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Abstract

Anaemia is a leading cause of morbidity and mortality in both males and females of all ages. Anaemia was induced
by intraperitoneal (i.p.) administration of phenylhydrazine (60 mg/kg) for a period of 3 days. Anaemic rats were
allotted to five (5) groups; group | served as the negative control, group Il served as the positive control received
Astyfer syrup (0.15 mg/kg p.o) , groups 111-V served as the test groups that received Tapinanthus globiferus methanol
extract, ethyl acetate and n-hexane fractions (100, 200 and 400 mg/kg, p.0.), respectively. Packed cell volume (PCV),
haemoglobin concentration (HB) and red blood cell count (RBC) were analysed as indices of anaemia at 7-day
intervals for 21 days. The mean cell volume (MCV) and mean cell haemoglobin concentration (MCHC) were
calculated accordingly. Leaf extract and fractions of Tapinanthus globiferus significantly (P<0.001) increased the
PCV, the HB concentration and the RBC, which had been originally decreased by phenylhydrazine (P<0.001)
administration within one week of treatment. The extract and fractions were compared with rats administered with the
positive and vehicle-treated group. The results suggested that Tapinanthus globiferus leaves have haematinic
activities.
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INTRODUCTION haemorrhage of all causes, and drug toxicity.

Anaemia is the most prevalent red The elderly pregnant women, neonates and
blood cell problem, affecting people of all ages infants are at higher risk. Anaemia is one of the
and associated with a variety of disorders such most common and serious public health and
as nutritional inadequacies, genetic or acquired nutritional issues worldwide [1, 2]. Anaemia is
abnormalities, parasitic infections, a common nutritional condition among the
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young population, and it is caused primarily by
iron deficiency. Iron deficiency arrest cell
cycle and induces the death of cells [3, 4].
Anaemia is defined by the World Health
Organization (WHO) as a condition in which
the number of red blood cells (oxygen carrying
capability) is insufficient to meet the body's
physiologic needs [5]. Anaemia  affects
approximately  two  billion individuals
worldwide, or one-third of the adult
population; half of these are women of
reproductive-age  (15-49 years) [6, 7].
According to World Bank data from 2016,
33% of reproductive-age women globally were
anaemic [8]. As of 2016, almost 35.4% of
reproductive-age women in poor and middle-
income nations were anaemic. During the same
timeframe, however, the prevalence of
anaemia in Sub-Saharan African countries
grew to 39% [7]. Women are among the most
vulnerable  demographics, owing to
menstruation and pregnancy and childbirth-
related blood loss. Anaemia in women of
reproductive age can be caused by both
nutritional and non-nutritional factors [9].
Anaemia has a high impact, particularly among
pregnant women, because it raises the risk of
miscarriage, intrauterine fetal death, premature
delivery, low birth weight, and mortality [10].
Anaemia affects 43% of children under the age
of five worldwide, with Sub Saharan African
(SSA) countries having a greater prevalence.
Despite the deployment of control programs
such as iron supplementation, deworming, and
the distribution of insecticide-treated bed nets,
anaemia remains a serious global concern in
child health, particularly in Sub-Saharan
Africa [11]. While it may be difficult to
distinguish the effects of anaemia (low
hemoglobin (Hb)) from those of its underlying

biological mechanisms (e.g., nutritional
deficiencies, chronic infections,
haemoglobinopathies), anaemia has been

independently  associated  with  overall
increased  mortality,  lower  cognitive
performance, and, in severe cases, lower

aerobic exercise capacity and heart failure in
children [12, 13]. The pediatric brain requires
more oxygen, therefore it is especially
vulnerable to the effects of severe anaemia [11]
iron deficiency (ID) is regarded to be the most
common cause of anaemia , although other
dietary deficiencies, such as those in vitamins
A, B, Bs, C, D, and E, folate, riboflavin,
copper, and zinc, can also cause anaemia [14,
15]. Vitamins A, Bs, Bz, folic acid, and
riboflavin are among the nutrients needed for
proper RBC formation. RBCs may be
protected by other nutrients with antioxidant
characteristics, such as vitamins C and E.
Trace metals such as copper and zinc are found
in the architecture of enzymes that regulate
iron metabolism. It is critical to focus on
reducing the prevalence of anaemia among
reproductive-age women in order to improve
positive pregnancy outcome, women's and
children's health, academic achievement,
productivity, and general development [7].
Anaemia reduction is one of the Sustainable
Development Goals (SDGs) and World Health
Assembly Nutrition Targets for 2025 [16, 17].

Despite the fact that mainstream
therapies are utilized all over the world, the
bulk of health problems in Sub-Saharan Africa,
including anaemia , are treated using a
decoction of fresh leaves, barks, and herbs
[18], because of their availability, affordability
and ethnobotanical considerations. Many
conventional medications have negative side
effects. They include iatrogenic adverse
effects, which are directly related to the
therapy and include nausea, vomiting, and
black stools [19]. As a result, novel haematinic
medicines with fewer side effects are being
sought all around the world as an alternative
therapy for anaemia.

Tapinanthus globiferus (Loranthaceae)
is a widely widespread species of Viscum
album that is usually referred to as Mistletoe.
It is also known in Nigerian languages as
Kauchi (in Hausa), Afomo onisanani (in
Yoruba), and Apari / Awushie (in Igbo) [20].
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T. globiferus is a semi-parasitic flowering plant
that grows on deciduous host trees such as
Azadirachta indica (neem) and Albizia lebbeck
and can negatively impact their host's growth
and fruiting. Tapinanthus species is used as a
medicinal plant to treat metabolic, chronic, and
other conditions. It has been scientifically
proven to have antibacterial, antioxidant, anti-
diabetic, antihypertensive, anticancer, and
immunomodulatory properties, as well as
wound healing properties. [21]. These actions
were linked to variations in bioactive
chemicals discovered in the plant and the host
tree [22]. The current study investigated the
haematinic properties of T. globiferus leaf
extract in albino rats with anaemia triggered by
phenylhydrazine (PHZ).

EXPERIMENTAL METHODS

Collection and processing of plant material.
The leaves of T. globiferus were collected from
fresh plant harvested from a wild in Udenu,
Enugu State, Nigeria. The plant was
authenticated by a taxonomist Dr. Afred A.
Ozioko of the International Centre for
Ethnomedicine and Drug Development
(InterCEDD) in Nsukka, Enugu State, Nigeria,
from which a voucher specimen (InterCEDD
301) was lodged. The leaves were cleaned with
tap water and shade-dried for two weeks. Prior
to extraction, the dried leaves were powdered
with a miller (Lab mill, serial no. 4745, Christy
and Norris Ltd, England), weighed, stored in
an airtight container with clear labeling, and
kept at room temperature.

Experimental animals. Albino rats of both
sex weighing between 120 and 2509 were
purchased from the Enugu State University of
Science and Technology's animal home in
Agbani, Enugu state. They were housed in
propylene cages with husk padding that were
changed daily to ensure experimental
cleanliness. Acclimatization took place for one
week with a 12-hour dark-light cycle, a
humidity of 50%, and a temperature of 25°C
15%. The animals were provided with standard

Laboratory pellets and water ad libitum. The
protocols followed the criteria for the proper
care and use of animals established by Enugu
State University of Science and Technology,
Agbani, Enugu state.

Phytochemical screening. Phytochemical
screening of the extract and fractions was
performed using established procedures [23].

Standard drug. Astyfer syrup obtained via a
local representative of Fidson Healthcare PLC
Nigeria was used as standard therapy.

Preparation of methanol extract. Based on a
modified procedure, 906.08 g of finely
powdered leaves were macerated in 4.5 L of
analytical-grade methanol for 72 hours [24].
The mixture was mixed on a regular basis and
filtered twice, first with muslin cloth and then
with Whatman No 1 filter papers. The resulting
filtrate was concentrated using a rotary
vacuum to obtain the methanol extract. The
concentrated extract (MEcr) was weighed,
labeled, and stored in a refrigerator at 4°C
before use.

Fractionation. The methanol crude extract
(MEcr) was subjected to fractionation in a
silica gel (70-230 nm mesh, Merck Germany)
column using n-hexane, ethyl acetate and
methanol solvents. The fractions were
concentrated to obtain the n-hexane fraction
(HF), ethyl acetate fraction (EF) and methanol
fraction (MF).

Acute oral toxicity studies. Acute toxicity of
MEcr of T. globiferus was performed using
twelve adult rats of both sex [25]. Twelve
mature rats of either sex, weighing between 60
and 140 kg, were employed in the test and had
unrestricted access to food and clean water. In
the first phase, nine (9) rats were used. The
animals were allotted to three (3) groups of
three (3) animals per group. Following the
appropriate administration of intrabuccal
dosages of 10, 100, and 1000 mg/kg of MEcr
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of T. globiferus to each group, the animals
were given free access to food and water and
were observed for signs of mortality for a full
day. Any mortality was recorded and the
results obtained were used in phase two of the
experiment. In the second phase, three rats
were divided into three groups of a rat each and
where administered 1900, 2600 and 5000
mg/kg of MEcr of T. globiferus respectively.
The rats had unrestricted access to food and
water, and then they were monitored over 24
hours for mortality.

Induction of anaemia. Hematological
baseline values were established prior to the
initiation of anaemia induction. Rats were
given an intraperitoneal (i.p.) injection of 60
mg/kg phenyl hydrazine for three (3) days in
order to induce anaemia [26]. When the rats'
levels of hemoglobin (Hb) and red blood cells
(RBC) dropped to at least 30% of their initial
values, they were deemed anaemic. Group 1
(10 mg/kg Vehicle treated), group 2 (0.15
mg/kg Astyfer syrup), group 3 (methanol
extract), group 4 (ethyl-acetate) and group 5
(n-Hexane) were given in three doses: 100, 200
and 400 mg/kg daily. Every seven days for the
next 21 days, the PCV and HB concentrations
were measured using a hematocrit reader, and
the RBC count was assessed under a
microscope before induction of anaemia, and
subsequently at 7 days intervals over 21 days.
The mean corpuscular hemoglobin (MCH),
and mean corpuscular volume (MCV) were
calculated using standard formula [31].

The MCV was calculated using the formula,
MCV= (PCV % X 10)/RBC ----nnnnn=nnnnzzzzzmn- 1

The MCH was calculated using the formula,
MCH = [HB (g per 100ml) X10]/RBC------- 2

Haematological analysis. Before induction of
anaemia, approximately 2 milliliters of blood
were withdrawn from each animal using the
retro orbital bleeding technique and placed in
an EDTA vial. The parameters measured were

the packed cell volume (PCV), red blood cell
(RBC) based on [27] method and hemoglobin
(Hb) based on cynomet Hb method [28].

Elemental analysis of  Tapinanthus
globiferus leaves. The elemental composition
of the leaves of T. globiferus was determined
using Atomic Absorption spectrophotometry
(AAS) Varian AA 280 [29, 30].

Vitamin profile test of Tapinanthus
globiferus. Vitamin A, C and E were evaluated
as described by [31].

Amino acid profile. The amino acid profile of
T. globiferus leaves were determined as
described by [20]

Data analysis. The data obtained were
analyzed using GraphPad Prism version 8.0.1
(www.graphpad.com, San Diego, California).
Two-way analysis of variance was used to
examine the data, and Turkey's post hoc test
was used to identify group differences. The
results were provided as mean + standard
deviation (SD). The threshold for significance
was p < 0.05.

RESULTS

Percentage yield. Table 1 shows the yield of
the methanol extract and the fractions of N-
hexane and ethyl acetate with values of 84.35
g, 9.2 g, and 7.4 g respectively. The vyield
gotten from the leaves of T. globiferus after
macerating 906.08 g of finely powdered leaves
was 84.35 g. The percentage vyield was
calculated by dividing the amount of extract
obtained by the amount of crude drug that was
extracted and multiplying the result by 100.
This gave a percentage yield of 9.31%.

Acute oral toxicity study. No mortality was
recorded during the first and second phase of
study.

Phytochemical analysis. Preliminary
phytochemical screening carried out on the
crude extract and fractions of T. globiferus
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leaves revealed the presence of secondary
metabolites such as alkaloids, flavonoids,
saponins as summarized in the Table 2.

Effect of the T. globiferus extracts on the
phenylhydrazine-induced anaemic rats. The
extracts at dose 100, 200 and 400 mg/kg
showed a haematinic effect but its haematinic
effect was not dose dependent. The positive
control and the various fractions of T.
globiferus showed significant haematinic
effect at p < 0.05 when compared to the
negative control. Amongst the crude extract
and fractions of T. globiferus, methanol extract
(200 mg/kg) and n-hexane (100 mg/kg) had the
highest haematinic activity (Table 6).

Effect of T. globiferus extract on the packed
cell volume (PCV) of phenyl hydrazine
induced anaemic rats. Table 6 shows the
effect of T. globiferus on the PCV. The PCV of
rats in different groups were comparable
during the pre-treatment period. For instance,
PCV ranged between 38.00£3.06 to
44.00+1.15. Administration of rats with phenyl
hydrazine caused a significant (p < 0.001)
decrease in PCV from negative control when
compared to positive control on the 7 day.
Treatment of the animals with T. globiferus
reversed these anomalies in the blood to
different degrees as shown in table 7. There is
a non-dose dependent significant (p < 0.001)
increase in PCV during the treatment period
with the maximum effects observed at 200
mg/kg methanol extract (44.90£2.00) on the
21" day.

Haemoglobin concentration. Table 7 shows
the effect of T. globiferus extract on the
haemoglobin (Hb). The Hb of rats in different
groups were comparable during the pre-
treatment period. For instance, Hb ranged
between  12.67£1.02 to  14.67+0.38.
Administration of rats with phenyl hydrazine
caused a significant (p <0.001) decrease in Hb
from negative control when compared to
positive control from 7" to 21% day as shown

in table 8. Treatment of the animals with T.
globiferus extract reversed these anomalies in
the blood to different degrees. There was
significant (p < 0.001) increase in Hb during
the treatment period with the maximum effects
observed at 100 mg/kg n-hexane fraction
(15.78+0.59) on the 14th day. The effect was
not dose dependent.

Red blood cell count. Administration of rats
with phenyl hydrazine caused a significant (p
< 0.001) decrease in RBC table 8. There is no
dose dependent significant (p < 0.001) increase
in RBC during the treatment period with the
maximum effects observed at 400 mg/kg
methanol (5.07£0.41) and 200 mg/kg N-
hexane (5.00+0.36) on the 14" day.

Mean corpuscular volume. Table 9 shows the
effect of T. globiferus extract on the MCV. The
MCV of rats in different groups were
comparable during the pre-treatment period.
Administration of rats with phenyl hydrazine
caused a significant (p < 0.001) decrease in
MCV in negative when compared to the
positive control. Treatment of the animals with
T. globiferus extract reversed these anomalies
in the blood to different degrees. There is a no
dose dependent significant (p < 0.001) increase
in MCV during the treatment period with the
maximum effects observed at 100mg/kg n-
hexane fraction (94.16+5.93) on the 7th day.

Mean corpuscular haemoglobin. Table 10
shows the effect of T. globiferus extract and
fractions on the MCH. Administration of rats
with phenyl hydrazine caused a significant (p
< 0.05) decrease in MCH in negative control
when compared to the positive control.
Treatment of the animals with T. globiferus
extract and fractions reversed these anomalies
in the blood to different degrees. There is a no
dose dependent significant (p < 0.05) increase
in MCH during the treatment period with the
maximum effects observed at 100 mg/kg n-
hexane fraction (31.39£1.98) on the 7th day.
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Table 1: The yield of extract and fractions of Tapinanthus globiferus

Initial weight (g)  Final weight (g)  Percentage yield (%)

Crude methanol extract 906.08 84.35 9.31
Ethyl-acetate fraction 20 7.4 37
n-Hexane fraction 20 9.2 46

Table 2: Phytochemical analysis of extract and fractions of Tapinanthus globiferus leaves

Phytoconstituents

Methanol crude

n-Hexane fraction

Ethyl-acetate fraction

Alkaloids + + +
Flavonoids + + +
Terpenoids + + +
Tannins + + +
Saponins + + +
Cardiac glycosides - - -
Steroids + + +
Anthraquinone - - -
Reducing sugars - - -
Carbohydrates - - -
+ =present - =absent

Table 3: Elemental profile of Tapinanthus globiferus leaf methanol extract.

Elements Concentration (ppm)
Calcium (Ca) 21350.00
Iron (Fe) 8220.00
Magnesium (Mg) 4320.00
Potassium (K) 13200.00
Sodium (Na) 817.00
Phosphorus (P) 1210.00
Copper (Cu) 15.00
Zinc (Zn) 55.11
Lead (Pb) 142.60
Manganese (Mn) 44.39

Table 4: Vitamin profile of methanol extract of Tapinanthus globiferus is shown below:

Vitamins  Result
Vitamin A +
Vitamin C ++
Vitamin E ++

+ =present - =absent

Table 5: Amino acid content of methanol extract of Tapinanthus globiferus leaf

Amino acids (g/100g protein)

Concentration (%)

Amino acids (g/100g protein) Concentration (%)

Leucine 8.61 Glycine 9.46
Lysine 3.54 Alanine 4.23
Isoleucine 3.06 Arginine 6.10
Phenylalanine 4.50 Cysteine 1.04
Tryptophan 1.14 Proline 4.02
Methionine 1.42 Serine 4.27
Histidine 1.91 Aspartate 8.43
Threonine 5.12 Glutamate 10.34
Valine 3.93
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Table 6: Effect of extract and fractions of Tapinanthus globiferus on PCV of phenylhydrazine induced anaemic rats

Treatment

Packed cell volume (%)

Before (0) days 7" day post 14" day post 21% day post
induction administration  administration  administration
Normal saline (NC) 41.83+1.33 24.33%£0.88 22.33+1.23™ 20.80£1.50 20.60+£1.12
Astyfer syrup 0.15 mg/kg (PC)  40.00£1.63 24.83+1.92 38.00+0.82 41.83+0.98 43.83+1.11
Methanol Extract 100 mg/kg 42.67+1.33 27.00£1.53 41.33+1.33™" 43.67+0.33™"  43.54+0.23"™
Methanol Extract 200 mg/kg 39.33x2.19 22.33£1.45 43.33+0.67""%#  44.67+1.76™"  44.90+2.00™"
Methanol Extract 400 mg/kg 42.00£1.53 25.33£4.33 39.00+2.08™" 41.67+£2.33™"  43.33%2.91™
Ethyl acetate fraction 100 mg/kg 38.00£3.06 23.33%2.60 34.33+0.88 37.67+0.33 38.00+0.10
Ethyl acetate fraction 200 mg/kg 41.67+2.0331.00+1.15™## 36.67+1.45 42.67+1.86% 44.00+0.58
Ethyl acetate fraction 400 mg/kg 42.00£2.52 24.33+1.45 37.00+2.52 42.67+1.33 43.33+0.67%#
n-Hexane fraction 100 mg/kg 39.00+1.54 24.33%£0.67 41.00+1.73 45.33+1.33™ 44.67+0.67"
n-Hexane fraction 200 mg/kg 44,00£1.15 23.33+%1.86 41.00+3.79 44.33+2.33™" 43.67+1.86™"
n-Hexane fraction 400 mg/kg 40.67x0.67 21.33£2.02 34.33+2.03% 43.00+1.53™" 43.00+1.50™"
Results are presented as means + standard deviation, n = 5, *, ™ and ™ significantly different from the NC at p <

0.05, 0.01 and 0.001 respectively. # ## and ##: significantly different from the PC at p < 0.05, 0.01 and 0.001
respectively. Two-way, ANOVA followed by Turkey HSD. NC is negative control, PC is positive control

Table 7: Effect of extract and fractions of the Tapinanthus globiferus on the haemoglobin concentration of
phenylhydrazine induced anaemic rats

Hemoglobin concentration (g/dl)

Treatment Before induction  (0) days 7t _da_1y post 14“‘_ d_ay post 215‘_d{:1y post
administration administration  administration

Normal saline (NC) 13.94+0.44 8.08£0.29  7.44+0.41™ 6.93+0.50™" 6.87+0.37""

Astyfer syrup 0.15 mg/kg (PC)  13.34+0.54 8.25+0.63  12.67+0.27 13.94+0.33 14.61+0.37

Methanol Extract 100 mg/kg 14.22+0.45 8.97+0.52 13.78+0.45 14.46+0.11™  14.56+0.21™"
Methanol Extract 200 mg/kg 13.11+0.73 7.40£0.49  14.45+0.22™" 14.89+0.59™"  14.89+0.59™"
Methanol Extract 400 mg/kg 14.00+0.51 8.43+1.44 13.00£0.69™"  13.22+0.29™"  14.45+0.97"
Ethyl acetate fraction 100 mg/kg  12.67+1.02 7.73£0.87  11.44+0.29"™* 12.56+0.11""%  12.67+0.10""*
Ethyl acetate fraction 200 mg/kg ~ 13.89+0.67  10.30+0.40™"## 12.22+0.49 14.22+0.62™"  14.67+0.19™"
Ethyl acetate fraction 400 mg/kg  14.00+0.84 8.10+0.49 12.33+0.84  14.22+0.45™  14.45+0.22™"
n-Hexane fraction 100 mg/kg 13.00+0.39 8.07£0.23 13.67+0.58™%* 15.78+0.59™"*  14.89+0.22™"
n-Hexane fraction 200 mg/kg 14.67+0.38 7.77£0.62 13.67+1.26 14.78+0.78™  14.55+0.62™"
n-Hexane fraction 400 mg/kg 13.55+0.22 7.10+0.66 11.44+0.68 14.33+0.51™" 14.38+0.61™"
Results are presented as means + standard deviation, n = 5. ™™ and ™: significantly different from the NC at p <

0.05, 0.01 and 0.001 respectively. # ## and ##: significantly different from the PC at p < 0.05, 0.01 and 0.001
respectively. Two-way, ANOVA followed by Turkey HSD. NC is negative control, PC is positive control

Table 8: Effect of the extract and fractions of the Tapinanthus globiferus on the red blood cell count
of phenylhydrazine induced anaemic rats

Red blood cell count (x10*?/L)

Treatment Before (0) days 7h day post 14" day post 21%t day post
induction administration administration  administration
Normal saline (NC) 4.62+0.10  3.18+0.08 3.05+0.22™" 2.98+0.32" 2.92+0.23™
Astyfer syrup 0.15 mg/kg (PC)  4.58+0.13  3.12+0.28 3.97+0.10 4.55%0.13 4.62+0.09
Methanol Extract 100 mg/kg 4.73+0.18  3.50£0.12  4.50+0.15™%  4.90+0.21™" 4.77+0.09™
Methanol Extract 200 mg/kg 4.43+0.33  3.03#0.19  4.63+0.20""##  4,80+0.12"" 4.80+0.06™"
Methanol Extract 400 mg/kg 4.63+0.12  3.40+0.35 4.40+0.20™"  5.07+0.41""% 4.77+0.12™
Ethyl acetate fraction 100 mg/kg 4.33+0.13  3.03+0.26 4.27+£0.07""  4.17+£0.12™ 4.17+£0.12"™
Ethyl acetate fraction 200 mg/kg 4.70£0.20 3.80+0.10™%  4.50+0.11"%  4.73x0.07"" 4.80+0.10™
Ethyl acetate fraction 400 mg/kg 4.57+0.23  3.20+0.20 4.17+£0.32""  4.93+0.27™" 4.93+0.27™
n-Hexane fraction 100 mg/kg 4.43+0.18  3.10+0.12 4.37+£0.02""  4.87+0.03™" 4.87+0.07"
n-Hexane fraction 200 mg/kg 5.03+0.23  3.13+0.23  4.77+0.52""##  500+0.36™" 4.93+0.30™
n-Hexane fraction 400 mg/kg 4.50+£0.30  3.07+0.20 4.27+£0.34™  4.77+0.27™ 4.77£0.37
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*  kk

Results are presented as means + standard deviation, n =5, 7,

Fkk

and

. significantly different from the NC at p <

0.05, 0.01 and 0.001 respectively. #, # and ##: significantly different from the PC at p < 0.05, 0.01 and 0.001
respectively. Two-way, ANOVA followed by Turkey HSD. NC is negative control, PC is positive control

Table 9: Effect of extract and fractions of the Tapinanthus globiferus on mean corpuscular volume of
phenylhydrazine induced anaemic rats

Mean Corpuscular Volume (femtoliter)

Treatment Before (0)days 7™ day post 14" day post ~ 21% day post

induction administration  administration  administration

Normal saline (NC) 90.00+1.44  76.36x1.45 73.91+3.01™ 71.09+4.25™  71.31+3.32™"

Astyfer syrup 0.15 mg/kg (PC)  86.83+3.09  80.45+2.81 96.36+1.18 92.08+1.94 94.96+1.72

Methanol Extract 100 mg/kg 89.67+0.88  77.03x2.07 91.87+0.62™" 89.48+4.33™" 91.69+2.28™
Methanol Extract 200 mg/kg 88.67+2.03  73.60x+1.30 93.77+£2.94™" 93.28+5.53™"  93.14+4.54™"
Methanol Extract 400 mg/kg 88.00+1.73  73.43%5.25 90.10+4.16™"  84.02+11.31™* 91.72+6.60™"
Ethyl acetate fraction 100 mg/kg 86.67+4.41  76.57+1.99  80.52+2.62""## 90.59+3.31"™"  91.35+2.58™"
Ethyl acetate fraction 200 mg/kg 90.00+1.00 81.53+1.56 81.42+1.94™ %%  90.07+2.71™ 91.67+1.20™"
Ethyl acetate fraction 400 mg/kg 91.33+0.88  76.10+£2.01 90.17+£0.57™ 86.73+2.29™" 88.25+3.72"
n-Hexane fraction 100 mg/kg 88.00+3.79  78.53x1.47 94.16+5.93™ 93.14+2.47™ 91.83+2.26™"
n-Hexane fraction 200 mg/kg 87.33x1.86 74.40x1.03 86.35+1.717"#%  88.93+2.75™" 88.76+2.92"
n-Hexane 400 mg/kg fraction 90.00£2.52 69.27+2.14  80.84+3.05™"*#  90.59+4.28™" 90.59+4.28"™
Results are presented as means + standard deviation, n =5, *, ™ and ™": significantly different from the NC at p <

0.05, 0.01 and 0.001 respectively. # # and ##: significantly different from the PC at p < 0.05, 0.01 and 0.001
respectively. Two-way, ANOVA followed by Turkey HSD. NC is negative control, PC is positive control.

Table 10: Effect of extract and fractions of the Tapinanthus globiferus on the mean corpuscular haemoglobin of
phenylhydrazine induced anaemic rats

Mean corpuscular haemoglobin (picograms/cell)

Treatment Before 0 d 7" day post 14" day post 21% day post
induction (0) day administration administration administration
Normal saline (NC) 29.50+0.50 25.37+0.49 24.64+1.00*  23.69+1.42* 23.76+1.11**
Astyfer syrup 0.15 mg/kg (PC)  28.50+1.02 26.75+0.96  31.95+0.39 30.69+0.65 31.65+0.57
Methanol Extract 100 mg/kg 29.67+0.33 25.60+0.72  30.52+0.29  29.82+1.44* 30.56+0.76*
Methanol Extract 200 mg/kg 29.00+0.58 24.40+0.46  31.25+0.98  31.09+1.84 31.05+1.51*
Methanol Extract 400 mg/kg 29.67+0.33 24.43+1.76  30.03+1.39 28.00+3.77 30.57+2.20*
Ethyl acetate fraction 100 mg/kg 28.33+1.45 25.37£0.69  26.84+0.88  30.20+1.10* 30.45+0.86
Ethyl acetate fraction 200 mg/kg 29.00+0.58 27.07+0.57  27.13+0.40 30.02+0.90 30.2240.71
Ethyl acetate fraction 400 mg/kg 30.33+0.33 25.30+0.68  30.05+0.19 28.91+0.76 29.41+1.24
n-Hexane fraction 100 mg/kg 29.00£1.15 26.03+0.44 31.39£1.98* 31.05+0.82* 30.61+0.75*
n-Hexane fraction 200 mg/kg 28.67+0.67 24.77+0.34  28.78+0.57 29.65+0.92 29.59+0.97
n-Hexane fraction 400 mg/kg 29.67+0.67 23.07+0.68  26.94+1.02 30.19+1.42 30.19+1.42

Results are presented as means + standard deviation, n = 5, *, ** and ***: significantly different from the NC at p <
0.05, 0.01 and 0.001 respectively. #, ## and ###: significantly different from the PC at p < 0.05, 0.01 and 0.001
respectively. Two-way, ANOVA followed by Turkey HSD. NC is negative control, PC is positive control.

DISCUSSION

Phenylhydrazine (PHZ) and its
derivatives were originally employed as
antipyretics, studies have shown that they have
deleterious effects on blood cells and can cause
irreversible cellular damage [26]. Some of the
adverse effects of phenylhydrazine include
hemolytic anaemia, hypoxia, and
inflammation [32], spleen, kidney, and liver

damage [33]. The drug's capacity to trigger
hemolysis is determined by how it interacts
with RBCs. This reaction generates hydrogen
peroxide and destroys the hemoglobin pigment
by generating oxidized derivatives and
hydrazine free radicals [34]. Because of its
interaction with the plasma membrane, PHZ
produces reactive oxygen species (ROS) in
addition to lipid peroxidation and protein
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oxidation. Hemolytic anaemia occurs when
spectrin in the membrane cytoskeleton is
damaged by oxidation [32]. The production of
harmful free radicals during hydrazine
microsomal oxidation has been linked to the
liver toxicity of hydrazine derivatives.

Phenylhydrazine (PHZ), a strong
oxidizing chemical, is widely used to induce
hemolysis in animal models. Many illnesses,
including hematological abnormalities, have
oxidative stress as a major contributing factor
in their origin, as is well known [35].
Hemolytic anaemia is caused by a variety of
harmful  cellular  processes, including
membrane lipid peroxidation and protein
oxidation, which erode the integrity of RBC
membranes and are caused by the autoxidation
of PHZ [36].

Treatment of PHZ-induced anaemic
rats with the reference hematinic, Astyfer
syrup resulted in a significant increase (P <
0.001) in the number of RBCs and Hb
concentration compared with the vehicle-
treated PHZ-induced anaemic rats. Astyfer
syrup contains vitamins B1, B2, B3, B6 and
B12, zinc, folic acid and iron. Hb is formed by
the combination of globin chains with iron,
which together form the nucleus of the iron-
porphyrin haem ring. The B complex vitamins
serve as building blocks for the production of
cofactors necessary for protein synthesis and
hematopoiesis [37, 38]. This may have
accounted for the increase in number of RBCs
and Hb concentration shown by the rats fed
Astyfer syup. Treatment of PHZ-induced
anaemic rats with the extract and fractions
showed the significant increase (P < 0.001) in
the number of PCV, HB, RBCs, MCV and (P
< 0.05) MCH concentration over the
experimental period as shown in Tables 6, 7, 8,
9 and 10 respectively. Amino acids such as
threonine,  valine, leucine, isoleucine,
tryptophan, lysine, phenylalanine, methionine,
histidine, and arginine are essential for plasma
protein production as shown in Table 5. The
phytochemicals in the plant extracts may be

responsible for the rise in RBC count [39-41],
which  could counteract the negative
consequences of PHZ-induced anaemia.
Numerous studies have demonstrated that T.
globiferus protects against oxidative stress-
related diseases[42, 43]. The ability of plant
extract to scavenge free radicals is attributed to
a broad range of antioxidants of the polyphenol
class [44] as shown in Table 2.

T. globiferus is a plant known for its
antioxidant properties, which may have
decreased hemolysis and enhanced oxygen
transport to the organs by reducing the
damaging effects of PHZ on the erythrocyte
membrane. Rats treated with PHZ had reduced
levels of PCV, RBC, HB, MCV, and MCHC.
Following a 21-day course of treatment with an
oral T. globiferus leaf extract and fractions, the
effects of PHZ-induced anaemia were restored
to baseline levels. The treatment resulted in a
significant increase in the level of RBC and
HB (p<0.001). Comparable to the normal
control, the improvement observed following
therapy with T. globiferus extract and fractions
were none dose dependent. Given that the two
primary variables in this model are dose and
time, it has been demonstrated that different
reactions to the administration of PHZ are
feasible. Not all researchers used the same
quantities to induce anaemia —some used 40
mg/kg once, while others used bigger doses—
60 mg/kg for varying lengths of time. This
could be the reason for the observed disparities
in immunological response, together with
species differences [28]. It is often recognized
that T. globiferus leaves are a good source of
minerals (iron, copper, zinc), vitamins (A, C
and E), and other beneficial components [20,
30] as shown in Table 3 and Table 4. These
results are consistent with reports on extracts
of the plants Solanum torvum and Tectona
grandisin PHZ-induced anaemia in rats [45,
46]. lron deficiency limits the synthesis of
hemoglobin, the oxygen transporter, so iron is
the main treatment for anaemia. Anaemia and
iron metabolism disruption are known side
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effects of PHZ [47]. Zinc supplementation in
animals is likely to have increased
erythropoiesis, which in turn increased
hemoglobin production and red blood cell
formation [48, 49]. T. globiferus as good
source of magnesium and zinc as shown in
Table 3. it has been demonstrated that the
necessary elements magnesium and zinc have
strong antioxidant activity and are useful in
preventing oxidative stress in cells by
strengthening internal antioxidant defense
systems[50]. The observed anti-oxidant and
hematinic activities of T. globiferus extract and
fractions in this study may be attributed to the
presence of these metal elements.

Conclusion. The extract and fractions of T.
globiferus leaves exhibited a marked hematinic
activity. This gives scientific evidence to the
folkloric claims of its use in the management
of anemic disorder. More mechanistic research
is required to determine the exact mechanisms
by which the extract and fractions displayed
the observed hematinic activities.
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