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Abstract-An enzyme hydrolysing the acetyl, acetyl+-methyl and butyryl esters of 
choline has been demonstrated in homogenates of the parasitic nematode, Huemonchus 
contortus. It is concluded that there is no evidence for the existence of more than one 
cholinesterase in this specks. The effects of temperature, pH, substrate concentration 
and inhibitors on the cholinesterase of H. contortus have been described. The reactions 
of Di-(2-chloroethyl) (3-chloro-4-methylcoumarin-7-yl) phosphate (Haloxon) with 
the cholinesterases of H. contortus and sh-ep erythrocytes have been studied. The 
results are discussed with regard to the fact that Haloxon is toxic to H. contortus but not 
to the sheep host. The cholinesterase of another helminth parasite, Trichuris ouis, is 
much less susceptible to inhibition by Haloxon than that of H. contortus. The inability 
of Haloxon to remove T. ovis from infected sheep is attributed to this reduction in 
cholinesterase inhibition. 

ALTHOUGH various organophosphorus compounds have been shown to possess 
anthelmintic properties when dosed to livestock, there are few accounts of the action 
of these compounds on the enzyme systems of the parasites involved. Nimmo-Smith 
and Keeling1 have described a non-specific esterase in Trichuris muris, which is very 
sensitive to inhibition by paraoxon, but the reaction between a cholinesterase of a 
worm parasite and an organophosphorus anthelmintic has not been reported. Indeed, 
the only experiments published which reveal the characteristics of a helminth 
cholinesterase are those of Bueding2 for Schistosoma mansoni. 

The present work was undertaken to gain some knowledge of the properties of the 
enzyme(s) which hydrolyse acetycholine in the economically important species, 
Huemonchus contortus, and to compare these properties with those of certain mam- 
malian cholinesterases, having especial regard to the action of organophosphorus 
inhibitors on these enzymes. 

A comparison of the anti-cholinesterase activity of certain anthelmintic and non- 
anthelmintic organophosphorus compounds was made in the hope that differences in 
their specificity for host or parasite cholinesterase would be revealed. Any such differ- 
ences might explain the observation that some organophosphorus compounds are 
safe and efficient anthelmintics, whereas others are inefficient or too toxic to the host 
animal for use. 

Materials 
EXPERIMENTAL 

Adult Haernonchus contortus and Trichuris ovis were obtained from the stomach 
and caecal contents of sheep, placed in 0.9 y0 NaCl and stored at -20” until required. 
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IJnder these conditions, the cholinesterase of the helminth parasites was stable for 
several weeks, whereas considerable loss of activity occurred if the worms were stored 
at 0”. 

Third stage larvae of If. cantorfus were obtained by infecting lambs (reared worm- 
free) with a few larvae of this species and culturing the faeces when the infection 
became patent. After IO-14 days incubation at 27”, the larvae were obtained from the 

cultures by extraction in a modified Baermann apparatus. 
For the estimation of enzyme activity. the helminth material was homogenised in 

distilled water in an all-glass apparatus and used immediately, as 80 per cent or mom 
of the enzyme activity was lost if the homogenate was stored at 0” overnight. 

Plasma from sheep and guinea-pigs was obtained by centrifuging blood at 
2000 rev/min for 20 min. Red blood cells were obtained by centrifuging and washing 
the erythrocyte layer three times with 0.9 I:;; NaCI to remove the plasma and leucocytes. 

Estirnat~~~~ of esterave activity 

Esterase activity was measured manometrically in a conventional Warburg 

apparatus using the technique of Ammons and calorimetrically by the Fleisher. Pope 

and Spear” modification of the method described by Hestrin.5 
Measurements were made in duplicate, at 37’ and corrected for non-enzymic 

hydrolysis of the substrate. 
Manometric estimations were carried out in 0.025 M NaHCO,, 0. I M NaCl solu- 

tions saturated with 5% CO, in N, (pH 7.4). This method was used for most of the 
experiments not involving a change in pH, and evolution of CO, was followed foi 

60 min after the addition of a substrate. 
In the calorimetric estimations, changes in optical density were measured by means 

of a spectrophotometer (Unicam, SP 600). Esterase activity is expressed throughout as 
ELM of substrate hydrolysed per gram fresh tissue per hour (rM/g/hr). 

(1) Acetylcholine perchlorate (ACh) (British Drug Houses, Ltd.). 

(2) Acetyl+methylcholine chloride (MeCh) (L. Light & Co. Ltd.). 

(3) n-Butyrylcholine chloride (BuCh) (L. Light & Co. Ltd.). 

(4) Methyl n-butyrate (British Drug Houses, Ltd.). 

(5) Glycerol tributyrate (tributyrin) (British Drug Houses, Ltd.). 

(6) p-Nitrophenyl acetate (Cooper Technical Bureau). 

(1) Diethyl p-nitrophenyl phosphate (paraoxon) (Cooper Technical Bureau). 

(2) Di-(2-chloroethyl) (3-chloro-4-methylcournarin-7-y]) phosphate (Haloxon) 

(Cooper Technical Bureau). 

(3) Dimethyl I-hydroxy-2-trichloroethylphosphonate, (trichlorphon), (Farben- 
fabriken Bayer A.G.). 

(4) N,N1,Nil,N1il Tetra~~ffpropylpryrophosplloramide. (TIPA), (Cooper Technical 
Bureau). 

(5) PhysostigmiIle, (Eserine), (British Drug Houses, Ltd.). 

(4) I ,5-Bis-(4-trimethylammoniumphenyl)pentan-3-one di-iodide, (62.C.471, (a gift 
from Dr. A. McCoubrey of the Wellcome Research Laboratories, Beckenham). 
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All substrates and inhibiters were dissolved in distilled water where this was possible. 
Methyl butyrate, glycerol tributyrate, eserine and Haloxon were taken up in a small 
quantity of acetone before dilution with water. 

RESULTS 

The relative rates qf’hydrolysis of choline esters 

A comparison of the relative rates of hydrolysis of ACh, MeCh and BuCh by 
Haemonchus controlus homogenates showed that all three choline esters were hydro- 
lysed, the rales for MeCh and BuCh being about 50 per cent of that for ACh (Table 1). 

TABLE 1. RELATIVE RATES OF HYDROLYSIS OF ESTERS BY H. contortus AND 
MAMMALIAN TISSUES 

Enzyme 
source 

Hydrolysis rate, (PM/g per hr) of: 

Methyl 
ACh MeCh BuCh butyrate Tributyrin 

p-nitrophenyl 
acetate 

H. ~ontorius 56 3d 29 0 0 17 
(larvae) 

H. ~o~~or~us 39 22 22 - - - 
(adults) 

Sheep :- 
erythrocytes 

? 
26 

plasma 0 i 
- 44 - 
- - - 

Guinea-pig:- 
erythrocytes - - 
plasma 

:: ‘; 7: 
10s - - 

(Activity was measured manometrically over O-30 min. Substrate concentration lo-* M). 

Sheep erythrocytes and plasma were also tested for hydrolysis of these esters; 
only the erythrocytes possessed activity, MeCh being hydrolysed at 40 per cent, and 
BuCh at 3 per cent of the rate for ACh. 

The results obtained with guinea-pig erythrocytes and plasma demonstrated that 
the erythrocyte cholinesterase (ChE) had a low hydrolysis rate for BuCh, whereas the 
plasma enzyme exhibited the highest rate of hydrolysis with BuCh, and had little 
activity against MeCh. 

TABLE 2. EFFKTOF CENTRIFUGATION ON THE HYDROLYSISOF ACh AND BuCh 
BY N. COfItOi+tiLS HOMOGENATES 

Rate of hydrolysis, 
Activit;fa;itytagc 

Preparation ~M/ml~hr 
AC% 

homogenate activity 
BuCh ACh BuCh 

Whole homogenate 
(IO”/, fresh tissue) 

Su~ernatant, after 
centrifuging at 

~~mi~~min for 
Residue, resuspen- 

ded in water to 
original volume 
of homogenate 

--__ 
I 2 I 2 1 2 1 2 

3.4 2.8 1.9 1% 

1.7 1.4 1.0 0.8 50 50 53 50 

1.7 1.4 0.9 0.8 50 50 47 50 
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The re/atiw rates of hydrolysis of mn-choline esters 

No hydrolysis of methyl-butyrate or tributyrin could be dcmonstratcd in homo- 
genates of H. contortus, but p-nitrophenyl acetate was hydrolysed. 

IJnder the same conditions, sheep erthrocytes hydrolysed tributyrin and guinea-pig 
plasma hydrolysed methyl butyrate (Table I). 

Since a considerable hydrolysis of BuCh was found in homogcnatcs of I-l. uontortus. 
the possibility that more than one ChE was present in these homogenates was cxamincd 
further. 

Homogenates of N. confortus were centrifuged at 3000 rev/min for 20 min. 
Hydrolysis of ACh by the supernataIlt accounted for 51 per cent of the activity of the 
original homogenate, the relnainjng 49 per cent being found in the residue (Table 3). 

TABLE 3. HYDROLYSIS RAT‘ES OF MIXED SUHSI’RAIW 

BY H. contortus AND MAMMALIAN ISSUES 

Hydrolysis rate, pM/g/hr, 

Enzyme ACh 
source 2.5 i lO-~s M 

H. conto~t~is 55 
Sheep blqod 68 

GlbJ~~;plg 40 

BuCh ACh + BciCh 
2.5 IO--” M Found Calc. S~ln~ln~~~ol~ “(, 

--...-.. ____ _-- ___- 
19 30 74 40 
2 24 70 34 

48 71 88 80 

TABLE 4. EFFECT OF INHINI’I-OKS ON THE HYDROLYSIS w 

ACh AND BuCh BY H. eo~turtzis AND MAMMALIAN TISSUI:S 

Percentage inhibition after 15 min 

Name Molar 
concentration 

Sheep 
Guinea-pig 

erythrocyte crythrocytc plasma 

_-.__---____--. 
Paraoxon IO-’ 
Paraoxon 

;:; 1;: Haioxon 
62.C.47 IO-’ 
62.C.47 IO-0 
62X.47 IO-” 
62.C.47 IO--” 
62.C.47 IO-3 
TIPA IO-’ 
TIPA 10.” 
TIPA IO s 
Eserinc 10-s 
Eserine ,O..” 
Eserinc 10-e 

ACh 

28 
hl 
89 
lo” 

49 
;; 

0 

x 
48 

lG 

BuCh ACh ACh ACh BuCh 
..- ~._.~______I__ 

21 4s 40 47 46 
58 
81 33, 37 56 52 

< 
80 82 I 
91 87 I 

46 96 95 ? 
71 96 96 2:: 20 
..- 94 96 74 75 
: - : 7: 0 

20 IS 87 :.: -9 
87 82 80 

‘” 1: 
87 92 _ 
99 too 

(Inhibition was carried out at 37”, pH 7.4 in double side-arm Warburg flasks. The final substrate 
concentration was lo-” M). 
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When BuCh was the substrate, approximately the same division of activity between 
the supernatant and the residue was found. 

The hydrolysis of a mixture of equimolar concentrations of ACh and BuCh was 
compared using H. eoniortus homogenates, sheep blood and guinea-pig blood as 
sources of ChE enzymes. The results of these experiments showed that the rate of 
hydrolysis of this mixture by H. e~~tort~ and sheep blood was lower than that for 
ACh alone, but higher than that for BuCh alone. Using guinea-pig blood, the mixture 
of substrates produced a greater release of CO, than with either substrate alone, but 
not as great as the sum of the individual hydrolysis rates of ACh and BuCh (Table 3). 

The same sources of ChE enzymes were used to compare the effects of various 
inhibitors on the rate of hydrolysis of ACh and BuCh (Table 4). 

TABLE 5. VELOCITY CONSTANTS FOR THE REACTIONSOF H. contortus 
AND SHEEP ERYTHROCYTECHOLINESTERASE WITH PARAOXON,ANDOF 

H. contortus CHOLINESTERASE WITH HALOXON 

Cholinesterase 
source lnhibitor 

Velocity constant 
k (I. mol --I min -‘) 

H. contortus 
H. contortus 
Sheep 
erythrocytes 

Haloxon 
Paraoxon 

Paraoxon 

7.3 x 105 
1.9 X lo” 

1.2 s 106 

The results demonstrate that none of the inhibitors used against )f. contortus ChE 
was able to inhibit the hydrolysis of one choline ester white leaving the hydrolysis of 
the other unaffected. In general, the inhibition of BuCh hydrolysis was slightly less than 
that of ACh under the same conditions, except in the case of TIPA, which had no 
effect on the hydrolysis of either substrate at ~on~entrations up to 1O-3 M. 

By comparison, the guinea-pig plasma ChE was strongly inhibited by TIPA at 
concentrations greater than 1O-5 M. 

Both Haloxon, which showed a preference for inhibiting the plasma butyrylcho~in- 
esterase of the guinea-pig, and 62.C.47, which was specific for erythrocyte acetylcholin- 
esterase at 10e5 M, produced a similar degree of inhibition of N. contortus ChE when 
BuCh was substituted for ACh as the substrate. 

The hydrolysis of both ACh and BuCh by homogenates of H. contortus was 
inhibited by eserine, although this inhibitor was more effective against the mammalian 
cholinesterases. 

The eflect qf temperature on the cholinesterasc actioity of H. contortus 
The maximum ChE activity of H. contortus homogenates was observed at 39”. 

Inactivation of the enzyme was rapid above 40”, but temperature dependence below 
the optimum was not marked. The activation energy (E) of the reaction was cal- 
culated to be 5,800 Cal/mole, using the Arrhenius equation, 

where k and Ic, are the velocity constants at temperatures T and T,. In Fig. 1 are plotted 
the hydrolysis rates of ACh by H. contortus against temperature. 
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60 - 

3oh 
20 24 20 32 36 40 44 48 

1cmpcraturc OC 

FIG. 1. The effect of temperature on the cholinesterase (ChE) activity of H. coa/or/u~ homogenate. 
Substrate-Acetylcholine 2 _.- 10 -3 M, pH 7.4 

5 I ’ 0 

5.8 6.6 7.4 8.2 9.0 9.8 

P” 
FIG. 2. The effect of changes in pH on the cholincsterase (ChE) activity of t!. c’olr/o~/rr.~ IWIIW~CIXI~C. 

Substrate-Acetylcholine 2 x IO-” M. Temp. 37”. l = 0.1 M tris-HCI buffer; 0 - 0.15 M 
phosphate buffer, n = 0.1 M borate buffer. 

60 

4 3 2 

-Log Substrate concentration 

FIG. 3. The effect of substrate concentration on the cholinesterase activity of H. contortus homogenate. 
Temperature, 37”, pH 7.4. Substrate-O = Acetylcholine, 0 = Butyrylcholine. 
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2%~ 6$&w c$pN on She ~~i~~~~esterase activity of H. contortus 
The cholinesterase activity of H. conto~tus homogenates reached a maximum at 

pH 8.3 in phosphate, borate and Tris-HCl buffers (Fig. 2). Borate buffer was 
inhibitory and produced a sharper peak than the other buffers. In phosphate and 
Tris-HCI buffers the enzyme was active over a wide range of pH. 

The Eflect ufsubstrate concentration on the cholinesterase activity of H. contortus 
The ChE activity of Ii. contorrus homogenates increased with increasing ACh 

concentration from 0.25 mM to 2.0 mM, above the latter concentration a slow dc- 
crease of activity occurred as the ACh concentration was increased. 

When BuCh was the substrate, no inhibition by excess substrate was found, al- 
though the minimum concentration of BuCh necessary for maximum enzyme activity 
was also 2.0 mM (Fig. 3). 

Rates qf reaction of o~~a~~~~h~sph~~~s ~nhibjtors with h~~lF?lint~l and sheep 

cholinesterases 

The rates of reaction of paraoxon and Haloxon with the cholinesterases of 
Naetnonchus contortus and sheep erythrocytes have been determined. 

The results of these experiments (Figs. 4 and 5) show that the reactions between 
I-I. ~ontortus ChE and both paraoxon and Haloxon are time dependent, whereas only 

Time (min) of incubation with inhibitor 

FIG. 4. ‘The inhibition uf sheep crythrocyte and H. ~on~o~tus cholinesterases by IO- ? M paraoxon. 
Substrate-Acetylchoii~~c, 10 .% M. Tcmp 37”, pH 74 0 2 Sheep crythrocyte cholincsterasc, 

l L H. roi~toms cholinestcrase. 

paraoxon gives a straight line relationship when log percentage activity is plotted 
against time for sheep erythrocyte ChE. The inhibition of sheep erythrocyte ChE by 
Haloxon is independent of time after the initial 10 min incubation with inhibitor at 
37”. 

A plot of the reciprocal of the inhibitor concentration against time for 50 per cent 
inhibition (Fig. 6) also gave straight lines for the reactions of if. co~f~~f~ ChE with 
paraoxon and Haloxon, and of sheep erythrocyte ChE with paraoxon. Thus, in these 



three instances, the reaction is bimolecular: the v&city consstank (k) lor tl~se 
reactions have been calculated from 
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FIG. 5. The inhibition of sheep erythrocyte and H. ~o~~~o~Iu.s cholinestcrases by Haloxon. Sub- 

s&rate-Acetylcholin~ IO -:: M : Tcmp 37”. pH 7.4. C: -: Sheep erythrocyte cholinesterase, 5 io-‘M 
Haloxon, 0 L H. ~~~rro~f~~s cholinesterase 5 IO mx M Haloxon. 
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FIG. 6. The relationship bctwcen time of inhibition and concentration of inhibrtor for the cholin- 

ehterases of sheep crythrocytcs and H. CON~OY~KT. Substrate-Acetylcholine, IO-” M. Temp 37 , 
pH 7.4. i: : Sheep erythrocyte cholinesterase with paraoxon, 0 = H. contortus cholincsterasc with 

paraoxon, f_; =- H. contortus cholinesterase with Haloxon. 

where f = time of inhibition, f = molar concentration of inhibitor and A - pcrccnt- 
age residual activity (Table 5). The velocity constant for the inhibition of sheep cry- 
throcyte cholinesterase by paraoxon was found to be I.2 i: IO6 1 .mol-lmin-L, 
which is in excellent agreement with the value of I.1 .< 1OF I.moi-lmin-* given 
by Atdridge and Davison.” 



The pattern of CO, evolution by the cholinesterases of N. ~onfo~~~s and sheep cry- 
throcytes was followed after inhibition by paraoxon and Haloxon (Figs. 7 and 8). 
After inhibition of sheep erythrocyte ChE by Haloxon, it was found that the pro- 
duction of COz per unit time increased with time after the addition of substrate (Fig. 81, 
demonstrating that, in the presence of excess substrate, the inhibition of sheep ery- 
throcyte ChE by Haloxon is reversible. Forty minutes after the addition of ACh, the 
activity of the inhibited erythrocyte ChE was equal to that of the control. 

0 IO 20 30 40 50 60 

Time after substrate added (mia) 

FIG. 7. The pattern of COB evolution by sheep erythrocyte and H. wontortus cholinesterases, in the 
presence of W2 M acetyicholine, after inhibition by paraoxon for 10 min. Temp 37”, pH 7.4. 0 = 
Sheep erythrocyte choiinesterase--uninhibited control. ci = Sheep erythrocyte cholinesterase +- 
10-r M paraoxon, 0 = H. contortus cholinesterase-uninhibited control, 0 = H. contortus cholin- 

esterase + 4 Y IO-.’ M paraoxon. 

Timeaftrt substrotc addtd (min ) 

Rc. 8. The pattern of CO2 evolution by sheep erythrocyte and H. mmrtus cholinesterases, in the 
presence of lo-$ M acetylcholine. after inhibition by lo--’ M Haloxon for 15 min. Temp 37”. pH 7.4. 
0 = Sheep erythrocyte cholinesterase + Haloxon, l = N. eo~t~rtu~ cholinesterase + Haloxon. 

The controls shown in Fig. 7 are included for comparison. 



After incubation of sheep crythrocytc ChE with paraoxon, and of Ii. c~~for/rl.~ 
ChE with paraoxon and Haloxon, no reversibility could be demonstrated, the cvolu- 
tion of CO, with time by inhibited enzyme preparations being linear. 

Trials of Haloxon have shown that this organophosphorus compound is an 
efficient anthelmintic for H. contortus, but is not effective in removing 7: oris from 
the intestine of sheep.7 Trichlorphon (Dimethyl I-hydroxy-2,2,2,-trichloroethylphos- 
phonate), on the other hand, is an effective anthelmintic for both T. oris and tl. 
contortus.s~” 

A comparison of the inhibition of the cholinesterdses of these two helminth species 

by Haloxon and trichlorphon (Table 6) showed that the ChE of i-I. contortus was 

TABLL: 6. INHIBITION OF THI: CHOLINESTERASC OF H. contortus AND 
r oL.is BY HALOXON AND T‘RICHLORPHON 

Inhibitor Percentage inhibition 
15 min 

Name Concentration H. cotttort~~s T. oh 
Haloxon IO-6 24 
Trichlorphon 10 a 5”5 67 

(inhibition was carricd out at 37 ‘, pH 7.4 in double side-arm 
Warburg flasks. The substrate was acctylcholine IO-’ M). 

slightly less susceptible to trichlorphon at 10-j M than was that of T. ouis, whereas the 
H. contortus ChE was much more susceptible to Haloxon at 10 m6 M than was the 
T. oris enzyme. 

DlSCUSSlON 

The inability of homogcnatos of H. contortus to hydrolysc aliphatic cstcrs such as 

methyl butyrate and tributyrin suggested that no ali-esterasc was present. Hydrolysis ol 
choline esters by /I. contortus was demonstrated, and this hydrolysis could bc in- 
hibited by the addition of eserine, suggesting that the enzyme(s) rcsponsiblc was a 
cholinesterase rather than a non-specific esterase. 

The hydrolysis of BuCh by H. contortus homogenates was as rapid as that of MeCh 
(about 50 per cent of the ACh hydrolysis rate), and this finding posed the question ol 
whether more than one cholincstcrase was present in these homogenates, since high 
rates of BuCh hydrolysis by mammalian acetylcholinesterases arc rare.lO -I2 However, 
hydrolysis of MeCh by a butyrylcholinesterase is known to occur in chicken plas- 
ma In, l1 and Arthropod acetylcholincsterases are also known which hydrolyse both 
Me& and BuCh.15* I6 

Differentiation of two cholinestcrascs in Schi.s/osomn /~rmsoni homogenates was 
achieved by centrifugation at 18,000 rev/min ;2 the butyrylcholinesterase activity 
remained in the supernatant, whereas the acetylcholinesterase was entirely in the 
residue. Centrifugation of H. contortus homogenates at 3000 rev/min for 20 min 
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merely divided the cholinesterase activity into a supernatant fraction (50 per cent) and 
a residue fraction (50 per cent), no difference being found when BuCh was substituted 
for ACh as the substrate. If two choline&erases were present in these homogenates, 
thev were not so different in solubility as to be separated by low-speed centrifuging. 

In experiments where ACh and BuCh were presented to the helminth enzyme system 
simultaneously, the combined hydrolysis rate was less than that observed with ACh 
alone. This result is similar to that found when using sheep blood, where an acetyl- 
cholinesterase in the red cells is the only cholinesterase present.l? A comparison with 
guinea-pig blood, which has cholinesterase enzymes in the plasma and red cells, 
showed that where a high rate of BuCh hydrolysis existed the release of CO, in the 
presence of both ACh and BuCh was in excess of that produced with either substrate 
alone. This result again suggests that one acetylcholinesterase only is present in 
H. conform homogenates. 

An attempt to differentiate two cholinesterases in H. contortus homogenates by the 
use of selective inhibitors was equally unsuccessful. 

TIPA, which is an accepted inhibitor of butyrylcholinesterases from mammalian 
tissues’*~ l9 had no effect at IO-” M on the hydrolysis of ACh or BuCh by H. co~~orru.~ 
homogenates. 

Compound 62.C.47, which is a specific inhibitor for acetylcholinesterases in 
mammals,20 was ineffective as an inhibitor of H. contortus cholinesterase at concentra- 
tions which strongly inhibited guinea-pig erythrocyte cholinesterase. On the other 
hand, 62.C.47 was a better inhibitor of H. contortus cholinesterase than of the plasma 
cholinesterase of the guinea-pig. 

A comparison of the hydrolysis rates of ACh and BuCh by H. contortus after 
inhibition by 62.C.47 showed that the hydrolysis of BuCh was slightly less affected. 
Faraoxon and Haloxon gave similar results, but the difference in inhibition never 
amounted to more than 8 per cent, and cannot be considered as good evidence of the 
existence of more than one cholinesterase in this helminth species. 

These results provide the strongest evidence that ACh and BuCh are hydrolysed by 
the same cholinesterase in these worms, and it is concluded that there is no evidence 
for the existence of two cholinesterases in H. conform homogenates. 

The properties of the cholinesterase of H, ~0~~0~~~~ resembled those of a mammalian 
acetylcholinesterase in that it was inhibited by excess ACh, hydrolysed MeCh at a 
relatively rapid rate and was insensitive to TIPA. It could be distinguished from the 
acetylcholinesterase of most mammals by the fact that the helminth cholinesterase was 
capable of higher than usual rates of BuCh hydrolysis, and was less susceptible to 
inhibition by such compounds as 62.C.47 and paraoxon. 

A major difference between the cholinesterase of H. rontortus and that of its host 
was found in their reaction with Haloxon. The reaction of H. contortus cholinesterase 
with Haloxon was bimolecular and irreversible, whereas the reaction between sheep 
erythrocyte cholinesterase and Haloxon, although probably bimolecuiar, was re- 
versible. Tn symbolic terms, H. contortus cholinesterase reacts with Haloxon according 
to equation (I), sheep erythrocyte cholinesterase according to equation (2) 

E + I/, k~ ‘-r EIA i R --I- EI,4 + B (1) 
E -t_ I;1 ,n '=; ET,, i-~ --\r EIJ + B + E + Itt G9* 

* The evidence for assuming that sheep erythrocyte cholinesterase is phosphorylated will be 
pllblished shortly. 
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where A and B are, respectively. dichloroethyl phosphate and 3-chloro-4-methyl-7- 
hydroxycoumarin. the two direct hydrolysis products of Haloxon. 

In H. mntortus homogenates, EI.1 is stable whereas in sheep erythrocyte preparations 
it is not, so that active enzyme is released. This reaction of sheep erythrocyte 
cholinesterase with Haloxon is very similar to that described by AIdridge”] for the 
reaction between rabbit erythrocyte cholinesterase and methyl-paraoxon. 

Thus, the efficiency of Haloxon as an anthelmintic can be explained by these findings 
that the cholinesterase of If. cmtortus is irreversibly inhibited by this organophos- 
phorus compound, whereas the cholinesterase of the sheep host is only temporarily 
affected, recovery being rapid in the absence of a sustained high concentration of 
Haloxon. In this way, any effect that Haloxon has on the cholinesterase of the host 
animal is rapidly reversed as excretion of the drug takes place, but the cholinesterase of 
the helminth parasite is inactivated for a long period. 

It has been shown that Haloxon is a much more effective inhibitor of the cholin- 
esterase of H. contortus than of the same enzyme from Trichurk or?s, but that tri- 
chlorphon inhibits the cholinesterase from both species about equally. This finding 
offers an explanation of the fact that trichlorphon is a more efficient anthelmintic than 
Haloxon for T. wis, and suggests that the inhibition of cholinesterases in helminths 
may be the mode of action of organophosphorus anthelmintics. This suggestion 
presupposes that the hydrolysis of choline esters is an essential activity in helminth 
parasites of the sheep alimentary canal. It is considered that the activities of many of 
these helminths are complex enough to require a relatively well-organised nervous 
system in which ncetylcholinc plays the usual role. 
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