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Abstract-- ~The rate of decomposition of trjchiorphon into DDVP was measured po~~rographical~y at pH 
7.4. The first order rate constants of decomposition at 25” are 7.27 x 10e4 and 6.05 x lW4 min-’ for 
trichlorphon concentrations of @I SO and 15.0 mM respectively; at 37’ the corresponding rate constants 
are 53.1 x 10m4 and 37.1 x lWJ min- ‘. The rate of decomposition of trichlorphon was also calculated 
from the kinetics of inhibition ofacetylcholinesterase (EC 3.1.1.7) and cholinesterase (EC 3.1.1.8) in trich- 
lorphon solutions at 25 and 37‘ (pH 7.4). The following enzyme sources were used: bovine erythrocytes 
and rat brain acetylcholinesterase, and human. horse and rat plasma cholinesterase. The rate of decompo- 
sition of trichlorphon was calculated by assuming that only DDVP formed from trichlorphon is the 
enzyme inhibitor. while trichlorphon itself does not act as an inhibitor. The calculated rate constants for 
the decompositiol~ of trl~hl~rpil~?n are lower or just within the range of the rate constants obtained by 
the pol~~rog~phic method. This agreement was taken as kinetic evidence that tri~hlorphon is not an in- 
hibitor of mammalian cholincsterases. The effect of pH on enzyme inhibition supports this conclusion. 
The rate of inhibltion of bovine erythrocyte acetylcholinesterase by DDVP is the same at pH 7.4 and 
pH 6.0 (37’ ). However. the rate of enzyme inhibition in trichlorphon solutions is 30 times faster at pH 
7.4 than at pH 60 and this agrees with the greater stability of trichlorphon at the lower pH value. The 
rate of spontaneous reactivation of the enzyme was measured (37’. pH 7.4) after inhibition in trichlorphon 
solutions of acet~lcholinesterase (human and bovine erythrocytes) and cholinesterase (human plasma). 
For all three enzyme preparations, the rate of spontaneous reactivation was the same as that obtained 
after inhibition bv DDVP. Ail results noint to the conclusion that trichlorphon irk t+tro is not an inhibitor 
of rn~~rn~~~~~n cholinesterascs. 

Trichlorphon(O.O-dimethyl2,2,2-trichloro-l-hydroxy- 
ethyl phosphonate) is used as an insecticide and also 
as an antiparasitic drug, and its toxic effects are attri- 
buted to inhibition of cholinesterascs. However, there 
is some controversy on whether trichlorphon itself is 
the enzyme inhibitor. In aqueous solutions trichlor- 
phon decomposes by two reactions: one reaction is hy- 
drolysis into O.O-dimetlly~phosphate and 2,2.2-trich- 
loroethanol. and the other is r~~rratl~elnent into O,O- 
dimethyl-2,2-dichlorovinyl phosphate (DDVP) and 
hydrochloric acid [I -61. Under acidic conditions both 
reactions are very slow. and hydrolysis is the predomi- 
nant reaction. lJnder neutral and alkaline conditions, 
decomposition into DDVP occurs almost exclusively, 
and the rate of the reaction increases with increasing 
pH. It is known that DDVP is a potent inhibitor of 
cholinester~~ses. and it has been post~i~ated that inhibi- 
tion of the enzyme by trichiorphon, both irl citro and 
ill z+z:o. is due to DDVP formed from trichlorphon 
17, S]. However. some authors consider that trichlor- 
phon itself is an inhibitor of cholinesterases [3,9%12]_ 

The wide use of trichlorphon in chemotherapy of 
human parasitic diseases (cf. 13) necessitates more 
knowledge of its mechanism of action. 

The purpose of the present work was to establish if 
trichlorphon itself is an inhibitor ill ritlo of mam- 
malian cholincsterascs. 

Therefore the rates or decomposition of trichlor- 
phon were determined in two ways. One way was a di- 
rect measurement of the trichlorphon decomposition 

in aqueous solutions by a polarographic method. The 
other way was indirect, whereby the rate of decomposi- 
tion was calculated from the kinetics of cholinesterase 
inhibition, assuming that only DDVP formed from 
trichlorphon will inhibit the enzyme. If trichlorphon is 
not an inhibitor of cholinesterases, the rates of decom- 
position obtained by the two methods should be equal. 

MATERIALS AND METHODS 

Ir&ihitors. Trichlorphon (purity 98,79/,; melting 
point of two batches 79.2 and 78.4”) was obtained 
from Bayer Ltd.. Leverkusen, W. Germany. DDVP 
(purity 930,;,) was obtained form the World Health 
Organization. Geneva, Switzerland. Aqueous solutions 
of trichlorphon (50 mM) were prepared immediately 
before use. Stock solutions of DDVP (SOmM) were 
prepared in dimethylformamid and diluted with water 
or buffer immediately before use. 

E~yrl~e prepurutior~s. The following preparations of 
acetylcholinesterase (EC 3. I. 1.7) and cholinesterase 
(EC 3.1.1.8) were used: purified bovine erythrocytes 
(Winthrop Ltd., New York, N.Y., U.S.A.), purified 
horse serum (Sigma Chemical Co., St. Louis, MO., 
U.S.A.). human erythrocytes (erythrocytes from hepar- 
inized blood were washed twice with 0.15 M NaCl and 
made up to the volume of blood, with 0.15 M NaCI). 
rat brain (rat brain homogenized in 0.15 M NaCl; 
I60 mg rat brain/ml), human and rat plasma (obtained 
from heparinized blood). The concentrations of the 

717 



cn~ymc preparation during assay were: bovine eryth- 
rocytcs 0,005 mg;‘ml (spectrophotometric method) and 
0.25 mg;ml @H-stat method). horse serum @006 mg: 
1171. human erythrocytes 000167 mliml. rat brain 1.25 
mg.ml. human plasma 0.0067 m~inl. rat plasma OUI.33 
ml.ml. 

B~jjQr. The I.0 mM bufl‘er was prepared by titrating 
1.0 mM NaH,PO, with 1QmM Na,HPO, to the 
rquired pH. The 0.1 M buffer \vas prepared by titrat- 
ing 0.1 M NaH,PO, with 0.1 M Na,HPOJ to the 
rcquircd pH. 

E/K~W i/?llihirio/l /ucwslwc~rl hJ, r/w .~pc’c’rfY~/~/loto- 

JJW~J.~(. ~~w~lwtl. AU experiments in 0.1 M buffer (pH 7.4) 
were done by the method of Ellman ~1 N/. [ 141. Enzyme 
(2.7 ml) and inhibitor (0.3 ml) were incubated for a 
gil;cn time beforr substrate was added (501tI acetyl- 
thiocholine iodide in water, final concentration 
I.0 mM). To control samples, 0.3 ml water was added 
instead of the inhibitor solution. The reaction mixture 
contained the thiol reagent 5.5’-dithiobis-2-nitroben- 
roatc (0.33 mM final concn). The absorbance was read 
on a Unicam S.P. 500 spectrophotometer at 412 mn in 
IGcm thcrmostated cuvcttes against a blank. The 
blank contained buffer and the thiol rcagcnt. except 

when the activity of human erythrocyte acelylcholines- 

terase was measured when the blank also contained 
the cnz~mc preparation. The absorbance was read at 
1 ~-WC intervals for 2.5 min. 

The activity was linear with time for both control 
and inhibited cnrvmc samples. 

E/IIJW ir~l~ihitio,~ r~a.su,~’ hi t/lc pH-.stc/t /~whd. 
The pH-st:lt method of Jensen-Holm ct rd. [IS] was 
used for experiments in I.0 mM buffer (pH 6.0 and 7.4). 
En7ymc and inhibitor were incubated in a total 
volume of IO.0 ml for a given time before substrate was 

added (0.3 ml acetylcholine in water: final concn 
10.0 mM). The liberated acetic acid was titrated with 
0+2 M NaOH in a Syringe Burette Unit attached to 
a titrator and titrigraph (Radiometer Ltd.. Copen- 
hagen). The volume of added NaOH did not exceed 
0.2 ml, and the time of assay was < 5 min. The reaction 
mixture was kept under a stream of nitrogen. The 
enzyme activity was linear with time for both control 
and inhibited enzyme samples. 

Sltrhilit~, of’ c,,ic,h/or/)/lo,~, The stability of trichlor- 
phon U;IS measured polarographically by a modified 
method of Giang and Caswell [ 161. According to this 

(a) 

log [Activity (v.)] 

method trichlorphon gives a polarographic wave at a 
half-wave potential of -0.68 V. Our experimental con- 
ditions differed somewhat from those described by the 
above authors. and our half-wave potential was at 
- 0.8 V. The measurements were made on a Pen-record- 
ing polarograph (Cambridge. England) with a drop- 
ping mercury cathode and a mercury pool anode (drop 
time 3 set). Solutions of trichlorphon (0.150 and 
15.OmM) in phosphate buffer (0.1 M. pH 7.4) were 
stored at 25 At suitable time intervals aliquot samples 
were withdrawn and if necessary suitably diluted with 
buffer. Gelatine and KC1 were added (final concns: 
0.002” o gelatine and about 0.2-0.4 M KC]), and 
nitrogen bubbled through the samples for 10 min. 
After that time, the polarogram was recorded between 
-0.2 and - 1% V, the halfwave potential being at 
- 0% V. The height of the polarographic wave measured 
immediately after preparing the trichlorphon solutions 
was taken as lOO’& trichlorphon concentration; the 
heights measured at other time intervals were calcu- 
lated as per cent of that value. 

.Spo~~tawous wactir~~tim of the id~ihird o~-_~~uc~. The 
enzyme was incubated (10 min) with a suitable inhibi- 
tor concentration to obtain 65-85 per cent inhibition. 

The enzyme-inhibitor solution was then diluted (up to 
300-fold) with fi 1 M buffer pH 7.4, and kept at 37 ‘_ At 
suitable time intervals samples were withdrawn and 
the enzyme activity determined by the speclrophoto- 
metric method (cf. above). The detailed procedure is 
described elsewhere [ 171. 

RESLlLTS AND DlSCllSSIOR 

Kiwtics o/ ~~r~711c irdzihith iif trichkwphorl .solu- 

rims. The followmg enzyme sources were used for 
studying the time course of inhibition at pH 7.4 in 0.1 
M buffer: acetylcholinesterase ofpurified bovine eryth- 
rocytes and rat brain homogenate. and cholinesterase 
of human, rat and horse plasma. For each enzyme 
preparation 2 to 3 different trichlorphon con- 
centrations were applied, and the rate of inhibition 
measured at 25 and 37’. The results obtained with 
horse serum cholinesterase are presented in Fig. la. In- 
itially. the rate of inhibition is slow; as the reaction 
proceeds, the rate of inhibition accelerates. Such 
characteristics of the inhibition curves were observed 

(b) 

log [Trichlorphon] (%I 
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Fig. I. (:I) InhibItion of horse serum cholinesterase in OHIO ~uld W50 mM trichlorphon solutions at 37 
(b) Rate of decomposition of trichlorphon calculated from the kinetics of cnqme inhibition. The lines 

ue calculated rcgresslon lines. 
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with all enzyme preparations, and at both tempera- 
tures. 

The shape of the inhibition curves indicates that the 
inhibitor concentration continuously increases during 
the reaction. Assuming that DDVP was the only in- 
hibitor, the rate of its formation from trichlorphon was 
calculated in the following way. The inhibition curves 
were divided into segments which correspond to a de- 
crease of 0.10 log ‘I,, activity. and through these points 
lines were calculated. The slopes of these lines (k) arc 
proportional to the inhibitor concentration (k = L,,[l]) 
at that time interval. Knowing k, for DDVP (cf. follow- 
ing section) the concentrations [I] corresponding to 
every particular line were calculated. The increase in 
DDVP concentration must correspond to the decrease 
in trichlorphon concentration: consequently. the dif- 
ference [trichlorphon,,, ,,,,, ] - [DDVP ,, ,,,, Ij ,] should 
equal [trichlorphon , ,,,11~ ,I. By plotting log [trichlor- 
phon] as a function of time. the rate constant of 
decomposition of trichlorphon can be obtained. This 
is shown in Fig. lb, for the results presented in Fig. la. 
The lines in Fig. I b are calculated regression lines and 
their slope corresponds to the rate constant of trichlor- 
phon decomposition. 

The calculated rate constants are summarized in 
Table I. At 25., the mean value of the rate constants 
is 3.5 x 1O-4 min-’ and at 37- it is 33 x IO-” min- ‘. 
At both temperatures. the range of the rate constants 
is fairly wide. However. there is no trend in the values 
of the rate constants, neither with respect to the source 
of enzyme. nor with respect to the trichlorphon con- 
centration. It is worthwhile noting that during the 
observed time of enzyme inhibition (wherefrom the 
above rate constants were calculated), less than 2 per 
cent of trichlorphon has to decompose into DDVP, in 
order to quantitatively account for the enzyme inhibi- 

tion. The wide range of the calculated rate constants 
is probably due (at least in part) to such a small frac- 
tion of the decomposed trichlorphon. 

Published experiments on inhibition of cholinester- 
ases in trichlorphon solutions have all been done by 
applying longer times of inhibition, than used in this 
paper; furthermore. the concentrations of DDVP 
formed during that time have not been taken into 
account for the interpretation of the results. This prob- 
ably explains why it was suggested by some authors 
that trichlorphon is an inhlbitor of cholinesterascs. 

Table I. Decomposition of trichlorphon (in 0.1 M buffer 
pH 7.4) 

IO’ x i, ,n,i,, ‘/ 
Tnchlorphon ~~____ 

EW! IlIe 11nM) ‘5 37 
_____ 

Accc~lchol,,,u\,cra\c 
Bo\~nc cr)throc~rc, 0 15 i 6’1 

0 50 2-K 
Rat bra,,> 0 I5 5 ,I’? 2s 2 

0 50 i is 3 h 4 
C’hal,nrstcr.,w 

Human pIam., (1 ,,I 7 IIS -II 6 
0-M 2 19 46 2 
0 10 4 17 

Horse pl:~\ma 0 IO 397 3’1 1 
0 50 26X .30-h 
I 00 I 46 

Rat pIam;, 0 15 i I.1 ?O 0 
,I.50 2 47 222 

Values calculated from the kinetics of inhibition of acetyl- 
cholinesterase and cholinesterasc. First order rate constants 
for decomposition (k) are given. 

Arthur and Casida C-11 and Hassan et (11. [IO] used 3& 
120 min as the time of inhibition (at 30. and 37 ); dur- 
ing that time up to 40 per cent of trichlorphon will 
decompose into DDVP. Du Bois and Cotter [9] used 
the manomctric technique and measured the enzyme 

activity for 30 min. Bucding c’t t/l. [I 21 calculated the 
inhibitory power of trichlorphon from the degree of in- 
hibition obtained after IO min. and not from the time 
course of the reaction. The same was done by Metcalf 
et (11. [7] (time of inhibition 45 min); these authors sug- 
gest that DDVP. and not trichlorphon. is the enzyme 
inhibitor. because the degree of inhibition was more 
pronounced at high pH (the pH ranged from 5.4 to 
9.4). 

Miyamoto [X] investigated the mechanism of inhihi- 
tion of tly head acetqlcholinestcrase in trichlorphon 
solutions; the inhibitor was prcincubated in buffer 
(zero. 5 and 20 min preincubation. at pH 6.5 or pH 7.6) 
before the enzyme was added. Prcincubation made 
trichlorphon a better inhibitor of the enzyme, white 
preincubation of DDVP in buffer made no difference 
to the inhibition by DDVP. The amounts of DDVP 
formed from trichlorphon during the prcincubation 
period were calculated. and the calculated amounts 
agreed well with the concentrations of DDVP required 
for inhibition. Miyamoto [X] therefore stated that 
trichlorphon is not an inhibitor of fy head acctylcho- 
tinestcrasc. 

Ki~rics of’ UIZJW~ i,r/lihitiorl by DIIC’P. The time 
course of inhibition was measured by varying the con- 
centration of DDVP (2 or 3 different DDVP con- 
centrations for each enzyme source) and the time of in- 
hibition (up to IO min). The rate of inhibition of acetyl- 
cholincsterase and cholinesterase by DDVP follows 
the kinetics of a bimolecular reaction. A plot of log 
enzqmc activity against time is linear. and first order 
rate constants of inhibition(k) are linearly related to the 
DDVP.conccntration (cf. Fig. 2). The derived second 
order rate constants for inhibition (k,,) in 0.1 M buffer 
at pH 7.4 are summarized in Table 2. 

The rate of inhibition of bovine erythrocytc acetyl- 
cholincsterase was also measured in I.0 mM bufler at 
pH 6.0 and 7.4. The li,, constants differ littlc at these 
two pH values (Table 3). This finding fits the results on 
the e&t of pH on I<,, of other non-charged acylating 

log [Activity (%I] 

2.0 

1.9 

1.6 

:‘,- , k=o257rnir , 

0 2.5 5.0 I.5 10.0 

Time of inhibition (min) 

Fig. 2. Inhibition at 37 of horse serum cholinesterase by 
DDVP. 1.X) AIM (0) and 300 hcM (0). The first order rate 
constants of inhibition (k) were obtained from the calculated 

regressIon lines. 
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Table 2. Second order rate constants for inhibition (k,) of 
acetylcholinesterase and cholinesterase by DDVP (in 0.1 M 

buffer pH 7.4) 

IO-“ x k,,(M-’ min-‘) 

Enzyme 25” 

Acetylcholinesterase 
Bovine erythrocytes 262 
Rat brain 6.85 

Cholinestcrase 
Human plasma 501 
Horse plasma 7.77 
Rat plasma 6.90 

* ~krinjari~-~poijar cr ai. [I 71. 

37’ 

._ 
154* 

87.0* 
8-78 

I x,3* 

inhibitors, where the k, was found to be almost inde- 
pendent of pH between 5 and 8 [ 181. 

lZ&ct qJ’pH on irdCbitior7 of’ bovine erythrocyte ace- 

tylcholinestrrasc~ irz tvichlorphon solutions. The rate of 
inhibition of bovine erythrocyte acetylcholinesterase 
was measured at pH 6.0 and 7.4, in 1 ,O mM buffer at 
37”. At pH 60, the trichlorphon concentrations were 
0.100 and O-500 m&l, and at pH 7.4 they were 0.025 and 
0.100 mM. The results with 0.100 mM trichlorphon are 
given in Fig. 3. It is obvious that the rate of inhibition 
is much slower at pH 6.0 than at pH 7.4. The rate of 
decomposition of trichlorphon was calculated, and the 
obtained rate constants are given in Table 3. At pH 6.0 
trichlorphon is 30 times more stable than at pH 7.4. 
This effect of pH agrees with results of Metcalf ct al. 
171 and Miyamoto [S], which were referred to above. 

~~ofzt~~1zeou.s rt~ucfi~ut~o~l ~~th~~ ~~~~7jbife~ e17~yt~~e. The 
rate of spontaneous rea~tivatioli was measured after 
inhibition in trichlorphon solutions of acetylcholines- 
terase (human and bovine erythrocytes) and cholines- 
terase (human plasma). 

For all three enzyme preparations, the rate of spon- 
taneous reactivation was the same as that obtained 
after inhibition by DDVP (cf. 17). In Fig. 4, this is 
shown for bovine erythrocyte acetylcholinesterase. For 
human erythrocyte a~tylcho~inestera~ the deter- 
mined rate constant for spontaneous reactivation (kij) 
was 0.0138 -i_ 0.001 1 min-’ (mean of 5 experiments), 
and this agrees with the kt3 obtained after inhibition 
by DDVP. which is 0.0136 min- I, Human plasma cho- 
linesterasc, inhibited in a trichlorphon solution. reacti- 
vates 15 per cent within 25 hr; this would correspond 

log bctivity (%I] 

I 

0 10 20 30 LO 
Time of inhibition ( min) 

Fig. 3. En‘ect ofpH on inhibition of bovine crythrocyte acc- 
tyich~linester~lse by a 0.10 mM solution of trichlorphon in 
I.0 mM buffer at 37 ‘_ The points at pH 6.0 arc mean values 
of four experiments. The points at pH 7-4 represent indivi- 

dual results. 

to a k,, of >O.OOOll min-’ , and this too agrees with 
the results obtained after inhibition by DDVP. 

The few published data on the rates of spontaneous 
reactivation after inhibition by tri~hiorphon also indi- 
cate that the rates are the same as after inl~ibition by 
DDVP. The recovery of rat erythrocytc acetylcholines- 
terase activity after inhibition by trichlorphon was 
measured by Arthur and Casida [3], and found to be 
the same as after inhibition by DDVP. The recovery 
it7 zko of human plasma cholinesterase activity was 
measured in children who received therapeutic doses 
of trichlorphon orally [ 197; the half-time, calculated 
from the published data on enzyme activity. was about 
180 hr. This agrees with the slow rate of spontaneous 
reactivation obtained i/r c&o after inl~ibition of human 
plasma cholinesterase by DDVP (half-time ~82.5 hr) 

c171. 
Stuhility of trichlorphon. The stability of trichlor- 

phon in @l M buffer pH 7.4 was measured polarogra- 
phically at 25’ and 37’. The purpose of these studies 
was to establish the stability under the same exper- 
imental conditions as used for enzyme inhibition, and 
also to find if the rate of de~ompositjoIi will be inde- 
pendent of the initial tric]llorphoI~ con~ntrat~on. Two 
concentrations were tested, 0.150 and 15.0mM. The 
latter concentration is the lowest which could be mea- 
sured by this method. For both concentrations. the 
rate of decomposition was followed until about 50 per 
cent of the initial trichlorphon decomposed. At both 

Table 3. Effect of pH on (a) inhibition of bovine erythrocyte acetyIchoIineste~se by DDVP and (b) on the rates ordecompo- 
sition of triclllorphon 

-. 
pH 6.0 pH 7.4 

4.2 x IO4 47 X IO’ 

(a) 
k, (second order rate 
constant of inhibition 
by DDVP (M- ’ min- ‘) 

(b) 
k (first order rate 
constant of decomposition 
of tr~chlorphon) 
(min- I) (0.73 * 0.12) x 1U4 (22.2 & 1.7) X 10 J 

Values calculated from the kinetics of inhibition of bovine erythrocyte acetylcholinesterase in trichlorphon solutions. 
Both effects were measured in 1.0 mM buffer at 37”. 
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1.8 

i 
0 20 LO &-I 8u You 

Time of reactivation f min 1 

Fig. 4. Spontaneous reactivation of bovine ervthrocyte ace- 
tylchnlinestrrase ipXl 7.4 and 37 ) after inhibition by trich- 

lorphon (0) and DDVP (*). 

te~l~~r~~tures and for both con~ntrations. the rate of 
decoI~pos~tio~ followed the i&tics of a first order 
reaction. This is shown in Fig. 5, for the decomposition 
of 0 150 mM trichlol.phon at 37’. All calculated first 
order rate constants for decompositions are given in 
Table 4. 

Trichlorphon appears to be more stable at 154 mM 
than at 0150 mM. However, the difference is smafi, 
particularly at 25”. The half-time of decomposition at 
37” is 2.64 hr (mean for both collce~~tratioi~s) and at 25” 
it is 17.5 hr (mean tar both ~~~~Gentrations~. 

DDVP. which is formed from triGhlor~hon. has a 
very similar stability. The half-time of DDVP @OlO 
and @X8 mM solution in @ 1 Tvi buffer pH 7.4) is 2-9 kr 
at 37“ ~un~~ublis~~ed data) and for the same experimen- 
tal conditions at 25“ it is 15-6 hr [20]. 

There are no published data on the stability of trick- 
lorphon measured under the same experimentat condi- 
tions as in this paper. Wowever, our results compare 
with published data on the stability of trichlarphon 
determined under comparable conditions. Metcalf rt 
al. [7I and Dedek and Schwarz f21] found that at 
37.5” tke haff-time of trj~klorph~n is 6.4 kr at pH 7.0 
and about 1 hr at pt1 X.0: ~iy~~~~oto [8] found that at 
pH 7.6 and 37’ the half-time is 1.7 hr; our value of 
2.64 hr at pH 7.4 and 37 ’ fits into that range (cf. Table 
4). Metcalf r& al. [71 reported also tkat at pH 60 trich- 
lorphon is 14 times more stable than at pH 7.0 and 
Miyamoto [Xl fouild tkat at pW 65 tri~klorpho~~ is 7 
times more stabie than at pH 7.6: this tao fits with our 
data tkat tr~~lllor~h[~i~ is 70 times more stable at pH 
60 than at pH 7.4 (cf. Table 3). 

Little is known about the kinetics of d~~o~~pos~tjo~ 
with respect to the initial trichlorphon concentration, 
Miyamoto [S] reported the same rate of decomposi- 
tion for initial trichlorpkon concentrations ranging 
from 30 to 300 mM. We observed a trend in stability 

IO” x k(min-‘) 
Trichlorphon 

(mM) 2Y 37’ 

0.150 7.27 & 11.39 (33) 53.1 2 1,2(20) 
I50 6-05 + 052 ( 18) 37.1 + 1.2(N) 

The rate of deca?~~osit~on was measured potaragraphi- 
tally. First order rate constants (k) f standard errors are 
given. The numbers in parentheses are the number of indivi- 
dual results from which k was calculated. 

with respect to the trichlorphon concentration but our 
initial concentrations were smaller and the con- 
centration range Iarger [cf. TabXe 4)_ which makes a 
strict comparjson default. 

Tke effect of temperature on the stabiiity of trickior- 
phon at pH l-5 was extensiveiy investigated by 
Mtihlmann and Schrader [4]; the activation energy 
calculated from their data is 97 kJ mole- ’ (tempcra- 
ture range v-70”). Rybakov and Ermishkin C22f 
report an a~tivatioll energy of 104 kJ mole- ’ at neutral 
and alkaline pH and for a tem~~atur~ range from 20 
to 70”. The activation energy calculated from our 
resufts at 25” and 37” is I22 kJ mole- ‘* which is close 
to the published data. 

CONCLUSlON 

The stability of tricklorphon in aqueous solutions 
was deter~~ined in two ways i.e. from the kinetics of 
enzyme ~nh~b~t~on (which is an indirect method) and 
from poIarogr~~hic data on the ~on~nt~tions of 
trichlorp~ion (wkich is the direct method). The rate 
constants for decomposition of tri~hl~rpkon calcu- 
lated from the kinetics of enzyme ~~hibitjon are lower 
or just within the range of the constants obtained by 
the polar~~rapki~ method (cf. Tables 1 and 4). In the 
experiments of enzyme inhibition less than 2 per cent 
of the total tri~hlorphon decomposes into DDVP. 
whereas in the ~oIarograpk~c studies at least 50 per 
cent of tr~c~~lor~~~on was allowed to decompose. Tak- 
ing that into account, the agreement between the two 
methods is good, and we consider it as a kinetic proof 
that DDVP, and not trichlorphon, is the enzyme in- 
hibitor. If trichlorphon had inhibitory properiies, the 
rate of decomposition calculated from the enzyme 
kinetics would be larger than that obtained polarogra- 
pkically. However, in our results the rate constants are 
not larger, but the same or lower than those obtained 
p~larographicaily. 

The mechanism of inhibition of ckolinesterases by 
an orgariopkusphorus compound is considered analo- 
gous to the rne~kan~sn~ of the nonenzymic, OH--cat+ 
iysed, hydrolysis of that compound [Xi]. The kydroly- 
sis of trichlorpkon is H’-catalysed (cf. 4) and at neutra’t 
and alkaline conditions the rate of hydrolysis is almost 
negligible [3, 4]; it therefore seems plausible that this 
compound would not inhibit cholinestera~s. 

The rate constants of tricklorphon decomposition 
calcuiated from the enzyme kinetics are the same irres 
pective of which sour&X of mammalian ckolinesterase 
was used (cf. Table 1 f. This suggests that, under our ex- 
perimental conditions, other enzymes do not take part 
in the conversion of trichlorphon into DDVP. 
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The rate of inhibition of bovine erytbrocyte acetyl- 
chnlinesterase in trichlorphon solutions is much faster 
at pI1 7.4 than at pH ttG(cf. Table 3). However, the rate 
of in~iibit~on of bovine erythrocyte acetylcholinestcra~ 
by DDVP is almost the same at these two pH values. 
Consequently. the difference can be attributed to a fas- 
ter conversion of trichlorphon into DDVP at pH 7.4 
than at pH 6.0; and this in turn agrees with published 
data 011 the stability of trichlorphon as a function of 
pf-I (CC section on Stability of trichlorphon). 

Finally. the rate of spolltar~eo~ls re~~ctiv~ltion of cho- 
lincsterases after inhibition by trichlorpbon solutions, 
was the same as after inhibition by DDVP. This is no 
proof that DDVP is the enzyme inhibitor in trichlor- 
phon solutions, but it is a necessary condition which 
must be fulfilled. if DUVP is the inhibitor. 

Consequently. all the results presented in this paper 
point to the conclLision that tric~ilorpbon is not an in- 
hibitor of mammalian cholinesterases. Inhibition 01 
the enzymes by trichlorphon solutions can be quanti- 
tativcly explained as due to DDVP formed nonenzy- 
matically from trichlorphon. 
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