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Development of anti-protozoal drug from medicinal herbs
(Sophora flavescens and Torilis japonica) against
Neospora caninum, cause of bovine abortion disease
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SUMMARY

Neosporosis is one of the most critical disease problem of bovine abortion
in the dairy cattle industry worldwide because of its negative economic
impact. the korean livestock industry have difficulty because of decreasing
economy situation and the price fluctuation of stock farm products in these
days. the productivity of korean livestock industry is lower than that of the
developed country in spite of the effort for breeding, rearing. but this effort
contribute to the external livestock business. the first reason of low
productivity in Korea is not good livestock industry circumstance and second
reason is not enough research for the livestock technology from the scientific
point of view. the veterinary college of seoul national university have taken
effort to find out the solution for the second reason in the research of
"Diagnostic survey of bovine abortion in korea and establishment of
preventive measures” for last 3 years. In this research we found out the
neosporosis the cause of bovine abortion and immunological prohibiton
methods and treatment method using of the herb extracts. but the much
investment is necessary for the good results.

Neospora was isolated from naturally infected canine, bovine, sheep, goat,
deer and artificially infected in canine, bovine, mouse, rats, sheep, goat, swine,
cats, fox, racoon. Anthropoid like monkey was artificially infected through
placenta, so we have focus on zoonosis of Neospora like Toxoplasma gondii.
the treatment method for neospora is not well known. there has been much
economic damage because we have not known the treatment method for
neospora abortion.

The developing of treatment method for neosporosis is very important, so we
have been studied in the research of "Diagnostic survey of bovine abortion in
korea and establishment of preventive measures” for last 3 years. The
purpose of this study was to determine whether alcoholic extract of herbs

possess anti-protozoal activity against N. caninum, using the research



experiences of screening of the anticoccidial effects of herbs extracts against
avian coccidiosis.

the income of cattle industry is composed of milk production, meat production
and calf production, so normal pregnancy and parturition is very important to
strengthen the competitiveness of livestock industry on international markets.
the reproduction failure is one of the three major disease including mastitis
and foot disease in cattle. It is well known that the economic demage from
abortion and stillbirth of bovine is enormous in korea and worldwide. the
abortion and stillbirth rate of bovine is increasing now because of unknown
disease and unknown cause. Neosporosis is the important disease for bovine
abortion but there is no effective protection methods. through the research of
"Diagnostic survey of bovine abortion in korea and establishment of
preventive measures” we found out the possibility of protection for this
disease using the vaccine and herb extracts and the development of treatment
method for neosporosis will strengthen the competitiveness of livestock
industry on international markets.

We have sought to determine which alcoholic extract of herbs possess
anti—protozoal activity against N. caninum and evaluate anti—protozoal efficacy
of high performance liquid chromatography(HPLC) fractions. and we focused
on selection of effective anti—-Neospora herb extract fractions through vivo
test using sheep. If we could apply this result to the field, it will increase
productivity of the farms and strengthen the competitiveness of livestock
industry on international markets.

Recently, korea cattle industry had suffered damage from Food and Mouse
disease. And the increasing protection cost and the decreasing productivity of
Stock farm are related with the future of korea livestock industry. The
decreasing price of cattle, the increasing protection cost and the social issue
about tissue residue of antibiotics made the farmer weed out useless cattle.
The reproduction failure of a high productivity cow is usually caused by
abortion and stillbirth. so It is vary important to find out the cause and to
settle treatment methods. In this study, we anticipated that we found out the
treatment method of the Neospora abortion and motivated the farmer and
widen the belt of consensus of the society and improved the depressed
livestock industry. To achieve the object, we studied one detail project and

one cooperative project. the contents of detail project and cooperative project



are like below this.

In the first year, we evaluated anti—neosporosis efficacy and safety of HPLC
fractions In The detail project of "the anti—protozoal efficacy and safety test
of HPLC fractions of herb extract ” . In the second year, we evaluated
anti—-protozoal efficacy of medical herb extracts against Neospora which cause
bovine abortion and stillbirth in cell cultureIn the third year, we evaluated
anti-neosporosis efficacy of HPLC fractions in cell culture and anti-protozoal
efficacy of medical herb extracts against Neospora which cause bovine
abortion and stillbirth.

In the first year, we artificially infected N. caminum to animals and we
evaluated the anti—protozoal efficacy test of HPLC fractions in the cooperative
project of "the anti—protozoal efficacy test of HPLC fractions of herb extract
in animals”. we observed clinical signs and side effects and we wanted to
certify infected organs and know distribution of neospora in infected animals
with histo—pathology. In the third year, we infected N. caninum to canine
which is the final host, and we evaluated the anti—protozoal efficacy test in
this canine, and we observed clinical signs and side effects and we wanted to
certify infected organs and know distribution of Neospora in infected animals
with histo—pathology.

We evaluated anti—neosporal efficacy of 7 HPLC fractions of herb extracts
that were obtained from first fraction in cell culture plate . For microtitre
assay, we plated N. caninum into flat-bottemed 96 well tissue culture plates
and we serially diluted herb extracts from 1:2 to 1:128 and we treated this
plates with SH*uraCil, if the protozoa raised enough, the protozoa were filtered
and we analyze SH-uracil incorporation by N. caninum using Microbeta
workstation. This provided a quantitative assessment to examine the effect of
inhibitory compounds in vitro. We found 4 fractions (3 fractions of Sophora
flavescence, 1 fraction of Torillis japonica) which showed good anti-protzoal
efficacy in this study. In the second fraction, we evaluated anti—neosporal
efficacy of 7 HPLC fractions of herb extracts. For microtitre assay, we plated
N. caninum into flat-bottemed 96 well tissue culture plates and we serially
diluted herb extracts from 1:2 to 1:128 and we treated this plates with
SH-uracil. If the protozoa raised enough, the protozoa were filtered and we
analyze SH-uracil incorporation by N. caninum using Microbeta workstation.

We found 4 fractions (3 fractions of S. flavescence, 1 fraction of 7. japonica)

_10_



which showed good anti-protzoal efficacy in this study out of 7 fractions. In
the third and fourth fractions, we found 4 fractions of S. flavescence and 5
fractions of 7. japonica which showed good anti—protzoal efficacy. We
evaluated anti-neosporal efficacy of this 9 fractions. We evaluated
anti-neosporal efficacy of this 9 fractions of herb extracts in cell culture
plate. For microtitre assay, we plated N. caninum into flat-bottemed 96 well
tissue culture plates, and serially diluted herb extracts from 1:2 to 1:128.
After this assay, we found 4 fractions (3 fractions of S. flavescence, 1
fraction of 7. japonica) which showed good anti—protzoal efficacy. We tested
this effective fractions to canine and sheep to know anti-Neospora efficacy.
The result is like below this. The Neospora sero-positive rate of farms and
cattle 1s 53.5% and 35.6%, respectively in Korea. And the abortion and
stillbirth rate of serious farms and wusual farms are 48.7% and 20.7%,
respectively. The damage of dairy cattle farm is very serious. The recent
study showed that 16.7% out of 114 abortion fetus caused by Neospora
infection using histo-pathology and PCR method. Many effective diagnosis
method for neosporosis and protection and treatment, methods are developing
in the world since 1988 when Neospora was discovered in USA.

In vivo anti-protozoal efficacy tests for HPLC fraction of several herbs such
as S. flavescens and T. japonica were performed using immune suppressed
BALB/c mice, pregnant goats and suckling dogs. We found out some
evidences of anti—protozoal effects in mice and pregnant goats experiments.
The mice groups treated HPLC fraction of herbs showed higher viability rate
and lower mean brain lesions score than the N. caninum infected mice group.
The treatment of herbal HPLC fraction did not protect Neospora infection in
pregnant goats. However the abortion time of herb treated goats were
significantly prolonged than the Neospora infected goats.

In this study, we infected Korea Neospora (KBA-2) to mouse, pregnant goat
and suckling canine and we evaluated anti—neosporal efficacy of HPLC
fractions of herb extracts (S. flavescence, T. japonica). We surveyed clinical
signs, survival rate, abortion rate and histo—pathological lesions. The
Neospora infected BALB/C mouse showed rougn hair, anorexia and motor
alexia from 14th days and all BALB/C mouse were dead after 17-25 days.

Necrotic of non-suppurative inflammations were founded in brain, pancreas,

_11_



lung, liver, spleen. Especially necrotic encephalitis index was 8.15 that means
severe lesion. There was no difference between control group and herb
extract treated group in average survival days, but survival rate in treated
mouse more improved than control group. Especially the mouse which was
treated with high dose of S. flavescence (50 ul) and 7T. japonica ((50 wub)
showed improved survival rate 25% and 41.7%, respectively and showed
decreased brain lesion score to 1.81 and 2.23, respectively. We infected
Neospora to pregnant goats and tested anti—neosporal efficacy. Two goats
which was Neospora infected but not treated showed after 27 days, and
mult-focal necrotic encephalitis were founded in fetus brain. Six pregnant
goats out of 8 goats that was treated high dose of S. flavescence (50 pf) and
T. japonica ((50 ) showed abortion, but there is difference in average
abortion days. Average abortion day of high dose of S. flavescence (50 ul),
low dose of S. flavescence (Iml/Kg) and high dose of T. japonica ((50 wub),
low dose of T. japonica (Iml/Kg) was 51 days, 45 days, 785 days and 50.5
days, respectively. We could not evaluated anti-protozoal test in sulking dogs
because pathogenicity of neosporosis in dog was very low.

In this experiment, S. flavescence and T. japonica of HPLC fractions showed
good efficacy in trotection of Neospora, and improved survival rates in
mouse. We could found out that S. flavescence and T. japonica coulddelayed
abortion days in pregnant goats but it couldn’t prohibit Neospora infection or
treat Neospora. Through this experiment, four fractions (3 fractions of S.
flavescence, 1 fraction of T. japonica) showed high anti-protozoal efficacy for
N. caninum. Further research on the herbal materials should be carried out.
We are going to apply for a patent because of enough efficacy of this herbal
materials. Further research will be carried out by authors by means of

expended animal experiment.
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O Bioassay—guided Fractionation

AZAE (1 kg)
1. =83 %9 100% MeOH Al-&
(of: 1 kg plant/10 L)
2. 149 &t WHsto F=
(A& 3 ol F&
A& 7]1%k Aol 1S uwj7bA] WHEEH

10% aqueous MeOH ©f =<5
n-Hexane2. 2 #38(1:1)

n-Hexane & MeOH =
H.O/EtOAc® 3
(1:1, v/v, 33] ¥H)

e A

293 EtOAc &3 %
[Freeze drying |75 % (30~ 40°C)
B 23 EtOAc 23 % &9
A 4 RAELEY 34
g2 78 g x 19

Chromatography |Chromatography

I

F1 F2 F3 F4 F5 F1 F2 F3 F4 F5

FEAZ AEHE AR J12E 1559 B T FAF
!

A
F5o] S Aoer 4yl u

oz

(Sophora flavescens), "71(Sinomenium
acutum), F°|(Ulmus macrocarpa), ™58 (Pulsatilla koreana), AH3AHTorilis
japonica) 5& & A¥Est FHF A ‘T & FAESFY dAEA 9 g4
H(1999-2002)" AN A 1238 0.2 AlEW vi¥H Neospora caninum©] t3dk 3t
ol T oA AP S sk o] AlFelA ik AREAE 9
ETS HYowH B Ao o 2AE HPLC(High Performance Liquid
Chromatography)& ©|-8-3}o] #£3& AAIgte] 1xfe] 4k 5719F AR 270, &
he] EEE AT 2xkol Al 47fek AREAE 270, & TRe £E8S AT 3

r o
r op
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bRl s aak SRS ARG 470, & 9] 28-S A%tk HPLC &9
b 30ge] AT ARSAFE 200ml 80% methanol® FE3F] A AXAI7]
thAl 10mle] 80% methanol® &3 A1F . ©]& 80% methanol® 1:9% 3]4]
% 100 =+ 20040 HPLC system (Perkin Elmer LC 250 pump a Perkin Elmer
ISS 200 auto sampler and a Perkin Elmer LC 90 UV detector set at 220 nm

with a strip chart recorder)dl T4 & £35S Wyt Column< a Rainin

N

J
& o rlo

semipreparative Microsorb C18 column (1.2 X 30 cm)¢|$ltt. Mobile phase
(acetonitrilerwater=3:1)= 29 2mlITlr pumpst{th. 229 peaks & 18
peaksE 3 o ZH Fo}l acetonitriled dA EE F7]|9 EEoly e 254
o3
=4

A Z=wrE oy, B3 & 717te] BIso o8 u AgHrA A

01-1'11-

ERESE

7b. @efAl FEF o] HPLC + 9

D #opAl S5

D & WAIANEZY QA Eimeria tenella®] thale] &%0] Jd& A
Aa-gkct
@ Avt=l gekAl (L4 1 Sophora flavescens, ARV 1 Torillis japonica 5)Z

gHoR Fepd RS wEL

00ml®] 80% EtOHol #HofAl 30gS ¥ol sHofAl S

no Ol

© ®

2) FrofAl FF el HPLC 3

O 1xpdIoel] o]o] 4ty ARz oFAlE HPLC(High Performance Liquid
Chromatography)& ©|&3}o] &£ &S AA|sle] 3xFo 14 4719 ARdAF 570,

o] EE8S AUk 4xkel A 7ok AR 57K, 3 9o BES



g} 12pd =9} 2ol HPL

(@

w8 747 30ge] aatat AMEARE 200ml 80%
methanol® F&3to] FAAZXAZ & A 10mle 80% methanol® -&3) Al
Atk °ol& 80% methanol® 1:9% 3]Aste] 100 =& 2000 4 HPLC
system (Perkin Elmer LC 250 pump a Perkin Elmer ISS 200 auto sampler
and a Perkin Elmer LC 90 UV detector set at 220 nm with a strip chart
recorder)o] FYIF F EFS w9t} Columne a Rainin semipreparative
Microsorb C18 column (1.2 X 30 cm)°]%t}. Mobile phase (acetonitrile:
water=3:1)= % 2ml 2 pumpstAth. Z+Z+9] peaks =& 14 peakst®
o 2M Fol acetonitrilex FA T 7|9 EFol v 2=oA T

HAAT £ F 7] £9E52 $A1x F dERA(-200)sHA et

A Fu2 A1 EFAI WSS quartz tube 1plo] Y11 IHFE0S
ZAAHA AATE o]E AFH El-mass © insertiondt ¥ 70 eValollA 587+

mass spectrum & 4 (JEOLAF #|&)3F% o).

U A EZE o

op

3oy N. caninumel| W3k 3+ekA] & =L HPLC #39o 3

1) A EE o]&3o] N. caninumeoll W3k 3hekA] FEHe] IAF &%
@O Equine Dermal (ED) cells®} N. caninum= W] %3k},

@ 96 well plated] 5x10* cells/welle] =% ED cellsS #F3te] 37° C Co
» Incubatoroll Al 6417 &= wjekatcy,
@ 96 well plateol ¥i%¥ ED cellsoll 3tokA] FEF Ao AxETS 0% EtOH
2 84331 RPMI mediumol| thA] 8|4 ste] FF38ho)
olo| N. caninum taachyzoitesZ 1x10° cells/wello] ¥ %% Zd A 71t}
o] 37C Co, IncubatorollA 2~5% #jekA]7|w Ao ArS #H3c}
2]

o] %] =13 xehd WAL FAYA *H-uracil 5uE 2] welld] H

@0 ®
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7}at e
37C Co, Incubatoroll Al 24A1 7t uj<kslc),
@ ol A wik= 96 well plate®] ED cellsg cells 38 96 well filter paper

= o] &3} cells Harvester® =33t}
b-A Z}EHE o] &3l N. caninum ¥9%°] *H-uracile] &+ ALE #Z3
ct.

=
=
a
M
e
1o
o
o

2) MFAELE o] &3t N. caninumedl tgt kA =4 H
T 8%

@O Equine Dermal (ED) cells®} N. caninum= 8] %3+c}.

@ 96 well plateo] 5x10* cells/wello] E =% ED cellsS EF3to] 377 T Co
» Incubatoroll Al 6A17F A= wl gt}

@ 96 well plateoll ¥i%¥ ED cellsoll 3toka] FEF A AxETS 0% EtOH

2 84 3}lal RPMI mediumol] thA] 8]4]ste] #F38ho)

olo] N. caninum tachyzoitesZ 1x10° cells/welle] %2 7+ A 71t}

°]& 37C Cos Incubatoroll Al 2~5% #gA]71w o] s #E3,

o] ¥Fo] T3] A WAMA YA SH-uracil 5uE 7H2e] wellol #

7}ate

37C Co, Incubatorol A 24A] 3¢ wjjeFatcy,

@ ol A wik= 96 well plate®] ED cellsg cells 38 96 well filter paper
£ o]83}o] cells Harvester2 <=23tt}

b-A 7FEHE °] &3t N. caninum 9% °] *H-uracil®] &5 HA=E &3

l:O[A

© 06

Ao BAe wA BN AL A% F4 FE AuFSAA B 5

47} B oA A& 9] S MEW viYE N. caninumel] W3k &
Z 855 HeHth. = 96wells microplatesoll N. caninums A Ewjekste] 7
he] B3-S oA 85t HEA7 L dFo S FE du|AHsd A BFH =

Aot 9% BB Brhehar.
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3) @okAl #%9) HPLC %39 ki 2 5449
SopAl FE9 HPLC #39 ohdd @ 542 dobny] 913l nhg-2uof

80% EtOHe| &% HPLC #3& 50, 100xL, 1500, 1231 200ulE 33k
A sk,

4, AGpE Ay L 3

e

Goll g 9

7b MEWE N caninumol] gk ghekA] &9 HPLC 8¢ 395 &5

12 Fgo A A2 7] FEE AMEWN wFE N caninumell ti3 FLF
E5E H1ed k. = 96wells microplatesell N. caninumS A v kste] 7719
95 gAY A8 FFACH) 7 FAAES! uracilSs AHEdE F A
B712 wiFatdh. iz o] AFo] T AH o|AE oFH Ao FAE
Wallac Microbeta workstation®. 2 WARA &) %S ZAslo] 3UF %55 9
7hek A3 RS 8 4(aah 3, APEAR DS 8] 53] =2 FdF &
& YERUT

221 Ego A A& T BEYS MEY 8wYE N caninumel e IdLF
E5E Hr1edtk. = 96wells microplatesell N. caninumS A Zujksle] 771 <]
TS dAg At A &A7|a FFAGCH) 7 FAAES uracilS AEE A
471 wgstArh. dxTe] dFol Fwd] AHH olRE o B 75k

Wallac Microbeta workstation© 2 MMl e] kS =Asle] d9% a5 3
7hek A3 RS 8 5 4(aat 3, AR DURe 8ol 53] =2 FddF &
= YWERUH

oA sekAlE HPLC #3838 Ax 13 23
A ZW 8wl %" Neospora caninumol| W3t dL93F a5
microplates®ll N. caninums A Ev]sle] 7719 £3F

[e}
S A2BH)7F FA8EQ uracilS A

ulA g

Fol FE3] A o]REs oA A FA3ke] Wallac Microbeta workstation .
2 A4S SAHSY FdS 2%S HUre 23 7Y 28 F A4t
3, AFEAE DSl £80] 53] & 9% &S JERUTL EESP 2?'4 5 of A
Ao e BIES AFEW wLE Neospora caninumel| W3t A= 258 9
7}stdtr. & 96wells microplatesol] N. caninum< A EZujekste] 778¢ H3I&
GA A st A LA 7| FFACH)7E FAES] uracils HEe & A7z
HjFat vk, tHxar e dFo] FEd] At o] AS o H}HA o] FAse] Wallac
Microbeta workstation®. 2 WARA 9] & FAHsIY FUF 55 H7ke 43
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e BE F A1 3, AR DAL BRo] Bd & F9% 5 S Uy
oh. 3719} 47} B8e] A wmatelA 47le] B a3 ARAA 579
e A, o 379t 47 BN 2 9ol BHNe Az e

e

= [e]
caninum< A Zwjoksle] 7 HE& E}zﬂﬁ]@j}oq A g3 AL AE
ol 9130 Az e 8 F 6(4t

i

N.

caninumel| W3 FHP= I F Atk = 96wells microplateso] N.
o

e it 4

APEAE 2)0 e EE o] 53] =2 ‘%E}mﬂr T3 ol T 9%

A5 AF7sIA T 5 96wells microplatesoll N. caninume Al Eujgste] 770
o] B A 845l x”:—/\]?] ] °of AE ek A5 5 FAs
FAF TS B A THe 9 T 4(aLA 3, AREA DY £ 3] 539
=S 9F 55 e

12pd o] o]o] AL 11A(Sophora flavescens) 2 AV AH(Torilis japonica) 2
%<& HPLC (High Performance Liquid Chromatography)%: 01%3}04 wes A
Alste] 3k} 4afo] Ak 4709F ARSAE 570, §F 9ol B3-S At FEAEY

rJ

o glgoln e o) wae] Wasuz o BASe qae A7 A A
Lgpe] B8O AA st A U7 A Role] oke meb BUN(E 1),
¥ 1. Group 2 3<A F&%
(99 m)
Herbs 1 2 3 4 5
o 3% | 02 53 5.2 53
AZF | 92 | 475 | 138 | 29
3% | 7.8 83 48 | 125 | 22
1
A 2 | 55 4 48 5.4 29

329} 42 B oA A2 Il EFS MEW wFE N caninumel gk
Y% a5 Frtstgtt. = 96wells microplatesoll N. caninum< A 3E 8] s}
sl ste] AEAl7|aL AlEe] AE 59 dF9 &

F 4

Astel FUF TF e WY A% VIS BE F 63 4, A 2709 £

A\

&
]
=
o
M
o
tlo
ey
X,
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¥ 2. gteFAl HPLC #389 Axy 8l Neospora caninume] W3g %

AA &5
sroba | 33 | 2o : > %74:]3—64@1‘?‘41’:1'6‘ ";Xﬂﬁb—g%) - -
. |3 [ CT [7100 | 100 [ 100 [ 100 | 100 | 87 | 78
4 | CT | 100 | 100 | 100 | 67 | 26 | 37 | 50
, |3 | CT [ 100 | 100 | 100 [100 | 9 [ 77 | 67
o 4 | CT | 100 | 100 | 100 | 47 | 21 | 27| O
“ o, [ cr [0 [100 [100 100 84 | 98 | 2
4 | CT [ 100 [ 100 | 100 | 87 | 74 | 80 | 67
, |3 [ CT [100 [100 [100 | 8 [ 84 | 93 | 53
4 | CT [ 100 | 100 | 100 | 100 | 79 | 30 | 33
. |3 Cr [7100 [ 100 | 100 {100 | 100 [ 100 | 100
4 | CT [ 100 | 100 | 100 | 100 | 100 | 93 | 29
, |8 | CT [100 | 100 [ 100 [100 | 08 [ 57 | 44
4 | CT [ 100 | 92 | 67 | 50 | 54 | 50 | 16
| 3 |8 CT | 100 [ 100 | 100 | 100 | 100 | 100 | 86
4 | CT [ 100 | 100 | 72 | 41 | 57 | 23 | 41
, L3 [ cr [100 [ 100 [ 100 [ 100 | 100 [ 100 | 100
4 [ CT [100 | 71 | 67 | 73 | 54 | 471 | 6
= |8 [ CT 7100 [ 100 [ 100 [ 100 [ 100 | 100 | 100
4 | CT [ 100 | 100 | 100 | 68 | 61 | 60 | 38
%% | 3 | CT | 2 4 9 | 15 | 19 | 30 | 36
L [BOH[TATCT 10 [ 24 [ 18 [ 22 [ 28 [ 30 | 34
W= TN 3 [ 7 | 8 |12 |16 | 24| 17| 32| 2
camnil 4 | 31 | 34 | 32 | 29 | 24 | 26 | 38 | 4

CT : cytotoxicity= cell death

st 47 LA AL 9 BE F 9 APAA 9F AAEEO] 5

At = 96wells microplatesdl N. caninum< A Ejkste] 7749 E3S oA
sl Aste] A gA17]1aL MEe] AE FF dF9 75 S-St LT 255
Hrrsk A3 709 28 S A(Eqt 3, AR DAY 28e] 53 =& FdF

e YEHIGGE 3).

ot

¥ 3. 3fA HPLC 382 AMEW widE Neospora caninum] W3k

of
12
2,



S ok w35 A 8 A S AT A E5(%)
112134567819 /|10]11]12
1 CT|CT|100|100| 86 | 83 | 8 | 79 | 76 | 60 | 50 | 44
Py 2 CT|CT|100| 67 | 43 | 54 |56 | 26 | 29| 24 | 9 4
v 3 CT|CT |67 |44 |43 |46 | 41 | 42 | 43 | 31 | 27 | 27
4 CT|CT|6733|14]29 22|16 10| -5 -4 10
% 80% EtOH | CT |CT| 6 | 9 | 14 | 24 | 32 | 38 | 42 | 42 | 44 | 48
" [N caninum| 52 | 54 | 50 | 58 | 53 | 56 | 47 | 58 | 46 | 52 | 48 | 49
1 CT|CT|[100|100| 53 | 54 | 42 | 44 | 48 | 44 | 31 | 26
2 CT|CT|100|100| 73 | 65 |55 |3 |30 |3]| 4 |11
A AF A 3 CT|CT|100] 90 | 67 | 54 | b2 | 44 | 26 | 33 | 24 | 21
4 CT|CT|100|100| 87 | 62 | 58 | 31 | 15| 12| -6 | -2
5-1 CT|CT|100| 90 | 47 | B4 | 39 |28 | 20| 17 | 4 2
5-2 CT|CT|57]130|13[38|16|3 28| 3|22 19
e 80% EtOH |CT |CT | 7 |10 | 15| 26| 31 | 39 | 46 | 52 | 49 | 53
™ [N caninum| 52 | 56 | 57 | 49 | 53 | 50 | 49 | 54 | 51 | 52 | 58 | 54

a5

CT : cytotoxicity= cell death

2 A
gepAl HPLC &89 AEEAS 3 23 249 3 2o 5 29 la
G2-19] A& total ion chromotagram (TIC)®] Z*
3} Sophoridane (G2-1 VB)¥ &7} wj-¢ A4S & 4 SlSloh

o] ®IES GCMS®E #A43% A¥} 2719 o] Sophoridane, 12l 747} 1
e EFo] Matridin-15-one(CAS), Furosardonin A, Tetraisopropylidene-
cyclobutanee,5,17 beta-Dihydroxy-de-A-Estra-5,7,9,14-Tetraene, = Furanodiene,
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% AMEAR HPLC #9& W3 rdstas A weqitt. a4k HPLC #82
1004, AF#F HPLC 22 1,0000) = 3]Aste] ddsEol Foshsinh

5 A4 A7
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Solglgirh. AR HPLC 28 E& 50 (D ) %2 20 (B )%
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7NEe D) 95 e AP ¥He o WE gle= 1, 1-570= 2, 6-1070= 3, >11
, B gle= 1, <300mm= 2, 300-600mm= 3, >600um
=4, 283 3) ¥ AE WY gls= 1, slight= 2, mild= 3, moderate= 4,

marked= 5, 22 AE3sle] SHFE Yo Hrlsd.

A2 Aol HA A A QD methylprednisolone acetate (MPA)E <& o2 F
of T F N. caninum U 25 KBA-29] 7 # o] = tachyzoiteZ
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ok FoF gQlo] YEurS HEF AR OoR T8, Fire shoka &)
Pz o2 80% ecthanolg AF kg™ 22 1ml = 0.1l 17g]R Fst2 F

¥ AAd WA A2l methylprednisolone acetate (MPA)E &0z F

fsla 15¢Y & N. caninum =4 25 KBA-229] A go] 9li= tachyzoite®E
AR R Aol 5 x 10° A/mE ZA ] 24ntE] Ao HEE
ot A¥ e a4 HPLC #388 AT ke@ It (B ) E& 0.1me (C )< 7
= 717t 5wk Fofsidtth A AF HPLC w38 %3 A% ked 1l (D )
T 01t (E 2)& vtz 2442 supe]d Fofeqith. Axe ofAlFof glo]l o
TS JE FANEToR &G 94T HTH Tl dkAE Fols)
Rom, 5d F vAl g W Fofstdnh ofAl Fof $ 359 70U wEE 7t
Z} 254 qbetAbste]l RS AAE & iRl g el HALE AA
SFATH WA 175 o] Fdeo] wdd wizkA] Fr|zk dEEgith o=l &
S A flste] wid A S, HAF ARS BEsid e, Wy 7]
WS v BT o]Fd thder A2 A, 25Y dE d9
S AFASFA N caninum FA FA AFE AASFA T

A 2 e gHS EEE ths 200 == 508 3] Aste] €% tachyzoiteZt
Z

B2g Zgfol= wellol ZH7; well @ 1004 EF38kdth 37C 5ol A 1A 7F
FoF HkgA1 7] 3L 0.05% triton-X 10001 st PBSE 554 33 MH3 &

gtol=4ke]  FU71E ¢dd AAT F oAIAE 12000=  IAH
FITC-conjugated rabbit anti-goat %+ anti-dog antiserum (Cappel Durham,
USA)= 7 well & 10,u(%j e v 37T s A AR wgA 7] AL, vk
Z PBSE 33 A3 & 25% glycerol 3 PBSE &
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®aldom (Fig. 2), A3 4% Aol "o 7|djo] A4S Yellgrt
T 17~25% Aloldl A F #HAASEA Y (Fig. 1).

i)

100 \ | 100
2 % 9
80 \\ 80
\
70 O 70
% 60 \\\ | 60 — A group
% 50 \ - 50 B group
S 40 \\\\ 4  — Cagrou
30 NN 30 D group
20 \ \\\\ 20 — E group
0 \\ 10
| \
0 0

1 “ 20 25 30
Date of death

Fig 1. Diagram of viability of the herb extracts treated mouses infected with

Neospora caninum KBA-1
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AFSLAL o 13~ 145 E =¥ A% AW S deploh 47 19~259),

7~2797kA 9ube] 9 7wbe] vt Jﬂ/\}o}oﬂﬁ} v a4k s AR 206 F o
T ZbZE 11vbe] 210wk v dAbe e S UERIUTE whEbA] oFA] T o
w2 o AEZL wAF 50ul, LA 200, AFSAF 50, AFSAF 20p0 Tl o
ol A 27} 25%, 8.3%, 41.7% 2 16.7%= 1= AT} (Table 1).

Table 1. Effects of treatment with herb extracts in mice infected Neospora

caninum

o No of No. Day of death Mean day Survival
roups
b mice died (day after challenge) of death rates (%)

A. Neospora 17(17), 18(2), 19(2),
12 12 21 0
only 22(3), 23(2), 25(2)
B. S flavescens 19(2), 21(2), 23(2),
12 9 22.3 25
5010 25(3)
C. S flavescens 17(2), 18(2), 19(2),
12 11 205 8.3
2010 22(3), 26(2)
D. T j ] 17(2), 20(2), 25(2),
Jjaponica 19 ; (2), 20(2), 25(2) 916 n,
50 27(1)
E. T japonica 18(2), 19(2), 21(1),
12 10 215 16.7
20140 22(1), 23(2), 26(2)

* Numbers of dead mice

_63_



=
B
B
T
K
el
X9
=
Tor

N
o

2R
A

]

3
ARCIER

oj

=t
o

o

el

A s

S

o

ks

99}

1

9842

A

57)4
M Aol T A

N

=K

stol e, F-ofd wket HslsA ¥

o

q

7

A 3}F

A

3

o] Ao T}
Aol dH (status spongiosa)® YEIU 7] =

W F

)

;3

T

s BN

T

]

el

]

<

]

sttt AR WA A

S

B
i

m_m.o
el

o

—

NI
)

;2

tachyzoite”’} &%

o
ojp
okl

—

KH

o)
B

F9lol %Al

7vte]
Fol 7

S

= Aot

1

=

=
=

8152 e

L

+ pseudocysts® T

R

=
9% = ARAF 50 Folie] H A

pi

]

8

3

=
=

Far A9t} (Table 2).

°

vh3-22 9]

i

k]
pl

A4F 50l Fofte] H AL

L]

L

(Fig. 6). A=l A #H A}
H

of ]

i
N

o

BH

5922 YEY

)
=

6.34

o] &okAl 2010

gL3A Tt

A

o

B
o))

2040
7.35%2.38

5008

5.92+1.86

2040
7.82+2.82

_64_

508
6.34+2.52

only

Neospora S flavescens S flavescens T japonica T japonica
8.15+1.62

extracts or infected with Neospora caninum.

scores
(mean+SD)

Table 2. The results of brain lesion scores of BALB/c mice treated with herb
Groups

Brain lesion
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Table 3. The change of body temperature in pregnant goats infected
Neospora caninum

No of . Day of post-inoculation (DPI)
Groups ID

goat 1 W 4W  6W 8W 10W
A. Neospora 9 11 379 393 383 NT NT NT
only 14 389 378 384 367 38 371
B. S flavescens 9 1 384 388 381 383 378 368
1ml/kg 15 395 381 374 366 378 381
C. S flavescens 5 3 381 389 38 384 378 3Bl
0.1mé/kg 4 381 388 384 384 383 383
D. T japonica 5 5 388 383 379 383 385 371
1mé/kg 6 388 383 379 383 385 371
E. T japonica 5 7 376 392 383 38 379 373
0.1mé/kg 16 387 382 388 383 38 37
F. Solvent 9 386 383 396 383 381 388
control 2 10 388 394 393 388 373 391

* Animal ID of goat, NT= not tested

Table 4. Serum antibody levels against Neospora caninum in infected and
herb extract treated pregnant goats determined by IFA test

No of . Titers in day of post-inoculation
Groups D

goat 1 2W 6W 10W

A. Neospora 5 11 N 800 NT NT
only 14 N 800 6,400 3,200
B. S flavescens 5 1 N 400 3,200 1,600
1ml/kg 15 N 400 1,600 1,600
C. S flavescens 5 3 N 800 3,200 3,200
0.1ml/kg 4 N 800 3,200 3,200

D. T japonica 9 5 N 400 1,600 800
1ml/kg 6 N 800 1,600 1,600
E. T japonica 5 7 N 800 3,200 3,200
0.1ml/kg 16 N 800 1,600 1,600

F. Solvent 5 9 N N N N
control 10 N N N N

* Animal ID of goat, N= negative, NT= not tested
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Table 5. Pregnancy outcome for Neospora caninum infected and herb extract
treated goats and histological brain lesions in their offsprings

, State of Day of Number CR ) )
Groups 1D ) ) ) Brain lesions
offspring abortion aborting length

) Necrotic
11 abortion 27 1 12 cm o
A. Neospora encephalitis
Necrotic
only 14 abortion 27 1 15 cm .
encephalitis
) 16/17 Necrotic
1 abortion 51 2 "
B. S flavescens cm encephalitis
weak
1ml/kg 15 60 1 B B
born
. 18/185
C. S flavescens 3 abortion 45 2 -
cm
0.1m/ke 4 Not pregnant
) 29/30 Necrotic
. . 5 abortion 116 o
D. T japonica cm encephalitis
16/15.5
1mé/ke 6 abortion 4] 2 -
cm
E. T japonica abortion 50 1 17 cm - .
. Necrotic
0.1ml/kg 16 abortion 51 1 22 cm .
encephalitis
F. Solvent 9 Delivered 1 normal lambs
control 10 Not pregnant
+* Animal ID of goat, CR length= crown and rump length
o M zALA 27 % wejga
o)Al Abeko| Al fAESE S AbEfol E 12% 2 AW S 5o A EurE F oF
2 1ol diste] B8 AAlsta, 78 AEG7|d diste] WexAed At
2 Fasd 94 37 Aol Ak dole] B9 A4 uRo Dol P4
Hoj A gkom @A Yx AAMxR 35 dHo] #AFAFAY (Fig. 8)
i ol vk AL FEE ARSI Fuko] gglon, Avel
ol EEo] WMAY A=dAM AR EE Aol 2AFo] ATk dAl o)
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G No of Titers in day of post-inoculation
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Fig. 14. Gross findings of dog Fig. 15. Note perivascular cuffing
infected with N. caninum. and gliosis in the brain of dog
infected with N. caninum.
H&E, X200.

Fig. 16. Focal necrotic change in Fig. 17. Note positive reaction of

the brain of dog infected with tachyzoite in the brain of dog
N. caninum. H&E, X200 infected with N. caninum. THC,
X400
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Youn HJ, J Lakritz, GE Rottinghaus, HS Seo, DY Kim, MH Cho and
AE Marsh (2004). Anti-protozoal efficacy of high performance
liquid chromatography fractions of torillis japonica and sophora
flavescens extracts on Neospora caninum and toxoplasma gondii.
Veterinary Parasitology. 125/3-4 : 409~414.
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