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' ;Ivetm'edtin.-uptake by Onchocerca ochengi
SUMMARY
‘--me".':hocerca volvulus differs in its susceptibility to ivermectin in a stage dependent
manner, Whilst the miﬁroﬁlariae are susceptible, ivermectin is not Jethal to the adult
worms nor those lof Q. ochengi, a cattle parasite closely related to O. vohadus,
Tvermectin can penetrate the nodules in which the adults of these nematodes live and
- achieve high concentrations, but it is not known what levels enter worms. Adult male 0.
oﬁkéﬂgi;ﬂom naturally infected cattle in Cameroon, were incubated in [*Hlivermectin
to méaﬁ:re uptake by the oral and transcuticular routes, and in [*H]inulin to ascertain if
gri.al ingestion occurs in vifro, After a 3 h incubation, only low levels of [PH]inulin [4
diéintegrations/min (dpm)] were detected in worms, indicating that the gut is probably
not functional i vitro. However, there was a large uptake of [*Hlivermectin ( 1040
dpm), with no significant difference between total and transcuticular uptake (P > 0.05),
implying that uptake occuré‘predominantly by the transcuticular route. [*H]ivermectin
'upt‘ake, by heat killed worms was reduced compared to living worms, but not
s‘igmﬁcanﬂy (P > 0.05), indicating that uptake of ivermectin probably occurred by both
ﬁdtiva tranisport and passive diffusion. Incubation in 100 4M ivermectin phosphate did
not kill worms, although motility was reduced. In conclusion, ivermectin is able to

aceumulate in adult . ochengi males at concentrations sufficient to kill non-filarial

néfﬁatodes.

. Key words: ivermectin, Onchocerca ochengi, adults, onchocerciasis, drug uptake, gut

function.



| Ivennectin -up;aké by Onchocerca ochengi
INTRODUCTION
B Iwmacwahasrecenﬂy been distributed in West Africa to‘control Onchocerca volvilus,
- the-causative organism of human onchocerciasis (River Blindness). The Onchocerciasis
. ﬁéﬁtroi Programme (OCP), which has largely utilized vector control but latterly
: -i;ﬁmduc_ed ivermectin usage, now nears completion and the future pan-African
‘ :.pfdgramme-to eliminate onchocerciasis as a public health problem (APOC) will largely
| -reljr on ivermectin treatment (Molyneux, 1995; Remme, 1995), Interestingly, the activity
: of -iVé'nnectin against Onchocerca species is stage-restricted, A single, oral dose of 150
ug ivermectin/kg is extremely effective at reducing levels of skin microfilatiae of O.
ﬁélw’lus (Albiez ef al. 19884) but does not kill the aduit worms (Albiez ef al. 19885),
. alt.hc‘)ughit interferes with embryogenesis (Duke, Zea-Flores & Mufioz, 1991). A single
: high_fdose of 800 Lg/kg (Awadzi ef gl. 1995) and multiple doses of 150 ug/kg (Chavasse
‘e al. 1992) are not much more effective. The reasons for ivermectin's inability to kill
: adult woﬁns are unknown but, because of the crucial role of ivermectin in onchocerciasis
'éd_ntrol, a better undérstancﬁng of the mechanisms of its stage-restricted efficacy is
: 5_ :iﬁipbrt'ant.‘ Specifically, it may enable the rational design of effective macrofilaricidal
:‘ dmg*reg‘tmens and also may provide insights into potential mechanisms of acquired
‘ 5#cnﬁecfin résjstance.-
| We are using the cattle parasite, Q. ochengi, to investigate this problem. O.
5 'a;riéghgi; occurs endemically in Cameroon (Wahl ef al. 1994), and, because of its close
;éiat'ibnship' to O. volvulus and intradermal nodular habitat, provides an excellent
-.anaipgﬁeifar t}ﬁs-ﬁ}mn (Trees, 1992), It has been adopted as thg tertiary drug screen for

: ;‘mtential anti-Onchocerca macrofilaricides. Tvermectin's effect against O. ochengi is

3
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- Ivermectm uptake by Onchocerca ochengi

gintilar to that against O. | volvilus, with a single 200 ug/kg dose rapidly reducing skin

swiorofilariag levels without killing the adults (Renz ef a/. 1995), and it is not lethal to the

: adﬁit WOrHs even with seven monthly treatments at 500 ng/kg (B. M. Bronsvoort, A.

Renz, A. J. Ttees, unpublished observations). Significantly, we have recently shown that
ivé"rrnei::ti‘:‘i"l:ias pro;ih?l&cﬁ:: activity against natural infection, presumably by activity
agiainkt Lyorly stages (Wood ef al. unpublished observations).

By excision of nodules from in vivo treated cattle it has recently been

‘demonstrated that ivermectin is able to enter the nodules in concentrations that would

“bel -SUfﬁciént to.:kilf non-filarial nematodes (Cross ef of. 1997). However, since host

mabenal within the nodules was not separated from worm tissue, it was not known if the

' dfug wuildperrneafethe actual worms, or, if so, at what concentrations. The aim of this

stidy was to measure the amount of [*H]ivermectin entering Onchocerca adult males in

vifz'a‘ by seintillation counting and to determine the relative contributions of oral and

transcuticular uptake, since it is known that this drug is able to enter other nematodes

via the cuticle (Ho ef al. 1990, Richards, Behnke & Duce, 1995, Smith & Campbell,
'1996).3“[3iﬂiﬁﬁlin, a macromolecule (mol. wt. > 5000) which can be ingested orally but

is t00 ‘la,rgé 10 cross the cuticle of nematodes (Court ef af, 1988; Ho ef af, 1990), was

" used to evaluate oral ingestion. The effect of ivermectin phosphate, which has greater

sdlubil_ity---in- agueous solutions than ivermectir, on motility and viability of adult males

wasalso determined.

MATE_RIAL AND METHODS

”Iverméeﬁn; {22,23-H}-labelled ivermectin B,, (specific activity 43.5 uCi/ug) and
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: I%?e‘i‘me:‘:tin'iupt:ike by Onc}wceraa ochengi
'iveﬁmectin‘ phosphate were very kindly supplied by Merck Research Laboratories
o (Rahway, USA) Ivermectin and ivermectin phosphate were dissolved in dimethyl
siﬂﬁhcxidé} (DMS0) 1;0' give concentrations of 1.]44mM. and 10mM, respectively.
v [SH]mu]m (specific activity 0.25 mCi/mg) was purchased from Amersham Life Science
(ﬁ K.) and dissolved in DMSO. All were administered jn a final DMSO coneentration
- ‘ofi%iir/x;. |
| fa:zfasiieéf

| Sk:ms wéfe‘céﬂécted from cattle naturally infected with O. ochengi from an abattoir in
< Ng:abunder;e, r}“o_rthern Cﬁmeroom, an area in which this parasite is endemic. Nodules
were exdise;d from their intradermat site and male worms were removed from opened
nodules and stored in Roswell Park Memorial Institute medium (RPMI 1640, Sigma,
'UK.) containitig 5% foetal calf serum (FCS, GibcoBRL, U K.) and 200U/m] penicillin
and -Btrep:wmycin (BioWhittaker,- U K.). Male worms can easily be removed without
 damage from the female worm mass expressed from cut nodules. Worms were visually
' chacked ﬁ;‘:r lack of damage prior to use and were used within 6 hours of removal from
‘the ﬁoét; for all experiments, they were grouped in pairs in medium (as above) containing
the .approﬁfiﬁte ‘*reagéms to give a final volume of 200 44, and incubated at 37°C. The
Majﬁparatus i1se§1 for incubation of worms was a modification of that described by Howells
& Chen (1981] Plastic eppendorf tube lids, stuck to glass slides, were used as containers
' for incubating the worms, When measuring cuticular-only uptake of radiolabel by the
wo_rms, the ‘ends of the worms were held out of the medium with pieces of glass

" dbﬁerslip and placed in adjacent lids containing normal medium.
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lﬁ{:ﬁﬁéotm:tptake by Onchocerca ochengi
i Téfb{;‘(b‘ml plus cuticular) uptake of [*HJivermectin
: | Woms(n=64) were ’rn&.tbated‘for 3 h in medium containing 0.07 uCi [*H)ivermectin and
ot 11.44 M unlabelled ivermectin (the maximum soluble concentration of ivermectin in
. ':&iq;;eous solutions) per 1 ml. To assess whether viability is necessary for ivermectin
) uptake some worms (n=10) were killed by heating to 55°C for 30 min and the
‘ eﬁ'ecuven&ss of heat treatment confirmed by addition of MTT [3-(4,5-Dimethylthiazol-2-
I‘yl)f2,5Adiphenyl-ZH—tétmzolium bromide, Sigma, used at a final concentration of
7 0,7523 mg/mi] (Comley e? al. 1989). Non-living worms, as judged by the MTT reaction,
were ‘inm.t_b"ated in medium as described above. To provide background radioactivity
& .‘I.évélé,.sdlhe live worms (n=21) were incubated in normal culture medium. Afier 3 h, all
wams--were washed 3 times in 10 ml of PBS, and placed on filter paper to dry. The
Ieng_th of each:worm *évas measured, then they were individually wrapped in foil and
i trﬁﬁsporteﬁm‘ Liverpo‘ollffor analysis.
. ; Cy;fm@r;ﬂﬁmke'aj [*H]ivermectin
=:f Warémsg(n%{SS) were incubated as for total uptake of [*HJivermectin, but with the ends
- rémbveﬁ' ﬁfs:mﬁ th.é radioiahe]-containing medium, as described previously. After drying,
o théépﬁﬂ's of th.;a: worm that had not been exposed to radioactivity were removed and
¥ &iﬁéarded;- thﬁ;remaindcr of each sample was then measured and wrapped as for

Sk evaluation of total uptake of *HJivermectin.

5 Upf;’ake-qf PHjmulin -
Total (n=53) and cuticular (n=67) uptake of [*Hlinulin were determined as for

6
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= E‘;‘[E'HJ:'~ﬂt’:rm¢3r.:tm, with the medium containing 0.16 4Ci [*H] label/ml, The cuticular uptake
i ofmulm acted as a negative control to ensure that the apparatus used prevented oral
i 'gpfalcejof solutes. Uptake of [*Hiinulin by heat killed worms (n=10) was also assessed,

N ' fgﬁéﬁhgfthé-metﬁbd already described. All incubations were for 3 h.

o Upfake 0}" b S5y ]mzrmeclm over tne
“_Wonns Were mta]ly immersed in [*H]ivermectin-containing medium and incubated for

;‘-‘diﬂ:'erent time zm:arva!s, ranging from 5 min to 12 h. Uptake of ivermectin was assessed

‘ frbim":lt} worms at each time point. Washing, drying and measurement of worms was

- cnnduﬁted-as:described.eaﬂier.

: éS’blﬁbiffz‘&lfoh:qf ﬁfbrms and scintiflation counting
5 Individual worms were placed in glass scintillation vials, to which was added 100 i
e 'j Water After rehyd:aung for 30 min, 30 4 acetic acid and 1 ml NCS 1I tissue solubilizer
ki (Amersham U K.) were added and the vials were kept at 50°C, with frequent mixing,
gt mml the samples were completely solubilized. Following the addition of 10 m] 0Cs
e ;scmtﬂlant (Amersham) the disintegrations/minute (dpm} were counted 3 times on 2

| Packard Tri-Carb 4640 beta counter for 10 min or until a 5% stgmﬁcance Jevel was

I——

iy achilev»ed. The3 dpm counts were meaned, background counts were subtracted and the

7 mean dpm per 10 mm length of worm exposed to radiolabel was calculated.

- iotility of males incubated in ivermectin phosphate

| : ;’I_’o"deterﬁﬁn.e if motility was affected by high concentrations of jvermectin phosphate,

7]
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_ Ivermar.:un uptake by Onchocerca ochengi
‘ gmﬁps-of 10 worms were incubated in medium containing ivermectin phosphate at final
- concentrations ranging from 0.5 M to 100 /4. Following a 3 h incubation, the motility
; ofeach worm was assessed visually and scored from O (no movement) to 2 (normal, full

 motlty).

MTT meézrmremerﬁfongbﬂi(y
”:Tﬁe: effect of ditfefent‘treatments on viability of worms was assessed using the MTT
| %ﬂaﬂion. The fol.i.o{;;ing groups were tested (n=10 in each group): heat killed negative
; .f;*iamrds; positive controls incubated in medium; males exposed to 11.44 M ivermectin
- (’wtal uptake); males exposed to 11.44 M ivermectin (cuticular uptake); males exposed
4o either 40 ;QM or 100 .M ivermectin phosphate. All incubations were for 3 h. After
| ibemg washed eaﬂh gmup of worms was transferred to 450 ul medium, to which was
. .added 50 1 of MTT solution (5 mg/ml in PBS). Following incubation for 1 h, the worms
B -;Wﬁe waghed 3 times in 10 ml PBS and the length of each was measured. They were then
h plawd in ihdividual‘welis of a 96-well flat-bottomed microtitre plate, and the formazan
5 iﬁ;migleached out by the addition of 100 .1 DMSO to each well, Formazan formation was
‘measured on an ELISA reader at 492 nm, and the optical densities obtained were

. a,dguswd for'the length of worm,

P Statistical analysis

‘As normal distribution could not be assumed, differences between 3 or more groups

" were analysed using a non-parametric analysis of variance test, the Kruskal-Wallis test,

. whilst ‘diﬁ:‘erénces between 2 groups were examined using the Mann-Whitney test
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(thtab, version 10, Minitab Inc., U.8.A.). P values < 0.05 were taken as significant.
; i:Rg‘sultsl are pff:sented a-s/ mean [95% confidence interval (C.1)].
V }wb« ehic 7
 RESULTS
 Uplake of [Hivermectin
o H'J'g'h: iyé%relé of rﬂdioactivitf were detected in worms tested for both total and cuticular
> up‘pake of ﬁi}iveﬁn@ctin {1040 (873-1208) dpm and 984 (806-1162) dpm respectively,
(ng D], with no significant difference between them, The total uptake represented 3.8%
of the aév.ailal:iie radiolabel in ZdO 1) medium. Large amounts of the radiolabel were also
counted from those -sainples that had been heat killed prior to incubation in the drug
| ‘_[522 (423-616) dpm] Althuugh the Jevel of uptake by these worms was lower than that
by the live worms, there was no significant difference between any of the groups

(P = 0.063).

¢! j::Upmicegof [2H Jinulin :

‘:Dbm-c;unts:ﬁbm worms exposed to [*HJinulin were far lower than those from worms
‘that had beeﬁincubatedr?in [’I’i]ivennectin (Fig.1). However, uptake by heat killed males
_[_49.7" (32-68) dpm] was signfﬂ cantly greater than that measured for total uptake [4.1

' (2.6-5.6) dpm; P < 0.001] or cuticular uptake [12.2 (9.0-15.3) dpm; P < 0.001] by five
Wﬂm;gm mean radioﬁcﬁvity count from each heat killed worm constituted < 0.001%

* of the available radiolabel in 200 i medium.

27-06-97 15: 857 808
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i ;mscﬁussmm |
| Thls St_u'dy' has demonstrated the ability of ivermectin to reach high levels in adult O,
-':ci:%her?'gi,,and that uptake continues for up to 12 h without loss of motility of the worms.
1' S:.Ei.nca- 0. échgngf‘ nodules can be penetrated by ivermectin (Cross e/ af, 1997),
_ ;f:j?resumﬁbly the drug i‘s also able to enter the worms in vive. Ivermectin has also been
‘ shawn to enter O. i»a!mius nodules (Baraka ef o/. 1996). Baraka ef a/. (1996) used a

L T rbidioimh;unoassay to measure the levels of ivermectin in collagenased O. volvilus adults
fiémow‘;ed from patients given a single 150 ug/kg dose. However, only 3 values were

: dbta.in.ed-, with a mean value of 61 ng/g. It is difficult to directly compare these results
| ' ¥

| vnth our own, since we did not record the weights of worms, only the lengths'. The lack 4t (nlowin it

| q_f im;li:j -ingestion and the fact that concentrations of [*HJivermectin afier total
g 'i_:ﬁnnefsion'weré no different from cuticular exposure implies that transcuticular uptake
; 15 the m.ajor roﬁ,telof entry of ivermectin into the worms, with little, if any, oral ingestion
cr;::éurrihg_. It was dé,cidgd to physically remove the ends of the worms from medium
3 3mntaini;ng 'radjiolabe] in'order to measure cuticular uptake rather then using ligatures
: '}btéa‘usel of the small size of the nematodes. 11; has also been established that
'_: #bncentrationé of ivermectin phosphate of 100 xM do ot kill adult male O. ochengi,

- 'ﬁlthqug'h_ their ?rﬁ.etility was reduced with concentrations greater than 20 .M.
- The low levels of radiolabel counted in those worms exposed to [*HJinulin can
most probably be accounted for by adherence of the chemical to the cuticle (Court e/ al.
i_1988) rather than ingestion by the parasites. This theory is supported by incubation of

© worms in up to 100 uM concentrations of ivermectin phosphate for 3 h followed by a

1]
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¢ iyérmectin uptake by Onchocerca achengi
.33 ;h" i;lmbiaﬁon ';n [*Hinulin. A mean of 10 dpm was counted from these males (data not
pr’*ése’nted), “even though the pharynx should be effectively paralysed by this
i k:dﬁcgntraﬁoni of drug, since Geary ef al. (1993) found that 0.1 nM ivermectin inhibited
g pharyngea] pumping in Haemonchus contortus and reduced by = 95% the amount of
-, -fsbihté ingesiegl-_erally by the parasite.
LA The iac}c‘nf inulin ingestion by male O. ochengi implies that the gut is not
| :'imj)'ortant‘ fo.r- uptake of solutes 1 vitro in that sex. Histological studies on adult O.
s ‘véh&rlﬂ.f have revealed that the lumen is often reduced to Jittle more than small clefts in
# maie ‘.an.dfcm‘alc worms, including very young females (Franz, 1988), and is sometimes
' | mfﬁpletely blocked (Schulz-Key, 1988). In worms which were alive at the moment of
Ea‘ilﬁ\?c,a/ti'un; the intestinal epiﬂleﬁum of females (Franz & Biittner, 19835) and males (Franz,
.' 1982b; Frm & Buttner, 19835, Schulz-Key, 1988) was completely disintegrated in
" some sections of worms, It has therefore been postulated that the gut has only a limited
51 ro!e in the nutrition of O. volvulus (Franz & Bittner, 19835; Striebel, 1988), and
I:E- c«i:_nnsidiering their sirilarities, this is also likely to be the case with O. ochengi.
o Pﬁstochermcal studies on Onchocerca fasciata have also confirmed that the intestine of
'_ adult bfmhqcercq is likely to be non-functional, When the tissue distributions of
. jh'::ssr;r:h'piytit:: enzymes, glycolytic and related enzymes and succinate and NADH
é';:{:{g.ah'y\drc:;ger_m.f;‘a were examined, little or no enzyme activities were detected in the
| “fjhtestine' of these parasites (Omar & Raoof, 1994a, b, 1996), supgesting that the
o .iﬁtestiné- has Tittle role in the acquisition of nutrients. In contrast, high activities of
“ -dehydrogenase and glycolyﬁc enzymes in the hypodermal tissue suggested that the

“cuticle represents the major route for nutrient absorption, with metabolism occurring in

12

11



27=JUN-1997 1566 TROP. SCHOOL OF MEDICIMNE A1Z1  TES BYE3

; Ivermectm uptake by Onchocerca ochengi
" the hypodermis (Omar & Racof, 19945, 1996).
| : i 2 ‘Nematodes have complex cuticle with 2 multilayered structure consisting of an
“:“'hﬁter"f:picutii:le, ‘ém'tic_al zone, median zone and inner basal zone {(Bird, 1980). The
' 'Zéﬂtié!e- of O volvilus conforms to this general pattemn (Franz, 1980), but with some
| 'Q'diﬁ‘eteﬁces; from bther filarial nematodes. The most notable distinction is the presence
; -' nt .a“honeyﬁoomb' formation of the cuticle surface of both male and female Q. vohulus,
, wiuch 18 thoughﬂip_incréase the surface area (Deas, Aguilar & Miller, 1974; Franz, 1980,
»;fQB-Za; Franz & Biittner, 1983a). This pattern has not been detected in other filarjae
; =(ffanz, 19824), but is likely to exist in O. ochengi. Deas e1 al. (1974) believed that
ol cert;am stﬁ_.:éturé.-s liv;rith‘inthna basal layer and underlying hypodermis of O. volvulus were
mdwa,twe ;)fan-acﬁve transport mechanism. It is now well established that transcuticular
| | -q;:'r‘cake of solutes by:nmnatodes occurs, Work by Chen & Howells (1981) demonstrated

f i that fnéle and fema_lé Dirofilaria immitis were able to absorb D-glucose and adenosine

by Zg &anmﬁmlaf route, Similar results were obtained with adult female Brugia pahangi

;ﬂ{;aweﬂé & Chen, 1981), with oral uptake of trypan blue occurring /# vive but not in
vfim whilst . comorms appeared to depend on the trancuticular uptake of glucose in
§ o culmre (Geary et a] 1993). Adult female B. pahangi were also able to take up L-glycine
[ and L-arginine transcutxcularly (Bowells, Mendis & Bray, 1983), and Onchocerca
‘ i‘-:ﬂg':iiit'ufm& showed ahlarked transcuticular uptake of glycine, despite having an intestinal
: jlebiiheiium which.;:murphologica]ly appeared functional (Howells, 1980).

| :-: It is notsohly nﬁtrients that are able to enter nematodes in this manner. Uptake
| -Offlevamisole by Alséaris stum occurred almost exclusively via the transcuticular route

(Verhoeven, Willemsens & Van den Bossche, 1976), and it was later demonstrated that

13
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5 ﬂit.é.!sa:hc is true for many other drugs, including ivermectin (Ho ef a. 1990, 1992}, Other

. nematodes have demonstrated transcuticular uptake of ivermectin and other

Gt anthehnintics and non-electrolytes, including A, contortus (Ho et al, 1994; Sims ef o,

“ 1996), the filarial wortns B, pahangi and Dipeialonema viteae (Court ef al. 1988),

il Chéﬁarhabxﬁzis elegans (Smith & Campbell, 1996) and hookworms (Richards ef al.

1 ]995) The rate determining step for absorption of drugs is thought to be their

' parl!tlomng into the lipoidal hypocutxcle tissue (Fetterer, 1986; Ho e al. 1990, 1992,

Y & 199{4)', and sirsce ivérmectin is highly lipophilic, it would be expected to readily cross the

cuti‘inla (Fetterer, 1986). However, this is not the only predictor of permeation, since
ffldiecular é‘i‘mandiielectr‘ical charge of the solutes are also important (Ho et al. 1990,

| 199}4). As ivermectin has a relatively large molecular mass (mol, wt. 874), the rate of

- : ab'sbrption. is slower than would be predicted from its partition coefficient (Ho ef al.

199;05 ‘Thompson ef al. 1993). This may explain why, in this study, equilibrium of
| : rveﬁ'nectm between worms and medium was slow to be achieved (uptake began to level

K oft aﬁer 4h but continued for up to 12 h), whereas in free-living nematodes [*H]water

e -{{"reaﬂbed eqmllbnum within 30 min (Marks, Thomason & Castro, 1968). Another possible

: X explanauon‘ is that the worms are metabolising the drug (Thompson e al, 1993),
;EE

alth(}ugh.the.c‘épaciry'for drug metabolism by nematodes is thought to be low (Precious

i & Barrett, 19894, 5)

3 | | The levels of radiolabel we detected in worms after a 3 hour incubation were

ey .ﬁpp:‘ioMtély;temfold higher than those which immobilized Ancylostoma ceylamcum
: .inw.aiaated for tﬁe same length of time in medium containing 0.89 ..Ci/m [*H]ivermectin

g (Rlcijlﬂrds el al 1995), These worms and male O. ochengi are roughly the same size, so

N
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. ,5-;t‘his would not accourt for the difference in levels of uptake. The relatively large surface
j area of Orvcha;:eraa may allow greater permeation of these worms by drugs (Deas et al

: -E_'I.974-;f Frdnz, 1980, ]9.820; Franz & Biittner, 1983a). Ivermectin has been used as a
: ‘ chemma] Iigature in upta,ke aésays, since it paralyses the pharynx at concentrations far
‘i . _2:ower than are -requi;rer;i to inhibit motility (Avery & Horvitz, 1990; Geary ef al. 1993;
‘ %Simse? al. JQQG},‘ and this has been proposed as a mode of action of the drug (Geary et

al. 1993). As Onchocerca does not appear to rely on oral ingestion of nutrients, this may

! explain ivermectin's lack of killing activity against these worms; even 100 4M ivermectin
| ' phosphate did'not kill them. However, there are likely to be other factors involved, since
Y | ‘the microfilariae, which are a non-feeding stage, are extremely susceptible to ivermectin

. Linvivo (Albiez et al, 1988a).

L Nematodes exhibit some selectivity in their transcuticular uptake of nutrients
{Marks el al. 196.8‘; Chen & Howells, 1981, Howells ef al. 1983), This seems to be an

' |energy~dependent process, with uptake being inhibited at 0°C (Howells er al. 1983) and

‘ :selectiv_itybemg lost when the worms are killed (Marks et al. 1968). However, other
' fndferécent work suggests that permeation of the cuticle by compounds that are 'not

. féjcruqmrally relatgd,to‘nonnai cellular components' occurs by passive diffusion, with the

‘ rate of transport being determined mainly by solute lipophilicity (Fetterer, 1986, Court

- [ ej al. 1988;2 Ho et al. 1990). Results of the MTT assay in the present study indicate that
1 | ;;incubazionaf- worms in the apparatus used for cuticular uptake was not detrimental to

1 é:i\_riabii:ity of the s;mrms, l so that both active uptake and passive diffusion would be

\
~ Lexpected to occur normally. When the worms were heat killed prior to incubation in

il

%ﬁradiolabels; upiake of ivermectin still occurred at relatively high Jevels. In contrast,

15

27-06-87 15:5

i

Sl4



i At PINLT LTIl L PIELL L L INE ElL. 1 rEID D 7.a0

Ivermectin uptake by Onchocerca ochengi

' uptake éf inulin was significantly increased, suggesting that killing increased permeability

of the cuticle. This'may be a result of the method of killing, or there may be rapid

S dégrddation of the cuticle after death, although this is not likely (Franz, 1988).

e j ‘Alten;aﬁ.vely; the lipoidal tissue of the hypodermis may be damaged by heating or may

- degrade rapidly. This result offers two possible explanations for the uptake of ivermectin

. byO ochengl. Firstly, active uptake may be the most important method, which is

: ;ﬁrevented following killing, but increased permeability of the cuticle allows passive

' 'difﬁ.tsiiqn-to oceur, Secondly, and most likely, uptake consists of both active transport

' and}ﬁéssive diffusion - killing the worms prevents active uptake, but passive diffusion

.+ continues. Further work would be required to confirm this,

- In conclusion, ivermectin entered male . ochengi in amounts sufficient to kill

'sus_c:epﬁble--nematddea Therefore, lack of uptake does not explain its inability to kill this

" pa;?asii;e. Entry of'the drug occurred by the transcuticular route, with no evidence of oral
" ‘ingestion of solutes. High concentrations of ivermectin phosphate were able to reduce

- motility of worms, but did not kill them.

g = We:v'mﬁld like to thank B.M. Bronsvoort and D, Bkale for assistance in collecting the

g 'para.éite hla:t:'e'rial; and P. Metcalf (Department of Pharmacology and Therapeutics,

University of Liverpool) for use of the scintillation counter. Work in Cameroon is

~ supported by WHO MACROFIL project 93006, H.F.C js funded by a University of

- Liverpool Research Development studentship.
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) : F;gure 1. Uptake of radiolabel by male Onchocerca ochengi incubated for 3 h in medium

' containing 0.07 uCi [*H]ivermectin or 0.16 1«Ci [PHlinulin Bars illustrated are means,

each ba.secl on 2 10 counts of dpm/10 mm Jength of worm. Vertical lines indicate 95%

C.I. Cutic.= cuticular, IVM= ivermectin,

: Figu}e,Z." Uptake of radiofabel by male Onchocerca ochengi incubated for different

' periods of time in medium containing 0.07 uCi [*HJivermectin. Bars illustrated are

:_‘ - mﬂans, each based on counts of 10 worms of dpm/10 mm length of worm, Vertical lines

' indicate 95% C.I

g Flgure 3, Mpti]ity of male Onchocerca ochengi incubated in ivermectin phosphate for

3 b, Each point tepresents the mean score of 10 worms. Vertical lines indicate minimum

* and maximum values,

¢ .Figuf'eﬂ. Viability of male Onchocerca ochengi, as measured using the MTT reaction,

ﬁ:a’liowiﬁg 3'h of exposure to ivermectin or ivermectin phosphate under different

Jincubation conditions. Each bar is the mean from 10 optical densities/10 mm length.

Vertical lines indicate 3.2, Cutic.=cuticulas, IVM= ivermectin, IVM-PO4= ivermectin

‘: -',-phbsj)hate. 5 5
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