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Project Title: Comparative assessment of the in vitro sensitivity of albendazole,
diethylcarbamazine and ivermectin, and their combinations
against third stage larva of nocturnally subperiodic Brugia malayi
(Narathiwat strain)

Investigator : Assistant Professor Dr. Pongsri Tippawangkosol

Department of Parasitology, Faculty of Medicine, Chiang Mai

University
Email address: plippawa@mail.med.cmu ac.th
Project period: 2 years

Content

The antifilaricidal drugs of ivermectin (IVM), diethylcarbamazine (DEC) and
albendazole (ALB) alone or in combination against infective third stage larva (L3) of
nocturnally subperiodic (NSP) Brugia malayi (Narathiwat strain) were performed in an in
vitro sensitivity test for 7 days in order to observe the efficacy of these drugs. In
addition, scanning electron microscopy (SEM) and transmission electron microscopy
(TEM) was also examined the morphoiogical change of this larva after treated with drug
both used alone and in combination. IVM and DEC alone, but not ALB alone, at
concentrations of ‘IO'5 to 10-7 M, reduced larval maotiiity after 7 days cullivation. No
morphological change observed by SEM and TEM when used both drugs alone and
their combinations at a concentration of 10-5 M. The minimal lethal concentration (MLC)
of IVM was 10" M within 2 hours and SEM study showed damage to the cuticular
surface of the larva. Both drug combinations (ALB+IVM and ALB+DEC), at
concentrations of 10° M/10° M and 10~ M/10° M, were effectively better than each
drug used alone at those concentrations. ALB+DEC, at a cocncentration of 10'5 MI‘IO45
M. seemed to be effective better than ALB+IVM. The result indicated that the in vitro

sensitivity of both drug combinations correlated with other previous result form in vivo
study.

Key words : Brugia malayi, ivermectin, diethylcarbamazine, albendazole



AT

nRFnTTHUsEN A

undmsia

Abstract

&9ty

Qe TIER PR

Anatinygy

- . N
WAV

1M

FRnINaand

2.

wnasiaswend lilasia e
ms‘.Lwqatﬁa@qﬁma«nﬁ@ Aedes togoi
Famsiiyafindeauuefi inan3ia Gurtia NSP Brugia malayi TatiA3
arfificial membrane feeding WAL ANFALILIN fannfinuEeAuss
nstindneaiRafiusaseuzasi 3 eseaRan Fudiln NSP Brugia
malayi
AT RS aUTEELT 3 Yaane e G NSP Brugia malayi 11
WABAVIAREY WaznITMaeUUI VBN R uaTn naNART da
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Motility score 2a3fingauszozi 3 1eawe 13WanGaatia NSP Brugia

malayi MAIRNNININeABULTEANBNIWEN  ivermectin (IVM) %
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Uinndauvnadaseuscasii 3 1eameniiandeein NSP Brugia
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veasatiugl 7 w; [E], [H] Yusinudng (ventrolateral papillae,
VLP) LLﬂ:mwuﬂ'nﬁgﬂé‘Nﬂf‘i’wm:ﬁuwﬁ?;m (anus, A); [F1, 1
mMmumaseenelunisasmansmin, [G], [J] nmwimdsnensalunigdou
w1y, Uuiudie 2 Wu (VLP), iuenuuds 1 1u (dorsolateral

papilla, DLP)
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Audasiuly (inner papillae, IP) wazln neaseufuet ALB 7
Adudy  10° M [S) grunaiiusitudng  (ventrolateral
papiliae, VLP) 2 1Ju uazi]usinumnas (dorsoterminal papilta) 1 u
neARUTULT DEC AAwdiady 10° M [Q] fadauvia uas [T]

NANAFIVNIAURIEAHINIVAIRNNARELTUEN  IVM FiA9 Y
Wutu 10° ™

27

28

29



£al)

=0.

a19170ugl (Aa)

NISNARDUUTZANBNINTRILNAN (ALB/IVM War ALB/DEC) a8
neeuszas? 3 vesnuniianGuTin NSP Brugia malayi lw
waaanaradiuaan 7 Julueuinianade NI-FBS, [U] d2uuy
Hijusinuding 2 s (ventrolateral papillag, VLP) LAZ1]HATUUAY 1
11 (dorsoterminal papilia, DTP) uaz [W] AaliBnmnanadndoiie
NAFAUAVUENNAN ALB/OEC Aonsdind 10710° M: [V] &9uiail
Unfudndas uuen (outer papilla, OP) Usnfududasulu (inner
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MNE AR89 A EaUsTas ARG (L3) Tadne1pAaEe NSP
Brugia malayi aMNNABIBIAARTAULLLABIEIY (TEM) (A) LAAY
da3319neluasa (pseudocoelom, Ps), (B) N wasgMiyuans
Finduuan (cuticle, C), findunans (hypodermis, H), Fndundi

e (muscle, M) wazmeluaneiidalasiu (lipid droplet, L)

ANWE RN UAABEUIZL ARG (L3) TRINENTHANGE NSP
Brugia malayi aINNANIBRARTBULUUADIENU (TEM) (C) uamg
fatuwan (cuticle, C), fadunand (hypodermis, H), aq%uné’m
e {(muscle, M) (D) ﬂﬁwmmﬂumuﬂmdquaqz%ﬂﬁqﬁ’a 3 %u LAY

basement membrane (B)

Fodaussssinse (L3) UBINUNEWATH NSP Brugia malayi ad

INVNITINNZR g luuaeanaasLdwnal 7 U (E) NWAREIN
: | 7

194 (F) nwgsnslunjuassdaduuan (cuticle, C), Hafunana

1 B
(hypodermis, H) wazfiadunansiilia (muscle, M)

NIWAGATNTINTAIAIBOUTZOZFAMFED (L3) 999NU1BHATE NSP
Brugia malayi wisRanvnnsmisasslunaesmaseailungy 7
U (3) mwmmﬂlumgLLammuaq%’uuﬂn (cuticle, C), (H) wamg
4839 WN18TURIAY (pseudocoelom. Ps), faduuan (cuticle, C),
fdunan (hypodermis, H), Eq%unﬁﬂuLﬂﬂ (muscle, M) uazn el

luandniialasiu (lipid droplet, L)
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FBeuIzusfnma (L3) 199nu1BNaNTe NSP Brugia malayi WAS
aNnnARBUNLYN diethylcarbamazine Aanmdindu 10° M lu
PALANARBILT IR 7 U (I} NAWFAARATHBIN9FBDWLTIUAN LR
(J) n’lwmmalmgmmaq%uu@n (cuticle, C), fndunana
(hypodermis, H), E‘m%’unz’iwmﬁa (muscle, M), Fa4919078 AN
#1 (pseudocoelom, Ps), a1ld (intestine, 1Y wazansdnaluald

(lumen, Lu)

FagauITLEFAARD (L3) 10InaniAa5e NSP Brugia malayi waa
anNnAaeunuen  diethylcarbamazine o ududu 10° M Tu
UABANARDULIUIAT 7 TU (K) MAWARRNY9 A8 uLTua 1
LLﬂmﬁquﬁd%uu@n {cuticle, C), %uﬂm\a {(hypodermis, H), %u
n&ube (muscle. M), anl4 (intestine, 1), F299719 L& 1& (lumen,
Lu), wazg9edneluansia (pseudocoelom) (L) mMwasnelunjwany

% *
HAANAINIATHNTU

FNABUITLTANAD (L3) 3e9WHENANGY NSP Brugia malayi Waq
FINNARBUNAVEN ivermectin AMMENTL 10° M luvaaanaaed
dunan 7 4 (M) nsiasineasaseuLTudl&uandnld
(intestine, 1), T8393lua"1d (umen, Lu) uazdesdraludnsi

(pseudocoelom. Ps), (N) awaenslunjuamaiadfoviaaudu
uazlalasiu (lipid droplet, L)
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ANEBUTTULAMAD (L3) 1eINUENaN T NSP Brugia malayi YA
[INMaReUAUDT ivermectin Adintu 10° M lunssmnmaes
Whaaa 7 74 (O) uas (P) AWEAANNIIF BB UUAAIT IRV
mu%u (cuticle, C; hypodermis, H; muscle, C) WRzWInledy

(lipid droplet, L)

FIERUITULFAAGS (L3) ¥DIWUDBRRGFU NSP Brugia malayi Mad
RINNAKDUNULIHNAN albendazole +diethylcarbamazine
(ALB+DEC) A uidindu 10° M/10° M luusaanaapaiiungn 7
A (Q) NINFARINIIISaULAAIRTLLEN (cuticle, C), findu
naYs  (hypodermis, H), Fofunduiiie (muscie, M), a11&
(intestine, 1), T89919lus 1€ (lumen, Lu) uszdeairvludnda

(pseudocoelom, Ps), (R) nTwatnang)

fasausTuzAnse (L3) 1aaneniWaGe NSP Brugia malayi wia
ANV ARBUNLYINAN albendazole +diethylcarbamazine
(ALB+DEC) Aidindu  10° M/10° M lunaaansasaluiaan
7 U (S) unz (T) mwﬁmmw"nqﬁqéauuﬂmaﬁqéﬂﬁq%qﬂqn%u
(cuticle, C; hypodermis, H; muscle, C), 483113 lud s

(pseudocoelom, Ps) uazifinluiiu (lipid droplet, L)
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fatauTsusAnme (L3) 10INUISAAITY NSP Brugia malayi WA
AMNNARALNULINAN albendazole+ivermectin (ALB+IVM) Ay
Wadiu 10° M/10° M lunasanassanilungn 7 34 (U) nndan iy
Y2 ABAULAAIATLE (intestine, L), 1939731us"1d (lumen, Lu)
UATTD9INURAL (pseudocoetom, Ps) (V) LARITIIANFIVIATM

4u (cuticle, C. hypouermis, H; muscle, C)

FIERUITUEAAAD (L3) 18INUIBARTY NSP Brugia malayi WAQ
[INNARURLYN albendazole AMIENTY 10° M lunaasnaasa
Wuel 7 du (W) nawdaantansdassuuamaild (intestine.
L), 99997%ud & (lumen, Lu), 99991¢1luaé7 (pseudocoelom,

Ps) uarfnandaviaandu (cuticle, C; hypodermis, H: muscle, C)
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ravindnadulsavilsiifirnsdAgmeuaissaglulszmalneBedlianmaun
AW S Na Bt Wuchereria bancrofti Wag Brugia malayi (WHO, 1992) 83An1T
auﬁﬁﬂiaﬂiﬁﬁmimLﬁﬁ"ﬁwLflu‘t?ﬂ'ﬁLﬂummmﬁﬁﬂé’ummﬁifaﬂul,f!ué'uﬁuﬁ 2 Tneildfinn
Bavialaniszanos 120 d1umu LLa:ﬁQﬁLﬁﬂqﬁiﬂTmﬁﬂ?:mm 1,100 f1uAU (Addiss, 1998)
TlremAlnene s NanFeaia W, bancrofii azszUalULOUNNIARZIURAN LAY WENBAAN
Suwiip B. malayi azsrualunAlea (Harinasuta, 1970; Division of Filariasis, 1995;
Guptavaij et al, 1977) msﬂquauiﬁﬂtﬁwﬁﬂqlﬁﬁuﬁﬂé’oLLﬁi'ﬂ W.A. 2504 wazwuiuwue iy
mmt}ﬁamé@ﬁﬁmmﬂmmmn 6% anaedatanndn 1% Wil w.a. 2541 (Division of
Filariasis, 1998) faudidnnsmuaulsavindeasiduasudfdmunisssunaseslsaegda
mm‘jmmsjmmnﬁmaﬁmémﬁu nnsAne luifaqiiuwudnlgeitany ria Culex
quinquefasciatus anrodlunuzeesnen 3R FoEnatiauieans W, bancrofti Tne3 el
gnidnanlasussueantinwazetalluaiug Winisunssrunelulszimalne  (Division
of Filariasis, 1996) wm%?\lmL"?ﬂ'luﬁuﬁmulunﬂmiﬂnﬂuﬁ’qﬂT::mﬁ'lwﬂﬁa::ﬁﬁnﬁm::l.ﬂu
WUL nocturnally periodic fwent luiasianFaazeanunlunssuadanlunainaismumin
i (WHO, 1999) s‘fqﬁfmﬁammfaLﬁamﬁﬂmﬁqwmﬁmnﬁﬁuLﬁamﬁw\:mnéﬂaﬂlumu
na'1ei’uwudwﬂu’wuwm%'lu'iﬂ‘r'ﬂmﬁﬂlué’ﬂfmﬁLﬂuTTﬂLﬁ']’ﬁ"\ﬁi'l;jﬁwm‘ﬁlu'iﬂsﬁmﬁﬂ
sanunlunszusiden wie filanfifimendlulasfanGulunssuadensin (Poole et al, 1990;
Chanteau et al, 1991) NMIATAABARBUUBLALDAVIBREUFIAUATARUT AT e lom]
lunsmsaiiadulsa udnisamadenlaedd Polymerase chain reaction (PCR) axithiAs#
Nanudnzuazimnuwiudgueniihidsunmgiulunimnemaiiadulsawiadg

nsldenfnmlsadindrefidudndinilsfigosandnululasfanGelunssuaiden
unzannsunszinareslsald  adalsfmnalutiaquiabifiounuduiigaiiilszans
AW lUNTSFEUANIBT9INENE L8 (Mc Reynolds et al, 1993) usiatinqlsAnulsiinsAnm

DAUIEANENINTB L TN B RANFURHNININUTE  LATRLG AN ALB+DEC  uas

ALB+IVM fidss@ninmussiinananlaeniy (Bockarie et al, 1998; Dunyo et al, 2000;



Ismail et al., 1998; 2001; Nicolas et al, 1997; Ottensen, 1997; Shenoy et a/, 1998, 1999;
2000: 2002: Supali et al., 2002) uarsRilsr@ansnwuarldFunisunstinlildluntsinun
AN F19ABeNHNANTEM9N9E1 albendazole (400 HaAaNFH) THRuTanAvUen ivermectin (200
finansusatmInFouikaRTaniy) vite Wiiusauiuan diethylcarbamazine (6 fieAnuReLN
wﬂnﬁwﬂaﬁian%’u) (WHO, 1994; Ottensen et al, 1997) ﬂﬁmuﬂuﬁﬁﬂﬁzﬁmﬁnﬂwlunﬁ?am
UrrnndlulasianGelunszuaidaslduaenudnilusdradastiss Snsdnmdiuaunnnifien
Fudsransninaesen@ildluntssinnenslulasfanGouarneaddaunluauuaslunaan
neaed (Dreyer et al., 1998; Dunyo et al, 2000; Figueredo-Silva et al., 1996; Gayral et al.,
1989; Nicolas et al, 1997; Noroes et al., 1997; Shenoy et al, 1999; 2000; 2002) WAWLI
nsAneBelssRvanmasssi i lunissindngeusresi 3 vie surfieselunananaaed
Hauouvies (Deverre et al, 1989; Gayral et al, 1989) a2uf1autialunisAnmtadss
ansnassenlnumsssiasdeurzurfnfaresneniVenFusiin NSP 8. malayi aruwug
US53N TrzmAlnedilifinmiannununadenindiauaaungaisoifan
dny Huszaunisl waznimasesiideslddnivmaasciisatune Trefisssunugn A
unt wy anxnsodadeilliuanduuvasszandeiiannsoiunlFunmmaseddd wiiles
AMNMINARBITRBAEARTNAGEIEITIAINS wazlimnnzd s nasaRnnuiaumsn
nisAnluvasanaassa o ilunsglstdvinanaese tnunssasanens  wie
fhlszlomTunnsAnndudug vu Faedl Foluans nidum@Anen Hud

n’l?ﬂnmﬂ?:aﬂ%ﬂﬂwﬂmﬂwmﬂﬂLﬁf_l': albendazole, ivermectin

diethylcarbamazine UazBINAN ALB+DEC WAL ALB+IVM Aafq8ousstsh 3 18 s
a13ualln NSP B. malayi 1uﬂ;*qi":|.'7'\iﬂ@ummm'ﬁmﬂma‘wi'aﬁqwm‘ﬁ TnsAnsgnisnlaey
KUAITBINENTIINNADIRANTIAIUUSTINAY  uazndavqanssAiBiaAnseuLLLdetiiy
(Transmission electron microscopy, TEM) W&t uwUUKBINGIA (Scanning electron
microscope, SEM) nasAn lunasaveaaaddaaunTatin@aRineniduaanua (excretory-
secretory products) me'lﬂun'mm"%ﬂuwauﬁ'u'aﬁ*ﬁ'm%’uﬁﬂm-i‘lum?mmqﬁﬁﬂﬁ’afﬁ'ﬂ

L b4 :” i | 4 o -
Wl manimmesssrnisdaysilsiainmsvinlunssanaassasiidssTuaisanisaaw

ANuAT/AMTan TR R TsAvd e lvua i E



ABNITVIARRDS




FEN1SVNARDI
#——_—_——_
1. uuatpeneIsinlasiane
¥ = =l ﬂl } ﬁilﬂ dv "
wssramenilulasanFoe liluntmesesldniainuunifa@asnnumua
seUNALRINEENa G TTa nocturnally subperiodic (NSP) Brugia malayi WAaniausnIng
wdninuua a3 luvesdnineasresntusunnamand suanenduidasin
J -, . o
2. msziatageaeaiin Aedes togoi IIUIUNIN
- [ ai et 2 o e =] g @ AY
yeaeailn Aedes fogoi Wlugaiiduldandandindumi warlibgaundulily
by & =n wr =3 [ : 1=l
FEARENET0IN1ATTLIARINYY  AnsuHneAIaRT NuAnendudoalud surtll WA
2530 AINN1IVARBITEY Choochote et al (1987) wudngariiniliflugafianunsnsaniunens
Fa1Guatin NSP B. malayi 165 8N19WITIRLAELNRENIANNTTHIAIIIUBB Choochote
et al (1981) Tnuthldeeanaaiin Ae. togoi ManalivunszenwnseanAnliidusiaseuly
faefithinet 2-3 U WiMeaunRewialueIAmREILIIUIA 25x36x6 NUAANLTUALIATT
1 L L 4 H
fnetuszunns 3 W 4 9830m (1,500 AadART) 1-2 T4 udIRNTUIANIARUENgNUNLS#
dlusmdauszar 1 (L1) Uszunne 150 dasanialaaieafininisdeseiuassiesniu fs
gruupiletszudng 2712 °C wariawslealdermrgdruavenudszunn 0.5 niuse
:’ 8 o ‘:z b 4i. ‘o’ o 2 P ’g’
gmuin 1 oelaeliduas 1 Af uasninisasniimgng 2 34 Inatdssunod 5-10 94 gniin
gavilusgsussusy 4 (L4) azwdnyilusalie (pupae) 4uh 14-17 wawanWnaanannld
i+ H L4 [
amiuasldvaengm  (dropper pipette) gadlivldaslutitenananniiduinduagwe

o

Usranou ug il nsaudeeanunn 30x30x30 gnunArdudinATnsaslseunng 400-500
4 tﬁl = - 53 o : :

v anuusiolivasldingn 2- 5 u weanisiydlusisindulasazi@essesag 10% wma

'g'tﬂ?ﬂuﬂnﬁ'u multivitamin syrup WAL 2% antimicrobial agent (10,000 units/ml 184

penicillin G solution, 10,000 Hg/ml 283 streptocycin disulfate uar 25 Lig/ml of
amphoteracin  B) Tﬂﬂ'qﬂ'lﬁ'lﬁﬁ'ﬁué'\ﬁuﬁaﬁﬁ‘lmﬁﬂulummmmﬁnﬁwu%’u’lﬁqqqﬁﬁuﬁ'\
MY Tmmﬂé‘uuﬁwmui’iuau‘f‘nmﬁunnj 2 f'fuTmuﬁﬂa-TiLémqaﬁqLﬁwi'ﬂq:ﬁmmm-}u
grumpilieguszanm 2742 °C uRzAMTURIANE  70-80% L‘émqqﬁmﬁuﬁﬂlﬁﬁmq
Uszantu 7 Ju udidaiinnsesa vnsya (fasting) sz 18 dalae reufiaztingauii
enuwnRiFade NSP Brugia malayi



3. ‘1ﬁ‘qaﬁuLﬁamumﬁﬁwm‘“ﬁﬂmfémﬁm NSP Brugia malayi et artificial
membrane feeding WAZNISLALLINAIINARULRRAUR?

AR LT e N B AN BeTila nocturnally subperiodic Brugia malayi tng
1 syring U@ 5 Hadansniasduued 21 danunidu@eaaLTianen (cephalic
vein) dannalu syring aziARaudnaans heparin 10 giinsieiiadans Watlaafunisudesia
spudenlauari@aniians1ditluysiulae’s artificial membrane feeding uaztinluun
AP IMLINLLYES microfilariae u@en 20 Tulasans Saffutuwes microfilariae fiwe
MaNZAENIT feeding ATETEWINe 40-60 microfilariae Faidan 20 gNUNANNAARRAT AN
WaAUNIN A NNUILLINEBY microfilariae wnnasidasfianldunUiulideansdneing
Hank Balance Salt Solution (HBS) mnﬁum‘éauqa Ae. togni WinnTsaae MITuda 18 99
TauRudeaAuNndingas artificial membrane feeding AuA5983 Chomcharn (1970) Faay
14 parafim ({lu membrane Qﬂn?cﬂmﬂdm‘%’m artificial membrane feeding sznaumas
cylindricai  blood chamber LﬂuﬁﬁﬂﬁulﬁﬁﬁLﬁfa'}’nmﬂfqmuqﬁm@aLﬁfammlﬁﬁfqmuqﬁ
Usranm 37 °C Tagandetinann water bath fiilgaunnil 39-40 °C lwariuurinu water jacket
Wesnuguunfizesdenliaed Tauduiinsaes water jacket Tuaziiviedmivlinan
water bath Hudnsuazttueenil lautuviefiet@nduniliaes water jacket Faviatiaz
qnﬁcﬂﬁuaﬁaﬂqaﬁﬁﬂuﬁqﬁﬁﬁu%’uéﬂtﬁﬂqﬁﬁmn water bath U geazfudantiog
parafim ununistudesainduuniaanslaulinesteaiunsoRizniatnu parafim

Wunis@euuuunIsiuldan’anRI LN leen e

u

LGI?“EJIJENT@UQ@QQQ’]HHNLéﬂqqau’ﬂﬁﬁQHTﬁq\l (paper cup) Gaiigfudnedaeiald
dufuaataueziuusesiisazinitsilaUndladetlasiugamaanil  anfuindee
ussqgalaetiduiiionseldunsiy  parafim - avnduld@esunadvilly  cylindrical
blood chamber laelilnnBudndauuunesiu parafim 44 parafiim ﬁ’uqzﬁﬂqmqﬁqm
Weldithngaaunsnianznzqeiu parafiim Weniuden 1édafuns@ous Wnieudy
nefgeiwdeattuBamlnesny TanRuivaaudiu parafim auiulrigaiuidenaciisunn
3.5 gnuAduRmms avniuldenldypiudesaudideazidioanlszinn 30-40 uiR an
. .

wugauangainuaenudlrzuim 6-6 sinldlTludanldetnunm 6 x 7 wuRwRT udarinly
Lﬁu'luﬁmxgmqﬁiQnmuguqmuqﬁua:mm%uﬁ’uﬁ’wéﬁ'mm:au‘iﬂﬂlﬁqqﬁuﬁﬂwﬂuuﬂ:

* 3 1 [ .
wmminfinereninirinAsgaemisgeurrery 3 (L3) luTui 12 duainligeiu@en
w9



4. mec.ifléfmquﬁ"aLﬁuﬁhdauszﬂzﬁ 3 (L3) 12anensWaTa9tin NSP Brugia malayi

wisanliige Ae. togoi AuABALNARE microfilariae LLﬁQLgﬂdﬂdﬁi'ﬂgﬂﬂﬁ‘tu’]m 12
Fu aximstdagaieriu L3 FasausvuriiufesuszusAnsiaiint Iegaaunsody
wivzlunsuwinsrandeld Finetingeazldnnitaes Suwan et al (1993) YinganaaL
&t diethyl ether udaMidununadniinuinaaneasys fean uaz Tnaesegseanidisiiosiu
qqﬁuuﬂuam:mn‘lunwchuﬁqmﬂﬁuﬂmﬁmmquua'laﬁ*?'ium 0.85% normal saline
solution (NSS) warnnisuangaaanidugdan vindauiuanlE il deedaandes dissecting
microscope Wansamsrgauszasd 3 (L3) e ldidnauimdnie L3 FunudinuEnelu

petri dishes #UNA 35x10 HAALHAT 8 HBS waniu antimicrobial agent (10,000 units/m|

189 penicillin G solution, 10,000  lg/ml 483 streptocycin disulfate uwaz 25 LLg/inl 18

amphoteracin B) MHdinauimanae L3 u11a814Tu culture dishes (24-wells) HiHa MIFIaeES
1 . 2

Wananniu antimicrobial agent tanIn1TnzIaeLaznagavlsrAnsnnaaseluasn

naasasalil

= ar = = < a,
5. MSINISIREIAIBaUszEEN 3 (L3) waiwaniwagadiin NSP Brugia malayi \u
Py = ' as P
VRZAVIAADY LRENITNAKALUTsANEN INTRI8LABIRDA2aaUSEESY) 3
- & %
5.1 NMSLATEHNDIUITLREILTD

e MsEuId el lunnides L3 venensiaGuelin NSP Brugia malayi
lunaeanasaslsznaudatdnmdaufiviniuleeliunms 111 (viv) 1098 v siatad aTiia
NCTC-135 (Sigma) uaz Iscove’'s modified Dulbecco medium (IMDM; Sigma) nanny 20
% fetal bovine serum (FBS) &1 antimicrobial agent (10,000 units/mi 9184 penicillin G
solution, 10,000 lg/ml 183 streptocycin disulfate waz 25 Hag/ml 19893 amphoteracin B)
War 25 mM 184 HEPES

5.2 NSLATENEN

t1 diethylcabamazine [N-2-Hydroxyethylpiperazine-N'-2-Ethanesulfonic
Acid] citrat salt, DEC (EC No. 216696-6, Lot 79H1181) lneazaoun DEC {stock solution,
102 M) hindufisindeudn uax wiien working solution TilaAanndnduetlutag 10°

- X X
04107 M AEe T MITIasTe

41 ivermectin B, [N,N-Diethtyl—4-methyl-1—piperazinecarboxamide], VM
(EC No. 274-536-0, Lot 80k1435) araat IVM (stock solution, 10° M) lu absolute



methanol WaziAIEN working solution Mldasnadudusgludas 10° e 107" M daseus
@eade

t1 albendazole [Methyl-5-(propylthicl)-2-benzimidazolecarbamate], ALB
AXAEE ALB (stock solution, 10° M) lu absolute methanol ULAZLF TN working solution
Wlsiaondinduetlugos 10° De 107 M Fauemnsdade

53 nsnedaulszantninaasense L3 19anesWla G lunaannnaay

(in vitro sensitivity test)

nsmaaauLlszAvEnwIessFa DEC, IVM, ALB uaztnuax ALB+DEC,
ALB+IVM lunnsgin viieasnisiadauluines L3 veawe sRan (e 9iin NSP Brugia malayi
aeWuguBIa At R uiT999 Riberu et af (1990) uar Yates (1994) laufinnsanullas
Ffnsvinantes lee Tippawangkosol et al (2002) Gt

Widnrunadnds L3 ﬁu‘rifaglumm?@v'mﬁgfalu petri dishes WA 35x10
fadnns 1 1d17lu culture dishes (24-wells) vguay 20 #a %ﬂutwiﬁw@uﬁqzwmmuﬂi:
A nustsuRaTiaarUsneuduesiReaderlsnaudsardouRivinty 101
(v/v) 999 NCTC-135 uar IMDM 17'1‘:?1 <0% FBS uwax antimicrobial agents Nﬂuﬂt‘jlﬁuﬁﬂﬁ‘ 1
faAanT waNfULusaTIiaRgaIn ITMAaaU (IVM, DEC, ALB, ALB+DEC, ALB+IVM)
Wuras 10 lasdns douluvguacuanarlildenasly Tnammeasulsz@nsninanaen
usiazaiisasinnimeseusiiu 4 A% 1 culture dishes 1d1ug CO, incubator uan 7
T mmfaaﬂuqﬂ‘r:ﬁnﬁmwmmmimﬁhmmm‘,m?mﬁau‘lmmmﬁ%jfauuﬁemnﬁﬂmﬂm:
Geamsoudunan 6 uaz 24 Falualanldndes dissecting microscope MARANTURANT
AaseuLlsr@nsnmresamniudunat 7 Ju TeellwRauaviadosde

nsuwilsus

msususlsz@vanmrssenlunisdudannsiedanlue wie sindageutes
wuNsRANGuaz 14 relative motility value (RM) 9949 Kiuchi et af (1994) S7MNA1 RM TIen6
uﬂmd'\ﬂﬁﬁﬂi‘:ﬁﬂ'ﬁmwlum?ﬂ’ué’qmﬂﬂ‘éﬂu’luwaqﬁqdﬂummwm‘ﬁﬂmﬁﬂiﬁﬁ uasdnga
f9uUAY AT RM ArilAvinfugued daudn Minimal Lethal Concentration 3o MLC Aefn
podnfuresenisufigafiannsnsindfseuraanesNaGeld Taaasltinn RM ¥iriu

L4
AUENRINNIMITIRBIABUTD NI R Fo lunassanaasaflungt 24 dalue A1 RM
ATUURIN



Motility score = 2NN

N
o [ ) Ai.d ] o '
AN = dunusidauifiAiazuunlurzause
N = FIUIUTRIATAUNINNA LULARZUQN

AziLLTFuN A UM AR 18RI dauTBINENE R AN T wiialeidu 4 szév

3 = aaauluaf (active movement)

2 = wasuluiallunany (moderate movement)
4 .

1 = ipasuluatiaanin (less movement)

0 = lsisinsmaaulun ¥se m1e (no movement)

% RM = Moltility score (Ugunaasunuei) x100
Motility score (WNAIUAN)

nsulsuaiivequssanininaasenlaugainedl motiity score WAzAY % RM 1A % RM
1 v 1

A B fidssansnawlunisdudiniaafeuvareiiagaureInens uaTAt % RM

wiibAugwnefieatunsasiningausenen s K

6. m'iﬁn‘m@gﬂ%ﬁaﬁnﬁmzuazms'?ﬂmuﬂﬂﬂnaaﬁ’qéﬁu'ﬂ‘aqwm'ﬁﬁmL'%'ﬂ'nﬁﬂ NSP

Brugia malayi lunaaaviasaalFauniisussuiningualuanuasnguAlasuenAea
WRZEINAN

ﬁﬂﬁqﬁﬂummwm‘ﬁﬂmﬁm’mnz«juﬂfmquLm:mnnfju'?i‘lo‘\'%'umuﬂﬁnw\@ummm
fegUinsdnuurin@uuuladilvesngounedfarFuneliindasqanssm]  uazndes
AaVFIAIBLAANTEULLILADINTIA (Scanning electron microscope, SEM) uazuuudariiu
(Transmission electron microscope, TEM)

6.1  NIFSIASENAIEAUTDINEBANTUNARIRANSTAY

nsETBNMEaUIRINENBAuFUNRaqanITal ArldmNu35989 Ash and

Riley (1970) TnufiufgoueamuIandanfivinanisiagsluasansdeduna 7
Ju el dnmunamdndofdeureausunetdldly 70% ethanol #¥eu MRaRANAMN
ABBuLDINEElanY 5% glycerine W 70% ethanol uas 20% glycerine W 70% ethanol
Augiu Midndufsunenineuualadin glycerine BEN1N17 mount WENBULAZUNNA

Jaeunalnaldndass camella lucida



62 nsAsENssauIaMENBdMIUNABIqanITAtAIAARTEY  LUUEES
ns1m (Scanning Electron Microscope, SEM)
AIRLUNGN AU MIURN SEM AxvinmnadBues Choochote et al
(1987) Tasninsndeuseswaniu Fix Tu 2.5% glutaraidehyde lu phosphate buffer saline
(PBS) pH 7.4 Tigruunil 4 °C unan 24 dalne tddeuraInanBundnadas PBS 2 ﬂg’qq
A% 10 uAT udaaNMIwiANg post fix T 1% osmium tetroxide Fanumniives wu 1 Falus
Annsrindmineendaaanudniuges ethanol ?:ﬁuﬁﬁqqﬁqﬁ 35%, 50%, 70%, 80% lag
Tuwsiazartsiduduazldioar 10 Wi duidu 95% ethanol 2 pis 18z 15 W LARTANYN
fae absolute ethanol 2 m‘f"aqﬂ: 10 w¥ sadauaasneBasgninliuiedae critical point
dryer $i1N13 mount WHBLU stub WAt IUARBUAIENBIAT UAZTUINIRATIAAATLNABY
aNIIAIBIAARTAULLLABINIIA (42 KV JEOL MED JSM 840-A SEM)

6.3 NSLATENAIBBUTDINENFAINTUNADIANTIAUBLAANTEY LLURDINIY

(Transmission Electron Microscope, TEM)

TaetinFgauaaInesnimselu 2.5% glutaraldehyde i phosphate buffer
saline (PBS) pH 7.4 'ﬁﬂmuqﬁ 4 °C \Thaaan 24 Falaa vsngauneaneaundnadion PBS
2 ﬂ%@’]ﬂ: 10 wFt uReR NN post fix lu 1% osmium tetroxide AgnuMAnTitia wIu 1
Filia wanasAndatneendepaududuees ethanol i‘::ﬁurii'w]ﬁqf': 35%, 50%. 70%,
80% Tatluusiazarnididuarldinan 10w handu 95% ethanol 2 A 188 15 ui
WAZANNANE absolute ethanol 2 ﬂ%ﬁ"[ﬁ: 10 w1 vinnnsideadauasanesldlu alradite
media WAIRANTUYIANTSER section WULLNY (80 unTwisms) fiau section #at lead citrate
WATHINIANIIRAIUNABIFENTTAUULLADIN LT JEOL-JEM-1200 EXII
7. n'l‘a"'fﬂ':‘zﬁ'umu'l'ﬂﬁ acethylicholinesterase (EC 3.1.1.7, AChE)

nisdmseiueulad AChE Lﬁﬂﬁnm@mﬁﬁm‘ammﬁfmﬂum@wuﬂuwm%ﬁm
anfgeuiii@inuasininaenlmarldsaeulnioanunluemnsiande n1TANLA
1J?:aw‘ﬁmwmmmﬂ:ﬁnm%ﬂquans:wu*?iﬁﬁﬂ neuromuscular system {INNNSIALUTHNUL
189 AChE Aw 3UA9888NNN LAZAINAN®NT8Y Sharma and Rathaur (1999) L&Y
Sharma et al (1998) WU Setaria cervi $a1iuws3RaNFur09T99s a8 AChE DBNMN
WIS RE UM DANAREY LATAIANITANEITES Rapson et al {1986) n1s
wsnaiRegUsrdninmransinnusune i lunaeanasssarldmemsaadauaniznuees

N - = - e -
gnAaNITARAUIYI NTRTIELIR uaznTHT AR TR UTEIVMURUNENT



cn P a - a o o =

7.1 NISLASENAITNVAIRINAIDDUTDINEIEWAINTE  (excretory-secretory

product)
(iU excretory-secretory product TUNGNATIANWAZNENATNEIMAIAINTNA

:" - 1 - g o L y -i‘ [—4 [ =g
NITINNTIEEIAEausRIne ERaFoluna 7 Ju W luilufrinsn 2,000 Teusauh
Wuaan 5wl am supernatant fluid ufovinlivd —20°C

7.2 nsinszeaulrauldm AChE

nsdnszauieulml AChE ann culture fluids Az1935n1930& (colorimetric
method) @14 %989 Pongraveevongsa and Ruangyuttigarn (2000) lagld
acethylthiocholine iodine 1w substrate Wwar dithiobisnitrobenzoate \{lu chromophore 78
NsvinTiFail

11 5,5'-dithiobisnitrobenzoate T phosphate buffer pH 7.7 A uidindiu
0.25 fiadlua 1Bums 3 faaans 16lu cuvette WAlUdaszduA1 0 dowiAted
spectrophotometer aAntuFn 20 Tulasans 184 culture fluid AINFIBENILAL 0.1 TARARS
989 5% wiv acethylthiocholine iodine wanlidniuudrnllsnAnsganAuuaniuiii
AOANENIAAL 405 UnTuAT (A,,) filaan 0, 30, 60, 90 UAT 120 AU FINATAL AN
waunsganauuasiulanulilunn 30 Aufinngsion factor Flaannag

ACHE (UnivL) = nsiddeuutasraanisasnduuaslu 30 un¥i x23,400
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HANNSANEN

1. NISINIEIRBIENABTIR Aedes togoi STUUNIN
annsdn ldgeanaTiin Aedes togoi snsdsiluiedogreanaiznsan
NN AUTUNYIEANART mmi‘mmngmqamﬂﬁqLﬁuﬁ'ﬂ'lé’i,fluﬁmqumn uaTHd T
WoanedwmiunansmaseudsrAninwasss i uazsnan lunaeamaaes
2. WeasduRaauuaniiwedWarFaalin  NSP  Brugia malayi Tned8  artificial
membrane feeding WAENNSLALLIUAIRINATUIADAUAD
gANATONWABARINNIIEEULULNNTTIWABARINAWIALAE  artificial membrane
feeding Wuarldigaiifudonuusaududnuaunin
3. nstsRgaRaiusidaustazi 3 (L3) rasweniWanSaaiia NSP Brugia malayi
mnm:mma'aawudwﬁqmmgmqal’i 12 U @:ﬂqauqdmumamr’QLLﬁiiuﬁ 2 WAY
AINEANUABAUAY uazazilgamunniuden 1 raduwszyauneiudesiinidelulas
AanFodnllunn q suwinligeliaunsanusdensloreameilulasianFadaiwaunnn q 16
uﬁqmmﬁquq 12 Suudnasfigaiirenierevnnistidaieiumesussosii 3 Afaz
Usrunu 50 61 LLﬂ:Lﬁﬂﬂ']q\:ﬁ?ﬂm‘}l"duumuﬂﬁ’mﬁﬁ‘ﬂhﬁﬂiﬁﬁﬁ‘é‘ﬂuﬁ‘:ﬂ:ﬁ 3 Uszanaunioas
100-150 #i9

J Lo L d X - - T
4. PITINNZIRBIAIABUTEHEN 3 (L3) aaawensWasatilea NSP Brugia malayi lu
MABANARDY WRENISNAFAUUSTRNEMWTaIs W REaRasIEaussaz T 3

NANITNARDULUTTANENINTBILN ALB, IVM waz DEC ﬁﬂqmt‘ij’uﬁuﬁmq nusa L3
199N e ERR TR nocturnally subperiodic Brugia malayi (@8N UTUIEIa) Tmevinnng
Lwﬁ:LéQQquaaﬂwmﬂaﬁiﬁmmﬂémL"';ﬂ'?iﬂ?::neuﬁqtm"mmmuﬁwhﬁu 1:1 (viv) 189
NCTC-135 uaz IMDM #udin 20% FBS fhuaan 7 fu mmﬂmatﬁﬂfﬂﬂ?zﬁwﬁmwmmqu
19/ motility score WatAN % relative motility (RM) 1 % RM TA8Ussaninmlunns

* L]
- - -l -
fudannaseulnrvsanendarlinad uasdruiaiunsosine sy @1 % RM AzHAWVNTL
AUt
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» d [ %4 o J
4.1 wawaiE IVM dansiaaaulniees L3 uasanviinisiwisiassluvasanm
NARDA L1uIA 7 Ju

An@A17197 1 uazgud 1 Tuvguasuaniibilden uazlunguifion (VM aonudindu
10"° M uaz 10° M @1 motility score 1189 L3 Lrilfauudasudasinmiziasaluamasiae
1 o P i o ! ooy [V
deilunan 7 Ju eaFouiouiu L3 Tunguacuan uaswudan lunguniiaoiududuees
¢ (VM 107 M, 10° M uaz 10° M wuin L3 1 motility score (meantSD) anasotinaiily

&AW (p < 0.05) nasanwzdasluemNsAudaluiui 2, 3, 4, 5, 6 uay 7 wWawiuu

L [l
i

Weauiu L3 Tuvguaruausuasudell faonudndusessn ivm 107 M [(2.8310.02),
(2.7110.16), (2.60%0.17), (2.30%0.44), (2.08+0.33)], IVM 10° M [(2.80%0.10), (2.49+
0.26). (2.2810.32), (1.86£0.20), (1.7420.11)] uaz IVM 10° M [(2.75%0.04), (2.45%
0.17), (2.17£0.30), (1.81£0.10), (1.6810.19)]

L] d LS 1 d A -]
4.2 NAavMaIgn DEC ARNISIARDUIUITDIAIDBUSSEEN 3 MAIRINYIINISINAL
cr (-1 o
WREIlUVARBANAREY L1 UIa1 7 92U

AINANFIT 2 ussgU 1 TunquAruAnflsildun DEC uﬂ:luuqu?iﬁm DEC A9 u
Wit 10™ M uaz 10 M wu9AN motility score 184 L3 iasuutasvdiaimnizsias
Tuemsidoadeduasy 7 Su Lﬁmﬁﬂmﬁuuﬁuuqumuan uazlunguiisiaatsndudu
2483981 DEC 10° M, 10° M uaz 10™ M wuin L3 3 motility score (meantSD) anasaeinall
UuAALY (p < 0.05) ué’qmnwn:LE"EN'LuﬂwwLﬁ"au%ﬂiu"fu‘/’i 2.3. 4.5, 6 uaz 7 \{iauuy
tﬁﬂuﬁ’uuqumuaumué'\ﬁuﬁqﬁ #anadudurestn DEC 10° [(2.83% 0.05). (.83t
0.03), (2.71F 0.04), (2.5F 0.17), (2.13%* 0.37), (1.73% 0.26)]. DEC 10° M [(2.71+0.13),
(2.63%0.12), (2.29+0.12). (1.861+0.12), (1.7240.06). (1.53%0.16)] uaz DEC 10*° M
[(2.6810.13), (2.5910.08), (2.0230.26), (1.64£0.05), (1.55F0.07)., (1.1320.12))

. =l - e -~ °
43 wavesn ALB Aanmsiafauluniressisauszesi 3 U8R INYINISINAE
s -
Wweslunsaanassl (tullsl 7 2u

ANAPINT 3 U 1 lunanuasuanibilden ALB uazluvandidiaudinduresnn
ALB 10° M. 10° M. 10" M, 10° M, 10° M usz 10™ M A1 motility score (mean+SD) 184

. q. - | % -D | - )
L3 Linfuuwdswmdsiniwizidosluswisidoadaduas 7 4 dewfoudouiuvay

ALIAN
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Motility: score

: 9

—— Cgiicol |
—— coard- 1ol
| e naf10-em | .
r! T VMO TR (a)
M 1061
4 | TS ;

Co-
i

3

oh o1 D2 D3 D4 DS D& O7
Time. (Day)

—— Contrgn ‘

—8— DECIC-1EM,

—h— DECIGEM |
—— DEC1G A1 ( b )
":fgj_ DEC 10504 i ‘
—— ET

0o Dr D2 B3 D4 D5 06 D7
Time (Day)

Motility scorg

| i - ir:ﬁ—ﬁ-‘;'gooﬁircﬁ
‘ : — il ALE10-9M Y
2 - —k— AFB1G-EMA (C)
—3€— ALB1C-TM v
| ALBITO-6M
1 \—d’—aua‘«‘d"sm
| —+— aLgro-46

O - T T T T

b ©B1 D2 ©3 D4 D5 06 DY
Tifrie (Day)

L3 s i =) 5 s F=] - . .. N )
g1l 1 A7 Motility score pmefrBauszazi 3 anwweniWanuuin NSP Brugia

malayi. WAIAINKINTTN paaudss@nBmwaasaniaa (a) ivermectin  [IVM]; (b)
diethylcarbamazine [DEC] wax (c) albendazole [ALB] ﬁ‘ﬂqn-um?uﬁ'uﬁiwq (M) 1wne
(%3] ‘EJQTN’:B"TM’] FLagd L% A NI-FBS QL:‘LWI a\n ﬂmm;ﬂ-'aqﬁ]um?m T AU
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. -l - -
4.4 HRVDILIHNANTEVINIE ALB URTZEN IVM (ALB/IVM) (iawdsuwisunu
P
NS T eLAY9

AT 4 3*11'71' 2 UAAINATENENLANTEWINEUAEY ALB UAT VM UATHIHAN
ALB/IVM f:nnn'mnmamwudﬁﬁoaﬂu'luu@umuﬂummmLﬂgﬂuiuqiﬁﬁuﬁQQﬁnmﬂm:
Gosluvanavessauiunal 7 U wandwAnoiueuan ALBAVM Aaaudiudy 10%10°
M WU LT AR SN AROU NI IS DUARAANAY 7 SURMANITINATIRLY BRAN
ALB/IVM fiennandiudiu 10%10° M mmsnﬂmmﬂﬂﬁauiufzﬂﬂqﬁqéﬂuﬂti'\qﬁ\l’ﬂﬁﬂﬁm (p
<0.05) WUt 2. 3, 4, 5. 6. 7 Tauild motility scoreSD AANANFLGE [(2.800.05),
(2.63+0.09). (2.4040.15). (2.10%0.15). (1.82+0.15), (1.6810.27)] \flerFuudiaurius .
SDUIUURNAILAN, Fateuluvauiiion ALB Aoudindu 10° M uar lunauifisn vm
pmddy 10° 10° M wwiitafuouan ALBAVM 7 ponsdindusinaa 10%10° M
aunsnannnadeuinsessnsauldfauAug 2. 3, 4, 5. 6, 7 a8 NNTUAATY (p<0.05)
{mufiAn motility scoretSD AL FLIFaT] [(2.43+0.09). (2.1630.06), (1.9910.03),
(1.89+0.08), (1.6310.04). (1.5530.06)] ti’imﬁuuLﬁuuﬁuﬁqé@uluuaumuau. AaBaulu
waNTRHEY ALB Arsidndiu 10° M uar Tunquitiien VM annsndndu 107, 10° uaz 10° M

4.5 NATBILINANTEWINIEN ALB Wazen DEC (A/D) (JiawUTsuiiisununasle
PRI

AR 5 uay gﬂ?{ 2 wamanan sTeuiReunaTaenuan ALB/AIVM uas 80
ALB/DEC WauRBuudousunisidondion ALB way DEC wuinRmoudinduressiua
ALBDEC 10%10° M  acbifluasianinindeuimiasisaududeaiuaatesaas
ALB/IVM #ieudndudiendu  TnufaseuanunsowmdsulualdotniemaEiaasanisnns
@ealunaaanasaaiuing 7 44 uasluinusadeiuenden ALB avsdindu 10° M,
DEC 10° M Lifluasiefgou ussAe DEC 10° M uaz 10° M & unsoaaninadeulug
155U 2, 3, 4, 5, 6, 7 lauiiAn motility scoreSD muanFuFeT DEC 10° M [(2.81%0.13),
(2.8010.10), (2.7310.12), (2.5010.11), (2.3110.06), (2.01+0.13)] uar DEC 10° M
[(2.65%0.03), (2.6310.11), (2.5310.12), (2.4240.02), (2.10%0.03), (1.9230.11)] v1uax
ALB/DEC Fimanudndu 10%10° M mmmamms‘mgfau‘luwmﬁqﬁﬂummﬁﬂfﬂﬁ'\ﬁ'xy (p
<0.05) WAF 2, 3, 4, 5, 6, 7 Twildn motility score£SD mNEFLRAT [(2.6210.80),

(2.31%0.06), (2.0510.16), (1.8510.17), (163+0.12), (1 .50%0.68)] Winuwuunusagau
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—&— Conuol
—fl— ALB10-5M
—l— M10-80
—— MI0-EM
—M— pMID-5M
—— AN10-810-5W

— AMQ-E10-6M

—— AL10-5410-5M

Do

Motilitiy score
3

D1

D2

D3

T

D4

Time (day)

D5

06

07

Molility score

D1

D2

D3 D4
Time {day)

D&

D&

3

2

)

o
Do D1

gﬂﬁ 2. A" Motility score 4DIH288USTETN 3 1AIWBNERATHYUR NSP Brugia
malayi vaanNMINIsnadaulssansnawaestugan (a) 81 albendazole (ALB) W@
Auw ivermectin (IVM) [A/1], (b) B albendazole (ALB) W&nNUEN diethylcarbamazine
(DEC) [A/D] uss (¢) nMsuFeuifinuilssAninnaassuan AD uaz A/l NANEN

o7

D2

T

03

T

D4

Time (day)

D7

—— Conlrat
—l— ALB10.5M
—li— DEC0-8M
——— DECIO-EM
—3— CECD-5M
—— A/Di0-8/10-6M

——— AID 0641 0-6M

ADID-S0-5M

—— Convol

—— A 0-a10-8
—ah— ATIC-810-8M
—— ANTO-6/10-6M
—J— ADI10-6/10-60
—@— AN0-510-5M
———— AD10-5/10-50

(a)

(b)

(c)

> . S & %’ -
AUAL Y (M) nziaesluamnsiiende NI-FBS luvasanaaaailuiian 7 3y
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Tunauaauan. daseulunquiiio ALB mndindu 10° M uaz lunquiidiun DEC Aau
udu 10°, 10°, 10° M usnnileaniionnan AD Ardadsdusinge 10°710° M avuagn
amnTsirdeululIreIisaustiAluANATY (p<0.05) MauAIUR 2, 3, 4, 5. 6 uas 7 lauiiAn

»

motility scoretSD mua AU {(2.49140.09), (2.13%0.13), (1.96%0.05), (1.8410.09).

(1.6240.08), (1.48+0.12)] Wivuifvuiudseuluvguacuan, FMsouluvanfisiun ALB
A dndu 107 M ues luwqudsiun DEC mudiadu 10°, 10%, 10° M

4.6, DIuEnUTUNRTBIMHANTENG NN ALB/DEC (A/D) uBs ALBIVM
(A1)

PITaT 6 uatgUR 2 usmsnsnisFuuduulssAninweesiuan AD usz AVl
wuintmanvaerialiinalunsaanineasulwsesisouldliuansnaiuluynai
Wadurowuan AD ust A1 mreanismnsiduslunaaanareailunel 7 Su onduen
an A/D iandiudu 1010 M azilA motility score®SD Yaundtunuan A/l at1eiidey
A1ATY (p<0.05) Wiui 2. 3. 4.5.6, 7 AALAFLAIL AD vs Al [(2.62%0.08. 2.8010.05),
(2.3120.06, 2.63%0.09), (2.05%0.16, 2.4+0.15), (1.85%0.17, 2.10+0.13), (1.63F0.12,
1.8210.06), (1.5¢20.08, 1.6810.07)] ulrunAe uuay ALB/DEC szidsz@nsnnlunas
aannirdoulvesinseuldAndtuuan ALBIVM
5. uaNTInTUIATBIAISRUNENBlUNENAIUANURENEuAINARaUALUB A ANR DY
‘!im‘iiﬂﬁ (camella lucida WRE cervimeter)

5.1 YUNANBIFITBUNENE LUNKNAIUAN

uamﬁmmmaqﬁqéﬂulunéumuquua:nfiuﬁﬁ'\mmnaﬂuﬁ'umt&‘muﬂ:m

[ 9 L7 .
HANMABUNITINIZIREIUATVRIIINNITIAISIREUTTUNRY 7 Ju ﬁauam'lumﬂqﬁ 7 Andou

TRINENBITHLRAGE (L3) MOUNTIMZRESILVADANAGES (Day 0) Hwuramueiaing
@A meant SD (range) Wiy 1,518+116 (1,320-1,760) lulpsmms uaziimanunialae
RuwinAL 23.4%1.6 (21.6-27.0) Wlnsams uﬁqmmﬁ'mﬁ?tﬁﬂ:témﬁoﬂ'aummwmﬂu
uaaanaaanilune 7 44 (Day 7) fsautsaneisivuinaugiauasaaunielneany

+ -' -" 1 - e - - -‘l‘ -J i -
meant SD (range) INHIURLNAUBAATY (p<0.05) Al At aleuARuwyinty 2,019t

105 (1,850-2,250) lulasiums  usspowndnlauwdnvindy  32.246.9 (22.0-50.0)
ulasns
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5.2 'nmﬂ-nmri'l":d'auwm%'lunfiuﬁwmﬂaur'fumu.ﬁ'm

nereafseulunguinaseuiuL ALY ALB, IVM uar DEC Aimowidindu
10° M udsnmizidsaiiung 7 5u nudidseunensinaseuiunFneiANE1 109
éqﬁq'lu'Lmncéi"wa'\nﬁqﬁauwm?ﬂunﬁumuqudﬂuﬁﬂn’mm:tém (Day 0) wFilltwIAA2IN
glneeal meant SD (range) HOHNIN P BB MR BUR I TINISIB B 7 T (Day 7)
atNNUuAATY (p<0.05) Lﬂﬂl.u_ﬁuuﬁuur'fundumuquﬁaﬁ nguAILAN Day 0 [1,518%
116 (1,320-1,760)], ngxAuAN Day 7 [2.019%1105 (1,850-2,250)]. ALB [1525%118
(1320-1750)], IVM [1537%160 (1210-1700)]. DEC [1534+176 (1100-1760)] lulAsiums
LaTFEaUNENETIIUNAA NN TALLaAE T LANANIANFISOLUAINTNNTIAEY 7 Fu
(Day 7) WATTLNAAYILNA NN NS A UNBURIN T ZIR DA (Day 0) u‘jmﬁﬂuﬁ’uneﬁu
ATLANBLNITITIAYATY (p<0.05) Gt NENAIUAN Day 0 [23.4F1.6 (21.6-27.0)], n&NAL
AN Day 7 [32.2%6.9 (22.0-50.0)], ALB [32.611.8 (29.7-35 1)]. IVM [32.032.7 (27.0-
37.8)), DEC [32.413.4 (27.0-37.8)] lulasuums

5.3 AUINTRIRIBEBUNEN S lUNFUANARDLA LN

AT 7 LARIHRTEILNNANFETUNATSIFSauN NS lan W ua Tl uR L RN
Aerumvaaiseulunguiinaasuiuninan ALB/DEC usy ALBAVM Aiaoadndu 10°
M/10° M Titunamanuealaeeds meant SD (range) LiusnmteanfAagaud Day O umil
aunputalatedn meant SD (range) tatnindngeud Day 7 TunguALANaLNag]
lad Aty (p<0.05) Frai NENAILAN Day 0 [1.518%116 (1,320-1,760)], nguAILAN Day 7
[2,019%105 (1,850-2,250), ALB/DEC [15391148 (1300-1760)], ALB/IVM [1527+185
(1210-1760)] lulaniums ussideune3isuinmnunieinoasliunndre/insesy
wWenE Day 7 wiflnwmarmunelaiefeannndndaseunsnan Day 0 lWunguacuax
atNITas ATy (p<0.05) Fat] N{NAIUAN Day 0 [23.4F1.6 (21.6-27.0), NaxNAILAN Day

7 [32.216.9 (22.0-50.0)], ALB/DEC [32.4%2.0 (29.7-35.1}]. ALB/AVM [32.4F2.8 (27.0-
35.1) lulAswms
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A1997 7 Fsufeunisinruineessisaauy (meantSo/range, m) aaang1sWan
Fuaila NSP B malayi TunguALANLAENaNA AT LI ABIUATEINANURINTIN
nisnziasdlua msidsade NI-FBs Tunaasvasaailuiaat 7 44, STurumisau
aaanenBNlElunsNAgaLVINAL 20 A9

A’ > ko o s o L
VATIUMSINISIRYS (8N, ANIIENTE)  aoauenad e (Um)  AHNTNEIea (LUm)

Fuil 0 (nguAIUAN) 1518116 23.4%1.6
(1320-1760) (21.6-27.0)
Tui 7 (nguAILAN) 2019+105* 32.21+6.9*
(1850-2250) (22.0-50.0)
Ju# 7 (ALB, 10° M) _1525+118** 32641 8*
(1320-1750) (29.7-35.1)
Juf 7 (1IVM, 10° M) 1537160 32.0%2.7*
(1210-1760) (27.0-37.8)
Fu# 7 (DEC, 10° M) 1534+176** 32.4+3.4*
(1100-1760) (27.0-37.8)
3u# 7 (ALB/DEC, 10° M/10° M) 15391148** 32.4%2.0"
(1300-1760) (29.7-35.1)
JuW 7 (ALB/IVM, 10° M/10° M) 15271185 32.4+2.8*
(1210-1760) (27.0-35.1)

] 1 3
* FAanAannaNAuANTUALR 0 (Reuniswitiaey) st aihiodAtyneaha, p<0.05

* fAwanf1annguaLAN IR 7 st aidudAtyneatia, p<0.05
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6. sUMEnsuzansmdaunenEiaGelungualuanustnguinasauius A
uazgnuanluvaasnaaaalluiet 7 U aglandasdwmansauuuudgaInsa
(Scanning electron microscope, SEM)

6.1 sUsNANBUzIIRBaUNEN BN NTE lUNngNALIAN

douiarassaeuneniusznaudianiln (mouth) WYnFududariulu (inner papillae)
niududasiiuuen (outer papillag) (g’d'ﬁ: 3A, B, C) wazfamirFnudiuanansusilu
ANBEUANTIN (ga_l‘?i 3D) UFIUAIUNINUDIALEDUNEND (gﬂ‘ﬁ' 4H, F, 1) Hgnansmin
(anus) figUinendnemsz@uniidn (crecent-shaped) tanmlanaunadhlu 3 §u Ao 1Judu
44 (ventrolateral papillae) ATUIU 2 ‘L]u Lm:ﬂm’huuﬁ’\: (dorsoterminal papilla) TUIU 1
Uu (U 4€, G, J) daufinnesdrdnresiseunyniiuiinurey 7 NN (glﬁi 5K)
WBauduia (QUA 5L) USumunansdda Ui 5M) usznwingeransnnjresdauiio
W3nnnaneadnsia (17 sN) ddnmnuziihuduatonauenna (transversed annulations)

6.2 gUindnvuzrasfrssunendiNaslungunasauiusdauazen
BAN

uamﬂnmamwudﬂﬂLﬁumit.ﬂ&"ﬂuLuJmé’num:gﬂs‘mmmﬁqéﬂuﬁﬁqu‘émmmuﬁ’o
ANBUEIATY LAZAILTR AN NNARELALE ALY ALB (;n_h'?'i 60, R), IVM
(717 6Q, T) uaz DEC Aamadndu 10° M (717 6P, S) uazenuau ALB 10° M/IDEC10° M
(GUR 70, W) uaz ALB 10° M/AVM 10° M (U 7v, X) Taefivdianigawiaf Uan (mouth)
Yuiududasnulu (inner papillae) uar YnFududasiiuuan (outer papillae) LiFam193]
a1t (ventrolateral papillae) 97U 2 1N waz]us unds (dorsoterminal papilla)
U 1 1) Bnfnfiednuii daunanadnim uaz AUNNDIARIEUAIBANTI9DY LA
’i’)tl"ll.aﬂ']ﬂ:w'l 3 91 ALB, DEC, IVM UastNHand ALB/DEC, ALB/IVM 'v"iﬂ'nm-fl’u'ifu 10° M
lLigwrainatafingdsesindeunsiviabilinareginressinseunedfianGa VM
#aududu 10 M AINTONRWHINIBUBNRFI TR BUNE B AN IR LTI LeN
sanaiuresdn uazn iduareauegnauie (gﬂﬁ 8Y, 2)

79U NN T RIAIBRUSIINNADINONITAUDIAAATAULLILNDIHIY (Transmission
Electron Microscope, TEM)

7.1 ansuzmtlurasirsaunesisSelunguaruau

UM 9 usmsnwsrINTEFIteusturAnse L3 nauntanisidualunasanaasg
o had L - :’f
uasaliiudoudlsznounmeludndolszneudon Baduuen  (cuticle),  Batunana
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. - :’/ } 73 d‘l’ k74 dv = e | 74 d-:l’ L
(hypodermis) uazRadundiuila (muscle) nAMlBArIANEUETIUNAINIHBALA U
o ar o ] = - . i
wn neluddinilgesinanielu (pseudocoelom) uariinledu (lipid droplet) n7z’EIAgL
vinll wasrnuissan L3 ninismnsidsslunaaanaasuiduiagn 7 A aINuani1sin
b 3 )
TEM WUIMNWARL9 N85 8aUNAINITINIZIREY (JUR 10) Rdnwuswmilauiusadau L3
q -‘i’ 1 o -~ [ 1= di' -
neun swmnzided guiednwaensluresinsauliiinislfaunlas aannisgansosyes
t %3 *»
fnduuen (cuticie) HANwzmilauAUfafuLan1aIf8auy L3 warltiiiuamusestiaaes
ANEAULARIITMAIRINNINTsBes luvaaanaaauilunan 7 Ju resanlugaiuisoaan
aruuasliausnaighdlusiadeuszash 4 16

[¥) ar 4 - - =l a =]
7.2 ansmuzmMeluaasnraaunesiaFalunguinasaunusninsauaze
HAN

NARINNITNARBLALSNAYY ALB, IVM, DEC %A udiudu 10° M uazenuau
ALB+DEC uaz ALB+IVM #fiAoisiidudu 10° M10° M luvaasnaaaaiiluian 7 94 a1n
o a4 o v 1 , . P
NITANINWAATINUBIAIDDULDINEITAIUNAD TEM wudalinwunisulasuuaseng
ansrurnnslugsssindauy (GUH 10 Dl 20) dnurficfunenidudaiuen uazdiunns
‘-’r j 13 j a: l== - :l‘ -t 1 = ar <y - [ ﬂ: ] 2
Fundruiliaisafunisiedeulnirasideulidanrauzmiisunulunguasuauilils
YAREUAUET DNUIABaRNEa NN TIARRUIMIRARIAINNITNARBLIALEN ASILAZ T NN
- v v + v coda v o e . . . '
faudnduilidedunsgsiandasqanssmii i dnunss (dissecting microscopy) Wl
1NN15M1 TEM ldwunindasuwlassesdnwuznolusageu
8. szAulaulmal acethylcholinesterase (EC 3.1.1.7, AChE)
- [ =3 .« “n e ' i * l’ X :‘,
nsAgIadnsauaulsl AChE aawnensseunldasaanulus M ni@susatiu
dhiasnsmmagnisifiinuasnensiseu dwateunediinegsnsauaziiaoeduled
asnunrzieaeulun hunenfinanssnuAenisiafaulvisesdisauvieauITasingn
deuldissiuraafulnifacidanss stduraadulsiniuimisvinsii@inegveanend
wannsiasedlidaiursomAsedndulel Ache 1# anadlumazluntsmaesusias

> " 1
AR ldFseululinuilinn ssduseadulniReallinnnefazaursansanyld
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M

: - , ¥ SN
20KU-  ¥7,560  1vn LA KU K 1Even

L = 5

6039 28KV

519 3 USIuAILIrasRBausEasl 3 vaIneBWNa 1 SuTiin NSP Brugia malayi M&IaN¥in
mMsmisiaasluaiunsiasaia NI-FBS luvaaanaaadiiuia 7 Ju: [A] waz [B] d@3uin
(mouth, M), ﬂu%’uﬁnﬁ’ﬂﬁ'}uﬂlu (inner papillae, IP), ﬂu%’uﬁ’uﬁ’aﬁﬁuuﬂn (outer papillae, OP); [C]
AwiRIre e luaeaIdIURIUTIINAIUND; [D] ANBMEIAUA AN TINIUTLIURIFIUNR



J

‘ =S . - el . - d - O ) - . G L ah
UV 4 USinudiuuiesitaustasy 3 aaswenidawSewia NSP Brugia malayi MRIIINNINSIWAZIRES LU

¥ ar Y [ [ .
'muﬁuamﬁ'a NI-FB8S lunaaaveaaantiuian 7 U; (E], [H] L‘Iumu'uw (ventrolateral papillae, VLP) wazwang

uﬁ’nﬁgﬂ%waé”mwsz%’uwﬁﬁ’m (anus, A); {F]. [I] pawrinasaenalujeaananswin: (G, [J] awitasueaelug
U9, Audns 2 s (VLP), Yusunas 1 Un (dorsolaterat papilla, (DLP)
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d - b= a L e 1 = o, &% an, . . [ ¥3 o
JUN 5 vSinbas Rresadsustezi 3 1aIweNERNauSeTiia NSP Brugia malayi wadanvia

J A‘ L .5
mawnznassluanvsiaeads NI-FBS Tunaasvaaaniluiag 7 54 LaRIdnBUEIRUATE A
4914 (transversed annulations); [K] H9UF19TUTAY 9] N215VUN; (L) RauFiatudiusa; [M] v
AUNANRIA2; [N] MMWMK 818 IVni19989US1INR19A A9
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€056 20KV “X7,808 1pp M

By EA S KA ’ R
= - e . L LI

sUN 6 sheaustusd 3 vesneniWansuslia
-

NSP Brugia malayi wasainy¥innisnagauiuedsdluvaan
naaantuIal 7 94 [0l [R] uaz (P) Equ?l.qmd'mu"qﬁq:.n%’uﬁ'uﬁ'ﬂﬁ'ﬁuu'an (outer papilla,OP), QM%’uﬁ’u:ﬁ’a

#ulu (inner papiila,IP) wazin (mouth, M) NARBUAULT ALB AMNIENTY 10° M; [S] drumieiitusiudng
2 1lu (ventrolateral papillae.VLP) uaztlu@iunss 1 1lu (dorsoterminal papilla,DTP) nagauiuan DEC AN

R = N - o o we olex W [ - >
TN 10'5 M: {Q] HNIFIUWI WAL [T] HINKRWRIFINMNULAURNEATHEIIVNRIIINYIAFEDUNUET IVM AN MDY
10° M
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LX)

o) -“;&t&x

AR X
o

P )
e

o

i Weor

gﬂﬁ 7 nsvadavlssAnBinwaessmnan (ALBIVM was ALB/DEC) Aamiaaustasi 3
asmeaRat3eaiin NSP Brugia malayi Tunaasvassuiluiast 7 Suluamsiasada
NI-FBS, [U] daumnaiitluanutne 2 1]u (ventrolateral papillae, VLP) uastlaanunas 1 fu
(dorsoterminal papilla, DTP) uas [W] RauFiunaesimilana@aunueuss ALB/DEC
AALTRTY 107107 M; [V] dauviafh]usududaniuuan (outer papilla, OP) yluFudnda
AUy (inner papilla, 1P) wazuUnn (mouth, M) uaz [X] HALSIUNANIRVFIURAILAURE
ANNTINNTANARDUNLEINAN ALB/IVM ANNENTEY 10°710° M
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P ) o -l ) i . ar 0

51U 8 nisviegaulszAVENIWLRIBNABT ivermectin (IVM) ANLTNTY 107 M fasaaau
=l oo <x P . , gl

sraci 3 waIne BWaSaalin NSP Brugia malayi luvaasnaaaaiuat 7 3uluatuis
Gr - = -] L 1 ~n - -] O 1] -
\Reede NI-FBS, [Y] RAUFItunaaama; [Z] Nwaeie U us i N NaAudaadI Ul
a & [ [
niusaanaziduaiaaueaanie
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= a ar ' e . Y =
UM 9. nMweARAINTINIBIAIERUSEEEAAGD (L3) aaanenERWa Ty NSP
Brugia malayi aINNABIBLARARTAUNUUABIHIY (TEM) (A) WAAITDIININE
(-] s 1] - g’
lusma (pseudocoelom, Ps), (B) nﬁwmmﬂ’Lumemmmﬂnuu'an (cuticle, C),

o & . =, & L & o PV a——
HITUNae (hypodermis, H), Hafunatauiila (muscle, M) wazn e luaisiag
viimlasiy (ipid droplet, L)
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gﬂﬁ 10. AMWARAHTINDDIRIBBUTEUEHAFAD (L3) 299NENERNa 158 NSP
- -y 1 n - &
Briigia malayi {INNABYBLAARTAULLLUERENY (TEM) (C) uwamIBioduuan
a & A a & [ &
(cuticle, C), HITUNAN (hypodermis, H), HITUNRIMLUD (muscle, M) (D) AW

' ' o o e & &
288 IMIIURAIFIURIRIHING 3 TU WAL basement membrane (B)
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d W 1 L ’ O - 7 -
UN 11, ArgeustuziasfD (L3) 18INENSWA WS NSP Brugia malayi wRaan
[} J s L4
Ynsinzidsslunaasanassauiluiant 7 U (E) mMmdRaues (F) nw

[ -~ . - &
1ma'lutguﬂmm1fuuan (cuticle, C), HATUNANA (hypodermis, H) uazi‘n-ffu

» P 3

NRINLUAD (muscle, M)
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i

%' '_i . ¥ : ‘ L -‘_‘ 2 g!m.:. -

-~k '3 oy

31]7'1 12. MNARRINTINITRIAIEDUTEHEARAD (L3) 1RINB1BWR 1S NSP
Brugia malayi wRasmnmynisimzidaduvassanaseaiuioat 7 Su (G) nw
amelugjuamdufiafuusn  (cuticde, C). (H) usmstesiranelusg e
(pseudocoseiom, Ps), Ratuuen (cuticde, C), BITuUNA"Y (hypodermis, H), finTu
nenaile (musce, M) urzmelusdaiialesiu (lipid droplet, L)
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gﬂﬁ 13. Poaaustacfnaa (L3) ¥aInenBWaia NSP Brugia malayi MRa1n
nagauNUYN diethylcarbamazine A2713 144U 10° M lunassvaasuiluman 7
AU () MNARBINTINNAITDUUSLIUALE  (J) mwmma’tmguﬂmﬁqfuuﬂn
(cuticle, C), RITUNR (hypodermis, H), Aadundisniie (muscle, M), fin3914
neludia (pseudocoelom, Ps), 8114 (intestine, 1) wazta1919lua & (lumen,
Lu)
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gtlir"r 14. sqgauszazfnsie (L3) 193nensWa 1T NSP Brugia malayi 839N
nagaunuen diethylcarbamazine AMLINTY 10° M lunsasanaasudluiiai 7
U (K) mMwanRINE1sae autlaus lduansfiouwlatuuan (cuticle, C), Tu
n&12 (hypodermis, H), 'ﬁ;uné"\m'ﬁ"a (muscle, M), /11« (intestine, 1), T93319lu

1A (lumen, Lu), uszdasirdludiaa (pseudocoelom) (L) mwretluniuans

- o w & &
HARITAINAIFATHTU
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7?1 15. Ardaussacinea (L3) 1aanedWaFe NSP Brugia malayi Weas N

wadaunuel ivermectin AMAINTU 10° M Tunssanasaafluian 7 3u (M)

MWARANEINFIBBULTINAEUIAIA LT (intestine, 1), Fasireludgld

(lumen, Lu) uazERIINNIUAG9 (pseudocoelom, Ps), (N) muasnsngiusnani
(] s & & o - .
KININIAUTU UKzLTAl131U (lipid dreplet, L)
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by

S

i e G A eyl T ’
R ...\r..q.. ....i-:f ek i oy [0

g L

L T

o : L :
o TR

Py el

“.ﬁ vy
\1-.2..."-.?.&4”4“‘“\ v

1% o O \

Wauss NSP Brugia malayi Waaa n

§

(L3) maangn

oy

AIDDUTTHEANFAD

5% 16.

M lunaaavaaaailuaay 7 Su (O)

-5

L

s

VARBUNUNN ivermectin AMMLTINTUY 10

&

o &

HINTAIVIIEINTUY (cuticle, C; hypodermis, H;

b8

ar

NINARATNAINIAIDDUUARA

(P)
muscle, C) uazisialuiiu (lipid droplet, L)

WRS
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31]9"1 17. Ar9ouUstEERAAD (L3) YTDINENENWRITE NSP Brugia malayi WR491N
NANLUNUBHNN albendazole+diethylcarbamazine (ALB+DEC) AT NTY
10° M/10° M Tunsreaanarauiluiaat 7 U (Q) MNARRTNYTIHITDULNAY
?n{'uu'an (cuticle, C), ?n‘f'una"m (hypodermis, H), ﬁ':'funé"mn'fﬂ {muscie, M),
fld  (intestine, 1), TBVIMIUAIA  (lumen, Lu) uszdeeirelusisa
(pseudocoeiom, Ps), (R) mMwasaivgi
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319 18. ArBauszezinse (L3) 1aamenida13a NSP Brugia malayi MAI]N
NAMBUNUENNAN  albendazole+diethylcarbamazine (ALB+DEC) @o auindy
10° M10° M Tunaaavasauiluager 7 9u (S) war (T) NMWERAINTIIE
SBUNARNIRIRAIN IR N (cuticle, C; hypodermis, H; muscle, C), 989919l uR"

A7 (pseudocoelom, Ps) waziiialaiu (lipid droplet, L)
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UM 19, smdausruzinme (L3) 1aineniWa e NSP Brugia malayi MRIRN
NARDUNUEHEN albendazole+ivermectin (ALB+IVM) A THLTNTW 10° M/107 M
Tunasanaaailluiing 7 U (U) MWAARTHTINIRI8DUUARAIRLE (intestine,
L), $999198lud 1 (lumen, Lu) uazd993791Us A7 (pseudocoelom, Ps) (V)

o e o b t _ _
UWRAINIRIRIVIIAINTU (cuticle, C: hypodermis, H; muscie, C)
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gﬂﬁ 20. A29aUsTEsinmAa (L3) 99INa1EWa1Ta NSP Brugia malayi MRIaIn
VARAUAUEN albendazole AHLGNDIY 10° M lunaasnmaaailuiian 7 Ju
(W) MWIARINDINAIEAULARIRTLE (intestine, L), f293191u81ld (lumen,
Lu), da9919ludnda (pseudocoelom, Ps) wasRadsavasiudu (cuticle, C:

hypodermis, H; muscle, C)



A5 TINANITNAADS

e — —
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a4

1UNIRNSTY

ANMFANBIAYAINUNIALUAENgHUATaNBIANITausialan (Ottensen , 1997,
WHO, 1995) Wuuztinlsunsnfitiuntdluntsauaulsawindng (lymphatic filariasis) e
Wlduwan 2 9u Asen albendazole (ALB) wa&uiunn ivermectin (IVM) LAzen
albendazole wWauruy diethylcarbamazine (DEC) et st AnE nnaaeiaan
bRl nnIaseLsEAvENTwYesenlAn ALB, DEC. IVM WAzt nuan ALB+DEC,
ALIB+IVM lunasaneaasradadeussysAAFAaUaINL D RA T THA nocturnally
subperiodic Brugia malayi a18WUfuIN514a ﬁé'aLﬂumﬂﬁuﬁiﬁmii:uwmmbmﬁﬁwﬂg
wounaldreslssmalng faseuszusfi 3 (L3) Faflusheeussasinsofiaztinunldlunis
nogeLlsraninnaesenlunaeaneansluaiel duiannistines L3 BANAINERANE
Tim Aedes fogoi uﬁqmﬂlﬁqqﬁmﬁfamLgmﬁﬁwmﬁ?\lmﬁﬂﬂnﬁmﬁﬂumm 12 41 95019
vumaﬂuﬂ?:aﬂ%nﬂwmmmhuafarfmmﬂfaaGi'awm%ﬁ':'dfaumﬁmﬁﬁqhiﬁ@'ﬁﬁnﬂ?ﬁnﬁﬁmﬁﬂu
FatuntmaaeulrzAninnaessnrena siaseulunaannaassa s ldinninnizid o
wensineauluvaasnanasstey Tippawangoso! et af (2002) duihAsAMNlEde anunsonn
AT SRt REN SR seuT et i uraaanaaes uaniAs M zand AN mnseL
Uss@vinnaessn  eewrliudonimmeaaudss@nininaesenlunisinunlsamindedon
Wjaeneasuiven  wisldnimaasaiegurzaninwlunissinlulasilan Folunszua
WBam vwiasingaun (Bockarie et af., 1998; Dunyo et al., 2000; Nicholas et al., 1997
Ottensen, 1997; Shenoy et af., 1999; 2000; 2002) HARAINNITANW VLT DEC VEGTI
VM fuanfuen ALB azfdsz@viinmiindufieldundualunisanduiueslulasiian
Fulunssunifen 'afjfmis‘ﬁmu'luﬂf-\'-}ﬁutﬁhiﬁﬂwmulmﬁ"f%uﬁqmﬁmmmﬁ'v-?{ﬂwm%G’ff:
urilé (Mc Reynolds et al, 1993) aanmsAnsszannmasssnlunassmaaenionlting
aﬂﬂﬂﬁmﬁunwﬁnmmmuﬁ'uq ApENANTIABITUNY ALB+DEC, ALB+IVM 3ilss@ns
nlunsasnardsulimvesmengfmeeulddnindieldondiun DEC uaz IVM uasnwuda
uNRET ALB Lifinasiane15i9oUlUNRIANARDINAIRINAINITNARILETIUINGY 7 F4 [1n
NYSANWITEY  Shenoy et al (2002) WinansatudsmadisAnmundseadans
(pharmacokinetic) 184981 DEC uaztin ALB Lﬁﬂlﬁtﬁﬂqu?ﬂliuﬂuﬁuwudﬁm-ﬁ’mm‘lﬂﬁua

- [ =i ° = L . : - o r
ndraamIanisany umi‘ﬁnm'luuaﬂﬂnﬁammmwanuammuunmm:mnaﬂuﬁaqw‘ﬁ
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sastninansIsians1sfiaausstsfinferealsAYing e (e’ 1nY1adR AR uLMEY
- ad r [ 1 d" 4 l=’l’v ) - v
wamens  uariiAlddnagalunisguedpdinansamaiil  wanwideantdelsimuneiuiias
WALRRAUARNTA atelsininainuanisAnE luAWNLGET IVM wazen DEC diald@ua
vialfuaniuen ALB axfidsz@ninmsasraclularianGe Tuanciiowias ALB dgnsluy
neginFaunle (Jayakody et al., 1993; Ismail et al., 1998; WHO, 1996) nisAnmusz@ns

nMwissasanaanayulnsiene iRaGuradnieiln 8. pahang luvaaanaaaITes

P v
a e

Khunkitti et al (2000) wudrarsanaanigayulnsianudindu 2 mg/mi Agyadudinig

AU IVITaINEN S sawntastuginirddaas lulasiarFaainsaie  wariaoudindue 500

Hg/ml annsoannnaaaulwseslulasianZeldvdminiinnwinassiunaeanaass
Wluaan 2 914 n15AN®ITa9 Shenoy et al (1999, 2000) $186 INUNATBILNAN ALB+DEC 11
ThlssAnEnmaininenuan ALB+IVM lunssnunauiidulsawindrestin 8. malayi Faua
ANINAREILABAARBIAUEANIINAREITAR A IUNAaANARe e luASI HIALNLY Bl AN

ALB+DEC filsz@vsnwluntsaanisipasuluiseasnenisseuldmndneuan ALB+IVM
Frnnaududuressn 10° MA0° M arandidugeasiidedniiUsraninnsenwe3HarGey
azaglugasarruiduduszwing 800-1,000 ng/ml (Stephenson and Wiselka, 2000) a1nn"g
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The antifilaricidal drugs of ivermectin (IVM), diethylcarbamazine (DEC) and albendazole
(ALB), used alone or in combinations against infective third stage larvae (L3) of
nocturnally subperiodic (NSP) Brugia malayi (Narathiwat strain), were performed in an in
vitro sensitivity test for 7 days. VM alone reduced larval motility at concentrations of
107,10° and 10°Mon day 3. DEC alone also had this effect at concentrations of 107,
10~ and 10° M on day 2. ALB alone did not had this effect throughout the experiments,
even at a high concentration. However, it had more effect when used in combination
with either DEC or VM. The result also indicated that DEC or IVM, when used in
combination with ALB at concentrations of 10° M/10° M and 107> M/10™° M was
effectively better than each drug used alone at those concentrations. When both drug
combinations were compared, ALB/DEC was effectively better than ALB/IVM against L3
at a concentration of 10° M/10° M on day 3. Although all these drugs can reduce larvai
maotility when used alone or in combinations, they cannot kill these larvae in an in vitro

cultivation, even at a high concentration (107" M).



INTRODUCTION

Filariasis is still a major public health problem world wide, particularly in tropicatl
and sub tropical regions (WHO, 1992). In Thailand, at least two endemic areas of
filariasis have been reported, i.e. malayan filariasis due to Brugia malayi in the south,
and bancroftian filariasis due to Wuchereria bancrofti in a limited area in the west
(Division of Filariasis, 1995; Guptavanij et al., 1877; Harinasuta et al., 1970). Even
though a control programme for malayan filanasis has been estabiished in Thailand for a
long time, the disease is stil endemic year by year.

Chemotherapy 1s one of the strategic tools used for reducing microfilaremia in
humans, However, il is currently known that no shorl chemutherapeutic treatment will
clear ali adult parasites (Mc Reynolds et al., 1993). Recently, there have been several
studies that show the efficacy and safety of a single dose cf the filaricidal drug
combination, ALB+IVM or ALB+DEC (Dunyo et al., 2000; Harton et ai., 2000; Ismail et
al., 1998, 2001; Shenoy et al., 1999, 2000; 2002; Supali et al., 2002). The effective
single dose of ALB (400 mg), given in combination with either DEC (6 mg/kg) or IVM
(200 LLg/kg). is now recommended to interrupt the transmission of lymphatic filariasis
(Ottesen, 1997; WHO, 1994). Although several studies on the effect of filaricidal drugs
against both microfilaria (Shenoy et al., 1999; 2000; 2002) and adult worm (Dreyer et al.,
1998; Figueredo-Silva et al., 1996; Noroes et al., 1997; Gayral et al., 1989) have been
carried out, few studies have been reporied on the effect of these drugs against
infective larvae, which are transmitted to humans by mosquitoes (Deverre et a/., 1989;
Gayral et al., 1989).

Advanced and modernized studies of filariasis due to B. malayi, particularly the
nocturnally subperiodic (NSP) strain from southern Thailand, are still hampered by the
lack of practical and facile systems. Although the most successful system has been
with Mongolian jirds, which was a host mode! for NSP B. malayi (Narathiwat strain), it is
rather expensive to use laboratory animals as experimental hosts (Choochote et al.,
1986; 1991). An in vitro cultivation system and drug sensitivity test should be developed

in order to achieve a practical and inexpensive system in which to carry out a variety of



investigations, i.e. biochemistry, pharmacology, physiology, immunology and molecular
biology. In addition, it ts important in the study of a possible site for filaricidal drugs to
kill the filanal larvae that can only pertormed in vitro. where atl direct response and
symptomatological and specific organs can be observed. Furthermore, parasiticidal
activity is much more efficient in vitro than in vivo. This was the first study on the
assessment of the /in vitro drug sensilivity test against third stage larvae of NSP 8.
malayi (Narathiwat strain) In this study, we focused on the direct effect of filaricidal
drugs alone; ALB, DEC and IVM, and their combinations of ALB with either DEC or IVM
against the larvae of this parasite. The morphological change of the treated larvae wa.
observed under a dissecting microscope. All information from this study will contribute

to the various aspects of important basic and advanced knowledge.



MATERIALS AND METHODS
Preparation of NSP B. malayi Infective Third Stage Larvae

Infective third stage larvae (L3) of NSP B. malayi (Narathiwat strain) were obtained from
laboratory reared Aedes togoi, which had been fed from microfilaremic cats 12 days
previously. Mass colonization of Ae. togo/ and mosquito rearing followed the techniques
as described by Choochote (1981). This mosquito strain was proved to be highly
susceplible to NSP 8. malayi (Choochole et al., 1987). The whole bodies of 1‘2-day
post-infection mosquitoes were dissected by using the aseptic technique (Suwan et al.,
1993). Mass dissection was carried out in Hank’s Balance Salt Solution (HBSS) with
antimicrobial agents (10,000 units/mi of pednicillin G solution, 10,000 pg/ml of
streptomycin disulfate, and 25 pg/mi of amphotericin 8) in a sterile petri dish (diameter
30 mm).

Preparation of Culture Media and Filaricidal Drugs

The method for in vitro cultivation used in this study mainly followed the methads
described previously by Riberu et af (1990} and Yates et a/ (1994). The modification
and/or simplification was also performed (Tippawangkosol ef al., 2002). The culture
media used to support growth and development of the larvae consisted of a 1:1 (v/v)
mixture of NCTC-135 (Sigma) and Iscove’s modified Dulbecco's medium (IMDM; Sigma)
supplemented with 20% heat inactivated fetal bovine serum (NI-FBS), a mixture of

antimicrobial agents (10,000 units/m! of penicillin G solution, 10,000 plg/ml of

streptomycin disulfate, and 25 Hlg/ml of amphoteracin B) and 25 mM of HEPES ( N-[2-
Hydroxyethyl] piperazine-N-[2-ethanesolfonic acid]; Sigma).

Preparation of Filaricidal Drugs

Diethylcarbamazine [N-2-Hydroxyethylpiperazine-N'-2-Ethanesulfonic Acid] citrate salt
(DEC; Sigma) was dissolved in distilled water, which was diluted witi: culture media at
various concentrations (10° M 1o 10" M). lvermectin B,, [N.N-Diethyl-4-methyl-1-
piperazinecarboxamide] (IVM; Sigma) and albendazole [Methyul-5-(propyithiol)-2-
benzimidazolecarbamated] (ALB; Sigma) were dissclved in absolute methanol, which

was diluted with culture media at appropriate concentrations (10°Mto 107" M).



In Vitro Sensitivity Test

Larvicidal activity against L3 of NSP B. malayi was determined according to the method
of Kiuchi et al., 1987. Fresh L3 was washed by repeatedly transferring to fresh media
with a mixture of antibiotic agents in culture dishes. Thirty L3 were pipetted into each
well of a 24-well culture dish, which contained 0.9 mi of culture media (NI-FBS) and 0.1
m| of filaricidal drugs alone, e.g. ALB, IVM and DEC and their combinations (ALB/IVM
and ALB/DEC) at various concentrations {(10° M to 10"’ M). Each experiment was
perforrmed in four replicates. The culture dishes were incubated at 37°C in 5% CO, in air

for 7 days. Motility of larva was examined daily under dissecting microscopy.

Evaluation of Result

The larvicidal activity of the test drugs was evaluated in terms of the relative mobility
(RM) value (Kiuchi et al., 1987). A smaller RM value indicated stronger larvicidal
activity, and when all larvae died, this value was 0. A minimal lethal concentration
(MLC) was determined as the lowest concentration, giving an RM of 0 after 24 hours
incubation. The RM value was calculated by using the motility score. The motility of
larva was recorded using an arbitrary score of 3 (highly active), 2 (moderately active), 1
(less active), and 0 (immobiie for at least 10 sec). The results were expressed as the
average motility score with respect to the exposure time of motile parasites in treated
and untreated groups.

Data Analysis

Comparison between the data from the in vitro sensitivity test of the test drugs alone or
their combination groups to a control group was evaluated by using the Man-Whitney U-

test at a P value of <Q.05.



RESULTS
Reduction of larval motility was used to evaluate the efficacy of diethylcarbamazine
(DEC), ivermectin (IVM) and albendazole (ALB) when used alone and in combinations

against L3 of NSP Brugia malayi (Narathiwat strain) in an in vitro cuitivation with NI-FBS

medium for 7 days.

Efficacy of DEC, IVM and ALB Alone

Figure 1 shows the motility of treated larvae reduced in a concentration- and time-
dependent pattern after being cultured with IVM and DEC alone. None of the L3 was
completely immaobile after being cultured with these drugs throughout the experiments.
in the control wells of all drugs, larvae showed highly active movement in the culture
medium by day 7. Both DEC and VM alone, at concentrations of 10" M and 107° M,
had no effect against larval motility. IVM alone, at concentrations of 107 M, 10®° M and
10° M, gradually and significantly reduced (P <0.05) larval moiility on day 3, and the
larva had less active movement on day 6 at IVM concentrations of 10° M and 10° M
(Figure 1a). DEC, at concentrations of 10° M, 10° M and 10™ M, gradually and
significantly reduced (P <0.05) larval motlility on day 2, and the larva had less active
movement on day 5 at concentrations of 10° M and 10° M (Figure 1b). ALB alone, at
various concentrations (10'4 M to 10° M), had no effect against L3 throughout the
experiments and all of the larvae had highly active movement on all 7 days (Figure 1c).

Efficacy of the Combined Drugs (ALB/IVM) and (ALB/DEC) Compared with Each Drug
Alone

ALB/IVM : Figure 2a shows the effect of ALB/IVM against L3 compared with ALB and
IVM alone. ALB/IVM, at a concentration of 10°/10° M, significantly {P <0.05) reduced
larval motility on day 2 compared with either ALB 10° M or IVM10° M, and also on day 3
compared with IVM 10° M. At a concentration of 10°/10° M, ALB/IVM significantly (P
<0.05) reduced larval motility on day 2 compared with ALB 10° M, IVM 10° M and IVM
10° M. IVM, at a concentration of 10° M had no effect against L3 compared with the
control when used alone or in combination. Although ALB alone had no effect, it was

more effective when combined with (VM.



ALB/DEC : Figure 2b shows the effect of ALB/DEC against L3 compared with ALB and
DEC alone. DEC alone, and ALB/DEC, at a concentration of 10° M, had no effect on the
reduction of larval motility when compared with the control. ALB/DEC significantly (P
<(.05) reduced larval motility on day 2 at a concentration of 10°/10®° M when compared
with ALB 10° M and DEC 10° M, and on day 3 when compared with DEC 10° M. On
day 1. ALB/DEC, at a concentration of 10°/10° M, had more effect than ALB 10° M, DEC
10° M and DEC 10° M.

Comparison Between the Effect of ALB/IVM and ALB/DEC

Figure 2c shows the effect of drugs in combinatios of ALB/DEC and ALB/IVM. ALB/DEC
had significantly (P <0.G5) more effect than ALB/IVM at a concentration of 10°/10° M on
day 3. Both drug combinations at concentrations of 10°710° M and 10°/10° M had no
significant difference between each other. None of the L3 was completely immobile
throughout experiment.

Effect of Drugs Against Larvae Morphology

The morphometric measurments of untreated and treated larvae, with drugs alone and
in combination, were assessed for effect (Table 1), The mean body length and width of
the B. malayi larvae in the control group increased significantly {P<0.05) more than in L3
that had been cultured in NI-FBS medium for 7 days (2019 and 32.2 vs 1518 and 23.4 L
m). The larva treated with both drugs alone and in combination, at a concentration of
10° M, had a mean body length shorter than that in the larva of the control group after
being cultured for 7 days. The mean body width of treated larva was not significantly

different compared with that in the larva of the control group after being cultured for 7

days.



DISCUSSION

Besides the drug combination of ALB/DEC and ALB/IVM, the lymphatic filariasis
control programme was recommended (Ottensen, 1897; WHOQO, 1994). The in vitro
sensitivity in this study was performed in order to assess the efficacy of ALB, DEC and
IVM when using either drugs alone or in combination against NSP B. malayi (Narathiwat
strain), which is endemic in southern Thailand. The infective third stage larva (L3) of this
parasite dissected from 12 days post-infection Ae togoi was used to test the efficacy of
all drugs prior to observing the direct effect against this larva, which was a method
never tried out before in an in vitro cultivation. A simple technique modified by previous
study (Tippawangkosol, 2002) for the in vitro cuiuvation of (NSP} B. malayi (Narathiwat
strain) was easy to perform, and it led to the asssesment of drug sensitivity of the
parasite in this study. In general, many studies have assessed the efficacy of filaricidal
drugs in vivo, e.g. human and animal models to observe microfilaricidal or adulticidai
activity (Bockarie et al., 1998; Dunyo et al., 2000; Nicholas et al., 1897; Ottensen, 1997,
Shenoy et al., 1999; 2000; 2002). The resuits have shown that trials with DEC or VM
used in combination with ALB are superior to those of either drug alone for reducing
microfilaremia in humans. However, it is currently known that no short chemotherapeutic
treatment wil! clear all of the adult parasites (Mc Reynolds et al., 1993). Similary, the
effect of both ALB/IVM and ALB/DEC drug combinaitons in this study has been shown
as superior to that of either IVM or DEC alone by rapidly reducing larval motility. IVM
and DEC alone but not ALB, also have this effect against the larva. Contrary to our
study, the results of a recent study showed that pharmacokinetics of the co-
administration of DEC and ALB demonstrated that there was no adverse
pharmacokinetic and pharmacodynamic effects, whether each drug was given alone or
in combination (Shenoy et al., 2002). Few studies reported the direct effect of filaricidal
drugs against the iarval stage of human lymphatic filariasis in an in vitro cultivation
because of the lack of a reservior, or laboratory-animal host that is expensive and
difficult to maintain, particularly in a small space. However, the results from an in vivo

study showed that both DEC and IVM, when used alone or in combination were effective
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against microfilaria stage larvae, and ALB had some effect against adult stage larvae
(Jayakody et al., 1993; Ismail et al., 1998; WHO, 1996). In recent years, the in vitro
antifilarial activity of extracts from the medical plant, Cardiospermum halicacabum,
against B. pahangi was performed in a culture medium for 7 days (Khunkitti et al.,
2000). The result demonstrated that a higher concentration of ethanol extract (2 mg/ml)

inhibited both the motility of adult worms and release of microfilaria from females, and

rapidly reduced the motility of microfilaria on day 2 with an ethanol extract of 500 [Lg/ml.
Shenoy ef a/ {1999, 2000) reported that ALB/DEC seemed to have more effect than
ALB/IVM in brugian microfilaria. This result was the same as the one in this study, which
showed that ALB/DEC had more effect in reducing larvai motility than ALB/IVM at a
concentration of 10° M/10° M on day 3. The maximum concentration of DEC, believed
to be required for antifilarial activity, was 800-1,000 ng/mi (Stephenson and Wiselka,
2000). The mean maximum concentrations of DEC given alone and in combination were
1,930 and 1,813 ng/ml in amicrofitaremic subjects living in endemic area (Shenoy et al.,
2002). The concentration of DEC used in vitro in this study was 391 pg/ml to 391 pg/mil.
DEC, al concentrations of 391 ng/ml to 391 Hg/mi, gradually reduced larval motility
using both drugs alone and in combination with ALB. Since the drug had direct action
against the parasite in the in vitro study, the amount of drug concentration might be less
than that of jn vivo study. Although the resultin this study indicated that there was a
pharmacodynamic adverse effect of ALB/DEC in vitro, there has been no
pharmacokinetic adverse effect of this combination drug reported in recent in vivo
studies (Shenoy et al., 2002). ALB sulphoxide is a pharmacological active substance
that has much antiparsite action (Dollery, 1991). ALB did not biotransform to ALB
sulphoxide in the in vitro test, therefore, it had no effect against the larval stage in this
study. ALB alone also had no effect in this study, but it was effective when combined
with DEC or IVM. This result may be the synergistic adverse effect of ALB with either
IVM or DEC because these drug combinations have more effect than each drug alone.
The morphology of larvae was also performed to observe the effect of all the drugs. The

result showed that larva treated with all drugs alone or in combination had a mean body
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length shorter than that in untreated tarva. The result indicated that ALB and DEC at a
concentration of 10 M, and IVM at a concentration of 10° M, had an effect against B.

malayi in both larval morphology and motility. However, the parasite cannot be killed at

those concentrations.
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TABLE 1

Comparative morphometric measurements (mean2SD/range, Jdm) of untreated and

drugs treated nocturnally subperiodic Brugia malayi larvae cultured from infective third

stage larvae (L3) in NI-FBS medium for 7 days, number of larvae = 20

Day in cultured (drugs)

Body length (.Lm)

Body width (J1m)

Day 0 (control) 1518+116 23.4%+1.6
(1320-1760) (21.6-27.0)
Day 7 (control) 20191+105* 32.2%6.9*
(1850-2250) (22.0-50.0)
Day 7 (ALB, 10° M) 1525+118’ 32.6+1.8*
(1320-1750) (29.7-35.1)
Day 7 (WM, 10° M) 15371+160' 32.0+2.7*
(1210-1760) (27.0-37.8)
Day 7 (DEC, 10° M) 1534+176' 32.4+3.4*
(1100-1760) (27.0-37.8)
Day 7 (ALB/DEC, 10° M/10° M) 1539+148' 32.4+2.0°
(1300-1760) (29.7-35.1)
Day 7 (ALB/IVM, 10° M/10° M) 1527%185 32.4%+2.8"
(1210-1760) (27.0-35.1)

* Significant difference from Day 0 in control group, P<0.05

'Signiﬁcant difference from Day 7 in control group, P<0.05
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FIG. 1. Motility score of nocturnally subperiodic (NSP) Brugia malayi infective third
stage larvae (L3) after culture with drugs alone; ivermectin [IVM] (a);
diethylcarbamazine [DEC] (b) and albendazole [ALB] (c) at various concentrations (M)

in NI-FBS medium for 7 days.
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FIG. 2. Motility score of nocturnally subperiodic (NSP) Brugia malayi infective third
stage larvae (L3) after culture with drug in combinations compared with each drug
alone; (a) albendazolefivermectin {A/l), (b) albendazole/diethylcarbamazine (A/D) and
(c¢) the comparision between both drug combinations at various concentrations (M)

culture in NI-FBS medium for 7 days.
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ABSTRACT: A scahning electron microscopy (SEM) was performed to observe the
effect of ivermectin (IVM), diethylcarbamazine (DEC) and albendazole (ALB) alone, and
the drugs in combination (ALB+IVM and ALB+DEC) against infective third stage larvae
(L3) of nocturnally subperiodic (NSP) Brugia malayi (Narathiwat strain) in vitro. IVM, at a
concentration of 10™ M, killed L3 within 1-2 hours. An SEM study showed damage to the
L3 surface and loss of regular cuticular annufations. The cuticles were grooved in the
middle region of the body. In comparison with normal L3 before treatment with IVM, the
cuticular surface showed transversed striations with periodic annulations. The result
demonstrated that IVM showed a larvicidal activity against L3 of NSP B. malayi
cultivated in vitro. Compared with those larvae in the control group, the treated larvae
had no morphological change in the cuticular surface at the head, body and tail regions
after cultivation with all drugs alone, and in their combinations, at a concentration of 10°
M for 7 days. In this system, and at that concentration, only the larva cultured with ALB
alone remained highly motile. Although no morphological change had been observed
by SEM, those drugs used alone (IVM and DEC) and in combinations (ALB+IVM and
ALB+DEC), reduced larval motility throughout the experiments at a concentration of 10°

M. The minimum lethal concentration (MIC) of IVM against NSP B. malayi was 10" M.

Key words index: Brugia malayi, ivermectin, diethylcarbamazine, albendazole, scanning

electron microscopy (SEM), nocturnally subperiodic



INTRODUCTION

Chemotherapy is one of the most strategic tools used for reducing microfilaremia
in humans. Diethylcarbamazine (DEC) and ivermectin (IVM) are the only drugs available
and widely accepted for the control of onchocerciasis and filariasis. Given as a single
dose at.6 to 12 month intervals, they effectively suppress or reduce the microfilariae that
cause clinical manifestations, i.e. ocular lesions in onchoceriasis, lymphoedema or
elephantiasis in lymphatic filariasis (Karbwang et al. 1997, Michael et al. 1996, Whiworth
et al. 1996). Albendazole (ALB) has been previously reported as having some
macrofilaricidal against the filarial parasite and clear intestinal helminths (WHO 1996).
Mass treatment with either an annual single dose of antifilarial drugs or through
fortification of salt with DEC, is now recommended to interrupt transmission [ALB (400
mg, for all ages)+DEC (6 mg/kg body weigh) and ALB+IVM (200 ng/kg body weight)]
(Ottesen 1997). IVM, a derivative of avermectin B, is a macrocyclic lactone and
fermentation product of Streptomyces avermitilis. The mechanism of action of I[VM is
unknown. However, it appears to prevent the release of intrauterine microfilaria. It has
also been shown to mimic the actions of the neurotransmitter, gamma aminobutyric acid
(GABA), which induces paralysis in infective tarvae, but is inactive on microfilariae
(Deverre et al. 1989). A high dose of IVM suppresse microfilaremia in lymphatic
filariasis (Richards et al. 1991). DEC has been a drug of choice for filariasis for more
than 40 years. The mechanism of action of DEC against adult filariae is not understood,
but it may be involved in muscular paralysis. It has been shown as a microfilaricidal
against Onchocerca volvulus (Sowa 1987).

Scanning electron microscopy (SEM) of adult, infective larvae and microfilaria of
Brugia malayi has been examined in severe;l studies (Chew et al. 1983, Franz and lenze
1982, Zaman 1987, Zaman and Narayanan 1986, Lim et al. 1983, Choochote et al. 1987,
Maleewong et al. 1987). in addition, the ultrastructure surface morphology of noctumal
subperiodic (NSP) B. malaiyi strain from Narathiwat province, southern Thailand has
also been studied {(Choochote et al. 1987). Besides, there has been evidence of

efficacy when using drug combinations in the management of microfilaria, due to



lymphatic filariasis (Ottesen 1997, Karam and Otttensen 2000). The action of these
drugs against infective larvae should be observed for effectiveness both in vivo and in
vitro. Although the filaricidal drugs affect the parasite in the in vivo, the possible action
site of these drugs against the infective larvae or third stage larva (L3) in the in vitro
cultivation examined by SEM has not been studied yet. Thus, the present study was
undertaken to examine the external morphology structures of the L3 of NSP 8. malayi
(Narathiwat strain) after exposure to filaricidal drugs, i.e. IVM, DEC and ALB alone, and

the drug combinations in the in vitro cultivation by SEM.



MATERIALS AND METHODS
The infective third stage larvae (L3) of nocturnally subperiodic (NSP) Brugia
malayi were obtained from laboratory reared Aedes togoi, which had been fed on the
blood from microfilaraemic cats 12 days previously. Mass colonization of Ae. togoi and
réaring of mosquitoes followed the techniques described by Choochote (1981). The
whole bodies of 12-day post-infection mosquitoes were dissected by using the aseptic

technique (Suwan et al. 1993). Mass dissection was carried out in Hank Batance Salt
Solution (HBSS) with antimicrobial agents (10,000 unit/ml of penicillin G, 10,000 Llg/ml

of streptomycin disulfate, and 25 JLg/mi of amphoteracin B) in a sterile petri dish
(diameter 30 mm). The in vitro cultivation was followed by a simple technique modified
by Tippawangkosol et al. 2002. The culture media consisted of a 1:1 (v/v) mixture of
NCTC-135 (Sigma) and Iscove's modified Dulbecco’s mecium (IMDM; Sigma)
supplemented with 20% heat inactivated fetal bovine serum {NI-FBS) and a mixture of
antimicrobial agents. Fresh L3 were washed by repeatedly transferring to fresh media
with a mixture of antibiotic agents in a culture petri dish. Then the L3 were pipetted into
each well of a 24-well culture dish, which contained 0.9 ml of culture media (NI-FBS)
and 0.1 mi of filaricidal drugs alone, e.g. ivermectin (IVM), albendazole (ALB) and
diethylcarbamazine (DEC), and their combinations (ALB+IVM and ALB+DEC) at
concentrations of 10” to 10° M. Each experiment was performed in four replicates.
Plates were placed in a candle jar (a glass desicator equipped with stopcock and white
candle). By this method, an atmosphere with low oxygen (90% N,, 5% O,, 5% CO,) was
produced. The candle jar was incubated at 37°C in an incubator for 7 days. Motility of
the L3 was examined daily under dissecting microscopy for 7 days. The larvicidal
activity of the test drugs was evaluated in terms of the relative mobility (RM) value
(Kiuchi et al. 1987). A smaller RM value indicates stronger larvicidal activity, and when
all larvae died, this value was 0. A minimal lethal concentration (MLC) was determined
as the lowest concentration giving an RM of 0 after 24 hours of incubation. The RM
value was calculated by using the motility score. The motility of larva was recorded

using an arbitrary score of 3 (highly active), 2 (moderately active), 1 (less active), and O



(immobile for at least 10 seconds). The results were expressed as the average motility
score with respect to the exposure time of motile parasites in treated and untreated
groups. For the scanning electron microscopy (SEM) study, the larvae were fixed
overnight in 2.5% gultaraldehyde in 0.1 M phosphate buffer solution (PBS) pH 7.4 at
4°C, washed with PBS (10 minutes, 2 changes), and then post fixed (1 hour) in 1%
osmium tetroxide at room temperature. Dehydration was performed via a passage
through a long ethanol series, i.e. 30%, 50%, 70%, 80% (10 minutes), 95% (15 minutes,
2 changes) and followed by absolute ethanol (10 minutes, 2 changes). The specimens
were finally dried by a critical point dryer,-mounted on stubs, sputter coated with gold,

and examined at 42 KV in a JEOL MED JSM 840-A SEM.



RESULTS AND DISSUSION

The in vitro evaluation on the infective third stage larva (L3) of nocturnally
subperiodic (NSP) Brugia malayi (Narathiwat strain) was performed for 7 days in order
to observe the larval motility and viability when cultured with antifilarial drugs atone;
albendazole (ALB), diethylcarbamazine (DEC) and ivermectin (IVM), and their
combinations (ALB+DEC and ALB+IVM). In addition, a scanning electron microscopy
(SEM) study also examined the surface morphoiogical structures of this larva after
treatment with these drugs alone and in their combinations. The surface morphological
structure of the L3 treated with and without drugs is shown in Figure 1-16. The surface
morphological structure of untreated larva after cultivation in this study was similar to
that described previously by Maleewong et al. 1987 (Figure 1-6), although the L3 in the
previous study was not performed in the in vitro cultivation. The L3 in the previous study
was dissected from the same species of mosquito (Aedes togoi) and then examined
directly for surface morphological structure by SEM. The result indicated that the L3 in
this study could not molt to a further stage during 7 days cultivation in vitro. Our recent
study reported that a simplification of the in vitro culture system promoted molting of the
L3 to the fourth stage larva after 7 days cultivation {(Tippawangkosol et al. 2002}. SEM
sh/owed the head region of untreated larva after 7 days cultivation (Figure 1). The mouth
was circular shaped. There were eight cephalic papiliae arranged in two concentric
circles. The four smaller inner papillae were nipple-like protuberance, and the four
bigger outer papillae were spherical shaped. Apart from these oral papillae, the two
amphids could not be seen clearly. The tail end showed the crescent shaped anus with
a raised anterior border and three caudal papillae (Figure 2,3). The two ventrolateral
caudal papillae were seen clearly and were rather similar in size, and they appeared
spherical in shape, whereas the dorsoterminal papillae were round and rudimentary in
appearance (Figure 4). There were numerous transversed annulations on the cuticular
surface (Figure 5,6}, except at the anterior and posterior ends. After treatment with [VM
and DEC alone, at a concentration of 10° M, and combinations of ALB+DEC and

ALB+IVM at a concentration of 10° M/10° M, the larva gradually reduced larval motility



throughout the experiment, compared with those in the control group (Figure 17).
Except for ALB, at that concentration, the larva showed high active movement for 7 days
(Figure 17). After treatment with drugs alone (ALB, DEC and IVM) and in their
combinations (ALB+DEC and ALB+IVM), at a concentration of 10° M, SEM showed
normal surface morphological structures of the whole body of this larva. (Figure 7-16).
Observations on the surface topography of L3 of NSP B. malayi before and after
treatment with the drugs in this study, indicated that the morphological structures of both
larvae were generally in agreement with the descriptions of previous investigations on B.
malayi larva (Maleewong et al. 1987, Saitongdee et al. 1983, Zaman and Narayanan
1986, Zaman 1987). However, IVM, at a high concentration (104 M), began to kill L3
within 1-2 hours, as observed under dissecting microscopy (Figure 17), and SEM study
showed damage to the surface of L3 (Figure 11,12). They atso lost reguiar cuticular
annulations, and the cuticles were grooved in the middle region of the body. The
minimal lethal concentration (MIC) of IVM against 8. malayi (L3) in vitro cuitivation was
10 M. The effect of this drug was unknown, but it could be diffused through the
cuticular surface of the parasite. The loss of regular annulations in this parasite by some
maonoclional antibodies was previously studied by SEM (Tan et al. 1989). The study of
the in vitro IVM uptake by aduit male Onchocerca ochengi, a cattle parasite closely
related to O. volvulus, showed that the epicuticle had an irregular surface, which greatly
increased the absorptive surface of the worm examined under SEM and transmission
electron microscope (TEM) (Cross et al. 1998). Yates and Higashi (1986) reported the
effect of a vaccination with 60cobalt radiation attenuation B. malayi (L3) in jird and TEM,
which showed that a high number of eosinophil were present around and within the
damaged larvae structure to the L3 cuticle. The study of Bandi et al. (1999) showed the
effect of tetracycline in blocking embryo development in B. pahangi and Diroﬁfaria
immitis, in which embryo degeneration was documented by TEM. Hamann et al. (1990)
reported that the eosinophil granule proteins were toxic to microfilariae of B. pahangi

and B. malayi in their in vitro study. A lot of ultrastructural studies on 8. malayi have

been examined to determine the effect of many agents against the parasite in order to



learn the mechanism of action and target region, with an aim to control and eradicate
lymphatic filariasis.

The study of a possible action site of filaricidal drugs for killing larva can only be
performed in vitro, where all direct responses, symptomatological and specific organ,
can be observed. However, we could not see the direct responses to the drug in vivo
because there were factors involved, i.e. pharmaccokinetics of the drug and host factor.
IVM, at a concentration of 10° M, only reduced larval motility, while this drug at a high
concentration (10™ M) killed this larva in the in vitro study. In this study, however, the
effectiveness of IVM, DEC, ALB and their combinations in the in vifro study was
correlated with other recent in vivo studies (Dunyo et al. 2000, Harton et al. 2000, Ismail
et al. 2001, Shenoy et al. 2000, Supali et al. 2002). Although the morphological structure
appearance could not be seen by SEM when using IVM and DEC alone, and in
combinations with ALB at a concentration of 10° M, these drugs appeared to disturb the
motility of the parasite. Further action of these drugs will be examined by TEM in order

to observe the abnormaility in the intra organetls.
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Figure 1-6. Scanning electron microscope of NSP Brugia malayi infective third stage
larvae after cultured in NI-FBS medium for 7 days. (1) Head region with circular mouth
(M), four smaller inner papillae (IP), four spherical shaped outer papillae (OP). (2) Tail
end showing anus (A) and ventrolateral papillae (VLP}. (3} Crescent-shaped anus with a
raised anterior border. (4) Three caudal papillae; two VLP and one dorsoterminal papilla
(DTP). (5) Body cuticular surface around head region. (6) A higher magnification of body

cuticular surface at the middle of the body showing the transversed annulations.
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Figure 7-12. In vitro cultivation of NSP Brugia malayi infective third stage larvae for 7
days in NI-FBS medium with drugs alone. (7) Body cuticle around head region showing
outer papilla (OP), inner papilla (IP) and mouth (M) after cultured with albendazole
{ALB 10° M). (8) Tail end showing two ventrolateral papillae (VLP) and dorsoterminal
papilla (DTP) after cultured with diethylcarbamazine (DEC 10° M). (9) Body cuticle
around head region and (10) body cuticle at the middle of the body after cultured with
ivermectin (IVM 10° M) showing transversed annulations. (11) Body culticle at the
middle of body and (12) a higher magnification showing many grooves of body cuticle

and ioss of regular cuticular annulations after cultured with IVM 10" M.
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Figure 13-16. In vitro cultivation of NSP Brugia malayi infective third stage larvae for 7
days in NI-FBS medium with combination drugs. (13) Tail end showing two ventrolateral
papillae (VLP) and dorsoterminal papilla (DTP) and (14) body cuticle in the middle of
the body after cultured with albendazole/diethylcarbamazine (ALB/DEC 10°7110° M)
showing transversed annulations. (15) Head region showing the normal structure of
outer papilla (OP), inner papilla (I1P) and mouth (M) and (16) body cuticle in the middle
of the body showing transversed annutations of body cuticle after cultured with

albendazole/ivermectin {ALB/IVM 10°110° M).
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Figure 17. Comparative of motility score of NSP Brugia malayi infective third stage
larvae after cultured with drug alone; albumin (ALB), ivermectin (IVM),
diethylcarbamazine (DEC) and the drug in combinations (ALB/IVM and ALB/DEC) in NI-
FBS medium for 7 days.
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