted out in wells of 
micro-titration plates. To this solution 40 µL serum from 
treated and control group animals was added, which was 
later diluted serially (two-fold dilution). To the resulting 
mixture 20 µL of 0.1% suspension of SRBC in BSA-saline 
was added and incubated initially at 37°C followed by 4°C 
incubator for 60 min each. The value of the highest serum 
dilution causing visible hemagglutination was considered 
the antibody titer (Damre et al., 2003).

For the detection of antibody formation, on day 0 all 
animals were immunized by i.p. administration of 0.2 mL 
of 1% w/v BSA in phosphate buffered saline (PBS). After 
immunization a drug regimen of 14 days as described 
in the cyclophosphamide-induced immunosuppres-
sion model was followed. On day 7 blood samples were 
collected and antibody IgG levels of immunized ani-
mals were measured by simple indirect enzyme linked 
immuno sorbent assay (ELISA) and recorded as primary 
antibody levels. On day 14, after the last dose, animals 

were challenged with 0.2 mL of 1% w/v BSA, and on day 
21 blood samples were collected and subjected for ELISA 
to determine IgG levels which were recorded as second-
ary antibody levels.

The method reported by Michalek et al. (1983) was 
used with slight modification. In brief, the wells of ELISA 
plates were coated with 100 µL of 1% w/v BSA (bovine 
serum albumin) in PBS and incubated at 37°C for 1 h. 
Unbound BSA was removed by washing three times 
with PBS T (phosphate buffered saline Tween) solution. 
Aliquots of 25 mL of 1000-fold diluted serum samples 
were added to corresponding wells and incubated for 1 h. 
The unbound serum antibodies were removed by wash-
ing three times with PBS T solution. Aliquots of 50 mL of 
rabbit anti-rat IgG HRP were added to all the wells and 
the plate was incubated for 1 h. All wells were washed 
three times to remove the unbound materials and 50 
µL of substrate (TMB H

2
O

2
) was added and incubated 

for 5 min. The enzyme substrate reaction was stopped 
by adding 50 mL of 5N H

2
SO

4
. Optical density (OD) was 

measured at 450 nm (Elisa reader, Eppendorf, Germany) 
and results calculated as log

10
 values.

Results

Chromatographic analysis

Toluene:ethyl acetate (97:3 v/v) gave the best chroma-
tographic resolution, and spots were visualized by deri-
vatization with anisaldehyde in sulfuric acid followed 
by heating at 110°C for 5 min. The HPTLC fingerprint 
showed 10 distinct peaks. GC-MS of the PEE indicated 
the presence of a compound with molecular weight 223. 
The fragmentation pattern of this particular compound 
matched with the fragmentation pattern reported for pel-
litorine (Gulland & Hopton, 1930).

Carbon clearance test

Administration of PEE of A. pyrethrum roots enhanced 
phagocytic activity in albino rats, a phagocytic index of 

Table 1. Effect of petroleum ether extract of Anacyclus pyrethrum on non-specific and specific immune function.

Group Mean % edema (24 h)
% Change in DTH  

reaction (24 h) Phagocytic index % survival rate

Control 26.81 ± 1.39 _ 1.0 ± 0.0 33.02 ± 8.75

CP 21.9 ± 0.57 18.22 ± 2.12* 0.47 ± 0.11 16.61 ± 5.92

PEE50 35.72 ± 1.03 33.24 ± 2.54 ** 1.72 ± 0.34** 66.23 ± 9.12**
PEE100 43.91 ± 0.84** 63.81 ± 6.26** 1.81 ± 0.42** 83.1 ± 9.79**
All values are expressed as mean ± SEM, n = 6.
*P <0.05 considered significant as compare to control; **P <0.01 considered significant as compared to control.
Control, vehicle control, no treatment; CP, cyclophosphamide (30 mg/kgbw) i.p. daily; PEE50, petroleum ether extract (50 mg/kgbw) p.o. daily; 
PEE100, petroleum ether extract (100 mg/kgbw) p.o. daily.
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1.7 was observed in PEE50. The index was 1.8 in PEE100, 
whereas it was 0.47 in animals receiving CP. The results 
therefore indicate an improved non-specific immunity 
by treatment with PEE of A. pyrethrum (Table 1).

Neutrophil adhesion test

PEE treatment increased the process of marginalization 
of cells in blood vessels and the percentage neutrophil 
adhesion, which was significantly increased with 
PEE100 treatment. The percentage of neutrophil adhe-
sion in the cases of PEE50 and PEE100 was 17.2 and 
23.15, respectively, which in the case of control animals 
was 15.3 and was markedly reduced in CP-treated 
groups because of pronounced immunosuppression 
(Table 2).

Delayed type hypersensitivity

The DTH response measured by footpad thickness in 
the hind paw is an indicator of cell mediated immu-
nity. The percentage change in DTH response found 
after 24 h in the PEE50 and PEE100 groups was 33.2 and 
63.8, respectively. It was 18.2 in the CP-treated group 
compared to control animals. PEE100 significantly  

(P < 0.01) stimulated the cell-mediated immune response 
(Table  1).

Survival rate studies

A general test for the evaluation of immune protection 
by drugs is the study of the survival rate of animals 
against Candida albicans infection. After 7 days of infec-
tion, the survival rate was ~33% in the control group 
whereas it was 83% in PEE100 and 66% in PEE50. The 
results suggest that PEE100 is most effective amongst 
the treatments with test materials in preventing mortal-
ity of rats due to Candida albicans infection. The results 
further support potentiation of non-specific immune 
response on treatment with PEE of A. pyrethrum roots 
(Table 1).

Cyclophosphamide-induced immuno suppression

The effect of drug on immune-compromised animals 
was evaluated by determining blood profiles after CP 
administration. CP control animals showed a significant 
decrease in hematological parameters as compared to 
the control group. In contrast, a significant improvement 
was recorded (P < 0.01) in the extract-treated groups 
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Figure 1. Effect of Anacyclus pyrethrum on cyclophosphamide induced suppression of hematological parameters.

Table 2. Effect of petroleum ether extract of Anacyclus pyrethrum on neutrophil adhesion in rats.

Group

TLC (103 /mm3) % Neutrophil Neutrophil index % Neutrophil 
adhesionUTB TB UTB TB UTB TB

Control 7.85 ± 0.04 7.29 ± 0.08 41.02 ± 0.27 37.31 ± 0.06 321.96 ± 30.52 272.26 ± 27.92 15.31 ± 1.57

CP 7.13 ± 0.1 6.9 ± 0.1 40.01 ± 0.36 37.02 ± 0.73 284.12 ± 32.14 255.37 ± 30.41 10.12 ± 1.86*
PEE50 7.91 ± 0.08 7.52 ± 0.05 46.0 ± 0.57 40.02 ± 1.22 363.42 ± 27.56 300.8 ± 23.42 17.23 ± 1.29

PEE100 8.12 ± 0.09 7.5 ± 0.09 47.6 ± 0.71 39.51 ± 0.44 385.51 ± 25.91 296.82 ± 21.56 23.14 ± 0.87**
All values are expressed as mean ± SEM, n = 6.
*P <0.05 considered significant compared to control; **P <0.01 considered significant compared to control.
Control, vehicle control, no treatment; PEE50, petroleum ether extract (50 mg/kgbw) p.o. daily; PEE100, petroleum ether extract (100 mg/kgbw) 
p.o. daily; CP, cyclophosphamide (30 mg/kgbw) i.p. daily.
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when compared with the CP-treated group, indicating 
immune protection effects of the extract. The PEE of A. 
pyrethrum had a potent hematopoietic activity. After 
14 days the group receiving PEE100 showed maximum 
recovery and stimulation of blood RBC (4.1 million/
mm3), hemoglobin (13 g), WBC (7.95 thousand/mm3) and 
platelet count (504.9 thousand/mm3) as compared to the 
cyclophosphamide-treated group in which the RBC count 
was found to be 2.91 million/mm3, hemoglobin 10 g, WBC 
count of 6.53 thousand/mm3 and platelet count of 347.6 
thousand/mm3 (Figure 1).

Effect on humoral response to SRBC (HA titer)

Administration of CP resulted in significantly decreased 
secondary HA titer 85.3 ± 13.4 as compared to nor-
mal control (149.3 ± 26.9). When compared with the 
CP-treated group, animals receiving CP + PEE100 showed 
maximum recovery observed in terms of HA titer value. 
On day 14 the antibody titer observed in CP + PEE50 and 
CP + PEE100 groups was 160 ± 32.6 and 245.3 ± 62.74, 
respectively, which was significantly higher compared to 
the CP group. PEE50 and PEE100 also showed increased 
antibody titer of 469.3 ± 122.1 and 640.0 ± 128.0, respec-
tively, which was significantly higher (P < 0.01) compared 
to the control group (Table 3).

Effect on immunoglobulin (IgG) level

Secondary antibody responses in immunized animals 
were measured by simple indirect ELISA. Administration 
of CP resulted in significant decrease (P <0.01) in IgG 
level (1.60 ± 0.017) when compared to control animals 
(1.74 ± 0.015). On the contrary, CP + PEE100 and CP + 
PEE50 groups showed dose-dependent recovery with 
IgG levels of 1.83 ± 0.006 and 1.79 ± 0.011, respectively. 
The PEE50 and PEE100 treatment also showed increased 
IgG level (2.02 ± 0.031 and 2.12 ± 0.032, respectively) when 
compared to control group (Table 3).

Discussion

Ayurveda is a holistic system of medicine in which the 
underlying approach to health is not only the treatment of 
the disease but also the treatment of the cause along with 
it. Ayurvedic rasayana therapy uses herbs for improving 
overall resistance of the body against common infec-
tions and pathogens besides providing specific effects. 
The evidence gathered from this study supports conven-
tional claims for the use of A. pyrethrum as a putative, 
protective and immunomodulatory agent (CSIR, 2002; 
Patwardhan et al., 2005). The petroleum ether extract of 
A. pyrethrum roots emerged as an effective immunos-
timulant principle. Boosting of non-specific immunity 
was validated by carbon clearance test, and survival rate 
evaluation against fungal infection. Carbon clearance test 
is an indicator of in vivo phagocytic activity of macro-
phages. Enhanced opsonization of microorganisms lead-
ing to their rapid clearance from the blood is reflected 
by the increased survival rate of extract-treated animals 
in the Candida albicans infection group. Enhancement 
of percentage neutrophil adhesion has been correlated 
with the ability of neutrophils to stimulate non-specific 
immune response due to the peripheral movement of 
neutrophils and consequently immune activation (Roitt 
et al., 1993). The extracts were also effective in enhancing 
the humoral and cell-mediated immune responses.

Augmentation of the humoral response is evidenced 
by increased antibody production in response to SRBC 
challenge during post-immunization drug treatment. 
Enhanced responsiveness is an indication of macro-
phages and B-lymphocyte subsets involved in antibody 
synthesis. During responses, sensitized T-lymphocytes, 
when challenged by the antigen, are converted to lym-
phoblasts and secrete lymphokines, attracting more 
scavenger cells to the site of reaction (Fulzele et al., 
2002). Since drugs augmented the circulating antibody 
titer, it was thought worthwhile to evaluate their effect 
on cyclophosphamide induced immunosuppression. A 
high degree of cell proliferation renders the bone marrow 

Table 3. Effect of petroleum ether extract of Anacyclus pyrethrum on HA titer value and IgG level after immunization in albino rats.

Groups HA titer value

IgG level

Primary  anti body  
response

Secondary antibody 
response

Control 149.32 ± 26.91 0.7 ± 0.01 1.74 ± 0.01

CP 85.31 ± 13.41 0.54 ± 0.01 1.6 ± 0.01*
CP + PEE50 160.01 ± 12.62 0.74 ± 0.0 1.79 ± 0.01

CP + PEE100 245.32 ± 10.74* 0.8 ± 0.0 1.83 ± 0.0

PEE50 469.34 ± 52.1** 0.89 ± 0.01 2.02 ± 0.03**
PEE100 640.02 ± 78.16** 0.96 ± 0.01 2.12 ± 0.03**
All values are expressed as mean ± SEM, n = 6.
*P <0.05 considered significant as compare to control; **P <0.01 considered significant as compared to control.
Control, no drug; CP, cyclophosphamide (30 mg/kgbw) i.p. daily; CP + PEE50, cyclophosphamide (30 mg/kgbw) i.p. with petroleum ether extract 
(50/kgbw) p.o. daily; PEE50, petroleum ether extract (50 mg/kgbw) p.o. daily; CP + PEE100, cyclophosphamide (30 mg/kgbw) i.p. with petroleum 
ether extract (100 mg/kgbw) p.o. daily; PEE100, petroleum ether extract (100 mg/kgbw) p.o. daily.
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a sensitive target, particularly to cytotoxic drugs. In fact, 
bone marrow is the organ most affected during any 
immunosuppression therapy within this class of drug. 
Loss of stem cells and inability of the bone marrow to 
regenerate new blood cells results in thrombocytope-
nia and leukopenia (Agrawal et al., 1999). In the case of 
cyclophosphamide-induced immunosuppression, plant 
extract was able to bring back the levels of WBC, RBC, and 
other blood parameters responsible for protection against 
cyclophosphamide. The protective effect offered by PEE 
of A. pyrethrum against myelosuppression induced by 
cyclophosphamide was comparable with studies on 
other drugs, e.g. Chlorophytum borivilianum Santapau & 
Fernandes and Withania somnifera (L.) Dunal (Ziauddin 
et al., 1996; Thakur et al., 2007).

Petroleum ether extract of A. pyrethrum investigated 
in the present study was found to contain alkylamide as 
revealed by phytochemical characterization. Alkylamides 
have been reported to possess potent immunostimulating 
activity and hence the alkylamide content may be impli-
cated for the observed effects for A. pyrethrum petroleum 
ether extract. Alkylamides have been described as produc-
ing a strong stimulation of phagocyte function as well as 
lipoxygenase inhibiting activity (Morazzoni et al., 2005). 
Similarly, alkylamides of Echinacea purpurea (L.) Moench 
have been shown to stimulate alveolar macrophage (Goel 
et al., 2002). In our study there was a remarkable improve-
ment in phagocytic function evident from rapid clearance 
of carbon particles. This could be correlated with the pres-
ence of alkylamides in petroleum ether extract of A. pyre-
thrum. Rehman et al. (1999) reported the effectiveness of 
alkylamide-containing extract in increasing the production 
of antigen-specific immunoglobulin G and M. Since IgG, 
IgM are distinctly associated with cell mediated immunity, 
hence an increase in their level suggests an increase in the 
ability to improve specific immune response. In our study, 
an increase in IgG level was observed which again may 
be attributed to the presence of alkylamide in the light 
of earlier observation. Apart from this, alkylamides have 
been reported to improve non-specific immune response, 
percentage survival rate against C. albicans infection 
(Morazzoni et al., 2005) and suppression of IL-2 and Cox-2 
inhibitors (Hinz et al., 2007). All these results provide valid 
support to strengthen the claims for immunostimulant 
activity of A. pyrethrum.

Conclusion

Akarkara is advocated as a rasayana drug in Ayurvedic 
medicine. Besides other actions, rasayana are believed 
to act by boosting immunity. Alkylamide may be pro-
viding an important contribution in the overall activity 
postulated for this herb. To the best of our knowledge, 
this is the first report of overall immune potentiation 

by administration of petroleum ether extract of A. pyre-
thrum. Echinacea purpurea has established itself as 
immunomodulator in various studies and alkylamide and 
polymeric carbohydrates (mainly inulin-type fructans) 
have been shown to contribute to the observed activity. 
The alkylamides of A. pyrethrum are chemically similar 
to the alkylamides of E. purpurea. The polymeric car-
bohydrates of A.  pyrethrum are also mainly inulin-type 
fructans, thus providing a close chemical resemblance 
between the two plants. Therefore, we suggest that fur-
ther studies may prove the traditional claim attributed 
to this drug.
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