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ABSTRACT

The effect of leaf essential oil of Hoslundia opposita (Vahl) on the haematological parameters
of alloxan-induced diabetic rats was investigated. Forty-cight albino rats (Rattus norvegicus),
of average weight 132.5 g, were randomly selected into normal and diabetic groups, each with
four sub-groups. The rats were treated with 110 and 220 mg/kg body weight (b. wt.) of the
essential oil. 14.2 mg/kg body weight of metformin (Glucophage) was used as a reference
drug. All treatments were administered, intraperitoneally, once a day for four days. Haemato-
logical parameters like haemoglobin (HGB), red blood cell (RBC) count, white blood cell
(WBC) count, percentage lymphocytes (LYM) and neutrophils (NEU) were analysed. There
were no significant differences (p > 0.05) in the erythrocyte indices of all the normal (non-
diabetic) rats, both treated and untreated. However, there was a significant increase (p <0.05)
in the WBC count and a significant reduction (p <0.05) in the lymphocyte (LYM) percentages
of the normal (non-diabetic) rats administered with higher dose of the essential oil. The re-
sults also revealed a significant reduction (p < 0.05) and a significant increase (p < 0.05) in
the RBC counts of untreated diabetic rats and diabetic rats administered 110 mg/kg b. wt. of
the oil respectively. A significant increase (p < 0.05) in the LYM of diabetic untreated rats
was also observed, while administration of metformin and 110 mg/kg b. wt. Hoslundia op-
posita leaf essential oil (HOLEO) to diabetic rats significantly (p < 0.05) reduced the LYM
percentages to values within range of the normal control animals. Overall, administration of
the oil has significant ameliorative effect on alloxan-induced anaemia in diabetic state and this
may be of immense benefits in the management of type 2 diabetes and its associated haemato-
logical complications.
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INTRODUCTION 1993). In humans, glycosylation of tissue
has been described not only for haemoglo-
bin but also in red blood cell membranes,
serum albumin, serum globulins and other
plasma proteins, as well as collagen and
elastic tissues. Glycosylation and stiffening
of red blood cells, may be responsible for,

or associated with, large vessel disease in
diabetes (Guthrie and Guthrie, 2002).

Diabetes mellitus describes a metabolic
disorder of multiple aetiology, which is
characterized by chronic hyperglycemia
(WHO, 1999). Recurrent or persistent hy-
perglycemia during diabetes causes gly-
cation of body proteins which in turn leads
to secondary complications affecting eyes,
kidneys, nerves and arteries (Sharma,
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In diabetes, reduced haemoglobin has
been reported (Mansi, 2006). Reduction in
haemoglobin may be accompanied by a fall
in the red blood cell count and packed cell
volume (Moss, 1999; Muhammad and
Oloyede, 2009). Very low readings of RBC,
haemoglobin and hematocrit could indicate
anaemia (Muhammad and Oloyede, 2009).

Conventionally, type 2 diabetes and its
complications are treated with synthetic
oral hypoglycemic agents like sulphonyl-
ureas, thiazolinedione and biguanides
(Rosac, 2002). However, not all synthetic
drugs can serve as curative agents for com-
plications of diabetes and most do produce
adverse health effects (Cheng and Fantus,
2005). A main side effect of thiazolinedione
is anaemia (Cheng and Fantus, 2005).
Thus, coupled with the high cost of man-
agement and the adverse side effects asso-
ciated with various available clinical anti-
hyperglycemic agents, there is need to ex-
plore alternatives offered by traditional
phytotherapies. Common advantages of
herbal medicines are effectiveness, safety,
affordability and acceptability (Momin,
1987).

Hoslundia opposita Vahl. (Lamiaceae)
is an herbaceous perennial shrub native to
Africa and wildly grown in Nigeria, where
it is commonly known as “Oke ota” by the
Igbos and “Efirin odan” by the Yorubas
(Iwu, 1993). Infusions of its leaf are widely
used in African traditional medicine for
treating various ailments including diabetes
(Abbiw et al., 2002). Usman et al. (2010)
reported 1,8-cineole (Eucalyptol) as the
main constituents of North-Central Nigeri-
an grown leaf essential oil of this plant.
Previous studies in our laboratory had es-
tablished the antimicrobial (Saliu et al.,
2011) and glucose lowering effects of the
essential oil extracted from the leaves of H.
opposita (Muhammad et al., 2011). How-
ever, there is paucity of information on its
effect on diabetes-induced anaemia or its
blood relating functions in non-pathological
state. Thus, the present study was carried
out to evaluate the effects of leaf essential
oil of H. opposita on the haematological

parameters in normal (non-diabetic) and
alloxan-induced diabetic rats.

MATERIALS AND METHODS

Sources of materials

Alloxan monohydrate and dimethyl-
sulfoxide (Sigma Chemical Company, St.
Louis, Mo, USA), Accu-chek active glu-
cometer and strips (Roche Diagnostic,
Mannheim, Germany) and OHAUS analyti-
cal balance (Ohaus Corporation, NJ, USA),
were used.

Fresh leaves of Hoslundia opposita
were obtained from the Parks and Gardens
Unit of the University of Ilorin, Nigeria.
Identification of the leaf was carried out at
the herbarium of the Forestry Research In-
stitute of Nigeria (FRIN), Ibadan, Oyo
State, where a voucher specimen was de-
posited (FH10086637-0).

Albino rats (Rattus norvegicus) were
obtained from the Animal House of the De-
partment of Biochemistry, University of
[lorin, Nigeria.

Oil isolation and standardization
Pulverished leaves of Hoslundia opposi-
ta (500 g) were hydrodistilled for 3h in a
Clevenger- type apparatus, according to the
British Pharmacopeia specification (1980).
Five (5) percent and ten percent (5 and
10 %) v/v of the resulting oil were pre-
pared, using saline solution of dimethyl-
sulphoxide (DMSO) (Lahlou, 2004).

Animal grouping and management
Forty-eight (48) albino rats (Rattus
norvegicus) with an average weight of
132.5 ¢ were maintained under standard
laboratory conditions (12-h light/dark cycle,
25+2 °C). Prior to experimentation, the rats
were acclimatized to laboratory conditions
for one week. They were then randomly
selected into two large groups (non-diabetic
and diabetic), each with four sub-groups.

Induction of experimental diabetes

After fasting for 18 h, animals in the di-
abetic group were subjected to a single in-
traperitoneal injection of alloxan monohy-
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drate, 160 mg/kg body weight, freshly dis-
solved in sterile distilled water. 48 h after
alloxan injection, fasting blood glucose
(FBG) was determined using a glucose oxi-
dase-based commercial glucometer (Accu-
chek active, Roche Diagnostic). Rats show-
ing FBG above 250 mg/dl were considered
diabetic (Aruna et al., 1999).

Administration of oil

All treatments were intraperitoneally
(IP) administered to rats once a day as
shown below:

Non-diabetic rats

e Non-diabetic and untreated control rats
(NC)

e Non-diabetic  rats treated  with
200 mg/kg body weight (b. wt.) of
DMSO (NDMSO)

e Non-diabetic  rats treated  with
110 mg/kg b. wt. of essential oil (NT1)

e Non-diabetic rats treated  with
220 mg/kg b. wt. of essential oil (NT2)

Diabetic rats

e Diabetic control and untreated control
rats (DC)

e Diabetic rats treated with 14.2 mg/kg b.
wt. of metformin (DM)

e Diabetic rats treated with 110 mg/kg b.
wt. of essential oil (DT1)

e Diabetic rats treated with 22 mg/kg b.
wt. of essential oil (DT2)

Determination of haematological parame-
ters

The Automated Haematologic Analyzer
(Sysmex KX — 21) was used to analyze the
haematological parameters such as RBC,
PCV, HGB, WBC, NEU and LYM. The
analyses were carried out based on standard
methods (Dacie and Lewis, 1991).

Statistical analysis

All data are expressed as the mean of
six replicates + standard error of mean
(S.E.M). Statistical evaluation of data was

performed by Graph pad prism version 5.02
using one way analysis of variance (ANO-
VA), followed by Dunett’s posthoc test for
multiple comparism. Values were consid-
ered statistically significant at p < 0.05
(confidence level =95 %).

RESULTS

The effects of intraperitoneal (IP) ad-
ministration of Hoslundia opposita leaf es-
sential oil (HOLEO) (110 and 220 mg/kg b.
wt.), metformin (14.2 mg/kg b.wt.) and ve-
hicle (200 mg/kg b. wt.) on haematological
parameters in non-diabetic and alloxan-
induced diabetic rats are shown in Tables 1
and 2.

In normal, non-diabetic rats treated with
HOLEO, considerable increases in RBC
and PCV and reduction in HGB were ob-
served. However, the alterations were not
significantly different (p < 0.05) when
compared with the normal untreated rat.
The red blood indices in diabetic control
were significantly lower than normal (non-
diabetic) control. The red blood cell count
(RBC) of diabetic untreated rat was reduced
significantly (p < 0.05), while there were
significant (p < 0.05) increases in RBC
count of diabetic rats treated with the refer-
ence drug (metformin) and 110 mg/kg b.wt.
of HOLEO. Appreciable elevations that
were not significantly (p > 0.05) different
were also observed in the PCV and HGB
levels in HOLEO and metformin treated
rats.

The WBC and NEU of the normal (non-
diabetic) rats treated with HOLEO signifi-
cantly increased (p < 0.05) while LYM was
significantly reduced (p < 0.05). In contrast,
LYM percentage significantly (p < 0.05)
increase in diabetic untreated rats, however,
treatment with metformin and 110mg/kg b.
wt. significantly reduced (p < 0.05) the
LYM percentages to values within the
range of the normal (non-diabetic) control.
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Table 1: Effect of intraperitoneal administration of leaf essential oil of Hoslundia opposita on some
erythrocyte indices in non-diabetic and alloxan-induced diabetic rats

Parameters RBC (x10™ p/L) PCV % Hb (g/dL)
Non-diabetic

NC 3.57+0.14" 33.83+1.17% 6.35+0.28%
NDMSO 3.53+0.27° 33.50+1.40%" 5.87+0.21%
NT1 3.98+0.06" 31.33+1.05% 5.71+0.15%
NT2 4.06+0.23° 34.67+2.29° 5.78+0.18%
Diabetic

DC 2.83+0.11% 29.33+0.95% 5.96+0.32%°
DM 3.38+0.12"° 33.67+1.30%" 6.82+0.36"
DT1 3.37+0.13" 33.00+1.23% 6.62+0.36™
DT2 3.17+0.16™ 30.83+1.17% 6.18+0.33%

Values are expressed as mean of six replicates + S.E.M.

Values with different superscripts along a column are statistically different (P<0.05).

NC = normal control; NDMSO = normal+200 mg/kg b.wt. DMSO; NT1 = normal+110 mg/kg b.wt.
HOLEO; NT2 = normal+220 mg/kg b.wt. HOLEO; DC = diabetic control; DM = diabetic+14.2 mg/kg
metformin; DT1= diabetic+110 mg/kg b.wt. HOLEO; diabetic+110 mg/kg b.wt. HOLEO

Table 2: Effect of intraperitoneal administration of leaf essential oil of Hoslundia opposita on some
leukocyte indices in non-diabetic and alloxan-induced diabetic rats

Parameters WBC (x10™p/L) Lymphocytes % Neutrophils %
Non-diabetic

NC 7.03£0.41% 63.50+1.52° 38.50+1.62%
NDMSO 6.80+0.13% 56.00+1.77° 43.00+2.00°
NT1 7.67+0.13%° 57.83+1.72% 39.50+2.13%
NT2 8.80+0.42° 56.17+1.25° 43.33+0.99°
Diabetic

DC 8.37+0.49 70.67+1.67° 35.33+1.50°
DM 8.17+0.47*° 58.33+1.38% 39.50+1.63%
DT1 7.68+0.44%° 60.33+1.38%° 43.50+1.86"
DT2 7.23+0.41% 71.67+1.67° 40.00+1.83%

Values are expressed as mean of six replicates + S.E.M.

Values with different superscripts along a column are statistically different (P<0.05).

NC = normal control; NDMSO = normal+200 mg/kg b.wt. DMSO; NT1 = normal+110 mg/kg b.wt.
HOLEO; NT2 = normal+220 mg/kg b.wt. HOLEO; DC = diabetic control; DM = diabetic+14.2 mg/kg
metformin; DT1 = diabetic+110 mg/kg b.wt. HOLEO; diabetic+110 mg/kg b.wt. HOLEO

DISCUSSION

Reports have shown that administration
of medicinal compounds or drugs can alter
the normal range of haematological pa-
rameters (Ajagbonna et al., 1999). These
alterations could either be positive or nega-
tive (Adeneye, 2008). Assessment of hae-
matological parameters can be used to de-
termine the extent of deleterious effect on

blood constituents of an animal (Muham- A
mad et al., 2004; Ashafa et al,, 2009). It can ~ 90538¢ (220 mg/kg b. wt), significantly

also be used to explain blood relating func-
tions of chemical compounds/plant extract
(Yakubu et al., 2007). This is because it
plays a role in physiological, nutritional and
pathological state of an organism (Mu-
hammad et al., 2000).

In non-diabetic (normal) rats, admin-
istration of HOLEO did not elicit any
changes in the haematological parameters,
however, the treatment, especially at higher
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increase WBC count and LYM index. This
might be due to the fact that there was no
destruction of matured red blood cells by
the extracts. The extract, therefore at the
dosages administered, have no deleterious
effect on oxygen-carrying capacity of the
blood. This is because HGB, a major con-
stituent of erythrocytes, which functions in
oxygen transport and is used as an index to
evaluate physical condition of an animal
(Suchantabud et al., 2008), was not altered.
Although, selective immune modulatory
effect and localized toxicity could occur as
recorded in lymphocyte index of the
HOLEO treated non diabetic rats (Yakubu
et al., 2007).

The appreciable decrease in PCV and
HGB and the significant reduction in RBC
count observed in the untreated alloxan in-
duced diabetic rats correlates with the find-
ings of Mansi (2006). Reactive oxygen spe-
cies have also been implicated in the mech-
anism of red cells damage (Rao et al,
2003). The cytotoxic action of diabetogenic
agent such as alloxan is mediated by reac-
tive oxygen species (Szkudelski, 2001).
Hyperglycemia results in glycosylated
haemoglobin, thus total haemoglobin level
is decreased in alloxan induced diabetic rats
(Sheela and Augusti, 1992). Reduction in
haemoglobin may be accompanied by a fall
in the red blood cell count and packed cell
volume (Moss, 1999; Muhammad and
Oloyede, 2009), thus correlating with de-
creased level of red blood indices observed
in the diabetic untreated rats in this study
(Mansi, 2006; Mohammed et al., 2009).
Very low readings of RBC, haemoglobin
and hematocrit can indicate anaemia (Mu-
hammad and Oloyede, 2009). It was sug-
gested that patients with diabetes mellitus
often have autonomic dysfunction (Lishner
et al., 1987).

However, treatment of diabetic rats with
HOLEO led to increase in RBC indicating
ameliorative effect of the extract on alloxan
induced anaemia. Also, HOLEO extracts
effected increase in neutrophil percentages
in diabetic treated rats and this may indicate
an anti-infective effect of the extract (Mo-

hammed et al., 2009). It may however, not
be able to act as a general boost to the im-
mune system since it exerted a reduction in
other leukocyte parameters in rats as well.

CONCLUSION

Overall, data from this study revealed
that intraperitoneal administration of the
leaf essential oil of Hoslundia opposita has
significant ameliorative effect on alloxan-
induced anaemia. This may be of immense
benefits in the management of type 2 diabe-
tes and its associated haematological com-
plications, although, administration of
higher dosage (220 mg/kg body weight) of
the oil might have deleterious effect in non-
pathological condition.

REFERENCES

Abbiw D, Agbovie T, Amponsah K,
Crentsil O’R, Dennis F, Odamtta GT et al.
Conservation and sustainable use of medic-
inal plants in Ghana. Ethnobotanical sur-

vey. Cambridge, U.K.,2002.

Adeneye AA. Haematopoetic effect of
methanol seed extract of Citrus paradisi
Macfad (grape fruit) in Wistar rats. Biomed
Res 2008;19:23-6.

Ajagbonna OP, Onifade KI, Suleiman U.
Haematological and biochemical changes in
rats given extract of Calotropis procera.
Sokoto J Vet Sci 1999;1:36-42.

Aruna RV, Ramesh B, Kartha VN. Effect
of beta-carotene on protein glycosylation in
alloxan induced diabetic rats. Ind J Exp Bi-
ol 1999;37:399-401.

Ashafa OT, Yakubu MT, Grierson DS,
Afolayan AJ. Toxicological evaluation of
the aqueous extract of Felicia muricata
Thunb. leaves in Wistar rats. Afr J Biotech-
nol 2009;8:949-54.

British Pharmacopoeia II. London: HMSO,
1980.

674



EXCLI Journal 2012;11:670-676 — ISSN 1611-2156

Received: July 18, 2011, accepted: September 19, 2012, published: September 25, 2012

Cheng AY, Fantus IG. Oral antihypergly-
cemic therapy for type 2 diabetes mellitus.
CMAJ 2005;172:213-26.

Dacie JV, Lewis SM. Practical haematolo-
gy, 7" ed. Edinburgh: Churchill Livingston,
1991.

Guthrie DW, Guthrie RA. Nursing man-
agement of diabetes mellitus: A guide to the

pattern approach. 5™ ed. New York: Spring-
er, 2002.

Iwu MM. Handbook of African medicinal
plants (p 192). Boca Raton, FL: CRC Press,
1993.

Lahlou M. Methods to study the phyto-
chemistry and bioactivity of essential oils.
Phytother Res 2004;18:435-48.

Lishner M, Akselrod S, Avi VM, Oz O,
Divon M, Ravid M. Spectral analysis of
heart rate fluctuations. A non-invasive, sen-
sitive method for the early diagnosis of au-

tonomic neuropathy in diabetes mellitus. J
Auton Nerv Syst 1987;19:119-25.

Mansi KMS. Effects of administration of
alpha-melanocyte stimulating hormone (o-
MSH) on some hematological values of

alloxan-induced diabetic rats. Am J Phar-
macol Toxicol 2006;1:5-10.

Momin A. Role of indigenous medicine in
primary healthcare. In: Proceedings of first
international seminar on Unani medicine (p
54). New Delhi, India, 1987.

Moss PP. Blood banking: concepts and ap-
plications (pp 12-34). Philadelphia, PA:
Saunders, 1999.

Mohammed A, Adelaiye AB, Bakari AG,
Mabrouk MA. Anti-diabetic and some
haematological effects of ethylacetate and
n-butanol fractions of Ganoderma lucidum
aqueous extract in alloxan - induced diabet-
ic Wistar rats. Int J Med Medical Sci 2009;
1:530-5.

Muhammad NO, Adeyina AO, Peters OM.
Nutritional evaluation of fungi treated co-
coa bean shell. Nigerian J Pure Appl Sci
2000;5:1059-64.

Muhammad NO, Oloyede OB, Owoyele
BV, Olajide JE. Deleterious effect of defat-
ted Terminalia catappa seed meal-based
diet on haematological and urinary parame-
ters of albino rats. NISEB J 2004;4(2):51-7.

Muhammad NO, Oloyede OB. Haemato-
logical parameters of broiler chicks fed As-
pergillus niger - fermented Terminalia
catappa seed meal-based diet. Global J Bio-
technol Biochem 2009;4:179-83.

Muhammad NO, Akolade JO, Usman LA.
Acute and subchronic effect of leaf essen-
tial oil of Hoslundia opposita on blood glu-
cose in non-diabetic and alloxan—induced
diabetic. Submitted to Int J Essential Oil
Therap 2011.

Rao GU, Kamath C, Raghothama, KSP,
Rao P. Maternal and fetal indicators of oxi-

dative stress in various obstetric complica-
tions. Ind J Clin Biochem 2003;18:80-6.

Rosac C. The pathophysiological basis of
efficacy and clinical experience with the
new oral anti-diabetic agents. J Diab Com-
pli 2002;16:123-32.

Saliu BK, Usman LA, Sani A, Muhammad
NO, Akolade, JO. Chemical composition
and anti bacterial (oral isolates) activity of
leaf essential oil of Ocimum gratissimum L.
grown in north central Nigeria. Int J Curr
Res 2011;33:22-8.

Sharma AK (ed). Diabetes mellitus and its
complications: an update. New Delhi:
Macmillan India Ltd, 1993 (pp 92-205).

Sheela CG, Augusti KT. Antidiabetic ef-
fects of S-allyl cysteine sulphoxide isolated
from garlic Allium sativum Linn. Ind J Exp
Biol 1992;30:523-6.

675



EXCLI Journal 2012;11:670-676 — ISSN 1611-2156

Received: July 18, 2011, accepted: September 19, 2012, published: September 25, 2012

Suchantabud A, Talubmook C, Chomko S,
Narkkong N. Some hematological values
and ultrastructure of blood cells in Piper
sarmentosum Roxb. and Tinospora crispa
Miers ex Hook. F & Thoms. treated diabet-
ic rats. J Microsc Soc Thailand 2008;22:65-
70.

Szkudelski T. The mechanism of alloxan
and streptozotocin action B cells of the rat-

pancreas. Physiol Res 2001;50:536-46.

Usman LA, Zubair MF, Adebayo SA,
Oladosu TA, Muhammad NO, Akolade JO.
Chemical composition of leaf and fruit es-
sential oils of Hoslundia opposita Vahl
grown in Nigeria. Am-Euras J Agric Envi-
ron Sci 2010;8:40-3.

WHO. A "Definition, diagnosis and classi-
fication of diabetes mellitus and its compli-
cations". Geneva: WHO Department of
Noncommunicable Disease Surveillance.
1999;
http://wholibdoc.who.int/hq/1999/WHO N
CD_NCS 99.2.pdf

Yakubu MT, Akanji MA, Oladiji, AT.
Haematological evaluation in male albino
rats following chronic administration of
aqueous extract of Fadogia agrestis stem.
Pharmacol Manag 2007;3:34-8.

676



