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ABSTRACT 
 

The immunosuppressive activity of the Methanol extract of bark of Moringa Oleiferaconsisting of a mixture of saponins, flavonoids, 

tannins, steroids, phenol and glycosides wasstudied on the immune responses in mice.Methanol extract of Moringa Oleifera(MO) 

wasadministered orally at doses of 50, 100 and 150 mg/kg/day to healthy mice divided into fourgroups consisting of six animals 

each.The assessment of immunomodulatory activity was carriedout by testing the humoral (antibody titre) and cellular (foot pad 

swelling) immune responses tothe antigenic challenge by sheep RBCs.Furthermore, the effect on hematological parameters aswell 
as relative organ weight was determined. On oral administration MMO showed a significantdecrease delayed type hypersensitivity 

(DTH) response whereas the humoral response to sheepRBCs was unaffected. Thus MMO significantly suppressed the cellular 

immunity by decreasingthe footpad thickness response to sheep RBCs in sensitized mice.With a dose of 100 and 150 mg/kg/day the 

DTH response was 8.31 ± 1.53 and 6.19 ± 2.34respectively in comparison to correspondingvalue of 15.43 ± 1.69for untreated 

control group.These differences in DTH response werestatistically significant (P < 0.05). The study demonstrates that MMO shows 

preferential suppression of thecomponents of cell-mediated immunity and shows no effect on the humoral immunity. 

 

Keywords: Immunosuppressive, Moringa Oleifera,Delayed type hypersensitivity, Haemagglutinating antibody titre and 

Methanolic extract. 

 

 

 

INTRODUCTION 
 
Immunosuppression involves an act that reduces the 

activation or efficacy of the immune system. Some portions 

of the immune system itself have immunosuppressive effects 

on other parts of the immune system, and immunosuppression 

may occur as an adverse reaction to treatment of other 

conditions. Immunosuppressants are used to control severe 

manifestations of allergic, autoimmune and transplant-related 

diseases. Some drugs have a diffuse effect on the immune 

system while others have specific targets. Drugs with diffuse 

effects are more likely to cause damaging adverse effects, but 

the effectiveness of the more specific drugs may be reduced 
if their action can be bypassed by alternative metabolic 

pathways. Treatment protocols therefore frequently use drug 

combinations to minimize adverse effects and to prevent 

resistance to treatment. Although protocols are essential to 

allow scientific evaluation, the clinician must be prepared to 

tailor treatment based on the ongoing assessment of drug 

effects, disease activity and the robustness of the individual 

patient.1,2 Deliberately induced immunosuppression is 

generally done to prevent the body from rejecting an organ 

transplant or for the treatment of autoimmune diseases such 
as rheumatoid arthritis or Crohn's disease. This is typically 

done using drugs, but may involve surgery (splenectomy), 

plasmapharesis, or radiation. Many of the currently available 

immunosuppressants were developed for use in oncology or 

transplantation. As this treatment is potentially life-saving 

desperate measures can be justified. However, there are now 

over 80 autoimmune diseases and several common allergic 

conditions in which immunosuppressants could play a role 

although  they may not be life-saving. Clinically they are used 

to:3 
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 Prevent the rejection of transplanted  organs and tissues 

(e.g. bone marrow,  heart, kidney, liver) 

 Treatment of autoimmune diseases or diseases that are 

most likely of autoimmune origin (e.g. rheumatoid 

arthritis, myasthenia gravis, systemic lupus 

erythematosus, Crohn's disease, and ulcerative colitis).  

 Treatment of some other non-autoimmune inflammatory 

diseases (eg. long term Allergic Asthma control). 
Cortisone was the first immunosuppressant identified, but its 

wide range of side effects limited its use. The more specific 

azathioprine was identified in 1959, but it was the discovery 

of cyclosporine in 1970 that allowed for significant expansion 

of kidney transplantation to less wellmatched donor-recipient 

pairs as well as broad application of liver transplantation, 

lung transplantation, pancreas transplantation, and heart 

transplantation. Some immunosuppressants act through 

immunodepletion of effector cells, while others are 

predominantly immunomodulatory, affecting the activity of 

cells, usually through cytokine inhibition. 
Immunosuppressive drugs can be classified into five 

groups:4,5 

I. Glucocorticoids 

II. Cytostatics 

III. Antibodies 

IV. Drugs acting on Immunophilins 

V. Other drug 

 

Innate and Specific immunity 

 
The innate immune system is die first fine of defence that acts 

immediately to resist against infection. The innate response is 

characterized by a limited capacity to distinguish between 

infectious agents and die efficacy to respond is not improved 

with repeated exposure, due to the absence of memory. 

The cells of the innate immune system specifically recognize 

pathogen-derived antigens by means of pattem-recognition 

receptors (PRRs), the specificity of these are highly 
conserved and genetically dictated. This group of receptors 

belong to the family of Toll-like receptors (TLRs), which 

recognize pathogen associated molecular patterns (PAMPs) 

uniquely expressed on cells of microorganisms and absent 

from host cells. The TLRs are type I transmembrane proteins 

with an intracellular domain very similar to that of the 

cytoplasmic domain of the interleukin (IL) -1 receptor (IL-

1R) and possibly use an analogous molecular signalling 

pathway. EL-1 activation involves the triggering of several 

transcription factors, including nuclear factor kappa B (NF-

kB) and c-jun/AP-1 that are crucial for the transcription of 

several pro-inflammatory cytokines, costimulators and 
chemokines. 

The specific immune response displays specificity, diversity 

and memory that improves with repeated exposure and 

seltfnon-self recognition. The specific immune system is 

capable of recognizing billions of uniquely different 

structures on foreign antigens via specific receptors on the 

surface of T and B lymphocytes. The capacity of these cells 

to distinguish foreign molecules from self is learned during 

ontogeny. The components involved in the specific immune 

response include T and B lymphocytes, antigen presenting 

cells (APCs) and plasma cells.6 

Lymphocytes Each B and T cell is genetically programmed 

to encode for a surface receptor and is responsible for the 

recognition of a particular antigen. Antigen receptor diversity 

is generated in immunoglobulin (Ig) and T cell receptor 

(TCR) variable regions by the process of VDJ recombination 

from a spectrum of germline gene segments to produce a 

randomly selected lymphocyte receptor with a unique 

specificity. In T cells subsequent thymic selection governs the 

composition of the peripheral TCR repertoire. Individual 

TCR’s exhibit a certain degree of cross-reactivity therefore a 
single TCR can recognize multiple peptide-major 

histocompatibility complex (MHC) antigens and, vice versa, 

a single peptide-MHC can be recognized by multiple TCR’s. 

Thus a T cell response to a given individual antigen can 

involve more than one TCR clonotype. 

The adaptive immune response to an antigen can be divided 

into three phases: firstly the recognition stage, secondly a 

phase of activation, and finally the effector phase. The first 

stage involves the binding of antigens to specific B or T cell 

receptors. This is followed by a sequence of events occurring 

within the immune cell resulting in the proliferation and 
expansion of the activated cell and consequently the 

differentiation of the activated cell and its progeny into 

effector cells. Effector lymphocytes either directly kill 

infected body cells or they secrete cytokines. The cytokines 

act either by directly destroying pathogens or induce other 

cell types, such as cytotoxic T lymphocytes (CTL) and 

macrophages to enhance their capacity to eliminate the 

invading organism. 

Human T cell subsets T cells are important in the recognition 

and eradication of a wide variety of microorgansims. Once 

they have been stimulated by peptide antigen presented on 
HLA class II DR molecules the T cells begin to produce IL-2 

and clonally expand and subsequently differentiate to express 

new patterns of genes essential for immune effector function. 

The Th cells express CD4+ antigen and can differentiate into 

different subsets including ThO, Thl and Th2 subsets which 

are distinguished by the array of cytokine genes they express. 

It should be noted here that with the identification of novel 

molecules, further reclassifications of T cell subsets are 

possible, and the descriptions provided below are based on 

the current understanding of the field from several different 

laboratories. Additionally, for the purpose of this thesis only 

the CD4+ subsets will be discussed.7, 8 

 

Medicinal Plants as Immunosuppressive Agents 9 

 
Cannabis suppresses the hyperactivity of immune system by 

acting on cannabinoid receptors such as cannabinoid receptor 

1 (CB1) and cannabinoid receptor 2 (CB2). CB1 receptors are 

mostly present in the brain whereas CB2 receptors are 
abundant in immune cells. So, the cannabinoids are used for 

the treatment of cancer and inflammatory disorders. 

Brasilicardin-A is isolated from the cultured broth of 

Nocardia brasiliensis IFM0406 and exhibit 

immunosuppressive activity. It contains the active chemical 

constituents such as amino acid and perhydro-phenanthrene 

moiety with a sugar rhamnose. 

Green tea is a product of the dried leaves of Camellia 

sinensis of family Theaceae and is used for treatment of 

autoimmune arthritis. The polyphenolic compound (catechin) 

present in green tea possesses antiinflammatory properties.  
Artemisia annua has been extensively used for the treatment 

of autoimmune diseases such as systemic lupus 
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erythematoses and rheumatoid arthritis. Artemesinin as well 

as its derivatives artesunate and artemether possess immune-

modulatory effect. 

Sarsaparilla plant contains steroids such as sarsasapogenin, 

smilagenin, sitosterol, stigmasterol and saponins like 

sarsasaponin, smilasaponin. Sarsaparilla is beneficial for the 

treatment arthritis due to its ability to inhibit TNF-α induced 

NFk-β activation. 
Ashwagandha (Withania somnifera) is widely used in the 

treatment of psoriasis, arthritis and rheumatism. The chemical 

constituents present in Ashwagandha are alkaloids 

(isopelletierineanaferine), steroidal lactones (withanolides, 

withaferins), saponins (sitoindoside VII and VIII) and 

withanolides. These constituents produce 

immunosuppressive action on B and T cell activity in hyper-

immune states. 

Ginger (Zingiber officinale) is used to decrease pain in 

arthritis. The chemical constituent zingiberene is mainly 

responsible to reduce pain and inflammation by inhibiting 
cyclooxygenase (COX) and lipoxygenase (LOX) pathways. 

Stephania tetrandra is used for the treatment of 

autoimmune disease and rheumatic arthritis. Tetrandrine is 

the active constituent which produces immunemodulating 

effects by inhibiting. 

Salvia miltiorrhiza of Labiatae family is recognized for the 

treatment of immunological disorders. The chief active 

constituent of Salvia miltiorrhiza is Tanshione IIA (TSN). 

TSN produces its action by reducing inflammatory cytokines 

such as IL-2, IL-4 and TNF-α. 

Liquorice (Glycyrrhiza glabra) belongs to Fabaceae family 
which exhibits immune-modulatory properties. Glycyrrhizin 

and glycyhrritinic acid are the active constituents which have 

antiinflammatory effects by inhibition of calcineurin activity 

and T-cell proliferation. 

Parthenolide is a major sesquiterpene lactone present in 

extracts of Tanacetum parthenium of Asteraceae family and 

used for the treatment for rheumat.oid arthritis. It inhibits the 

release of pro-inflammatory mediators such as nitric oxide, 

prostaglandin (PG) E2 and TNF-α. 

Berberis vulgaris of Berberidaceae family has 

immunosuppressive action. Berbamine is the active 

constituent which has selective inhibitory effect on STAT-4 
expression and production of IFN-γ in cells. 

Andrographispaniculata of family Acanthaceae is 

recommended for the relief of rheumatoid arthritis and 

autoimmune disease. The main constituent Andrographis 

paniculata is andrographolide. It produces inhibitory effects 

on NF-κB trans-activation activity. 

 

MATERIALS  

 
Moringa Oleifera Local market, Methanol Merck, Petroleum 

ether Merck 

 

METHODOLOGY 

 
The designing of methodology involves a series of steps taken 
in a systematic way in order to achieve the set goal (s) under 

the prescribed guidelines and recommendations. It includes 

in it all the steps from field trip to the observation including 

selection and collection of the medicinal plant, selection of 

dose value, standardization of protocol, usage of instruments, 

preparation of reagents, selection of specific solvents for 

extraction, formation of protocols and final execution of the 

standardized protocol. All this requires good build of mind 

and a good and soft technical hand to handle the materials and 

procedure in a true scientific manner. 

 

Drugs and Chemicals  

 
Chemicals used in this study were of analytical grade and of 

highest purity procured from standard commercial sources in 

India.The designing of methodology involves a series of steps 

taken in a systematic way in order to achieve the set goal (s) 

under the prescribed guidelines and recommendations. It 

includes in it all the steps from field trip to the observation 
including selection and collection of the medicinal plant, 

selection of dose value, standardization of protocol, usage of 

instruments, preparation of reagents, selection of specific 

solvents for extraction, formation of protocols and final 

execution of the standardized protocol. All this requires good 

build of mind and a good and soft technical hand to handle 

the materials and procedure in a true scientific manner. 

 

Drugs and Chemicals  
 
Chemicals used in this study were of analytical grade and of 

highest purity procured from standard commercial sources in 

India. 

 

Preparation of methanolic extract of Moringa 

Oleifera 

 
Plant leaves of Moringa Oleifera were obtained from the 

Local market. The dried and coarsely powdered bark (400 g) 

extracted successively with 1.5 ml each of petroleum ether 

(60 – 80oC), methanol and in a Soxhlet extractor for 72 h. The 

extracts were concentrated to dryness under reduced pressure 

and controlled temperature (40 – 50oC). The petroleum ether 
extract yielded a pale brown sticky semisolid, weighing 3 g 

(3%) The methanol extracts yielded reddish brown and semi-

solid residues, weighing 7.0 g (7.0%). Methanolic extract of 

Moringa Oleifera has been selected for further studies. 

 

Preliminary phytochemical screening 
 
Preliminary phytochemical screening of the plantextract was 

carried out for the analysis of Alkaloids, Carbohydrates, 

Tannins, Saponins, Steroids, Phenols, Flavonoids as per the 

standard methods. 

 

Detection of Alkaloids 

 
Extracts were dissolved individually in dilute Hydrochloric 

acid and filtered. 

a) Mayer’s Test: Filtrates were treated with Mayer’s reagent 

(Potassium Mercuric Iodide).Formation of a yellow coloured 

precipitate indicates the presence of alkaloids. 

b).Wagner’s Test: Filtrates were treated with Wagner’s 

reagent (Iodine in Potassium Iodide). Formation of 

brown/reddish precipitate indicates the presence of alkaloids. 

c).Dragendroff’s Test: Filtrates were treated with 

Dragendroff’s reagent (solution of Potassium Bismuth 
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Iodide). Formation of red precipitate indicates the presence of 

alkaloids. 

d).Hager’s Test: Filtrates were treated with Hager’s reagent 

(saturated picric acid solution).Presence of alkaloids 

confirmed by the formation of  yellow coloured precipitate. 

 

Detection of Carbohydrates 

 
Extracts were dissolved individually in 5ml distilled water 

and filtered. The filtrates were used to test for the presence of 

carbohydrates. 

a).Molisch’s Test: Filtrates were treated with 2 drops of 

alcoholic α-naphthol solution in a test tube. Formation of the 

violet ring at the junction indicates the presence of 
Carbohydrates. 

b).Benedict’s Test: Filtrates were treated with Benedict’s 

reagent and heated gently. Orange red precipitate indicates 

the presence of reducing sugars. 

c).Fehling’s Test: Filtrates were hydrolysed with dil. HCl, 

neutralized with alkali and heated with Fehling’s A&B 

solutions. Formation of red precipitate indicates the presence 

of reducing sugars. 

 

Detection of saponins 

 
a). FrothTest: Extracts were diluted with distilled water to 

20ml and this was shaken in a graduated cylinder for15 

minutes. Formation of 1cm layer off a am indicates the 

presence of saponins. 

b).FoamTest:0.5gm of extract was shaken with 2ml of water. 

If foam produced persists forten minutes it indicates the 

presence of saponins. 

 

Detection of steroids 

 
a).Salkowski’s Test: Extracts were treated with chloroform 

and filtered. The filtrates were treated with few drops of 

Conc. Sulphuric acid, shaken and allowed to stand. 

Appearance of golden yellow colour indicates the presence of 
triterpenes. 

b).Libermann Burchard’s test: Extracts were treated with 

chloroform and filtered. The filtrates were treated with few 

drops of acetic anhydride, boiled and cooled. Conc. Sulphuric 

acid was added. Formation of brown ring at the junction 

indicates the presence of phytosterols. 

 

Detection of Phenols 
 
Ferric Chloride Test: Extracts were treated with 3-4 drops 

of ferric chloride solution. Formation of  bluish black colour 

indicates the presence of phenols. 

 

Detection of Tannins 
 
Gelatin  Test: To the extract,1 %gelatin solution containing 

sodium chloride was added. Formation of white precipitate 

indicates the presence of tannins. 

 

 

 

 

Detection of  Flavonoids 

 
Alkaline Reagent Test: Extracts were treated with few drops 
of sodium hydroxide solution. Formation of intense yellow 

colour, which becomes colourless on addition of dilute acid, 

indicates the presence of flavonoids. 

Leadacetate Test: Extracts were treated with few drops of 

lead acetate solution. Formation of yellow colour precipitate 

indicates the presence of flavonoids. 

 

Animals 

 
Healthy male albino mice (25 – 30 g) were selected for the 

study. Animals were housed in standard isolation cages 

(45×35×25cm) under environmentally controlled conditions 

with 12 - h light/12 - h dark cycle. Mice were allowed free 

access to water, standard laboratory rat chow (Hindustan 

Liver Pvt. Ltd, Mumbai) throughout the experiment. Fresh 

sheep red blood cells (SRBC) in Alsever’s solution were 
prepared in host department after collecting fresh sheep blood 

from local slaughter house. 

 

Antigen 

 
SRBC collected in Alsever’s solution, were washed three 
times in large volumes of pyrogen free 0.9% normal saline 

and adjusted to a concentration of 0.5 × 109 cells/ml for 

immunization and challenge. 

 

Treatment 

 
The animals were divided into four groups consisting of six 
animals each. A group of six untreated rats were taken as 

control (Group I).  The methanolic extract of Moringa 

Oleifera was fed orally for 14 days at a dose of 50 mg/kg/ day 

(Group II), 100 mg/kg/day (Group III) and 150 mg/ kg/day 

(Group IV) for assessment of immunomodulation effect. The 

animal experimental protocols were approved by the Institute 

Animal Ethics Committee. 

 

Haemagglutinating antibody (HA) titre 

 
Haemagglutinating antibody titre was determined according 

to the method of Puri et al (1993). Mice of group II, III and 

IV were pretreated with MMO for 14 days and each mouse 

was immunized with 0.5 × 109 SRBC/mouse by i.p. route, 

including control mice. The day of immunization was 

referred to as day 0. The animals were treated with MMO for 

14 more days and blood samples were collected from each 

mouse on day 15 for HA titre. The titre was determined by 
titrating serum dilutions with SRBC (0.025 × 109 cells). The 

microtitre plates were incubated at room temperature for two 

hours and examined visually for agglutination. The highest 

number dilution of serum showing haemagglutination has 

been expressed as HA titre On 15th day of treatment, all the 

mice were sacrificed and blood was collected in heparinized 

vials. Blood samples for animals of each group were 

subjected for hematological studies such as total WBC count 

and spleen leukocyte count. Spleen and thymus were 

dissected out and embedded in 10% formalin solution to 

record their weight. 
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Delayed type hypersensitivity (DTH) response  

 
Six animals per group (control and treated) were immunized 
on day 0 by i.p. administration of 0.5 × 109 SRBC/mouse and 

challenged by aintraplanter administration of 0.025 × 109 

SRBC/ml into right hind foot pad on 7th day. The MMO was 

administered orally from day 1until day 7. DTH response was 

measured at 24 h after SRBC challenge on day 8 and 

expressed as mean percent decrease in paw volume 

(plethysmometrically). 

 

STATISTICAL ANALYSIS 
 

The data were analysed using One-way analysis of variance 

(ANOVA) followed by Dunnett test. P values < 0.05 were 

considered significant. But unfortunately immune-

suppressants are suffers from a number of serious adverse 

effects among which nephrotoxicity, hepatotoxicity, 

induction of diabetes. 

 

RESULTS AND DISCUSSION 
 

Phytochemical screening test 

 
The phytochemical screening of the MMO indicated the 

presence of saponins, flavonoids, tannins, steroids, phenol 

and glycosides. The results of HA titre and DTH response are 

shown in Table 1.  

 

Table 1: Result of chemical group tests of the Methanolic extract of Moringa Oleifera leaves. 

 

Saponins ++ 

Flavonoids + 

Flavonoid ++ 

Tannins + 

Steroids +++ 

Phenol ++ 

Glycosides + 

 

Table 2: Effect of Moringa Oleifera on HA titre and DTH response to antigenic challenge by sheep RBCs in mice 

 

Groups HA titre DTH response  

(% decrease in paw volume) 

I (Untreated) 5.31 ± 1.61 15.43 ± 1.69 

II (50 mg/kg, p.o.) 5.10 ± 2.92 11.62 ± 0.63* 

III (100 mg/kg, p.o.) 5.21 ± 0.51 8.31 ± 1.53** 

IV (150 mg/kg, p.o.) 4.81 ± 0.73 6.19 ± 2.34** 
The values are mean ± SD of 6 mice in each group. One-way ANOVA followed by Dunnet multiple comparisons test; *P < 0.05, **P < 0.01 Vs group I. 

 

Table 3: Effect of Moringa Oleifera on WBC, spleen leukocytes count and relative organ weight in mice 

 

Groups 
WBC 

(thousand/cmm) 

Spleen leukocyte 

(thousand/cmm 

Thymus weight 

( g/100 g B.W) 

Spleen weight 

(g/100 g B.W) 

I (Untreated) 13.5 ± 1.69 49.2 ± 7.1 0.09 ± 0.01 0.36 ± 0.034 

II (50 mg/kg, p.o.) 11.5 ± 0.13ns 41.5 ± 6.3ns 0.08 ± 0.02ns 0.33 ± 0.053ns 

III (100 mg/kg, p.o.) 9.6 ± 0.69* 33.2 ± 5.0* 0.06 ± 0.01* 0.27 ± 0.061* 

IV (150 mg/kg, p.o.) 8.91 ± 1.34** 27.3 ± 2.4** 0.04 ± 0.02** 0.21 ± 0.026* 
The values are mean ± SD of 6 mice in each group. One-way ANOVA followed by Dunnet multiple comparisons test; nsP> 0.05,*P < 0.05, **P < 0.01 Vs group I. 

 
Even with the administration of increasing doses of Moringa 

Oleifera, the HA titre did not show any significant increase 
as compared to untreated control group indicating that the 

Moringa Oleifera has no effect on the humoral immunity. 

The DTH response to SRBC which corresponds to cell 

mediated immunity showed a significant dose dependent 

decrease due to treatment with Moringa Oleifera with dose of 

100 mg/kg/ day and 150 mg/kg/day. The DTH response was 

8.31 ± 1.53 and 6.19 ± 2.34 respectively in comparison to 

corresponding value of 15.43 ± 1.69 for untreated control 

group. The dose dependant differences in DTH response were 

statistically significant (P<0.05). Thus MML treatment 

induced marked inhibition of DTH response to SRBC in the 
animals. Finally, the effects of Moringa Oleifera on WBC, 

spleen leukocytes count and relative organ weight in mice are 

shown in Table 2. Moringa Oleifera at the dose of 100 mg/kg 

and 150 mg/kg., p.o caused a significant reduction in the 

WBC, Spleen leukocyte counts as well as relative spleen 
weight and thymus weight. But the effect was more 

pronounced at dose of 150 mg/kg (P < 0.01) as comp 

 

CONCLUSION  
 

In the present study, the immunosuppressant activity of 
Moringa Oleifera, an important plant in indigenous medicinal 

practice was explored. Administration of Moringa Oleifera 

was found to decrease total WBC count and spleen leukocyte 

count significantly indicating that the extract could suppress 

the non-specific immune system. Moreover there was 

decreased in the relative spleen weight and thymus weight 

supports these findings. Moringa Oleifera has been shown to 

contain Moringa Oleifera A and B  and steroidal lactones. At 
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present we do not know whether these compounds are 

responsible for the immunosuppressant activity produced by 

extract. Further studies using isolated compounds are in 

progress. 
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