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Introduction

Canine babesiosis is a tick-borne disease caused by the protozoal parasites Babesia gibsoni and B.
canis. They infect the red blood cells of dogs and typically cause hemolytic anemia. B. gibsoni is
distributed in many regions throughout the world, including Asia, Africa, Europe, America, and
Australia. The treatment of acute infection by anti-babesial drugs or the spontaneous recovery from
the disease fails to clear the organism from the host, resulting in a carrier stage. The animals that
recover are a reservoir for tick-transmitted infections and are at risk for recrudescent infection. No
drugs have been proven effective for the elimination of B. gibsoni organisms from infected dogs.
Some anti-babesial drugs reduce the severity of clinical signs and the mortality associated with the
disease. However, these drugs usually cause pronounced and severe side effects. Therefore, an
alternative chemotherapeutic agent with fewer side effects is urgently needed for the treatment of B.
gibsoni infection,

Anti-babesial compounds from Berberis vulgaris 2

Based on the hypothesis, in which medicinal plants used to treat malaria might have anti-babesial
activity, nine North African medicinal plants were examined for their anti-babesial properties. Some
of these are used for the treatment of malaria and others as traditional antifebritics. Extracts
prepared from Berberis vulgaris and Rosa damascena showed more than 90% inhibition at a
concentration of 100 pg/mL, and extracts prepared from Marrubium vulgare and Taraxacum
officinale showed more than 85% inhibition at 1000 pg/mL. The remaining five plants extracts,
Tamarindus indica, Balanites aegyptica, Innula viscose, Vinca minor, and Helianthus annus,
showed more than 50% inhibition at 1000 pg/mL. The active ingredients of B. vulgaris were
elucidated to be E-coniferyl alcohol (1), (—)-simulanol (2), p-hydroxybenzaldehyde (3), 3-hydroxy-
4,5-dimethoxybenzoic acid (4), trans-ferulic acid (5), syringic acid (6), vanillic acid (7), cis-ferulic
acid (8), syringaresinol-B-D-glucoside (9), berberine (10), and jatrorrhizine (11). Compounds 1-9
were tested for their in vitro anti-babesial activity against B. gibsoni. Compound 5§ showed the
strongest activity, with an ICs, value of 7.33 pug/mL, followed by 8 and 9, with ICs, values of
134.84 and 51.60 pg/mL, respectively. Compounds 14, 6, and 7 showed very weak activities
against B. gibsoni in vitro, with ICs, values > 250 pug/mL, compared with the standard drug
diminazene aceturate (Ganaseg, ICso = 0.60 ng/mL). Interestingly, trans-ferulic acid (5) is 20 times
more active than its cis isomer (8). Although compounds 1-9 are all known, this study describes the
first isolation of them from B. vulgaris. On the other hand, berberine (10) and jatrorrhizine (11)
have been reported to possess higher activity than the standard anti-babesial drug with ICs, values
of 0.45 and 0.57 pg/mL, respectively.

Anti-babesial compounds from Rosa damascena
Bioassay-guided investigation of extracts of the flowers of Rosa damascena Mill. led to the
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isolation of four anti-babesial compounds, 3,4-dihydroxy benzoic acid (12), gallic acid (13), 2-
phenylethyl  6-O-galloyl-B-D-glucopyranoside (14), and quercetin  3-O-B-D-(6-O-acetyl)-
glucopyranosyl-(1—4)-a-L-thamnopyranoside (20), with ICso values of 78.00, 15.74, 11.78, and
90.88 pug/mL, respectively. In addition to seven compounds, kaempferol 3-O-B-D-glucopyranoside
(15), kaempferol 3-O-B-D-xylopyranoside (16), kaempferol 3-O-a-L-thamnopyranoside (17),
quercetin  3-O-B-D-glucopyranoside (18), quercetin 3-O-a-L-rhamnopyranoside (19), 5-
hydroxymethyl-2-furfural (21), and vanillic acid (7), which possessed week anti-babesial activity
with ICsy values >100 pg/mL.

Anti-babesial quassinoids from the fruits of Brucea javanica ”
The medicinal plant Brucea javanica (L.) Merr. on on
(Simaroubaceae), grown in China, was examined for 94 ki wo " “co:: "
anti-babesial properties. The anti-babesial activity of Q@ o ; 90 Lo

the fruit, collected in Indonesia, was found to be A4 nepe H 1Cos /)
attributed to its quassinoid constituents in a previous T T
study, and ten active compounds were isolated and
purified in this study. The identities of these Bracesatin (231 n-Y\H\ 14 Debpdrobrusmel@n: Bo] Y 1o
compounds were confirmed from NMR spectroscopic °

Brusatol (22) : R= \(n,/\[/ 074 Dehydrobruceine B (26) : R-T 308.2

and mass spectral data as brusatol (22), bruceantin brsne A @n: ke Y7 ap Debvdebrcscacn: kYT oo
(23), bruceine A (24), bruceantinol (25), Sracnstnl 15y B .-\,.‘_"of-(’;w

dehydrobruceine B (26), dehydrobrusatol (27), on® ¢ 0

dehydrobruceine A (28), bruceine D (29), bruceoside o\ A %2 coocn,

A (30), and yadanzioside G (31). When tested in vitro °°" w50 oR
against Babesia gibsoni, compounds 22-31 had ICs, i

values of 0.74, 134, 4.0, 12.0, 308.2, 10.5, 835.0, . i1 Y >
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N 1000
>1000, and >1000 ng/mL, respectively. Compounds NH NH L o
22-25, 27, and 28 had far higher activity than the G JO T et a0 ne Y
commercial anti-babesial drug diminazene aceturate, Dmtnssn et
which possesses an ICs, value of 70.5 ng/mL

Anti-babesial ellagic acid rhamnosides from the bark of Elaeocarpus parvifolius ¥

Bioassay-guided investigation of the bark of Elaecocarpus parvifolius led
to the isolation of four new ellagic acid derivatives, 4-O-methylellagic
acid 3'-a-rhamnoside (33), 4-O-methylellagic acid 3'-(3"-O-acetyl)-a-
rhamnoside (34), 4-O-methylellagic acid 3'-(2"-O-acetyl)-a-rhamnoside
(35), and 4-O-methylellagic acid 3'-(4"-O-acetyl)-a-rhamnoside (36) in
addition to one known ellagic acid derivative, 4-O-methylellagic acid 3'-
(2",3"-di-O-acetyl)-a-rhamnoside (32). Their structures were elucidated on
the basis of 'H NMR, C NMR, HMQC, HMBC, and MS spectral data.

Compounds 32-34 and 36 were evaluated for their growth-inhibitory effect 32 H CHCO  CHsCO
on Babesia gibsoni in vitro. Compounds 33 and 36 showed very weak N u Shco o
activity, while compounds 32 and 34 showed moderate activity, with ICsy 35 g H CH,CO
values of 28.5 and 52.1 ug/mL, respectively. 3 CHCO H H

Conclusion

In conclusion, four medicinal plants were examined in this study for their anti-babesial properties,
from which 36 compounds were isolated as anti-babesial compounds. Some of the isolated
compounds are promising as new candidates for the treatment of the symptoms caused by B.
gibsoni infection due to the closeness of their anti-babesial activity to that of the standard anti-
babesial drug (Ganaseg) and also due to their origin from medicinal plants.
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FEIISEX 274 H, K22, £15, 5EMSRD, BERLAENMTEh TN
%,
RIVTERPN Y SWERENEZEE L TE FRIRICBALY S Y 7EEE
TERITHRISHALSNTNS, TNEFBIC. NN TVERRY Z2EBAEEL
TR, FEFEORMIRICBAL S U VEEFRBRERERET AN VEEE]=
BIT. HTRADIE hAOBEFIBHSNTED, FERIRERLEICRAL
TERBHEZFELEBXIEL. RKERBMBEER-> TS, KFEOREA—H — 2 FHT
W Tneglected disease] DREFTHLH B, AR TIINANT 7 ERE LMK L
SOSHVWONZERAEMZEERMEIE L FINRS TIESEE T YRS OB
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(1] Berberis vulgarish 5 DHFINRT ZLAWOERE T D L BIEH

AT TIVATRHNSNSBTEOERAEY DA V-2 Ths 2 BOEY(B.
vulgaris, Rosa damascena)iIZHFiINNT FiEHZBHOMNE L=, EMBREELL TR
RMBRICNRS 7 [RRZ2BYX B/ in vitro R % AWi, B. vulgaris & 0 EMAL
&% & U T E-coniferyl alcohol (1), (-)-simulanol (2),
p-hydroxybenzaldehyde (3), 3-hydroxy-4,5-dimethoxybenzoic acid (4),
trans-ferulic acid (5), syringic acid (6), vanillic acid (7), cis-ferulic acid (8),
syringaresinol- 8 -D-glucoside (9), berberine (10), jatrorrhizine (11) Big
BEREICRII Lz, (&% 10, 11 DA TIIEMEREICEL TIHMEESY 5 21
> ERNWEREME (IC,,=7.33 yg/mL) ZxRL7=.
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[2) Rosa damascena & OHFENRT TS OB E T D4 BEHE

R. damascenaMill. &V 3,4-dihydroxy benzoic acid (12, ICg=78 ug/mL),
gallic acid (13, IC,,= 15.7 yg/mL), 2-phenylethyl
6-O-galloyl- 8 -D-glucopyranoside (14, IC.,= 11.8 ug/mL), quercetin
3-0- B -D-(6-O-acetyl)-glucopyranosyl-(1—4)- ¢ -L-rhamnopyranoside
(20, 1Cs=91 yg/mL)ZBREL /=, F£7=. IC;> 100 yg/mL TdH o 724,
kaempferol 3-O- 3 -D-glucopyranoside (15), kaempferol 3-O- 3-D-
xylopyranoside (16), kaempferol 3-O- @ -L-rhamnopyranoside (17),
quercetin 3-O- 8 -D-glucopyranoside (18), quercetin 3-O- a¢-L-
rhamnopyranoside (19), 5-hydroxymethyl-2-furfural (21), and vanillic acid
(DEBREL -,

[3) Bruceajavanicam™»® QHFNRI 7S OB &+ & BIE M
B.javanica I3RE7 V7 TRHWOLNA2ERAEYM TH 54, FHEH XL Y brusatol
(22), bruceantin (23), bruceine A (24), bruceantinol (25), dehydrobruceine
B (26), dehydrobrusatol (27), dehydrobruceine A (28), bruceine D (29),
bruceoside A (30), yadanzioside G @L) 2R L. ZOHF AR TEHITENE
. ICs= 0.74, 13.4, 4.0, 12.0, 308.2, 10.5, 835.0, >1000, >1000 ng/mL T
-7z, Brusatol 22) DiEHIITHIROFNXRT 7HID 100 FOEETH - 7=,

(4) Elaeocarpus parvifoliusih 5 ODHNR T 7SH O MR & £ D £ BIE &
E. parvifoliusid4 > FRU 7 TRVWONIEREN THHH, AHEH KXY

4-O-methylellagic acid 3'-(2",3"-di-O-acetyl)- @ -rhamnoside (32) .
4-O-methylellagic acid 3'- @ -rhamnoside (33), 4-O-methylellagic acid 3'-
(3"-O-acetyl)- e -rhamnoside (34), 4-O-methylellagic acid 3'-(2"-O-acetyl)
- ¢-rhamnoside (35), 4-O-methylellagic acid 3'-(4"-O-acetyl)- ¢ -rhamno
side (36) ZEMME L LU THEEL . {LEW33 361 L TIIFHLEMTD
o7z, AELEW32. 34DFEHITZFNTN. ICq= 28.5,52.1 ug/mLERL. fiD{L
EW13>100 ug/mLTH o 7=,

Pll, ZFRTEEE LU TEREZNFEZRANT, 4ABOEREYN S, HFINN
DTENERT AEEY. 36 MOBBEERELZTR> . TODB4EIIDT
BHFHRLEHTH>7-., £/, B.javanica X DB L LAY OHRITIIHROHL
NRIT7HID 100 E0FEEEFTHILEMERRL. SEROFERINNTTH
DEFMIEEMORRIT DN - 2,

£ - TEZEEB—FRNZ, Elkhateeb Ahmed Mohamed 238+ (B%) 0% %%
FBDICTDRERERETS2HDERDE.
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