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Background: Ficus capensis Moraceae and Cnidoscolus aconitifolius Euphorbiaceae leaves
have been used separately in traditional medical practice to treat different ailments, of which
anemia is one. This study aims to evaluate the effect of F. capensis and C. aconitifolius on
hepatic, renal parameters and oxidative stress of phenylhydrazine-induced anemic rats.
Methods: Thirty-five rats were randomized into seven groups (A—G) of five rats each. Groups A
and B served as the normal control and anemic control, respectively, while Groups C, D, E, F, and
G were treated with a standard drug (vitamin B;,), 200mg/kg bw. aqueous extract of F. capensis,
400mg/kg b.w. aqueous extract of F. capensis, 200mg/kg bw. of a combination of aqueous extract
of F capensis and C. aconitifolius and 400mg/kg bw. of a combination of aqueous extract of F
capensis and C. aconitifolius, respectively. The biochemical analysis (liver and kidney function
analysis, oxidative stress) was carried out using standard diagnostic techniques.

Results: The results showed that there was significant decrease (p<0.05) in the values obtained
for Aspartate Transaminase (AST), alanine Transaminase (ALT), Alkaline Phosphatase (ALP),
total bilirubin, urea, creatinine, potassium ion, Total Cholesterol (TCHOL), Low-density
Lipoprotein (LDL-C), Triglycerides (TRIG), Very Low-density Lipoprotein (VLDL-C) and
Malondialdehyde (MDA) and a significant increase (p<0.05) in obtained values for High-density
Lipoprotein (HDL) in all the extract-treated groups compared with the anemic-untreated. The
values obtained for most of these biochemical parameters in the extract-treated groups were in
the range of the normal control showing that the extract did not, in any way, alter the biochemical
parameters. There was a significant increase (p<0.05) in the glutathione peroxidase (Glut. Perox.)
enzyme activity of the groups treated with the aqueous extract of £ capensis and its combination
with C. aconitifolius compared with the anemic-untreated.

Conclusion: These results suggest that the aqueous extracts of £ capensis and C. aconiti-
folius leaves may promote liver function parameters, maintain normal serum electrolyte level
and kidney function indices, stimulate reduction of “bad cholesterols” and increase “good
cholesterol” and reduce oxidative stress.

Keywords: anemia, phenylhydrazine, Ficus capensis, Cnidoscolus aconitifolius, aspartate
transaminase (AST), creatinine

Introduction
Nature has been a source of medicinal treatments for many years and plant-based
systems play an essential role in the primary health care of 80% of the world’s

developing countries." Among the wealth of nature’s medicinal plants, this study is
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interested in two unique plants and their anti-anemic rele-
vance: Ficus capensis and Cnidoscolus aconitifolius.
However, we are careful to ensure that they are not toxic
even though they are medicinal. The rise or fall of certain
biochemical parameters serve as markers indicative of
injury or other effects of certain substances on the organs
where they play their roles. For example, any kind of liver
injury can cause a rise in Alanine Transaminase (ALT).? In
this same way, so many other biochemical parameters
related to other organs, electrolytes, antioxidant enzymes,
and can help a scientist indicate the possible toxicity of
certain substances administered as medicinal decoctions.

Ficus capensis, locally called “akororo” in igbo, “uwar-
yara” in hausa, “opoto” in Yoruba, “rimabichehi” in Fulani
and “obada” in Edo, belongs to the family Moraceae and
has been considered an underutilized plant.® The leaves of
this plant have been found to be abundant in dry season as a
result of the plant’s resilience, adaptation and tolerance to
adverse climatic conditions,* making it a good substitute to
help with the cases of reduced consumption of green leafy
vegetables experienced in the dry seasons. It is one of the
plants used in traditional medicine in Nigeria, for treating
various diseases and promotes vascular health.” The leaves
of F. capensis are commonly used as a vegetable in foods
with a substantial blood boosting effect,’ and possess the
ability to prevent the sickling of red blood cells.” In Nigeria,
decoctions and aqueous extract of F. capensis are said to be
used traditionally in the treatment of anemia, tuberculosis,
pains, convulsions and wounds.® Oral administration of
aqueous extract of F. capensis increased haemoglobin con-
centration, packed cell volume and red blood cells of albino
rats.”

On the other hand, Cnidoscolus aconitifolius, which
belongs to the family Euphorbiaceae is an evergreen,
drought-deciduous shrub up to 6m in height with alternate
palmate lobed leaves and milky sap.'’ C. aconitifolius is
commonly referred to as “obarandu” or “akwukwo nri
ohurun” depicting its perceived blood boosting effect. It is
however called “chaya tree spinach” (Mexico), “iyana ipaja”
(Yoruba), and “hospital too far” in Niger Delta areas of
Nigeria.'" The plant is believed to possess various therapeutic
and nutritive value.'? Despite the many claims to the effec-
tiveness of C. aconitifolius in the management of many dis-
eases, there is insufficient information on the toxicological
implications of the aqueous extract of the plant leaves."
Studies on C. aconitifolius leaves reported that the leaves
have higher concentrations of sodium than potassium, which
is unfavorable because potassium depresses blood pressure

while the sodium in these leaves may cause hypertension
and atherosclerosis when consumed.'*'> Administration of
the raw and boiled leaf juice of C. aconitifolius favorably
increased the hematological parameters of anemic rats.'®

The combination of both plant leaves produced greater
and improved hematological results when administered to
anemic rats.'” However, medicinal plants can have adverse
effects if wrong plant parts or wrong concentrations are
administered.'® Nowadays, toxicity and safety of medic-
inal plants are among the most discussed topics as herbal
products have become popular worldwide.'® In the con-
temporaries, no research has reported or documented the
effect of the combination of F. capensis and C. aconitifo-
lius leaves on essential biochemical indices of phenylhy-
drazine-induced anemic rats. This research seeks to study
the effects of the aqueous extract of F. capenis leaves and
its combination with C. aconitifolius leaves on essential
biochemical parameters of anemic rats and thus determine
the possible toxic effects the components of the leaves
may possess when administered.

Methods and Materials

Sample Collection and ldentification

The leaves of Ficus capensis were collected at Nike, Enugu
East Local Government Area of Enugu State. The leaves of
Cnidoscolus aconitifolius were collected at Umueze town,
Nkanu West Local Government Area of Enugu State. The
samples were identified by a taxonomist in the Department
of Botany, Faculty of Biosciences, Nnamdi Azikiwe
University, Awka. The voucher number of F. capensis and
C. aconitifolius as deposited in the herbarium of the
Department of Botany, Nnamdi Azikiwe University,
Awka, Anambra State, Nigeria is 164 and 168 respectively.

Preparation of the Aqueous Extracts of F.

capensis and C. aconitifolius

The leaves were thoroughly washed and air dried at room
temperature for four weeks. The dried leaves were ground
into powder using a Corona manual grinding machine.
Exactly 300g of the ground leaves powder of F. capensis and
C. aconitifolius were each soaked in 1 litre of distilled water
for 24 hrs. The aqueous extractions were sieved using a muslin
cloth and filtered using Whatman no. 1 (125mm) filter paper.
The filtrates were separately lyophilized (freeze dried) using
a lyophilizer (freeze dryer). The aqueous extract combination
of E capensis and C. aconitifolius were reconstituted with
distilled water in the ratio of 1:1 before administration.
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Test Animals

A total of 35 male wistar albino rats weighing between
130-140g were purchased from Chris Animal Farms and
Research Laboratory, Awka, Anambra State and used for the
experiment. They were maintained and housed in cages under
standard environmental conditions (27°C+3°C, 12-hour light/
dark cycle) in the Department of Applied Biochemistry
Laboratory, Nnamdi Azikiwe University, Awka. They were
allowed to acclimatize with the environment for one week
before use. The animals were fed Vital grower’s mash pellets
purchased from Vital Feed Distributor at Awka, Anambra state
and fed ad libitum. At the end of the one-week acclimatization
period, the animals were weighed, grouped and labeled.

Study Design

The animals were randomized into 7 groups of 5 rats. After
the induction of anemia with phenylhydrazine, the animals
were treated for 14 days after which blood was collected by
cardiac puncture under ketamine anesthesia and used for
biochemical analysis. They were grouped as follows: Group
A — Control, Group B — Anemic control (Induced but not
treated), Group C — Standard drug (Induced and treated with
Emzoron), Group D — 200mg/kg bw. aqueous extract of
Ficus capensis (AEFC), Group E — 400mg/kg bw. aqueous
extract of Ficus capensis (AEFC), Group F —200mg/kg bw.
of a combination of aqueous extract of F. capensis and C.
aconitifolius (AEFC + AECA), and Group G — 400mg/kg
bw. of a combination of aqueous extract of £ capensis and
C. aconitifolius (AEFC + AECA).

Induction of Anemia

Anemia was induced intraperitoneally in the rats using
20mg/kg b.w. of phenylhydrazine for five consecutive
days. The animals were confirmed to be anemic on the
6th day before the commencement of treatment. Blood
was collected by retro orbital sinus for hematological
analysis before and after the induction of anemia to moni-
tor the animals for the symptoms of anemia before the
commencement of treatment.

Determination of Weight

The weight of the experimental subjects was checked
using an electronic weighing scale. The weight of the
rats was monitored before, during, and after the experi-
ment to know whether the extracts and its combination
have an effect on the body weight of the experimental
rats.

Determination of Random Glucose Levels
The blood glucose levels of the rats were checked before
the induction of anemia, during, and after treatment using
One Touch Glucometer (Life Scan, USA) and test strips
based on the method of Trinder."

Kidney Function Test

Urea and creatinine were analysed using Randox test kits.
The procedures were carried out according to the manu-
facturer’s instructions.

Electrolytes

Electrolytes such as Potassium ion (K"), Sodium ion (Na"),
Chloride ion (Cl"), Bicarbonate ion (HCOj3 ), Total calcium
(T and Tonized calcium (N°*') were measured using rou-
tine diagnostic techniques, autoanalyser, Selectra Junior
manufactured by Vital Scientific B. V., the Netherlands.

Liver Function Test

Serum biochemical indices routinely estimated for liver
functions including aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), alkaline phosphatase (ALP)
and Bilirubin were determined using Randox diagnostic
kits. The procedures used were carried out according to the
manufacturer’s instruction.

Lipid Profile

The lipid profile (Total Cholesterol [TCHOL], Triglycerides
[TRIG], high-density lipoprotein [HDL], low-density lipopro-
tein [LDL] and very low-density lipoprotein [VLDL-C]) were
2021 T ow  density

Lipoprotein-Cholesterol (LDL-C) was calculated using a stan-

determined using Randox test Kits.

dard formula from.> The procedure used was carried out
according to the manufacturer’s instructions.

Antioxidant Enzymes Assay
The following antioxidant enzyme activities were deter-
mined spectrometrically as follows:

Catalase Activity Determination

Serum catalase (CAT) activity was determined according
to the method of Beers and Sizer as described by Uso
et al** by measuring the decrease in absorbance at 240nm
due to the decomposition of H,O, in a UV recording
spectrophotometer. The reaction mixture (3mL) contain
0.1mL of serum ina phosphate buffer (50mM, pH 7.0)
and 2.9mL of 30mMH,O, in a phosphate bufter pH 7.0.
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An extinction coefficient at 240nmH,0, of 40.0M 'cm™!

was used for the calculation.?* The specific activity of
CAT was expressed as moles of H,O, reduced per minute
per mg protein.

Calculation
SOD/CAT = AA/min x V1/3. X Vs
AA = change in absorbance
V1 = Total volume
Vs = Sample volume
> = Molar extinction coefficient

Determination of Superoxide Dismutase
Activity

Superoxide Dismutase (SOD) activity was determined by
its ability to inhibit the auto-oxidation of epinephrine
determined by the increase in absorbance at 480nm as
described by Sun and Zigma.>> The reaction mixture
(3mL) containing a 2.95mL 0.05M sodium carbonate buf-
fer pH 10.2; 0.02mL of liver homogenate and 0.03 mL of
epinephrine in 0.005N HCI was used to initiate the reac-
tion. The reference cuvette contains 2.95mL buffer,
0.03mL of substrate (epinephrine) and 0.02mL of water.
Enzyme activity was calculated by measuring the change
in absorbance at 480nm for 5 mins.

Determination of Glutathione Peroxidase
Activity

This was determined by the method of Beutter and Kelly
as adapted by Anthony and Rajamohan.”® Hydrogen per-
oxide (H,0,) is reduced by oxidizing reduced glutathione
(GSH) to form GSSG. The reaction mixture contained
ImL of 0.3M phosphate buffer (pH 7.4), 0.3mL of
10mM (GSH), 0.3mL of 15mMH,0, and 1.37mL distilled
water. Exactly 0.1mL serum was added to the mixture in
the cuvette, shaken and absorbance was read at 340nM.
Extinction co-efficient of 1.622 x 10°M 'CM " was used
to calculate enzyme activity which was expressed in unit
mg protein.

OD/minxV
Yxv

Enzyme activity was calculated using the formula:
OD = Optical Density
V = Total volume of reaction mixture
v = volume of the sample
> = Molar extinction coefficient

Determination of Lipid Peroxidation

Lipid peroxidation was determined by the thiobarbituric
(TBARS) assay method of
Buege.?” The reaction depends on the formation of com-
plex between malondialdehyde (MDA) and thiobarbituric
acid (TBA). 0.4mL of serum is collected into the test
tubes; 1.6mL of 0.25N HCI was added to 0.5mL of 15%
trichloroacetic acid and 0.5mL of 0.375% of TBA and
then mixed thoroughly.

acid-reacting substances

The reaction mixture was then placed in 100°C boiling
water for 15 mins, allowed to cool and centrifuged at 3000
rpm for 10 mins. The supernatant was collected and the
optical density recorded at 532nm against reagent blank
containing distilled water.

The lipid peroxidation activity was calculated using the
formula:

extinction co — efficient

Optical density o

Time amount of sample

Where the extinction coefficient value is 1.56 x 10 °M 'CM
The unit is expressed as umol/MDA/mg of protein.

Data Analysis

Data obtained from the experiments were analyzed using
the Statistical Package for Social Sciences software for
windows version 23 (SPSS Inc., Chicago, Illinois, USA).
All the data collected were expressed as Mean + SEM.
Statistical analysis of the results obtained were performed
by using ANOVA Tests to determine if significant differ-
ence exists between the mean of the test and control
groups. The limit of significance was set at p<0.05.

Results
Effect of Extract on Weight of Anemic

Rats

The weights of the rats were recorded on day 0 (before the
induction of anemia), day 6 (after five days of consecutive
induction of anemia), day 13 (after seven days treatment)
and day 20 (after 14 days of treatment) (Table 1). The
induction of anemia did not show any significant differ-
ence in the weight of the rats when the test groups were
compared with the control groups. However, as treatment
progressed a significant (p<0.05) increase in weight was
observed in both the test and control groups on days
13 and 20 compared to days 0 and 6. The weight of the
rats increased normally in the course of treatment. The
gain in weight cannot be attributed to the treatment
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Table | Weight of Phenylhydrazine-Induced Anemic Rats Treated with F. capensis and its Combination with C. aconitifolius Expressed as

Mean + SEM
Groups Weight (g) Before Weight (g) After 5 Days | Weight (g) Weight (g)
Induction Day 0 Induction After 7 Days After 14 Days
Day 6 Treatment Treatment
Day 13 Day 20

Group A — Control 135.3£2.56 137.1£3.06 144.5+3.63" 153.2+2.85°¢
Group B — Anemic control 136.5+£7.82 139.4+£2.85 145.216.10° 149.7+3.65¢
Group C — Standard drug 132.1£2.30 136.246.36 140.6%2.13% 145.7+5.08°
Group D — AEFC (200mg/kg) 137.74£3.41 139.5£3.59 143.0+7.18" 147.9+2.93¢
Group E — AEFC (400mg/kg) 138.14£6.53 141.0£2.86 146.2+3.82° 151.7+1.96°
Group F — AEFC+AECA (200mg/kg) | 135.3+3.82 138.6£1.18 143.3+6.817 146.4+2.91°
Group G — AEFC+AECA (400mg/kg) | 139.0+2.01 143.1£2.23 148.613.62° 154.5+5.27¢

Notes: *Significant increase with respect to days 0 and day 6; “Significant increase with respect to days 0, 6 and |3.

regimen, as can be seen from the results comparing the
anemic-untreated with the normal rats and the test groups.
These results are also represented in Figure 1.

Effect of Extract on Random Blood

Glucose Levels

The random blood glucose levels were checked to know
the effect of treatment with aqueous extract of F. capensis
and its combination with C. aconitifolius on random blood
glucose levels. The random glucose levels of the rats were
recorded on day O (before the induction of anemia), day
6 (after 5 days of consecutive induction of anemia), day
13 (after 7 days treatment) and day 20 (after 14 days of
treatment) (Table 2). The rats maintained normal blood
glucose levels before, during, and after treatment. The
results of the random blood glucose levels are explained
in Figure 2.

Effect of Extract on Liver Function

Parameters

The result of the effect of administration of aqueous extract
of F. capensis and its combination with C. aconitifolius to
the experimental subjects on liver function parameters is
represented in Table 3. The induction of anemia with phe-
nylhydrazine elevated the liver function parameters (ALP,
AST, ALT, total bilirubin, and direct bilirubin levels).
Treatment with the aqueous extract of F. capensis and its
combination with C. aconitifolius significantly (p<0.05)
reduced the liver function parameters in all the treatment
groups compared to the anemic-untreated. The value of the
ALP, AST, ALT, T.BIL, and D.BIL of the groups treated
with graded doses of the extract was close to that of the
normal control group that was not induced. However,
a better reduction in the liver function parameters was
recorded in the groups that were treated with 200 and

. u Group A-
Welght Control
180 ® Group B-
160 Anemic
T T T Control
140 T TE T Group C-
— 120 Standard Drug
2 G D
roup D-
-+ 100
< AEFC(200mg/
(@]
o) 80 kg)
; ® Group E-
60 AEFC(400mg/
kg)
40 ® Group F-
20 AEFC+AECA(
200mg/kg)
0 u Group G-
AEFC+AECA(
0 6 . 13 20
Time (Days) 400mg/kg)

Figure | Weight of phenylhydrazine-induced anemic rats treated with F. capensis and its combination with C. aconitifolius expressed as mean + SEM.
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Table 2 Random Blood Glucose Levels of Phenylhydrazine-Induced Anemic Rats Treated with F. capensis and its Combination with C.

aconitifolius Expressed as Mean * SEM

Groups Glucose Level Glucose Level Glucose Level (mg/dl) | Glucose Level (mg/dl)
(mg/dl) Before (mg/dl) After 5 Days | After 7 Days After 14 Days
Induction Day 0 Induction Treatment Treatment
Day 6 Day 13 Day 20
Group A — Control 85.6+1.03 87.6x5.01 95.2+2.91 86.1+0.35
Group B — Anemic control 91.3£3.14 90.3+£2.50 88.7+5.06 85.3+3.62
Group C — Standard drug 75.743.96 95.6+6.71 83.6+3.82 87.5+5.01
Group D — AEFC (200mg/kg) 100.2+4.01 92.5+3.21 93.247.20 90.4%3.15
Group E — AEFC(400mg/kg) 83.0+2.07 87.2+0.32 76.5+5.09 84.1+5.02
Group F — AEFC+AECA(200mg/kg) 96.3+2.65 99.3x6.71 71.3+2.06 95.1+1.03
Group G — AEFC+AECA (400mg/kg) 84.5+3.01 104.6:0.91 93.7£341 96.3+0.15

400mg/kg bodyweight of aqueous extract of a combination
of F. capensis and C. aconitifolius compared with the
groups that were administered 200 and 400mg/kg body-
weight of aqueous extract of F. capensis alone. The group
that was treated with 400mg/kg bodyweight of aqueous
extract of a combination of F. capensis and C. aconitifolius
was far better compared to other test groups and the group
treated with a standard antianemic drug.

Effect of Extract on Kidney Function

Parameters

The result of the effect of administration of aqueous extract
of F. capensis and its combination with C. aconitifolius to the
experimental subjects on kidney function parameters is
represented in Table 4. The induction of anemia with phe-
nylhydrazine caused a significant (»p<0.05) increase in the

Random Blood Glucose Levels

Glucose Levels (mg/dl)

Time (Days)

urea and creatinine levels in all the rats induced except the
normal control group which was not induced. Treatment with
the aqueous extract of F. capensis and its combination with
C. aconitifolius significantly (p<0.05) decreased the urea and
creatinine levels in all the treatment groups compared to the
anemic-untreated. The urea and creatinine levels of the
groups treated with graded doses of the extract were close
to that of the normal control group that was not induced.
However, a better reduction in urea and creatinine levels
were recorded in the groups that were treated with 200 and
400mg/kg bodyweight of aqueous extract of a combination
of F. capensis and C. aconitifolius compared to the groups
that were administered 200 and 400mg/kg bodyweight of
aqueous extract of F. capensis alone. The group that was
treated with 400mg/kg bodyweight of aqueous extract of
a combination of F. capensis and C. aconitifolius fared better

Group A-Control

Group B-Anemic
Control

Group C-Standard
Drug

Group D-
AEFC(200mg/kg)

Group E-
AEFC(400mg/kg)

Group F-
AEFC+AECA(200m
g/kg)

Group G-
AEFC+AECA(400m
g/kg)

13 20

Figure 2 Random blood glucose levels of phenylhydrazine-induced anemic rats treated with F. capensis and its combination with C. aconitifolius expressed as mean + SEM.
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Table 3 Effect of Treatment with Aqueous Extract of F. capensis and its Combination with C. aconitifolius on Liver Function Parameters
of Phenylhydrazine-Induced Anemic Rats Expressed as Mean + SEM

Groups ALP (U/L) AST (U/L) ALT (UIL) T. BIL (mg/dl) D. BIL (mg/dl)
Group A — Control 36.39+1.25 26.20%1.00 4.500.63 1.62%0.01 0.420.01
Group B — Anemic control 78.01+2.34° 45.33£2.84* 11.91£0.25° 2.97+0.01° 0.91+0.03*
Group C — Standard drug 39.21£2.05¢ 28.67£2.92¢ 5.01£2.91¢ 1.23£0.03¢ 0.36+0.03¢
Group D — AEFC (200mg/kg) 58.36%1.68% 32.51%1.06¢ 5.75+0.82¢ 1.65+0.02¢ 0.5620.00°
Group E — AEFC (400mg/kg) 45.03+2.83¢ 38.01%3.68° 7.8142.15* 1.88+0.01¢ 0.43+0.01¢
Group F — AEFC+AECA (200mg/kg) 40.353.62d 29.13%1.93¢ 5.53£3.71¢ 1.67£0.02¢ 0.40+0.02°
Group G — AEFC+AECA (400mg/kg) 38.27+2.10¢ 25.96%2.26¢ 4.8242.93¢ 1.75+0.01¢ 0.53+0.01¢

Notes: “Significant increase with respect to normal control; %significant reduction with respect to anemic-untreated control.

Table 4 Effect of Treatment with Aqueous Extract of F. capensis
and its Combination with C. aconitifolius on Kidney Function
Parameters of Phenylhydrazine-Induced Anemic Rats Expressed
as Mean + SEM

Groups Urea Creatinine
(mg/dl) (mg/dl)

Group A — Control 1.26£0.01 2.39+0.03
Group B — Anemic control 3.93+0.01° 3.70+0.05%
Group C - Standard drug 2.31£0.00* 2.25+0.01¢
Group D — AEFC (200mg/kg) 2.50£0.01 2.65+0.01¢
Group E — AEFC (400mg/kg) 2.95+0.02* 2.76+0.03¢
Group F — AEFC+AECA (200mg/kg) 1.3740.02¢ 3.00+0.02*
Group G — AEFC+AECA (400mg/kg) | 1.23+0.01¢ 2.35+0.02¢

Notes: *Significant increase with respect to normal control; dsigniﬁcant reduction
with respect to anemic-untreated control.

compared to other test groups and the group treated with
a known standard drug.

Effect of Extract on Electrolyte Levels
Induction of anemia increased the potassium ion (K),
sodium ion (Na'), chloride ion (CI"), bicarbonate ion

(BCO;"), total calcium (T°) and ionized calcium (n°*)
in all the groups except the normal control that was not
induced (Table 5). However, the increase was not statisti-
cally significant (p>0.05). The electrolyte levels of the test
groups decreased compared to the anemic-untreated group.
The value of the electrolyte tests recorded for the group
that was treated with a combination of aqueous extract of
FE capensis and C. aconitifolius at a dose of 200mg/kg
body weight was close to the value recorded for the
normal control group. The administration of the extract
combination at a dose of 200mg/kg bodyweight was
observed to be better than the other treatment groups and
the group treated with a standard drug (Table 5).

Effect of Extract on Lipid Profile

The lipid profile analysis was carried out to know the effect
of the continuous administration of the aqueous extract of F.
capensis and its combination with C. aconitifolius in the
anemic rats. The induction of anemia significantly (p<0.05)
increased the TCHOL, (LDL-C, TRIG and VLDL while it
significantly (p<0.05) decreased HDL-C in all the groups

Table 5 Effect of Treatment with Aqueous Extract of F capensis and its Combination with C. aconitifolius on electrolytes of

Phenylhydrazine-Induced Anemic Rats Expressed as Mean + SEM

Groups K* Na* CI'(mmol/L) | BCO; (mmol/L) | T n<
(mmol/L) (mmol/L) (mmol/L) (mmol/L)
Group A — Control 5.54+0.01 130.5+0.02 104.0+0.01 20.65+0.03 1.30+0.02 0.70+0.02
Group B — Anemic control 8.36+0.01° 133.2+0.06 105.6+0.01 22.60+0.10 1.92+0.01 0.86+0.05*
Group C - Standard drug 5.38+0.03¢ 131.6+0.01 103.3£0.02 21.2620.00 1.01£0.02 0.42+0.02"¢
Group D — AEFC (200mg/kg) 4.82+0.02° 131.2+0.02 104.3+0.04 20.58+0.01 1.53£0.00 0.65+0.%2%¢
Group E — AEFC (400mg/kg) 6.27+0.09¢ 130.5+0.08 103.6+0.06 21.9240.01 1.35£0.21 0.56+0.03%
Group F — AEFC+AECA(200mg/kg) | 4.76x0.10° 131.0+0.04 103.1£0.03 21.70£0.02 1.27+0.06 0.38+0.03"
Group G — AEFC+AECA (400mg/kg) | 5.96x0.18 130.8+0.03 103.5+0.03 21.3420.02 1.29+0.02 0.4120.01%

Notes: “Significant increase with respect to normal control; bsigniﬁcant reduction with respect to normal control; dsigniﬁcant reduction with respect to anemic-untreated

control.
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except the normal control group (Table 6). The groups
treated with the aqueous extract of F. capensis and C.
aconitifolius showed a significant (p<0.05) decrease in the
TCHOL, LDL, TRIG and VLDL levels compared with the
anemic-untreated group. A better reduction was observed in
the group treated with 400mg/kg bodyweight of the extract
combination for TCHOL, LDL and VLDL which was close
to the values recorded for the normal control group. There
was a significant (p<0.05) increase in the HDL-C of the
groups administered 200 and 400mg/kg bodyweight of the
aqueous extract of a combination of F capensis and C.
aconitifolius compared with the groups treated with 200
and 400mg/kg bodyweight of the aqueous extract of F.

capensis alone.

Effect of Extract on Antioxidant Enzymes
CAT, SOD and glutathione peroxidase (Glut. Perox.) activity
of the experimental subjects were assayed to know the effect
of the administration of F. capensis and its combination with
C. aconitifolius on the antioxidant enzyme activity (Table 7).
The extract combination increased the CAT and SOD activity
in the test groups although the increase was more noticeable

in the groups administered 200 and 400mg/kg bodyweight of
the combination of F capensis and C aconitifolius. There
was a significant (p<0.05) increase in the Glut. Perox. activ-
ity of all the test groups compared with the anemic-untreated
group. The increase was found to be highest in the group
administered 400mg/kg bodyweight of aqueous extract of F
capensis and C. aconitifolius compared with the group admi-
nistered aqueous extract of £ capensis alone.

Effect of Extract on Lipid Peroxidation
(Malondialdehyde)

Induction of anemia caused a significant (p<0.05) increase
in the MDA level of all the groups except the normal
control which was not induced (Table 8). Administration
of 200 and 400mg/kg bodyweight of aqueous extract of F.
capensis and its combination with C aconitifolius signifi-
cantly (p<0.05) decreased the MDA level in all the test
groups compared with the anemic-untreated group. The
highest decrease was observed in the group treated with
400mg/kg bodyweight of a combination of aqueous extract
of F. capensis and C. aconitifolius. The animals that
received the combination of the extract at a dose of

Table 6 Effect of Treatment with Aqueous Extract of F capensis and its Combination with C. aconitifolius on Lipid Profiles of

Phenylhydrazine-Induced Anemic Rats Expressed as Mean + SEM

Groups TCHOL (mgi/dl) | HDL-C (mg/dl) | LDL-C (mg/dl) | TRIG (mg/dl) | VLDL (mg/dl)
Group A — Control 38.5122.01 98.65%1.06 26.9122.25 91.63%5.02 25.61+5.42
Group B — Anemic control 63.91£2.56 52.130.05° 58.29+3.01° 168.2£3.65 38.26+2.65°
Group C — Standard drug 41.04+0.28° 75.80+2.06> 26.01+6.25¢ 129.1£5.25¢ 21.37+1.02¢
Group D — AEFC (200mg/kg) 46.65%1.06 73.1843.62 18.58+2.66 108.3£3.21¢ 28.69£0.05¢
Group E — AEFC (400mg/kg) 432824.15¢ 69.40%1.65° 21.91£593¢ 126.0+3.85* 26.20£2.06°
Group F — AEFC+AECA (200mg/kg) 37.92£0.91¢ 108.2+2.06™ 15.08+2.28¢ 87.29+2.71¢ 29.62%2.53¢
Group G — AEFC+AECA (400mg/kg) | 29.52+3.82¢ I11.6£1.50™ 10.05+5.08¢ 95.31+2.82° 20.31x1.08°

Notes: *Significant increase with respect to normal control; Psignificant reduction with respect to normal control; Ssignificant increase with respect to anemic-untreated

control; 9significant reduction with respect to anemic-untreated control.

Table 7 Effect of Treatment with Aqueous Extract of F. capensis and its Combination with C. aconitifolius on Antioxidant Enzymes of

Phenylhydrazine-Induced Anemic Rats Expressed as Mean + SEM

Groups Catalase (IU/L) SOD (1U/L) Glut. Perox. (IU/L)
Group A — Control 0.0812+0.01 9.512+0.06 0.4654+0.01

Group B — Anemic control 0.0705+0.01 9.210+0.04 0.2631+0.06

Group C — Standard drug 0.0612+0.01 9.295+0.01 0.3123+0.03

Group D — AEFC (200mg/kg) 0.10560.01 9.356+0.03 0.5366+0.02°

Group E — AEFC (400mg/kg) 0.0126+0.03 9.272+0.01 0.5019+0.03¢

Group F — AEFC+AECA (200mg/kg) 0.1591+0.06 9.468+0.02 0.4192+0.02°

Group G — AEFC+AECA (400mg/kg) 0.1358+0.03 9.681+0.05 0.5165+0.03¢

Notes: Ssignificant increase with respect to anemic-untreated control.
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Table 8 Effect of Treatment with Aqueous Extract of F. capensi-
sand its Combination with C. aconitifolius on MDA Levels of
Phenylhydrazine-Induced Anemic Rats Expressed as Mean * SEM

Groups MDA (umol/L)
Group A — Control 0.315%0.01
Group B — Anemic control 0.602+0.01*
Group C - Standard drug 0.341+0.00°
Group D — AEFC (200mg/kg) 0.320+0.01¢
Group E — AEFC (400mg/kg) 0.361+0.03¢
Group F — AEFC+AECA (200mg/kg) 0.326+0.01¢
Group G — AEFC+AECA (400mg/kg) 0.285+0.03¢

Notes: “Significant increase with respect to normal control; %significant reduction
with respect to anemic-untreated control.

400mg/kg body weight fared better than the group given
the same dose of aqueous extract of F capensis alone.

Discussion
Some essential biochemical indices which serve as toxicity
markers were assayed to investigate the safety in admin-
istering aqueous extracts of F. capensis and its combina-
tion with C. aconitifolius. The weight gained by the
experimental animals in all the test groups showed no
significant difference from that of the normal control
group. Thus, the administration of aqueous extracts of F
capensis and its combination with C. aconitifolius have no
significant effect on the weight of the animals. The blood
glucose levels of the wistar albino rats after the adminis-
tration of F. capensis leaf extract alone and with its com-
bination with C. aconitifolius, increased slightly but
without a significant difference (p>0.05) which is not
above the normal maximum range for blood glucose in
normal wistar rats given to be 50—135mg/dl.*®

Liver function parameters used to detect the presence
of liver disease or potential harm to the liver include the
serum level of the enzymes AST, ALT and Alkaline phos-
phatase. Bilirubin levels are also useful in this case.
Usually, any kind of liver injury can cause a rise in
ALT,? and the release of ALT and AST from the cytosol
occurs when there is injury to hepatocytes, especially in
membrane damage.”® The results of our analysis showed
that there was a significant increase (p<0.05) in the levels
of ALP, AST, and ALT in the anemic-untreated group
compared to the values of the normal control group. But
the groups treated with different doses of only F. capensis
extract as well as different doses of the combination of F.
capensis and C. aconitifolius were observed to have a very
significant reduction (p<0.05) in the levels of these

enzymes bringing their values closer to that of the normal
control. The administration of 400mg/kg of combination
of AEFC and AECA significantly marked a restoration of
the levels of these enzymes to the normal levels and to the
same range as the group treated with the standard drug
(Emzoron). This does not only suggest the safety of these
leaf extracts in the correct doses to the liver, but also
suggest their protective and restorative potential in cases
of liver damage or injury.

Higher levels of blood urea nitrogen and creatinine
could be a sign of an underlying condition affecting the
kidneys.*® However, the levels of urea and creatinine (mg/
dl) assayed for indicated no nephrotoxicity as there was a
noticeable significant decrease (p<0.05) in the values of
these markers as against that of the anemic control. The
levels of urea and creatinine in the groups treated with
AEFC and AECA were within range of the normal control
group as seen in Table 4 and also within the normal range
of these parameters, which ruled out the possibility of
precipitated abnormalities. It was noticed, however, that
the blood urea level of animals in Groups F and G which
were treated with a combination of AEFC and AECA in
doses 200mg/kg and 400mg/kg showed closer relativity to
the values of the normal control group suggesting that the
combination is more effective.

levels of serum electrolytes like potassium, sodium,
bicarbonate and chloride which are too high or too low
are suggestive of tubular dysfunction.’! In this study, the
levels of sodium, chloride, bicarbonate and total calcium
in all the groups treated with AEFC and AEFC+AECA
showed a slight difference from the normal control which
remained within the relevant safe range. There was a
significant reduction (p<0.05) in the levels of potassium
ion in Groups C to G compared to that of the anemic-
untreated group, bringing the levels back within the range
of the normal control, which was impressive. It also
showed relativity to the values of K™ obtained with the
use of a similar anti-anemic herb Waltheria indica in doses
of 200mg/kg and 400mg/kg,** which further suggests the
safety of these herbs in the doses administered as there
was not any value suggestive of hyper or hypokalemia,
natremia, chloremia, or calcemia.

In the analysis of the effects of aqueous extracts of F
capensis and its combination with C. aconitifolius on the
lipid profile of the test animals, all groups showed signifi-
cant decrease (p<0.05) in TCHOL, LDL-C, TRIG and
VLDL-C, and a significant increase (p<0.05) in HDL-C
levels with respect to the anemic-untreated group. The
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increase in HDL levels was remarkably observed in
Groups F and G (Table 6). This is a good indicator of
the effectiveness and safety of administering the combina-
tion of AEFC and AECA on the test animals. HDL is
known to be the good cholesterol in the body because it
transports cholesterol to the liver to be expeled, helping
the body get rid of excess cholesterol so it is less likely to
end up in the arteries to form plaques, facilitating the
prevention of cardiovascular risk factors.>> However,
LDL-C, TRIGS and VLDL-C are better at lower levels
in the body, and our experiments showed aqueous extracts
of both plants to be very effective in this regard, especially
as seen with the combination of both plant extracts in
Groups F and G (Table 6).

Generally, antioxidant enzymes mop up Reactive
Oxygen Species (ROS) into less harmful products. SOD
converts superoxide radical to hydrogen peroxide and mole-
cular oxygen which is in turn converted to water by CAT
and Glut. Perox. and in the case of CAT to oxygen and
water.>* From our analysis, there was no significant differ-
ence in the activities of these enzymes in the test animals
treated with AEFC and AEFC + AECA with respect to the
normal control group. However, the test animals in Group
E, in which 400mg/kg of AEFC was administered, showed
anoticeable decrease in the activity of CAT when compared
to the normal control, although the decrease was not statis-
tically significant. A decrease in CAT is reported to be
correlated with the carcinogen-initiated emergence of the
malignant phenotype in mouse keratinocytes.>*

MDA is a product of lipid peroxidation and indicates
most representatively oxidative stress in the body.> There
was a significant increase (p<0.05) of MDA level in the
anemic-untreated group compared with the normal control.
Interestingly, other groups treated with a standard drug,
AEFC (200mg/kg and 400mg/kg) and AEFC + AECA
(200mg/kg and 400mg/kg) reflected a significant decrease
(»<0.05) in the level of MDA with respect to the anemic-
untreated. The MDA level of all the groups treated with
the graded doses of the aqueous extract of F. capensis and
its combination with C. aconitifolius were close to that of
the normal control group. This suggests that the adminis-
tration of aqueous extracts of F. capensis and its combina-
tion with C. aconitifolius in the doses used in this study
does not induce lipid peroxidation.

Conclusion
Previous studies show that F. capensis and C. aconitifolius
leaves have a blood boosting effect without studying the

effect of these extracts on essential biochemical para-
meters of anemic rats. However, from this study it can
be inferred that the combined extracts of F. capensis and
C. aconitifolius does not have any adverse effect on the
essential biochemical parameters of phenylhydrazine
induced-anemic rats. The results of the biochemical ana-
lysis revealed that aqueous extracts of F. capensis and C.
aconitifolius did not exhibit any form of adverse effect or
toxicity to the organs and metabolic processes marked by
these parameters with respect to the doses administered
and duration of study. Our findings also revealed that the
combination of AEFC and AECA elicits better ameliora-
tive effects from the disruptions caused by the induction of
phenylhydrazine compared to the administration of the
extracts singly. This study not only authenticates the folk-
lore use of the leaves of F. capensis and C. aconitifolius,
but also suggests its inclusion as a better remedy in the
treatment of anemia.
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