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H 1. Species in which benzimidazoles are licensed and preparations available

Preparations

Species
Thiabendazole cattle, sheep. horses
Cambendazole racing pigeons
Oxibendazole cattle, sheep. pigs, horses
Mebendazole

drench, paste, powder
capsule

drench, paste, pellet, powder

sheep, goats, horses, dogs, cats, domes- drench, paste, granule, tablet

tic fow], game birds, donkeys

Flubendazole pigs

Netobimin cattle, sheep

Albendazole oxide cattle, sheep

Albendazole oxide cattle, sheep

pellet, powder
drench
drench, paste, pellet

drench

Febantel cattle, sheep, pigs, horses drench, paste, pellet, powder, granule
Fenbendazole cattle, sheep, goats, pigs, horses, dogs, drench, paste, pellet, powder, granule,
cats, donkeys feed block
Oxfendazole cattle, sheep, horses, donkeys drench, paste, pellet, bolus, intra-rumin-
al injector
Thiophanate cattle, sheep, goats, pigs drench, pellet, powder
Triclabendazole cattle, sheep drench
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# 2. U R ABEE TEH2| BE71H(Bargr, T(1984)2] X2 E /\EF&E(1991)0] JH&SD 0|7}
SE2510§ 24 (1994))

TEHT 3at - ofs -7 Sl Ao g7 TFEH
Benzimidazoles. § | Thiabendazole TBZ quA TxF A WA F9 7)o}
{BIZs) Parbendazole PBZ 3f (g #4)

Cambendazore CBZ Fumaric acid $gE49]
Mebendazole MBZ AR (e EZ= ety 7] AdE
Oxybendazole 0BZ S89)
Fenbendazole FNBZ | Tubrin”@49 A& T=
Albendazole ABZ Z F49 AR (ExTY
Oxfendazole OFZ A%719 gz A&l
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Cholrfenvinphos

Chlorpyrifos

Coccnaphos

Crotoxyphos

Famophos

Tetrachlorvin Phos
Piperazines & Piperazine PPZ ARSKH ESEZYZA | oGty
(PPZs) Deithylcarbamazine DCS g
Avermectins Ivermetin M GABA®(7 -otujimab) 9] | o] kA whu)
(AVMs) Doramectim DAM AR
FEE2 Hygromycin'B HIM-BY | 289 #F(3AEY) |FEvhdaAA
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BaA A7 HFF(RF )] Bristn, MXe] ARG F71, 6)NFITKREANAER
A8 | BEOWE. 1993(11). pp . 93~97.
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Benzimidazoles(BIZs)

Thiabendazole(TBZ), Parbendazole(PBZ),

Flubendazole(FLBZ), Fenbendazole(FNBZ), Albendazole(ABZ)%
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Dichrorvos(DCV), Trichlorfon(TCP)

2)898s 43484
ImidathiazoleF(ITZs)
Tetramizole(TMS), Levamizole(LMS)
Pyrimidin 5 (PMDs)

Pyrantel(PRT), Morantel(MRT)

s $IER
Peperazins#(PPZs)

Piperazin(PPZ)

HAARZAGEL( Y -opw) i) o) 733}
AvermectinsT(AVMs)
Ivermetcin(IVM)

Doramectin{DAM)
Milbemycins&
Moxideotin

Abamectin
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1. Rew, R.S.(1978). ]J.Vet. Pharmacol. Therap., 1, 183~198.

2. Barragry, T(1984). N.Z.Vet. ]., 32. 161~164.
3. Merck VEt. Manu, 6th Ed.(1986), 1568~1580.
4. Shoop, W.L.(1993). Paraitology Today, 9, 154~159
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3 4. Systematic listing of genera of parasites(nematodes and arthropods) known to be susceptible, in
at least some developmental stage, to the action of ivermectin

Class: NEMATODA

Order: Rhabditida

Superfamily Trichostrongyloidea: Cooperia, Haemonchus, Hyostrongylus, Nematodirus, Nematospiroides,
Ostertagia, Trichostrongylus.

Superfamily Strongyloidea: Ancylostoma, Bunostomum, Chabertia, Cyathostomum, Cylicodontophorus,
Cylicocyclus, Cylicostephanus, Gaigeria, Gyalocephalus, Oesophagodontus, Oesophagostommum, Poteriosto-
mum, Stephanurus, Strongylus, Triodontophorus, Uncinaria.

Superfamily Metastrongyloidea: Dictyocaulus, Metastrongylus.

Superfamily Rhabditoidea: Strongyloides.

Order: Ascaridida
Superfamily Ascaridoidea: Ascaridia, Ascaris, Heterakis, Parascaris, Toxascaris, Toxocara.
Superfamily Oxyuroidea: Aspiculuris, Oxynris, Syphacia.

Order: Spirurida
Superfamily Spriuroidea: Draschia, Habronema.
Superfamily Filaroidea: Brugia, Dipetalonema, Dirofilaria, Litomosoides, Onchocerca, Parafilaria, Setaria.

Order: Enoplida
Superfamily Trichuroidea: Capillaria, Trichinella, Trichuris.

Class: INSECTA

Order: Diptera
Suborder Cyclorrapha: Chrysomyia, Cuterebra, Dermatobia, Gastrophilus, Hypoderma, Lucilia, Oestrus,
Glossina.

Order: Phthirapterta
Suborder Anoplura: Haematopinus, Linognathus, Solenoptes.
Suborder Mallophage: Bovicola(Damalinia).

Order: Siphonaptera

' Family Pulicidae: Xenopsylla.

Class: ARACHNIDA

Order: Acarina
Suborder Mesostigmata: Omithonyssus.
Suborder Trombidiformes: Psorergates.
Suborder Sarcoptiformes: Chorioptes. Otodectes. Psorptes. Sarcoptes.
Suborder Ixdoidea: Amblyomma, Boophilus, Dermacentor, Haemaphysalis, Hyalomma, Ornithodorus, Rbi-
_picephalus.

23-dihydroavermectin Bi2(22, 23-dihydroavermectin olnuely 24y FAAE, FELF, AT,
Bia 80% ©I“4, 22, 23-dihydroavermectin Bib 20% 3%, 9% § U¥ 7143 o, A4dF, 2=7)
ngto 2 A 74)e g3gold. S0 98 7NAZY NAAZ SEIA 243t
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{22! 1> Avermectins and Milbemycins2| 7|27

o, Avermectins milbemycins

milbemycin A3/ As 5—xime
R=CH2/ CzHs

Doramectin Moxidectin

() These ore the basic structures of avermetcins and milbemycins that are either in development for commercial
purposes or already developed. The avermectins and milbemycins are both 16-membered macrocyclic lactones. The
backbone of the macrocycle can be observed by starting at the C-1 carbony! and counting to C-2, C-7 to C-19, and
ending with the oxygen between C-19 and C-1. Additional substituents to the macrocycle in the avermectins
include the hexahydrobenzofuran unit form C-2 to C-8a, a disaccharide moiety at C-13, and the spiroketal unit from
C-17 to C-15. There can be additional substituents from C-25, The only difference between avermectins and mil-

bemycins is that the milbemycins have no substituent at C-13.
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3 5. Efficacy of ivermectin against gastrointestinal nematodes and lungworm in cattle treated with a

single subcutaneous injection of 0.2mg/kg

%Reduction in worm burden

Parasite

Haemonchus sp. L, larva
adult

Ostertagia ostertagi L4 larva

' L(inhib.)
adult

Trichostrongylus axei L, larva
adult

T. colubriformis Ly larva
adult

Cooperia oncophora L, larva
adult

C. punct ata L, larva
adult

Nematodirus belvetianus L, larva
adult

Oesophagostomum radiatum L, larva
adult

Dictyocanlus viviparus Ly larva
adult

>991, >99%
>08, >981

>991, >99%, >99 |, >99”

>99tt, >99

>991t, >988, >99%, >99 , >99%f, >99°
>90t, >991

>99%f, >98§, >98f, 1004, >99

>99t, >99¢

>988, 90¢

>90t, >99t, >99%

>00tt, >98§, >98¢

>99t, >99%

>085, >98f, >99"

Note done

8211

>99%, >99%, 100"

>988, >98f, 99"

>09%, >99t, 1004t

>08t

‘Efficacy is expressed as percentage reduction in worm burden of vehicel-treated control animals. Where aliquot count-
ing was employed, a total absence of worms in the aliquots was not recorded as 100% reduction. Rather a figure of 1 was
arbitrarily assigned to the count, and the estimated reduction was thus made to reflect the sensitivity of the sampling

technique.
TBenz & Ernst, 1981b.
1Egerton et al, 1981b.
§Benz & Emst, 1981a.
Williams et al., 1981.
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3 6. Equine parasites against which ivermectin has been reported to be highly active(95~100%). Unless
otherwise noted, the table refers to adult parasites. The study of Asquith & Kulwich(1981) is not

included because efficacy was assessed by egg-count, not worm-count; helminth eggs were not

detected in the faeces until 11 weeks had elapsed following the injection of ivermectin at

0.2mg/kg.

Strongylus vulgaris

S. vulgaris, arterial L.

S. equinus

S. edentatus

Small strongyles of the genera
Gyalocephalus, Cyathostomum,

Cylicocydus, Cylicodontophorus,
Cylicostephamus, Poteriostomum,

Triodontophorus, Oesophagodontus

Fourth stage larvae of small
strongyles

Payascaris equorum

Oxyuris enqi

O.euqi, L4 larva
Trichostrongylus axei

Habronema spp.

Draschia megastoma

Onchocerca micorfilaria

Gastrophilus nasalis, larvae |

G. intestinalis, larvae

Bello & Norfleet, 1981; Craig & Kunde, 1981; Egerton et al, 1981a;
Klei & Torbert, 1980; Lyons et al., 1980.

Slocombe & McGraw, 1981.
Egerton et al,, 1981a; Lyons et al,, 1980.

Bello & Norfleet, 1981; Craig & Kunde, 1981; Klei & Torbert, 1980;
Lyons et al., 1980.

Cragi & Kunde, 1981; DiPietro et 4l., 1982; Egerton et al., 1981a;

JR. Egerton, unpublished’; Hassilnger & Barth, 1982; Klei & Trobert,
1980; Lyons et al., 1980.

Craig & Kunde, 1981; DiPietro et al., 1982; Egerton et al., 1981a;
Klei1 & Torbert, 1980.
Cragi & Kunde, 1981; Egerton et al,, 1981a; Lyons et al., 1980.

Bello & Norfleet, 1981(female and immature worms); Craig & Kunde,
1981(female worms); Lyons et al., 1980.

Craig & Kunde, 1981; Egerton et 4., 1981a; Lyons et 4l., 1980.
DiPietro et al, 1982; Klei & Torbert, 1980.

Bello & Norfleet, 1981(female worms); DiPietor et al, 1982; Herd &
Donham, 1981.

Bello & Norfleet, 1981; DiPietor et al, 1982; Hered & Donham, 1981.
DiPietro et al., 1982; Egerton et al., 1981a; Klei et al,, 1980.

Bello & Norfleet, 1981; Craig & Kunde, 1981; Egerton et al., 1981a;
Lyons et al., 1980. :

Bello & Norfleet, 1981; Craig & Kunde, 1981; Egerton et l, 1981a;
Klei & Torbert, 1980; Lyons et 4l., 1980.

‘Merck Sharp & Dohme Research Laboratories.
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3 7. Ivermectin Resistance: Summary

® [vermectin resistance has been detected only in nematodes of goats and sheep

® No ivermectin-resistant helminth has been reported in cattle, horses, swine or dogs

® No ivermectin-resistant arthropod from any animal has been reported

® Most cases of ivermectin resistance have been the result of intensive use over several years

® Most cases of ivermectin resistance hae also involved multiple resistance to other groups

® Avaliable laboratory data suggest that ivermectin resistance is stable

® The mechanism(s) of ivermectin resistance have, so far, not been elucidated

@ [vermectin resistance in one developmental stage of a parasite has also been manifest in other

stages

® No routine # vitro assay has been used to detect ivermectin resistance

@ There has been no case of crossresistance to ivermectin

® There has been sideresistance shown, i witro, to ivermectin and avermectin, B,
@ There has been side-resistance shown, i vivo, to ivermectin and moxidectin

® Avermectins and milbemycins are a mode-of-action family

4 129(Dobson®} Davis, 1992) E%¢) tj& &3
= ¥ 4~63} 71}

QAR N1AF FAA 2P BAL AF 599
AZE AYo) B Fu) g} 2uAe A% 4
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QrEd FAlt FWAY F3aHE YEh)
o %%Z_%” 248 B8 A=olP L TolE),
(B9 7~14470] axtH ot} )

@z 5] FAZ ff - Y 7 ES

Fo1A FA 3}

.LE.
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WEY 7I8%F FAYG ZEY AZA
E AEY A4S, AN AF 2 248 3
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3 HIEY G4 HAY AEFA olr
A yAol Eddle Aol BaHw YA (Scott &,
1991), ul= Ato]umi= ALz} 7§ Mibemycin Al
23! MoxidectinCYDECTIN)#9] Side-resistance7}
B35 3 310)(Shoop, 1992;Shoop, 1993) k39| ¢
T74 #5532 Aok Parasitology Today(Vol. 9, No.
5, 1993)ell AAE olHuE WA AF QoFS A
Metd dga 2.

Ol

olRHdd WAL vehls FHFEL 549
ZAdEd A4S Yehfe 20 RuEx 97 o
#l(Shoop, 1992. Vet. Rec. 130:563) 2l A3t
FA o)F & £93) WY e Az Uk

3. Doramectin(Genetically attred straln
of Streplomyces avermitilis)

DoramectinDECTOMAX)2 8lo]z Lo 2)3) A
2o] /¢E Ivermectin =R ZA Sheptomyces aver-
milisE FRALE WYANZ F9 27 J3A
EHU2n Ivermectin® AY 22 A4
AYL Aot Doramectin 29 AR AR
Axe FEAT 4379 2 Z% E(Arthropod) 7]
AZE A9 2L §39 FA2 5Foz 54
g Ae NG gEEdE R Y -9 7
FAZA BHUT A £ WY 2
SyringeabilityS YERlE Ao2 RuHT Yok

Doramectin A= Gastrointestinal roundworms,
lungworms, eyeworms _grubs/warbles, screwworms,
lice, mange, mites 2 smgle host ticks?l A% 2 A
89 A%¢ Uehlie Aoz gAAL glon AR
3t 7)&8td 59 E(Species)l FEF &S
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¥ 8. Doramectin®] TS

Gastrointestinal roundworms(Adults and fourth stage larvae):

Ostertagia ostertagi (including inhibited larvae), Ostertagia Iyrata’. Haemonchus controtus', Haemonchus
placei, Haemonchus  similis',  Trichostrongylus axei, Trichostrongylus  colubriformiss,  Trichostrongylus
longispicularis', Cooperia oncophora(including inhibited larvae), Cooperia pectinate', Cooperia punctata,
Cooperia spatulata’, Cooperia surnabada(syn. mcmasteri), Nematodirus helveianus, Nematodirus spathiger’,
Bunostomum  phlebotomum’, Strongyloides papillosus', Oesophagostomum radiatum, Trichuris discolor’,
Trichuris ovis'. (‘Adults)
Lungworms(Adults and fourth stage larvae):
Dictyocaulus viviparus
Eyeworms:
Thelazia spp
Grubs/Warbles(parasitic stages):
Hypoderma bovis, Hypoderma lineatum Dermatobia hominis
Screwworms(parasitic stages):
Cochliomyia hominovorax
Lice:
Haematopinus eurysternus, Linognathus vituli, Solenopotes capillatus
Mites:
Psoroptes bovis(var. ovis), Sarcoptes scabies

Single host ticks:

Boophilus microplus

HE L JTHE 8). = gt vl A FEAC BE A2 Fus ARAEG
o) A&3] sl Aok 8 53] AvermectinsTF

3 71 fEA BF ZoIQE FAEER] $9714
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Bl A sl ZA3 71ed 2 $2F Moxidectin(CyanamidAhe] AFE&l td A&7}
ga goy FclAe AAE T3Ad dd A 59 AR 143 o]FojFo} gk,

ATEL A4 + g DA AY Q71 A TR IWINE A2 HEORE A
o ool B¢ ARWA BasielHo} B, 53 Qe 9B FIFANGY MFEE 559 7)

AF XA

Ivermectin® FAMA Bat olUe} Al H7HA| 27} U474 AR7[&o] FAAFA 7EE +
A FDAOl o8 9 wgks] o) AlgA =R FEGEY Y2E FRoYUA BuE 0
o e &% - A3 N AFEFS JAYFAE o
ofof 3t B3 ANTE Doramectin(PfizerAl) %
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