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Cardioprotective and anti-atherosclerotic effects of
Rhamnus prinoides extracts in animal models

Stephen Ngigi Mburu, Mathew Piero Ngugi, John K. Mwonjoria

ABSTRACT

Rhamnus prinoides (R. prinoides) are small trees or shrubs which are rigid and branched. Its barks and
roots are used for treatment of various ailments and diverse diseases. It is commonly distributed in rift
valley and central provinces of Kenya. A little is known about its safety and antihyperlipidemic effects in
management of atherosclerosis. 10% DMSO and normal saline was used to reconstitute the R. prinoides
extracts because of its stability and reliable solvent for extraction in organic and inorganic application.
Mature Albino Wistar rats three months old were fed with HCHF diet (10% egg York (5.6g9/bw),10%
lard (5.6g9/bw),0.2% cholic acid (0.112g/bw) and 0.59% propylthiouracil (0.28g/bw), for 28 days. Onset
of 28th day, the rats were euthanized and bioassays done. Both body weights and organ weights were
recorded. For cardiotonic studies, 5 New Zealand male rabbits were used. They were injected with 1000
units of heparin to avoid clot formation. Chest was opened through cardiac thoracotomy and heart placed
in a dish containing Tyrode solution. Langerdorff method was used using a kymograph in the study of
ionotropic and chronotropic effects. In toxicity studies, male mice of age 6-7 weeks were given oral
doses of plant extract inclusive of the control for 28 days of the experiment. On 29" day of the
experiment, animals were sacrificed through cardiac puncture and the blood sample collected was used
for hematological and biochemical assays. Mice were ruminated with rodent pellets and water without
cease. OECD 407 precepts were followed when conducting toxicity studies. One way ANOVA was used
in data analysis. This was followed by Tukey as post hoc and statistical significance at p<0.05. Extracts
of R. prinoides showed presence of saponins, alkaloids, glycosides, terpenoids, steroids and phenolics. R.
prinoides plant extracts exhibited positive ionotropic and negative chronotropic effects. Significance
reduction on low density lipoproteins and total cholesterol was exhibited by R. prinoides plant extracts,
following a high cholesterol high fat diet.

Keywords: Atherosclerosis, Hyperlipidemia, Rhamnus prinoides, LDL:HDL ratio, Cardiovascular,
Coronary vascular disease.

INTRODUCTION

Plant extracts have been used in treatment and management of various ailments from time immemorial.
One of the most used plants for treatment of these ailments is Rhamnus prinoides. Belongs to the family
Rhamnacea, also called Orkonyil/ Olkokola in Maasai and Ngukura in Kikuyu. It is a small tree or
shrubs which are rigid and branched growing to five meters in height [, It is used as a traditional
remedy for body aches [ inflammation of the ear, abdominal pains, angina, toothaches and
dysmenorrhea. The plant is widely distributed in East, central and South African countries being native
to Kenya Bl In Kenya the plant is majorly distributed in Rift valley and Central provinces of Kenya [,
The decoction of the roots is mixed with milk or even taken orally and have been active against
pneumonia, stomachache, back pains, gonorrhea, and malnutrition 1. R. prinoides have effects on anti-
inflammatory, anti-oxidant wound healing, blood purifier, treatment of waterborne diseases, sexually
transmitted diseases and malaria 2. In Kenya the barks of R. prinoides is consumed as a folk medicine in
the management of sexually transmitted infections and backaches M. R. prinoides contains
phytochemicals such as anthraquinones, saponins, steroids, tannins, terpenoids, and flavonoids 2. Study
shows potential antioxidant and anti-inflammatory activities on R. prinoides [¥. The anti-microbial
activity of R. prinoides against E. coli and Staphylococcus spp has also been reported. This study aimed
at evaluating the cardioprotective and anti-atherosclerotic effects of R. prinoides extracts and their
safety.

MATERIAL AND METHOD
Collection and preparation of plant materials
The roots of Rhamnus prinoides barks was collected in Olendeem Narok County. They were cleaned,

chopped, and dried away from direct exposure of sunlight. This was done in biochemistry laboratory
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of Kenyatta University for three weeks. They were then ground into
powder using an electric grinding mill. A qualified taxonomist
identified them and a voucher specimen number (SM2022/01TB) was
allocated from the University of Nairobi Herbarium.

Plant extracts preparations

Standard weighing scale (Scout pro SPU 402 Echas Scientific) was
used to weigh about 100g of the powdered plants. They were soaked
in absolute methanol repeatedly for 72 hours. Immediately after
adding the solvent agitation was done for about eight seconds this
increased extraction efficiency by breaking the plant’s cell wall thus
resulting to enhanced release of the soluble phytochemicals. They
were later decanted.

After overnight incubation, the supernatant was filtered using
Whatman No 1 filtering paper. The filtered substance was then
concentrated using a Rotor evaporator at reduced pressure to obtain
the extracts. The final product was a solid mass devoid of the solvent
used. The dried mass was then stored at room temperature in airtight
bottles which were later used for desired pharmaceutical formulations
and also phytochemical testing. Dimethylsulfoxide (DMSO) and
normal saline in the ratio mixture of 1:10 was used to reconstitute the
dried extracts.

Experimental animals

Five male White New Zealand Rabbits aged 4-5 months old weighing
about 1000g, were used for cardiotropic studies. Male and female
Swiss Albino mice aged 7-8 weeks weighing about 18-25g and
equally distributed were used for toxicity studies. Male and female
Wistar rats age 8-10 weeks weighing 40-60g were used for
hyperlipidemic studies. They were placed in cages in the animal house
at room temperature and allowed to acclimatized for seven days, prior
to commencement of the experiment. Food and tap water were
provided ad lipitum.

The experiment was conducted per the guidelines for laboratory
animal use and care [/ the research permit was granted by the
Kenyatta  University Animal Care and Use Committee
(KU/ACUC/CON /014) and the National Commission for Science and
Technology (NACOSTI) Research License No 411801.

Standard Drugs and chemicals

The following drugs and chemicals were used on the course of the
study: petroleum ether analytical grade, methanol analytical grade,
normal saline, formalin, from Sigma Aldrich chemicals. Other
standard drugs and chemicals used were; avastatin, Dimethyl
sulfoxide analytical grade, Tyrode solution, distilled water adrenaline,
acetylcholine, atropine, and propylthiouracil.

Bioassays
Cardiotonic assays

Five male rabbits aged 4-5 months weighing 1000g were used. The
assay was conducted using Langendorff method [ as follows. The
animal was sacrificed and immediately the chest opened up through
cardiac thoractomy. The heart together with the aorta harvested just
below the aortic bifurcation. It was then transferred to warm aerated
Tyrode solution and maintained at 37 °C. The heart was then mounted
on the organ bath containing Tyrode connected to a kymograph with a
rotating drum and recorder. The doses administered were plant
extract, acetylcholine and adrenaline at doses of 25, 50 and 100mg/kg.
The contraction of the heart was recorded on the kymograph mounted
on the rotating drum. The heights of the tracings (amplitude) were
then quantified as the force of contraction of the isolated heart
(ionotropic effect) while the frequency represented the heart rate
(chronotropic effect).

Lipidemic assay

Lipidemic assays were done using methods by [ as follows; Male and
female Wistar rats aged 8-10 weeks weighing 50-60g were used for
the hyperlipidemic studies. They were fed with a high cholesterol high
fat diet. The high cholesterol high fat diet consisted of 10% egg York
(5.6g/bw), 10% lard (5.6g/bw), 0.2% cholic acid (0.112g/bw) and
0.59% propylthiouracil (0.28g/bw). They were grouped in five groups
(n=5). Each group received 25, 50 and 100mg of Rhamnus prinoides
extract. The fourth group got 40mg/kg of avastatin which was the
standard drug and the fifth received the vehicle (distilled water) orally
daily for 28 days. Oral gavage was used to administer the drugs daily.
Throughout the period of drug administration, animals were
monitored for any behavior changes which could arise due to toxicity
such as vomiting, diarrhea, ataxia or even death. Body weights were
recorded weekly. On 28t day, the animals were euthanized by cotton
applied with chloroform and blood sample collected through a cardiac
puncture. Body weights were recorded before euthanasia. Vital organ
weights of the liver, kidney, spleen, lungs, heart and brain were also
recorded.

Toxicity assay

Sub-acute toxicity study involved male and female albino mice’s age
between 6-7 weeks with average body weight of 18-25gms. They
were acclimatized in the cages at room temperature for one week
before the study commenced. Standard commercial rodent pellets
were provided ad libitum. After one week of acclimatization, animals
were sorted into groups; 1, 2, 3 that received 100, 17, and 300 mg of
R. prinoides extracts respectively. Group 4 was the baseline received
distilled water. The determination of the doses levels was done. At the
end of the experiments the animals underwent euthanasia in ajar using
chloroform soaked in cotton wool and the total blood was collected
through the cardiac puncture and immediately placed in vacutainer
tubes containing EDTA (Ethylene Diamine Tetra Acetic Acid)
anticoagulant and serum separator tubes (SST) tubes for biochemical
analysis. The complete blood count was done using a Sysmex XP 300
Hematology analyzer machine while the biochemical test was done
using Cobas 111 analyzer. Quality control and calibration of the
analyzer was done prior to testing.

Phytochemical screening

Qualitative Phytochemical screening was carried out by methods
described by [0,

Statistical analyses

The data was expressed as means and standard error of the means and
analyzed using one-way ANOVA and Tukey's post hoc test. The
significance level was set at a value of p < 0.05.

RESULT

This study was conducted to evaluate effect of R. prinoides extract on
cardioprotective and antihyperlipidemic as well as toxicity effects on
repeated doses. At concentrations of 25, 50 and 100 mg/ml, R.
prinoides extracts resulted in alterations in heart rate of isolated
rabbit’s heart (chronotropic). The extract at the three concentrations,
including acetylcholine caused a significant decline in the heart rate
from minute 0 to the 5™ minute of the experiment (p<0.5), Table 1.
The effect of R. prinoides extract at the three concentrations on the
heart rate was not significantly different in the 0, 1%, 2" and 3"
minutes of the experiment (p>0.05). However, the heart rate at the
three concentrations was significantly different (p<0.05) in the 4™ and
50 minutes of the experiment. The effect of adrenaline remained
steadily significantly increased in heart from the 1%t minute of the
experiment.
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The effect of extract of R. prinoides at the concentration of 25, 50 and
100mg/ml revealed a significant increase in height of force of
contraction of isolated hearts (ionotropic) Table 2. Therapy with the
extract at the three concentrations, as well as adrenaline resulted in a
significant increase in the height of force of contraction (p<0.05) from
minute zero to the fifth minute of the experiment. The therapeutic
effect of R. prinoides extract at the concentrations of 25, 50 and
100mg/ml on the height of force of contraction never differed
significantly in the 1% minute (p>0.05) of the experiment. However,
the effect of the extract at the three concentrations was significantly
different in the 29, 3™, 4™ and 5™ minutes (p<0.05) of the experiment.
Table 2.

The total percentage change in height of force of contraction of the
heart perfused with adrenaline was significantly higher than those
(p<0.05) in the other treatment groups. Figure 1. The effect of
acetylcholine noted a significantly lower total percentage change in
height of force of contraction compared to those seen (p<0.05) in the
other treatment groups. The total percentage change in height of force
of contraction in the heart isolated from normal control rabbits was
significantly lower than those reported (p<0.05) in extract-treated and
adrenaline-treated isolated rabbits’ heart. Figure 1.
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Figure 1: Effect of extracts of Rhamnus prinoides on total percentage change
in height of force of contraction of rabbit’s isolated heart

An HFD-induced hyperlipidemia, rats that were administered with
Rhamnus prinoides extract doses of 25, 50, and100 mg/kg bw and
revealed alterations in body weights throughout the experiment. Table
3. The negative control rats had significantly higher body weights
compared to those (p<0.05) of the other treatment groups throughout
the experiment. Treatment with the extract, as well as avastatin
reduced the body weights of rats close to those of the normal control
rats. The body weights of the rats declined in a dose-dependent
manner after therapy with the extract. Table 3.

Therapy with methanol extract of R. prinoides doses of 25, 50 and
100mg/kg bw resulted in changes in levels of HDL, TC, TGs and
LDL on HFD-induced hyperlipidemia in rats. Table 4. The effects of
the extract at the three tested dosages, as well as the reference drug,
avastatin increased the HDL levels and lowered the levels of TC, TGs
and LDL close to those of normal control rats.

The mice that were administered with methanol extract at the doses of
100, 174 and 300mg/kg bw showed no significant variations (p>0.05)
in the levels of total WBC, RBCs, HGB, HCT, MCV, RDW, PLT,
MPV, PDW and PCT. There were also no significant variations in
levels of liver and kidney parameters. The levels of these parameters
statistically matched with those observed (p>0.05) in the normal
control mice (Table 5, Table 6, and Table 7).

The qualitative phytochemical analysis of R. prinoides noted the
presence of saponins, alkaloids, terpenoids, cardiac glycosides,
steroids, and phenolics Table 8.

Table 1: Chronotropic effects of Rhamnus prinoides extracts on isolated rabbit’s heart

Heart rate (percentage change in heart rate)

Treatment group 0 min 1 2nd 3 4th 5th
Baseline 210.00+2.89**  210.00+2.89"* 208.33+1.67°"  208.33+1.67°"  210.00+2.89°* 211.67+1.67°A
(0.00£0.00)  (0.000.00°) (0.00£0.00°)  (0.00+0.00) (0.000.00°) (0.00+0.00")
Acetylcholine 210.00+2.89°A  178.33+1.67%® 161.67+1.67° 141.67+1.67%° 131.67+1.67° 121.67+1.67°F
(0.00£0.00)  (-15.79£0.79%  (-22.40:0.80%)  (-32.00£0.80%)  (-37.3020.79Y  (-42.52+0.787%)
Adrenaline 211.67+1.67®®  230.00+2.89% 245.00+2.89%® 250.00£2.89%  260.00+2.89°%A 260.00+2.89%A
(0.00£0.00)  (9.52+1.37%) (17.60+1.39%  (20.00+1.39%)  (23.81%1.37%)  (22.83%1.36%)
25mg/ml 210.00+2.89°A  190.33+2.67°8 180.00+2.89°¢ 165.00+2.89°P 156.67+1.67°P 155.00+2.89P
(0.00£0.00)  (-7.940.79°) (-13.60+1.39°)  (-20.80+1.399)  (-25.40£0.79%)  (-26.77+1.36°)
50mg/mi 211.67+1.67*A  186.67+1.67°® 175.00+2.89°¢ 163.33+1.67°P 150.00+2.89%€ 146.67+1.67°F
(0.00£0.00)  (-11.11+0.799  (-16.00£1.39%)  (-21.60£0.80°)  (-28.57+1.37%)  (-30.71x0.79%)
100mg/ml 211.67+1.67*4  185.00+2.89%® 171.67+1.67%C  155.00+2.89° 141.67+1.67%F 141.67+1.67%
(0.00£0.00)  (-11.90+1.37%%)  (-17.40£0.80%) (-25.60£1.39%)  (-32.54%0.79%)  (-33.07+0.79")

Means of heart rate that do not share a lowercase letter along the column, as well as means of percentage change in heart rate (within parenthesis) that does not share a letter along the

column are, significantly different, (p<0.05). Means that do not share an uppercase superscript letter along the row are significantly different (p<0.05).
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Table 2: lonotropic effects of Rhamnus prinoides extracts on isolated rabbit’s heart

Height of force of contraction (mm)

Treatment group 0 min 1t 2nd 3 4th 5t

Baseline 2.93+0.07% 3.00£0.12% 3.00+0.00%4 3.00+0.12¢ 2.87+0.13% 2.93+0.07%

Acetylcholine 2.93+0.07% 2.73+0.03%8 2.65+0.03°® 2.53+0.03%¢ 2.40+0.03%¢ 2.38+0.04%C

Adrenaline 2.93+0.03%° 3.97+0.03%¢ 4.13+0.03%5¢ 4.30£0.03%® 4.51+0.04% 4.70+0.06*

25mg 2.97+0.03%* 3.32+0.04P 3.58+0.03<¢ 3.92+0.04%8 3.95+0.03® 4.15+0.03*

50mg 2.93+0.07%° 3.57+0.03%¢ 3.75+0.02°¢ 4.050.05%B 4.15+0.03%B 4.42+0.03°4

100mg 2.90+0.06%® 3.72+0.04%B 3.85+0.02%8 4.20£0.03%® 4.30+0.03%B 4,50+0.03%4

Means and SEM that do not share a lowercase superscript letter along the column are significantly different using one- way ANOVA and Tukey’s post hoc test (p<0.05). Means and SEM
that do not share an uppercase superscript letter are significantly different using repeated measures ANOVA and Bonferroni corrections (p<0.05).

Table 3: Effect of Rhamnus prinoides extract on body weight following high-fat-diet-induced rats

Percentage change in the body weight (g)

Treatment 7" day 14 day 21 day 28" day Total change
Baseline 11.32+1.23%P 30.27+0.599 54.65+1.06% 68.85+1.25% 41.27+0.63°
Vehicle 26.52+0.692° 52.49+0.90% 81.61+1.21% 95.34+0.88% 63.99+0.55°
Avastatin 21.06+0.72°° 42.13+0.94°¢ 62.31+0.88"8 79.98+1.00° 51.37+0.10°
25mg 22.05+0.46"° 44,09+0.84°C 62.02+0.58"8 82.87+0.69°* 52.98+0.58°
50mg 20.48+0.72°° 37.42+0.58C 59.20+0.62°8 79.22+0.67°* 49.08+0.28¢
100mg 19.77+0.69°° 34.08+0.82¢¢ 56.99+0.71%8 72.89+0.714 45,93+0.351

Means and SEM that do not share a letter along the column are significantly different. Means and SEM that do not share an uppercase superscript letter are significantly different
(p<0.05).

Table 4: Effect of Rhamnus prinoides extracts on lipid profiles following high-fat-diet-induced hyperlipidemia in rats

Lipid profiles (mmol/L)

Treatment HDL TC TRIG LDL

Baseline 1.63 £0.12° 1.57+0.11¢ 0.71%0.70¢ 0.41+0.07¢
Vehicle 0.40+0.02¢ 11.57+0.24° 4.21+0.19° 9.02+0.18°
HFD + Avastatin 1.11+0.05° 6.83+0.22° 2.21+0.23° 4.98+0.28°
HFD + 25mg 1.44+0.05" 6.31+0.16° 1.55+0.10° 4.14+0.12°
HFD + 50mg 1.75+0.10° 4.40+0.40° 1.10+0.05% 3.04+0.43°
HFD + 100mg 2.19+0.12° 3.54+0.08° 0.94+0.05¢ 2.23+0.26°

Means and SEM that do not share a letter along the column are significantly different (p<0.05).
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Table 5: Effect of Rhamnus prinoides extracts on body weight in mice

Percentage change in body weight (g)

DAYS Baseline 100mg/kg 174mg/kg 300mg/kg
7" day 7.87+0.84%° 6.29+1.04%° 6.26+1.09%°° 6.17+1.04%°
14" day 14.08+1.04% 15.15+0.94%¢ 15.2241.13% 14.20+1.02%¢
21% day 28.12+1.30%® 25.95+1.15% 25.02+0.92% 24.76+0.91%®
28" 35.13+0.58* 33.07+1.18%A 31.24+0.98%A 31.850.46*
Total change 21.30+0.50* 20.12+0.50% 19.43+0.72° 19.24+0.65

Means and SEM that do not share a letter along the row are significantly different. Means and SEM that do not share an uppercase superscript letter along the column are significantly
different (p<0.05).

Table 6: Effect of Rhamnus prinoides on hematological parameters in mice

Treatment Baseline 100mg/kg 174mg/kg 300mg/kg
WBC (*10M9/L) 10.12+0.59 9.54+1.07 11.21+0.23 11.43+0.49
RBC (*10"12/L) 11.11+0.27 10.64+0.37 10.32+0.17 10.25+0.16
HGB (g/dL) 16.10+0.46 15.56+0.15 16.00+0.44 16.40+0.38
HCT (%) 60.73+1.43 59.93+2.32 57.69+1.31 58.16+0.97
MCV (fL) 54.68+0.76 56.38+0.78 55.38+0.52 56.70+0.38
RDW-CV (%) 19.74+0.48 21.27+0.33 20.32+0.93 19.52+0.92
PLT (*10M9/L) 63.58+1.21 63.30+1.9 64.36+1.02 66.00+0.94
MPV (fL) 7.56+0.26 7.34+0.23 5.21+1.79 7.44+0.29

PDW (fL) 10.30+0.41 9.64+0.40 10.35+0.32 10.46+0.19
PCT (%) 0.68+0.06 0.74+0.02 0.73+0.03 0.78+0.02

Values in the same row are not statistically significant (p>0.05).

Table 7: Effects of R. prinoides on liver function and renal function tests in mice

Treatment Baseline 100 mg/kg 174 mg/kg 300 mg/kg
ALP (U/L) 88.00+0.83 89.20+0.37 87.40+0.92 87.20+0.58
AST (U/L) 274.80+1.30 275.80+0.58 275.60+0.81 278.80+1.16
ALT(U/L) 117.80+0.73 117.20+0.73 117.40+0.67 118.60+0.74
TP(U/L) 6.70+0.11 6.72+0.05 6.82+0.12 6.94+0.10
ALB(U/L) 3.55+0.11 3.48+0.14 3.56+0.03 3.66+0.34
TBIL(U/L) 25.40£0.51 26.20+0.37 26.80+0.49 27.20+0.66
DBIL(U/L) 10.72+0.18 10.80+0.22 11.28+0.26 11.12+0.38
CREAT (umol/L) 64.18+0.90 64.30+0.31 64.40+0.60 65.50+0.32
Urea (umol/L) 524.20+7.15 525.00+7.45 518.80+4.93 530.40+5.66
Na* (umol/L) 144.80+1.08 144.80+0.49 143.80+0.37 144.60+0.51
K* (umol/L) 5.10+0.34 5.60+0.26 4.76+0.09 5.08+0.03
Cl(umol/L) 105.80+0.53 105.40+0.24 105.00+0.01 106.20+0.37
Ca (umol/L) 2.31+0.09 2.40+0.09 2.57+0.14 2.74+0.17

P (umol/L) 1.45+0.12 1.37+0.02 1.31+0.09 1.67+0.17

Values in the same row are not statistically significant (p>0.05).
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Table 8: Qualitative phytochemical analysis of Rhamnus prinoides extracts

Secondary metabolites

Rhamnus prinoides

Saponins
Alkaloids
Terpenoids
Flavonoids
Cardiac glycosides
Steroids

Phenolics

+

+

+

+

+

+

+ = presence; - = absence

DISCUSSION

Hyperlipidemia, including hypertension and obesity, increases the risk
for congestive heart failure [*4. Hyperlipidemia is a medical disorder
characterized by elevated levels of blood lipids such as low-density
lipoproteins, cholesterol and triglycerides, as well as reduced levels of
high-density lipoproteins (12,

Several drugs with cardiotonic effects such as digitoxin, enoximone,
amrinone, piroximone, and milrinone are highly prescribed to treat
heart failure (13141, Cardiotonic medications improve the efficiency
and contraction of the heart muscles, thereby increasing blood flow to
all body tissues [*41. On the other hand, anti-hyperlipidemia drugs such
as avastatin, fibrates, atorvastatin, Fluvastatin and lovastatin are often
prescribed to treat hyperlipidemia (15161, Over the years, medicinal
plants have served as essential bioresources for the management of
many diseases and disorders [12171, It is therefore reasonable to refer to
medicinal plants as a sleeping giant for potential development of
novel therapeutic agents. The Kikuyu and Maasai communities in
Kenya use Rhamnus prinoides in the management of both
cardiovascular diseases and hyperlipidemia. However, there was a
paucity of scientific evidence to validate these claims. This study
aimed at determining the cardiotonic and anti-hyperlipidemia
activities, as well as acute and subacute toxicity effects of methanol
extracts of Rhamnus prionides.

The effect of R. prinoides noted a significant decrease in heart rate
(negative chronotropic effect) and an increase in height of force of
contraction (positive ionotropic effect) on rabbit isolated heart
compared to values noted in the normal control from the first minute
of the experiment. According to these findings, the extract had
cardiotonic effects without causing cardiac arrest even at high doses.
The effect of adrenaline revealed a significant elevation of the heart
rate and amplitude of contraction compared to the effect of the
extracts at the three concentrations from the first minute of the
experiment onwards. The effect of acetylcholine reported a significant
decrease in the heart rate and the amplitude (height of force of
contraction) relative to the effect of the extracts from the first minute
of the study onwards.

The effects of the extracts enhanced the height of force of contraction
and reduced the heart rate in a concentration-dependent manner. This
implied that an increase in concentration enhanced contractility and
lowered the heart rate. The positive ionotropic effects that were
exhibited by the studied extracts were therefore attributed to cardiac
stimulation or through increased availability of intracellular Ca* by
opening membrane L-type Ca®* channels or via other mechanisms
such as inhibition of potassium channels and p1-adrenoceptors.

Cardiotonic agents are drugs-agents that causes an increase on the
contractile strength of muscle of the heart (myocardium) and enhance
its capability and efficiency. Positive inotropic and negative
chronotropic effects are directly related to cardiotonic activities. The
total Blood volume (volemia) exiting the left heart ventricle increases
with an increase in the force of myocardial contraction. As a result,
the cardiac output (the amount of blood exiting the left ventricle with

each contraction) also increases, which causes an increased blood
flow in all body organs [1814 A decrease in heart rate upon
administration of the extracts could be explained by an elevation of
amplitude (height of the force of contraction).

The cardiotonic activities of R. prinoides extracts can be attributed to
the classes of phytocompounds that were identified using qualitative
analysis. The extract noted the presence of glycosides, phenolics,
saponins, alkaloids, terpenoids and steroids. This could explain why
R. prinoides extract had a better cardiotonic effect. The phytochemical
classes of steroids, glycosides phenolics and terpenoids have been
associated with cardiotonic effects 202118141, For instance, glycosides
inhibit Na*/K* ATPase resulting in increased intracellular Ca?*
concentrations via Na*/Ca?* exchange. This causes both the transient
and slow inward Ca?* influx to rise 122,

Acute toxicity study evaluates the adverse outcomes after oral single
dose exposure of a test drug in a brief period. The acute toxicity
effects of methanol extract of R. prinoides at doses of 1000 and
2000mg/kg bw never showed any toxicity signs or behaviors after a
single dose exposure in mice. The extract never revealed toxicity
signs such as diarrhea, altered skin and fur texture, change in
breathing pattern, aggression, convulsions, or drug-related behavioral
abnormalities such as agitation, paralysis, clumping together, and
abnormal movement.

Since the LDso of the studied extract was above 2000mg/kg bw of
mice, the extract was considered relatively safe according to the
classification of acute toxicity 23],

CONCLUSION

From this study it is concluded that the Methanol extracts of R,
prinoides significantly lowered the plasma levels of low-density
lipoproteins and total cholesterol while elevating high density
lipoproteins in rats. It is therefore likely to pose potential anti-
atherosclerotic effects. It exhibited negative chronotropic and positive
ionotropic effects on the isolated rabbit heart therefore may have
profound effect on cardiac output and ultimately blood pressure.
Rhamnus prinoides extracts may not be toxic and possesses classes of
phytocompounds associated with cardio-protective effects.
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