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ABSTRACT

The aim of the present study was to evaluate, in a group of male cyclists the effects of short-term
consumption of aqueous extract of the dried calyx of Hibiscus sabdariffa (popularly referred to as
zobo in Nigeria) on some hematological and biochemical indices. Mmale clyclists who consumed
the placebo (test control group) had significantly reduced hemoglobin (Hb) concentration, packed
cell volume (PCV) and red blood cell (RBC) count, while the white blood cell (WBC) was signifi-
cantly increased relative to inactive control subjects after one and two months of study. These pa-
rameters were restored to a level comparable to controls in the group of cylists who consumed
zobo drink (test group) for one and two months. The levels of erythrocyte superoxide dismutase
(SOD), catalase (CAT) and lipid peroxidation (LPO) were significantly elevated in cyclists in the
test control group relative sedentary controls after both durations of the study. These parameters
were restored toward control values after two months of ingestion of zobo drink. The lactate dehy-
drogenase activity in the erythrocyte of the cyclist was significantly high with or without zobo in-
gestion relative to control after both durations of the study. In conclusion, the results obtained indi-
cate that consumption of zobo drink (which is rich in antioxidants and other components) may be
beneficial to athletes as it restored the exercise induced alterations of some hematological and bio-
chemical parameters in cyclists under regular training.

INTRODUCTION with decreased physical performance, muscu-
Strenous exercise has been reported to cause a lar fatigue, muscle damage, and anaemia.
dramatic increase in oxygen uptake in various Amelioration of oxidative stress in the body
organs, particularly in the skeletal muscle involves a large number of enzymatic and
(Alessio, 1993). Physical activity increases the nonenzymatic antioxidants that either prevent
generation of free radicals in several ways, ROS formation or scavenge radical species. It
including increased cellular oxidative phos- has been reported that strenuous physical ex-
phorylation, catecholamine release, prostanoid ercise produces a decrease in antioxidants lev-
metabolism, metmyoglobin release from dam- els and an increase in the markers of lipid per-
aged muscle, and radical release from macro- oxidation (LPO) in target tissues and blood
phages recruited to repair damaged tissue (Powers and Jackson, 2008; Davies et al.,
(Cooper et al., 2002; Jackson, 1999). Exercise 1982). For these reasons, supplementation of
can produce an imbalance between reactive antioxidants may be desirable for athletes to
oxygen species (ROS) and antioxidants, reduce oxidative stress and provide protection
which is referred to as oxidative stress. Oxida- against its possible consequences (Zoppi et
tive stress has been linked to lipid peroxida- al., 2006; Ji, 1999; Schroder et al., 2000). It is
tion of polyunsaturated fatty acids in biologi- therefore not surprising that antioxidant sup-
cal membranes and blood, disturbing cell plements are now highly marketed for and
function (Duthie et al., 1990). It has also been used by athletes as a means to counteract the
reported to cause damage or destruction of oxidative stress of exercise. In addition, a
tissue and cell macromolecules, such as lipids, number of synthetic compounds of diverse
proteins, and nucleic acids (Packer, 1997). structure and presumed mechanism of action
Thus, oxidative stress has been associated have displayed significant protection against
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exercise-induced oxidative stress (Kerksick
and Willoughby, 2005; Williams, 2005).
However clinical applications of these com-
pounds are very few owing to their high toxic-
ity at optimum dose level. However, the use
of plants and natural products may be benefi-
cial in protecting against free radical induced-
damage, as they are less toxic or practically
non-toxic compared to the synthetic com-
pounds at their optimum protective dose lev-
els. Flavonoids and hydroxycinnamic acids
are plant-derived extracts, which have been
shown to possess several biologic properties,
many of which may be related, partially at
least, to their free radical-scavenging, metal-
chelating, and enzyme-inhibiting ability (Cao
et al., 1997; Rice-Evans et al., 1996). In Par-
ticular, cyanidin and its glycosides are consid-
ered dietary compounds with a potential bene-
ficial role for human health (Galvano et al.,
2004) and are excellent free radical scaven-
gers and metal chelators (Kohkonen and Heei-
nononen, 2003). The need to counteract the
oxidative stress of exercise with the use of
natural products which are less toxic under-
scores the importance of the present study.

Hibiscus sabdariffa (Roselle) is an annual
herb native to tropical Africa reaching up to 2
meters. Extracts from this plant have previ-
ously been shown to possess antioxidant prop-
erties (Asagba et al., 2007). The dried calyces
contain the flavonoids gossypetins, hibiscetine
and sabdaretine and 0.004-0.005 % ascorbic
acid (Christie, 1984; Perry, 1980). Its major
pigment formerly reported as hibiscin, has
been identified as daphniphylline. Small
amounts of delphinidin 3-monoglucoside,
cyanidine 3-monoglucoside (chrysanthenin)
and delphinidin are also present (Bernd and
Franz, 1990). Juice made by cooking a quan-
tity of calyces with water is used as a cold
drink in the West Indies, tropical America,
Jamaica, Mexico and Egypt. In Nigeria, the
wine coloured drink known as “zobo” is now
a favored drink on dinning tables in many
homes and for entertaining guests.

With the purpose of studying the effect of in-
gestion of a drink of zobo in sportsmen, a pi-
lot trial with male cyclists under regular train-
ing was carried out. The aim of the study was
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to evaluate, the effects of short-term consump-
tion of the extracts by male cyclists on a num-
ber of biochemical and hematological parame-
ters.

MATERIALS AND METHODS
Preparation of zobo

The dried calyx of H. sabdariffa (180 g) was
extracted with 6 liters of boiling water for 1
hour. The extract was then filtered into an-
other clean bowl and made up to 6 liters. The
extract was sweetened with sugar (as locally
prepared) and refrigerated until the time of
use.

Study design

A group of 30 sportsmen (males, age 18-25
years) was selected for the present study. The
sportsmen were cyclists under the employ-
ment of Edo State Sport Council, Benin City,
Nigeria. These cyclists have been engaged in
a controlled physical training programme con-
sisting of 3h of training per day for one year
during which they were under strict lifestyle
particularly with regard to diet. A sex- and age
-matched control group of 15 sedentary,
healthy individuals who were students of the
University of Benin, Benin City, Nigeria were
used as controls. The study was conducted in
accordance with the Declaration of Helsinki;
written informed consent was obtained from
each subject participating in the study, which
was approved by the ethics committee of the
University of Benin Teaching Hospital, Benin
City, Nigeria. All subjects were subjected to a
routine clinical checkup, including hematol-
ogy and liver and kidney function tests; they
were taking no medication (including vitamin
and antioxidant supplements) and were re-
quired not to modify their dietary habits dur-
ing the course of the study. Exclusion criteria
were obesity, active smoking, occupational
exposure to toxic agents, the use of antioxi-
dant dietary supplementation, and vegetarian
dietary habits. The cyclists used for the study
were divided into two subgroups with 15
sportsmen each. While each member of one
subgroup was recommended to take 300 ml of
a drink of zobo at breakfast and bedtime,
members of the other subgroup served as a
test control. Individuals in this subgroup were
also recommended to take same volume of a
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drink (placebo) whose composition was basi-
cally water with sugar and natural colourants.
Individuals in the control group were made to
take similar volumes of the same drink offered
to the test controls. Both subgroups of cyclists
and the controls were biochemically assessed
after 1 and 2 months.

Preparation of samples

After one and two months blood samples were
collected by venous puncture from the antecu-
bital vein of the volunteers after an overnight
fast by means of a sterile needle and syringe.
The blood samples were then transferred to
heparinized tubes. The plasma was separated
by centrifugation at 3000 g for 10 min. The
erythrocytes remaining after the removal of
the plasma were washed three times with 310
mM isotonic Tris HCI buffer (pH 7.4). Hemo-
lysis was performed by pipetting out the
washed erythrocyte suspension into polypro-
pylene centrifuge tubes, which contained 20
mM hypotonic Tris HCI buffer (pH 7.2). The
erythrocytes membranes were sedimented in a
high speed centrifuge at 20 000 g for 40 min.
The supanatant was decanted and subse-
quently used for biochemical analysis. Some
portion of the blood was also collected in
EDTA containers and used for hematological
analysis.

Biochemical analysis

Erythrocyte superoxide dismutase (SOD) ac-
tivity was determined essentially by the
method described by Misra and Fridovich,
(1972) which is an indirect method based on
the inhibition by SOD of the auto-oxidation of
adrenaline to adrenochrome. The activity of
the enzyme was expressed as SOD units,
where one unit represents the amount of en-
zyme that causes 50% inhibition of the
autooxidation in 1 min as monitored by col-
orimetry. The activity of erythrocyte catalase
(CAT) was determined by the method of Kap-
lan and Groves (1972) and was based on re-
sidual H,0, after incubation with the samples;
each CAT unit specifies the relative logarith-
mic disappearance of hydrogen peroxide per
min and is expressed as K min™ where K is
the rate constant for a first order reaction ki-
netics. Erythrocyte lactate dehydrogenase
(LDH) activity was assayed using kit from

Nigerian Journal of Science and Environment, Vol. 10 (3) (2011)

Quimica Clinica Applicada (Spain). The assay
was carried out by incubating the sample with
nicotinamide adenine dinucleotide (3mg mL™)
and DL lactic acid (0.45 M) with sodium py-
rophosphate buffer, pH 8.8. The activity of
LDH is expressed in Units / L. The level of
lipid peroxidation (LPO) in the erythrocytes
of the cyclists was assayed by the method of
Gutteridge and Wilkins (1982). The procedure
involved the determination of thiobarbituric
acid-reactive substances (TBARS), which are
indicators of LPO. Values for TBARS are re-
ported as malondialdehyde (MDA), quantified
using a molar extinction coefficient of 1.5 X
100 M cm™ and expressed as micromole
MDA per ml of erythrocytes.

Hematological analysis

Red blood cell (RBC) counts and white blood
cell (WBC) counts were determined in blood
using a cell coulter T540 (Coulter Electronic
limited) based on the method described by
Baker and Silverton (1978). The packed cell
volume (PCV) was also determined by the
method of Baker and Silverton (1978). This
involved the transfer of 0.8 ml of blood into
plain capillary tubes. The samples in the capil-
lary tubes were centrifuged in the microhema-
tocrit centrifuge for 5 mins at 5000 g after
which the percentage of blood (PCV) was cal-
culated. The hemoglobin (Hb) concentration
of the blood samples was determined by the
method of Fairbanks and George (1986).

Statistical Analysis: Data are expressed as
means + SEM. Differences between the ex-
perimental groups were evaluated using the
non-parametric Mann-Whitney U-test. A p <
0.05 was considered significant. All statistical
calculations were done using STATISTICA
version 5.0 computer program.

RESULTS

Table 1 presents the effect of zobo drink on
the hematological parameters of male cyclists.
The male cyclists in the test contol group who
were not offered zobo drink had a signifi-
cantly reduced hemoglobin concentration,
packed cell volume and RBC count after one
and two months of study as compared to sed-
entary control subjects. Conversely the WBC
count was significantly elevated after both
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durations in this group of male cyclists rela-
tive to the same controls. However these he-
matological parameters were restored to a
level comparable with the control in cyclists
who ingested zobo drink for one and two
months. The study indicates that hematologi-
cal parameters of male cyclists are responsive
to zobo drink after one and two months of
consumption.

Table 1. Effect of zobo drink on some hema-
tological parameters in male cyclists

Experimental groups

Parameters CcO TC TE
One month
Hemoglobin (g/1)
Packed cell volume (%)

152.7+8.3"  140.8+12.4° 155.0+10.5
0.48+0.03"  0.40+0.04°  0.462+0.03°

Red cell count (x 10'%/1)  5.6+£0.4* 4.5+0.4° 5.840.5"
White cell count (x 10°/1)  5.5+0.6 10.5+1.8°  6.7£3.4°
Two months

Hemoglobin (g/1) 158.0£5.6°  145.0+10.5° 159+12.0°
Packed cell volume (%) 0.47+0.02°  0.39+0.04°  0.48+0.04°
Red cell count (x 10'%/1)  5.7+0.3" 4.840.5° 5.940.5%
White cell count (x 10%/1)  5.3+0.5° 10.7£2.0°  5.8+0.5°

CON= control subjects who are sedentary individuals, TE=
test control subjects, who are cyclists not under zobo supple-
mentation, TE = test subjects, who are cyclists under zobo
supplementation. Results are presented as Means+=SEM. Val-
ues with different letters as superscripts are significantly
different (p<0.05).

The effect of zobo drink consumption on
some biochemical parameters in the RBCs of
male cyclists under regular training is shown
in Table 2. The levels of erythrocyte SOD,
CAT and LPO were significantly elevated in
cyclists in the test control group who con-
sumed the placebo relative to the sedentary
subjects used as controls after both durations
of the study. These parameters remained sig-
nificantly elevated in cyclists in the test group
who ingested zobo drink for one month, but
were restored toward control values after two
months. The erythrocyte LDH activity was
significantly high in cyclists with or without
zobo ingestion after both durations of the
study relative to controls. Thus the results of
the study indicate that the levels of SOD,
CAT and LPO in the erythrocytes of cyclists
were responsive to zobo drink after two
months of consumpyion.

Nigerian Journal of Science and Environment, Vol. 10 (3) (2011)

Table 2: Effect of zobo on some biochemical
parameters in erythrocytes of male cyclists

Experimental groups
Parameters co TC TE
One month supplementation
SOD (units / ml) 15204105  180.8+12.4°  172.0424.5°
CAT (units / ml) 16514 25.0+4.2° 24.8+5.0°
LDH activity (units / ml) 12049.5° 145.6+10.0°  148.0+12.0°
LPO (nmoles / ml) 025£0.03*  0.48£0.04°  046+0.04°
Two months supplementation
SOD (unit / ml) 148.045.6°  175.0£10.5°  146+12.0°
CAT (unit / ml) 15.0£082  32.6:1.8° 20.4£2.0°
LDH activity (units / ml) 125.4458"  140.049.2°  146.0+10.5°
LPO (nmoles / ml) 0.30+0.03° 0.46+0.06° 0.32+0.07°

CON-= control subjects who are sedentary individuals, TE=
test control subjects, who are cyclists bot under zobo supple-
mentation, TE = test subjects, who are cyclists under zobo
supplementation. Results are presented as Means+SEM. Val-
ues with different letters as superscripts are significantly
different (p<0.05).

DISCUSSION

This work presents the findings from the
study of the effect of zobo drink on some he-
matological and biochemical parameters in the
blood of cyclists under regular training.

The significant decrease in Hb concentration,
packed cell volume and RBC count in the
blood of male cyclists in the test control group
is in agreement with previous reports on
sportsmen (Schumacher et al., 2002; Fallon et
al., 1999). It has been demonstrated that these
variables are highly sensitive to both acute
and chronic effects of exercise. Nevertheless it
is pertinent to note that except for the white
blood cell count, the hematological status of
the cyclist remained within the normal range.
The exercise induced decrease in hematologi-
cal parameters has been attributed to many
factors amongst which are plasma volume
(PV) expansion which sets in within a few
days of prolonged training and increase turn-
over of RBCs as a result of accelerated de-
struction by exercise-induced oxidative stress
(Schumacher et al., 2002). In this study zobo
drink was able to produce useful effects by
elevating the PVC, hemoglobin concentration
and the RBC count of the male cyclists when
they consume the drink in contrast to those
who consumed a placebo (test control group).
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The mechanism by which the herbal prepara-
tion produces the effect on these parameters is
presently unclear. Nevertheless some possible
mechanisms of action of the extract on these
hematological parameters may be by stimula-
tion of erythropoiesis or by increase absorp-
tion / utilisation of nutrients which in turn
may have a stimulating effect on RBC synthe-
sis.

White blood cells (WBC) occur in large num-
bers in the blood. Since they are actively in-
volved in the destruction of bacteria, they are
therefore part of the body’s immune system.
Thus the significant increase in WBC count
demonstrated in cyclists enlisted for the pre-
sent study is an indication that exercise may
modulate immune function. This finding is
corroborated by available experimental evi-
dence which indicate that high intensity exer-
cise has a negative influence on the immune
system, affecting the subject health and per-
formance (Romero et al., 2010). In the present
study, it was shown that, short term ingestion
of zobo drink restored the WBC count of male
cyclists under regular training for one year to
a level comparable to sedentary control sub-
jects. Thus it is concievable that supplementa-
tion with zobo drink may be an excellent strat-
egy for improving the immune system of ath-
letes under high intensity exercise.

The high LDH activity observed in the RBCs
of cyclists with or without zobo consumption
infers a rise in energy generation since RBCs
derive their energy entirely via glycolysis re-
leasing lactate into the plasma for liver to gen-
erate glucose for its constant fuel supply.
LDH is thus elaborated in mature RBCs and
its activity would be directly related to the
level of energy production. Low energy avail-
ability to RBCs will make such cells to be-
come easily turgid and lyse. Besides, it will
also increase the propensity for their destruc-
tion by ROS. It was not surprising therefore
that the significant increase in erythrocyte
LPO of the cyclists was associated with a sig-
nificant increase in LDH.

MDA is one of the major oxidation products
of peroxidized polyunsaturated fatty acids of
membranes and increased MDA content is an
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important indicator of cell membrane LPO.
The significantly increased level of LPO ob-
served in the erythrocytes of cyclists who con-
sumed a placebo is an indication of oxidative
stress. It therefore follows that oxidative
stress/damage measured frequently in blood
after exercise or any other experimental inter-
vention derives, at least in part, from the
erythrocytes in blood. Physical exercise can
cause oxidative stress in erythrocytes because
of increased generation of ROS, which may
trigger antioxidant enzymes such as SOD and
CAT to enhance their activities and reduce
ROS to safe compounds (Lekhi et al., 2007;
Powers and Jackson, 2008). Thus the signifi-
cantly increased erythrocyte SOD activity of
the cyclists under study may be due to in-
creased level of MDA occasioned by in-
creased generation of ROS. A similar increase
in antioxidant enzymes in response to oxida-
tive stress has been reported in the lympho-
cytes of recreationally active males after high
intensive interval training (Fisher et al., 2010).
It is noteworthy that an increase in erythrocyte
SOD was followed by a corresponding in-
crease in CAT in cyclists not under zobo sup-
plementation. This is not surprising as SOD
controls damage caused by free radicals,
which reduces the superoxide anion to perox-
ide, which can be removed by CAT (Lukaski
et al., 1990). Thus the similarities in the pro-
files of SOD and CAT activities observed in
the erythrocytes of these cyclists (Table 2) are
consistent with the observation that both en-
zymes which are involved in peroxide catabo-
lism are not only functionally linked, but also
occur in tandem (Bartkowiak and Bartkowiak,
1981; Halliwell, 1994). The decreased eryth-
rocyte MDA level in cyclists under zobo sup-
plementation for two months is an indication
that the herbal drink contains antioxidant
components and this may have also accounted
for the return of erthrocyte SOD and CAT ac-
tivities towards control values. An improve-
ment in the antioxidant state and a decrease in
the oxidative damage induced by exercise
with the ingestion of soy beverage have been
demonstrated by Rossi et al (2000). These in-
vestigators suggest that this improvement is
attributable to the isoflavones (a flavonoid) of
the soybean used in preparing the drink. The
known antioxidant components in H. Sabdar-
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iffa from which zobo drink is prepared include
flavonoids and vitamins such as vitamin C
and E (Christie, 1984). Because oxidative
damage may occur with exercise, antioxidant
administration has drawn much attention both
in terms of preventing damage and in terms of
affecting performance in athletes. It has been
suggested that oxidative stress might play a
role on the fatigue process, and antioxidant
administration might reduce the fatigue, lead-
ing to an increase in performance (Chen et al.,
2002).

In conclusion, although preliminary, our re-
sults clearly demonstrate that consumption of
zobo drink (which is rich in antioxidants and
other components) is able to decrease oxida-
tive stress in erythrocytes, prevent anemia and
improve the immune system of athletes such
as cyclists under regular training exercise.
However, further study is necessary to estab-
lish the optimal dose of zobo drink required to
produce a beneficial effect not only on the an-
tioxidant defense system but also on the he-
matological and immune systems.
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