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Medicinal herbs are commonly used worldwide as immune boosters and immunomodulators in the
management of various disease conditions. Many of these herbs commonly used have not been
scientifically evaluated for their immune modulating activities. The study investigated the
immunomodulatory activity of the total crude leaf extract of Hibiscus sabdariffa in Wistar albino rats. It
was an experimental study that was conducted on four groups of animals each with 6 healthy adult rats.
Group I was dosed each with 1mL of normal saline. Groups II, III and IV were dosed 1mL of 125, 250 and
500 mg/Kg bwt of total crude extract, daily for 14 days respectively. On the 15th day, whole blood was
collected into a clean ethlenediaminetetracetic acid (EDTA)-vacutainer. The complete blood count
(CBC), immune blood cell count, hemagglutination antibody (HA) titers, neutrophil adhesion and
delayed-type hypersensitivity (DTH) response were determined. All the doses caused an increase in
mean red blood cell (RBC) counts as compared to control group. Similarly, the mean percentage
neutrophils, monocytes, basophils and eosinophils increased with dose while the opposite was true for
percentage lymphocytes. The mean HA titers for the herb were higher than control though no statistical
difference (p≥0.05) was observed. Similar effects were observed with neutrophil adhesions response as
that of HA titers. For DTH, the highest footpad thickness (175.2% increment) was observed at a dose of
500 mg/Kg bwt after 12 h and was statistically significant (p≤0.05) as compared to control. H. sabdariffa
contain compounds with immunomodulatory activity in Wistar albino rats.
Key words: Immunomodulation, Hibiscus sabdariffa, total crude extracts.

INTRODUCTION
Natural medicinal herbs have long been used as aliments
in management of various disease conditions, as immune
boosters and immunomodulators worldwide (Joy et al.,
1998; Zhang, 1999; Okwari and Ofem, 2011). The
medicinal herbs are used to modulate the immune
system by either stimulating or suppressing the cellmediated and humoral-mediated immune body
responses against foreign bodies. A number of medicinal
plants have been reported globally and are used by the
traditional herbalists and the various communities’ in the
*Corresponding author. Email: godfossa@yahoo.com.

modulation of the immune system in both developing and
developed countries (Gokin et al., 2000). Modulation of
the immune system responses to alleviate disease
conditions has been of medical interest worldwide for
many years (Maizels, 2009; Shuklaa et al., 2009).
Currently there is increased scientific interest in agents
that can modulate the immune system in severely
immunocompromised individuals like in cases of human
immunodeficiency virus (HIV) infected individual, stress,
malnutrition and many others (Shuklaa et al., 2009). The
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available immunosuppressive and immunostimulating
agents have limitations; including adverse drug reactions
and toxicities, as well as increased risk of infection due to
their prolonged use in case they cause immunosuppression. As a result, many people worldwide have
resorted to the use of medicinal plants as immunomodulators especially in developing countries.
Many different medicinal plants contain different
compounds and have long been used to modulate the
humoral and cell-mediated immune responses as
observed in this study on Wistar albino rats (Barkatullah
et al., 2013). Some have been used to facilitate
phagocytic function of the immune cells of the reticuloendothelial system as well as in controlling the
hypersensitivity and inflammatory reactions. Some herbs
are used as antioxidants that detoxify the generated free
radicals and stress factors in the body (Steenkamp et al.,
2013). The exaggerated body reactions lead to
undesirable and damaging effects to the body. The body
reactions have been classified according to Coombs and
Gell (1975) into four different types: Type I, type II, type
III and type IV (Garland-Science, 2008; Marc and Olson,
2009; Douglas, 2011) and usually they are mediated by
immunoglobulin or antibodies such as IgM, IgG, IgA, IgE,
IgD (Amersham-Biosciences, 2002; Trajkovski et al.,
2004; Douglas, 2011).
The herbs have gained advantages over the
conventionally used drugs due to the presumed less side
effects, lack of access to modern drugs, unaffordable
cost and inaccessibility to the healthcare services
especially to many people in rural resource limited areas
(Kamatenesi, 2002; Arokiyaraj et al., 2009). Many
primary and secondary plant metabolites (Barkatullah et
al., 2013; Selim et al., 2013), have been found to
modulate the immune system function through the cell
mediated and humoral responses by either stimulating or
suppressing the different stages of hemopoiesis (Statpute
et al., 2009). Among the herbs used include the
Meliaceae family such as Azadirachta indica and
Munronia pumila that have been widely used in natural
medicine for their immunomodulatory activity, antiviral,
anthelmintic, anti-inflammatory and anti-rheumatic
activities (Benencia et al., 1995). Among the medicinal
herbs reported to boost the immune response include
African potato, ovacado and many others (Zhang, 1999;
Jatawa et al., 2011).
In Uganda, Hibscus sabdariffa is one of the commonly
used herb locally in central Uganda in anemic and sick
individuals to improve their health and as an immune
booster (Naluswa, 1993; Jatawa et al., 2011; Okwari and
Ofem, 2011). Locally it is known as ‘’Musaayi in
Luganda’’. H. sabdariffa belongs to the family of
Malvaceae (Mahadevan et al., 2009). The plant is often
cultivated and dispersed in the out skirts of human
dwelling sites. The herb has been reported to have a
variety of compounds including alkaloids, saponins,
cardenolides, deoxy sugar, tannins, cardiac glycosides,
flavonoids, anthraquinones, phenolics, steroids, glyco-
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sides and ascorbic acid (vitamin C) (Bako et al., 2009;
Kuriyan et al., 2010; Mungole and Chaturvedi, 2011;
Barkatullah et al., 2013; Selim et al., 2013). The herb
has been reported to have several medicinal values
including anti-oxidants activity, immune booster,
antibacterial activities and many others (Mahadevan et
al., 2009; Kuriyan et al., 2010). However, its effects on
the immune system as an immunomodulator have not
been scientifically evaluated. The study investigated the
immunomodulatory activity of H. sabdariffa on both the
humoral and cell-mediated immune responses in Wistar
albino rats.
MATERIALS AND METHODS
Study design
An experimental study investigated the immunomodulatory activity
of H. sabdariffa on the complete blood count (CBC), immune blood
cell count (differential counts), haemagglutinating antibody (HA)
titer, neutrophils adhesion and delayed-type hypersensitivity (DTH)
reaction in Wistar albino rats.
Processing and extraction
After the verification process, the collection of the selected plants
was carried out according to the standard procedure (Marjorie,
1999). Fresh mature leaves of H. sabdariffa were collected,
identified by a botanist and voucher specimen was deposited at the
Makerere University Herbarium. The leaves were cleaned with
distilled water. They were air-dried in a shade until constant weight
was obtained. Dried leaves were then pulverized into coarse
powder to facilitate the extraction process. The medicinal plant was
extracted serially using ether and ethanol solvents. About 500 g of
the leaf coarse powder were put in Erlenmeyer flasks and soaked in
1500 mls of ether solvent for 72 h with occasional shaking to
facilitate the extraction process. The mixture was then filtered using
Whatman No.1 filter paper using a Buchner funnel and a suction
pump. The residue was air-dried for about 2 h in preparation for
ethanol extraction. It was then soaked in 1500 ml of 96% ethanol
and the procedure was repeated as for the ether extraction. The
ether and ethanol solvents were recovered from the extracts using
a Heidolph rotary evaporator (BÜCHI Rotavapor R-205 model) to
obtain semi dry ether and ethanolic leaf extracts. They were then
mixed in equal proportions to obtain a total crude extract that was
used in the experimental studies. To attain complete dry total crude
leaf extract of H. sabdariffa, the mixture was kept at room
temperature (25°C) for one week to allow complete evaporation of
the ether and ethanol solvents, which was used in the
immunomodulatory studies.
Preparation of the total crude leaf extract
The total crude leaf extract stock solution was prepared by
dissolving 2500 mg of the extract with a few drops cooking oil and
then topped up with normal saline to produce a concentration of
2500 mg/5mL (500mg/mL). A concentration of 125, 250 and 500
mg/Kg/mL of the total crude leaf extract were prepared by serial
dilutions. Normal saline with cooking oil was used as control.
Study animals
About 24 healthy adult Wistar albino rats of either sex, weighing
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between 80-150 g were used in the study. The animals were
housed in standard environmental conditions (temperature 25°C;
photoperiod approximately 12 h of natural light per day; relative
humidity of 50-55%) in order to acclimatize them before the
experiment according to standard conditions. The animals were
treated in a humane way as per the standard European guidelines
on use of Laboratory animals (EOCD, 2001; Khotimchenko et al.,
2006). The sickly, pregnant and nursing mothers were excluded
from the study.

Group treatment of experimental animals
The 24 experimental Wistar albino rats were obtained from the
Department of Pharmacology and Therapeutics, Makerere
University College of Health Sciences, Uganda. They were six
weeks old, healthy and both sexes were used in the study. The
animals were grouped into 4 groups; each group consisted of six
animals (3 males and 3 females). Group I was dosed with 1 mL of
normal saline and cooking oil mixture (control group). Group II was
dosed 125 mg/Kg bwt/mL. Group III was dosed 250 mg/Kg bwt/mL.
Group IV was dosed 500 mg/Kg bwt/mL. The animals were being
feed on standard pellet food and were provided water ad-libitum.
The animals were dosed with respective doses daily for 14 days.
On the 15th day, whole blood was collected by puncturing the retro
orbital vein of the rats for the immunomodulatory experimental
studies.

Preparation of sheep red blood cells (SRBC) as antigens
Fresh blood was collected from a sheep in a sterile bottle
containing Alsver’s solution (2% dextrose, 0.8% sodium citrate,
0.05% citric acid and 0.42% sodium chloride). The sheep red blood
cells (SRBC) were thoroughly mixed and washed three times with
normal saline and each time centrifuged at 3000 rpm for 5 min. The
supernatant was then discarded. The SRBC got were washed
again with sterilized phosphate buffer saline (pH 7.2). The total
SRBC was counted using Neubauer chamber and finally 1x10 8
SRBC (1.5 mL) were injected intraperitoneally for sensitization and
challenging the rats (Aher and Wahi, 2010).

Immunomodulatory bioassays
Determination of complete blood count (CBC)-cell-mediated
immune responses
The whole blood from groups I, II, III and IV were collected by
performing a retro-orbital puncture. The blood was collected into a
clean ethlenediaminetetracetic acid (EDTA)-containing vacutainers.
The CBC was determined using automated hematological Coulter
CBC-5 Hematology Analyzer equipment using standard procedures. The red blood cell (RBC) count, white blood cell (WBC)
count and differential count (immune blood cells: percentage
neutrophils, basophils, eosinophils, monocytes and lymphocytes)
were determined.

Determination
of
humoral
immune
hemagglutination antibody (HA) titer

response

-

The study was conducted according to Puri et al. (1993) method.
Four groups of rats were used as per the treatment groups above.
On the 14th day, the animals were immunized by injecting 0.1 ml of
SRBCs suspension containing 20 µl of 5×109 cells intraperitoneally
on the 15th day. The day of immunization was day 0. The animals
continued to receive normal saline plus cooking oil and 125, 250

and 500mg/Kg bwt of the total crude leaf extracts in their respective
groups for the next 14 days. Blood samples were then collected
from each animal by retro-orbital puncture on the 15th day (after
immunization) into a clean clot-activated vacutainer. The blood
samples were centrifuged at 1500 rpm for 5 min to obtain serum.
The serum was collected and the hemagglutination titer was
determined using microtiter plates. Two-fold dilutions (0.025 mL) of
sera were made in the micro-titer plates using normal saline. To
each well, 0.025 mL of 1% (v/v) SRBC was added. The plates were
incubated for 1 h at 37°C and then observed for haemagglutination.
The highest dilution giving haemagglutination was taken as the
antibody titer, which was expressed in a graded manner, the
minimum dilution (1/2) being ranked as 2.

Determination of neutrophil adhesion
The study was conducted according to Shuklaa et al. (2009)
method. Four groups of rats were used as per the treatment groups
above. On the 15th day, blood samples were collected from each of
the animals for all the groups by puncturing the retro-orbital vein
into a clean EDTA containing vacutainers. The total leukocyte cell
(TLC) and differential leukocyte cell (DLC) count were determined
using automated hematological Coulter CBC-5 Hematology
Analyzer equipment using standard procedures. After initial counts,
blood samples were incubated with nylon fibers for 15 min at 37°C.
The incubated blood samples were again analyzed after removing
the nylon fibers for TLC and DLC, respectively, to give neutrophil
index of blood samples. The percentage neutrophil adhesion was
calculated using the following formula:
Neutrophil adhesion (%) = (NIu – Nlt) × 100/NIu
Where, NIu is the neutrophil index of untreated blood samples and
NIt is the neutrophil index of treated blood samples. The mean
percentage (%) neutrophil adhesion was calculated.

Determinination delayed-type hypersensitivity (DTH) response
The study was conducted using standard methods (Ross et al.,
2009). Four groups of rats were used as per the treatment groups
above (Mayank et al., 2006). The rats were challenged on the 14 th
day with 20 µl of 5×109 SRBC/mL subcutaneously into the right hind
foot pad. Footpad thickness was measured using a vernier caliper
at 0, 12, 24 and 48 h after the challenge. The differences obtained
for pre- and post challenge footpad thickness was taken as the
measurement of DTH and was expressed in mm.

Statistical data analysis
That data for RBC, WBC count, percentage neutrophils, basophils,
eosinophils, monocytes and lymphocytes, HA titer, neutrophils
adhesion and DTH were analyzed by the Excel statistical package
using the student’s t-test. The mean values for each dose of the
extract were compared with the control. Data was expressed as
mean standard deviation (S.D.) of the means. The mean differences between the test group that received the total crude extracts
and control were considered significant when p < 0.05.

Ethical considerations
All the necessary ethical issues and animal rights were considered
throughout the experimental study. The experiments were
conducted in accordance with the internationally accepted
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Table 1. Effect of different doses of the total crude extracts of H. sabdariffa on RBC count, WBC count and differential count.

Medicinal herb
Hibiscus
sabdariffa
NS+C oil (control)

Dose
(mg/kg)

Mean WBC
3
x10 /µl ±SD

Mean RBC
6
x10 /µl ±SD

125
250
500
1 mL

13.6± 1.6b
11.7 ± 4.2 b
7.8 ± 1.9b
13.1 ± 0.1

8.2 ± 0.4 b
8.0 ± 1.2 b
7.9 ± 0.1b
7.3 ± 0.3

NE
14.3±2.8 b
18.3 ±5.9 b
17.1 ± 3.7 b
15.5 ±1.6

Mean differential counts ±SD (%)
LY
MO
EO
81.8±4.8b
1.1± 0.4b
0.4 ± 0.4 b
80.0 ±1.0 b
1.2 ±0.2 b
0.2 ± 0.1 b
b
a
78.6 ± 4.6
1.8 ± 0.0
0.9 ± 0.2 b
77.6± 3.7
4.6 ± 1.8
0.8 ± 0.1

BA
0.6±0.5 b
0.4 ± 0.1 b
1.7 ± 0.7 b
1.6 ± 0.2

a

, p<0.05; b, p>0.05; NS+C, normal saline + cooking oil; NE, neutrophils; LY, lymphocytes, MO, monocytes; EO, eosinophils; BA, basophils; W BC, white
blood cell count; RBC, red blood cell count, SD, standard deviation.

principles for laboratory animal use and care (EOCD
2001).

RESULTS
The immunomodulatory activity of H. sabdariffa on
both the humoral and cell-mediated immune
responses in Wistar albino rats in which RBC,
WBC count, percentage neutrophils, basophils,
eosinophils, monocytes and lymphocytes, HA
titer, neutrophils adhesion and DTH were
determined. The mean WBC counts in rats dosed
with 125 mg/Kg were slightly higher than the
control group while the 250 and 500 mg/kg were
generally slightly lower as compared to the control
group. Though the differences were not
statistically significant (p>0.05). Dosing rats with
125, 250 and 500 mg/Kg of the total crude leaf
extracts of H. sabdariffa caused a slight elevation
in RBC counts as compared to the control but the
difference was not statistically significant (p
>0.05). Regarding the differential counts, dosing
rats with 125, 250, and 500 mg/Kg had no
significant effect on the percentage neutrophils,
lymphocytes, monocytes, eosinophils and basophils counts (p > 0.05). The mean percentage
monocyte at 500 mg/Kg bwt was statistically
significant (p≤0.05) as compared to the control

group. Though the differential counts appeared to
rise with increasing dose from 125 to 500 mg/Kg
bwt as compared to the control group (Table 1).
The mean HA titer of the rats dosed 125, 250 and
500 mg/Kg bwt of the total crude leaf extract of H.
sabdariffa were higher than that of the control
group and the difference was statistically
significantly (p < 0.05) (Table 2). The mean
percentage neutrophil adhesion for the rats dosed
with 125, 250 and 500 mg/Kg bwt were all higher
than the control group though they were not
statistically significant (p > 0.05). The highest
mean percentage neutrophil adhesion was
observed at 31.09% at a dose of 125 mg/Kg bwt
(Table 3). The delayed hypersensitivity reaction
test (DHT) showed that the mean percentage
footpad thickness was higher than the control
group at a dose of 125, 250 and 500mg/kg bwt.
The highest observed effect occurred after 12 h of
dosing (165.2% mean increment in footpad
thickness) at 500 mg/Kg bwt dose giving the
highest footpad thickness. The percentage mean
footpad thickness was statistically significant
(p≤0.05) at a dose of 500 mg/Kg bwt as compared
to the control group after the 12 and 24 h of
dosing. Though generally, there was a slight
increase in the mean footpad thickness for all the
doses as compared to the control group (Table 4
and Figure 1).

DISCUSSION
The modulation of body immune responses
through suppression or stimulation is capable of
maintaining a disease free state of an individual
organism. Substances which are capable of
activating the hosts’ defense mechanisms through
the immune system have been used globally as a
way to control diseases in both humans and
animals. Generally, all the different types of blood
cell count increased for all the doses of the total
crude extracts of H. sabdariffa that were given to
the animals as compared to the control group
except the WBC count at 250 and 500 mg/Kg bwt,
percentage neutrophils at 125 mg/Kg bwt,
percentage monocytes, percentage eosinophils
and percentage basophils at 125 and 250 mg/Kg
bwt that were lower than the control group.
However, the mean RBC count generally
increased and were higher at a low dose of 125
mg/Kg bwt as compared to a high dose of 500
mg/Kg bwt of the total crude leaf extracts. The
increment in the blood cells could be due to the
stimulation of the bone marrow and lymphoid
organs by the compounds such as alkaloids,
saponins, cardenolides, deoxy sugar, tannins,
cardiac glycosides, flavonoids, anthraquinones,
phenolics, steroids, glycosides, ascorbic acid and
other vitamins that are found in the herb (Essa et

1946

Afr. J. Pharm. Pharmacol.

Table 2. Effect of different doses of the total crude extract of H. sabdariffa on heamagglutination antibody titer.

Medicinal herb
Hibiscus sabdariffa

Dose (mg/kg/bwt)
125
250
500
1 mL

NS+C
a

Mean heamagglutination antibody titer (±SD)
17.6±11.3 a
a
36.8±33.9
a
88.0±79.2
3.0±1.4

p value
0.017
0.021
0.007

, p<0.05; b, p>0.05; NS+C, normal saline + cooking oil (control).

Table 3. Effect of different doses of the total crude extracts of H. sabdariffa on the mean % neutrophil adhesion.

Medicinal herb

Dose (mg/kg)
(treatment)

Mean % neutrophil in
untreated blood

Mean % neutrophil in blood treated
with nylon fibers

% Neutrophil
adhesion

125

14.28 ±2.76

9.84±1.41

31.09

250
500
1 mL

18.25±0.78
17.07±3.68
13.08±1.56

14.38±1.63
12.83±0.283
10.58±1.41

21.21b
24.84b
19.11

Hibiscus
sabdariffa
NS+C

, p<0.05; b, p>0.05; NS+C, normal saline + cooking oil (control).

Table 4. Effect of different doses of the total crude extracts of H. sabdariffa on the mean foot pad thickness (delayed hypersensitivity).

Medicinal
herb

Dose
(mg/kg)

Hibiscus
sabdariffa
NS+C

125

0 (h)
0.07±0.02b

Mean foot pad thickness ±SD (mm) at given time interval (h)
%
12 (h)
%↑
24 (h)
%↑
48 (h)
0
0.14±0.00 b
140.4
0.11±0.00 b
61.8
0.08±0.01 b

250
500
1 mL

0.07±0.02 b
0.08±0.04 b
0.07±0.01

0
0
0

0.13±0.02 b
0.18±0.12a
0.12±0.04

90.0
165.2
64.3

0.13±0.03 b
0.16±0.01 a
0.11±0.04

82.9
140.9
54.3

0.07±0.02 b
0.11±0.01 b
0.08±0.01

%↑
17.7
5.7
63.6
17.1

, p<0.05; b, p>0.05; SD, standard deviation; ↑, increment; NS+C, normal saline + cooking oil.

180.0
160.0
140.0
120.0

125mg/Kg bwt

100.0

250 mg/Kg bwt

80.0

500 mg/Kg bwt

60.0

Control

thickness

a

Mean % footpad thickness

a

b

40.0
20.0
0.0
0.0

12.0

24.0

48.0

Time (hours)
Figure 1. Effect of different doses of the total crude extracts of H. sabdariffa on the mean % increment of foot pad thickness at time
interval.
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al., 2006; Bako et al., 2009; Kuriyan et al., 2010; Mungole
and Chaturvedi, 2011). These compounds may stimulate
the hemopoietic process leading to the increased activity
of the different cell lines and hence the observed
increment in the various blood cell types in the Wistar
albino rats treated with the extract as compared to the
control rats. However, the same compounds in the herb,
some may depress the bone marrow and the lymphoid
organs that produce the white blood cells hence leading
to the observed reduction in the differential counts
(Brunton et al., 2006; Prasad et al., 2006). The results
also provide scientific evidence as to why the herb is
widely used in central Uganda by both the local
communities and the traditional herbalists in the
management of anemia and other disease conditions and
hence the local name “Musaayi” meaning blood in central
Uganda (Brunton et al., 2006; Kuriyan et al., 2010).
However, the dose dependent reduction in the total WBC
count as compared to the control group could be due to
the fact that H. sabdariffa contains compounds such a
flavanoids, tannins, pectins hydroquinone, ascorbic acid,
carotenoids and polyphenols, polyphenols, several
phenolic acids and caffeoylquinic acids, caffeic acid,
flavonol glycosides and others that could interfere with
the different processes in the white blood cell formation
stages of the hematopoietic system (Essa et al., 2006;
Mahadevan et al., 2009; Mungole and Chaturvedi, 2011).
Also the observed increased effect of the total crude
extracts at low dose (125 mg/Kg bwt) as compared with
the high dose (500 mg/Kg bwt) could be due to the
increased activity of the extracts that may be attributed to
by the increased polarity caused by the water molecule
fraction hence increasing the solubility of the compounds
in the extracts and the absorption of the extracts from the
gastrointestinal tract in the dilute form. The various
compounds in the herb could be acting as either
stimulating or inhibiting natural factors that promote the
proliferation or suppression of the various blood cell
components such as granulocytes colony stimulating
factors (G-CSF) (Steven, 2003; Prasad et al., 2006;
Okwari and Ofem 2011).
The mean HA titer of the rats dosed 125, 250 and 500
mg/Kg bwt of the total crude leaf extract of H. sabdariffa
were higher than that of the control group and dose
dependent. The compounds in the herb may interact with
the B cells acting as antigen and hence activate the
subsequent proliferation and differentiation into antibody
secreting (plasma) cells. The antibody molecules are
products of B-lymphocytes that form the plasma cells
leading to the formation
of antibodies such as
immunoglobulin(Ig) including the IgG, IgA, IgM, IgE and
IgD (Steven, 2003), which are central in humoral immune
responses. Therefore the herb may cause augmentation
of the humoral immune response to sheep red blood cells
SRBCs acting as antigens that caused enhanced
responsiveness of T and B-lymphocyte subtypes of the
immune system thus promoting the anti-body synthesis
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(Sharififar et al., 2009) in the Wistar albino rats similar to
what has been observed in other studies. The increased
adhesion of the neutrophils to nylon fibers could be due
to the compounds in the herb that may improve the
migration of phagocytes such as neutrophils to the
foreign body in blood vessels (Guyton and Hall, 2006;
Srikumar et al., 2007). The neutrophils represent a
multifunctional cell type in innate immunity that
contributes to bacterial clearance by recognition,
phagocytosis and killing of foreign bodies (Guyton and
Hall, 2006; Srikumar et al., 2007), whereas the T and Blymphocytes are involved and responsible for production
of antibodies leading to enhancement of immunity
(Guyton and Hall, 2006; Srikumar et al., 2007; GarlandScience, 2008; Soehnlein et al., 2008). The observed
increase in the footpad thickness of the Wistar albino rats
which is a measure of the DTH as a result of the
challenge of the SRBC antigens could be due to some of
the compounds found in the herbal extract. The
compound might have stimulated the lymphocytes that
mediates the delayed type of hypersensitivity or type IV
reaction according to the Coomb and Gell (1975)
classification (Garland-Science, 2008). The DTH
response is a type IV hypersensitivity reaction, which is a
direct correlation of cell-mediated immunity. Increase in
the DHT indicates that H. sabdariffa total crude extracts
have a stimulatory effect on lymphocytes and accessory
cell types required for the immune reaction (cell-mediated
immune response) (Makare et al., 2001; Sharififar et al.,
2009). Cell-mediated immunity involves effector
mechanisms carried out by T lymphocytes and their
products (lymphokines). DTH requires the specific
recognition of a given antigen by activated T
lymphocytes, which subsequently proliferate and release
cytokines. These in turn increase vascular permeability,
induce vasodilatation, microphage accumulation, and
activation, promoting increased phagocytic activity and
increased concentration of lytic enzymes for more
effective killing thus contributing to the observed effect of
the cardinal signs of inflammation. When activated, Th1
cells encounter certain antigens such as SRBCs and they
are converted to lymphoblasts (Steven, 2003) and
secrete cytokines that induce a localized (defensive)
inflammatory reaction called delayed type hypersensitivity
(Coombs and Gell, 1975; Garland-Science 2008). The
cytokines then attract the scavenger phagocytic cells to
the site of reaction hence leading to the type IV delayed
hypersensitivity reaction observed in the study when the
cells encounter the antigens in form of plant extracts
(Marc and Olson, 2009). The observed effect in the
delayed hypersensitivity in the rat foot pad could be due
to the T-lymphocytes and monocytes and/or
macrophages (Garland-Science, 2008; Marc and Olson,
2009). Also the cytotoxic T-cells may have caused direct
damage to the foot pad whereas T-helper (TH1) cells
may also have increased damage by secreting cytokines
that activate cytotoxic T cells that recruit and activate
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monocytes and macrophages causing a bulk of tissue
damage observed in the study by the increased thickness
of the footpad (Garland-Science, 2008; Marc and Olson,
2009). The study has provided evidence for the
immunomodulatory activity of H. sabdariffa medicinal
herb and its continued use by the local communities and
traditional herbalist in management of variety of disease
conditions.
Conclusion
The total crude leaf extract of H. sabdariffa has
compounds with immunomodulatory activity on both cellmediated and humoral-mediated immune responses. It
increased red blood cell production and boosted some of
the phagocytes. It increased the hemagglutination titers,
an indication of boosting the humoral immunity. The
results provides evidence for the wide use H. sabdariffa
as an immune booster in the management of number of
disease conditions by both local communities and the
traditional health practitioners.
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