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group. Similarly, no abnormal histological findings were noted in the examined organs in
comparison to the control group.

Conclusion

These findings indicate that flower extracts of both plants did not show significant toxicity
to laboratory mammals at an oral dosage of 2000 mg/kg.

Introduction

Schistosomiasis is a leading helminthic disease caused by trematode worms of the genus Schis-
tosoma, phylum: Platyhelminthes [1,2]. While it occurs worldwide, it is particularly prevalent
in Africa, South America, the Caribbean Islands, and the Eastern Mediterranean [3,4]. In
2022, there are an estimated 264 million individuals globally in need of preventive chemother-
apy for schistosomiasis, with 91.3% of them residing in Africa [5]. In Ethiopia, an estimated
53.3 million population was at risk for schistosomiasis in 480 districts [6]. S. mansoni and S.
haematobium, transmitted by Biomophlaria and Bulinus snails, respectively, are endemic in
Ethiopia [7]. S. mansoni is widespread across many parts of the country, while S. haemato-
bium is found in a few isolated areas [8].

The new World Health Organization Neglected Tropical Diseases Roadmap for 2021-
2030 recommends the elimination of schistosomiasis as a public health problem and the
interruption of transmission in humans by 2030 [9]. In line with this, Ethiopia has developed
a strategic plan for schistosomiasis elimination to stop the transmission of the disease by
2030 [6]. To achieve this goal, various strategies are being implemented including early diag-
nosis and treatment, health education, provision of safe and adequate water supply, increas-
ing sanitation coverage, and targeting snail intermediate hosts [6]. Each of these approaches
faces its own real-world challenges. For instance, the drug praziquantel (PZQ) is effective
against all types of schistosome species and can kill the worms within a few hours [10]. How-
ever, in countries where schistosomiasis is common, especially in low-income countries, it is
not feasible to treat a large number of people due to the high overall cost [11]. Furthermore,
parasite resistance to PZQ raises concerns about its future effectiveness [12-15]. Health edu-
cation is important for changing behaviors such as stopping open defecation and urination,
and reducing contact with water infested with schistosomiasis [16]. However, behavioral
change alone is not enough to control schistosomiasis; it must be accompanied by providing
sanitation and a safe, adequate water supply [11]. Similarly, improving sanitation, hous-
ing conditions, and increasing the coverage of safe and adequate water supply are the best
strategies for preventing and controlling the transmission of schistosomiasis [17]. However,
these strategies are not feasible or cost-effective in the near future, especially in low-income
countries where schistosomiasis prevalence is high, as they require significant investment
and government commitment. Eliminating snails using chemical molluscicides is a common
practice for controlling the transmission of schistosomiasis [18,19] and can be scaled-up and
integrated into other control activities. However, the use of chemical molluscicides has sev-
eral limitations: they can be toxic to non-target species, are often not cost-effective, and pose
environmental risks [20-22]. In contrast, effective and less-toxic medicinal plants have the
potential to be used as more cost-effective, and environmentally friendly tools to controlling
schistosome snails.

Hagenia abyssinica (Bruce) J.E. Gmel., known as kosso in Amharic and belonging to
the Rosaceae family, has been a key medicinal plant used since ancient times to treat vari-
ous ailments including intestinal parasites, especially against cestodes [23,24]. This species
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is found across Africa, particularly in Kenya, Tanzania, Uganda, Sudan, Congo, Malawi,
Burundi, Rwanda, and Ethiopia [25] Rumex abyssinicus Jacq, known as Mekmeko in Amharic
and belonging to the Polygonaceae family, grows in the highlands of tropical Africa and is
distributed across North Africa and Ethiopia [26] where it is widely used as a traditional medi-
cine for conditions such as liver diseases, hepatitis, malaria, scabies, blood pressure, jaundice,
wound and pneumonia [27,28]. In our laboratory study, 70% ethanol extracts of H. abyssinica
flowers exhibited strong molluscicidal activity [29]. Similarly, 70% of ethanol extracts of R.
abyssinicus flowers exhibited strong molluscicidal activity (unpublished data).

Based on these promising preliminary results, it is crucial to evaluate the safety profiles of
these plants, as data on this subject are scarce. This study aimed to determine the lethal dose
(LD,,), as well as the oral acute and sub-acute toxicity of 70% ethanol extracts of the flowers
of H. abyssinica and R. abyssinicus in Swiss albino mice. Evaluating the toxicological proper-
ties of these traditional medicinal plants is crucial for assessing their potential risks to local
communities. Understanding their safety profiles will have multiple implications, including
guiding their use against schistosome snail intermediate hosts while minimizing impacts on
non-target aquatic organisms. Ultimately, these toxicological studies will contribute to the
responsible application of these plants in traditional medicine and their potential role as eco-
friendly molluscicides for schistosomiasis control.

Materials and methods
Plant materials

Female flowers of H. abyssinica and R. abyssinicus were collected in 2023 from the Gulele
Botanical Garden in Addis Ababa, Ethiopia. This garden is located between latitudes 8°55°N
and 9°05’'N and longitudes 38°05’E and 39°05’E. Mr. Melaku Wondafrash, a botanist at Addis
Ababa University, confirmed the plant specimens. The National Herbarium of Addis Ababa
University holds the voucher specimens with identifiers HB002 for H. abyssinica and HB003
for R. abyssinicus

Extraction of plant materials

The solvent used to extract the plant’s materials was 70% ethanol (Loba Chemie India). The
grounded plant materials were macerated with 70% ethanol while continuously shaking on

an orbital shaker (Benchmark Scientific, Inc. USA) for 24 hours to maximize extraction. Each
extract was filtered by using Whatman no.1 (Whatman International Ltd., England) filter
paper the residue was re-macerated three times. Solvents were removed using a rota evapo-
rator at 40°C to concentrate the crude extract (BUCHI Labortechnik AG, Switzerland). The
dried extracts were transferred to a screw-capped glass container and kept in the refrigerator
until used for the experiment [30]. The yield of the extracts was 11.4g from H. abyssinica flow-
ers and 16.0 g from R. abyssinicus.

Experimental animals and ethical considerations

A total of 110, Swiss albino mice (Mus musculus) of both sexes (25-30g), 8 weeks old were
obtained from the animal breeding unit of the Ethiopian Public Health Institute (EPHI). Of
these mice, 30 were used in the acute toxicity test and 80 for the sub-acute toxicity test. For

the acute toxicity study, only female nulliparous and non-pregnant mice were used. How-
ever, both sexes were used for the sub-acute toxicity test. The experimental animals were kept
under standard laboratory conditions temperature and humidity and light (12h light and 12h
dark) cycle. They were fed with pellets, which are the standard diet, and water ad libitum, and
the animals were acclimatized at the laboratory for five days. All animals involved in this study
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were treated humanely throughout the study period in accordance with the International
Guidelines of Laboratory Animal Care and Use and The European Union Guidelines Direc-
tive 2010/63/EU for the housing, care, and use of the experimental animals [31,32]. For eutha-
nasia, the American Veterinary Medical Association (AVMA) guidelines were used [33,34].
The experimental procedures received approval from the Ethiopian Public Health Institute
Review Board Committee on July 24, 2023. The protocol number is EPHI-IRB-513-2023, and
the reference number is EPHI6.13/83. Finally, the carcasses of the sacrificed animals were
disposed of humanely following the AVMA guidelines [33]. This study was performed in
accordance with the ARRIVE guidelines for reporting animal research [35].

Acute oral toxicity study

An acute oral toxicity study of the 70% ethanol extracts of the plants was conducted according
to the Organization for Economic Co-operation and Development (OECD) guidelines 423
[36]. Thirty female mice, aged 8 weeks, were divided into ten groups, with three mice in each
group. The first five groups were assigned to the H. abyssinica experiment, while the remain-
ing five groups were assigned to the R. abyssinicus experiment.

Group I and Group VI served as the controls for H. abyssinica and R. abyssinicus, respec-
tively, and received distilled water as a vehicle. Group II to Group V and Group VII to Group
X received a single dose H. abyssinica and R. abyssinicus extracts at varying concentrations
(mg/kg): 5, 50, 300, and 2000, respectively, after fasting for three to four hours. The extract
was delivered using an oral gavage feeding needle. Following administration, food was with-
held for an additional one to two hours.

The animals were then individually observed for signs of toxicity at least once during the
first 30 min after dosing, periodically during the first 24 h, and daily thereafter, for a total of
14 days to monitor and record any behavioral indicators of toxicity, including piloerection,
debilitation, tremors, excitability, salivation, twitching, diarrhea, and lethargy [33,34].

Sub-acute toxicity study

Sub-acute toxicity studies were conducted using male and female mice. A total of 40 male
and 40 female mice were used, with 20 male and 20 female, all aged 8 weeks, for each extract
experiment. For H. abyssinica, the mice were divided into eight groups of five mice each
randomly. Groups I to IV consisted of female mice, while Groups V to VIII consisted of male
mice. Similarly, for R. abyssinicus, the mice were divided into eight groups of five mice each.
Groups IX to XII consisted of female mice, while Groups XIII to XVI consisted of male mice.
Groups I and V, as well as Groups IX and XIII, served as the controls for female and male H.
abyssinica and female and male R. abyssinicus, respectively, and received distilled water as a
vehicle. Groups I to IV and VI to VIII were given daily doses of the 70% ethanol extract of
H. abyssinica flowers at varying concentrations (125, 250, and 500 mg/kg) for 28 days via oral
gavage. Similarly, Groups X to XII and XIV to XVI were given daily doses of the 70% ethanol
extract of R. abyssinicus flowers at varying concentrations (125, 250, and 500 mg/kg) for 28
days via oral gavage.

The dose level for the sub-acute toxicity study was administered based on the acute toxicity
results and OECD guidelines 407 [37]. The dosing volume was set at 1 mL per 100 g of body
weight. Throughout the experiment, body weight, water intake, food consumption, behavioral
parameters, and any signs of toxicity were observed and recorded daily. At the end of the
treatment, the animals were fasted overnight prior to euthanasia and anesthetized by pento-
barbital injection (50 mg/kg body weight), and then blood was collected via cardiac puncture
for hematological and biochemical analysis.
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Weekly bodyweight and relative organ weight

The bodyweight of each mouse was measured using a sensitive balance (RADWAG, UK)
during the acclimatization period, once before the start of dosing, weekly during the dosing
period, and on the day of sacrifice. On the 29th day, after fasting overnight, the animals were
sacrificed humanely using an overdose of anesthesia. The liver, kidneys, and heart were care-
fully dissected [38] and weighed in grams. The relative organ weight for each animal was then
calculated using the equation as follows according to previously published methods [39,40]:
Relative organ weight (%) = 100 x absolute organ weight (g)/bodyweight (g).

Biological specimen collection

On the 29th day, the animals were anesthetized and blood samples were collected via cardiac
puncture using a gauge needle attached to a 5ml syringe. Blood samples were taken from all
animals into tubes with and without the anticoagulant Ethylene Diamine Tetra-Acetic Acid
(EDTA) for hematological and biochemical tests, respectively.

Hematology

One ml of blood collected in a plastic test tube containing EDTA was used to assess the
hematological parameters. The blood samples were transported to the hematology labora-
tory (EPHI) within 30 minutes of collection, ensuring they were not exposed to freezing or
excessive heat, and the samples were analyzed within 2 hours of collection. The hematological
parameters include white blood cell (WBC, 10*/uL), red blood cell (RBC, 10/puL), hemoglobin
(Hb, g/dL), hematocrit (HCT %), mean corpuscular volume (MCV, fl,), mean corpuscular
hemoglobin (MCH, fl,), mean corpuscular hemoglobin concentration (MCHC, g/dL), red cell
distribution (RDW,%), red cell distribution width standard deviation (RDW-SD, fl)), platelet
(PLT, 10°/pL), mean platelet volume (MPYV, ), neutrophils (NE, 10°/uL), lymphocytes (LY,
10%/uL), monocytes (MO, 10*/uL), eosinophils (EO, 10°/pL), and basophils (BA, 10°/uL). An
automated Hematology Analyzer (Beckman Coulter hematology analyzer, Unicel DXh800
Germany) was used to analyze the samples.

Biochemical analysis

For biochemical analysis, blood samples were collected in test tubes without anticoagulants.
The clotted blood was then centrifuged within 30 minutes of collection to obtain the serum,
which was stored at -20°C until assayed for biochemical analysis. The following tests were
performed: liver enzymes, including alkaline phosphatase (ALP), aspartate aminotransferase
(AST), and alanine aminotransferase (ALT), to assess liver toxicity; renal function indicators
such as creatinine and urea; a lipid profile including total cholesterol, Low-Density Lipopro-
tein (LDL), High-Density Lipoprotein (HDL), and triglycerides; and glucose levels. Values
in the sera were analyzed using an Automated Clinical Chemistry Analyzer (Cobas, 6000
machine, Germany).

Histopathological examinations

Histopathological examinations were conducted on liver, kidney, and heart tissues from the
experimental animals. On the 29th day, all mice from both the experimental and control
groups were sacrificed humanely using an overdose of pentobarbital injection (150 mg/kg).
The liver, kidneys, and heart were then examined macroscopically for any gross patho-
logical changes resulting from exposure to the test extracts, compared to the control groups.
Tissue samples were preserved in a 10% buffered neutral formalin solution and subsequently
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embedded in paraffin wax. A rotary microtome (LEICA RM2255 Germany) was used to slice
the sections to a thickness of 5 um. Tissue sections were placed on glass slides and stained
with hematoxylin and eosin to examine any histopathological changes [41]. All areas of the
tissue morphology were observed using a light microscope at 100xmagnification, and images
were captured with a digital camera attached to the microscope. The microscopic examina-
tion of the prepared slides was conducted by experienced pathologist Dr. Menal Hassen from
the Amauer Hansen Research Institute (AHRI), Ethiopia. To ensure unbiased evaluation,

the pathologist was blinded to the sample identities, and the samples were coded prior to the
examination to prevent bias related to knowledge of group assignments.

Statistical analysis

Data analysis was performed by the Statistical software SPSS version 24, (IBM Corp). The
results were expressed as mean + SD (standard deviation of the mean). One-way ANOVA
with Dunnett’s multiple comparisons test was performed to compare the means between the
control and experimental groups. The values were considered significantly different from the
control group for the treatment groups when p < 0.05.

Quality control

To ensure the validity and reliability of this study, we implemented several quality control
measures. Firstly, we selected healthy 8-week-old mice within an appropriate weight range

to ensure consistency across groups. The animals were randomly assigned to control and
treatment groups to avoid bias. Additionally, the animals were given time to acclimate to the
laboratory environment for a period of 5-7 days before the study began. The blood samples
were transported to the laboratory within 30 minutes and stored at a temperature of 2-8°C
until processing. The stained slides for histopathological examination were stored in appropri-
ate containers to protect them from prolonged exposure to light.

Furthermore, the dosage of the plant extracts was administered according to each animal’s
bodyweight. All observations, measurements, and test results were consistently and systemati-
cally recorded and labeled properly to avoid sample mix-ups and misidentification. The study
adhered to good laboratory practices (GLP) and relevant regulatory standards, such as OECD
423 and 407 guidelines. Blinding was implemented whenever necessary to ensure unbiased
evaluation. The data were entered in Excel 2010 and later imported into SPSS version 24 for
data cleaning and analysis.

Results
Acute toxicity

In the acute toxicity experiment, the test animals did not show any signs of toxicity or
noticeable changes in behavior when administered the highest oral dosage of 2000 mg/kg of
both extract types. The bodyweight gain of the control and treatment groups was compara-
ble. Additionally, no deaths occurred during the 14-day observation period. These findings
demonstrate that the LD, of the plant extracts was greater than 2000 mg/kg of body weight.

Sub-acute toxicity and bodyweight

The bodyweight of the mice in both the control-treated groups increased over time (Table 1).
For both groups treated with H. abyssinica and R. abyssinicus, both male and female mice
exhibited normal patterns of bodyweight increase. The analysis revealed no significant differ-
ence in the mean bodyweights of male and female mice treated with different doses of 70%
ethanol extracts of both plants compared to their respective control groups (Table 1).
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Table 1. Effects of 70% ethanol extracts of H. abyssinica and R. abyssinicus fruits on bodyweight of Swiss albino mice.

Plant extracts Group Bodyweight (g)

H. abyssinica Day 1 Week I Week I1 Week IIT Week IV
Male
Control 29.42+0.60 31.14£0.65 32.28+0.46 33.18+0.56 34.46+0.33
125 29.38+0.67 30.62+0.46 31.92+0.42 33.14+0.39 34.50+0.35
250 29.30+0.59 30.68+0.66 31.72+0.53 33.02+0.42 34.30+0.40
500 29.42+0.40 30.50+0.51 31.76+0.46 32.96+0.24 34.34+0.39
Female
Control 26.36+0.40 27.44+0.67 28.08+0.51 28.96+0.65 29.58+0.54
125 25.82+0.49 26.64+0.56 27.72+0.71 28.46+0.68 29.54+0.70
250 26.32+0.66 27.08+0.58 27.96+0.50 28.78+0.48 29.72+0.39
500 26.34+0.51 27.14+0.52 28.12+0.47 28.92+0.30 29.88+0.43

R. abyssinicus Male
Control 29.18+0.49 30.54+0.52 31.74+0.32 32.94+0.40 34.28+0.31
125 29.40+0.38 30.54+0.37 31.72+0.31 32.92+0.25 34.10£0.22
250 29.04+0.70 30.48+0.32 31.74+0.34 32.96+0.30 34.18+0.19
500 28.88+0.52 30.42+0.44 31.60+0.41 32.68+0.52 33.86+0.58
Female
Control 26.28+0.70 27.08+0.59 27.80+0.51 28.80+0.63 29.78+0.63
125 26.20+0.56 26.86+0.48 27.84+0.37 28.90+0.33 30.00+0.39
250 26.40+0.64 27.32+0.54 28.22+0.66 29.16 £0.69 30.04+0.63
500 26.00+0.65 26.78+0.63 27.62+0.57 28.56+0.48 29.58+0.47

Note: + values are presented as the mean + standard deviation; the number of mice in each group is 3. There is no significant difference in bodyweight between the mice
that received 70% ethanol extracts of of both plants compared to their respective control groups (p > 0.05). Extract doses are expressed in mg/kg and mice bodyweight in g.

https://doi.org/10.1371/journal.pone.0319464.t001

Vital organ relative mass

The various doses administered over 28 days did not have a significant impact on the weight
of the heart, liver, and kidneys when compared to their respective control group (Table 2).

Hematological parameters

The hematological parameters test results for both male and female mice treated with the
extract showed that all values, including WBC, RBC, Hb, HCT, MCV, MCH, RDW, RDW-SD,
PLT, MPV, NE, LY, MO, and EO were within normal ranges compared to a control group.
Opverall, there were no significant differences in the average hematological parameters between
the control and treated groups (Table 3).

Similarly, the hematological parameters were measured in male and female mice which
were the two types of extracts. This included

WBC, RBC, HGB, HCT, MCV, MCH, RDW, RDW-SD, PLT, MPV, NE, LY, MO and EO.
The results showed that all these parameters fell within normal ranges when compared to
a control group. Overall, there were no significant differences in the average hematological
parameters between the control and treated groups (Table 4).

Serum biochemical parameters

The analysis of biochemical parameters such as ALT, AST, ALP, cholesterol, TAG, LDL, HDL,
Na+, K+, Cl, urea, creatinine, glucose, sodium, potassium, and chlorine in both male and

PLOS ONE | https://doi.org/10.1371/journal.pone.0319464 February 25, 2025 7/18



https://doi.org/10.1371/journal.pone.0319464.t001

PLOS ONE

Acute and sub-acute toxicity of ethanol extracts of Hagenia abyssinica and Rumex abyssinicus flowers

Table 2. Effects of 70% ethanol extracts of H. abyssinica and R. abyssinicus flower on the relative weight of the kidney, heart and liver of mice.

Group The % of relative organ weight exposed to Ha. The % of relative organ weight exposed to Ra

Kidney ‘ Heart Liver Kidney Heart Liver
Male
Control 1.53+0.07 0.64+0.02 6.40+0.08 1.49+0.05 0.62+0.04 6.35+0.05
125 1.53+0.08 0.62+0.03 6.30+0.05 1.54+0.06 0.61+0.04 6.37+0.08
250 1.51+0.04 0.62+0.02 6.27+0.15 1.50+0.03 0.60+0.04 6.34+0.04
500 1.50+0.02 0.61+0.04 6.30+0.10 1.53+0.05 0.63+0.03 6.42+0.10
Female
Control 1.12+0.02 0.54+0.01 5.36+0.09 1.15+0.54 0.54+0.01 5.31+£0.03
125 1.15+0.04 0.52+0.03 5.32+0.09 1.12+0.03 0.56+0.02 5.32+0.02
250 1.13+£0.03 0.53+0.02 5.37+0.06 1.11+0.03 0.53+0.02 5.30£0.05
500 1.11+0.04 0.53+0.02 5.30+0.08 1.12+0.05 0.54+0.02 5.34+0.03

Note: + values are presented as the mean + standard deviation; the number of mice in each group is 3. There is no significant difference in the relative weights of the
kidney, heart, and liver between the mice that received extracts of Hagenia abyssinica (Ha) and Rumex abyssinicus (Ra) compared to their respective control groups (p
> 0.05). Extract doses are expressed in mg/kg.

https://doi.org/10.1371/journal.pone.0319464.t002

Table 3. Effects of low- (125mg/kg), medium- (150mg/kg) and high-doses (500mg/kg) of 70% ethanol extracts of H. abyssinica flower on hematological parame-

ters of mice.

Parameter Male Female

Control Extract Dose (mg/kg) Control Extract Dose (mg/kg)

Low Medium High Low Medium High

WBC (10°/uL) 6.20+0.50 6.40+0.56 6.30+0.20 6.60+0.42 5.80+0.14 5.70+0.28 5.60+0.70 6.00+0.00
RBC (10°/uL) 9.47£0.65 9.10+0.01 9.50+0.70 9.89+0.16 9.68+0.42 9.31+0.31 10.00+1.40 9.91+0.12
HGB (g/dL) 16.05+0.21 15.00+0.35 15.90+0.07 15.90+0.21 15.75+0.63 14.95+0.35 14.90 +1.60 15.95+1.20
HCT (%) 49.25+0.84 48.75+1.76 48.50+0.70 49.45+1.62 52.05%5.72 47.15+1.06 46.5+£2.10 51.15+£1.06
MCV(fl) 50.05+0.07 51.20+1.13 51.50+0.70 51.40+0.56 53.70+3.53 50.70+0.56 50.00+2.80 52.40+0.56
MCH (pg) 16+0.00 15.90+0.42 15.5+£0.70 16.10+0.14 15.75+50.60 15.55+0.70 16.00+0.00 15.20£0.20
MCHC (g/dl) 31.50+0.70 31.05+0.07 30.50+0.70 31.65+0.49 30.40+2.12 31.65+0.07 31.50+2.10 29.55+0.63
RDW (%) 16.50+0.70 18.45+1.34 18.00+1.40 17.55+0.63 16.35+0.35 17.50+0.70 18.00+1.40 18.20+0.28
RDW-SD (fl) 31.50+2.1 33.40+0.84 33.50+2.12 32.90+0.14 32.60+2.12 32.80+1.83 34.0+1.40 33.40£0.56
PLT (10°/uL) 1172.00+2.82 1169.5+1.41 1168.50+4.95 1184.00+£5.65 941.50+173.24 851.50+129.40 846.0+76.36 1240.50+0.70
MPV (fl) 54+0.84 6.35+2.05 6.50+0.70 5.40+0.84 6.60+1.83 7.80+0.00 8.0+1.41 6.50+0.70
NE (10°/uL) 14.15+3.88 12.10+£9.19 14.00+1.41 12.35+1.48 14.00+£9.28 12.35+£0.91 12.25+0.63 12.90+0.56
LY (10°/pL) 82.4+0.14 83.25+.63 82.15+0.35 80.80+0.70 84.20+ 1.83 84.75+1.20 86.25+1.34 84.65+3.18
MO (10°/uL) 0.70+0.14 0.60+0.00 0.60+0.14 0.50+0.28 1.15+1.20 0.30+0.00 0.35+0.07 0.70+£0.70
EO (10°/uL)) 0.35+4.03 0.05+0.07 0.15+0.07 1.85+2.47 0.05+0.07 0.100+0.00 0.15+0.07 0.25+0.21

WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; RDW, red cell
distribution; RDW-SD, red cell distribution width standard deviation; PLT, platelet; MPV, mean platelet volume; NE, neutrophils; LY, lymphocytes; MO, monocytes;

EO, eosinophils.

The measurement values are in Mean + SD.

https://doi.org/10.1371/journal.pone.0319464.t003

female mice treated with a 70% ethanol extract of H. abyssinica did not show a significant

change when compared with the control groups (Table 5).
Similarly, the examination of biochemical factors like ALT, AST, ALP, cholesterol, TAG,
LDL, HDL, Na+, K+, Cl in male and female mice who received a 70% ethanol extract of R.
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Table 4. Effects of low- (125mg/kg), medium- (150mg/kg) and high-doses (500mg/kg) 70% ethanol extracts of R.

abyssinicus fruit on hematological parameters of

mice.
Parameter Male Female

Control Extract doses Control Extract doses

Low Medium High Low Medium High

WBC (10°/uL) 6.30+£0.56 7.00+0.14 7.95+1.06 7.10+£0.42 6.85+0.21 7.00+0.98 6.95+1.06 6.10+£0.70
RBC (10°/uL) 9.00+0.00 9.36+£0.50 9.00+£1.41 9.64+0.50 9.32+0.46 9.50+0.70 9.00£0.00 9.24+0.33
HGB (g/dL) 15.20+£0.42 15.25+£0.35 14.65+0.41 15.30+1.41 15.80+0.84 15.45+0.63 15.75+1.48 14.95+1.20
HCT (%) 45.60+1.27 50.40+1.98 49.50+4.95 47.20+2.40 48.50+0.99 44.00+1.41 44.50+3.53 47.45+0.07
MCV(fl) 49.50£0.70 50.50+2.1 51.00+1.41 49.55+0.63 50.25+1.06 53.50£2.12 53.00+2.82 50.05+0.07
MCH (pg) 16.00+1.41 15.45+0.63 15.00+£2.82 15.70+0.42 16.50+0.70 17.00£0.00 18.00+1.41 15.45+0.77
MCHC (g/dL) 31.50+£0.70 30.45+£0.77 29.50+2.12 31.25+£0.35 31.45+£0.63 32.00+£1.41 32.50+£0.70 30.30+£0.99
RDW (%) 16.50£0.70 17.60+0.84 17.50+£2.12 17.35£0.91 16.70+0.42 16.00+£1.41 16.50+£2.12 16.00+£0.00
RDW-SD (fl) 29.50+£0.70 30.50+£0.70 31.00+4.24 30.60£0.56 29.90+0.14 31.50£0.70 32.00+£1.41 30.10+£0.14
PLT (10°/uL) 1100.00£42.42 1125.00+£35.35 1139.00 £+ 5.65 1125.00£35.35 920.00+28.28 925.00£35.35 900.00£28.20 970.50+57.27
MPV (fl) 7.00+1.41 5.55+0.63 6.00+1.41 7.40+0.56 7.90+0.14 8.70+0.99 8.00+1.40 6.90+1.27
NE (10°/uL) 16.85£1.20 18.40£0.56 18.55£0.91 18.65+1.06 14.20+0.84 14.50£0.70 14.50£0.70 13.45£1.76
LY (10°/pL) 82.50+£0.70 80.00+£0.70 78.95+1.62 84.70+£3.11 82.80+£0.84 87.05+2.75 88.50+2.12 85.25+14.77
MO (10°/uL) 0.25+£0.07 0.35+£0.07 0.40+0.14 0.35+0.21 0.85+0.77 1.45+0.21 1.35+£0.21 0.85+£0.49
EO (10°/uL) 0.15+0.07 0.05+0.07 1.00+1.41 0.05+0.07 0.60+1.41 0.25+0.07 0.35+0.07 0.50+0.56

Note: WBC, white blood cell; RBC, red blood cell; Hb, hemoglobin; HCT, hematocrit, MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; RDW, red
cell distribution; RDW-SD, red cell distribution width standard deviation; PLT, platelet; MPV, mean platelet volume; NE, neutrophils; LY, lymphocytes; MO, monocytes;

EO, eosinophils.

The measurement values provided are Mean + standard deviation (SD).

https://doi.org/10.1371/journal.pone.0319464.t004

Table 5. Effects of low- (125mg/kg), medium- (150mg/kg) and high-doses (500mg/kg) of 70% ethanol extracts of H. abyssinica flower on biochemical parameters

of mice.
Parameter Male Female

Control Extract dose Control Extract dose

Low Medium High Low Medium High

ALT(SGPT) (U/L) 22.86+4.06 23.43+2.85 24.86+3.12 24.00+1.57 20.26+1.04 22.53+3.27 22.3+0.91 22.06+2.27
AST(SGOT) (U/L) 173.20+41.65 167.83+16.61 168.60 + 14.60 173.93+19.92 125.36 + 84.63 127.63+41.01 128.93 + 36.46 94.53+15.80
ALP (U/L) 66.33+17.21 60.67 £2.51 59.33+5.13 70.33+16.01 72.33+23.35 74.67 +15.50 73.67+11.93 75.33+20.55
Cholesterol (mg/dl) 131.90+£9.45 137.96 £22.21 139.60+22.08 124.66 £16.06 123.26+£17.92 110.73+£12.68 111.46+12.17 111.06+28.27
TAG (mg/dl) 154.33+19.74 149.66 +1.52 150.96 +1.47 144.80+42.35 111.96 +21.06 116.66+21.86 117.03+22.47 104.13+13.70
LDL(mg/dl) 9.93+0.51 10.86+£3.80 11.50+3.61 8.66+0.86 16.33+£1.53 14.00+£6.27 14.60+6.30 11.60+5.82
HDL(mg/dl) 106.46 +8.58 117.30+19.24 116.80+20.48 105.83+12.43 90.00+13.81 78.73+£8.95 79.76 £9.09 83.3+17.6
Urea (mg/dl) 43.63+£4.23 49.70+£4.92 49.96£5.65 48.96+1.81 41.90+1.70 43.13+6.27 44.33+6.10 45.00+3.21
Creatinine (mg/dl) 0.12£0.02 0.14+0.04 0.14+0.04 0.10£0.01 0.16+0.03 0.19+0.04 0.18+0.02 0.14+0.00
Glucose (mg/dl) 107.63+1.11 106.40+2.55 107.20+2.62 105.03+1.61 105.56 +2.60 105.93+5.51 105.10+4.46 109.43+11.85
Na+ (mmol/l) 150.33£1.15 150.67 £1.52 149.00+1.00 152.33+£2.08 150.67 £1.52 155.33+£2.88 152.67+£2.51 153.67 £3.05
K+ (mmol/l) 6.82+1.11 6.87+0.75 6.56+0.60 6.38+0.43 5.45+0.28 6.67+1,19 6.30+1.03 5.63£1.03
Cl' (mmol/l) 108.53+£0.85 110.46£1.20 109.20+0.90 109.86 + 1.66 111.10£0.51 112.20+1.37 111.00+0.95 109.90+1.58

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; TAG, triacylglycerol; LDL, Low-density lipoprotein; HDL, high-density
lipoprotein; Na+, sodium; K+, Potassium, Cl-, chlorine.

The measurement values provided are Mean + standard deviation (SD).

https://doi.org/10.1371/journal.pone.0319464.t005
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Table 6. Effects of low- (125mg/kg), medium- (150mg/kg) and high-doses (500mg/kg) of 70% ethanol extracts of R. abyssinicus flower extract on biochemical

parameters of mice.

Parameter Male Female

Control Extract doses Control Extract doses

Low Medium High Low Medium High

ALT(SGPT) (U/L) 24.66+0.90 24.76 £2.92 25.30+£1.27 23.75+4.17 22.80+£5.93 22.16+£2.74 21.50+£0.55 18.96£0.95
AST(SGOT) (U/L) 205.96 £56.22 199.96+73.12 196.00 + 61.22 228.65+55.0 173.03+33.39 192.76 £75.33 189.26+71.39 99.40+£32.93
ALP (U/L) 93.00+£29.51 63.33+15.94 62.33+13.79 78.50+10.60 67.00+17.34 75.33+20.20 73.33+15.27 75.67+13.27
Cholesterol (mg/dl) 14446 +5.92 144.80+8.62 140.83+7.20 130.15+28.35 106.30+13.19 119.60+8.41 114.16 £5.15 116.40+10.95
TAG (mg/dl) 103.20+28.83 114.80+18.36 112.36+15.28 149.40 +65.19 134.33+33.97 116.20+20.63 119.10+ 20.33 135.10+25.64
LDL(mg/dl) 12.56+1.48 11.30+1.64 10.43+0.66 9.00+6.08 11.26+2.74 13.36£0.65 12.80 £0.52 12.63+£3.28
HDL(mg/dl) 87.90+27.72 119.86+7.93 113.93+5.79 105.35+21.56 71.43+£14.01 87.20£30.46 85.43+£28.32 78.93+£10.04
Urea (mg/dl) 37.76 £2.50 40.56+2.01 39.76 £0.58 36.35+2.33 43.60+3.53 45.83+4.41 45.30£5.28 45.46+1.45
Creatinine (mg/dl) 0.11+£0.01 0.14+0.01 0.13+0.01 0.10£0.00 0.17+0.06 0.14+0.04 0.15+£0.03 0.17£0.05
Glucose (mg/dl) 112.66+11.85 107.33+3.43 104.50+3.15 107.05+0.35 106.96+0.81 113.23+8.30 109.53 +5.55 108.53+1.30
Na* (mmol/l) 152.00+2.64 153.67+2.08 149.33+1.15 150.50+3.53 153.00+3.60 150.67 £2.51 147.67 +3.21 157.00+2.64
K* (mmol/l) 5.87+0.58 6.44+0.06 6.06+0.11 5.77+0.10 7.31+£0.54 7.77+1.93 7.29+1.14 6.05+£0.67
CI' (mmol/l) 110.53+4.18 112.60+1.11 110.46+ 0.55 115.80+0.14 114.66+0.76 113.56+1.25 111.86+1.69 116.73+1,43

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; TAG, triacylglycerol; LDL, Low-density lipoprotein; HDL, high-density
lipoprotein; Na+, sodium; K+, Potassium, Cl-, chlorine.

The measurement values are in mean + SD.

https://doi.org/10.1371/journal.pone.0319464.t006

abyssinicus did not demonstrate a noteworthy difference when compared to the control

groups (Table 6).

Histopathology

The heart, kidneys, and liver exhibited normal histology and were comparable to those of the
control group mice (Fig 1A and 1B).

Similarly, the heart, kidneys, and liver, of both male and female mice treated with R.
abyssinicus extract did not reveal abnormal and were similar to that of the control group mice
(Figs 2A and 2B).

Discussion

This study was carried out to evaluate the potential acute and sub-acute toxic effects of 70%
ethanolic flower extracts of H. abyssinica and R. abyssinicus on Swiss albino mice models.
When mice were given the highest oral dose of 2,000 mg/kg of both the 70% ethanol flower
extracts, no lethality was observed. It was found that the LD, of the plant extract is greater
than 2,000 mg/kg. No immediate or delayed signs of toxicity were noted. This is in line with
previous research on methanol rhizome extract of R. abyssinicus and flower extracts of H.
abyssinica, which also showed LD, values greater than 2,000 mg/kg and 5,000 mg/kg [42,43].
Based on the OECD’s classification of toxic substances, any plant extract or compound with
an oral LD, greater than 1,000 mg/kg can be deemed safe and low in toxicity [44]. Therefore,
the 70% ethanol extract of H. abyssinica and R. abyssinicus flower can be considered non-toxic
at a single dose level of 2,000 mg/kg bodyweight in mice.

The sub-acute toxicity evaluation revealed no toxic-related illnesses or deaths following
oral exposure to doses of 125, 250, or 500 mg/kg over a 4-week period. This indicates that the
extracts are safe at all tested doses. This outcome is consistent with earlier research that no
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Fig 1. A: shows histopathological examinations of the male mice: (a) heart, (e) kidney, and (i) liver in the control group; (b) heart, (f) kidney, and (j) liver in 125 mg/
kg H. abyssinica group; () heart, (g) kidney, and (k) liver in 250 mg/kg H. abyssinica group and (d) heart, (h) kidney, and (i) liver in 500 mg/kg H. abyssinica group. B:
shows histopathological examinations of the female mice (m) heart, (q) kidney, and (u) liver in the control group; (n) heart, (r) kidney, and (v) liver in 125 mg/kg H.
abyssinica group; (o) heart, (s) kidney and (w) liver in 250 mg/kg H. abyssinica group and (p) heart, (t) kidney, and (x) liver in 500 mg/kg H. abyssinica group.

https://doi.org/10.1371/journal.pone.0319464.9001

toxic-related illnesses or deaths were reported with methanol rhizome extract of R. abyssinicus
and flower extracts of H. abyssinica [42,43]. The change in weight of animals is a crucial factor
in assessing their overall health and welfare [45]. During the treatment period, mice adminis-
tered with the extracts displayed continual growth in bodyweight; however, this increase was
not considered statistically significant when compared to the control group implying that the
treatments did not influence their appetite, food intake, or natural fluctuations in bodyweight.

The Society of Toxicologic Pathology (STP) suggests that organ weight should be incorpo-
rated into toxicity studies to evaluate treatment-related impacts [38]. The kidneys, liver, and
heart, are the most frequently assessed organs for this purpose. Alterations in liver weight may
signal treatment-related effects such as hepatocellular hypertrophy [46]. Likewise, changes
in heart and kidney weight could denote treatment-related effects like renal toxicity, tubular
hypertrophy, or chronic progressive nephropathy [38]. In the current study, it was found that
the relative organ weight of female and male mice treated with the extracts did not signifi-
cantly increase compared to their respective control groups. This indicates that the extracts
were not toxic to the animals at the given doses.

Hematological parameters are assessed to determine the impact of plant extracts on exper-
imental animals. Toxic doses can cause changes in blood parameters indicating hematologi-
cal disorders [47]. However, this study found no significant differences in all hematological
parameters between male and female mice treated with the two plant extracts at different
doses, and their respective control. This finding is consistent with similar studies that used
methanolic rhizome extracts of R. abyssinicus and aqueous extracts of H. abyssinica flowers,
which found no changes in the hematological parameters count when compared with the
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Fig 2. A: shows histopathological examinations of the male mice: (a) heart, (e) kidney, and (i) liver in the control group; (b) heart, (f) kidney, and (j) liver in 125 mg/
kg R. abyssinicus group; (c) heart, (g) kidney, and (k) liver in 250 mg/kg R. abyssinicus group and (d), heart, (h) kidney, and (i) liver in 500 mg/kg R. abyssinicus group.
B: shows histopathological examinations of the female mice: (m) heart, (q) kidney, and (u) liver in the control group; (n) heart, (r) kidney, and (v) liver in 125 mg/kg
R. abyssinicus group; (o) heart, (s) kidney and (w) liver in 250 mg/kg R. abyssinicus group and (p) heart, (t) kidney and (x) liver in 500 mg/kg R. abyssinicus group.

https://doi.org/10.1371/journal.pone.0319464.g002

control groups [42,43]. Therefore, it suggests that the 70% ethanol extract of both plants is safe
at the studied doses in mice.

The levels of certain biochemical parameters are used to evaluate the functioning of the
liver and kidneys [48]. The kidneys are particularly at risk from toxic substances due to their
high rate of blood perfusion and their ability to concentrate various substances in the tubular
lumen [49]. Changes in serum creatinine, urea, and electrolyte levels like sodium, potassium,
chloride, and magnesium can indicate kidney issues [50]. After administering 70% ethano-
lic flower extracts of H. abyssinica and R. abyssinica, there was no significant increase in the
level of creatinine in mice treated with 125 mg/kg, 250 mg/kg, and 500 mg/kg compared to
the control. Similarly, urea levels did not significantly increase in treated with the same doses
compared to the control. The concentration of sodium, potassium, and chloride ions was not
significantly affected by the extract administration at any of the doses in this study.

Similarly, changes in ALT, AST, and glucose levels may indicate liver damage [51]. ALT
and AST serum levels increasing indicate the extent of the tissue damage [52]. The cur-
rent finding showed that there was no significance difference in the levels of ALT and AST,
between male and female mice in the three dosage groups that received a 70% ethanol extract
of H. abyssinica and R. abyssinicus flower, in comparison to the control group.

Changes in the lipid profile levels during serum biochemical parameter analysis indicate
various health conditions [53]. However, when Swisss albino mice were administered the
extracts of at doses of 125 mg/kg, 250 mg/kg, and 500 mg/kg, no significant difference was
observed in the levels of cholesterol, TAG, LDL and, HDL compared to the control group.

Histopathological examinations offer additional insights to support the findings from bio-
chemical and hematological analyses. The current histological examination revealed that the
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heart, kidney, and liver of mice treated with 70% ethanol extracts of H. abyssinica and R. abys-
sinicus displayed normal histology, comparable to the control group. These results align with
the findings of Fentahun et al. (2020) and Kimmo (2005), who observed similar outcomes
when evaluating the histopathology of mice organs treated with methanol rhizome extract of
R. abyssinicus and flower extracts of H. abyssinica [42,43].

The biochemical, hematological, and histopathological analyses in this study suggest that
the flower extracts of R. abyssinicus and H. abyssinica are safe for use. Previous phytochem-
ical analyses have indicated the presence of flavonoids, terpenoids, and phenols in both R.
abyssinicus and H. abyssinica extracts [28,54]. These compounds may significantly contribute
to their safety profile. For instance, the flavonoids and phenols found in the extracts could
help prevent oxidative damage by scavenging free radicals and chelating metal ions, thereby
protecting cells from oxidative stress [55-58]. This oxidative stress can negatively impact
various cellular structures, including membranes, lipids, proteins, lipoproteins, and deoxyri-
bonucleic acid (DNA) [59-63]. Similarly, terpenoids, are widely recognized for their antimi-
crobial, anti-inflammatory, and antioxidant properties [64]. Their presence could enhance the
detoxification processes [65].

The main limitations of the current study include a narrow dose range, a short duration,
and a minimum sample size (3 mice per group). The acute toxicity study evaluated only a
single high dose (2,000 mg/kg), while the sub-acute study assessed only three levels (125, 250,
and 500 mg/kg). A broader dose range, including both lower and higher doses, is essential for
understanding the dose-response relationship and potential toxicity thresholds. Additionally,
the short duration of the sub-acute study may not capture the effects of prolonged exposure,
necessitating longer studies to identify any delayed or cumulative toxic effects.

Future studies should explore dose ranges that prioritize chronic toxicity assessment, as well
as reproductive and developmental toxicity. Additionally, a recovery group should be included
to examine the persistence or delayed occurrence of toxic effects. By addressing these key
endpoints, it is possible to develop a thorough understanding of the safety and potential risks
associated with H. abyssinica and R. abyssinicus, facilitating their safe use in therapeutic and
dietary contexts, as well as in aquatic ecosystems against schistosomiasis intermediate hosts.

Given the current findings, it would not be appropriate to conclude that H. abyssinica and
R. abyssinicus extracts are safe for use in aquatic environments against schistosome inter-
mediate hosts without further studies. The limited scope of the toxicity studies, which were
conducted in rodents, does not address the potential toxicity of the extracts in aquatic envi-
ronments where the exposure route and target organisms differ. Additionally, no information
is provided on the toxicity to aquatic organisms, necessitating dedicated studies to evaluate the
extracts’ aquatic toxicity profile. Understanding the persistence and behavior of the extracts in
aquatic ecosystems is crucial for predicting potential harm to non-target organisms over time.
Moreover, demonstrating selective toxicity towards the target schistosome intermediate hosts,
compared to other non-target aquatic species, is essential for the safe use of these extracts.

Conclusion

The findings from this study indicate that the 70% ethanol extracts of H. abyssinica and R.
abyssinicus flowers exhibited no visible or measurable toxicity in the tested animal model.

The acute toxicity evaluation revealed that the LD_j of both plant extracts exceeds 2000 mg/

kg bodyweight, which is classified as having a low toxicity profile according to international
guidelines. Sub-acute toxicity assessment further confirmed the absence of significant toxicity.
Oral administration of the extracts at doses up to 500 mg/kg for four weeks did not lead to any
treatment-related illnesses, fatalities, or noteworthy changes in bodyweight, organ weights,
hematological parameters, or clinical biochemistry in Swiss albino mice. Histopathological
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examinations of major organs showed no abnormal histology compared to the control group.
Future studies should employ larger sample sizes with broader dose ranges, prioritizing
assessments of chronic toxicity, reproductive, and developmental toxicity. Addressing these
key endpoints will provide a comprehensive understanding of the safety and potential risks
associated with the plants, facilitating their safe use in therapeutic, dietary and molluscicidal
contexts. In particular, further studies evaluating the toxicity of the extracts to various relevant
aquatic organisms, as well as their environmental fate and behavior, are essential to prevent
significant threats to non-target species when used as molluscicides. Studies focused solely on
rodent toxicity do not directly qualify these plants for field application. Overall, the prelim-
inary findings partly support the longstanding traditional medicinal value of these plants,
suggesting their safety for community use.

Supporting information

S1 File. The dataset encompasses hematological and biochemical parameters, as well as
body weight measurements of the mice.
(XLXS)
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