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Annona squamosa (AS) has traditionally been used as 
ethnomedicine and various parts of the plant have 
been used to combat several disorders including dys-
entery, cancer and hyperthyroidism. Since the twig of 
this plant is reported to contain a large number of al-
kaloids, we chose to study its medicinal properties on 
the immune response of BALB/c mice. The present 
study, thus, aims at evaluation of immunomodulatory 
activity in the crude ethanolic extract and its four 
fractions, viz. hexane (F1), chloroform (F2), n-butanol 
(F3) and aqueous (F4) prepared from the twigs of AS 
to locate the active constituents in the fractions. The 
extract and fractions were fed orally at 3, 10 and 
30 mg/kg for 14 consecutive days and mice were 
euthanized to assess various immune parameters. The 
ethanolic extract and its three fractions F2, F3 and F4 
were found active since they increased splenic T and B 
cellular proliferation with a significant accentuation 
in peritoneal macrophage function, differentially in-
creased the CD4+, CD8+ T lymphocytes and CD19+ B 
lymphocytes. The extract and its active fractions also 
demonstrated significant Th1 or Th2 mixed cytokine 
response at almost all doses tried in a dose-dependent 
manner. Its hexane fraction, however, could only in-
duce reactive oxygen species production in peritoneal 
macrophages and could not induce lymphocytes; thus, 
it remained inactive. Thus, the activity could be local-
ized distributed in its three fractions (chloroform,  
n-butanol and aqueous). Further purification and 
evaluation of the active molecule/s is underway in our 
laboratory.  
 
Keywords: Annona squamosa, flow cytometry, immu-
nomodulatory activity, lymphocytes, reactive oxygen spe-
cies.  
 
INDIA is a rich biodiversity hotspot. It bears several plant 
species claimed to have traditional medicinal impor-
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tance1–3. Annona squamosa (AS; Annonaceae) is one 
such plant commonly known as custard apple, sugar  
apple or sweetsop4,5. It is a native of Tropical America 
and the West Indies and is assumed to have been intro-
duced before 1590 in southern India6–8. It bears a well-
known edible fruit, the seeds of which have been reported 
to exhibit insecticidal and abortifacient properties9. The 
plant has traditional use against epilepsy, cardiac pro-
blems, constipation and ulcers10. The crushed leaves are 
sniffed to overcome hysteria, fainting spells and also  
applied on ulcers and wounds. The seed decoction is used 
as an enema, bark as a tonic and root has strong purgative 
action9,11,12. The plant contains a variety of compounds, 
e.g. monoterpenes13, alkaloids14,15, flavanoids16, etc. and 
the extracts of leaves and stem are reported to have can-
cer17 and hyperthyroidism ameliorating properties18. The 
plant also possesses hepato-protective activities10,19. In 
spite of the diverse biological properties in the leaves and 
fruits of AS we have chosen to study the twigs of this 
plant as they are reported to contain a large number of 
compounds20, however, there is no report on their immu-
nomodulatory activities. The twig was chosen to study its 
medicinal properties on the immune response of BALB/c 
mice. The present preliminary study has been attempted 
to assess the immunomodulatory activities of the ethano-
lic extract and its four fractions, namely hexane (F1), 
chloroform (F2), n-butanol (F3) and aqueous (F4) derived 
from the AS twigs by evaluating the immunological re-
sponse of BALB/c mice after their oral administration. 
The immune response studies were in vitro T and B lym-
phocyte proliferation, cell-surface markers on T- and B-
cells, measurement of Th1 (IL-2 and IFN-γ) and Th2  
cytokines (IL-4 and IL-10), apart from macrophage acti-
vation in BALB/c mice.  
 The twigs of AS were collected from Lucknow, India. 
A voucher specimen number (4738) is kept in the investi-
gators’ laboratory.  
 Plant material (6.0 kg) was shade-dried, finely pow-
dered and placed in a percolator with ethanol (18 l) to 
stand at room temperature for 48 h. Then the percolate 
was collected. This process of extraction was repeated 
four times, till the plant material was exhaustively  
extracted. The total percolate was collected, filtered and 
concentrated under vacuum using a rotavapor at 40–
45°C, which yielded 520 g (8.66%) extract.  
 The ethanolic extract (500 g) was triturated with n-
hexane (250 ml × 15); the hexane-soluble fraction (F1) 
was then concentrated (100 g) under reduced pressure at 
40°C. The residue obtained after triturating with hexane 
was triturated with chloroform (250 ml × 15) and chloro-
form soluble fraction (F2) was concentrated (95 g) under 
reduced pressure. The residue obtained after triturating 
with chloroform was then suspended in distilled water 
(2 l) and fractionated with n-butanol saturated with water 
(500 ml × 10). n-Butanol-soluble fraction (F3) was con-
centrated (136 g) under vacuum at 50°C. Water-soluble 

fraction (F4) was also concentrated (168 g) under vacuum 
at 45–50°C.  
 Medium RPMI-1640 (Sigma, USA) containing phenol 
red was used for culturing splenocytes. The medium was 
fortified with 1% antibiotic–antimycotic cocktail (Sigma, 
USA), 10% foetal bovine serum (GIBCO, USA) and 
HEPES (Sigma, USA). 2′,7′-Dichlorofluorescin diacetate 
(DCF-DA) to quantitate reactive oxygen species (ROS) 
levels was also procured from Sigma, USA, whereas the 
remaining chemicals were of analytical grade available 
locally. 
 Inbred BALB/c mice (18–20 g, either sex) were ran-
domly distributed in four separate groups (four groups 
each for extract and fractions) according to the experi-
mental protocol (five mice in each group). The animals 
were housed under standard conditions of temperature 
(23° ± 1°C), relative humidity (55 ± 10%) and 12/12 h 
light/dark cycles at the National Laboratory Animal Cen-
tre (NLAC), Central Drug Research Institute (CDRI), 
Lucknow and fed with standard pellet diet and water ad 
libitum. All the animal handling and experimental proto-
cols, including the number of animals employed in the 
present study were duly approved by CDRI Institutional 
Animal Ethics Committee (IAEC) vide its approval no. 
38/08/PARA/IAEC dated 08.02.2008.  
 The ethanolic extract was prepared as a suspension in 
distilled water and administered orally at three doses of 3, 
10 and 30 mg/kg to BALB/c mice for 14 consecutive days 
using canula. Control mice received water only as vehicle 
under identical conditions. At the end of treatment, the 
animals were euthanized humanely to collect splenocytes 
and peritoneal macrophages to determine the macrophage 
function (ROS production), T- and B-cell proliferation, 
T- and B-cell surface markers (CD4, CD8 and CD19) and 
measurement of Th1/Th2 cytokines. Once the extract was 
found active, it was further fractionated into F1, F2, F3 
and F4, which were also administered and assessed using 
the same doses and method as described above.  
 ROS in peritoneal macrophage cells were determined 
through a fluorometric assay using DCF-DA on flow  
cytometer (FACS Calibur, Becton Dickinson or BD, 
USA), according to the protocol of Zurgil et al.21 after 
minor modifications22. Briefly, freshly harvested macro-
phage cells of both treated and untreated groups were  
adjusted to a concentration of 1 × 106 cells/ml in phos-
phate buffer saline (PBS), washed with PBS × 3 and 
transferred to FACS tubes (1 × 106 cells/tube). For probe-
loading, the cells were incubated with the DCF-DA at a 
final concentration of 1 μM, for 15 min at 37°C, and then 
washed twice in PBS. ROS levels in individual living 
cells were determined by measuring their fluorescence  
intensity on FACS Calibur (BD Biosciences, USA). Data 
were analysed using CellQuest software and mean ROS 
values were evaluated for cell populations. 
 Splenic T and B lymphocyte proliferative responses of 
treated and untreated mice were determined in triplicate 
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wells of 96-well flat bottom culture plates (NUNC) after 
stimulation with an optimal concentration (2.5 μg/ml) of 
concavaline-A (Con-A) (Sigma, USA) and lipopoly-
saccharide (LPS, Sigma, USA) at 37°C for 48 h in 5% 
CO2 in air. Cells were harvested after 16 h of pulsing 
with [3H]-thymidine (0.5 μCi/well) and radioactive  
incorporation was measured on β-counter (Beckman 
coulter) to evaluate stimulation indices23.  
 Immunophenotyping was carried out to assess lympho-
cyte subset population by flow cytometry on FACS  
Calibur using fluorochrome conjugated monoclonal anti-
bodies (BD, USA) directed against different cell-surface 
CD antigens, CD4 (fluorescein isothiocyanate or FITC), 
CD8 (phycoerythrin or PE) and CD19 (FITC) following 
the manufacturer’s protocol24. Splenocyte suspensions 
were prepared from spleens of treated and untreated (con-
trol) mice on day-15 after commencement of treatment. 
Initially 1 × 106 cells were blocked with mouse seroblock 
FcR at room temperature (RT) for 10 min, washed and 
labelled with rat anti-mouse CD4+ (FITC) antibodies for 
10 min at RT for further incubation with rat anti-mouse 
CD8+ (PE) antibodies for another 10 min. The third tube 
served as control with no labelling. Cell pellet was sus-
pended in sheath fluid and analysed on FACS using 
CellQuest analysis software (Becton-Dickinson, USA)  
after gating the forward- and side-scatter settings to ex-
clude debris. For each determination, 10,000 cells were 
analysed and the results expressed as percentage of each 
cell population.  
 The measurement of intracellular cytokines in the 
splenocytes was done according to the manufacturer’s  
instructions using antibodies (BD, USA) and reagents 
(leukoperm; Serotec, UK). Briefly, splenocytes (4 × 106/ 
ml) were incubated with brefeldin A (10 μg/ml) in dark 
for 6 h in CO2 incubator at 37°C. Cells were reincubated 
with mouse Seroblock FcR for another 10 min and 
washed in PBS. Now FITC-rat anti-mouse CD4+ antibody 
was added to the cells. Leucoperm A and leucoperm B 
(Serotech, UK) were added at RT for 15 min each and 
cells were dispensed in four tubes each containing 
1 × 106 cells/100 μl PBS. PE-rat anti-mouse monoclonal 
antibodies to cytokines IL-2, IL-4, IL-10 and IFN-γ  were 
added to separate tubes; cells were washed and finally 
suspended in 250 μl of PBS containing 0.5% para for-
maldehyde for FACS readings.  
 Statistical analyses were carried out by employing the 
Student’s t-test and analysis of variance by one-way 
ANOVA (Dunnett’s multiple comparison test). Data have 
been expressed as the mean ± standard error (SE) and a 
conventional P < 0.05 (*) was taken as evidence of signi-
ficant differences and P < 0.01 (**) was considered as 
highly significant, and P > 0.05 was considered as not 
significant.  
 Significant induction in ROS generation was observed 
in the peritoneal macrophages isolated from mice after 
treatment with crude ethanolic extract with high signifi-

cance (P < 0.01) at all the three doses in a dose-dependent 
manner (Figure 1). The three fractions (F2, F3 and F4) 
also showed a dose-dependent increase, but the increase 
was highly significant at higher doses. In contrast, hexane 
fraction (F1) downregulated the oxidative burst (Figure 1).  
 Treatment of mice with AS ethanolic extract led to a 
dose-dependent increase in B (P < 0.01; Figure 2 a) and  
 
 

 
 
Figure 1. Macrophages were collected from the peritoneal cavity of 
BALB/c mice fed orally with ethanolic extract, hexane (F1), chloro-
form (F2), n-butanol (F3) and aqueous (F4) fractions (each at 3, 10 and 
30 mg/kg) of Annona squamosa twigs, and untreated control mice. 
Cells were washed with phosphate buffer saline and adjusted to a con-
centration of 1 × 106 cells/ml. Reactive oxygen species levels were  
determined using fluorescent probe 2′,7′-dichloroflourscein diacetate 
and fluorescence intensity measured on FACS Calibur.  
 
 

 
 
Figure 2. Effect of A. squamosa ethanolic extract and its hexane (F1), 
chloroform (F2), n-butanol (F3) and aqueous (F4) fractions (each at 3, 
10 and 30 mg/kg) on in vitro splenic B (a) and T (b) lymphocyte proli-
feration. B-/T-cell mitogens lipopolysaccharide (a) and concanavaline-
A (b) were added at an optimal concentration of 2.5 μg/ml and the re-
sults are expressed as stimulation indices (SI). Untreated control mice  
received vehicle under identical conditions.  
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T (P < 0.05 to P < 0.01; Figure 2 b) lymphocyte prolifera-
tion in vitro in the presence of nonspecific B-cell (LPS) 
and T-cell (Con A) mitogens (P < 0.01). F2, F3 and F4 
also showed a dose-dependent increase in cellular proli-
feration (Figure 2). However, the data were significant 
(P < 0.01) only at 30 mg/kg. F1 did not cause cellular 
proliferation in splenic lymphocytes (Figure 2).  
 There was a dose-dependent upregulation in CD4+ T-
cell population in crude extract and F2 (chloroform) frac-
tion-treated mice, with the values being significant at the 
highest dose of 30 mg/kg F1 (hexane) and F3 (butanol) 
did not significantly influence CD4+ cells, whereas F4 
(aqueous) showed marginal downregulation though statis-
tically insignificant (Figure 3 a). Barring F1 (hexane), all 
other fractions stimulated a significant (P < 0.01) dose-
dependent increase in the CD8+ cell population, which  
was comparatively much better than the crude ethanol  
extract (Figure 3 b). On the other hand, CD19+ cells  
 
 

 
 

Figure 3. Flow cytometric measurements of splenic CD4+ (a) and 
CD8+ (b) T-cell sub-populations and CD19+ (c) B-cell populations in 
mice fed with various doses (3, 10 and 30 mg/kg) of A. squamosa etha-
nolic extract and fractions (hexane (F1), chloroform (F2), n-butanol 
(F3) and aqueous (F4)). Untreated control mice received vehicle under 
identical conditions.  

(B-cells) demonstrated a significant expansion in crude 
ethanol and F2 (chloroform) fraction-treated mice. How-
ever, a decreasing trend was noticed as the dose in-
creased, though still being statistically higher than the 
untreated control values at 3 and 10 mg/kg doses (Figure 
3 c). The other fractions did not have any noticeable  
effect on the B-cells.  
 The proinflammatory Th1 cytokine contents (IL-2 and 
IFN-γ) were found to increase intracellularly in the 
splenic cell population after treatment of mice with the 
crude extract and F2 (chloroform) fraction in contrast to 
their downregulation in F3 (butanol) and F4 (aqueous) 
fractions (Figure 4 a and b). The Th2 (anti-inflammatory) 
cytokines (IL-4 and IL-10) contents, however, were ob-
served to increase in the crude extract, F2 (chloroform), 
F3 (butanol) and F4 (aqueous) fractions. Nevertheless, 
these followed a dose-dependent decreasing pattern in 
spite of being higher than that of untreated control (Fig-
ure 4 c and d). The F1 (hexane) fraction influenced nei-
ther Th1 nor Th2 cytokine responses.  
 Table 1 depicts the fold increase in each immune para-
meter to clearly display the action of crude ethanolic  
extract and its four chromatographic fractions on differ-
ent immunological responses in BALB/c mice. Table 1 
also shows that the crude extract along with the three 
fractions (F2, F3, F4) stimulates both T- and B-cell pro-
liferation. All the fractions, except F1 (hexane) stimulate 
CD8+ T-cell. Both the crude extract as well as chloro-
form fraction stimulate the production of both Th1 and 
Th2 cytokines, while butanol (F3) and aqueous (F4) frac-
tions principally induce the production of Th2 cytokines.  
 Several plant extracts in the past have been shown to 
modulate the host immune system3,22,25,26. AS is one such 
plant which has various traditional uses against epilepsy, 
cardiac problems, constipation, ulcers10, hysteria, fainting 
spells, cancer17 and hyperthyroidism18. The fruit of this 
plant contains high sugar content and the twig is reported 
to contain a large number of alkaloids20. The extraction 
and bioactivity-guided fractionation of the twigs yielded 
four fractions: the hexane, chloroform, n-butanol and 
aqueous fractions which were subsequently exploited for 
immunomodulatory activity in vivo in BALB/c mice. The 
crude ethanolic extract of AS twig and its three fractions 
(chloroform, butanol and aqueous) were found to be 
highly efficient in augmenting both cellular and humoral 
immune responses by stimulating the proliferation of T 
and B lymphocytes as also the simultaneous activation of 
antigen-presenting cells. One of the four fractions, hexane, 
did not show any immune involvement and all the  
immune parameters studied remained unaffected by this 
fraction. The crude ethanolic extract demonstrated immu-
nostimulating characteristics closer to the chloroform 
fraction. The immunostimulation appeared to be mostly 
dose-dependent. The highest oxidative burst was caused 
by aqueous fraction which was dose-dependent, followed 
by chloroform and crude ethanol extract. All the three 
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Figure 4. Flow cytometric detection of intracellular type-1 cytokines IL-2 (a), IFN-γ (b) and type-2 cytokines IL-4 (c) and IL-10 (d) in spleno-
cytes of mice fed with ethanolic extract and fractions (hexane (F1), chloroform (F2), n-butanol (F3) and aqueous (F4)) of A. squamosa twigs at 
various doses (3, 10 and 30 mg/kg). Untreated control mice received vehicle under identical conditions.  
 
 
Table 1. Fold increase in immune parameters of Annona squamosa ethanolic extract and its four fractions (hexane, chloroform, n-butanol and  
  aqueous) treated BALB/c mice compared to their respective untreated groups after a 14 days oral dose schedule 

 Annona squamosa Hexane Chloroform n-Butanol Aqueous  
  EtOH extract fraction (F1) dose fraction (F2) dose fraction (F3) dose fraction (F4) dose  
  dose (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)  

 

Parameters 3  10  30  3  10  30  3  10  30  3  10  30  3  10  30  
 

Reactive oxygen  2.623  3.153  3.797  0.511  0.554  0.619  1.969  2.707  3.952  1.484  1.891  3.699  4.038  4.978  6.553 
 species synthesis  
 by activated  
 macrophages 
B-cell  2.114  2.282  2.504  0.854  0.971  1.043  1.305  1.461  2.015  1.133  1.399  1.816  1.375  1.647  2.070  
T-cell  1.103  1.322  1.727  0.910  0.971  1.181  1.257  1.597  1.867  0.823  0.975  1.604  0.957  1.247  1.701  
CD4  1.13  1.241  1.405  1.003  0.961  1.037  1.135  1.220  1.466  0.969  1.197  1.319  1.024  1.008  1.020  
CD8  1.327  1.373  1.478  1.085  1.087  1.165  1.562  1.735  2.082  1.761  2.331  2.871  2.083  2.202  2.525  
CD19  1.309  1.287  1.106  1.148  1.083  1.093  1.329  1.107  1.054  1.206  0.987  0.962  1.129  1.217  1.148  
IL-2  1.194  4.610  5.549  0.883  0.830  0.874  1.252  1.608  1.836  0.640  0.552  0.495  0.552  0.504  0.486  
IL-4  2.124  1.428  0.822  0.848  0.679  0.630  2.121  1.801  1.266  1.371  1.418  1.976  1.514  1.349  1.038  
IL-10  1.794  1.103  0.684  0.885  0.683  0.686  2.778  2.499  2.193  1.630  1.712  2.049  2.278  2.269  1.836  
IFN-γ  1.283  1.954  2.101  1.013  0.923  1.074  0.846  1.634  2.388  1.080  0.657  0.522  0.375  0.737  0.876  

The increases at least two times or more are indicated in bold font. 
 
 
fractions along with the crude extract possessed lympho-
cyte proliferative capability in the presence of non-
specific mitogens. Once the crude ethanolic extract 
showed strong immune stimulating potential, it was fur-
ther fractionated and the fractions were also bioevaluated 
to localize the activity. The results are summarized in  
Table 1 to demonstrate fold increase or decrease in the 

various immune parameters over controls. The cellular 
immune response plays an important role in the host  
defence against intracellular pathogens by limiting repli-
cation and accelerating clearance of infected cells, and in 
the generation of both humoral and cell-mediated res-
ponses. Macrophages play an important role in the non-
specific defence mechanism against host infection and the 
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killing of tumour cells. The enhanced phagocytic activity 
of activated macrophages by various biological response 
modifiers is accompanied by the production of ROS 
which are involved in killing and digesting microbial 
pathogens27,28. The AS extract and its three fractions in-
creased the oxidative burst in peritoneal macrophages, 
thereby indicating AS to be a potent stimulant of naïve 
immune response. A marginal increase in the CD4+ T-
cells by the crude extract and chloroform fraction shows 
the augmentation of T helper cell activity. CD8+ or T  
cytotoxic (Tc)-cells were stimulated by all the three  
active fractions. Tc-cells are responsible for killing a  
tumour cell or a virus-infected cell. In the present study, 
significant upregulation of the CD4, CD8 and CD19-
positive cell populations was observed after AS and F2 
treatments. CD19 is a cell surface marker of B-cells 
which are responsible for humoral immune response 
against the foreign antigens. Humoral immune response 
is mediated by antibodies secreted by plasma cells (effec-
tor B-cells), which function by neutralizing extracellular 
microbial toxins. The increased population of CD19+ 
cells after treatment with the crude ethanol extract and its 
chloroform fraction thus may be correlated with the in-
creased humoral activity in the host. F1, F3 and F4 could 
not stimulate the CD4+ and CD19+ cells significantly. 
However, F2, F3 and F4 significantly upregulated the 
CD8+ T-cells indicating their support for humoral  
immune response. After activation, CD4+ T-cells can be 
subdivided into either Th1-type cells that secrete IL-2 or 
IFN-γ in mice, or Th2-type cells that secrete IL-4 or IL-
10 (ref. 29). In the above study AS and F2 significantly 
stimulated the production of pro-inflammatory cytokines 
IL-2 and IFN-γ at increasing doses and anti-inflammatory 
cytokines IL-4 and IL-10 at decreasing doses, demon-
strating induction of both Th1 and Th2 TH-cell sub-
populations and thus may be useful for treating various 
Th1 or Th2-dominant pathological disorders. It was inter-
esting to observe that maximum stimulation of Th2 cyto-
kines was observed at the lowest dose tried, i.e. 3 mg/kg 
and the doses higher than this led to continuous and sus-
tained decrease in the Th2 cytokine levels, be it IL-4 or 
IL-10. This phenomenon correlated well with the CD19+ 
population, where similar trend was noticed with regard 
to dose. It appears that doses lower than 3 mg/kg, if used, 
may have resulted in higher Th2 stimulation. These  
results demonstrate that the selection of dose of immu-
nostimulant is crucial in mounting desired Th1- or Th2 
arm of helper immune response. Thus the findings indi-
cate that AS contains molecules which act via both Th1 
and/or Th2 biased pathway and dose selection would be 
the determining factor for polarization of the type of  
cytokine secretion. The F3 and F4 fractions upregulated 
the Th2 cytokine response with concomitant downregula-
tion of the Th1 cytokines, supporting the presence of both 
Th1 and Th2 stimulating as well as downregulating active 
principles in AS twigs.  

 The hexane fraction did not possess any immune regu-
latory properties; this could be due to absence of immu-
nomodulatory constituents in this fraction. Based on the 
comparative fold increase data, F2 appears to be the most 
effective fraction as it stimulated almost all the immu-
nological responses included in the present study. The  
active molecules need to be isolated and explored further 
to localize the Th1 or Th2 or mixed T-helper cell res-
ponse, which would help in further exploitation of the  
active molecules either against intracellular or extracellu-
lar pathogens as chemotherapy adjunct or as immunopro-
phylactant, or to boost specific immune machinery of the 
immunocompromized host after careful escalation of the 
proper dose.  
 Thus, the findings of the present study indicate that 
ethanolic extract of AS twigs and its three fractions (F2–
F4) stimulate proliferation of splenic T and B lympho-
cytes in the form of increased T- and B-cell populations, 
including increased CD4, CD8 and CD19-positive cells 
and also stimulate peritoneal macrophages to produce 
greater amount of ROS. They also regulate the Th1 and 
Th2 cytokines based upon the dose. The present study 
supports the traditional claim of ethnomedicinal use of 
AS and suggests that ethanolic extract and its three frac-
tions (F2–F4) derived from the twigs have therapeutic  
potential and could serve as an effective immunomodula-
tory candidate and may stimulate both cellular and  
humoral immune responses and therefore, molecules re-
sponsible for the above activity may be further studied. 
Further studies on the localization of bioactivity in the 
pure molecules, the molecular mechanism of immuno-
stimulation, are warranted to establish the therapeutic  
potential of AS for the prevention of immune disorders 
and infectious/parasitic diseases, where infections are  
often associated with immunosuppression.  
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