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Abstract
Background: The herbal medicine has been a rich source of new drugs exempli�ed by quinine and
artemisinin. In this study, examined a variety of Japanese traditional herbal medicine (Kampo) for their
potential antimalarial activities.

Methods: We designed a comprehensive screening to identify novel antimalarial drugs from a library of
Kampo herbal extracts (n = 120) and related compounds (n=96). The antimalarial activity was initially
evaluated in vitro against chloroquine/me�oquine-sensitive (3D7) and -resistant (Dd2) strains of
Plasmodium falciparum. The cytotoxicity was also evaluated using primary Adult Mouse Brain cells.
After being selected through the �rst in vitro assay, positive extracts and compounds were examined for
possible in vivo antimalarial activity.

Results: Out of 120 herbal extracts, Coptis Rhizome showed the highest antimalarial activity (IC50 1.9
µg/mL of 3D7 and 4.85 µg/mL of Dd2) with a high selectivity index (SI) > 263 (3D7) and > 103 (Dd2).
Three major chlorinated compounds (coptisine, berberine, and palmatine) related to Coptis Rhizome also
showed antimalarial activities with IC50 1.1, 2.6, and 6.0 µM (against 3D7) and 3.1, 6.3, and 11.8 µM
(against Dd2), respectively. Among them, coptisine chloride exhibited the highest antimalarial activity
(IC50 1.1 µM against 3D7 and 3.1 µM against Dd2) with SI of 37.8 and 13.2, respectively. . Finally, the
herbal extract of Coptis Rhizome and its major active compound coptisine chloride exhibited signi�cant
antimalarial activity in mice infected with P. yoelii 17X strain with respect to its activity on parasite
suppression consistently from day 3 to day 7 post-challenge. The effect ranged from 50.38 to 72.13% (P
<.05) for Coptis Rhizome and from 81 to 89% (P <.01) for coptisine chloride.

Conclusion: Coptis Rhizome and its major active compound coptisine chloride showed promising
antimalarial activity against chloroquine-sensitive (3D7) and -resistant (Dd2) strains in vitro as well as in
vivo mouse malaria model. Thus Kampo herbal medicine is a potential natural resource for novel
antipathogenic agents.

Background
Malaria remains a critical health problem in tropical and subtropical parts of the world. In 2018, 228
million cases of malaria resulted in 405,000 death, of which 93% of the cases and 94% of deaths were in
the WHO African region [1]. Although lots of efforts have been done, no effective vaccine is available to
combat malaria, therefore, chemotherapy and vector control is still the main strategy to reduce the burden
[2, 3, 4, 5]. Successful malaria control has been dependent on the treatment with e�cient antimalarial
drugs such as quinoline drugs like quinine, and chloroquine (CQ) [6, 7]. However, the extensive use of CQ
led to the emergence and spread of CQ-resistant Plasmodium falciparum parasites that reduced CQ's
usage for the prophylaxis and treatment for malaria in the late 1970s [8, 9, 10]. In the recent decade,
artemisinin-based combination therapy (ACT) is highly recommended as a �rst-line therapy for
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uncomplicated falciparum malaria globally, however, artemisinin-resistant P. falciparum has been recently
reported in Greater Mekong Sub-region [11, 12, 13, 14].

Traditional medicine has a long history and the therapeutic characteristics of plants have been known for
centuries. It has been used to treat the myriads of ailment [15]. Some of the conventional medicines were
derived from the plant-based herbal medicine, namely aspirin from willow bark [16], digoxin from
foxglove [17], and morphine from the opium poppy [18]. Interestingly, it persists as a crucial source of
drug discovery [15].  Furthermore, isolation of the natural product from herbal medicine has received
increasing attention and a potential source of the conventional antimalarial drug [19, 20] represented by
the isolation of quinine from Cinchona bark [21, 22, 23] and artemisinin from Artemisia annua [24]. In
Africa, herbal medicines are one of the most common traditional medicine and nearly 80% has been
utilized as primary health care. Thus, providing safe and effective herbal medicine could contribute to
expanding access to health care service as one-third of the population lack access to essential
medicine [25]. Recently, the use of herbal medicine attracts the scientist due to the minimal side effect,
lack of modern curative therapy for several chronic diseases, the emergence of microbial resistance, and
needs huge investment for modern drug development. On top of that, the pharmaceutical industries are
interested in using herbs as a source of ideal candidates and resurgence their approach in favor of
natural drug development [26].

Kampo is a Japanese traditional therapeutic system that was originated from Chinese traditional
medicine [27, 28]. In Japan, Kampo is usually used together with modern medicine mainly in chronic
diseases [28] and includes not only herbal medicine but also massage, moxibustion, acupuncture and
acupressure [29, 30]. One hundred forty-eight Kampo formulas have been covered by the Japanese
Health Insurance systems and each formula has a speci�c clinical indication for a speci�c disease
and/or symptoms [31]. In Japan, over 80% of the physician prescribed Kampo medicine and it is
integrated into modern medicine due to high safety and quality [32].

Kampo herbal extracts and their formula had been well-tolerated to human use for thousands of years
[33]. Therefore, we screened 120 Kampo herbal extracts and 96 related compounds for their antimalarial
activity in vitro by our system using chloroquine/me�oquine-sensitive (3D7) and -resistant (Dd2) strains
of P. falciparum. After con�rmation of Coptis Rhizome extract, its major compound coptisine chloride,
and related formulas having strong activity in vitro, those were further evaluated for their in vivo
antimalarial activity using P. yoelii strain 17X mouse malaria model. To check the presence of Coptis
Rhizome derived compounds in plasma, blood was collected from mice after oral administration of
Coptis Rhizome and Orengedokuto, and analyzed by Liquid chromatography–mass spectrometry (LC-
MS).

Methods
In vitro culture of Plasmodium falciparum
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P. falciparum CQ/me�oquine (MQ)-sensitive (3D7) and -resistant (Dd2) strains were originally obtained
from Dr. Louis Miller, NIH, USA. The parasites were maintained with 2% hematocrit type O+ red blood cells
(RBCs) in RPMI-1640-based complete medium (CM) supplemented with 5% AB+ human serum (prepared
from plasma), 0.25% AlbuMax I (Gibco, Waltham, MA), 12.5 µg/mL gentamycin, and 200 mM
hypoxanthine at 37°C under mixed gas (5% CO2, 5% O2, and 90% N2) condition basically as described
[34]. RBCs and human plasma were supplied by Japanese Red Cross Society (number: 28J0060).

Isolation and culture of primary Adult Mouse Brain cells

Primary Adult Mouse Brain (AMB) cells were isolated and established in NEKKEN Bio-Resource Center,
Institute of Tropical Medicine, Nagasaki University as described [35]. The primary cells, which were
passaged several times to be adapted to in vitro condition, were maintained in RPMI-1640 media
supplemented with 10% fetal bovine serum, penicillin/streptomycin solution (100 units/mL penicillin G,
100 mg/mL streptomycin sulfate) (Wako Pure Chemicals Industrial Ltd, Osaka, Japan) and incubated at
37°C under 5% CO2. The primary cells for cytotoxicity assay were used after three passages.

Kampo crude drug extracts, compounds, and formula

A Kampo library containing 120 herbal extracts (10 mg/mL), 96 Kampo-related active compounds
including three compounds (coptisine chloride, berberine chloride, and palmatine chloride), and powder of
formulated Orengedokuto (Kampo formula) ) were provided by the Institute of Natural Medicine
(WAKANKEN), at the University of Toyama as described [36] and stored at -80°C. All the herbal extracts
were dissolved in ultra-pure water (UPW) generated by Milli-Q (Merck KGaA, Darmstadt, Germany).
Compounds were preserved at a concentration of 2 mM dissolved in dimethyl sulfoxide (DMSO; Wako
Pure Chemicals Industrial Ltd.) solution, the most common solvent for chemicals. For in vivo assay,
powder of Orengedokuto and Coptis Rhizome, as well as chloroquine, were dissolved in distilled water
(DW) for oral administration.

In vitro antimalarial assay (�rst screening)

The P. falciparum cultures (0.75% parasitemia and 2% hematocrit) were seeded on 96-well clear �at-
bottom plates (Thermo Fisher Scienti�c, Rochester, NY) and exposed to Kampo herbal extracts (�nal
concentration of 500 µg/mL). The �nal UPW solution was less than or equal to 5% of the culture volume,
which had no inhibitory effect on parasite growth. CQ (Sigma-Aldrich, St. Louise, MO) and artesunate
(Shin Poong Pharm Co, Seoul, South Korea) were used as positive controls (10 µM – 0.508 nM), while 5%
UPW was used as negative control. The culture plates were kept at 37°C under mixed gas (90% nitrogen,
5% oxygen and 5% CO2) condition for 48 hrs. Each in vitro experiment was performed in duplicated wells
and repeated twice. The inhibition was obtained by dividing the parasitemia of test samples by the
average of the negative controls.

In vitro dose response assay
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The dose-response assay was performed for samples that showed more than 50% inhibition in the �rst
screening to obtain the 50% inhibitory concentration (IC50; 10(LOG(A/B) × (50 ‒ C)/(D ‒ C) + LOG(B), where A
represented the lowest concentration value at which the percentage inhibition showed greater than 50%, B
was the highest concentration value at which the percentage inhibition showed less than 50%, C was the
percentage inhibition value of the sample at concentration B, and D was the percentage inhibition value
of  the sample at concentration A). For the herbal extracts/Kampo formula, and for the compounds in the
library, the anti-malarial activity was analyzed using a serial dilution of test samples at 500 µg/mL – 25.4
ng/mL or at 20 µM – 0.619 nM respectively. Artesunate (10 µM – 0.508 nM) for 3D7 and CQ (10 µM –
0.508 nM) for Dd2 were served as positive controls, while UPW (�nal 5%) or DMSO (�nal 0.5%) were
assigned as negative controls. The �nal concentration of DMSO for all tested compounds, negative and
positive controls were adjusted to 0.5%.

A SYBR Green based micro�uorometric method was used to quantify parasite level as previously
described [37]. Brie�y, after 48 hrs of incubation with  herbal extracts or compounds, RBCs were lysed by
adding 100 µL of lysis buffer (20 mM Tris, 10 mM EDTA, 0.01% saponin (wt/vol), and 0.1% Triton X-100
(vol/vol), pH 7.5) and 1× the �nal concentration of SYBR Green - I (Lonza, Rockland, ME) into each well.
The plates were then incubated at room temperature for one hr with gentle agitation. Finally, the relative
�uorescence unit (RFU) per well was detected using a multilabel plate reader (ARVO 1430; Perkin Elmer,
Waltham, MA) with 485 - 515 nm for 0.1 seconds per exposure.

Cytotoxicity assay

Cytotoxicity was initially screened at 500 µg/mL for herbal extracts and 20 µM for compounds. AMB cells
(1×104 cell) were seeded in a 96-well plate (black plate with clear bottom) and incubated at 37°C in a CO2

incubator for 48 hrs. Then, herbal extracts, compounds, or their negative controls were added, and the
cells were further incubated for 48 hrs. To examine the cell viability (%), 10 µL of Alamar Blue solution
(10%, Funakoshi Co., Tokyo, Japan) were added into each well and the cells were incubated for 2 hrs. The
�uorescence intensity of each well was measured using a multilabel plate reader at 590 nm for 0.1
seconds per exposure. The concentration of drug required to reduce cell viability by 50% (CC50; 10(LOG(A/B)

× (50 ‒ C)/(D ‒ C) + LOG(B), where A represented the lowest concentration value at which the percentage viable
cell showed greater than 50%, B was the highest concentration value at which the percentage viable cell
showed less than 50%, C was the percentage viable cell value of the sample at concentration B, and D
was the percentage viable cell value of  the sample at concentration A) was determined for samples that
showed less than 50% viability in the initial screening. All assays were performed twice independently in
duplicated wells. IC50 and CC50 values were used as an indicator of in vitro antimalarial activity and an
indicator of cytotoxicity in AMB cells. The curve was plotted using GraphPad Prism 6 (GraphPad
Software, Inc., San Diego, CA). Selectivity index (SI) was obtained by dividing CC50 value by IC50 value.

Assessment of antimalarial activity in mouse model
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A Kampo herbal extract (Coptis Rhizome) and formula (Orengedokuto) exhibited in vitro antimalarial
activity were tested for in vivo activity against P. yoelii strain 17X in a mouse model. Female of 6-7 weeks
C57BL/6N mice (SLC Japan), weighing 18–20 g, were used. The mice were kept in a cleanroom under
conventional conditions. All mice were acclimatized for one week prior to the experiments.

The P. yoelii 17X strain was provided by Dr. Tetsuo Yanagi, of National Bio-Resource Center (NBRC),
NEKKEN, Nagasaki University, Nagasaki, Japan. and maintained by successive serial passage in mice
were used for the study. The parasite was maintained frozen at -80°C. For each individual assay, an
aliquot was injected intraperitoneally (IP) in a mice, and infected donor mice were produced after three in
vivo passage. A female C57BL/6N mouse previously infected with P. yoelii and having parasitemia levels
of 20 to 30% were used as a parasite donor. At day 0, mice were injected IP with 0.2 mL of infected blood
suspension containing 1×104 P. yoelii parasitized red blood cells (RBCs) obtain from the tail vein of P.
yoelii infected donor mouse. The P. yoelii infected blood was diluted in physiological saline and injected
via syringes.

For the antimalarial evaluation of the Coptis Rhizome and Orengedokuto, infected mice were distributed
randomly into four groups of �ve individuals per cage. Tested drug and CQ were dissolved in DW. Each
group of mice received the �rst dose of tested and control drug 2 hrs after infection with P. yoelii on day 0
and continued daily for 7 days. Animals in test groups were treated twice a day with 365mg/kg /day
of Orengedokuto (Kampo formula) and 122mg/kg/day of Coptis Rhizome (crude drug extract) in 0.2 mL
solution by oral administration. CQ groups, served as a positive control, received a dose of 10 mg/kg/day
and DW groups as a negative control, received 0.2 mL. Amount of dosage is calculated according to the
normal usage for humans. Moreover, blood was collected after 1hrs from mice treated with Coptis
Rhizome and Orengedokuto to detect berberine, palmatine, and coptisine.

For the in vivo antimalarial evaluation of the coptisine chloride (Toronto Research Chemicals (TRC), North
York, Canada), coptisine chloride, and CQ were dissolved in DW. Three groups of mice were injected
intraperitoneally with 0.2ml of the test sample (30mg/kg /day Coptisine chloride), positive control (10
mg/kg/day CQ), and negative control (DW) 2hrs after infection with P. yoelii. The same dose of injection
was performed once a day until day 6. The IP route of administration was used since the previous study
revealed that coptisine has low oral bioavailability and poorly absorbed through gastrointestinal tracts
[38, 39]

On day 3 (72 hrs post-infection), the parasitemia level were determined by Giemsa-staining of the tail vein
blood smears that was characterized by random counting of the number of parasitized erythrocytes on
randomly selected �elds of the slide under microscopy of 2,000–4,000 erythrocytes when parasitemia
was low (≤10 %) or up to 1000 erythrocytes when parasitemia was higher.

Results of the in vivo antimalarial activity were expressed as a mean ± standard deviation (SD) and the
comparison of parasitemia was determined by using a Student's t-test in Microsoft Excel 2016 (Microsoft,
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USA). The Statistical signi�cance level was set at P < .05 for all tests. The different �eld on each slide
was examined to calculate the average parasitemia as shown below.

Percentage parasitemia = (Number of parasitized RBC/ Total number of parasites)
x100                                                                                                                                

The average percentage of parasite growth suppression was calculated by comparing percentage
parasitemia suppression of the test group with respect to the control according to the equation:

Percentage suppression = (Mean parasitemia of negative control – Mean parasitemia of treated group)/
(Mean parasitemia of negative control group) x100                                     

Preparation of plasma samples

A healthy 6 weeks old female mice that were subjected to overnight fasting were used for this study. To
analyze berberine, coptisine, and palmatine after oral administration of Coptis Rhizome and
Orengedokuto, doses of 122mg/kg and 365mg/kg were used for each group, respectively. Five mice per
cage were used for each tested drugs. One hour after administration, the blood samples were collected
from the tail vein with heparin and centrifuged at 1000xg for 20 min to yield plasma sample. Plasma
samples were stored at -80°C. Before analysis, thawed plasma samples were mixed with methanol with
0.05% (vol/vol) formic acid for 15 min and centrifuged at 14000 rpm for 15 min. The supernatant was
transferred into an Amicon Ultra �lter (molecular weight cutoff of 10 kDa, Millipore Corporation), and
centrifuged at 14000 rpm for 60 min at 4°C. The �ltrate was evaporated and redissolved with 50 µL of
30% (vol/vol) MeOH in water to prepare LC-MS sample. LC-MS analyses were conducted with ODS
Atlantis T3 (3 μm, 2.1×150 mm) column and Shimadzu LCMS system (Shimadzu, Tokyo, Japan)
consisting DGU-20A5 on-line degasser, LC-20AD pumps (2 units), SIL-20A autosampler, CTO-20A column
oven, SPD-M20A PDA detector, and hybrid ion trap time-of-�ight (IT-TOF) mass spectrometer equipped
with an ESI (electrospray ionization) interface and chromatogram data were acquired and processed by
LCMS Solution (ver. 3.81, Shimadzu). Gradient elution of two solvent mixture consisting of 0.1% (vol/vol)
formic acid in water (mobile phase A) and 0.1% (vol/vol) formic acid in acetonitrile (mobile phase B) was
run at a �ow rate of 0.2 mL/min under the following gradient program: 10% B (0-2min), 10-100% B (2-20
min), 100% B (20-25 min), 100-10% B (25-26 min), and 10% B (26-36 min). TOF analyzer was calibrated
by sodium tri�uoroacetate solution. Data was acquired using the following parameters: detector voltage,
1.80 kV; probe voltage, +4.5 kV (positive mode) or -3.5 kV (negative mode); nebulizing gas �ow, 1.5
L/min.; drying gas pressure, 100 kPa; temperature for CDL (curved desolvation line) and heat block,
200°C; ion accumulation time, 30 msec.; scanning range, m/z 100-2000. The temperature of the column
oven was set at 40°C and the injection volume was 5 μL

Ethics statement

Human RBCs and plasma were obtained and used after the approval (number: 15 12 03 146-2) by the
institutional ethical review board of Institute of Tropical Medicine, Nagasaki University. The animals in
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this study were handled according to the international guidelines and institutional guideline of Nagasaki
University for the use and maintenance of experimental animals and used after approval (number
1710061412) by the institutional ethical review board of Institute of Tropical Medicine, Nagasaki
University.

Results
Initial in vitro screening of antimalarial activity and cytotoxicity of 120 Kampo herbal extracts, related
compounds, and Kampo formula

We initially tested the in vitro antimalarial activity of Kampo herbal extracts and their related compounds
(Additional �le: Table S1, Table S2) against CQ/MQ-sensitive (3D7) strain of P. falciparum. Of 120 herbal
extracts, Coptis Rhizome demonstrated good antimalarial activity against P. falciparum 3D7 (IC50 =1.9
µg/mL) with the minimal toxicity (CC50 > 500 µg/mL, SI > 263) (Additional �le: Table S3). Due to the
lowest IC50 and high SI, Coptis Rhizome was further evaluated against P. falciparum Dd2 strain and IC50

and SI were determined to be 4.85 µg/mL and > 103, respectively (Table 1). Furthermore, we selected the
Kampo formula Orengedokuto that contains high amount of Coptis Rhizome by percentage weight and
evaluated against CQ/MQ-sensitive (3D7) and resistant (Dd2) strain of P. falciparum. This formula was
received from Institute of natural medicine (WAKANKEN) at the University of Toyama and Tsumura
Company (Additional �le: Table S4) as the content of active ingredient is differentthe IC50 of the former
was identi�ed to be 3.1 and 6.34 µg/mL against 3D7 and Dd2, respectively. While sample from Tsumura
Company showed 36 and 104 µg/mL against 3D7 and Dd2, respectively.

In vitro antimalarial activity and cytotoxicity of three major bioactive components of Coptis Rhizome

Because of its highest antimalarial activity and SI, Coptis Rhizome, as well as its related compounds, are
shown in the supplemental table (coptisine, berberine, and palmatine) these three compounds of the test
samples were further investigated against 3D7 and Dd2 strains of P. falciparum. IC50 values for these
components were 1.1, 2.6, and 6.0 µM against 3D7 strain and 3.1, 6.3, and 11.8 µM against Dd2,
respectively (Table 1). CC50 values were 41.1 µM, 8.64 µM, and >100 µM, respectively. Thus SI of these
components were 37.8, > 3.3, and > 16.7 against 3D7 strain and 13.2, 1.3, and 8.5 against Dd2 strain,
respectively (Table 1).

In vivo antimalarial activity

Results of the in vivo malarial suppression test of Coptis Rhizome and Orengedokuto in mice infected P.
yoelii 17X strain are summarized in the supplementary �le (Additional �le: Table S5). The parasite density
of Coptis Rhizome revealed low as compared with the negative control (DW) and its parasite suppression
were observed from 50.38 at day 3 to 72.13% at day 7 post-challenge (Additional �le: Table S5) . Coptis
Rhizome treated mice showed signi�cant antimalarial activity consistently throughout the entire test
period to that of negative control (P <.05 on day 4 and P <.0l on day 3, 5, 6 and 7) (Figure 1, Additional
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�le: Table S5). Mice treated with CQ signi�cantly suppress the parasitemia and showed the most potent
antimalarial activity (0% parasitemia and 100% suppression).

In addition, to analyze the presence of major components derived from Coptis Rhizome, mice plasma
treated with and Orengedokuto were analyzed by LC-MS. Five mice were used in each treatment group.
After oral administration of Coptis Rhizome, the signal of berberine was observed in the plasma from four
mice at m/z 336.1 and retention time (tR) 14.0 min. The signals of palmatine (m/z 352.1, tR 13.8 min) and
coptisine (m/z 320.1, tR 13.0 min) were observed in three plasma samples. In the same way, after oral
administration of Orengedokuto, the signal of berberine, palmatine, and coptisine were detected in �ve,
three, and one mice, respectively. Comparing the signal intensities of these three components, the signal
of berberine was relatively stronger than the other two compounds (Additional �le: Table S6, Figure S1)

Figure 2 clearly showed that coptisine chloride suppressed the parasitemia, which displayed a mean
percentage suppression throughout the entire test period (P <0.1 on days 3 and 4, and P <.001, on days 5
and 6) (Figure 2, Additional �le: Table S7). The parasitemia suppression (%) of mice treated with
coptisine chloride was 89 %, 87 %, 82 %, and 81 % at days 3, 4, 5, and 6, respectively.

Discussion
Since P. falciparum has quickly acquired resistance against currently available all antimalarials [40, 41,
42],  it is urgently required to develop novel antimalarial drugs. Here we found that Coptis Rhizome
showed 1.9 µg/ml and 4.9 µg/ml of IC50 and >263 and >103 SI for Chloroquine sensitive and resistant P.
falciparum strains respectively.. We also found that three chemical compounds (coptisine, berberine, and
palmatine), which are related to Coptis Rhizome exhibited antimalarial activity with IC50 less than 12
µMThese compounds belong to the berberine alkaloidal family and share the same isoquinoline
skeletons, which is similar to quinoline skeleton found in antimalarial drug quinine. The structural
similarity to quinine may play an important role for antimalarial activity.

Coptis Rhizome is one of the components of a formula, Orengedokuto, which has been used to treat
in�ammatory disease [43], and berberine is strongly suggested to be responsible for its anti-in�ammatory
effect [44, 45]. In our study, we have con�rmed the in vivo anti-malarial activity of Coptis Rhizome, but the
Orengedokuto, whose 33.3% content [36] is Coptis Rhizome did not show a comparable effect on the
reduction of parasitemia. Because of those mice who got Orengedokuto showed damage in general
condition, this formula might contain some interfering components on anti-malarial e�cacy. Although
this formula is available over the counter and is not necessary to check its safety issue, it is di�cult to
bring it directly to human trials.

Our in vitro �nding of Coptis Rhizome and its bioactive compounds strongly supports a previous report
 [46]. However, their antimalarial activity showed much lower IC50 using exactly a similar lot of extract
and compounds provided from the same KAMPO library of Toyama University. One of the differences
between the two institutions is an incubation time of co-culture in vitro before the estimation of parasite
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number. The previous report used 72 hrs but we used 48 hrs. The IC50 difference between the 48 hr and
72 hr may result from time of action. The former method detects the merozoite invasion and subsequent
parasite growth from 32 to 46 hrs and, the latter one detects the mature trophozoites and schizonts,
respectively [47] In addition, when we saw the cytotoxicity, berberine showed much lower CC50 (CC50 8.3
µM) than the previous one [46]. Other study also reported high levels of cytotoxicity of berberine using
murine macrophage (CC50 27.3 µg/mL) [48],  or MCF-7 cell (CC50 36..91 µg/mL) [49], and 8.75 µg/mL
[50].

The in vivo results of coptisine chloride remarkably suppress the parasitemia of greater than 80 %, and
the density of parasitemia was signi�cantly lower than the negative control (P <.01). As previously
reported, coptisine had wide verities of activities such as inducing apoptosis in human colon cancer [51],
inhibiting in�ammatory response of mast cell [52], and antidiabetic [53]. However, this is the �rst report of
the coptisine chloride to have an in vivo antimalarial activity. After the oral administration of Coptis
Rhizome and Orengedokuto, coptisine were detected in 1/5 and 3/5 of mice, respectively, and the signal
of coptisine in plasma samples were relatively lower than that of berberine. The content of coptisine is
approximately 1/16 of coptisine in Coptis Rhizome [54]. Therefore, our results re�ect the contents of
these alkaloids in Coptis Rhizome which suggest that the poor oral absorption and bioavailability, and
fast elimination rate of coptisine [38, 39].

Recently, re-purposing of the existing drugs for use in different disease attract the researcher because of
cost-effectiveness [55, 56, 57]. Thus it is noteworthy that the activity of Coptis Rhizome in this study
could be a promising re-purposing of Kampo medicine to formulate the treatment of malaria.

Conclusions
In summary, this is the �rst study demonstrating the in vivo antimalarial activity of Coptis Rhizome and
coptisine chloride.. Our �nding suggests that Coptis Rhizome is a potential natural resource for
antimalarial, promising drug re-purposing for malaria, and its active compound coptisine chloride could
be a potential antimalarial lead candidate.

List Of Abbreviations
ACT: artemisinin-base combination therapy

AMB: Adult Mouse Brain

CC50:  50% cytotoxic concentration

CM: complete media

CQ: chloroquine

DW: Distilled water



Page 11/18

IC50: 50% inhibitory concentration

IP: Intraperitoneal

iRBC: infected RBC

LC-MS: Liquid chromatography-mass spectrometry

SI: selectivity index

UPW: Ultra-pure water

WHO: World Health Organization

Declarations
Ethics approval and consent to participate

Not applicable

Consent for publication

Not applicable

Competing interests

The authors declare that they have no competing interests

Availability of data and material

The datasets used and/or analyzed during the current study are available from the corresponding author
on reasonable request.

Funding

This study was conducted in part at the Joint Usage / Research Center on Tropical Diseases, Institute of
Tropical Medicine, Nagasaki University (28-Ippan-20, 29-Ippan-16), and on Science-Based Natural
Medicine, Institute of Natural Medicine, University of Toyama (Ippan Kenkyu I). A.A.T. is a recipient of a
scholarship from the Program for Nurturing Global Leaders in Tropical and Emerging Infectious Diseases,
Graduate School of Biomedical Sciences, Nagasaki University. A.A.T. was also a recipient of a
scholarship named ABE Initiative from Japan International Cooperation Agency (JICA).

Authors' contributions

S.M., K.T., K.K., J.K., N.T.H., and K.H. conceived and designed the experiments. A.A.T., S.M., K.T., and F.M.
performed the experiments. A.A.T, S.M., K.T., F.M., M.G.K., O.K., K.K., J.K., N.T.H., and K.H. analyzed and



Page 12/18

interpreted the data. A.A.T., S.M., M.G.K., O.K., N.T.H., and K.H. wrote the manuscript. All authors read and
approved the �nal manuscript.

Acknowledgements

Not applicable

References
[1]        “World malaria report 2019.” https://www.who.int/publications-detail/world-malaria-report-2019
(accessed Dec. 16, 2019).

[2]        K. L. Wilson, K. L. Flanagan, M. D. Prakash, and M. Plebanski, “Malaria vaccines in the eradication
era: current status and future perspectives,” Expert Rev. Vaccines, vol. 18, no. 2, pp. 133–151, 2019, doi:
10.1080/14760584.2019.1561289.

[3]        M. Zucca, S. Scutera, and D. Savoia, “New chemotherapeutic strategies against malaria,
leishmaniasis and trypanosomiases,” Curr. Med. Chem., vol. 20, no. 4, pp. 502–526, 2013.

[4]        D. A. Fidock, P. J. Rosenthal, S. L. Croft, R. Brun, and S. Nwaka, “Antimalarial drug discovery:
e�cacy models for compound screening,” Nat. Rev. Drug Discov., vol. 3, no. 6, pp. 509–520, Jun. 2004,
doi: 10.1038/nrd1416.

[5]        A. P. Mnzava, M. B. Macdonald, T. B. Knox, E. A. Temu, and C. J. Shiff, “Malaria vector control at a
crossroads: public health entomology and the drive to elimination,” Trans. R. Soc. Trop. Med. Hyg., vol.
108, no. 9, pp. 550–554, Sep. 2014, doi: 10.1093/trstmh/tru101.

[6]        M. Foley and L. Tilley, “Quinoline antimalarials: Mechanisms of action and resistance,” Int. J.
Parasitol., vol. 27, no. 2, pp. 231–240, Feb. 1997, doi: 10.1016/S0020-7519(96)00152-X.

[7]        J. Achan et al., “Quinine, an old anti-malarial drug in a modern world: role in the treatment of
malaria,” Malar. J., vol. 10, p. 144, May 2011, doi: 10.1186/1475-2875-10-144.

[8]        B. E. Monjol and M. F. Useh, “Detection of Plasmodium falciparum chloroquine resistance
transporter (PfCRT) mutant gene amongst malaria-infected pregnant women in Calabar, Nigeria,” Ann.
Parasitol., vol. 63, no. 4, pp. 323–330, 2017.

[9]        D. Payne, “Spread of chloroquine resistance in Plasmodium falciparum,” Parasitol. Today, vol. 3,
no. 8, pp. 241–246, Aug. 1987, doi: 10.1016/0169-4758(87)90147-5.

[10]      H. A. Antony and S. C. Parija, “Antimalarial drug resistance: An overview,” Trop. Parasitol., vol. 6,
no. 1, pp. 30–41, 2016, doi: 10.4103/2229-5070.175081.



Page 13/18

[11]      A. Sowunmi et al., “Therapeutic e�cacy and effects of artemisinin-based combination treatments
on uncomplicated Plasmodium falciparum malaria -associated anaemia in Nigerian children during
seven years of adoption as �rst-line treatments,” Infect. Dis. Poverty, vol. 6, Feb. 2017, doi:
10.1186/s40249-016-0217-7.

[12]      “WHO | Antimalarial drug resistance in the Greater Mekong Subregion: How concerned should we
be?,” WHO. http://www.who.int/malaria/media/drug-resistance-greater-mekong-qa/en/ (accessed Mar.
06, 2018).

[13]      R. Amato et al., “Origins of the current outbreak of multidrug-resistant malaria in southeast Asia: a
retrospective genetic study,” Lancet Infect. Dis., vol. 18, no. 3, pp. 337–345, Mar. 2018, doi:
10.1016/S1473-3099(18)30068-9.

[14]      M. Imwong et al., “The spread of artemisinin-resistant Plasmodium falciparum in the Greater
Mekong subregion: a molecular epidemiology observational study,” Lancet Infect. Dis., vol. 17, no. 5, pp.
491–497, May 2017, doi: 10.1016/S1473-3099(17)30048-8.

[15]      F.-S. Li and J.-K. Weng, “Demystifying traditional herbal medicine with modern approach,” Nat.
Plants, vol. 3, p. 17109, Jul. 2017, doi: 10.1038/nplants.2017.109.

[16]      S. Norn, H. Permin, P. R. Kruse, and E. Kruse, “[From willow bark to acetylsalicylic acid],” Dan. Med.
Arbog, vol. 37, pp. 79–98, 2009.

[17]      T. F. Whayne, “Clinical Use of Digitalis: A State of the Art Review,” Am. J. Cardiovasc. Drugs Drugs
Devices Interv., vol. 18, no. 6, pp. 427–440, Dec. 2018, doi: 10.1007/s40256-018-0292-1.

[18]      S. Norn, P. R. Kruse, and E. Kruse, “[History of opium poppy and morphine],” Dan. Med. Arbog, vol.
33, pp. 171–184, 2005.

[19]      H. Yuan, Q. Ma, L. Ye, and G. Piao, “The Traditional Medicine and Modern Medicine from Natural
Products,” Mol. Basel Switz., vol. 21, no. 5, Apr. 2016, doi: 10.3390/molecules21050559.

[20]      N. Tajuddeen and F. R. Van Heerden, “Antiplasmodial natural products: an update,” Malar. J., vol.
18, no. 1, p. 404, Dec. 2019, doi: 10.1186/s12936-019-3026-1.

[21]      H. Permin, S. Norn, E. Kruse, and P. R. Kruse, “On the history of Cinchona bark in the treatment of
Malaria,” Dan. Med. Arbog, vol. 44, pp. 9–30, 2016.

[22]      G. D. Shanks, “Historical Review: Problematic Malaria Prophylaxis with Quinine,” Am. J. Trop. Med.
Hyg., vol. 95, no. 2, pp. 269–272, Aug. 2016, doi: 10.4269/ajtmh.16-0138.

[23]      G. Gachelin, P. Garner, E. Ferroni, U. Tröhler, and I. Chalmers, “Evaluating Cinchona bark and
quinine for treating and preventing malaria,” J. R. Soc. Med., vol. 110, no. 1, pp. 31–40, Jan. 2017, doi:
10.1177/0141076816681421.



Page 14/18

[24]      S. de Ridder, F. van der Kooy, and R. Verpoorte, “Artemisia annua as a self-reliant treatment for
malaria in developing countries,” J. Ethnopharmacol., vol. 120, no. 3, pp. 302–314, Dec. 2008, doi:
10.1016/j.jep.2008.09.017.

[25]      “Traditional Medicine,” WHO | Regional O�ce for Africa. https://www.afro.who.int/health-
topics/traditional-medicine (accessed Apr. 01, 2019).

[26]      S.-Y. Pan et al., “Historical Perspective of Traditional Indigenous Medical Practices: The Current
Renaissance and Conservation of Herbal Resources,” Evid.-Based Complement. Altern. Med. ECAM, vol.
2014, 2014, doi: 10.1155/2014/525340.

[27]      K. M. Hoffmann et al., “Kampo Medicine: Evaluation of the Pharmacological Activity of 121 Herbal
Drugs on GABAA and 5-HT3A Receptors,” Front. Pharmacol., vol. 7, Jul. 2016, doi:
10.3389/fphar.2016.00219.

[28]      X. Chen et al., “Identi�cation of crude drugs in the Japanese pharmacopoeia using a DNA
barcoding system,” Sci. Rep., vol. 7, p. 42325, Feb. 2017, doi: 10.1038/srep42325.

[29]      M. Arai, S. Katai, S. Muramatsu, T. Namiki, T. Hanawa, and S. Izumi, “Current status of Kampo
medicine curricula in all Japanese medical schools,” BMC Complement. Altern. Med., vol. 12, p. 207, Nov.
2012, doi: 10.1186/1472-6882-12-207.

[30]      S. Yakubo et al., “Pattern Classi�cation in Kampo Medicine,” Evid.-Based Complement. Altern.
Med. ECAM, vol. 2014, 2014, doi: 10.1155/2014/535146.

[31]      T. Yoshino et al., “Predicting Japanese Kampo formulas by analyzing database of medical
records: a preliminary observational study,” BMC Med. Inform. Decis. Mak., vol. 16, no. 1, Sep. 2016, doi:
10.1186/s12911-016-0361-9.

[32]      Y. Motoo, T. Seki, and K. Tsutani, “Traditional Japanese medicine, Kampo: its history and current
status,” Chin. J. Integr. Med., vol. 17, no. 2, pp. 85–87, Feb. 2011, doi: 10.1007/s11655-011-0653-y.

[33]      K. Watanabe et al., “Traditional Japanese Kampo Medicine: Clinical Research between Modernity
and Traditional Medicine—The State of Research and Methodological Suggestions for the Future,” Evid.-
Based Complement. Altern. Med. ECAM, vol. 2011, 2011, doi: 10.1093/ecam/neq067.

[34]      W. Trager and J. B. Jenson, “Cultivation of malarial parasites,” Nature, vol. 273, no. 5664, pp. 621–
622, Jun. 1978, doi: 10.1038/273621a0.

[35]      E. Borenfreund and H. Babich, “In vitro cytotoxicity of heavy metals, acrylamide, and organotin
salts to neural cells and �broblasts,” Cell Biol. Toxicol., vol. 3, no. 1, pp. 63–73, Mar. 1987, doi:
10.1007/BF00117826.



Page 15/18

[36]      “TradMPD.” https://dentomed.toyama-
wakan.net/en/information_on_experimental_crude_drug_extracts/?reset=1 (accessed May 01, 2020).

[37]      F. Mosaddeque et al., “Prediction Model for Antimalarial Activities of Hemozoin Inhibitors by Using
Physicochemical Properties,” Antimicrob. Agents Chemother., vol. 62, no. 5, pp. e02424-17, May 2018, doi:
10.1128/AAC.02424-17.

[38]      Y. Yan et al., “Pharmacokinetics and tissue distribution of coptisine in rats after oral administration
by liquid chromatography–mass spectrometry,” Biomed. Chromatogr., p. n/a-n/a, Jan. 2017, doi:
10.1002/bmc.3918.

[39]      J. Su et al., “Pharmacokinetics and Brain Distribution and Metabolite Identi�cation of Coptisine, a
Protoberberine Alkaloid with Therapeutic Potential for CNS Disorders, in Rats,” Biol. Pharm. Bull., vol. 38,
no. 10, pp. 1518–1528, 2015, doi: 10.1248/bpb.b15-00293.

[40]      A. R. Parhizgar and A. Tahghighi, “Introducing New Antimalarial Analogues of Chloroquine and
Amodiaquine: A Narrative Review,” Iran. J. Med. Sci., vol. 42, no. 2, pp. 115–128, Mar. 2017.

[41]      M. Cañón, H. Diaz, and A. Olarte, “Mathematical model for the spread of drug resistance in
Plasmodium falciparum parasite considering transmission conditions,” J. Theor. Biol., vol. 435, pp. 1–11,
Dec. 2017, doi: 10.1016/j.jtbi.2017.09.001.

[42]      C. Nsanzabana, D. Djalle, P. J. Guérin, D. Ménard, and I. J. González, “Tools for surveillance of anti-
malarial drug resistance: an assessment of the current landscape,” Malar. J., vol. 17, Feb. 2018, doi:
10.1186/s12936-018-2185-9.

[43]      A. Fujii, T. Okuyama, K. Wakame, T. Okumura, Y. Ikeya, and M. Nishizawa, “Identi�cation of anti-
in�ammatory constituents in Phellodendri Cortex and Coptidis Rhizoma by monitoring the suppression of
nitric oxide production,” J. Nat. Med., vol. 71, no. 4, pp. 745–756, Oct. 2017, doi: 10.1007/s11418-017-
1107-4.

[44]      N. Oshima, T. Shimizu, Y. Narukawa, N. Hada, and F. Kiuchi, “Quantitative analysis of the anti-
in�ammatory activity of orengedokuto II: berberine is responsible for the inhibition of NO production,” J.
Nat. Med., vol. 72, no. 3, pp. 706–714, Jun. 2018, doi: 10.1007/s11418-018-1209-7.

[45]      Y. Chen, Y. Xian, Z. Lai, S. Loo, W. Y. Chan, and Z.-X. Lin, “Anti-in�ammatory and anti-allergic effects
and underlying mechanisms of Huang-Lian-Jie-Du extract: Implication for atopic dermatitis treatment,” J.
Ethnopharmacol., vol. 185, pp. 41–52, Jun. 2016, doi: 10.1016/j.jep.2016.03.028.

[46]      M. Nonaka, Y. Murata, R. Takano, Y. Han, Md. H. Bin Kabir, and K. Kato, “Screening of a library of
traditional Chinese medicines to identify anti-malarial compounds and extracts,” Malar. J., vol. 17, p. 244,
Jun. 2018, doi: 10.1186/s12936-018-2392-4.



Page 16/18

[47]      D. W. Wilson, C. Langer, C. D. Goodman, G. I. McFadden, and J. G. Beeson, “De�ning the Timing of
Action of Antimalarial Drugs against Plasmodium falciparum,” Antimicrob. Agents Chemother., vol. 57,
no. 3, pp. 1455–1467, Mar. 2013, doi: 10.1128/AAC.01881-12.

[48]      H. Mahmoudvand et al., “Antifungal, Antileishmanial, and Cytotoxicity Activities of Various
Extracts of Berberis vulgaris (Berberidaceae) and Its Active Principle Berberine,” ISRN Pharmacol., vol.
2014, Mar. 2014, doi: 10.1155/2014/602436.

[49]      H.-C. Chou et al., “Proteomic and redox-proteomic analysis of berberine-induced cytotoxicity in
breast cancer cells,” J. Proteomics, vol. 75, no. 11, pp. 3158–3176, Jun. 2012, doi:
10.1016/j.jprot.2012.03.010.

[50]      L. El khalki, M. Tilaoui, A. Jaafari, H. Ait Mouse, and A. Zyad, “Studies on the Dual Cytotoxicity and
Antioxidant Properties of Berberis vulgaris Extracts and Its Main Constituent Berberine,” Adv. Pharmacol.
Sci., vol. 2018, Jan. 2018, doi: 10.1155/2018/3018498.

[51]      B. Han et al., “Coptisine-induced apoptosis in human colon cancer cells (HCT-116) is mediated by
PI3K/Akt and mitochondrial-associated apoptotic pathway,” Phytomedicine, vol. 48, pp. 152–160, Sep.
2018, doi: 10.1016/j.phymed.2017.12.027.

[52]      S. Fu, S. Ni, D. Wang, and T. Hong, “Coptisine Suppresses Mast Cell Degranulation and Ovalbumin-
Induced Allergic Rhinitis,” Molecules, vol. 23, no. 11, Nov. 2018, doi: 10.3390/molecules23113039.

[53]      L. Shi et al., “Glucose consumption assay discovers coptisine with bene�cial effect on diabetic
mice,” Eur. J. Pharmacol., vol. 859, p. 172523, Sep. 2019, doi: 10.1016/j.ejphar.2019.172523.

[54]      Z. Xu et al., “Rhizoma Coptidis and Berberine as a Natural Drug to Combat Aging and Aging-
Related Diseases via Anti-Oxidation and AMPK Activation,” Aging Dis., vol. 8, no. 6, pp. 760–777, Dec.
2017, doi: 10.14336/AD.2016.0620.

[55]      S. Pushpakom et al., “Drug repurposing: progress, challenges and recommendations,” Nat. Rev.
Drug Discov., Oct. 2018, doi: 10.1038/nrd.2018.168.

[56]      S. M. Corsello et al., “The Drug Repurposing Hub: a next-generation drug library and information
resource,” Nat. Med., vol. 23, no. 4, pp. 405–408, Apr. 2017, doi: 10.1038/nm.4306.

[57]      N. R. Rabinovich, “Ivermectin: repurposing an old drug to complement malaria vector control,”
Lancet Infect. Dis., vol. 18, no. 6, pp. 584–585, Jun. 2018, doi: 10.1016/S1473-3099(18)30176-2.

Tables
Table 1. In vitro antimalarial activities and the cytotoxicities of Coptis Rhizome and three chlorinated compounds
representing its major bioactive components.
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Name IC50 CC50 SI

3D7 Dd2 3D7 Dd2

Crud drug extract (µg/mL) Coptis Rhizome 1.9 + 0.84 4.85 + 2.33 > 500 > 263 > 103

Compounds (µM) Coptisine chloride 1.1 + 0.05 3.1 + 0.07 41.1 37.8 13.2

Berberine chloride 2.6 + 1.22 6.3 + 0.47 8.6 3.3 1.3

Palmatine chloride 6.0 + 3.4 11.8 + 1.62 > 100 > 16.7 > 8.5

 

IC50: 50% inhibitory concentration.

CC50:  50% cytotoxic concentration using adult mouse brain cells

SI: Selectivity Index

Values are the mean from two independent experiments performed in duplicate.

Figures

Figure 1
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Kinetics of parasitemia with or without administration of test samples. The above �gure indicates the
average group parasitemia of Coptis Rhizome (CR) and Orengedokuto (OGT) compared with negative
control (DW) and positive control (CQ). On day 0, all mice were injected 1x104 P. yoelii 17X strain
intraperitoneally. Two hrs post-challenge, two tested drugs, negative and positive control were
administered orally. On day 3 (72 post-challenge) parasitemia was determined. The x-axis is days after
parasite infection while the y-axis shows the percentage of iRBCs.

Figure 2

Kinetic of parasitemia with or without administration of tested samples. The above �gure indicates the
average group parasitemia of coptisine chloride (CC) compared with negative control (DW) and positive
control (CQ). On day 0, all mice were injected 1x104 P. yoelii 17X strain intraperitoneally. Two hrs post-
challenge, tested drug, negative and positive control were administered via intraperitoneally. On day 3 (72
hrs post-challenge) parasitemia was determined. The x-axis is days after parasite infection while the y-
axis shows the percentage of iRBCs.
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