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Abstrac t  :  Aim:  The  a im of  the  p resen t  s tudy  was  to  inves t iga te  the
immunomodula to ry  ac t ion  o f  methano l ic  ex t rac t  o f  Moringa  o le i f e ra
(MEMO) in an experimental  model of  immunity.

The  ce l lu la r  immuni ty  was  eva lua ted  us ing  neut rophi l  adhes ion  tes t ,
cyclophosphamide induced neutropenia and carbon clearance assay, whereas,
humoral immunity was tested by mice lethality test, serum immunoglobulin
est imat ion and indirect  haemagglut inat ion assay in  animals .

Administration of MEMO (250 and 750 mg/kg, po) and Ocimum sanctum
(100 mg/kg, po) significantly increased the levels of serum immunoglobulins
and also prevented the mortality induced by bovine Pasteurella multocida
in mice. They also increased significantly the circulating antibody titre in
ind i rec t  haemaggluna t ion  t e s t .  Moreover ,  MEMO produced  s ign i f i can t
inc rease  in  adhes ion  o f  neu t roph i l s ,  a t t enua t ion  o f  cyc lophosphamide-
induced neutropenia and an increase in phagocytic index in carbon clearance
assay .

From the above results, it  can be concluded that MEMO stimulate both
cellular and humoral immune response. However, low dose of MEMO was
found to be more effect ive than the high dose.
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INTRODUCTION

An increas ing  number  o f  people  a re
adopt ing  a l te rna t ive  sys tems  of  medic ine
owing to the irreversible effects of modern

drugs and therapies (1, 2). Use of medicinal
plant products for treatment of various acute
and chronic  d iseases  i s  ga in ing  increas ing
impor tance  a round  the  g lobe .  Many p lan t
products have been exploited for modulation
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of  immune system in number of  Ayurvedic
formula t ion  e i ther  a lone  or  in  g roups  (1 ,
3–5).

The leaves and fruits of Moringa oleifera
(Moringaceae) commonly known as drumstick
or  horseradish  t ree  in  Engl ish  are  used as
vegetable in different parts of south Asia and
Africa (6).   Traditionally, the leaves of the
plant are used for the treatment of a variety
of disorders. The plant is reported to possess
wide  range  of  pharmacolog ica l  e f fec t s
tha t  inc ludes  an t i fe r t i l i ty  (7 ) ,  an t i tumor
(8) ,  an t ipyre t i c  (9 ) ,  an t iep i lep t ic  (9 ) ,
ant ispasmodic (10) ,  ant i - inf lammatory (10) ,
diuretic (10), antiulcer (11), hypotensive (12),
hypol ip idemic  (13) ,  hypoglycemic  (14) ,
hepa topro tec t ive  (15) ,  an t i funga l  (16)  and
antibacterial  act ivi t ies (17).

The  immune  sys tem i s  a f fec ted  by  the
envi ronmenta l  and  d ie ta ry  hab i t s  and  i t
i s  be l ieved  tha t  d ie t  r i ch  in  an t iox idan ts
and  micronut r ien t s  can  boos t  the  immune
system (18).  An earlier study carried out in
Afr ica  revea led  tha t  Mor inga  powder
supplementa t ion  might  ac t  as  an  immune
s t imulan t  fo r  pa t ien t s  suf fe r ing  f rom HIV
infection (19). As the plant is widely used in
fo lk lore  fo r  the  t rea tment  o f  suppress ive
conditions of immune system and so far no
s tudy  has  been  car r ied  ou t  to  p rove  the
st imulatory act ions  of  Moringa ole i fera on
immune system, therefore present work was
under taken  us ing  modern  sc ien t i f i c
techniques in experimental models of cellular
and humoral  immuni ty  in  animals .

MATERIALS AND METHODS

Exper imenta l  an imals  –  Wista r  ra t s
weighing between 200–250 g and Swiss albino
mice weighing between 25–35 g were used.
Ins t i tu t iona l  Animal  E th ics  Commit tee

approved the experimental protocol; animals
were  mainta ined under  s tandard  condi t ions
in an animal house approved by Committee
for the Purpose of Control,  and Supervision
on Experiments on Animals (CPCSEA). The
animals were given pellet food (Lipton India
Ltd. ,  Mumbai,  India)  and water ad l ibi tum .

Procurement  o f  p lan t  mater ia l  and
ex t rac t ion  –  Mor inga  o le i f era  l eaves  was
collected from Vellore district of Tamil Nadu
(India) during the month of May and June.
The plant  were identif ied and authenticated
by Regional  Research Ins t i tu te  (Bangalore ,
Ind ia )  (au then t ica t ion  number :  GNG/SMP-
PROG/800). The leaves were shade dried and
extracted using methanol  in  a  soxhlet .  The
e thanol ic  ex t rac t  o f  Ocimum sanc tum was
used as  s tandard immunomodulatory  agent .

Chemica ls  –  Leishmann’s  s ta in ,  Ind ian
ink and gluteraldehyde were purchased from
Merck (Mumbai, India). WBC diluting fluid,
z inc  su lpha te  and  bar ium ch lor ide  were
f rom Nice  Chemica ls  (Cochin ,  Ind ia ) .
Cyclophosphamide (Endoxan Inject ion)  was
f rom German Remedies  (Mumbai ,  Ind ia ) .
Pasteurel la multocida  of  bovine origin and
its  vaccine were obtained from Inst i tute  of
Animal  Hea l th  and  Vete r inary  Bio log ica l s
(Bangalore,  India) .

Acute  toxic i ty  s tudies  (20)  –  The acute
toxici ty study was carried out  according to
the  l imi t  t es t  descr ibed  in  the  OPPTS
guidelines. Briefly, a test dose of 2 g/kg and
5 g /kg  were  g iven  ora l ly  to  the  mice .  No
mor ta l i ty  was  found  even  a t  5  g /kg ;  po .
However ,  methanol ic  ex t rac t  o f  Moringa
ole i fera  caused  s ign i f ican t  changes  in  the
to ta l  RBC,  packed  ce l l  vo lume (PCV) ,
haemoglobin  percen tage  (HB) ,  mean
corpuscular volume (MCV), mean corpuscular
haemoglobin concentration (MCHC), total and
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differential WBC when evaluated at 1.5 g/kg
and 2 g/kg.  Hence we opted for half of 1.5
g/kg as high dose and 1/6th of 1.5 g/kg as
low dose  cor responding  to  750  mg/kg  and
250 mg/kg respectively.

Exper imenta l  Pro toco l  –  The  drug
solutions were prepared as suspension using
sodium carboxymethyl cel lulose (0.5% w/v)
in  d i s t i l l ed  wate r  fo r  o ra l  admin is t ra t ion .
Immunomodula tory  ac t iv i ty  was  eva lua ted
us ing  fo l lowing  models  o f  ce l lu la r  and
humoral  immunity.  All  the experiments had
four groups consist ing of six animals each.
The first group served as control (vehicle 1
ml/100 g, po), the second group received the
ethanolic extract of Ocimum sanctum  (OSE)
at a dose of (100 mg/kg, po) (21). The third
and fourth groups were given low (250 mg/
kg,  po)  and high dose  (750 mg/kg,  po)  of
MEMO respec t ive ly .  However ,  in  mice
lethality, an additional negative control group
was a lso present .

Neutrophil Adhesion test (22, 23)  –  The
ra t s  were  t rea ted  ora l ly  wi th  veh ic le  o r
extracts for 14 days. On day 14, blood samples
were collected from the retro-orbital  plexus
in to  hepar in i sed  v ia l s  and  ana lyzed  for
differential leukocyte count (DLC). After the
initial counts, blood samples were incubated
with 80 mg/ml of nylon fibres for 10 min at
37°C.  The  incuba ted  b lood  samples  were
again analyzed for DLC. The percentage of
neu t rophi l s  in  the  t rea ted  and  un t rea ted
blood was determined and the difference was
taken as  index of  neutrophil  adhesion.

Mice le thal i ty  tes t  (24)  –  Swiss  a lb ino
mice  were  sub jec ted  to  MEMO and  OSE
trea tment  o ra l ly  fo r  21  days  in  the i r
respective groups. On the 7th and 17th day
of  the  t rea tment ,  the  an imals  were
immunized  wi th  haemorrhagic  sep t icaemic

vaccine (HS vaccine)  through subcutaneous
rou te .  On the  21s t  day ,  the  an imals  were
cha l lenged  subcutaneous ly  wi th  0 .2  ml  o f
le tha l  dose  (25 × LD 50)  o f  Pas teure l la
multocida (bovine origin) containing 107 cells
per  ml .  The  an imals  were  observed  for  a
period of 72 hr and the mortality percentage
was  determined us ing the  formula .

Mortality Percentage : 100 × ‘Number of
animals  dead’/ total  number of  animals

Cyclophosphamide  induced  neu tropenia
(25) – Swiss albino mice received the drug
or vehicle orally for 10 days. On 10th day,
neutropenic dose of  cyclophosphamide (200
mg/kg,  s .c )  was  in jected and th is  day was
label led as  day zero.  Blood was col lected;
the  to ta l  l eukocyte  count  (TLC)  and  DLC
were performed prior to and on day 3 after
injection of cyclophosphamide. The TLC and
neutrophil counts (%) in treated groups were
compared  wi th  the  va lues  o f  the  con t ro l
group .

Carbon clearance test  (26,  27) – Swiss
a lbino mice  were  t rea ted  wi th  the  drug or
vehicle orally for 10 days. After 48 hr of the
last dose of the drug, animals were injected
0.1 ml of Indian ink via the tail vein. Blood
samples  were  wi thdrawn a t  0  and  15  min
af ter  in ject ion.  A 50 μ l  b lood sample  was
mixed with 4 ml of 0.1% sodium carbonate
solution and the absorbance of this solution
was determined at  660 nm. The phagocytic
index K was calculated using the following
equa t ion :

K = (Loge OD1-Loge OD2)/15

Where  OD1 and  OD2 are  the  op t ica l
densit ies at  0 and 15 min respectively.

Serum immunoglobulin (28) – The drugs
were administered to Wistar  rats  oral ly for
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21 days. Six hours after the last dose of drug,
blood was collected and the serum was used
for  immunoglobul in  l eve l  es t imat ion
fo l lowing  a  method  descr ibed  by  Mul len
(1975).  Briefly, for every sample of serum
to be analyzed, a control tube containing 6
ml  of  d i s t i l l ed  wate r  and  a  t es t  tube
conta in ing  6  ml  o f  z inc  su lpha te  so lu t ion
were  prepared .  To  each ,  0 .1  ml  of  se rum
was added from a pipette. They were inverted
to  enable  complete  mixing of  the  reagents
and  le f t  to  s tand  for  1  h r  a t  room
temperature.  The first  tube served as blank
and the  second tube  was  taken as  sample .
The turbidity developed was measured using
a  d ig i ta l  nephe lo turb id i ty  mete r .  The
turb id i ty  ob ta ined  ( sample-b lank)  was
compared wi th  that  obta ined wi th  s tandard
bar ium su lpha te  (BaSO 4)  so lu t ion .  The
s tandard  BaSO 4 so lu t ion  was  p repared  by
adding  3  ml  o f  bar ium ch lor ide  so lu t ion
(1.15% w/v) to 97 ml of 0.2 N sulphuric acids.
The turbidity obtained with this solution was
expressed as 20 zinc sulphate turbidity (ZST)
u n i t s .

Ind irec t  haemagglu t ina t ion  tes t  (22)  –
Rats were pretreated with the drugs for  14
days  and  each  ra t  was  immunized  wi th
0 .5×10 9 sheep  red  b lood  ce l l s  (SRBCs)
intraperitoneally, including control rats.  The
day of immunization was referred to as day
0. The drug treatment was continued for 14
more days and blood samples were collected
f rom each  ra t  a t  the  end  of  the  d rug
treatment and the titre value was determined
by  t i t ra t ing  se rum d i lu t ions  wi th  SRBC
(0.025×10 9 ce l l s )  in  micro t i t re  p la tes .  The
pla tes  were  incubated a t  room temperature
for  2  h r  and  examined  v i sua l ly  fo r
agglu t ina t ion .  The  min imum volume of
se rum showing  heamagglu t ina t ion  was
expressed as  heamagglut inat ion (HA) t i t re .

Sta t i s t i ca l  ana lys i s  –  The  s ta t i s t i ca l
s ign i f icance  was  assessed  us ing  one-way
analysis  of  variance (ANOVA) fol lowed by
Bonferroni’s comparison test. The values are
expressed  as  mean±SEM and  P<0.05  was
considered signif icant .

RESULTS

Ef fec t  on  neu trophi l  adhes ion  tes t  –
Incubation of  neutrophils  with nylon f ibres
(NF) produced a decrease in the neutrophil
counts due to adhesion of neutrophils to the
fibres. Both doses of MEMO and OSE showed
s ign i f ican t  inc rease  in  the  neu t rophi l
adhesion when compared to control. The low
dose of MEMO was found to be more effective
than h igh  dose  of  MEMO. There  was  a lso
rise  in  neutrophi l  count  in  untreated blood
of all  treatment groups (Table I) .

TABLE I : Ef fec t  on  neu t roph i l  adhes ion  in  r a t s .

Differential leucocytes
Trea tmen t count(% neutrophils) Difference

Untreated Nylon fibres
B l o o d treated blood

Control 19.00± 1.41 13.66± 0.84 5.33± 0.80
OSE (100 30.66± 0.71 17.50± 0.80 13.50± 0.56**

mg/kg, po)
MEMO (250 25.16± 0.60 15.83± 0.47 9.34± 0.55**

mg/kg, po)
MEMO (750 22.66± 0.49 14.16± 0.54 8.50± 0.84**

mg/kg, po)

Al l  va lues  a re  expressed  as  mean±SEM of  s ix
observations. **P<0.01 when compared to control.

Effect on mice lethality test  – Mortali ty
was found to be 100% within 72 hr in control
group  upon  adminis t ra t ion  of  Pas teure l la
mul toc ida .  There  was  83 .33% mor ta l i ty  in
vaccinated group without any prior treatment
of drug. The low and high doses of MEMO
reduced the mortali ty percentage to 66.66%
and 83 .33% respec t ive ly ,  whereas ,  OSE
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reduct ion in TLC with low and high doses
respec t ive ly .  The  pre t rea tment  o f  an imals
with OSE showed 45.93% fall in TLC when
compared to  in i t ia l  values .  The percentage
reduction in neutrophil  count  was found to
be 57.01 and 38.53 in control and OSE groups
respec t ive ly .  The  low and  h igh  doses  o f
MEMO demons t ra ted  40 .00% and  48 .23%
reduct ion  in  neut rophi l  count  compared  to
initial  values (Table III).

Effect  on carbon clearance tes t  –  Both
the doses of Moringa oleifera extract and OSE
showed significant increase in the phagocytic
index when compared to  control  indicat ing
that  there was increase in the clearance of
co l lo ida l  ca rbon  f rom the  b lood  a f te r
administration of these drugs. However,  the
clearance was best with low dose of MEMO
and OSE (Table IV).

Effect  on serum immunoglobulins – The
low dose  of  MEMO and  OSE showed a
s ign i f ican t  inc rease  in  the  se rum
immunoglobul in  l eve l s  when  compared  to

TABLE IV : Ef fec t  on  phagocy t i c  index ,  se rum immunoglobu l in  l eve l s  and  HA t i t r e .

Trea tmen t Phagocytic index in carbon Serum immunoglobulin Haemagglut inat ion
clearance assay level (ZST units) (HA) titre

C o n t r o l 0 .0090± 0 .0025 15 .605± 0 .1668 0 .150± 0 .223
OSE (100  mg/kg ,  po ) 0 .0390± 0.0074 ** 27 .610± 0.7363 ** 0 .054± 0.017**

MEMO (250  mg/kg ,  po) 0 .0385± 0.0046 ** 22 .318± 0.5803 ** 0 .044± 0.010**

MEMO (750  mg/kg ,  po) 0 .0638± 0.0049 ** 17 .837± 0 .3513 0 .075± 0.167 *

Al l  va lues  are  expressed as  mean±SEM of  s ix  observat ions .  **P<0.01,  *P<0.05 when compared to  cont ro l .

TABLE II I : Ef fec t  on  cyc lophosphamide  induced  neu t ropen ia .

Total leucocytes count (cells/mm3) % % neutrophils %
Trea tmen t Reduc t ion Reduc t ion

B e f o r e A f t e r B e f o r e A f t e r

C o n t r o l 5 5 1 6 . 6 7± 1 6 5 . 6 7 2 4 4 1 . 5 2± 65 .54 54 .52 14 .33± 1 . 0 5 6 . 1 6± 0 . 6 6 57 .01
OSE (100  mg/kg ,  po) 5 2 4 1 . 6 5± 1 5 4 . 0 7 2 8 2 5 . 0 0± 1 0 1 . 4 5 45.93 ** 13 .83± 0 . 6 5 9 . 0 0± 0 . 5 7 38.53**

MEMO (250 mg/kg ,  po) 5 3 6 6 . 6 8± 1 8 6 . 9 3 2 7 4 1 . 6 7± 86 .03 48.91 * 12 .50± 0 . 8 8 8 . 6 0± 0 . 6 1 40.00**

MEMO (750 mg/kg ,  po) 5 4 5 8 . 3 4± 1 4 2 . 8 4 2 5 7 5 . 0 0± 8 8 . 2 7 0 52.81 * 14 .16± 1 . 0 7 6 . 8 3± 0 . 5 9 48.23 *

Al l  va lues  are  expressed as  mean±SEM of  s ix  observat ions .  **P<0.01,  *P<0.05 when compared to  cont ro l .

showed 33 .33% decrease  in  the  mor ta l i ty
wi th  surv iva l  o f  four  an imals  ou t  o f  s ix
(Table II).

Ef fec t  on  cyc lophosphamide  induced
neutropenia – Administrat ion of  cyclophos-
phamide reduced the TLC in control animals
by  54 .52%.  Pre t rea tment  o f  an imals  wi th
MEMO for 10 days before cyclophosphamide
administration produced 48.91% and 52.81%

TABLE I I : Ef fec t  on  mice  l e tha l i ty  t e s t .

Number of
animals died Mortal i ty

Trea tmen t percentage
D a y D a y D a y

1 2 3

No Drug, No 1 5 – 100%
vaccination
No Drug, 1 4 – 83.33%
Vaccination
OSE (100 mg/kg, 1 1 – 33.33%
po) + Vaccination
MEMO (250 mg/kg, 1 1 2 66.66%
po) + Vaccination
MEMO (750 mg/kg, 2 2 1 83.33%
po) + Vaccination
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cont ro l .  The  h igh  dose  of  MEMO was  not
able to significantly increase immunoglobulin
levels compared to control (Table IV).

Ef fec t  on  ind i rec t  haemagglu t ina t ion
test –  The haemmagglutinating antibody (HA)
t i t re  va lue  was  s ign i f ican t ly  increased  in
animals that received vaccination along with
low or high dose of MEMO or OSE compared
to  animals  tha t  rece ived  vacc ina t ion  a lone
(Table IV).

DISCUSSION

In this paper we report for the first time
the immunomodulatory activity of methanolic
ex t rac t  o f  Moringa  o le i f era  (MEMO) in
experimental models of cellular and humoral
immunity in animals. The extract was found
to be most effective at low dose (250 mg/kg,
po) ,  whereas ,  h igh  dose  (750  mg/kg ,  po)
of  MEMO was  modera te ly  e f fec t ive  in
modulat ing immune system.  The s tudy was
carried out using six different methods, each
of  which provides information about  effect
on  d i f fe ren t  components  o f  the  immune
s y s t e m .

The  neu t rophi l  adhes ion  to  ny lon
f ib res  descr ibes  the  marg ina t ion  of
polymorphonuclear lymphocyte in the blood
vesse l s  and  the  number  o f  microphages
reaching the site of inflammation (23).  Both
low and high doses of MEMO (250 & 750 mg/
kg ,  po)  showed a  subs tan t ia l  r i se  in  the
neut rophi l  adhes ion  to  ny lon  f ib res .  Th is
might be due to the upregulation of the β2
in tegr ins ,  p resen t  on  the  sur face  o f  the
neut rophi l s  th rough  which  they  adhere
firmly to the nylon fibres (29). Hence, it was
infer red  tha t  MEMO causes  s t imula t ion  of
neutrophils towards the site of inflammation.

The  mouse  le tha l i ty  t es t  i s  one  of  the
commonly  employed  tes t s  to  assess
serological  responses in animals immunized

wi th  vacc ines .  Pas teure l la  mul toc ida  i s
pathogenic to mice. The mouse lethality test
invo lves  in jec t ing  mice  wi th  the  vacc ine
before administration of the bacterial culture
and  de te rmin ing  the  mor ta l i ty  percen tage
(30) .  The  vacc ina t ion  induces  humora l
immuniza t ion .  The  surv iva l  o f  an imals  i s
dependent on the ability of drug to produce
adequa te  number  o f  an t ibodies  which  can
counter the pathogen. The low and high dose
of MEMO prevented the death of 33.33% and
16 .67% of  an imals  a t  the  end  of  72  hrs ,
whereas, OSE showed only 33.33% mortality.
Hence  i t  i s  specula ted  tha t  MEMO in  low
dose  i s  be t te r  e f fec t ive  in  increas ing  the
number  o f  surv iva l ,  whi le  the  OSE i s
remarkably  e f fec t ive  in  p reven t ing  the
mor t a l i t y .

The cyclophosphamide induced neutropenia
model concentrates on the protective effects
aga ins t  cyc lophosphamide  induced  myelo-
suppression in the experimental animals (31).
Both low and high doses of MEMO caused
decrease  in  the  cyc lophosphamide  induced
neut ropen ia  sugges t ing  tha t  i t  a t t enua tes
the  e f fec t  o f  cyc lophosphamide  on  the
haemopoet ic  sys tem.

The  carbon  c learance  tes t  was  done  to
evaluate the effect of drugs on the reticulo
endothel ia l  sys tem.  The re t iculoendothel ia l
system (RES) is a diffuse system consisting
of phagocytic cells. Cells of the RES play a
vital role in the clearance of particles from
the  b loods t ream.  When co l lo ida l  ca rbon
par t i c les  in  the  fo rm of  ink  a re  in jec ted
d i rec t ly  in to  the  sys temic  c i rcu la t ion ,  the
rate of  clearance of  carbon from the blood
by macrophage is governed by an exponential
equation (27). Both doses of MEMO as well
as  OSE showed remarkable  augmenta t ion
in  the  phagocyt ic  index  due  to  the i r
ab i l i ty  to  increase  the  ac t iv i ty  o f  the
re t icu loendothe l ia l  sys tem.
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As  d i scussed  ear l i e r ,  Moringa  o le i f era  i s
reported to possess antioxidant property with
immunos t imula tan t  behavior  (18)  as  per
t rad i t iona l  c la im.  The  mor inga  powder
was also exploited as anti-AIDS agent (19).
Ant i -HIV ac t iv i ty  cou ld  be  due  to  i t
immunost imulatory effect .  I t  is  also known
tha t  po lysacchar ide  i so la ted  f rom the  ho t
aqueous extract  of mature pods of Moringa
ole i fera  showed s ign i f ican t  macrophage
act ivi ty through the release of  ni t r ic  oxide
on mouse monocyte cell line (33).  Hence, it
specu la ted  tha t  the  immunos t imula tory
activity of MEMO is due to presence of its
ac t ive  const i tuent  in  methanol ic  ext rac t  of
Moringa ole i fera.  However ,  fur ther  s tudies
should  be  ca r r ied  fo r  eva lua t ing  the
immunomodulatory activi ty of isolated pure
ac t ive  cons t i tuen t .

In conclusion, both low dose (250 mg/kg,
po) as well as high dose (750 mg/kg, po) of
Moringa Oleifera  st imulates immune system
by ac t ing  th rough  ce l lu la r  and  humora l
immuni ty  in  exper imenta l  models  o f
immunity in animals. However, low dose was
found to be most effective than the high dose.
This could be due to the presence of toxicant
such  as  i so th iocyana te  and  g lycos ide
cyanides  tha t  may  pose  s t ress  a t  h igh
concent ra t ion  and  hence  reduc ing  the
antioxidant potential of Moringa oleifera (34).
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The  se rum immunoglobul in  leve l s
suggest the amount of antibodies present in
the serum. The zinc sulphate  turbidi ty  tes t
i s  used  to  ga in  a  rough  es t imat ion  of  the
amount  of  immunoglobul ins  present  in  the
serum. A small amount of serum was added
to  a  z inc  su l fa te  so lu t ion  and  a l lowed  to
incubate at  room temperature for 1 h.  Zinc
su l fa te  wi l l  cause  p rec ip i ta t ion  of  the
immunoglobulins,  which makes the solution
cloudy instead of clear. A lack of cloudiness
signifies lack of immunoglobulins (32).  The
turbidi ty  is  expressed as  ZST uni ts ,  which
in turn indicate the amount of immunoglobulin
presen t  in  the  sample .  Moringa  o le i f era
extract at both the doses showed a significant
increase in the serum immunoglobulin levels.

The indirect  haemagglut inat ion test  was
performed to confirm the effect of Moringa
ole i fera  ex t rac t  on  the  humora l  immune
system. It is composed of interacting B cell
with antigens and subsequently proliferating
and different ia t ing into ant ibody producing
ce l l s .  Ant ibody  works  by  b ind ing  wi th
ant igens  and  neut ra l iz ing  i t  o r  fac i l i t a t ing
its elimination by cross linking to form latex
that is  more readily ingested by phagocytic
cells (27). The results showed that levels of
c i rcu la t ing  an t ibod ies  a re  inc reased  i f  the
tes t  an imals  a re  p re t rea ted  wi th  Moringa
oleifera  extract or OSE.

The main constituents of Moringa oleifera
include two ni t r i le  glycerides:  niazir in  and
niazir inin and three mustard oi l  glycosides
isothiocynate, niaziminin A and niazimin B.
The mustard oi l  g lycosides  were a t t r ibuted
for hypotensive activity of Moringa oleifera.
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