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Background: Currently, malaria elimination is intimidated by the emergence of antimalarial
drug and insecticide resistance. This scenario urges scientists to develop new antimalarial
drugs, where plant-based compounds are the major candidates.

Objective: The objective of this experiment was to examine the antimalarial activities of the
solvent fractions of the stem bark of P. /inearifolia in mice.

Methods: The dried hydromethanolic extract was treated with n-hexane, chloroform, and ethyl
acetate solvents based on increasing order of polarity. For the suppressive test, after three hours
post-inoculation of P. berghei, the first group was administered the vehicle 2 mL/100 g. The second
group was given chloroquine 25 mg/kg, whereas the remaining nine groups were administered 100,
200, and 400 mg/kg of each of the chloroform, ethyl acetate and aqueous fractions. Furthermore,
the aqueous fraction was evaluated using Rane’s model for the curative test. The result was
statistically analyzed using a one-way analysis of variance (ANOVA). The results were considered
significant at P < 0.05.

Results: In the suppressive test, the solvent fractions suppressed parasitemia level significantly
(P <0.01 for 100 mg/kg, P < 0.001 for 200 and 400 mg/kg of the aqueous and P < 0.01 for
200 mg/kg, P < 0.001 for 400 mg/kg of chloroform fractions) as compared to vehicle-treated
mice, whereas in the curative model 400 mg/kg of the aqueous fraction (P < 0.01) showed
a significant parasitemia level reduction.

Conclusion: The results of this study indicated that the solvent fractions have promising
antiplasmodial activity against Plasmodium berghei, which is consistent with the earlier
in vivo study of the hydromethanolic extract.

Keywords: antimalarial, Plasmodium berghei, Periploca linearifolia, solvent fractions

Background

Malaria claimed over 409,000 lives globally in the year 2019. Moreover, the majority of
the cases and deaths occur in the WHO African Region.' From the five Plasmodium (P)
species, ie, P. falciparum, P. vivax, P. malariae, P. ovale, and P. knowlesi, which cause
human malaria, P, falciparum is the deadliest; despite, P. vivax covers a much wider area
of distribution.>* Currently, available antimalarials fall into three broad categories
according to their chemical structure and mode of action. These are aryl amino alcohol
compounds: quinine, quinidine, chloroquine, amodiaquine, mefloquine, halofantrine,
lumefantrine, piperaquine, tafenoquine; antifolate compounds: pyrimethamine, progua-
nil, chlorproguanil, trimethoprim; and artemisinin compounds (artemisinin, dihydroarte-
misinin, artemether, artesunate). After finding favorable safety and efficacy profiles from
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RTS, S malaria vaccine pilot program in Ghana, Kenya, and
Malawi, WHO recommends widespread use of the RTS, S/
ASO01 (RTS, S) malaria vaccine among children in sub-Saharan
Africa and other regions with moderate to high P. falciparum
malaria transmission.®

Periploca linearifolia (P. linearifolia), Asclepiadaceae,
is a liana, woody at base, up to 10 m long, glabrous, and
latex copious.” Hot water decoction of root bark of
P. linearifolia is used as antimalarial in Meru District,
Kenya.® An in vitro study in Kenya on methanolic and
chloroform extracts of the stem bark of P. linearifolia
showed a promising antimalarial activity.” Moreover,
hydromethanolic extract of stem bark of P linearifolia
showed significant antimalarial activity in early and estab-
lished Plasmodium infection in mice. In addition, the stem
bark of P. linearifolia is used for the treatment of malaria
by the local community in North West Ethiopia.'®

Nowadays, malaria elimination is intimidated by the
development of mosquito resistance to insecticides and anti-
malarial drug resistance.' Scientists fear this may lead us to
the pre-antimicrobial era. Hence, to solve this problem, there
exists a high interest in developing new antimalarial drugs.
Plants become a source of different drugs including antima-
larial lead compounds and drug candidates like quinine from
cinchona bark'' and artemisinins from Artemisia annua.'
Therefore, based on the previous study on the hydrometha-
nolic extract,'” the present study aimed to identify which
solvent fraction/s has/have antimalarial activities and com-
pare their antimalarial activities in Plasmodium berghei
infected mice. Such types of preliminary phytochemical
tests in laboratory animals are initial steps in the drug dis-
covery and development process. Therefore, the present
study could be regarded as an important step in finding new
antimalarial lead compounds which will address the emer-
gence of antimalarial drug resistance.

Methods
Collection and Preparation of Plant

Materials

The plant P, linearifolia, a wild plant, was collected from Lay
Armachiho Woreda, 23 km north of Gondar city in
December 2016 by negotiating with the local community.
Permission and negotiation with the local community to col-
lect the plant was arranged by the Traditional Medicine
Research Project, University of Gondar (under the mega pro-
ject of the university with a reference number of VP/RCS/05/
445/2015). The plant was covered with plastic sheets during

transportation. The plant was identified as Periploca linear-
ifolia Quart.-Dill. and A.Rich. by a botanist and a voucher
specimen was deposited (No. WY001) at the Herbarium,
College of Natural Sciences, University of Gondar for future
reference. The stem bark was peeled from the plant, air-dried
at room temperature under shade and reduced to the appro-
priate size.

Animals Used

Healthy, adult Swiss albino mice of either sex (22-32 g, and
6—8 weeks of age) were obtained from the Ethiopian Public
Health Institute, Addis Ababa. The animals were housed in
cages under standard conditions and provided with a pellet
diet and water ad libitum. The animals were allowed to attune
to the laboratory condition for a week before beginning the
experiment. All protocols were followed based on the inter-
national animal care and welfare guidelines.'?

Parasites Inoculation

Chloroquine sensitive strain of P. berghei (ANKA strain)
obtained from the Ethiopian Public Health Institute
(EPHI), Addis Ababa was used. The parasites were main-
tained by serial passage of blood from infected mice to
non-infected ones on weekly basis.

Drugs, Reagents, and Instruments

Normal isotonic saline (Euro-med Laboratories, Philippines),
n-hexane, 2% tween 80, ethyl acetate (Loba chemicals, India),
chloroform (Atico, India), citrate dextrose (Deluxe Scientific
Surgico, India), Giemsa (Science Lab, USA), ethanol (Nice
chemicals, India), Electrical balance, 1 mL syringes, needles,
vials, examination glove, permanent marker, Whatman filters
paper No.1 (Whatman ®, England), collecting flask, separatory
funnel, hematocrit centrifuge, Micro-Hematocrit Reader,
and lyophilizer

microscope, laboratory  glasswares,

(Labfreez, China) were used.

Preparation of Fraction

The hydromethanolic extract was prepared'® and subjected
to fractionation using n-hexane, chloroform and ethyl acet-
ate. One hundred thirty gram of 80% hydromethanolic
extract was suspended in a separatory funnel in 400 mL
of distilled water and partitioned with 3x400 mL n-hex-
ane. The filtrate was transferred into a beaker and put in an
oven with a temperature adjusted at 40°C to obtain the
n-hexane fraction. The aqueous residue was then parti-
tioned with 3x400 mL chloroform. The chloroform filtrate
was concentrated similarly as n-hexane fraction to have
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chloroform fraction. Similarly, the remaining residue was
partitioned with 3x400 mL ethyl acetate. Then the filtrate
was concentrated to get ethyl acetate fraction. The remain-
ing residue, i.e the aqueous fraction, was transferred in
a wide beaker for drying. The hexane, chloroform and
ethyl acetate fractions were concentrated and dried in an
oven under 40°C. Whereas the aqueous fraction was dried
by lyophilizer (Labfreez, China). Finally, all the dried
fractions were then transferred into separate vials and
stored in a refrigerator at —4°C for further use.

In vivo Antimalarial Tests

Parasite Inoculation

Swiss Albino mice previously infected with P. berghei and
having parasitemia levels of 20-30% were used as donors.
The donor mice were then sacrificed by decapitation and
blood was collected by cardiac puncture into a heparinized
capillary tube containing 0.5% trisodium citrate. The
blood was then diluted with physiological saline (0.9%)
based on the parasitemia level of the donor mice and the
red blood cell (RBC) count of normal mice,"* in such
a way that 1 mL blood contains 5x10” infected RBCs.
Each mouse was then given 0.2 mL of this diluted blood
intraperitoneally, which contained 1x107 P berghei
infected RBCs.

Grouping and Dosing of Animals

Infected mice were randomly divided into eleven groups
of five mice per group. Groupl-IX were treated with the
aqueous, ethyl acetate, and chloroform fractions each at
100, 200, and 400 mg/kg, orally once daily, respectively.
The remaining two groups served as negative and positive
controls and administered 2% Tween 80 (2 mL/100 g)"°
and chloroquine 25 mg/kg, orally once daily, respectively.

The Four-Day Suppressive Test

The standard four-day suppressive test method was
used.'®!” Treatment was started 3 hours post-infection
on day 0 and continued once daily for four days (ie,
from day 0 to day 3). On the fifth day (D4) thin smears
of blood films were obtained from the peripheral blood on
the tail of each mouse. The smears were placed on micro-
scopic slides which were fixed with methanol and stained
with 10% Giemsa at pH 7.2 for 15 min. The parasitemia
level was determined by counting the number of parasi-
tized erythrocytes out of four random fields of the micro-
scope. Average percent parasitemia and suppression were

calculated by using the following formula.'®'”

Number of parasitized RBC

Total number of RBC x100

% Parasitemia =

mean parasitemia of negative control
—mean parasitemia of treated group

% suppression = — -
mean parasitemia of negative control

Curative Test

Evaluation of the curative potential of the solvent fractions
was carried out according to the method described by Ryley
and Peters.'® On Day 0, standard inocula of 1x107 infected
erythrocytes were inoculated in mice intraperitoneally.
Seventy-two hours later, mice were randomly divided into
their respective groups and dosed accordingly once daily for
five days. Giemsa stained thin blood film was prepared from
the tail of each mouse daily for 5 days to monitor parasitemia

levels.

Mean Survival Time (MST)

MST was determined arithmetically by calculating the
average survival time (days) of mice starting from the
date of infection over 30 days (D0-D29).

MST — Sum of survival time of all mice in agroup (days)

Total number of mice in that group

Packed Cell Volume Measurement

Packed cell volume (PCV) was taken to predict the effec-
tiveness of the solvent fractions in averting the destruction
of RBCs associated with the escalation of the malaria
parasite. Heparinized capillary tubes were used for the
collection of blood from the tail of each mouse. The
capillary tubes were filled with blood up to %th of their
volume and were sealed at the dry end with sealing clay.
The tubes were then placed in a micro-hematocrit centri-
fuge, with the sealed end outwards, and were centrifuged
for 5 min at 11,000 revolutions per minute (rpm). The
tubes were then taken out of the centrifuge and PCV was
determined using a standard Micro-Hematocrit Reader.
PCV is a measure of the proportion of RBCs to plasma
and measured before inoculating the parasite and at day
four using the following relationship:

PCV — The volume of erythrocytes in a given volume of blood

Total blood volume
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Monitoring of Body Weight and

Temperature Changes

For a four-day suppressive test and Rane’s test of the
solvent fractions, mice were weighed to observe whether
the stem bark solvent fractions prevented weight loss.
Weights were taken on the first day (D0) and day five
(D4). Rectal temperature was measured by a digital ther-
mometer before infection, four hours after infection, and
then daily. For Rane’s test, body weight and temperature
were measured before infection and from day 3-7 after
infection.

Ethical Considerations

Before the beginning of the experiment, the proposal was
evaluated, approved and ethical approval for this study
was obtained from the Ethical Review Committee of
School of Pharmacy, University of Gondar (ethical
approval number, SOP4/75/09). At the end of the experi-
ment, infected mice were euthanized by hypoxia (by
exposing the mice to a high concentration of CO,) which
makes them unconscious before death. After death is ver-
ified, disposal of euthanized laboratory animals is con-
ducted consistent with health and environmental concerns.

Statistical Analysis

The raw data obtained from the experiments were
expressed as mean + SEM (standard error of the mean).
Statistical analyses were carried out by using SPSS
Statistical software version 20. Parasitemia level, % sup-
pression, mean survival time, PCV, temperature, and
weight were statistically analyzed using one-way analysis
of variance (ANOVA) followed by post hoc Tukey’s
Multiple Comparison Test. The results were considered
significantly different when p < 0.05.

Data Quality Control

Randomization was used during the grouping of experi-
mental animals and assignments of treatments. Besides, all
mice were coded with different colors on their tails.
Furthermore, codes were utilized for all microscopic
slides. Finally, parasitized RBCs were counted blindly by
a medical laboratory technician.

Result

Percentage Yields of Solvent Fractions
From 130 g of the 80% methanolic extract of stem bark of
P linearifolia,'® n-hexane (0.15%) and the chloroform

(2.85%) fractions were found to be greenish whereas, the
dark reddish for ethyl acetate (4%) and reddish color for
an aqueous fraction (93%) were found. The n-hexane
fraction was not considered in the experiment due to
insufficient quantity.

Antimalarial Activity

Suppressive Test of the Solvent Fractions

All the three doses of the aqueous fractions reduced para-
sitemia level compared to the vehicle-treated group (p < 0.01
for 100; p < 0.001 for 200 and 400 mg/kg), although the
extent of reduction was less than that of chloroquine 25 mg/
kg, which produced 100% suppression (Table 1). Both 200
and 400 mg/kg of the chloroform fractions showed
a significant parasitemia level reduction compared to vehi-
cle-treated group (p < 0.01 for 200 mg/kg; p < 0.001 for
400 mg/kg). However, only 400 mg/kg of ethyl acetate frac-
tion reduced parasitemia level significantly (p < 0.05). The
rank order of chemosuppression of the solvent fractions was
aqueous (53.4%) > chloroform (41.11%) > ethyl acetate
(35.51%), at the dose of 400 mg/kg. Survival time was
significantly prolonged by 400 mg/kg of all three fractions
as compared to vehicle-treated mice (p < 0.05) (Table 1).

Effect of Solvent Fractions on Rectal Temperature,
Body Weight, and Packed Cell Volume on the
Four-Day Suppressive Test

All doses of the fractions, except 400 mg/kg chloroform
extract failed to prevent body weight reduction significantly.
But, 400 mg/kg of chloroform showed a significant attenua-
tion of bodyweight reduction (p < 0.05) (Table 2). Moreover,
all doses of the aqueous fraction significantly (p < 0.001)
prevented the rectal temperature reduction caused by escalat-
ing parasitemia and the effect was comparable to that
observed with chloroquine 25 mg/kg. Similarly, all doses of
chloroform fraction (p < 0.01), 200 and 400 mg/kg of ethyl
acetate fraction (p < 0.05) significantly prevented rectal
temperature reduction (Table 2).

Analysis of rectal temperature change within groups
indicated that mice administered with 100 mg/kg and
400 mg/kg of the aqueous fraction did not show any
significant temperature change after treatment. Similarly,
ethyl acetate and chloroform fractions did not show any
significant prevention of temperature change. On the other
hand, chloroquine 25 mg/kg prevented a significant rectal
temperature and weight change (Table 2).

PCV reduction was significantly attenuated by 400 mg/kg
chloroform fraction (p < 0.01). Also, 200 and 400 mg/kg of
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Table | Parasitemia Level and Survival Time of Infected Mice Treated Solvent Fractions of P. linearifolia in the 4-Day Suppressive Test

Extract/Fraction Dose/(Mg/Kg) Parasitaemia Level/Number % Suppression Survival Time/Days
of Parasitized RBCs

Agqueous fraction 100 25.29+3.23%k Pk 39.06 8.40+0,55%k*

200 22.69+3.22%kk Pk 4537 9.80+ | .06+

400 19.3442, | 3%k Dotk 53.40 15.8043.92% Pk
Ethyl acetate fraction 100 34.87+3.945w0k 15.99 8.40+0.74%*

200 33.72+4 405wk 20.70 10.4040.92%%5

400 26.77+2.29% biowk 35.51 10.804 | .39, Pk
Chloroform fraction 100 31.2442 575wk 24.74 8.40+ | | 4Pwwx

200 26.98:+3.0 | ik Pk 35.00 10.004 | .58%%#

400 24.44:+2.89%wk Dotk 4111 4.00:£5.00%, Pkt
2% Tween 80 10 41.52+2.81 - 7.00£0.31
Chloroquine 25 0.0020.00##* 100.00 30.0020.00#*

Notes: Data are expressed as mean = SEM; n = 5; *compared to vehicle (2%Tween 80 2mL/100 g for fractions); ®compared to chloroquine 25 mg/kg; “compared to
chloroform fraction 100 mg/kg: *p < 0.05, **p < 0.01, **p < 0.001.

Table 2 Rectal Temperature, Body Weight, and Packed Cell Volume Change of Infected Animals Treated with Solvent Fractions of
P. linearifolia in the 4-Day Suppressive Test

Dose Temperature/°C Weight/Gram PCV

DO D4 % Change | DO D4 % change DO D4 % Change
AF100 3722 £ 0.08 | 36.84 £ 0.12 | —.02%** 25.78+1.07 | 22.40£1.27 | —13.11°%¢ 53+0.70 484+1.07 | —8.67
AF200 3752 £ 023 | 37.18 £ 0.18 | —0.90%*** 27.46x1.55 | 24.46x1.76 | —10.92%%* 50.6+1.16 | 47.6£0.67 | —5.92%**
AF400 3748 £ 0.08 | 37.42 £ 0.07 | —0.16>** 26.54+1.27 | 23.9£1.49 —9.945%x 52.6+0.40 | 49.6£0.67 | —5.7%kk*
EF100 37.06 £ 0.12 | 3590 x0.17 | -3.13 27.561.16 | 2438£1.13 | —11.53%* 51.6+0.51 46.8+0.66 | —9.3
EF200 3742 £0.10 | 36.62 £ 024 | —2.13% 25.42+0.98 | 23.26x0.8! | —8.49% 52.6£0.40 | 47.8£0.58 | —9.12
EF400 37.14 £ 0.10 | 3672 £ 0.19 | —I.13%* 27.20£1.06 | 24.80+1.39 | —8.82% 51.4+0.67 | 47.2+051 | -8.17
CFI00 | 373 x0.16 36.70 £ 0.15 | —1.60%** 28.06x1.41 24.92£1.49 | —11.19%% | 5142067 | 474058 | -7.78
CF200 | 37.82 £ 0.09 | 37.06 £0.13 | —2.02%* 27.66£1.20 | 25.00%1.14 | —9.59% 51.4+0.67 | 47.2+0.89 | -8.17
CF400 | 37.5 £ 0.07 37.06 £ 0.12 | —1.17%* 27.72£1.24 | 25.74%1.16 | —7.14%P* 50.4+0.67 | 48+1.07 —4.76%*
2%T80 | 37.76 £0.23 | 36.12+ 030 | —4.34 29.38+0.91 25.04+0.99 | —14.77 50.8+0.86 | 44.2+0.67 | —12.99
CQ 37.08 £ 022 | 3694 £ 0.16 | —0.37%+r* 26.66+1.34 | 26.56+1.34 | —0.37** 50.4+0.67 | 48.610.67 | —3.4|%kk*

Notes: Data are expressed as mean + SEM; n = 5; *compared to vehicle (2%Tween 80 2mL/100 g for fractions); "compared to CQ: *p < 0.05; *p < 0.01, **p < 0.001.
Numbers refer to dose in mg/kg.

Abbreviations: DO, pre-treatment value on day 0; D4, post treatment value on day four; CF, chloroform fraction; CQ, chloroquine; EF, ethyl acetate fraction; AF, aqueous
fraction.

the aqueous fraction showed a significant effect in preventing
PCV (p < 0.05 for both doses); but the effect was lower than
the standard drug chloroquine 25 mg/kg (p < 0.001). On the
other hand, 100 and 200 mg/kg of the chloroform fraction,
100 mg/kg aqueous fraction and all doses of the ethyl acetate
fraction failed to prevent the reduction in packed cell volume
significantly (Table 2).

Curative Test of the Aqueous Fraction

The fraction with the highest antimalarial activity (aqueous
fraction) in the four-day suppressive test was further evaluated
for its effect on established parasite infection. In this case, only
400 mg/kg of the aqueous fraction exhibited a statistically

significant parasite level reduction (p < 0.01) as compared to
vehicle-treated mice. On the other hand, chloroquine 25 mg/kg
cured all mice on day 7 and the reduction in parasitemia was
significantly higher (p < 0.001) when compared to vehicle-
treated mice as well as all doses of the fraction. Only
400 mg/kg of the aqueous fraction significantly prolonged
the survival time of mice compared to vehicle-treated mice
(p <0.05) (Table 3).

Effect of the Aqueous Fraction on the Body Weight,
Rectal Temperature and PCV

In this case, only 400 mg/kg of the aqueous fraction signifi-
cantly prevented the reduction in the temperature compared to
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Table 3 Parasitaemia and Survival Time of Infected Animals Treated with an Aqueous Fraction of P. linearifolia

in the Rane’s Test

Dose Parasitemia Level/Number of Parasitized RBCs % Suppression Survival Time/Days
Day 3 Day 4 Day 5 Day 6 Day 7

AF100 11.26£1.62 25.30+4.16 39.66+3.78 53.36+2.60 69.93+2.70%* 11.18 9.000.70°+*+

AF200 9.01%1.49 26.28+3.87 40.42+2.47 55.12+2.39 69.84:+2,05°%¢ 11.30 9.600.8] >+

AF400 8.87%1.92 12.47+3.24 21.9246.79 27.1419.16 39.86 | |.62%% bk 49.37 12,00 1.5 |2 Pk

CON. 11.52+1.86 37.39+5.74 61.62+6.87 66.96+5.70 78.75%5.60 - 7.60+0.24

CQ25 9.56+3.04 9.413.71 1.10£0.40 0.32+0.23 0.00+0.00%##* 100.00 30.00+0.00%#+*

Notes: Data are expressed as mean = SEM; n = 5: *compared to negative control (distilled water); ®compared to CQ: *p < 0.05, *p < 0.01, *¥p < 0.001. Numbers refer to

dose in mg/kg.
Abbreviations: AF, aqueous fraction; CQ, chloroquine; CON, negative control.

vehicle-treated mice (p < 0.05). However, its effect was much
lower than chloroquine 25 mg/kg (p < 0.001). Chloroquine
25 mg/kg halted temperature dropping significantly compared
to all doses of the fraction (p < 0.05). Only 400 mg/kg of the
aqueous fraction prevented body weight loss significantly as
compared to vehicle-treated mice (p < 0.05). The other doses
of the fraction failed to attenuate body weight reduction sig-
nificantly (Table 4).

Analysis of rectal temperature change of mice within
groups showed that all doses of the aqueous fraction failed
to prevent a significant rectal temperature change after treat-
ment. Only the standard drug chloroquine 25 mg/kg averted
significant rectal temperature reduction. Also, mice adminis-
tered 400 mg/kg of the aqueous fraction did not show any
significant weight change after treatment (Table 4).

All doses of the aqueous fraction failed to prevent PCV
reduction significantly. However, the standard drug chlor-
oquine 25 mg/kg averted PCV reduction significantly as
compared to vehicle-treated mice (p < 0.01) (Table 4).

Discussion
The results indicated that the percentage parasitemia measured
in the 4-day suppressive test was reduced dose-dependently by

the solvent fractions in P. berghei infected mice, indicating the
plant is endowed with antimalarial activity. Alkaloids and
terpenoids present in the extract'® might be responsible for
their antimalarial activity. The alkaloids are known to possess
antiplasmodial properties, the most famous being quinine.'”
Methanolic and chloroform extract of P. linearifolia is reported
to possess in vitro antiplasmodial activity.” Therefore, the
present in vivo study on the solvent fractions is consistent
with the previous in vitro findings and the in vivo test per-
formed on the hydromethanolic extract of P. linearifolia.*"°

Among the fractions, the aqueous fraction was found to
possess higher antimalarial activity than the chloroform and
ethyl acetate fractions. Aqueous fractions are closer in com-
position to the aqueous preparations commonly used by tradi-
tional practitioners. Moreover, Francois et al have similarly
investigated the organic extracts from the roots, stem bark,
fruit rind, seeds, and leaves of plants and found a wide range of
activities with the highest activities being found in the methy-
lene chloride root extracts.”’ Therefore, the present in vivo
study is consistent with the previous in vitro findings.

So many chemical compounds have been isolated and
identified from species of the Periploca genus, such as a-
and f-amyrin, lupeol, and p-sitosterol from Periploca

Table 4 Bodyweight, Rectal Temperature, and Packed Cell Volume (PCV) Change of Infected Mice Treated with an Aqueous Fraction

of P. linearifolia in the Rane’s Test

Dose Weight/Gram Temperature/°C PCV

DO D4 % Change DO D4 % Change DO D4 % Change
AF100 27.98+0.95 26.32+1.10 | —5.93 37.62+0.13 33.400.14 | —11.2]%x 49.4+0.67 | 40+1.51 —-19.02
AF200 28.16+1.84 | 26.38£1.60 | —6.32 37.18+0.26 34.20£0.35 | —8.01%* 48.8+0.66 | 39.4%1.20 | —19.26
AF400 29.12+0.99 28.24£1.36 | —3.02% 37.86+0.14 | 35.94+0.47 | —5.07%5* 47.8%1.11 40.8+1.24 | —14.64
2%T80 | 27.26%1.13 23.64+1.27 | —13.27 36.74+0.21 3244020 | —-11.70 49.8+0.86 | 37.2+0.73 | —253
CQ25 26.08+1.20 | 26.56%1.39 .97 36.64+0.17 | 36.22+0.24 | —|.14%k* 4742092 | 444+0.87 | —6.32%*

Notes: Data are expressed as mean + SEM; n = 5: *compared to 2%T80; ®compared to CQ; “compared to AFI00: *p < 0.05, *p < 0.01, *¥p < 0.001. Numbers refer to

dose in mg/kg.

Abbreviations: D0, pre-treatment value on day 0; D4, post-treatment value on day four; AF, aqueous fraction; CQ, chloroquine.
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laevigata.*' Moreover, several lupene-type triterpenes and
elemane-type sesquiterpenes have been isolated from
of P

respectively.'** Lupeol, f-amyrin, and S-sitosterol (terpe-

Periploca  aphylla and  roots laevigata
noids) inhibited both chloroquine-sensitive and resistant
strains of P. falciparum in in vitro studies.”> Therefore,
the antiplasmodial activity of P. linearifolia in the present
in vivo study is in agreement with other plants belonging
to the same sub-family and genus.

Anemia, bodyweight loss, and body temperature reduc-
tion are the general features of malaria-infected mice.?*
PCV was measured to evaluate the effectiveness of the
solvent fractions in preventing hemolysis due to escalating
parasitemia levels. The underlying cause of anemia
includes the following mechanisms; the clearance and/or
destruction of infected RBCs, the clearance of uninfected
RBCs, and erythropoietic suppression and dyserythropoi-
esis. Each of these mechanisms has been implicated in both
human and rodent malarial anemia.”> This necessitates
hematocrit (PCV) analysis that evaluates the effectiveness
of the extract in preventing hemolysis. In the four-day
suppressive test 200 and 400 mg/kg of the aqueous and
400 mg/kg of the chloroform fractions prevented PCV
reduction significantly. This reversal of PCV reduction by
the solvent fractions may be related to parasitemia level
reduction with the fractions.

All the doses of the fractions, except 400 mg/kg of chloro-
form fraction, failed to prevent the reduction in body weight
significantly. This phenomenon in decrement of body weight
may be due to disturbed metabolic function and hypoglycemia
that has been reported to be associated with malaria
infection.”® Rectal temperature measurement showed that the
mice developed hypothermia particularly in the late infection
(Rane’s test) with P. berghei parasites. Fever is one of the
symptoms of human malaria. In contrast, this model of malaria
was associated with hypothermia rather than pyrexia. In the
curative test, the infected mice developed profound hypother-
mia with a rectal temperature falling by as much as 5°C. The
prolonged development of hypothermia in mice can be attrib-
uted to the general debilitating effects of malaria on the host,
which results in the loss of body heat and eventual death. The
absence of pyrogenic response in this model is that small
animals like mice have a large surface area-to-body mass
ratio, which resulted in a higher degree of heat loss and
prevents the development of fever caused by pyrogenic
agents.”’ Malaria parasites also affect host carbohydrate,
lipid, and protein metabolism.”**’ A decrease in the metabolic
rate of infected mice occurred just before death and was

accompanied by a corresponding decrease in internal body
temperature.®® Therefore, effective antimalarial agents are
expected to prevent the reduction in rectal temperature. As
a result, the aqueous fraction was able to significantly prevent
the reduction in rectal temperature as compared to vehicle-
treated mice.

In the curative test, blood samples were taken and
smears were prepared daily to evaluate the curative ability
of the solvent fractions. As indicated in the results section,
400 mg/kg of the aqueous fraction brought about
a reduction of parasitemia level after the first dose as the
standard drug chloroquine 25 mg/kg. Generally, the results
obtained from the curative test suggest that 400 mg/kg of
the aqueous fraction has therapeutic efficacy against the
established malaria parasite.

Anti-malarial test materials with more than 30% suppres-

3132 compared to the

sive effect on the level of parasitemia
negative control group are often considered effective in stan-
dard screening tests. Therefore, the present in vivo antimalarial
activity test of the solvent fractions denotes P. linearifolia is
effective in both the four-day suppressive test and curative test
models. Therefore, the previous in vitro’ and crude (hydro-
methanolic) extract in vivo studies'® and the current studies of
chloroform, ethyl acetate, and aqueous fractions in vivo stu-
dies confirm that the plant P, /inearifolia contains active anti-

malarial compounds.

Conclusion

The present study indicated that aqueous and chloroform
fractions of P. linearifolia have a promising antiplasmodial
activity, with varying degrees on the measured parameters.
The findings of this study are consistent with the tradi-
tional use and the earlier in vitro and hydromethanolic
in vivo findings.

Recommendation

Further research should be conducted to determine sub-
acute and chronic toxicity studies in higher animals to
know the safety of P. linearifolia. The authors recommend
the purification of the plant material to get lead antimalar-
ial compounds. Moreover, safety and efficacy have to be
studied in detail in higher laboratory animals before it
proceeds to clinical trial.

Abbreviations

ANOVA, Analysis of Variance; MST, Mean Survival Time;
OECD, Organization for Economic Cooperation and
Development; PCV, Packed Cell Volume; SPSS, Statistical
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