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SUMMARY. The effect of the ethanolic extract of stem bark of Mangifera indica (MSE) on the primary 
immune response was studied in mice injected with sheep red blood cells (SRBC), a T-dependent antigen. 
This extract showed a suppressor effect on the production of IgM and IgG anti-SRBC. The extract at a do- 
se of 20mgIkg ip caused a slight suppression effect reducing significantly the IgG levels by 29.5 and 22.8% 
on the seventh and tenth days, respectively. However, the dose of 80 mg/kg ip was more suppressive decre- 
asing significantly the IgM (42.3%) and IgG levels (75.7%) on the fourth day. The suppression of the IgG 
leve1 was maintained during primary immune response. It was more intense on the seventh (58.6%) and 
tenth days (45.0%) and decreased (37.4%) on the twenty-first day. In the spleen, the higher dose also cau- 
sed a reduction (45.1%) of the number of IgM secreting cells on the fourth day, and of IgM (63.1%) and 
IgG (53.7%) secreting cells on the ninth day. The dose of 80 mglkg of MSE injected ip 1 h before SRBC in- 
creased the percentage of phagocytic cells in the peritoneal cavity of mice. The results show that MSE re- 
duces the IgM and IgG anti-SRBC levels, which may be associated with a reduction of Ig-forming cells 
and increased migration of phagocytes into the peritoneal cavity. 
RESUMEN. "El extracto de corteza de tallo de Mangifera indica L. (Anacardiaceae) inhibe la respuesta inmune 
humoral en ratones. Resultados Preliminares". El efecto del extracto etanólico de corteza de tallo de Mangifera 
indica (MSE) sobre la respuesta inmune ha sido estudiado en ratones inyectados con glóbulos rojos de oveja 
(SRBC), un antígeno timo-dependiente. El extracto en una dosis de 80 mgkg por vía intrapentoneal mostró un 
efecto supresor sobre la producción de IgM (42,3%) e IgG (757%) anti-SRBC en el cuarto día. La supresión del 
nivel de IgG ha sido mantenida durante la respuesta inmune. Esta dosis también causó una reducción del número 
de células secretoras de IgM (el 63,1%) y IgG (el 53,7%) en el bazo y aumentó el porcentaje de células fagocíti- 
cas en la cavidad peritoneal de los ratones. Los resultados muestran que MSE reduce los niveles de IgM y IgG 
que pueden ser asociados con una reducción de células formadoras de inmunoglobulinas en el bazo y migración 
aumentada de fagocitos en la cavidad peritoneal. 

INTRODUCTION 
The immunomodulating effects of substances 

extracted from plants have been demonstrated 
in animals l j 2  as well as in humans 314. However, 
information on the effects of Brazilian plants on 
the humoral and cellular responses are scarce 526. 

Leaves, stem bark, seeds and fmits of M. in- 
dica L., popularly known as the mango tree, 
have been reported to have therapeutic proper- 

ties. The stem bark is used for the treatment of 
fever, leucorrhoea, diarrhoea inter alia. The 
leaves are used in the treatment of asthma, 
cough, diarrhoea 7 and diabetes 8. 

Zn uitro assays have demonstrated that the 
ethanolic stem bark extract of M. indica has an- 
tiamoebic activity 9 and that the leaf extract has 
inhibitory activity against M. tuberculosis 10 and 
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herpes simplex virus 11. The anti-herpes virus 
type 2 activity in the leaf extract is associated 
with mangiferin, a tetrahydroxy pyrrolidone sa- 
ponin ",12. 

Different effector functions induced during 
immune response can be influenced by the type 
and concentration of antigen 13,14. SRBC (sheep 
red blood cells) is a T-dependent antigen, which 
induces humoral or cellular responses when ad- 
ministered in high or low doses, respectively 15,'6. 

The present study evaluates the effect of the 
ethanolic extract of M. indica stem bark (MSE) 
on the mice humoral immune response against 
SRBC. 

MATERZALS AND METHODS 
Animals 

Eight to ten weeks old Swiss female mice 
obtained from the animal house of the Labo- 
ratório de Tecnologia Farmaceutica, Universi- 
dade Federal da Paraíba (UFPB) were used. 
They were kept in an air conditioned room (25 
+ 1,O OC) under a 12 h light - dark cycle and 
maintained with food and water ad libítum. 

Preparatbn of the ethanolic extract 
The stem bark of M. indica trees was har- 

vested from localities around the UFPB and the 
bark was dried in an oven at 35-40 OC. These 
samples were pulverized (325 g) and the extract 
was obtained by Soxhlet extraction with 92 % 
ethanol in water at 70 OC for 4 days. The MSE 
obtained was concentrated in a rotary evapora- 
tor, delipidated, pulverized (25 g) and stored at 
4 "C. 

Acute toxicity test 
Fasting (15 h) male and female mice were 

inoculated ip with 37.5-1000 mg/kg of MSE, in a 
dose-volume of 10 ml/kg. The animals were ob- 
served for lethality during 72 h and the LD50 
value was determined graphically from probit- 
log dose curve. 

Preparatbn of antigen 
The SRBC antigen in Alsever 'S solution was 

washed with PBS and 1.6 x 108 cells in 0.5 m1 of 
PBS were injected ip for animal. 

Induction and quantification of IgM and 
ZgG anti-SRBC 

Groups of ten mice were injected with PBS 
or MSE 20 or 80 mg/kg ip. Twenty-four hours 
later, a SRBC suspension was also administered 

ip into these animals. The mice were bled by 
retro-orbital puncture on days 4, 7, 19 and 21 
after SRBC administration. The sera obtained 
were inactivated (56 "C, 40 min) and assayed for 
hemagglutinin (HA) titre 17. Briefly, the HA titre 
of IgM was determined by incubation of SRBC 
with the diluted sera (up to a 1:4096) and the 
IgG, by the same process, with addition of 0.1 
M 2-mercaptoethanol (Merck) at 37 "C, for 30 
min. The results of 3 such experiments were ex- 
pressed as the mean of the HA titre (102,) I 
standard error (SE). 

Detectbn of antibody-producing cells 
The number of hemolytic plaque forming 

cells was determined by the method of Dresser 18. 

Groups of ten mice were administered with PBS 
or MSE 20 or 80 mg/kg ip, followed 24 h later 
by the inoculation of SRBC ip. Four and nine 
days after the antigenic stimulation, the spleens 
were collected in Hank's saline. The spleens 
were Iiomogenized and aliquots of the cell sus- 
pension were mixed with 5% SRBC and 0.8% 
agarose (Merck) for direct plaques and further 
addition of rabbit anti-mouse IgG sera for indi- 
rect plaques. The cell suspensions were incubat- 
ed on glass slides for 2h, at 37 "C. Guinea pig 
serum, previously absorbed and diluted was 
added and incubated for lh .  The slides were 
fixed in 4% paraformaldehyde. The number of 
indirect plaques was determined by subtracting 
the number of direct plaques from the total 
plaques developed with anti-IgG. The results of 
3 experiments were expressed as means of the 
number of direct and indirect plaques / 106 cells 
+ SE. 

In vivo Phagocytosis of SRBC 
In vivo phagocytic activity was analyzed by 

determining the percent of peritoneal cells with 
ingested SRBC as described by Rocha 19. Groups 
of ten'mice injected 24 h earlier with PBS or 
MSE 20 or 80 mg/kg ip were inoculated with 
SRBC. After 30 or 60 min the animals were sacri- 
ficed and their peritoneal cavities washed with 
Hank's saline. The cells were collected and 
counted. Aliquots of peritoneal cells (1 x 106 
cells/ml) were allowed to attach to glass mi- 
croslides for 30 min at 37 "C. The microslides 
were washed, fixed in methanol-acetone for 1-2 
min and stained with Giemsa. The percent of 
macrophages containing SRBC was determined 
by random microscopical examination of at least 
200 cells. The results were calculated as the per- 
cent of cells that phagocytized at least 3 SRBC in 
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relation to the total number of cells. The aver- 
age niirilber of intracellular SRBC per phagocyte 
was also deteririined. 

RESULTS 
Toxicity 

The LD,, value, obtained by graphic interpo- 
lation was 912.01 mg/kg ip. 

Anti-SRBC serum ZgM and ZgG 
concentrations 

The effects of MSE on the primary humoral 
immune response to SRBC are shown in Figure 
1A and 1B. The dose of 20 mg/kg, which did 

PBS 
O 20rngIkg 

O 80mgkg  

not alter the IgM levels, significantly reduced 
IgG levels by 29.5 and 22.8%, at the 7th and the 
10f11 day, respectively. The effect of 80 mg/kg 
was evident on the 4th day as well when the 
levels of both IgM and IgG were reduced by 
42.3 and 75.7%, respectively. While the IgM lev- 
els were maintained similar to the control values 
during the rest of the period, the higher dose of 
MSE significantly decreased the IgG levels by: 
58.6, 45.0 and 37.4% during the 7[h, 10th and 21s' 
days, respectively. Thus, MSE injected ip, 24 h 
before the SRBC, caused a dose-dependent sup- 
pression in both IgM and IgG anti-SRBC titres, 
and the effect was greater and more persistent 
in the case of IgG levels. 

l01 

PBS 
U 2Omgkg 

days days 

Figure 1A. Effect in vivo of the MSE on primary im- Figure 1B. Effect in vivo of MSE on the primary im- 
mune response to SRBC. The histogram shows the mune response to SRBC. The histogram shows the 
IgM titer in mice treated with PBS (W), MSE 20 (U) IgG titre in mice treated with PRS (W), MSE 20 (U) 
and 80 mgíkg (m) and inoculated, 24 h after, with SR- and 80 mgíkg (U) and inoculated, 24 h after, with SR- 
BC. The results are expressed in log 2 of haemagglu- BC. The results are expressed in log 2 of haemagglu- 
tinin and represent the mean I SE (14-16 animals per tinin and represent the mean + SE (14-16 animals for 
group). p< 0.05. group). p< 0.05 + p< 0.01. 

Spleen cells producing anti-SRBC 
immunoglobulins 

While the animals injected with MSE 20 mgl 
kg did not show alterations, the dose of 80 
mgíkg caused a reduction of 45.1% in the num- 
ber of splenic IgM-producing cells on the dth 
day (Figure 2). This same dose also caused a re- 
duction of 63.1% of IgM and 53.7% of IgG se- 
creting cells on the 9th day (Figure 2). However, 
the number of IgM secreting cells was very 
much reduced in the control animals on the 9th 
day when compared with their number on the 
4th day. Although the number of antibody-pro- 

ducing cells had been reduced in the mice, 
there was no change in the number of the total 
and viable splenic cells or in the splenic index 
(data not shown). 

Phagocytic activity by peritoneal cells 
In the animals injected with 20 mgíkg MSE, 

24 h before the SRBC, there was no change in 
the percent of phagocytic cells (Figure 3) or in 
the number of SRBC ingested by these cells in 
the peritoneal cavity (data not shown). Howev- 
er, the dose of 80 mg/kg significantly increased 
the percent of phagocytic cells by 62.5%, 60 min 
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days 

Figure 2. Effects in vivo of MSE on IgM and IgG -pro- 
ducing cells. The mice had treated ip with PBS, 20 
and 80 rng/kg of MSE 24 h before i.p. SRBC injection. 
The spleens were collected in the fourth or ninth day 
and the direct (IgM) and indirect (IgG) plaque-form- 
ing cells were determined. The results are expressed 
as the mean i SE of groups of 7-12 animals. 
* p< 0.05 + p< 0.01. 

after the SRBC inoculation. No alteration was 
found in the number of SRBC ingested per cell 
during this period (data not shown). However, 
the cell morphology showed an increased level 
of activity, as evident from the presence of a 
large number of vacuoles and an increase in cell 
size. 

DISCUSSION AND CONCLUSIONS 
The humoral immune response against a T- 

dependent antigen, such as SRBC, is initiated 
with the recognition of the antigen by antigen- 
presenting cells (APCs), for example, macro- 
phages, dendritic cells and B lymphocytes 2 0 - u .  

The majority of the resting B lymphocytes in the 
peripheral circulation produce both membrane 
IgM and IgD 2324 and when they are activated 
by antigen and T lymphocytes, produce an in- 
creasing proportion of these immunoglobulins 
in a secreted form 25,26. Some of these activated 
B lymphocytes undergo heavy chain class 
switching and begin to express and secrete 0th- 
er antibodies such as IgG, IgA and IgE 27-30. The 
regulation of the antibody production and the 
heavy chain switching are dependent on the ex- 
pression of costimulatory molecules and cy- 
tokine receptors on the B lymphocytes 31-33, the 
quantity and the ratio of cytokines secreted by 
APCs and by Thl and Th2 subpopu1ations'~-s. 

The present data indicate that in mice, MSE 
caused a dose-dependent reduction of IgM and 
IgG antibodies during the primary immune re- 

PBS 
0 2 0  mglkg 
0 80 mglkg 

minutes 

Figure 3. Effect in vivo of MSE on phagocytosis of 
SRBC. The histogram shows the percentage of phago- 
cytic cells when the mice were treated ip with PBS, 
20 and 80 rng/kg of MSE, 24 h before ip injection of 
SRBC. The peritoneal cells were collected at 30 or 60 
min after SRBC administration. The results are ex- 
pressed as the rneans t SE of groups of 10-16 ani- 
rnals. ** p< 0.001 

sponse induced by SRBC. The results also 
showed that the IgG rather than the IgM con- 
centration level was more suppressed. 

The classic immunosuppressive agents such 
as purine and pyrimidine analogs, folic acid an- 
tagonists and X-rays have similar effects in re- 
ducing the IgG more than that of IgM responses 
by interfering at the S phase in the B cell repro- 
duction cycle 37z38. Studies with LPS-activated B 
cells suggest that immunoglobulin isotype 
switching occvrs during DNA synthesis at the S 
phase 39. Furthermore, switching to IgG might 
involve an asymmetric cell division, in which 
one of the daughter cells secretes IgG, while the 
other secretes IgM 40. 

Thus MSE may also have a direct or indirect 
suppressor effect ori B lymphocyte by reducing 
the number of IgM secreting cells and a conse- 
quent decrease in the number of these cells, 
which proliferate and give origin to the IgG se- 
creting cells. This hypothesis is supported by 
the observed reduction (45.1%) of IgM secreting 
cells on the 4th day, with the dose of 80 mg/kg, 
when the majority of these cells had not suf- 
fered heavy chain switching. Further, there also 
occurred a reduction of 53.7% of the IgG secret- 
ing cells, on the 9 t h  day, when the levels of this 
immunoglobulin begin to increase in relation to 
the IgM levels. 
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The possibility that the reduction of Ig se- 
creting cells was caused by a toxic effect of MSE 
on B lymphocytes is less likely as the higher 
dose utilized was approximately ten times less 
than the acute LDS0 dose. The absence of alter- 
ations in the number, and the viability of the 
splenic cells and the splenic index (data not 
shown) suggest that the action of MSE in reduc- 
ing the B cell population may have been 
masked by a corresponding increase in other 
cells. Preliminary results have demonstrated that 
if MSE is administered seven days after SRBC 
the extract did not present suppressor effect. 
These results support the hypothesis that MSE 
did not have any B lymphocyte toxicity. 

Initial studies demonstrated that 105 SRBC in- 
oculated intravenously in mice induces Delayed 
Type Hypersensitivity (DTH) while 108 SRBC in- 
duces high hemagglutinin concentrations 16. The 
immune response against low and high number 
of SRBC correlates with Thl or Th2 patterns of 
cytokine production, respectively 41. In this pa- 
per, the SRBC number inoculated probably in- 
duced a humoral immune response (Th2 pat- 
tern). Whether the reduction of the IgG-secret- 
ing cells and the IgG levels were caused by the 
direct suppression of Th2 lymphocytes or the 
induction of cytokine production by APCs is not 
known. Preliminary studies demonstrated that 
the maximum suppressor effect of MSE extract 
was obtained when it is inoculated three days 
after SRBC inoculation. In this phase of the im- 
mune response, IgM secreting B lymphocytes 
are activated by T lymphocytes and under ac- 
tions of cytokines proliferate and switch the Im- 
munoglobulin class 42143. 

Thus, studies on the functions of phagocytic 
cells show that the dose of 80 mg/kg caused an 
increase in the percentage of tkiese cells in the 
peritoneal cavity. This effect can be mediated by 
tannins presents in MSE since these substances 
have chemotactic activity for alveolar macro- 
phages 4. Therefore the reduction of anribody 
secretion may not been caused by an inhibition 
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