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ABSTRACT 

Objective: To screen the selected herb / herbal preparations for their effect on complement system Alternative Pathway activity. Methods: The effect of aqueous extracts of 
selected eight plants (Aegle marmelos, Withania somnifera, Centella asiatica, Curcuma longa, Cynodon dactylon, Phyllanthus amarus, Solanum trilobatum, Wedelia chinensis  
an herbal preparation (Trikattu churanum) and an active constituent (curcumin) on in vitro complement system alternate pathway activity was evaluated and compared with 
that of known immunostimulant levamisole and negative standard cyclophosphamide. Results: The results suggest that there is a concentration dependent increase in the 
AP activity for levamisole, AETC, AEST, ACCD, AECA, AEPA, AEWS, AEWC and AEAM. Among the samples investigated for all the eight preparations exhibited increased 
AP activity though different extent when compared to positive control levamisole. Three preparations namely Cyclophosphamide (CYP-negative control), AECL and AECU did 
not exhibit any effect on Alternate pathway activity. It may be due to the fact that CYP, AECL and AECU suppress the immune system by different mechanisms and not 
through alternate pathway. Conclusion: In conclusion, the selected herb / herbal preparations stimulating innate immune system like complement system alternate pathway 
activity and also it is the better choice for the treatment of infectious disease without causing autoimmune disorder. 
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INTRODUCTION

Infectious disease is a major concern for healthcare providing 

agencies, particularly in developing countries and it is mainly 

managed by using appropriate antibiotics apart from preventive 

measures including vaccination programmes. Antibiotics have 

many serious drawbacks like allergic reactions, tolerance, drug 

resistance, bone marrow suppressing effects, swipe out the good 

bacteria and tissue damage due to long course which produces 

reactive oxygen species [1, 2]. Above all, antibiotics can also 

interfere with the immune system and suppress antigen specific 

immune response [3, 4].  

Hence long term use of antibiotic can cause irreversible damage 

to immune system and also there is possibility that the immune 

system may be shunted, in the generations to come, due to 

natural evolutionary process. Hence it is better to manage 

microbial infection by strengthening the immune system so that 

the infection can be taken care of by body defense mechanism 

itself instead of using antimicrobial agents. Many such 

preparations have been reported in ayurveda and siddha system 

of medicines to improve body immune system [5, 6].  

 

Among various immune responses to microbial infection, 
complement system is a strong feature of innate immunity and 
alternate pathway is the first line defence against various 
infectious conditions.  Complement system consists of circulating 
soluble plasma proteins with immediate pattern recognizing ability 
and instant fight capacity against pathogen, triggering specific cell 
functions, opsonisation, inflammation and secretion of 
immunoregulatory molecules [7 – 9]. 

Many herbal extracts have been reported to activate the 
complement system Classical pathway such as Picrorhiza 
scrophulariiflora, Tamarindus indica, Asteraceae family [10-12]. 
Whereas very few reports on agents that enhance Alternate 
pathway activity, such as Levamisole, Trichosanthin, Aloe vera, 
Agaricus blazei Murill [13-16], have been reported. Excessive 
complement activation is observed in inflammatory condition as 
well as in autoimmune disease [17,18]. 

Under this background the present work was carried out to screen 
the selected herb / herbal preparations for their effect on 
complement system Alternative Pathway activity.  Those herb / 
herbal preparations reported to possess immunomodulatory 
activity, have been selected for the study. 

S. 
No 

Plant name / Family / 
Source 

Folklore uses Activity reported Active constituents 

1 Aegle marmelos [19-22]* 
Family:  Rutaceae 

Asthma, Anaemia, Fractures, 
Healing of Wounds, Swollen Joints, 
High Blood Pressure, Jaundice, 
Diarrhoea, dysentery, fever, 
hypoglycemia, febrifuge, hepatitis 
and analgesic 

Contractile activity, Anti-microfilarial 
activity, analgesic, antipyretic, anti-
inflammatory, Anti ulcer, anti 
convulsant, anti depressant, antifertility 
anti fungal, hepatoprotective, 
immunomodulatory ativity. 

Skimmianine, Aegeline, 
Lupeol, Cineol, Citral, 
Citronella, 
Cuminaldehyde, 
Eugenol, Marmesinine 

2 
Ashwagandha (Withania 
somnifera) [23-25] 

Family:   Solanaceae 

Purchased from local 
herbal medicine suppliers 
and used as such 

Best rejuvenative that helps 
maintain proper nourishment of the 
tissues, particularly muscle and 
bones, while supporting the proper 
function of the adrenals and 
reproductive system and also it has 
been recommended for the 
treatment of various ailments which 
include Polyarthritis, rheumatoid 
arthritis, lumbago, painful swellings, 
spermatorrhoea, asthma, 

Anti-inflammatory Activity, Antibiotic 
Activity, Antitumour Activity, 
Immunomodulatory Activity, Anti-
stress/Adaptogenic Activity, 
Anticonvulsant Activity, 
Neuropharmacological Activity, 
Musculotropic Activity, Anti-oxidant 
Activity, Anti-ageing Effect, Anti-
hyperglycaemic Effect, Macrophage-
Activating Effect, Morphine Tolerance 
and Dependence-Inhibiting Effect, 

Withanolides and 
several sitoindosides 
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leucoderma, general debility, sexual 
debility, amnesia, anxiety neurosis, , 
scabies, ulcers, marasmus and 
leucorrhoea 

Hepatoprotective Activity. 

3 Centella asiatica (L) [26-
28]* 
Family:   Apiaceae 

CNS disorders like epilepsy, 
schizophrenia and 
cognitive dysfunction and it has 
been additionally used in the 
management of 
diarrhoea, cholera, measles, 
jaundice, leukorrhoea, 
haematemesis, hepatitis, 
urethritis, toothache, syphilis, 
smallpox, neuralgia, rheumatism, 
toothache and varices 

Antipyretic, analgesic, antiinflammatory 
and immunomodulatory 

Asiatcoside, 
centelloside, 
madecossoside, 
thankuniside, 
isothankunic acid, 
centellose, asiatic, 
centellic and 
madecassic acids and 
brahmoside, 
brahminoside, 
brahmicacid 

4 Curcuma longa [29-33] 
Family:   Zingiberaceae 
Purchased from local 
herbal medicine suppliers 
and used as such 

Anti-inflammatory and for the 
treatment of flatulence, jaundice, 
menstrual difficulties, hematuria, 
hemorrhage, and colic 

Anti- Inflammatory activity, Wound 
healing activity, Anti-tumour activity, 
Antimicrobial, Anticancer activity, 
Hepatoprotective, Repellent activity, 
Anti-platelet activity, Antitussive 
activity, Free radical scavenging and 
antioxidant activity, Antimelanogenic 
activity, Anti-nephrotoxic activity and 
immunosuppressant activity. 

Curcumin 

5 
Curcumin [34] 

Purchased from Sigma 
Aldrich 

variety of inflammatory conditions 
and other diseases,  

anti-inflammatory, anti-cancer, anti-
oxidant, wound healing and anti-
microbial effects 

- 

6 Cynodon dactylon (L.) 
Pers. [35-38]* 
Family:   Poaceae 

cough, headache, diarrhea, cramps, 
epilepsy, dropsy, dysentery, 
hemorrhage, hypertension, hysteria, 
measles, snakebite, sores, stones 
urogenital disorders, tumors, and 
warts 

Antibacterial, antipyretic, 
immunomodulatory, antiarrhythmic, 
anthelmintic, anticancer, antiepileptic, 
antioxidant, antidiabetic, antimicrobial, 
antiviral and wound healing properties. 

β- sitosterol, β- 
carotene, vitamin C, 
palmitic acid, 
triterpenoids, arundoin, 
friedelin, apigenin, 
luteolin 

7 Phyllanthus amarus [39-
41]* 
Family:   Euphorbiaceae 

diarrhoea, dysentery, dropsy, 
jaundice, intermittent fevers, 
urinogenital disorders, scabies and 
wounds, kidney problems, urinary 
bladder disturbances, pain, 
gonorrhea, diabetes and chronic 
dysentery 

Anti-tumour activity, Anti-amnesic, 
Antinociceptive Activity, Anti-oxidant, 
Antileptospiral Activity, Antimicrobial, 
Anticonvulsant, Antidiabetic, 
Antiinflammatory, antifertility, 
Nephroprotective and cardioprotective 
activity, Hepatoprotective effect, 
Antiviral activity, Immunostimulant 
activity 

Phyllanthine, 
hypophyllanthine, 
quercertin, astralgin, 
quercertrin, isoquercitrin, 
rutin, phyllanthusiin D, 
amariin, amarulone, 
amarinic acid 

8 Solanum trilobatum Linn 
[42-43]* 
Family:   Solanaceae 

Tuberculosis, respiratory problems 
and bronchial asthma. 

Hepatoprotective activity, antimicrobial 
activity, antioxidant activity, cytotoxic 
activity, haemolytic activity, protective 
effect, immunomodulatory activity and 
antiinflammatory properties  

Sobatum, β-solamarine, 
solasodine, solaine, 
glycoalkaloid and 
diosogenin 

9 Trikkattu churanum  
traditional polyherbal 
preparations [44-47] 
containing Piper nigrum L 
(Piperaceae), Piper 
longum L. (Piperaceae) 
and Zingiber officinale 
Roscoe. (Zingiberaceae) 
Purchased from local 
herbal medicine suppliers 
and used as such. 

Fever, asthama, cold, cough and 
other general health disorders. 

Immunomodulatory, Anthelmintic, 
antimicrobial and analgesic activities 

Piperine, 
piperlonguminine, 
zingerol 

10 Wedelia chinensis (W. 
chinensis) (Osbeck) Merill 
[48-50]* 
Family:   Asteraceae 

Osteochondritis dissecans, multiple 
sclerosis, juvenile arthritis, gouty 
arthritis, Rheumatic fever, treatment 
of bites and stings, fever and 
infection. kidney dysfunction, cold, 
wound and amenorrhea 

Hepatoprotective, wound healing, 
Anticancer, Immunostimulant, CNS 
depressant, antioxidant, Adaptogenic 
and antistress, Sedative, Anti-
osteoporotic (post menopausal), 
Chemopreventive, Analgesic and anti-
inflammatory, Androgen suppressing 
activity, Anthelmintic and febrifuge 
anticonvulsant, Anti ulcerogenic and 
mucosal protective agent, Antibacterial 
& antimicrobial, Insecticidal 

Wedlolactone 
isoflavonoids, 
bisdesmoside, oleonelic 
acid and saponin 

Drugs and Chemicals 

Levamisole the standard drug was a gift sample from MMC 
healthcare Limited, Chennai. Veronal buffer with Mg++ and EGTA 

containing 10mM barbital, 145 mM NaCl, 0.5 mM MgCl2 and 5 mM 
EGTA, pH 7.4 ± 0.2] (VBS-AP buffer) was from Boston 
Bioproducts (Ashland, US). Anticoagulant, sodium citrate 3.8% 
w/v solution was from Himedia Laboratories Pvt. Ltd.  Phosphate 
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Buffer saline (PBS, pH 7.2) was from Himedia Laboratories Pvt. 
Ltd. India. Normal saline was from Baxter (India) Pvt. Ltd.  All 
other chemicals used were of GR/AR grade. Human serum (HS) 
samples were obtained from healthy volunteers. 

Extraction of plant materials 

The selected plants were powdered, dried and extracted 
separately by boiling with distilled water (1:20, w/v) for 30 mts and 
filtered through muslin cloth. The marc was extracted with further 
quantities of purified water until the extract was colorless. The 
extracts were combined and concentrated in a rotary evaporator 
at a temperature not exceeding 50ºC. The resulting concentrate 
was Lyophilised and stored in the desiccators until use. 

In vitro alternate pathway haemolytic activity [7] 

Preparation of 1% Rabbit erythrocytes (RbE) 

Fresh Rabbit blood was collected in sterile bottle with 
anticoagulant (blood: anticoagulant, 9:1 v/v), mixed and 
centrifuged at 2000 rpm for 10 minutes. Supernatant was 
removed by decantation, cells were washed twice with PBS and 
twice with VBS – AP buffer (VBS/Mg2+/EGTA). 1% v/v suspension 
of RbE in VBS – AP buffer was prepared by suspending washed 
erythrocytes in VBS – AP buffer.  

The assay was performed in flat-bottom 96-well microtitre plates. 
5mg / mL solution each of Levamisole (Standard drug), AEEA and 
AETA were prepared in triplicate in VBS-AP buffer and filtered 
through whatman filter paper. Further dilutions were made in the 
micro-centrifuge tubes (1:4, 1:8, 1:16, 1:32, 1:64, 1:128, 1:256) 
with the VBS-AP buffer resulting in a final volume of 100 µL in 
each tube and 25 µL of HS was added to each tube. After 
incubating for 30 min at 37 °C, 25 µL RbE suspension was added 
to each tube and the tubes were incubated at 37 °C for 60 min. 
Subsequently, the tubes were centrifuged at 1000 g for 6 min. 50 
µL of the supernatant was transferred to flat-bottom microtiter 
plate, mixed with 200 µL water and the absorbance was 
measured at 412 nm in an ELISA automatic plate reader. Controls 
in this assay consisted of RBC incubated in distilled water (Total 
lysis), RBC incubated in buffer (Blank) and the colour of HS-
dilution (complement blank). The absorbance of complement 
blank was subtracted from absorbance values of test sample to 
get the corrected absorbance of test serum. 

Percentage haemolysis for each dilution was calculated by using 
the following formula:  

 

The percentage hemolysis was plotted against concentration of 
the drug / extract. Further log-log plot also made for the above 
data and the concentration of drug / extract required for producing 
50% haemolysis (APC50) was calculated from log-log plot.  

RESULTS 

Preparation of extract  

25g each of selected powdered herb/herbal preparation was 
extracted separately by boiling with distilled water (1:20, w/v) for 
30 mts and filtered through muslin cloth. The extraction was 
repeated with fresh distilled water until the extract was colourless. 
The combined extract was concentrated in a rotary evaporator at 
a temperature not exceeding 50ºC. The resulting concentrate was 
lyophilised. In case of curcumin the sample was dissolved in VBS 
– AP buffer and diluted to get a final concentration. The physical 
appearance and yield are given in table: 1.  

Table 1: Properties of the extracts. 

Name of the aqueous 
extract 

Physical 
appearance 

% 
yield 

Aegle marmelos (AEAM) Greenish yellow 25.12 
Withania somnifera (AEWS) Greenish 19.6 
Centella asiatica (AECA) Dark Greenish 18.2 
Cynodon dactylon (AECD) Yellowish green 20.2 
Phyllanthus amarus (AEPA) Greenish yellow 16.4 
Solanum trilobatum (AEST) Greenish white 16.9 
Trikkattu churanum (AETC) Brownish Red 26.45 
Curcuma longa (AECL) Yellowish 21.55 
Wedelia chinensis (AEWC) Greenish brown 16.4 

 
In vitro alternate pathway haemolytic activity 

Preparation of 1% Rabbit erythrocytes (RbE)  

Rabbit erythrocyte suspension was prepared in VBS buffer 
separately from 3ml of rabbit blood was collected in sterile bottle 
containing 0.33ml of anticoagulant. The in vitro alternate pathway 
hemolytic activity was evaluated and the results are given in table 
2 and table 3. The % lysis vs concentration plots are given in 
figure 1 for VBS – AP buffer. The concentration of drug / extract 
(APC50) required for producing 50% hemolysis was calculated 
from the log-log plot of % lysis vs concentration and it was shown 
in table 4. 

Table .2: In vitro AP activity expressed as a percentage hemolysis using VBS – AP buffer. 

NHS Percentage lysis 

7.93 ± 0.39 

Concentration (µg/mL) LEV AETC AEST AECD AECA AEPA AEWC 

1000 60.58 ± 0.29 52.94 ± 0.34 53.67 ± 0.37 52.14 ± 0.53 54.23 ± 0.36 54.81 ± 0.31 54.11 ± 0.29 
500 53.55 ± 0.29 40.97 ± 0.20 41.75 ± 0.38 42.72 ± 0.47 45.30 ± 0.30 49.99 ± 0.26 47.81 ± 0.20 
250 47.37 ± 0.33 37.39 ± 0.27 37.88 ± 0.46 37.68 ± 0.51 41.14 ± 0.34 46.22 ± 0.50 43.01 ± 0.19 
125 40 ± 0.33 33.16 ± 0.24 33.06 ± 0.24 33.06 ± 0.24 37.56 ± 0.29 40.77 ± 0.30 40.04 ± 0.16 
62.5 31.82 ± 0.29 23.86 ± 0.34 23.52 ± 0.40 24.76 ± 0.33 29.36 ± 0.36 31.04 ± 0.17 33.18 ± 0.20 
31.25 23.77 ± 0.29 19.61 ± 0.16 19.85 ± 0.20 20.58 ± 0.28 24.93 ± 0.32 23.57 ± 0.38 26.37 ± 0.15 
15.625 16.25 ± 0.30 13.45 ± 0.19 13.86 ± 0.36 14.67 ± 0.13 19.00 ± 0.23 15.49 ± 0.23 19.14 ± 0.61 

Values are expressed as mean ± S.E.M, n=3 in each group  

Table.3: In vitro AP activity expressed as a percentage hemolysis using VBS – AP  buffer. 

NHS 
Percentage lysis 

7.93 ± 0.39 

Concentration (µg/mL) AEAM AECL CYP AECU AEWS 

1000 54.20 ± 0.35 15.31 ± 0.14 16.90 ± 0.52 11.29 ± 0.15 52.67 ± 0.34 
500 48.36 ± 0.15 13.53 ± 0.13 15.91 ± 0.13 9.63 ± 0.07 46.30 ± 0.30 
250 43.50 ± 0.18 11.65 ± 0.15 14.28 ± 0.25 7.46 ± 0.09 42.50 ± 0.26 
125 40.48 ± 0.24 9.20 ± 0.19 11.58 ± 0.13 5.13 ± 0.08 39.39 ± 0.24 
62.5 33.67 ± 0.11 8.23 ± 0.05 10.09 ± 0.09 3.75 ± 0.08 29.65 ± 0.64 
31.25 26.76 ± 0.15 6.64 ± 0.08 8.46 ± 0.17 2.43 ± 0.09 22.65 ± 0.20 
15.625 19.61 ± 0.33 5.25 ± 0.12 7.95 ± 0.17 1.05 ± 0.10 14.79 ± 0.17 

Values are expressed as mean ± S.E.M, n=6 in each group 
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Fig.1: In vitro AP activity expressed as a percentage 
hemolysis using VBS – AP  buffer. 

 

Table. 4: In vitro APC50 activity using VBS – AP buffer. 

Test sample APC50 activity 

Levamisole 367.30 ± 4.2 
AETC 702.57 ± 5.3

 a
 

AEST 703.57 ± 27.49
 a
 

AECD 713.69 ± 14.5
 a
 

AECA 617.02 ± 16.4 
a
 

AEPA 430.34 ± 14.4
 b
 

AEWS 528.87 ± 4.07
 a
 

AEWC 516.92 ± 7.8
 a
 

AEAM 497.46 ± 7.6
 a
 

Values are expressed as mean ± S.E.M, n=3 in each group, 
a 
p<0.01 AETC, AEST, AECD, AECA, AEWS, AEWC and AEAM 

when compared with Levamisole.
b 

p<0.05 AEPA, when 
compared with Levamisole. 

DISCUSSION 

Antibiotics are life saving drugs for many clinical health conditions 
but the drawbacks of using of antibiotics is well documented. 
Apart from developing of drug resistant, cost and other side 
effects they also interfering with functioning of immunological 
system. Hence indiscriminate use of antibiotics may make the 
immune system less active is subsequent generations due to 
evolutionary process. Hence the better way of managing 
infectious diseases by strengthening of body defense mechanism 
so that the infection will be taken care of by them [1-4]. 

Immunological response not only neutralized toxic effect of 
antigens but also produce inflammatory reactions. Excessive 
stimulation of immune system may cause the unwanted 
inflammatory reactions and possibly autoimmune disorder. Hence 
a therapeutic use of immunomodulatory agent should have a 
balanced activity so that it helps eliminate the infection without 
inflammatory reactions [17, 18]. 

Among various immunological responses, complement system AP 
has distinct advantage of first line defense against invading 
microbes, being consist of soluble plasma proteins and the 
response is instantaneous and does not involved immunological 
memory. Hence agent capable of stimulating alternate pathway 
selectively could be a better choice to treat infectious disease or 
used as an adjuvant in the antibiotic therapy. Due to this fact, 
probably, complement system AP stimulants are stimulate are 
prevalently used in fish hatchery to prevent infection [51, 52]. 

Our previous study (under communication) revealed that certain 
herbs stimulate AP activity selectively by stimulate factor B. Those 
herbs may be potentially activating only factor B which leads to 
cleavage of factor B to Ba and Bb. Bb is involved in the 
proliferation of pre activated B lymphocytes, while Ba inhibits their 
proliferation thereby causing homeostasis of B lymphocyte 
activity. Hence it will not produce inflammatory disorder. These 
findings encouraged us to investigate the other medicinal herbs 
for their AP activity. 

Among the eight plants, a herbal preparation (Trikattu churanum) 
and an active constituent (curcumin) investigated for AP activity. 
In which seven plants and the herbal preparation were reported as 
immunostimulant whereas Curcuma longa and its active 
constituent (Curcumin) reported to have immunosuppressant 
effect.  

Traditionally aqueous extracts of herbs in the form of decoction is 
used in folklore medicines. Hence the present study the 
lyophilized aqueous extracts is used. Use of other organic 
solvents was avoided. 

The in vitro studies revealed that there is a concentration 
dependent increase in the AP activity for the standard 
immunostimulant drug levamisole (LEV), AETC, AEST, ACCD, 
AECA, AEPA, AEWS, AEWC and AEAM. The concentration 
required for 50% haemolysis (APC50) was found to be 367.30 ± 
4.2 µg/ml, 702.57 ± 5.3 µg/ml, 703.57 ± 27.49 µg/ml, 713.69 ± 
14.5 µg/ml, 617.02 ± 16.4 µg/ml, 430.34 ± 14.4 µg/ml, 528.87 ± 
4.07 µg/ml, 516.92 ± 7.8 µg/ml and 497.46 ± 7.6 µg/ml for 
levamisole, AETC, AEST, ACCD, AECA, AEPA, AEWS, AEWC 
and AEAM respectively with VBS – AP buffer.  

Among the samples investigated for all, the eight preparations 
exhibited increased AP activity though different extent when 
compared to positive control levamisole. Three preparations 
namely Cyclophosphamide (CYP-negative control), AECL and 
AECU did not exhibit any effect on Alternate pathway activity. It 
may be due to the fact that CYP, AECL and AECU suppress the 
immune system by different mechanisms and not through 
alternate pathway.  

Interestingly curcuma longa and curcumin the well known herb 
commonly used in alternate system of medicine as antiseptic and 
antimicrobial agent as well as for wound healing [35], 
immunosuppressant [33]. It was expected that curcuma longa and 
its active constituent curcumin suppress immune system by 
various mechanism at the same time they might activate 
complement system AP activity thereby act as anti-infective agent. 
Hence this plant (Curcuma longa) and its active constituent 
(Curcumin) were included for the present study. However, 
contrary to the expectation this plant and its active constituent did 
not have any effect on complement system AP activity.  

CONCLUSION 

In the present study attempt has been made to evaluate the effect 
of aqueous extracts of selected eight plants, an herbal preparation 
(Trikattu churanum) and an active constituent (curcumin) on in 
vitro complement system alternate pathway activity and compared 
with that of levamisole and cyclophosphamide. There was 
significant rise in the AP activity for AETC, AEST, ACCD, AECA, 
AEPA, AEWS, AEWC and AEAM as well as levamisole even at 
the least dose level 15.625 µg/ml when compared to NHS. 
However AETC, AEST, ACCD, AECA, AEPA, AEWS, AEWC and 
AEAM exhibited less activity when compared with levamisole. 
AECL and AECU exhibited dose dependent increase in the 
complement system alternate pathway activity though significantly 
less than that of the other plants studied as well as that of 
levamisole. There is possibility that AECL and AECU specifically 
suppress certain adaptive immune system while stimulating innate 
immune system like complement system alternate pathway 
activity and the better choice for the treatment of infectious 
disease without causing autoimmune disorder. 

ACKNOWLEDGEMENT 

The authors express their gratitude to University Grants 
Commission, New Delhi, India for their financial support for this 
work under Major Research Project Scheme. 

REFERENCES 

1. Andreas Handel, Elisa Margolis and Bruce R. Levin. 
Exploring the role of the immune response in preventing 
antibiotic resistance. J. Theoret. Biol 2009; 256: 655–662. 

2. Chandel NS and Budinger GRS. The good and the bad of 
antibiotics. Sci. Transl. Med 2013; 5: 192fs25 (2013). 



Pandiyan et al                                                                                                          Mintage journal of Pharmaceutical & Medical Sciences│10-15 

Vol 5 Issue 3, July-Sep 2016                                              www.mintagejournals.com                                                                                         14 

3. Pomorska-Mol M and Pejsak, Z. Effects of antibiotics on 
acquired immunity in vivo – current state of knowledge. Pol 
J Vet Sci 2012; 15 (3): 583-588. 

4. Panigrahy P, Grumbles LC, Millar D, Naqi SA and Hall CF. 
Antibiotic-induced Immunosuppression and Levamisole-
induced Immunopotentiation. Avian Dis 1979; 23(2): 401-
408. 

5. Singh MP, Ahirwar J and Muthal N. Evaluation of 
immunomodulatory activity of aqueous extract of Ficus 
bengalensis aerial roots in wistar rats. Asian J Pharm Clin 
Res 2011; 4(1):82-86. 

6. Vinothapooshan G and Sundar K. Immunomodulatory 
activity of various extracts of Adhatoda vasica Linn. in 
experimental rats. Afr. J. Pharm. Pharmacol. 2011; 5(3): 
306-310. 

7. Balaji P, Fathima N, Lakshyajit Kakati, Jaseer K.K, Uma 
Krithika S and Kannan K. Activation of complement system 
alternate pathway by Andrographis paniculata, Ocimum 
sanctum and Azadirachta indica. Eur J pharm med res 
2015;2(3): 401-408. 

8. Goldsby RA, Kindt TK, Osborne BA and Kuby J. 
Immunology, 5th Edition, W.H. Freeman and Company, 
New York, New York, 2003. 

9. Charles A. Janeway, Jr and Ruslan Medzhitov. Innate 
immune recognition. Annu. Rev. Immunol 2002; 20:197–
216. 

10. Smit HF, Kroes BH, Van Den Berg AJJ, Van Der Wal D, 
Van Den Worm E, Beukelman CJ, Van Dijk H and Labadie 
RP. Immunomodulatory and anti-inflammatory activity of 
Picrorhiza scrophulariiflora. J Ethnopharmacol 2000; 73:  
101–109. 

11. Ana Paula Landi Librandi, Tais Nader Chryso stomo, Ana 
Elisa CSA, 
Carem Gledes Vargas Recchia, Sergio Akira Uyemura and 
Ana Isabel de Assis-Pandochi. Effect of the extract of the 
tamarind (Tamarindus indica) fruit on the complement 
system: Studies in vitro and in hamsters submitted 
to a cholesterol-enriched diet. Food Chem Toxicol 2007; 45: 
1487–1495. 

12. Batbayar N, Banzragch D, Inngjerdingen KT, Naran R, 
Michaelsen TE and Paulsen BS. Polysaccharides from 
Mongolian plants and their effect on the complement 
system: I. Polysaccharides from plants of the Asteraceae 
family. Asian J Tradit Med 2008; 3 (1). 

13. Jaya Kumari and Pramoda K Sahoo. Dietary levamisole 
modulates the immune response and disease resistance of 
Asian catfish Clarias batrachus (Linnaeus). Aquacult Res 
2006; 37: 500-509. 

14. Chen X and Ma B-L. Trichosanthin, an initiator of the 
alternative complement activation pathway. Clin Exp 
Immunol 1993; 93:248- 252.  

15. Alishahi  M,  Ranjbar  MM,  Ghorbanpour  M, Peyghan R, 
Mesbah M and Razi jalali M. Effects of dietary Aloe vera  on 
specific  and  nonspecific  immunity  of Common carp 
(Cyprinus carpio).  J Vet Res 2010; 4(3): 85 – 91. 

16. Shimizu S, Kitada H, Yokota H, Yamakawa J, Murayama T, 
Sugiyama K, Izumi H and Yamaguchi N. Activation of the 
alternative complement pathway 
by Agaricus blazei Murill. Phytomed 2002; 9:536–545. 

17. Dorota Tichaczek-Goska. Deficiencies and excessive 
human complement system activation in disorders of 
multifarious etiology. Adv Clin Exp Med 2012; 21(1): 105–
114.  

18. Maria VC and Robert BS. Complement in health and 
disease. Adv Drug Deliv Rev 2011; 63: 965–975. 

19. Ganesh N. Sharma, Susheel K. Dubey, Piush Sharma and 
Nitin Sati. Medicinal Values of Bael (Aegle marmelos) (L.) 
Corr.: A Review. Int. J. Current Pharm Rev. Res. 2011; 1(3): 
12-22. 

20. Patel Axay R, Garach Dipak, Chakraborty manodeep and 
Kamath Jagadish V. Aegle Marmelos (Linn.): A therapeutic 
boon for human health. IJRAP 2012; 3 (2): 159-163. 

21. Dinesh Kumar Sekar, Gaurav Kumar,  Karthik L and 
Bhaskara Rao KV. A review on pharmacological and 

phytochemical properties of Aegle marmelos (L.) Corr. Serr. 
(Rutaceae). Asian J Plant Sci Res, 2011, 1 (2): 8-17. 

22. Ankur Choubey, Aadarsh Choubey, Ashish Mishra, Shilpi 
Mishra and Patil UK. Evaluation of the immunomodulatory 
activity of methanolic and ethanolic extract of leaves of 
Aegle marmelos in rats. Int.J.Drug Dev Res 2010; 2(3):664-
668. 

23. Qamar Uddin, Samiulla L, Singh VK and Jamil SS. 
Phytochemical and Pharmacological Profile of Withania 
somnifera Dunal: A Review. J Applied Pharm. Sci 2012; 2 
(1): 170-175. 

24. Umadevi M, Rajeswari R, Sharmila Rahale C, 
Selvavenkadesh S, Pushpa R, Sampath Kumar KP and 
Debjit Bhowmik. Traditional and Medicinal Uses of Withania 
Somnifera. The Pharma Innovation 2012; 1(9):102-110. 

25. Satish K. Verma, Asima Shaban, Reena Purohit, Madhvi L. 
Chimata, Geeta Rai and Om Prakash Verma. 
Immunomodulatory activity of Withania somnifera (L.). J 
Chem Pharm Res 2012, 4(1):559-561. 

26. Arora D, Kumar M and Dubey SD. Centella asiatica - A 
review of its medicinal uses and pharmacological effects. J 
Nat Remedies 2002; 2(2): 143 – 149. 

27. Khanittha Punturee, Christopher P Wild, Watchara 
Kasinrerk and Usanee 
Vinitketkumnuen. Immunomodulatory Activities of Centella 
asiatica and 
Rhinacanthus nasutus Extracts. Asian Pac J Cancer Prev 
2005; 6:396-400. 

28. Sakshi Singh, Asmita Gautam, Abhimanyu Sharma and 
Amla Batra. Centella asiatica (L.): A plant with immense 
medicinal potential but threatened. Int J Pharm Sci Rev Res 
2010; 4(2): 9-17. 

29. Jain Sambhav, Rai Rohit, Upadhyaya Ankit Raj and 
Malhotra Garima. Curcuma longa in the management of 
inflammatory diseases – a review. IAMJ 2014; 2 (1): 33-40. 

30. Akram m, Shahab-Uddin,  Afzal Ahmed, Khan Usmanghani, 
Abdul Hannan, Mohiuddin E and Asif M. Curcuma longa 
and curcumin: a review article. Rom. J. Biol. – Plant Biol 
2010; 55 (2): 65–70. 

31. Gwendolyn Cazander, Gerrolt N. Jukema and Peter H. 
Nibbering. Complement Activation and Inhibition in Wound 
Healing. Clin Dev Immunol 2012; Article ID 534291: p.p:1-
14 doi:10.1155/2012/534291. 

32. Christian Kliem, Anette Merling, Marco Giaisi, Rebecca 
Köhler, Peter H. Krammer and Min Li-Weber. Curcumin 
Suppresses T Cell Activation by Blocking Ca

2
 Mobilization 

and Nuclear Factor of Activated T Cells (NFAT) Activation. J 
Biol Chem 2012; 287(13): 10200–10209.. 

33. Zahra Amirghofran. Herbal Medicines for 
Immunosuppression. Iran J Allergy Asthma Immunol June 
2012; 11(2): 111-119. 

34. Radha K Maheshwari, Anoop K Singh, Jaya Gaddipati and 
Rikhab Srimal. Multiple biological activities of curcumin: A 
short review. Life Sciences 2006; 78: 2081–2087. 

35. Kaliyaperumal Ashokkumar, Kumarakurubaran Selvaraj and 
Saradha Devi Muthukrishnan. Cynodon dactylon (L.) Pers.: 
An updated review of its phytochemistry and pharmacology. 
J. Med. Plants Res 2013;  7(48): 3477-3483. 

36. Badri Prakash Nagori and Renu Solanki. Cynodon dactylon 
(L.) Pers.: A valuable medicinal plant. Res j med plant 2011; 
5 (5): 508-514. 

37. Amrita Asthana, Anil Kumar and Sumit Gangwar, Jyotsna 
dora. Pharmacological Perspectives of Cynodon dactylon. 
RJPBCS 2012; 3(2): 1135 -1147. 

38. Kaliyaperumal Ashokkumar,  Saradha Devi KM and 
Annapoorani S. Evaluation of the Immunomodulatory 
Activities for Ethyl Acetate Fraction of Cynodon dactylon in 
Balb/c mice. J Agric Sci 2011; 3(3): 182-185.  

39. Joseph B and Raj SJ. An overview: Pharmacognostic 
properties of Phyllanthus amarus Linn. Int J Pharmacol 7(1): 
40-45, 2011. 

40. Sonia Verma, Hitender Sharma and Munish Garg. 
Phyllanthus Amarus: A Review. J Pharmacogn Phytochem 
2014; 3 (2):18-22. 

http://ijcpr.com/
http://www.ijrap.net/


Pandiyan et al                                                                                                          Mintage journal of Pharmaceutical & Medical Sciences│10-15 

Vol 5 Issue 3, July-Sep 2016                                              www.mintagejournals.com                                                                                         15 

41. Oyewo, Emmanuel Bukoye, Akanji, Musbau Adewumi and 
Adekunle and Adeniran Sanmi. Immunomodulation 
Capabilities of Aqueous Leaf Extract of Phyllanthus amarus 
in male Wistar Rats. Report and Opinion 2012;4:(1): 22-37. 

42. Juhi Sahu, Bhawana Rathi, Sameksha Koul and Khosa RL. 
Solanum trilobatum (Solanaceae) – An Overview. J Nat 
Remedies 2013; 13 (2): 76-80. 

43. Divyagnaneswari M, Christybapita D and  Dinakaran RM. 
Immunomodulatory activity of Solanum trilobatum leaf 
extracts in Oreochromis niloticus, Diseases in Asian 
Aquaculture VI 2008: 221-234.  

44. Mahesh K. Senghani, Prakash S. Sukhramani, Sarav A. 
Desai, Ashvin V. Dudhrejia and Navin R. Sheth. Qualitative 
and Quantitative Standardization of Trikkattu churanum. 
Research Journal of Pharmacognosy and Phytochemistry 
2011; 3(4): 154-157. 

45. Uma Reddy B and Seetharam YN. Anthelmintic activity of 
trikkatu churana and its ingredients. Pharmacologyonline 
2009; 1: 922-927.  

46. B. Uma Reddy and Seetharam YN. Antimicrobial and 
analgesic activities of trikatu churna and its ingredients. 
Pharmacologyonline 3: 489-495 (2009).  

47. Venkatachalam VV, Kannan KK, Suresh V, Suresh A, Balaji 
P and Mohankumar R. Study of the immunomodulatory 

activity of trikkattu churanum in mice. Int. J. Chem. Sci 
2009; 7(2): 944-950. 

48. Sameksha Koul, Pandurangan A and Khosa RL. Wedelia 
chinensis (Asteraceae) - An overview. Asian Pac J Trop 
Biomed 2012: S1169-S1175. 

49. Irshad Nomani, Avijit Mazumder and Chakraborthy GS. 
Wedelia chinensis (Asteraceae)- An Overview Of A Potent 
Medicinal Herb. Int J PharmTech Res 2013; 5(3): 957-964. 

50. Amal K. Maji, Subhadip Mahapatra, Pratim Banerji and 
Debdulal Banerjee. Immunomodulatory effect of Wedelia 
chinensis and demethylwedelolactone by interfering with 
various inflammatory mediators. Oriental Pharmacy and 
experimental medicine 2015; 15(1); 23-31. 

51. Jaqueline Dalbello Biller-Takahashi, Leonardo Susumu 
Takahashi, Cleni Mara Marzocchi Machado, Fabio 
Sabbadin Zanuzzo, Rafael Estevan Sabioni and Elisabeth 
Criscuolo Urbinati. Hemolytic activity of alternative 
complement pathway as an indicator of innate immunity in 
pacu (Piaractus mesopotamicus). R. Bras. Zootec 2012; 41 
(2):237-241. 

52. Amir Tukmechi, Ahmad Morshedi and Nowruz Delirezh. 
Changes in intestinal microflora and humoral immune 
response following probiotic administration in rainbow trout’ 
(Oncorhynchus mykiss). J Animal and Veterinary Advances 
2007; 6 (10): 1183-1189. 

 

 

 

 

 


