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Fig. 1. Reciprocal of volume of potato-peel 
extract versus reciprocal of resulting per- 
centage of inhibition of cholinesterase 
present in 5 ml of human blood plasma. 
Maximal percentage of inhibition, in this 
case, equals 1/0.01, or 100 percent. Vol- 
ume of extract resulting in half-maximal 
inhibition equals 1/1.32, or 0.76 ml. 

inhibited human plasma cholinesterase. 
Subsequently, aqueous extracts of foliage 
and roots of tomato (Lycopersicon escu- 
lentum Mill. var. commune Bailey) and 
fruit of egg plant (Solanum melongena L.) 
were also found to inhibit cholinesterase. 
Since these species were all members of 
the Solanaceae, other local representa- 
tives of this family were investigated in 
order to delimit the taxonomic distribu- 
tion of the inhibitory substances. 

Plants assayed were for the most part 
collected from the field (2). Green- 
house-grown plants were avoided because 
of the possibility of contamination with 
cholinesterase-inhibiting insecticides. One 
part by weight of fresh tissue was ho- 
mogenized with four parts by volume 
of distilled water for 3 minutes at room 
temperature in a Waring Blendor. The 
homogenate was filtered through cheese- 
cloth, and the pH of the filtrate was ad- 
justed to 7.35. Aliquots of this filtrate, 
ranging from 0.5 to 10 ml, were added 
to 5 ml of human blood plasma (3) in 
each of a series of 50-ml volumetric 
flasks. The total volume was brought to 
50 ml with distilled water, and the con- 
tents were thoroughly mixed. The flasks 
were allowed to incubate for 70 minutes 
at 37.5?C, after which period 1-ml ali- 
quots were removed and assayed for re- 
maining cholinesterase activity by the 
potentiometric method of Hensel et al. 
(4), as modified by Curry (5). Calcula- 
tion of percentage of cholinesterase in- 
hibition was based on the average cho- 
linesterase activity observed for two 
flasks which contained the same quan- 
tity and dilution of plasma but no inhib- 
itor. A straight line resulted when the 
reciprocal of the concentration of the in- 
hibitor was plotted against the recipro- 
cal of the percentage of inhibition (Fig. 
1). The reciprocal of the ordinal inter- 
cept was taken as maximal percentage of 
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inhibition, and the concentration of ex- 
tract resulting in half maximal inhibition 
(I1/2 max.) was determined from this 
value. 

Potato tissue was most extensively 
studied. The tuber peel was found to 
contain from 10 to 40 times the concen- 
tration of inhibitor present in the inner- 
most flesh. A series of six determinations 
on peel extracts resulted in a mean 

11/2 max. of 0.6?0.1 ml. The dry-solid 
content of potato-peel extracts averaged 
89 mg/ml, hence the I1/2 max. was 
equivalent to 53 mg of dried extract (six- 
tenths of 89). The potency of the extract 
decreased on standing at 5?C in a re- 
frigerator; in two instances, approxi- 
mately half the activity was lost in 10 
days. Extracts of tuber sprouts were 
found to be as inhibitory as peel ex- 
tracts. The inhibitor was also found in 
potato leaves and flowers and, in lesser 
concentration, in the stems. The I1/2 max. 
values for extracts of berries of potato, 
horse nettle (Solanum carolinense L.), 
common nightshade (S. americanum 
Mill.), and ground cherry (Physalis 
sp.), were 0.5, 2, 2, and 7 ml, respec- 
tively. However, the order of potency 
could depend upon the relative ripeness 
of the berries. 

Tissues of other solanaceous plants 
which possessed cholinesterase inhibitory 
substances included leaves of tobacco 
(Nicotiana tabacum L.), leaves and 
flowers of petunia (Petunia hybrida 
Vilm.), leaves of Jimson weed (Datura 
stramonium L.), foliage of buffalo bur 
(Solanum rostratum Dunal), and the 
leaves and berries of nightshade bitter- 
sweet (S. dulcamara L.). Extracts of 
ripe fruits of garden huckleberry (S. 
nigrum L.), ripe tomato fruits, and 
nearly mature Jimson-weed pods pro- 
duced little or no inhibition. Tissues of 
Solanaceae found to be relatively inac- 
tive included the foliage and fruits of 
matrimony vine (Lycium halimifolium 
Mill.) and pepper (Capsicum frutescens 
L.). Local representatives of 21 other 
higher plant families were also assayed, 
but no inhibitory activity was found. 

Preliminary tests indicate that the in- 
hibitor is soluble in water and in 95-per- 
cent ethanol but insoluble in acetone, 
ether, or chloroform. It survives boiling 
in water and heating in weakly acidic or 
basic solution. The inhibitory substance 
does not appear to be related chemically 
to some of the better known alkaloids of 
the Solanaceae. It remains soluble in 
water at pH 9.5 and does not partition 
into chloroform or ether from alkaline 
solution. These properties differ from 
those of the steroidal amine glucosides- 
for example, solanine and tomatine (6), 
or the tropane alkaloids (7). The inhibi- 
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Others (5, 8) have reported difficulty 
when using cholinesterase inhibition as- 
says for insecticide residues directly on 
aqueous extracts of potato tissue and 
have attempted to avoid this interfer- 
ence by extracting the residues into 
chloroform prior to assay. It is now ap- 
parent that the source of interference in 
potatoes, as well as in several other solan- 
aceous species, is a highly water-soluble 
inhibitor of human plasma cholinester- 
ase. Cholinesterase inhibitors have been 
reported to be present in other plant 
families, including Buxaceae, Legumin- 
osae, Loganiaceae, Malvaceae, Rosaceae, 
Rubiaceae, and Theaceae (9). 
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We have observed the antidotal prop- 
erties of DAM, the least toxic of the 
three oximes, and its use in a mixture 
with PAM. Furthermore, since the action 
of PAM has been attributed mainly to 
its ability to reactivate inhibited cholin- 
esterase (ChE) (3)-a point which has 
been questioned by Hobbiger (4)-we 
determined the residual ChE in the brain 
and blood of animals which had either 
died from, or had survived, the poison- 
ing. 

Fresh saline solutions of tetraethyl- 
pyrophosphate (TEPP), diisopropyl flu- 
orophosphate (DFP), and bis (dimethyl- 
amido)fluorophosphate (Dimefox) were 
used. Diethyl-p-nitrophenyl phosphate 
(Paraoxon) was tested in distilled water. 
The oximes PAM and DAM were dis- 
solved in saline, the latter oxime being 
neutralized to pH 7.4. The animals used 
were white male mice weighing 20 ? 2 g. 
Final readings of results were recorded 
after 24 hours. The solutions of the or- 
ganophosphorus compounds and the ox- 
imes were so adjusted that in each case 
0.2 ml per 20 g of body weight was intro- 

duced. For the tests of the protective ac- 
tion, the antidote was administered intra- 
peritoneally exactly 1 minute after the 
subcutaneous injection of the poison. The 
possibility of a direct chemical interac- 
tion between PAM and DAM in the syn- 
ergism experiments was excluded by ad- 
ministering, in some of the experiments, 
PAM intramuscularly and DAM intra- 
peritoneally. In all cases control groups 
of mice were injected with (i) the cor- 
responding quantities of antidotes used 
and (ii) multiples of the LD50 of the 
poisons employed. The LD50 (subcuta- 
neous) of the phosphorus compounds, 
expressed in milligrams per kilogram of 
body weight and calculated by the log 
probit method (5), were as follows: 
TEPP, 0.52; Paraoxon, 0.78; Dimefox, 
4.8; DFP, 4.0. 

The ChE activity was measured by 
Hestrin's method (6); the brain was ex- 
tracted with chloroform according to the 
method of Kewitz (3) before testing. For 
the survivors, the ChE was determined 
when the symptoms of poisoning had dis- 
appeared, 45 minutes to 1 hour after in- 

Table 1. Protective effect of PAM and DAM against organophosphorus intoxication. 

Organo- Multiple PAM DAM Total No. of 

phosphorusmg/kg) (mg/kg) animals Survivors 
compound of injected* 

TEPP 2.3 50 20 2 
TEPP 2.3 50 200 20 18 
TEPP 3.0 50 30 0 
TEPP 3.0 50 150 30 8 
TEPP 3.0 50 200 30 5 
TEPP 3.0 70 30 7 
TEPP 3.0 70 150 30 17 
TEPP 3.0 70 200 30 19 
TEPP 3.0 90 50 22 
TEPP 3.0 90 150 50 41 
TEPP 3.0 90 200 30 22 

Dimefox 2.0 90 40 21 
Dimefox 2.0 90 150 40 25 
Dimefox 3.0 90 30 7 
Dimefox 3.0 90 150 30 20 

Paraoxon 5.0 90 20 14 
Paraoxon 5.0 90 150 20 17 

* Separate experiments with 10 mice each. 

Table 2. Cholinesterase activity in the blood and brain of surviving and dead mice 
poisoned with 3 LD5o of TEPP and (except in experiment No. 5) treated with PAM or 
DAM, or with both. In each case the result given is for an average of four mice, except 
for experiment No. 4, where the results are given for an average of ten mice. The num- 
bers in parentheses indicate standard errors in percentage of normal values. 

Percentage of normal ChE activity 

Expt. PAM DAM Blood Brain 
No. (mg/kg) (mg/kg ) 

Survivors Dead Survivors Dead 

1 200* 9 (4) 42 (5) 
2 90 150* 71 (6) 67 (6) 30 (8) 27 (7) 
3 90 73 (4) 61 (6) 45 (7) 36 (14) 
4 90 150 67 (4) 72 (1) 23 (6) 20 (2) 
5 21 (6) 37 (6) 

* DAM injected 5 minutes before injection of TEPP. 
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toxication. In order to obtain the normal 
ChE values, 100 samples of blood and 
ten of brain were examined separately. 
The average normal blood ChE was 
found to be 2.17 ,umole (standard error, 
0.028) of acetylcholine hydrolyzed by 
0.05 ml of whole blood incubated at 
25 ?C during 25 minutes, and the aver- 
age normal brain ChE was found to be 
2.04 ntmole (standard error, 0.068) of 
acetylcholine hydrolyzed by 2.5 mg (dry 
weight) of brain at 25 ?C during 30 min- 
utes. 

Table 1 shows the results obtained. An 
analysis of covariance was carried out on 
part of the data from Table 1. The re- 
sults of the randomized design with three 
replications of ten animals for each 
PAM-DAM dose combination against 3 
LD50 of TEPP were transformed into 
log doses and empirical probits. A re- 
gression of probits protection on log 
doses PAM and DAM was calculated; 
this gave significant positive coefficients 
for both (7). As DAM alone gives no 
protection against 3 LD50 of TEPP, it 
was concluded that PAM and DAM are 
synergists against TEPP poisoning. It 
was found that DAM also enhanced the 
action of PAM against Dimefox, but not 
against Paraoxon. For DFP poisoning, 
the results obtained are similar to those 
reported by Kewitz et al. (8), and no 
significant synergistic effect has been 
found. When DAM was tested against 1 
LD50 of TEPP, it showed some protec- 
tive effect, but less than PAM; these 
results compare closely with those ob- 
tained by Askew (2) on rats. Against 
1 LD50 of Dimefox and 2 LD50 of Para- 
oxon, DAM was found to be ineffective. 

Table 2 gives the ChE values found in 
dead and surviving animals. Practically 
no difference was observed in the two 
cases. 

These results (9) do not appear to 
support the assumption that the thera- 
peutic action of the antidotes is based 
entirely on the reactivation of ChE (10). 
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