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ABSTRACT

The effects of Hibiscus sabdariffa petal extract on 2, 4 - dinitrophenylhydrazine —

induced biochemical and haematological

changes in the blood.have béen examined using blood glucose, and malondialdehyde (MDA) levels as well as RBC, WBC, PCV
and-Haemoglobin (Hb) concentration as indices of alteration and protection. Relative to the control; 2, 4 — dlmtrophenylhydrazlne
_ {2, 4 - DNPH) treatment significantly decreased (P < 0.05) blood glucose from 7.25 + 0.38 mM (control) to 3.53 + 0.25 mM (2, 4 -

' DNPH treatment only). The 2, 4 — DNPH treatment significantly increased blood MDA level from 1.09 + 0.08 x 10°® units/mi -
(eontrol) t0 10.97 + 2.97 x 107 units/ml (2, 4 —~ DNPH treatment only). Treatment with 2, 4 — DNPH alone significantly decreased
RBC count from 376.33 + 4.06 x 10"" counts/uL to 284.33 + 3,84 x 10" counts/uL., PCV from 35.67 + 1.45.% to 18.67 + 0.67 % and
Hb from 12.01 + 0.58 g/di to 6.63 + 0.49 g/d| but increased WBC count from 5.20 + 0.20 x 10° counts/ul to 9.60 * 0.31 counts/ulL.
Relative to the levels of these parameters in the blood of rabbits treated with 2, 4 — DNPH alone, treatment of rabbits with Hibiscis

. sabdariffa extract prior to 2, 4 — DNPH led to significant (P < 0.05) mcrease in blood glucose (6.94 + 0.26 mM from 3.53 + 0.25
‘'mM), decrease in MDA (1.69 + 1 04 x 10 units/mL from 10.97 + 2.97 x 10™° units/ml), increase in RBC count (375.33 + 2.91 x 10"
c.unts/ul. from 284.33 + 3.84 x 10" counts/pL)./PCV (35. 87 +2.91 % from 18.67 + 0.67 %) and Hb (12.70+ 0.38 g/di from 6.63
0.49 g/dl) but a decrease in WBC count (5.90 + 0.29 x 10° counts/uL. from 9.60 + 0.31 x 10° counts/uL). These findings indicate
that H. sabdariffa dried flower extract protects the blood against 2, 4 —~ DNPH Ilpoperoxndatlve and haemolytic effects.
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INTRODUCTION

The plant Hibiscus sabdariffa L belongs to the family
Malvaceae (Gill, 1992). It is cultivated for its- leaf, fleshy calyx,
seed or fibre. Some of these parts are used as herbal
remedies (Gill, 1992). It is more widely referred to as sorrel by
the English, Indians and Jamaicans. In Nigeria a red coloured
soft drink which is & hot-water extract of the red flower of this
plant is chilled and marketed as “zobo drink”. Among the
.cheritical constituents of the flower are the flavonoids,
. gossypetine, hibiscetine, anthocyanin and sabdaretine (Pietta,
2000). Small amounts of delphinidin — 3 —'monoglucoside and
cyanidin ~ 3 - monoglucoside which constitute the
anthocyanin are also present (Langenhoven et al, 2001).

_ Fiavonoids are phenollc compounds (Robinson, 1975).
Phenolic substarices in red wine have been shown to be
potent inhibitors of copper catalysed oxidation of low density
lipoproteins (LDL) Hence they are believed to possess
antloxujant activity.

' . There are indications that the extract from ‘the red
petals of Hibiscus sabdariffa L contains antaoxmant principles
(Tseng - et al, 1997. Wang et al, 2000). It is, therefore,
conceivable that the consumption of the extract may provide
natural agents against oxidative tissue damage and other free
radlcal induced disease conditions (Harman, 1984, Wolff et

'1986).  Phenylhydrazine and its derivative 2, 4~

dlnltrpphenylhydrazme ‘are established haemolytic agents used

in toxicological assessments to study the mechanisms of
chemically — induced cell damage. They are also used to

Laboratories (US) Glucose oxidase kit was. obtained
from Randox Laboratoriés. Ltd (UK) and Chow (Growers Mash
BFFM, Ewu, Nigeria).

Treatment of animals and coilection of blood samples
Rabbits in groups 3 and 4 were given the extract, 400

mg kg™' body weight by gavage, twice a day for 7 days. FG
the same duration and in the same manner rabbits in groups 1
and 2 were given 2.5 ml H20 kg body weight. At the end of
the 7" day all rabbits were fasted overnight. Following the
overnight fast rabbits in groups 2 and 4 received 28 mg 2, 4L
PNPH kg™ body weight in saline. All rabbits were then left for
3 hours with free access to chow and water.

Three hours after 2, 4 - DNPH treatment, the rabbits
were anaesthetized in a diethylether saturated chamber.
While under anaesthesia the thoracic and abdominal reglons
were opened to expose the heart. Blood was obtained via
cardiac puncture by means of a 5 ml hypodermic syringe afd
needle and placed in ice-cold heparinized botties. The
heparinized blood samples were centrifuged at 3500 rpm
(Uniscope Model SM 902B Bench centrifuge) for 10 minutes
each in order to obtain plasma sample. They were collected
and left at -20°C until required.

Preparation of extract ‘

Hundred grams of dried Hibiscus sabdariffa petais
were soaked in one litre absolute ethanol for 12 hours and
then filtered to obtain the red coloured extract, the filtrate. Tlgle
solvent was evaporated in a rotary evaporatdr and a viscous
mass was obtained as residue. This was then reconstituted in
10 % ethanol, put in a bottle sealed and left at 4°C untll
required. . ,
Determination of glucose in plasma

Glucose determination was based on the proced
described in Randox Glucose Oxidase Kit assay Iea
(Randox Laboratories Ltd, U.K.). Twenty microlitres of each

- sample or standard was mixed with 2 ml of the glucose

oxidase reagent and incubated for 25 mmutes at rodm
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. temperature. The absorbance of the standard and samples
were measured at 500 nm against the reagent blank within 60
minutes. ) ,

evaluate the mechanism by which red blood cells counteract
free — radical mediated cell damage (Clemens et al, 1984).
The lytic effect of phenylhydrazine has been attributed to its
ability to undergo autooxidation and subsequent oxidation of
enzymes, membrane proteins and haemoglobin. It is also able
to initiate. lipid peroxidation in membrane phospholipids (Jain

-, and-Hochstein, 1980). These processes of oxidation provide a

. composite model for testing the claim that Hibiscus sabdariffa

red petal extract possesses antioxidant action. Henceé the.

purpose of this study is. to .investigate this cleim by

administering the extract to rabbits prior to 2, 4 — DNPH"

treatment. The effect was compared with that in extract — free
2, 4 DNPH ~ treated rabbits. ' .

MATERIALS AND METHODS

Experimental animals and materials .

- Rabbits (weight range 800 — 1000 g) used fof this
study were bred at the Federal College of Agriculture, Akure,

- Nigeria. They were divided into four experimentai groups of 3

rabbits each housed in  standard rabbit cages. 2, 4 —

Dinitrophenylhydrazine, trichioroacetic acid,” sodium - chioride ..

and diethylether were purchased from BDH  Chemical
Company (Poole, England) 2 — Thiobarbituric acid from Koch ~
Light Laboratories, (England). Hydrochloric acid and absolute
ethanol.. were obtained from WN

Determination of malondialdehyde in plasma .

This was based on the method of Buege and-Aust
"~ (1978). One millilitre of each sample was mixed with 2 ml of
TCA — TBA — HCL stock reagent and the mixture heated for 15
minutes in a boiling water bath. After cooling the flocculent
precipitate was removed by centrifugation at 3500 rpm for 10
minutes. The absorbance of the sample was measured at 535
‘nm against reagent . blank.
calculated using extinction coefficient of 1.56 x 10° M~ cm™.

Haematological analysis : _

e The haematological indices namely red blood cell
(RBC) and white blood cell (WBC) counts were estimated by
visual counting improved by Neubauer counting chambers:
Haemoglobin. (Hb) and packed cell volume (PCV) were
_defermined using cyanomethaemoglobin and  micro-
haematocrit methods respectively (Dacie and Lewis, 1997).

Statistidal analysis
. The data are presented as means + SEM. The mean
value of the various treatment groups were compared using

ANOVA and least square difference test (Lapin, 1978). The

sighificance level was set at P < 0.05.

RESULTS
Data on the effects of 2, 4 — DNPH and H. sabdariffa extract
on rabbit blood glucose and MDA are presented in Table 1. 2,
4 ~ DNPH treatment significantly (P < 0.05) reduced blood
glucose but increased the MDA level by 51.31 and 906.42 %
- respectively when compared to the control, group 1 (Table 1).
Prior treatment of rabbits (group 4) with the extract before 2, 4
~DNPH administration led to significant (P < 0.05) increase in
biood glucose but a reduction in MDA level by 96.60 and 84.69
% respectively relative to the values obtained from the group

The MDA concentration was -
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treated with 2, 4 - DNPH alone (group 2: Table 1). .
The changes in RBC and WBC counts, % PCV and
Hb concentration due to 2, 4 — DNPH and H. sabdariffa extract
are presented in Table 2. As can be seen treatment with 2, 4
~ DNPH (group 2) significantly (P < 0.05). reduced rabbit blood

RBC, PCV, Hb values but caused an increase in WBC count.

relative to the water treated control (group 1) by 24.46, 47.66,

.44.79 and 84.60 % respectively (Table 2). However, the RBC

count, % PCV and Hb concentration of rabbits pretreated with
the extract before 2, 4 — DNPH administration (group 4) were
significantly greater than those of the rabbit treated with 2, 4 —
DNPH alone (group 2) by 28.72, 83.88 and 61.39 %
respectively. The WBC count was significantly (P < 0.05)

lower under this condition by 38.54 % (Table 2).
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In this invesiigation glucose and malondialdehyde levels in

blood olasma and some haematological parameters such RBC
count and WBC count, PCV and Hb concentration were used
to measure both 2, 4 —~ DNPH - induced tissue damage and
protective effect of ethanolic extract of H. sabdariffa petal
against the same effect in rabbits. In agreement with past
reports the results obtained in this study show that DNPH
caused a depletion in blood glucose level (Maduka et al, 203;
Ologundudu and Obi, 2005) increased lipid peroxidation
(Ologundudu and Obi, 2005) and significant reduction in the
levels of RBC, PCV, Hb and marked increase in WBC count
(Jain and Hochstein, 1980; Maduka et a/, 2003) which are
indices of DNPH intoxication in the blood. Treatment of rabbits
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with 400 mg of H. sabdariffa red petal extract kg™ body weight
twice a day for 7 days before DNPH. treatment caused
considetably less haematotoxicity than with DNPH aione
{Table 1 and 2) as evidenced by increased blood glucose and
decréased blood MDA content (Table 1) as well as increased
RBC count, % PCV and Hb concentration and decreased
WBC count (Table 2) relative to DNPH - treated extract-free
group. Again the results show that the group 3 (extract alone)
vslues in all the parameters examined were not statistically
significantly different from the water treated ({controly group.

As indicated earlier in this report phenylhydrazine and
its derivative 2, 4 — DNPH are capablé of inducing haemolysis
by initiating lipid peroxidation in membrane phospholipids (Jain
and Hochstein, 1980). The lipid oxidation causes disruption of
the bilayer and red cell integrity. Also as mentioned previously
the above mechanism suggests an underlying process of -
oxidation. The hypothesis on which the present investigation
is hinged is that Hibiscus sabdariffa petal extract would
prevent lipid peroxidation and by extension red bicod cell
membrane damage if it possesses antioxidant action. Since
the RBC count, % PCV, Hb concentration and MDA level in
the blood of rabbits exposed to the extract before 2, 4 — DNPH
show that the presence of the extract ensured that the integrity
of red blood celis were not compromised following 2, 4 -
DNPH. administration, it appears that the extract possessés
antioxidant action. Evidently this is in consonance with the
report of Tseng et al (1997) that extract of the dried flower of
the plant possesses antioxidant activity. .

In our earlier reports (Obi et al, 2005; Ologundudu

and Obi, 2005) the extract studied was aqueous extract and it
showed antioxidant bicactivity. In the present study ethanolic
extract was examined and found to possess the sanje
antioxidant effect. This indicates that the principle(s)
responsible for this biological action of the exiract is both water
and alcohol soluble. .
, The ability of Sacogiottis gabonensis stem bark
extract and its isofate, bergenin, a polyphenolic isocoumarin
(Robinson, 1975) to counteract the haemolytic action of 2, 4ﬂ-
DNPH has been reported by others (Maduka et al, 2003). This
is thought to be due to the ability of bergenin to exhibit
antioxidant activity on account of its free hydroxy! constituents
(Akintonwa and Maduka, 2005).

The exiract from H. sabdariffa contains flavonoids
(Langenhoven, et al, 2001) amongst which are two

. anthocyanins, namely cyanidin -~ 3 -~ monoglucoside and

delphinidin — 3 — monoglucosides.  Like bergenin these
anthocyanins are polyphenols and have 4 and 5 free hydroxyl
constituents respectively (Strack and Wray, 1989). The
mechanism by which H. sabdariffa extract impaired the oxidant
effects of 2, 4 — DNPH is largely unclear at present. All the
same ‘since phenolic hydroxyl groups are potent antioxidant
bioactive principles and H. sabdariffa extract contains
cyaniding — 3 — monoglucoside and delphinidin - 3. -
monoglucuside (Langenhoven et af, 2001) which are richly
endowed with free hydroxyl groups (Strack and Wray, 19889),.
they may not be unconnected with the ability of the exiract
counter the oxidant effects of 2, 4 ~ DNPH in the blood of the
animals used in this study.

SURMMARY AND CONCLUSION

In this study rabbits have been used as experimental model to
ascertain not only whether 2,4 - DNPH is haematotoxic but
also to investigate the ability of ethanolic extract of Hibiscls
sabdariffa L to impair the haematotoxicity. Like earlier reports
{Jain and Hochstein, 1980; Clemens ef al, 1984, Maduka et al,
2003) the present study shows that 2, 4 - DNPH, a derivative
of phenylhydrazine is haematotoxic. This is evident from the
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low RBC count, low PCV, low Hb concentration, increaseiﬁr
blood MDA level and increased WBC in 2,4 — DNPH treated
rabbits relative to the 2, 4 - DNPH - free group. Exposure of
rabbits to the ethanalic extract of Hibiscus sabdariffa prior to 2,
4 — DNPH exposure caused remarkably decrease in 2, 4 —
DNPH intoxication in the blood.

These results, therefore, show that ethanolic extracts
of this flower, by some mechanism that are yet to be
established, impair the haematotoxicity of 2, 4 -~ DNPH.

- . However, since it was effective against lipid peroxidation

(measured by MDA level) it evidently possesses antloxndant
potential.

REFERENCES

Akintonwa, D.A.A. and Maduka, H.C.C., 2005. The Use of
Theoretical Mechanistic Biochemistiy (TMB) in the
Rationalization of the Experimentali Data on
Sacoglottis gabonensis on Natural - Antioxidant
Defense During 2, 4 - Dinitrophenyl Hydrazine
Administration In vivo. The Internet Journal of
- Gastroenterology 4(1): 1 -7. -

Buege, JA. and Aust, D.S., 1978. Microsomal Lipid
Peroxidation. In: S.P. Colowick and N.O. Kaplan
(Editors) Method in Enzymology Vol. 52. Academic
Press, New York, pp. 302 — 310.

Clemens, M.R., Reinmer, H. and Waller, H.D., 1984.
Phenylhydrazine — induced Lipid Peroxidation of Red
Blood Cells in vitro and in vivo: Monitoring by the

Production of Volatile Hydrocarbons. - Biochem.
Pharmacol., 53(11): 1715 - 1718. '
Dacie, J.V. and Lewis, M., 1997. Blood Counts. Practical

haematology, 5" edition Vol. 1. Churchill Livingstone,
New York pp. 20 — 40. ;

Gill, L.S., 1992. Ethnomedical Uses of Plants in Nigeria.
University of Benin-Press. Nigeria. p. 132. .

Harman, D., 1984. Free Radical Theoary of Ageing. Thé Free
Radical Ciseases. Age 7: 111 - 131.

Jain, S. and Hochstein, P., 1980. Generation of Superoxide
Radicals by Hydrazine. Its Role in:Phenylhydrazine —
Induced Haemolytic Anaemia. Biochem.
Acta 586: 128 — 136.

a0

Langenhoven, P., Smith, M., Letchame, W. and Simon, J.,
2001. Hlblscus Agrobusmess in Sustainabie Natlonal
Afrlcan Ptant Products (ASNAPP) HIB FS.

. Robinson, T.,

Biophys -

Lapin, L.L., 1978. Statistics for Modern Business Decision. 2™
Edmon Harcourt Brace Jovanovich, San Jose. pp.-
524 ~ 561

Maduka, H.C.C., Okoye, Z.S.C. and Eje, A., 2003. The
influence. of Sacogiottis gabonensis Stem Bark
Extract and Its Isolate, Bergenin, Nigerian Alcoholi¢c *
Beverage - Additives, on the Metabolic apd
Haematological Side Effects of 2, 4 — Dinitrophenyl
Hydrazine —~ Induced Tissue Damage Vasc. Pharm.
39 317 - 324,

Obi, F.O., Chiazo, O.C,, Ezeani, N.F., Omorodion, O.S. and
Fakdya, J.B., 2005. Protective Effects of Dried Flower Extract
: of Hibiscus sabdariffa L on Carbon Tetrachloride —
Induced Liver Injury in the Rat. Global J. Pure and
Appl. Sci., 11(2): 249 - 251. : A

ogundudu, A. and Obi, F.O., 2005. Prevention of 2, 4 —
Dinitrophenylhydrazine — Induced Tissue Damage in
Rabbit by Orally Administered Decoction of Dried
Flower of Hibiscus sabdanffa L. J. Med. Sci., 5(3):
208 - 211.

Pietta, P.G., 2000. Flavonoids as Antioxidants. J. Nat. Prod
63(7) 1035 - 1042.

1975. The Organic Constituents of Higher_/
Their Chemistry and Interrelationships. 3™
Cordus Press, North Amherst., pp. 190 -

Plants.
edition.
220.
Strack, D. and Wray, V., 1889, Anthocyanins. In: P.M. Dey
and J.B. Harborne (Editors).
Biochemistry, Vol 1, Plant Phenolics. = Academic
Press, London, pp. 325 — 356. .
Tseng, T.H., Kao, E.S., Chu, F.P., Lin - Wa, HW. and Wang,
C.J., 1997. Protective Effects of Dried Flower Extracts of
Hibiscus sabdariffa L Against Oxidative Stress in Rat -
Primary Hepatocytes. Fond Chem. Toxicol., 35(12). -

1159 - 1164.

Wang, C.J., Wang, J.M., Lin, W.L., Chu, C.Y., Chou, F.P. and
Tseng, T.H., 2000. Protective Effect of Hibiscus Anthocyanins

Agamst ter — buty! Hydroperoxide — induced Hepatic '
Toxicity in Rats. Food Chem. Toxicol. 38: 411 —
416.

Waiff, S.P., Garner, A. and Dean, R.T., 1986. Free Radicals,
Lipids and Protein Degradation. TIBS 11: 27 ~ 31.

Methods in Plant ~



