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Abstract
Malaria-associated cardiac injury has been reported to be the primary cause of death due to severe malaria. The discovery of

substances showing a protective effect on cardiac injury during malaria infection is urgently needed. Hence, the purpose of

this study was to evaluate the efficacy of Gymnema inodorum leaf extract (GIE) on cardiac function in mice infected with

Plasmodium berghei. ICR mice were treated with 1× 107 infected red blood cells of P. berghei ANKA (PbANKA), administered

orally with GIE in 100, 250 and 500 mg/kg body weight of mice. Creatine phosphokinase (CPK) and echocardiography were car-

ried out. It was found that CPK and heart-weight to body-weight (HW/BW) ratios were significantly higher in untreated mice

than the healthy control. Moreover, impaired cardiac function in the untreated group was observed as indicated by changes in

echocardiography. Interestingly, GIE exerted a protective effect on cardiac injury induced by PbANKA infection. Our results

demonstrated that the parasitemia percentage, CPK, HW/BW ratio, and echocardiography in GIE treated mice were improved.

However, there was no significant difference between GIE dosages. Therefore, GIE possessed a cardio-protective effect during

malaria infection in mice.

Keywords
gymnema inodorum, malaria, pbANKA, cardiac function

Received December 15, 2021. Received revised November 15, 2022. Accepted for publication December 12, 2022.

Introduction
Malaria caused by protozoa called Plasmodium and transmitted
by infected female Anopheles mosquito, is a major public
health problem in tropical and subtropical countries. In 2020,
they were an estimated 241 million cases of malaria and
627,000 malaria deaths, with children under five years old still
the most vulnerable group affected. In 2020, malaria cases shot
up by an additional 14 million and malaria deaths spiked by
47,000 due to the impact of COVID-19 on healthcare services,
compared with pre-pandemic levels.1 Severe malaria can occur
when the infection is complicated by serious multiple organ fail-
ures or abnormalities in blood or metabolism. It has been increas-
ingly reported that the causes of severe manifestations of malaria,
including cerebral malaria and severe anemia, are due to hemoly-
sis, acute respiratory distress syndrome, acute kidney injury,
thrombocytopenia, and abnormalities in blood coagulation, hypo-
glycemia, metabolic acidosis, liver failure, and jaundice.2,3 One of

them is impaired cardiac function, which is the common cause of
death in patients with malaria.4,5 The impairment of cardiovascu-
lar involvement in malaria is multifactorial and several hypothe-
ses suggested the involvement of parasite sequestration and
obstruction in microvascular coronary, myocardial injury caused
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by parasite-released proteins and inflammatory cytokines, and
anemia.6,7 Endothelial dysfunction with impaired nitric oxide bio-
availability by parasite compromised vascular permeability of car-
diovascular system.8,9 This has prompted research toward the
finding of new and affordable chemotherapies. In this respect,
plant extracts are potential targets of research for alterative malar-
ial drugs.

Gymnema inodorum (Lour.) Decne belongs to the family of
Apocynaceae and is traditionally used for the management of
various diseases. It is found ubiquitously throughout
Southeast Asia, and its leaves and stems have been used as veg-
etable ingredients in many cuisines. This plant is also recog-
nized as one of the major botanicals in diabetes treatment
using the Ayurvedic system of medicine. It has been found
that leaf extracts of G. inodorum in both water and ethanol
showed high antioxidant activity with polyphenols and flavo-
noids as the active compounds.10 Gymnema sylvestre, also a
member of Apocynaceae, is a wild herb found in India,
Africa, Australia and China. The investigation of G. sylvestre
in both in vitro and in vivo found pharmacological properties,
including antioxidant, anti-inflammatory, anti-cancer, anti-
diabetic, hypoglycemic, immunosuppressive, anti-bacterial,
anti-fungal, anti-parasitic, anti-malarial, hepatoprotective and
nephroprotective activities.11 In addition, the cardio-protective
effect of G. sylvestre has also been reported. The active chem-
ical ingredients of G. sylvestre have been investigated, such as
polyphenols, flavonoids, triterpenoid saponin, tannins, qui-
nones, anthraquinones, cardiac glycosides and gymnemic
acid.12 However, very few studies on the effects ofG. inodorum
leaf extract have been conducted and cardio-protective activity
in malaria model of this plant has not yet been reported. Hence,
this study was aimed at investigating the cardio-protective
effect of G. inodorum leaf extract in mice infected with
Plasmodium berghei as in vivo model.

Materials and Methods
Plant Material Preparation and Extraction
The leaves of Gymnema inodorum were collected from the
Chiangda Organic Garden, Chiang Mai, Thailand. Identification
and authentication of the plant was done by a taxonomist at
Chiang Mai University, where a voucher specimen was coded
and deposited for further studies. For extraction, fresh leaves of
G. inodorum were thoroughly washed with tap water and dried
in a hot air oven with a temperature of 50 °C overnight. The
dried powdered leaves were then prepared using an electric
blender and extracted in distilled water (DW) at a proportion of 5
g%. To facilitate the extraction process, the mixture was incubated
at 60 °C with a mechanical shaker for 15 mins. After centrifugation
at 2500/min for 5 min, supernatant was collected and lyophilization
was subsequently performed using Beta 1-8 LSCplus (Martin
Christ Gefriertrocknungsanlagen GmbH, Osterode am Harz,
Germany). Aqueous crude extract of G. inodorum leaves (GIE)
was stored at −20 °C for further experiments. The percentage
yield after freeze-drying was 17.43% (w/w).

Experimental Animals
Thirty-five healthy male ICR mice aged 6−8 weeks, weighing
30−35 g, obtained from Nomura Siam International Co., Ltd.,
were used. Mice were kept at room temperature (22 °C-26 °C)
with a 12-h light/dark cycle and fed with pellet food and drink-
ing water, ad libitum. They were acclimatized for 1 week before
being used for the experiments. The first set of mice (n= 5) was
infected with PbANKA and monitored for parasitemia percent-
age and CPK level for 10 days. The second set of mice (n= 30)
was randomly divided into 6 groups: (i) healthy (H, n= 5); (ii)
PbANKA-infected (untreated, UN, n= 5); (iii)
PbANKA-infected+GIE 100 mg/kg body weight of mice
(GI100, n= 5); (iv) PbANKA-infected+GIE 250 mg/kg body
weight of mice (GI250, n= 5); (v) PbANKA-infected+GIE
500 mg/kg body weight of mice (GI500, n= 5); (vi)
PbANKA-infected+ chloroquine 10 mg/kg body weight of
mice (CQ, n= 5). The animal care and handling was per the
international guidelines for use and maintenance of experimen-
tal animals. The animal ethical approval was obtained from the
Animal Ethics Committee Walailak University (EC no. WU-
AICUC-63-031).

The activity of GIE on mice infected with PbANKA was
carried out with the standard Peter’s test as previously described.
On the first day of treatment (Day 1), naïve ICR mice were inoc-
ulated with 1× 107 infected RBC by intraperitoneal injection to
generate PbANKA-infected mice. Three hours post-infection,
the untreated control (UN) received DW 10 ml/kg body weight
of mice, the treatment groups received GIE at 100, 250 and 500
mg/kg body weight of mice (GI100, GI250, GI500), and the pos-
itive control received chloroquine-CQ (10 mg/kg). GIE extracts at
100, 200 and 500 mg/kg body weight of mice and CQ at a dose of
10 mg/kg body weight of mice were freshly prepared. The
dosages were adjusted at the time of administration according
to the body weight of each mouse. The treatment was adminis-
tered orally by gavage once a day for 4 consecutive days. On
Day 4, echocardiography was performed. Blood smear was pre-
pared from the tail of each mouse for parasitemia determination.
Mice were sacrificed and the blood samples were then collected
by cardiac puncture into heparinized vacuum tubes, and plasma
was subsequently prepared for the measurement of CPK. Hearts
were collected for cardiac histology.

Rodent Malaria Parasite and Parasite Inoculation
Plasmodium berghei strain ANKA (PbANKA) obtained from
Malaria Research and Reference Reagent Resource Center
(MR4) was used. Parasite was maintained by serial weekly
passage in mice through intraperitoneal inoculation with 1×107

infected red blood cells (RBC). Parasitemia was monitored daily
by microscopic examination of Giemsa-stained blood smear.

Parasitemia Determination
Determination of parasitemia was carried out by microscopic
examination of Giemsa-stained blood smear. Tail vein of
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PbANKA-infected mice was smeared on microscopic slides
and fixed with 100% methanol for 10s. Staining was then per-
formed using 10% Giemsa solution and smears were incubated
at room temperature for 10 mins. PbANKA-infected RBC was
counted under light microscope with 100x oil immersion lens.
Percent parasitemia was calculated according to the formula
indicated below:

% parasitemia= (Number of PbANKA− infected RBC) × 100

Total number of RBC

Echocardiography
To study the effect of GIE on cardiac function, different doses
of GIE extract (100, 250 and 500 mg/kg body weight) and CQ
were orally administered daily to the different groups for 4
days after malaria infection. Echocardiography was per-
formed under 1−2% isoflurane anesthesia of
PbANKA-infected mice with a Mindray DC-70 Ultrasound
System (Mindray, Shenzhen, China). Left ventricular (LV)
regional wall motion was scored in LV short axis view at
the level of the papillary muscle for the 16 segments
viewed. LV internal diameter end systole (LVIDs) and end
diastole (LVIDd) were measured. End-systolic volume
(ESV), LV fractional shortening (FS) and ejection fraction
(EF) were obtained. The average of 3 consecutive cardiac
cycles was used for each measurement, with the operator
being blinded to treatment assignment.

Creatine Phosphokinase Measurement
After echocardiography was performed, mice were allowed to
recover for a couple of hours, then mice were deeply anesthe-
tized with Zoletil (50 mg/kg); chest was opened and blood
was then collected from the hepatic vein in vacuum tubes con-
taining heparin as anticoagulant. Plasma was subsequently pre-
pared by centrifugation at 5000/min for 10 mins. Creatine
phosphokinase (CPK) was measured using a clinical chemistry
automated analyzer (Mindray Biochemistry BS Series,
Shenzhen, China) with specific reagent kit from Mindray
(Shenzhen, China).

Histological Examination
After blood collection, hearts were excised, briefly washed
in cold 0.9% saline solution and preserved with 10% buffer
formalin for paraffin embedment. Transverse sections of
whole heart (3-μm thickness) were stained with hematoxy-
lin and eosin (H&E) by Gemini AS tissue staining (Thermo
Scientific). Evidence of malaria pigment deposit and vacu-
olar degeneration was visualized by 100x image Olympus
cellSens software in 15−20 microscopic areas from 3
mice per group. Then, the pathological changes were ana-
lyzed using a score from 0 to 3 as follows: 0= normal
tissue without evidence of malaria pigment deposit and

vacuolar degeneration; 1= evidence of pathological fea-
tures less than 25% of the field of view; 2= evidence of
pathological features 25% to 50% of the field of view; 3
= evidence of pathological features greater than 50% of
the field of view.13

Data Analysis
All data were organized and analyzed using GraphPad Prism
version 9.0 (GraphPad Prism software, Inc., USA). Results
were presented as mean± SEM (standard error of mean).
Analysis at 95% confidence interval and p-value less than
0.05, using one-way analysis of variance (ANOVA), followed
by Tukey’s post-hoc test was considered to be statistically
significant.

Results
Malaria-Associated Cardiac Injury Development
During PbANKA-Infected Mice
As shown in Figure 1A (Y left axis), parasitemia was first
detected on Day 1 post-infection and reached 58± 5.8%
on Day 10. Next, we observed that CPK level showed a
progressive increase in response to the presence of
PbANKA propagation, which reached notable levels start-
ing on Day 4 post-infection (Figure 1A, Y right axis).
Additionally, a positive correlation (R2= 0.8006) between
parasitemia and CPK level was observed (Figure 1B).
Interestingly, on Day 4 of GIE treatment in
PbANKA-infected mice, parasitemia percentage decreased
significantly to 20± 1.0%, 25± 1.3% and 23± 0.9% in
the GIE-treated groups of 100, 250 and 500 mg/kg body
weight, respectively, compared with the untreated group
(Figure 1C). There was no significant difference among
GIE-treated groups, while CQ-treated group decreased the
parasitemia to 1.0± 0.2%, compared with untreated group
(p < 0.001, Figure 1C).

Effect of GIE on Protection of Cardiac Injury
in Mice with PbANKA Infection
The effect of GIE treatment on malaria-induced cardiac
injury was presented in Figure 2. CPK levels were observed
to be significantly (p < 0.01) elevated in the untreated mice
and the infected mice treated with GIE 100 mg/kg body
weight, as compared with the healthy control. However,
significant (p < 0.01) decreases of CPK levels were
observed in the infected mice treated with GIE 250 and
500 mg/kg body weight, and CQ, compared with the
untreated group. No significant difference among GIE
treated mice (250 and 500 mg/kg) and CQ treated mice
was observed.
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Effect of GIE on LV Dysfunction in Mice
with PbANKA Infection
The heart-weight to body-weight (HW/BW) ratio averaged 5.0±
0.08 mg/g in healthy control and was significantly increased in the
untreated group (to 5.5±0.09mg/g, p<0.05, Figure 3). The admin-
istration of GIE at any dose significantly prevented
PbANKA-induced increase in the HW/BW ratio. The efficiency
of GIE administration was similar to CQ administration. However,
there were no significant differences between GIE-treated groups
and the CQ-treated group at any dose (100, 250 and 500 mg/kg).

To study the effects of GIE on hemodynamic parameters,
echocardiography was carried out. In PbANKA-infected
mice, cardiac functions were deteriorated. LVIDs and ESV
were increased (36% and 120% increase, respectively) while
EF and FS were decreased (29% and 19% reduction,

respectively) compared with the healthy control. GIE adminis-
tration at doses of 100, 250 and 500 mg/kg improved
malaria-induced LV dysfunction. However, there was no signif-
icant change among GIE groups. The effects of GIE administra-
tion were similar to the CQ-treated group (Figure 4).

Effect of GIE on Pathological Changes in Hearts
of Mice with PbANKA Infection
After 4 days of PbANKA infection, malaria deposit and vacu-
olar degeneration were observed in the heart using H&E stain-
ing. The score was categorized from 0 to 3. Malaria pigment
deposit was detected in the transverse section of whole heart
in PbANKA-infected mice (Figure 5A and B). Administration
of GIE at 500 mg/kg and CQ significantly decreased parasite

Figure 1. Malaria-associated cardiac injury and effect of GIE on parasitemia. (A) Monitoring parasitemia percentage and CPK level during 10

days post-infection. (B) Positive correlation between parasitemia and CPK level. (C) GIE treatment reduced the parasitemia percentage in 4-day

PbANKA-infected mice. Results were expressed as mean+ SEM. H: healthy; UN: untreated; GI100, GI250, and GI500: GIE treatment of 100,

250 and 500 mg/kg body weight of mice, respectively; CQ: CQ treatment of 10 mg/kg body weight of mice.
#p < 0.05, ##p < 0.01 and ###p < 0.001, compared with UN.
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deposit compared with untreated group. Vacuolar degeneration
was observed in untreated group (Figure 5A). Administration of
GIE at any dose significantly decreased vacuolar degeneration
(100, 250 and 500 mg/kg) compared with untreated group,
similar to CQ administration (Figure 5C).

Discussion
In this study, we investigated cardiac function using CPK as a
cardiac biomarker and echocardiography in PbANKA-infected

mice with GIE administered orally. Malaria-associated cardiac
injury and dysfunction during PbANKA infection were
observed as indicated by a significant elevation of CPK, HW/
BW ratio and alteration of echocardiography.

In severe malaria with complicated falciparum, higher cir-
culation of cardiac proteins, such as troponin T (TnT), myo-
globin and CPK levels, as well as lactic acidosis and
hypoglycemia, have been observed in myocardial injury.14

The inflammatory characteristic of PbANKA infection
increases cytokine levels, such as TNF, IL-1β, and IFN-γ,
in combination with high oxidative stress induced by
malaria, leading to tissue damage, muscle weakness and
ischemia.15–18 Together, this information could be used for
improved monitoring of disease progression and development
of specific interventions for the protection of cardiac muscles
during malaria infection. In the present study, CPK level pos-
itively correlated with parasitemia. GIE-treated mice infected
with PbANKA showed diminished myocardial damage and
restored CPK levels. In the present study, we observed that
GIE demonstrated antimalarial activity by inhibiting parasite-
mia. This result was also supported by GIE at lower concen-
trations, previously shown to have the potential to suppress
parasitemia in the 4-day suppressive test,19 which may in
turn reduce malaria deposit and vacuolar degeneration in
the heart. Additionally, GIE has been shown to exhibit poten-
tial antioxidant properties by scavenging intracellular ROS
production, subsequently reducing inflammatory cytokines.20

Our results demonstrated that at any doses of GIE reduced
parasitemia and improved cardiac functions. However, there
was no significant difference between GIE dosages. At
higher dose of GIE contains higher quantities of its active
compounds, such as polyphenols, flavonoids, alkaloids, triter-
penoids, saponins, quercetins and gymnemic acids.20–22 This
cardio-protective effect may result from individual or syner-
gistic effects of these active compounds, according to GIE
treatment in PbANKA-infected mice.12,23

Evidence of pathological changes in acute malaria infec-
tion, including tissue inflammation, architectural loss and
malarial pigment deposit, was observed in brain, liver,
spleen, kidney, lung and heart.13 This complication is related
to parasite RBC sequestration, microvascular obstruction,
endothelial damage and tissue hypoxia, leading to cardiac dys-
function.17,24,25 In this study, PbANKA acute infection pre-
sented an enlarged heart and left ventricular dilation with
reduced systolic function, whichmay result from sequestration
of infected RBC in cardiac capillaries and subsequent blood
flow obstruction.26 Interestingly, significantly decreased ejec-
tion fraction and fractional shortening were present in the
PbANKA-infected group (UN). The cause may not be entirely
due to increased after-load, which results from malaria-related
increased vascular resistance, but other factors involved, most
likely sequestration in the myocardial vessels with secondary
ischemic change and impaired myocardial function.27–29

Alterations in cardiac echocardiography parameters were
also observed in patients with non-severe Plasmodium vivax
with impaired cardiac structures and function.30 Our finding

Figure 3. Effect of GIE on HW/BW in PbANKA infection in mice. H:

healthy; UN: untreated; GI100, GI250 and GI500: GIE treatment of

100, 250 and 500 mg/kg body weight of mice, respectively; CQ: CQ

treatment of 10 mg/kg body weight of mice.

*p < 0.05 compared with H. #p < 0.05, ##p < 0.01, and ###p < 0.001

compared with UN.

Figure 2. Effect of GIE on CPK level in PbANKA infection in mice.

H: healthy; UN: untreated; GI100, GI250, and GI500: GIE treatment

of 100, 250 and 500 mg/kg body weight of mice, respectively; CQ: CQ

treatment of 10 mg/kg body weight of mice.

***p < 0.001 compared with H. ## p < 0.01 and ###p < 0.001,

compared with UN.
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demonstrated that GIE administration produced strong cardio-
protective effects against left ventricular dysfunction in
PbANKA-infected mice.

Conclusion
According to the results in this study, evidence is provided that
GIE is highly potent in treating PbANKA-induced cardiac
injury and dysfunction in mice, thereby validating the use of
GIE in traditional medicine to treat malaria and related symp-
toms. Therefore, this plant performs promising cardio-
protective activities and further studies should be conducted
to isolate and identify the active compounds responsible for
these activities.
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