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The current study investigated the toxicity of the ethanol extract of Olea

africana in mice and brine shrimp (Artemia salina). Brine shrimp cytotoxicity

and acute toxicity of the extract in mice were observed over 24 hours. Subacute

toxicity of the extract was studied in mice for 28 days using animal weight,

organ-to-body weight ratio, and hematological, biochemical, and histological

parameters as indicators. Data analysis was done using Probit regression and

Two Way ANOVA (p<0.05). The lethal concentration of the extract responsible

for 50% mortality in brine shrimp (LC50) was 2257.84 µg/mL (702.97-7367.95),

while the lethal dose of the extract responsible for 50% mortality in mice

(LD50) was 4297.30 mg/kg. There were no significant differences in the mean

weight or organ-to-body weight ratio of the control and treatment group mice.

Some hematological and biochemical parameters in extract-treated mice were

significantly different from those in control group mice. Adverse

histopathological changes, including fibrosis around the hepatic artery,

degeneration of hepatocytes, congestion, and mild fibrosis around the portal

vein and artery, were observed in the livers of extract-treated mice.

Perivascular infiltration, fibrosis, mild glomerular degeneration, mild tubular

degeneration, cell infiltration, and hemorrhage were observed in the kidneys

of extract-treated mice. Given these findings, prolonged administration of Olea

africana is associated with significant toxic concern. As a result, caution should

be exercised when using the extract.

Corresponding author: Kenneth Otieno,
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1. Background

For the most part, herbal medicines have been regarded

as safe and effective alternatives to conventional

medicine  [1][2]. The perceived lack of side effects has

been the strongest selling point of herbal medicine [3][4]

[5]. This misconception, however, has led to the

indiscriminate use of herbal medicine formulations  [6]

[7][8]. Furthermore, long-term use of these

formulations, as well as a lack of proper dosage

guidelines, highlights the need to investigate the oral

toxicity of such formulations.

Olea africana is an ornamental tree with green, glossy

leaves, a large trunk, and inconspicuous but fragrant

flowers  [9]. It is found in Asia (South East) and Africa

(East and South). In folk medicine, various

communities use the plant to treat urinary tract and eye

infections, kidney problems, sore throat, headaches,

and backaches. It is also used as a styptic, emollient,

hypotensive, antimalarial, and febrifuge  [10][11][12]. The

scientific literature is replete with pharmacological

reports on Olea africana’s anthelmintic, antibacterial,

antihypertensive, and anti-diarrheal activities [10][11][13]
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[14]. Moreover, triterpenoids, coumarins, secoiridoid

glucosides, phenolic glucosides, and lignans are among

the phytochemical compounds found in Olea

africana [11][15][16][17][18]. Others include saponins,

alkaloids, tannins, flavonoids, anthraquinones, and

glycosides  [13]. However, studies on the safety of Olea

africana are scarce  [19]. As a result, the current study

investigated the toxicity of the ethanol extract of Olea

africana in two animal models: mice and brine shrimp.

2. Methods

2.1. Ethical statement

Written permission was sought from the institutional

ethics committee (University of Nairobi; (FVM

BAUEC/2019/199) before the study began.

2.2. Collection of the plant

Olea africana was collected in Samburu, Kenya, and

authenticated at the National Museums of Kenya

Herbarium. A voucher specimen was deposited.

2.3. Sample preparation and extraction

20 Kgs of air-dried Olea africana leaves were weighed,

transferred to a mechanical mill (Christy, Hunt

Engineering Ltd, Atlas Works, Earls Colne, Essex,

England), and pulverized into a fine powder. About 0.2

grams of this powder was weighed, and 1 liter of

ethanol (Loba Chemie, India) was added, shaken for 3

days, and filtered. The filtrate was rotary evaporated at

40oC, and the percentage yield was calculated [20].

2.4. Animals used in experiments

Brine shrimp eggs (Artemio® mix) were purchased

commercially and subsequently hatched. For the brine

shrimp cytotoxicity test, Artemia salina (brine shrimp)

larvae were used. Mice were obtained from the

University of Nairobi. They were fed commercial mice

pellets (Unga feeds) with free access to water. The mice

were housed in polypropylene cages and given time to

acclimatize to conditions in the laboratory. An alternate

light and dark cycle was maintained.

2.5. Brine shrimp cytotoxicity assay

Two hundred and fifty brine shrimp larvae were

transferred to 25 plastic tubes of 5 mL. Ten larvae were

transferred to each tube, with group 1 as the negative

control group, group 2 as the positive control group

(vincristine sulphate only), and groups 3, 4, and 5

containing 10 µg/mL, 100 µg/mL, and 100 µg/mL of the

extract [21]. Observations were made after 24 hours, and

the larvae that survived were used to calculate the LC50

of the extract using probit analysis [22].

2.6. Acute toxicity assay in mice

The methods of Muhammad et al  [23]  and Olaniyan et

al  [24]  were used with modifications. Briefly, 35 female

mice were fasted overnight, weighed, and randomly

assigned to one of seven groups as follows: Group I

animals received distilled water only; Group II animals

received 2000 mg/kg, Group III animals received 2048

mg/kg, Group IV animals received 2560 mg/kg, Group V

animals received 3200 mg/kg, Group VI animals

received 4000 mg/kg, and Group VII animals received

5000 mg/kg. All the animals were observed for 24

hours [23][24].

2.7. Sub-acute toxicity in mice

The method of Olaniyan et al  [24]  was used. Briefly, 28

female mice were randomly assigned to four

polypropylene cages (1, 2, 3, and 4), each housing four

mice. Cage 1 served as the control, and mice in this cage

were given distilled water orally once daily for 28 days.

Mice in cages 2, 3, and 4 were given 100 mg/kg (low),

300 mg/kg (intermediate), and 600 mg/kg (high) body-

weight doses of the extract once daily for 28 days  [24].

The mice were monitored for toxicity. All surviving

mice were fasted for 24 hours after the last treatment

was administered, and blood was collected via cardiac

puncture into appropriate heparinized or non-

heparinized bottles  [24]. The mice were anaesthetized

humanely with intraperitoneal ketamine injections

before the liver and kidneys were surgically removed,

cleaned with physiological buffer saline, and

weighed [24]. The mean organ-to-body weight ratio and

the percentage mean weight gain of treatment and

control group mice were calculated [24].

2.8. Hematological parameters

On the 29th day of the experiment, and following an

overnight fast, blood from the animals was collected in

heparinized bottles and used in the analysis of

hematological parameters such as hemoglobin (Hb),

hematocrit (HCT), red blood cell (RBC), MCV (mean

corpuscular volume), mean corpuscular hemoglobin

(MCH), and total white blood cells (WBCs) at the

hematology department of the Kenyatta National

Hospital.
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2.9. Biochemical parameters

On the 29th day of the experiment, and following an

overnight fast, blood from the animals was collected in

non-heparinized tubes and centrifuged at 3000 r/min

for 10 minutes to prepare serum. The levels of sodium,

alanine aminotransferase (ALT), direct bilirubin,

aspartate aminotransferase (AST), potassium, alkaline

phosphatase (ALP), total protein, albumin, gamma

glutaryl transferase (GGT), and total bilirubin (TB) in

control and treatment group mice were evaluated at the

Biochemistry department of the Kenyatta National

Hospital.

2.10. Histopathology

The liver and kidneys were harvested from the

sacrificed experimental mice and fixed in 10% buffered

formaldehyde in labeled bottles before being processed

for histological examination. The tissues were

embedded in paraffin wax, after which sectioning was

done to 5 um thickness. Staining of the sectioned

tissues was done with hematoxylin and eosin. The

stained tissues were mounted on glass slides and

examined under a standard light microscope [23].

2.11. Data analysis

Data from treatment and control groups were

summarized using mean ± SEM (standard error of the

mean) and analyzed using two-way Analysis of

Variance (ANOVA) and Dunnet’s post hoc test (p < 0.05)

on GraphPad Prism statistical software (USA) version

8.0.

3. Results

The toxicity of the extract in Artemia salina and mice is

summarized in (Table 1).
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Sample Artemia salina
a Mice b

Ethanol leaf extract of O. africana
2275.84

(702.97-7367.95)

4297.30

Table 1: Toxicity of Olea africana in Artemia salina and mice

a Presented as median lethal concentration in µg/mL, with

95% confidence intervals in parentheses
b Presented as median lethal dose in mg/kg

The toxicity of the extract in Artemia salina was 2275.84

(702.97-7367.95) µg/mL, while the toxicity of the extract

in mice was 4297.30 mg/kg. (Table 1).

A comparison of the mean weight gain (%) between

treatment and control group mice is shown in (Figure

1.)
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Figure 1. A comparison of the mean weight gain (%) of mice who

received graded doses of the ethanol extract of Olea africana and mice

who received distilled water only.

The mean weight gain (%) in animals given only

distilled water did not differ significantly from the

mean weight gain (%) in mice given 100 mg/kg

(p=0.0565), 300 mg/kg (p=0.0609), or 600 mg/kg

(p=0.5334) doses of the extract. (See Figure. 1). The mean

organ-to-body weight ratio in mice given the extract

over 28 days is summarized in (Figure 1).

Figure 2: The mean organ-to-body weight ratio of

mice given the ethanol leaf extract of Olea africana

over 28 days

The mean left kidney-to-body weight ratio of mice

given only distilled water was not significantly different

from the body weight ratio in mice given 100 mg/kg

(p>0.9999), 300 mg/kg (p=0.9997), or 600 mg/kg

(p=0.9969) dose of the extract. (Figure 2).

The mean right kidney-to-body weight ratio in mice

given distilled water only was not significantly different

from the body weight ratio in mice given 100 mg/kg

(p>0.9999), 300 mg/kg (p>0.9999), or 600 /kg (p=0.9952)

dose of the extract. (Figure 2).

The mean liver-to-body weight ratio in mice given

distilled water only was not significantly different from

the body weight ratio in mice given 100 mg/kg (p=5543),

300 mg/kg (p=0.7986), or 600 mg/kg (p=0.0961) dose of

the extract. (Figure 2). The effect of the ethanol extract

of Olea africana on biochemical parameters in mice over

a 28-day period is shown in Table 2.
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Treatment ALT

(U/L)

AST

(U/L)

ALP

(U/L)

GGT

(U/L)

Albumin

(g/dL)

Total

protein

(g/dL)

Direct

bilirubin

(g/dL)

Total bilirubin

(g/dL)

Sodium

(g/dL)

Potassium

(g/dL)

Control

45.25

(0.96)a

151.0

(9.06)a

45.50

(6.95)a

12.00

(2.16)a

35.25

(0.96)a

65.25

(0.96)b

24.16

(4.27)a

33.77

(5.61)b

148.50

(0.58)b

7.13

(0.17)b

100 mg/kg 75.00

(2.16)b

246.5

(1.29)c

61.00

(0.82)b

9.25

(0.96)a

34.50

(1.29)a

66.75

(1.71)b

24.68

(0.13)a

34.40

(0.18)b

0.00

(0.00)a

0.00

(0.00)a

300 mg/kg

67.25

(9.91)b

230.5

(19.02)c

41.25

(3.86)a

38.25

(18.41)b

35.77

(2.50)a

65.70

(1.78)b

25.52

(4.76)a

25.43

(1.71)a

145.50

(1.29)b

8.98

(0.28)c

600 mg/kg

55.25

(1.26)a

185.8

(2.22)b

59.50

(1.29)b

2.50

(1.73)a

35.05

(0.21)a

61.12

(0.51)a

61.50

(1.29)b

94.25

(2.50)c

36.25

(72.50)a

10.35

(0.24)d

Table 2. Effect of the ethanol extract of Olea africana on biochemical parameters in mice over a 28-day period

Values are expressed as mean ± standard deviation. Means

with different superscripts along the columns are

significantly different (p<0.05).

The mean ALT levels in mice given distilled water only

were significantly lower than those in mice given 100

mg/kg (p<0.0001) or 300 mg/kg (p=0.0007) dose of the

extract. (Table 2). There was no significant difference in

the mean ALT levels between mice that received only

distilled water and mice given 600 mg/kg of the extract

(p=0.1813). (Table 2).

The mean AST levels in mice given only distilled water

were significantly lower than the mean AST levels in

mice given 100 mg/kg (p<0.0001), 300 mg/kg

(p<0.0007) or 600 mg/kg (p<0.0001) dose of the extract.

(Table 2).

The mean albumin levels in mice who received distilled

water were not significantly different from the mean

albumin levels in mice treated with 100 mg/kg

(p=0.9190), 300 mg/kg (p=0.9694), or 600 mg/kg

(p=0.9982) dose of the extract. (Table 2).

The mean levels of total protein in mice given only

distilled water were not significantly different from the

mean levels of total protein in mice given 100 mg/kg

(p=0.6070) or 300 mg/kg (p=0.9802) of the extract.

(Table 2). However, the mean levels of total protein in

mice given 600 mg/kg of the extract were significantly

lower (p=0.0167) than the mean levels of total protein in

mice given distilled water (Table 2).

The mean levels of direct bilirubin in mice given

distilled water only were not significantly different

from the mean levels of direct bilirubin in mice given

100 mg/kg (p=0.2703), or 300 mg/kg (p=0.6726) dose of

the extract. (Table 2). The mean levels of direct bilirubin

in mice treated with 600 mg/kg of the extract were

significantly higher (p<0.0001) than the mean levels of

direct bilirubin in mice who were given distilled water.

(Table 2).

The mean total bilirubin levels in mice given only

distilled water were not significantly different from the

mean total bilirubin levels in mice treated with 100

mg/kg (p=0.9503) of the extract. (Table 2). However, the

mean levels of total bilirubin in mice given a 300 mg/kg

dose of the extract were significantly lower (p<0.0001)

than the mean levels of total bilirubin in mice given

distilled water only. (Table 2). Furthermore, the mean

total bilirubin levels in mice given a 600 mg/kg dose of

the extract were significantly higher (p<0.0001) than

the mean total bilirubin levels in mice given distilled

water. (Table 2).

The mean sodium levels in mice given 600 mg/kg of

the extract were significantly lower (p<0.0001) than the

mean sodium levels in mice given distilled water (Table

2). There was no significant difference (p=0.9968)

between the mean sodium levels in mice that received
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300 mg/kg of the extract and mice that received

distilled water. (Table 2). The mean sodium levels in

mice given 100 mg/kg of the extract were significantly

lower (p<0.0001) than the mean sodium level in mice

given distilled water only. (Table 2).

There was no significant difference (p=0.9604) between

the mean potassium levels in mice given 100 mg/kg of

the extract and the mean sodium levels in mice given

distilled water. (Table 2). There was no significant

difference (p=0.9992) between the mean potassium

levels in mice given 300 mg/kg of the extract and the

mean sodium levels in mice given distilled water. (Table

2). There was no significant difference (p=0.9960)

between the mean potassium levels in mice given 600

mg/kg of the extract and the mean sodium levels in

mice given distilled water. (Table 2).

The effect of the ethanol extract of Olea africana on

hematological parameters in mice over a 28-day period

is shown in Table 3.
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Treatment WBC

(109/L)

RBC

(1012/L)

MCV

(f/L)

MCH

(pg)

HCT

(%)

Hemoglobin

(g/dL)

MCHC

(g/dL)

Control

2.66

(0.96)a

9.74

(0.36)a

52.55

(1.65)a

15.10

(0.42)a

50.65

(3.09)a

14.78

(0.66)a

28.57

(0.36)a

100 mg/kg

5.60

(2.16)b

10.42

(0.74)a

52.10

(0.79)a

15.00

(0.29)a

55.95

(2.79)b

16.13

(0.80)b

27.95

(1.10)a

300 mg/kg

4.51

(9.91)b

9.56

(0.52)a

53.58

(0.85)ab

15.28

(0.13)ab

53.20

(0.48)ab

15.25

(0.13)ab

28.52

(0.44)a

600 mg/kg

4.65

(1.26)b

9.53

(0.20)a

55.88

(1.08)b

15.90

(0.46)b

54.42

(0.71)ab

15.30

(0.25)ab

28.38

(0.22)a

Table 3. Effect of the ethanol extract of Olea africana on hematological parameters in mice over a 28-day period

Values are presented as mean ± standard deviation (in

parenthesis). Means with different superscripts along the

columns are significantly different from each other

(p<0.05).

The mean white blood cell levels in mice given distilled

water were significantly lower than those in mice given

100 mg/kg (p=0.0016), 300 mg/kg (p=0.0326), or 600

mg/kg (p=0.0220) dose of the extract (Table 3).

There was no significant difference (p=0.1780) between

the mean red blood cell levels in mice that received 100

mg/kg of the extract and the mean red blood cell levels

in mice that received distilled water only. (Table 3).

There was no significant difference (p=0.9114) between

the mean red blood cell levels in mice that received 300

mg/kg of the extract and the mean red blood cell levels

in mice that received distilled water only. (Table 3).

There was no significant difference (p=0.8749) between

the mean red blood cell levels in mice that received 600

mg/kg of the extract and the mean red blood cell levels

in mice that received distilled water only. (Table 3).

There was no significant difference (p=0.9026) between

the mean corpuscular volume levels in mice given 100

mg/kg of the extract and the mean corpuscular volume

levels in mice given distilled water only. (Table 3). There

was no significant difference (p=0.4677) between the

mean corpuscular volume levels in mice given 300

mg/kg of the extract and the mean corpuscular volume

levels in mice given distilled water only. (Table 3). The

mean corpuscular volume levels in mice given 600

mg/kg of the extract were significantly higher

(p=0.0039) than the mean corpuscular volume levels in

mice given distilled water. (Table 3).

There was no significant difference (p=0.9565) in the

mean corpuscular hemoglobin levels in mice given 100

mg/kg of the extract and mice given distilled water

(Table 3). There was no significant difference (p=0.8213)

in the mean corpuscular hemoglobin levels in mice

given 300 mg/kg of the extract and mice given distilled

water (Table 3). The mean corpuscular hemoglobin

levels in mice given 600 mg/kg of the extract were

significantly higher (p=0.0185) than the mean

corpuscular hemoglobin levels in mice given distilled

water only (Table 3).

The mean hematocrit levels in mice given 100 mg/kg of

the extract were significantly higher (p=0.0109) than the

mean hematocrit levels in mice given distilled water

only. There was no significant difference (p=0.2591)

between the mean hematocrit levels in mice given 300

mg/kg of the extract and the mean hematocrit levels in

mice given distilled water only (Table 3). There was no

significant difference (p=0.0675) between the mean

hematocrit levels in mice given 600 mg/kg dose of the

extract and the mean hematocrit levels in mice given

distilled water only (Table 3).

There was no significant difference (p=0.6749) between

the mean hemoglobin levels in mice treated with 100

mg/kg and the mean hemoglobin levels in mice treated
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with distilled water only (Table 3). There was no

significant difference (p=0.9769) between the mean

hemoglobin levels in mice treated with 300 mg/kg and

the mean hemoglobin levels in mice treated with

distilled water only (Table 3). There was no significant

difference (p=0.9694) between the mean hemoglobin

levels in mice treated with 600 mg/kg and the mean

hemoglobin levels in mice treated with distilled water

only (Table 3).

There was no significant difference (p=0.9503) between

the mean corpuscular hemoglobin concentration levels

in mice treated with 100 mg/kg and the mean

corpuscular hemoglobin concentration levels in mice

treated with distilled water only (Table 3). There was no

significant difference (p>0.9999) between the mean

corpuscular hemoglobin concentration levels in mice

treated with 300 mg/kg and the mean corpuscular

hemoglobin concentration levels in mice treated with

distilled water only (Table 3). There was no significant

difference (p=0.9982) between the mean corpuscular

hemoglobin concentration levels in mice treated with

600 mg/kg and the mean corpuscular hemoglobin

concentration levels in mice treated with distilled water

only (Table 3).

The liver sections of mice who received distilled water,

100 mg/kg, 300 mg/kg, and 600 mg/kg of the ethanol

extract of Olea africana are presented in Figure 3 below.
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Figure 3. Photomicrograph (X10) of liver sections of mice treated with distilled

water (a), 100 mg/kg (b), 300 mg/kg (c), and 600 mg/kg (d) of the ethanol extract

of Olea africana over 28 days. NP: Normal parenchyma; PV: Portal vein; F: Fibrosis;

D: Degeneration of hepatocytes; C: Congestion

The liver sections of mice in the control group (distilled

water group) presented normal histological formations

of the parenchyma and hepatic veins, as illustrated in

Figure 3a. There was fibrosis around the hepatic artery

and degeneration of hepatocytes in the liver of mice

treated with 100 mg/kg of the ethanol extract of Olea

africana (Figure 3b). The liver sections of mice given

300 mg/kg of the ethanol extract of Olea africana for 28

days generally presented with degeneration of

hepatocytes in tissues surrounding the blood vessels

(Figure 3c). The liver sections of mice given 600 mg/kg

of ethanol extract of Olea africana for 28 days generally

presented with congestion and mild fibrosis around the

portal vein and portal artery (Figure 3d).

The kidney sections of mice who received distilled

water (a), 100 mg/kg (b), 300 mg/kg (c), and 600 mg/kg

(d) of the ethanol extract of Olea africana are presented

in Figure 4 below.
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Figure 4: Photomicrograph (X40) of kidney sections of mice treated with distilled water (a),

100 mg/kg (b), 300 mg/kg (c), and 600 mg/kg (d) of Olea africana over 28 days. T: Tubules; G:

Glomerulus; M: Medulla; F: Fibrosis; P: Perivascular infiltration: GD: Glomerular

degeneration; TD: Tubular degeneration CI: Cell infiltration; H: Hemorrhage.

The kidney sections of mice in the control group

(distilled water only) generally presented normal

formations of the glomeruli, tubules, and medulla as

illustrated in Figure 3a. The kidney sections of mice

given 100 mg/kg of ethanol extract of Olea africana for

28 days generally presented with perivascular

infiltration and fibrosis (Figure 3b). The kidney sections

of mice given 300 mg/kg of the ethanol extract of Olea

africana for 28 days generally presented normal

formations of the cortex for most parts with mild

glomerular degeneration (the glomeruli are smaller and

spaces around them are larger), mild tubular

degeneration (no clear delineation of the tubules), as

illustrated in Figure 3c. The kidney sections of mice

given 600 mg/kg of the ethanol extract of Olea africana

for 28 days generally presented cell infiltration, fibrosis,

and hemorrhage (Figure 3d).

Discussion

Acute toxicity using small animal models is a

preliminary step in establishing the safety profile of

medicinal plant extracts  [25]. The current study used

brine shrimp (Artemia salina) and mice to determine the

acute toxicity of the ethanol leaf extract of Olea africana.

The LC50 of the extract in brine shrimp was 2275.84

µg/mL (702.97 µg/mL to 7367.95 µg/mL) after 24 hours.

A previous study on the aqueous extract of Olea africana

in Artemia salina revealed an LC50 of 1269 µg/mL (1016

µg/mL to 1586 µg/mL) [19]. Meyer and Clarkson’s criteria
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suggest that this extract may be considered non-

toxic  [21][26]. This study reported an LD50 (oral) of

4297.30 mg/kg for the ethanol leaf extract of Olea

africana. A previous study by Amabeoku and

Bamuamba reported an LD50 of 3475 mg/kg for the

methanol extract of Olea africana  [14]. Considering the

recommendations of the Globally Harmonized System

of Classification and Labeling of Chemicals, the ethanol

leaf extract of Olea africana may be classified as non-

toxic as far as the acute toxicity protocol in mice is

concerned [27]. Because no toxicity was observed during

the acute toxicity study, a repeat dose experimental

design (28 days) was used to assess the subacute

toxicity of the extract. The effect of dose on animal

organs and the identification of adverse effects can be

evaluated using indicators such as body weight

changes, organ-to-body weight ratios, and

hematological, biochemical, and histopathological

parameters [28][29][30].

There was no significant difference between the mean

weight gain of control and treatment group animals,

suggesting that the extract does not alter metabolism

in mice. Previous research has shown that the mean

organ-to-body weight ratio in experimental animals is

a good predictor of toxicity  [29][31]. No significant

differences were observed in the mean organ body

weight ratios of control and treatment group mice in

this study.

Blood provides nutrition, oxygen, and is a conduit for

waste removal. As a result, it is constantly exposed to

foreign substances, which may have negative

consequences  [32]. Blood analysis can be used to

determine the status of health in wildlife and in

humans  [32]. The studied extract induced a non-

significant effect on mean RBC, Hb, and MCHC levels in

the current study, indicating that the extract has no

deleterious impact on the osmotic fragility of cells,

erythropoiesis, or cell morphology  [33]. White blood

cells (WBC) elicit an immune response in response to

foreign agents in the body [29]. WBC levels in treatment

group animals were significantly higher than in control

animals, implying that the ethanol leaf extract of Olea

africana may pose an immune challenge in treatment

animals. The significantly higher mean corpuscular

volume in mice given the highest extract dose suggests

that such a treatment may induce an increase in red

blood cell size. MCH reflects MCV, i.e., the amount of

hemoglobin in an RBC depends on the size of the RBC.

Serum electrolytes (e.g., sodium and potassium) are

important indicators of kidney function [34]. Sodium is

a major cation of extracellular fluid and plays an

important role in the normal distribution of water and

osmotic pressure in the different fluid

compartments  [34]. The mean sodium levels in mice

given the low and high doses of the extract were

significantly lower than the mean sodium levels in

control mice. Insufficient sodium may cause cellular

malfunction and death [34]. However, it is not clear why

this effect was not dose-dependent.

Albumin, total protein, and bilirubin (direct and total)

are good indicators of liver function [34]. The mean total

protein, direct, and total bilirubin levels in animals

given the high dose of the extract were significantly

higher than in control animals. The primary indicators

of cholestatic liver injury include albumin, bilirubin,

and total protein [35]. It could thus be argued that high

doses of the extract are associated with cholestatic liver

injury. There were significant elevations in the mean

ALT, AST, ALP, and GGT levels in mice who received the

extract relative to control group animals, suggesting

that the sub-acute administration of the extract may

have untoward effects on the liver of mice. This was

confirmed by histopathology, where significant liver

and kidney damage was observed.

Conclusions

In light of these findings, prolonged administration of

the ethanol leaf extract of Olea africana is associated

with significant toxic concern. As a result, the extract

should be used with caution.

Data availability

The data used to support the findings of this study are

available from the corresponding author upon request.

Conflicts of interest

The authors declare that they have no competing

interests regarding the publication of this paper.

Funding Statement

This work did not receive any funding.

Acknowledgements

The authors wish to acknowledge the traditional herbal

practitioners in Samburu County who assisted in

sample collection. Special gratitude is extended to the

technicians at the Department of Public Health,

qeios.com doi.org/10.32388/TBU0MX.2 12

https://www.qeios.com/
https://doi.org/10.32388/TBU0MX.2


Pharmacology and Toxicology Laboratory at the

University of Nairobi.

References

1. ^F. Firenzuoli and L. Gori, “Herbal medicine today: clin

ical and research issues,” Evidence-based complement

ary and alternative medicine, vol. 4, no. S1, pp. 37–40,

2007.

2. ^E. Ernst, “The efficacy of herbal medicine–an overvi

ew,” Fundamental & clinical pharmacology, vol. 19, no.

4, pp. 405–409, 2005.

3. ^S. K. Pal and Y. Shukla, “Herbal medicine: current stat

us and the future,” Asian pacific journal of cancer prev

ention, vol. 4, no. 4, pp. 281–288, 2003.

4. ^J. W. Little, “Complementary and alternative medicin

e: impact on dentistry,” Oral Surgery, Oral Medicine, Or

al Pathology, Oral Radiology, and Endodontology, vol.

98, no. 2, pp. 137–145, 2004.

5. ^F. Qi, A. Li, Y. Inagaki, et al., “Chinese herbal medicine

s as adjuvant treatment during chemo- or radio-thera

py for cancer.,” Bioscience trends, vol. 4, no. 6, 2010.

6. ^L. O. Bruno, R. S. Simoes, M. de Jesus Simoes, M. J. B.

C. Girão, and O. Grundmann, “Pregnancy and herbal

medicines: an unnecessary risk for women’s health—a

narrative review,” Phytotherapy Research, vol. 32, no.

5, pp. 796–810, 2018.

7. ^R. Nyeko, N. M. Tumwesigye, and A. A. Halage, “Prev

alence and factors associated with use of herbal medic

ines during pregnancy among women attending post

natal clinics in Gulu district, Northern Uganda,” BMC p

regnancy and childbirth, vol. 16, no. 1, pp. 1–12, 2016.

8. ^T. O. Fakeye, R. Adisa, and I. E. Musa, “Attitude and us

e of herbal medicines among pregnant women in Nige

ria,” BMC Complementary and alternative medicine, v

ol. 9, no. 1, pp. 1–7, 2009.

9. ^“Olea africana - Trees SA.” [Online]. Available: http

s://www.trees-sa.co.za/tree/olea-africana/. [Accessed:

17-Aug-2022].

10. a, bP. Masoko and D. M. Makgapeetja, “Antibacterial, a

ntifungal and antioxidant activity of Olea africana ag

ainst pathogenic yeast and nosocomial pathogens,” B

MC Complementary and Alternative Medicine, vol. 15,

no. 1, pp. 1–9, Nov. 2015.

11. a, b, cL. I. Somova, F. O. Shode, P. Ramnanan, and A. Na

dar, “Antihypertensive, antiatherosclerotic and antioxi

dant activity of triterpenoids isolated from Olea europ

aea, subspecies africana leaves,” Journal of ethnophar

macology, vol. 84, no. 2–3, pp. 299–305, 2003.

12. ^Ç. Altinyay, A. Güvenç, and M. L. Altun, “Antioxidant

Activities Of Oleuropein and The Aqueous Extracts Of

Olea Europaea L. Varieties growing in Turkey,” Turk J.

Pharm. Sci, vol. 8, no. 1, pp. 23–30, 2011.

13. a, bK. O. Orengo, J. M. Mbaria, M. Ndichu, K. Jafred, and

M. O. Okumu, “Preliminary Phytochemical Compositi

on and In Vitro Anthelmintic Activity of Aqueous and

Ethanol Extracts of Olea africana against Mixed Gastr

ointestinal Worms in Dogs,” Evidence-Based Complem

entary and Alternative Medicine, vol. 2022, pp. 1–8, Au

g. 2022.

14. a, bG. J. Amabeoku and K. Bamuamba, “Evaluation of t

he effects of Olea europaea L. subsp. africana (Mill.) P.

S. Green (Oleaceae) leaf methanol extract against cast

or oil-induced diarrhoea in mice,” Journal of Pharmac

y and Pharmacology, vol. 62, no. 3, pp. 368–373, Mar. 2

010.

15. ^H. Tsukamoto, S. Hisada, and S. Nishibe, “Lignans fro

m bark of the Olea plants. I,” Chemical and Pharmace

utical Bulletin, vol. 32, no. 7, pp. 2730–2735, 1984.

16. ^H. Tsukamoto, S. Hisada, and S. Nishibe, “Coumarin a

nd secoiridoid glucosides from bark of Olea africana a

nd Olea capensis,” Chemical and pharmaceutical bulle

tin, vol. 33, no. 1, pp. 396–399, 1985.

17. ^H. Tsukamoto, S. Hisada, S. Nishibe, and D. G. Roux,

“Phenolic glucosides from Olea europaea subs. african

a,” Phytochemistry, vol. 23, no. 12, pp. 2839–2841, 1984.

18. ^H. Tsukamoto, S. Hisada, S. Nishibe, D. G. Roux, and J.

P. Rourke, “Coumarins from Olea africana and Olea ca

pensis,” Phytochemistry, vol. 23, no. 3, pp. 699–700, 198

4.

19. a, b“reperfusion injury ? by Asanda Maliza Thesis sub

mitted in partial fulfillment of the requirements for th

e degree of Masters of Science in the Department of M

edical Biosciences, University of the Western Cape. Sup

ervisor : Prof. Daneel Dietrich Co-super,” November 20

09.

20. ^P. S. Were, W. Waudo, H. S. Ozwara, and H. L. Kutima,

“Phytochemical analysis of warburgia ugandensis spr

ague using fourier transform infra-red (FT-IR) spectro

scopy,” International Journal of Pharmacognosy and P

hytochemical Research, vol. 7, no. 2, pp. 201–205, 2015.

21. a, bB. N. Meyer, N. R. Ferrigni, J. E. Putnam, et al., “Brine

shrimp: a convenient general bioassay for active plant

constituents,” Planta medica, vol. 45, no. 05, pp. 31–34,

1982.

22. ^J. H. Gaddum, “Probit Analysis,” Nature, vol. 161, no. 4

090, pp. 417–418, 1948.

23. a, b, cS. Muhammad, L. G. Hassan, S. M. Dangoggo, et a

l., “Acute and subchronic toxicity studies of kernel extr

act of Sclerocarya birrea in rats,” Science World Journa

l, vol. 6, no. 3, pp. 11–14, 2011.

qeios.com doi.org/10.32388/TBU0MX.2 13

https://www.qeios.com/
https://doi.org/10.32388/TBU0MX.2


24. a, b, c, d, e, f, gJ. M. Olaniyan, H. L. Muhammad, H. A. Ma

kun, M. B. Busari, and A. S. Abdullah, “Acute and sub-a

cute toxicity studies of aqueous and methanol extracts

of Nelsonia campestris in rats,” Journal of Acute Diseas

e, vol. 5, no. 1, pp. 62–70, 2016.

25. ^K. H. Denny and C. W. Stewart, “Acute, Subacute, Subc

hronic, and Chronic General Toxicity Testing for Precli

nical Drug Development,” in A Comprehensive Guide t

o Toxicology in Nonclinical Drug Development, Elsevi

er, 2017, pp. 109–127.

26. ^C. Clarkson, V. J. Maharaj, N. R. Crouch, et al., “In vitro

antiplasmodial activity of medicinal plants native to o

r naturalised in South Africa,” Journal of ethnopharma

cology, vol. 92, no. 2–3, pp. 177–191, 2004.

27. ^M. Miyagawa, Globally harmonized system of classif

ication and labelling of chemicals (GHS) and its imple

mentation in Japan, vol. 65, no. 1. 2010.

28. ^J. El Hilaly, Z. H. Israili, and B. Lyoussi, “Acute and chr

onic toxicological studies of Ajuga iva in experimental

animals,” Journal of ethnopharmacology, vol. 91, no. 1,

pp. 43–50, 2004.

29. a, b, cM. Porwal, N. A. Khan, and K. K. Maheshwari, “Ev

aluation of acute and subacute oral toxicity induced b

y ethanolic extract of marsdenia tenacissima leaves in

experimental rats,” Scientia Pharmaceutica, vol. 85, n

o. 3, 2017.

30. ^K. K. Githua, T. E. Maitho, J. M. Nguta, and M. O. Oku

mu, “Studies on the ethnopharmacology, antimicrobia

l activity, and toxicity of Catha edulis (Vahl.) Endl., in S

prague Dawley rats,” F1000Research, vol. 11, p. 286, M

ar. 2022.

31. ^W. M. Kluwe, “Renal function tests as indicators of ki

dney injury in subacute toxicity studies,” Toxicology a

nd Applied Pharmacology, vol. 57, no. 3, pp. 414–424, 1

981.

32. a, bC. O. Okonkwo, O. C. Ohaeri, and I. J. Atangwho, “Ha

ematological changes in rats exposed to insecticidal oi

ls from the leaves of Cassia occidentalis and Euphorbi

a milii,” Heliyon, vol. 5, no. 5, p. e01746, 2019.

33. ^O. O. Odeyemi, M. T. Yakubu, P. J. Masika, and A. J. Afo

layan, “Toxicological evaluation of the essential oil fro

m Mentha longifolia L. subsp. capensis leaves in rats,”

Journal of medicinal food, vol. 12, no. 3, pp. 669–674, 2

009.

34. a, b, c, dC. Imo, K. A. Arowora, C. S. Ezeonu, et al., “Effect

s of ethanolic extracts of leaf, seed and fruit of Datura

metel L. on kidney function of male albino rats,” Journ

al of Traditional and Complementary Medicine, vol. 9,

no. 4, pp. 271–277, Oct. 2019.

35. ^G. S. Achliya, S. G. Wadodkar, and A. K. Dorle, “Evalua

tion of hepatoprotective effect of Amalkadi ghrita aga

inst carbon tetrachloride induced hepatic damage in r

ats,” JEthnopharmacol, vol. 90, 2004.

Declarations

Funding: No specific funding was received for this work.

Potential competing interests: No potential competing interests to declare.

qeios.com doi.org/10.32388/TBU0MX.2 14

https://www.qeios.com/
https://doi.org/10.32388/TBU0MX.2

