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Abstract.

A 35-year-old Japanese man had an intermittent fever and mild headache for eight weeks after he returned

to Japan from working in Mozambique. He had taken antimalarial prophylaxis (doxycycline) for 25 weeks, and stopped
taking this drug two weeks after his return. Microscopic examination of a peripheral blood smear showed a mixed
infection with Plasmodium vivax, P. falciparum, and P. ovale. In addition, a nested polymerase chain reaction and
subsequent sequencing detected specific DNA sequences of four species of Plasmodium, including P. malariae. The
patient was successfully treated with artemether-lumefantrine and primaquine phosphate. The present case is a rare
instance of a mixed infection with four species of Plasmodium. Nonimmune persons in malaria-endemic areas may have
a risk of mixed infection. All four species must be identified by using sensitive and specific tests, such as a nested
polymerase chain reaction, in addition to conventional morphologic identification.

Although many cases of mixed malaria infection have been
reported in malaria-endemic countries, coincidental infection
with more than one species of Plasmodium spp. is rare in non-
endemic countries." In Japan, only approximately 50-80 cases
of malaria are reported each year, and are all imported
malaria,® In this report, we describe a Japanese man who was
given a diagnosis of a mixed infection with four species of
Plasmodium (P. vivax, P. falciparum, P. ovale wallikeri, and
P. malariae) by using a nested polymerase chain reaction
(PCR) after he returned from Mozambique.

CASE REPORT

A 35-year-old Japanese man had intermittent fever and mild
headaches for eight weeks after returning from Mozambique.
He returned to Japan at the end of June after working as
an instructor in operating construction machinery during for
two years (June 2010-June 2012). He had taken antimalarial
prophylaxis (doxycycline) for 25 weeks from January through
the second week of July in 2012. He had no symptoms sugges-
tive of malaria while in Mozambique, but a slight fever devel-
oped on August 25, 2012, in Japan. A high fever developed on
August 30 and he was admitted to Tokai University Hospital
on September 3.

Physical examination at admission showed a body temper-
ature of 37.9°C, a respiratory rate of 27 beats/minute, a heart
rate of 100 beats/minute, a blood pressure of 108/68 mm Hg,
anemia in the palpebral conjunctiva, hepatomegaly, and
splenomegaly. The hemoglobin level was 11.3 g/dL, the mean
corpuscular volume was 88.7 fL, and the platelet count was
54 x 10°/L. Biochemical tests showed increased serum
levels of aspartate aminotransferase (32 U/L, reference value
<30 U/L), lactate dehydrogenase (379 U/L, reference range =
110-219 U/L) and C-reactive protein (5.57 mg/dL, reference
value < 0.3 mg/dL). A coagulation test result for the pro-
thrombin time-international normalized ratio was slightly
prolonged (1.18, reference range = 0.80-1.10). An ultrasono-
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graphic examination showed hepatomegaly (140 mm thick-
ness along the mammary line), splenomegaly (160 x 75 mm),
and reactive swelling of the portal hepatic lymph nodes.

A rapid diagnostic test (OptiMAL-IT; DiaMed, Cressier,
Switzerland) for malaria with blood of the patient showed
three positive bands for the control, Plasmodium spp., and P.
falciparum. A thin blood smear stained with Giemsa showed
P. vivax, P. falciparum, and P. ovale (Figure 1). Trophozoites
of P. vivax were dominant in the microscopic examination,
and the total parasitemia including other species was 1.7%.

The patient was treated with Coartem (artemether 20 mg/
lumefantrine 120 mg) in a six-dose regimen for three days
(total = 24 tablets), followed by primaquine, 15 mg/day for
14 days. The patient soon became afebrile and subsequently
left the hospital on the seventh day of hospitalization. Since
that time, Plasmodium has not been detected, and his symp-
toms did not recur.

To identify the exact Plasmodium species, Plasmodium
DNA was extracted from the patient’s blood by using a
QIAamp DNA Mini Kit (QIAGEN, Hilden, Germany)*®
and was subjected to a nested PCR specific for the 18S ribo-
somal RNA gene. Plasmodium genus-specific primers and
four pairs of species-specific primers described in a previous
study were used for the nested PCR.S Results showed that the
patient was infected with four species of Plasmodium, includ-
ing P. malariae, which was not identified in the blood smear
by microscopy (Figure 2). Amplified fragments were cloned
into a vector and sequenced. The fragment amplified with
P. falciparum-specific nested primers showed 100% identity
with the P. falciparum 18S ribosomal RNA gene (GenBank
accession no. JQ627152.1, expected = 3 x 107). Frag-
ments amplified with P. vivax-specific, P. ovale-specific, and
P. malariae-specific nested primers showed a single nucleotide
substitution in. the P. vivax 18S ribosomal RNA gene
(GenBank accession no. JQ627158, expected = 1 x 1078), the
P. ovale 18S ribosomal RNA gene (GenBank accession
no. AB182490.1, expected = 9 x 107**) and the P. malariae 188
ribosomal RNA gene (GenBank accession no. M54897.1,
expected = 9 x 107), respectively.

Because two types of P. ovale strains (classic and variant
types) are prevalent in Africa and Asia, and it has been
reported that the two types are distinct species,’” we generated
specific nested-primers specific for the P. ovale cytochrome b
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Ficure 1. Microscopy of a Giemsa-stained peripheral blood smear of the patient. A, Ring form of Plasmodium falciparum (arrowhead)
and a late trophozoite of P. vivax (arrow) were observed, B, Trophozoite of P. vivax (arrow) and trophozoite of P, ovale (white arrowhead)

were observed.

gene (cyth) to determine the P. ovale species (Figure 3A).
Specific bands corresponding to a 257-basepair fragment, were
amplified from the sample. No specific bands were amplified
from P. vivax genomic DNA (MRA-41, provided by the
Malaria Research and Reference Reagent Resource Center)
under these conditions when used as a negative control.
Sequencing of the amplified fragment showed 100% identity
with the P. ovale wallikeri cytb gene (GenBank accession
no. HQ712053, expected = 1 x 107'%%), and single-nucleotide
polymorphisms specific for P. ovale wallikeri were detected
(Figure 3B). These results showed that the patient was infected
with four malaria species (P. falciparum, P. vivax, P. malariae,
and P. ovale wallikeri).

DISCUSSION

Some triple or quadruple mixed malaria infections have
been reported among semi-immune residents in malaria-
endemic areas of Asia® and Africa.'®! However, triple or
quadruple mixed malarial infections have been rare among
non-residents of such areas or among nonimmune persons.
The present case is the first imported case of quadruple
malaria in a nonimmune Japanese patient.

Pv Po Pm
7 8 9 10 11 12

FiGure 2. Detection of a Plasmodium 188 ribosomal RNA gene
fragment by using nested polymerase chain reaction analysis. Ampli-
fication was performed by using a standard protocol for 35 and
20 cycles for the first and the second amplifications, respectively.
Samples were first amplified with Plasmodium genus-specific primers
and then amplified with P. falciparum-specific (lanes 1-3), P. vivax-
specific (lanes 4-6), P. ovale-specific (lanes 7-9), and P. malariae-specific
(lanes 10-12) oligonucleotide sets, respectively. Specific bands corre-
sponding to P. falciparum (101 basepairs [bp] , lanes 1 and 2), P. vivax
(104 bp, lanes 4 and 5), P. ovale (115 bp, lanes 7 and 8), and P. malariae
(115 bp, lanes 10 and 11) were amplified. Patient samples: lanes 1, 4,7,
and 10. Positive controls: lanes 2, 5, 8, and 11. Negative controls:
lanes 3, 6, 9, and 12.

244

In mixed malaria infections, the level of parasitemia is
different for each Plasmodium spp. In Japan, some mixed
infections have been confirmed by combined use of morpho-
logic detection and other alternative methods, including
immunoassays and the molecular analyses.**'* The findings
in this report, as well as in other reports,'*'> indicate that
molecular detection methods, such as nested PCR and real-
time PCR, have superior sensitivity and specificity, which
enables identification of low levels of infection and differen-
tiation of species.

For antimalarial chemoprophylaxis, mefloquine is recom-
mended in Japan, but it cannot be used in areas with
mefloquine-resistant malaria. Doxycycline and atovaquone/
proguanil can be used in all malaria-endemic areas, and these
drugs are used in Japan. These drugs are effective against
erythrocytic forms and also inhibit development of the normal
liver stages, but they do not affect hypnozoites. Therefore,
development of clinical malaria from hypnozoites of P. vivax
or P. ovale has been reported more than two months after
returning among travelers who continued chemoprophylaxis
based on standard regimens.’®

Daily use of doxycycline is recommended during travel to
malaria-endemic areas and for four weeks after returning to a
area where malaria is not endemic. However, the patient in this
study stopped taking doxycycline after two weeks. Similar pro-
phylactic failures for doxycycline against P. falciparum or P.
vivax are associated with use of inadequately low doses.}”®
Moreover, the prevalence of P. falciparum isolates with reduced
susceptibility to mefloquine and doxycycline has been reported
in Africa.'**

In nonimmune persons taking chemoprophylaxis, efficacy
differs for each Plasmodium spp. Furthermore, different levels
of drug resistance to each strain and the dose of drugs used
influence the clinical manifestations in cases with chemopro-
phylactic failure. P. falciparum might dominate over P. vivax
by inducing a primary infection, as occasionally observed in
patients simultaneously infected with the two species. In
the present case, however, P. vivax predominated over P.
falciparum. A partial effect of doxycycline was conceivably
obtained because the parasitemia with P. falciparum and
P. malarige was low. Detection of P. malariae was difficult by
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Ficure 3. Sequence analysis of the Plasmodium ovale (Po) wallikeri cytb gene. A, Nucleotide alignment of the cyth genes from P. ovale
wallikeri (Gen Bank accession no. GU723535), P. ovale curtisi (GU723514), and P. vivax (Pv) (AY791525). Red lines indicate regions where
nested primers are annealed, respectively. Oligonucleotide sequences used to amplify polymorphic regions of P. ovale spp. were outer primers
PoCytb-1F (5'-TTC AAT TCC AGC CTT AGT TAT ATG GTT ATG-3') and PoCytb-2R (5-CTG GAT GAG ATA ATG GTA TTA TTC
CAA ATA AAC-3) and inner primers PoCytb-3F (§-GTT ATA TGG TTA TGT GGA GGA TAT ACT GTT AGT G-3') and PoCytb-4R
(5-TATTCC AAATAA ACTTTG TAA TAA AAATAATAT AAA GAT ATT-3). A polymerase chain reaction was performed as described
above for 40 and 30 cycles for the first and second amplifications, respectively. Three single nucleotide polymorphism sites included this region
specific for P. ovale wallikeri are indicated by red stars. B, Sequence analysis of a fragment amplified by using nested polymerase chain reaction
identified P. ovale wallikeri-specific nucleotide polymorphisms, as indicated by arrowheads.

microscopy and was confirmed by using the nested PCR. A
variant strain of P. ovale could not be detected by PCR for
the classic strain, and its infection was confirmed by the more
specific protocol of PCR used for the present case.

Although the Duffy-negative phenotype FY*BE®S, which
is not susceptible to infection with P. vivax, is dominant in
sub-Saharan Africa,” Duffy-negative persons infected with
P. vivax have been reported and suggested as a possible res-
ervoir of P. vivax to Duffy-positive persons, such as those
seen in Japanese persons.”* As more nonimmune persons visit
malaria-endemic countries in Africa, there are likely to be
more cases of imported mixed infections of Plasmodium spe-
cies, including P. vivax. Nonimmune persons who stay in
malaria-endemic areas for long periods face an increasing
risk of mixed infection, and clinical features are modified by
chemoprophylaxis. When nonimmune persons show atypical
clinical features for malaria or when chemoprophylaxis failure
is suspected, all four species of human malaria parasites should
be considered as causative agents, and the patients should be
examined by using sensitive and specific tests, such as the
PCR, in addition to conventional morphologic analyses.
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Abstract: The crude extract of Alnus japonica bark exhibited a strong effect on the
growth of Trypanosoma brucei. Subsequent chromatographic separation resulted in the
isolation of two novel diarylheptanoids, known as alnuside C (2) and alnuside D (3), and
three known compounds, 1-(3,4-dihydroxyphenyl)-7-(4-hydroxyphenyl)-heptan-3(R)-O-B-p-
glucopyranoside (1), oregonin (4) and hirsutanone (5). The structures of the isolates were
elucidated based on the use of extensive spectroscopic and chemical methods. Among the
isolated diarylheptanoids, oregonin (4) (a major component of plant bark) and hirsutanone
(5) exhibited potent in vitro inhibitory activity against T. brucei growth.in the bloodstream
with ICsy values of 1.14 and 1.78 uM, respectively. We confirmed that oregonin (4) and
hirsutanone (5) were not toxic to human normal skin fibroblast cells (NB1RGB) and colon
cancer cells (HCT-15) at a concentration of 50 uM; however, lower levels of toxicity were
observed for leukemia cells. To determine the structure activity relationships of the isolated
components, we performed Conformation Search and found that the 3-oxo function of the
heptane chain in the diarylheptanoid molecule is required for their trypanocidal activity.
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Introduction

Human African trypanosomiasis (HAT), commonly known as sleeping sickness, has long
been a serious health and socioeconomic problem in sub-Saharan Africa (Remme et al.,
2002; WHO, 2013). Recently, significant progress has been made in controlling the dis-
ease. New cases have fallen to an annual rate of approximately 50,000; however, an
estimated 60 million people are still at risk of contracting this disease (Barrett ez al., 2007,
Kennedy, 2008; Mallari er al., 2008a,b). The disease occurs upon infection with the
protozoan parasites Trypanosoma brucei rhodesiense or T. b. gambiense, which reside in
the bloodstream during the early phase of the disease but can subsequently invade the
central nervous system. The later stages of the disease result in behavioral changes and
disrupted sleeping patterns or coma (sleeping sickness) symptoms, which if left untreated
ultimately cause death (Barrett et al., 2007; Mallari et al., 2008a,b).

Treatment of HAT has previously relied on the use of four drugs: suramin, pentamidine,
melarsoprol and eflorithine developed in 1921, 1941, 1949 and 1990, respectively. These
drugs cause severe side effects, require lengthy parenteral administration, lack efficacy and
are too expensive for most patients to obtain (Docampo and Moreno, 2003). Because HAT
is a disease that afflicts the poorest population in Africa, the traditional market driven
pathways for drug development are not available. Furthermore, eflornithine and pentami-
dine are ineffective for the treatment of sleeping sickness caused by T. b. rhodesiense.
There has also been an increase in the number of patients who fail to respond to mel-
arsoprol due to the emergence of drug resistant forms of T. brucei (Pepin and Milord,
1994). The increase in drug resistant forms coupled with the use of antiquated toxic drugs
to cure the disease underscores the need for new HAT treatments.

A. japonica (Betulaceae), which is a common tree found in the low mountainous areas
of Northeastern China, Korea and Japan, has been used in folk oriental medicine as
remedies for fever, hemorrhage, diarrhea, and alcoholism. Previous phytochemical
investigations of A. japonica have led to the identification of various diarylheptanoids,
several triterpenoids and some flavonoids (Nomura ef al., 1981; Wada et al., 1998; Lee
et al., 1992; Kuroyanagi et al., 2005). We also isolated several diarylheptanoids from
A. japonica and determined their anti-oxidant and anti-influenza activities (Tung et al,
2010a,b). Diarylheptanoids belong to a phenolic class of natural products that contain a
1,7-diphenylheptane skeleton, and numerous diarylheptanoids have recently been isolated
from Zingiberaceae and Betulaceae plants (Nomura ez al., 1981; Kikuzaki er al, 1991,
Wada et al., 1998; Gonzalez-Laredo et al., 1999; Giang et al., 2006; Tung et al., 2010a).
The well-known diarylheptanoid curcumin is the principal component of the spice turmeric
(Zingiberaceae) and exhibits various biological properties such as anti-inflammatory (Xu
et al., 1998), anti cancer (Hossain et al., 2012), anti-oxidant (Rahman and Adcock, 2006),
and anti-trypanosomal (Nagajyothi ez al., 2012; Nose et al., 1998) activities. Interest in the
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Figure 1. Structures of the diarylheptanoids (1-5) (Glc: B-p-glucopyranosyl, Xyl: B-p-xylopyranosyl, Rha:
a-L-Thamnopyranosyl).

anti-trypanosomal activity of A. japonica has increased since an ethanol extract prepared
from its bark was found to exhibit potent inhibitory effects on the growth of T. brucei
during our ongoing survey to identify naturally occurring anti-trypanosomal agents. Sub-
sequently, chromatographic purification led to the isolation of two novel diarylheptanoids,
alnuside C (2) and alnuside D (3), together with three known compounds, 1-(3,4-
dihydroxyphenyl)-7-(4-hydroxyphenyl)-heptan-3(R)-O-B-p-glucopyranoside (1), oregonin
(4) and hirsutanone (5) (Fig. 1). This paper describes the structural identification of the five
isolated diarylheptanoids, their anti-trypanosomal effects and the structure activity rela-
tionships obtained by molecular modeling.

Materials and Methods
General Experimental Procedures

Optical rotations were obtained using a JASCO P-1020 automatic digital polarimeter
(JASCO, Easton, USA). IR spectra were recorded on a JASCO FT/IR-4200 spectrometer.
NMR spectra were recorded on a JEOL ECX 400 NMR spectrometer (JEOL, Tokyo,
Japan). HR-ESI-TOFMS experiments utilized a JEOL AccuTOF™ LC 1100 mass spec-
trometer (JEOL, Tokyo, Japan). HPLC analysis of sugars was performed on an Agilent
1100 Series HPLC system (Agilent, Santa Clara, CA, USA) equipped with a YMC-Pack
NH, column (250 x 4.6 mm i.d., NH12505-2546WT, YMC Co. Ltd., Kyoto, Japan) and
an optical rotation detector JASCO OR-2090 (JASCO, Easton, USA). Column chroma-
tography was performed on silica gel 60 (230-400 mesh, Nacalai Tesque Inc., Kyoto,
Japan) and YMC ODS-A gel (50 um, YMC Co. Ltd., Kyoto, Japan). TLC was performed
on Kieselgel 60 F,s, (Merck, Darmstadt, Germany) plates. Spots were visualized by
spraying the plates with a 10% aqueous H,SO, solution, followed by heating.

Plant Material and Purification of Compounds

The bark of A. japonica was donated by Prof. Takao Setsu from Kyushu University Forest
in January 2011. The voucher specimen was deposited at the Herbarium of Faculty of
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Pharmaceutical Science, Nagasaki International University. The air-dried sample (1.0kg)
was extracted with 50% aqueous EtOH (2.0L x 3 times) at 40°C under sonication. After
removal of the solvent, the obtained residue (115 g) was resuspended in 1.0 L of water and
successively partitioned with CH,Cl, and EtOAc (each 1.0L x 3) to obtain soluble frac-
tions of CH,Cl, (35.0 g) and EtOAc (53.5g). A part of the EtOAc fraction (40.0g) was
fractionated over a silica gel column using a gradient of CHCl;-MeOH (15:1-0:1, v/v) to
give six fractions (fraction 1.1-1.6). Fraction 1.2 (2.6 g) was further chromatographed
using a silica gel column with CHCl;-MeOH (10:1), followed by a reverse-phase C;g (RP)
column with MeOH-H,O (1:1) to produce compound 5 (60 mg). Fraction 1.4 (4.5 g) was
subjected to a RP column with MeOH-H,O (6:5) to obtain seven sub-fractions (fraction
2.1-2.7). Then, fraction 2.1 (1.8 g) was re-chromatographed using a silica gel column with
CHCl3-MeOH (6:1, v/v) to yield compound 4 (1600mg). Fraction 2.6 (80 mg) was
chromatographed using a silica gel column with EtOAc-MeOH (15:1) to produce com-
pounds 1 (18.0 mg) and 3 (15.0 mg). Subsequently, compound 2 (11 mg) was purified from
fraction 2.7 (350 mg) by silica gel column chromatography with CHCl;-MeOH (5:1).

1-(3,4-dihydroxyphenyl)-7-(4-hydroxyphenyl)-heptan-3-(R)-O-f3-p-glucopyranoside (1)

Colorless solid; [ ¥-12° (¢ 0.22, MeOH); IR (film) vy 3356, 2924, 1611, 1516, 1440,
1052, 824 cm~!; "HNMR (CD;0D, 400 MHz) 6 1.32 (2H, m, H-5), 1.48 2H, m, H-6), 1.55
(2H, m, H-4), 1.70 (2H, m, H-2), 2.44 (2H, t, J = 7.2Hz, H-7),2.50 QH, t, / = 7.2 Hz, H-1),
3.12(1H,t,J = 8.0 Hz, H-2"),3.24 (1H, m, H-3"), 3.30 (1H, m, H-4""), 3.35 (1H, m, H-5"),
3.58 (1H, dd, J = 11.6, 5.2 Hz, H-6a"), 3.68 (1H, m, H-3), 3.84 (1H, dd, J = 11.6, 2.0 Hz,
H-6b"), 4.26 (1H, d, J = 7.6 Hz, H-1"), 6.46 (1H, dd, J = 8.0, 1.6 Hz, H-6"), 6.60 (2H, d,
J = 8.0Hz, H-3",5"), 6.62 (1H, d, J = 8.0 Hz, H-5), 6.66 (1H, d, J = 1.6 Hz, H-2'), 6.91
@H, d, J = 8.0Hz, H-2", 6"); BCNMR (CD,0D, 100 MHz) see Table 1; (+)-HRESI-
TOFMS m/z 479.2296 [M + H]*+ (Calcd for CysHssOq: 479.2281).

Alnuside C (2)

Colorless solid; [o]5 — 19° (¢ 0.25, MeOH); IR (film) vy 3353, 2924, 1612, 1515,
1442, 1055, 825cm~!; '"HNMR (CD;0D, 400 MHz) § 1.33 (2H, m, H-5), 1.45 (2H, m,
H-6), 1.51 (2H, m, H-4), 1.68 (2H, m, H-2), 2.40 (2H, t, J = 7.2 Hz, H-7), 2.48 (2H, t,
J =7.2Hz, H-1), 3.12 (1H, t, J = 8.0Hz, H-2"), 3.20 (1H, m, H-5a"), 3.30 (1H, m,
H-3"),3.52 (1H, m, H-4"), 3.70 (1H, m, H-3), 3.78 (1H, dd, J = 11.6, 5.2 Hz, H-5b""), 4.23
(1H,d,J = 7.6Hz, H-1"), 6.46 (1H, dd, J = 8.0, 1.6 Hz, H-6"), 6.60 (2H, d, J = 8.0 Hz, H-
37, 5", 6.62 (1H, d, J = 8.0Hz, H-5"), 6.66 (1H, d, J = 1.6Hz, H-2/), 6.90 (2H, d,
J = 8.0Hz, H-2", 6"); BCNMR (CD;0D, 100 MHz) see Table 1; (+)-HRESITOFMS
m/z449.2186 [M + H] ™ (Caled for CpyHs3Og: 449.2175).

Alnuside D (3)

Colorless solid; [«] 2 _31° (¢ 0.21, MeOH); IR (flm) vy 3350, 2925, 1614, 1516, 1445,

1050, 822cm~!; '"HNMR (CD;0D, 400 MHz) 61.20 (3H, d, J = 6.4 Hz, H-6""), 1.32

250



Am. J. Chin. Med. 2014.42:1245-1260. Downloaded from www.worldscientific.com

by TOKYO IKA SHIKA UNIVERSITY LIBRARY on 04/09/15. For personal use only.

DIARYLHEPTANOIDS FROM A. JAPONICA ON TRYPANOSOMAL 1249

Table 1. 13C NMR Data for the Three Diarylheptanoids
(1-3) and the Aglycone (6) in CD;0D

Carbon 1 2 3 6
Aglycone

l 31.7 31.8 32.1 32.3
2 37.9 38.1 382 40.5
3 79.3 80.5 80.6 71.8
4 34.7 35.1 35.1 38.2
5 25.6 25.8 25.7 26.4
6 33.1 33.0 332 32.8
7 359 36.2 36.0 36.1
1 135.6 135.7 135.7 135.4
2! 116.9 116.7 116.7 116.8
3/ 144.0 144.1 144.1 144.2
4/ 145.9 146.0 146.0 146.1
5 116.2 116.5 116.3 116.2
6 120.8 120.7 120.7 120.8
17 134.8 132.9 134.8 134.8
27, 6" 130.3 130.3 130.3 130.4
37, 5" 116.0 116.2 116.0 116.1
4" 156.2 156.6 156.2 156.3
Sugar moiety

1" 103.2 103.7 103.7

2" 75.3 75.0 753

3 78.2 77.9 78.2

4m 71.7 71.9 72.2

5" 71.8 65.5 76.7

6" 62.8 68.4

1 102.2

2 71.6

3m 72.4

4m 74.3

5 69.8

6" 18.1

(2H, m, H-5), 1.49 (2H, m, H-6), 1.55 (2H, m, H-4), 1.70 (2H, m, H-2), 2.43 (2H,
t, J =7.2Hz, H-7), 2.50 (2H, t, J =7.2Hz, H-1), 3.16 (1H, t, J =8.0Hz, H-2"),
3.25 (1H, m, H-3""), 3.30 (1H, m, H-4""), 3.35 (1H, m, H-5"), 3.42 (1H, m, H-4""), 3.54
(1H, m, H-5'"), 3.68 (1H, m, H-3), 3.71 (1H, dd, J = 11.6, 5.2 Hz, H-6a""), 3.74 (1H,
m, H-3), 3.90 (1H, m, H-2""), 4.00 (1H, dd, J = 11.6, 2.0Hz, H-6b"), 4.26 (1H,
d, J =7.6Hz, H-1"), 473 (1H, br s, H-1"), 6.49 (1H, dd, J = 8.0, 1.6 Hz, H-6'),
6.61 (2H, d, J =8.0Hz, H-3", 5"), 6.64 (I1H, d, J =8.0Hz, H-5"), 6.68 (1H, d,
J = 1.6 Hz, H-2"), 6.95 (2H, d, J = 8.0Hz, H-2", 6”); 3CNMR (CD;0D, 100 MHz) see
Table 1; (+)-HRESITOFMS m/z 625.2862 [M+H]* (Calcd for C3,Hy50;3: 625.2860).
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Acid Hydrolysis of Compounds (1~3)

A solution of compounds 1-3 (6.0 mg. each) dissolved in 1.0M HCI and dioxane (1:1,
5.0mL) was heated under reflux for 3h. After cooling, the reaction mixture was poured
into ice water and neutralized with Amberlite IRA-400 (hydroxyl form), and the resin was
removed by filtration. Then, the filtrate was concentrated in vacuo to dryness and followed
by partitioning between EtOAc and H,0. The EtOAc residue was subjected to preparative
TLC with CHCl3~-MeOH (10:1) to produce aglycone 6. The aqueous layers were subjected
to HPLC analysis with a mobile phase of CH3;CN-H,0 (80:20, v/v) at a flow rate of
0.40 mL/min. Identification of sugar components in the aqueous layers were carried out by
comparison of their retention time and optical rotation with those of authentic samples. #:
7.2min (L-rhamnose, negative optical rotation), 8.3 min (b-xylose, positive optical rota-
tion), and 9.6 min (p-glucose, positive optical rotation), respectively.

1-(3,4-Dihydroxyphenyl)-7-(4-hydroxyphenyl)-heptan-3(R)-ol (6)

Colorless solid; [a]® — 26° (¢ 0.20, MeOH); '"H NMR (CD50D, 400 MHz) 6 1.34 (2H, m,
H-5), 1.49 (2H, m, H-6), 1.53 (2H, m, H-4), 1.64 2H, m, H-2), 2.45 2H, t, J = 7.2 Hz,
H-7), 2.52 (2H, t, / = 7.2Hz, H-1), 3.52 (1H, m, H-3), 6.46 (1H, dd, J = 8.0, 1.6 Hz,
H-6"), 6.59 (2H, d, J = 8.0Hz, H-3", 5"), 6.62 (1H, d, J = 8.0Hz, H-5"), 6.65 (1H, d,
J = 1.6 Hz, H-2"), 6.90 (2H, d, J = 8.0 Hz, H-2", 6"); 13C NMR (CD;0D, 100 MHz) see
Table 1; (+)-HRESITOFMS m/z 317.1759 [M+H]* (Caled for CioHysO4: 317.1753).

Anti-Trypanosomal Experiment—Sample Preparation

The purity of the isolated compounds was tested by TLC and HPL.C, and caffeic acid (purity
> 98%) was purchased from Nacalai Tesque Inc., Kyoto, Japan and used without further
purification. Berberine (Sigma-Aldrich, purity > 98%) was used as a positive control.

Trypanosomes

T. brucei GUTat 3.1 (a polymorphic clone) was maintained in mice (ddY strain) weighing
20-25 g and was serially transferred at 5 d intervals.

Culture Media

Iscove’s modified Dulbecco’s media (IMDM, Life Technologies, Inc., New York, USA)
was used to propagate 7. brucei bloodstream forms as previously described. The culture
medium was supplemented with 0.3% (w/v) sodium bicarbonate, 100 M hypoxanthine,
30 uM thymidine (Aldrich Chemical Co. Inc., Wisconsin, USA), 40 M adenosine
(Sigma Chemical Co., Dorset UK), 1mM sodium pyruvate (Wako Pure Chemical
Industries, Osaka, Japan), 50 uM L-glutamine (Wako Pure Chemical Industries), 100 uM
2-mercaptoethanol (FlukaChemie AG, Buchs, Switzerland) and 20% (v/v) heat-inactivated
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fetal bovine serum (HIFBS, HyClone Laboratories Inc., Logan, UT, USA). The medium
was adjusted to pH 7.4.

Anti-Trypanosomal Assay

Cultured Trypanosoma bloodstream forms were suspended in culture medium at a con-
centration of 3 x 105 cells/mL. The extract, fractions or compounds were added to 96-well
culture plates at appropriate concentrations and incubated at 37°C in 5% CO,. The rates of
trypanosome survival were determined by an Alamar blue assay after 24 h of incubation.
10% Alamar blue was added to the cultured medium in 96-well plates and incubated for an
additional 24 hours in the dark. Data was measured using a plate reader at 470 nm.

Non-Specific Mammalian Cytotoxicity Study-Cell Culture and Treatment

NBI1RGB (normal human skin fibroblast cells), HCT-15 (human colon cancer cells), Jurkat
(human acute T-cell leukemia cells), U937 (human promonocytic leukemia cells), HL-60
(human promyelocytic leukemia cells), and THP-1 (human monocytic leukemia cells) were
obtained from the RIKEN Bio Resource Center Cell Bank. NBIRGB cells were grown in
a-MEM medium. HCT-15, Jurkat, U937, HL-60, and THP-1 were maintained in
RPMI1640 medium. All cell culture mediums were supplemented with 10% FBS and 1%
penicillin—streptomycin and incubated at 37°C with 5% CO, under fully humidified
conditions (Huang et al., 2012; Wu et al., 2013). For the cell treatments, isolated com-
pounds were dissolved in DMSO and stored at —20°C until use. The DMSO concentra-
tions in the cell culture medium did not exceed 0.2% (v/v), and the controls were always
treated with the same amount of DMSO used in the corresponding experiments.

Determination of Cytotoxicity

Cytotoxicity was determined using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. NBIRGB and HCT-15 (0.5 x 10* cells/well) and four leukemia
cell lines (1 x 10* cells/well) were cultured in 96-well plates and treated with various
concentrations of each of the purified compounds for 48h. MTT solution was added to
each well at the end of the treatment period, and the cells were incubated for another 4 h.
The precipitated MTT-formazan product was dissolved in 0.04 N HCl-isopropanol and the
amount of formazan was measured at a wavelength of 595nm by a microplate reader
(ImmunoMiniNJ-2300, Nihon InterMed, Tokyo, Japan). Cytotoxicity was calculated as the
percentage of live cells relative to the control culture (Shen ez al., 2012; Chen et al., 2013).
The selectivity index (SI) was determined using the following equation: ICs; obtained for
mammalian cells/ICs, obtained for Trypanosoma.

Computational Study

The software MOE (Molecular Operating Environment; Chemical Computing Group Inc.)
was used for all of the calculations and analysis performed in this study. The software
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version was MOE 2012.10. The computer and OS (operation system) were as follows:
CPU (central processing unit) was a Intel (TM) Core (TM)2 CPU 6400 (2.13 GHz), the
amount of memory was 3062 MB, and the version of the OS was Windows Vista.

Results and Discussion

The ethanol extract obtained from the bark of A. japonica was suspended in water and
partitioned successively with CH,Cl, and EtOAc followed by column chromatography to
yield 1-(3,4-dihydroxyphenyl)-7-(4-hydroxyphenyl)-heptan-3(R)-O-3-p-glucopyranoside
(1), which was recently isolated from A. formosana (Lai et al., 2012), alnuside C (2),
alnuside D (3), along with oregonin (4) (Kuroyanagi ez al, 2005) and hirsutanone (5)
(Kuroyanagi et al., 2005). The 'H and '3C NMR (Table 1) spectra of compounds 1-3
suggested that they belong to the family of diarylheptanoid glycosides because they have
the same aglycone structure. Further analyses of NMR data obtained from the aglycone
structures revealed the existence of one 3,4-dihydroxy phenol ring and one 4-hydroxy
aromatic ring in the molecules of the compounds 1-3, similar to results observed for
alnuside B (Kuroyanagi et al., 2005) and (4E)-1-(3,4-dihydroxyphenyl)-7-(4-hydro-
xyphenyl)-heptene-3-one (Tung et al, 2010a). The heptane chains in compounds 1-3
consisted of six methylene carbons and one oxymethine signal, resembling the heptane
chains observed for rubranosides A-D (Gonzalez-Laredo et al., 1999).

Aside from its diarylheptanoid moiety, the 3C NMR spectrum of 1 showed a set of six
signals (6 103.2, 75.3, 78.2, 71.7, 77.8, and 62.8) contributing to a p-glucopyranosyl unit
(Agrawal, 1992). The configuration of the anomeric position was determined to be of the 8
type based on the large coupling constant (/ = 7.6 Hz) of the anomeric proton at 6 4.26 in
the "H-NMR spectrum. Comprehensive analyses of the HMQC, HMBC, and H-H COSY
spectra of compound 1 permitted complete assignments of its proton and carbon signals.
The H-H COSY and selected HMBC correlations of compound 1 are illustrated in Fig. 2.
Accordingly, the HMBC correlations of H-3/C-1" and H-1"/C-3 confirmed the inter-
linkage positions at C-3 between the heptane chain and the glucose moieties. In addition,
the acidic hydrolysis of compound 1 produced the aglycone, 1-(3,4-dihydroxyphenyl)-7-
(4-hydroxyphenyl)-heptan-3(R)-ol (6) (Wada ez al., 1998; Gonzalez-Laredo ez al., 1999;
Lai et al., 2012) and p-glucose. The HRESIMS experimental data obtained for compound 1
revealed a molecular ion peak at m/z [M+H]* 479.2296, thus supporting the predicted
molecular formula C,5H3,09. Because the structure of compound 1 was shown to be
similar to rubranosides A-D, the absolute configuration of C-1’ was assigned via appli-
cation of the '3C NMR glycosylation shift rule (Seo et al., 1978; Wada et al., 1998;
Gonzalez-Laredo ef al., 1999). When compared with the *C NMR data of aglycone 6, the
data for compound 1 showed glycosylation shifts of —2.6 ppm for C-2 and —3.5 ppm for
C-4 indicating an R-configuration at carbon C-3. Consequently, the structure of 1 was
identified as  1-(3,4-dihydroxyphenyl)-7-(4-hydroxyphenyl)-heptan-3(R)-O-B-p-gluco-
pyranoside, which is first isolated from the title plant.

The NMR spectra of compound 2 differed from that of compound 1 only in the signals
for the sugar moiety. The 3C NMR signals at §103.7, 75.0, 77.9, 71.9, and 65.5 revealed
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CH,OH
OH

Figure 2. Selected H-H COSY (bold lines) and HMBC (arrows) correlations of compounds 1-3.

a D-xylopyranosyl unit (Agrawal, 1992). The anomeric proton signal at ¢ 4.23 (d,
J =7.6Hz) indicated a B conformation. Acidic hydrolysis of compound 2 produced
aglycone 6 and p-xylose. A molecular ion peak at m/z [M+H] " 449.2186 observed in the
HRMS spectrum of compound 2 was consistent with the molecular formula C,4H3,0s.
Similarly, the stereo chemistry of C-3 was assigned as an R configuration based on the
glycosylation shift rule (Seo et al., 1978; Gonzalez-Laredo et al., 1999). Thus, the structure
of alnuside C (2) was characterized as 1-(3,4-dihydroxyphenyl)-7-(4-hydroxyphenyl)-
heptan-3(R)-0-3-p-xylopyranoside.

Compound 3 showed two sets of 1*C NMR signals for the glycosyl portion suggesting a
diglycosyl diarylheptanoid. Signals at 6 103.7, 75.3, 78.2, 72.2, 76.7, and 68.4 revealed a
B-p-glucopyranosy! unit attached to another sugar segment at C-6. With respect to the
terminal sugar unit, the remaining 3C NMR signals at § 102.2, 71.6, 72.4, 74.3, 69.8, and
18.1 were consistent with an o-L-rhamnopyranosyl unit (Agrawal, 1992). Moreover, the
interlinkage between sugar units and the partial structures of compound 3 were confirmed
by COSY, HMQC, and HMBC spectra, respectively (Fig. 2). Acidic hydrolysis of
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compound 3 yielded aglycone 6 and two sugar units, pD-glucose and L-thamnose. A
molecular ion peak at m/z [M+H]* 625.2862 in the HRMS spectrum of compound 3 was
compatible with the molecular formula C3;H40,3. Through a similar manner, the absolute
configuration of C-3 was confirmed as an R configuration via the glycosylation shift rule
(Seo et al., 1978; Gonzalez-Laredo et al., 1999). Based on the evidence described above,
alnuside D (3) was structurally elucidated as 1-(3,4-dihydroxyphenyl)-7-(4-hydro-
xyphenyl)-heptan-3(R)-O-[a-L-thamnopyranosyl(1 —6)-B-p-glucopyranoside] as a novel
diarylheptanoid.

To investigate the trypanocidal activity of the purified compounds against forms of
T. brucei (GUTat 3.1) found in the bloodstream, these compounds were incubated with
T. brucei for 48 hours in vitro, analyzed using Alamar blue and ICs, values were obtained

CH,OH
OH

Curcumin: 11.40 uM Compound 1: 23.56 pM
O-—\OH O~ OH
OH H
. &) &y
HO | OH : :
C Cl ™y~
HO OH

Alnuside C (2): 54.51 uM

CH,—O
OH o] OH

HO OH
3 O
: HO HOH
HO X
HO OH
HO OH

Alnuside D (3): 50.37 pM

Hirsutanone (5): 1.78 uM

o]

HO \3OH

HO
Caffeic acid: 85.34 uM

(@Y

Figure 3. Anti-trypanosomal activity and structure~activity relationships among diarylheptanoids isolated
from Alnus japonica and caffeic acid. (A) The ICsq value of the tested compounds. (B) Inhibitory effect against
trypanosome of the compounds at various concentrations.
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Figure 3. (Continued)

for each component using a graph plot. As shown in Fig. 3, oregonin (4) and hirsutanone
(5) exhibited more potent growth inhibitory effects (more than 50 times) than compounds
1-3, and these compounds were more effective than the positive control berberine
(ICsy = 6.54 uM). Oregonin (4) exhibited the highest trypanocidal activity toward
bloodstream forms of 7. brucei and had the lowest ICsy value (1.14 pM) among all of the
compounds tested.

Next, we examined the cytotoxicity of the two most active compounds, oregonin (4)
and hirsutanone (5), in the presence of mammalian cells in vitro. Normal skin fibroblast
cells (NB1RGB), human colon cancer cells (HCT-15), and human leukemia cells (Jurkat,
U937, HL-60and THP-1) were treated with oregonin (4) and hirsutanone (5) at con-
centrations ranging from 3.125 uM to 50 uM for 48h, and the MTT assay was subse-
quently performed. The cytotoxic activity (ICsy) of each compound was correlated with the
ICsy values obtained for trypanocidal activity to determine the corresponding selectivity
index (SI = ICs, mammalian cells/IC5y Trypanosoma) (Table 2). The results demonstrated
that oregonin (4) and hirsutanone (5) were not toxic at the highest assayed dose when
applied to NB1RGB and HCT-15 cells. Among the four leukemia cell lines, oregonin (4)
showed no toxicity in U937 and HL-60 cells and low SI values for Jurkat and THP-1 cells.
However, hirsutanone (5) exhibited SI values between 6.39 and 18.87 for the four leukemia
cell lines. These results indicate that oregonin (4) and hirsutanone (5) could be considered
excellent anti-trypanosomal agents.

Although our compound set (1-5) is limited, we tried to further understand the structure
activity relationships of the compounds in this series. Initially, we noticed that all of the
compounds tested so far harbored two catechols or a catechol and a phenol moiety at both
ends of the molecule. First, we determined whether we needed two aromatic groups in the
molecule to facilitate anti-trypanosomal activity. We therefore tested the toxicity of caffeic
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Table 2. Cytotoxicity of Compounds for Mammalian
Cells (ICs) and the Selectivity Index (SI) of Oregonin
(4) and Hirsutanone (5)

4 5
Cell Lines  ICs SI ICs SI
NBI1RGB S50 >4385  >50  >43.85
HCT-15 >50  >4385  >50  >43.85
Jurkat 216 1944 1137 6.39
U937 >50  >4385 1987  1L16
HL-60 >50  >43.85 3359  18.87
THP-1 4687 4111 2703 15.19

acid (6), a natural product that is similar to hirsutanone (5) but contains only one catechol
moiety. Indeed, the activity of caffeic acid was significantly weaker when compared to
hirsutanone (at least 70-fold), but it retained a marginal level of activity. Thus, one catechol
is enough to exhibit the anti-trypanosomal activity, but the two aromatic groups present
in oregonin (4) and hirsutanone (5) likely work synergistically to achieve higher anti-
trypanosomal activity.

Keeping the importance of the two catechols in mind, next we tried to find an active
conformation of both oregonin (4) and hirsutanone (5). Because the two compounds are
reasonably potent (ICsy = ca 1 uM), we tried to find a consensus conformation between
oregonin (4) and hirsutanone (5) with a lower energy value. Theoretically, such a con-
formation may be the active conformation. We carried out a Conformation Search for
oregonin (4) using the Force Filed calculation MMFF94x and selected the three lowest
energy conformations from the results. Then, we fixed the conformation of two catechol
moieties by replacing the spacer between the two aromatics with the structure of hirsuta-
none (§). The resulting three structures were used as an initial conformation for the
Conformation Search of hirsutanone (5) spacers. Figure 4 shows the three lowest energy
conformations of oregonin (4) overlapping with hirsutanone (5) conformations generated
by the Conformation Search. Unfortunately, these molecular modeling efforts could not
reach a consensus conformation between oregonin (4) and hirsutanone (5). Therefore, we
were unable to produce a 3D pharmacophore map due to the flexibility of the molecules
and the limited compound set. The results could not be readily explained in terms of the
structures of the diarylheptanoid derivatives. However, this preliminary biological as-
sessment suggests that the 3-oxo function of the heptane chain in the diarylheptanoid
molecules is necessary for their trypanocidal activity.

In a previous study, it was reported that curcumin, which is the principal active com-
ponent of the rhizome Curcuma longa (turmeric) and a well-known diarylheptanoid with
the highly conjugated side-chain (Bukhari er al., 2013; Wang et al., 2013), exhibited
trypanocidal activity against both bloodstream forms and procyclic forms of T. brucei
(GUTat 3.1) in vitro (Nose et al., 1998). The observed effect was much higher against
bloodstream forms when compared to procyclic forms with ICsq values of 11.40 uM and
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Figure 4. Three lowest energy conformations of oregonin (4) (indicated by pink) overlapping with hirsutanone (5)
conformations (illustrated by green) generated by molecular modeling studies.

46.52 pM (4-fold higher than procyclic forms), respectively, after a 24 h incubation (Nose
et al., 1998). In this study, we observed a potent ICsy value of 1.14 uM for oregonin (4)
after 48 h. Furthermore, upon comparison of the structural differences between curcumin
and oregonin (4), we concluded that one of the hydroxyl groups is blocked in curcumin.
Because we have previously shown that the catechol group is necessary for the anti-
trypanosomal activity of these compounds, curcumin may be less effective than oregonin
(4) for the treatment of HAT.

Several trypanocidal natural products have been described in the literature. Some of
them may be promising leads; however, their potential development as prophylactic agents
is limited due to the low solubility of most of those compounds in the blood (Silveira and
Rezende, 1994; Sepulveda-Boza and Cassels, 1996). Oregonin (4) can be isolated at high
yields and is more stable than other free diarylheptanoids because the hydroxyl group of a
keto—enol is conjugated to xylose in this compound. These data suggest that oregonin (4)
may be a candidate agent for the treatment of Trypanosoma infections. Furthermore, it is
well known that some natural products can exhibit their effects in a pro-drug-like manner
similar to sennosides, which are metabolized by intestinal bacteria to release active
anthrone which acts as a laxative (Hattori er al., 1982, 1988). Thus, the isolated dia-
rylheptanoid glycosides (1-4, which are more stable than the free hydroxyl groups) may
also function as a pro-drug and may be a leading candidate for anti-trypanosomal treat-
ment. Further studies regarding the mechanism of action and in vivo anti-trypanosomal
activity are underway and will be reported in due time.

In summary, using a bioactivity-screening approach, two new diarylheptanoids (alnuside
C (2) and alnuside D (3)) and three known analogs, 1-(3,4-dihydroxyphenyl)-7-(4-
hydroxyphenyl)-heptan-3(R)-O-B-p-glucopyranoside (1), oregonin (4) and hirsutanone (5),
were isolated from the bark of A. japonica. Of these isolates, oregonin (4) (a major
component of the title plant) and hirsutanone (5) exhibited promising in vitro activity
toward the growth forms of T. brucei found in the bloodstream without toxicity to
mammalian cells and with ICs; values of 1.14 and 1.78 uM, respectively. Analysis of their
structure—activity relationships revealed that the 3-oxo function of the heptanes chain in the
diarylheptanoid molecules is necessary for their trypanocidal activity. Although the
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trypanocidal activity of different type of diarylheptanoids isolated from three different
species has been recently reported (Kamnaing et al., 2003; Beniddir et al., 2012; Lagnika
et al., 2012), this report describes the first anti-trypanosomal activity observed for dia-
rylheptanoids isolated from an Alnus species.
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