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ABSTRACT

Introduction: The plants has been a fertile source of revealing novel molecules discovered by sophisticated
techniques for drug discovery. The present research was triggered by the increase in the use of Asparagus
laricinus as home remedy, with a lot of studies done invitro on the plant evaluating possible toxic effects
of the dried roots extracts using Sprague Dawley rats as animal models was needed. The objectives of
the study was to investigate deviations effects in haematology and histology parameters, on the liver,
kidneys and spleen tissues of animals exposed to aqueous and ethanolic extracts of Asparagus laricinus
roots. Methods: Interfaculty Animal Ethics Committee approval was obtained from the Faculty of Health
Sciences at the University of the Free State. All experimental work was performed in Animal Research
Unit at the University of the Free State, Bloemfontein, South Africa. The supernatant of dried plants
was filtered, and the ethanol removed completely under vacuum. The aqueous sample was lyophilized
to obtain dried powdered material. The powdered plant material was dissolved in distilled water to
prepare 2%, 10% and 20% concentration. 54 Sprague Dawley rats (180g and 250g), both male and
female, were divided into two groups of 24 and 30 rats for aqueous and ethanolic extracts respectively.
The agueous group was further divided into four subgroups of 6 rats which were exposed to 2%, 10%
and 20% extracts and the final group were controls (unexposed). The ethanolic group was divided into
five subgroups of 6 rats which were exposed to increasing doses of 50, 100, 200 and 400mg/kg/day
extracts and the last group were controls (unexposed). The aqueous extracts were administered to the
three subgroups for eight weeks ad libitum while the control group was exposed to tap water. Ethanol
extracts were administered daily over a period of two weeks through gavage and the control group was
administered water through gavage as well. Blood samples were collected, animals were sacrificed,
and organs/tissues excised for histological assessment. Results: Haematological tests were selected
as indicators of the damage to the tissue of organs, including the liver, kidney, and spleen. Comparison
of treatment groups (n=6) and controls (n=6) across all ethanol extracts showed significant differences
in the starting median change in weight at the 200g/kg/day dosage, as well as the median termination
weight at 400g/kg/day. There were no statistical differences between the treatment groups and controls
with regard to the rest of haematological variables. Comparison of the controls (n=6) and treatment
groups (n=6) revealed an average median change in weight of slightly above 50g over the entire eight-
week period of experimentation with agueous extracts. The Histological evaluation could not reveal any
pathological changes in both the agueous and ethanolic extracts across all levels of dosage. Discussion
and conclusion: Haematological results could not show any patterns in abnormalities although we
observed statistically significant results on few parameters. Histologically, no pathological changes were
observed. In conclusion, we summarize that the toxicological evaluation of Asparagus laricinus extracts
may be considered relatively free of toxicity when given orally, as it did not cause death, damage, or
inflammation to the tissues, nor produced any remarkable haematological adverse effects in both the
male and female Sprague Dawley rats.

Keywords: In vivo, Asparagus Laricinus, Sprague Dawley rats, Haematology, Histology.

BACKGROUND

Traditional medicine is a conceptual based on
indigenous knowledge, acquired skills, and cultural
practices reflecting of the theories, beliefs, and
experiences by the indigenous diverse cultures,
whether explicable or not'? This practice has
been used to maintain health as well as in the
diagnosis, treatment, and prevention the different
types of illness". The Chinese and Indians are the
world leaning developed nations having a very
sophisticated systems such as acupuncture and
ayurvedic medicine. They lead by showing that
traditional systems has to meet the needs of the
local communities, and this was maintained for
many centuries. This type of practice is generally
accessible, cheap, and generally used in large parts
of Africa, Asia, and Latin America.

For decades indigenous plants have been a source
of medicine, nutrients and vitamins, or subsistence
income available to the poorest in society’. Almost
65% of the world population rely on medicinal plants
for primary health needs and around 80% utilize
plants as their primary source of medicinal agents*”.
Even the sub-Saharan countries including South
African with almost two third of its populations
subscribing to traditional medicine®. Traditional
medicine is an integral part of the South African
cultural life, a position that is unlikely to change
to any significant degree in years to come’®. The is
more than 300 000 traditional healers contributing
a multi-million-dollar hidden economy’*'* which
even extends beyond the boards in SADC (Southern
African Democratic  countries) neighbouring
countries”. In SADC with no restriction on the
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use and trade of traditional medicine some twinships like in Soweto,
near Johannesburg, approximately 85% of the population consult
traditional healers regularly'*?. The largest populated from in South
Africa Kwazulu-Natal almost 8/10 people seeks medical advice from
traditional healers, in preference or in addition to modern medicine®.
Simultaneously, the enthusiasm for medicinal herbs and natural
products have increased among the general public. There may be some
safety concerns with traditional remedies, although they have been
utilized in practice for hundreds of years.

The assumption that these plants have being used and are safe warrant
scientific validation'¢, and wrongly considered to have no side effects
because they are ‘natural’”’. This safety assumption is based on their
long-term usage in the treatment of diseases according to knowledge
accumulated over centuries. This concept is largely incidental, and it
is important to determine the toxicology of plant extracts, especially
those that are used repeatedly over long periods. Perverse to views and
general beliefs regarding the safety of medicinal plants, recent scientific
research has shown that many plants used as food, or in traditional
medicine, are potentially toxic, mutagenic, and carcinogenic'®*.

Asparagus laricinus

The genus Asparagus comprises approximately 100 species and consists
of herbs, shrubs, and vines. It belongs to the family of Asparagaceae, a
monocot and a member of the order Asparagales, and possesses great
diversity throughout Africa, especially in South Africa®. Asparagus
laricinus is part of the traditional medicine used in many parts of South
Africa for the treatment of several ailments. The roots are used for the
treatment of tuberculosis, and its use as a diuretic in the Khoisan and
Cape Dutch ethnobotany*. Among the Batswana speaking people in
theNorth West province, the roots are used for treatment of sores,
redwater, urinary infections, umblical cord inflammation and general
ailments”. The leaves and stem are medicinally used in Southwest parts
of Gauteng for the treatment of different illness.

Asparagus laricinus, have not yet been scientifically assessed for their
efficacy or safety to tissue or organs of recipients in vivo. Mashele et al.,
(2011) reported that Asparagus laricinus polyphenol extract exhibited
a dose-dependent antimutagenic ability”. Furthermore, this extract
showed no mutagenic effect on all tested Salmonella typhimurium
bacteria strains in vitro. Previous in vitro studies on Asparagus laricinus
extracts have demonstrated anticancer activity against three human cell
lines namely, breast MCF7, renal TK10 and melanoma UACC62%*'.

Previous toxicology studies on medicinal plants

The is no scientific literature reporting the toxicological studies for
Asparagus laricinus, even though more interest focused on other
medicinal plants which are also used for the treatment of cancer.
Toxicological studies on Moringa oleifera have indicated an absence
of severe hepatotoxicity and organ damage, except in very high doses.
The acute lethality (LD,)) test has been found to be relatively safe
with subchronic toxicity studies, eliciting no significant difference in
sperm quality, haematological in the treated rats, as compared to the
controls**. Both studies engaged the use of laboratory experimental
animal models to evaluate the toxicology of plant extracts.

PROBLEM STATEMENT

Even though drugs targets at tissues and organs in order to reduce
morbidity and avoid mortality in the population, in most cases
complications and adverse effects are reported, more especially when
used extensively. Majority of modern treatments have some side-effects
which might be detrimental to the health of patients. These include,
amongst others, chemotherapy, radiation therapy and surgery for the
treatment of cancer.
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Previous in vitro studies on Asparagus laricinus extracts have
demonstrated anticancer activity against three human cell lines,
namely, breast MCF7, renal TK10 and melanoma UACC62**.. In this
project Asparagus laricinus extracts was utilized to assess the safety and
toxicology in vivo.

The aim and objectives

The aim of the present work was to evaluate the possible toxic effects of
the dried roots of Asparagus laricinus extracts using Sprague-Dawley
rats as animal models.

The objectives of this project
To investigate the toxicity of Asparagus Laricinus extracts by:

1. Investigating variations in haematological parameters after exposing
the rats to different concentrations in different solvents.

2. Assessing histopathological variations of the liver, kidney and
spleen tissues of rats exposed to different concentrations in different
solvents.

3. Analysing the correlation between the haematological parameters
and the histopathological results

RESEARCH DESIGN AND METHODOLOGY

Toxicology is the study of how chemical substances interact with
living systems and affect normal processes. The information obtained
from toxicological studies is utilized to predict safe exposure levels of
chemicals. Although in vitro analysis (e.g., tissue cultures and organs)
of toxicity is preferred, animal models are necessary to validate the
results of non-living or in vitro tests. The in vitro tests are performed
as the last protective step before exposure of humans and animals to
potentially dangerous substances. The advantage of animal testing is to
evaluate the effect when the entire system is involved, which cannot be
evaluated by in vitro tests; as hormones, enzymes and other systemic
influences are not available.

Study design

A case control study that involved experimental animals, where cases
were exposed to different concentrations of Asparagus laricinus extracts
utilising water, dichloromethane, and ethanol as solvents. Controls
were not exposed to the extract but supplied with water, which served
as placebo.

Study population

Sprague Dawley rats of either sex were reared at the Animal Research
Unit of the University of the Free State, Bloemfontein, South Africa.
The rats were three months old; weighed between 180g and 250g at the
beginning of the experiment; and were fed with standard pelleted food.

Sample size

A total of 78 Sprague Dawley rats, both male and female, obtained from
the Animal Research Unit at the University of the Free State in 2013,
were divided into 3 major groups which were exposed to water, ethanol,
and dichloromethane extracts of Asparagus laricinus. The three groups
consisted of 24 rats for the water extract, 30 rats for ethanol extract
and 24 rats for dichloromethane extract. A total of 12 rats were used as
controls and they were included in the numbers supplied for the water
and ethanol extracts. The six used for the water extract were utilised
for the entire 2 months, while the other six controls were used for two
weeks of exposure to ethanol and dichloromethane extracts.

The dichloromethane extract was discontinued when two rats died due
to adverse effect after administration of the extract. This supports the
reason that invitro testing should be performed to establish the safe
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standard of concentration prior to exposing animals to the extracts.
Discontinuing of the dichloromethane group (24 rats) resulted in only
54 rats being used for the entire experiment. As explained by Guptas
et al., (2023) alternative methods should be established so as to avoid
unnecessary scarifies of animals®.

Inclusion and exclusion criteria

Rats weighing between 150g and 250g were included in the study to
ensure homogeneity amongst the study population.

Rats weighing above or below the above-mentioned range were
excluded.

MATERIALS

The plant was authenticated by scientists at the National Botanical
Gardens in Bloemfontein, Free State, South Africa. Voucher specimen
number MASH 200 was allocated to the plant.

Plant Extraction Methods

The plant material (A. laricinus) was authenticated by scientists at
the National Botanical Gardens in Bloemfontein, South Africa. The
collected root materials were dried at room temperature, pulverised
by a Macsalab Mill (Model 200, LAB), and weighed. The powder was
then stored at room temperature until analysis. Plant material (10
grams of the dried roots) was soaked in a volume of 500 ml of ethanol,
dichloromethane, or purified water for 72 hours under shaking
conditions (120 rpms). The supernatant was filtered passively through
a Whatman® filter paper, 11 cm in diameter. The solvent (ethanol)
was removed completely under vacuum, by using a speed evaporator
(Univapo 100H) at 50°C.The aqueous sample was lyophilised for 72
hours in the VIRTIS 5 L freeze dryer (VIRTIS New York, USA) to
obtain a dried powdered plant extract. The dried samples were then
reconstituted in either water or ethanol.

Plant extracts administration method

Seventy-eight Sprague- Dawley rats were divided into three groups:
24 for the water extract, 30 for ethanol and 24 for dichloromethane
extracts.

Group 1: Water extract

Consisted of 24 rats which were further subgrouped into 4 groups of
6 rats per subgroup. Although we had six rats per group, they were
further grouped into two rats per cage (see Figure 1) as per rules and
regulations governing the use of laboratory animals. Water extracts
were diluted to prepare 2%, 10% and 20% concentrations. The different
concentrations were administered to three of the four groups ad libitum.

Figure 1: Setup for different water extracts and control group (each
column represents a group, and each cage contains two rats).
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The last group served as controls, where tap water was administered
instead of the extract. The extracts were administered over a period of
2 months, using a 200ml feeding bottle per cage. Bottles were cleaned
and replaced with a fresh extract after every two days.

Group 2: Ethanol extract

This group was made of 30 rats which were further subgrouped into
5 groups of 6 rats per subgroup. Although we had six rats per group,
they were further grouped into two rats per cage as per rules and
regulations governing the use of laboratory animals. Ethanol extracts
were administered once per day for two weeks. The extracts were
administered through gavage by varying the volumes, resulting in the
amounts as indicated in the table below:

Although the controls had water ad libitum, water was administered by
gavage every time the exposed groups were administered with the extracts.

Group 3: Dichloromethane extract

According to the proposal, different amounts as per table 2, below were
supposed to be administered intramuscularly. Due to the nature of
pain and ulcerations resulting from repetitive intramuscular injections
on the tails of rats over a two-week period, scientists at the Animal
Research Unit recommended a switch over to gavage feeding. The
process was immediately stopped due to the death of two rats within
a few minutes after administration of the extract through gavage.
Administration of dichloromethane was discontinued, and this group
was completely excluded from the research project.

Sample collection

The rats were placed in a desiccator with Halothane (Safeline
Pharmaceuticals) soaked in cotton wool for anaesthetic purposes
until they were completely unconscious. Blood samples were collected
in EDTA anticoagulated tubes (haematological analysis) and non-
anticoagulated tubes (clotted blood for biochemical analysis) through
insertion of the needle into the heart. The rats were administered with
further halothane for euthanization. The blood collection process
was done by scientist employed by the Animal Research Unit at the
University of the Free State. Liver, spleen, and kidneys were excised (by
the researcher) and immediately preserved with 10% Neutral Buffered
Formalin for histological investigations.

Laboratory investigations

Plant extracts ingested like medication or fluids are absorbed in the
gastrointestinal tract. Absorbed substances are transported to the
liver via the portal vein for detoxification and further processing and
distribution throughout the body tissues and organs via the vascular
system (blood). Blood passes through the kidneys where it is filtered
in the nephrons, and where unwanted and waste products are excreted
in urine.

The presence of toxic substances in ingested material may cause
damage to tissues and organs such as the liver, kidneys, and blood cells
in circulation. The extent of the damage may also be associated with
the period of exposure and the amount/ concentration of substances
in circulation.

Haematological tests would display destruction to the blood cells (red
blood cells, white blood cells and platelets) because these cells would
be exposed to toxic substances during transportation in the vascular
system. Apart from the above-mentioned analytes, histological
investigation of the organs/ tissues would then show the damage caused
by such substances, as well as the degree of the damage.

Haematology samples were analysed within five hours using the ABX
Pentra 60. All three levels of quality control samples were run in
conjunction with the rats’ blood for every batch of samples.

Pharmacognosy Journal, Vol 16, Issue 1, Jan-Feb, 2024
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Table 1: Animal groups and doses of ethanol extracts per day.

Extract dose(mg/kg/day) 50 100 200 400 Controls

Number of rats per group 6 6 6 6 6

Table 2: Animal groups and doses of dichloromethane extracts per day.

Amount of extract per day ~ 50mg/kg 100mg/kg 200mg/kg 400mg/kg

Number of rats per group 6 6 6 6

Haematological parameters

An ABX Pentra 60 analyzer was used to determine the haematological
parameters. Haematological parameters determined in this study
included Red Blood Cell count (RBC), Haemoglobin (Hb), Haematocrit
(Hct), Mean Cell Volume (MCV), Mean Cell Haemoglobin (MCH),
Mean Corpuscular Haemoglobin Concentration (MCHC), White
Blood Cell count (WBC), differential count and platelet count (Plt).

The analyzer uses the multi distribution sampling system (MDSS)
where one cycle is distributed into 3 blood samples for RBC/Plt, BASO/
WBC and LMNE matrix which are channelled to the three respective
chambers with reagents. The different full blood count parameters were
analysed using current impedance changes; spectrophotometry; double
hydrodynamic sleeving coupled with cytochemistry; and measuring of
transmitted light; to measure the different parameters of the full blood
count™.

Principle for the detection of RBC and Platelets

The analyzer uses the measurement of impedance variation generated
by the passage of cells through a calibrated micro aperture. The
specimen is diluted in electrolytic diluents (good conductor of current)
and pulled through the calibrated micro-aperture. Two electrodes are
placed on either side of the aperture. Electric current passes through
the electrodes continuously. When the cell passes through the aperture,
electric resistance between the two electrodes increases proportionately
with the cell volume.

Principle for the detection of Haemoglobin

Red blood cells are lysed, and the haemoglobin released combines with
potassium cyanide to form a chromogenous cyanmethaemoglobin
compound. The compound is measured through the optical part of
the first dilution chamber using a spectrophotometric technique at a
wavelength of 550nm. The absorbance obtained is multiplied by the
coeflicient of calibration in order to get the actual concentration in
¢/100ml.

Twenty-five (25)pl of whole blood was delivered to the LMNE chamber
in a flow of EOSINOFIX. This reagent lyses the RBC, stabilizes the
WBC in their native forms and stains the eosinophil nuclei with
specific colouration. The solution was then stabilized and transferred
to the measuring chamber. Each cell was measured both in absorbance
(cytochemistry) and resistivity (volume).

RESULTS

A matrix is drawn up with the volumes on the X-axis and optical
transmission on the Y-axis from the above measurements. The study
of the matrix image permits the clear differentiation of 4 out of the
5-leukocyte population.

Histological Investigations

The liver, spleen and kidneys are prime targets for histological
investigations because they are involved in the degradation and
excretion of a myriad of chemical compounds. Renal damage has been
associated with the use of the medicinal plants in the treatment of
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different disorders, including diabetes mellitus®.

Preservation/fixation

Excised liver, kidney and spleen tissues were immediately placed
in 10% formalin for fixation. They were stored in separate specimen
bottles at room temperature until processed.

Processing

The samples were sliced into smaller tissues, stored in labelled histology
cassettes before processing. They were processed with a microwave
technique®, using a H2500 microwave processor supplied by Energy
Beam Sciences, Inc.

Tissue samples were immersed in a 100% ethanol container and placed
in the microwave at 67°C for 16 minutes. Ethanol was discarded and
the procedure repeated for a further 16 minutes. This was followed by
immersion of the samples in 100% isopropanol and incubation at 60°C
for 15 minutes. The step was repeated with fresh 100% isopropanol for
a further 15 minutes. In all steps mentioned above, the container was
loosely covered and agitated at all times. In the next two steps of the
procedure, tissue samples were immersed in paraffin wax for 15 minutes
each and the temperature was set at 65°C and 80°C respectively.

Embedding and tissue slicing

The samples were embedded in paraffin wax using the Shandon
HistoCentre, distributed by Optolabor (PTY) (LTD) in South Africa,
according to the following procedure:

The cassettes containing processed tissues were removed from the wax
container in the last processing step and placed on the heat section of
the embedding instrument. The metal mould was heated slightly for
each tissue, filled with molten paraffin wax and the tissue positioned in
the molten wax using forceps. The labelled plastic mould of the cassette
was placed onto the metal mould, filled completely with molten paraffin
wax, and placed on the cold plate for the wax to harden.

Samples were cut into thin slices (5pm) using Leica™ microtome,
floated in a water bath and picked with slides and labelled according to
the plastic mould. The wax was allowed to melt in an oven set at 57°C
for 30 minutes and the slides were stained.

Staining

The slides were stained with Hematoxylin and Eosin (H&E) procedure
as depicted in Table 3 below.

Cases and controls were analysed microscopically at 40X magnification
by a pathologist at the Universitas Academic Complex, Bloemfontein.
A total of 486 slides were microscopically evaluated because three
tissues were sliced from different anatomical regions of the organs.
The pathologist specifically undertook macrosopic and microscopic
investigations for variations on the tissues excised.

Macroscopically, the pathologist investigated the presence of
abnormal architecture of the tissue parenchyma on all specimens.
Microscopically, any signs of dysplasia in terms of cellular changes,
viz, nuclear pleomorphism, high nuclei-cytoplasm ratio, nuclear
hyperchromasia, necrosis and abnormalities observed during mitosis
were investigated by the pathologist. Including signs of inflammation
were also investigated microscopically.

Statistical analysis

Data was captured in Microsoft Excel® by the researcher. Any further
analysis was done by a statistician using SAS Version 9.2. Descriptive
statistics, namely frequencies and percentages, were calculated for
categorical and medians, and percentiles were calculated for numerical
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Table 3: Hematoxylin and Eosin stain.

Step Process Solution Timing

1 De-wax Xylene 5 minutes
2 De-wax Xylene 3 minutes
3 Hydrate 100% ethanol 1 minutes
4 Hydrate 95% ethanol 30 seconds
5 Hydrate 70% ethanol 30 seconds
6 Hydrate water 30 seconds
7 Nuclear stain Mayer’s Haematoxilyn 5 minutes
8 Rinse Water 30 seconds
9 Differentiate 1% acid alcohol 30 seconds
10 Blueing Scott’s tap water 1 minute
11 Cytoplasmic stain Eosin 5 minutes
12 Dehydrate 70% ethanol 30 seconds
13 Dehydrate 90% ethanol 30 seconds
14 Dehydrate 100% ethanol 1 minute
15 Clearing Xylene 1 minute
16 Clearing Xylene 1 minute

Slides were mounted with a coverslip using Entellan.

Table 4: Median change in weight of the controls (unexposed) and
experimental (exposed) rats.

Median IQR Min - Max p-value
Start mass Control 1800 1780-188.5 158.0-2010
(g) Experimental 188.0  179.0-193.0 164.0-204.0
End mass Control 2165 2115-2380 20902710
(g Experimental 225.0  220.0-244.0 201.0-265 ’
Change in Control 415 330-545 190700
Mass Experimental 44.0 33.0-56.0  7.0-74.0

IQR (Interquartile Range), Min (Minimum), Max (Maximum) g (Grams)

data. The normality of the numerical variables were tested using
Shapiro-Wilk’s test, and if a variable was skewed (p < 0.05) the median
and inter-quartile range (IQR) was reported. Analytical statistics,
namely the Kruskal-Walli’s test, was used to compare median values
between the control and experimental groups, as well as to compare
the median values between the different extract concentrations. A
significance level of 0.05 was used.

RESULTS

Mass

The median weight of all controls (n=12) and the experimental group
combined (n=42) were statistically compared using Kruskal-Walli’s
test. No significant differences (p>0.05) between the median weights
of unexposed and exposed rats at the start and termination of the
experiment was observed, as illustrated by Table 4.

Haematological parameters

Comparison studies for full blood count parameters between controls
(n=12) and combined experimental group (n=42) were performed.
There were no significant differences (p>0.05) between combined
controls and experimental animals regarding haematological
parameters of the combined ethanol and aqueous extracts at different
levels/doses (Table 5 & 6).

Comparative study of the control group versus the various ethanol
extract group

In this section, the statistical analysis for comparing controls and
treatment groups of ethanoic groups, at increasing dosages, are
presented. This was done to determine the effects of lower and higher
ethanol extract concentration on the parameters.

80

Mass

Table 7 below represents the statistical analysis of the comparison
of the weight of rats (in grams) for the control (n=6) and treatment
groups, at increasing dosages of ethanoic extracts ranging from 50mg/
kg/day to 400mg/kg/day. Significant differences were observed for the
initial mass of rats exposed to 200mg/kg/day (p=0.0100), and also for
the termination mass of rats exposed to 400mg/kg/day (p=0.0303).
There was no difference in the change of mass for the rest of the dosages
administered.

Figure 2 below illustrates the graphical presentation of the differences
between the initial and termination median masses at increasing
ethanol extract doses. These clearly illustrates that the median change
in weight over the two weeks experimental period is slightly below
50mg. It is also observed that rats exposed to 200mg/kg/day dose had
the least weight change, while those exposed to a 400mg/kg/day dose
had the most. These changes were not statistically significant.

Haematological parameters

Full blood counts were determined for the rats treated with ethanol
extracts at different doses ranging from 50mg/kg/day to 400mg/kg/day.
A Kruskal-Walli’s test for comparing median results was performed
and the results showed no significant difference between the control
(n=6) and treatment groups (n=6) across most levels of ethanoic
extracts.

Table 8 illustrates significant differences (p=0.0106) in the median
results of platelets at the dosage of 50mg/kg/day. It must be noted
that the percentage change from the control median (730 x 10°/L) to
50mg/kg (850 x 10°/L), was 16%, while the human refence range is
150 - 410 x10°/L (Bates & Lewis, 2011). The human range spans over
a range of 63%. Furthermore, it must be noted that the 400mg/kg
group’s platelet median was 839 x 10°/L, which showed a 13% change
with no statistically significant difference. The remaining parameters in
both Tables 8 and 9 could not demonstrate any significant differences
statistically (p>0.05).

It is of utmost importance to emphasize that the results for full blood
count parameters are expressed in varying units, and therefore fewer
figures for comparison of their medians would not be practical at this
stage.

Comparative study of the control group versus various aqueous extracts
group
Mass

The median change in mass for both treated (experimental) and
untreated (control) groups over the experimental period (8 weeks),
were recorded. Results for controls and experimental groups were

250

200

150
—o—Start(g)

End(g)

£0 Change in Weight

50 N—

Control Ethanol 50  Ethanol 100 Ethanol 200  Ethanol 400

Figure 2: Graphical representation of the median change in mass for the
rats on ethanol extracts.

Pharmacognosy Journal, Vol 16, Issue 1, Jan-Feb, 2024



Mokgawa SD, et al. The In-Vivo Assessment of the Effect of Traditionally Used Asparagus laricinus Extracts for Anticancer on the Kidney, Liver, and Spleen of Rats

Table 5: Comparison of RBC parameters between combined controls and experimental groups.

RBC (x10° /I) HB (g/dl)
. Control 7.67 15.10
Median
Exposed 7.87 15.5
Control 7.5-8.1 14.8-15.3
IQR
Exposed 7.4-8.1 14.9-16.0
p-value 0.820 0.183

HCT (%) MCV (f1) MCH (pg) MCHC (g/dl)
42.20 56.00 19.80 35.40

43.60 56.00 19.80 35.65
41.4-43.6 54.0-56.0 19.0-19.9 35.3-35.9
41.5-45.0 55.0-56.0 19.6-20.1 35.4-35.8
0.320 0.537 0.655 0.516

IQR (Interquartile Range), RBC (Red Blood Cells), HB (Haemoglobin g/dl), HCT (Haemoglobin Content %), MCV (Mean Cell Volume) fl (Femtoliters), MCH (Mean

Cell Haemoglobin), pg (Picograms), MCHC (Mean Cell Haemoglobin Content g/dI)

Table 6: Comparison of white cell parameters and platelet between combined controls and experimental groups.

WBC LYM MON
. Control 3.70 2.83 0.32
Median
Exposed 4.25 3.45 0.36
IQR Control 2.6-5.1 1.91 -3.80 0.16 -0.45
Exposed 3.2-5.8 2.60 -4.47 0.17 -0.43
p-value 0.436 0.443 0.848

NEU EOS BAS PLT

0.48 0.03 0.03 734.0

0.54 0.02 0.03 795.0

0.37 -0.57 0.02 -0.05 0.02 -0.04 669.0-753.0
0.35-0.84 0.01 -0.09 0.02 -0.03 690.0-826.0
0.429 0.737 0.3500 0.057

WBC (White Blood Cells x10° /1), LYM (Lymphocytes x10° /), MON (Monocytes x10° /l), NEU (Neutrophils x10° /I), EOS (Eosinophils x10° /1), BAS (Basophils x10°

/1), PLT (Platelets x10° /I)

Table 7: Median weight of controls (unexposed) and experimental (exposed) rats at different levels of ethanol extract.

Control
50
Median 180.0 183.0
Start mass IQR 179.0-183.0 173.0-191.0
p-value 0.8717
Median 214.0 219
End mass IQR 211.0-217.0 217.0-220.0
p-value 0.2281
Median 33.0 36.0
Change in mass IQR 30.0-37.0 29.0-44.0
p-value 0.873

*(P<0.05) statistically significant.

Amount of ethanol extract (mg/kg/day)

100 200 400

186.0 193.0 187
184.0-189.0 190.0-197.0 183.0 -189.0
0.1978 0.0100* 0.2265
222.0 222.5 230.50
220.0-224.0 217.0-225.0 223.0-244.0
0.0782 0.921 0.0303*
39.5 31.5 47.5
33.0-43.0 24.0-33.0 34.0-55.0
0.333 0.420 0.078

Table 8: Comparison of WBC and PLT between controls and rats exposed to ethanol extracts across all doses.

WBC LYM MON
Median Control 3.80 3.01 0.40
Exposed 50mg/kg 4.20 3.43 0.36

p-value 0.233 0.144 0.465
Exposed 100mg/kg 3.60 2.78 0.33

p-value 0.410 0.855 0.584
Exposed 200mg/kg 4.95 4.03 0.33

p-value 0.394 0.201 0.394
Exposed 400mg/kg 5.75 3.93 0.40

p-value 0.575 0.748 0.200

NEU EOS BAS PLT
0.46 0.03 0.04 730.00
0.53 0.02 0.03 850.00
0.584 0.465 0.097 0.011*
0.42 0.01 0.03 762.00
0.170 0.462 0.139 0.201
0.58 0.02 0.03 783.00
1.00 1.00 0.159 0.394
0.60 0.02 0.03 839.00
1.00 0.872 0.059 0.0547

*(P<0.05) statistically significant; WBC (White blood cells x10°/1), LYM (Lymphocytes x10°/1), MON (Monocytes x10° /1), NEU (Neutrophils x10° /1), EOS (Eosinophils

x10° /1), BAS (Basophils x10° /1), PLT (Platelets x10° /1)

compared using a Kruskal-Walli’s test. There was no significant
difference (p>0.05) in the median mass between the controls (n=6) and
all experimental groups (n=18), as illustrated in Table 10.

Furthermore, the change in median weights throughout the entire
experimental period was approximately 50g, as illustrated by Figure 3
below. The change in weight was similar in all groups, with 2% aqueous
extract having a slightly higher mass, which was not significant.

Haematological parameters

Tables 11 and 12, that compare the controls (n=6) and experimental
groups (n=6) at different concentrations of aqueous extracts, specifically
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with regard to full blood count parameters and p-values, were prepared.
There were no significant differences in all concentrations ranging
from 2% to 10% (p>0.05) in FBC parameters. A significant difference
was observed for haemoglobin (p=0.0353) in subjects exposed to 20%
aqueous extracts, as illustrated in Table 11. It must be noted that the
percentage change from control median haemoglobin concentration
(15.1g/dl) to 20% aqueous (15.85g/dl) was 5%, while the human refence
range for males is 13 - 17g/dl (Bates & Lewis, 2011). The human range
spans over a range of 24%. Furthermore, it must be noted that 10%
of the aqueous group’s haemoglobin concentration was 15.95g/dl,
which showed a 6% percentage change with no statistically significant
difference.
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Table 9: Comparison of red blood cells parameters between unexposed and exposed rats for ethanol extracts across all doses.

RBC HB HCT MCV MCH MCHC

. Control 7.50 15.05 42.10 56.00 19.85 35.70
Median

Exposed 50mg/kg 7.95 15.70 44.10 56.00 19.80 35.80

p-value 0.273 0.1190 0.143 0.827 0.700 0.855

. Control 7.50 15.05 42.10 56.00 19.85 35.70
Median

Exposed100mg/kg 7.06 14.40 40.10 56.00 20.10 35.80

p-value 0.273 0.583 0.464 0.392 0.573 0.855

. Control 7.50 15.05 42.10 56.00 19.85 35.70
Median

Exposed 200mg/kg 7.57 15.15 42.40 56.00 20.10 35.80

p-value 0.831 0.915 1.00 0.221 0.051 0.669

. Control 7.50 15.05 42.10 56.00 19.85 35.70
Median

Exposed 400mg/kg 7.59 14.95 41.45 55.00 19.80 35.60

p-value 0.749 0.810 0.748 0.212 0.315 0.809

IQR (Interquartile range), RBC (Red blood cells x10° /1), HB (Haemoglobin g/dl), HCT (Haemoglobin content %), MCV (Mean Cell Volume in microtoliters), MCH
(Mean Cell Haemoglobin Picograms), MCHC (Mean Cell Haemoglobin Content g/dl)

Table 10. Median weight of controls (unexposed) and experimental (exposed) rats at different levels of aqueous extracts.

Concentration of the aqueous extract

Control
2% 10% 20%

Median 181.0 188.0 189.0 181.5

Start mass IQR 176.0-197.0 182.0-188.0 168.0-192.0 173.0-197.0
p-value 0.5189 0.8728 0.9358
Median 2355 246.5 236 236.0

End mass IQR 215.0-251.0 245.0-252.0 220-242.0 220.0-251.0
p-value 0.5218 1.000 0.8099
Median 54.5 60.0 49.5 51.0

Change in mass IQR 46.0-66.0 59.0-63.0 48.0-56.0 44.0-54.0
p-value 0.336 0.631 0.748

Table 11: Comparison of RBC parameters between controls and exposed rats across all aqueous extracts.

RBC HB HCT MCV MCH MCHC

Medi Control 8.04 15.10 42.60 54.00 19.00 35.30
edian

Exposed 2% 7.99 15.45 43.75 55.50 19.70 35.55
p-value 0.784 0.234 0.314 0.453 0.357 0.409
Exposed 10% 8.08 15.95 45.20 56.00 19.65 35.55

p-value 0.715 0.361 0.465 0.344 0.359 0.4059
Exposed 20% 7.98 15.85 44.70 55.50 19.60 35.40
p-value 0.521 0.035* 0.082 0.396 0.356 0.348

RBC (Red Blood Cells x10° /1), HB (Haemoglobin g/dl), HCT (Haemoglobin Content %), MCV (Mean Cell Volume in Microtoliters), MCH (Mean Cell Haemoglobin
picograms), MCHC (Mean Cell Haemoglobin Content g/dl), *(P<0.05) statistically significant

Table 12: Comparison of WBC and PLT parameters between unexposed and exposed rats across all aqueous extracts.

WBC LYM MON NEU EOS BAS PLT
Medi Control 3.40 2.3 0.17 0.52 0.02 0.02 734
edian
Exposed 2% 3.40 2.63 0.26 0.48 0.01 0.02 721.50
p-value 0.855 0.855 0.359 1.000 0.645 0.130 0.465
Exposed 10% 3.90 2.83 0.29 0.60 0.03 0.02 710.50
p-value 0.715 0.144 0.464 0.143 0.578 0.082 0.855
Exposed 20% 525 4.11 0.33 0.66 0.05 0.03 724.00
p-value 0.201 0.855 0.714 0.583 0.782 0.121 1.000

WBC (White Blood Cells x10°), LYM (Lymphocytes x10° /), MON (Monocytes x10° /I), NEU (Neutrophils x10° /1), EOS (Eosinophils x10° /1), BAS (Basophils x10° /1),
PLT (Platelets x10° /1)

Histological investigations the controls and treatment groups, as illustrated in Figures 4 to 6,

. - . . . respectively.
Macroscopic examination of the kidney, liver and spleen tissue could

not demonstrate any pathological variations between the treatment ~ Comparison of the controls (n=6) and treatment groups (n=6) revealed
groups and controls in both aqueous and ethanol extracts, as assessed an average median change in weight of slightly above 50g over the
by the pathologist. A histopathological study of the rats’ kidney, liver entire eight-week period of experimentation with aqueous extracts.
and spleen tissue indicated a normal architecture of tissue in both A significant difference (p<0.05) was observed for both haemoglobin

82 Pharmacognosy Journal, Vol 16, Issue 1, Jan-Feb, 2024



Mokgawa SD, et al. The In-Vivo Assessment of the Effect of Traditionally Used Asparagus laricinus Extracts for Anticancer on the Kidney, Liver, and Spleen of Rats

Figure 3: Graphical representation of the median change in mass of the rats treated with aqueous extracts over a period of eight weeks.

Figure 4: Photomicrographs of the longitudinal sections of the renal cortex region of control and treated animals. (A) Renal cortex of control (aqueous
extract) rats showing glomeruli (40x). (B) Treated with 2% aqueous extract of Asparagus laricinus. (40x). (C) Renal cortex of a control (ethanol extract) rat
showing glomeruli (40x). (D) Treated with 50mg/kg/day ethanol extract (40x).
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Figure 5: Effect of aqueous and ethanol extracts of Asparagus laricinus on the liver tissue of Sprague Dawley rats. (E) Control tissue for aqueous extracts
(40x). (F) Treated with 10% aqueous extract. (40x). (G) Control rats for ethanol extract (40x). (H) Treated with 100mg/kg/day ethanol extract (40x).

Figure 6: Photomicrographs of the spleen for control and treated animals. (I) Control tissue for aqueous extracts (40x). (J) Treated with 10% aqueous
extract of Asparagus laricinus. (40x). (K) Control rats for ethanol extract (40x). (L) Treated with 200mg/kg/day ethanol extract (40x).
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and BUN results with the 20% water extract. There were no statistical
differences between the treatment and control groups with regard to
the rest of haematological variables and selected biochemical tests.
Histological evaluation could not reveal any pathological changes in
both the aqueous and ethanolic extracts across all levels of dosage.

DISCUSSION AND CONCLUSION

Comparison of haematological parameter of control and different
concentration of all extracts

Full blood count results could not point in the direction of toxicity,
adverse effects, or hazards, as indicated by statistically similar results
between the exposed and unexposed groups, using both aqueous and
ethanol extracts at different concentrations. However, as indicated in
Table 8, significant differences were noted with ethanolic extracts for
platelets at a dose of 50mg/kg/day (p=0.011). It must be noted that
this statistically significant change produced a 15% increase in the
median concentration, in comparison with the control. Although it
seems significant, it must be noted that the reference range for platelets
in humans spans 63%, and the 400mg/kg/day group showed a 13%
increase without a statistically significant change. Therefore, it seems
that even though a statistically significant change was obtained, it does
not translate to a clinically significant change.

In the aqueous extracts, statistically significant results were observed
for 20% of the extracts for Hb, as indicated in Table 11. This increase
in the haemoglobin concentration produced a 5% change, while the
human range spans 37% and the 10% aqueous extracts had a 6% change
without a statistically significant change. Based on these facts it seems
that the statistically significant change does not translate to a clinically
significant change.

Comparison of histological changes between control
and different concentration of all extracts

There were no traces of damage or inflammation of the tissue excised
from the kidney, liver and spleen of the rats exposed or unexposed to
Asparagus laricinus extracts. Figures 4 to 6 compare haematoxilyn and
eosin stains (H&E) from both exposed and unexposed tissue.

Studies do not reveal any toxicological studies on Asparagus laricinus;
however, similar studies were conducted for anticancer plants using
either mice, rats, or rabbits. There are reports on acute toxicity studies
on Hyptis suaveolens Poit. (Lamiaceae) leaves; Moringa oleifera Lam.
(Moringaceae) (leaves?** 34041, Newbbouldia laevis (Bignoniaceae)
(stem leaves and roots)* and Nigella sativa (Ranunculaceae) (seeds)****
To cite but a few.

The histological assessment has proven that both aqueous and ethanolic
extracts of Asparagus laricinus had no detrimental or adverse effects on
the vital organs of the Sprague Dawley rats. Tissue damage, lesions or
inflammation were not observed on the kidney, liver or spleen of the
treatment groups as compared to the control group. The pattern was
observed across increasing doses of aqueous and ethanolic extracts.

In summary the study shadowed that the toxicological evaluation
of Asparagus laricinus extracts may be considered relatively free
of toxicity when given orally, as it did not cause death, damage, or
inflammation to the tissues, nor produced any remarkable biochemical
and haematological adverse effects in both the male and female Sprague
Dawley rats. Further studies may also be conducted to demonstrate in
vivo efficacy against cancer, because thus far studies were conducted
using cell lines (in vitro studies).

LIMITATIONS

Although the collection and analysis of blood and tissue samples
needs ample time, the actual experimental time was conducted over a
maximum period of eight weeks, which perhaps was not sufficient for
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the tissue damage to occur. The number of rats was limited as a result of
the of laws and policies governing the use of experimental animals for
research purposes. We currently do not have the reference or normal
ranges for biochemical and haematological parameters for rats, and
therefore relied on comparing the results to those of the control group.

RECOMMENDATIONS

The period of experimentation should be increased and motivation
for a bigger sample size would also be necessary, for the researcher to
improve the quality of the results. Normal ranges for the haematological
and biochemical tests should be established.
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