
Inject 2 pl. of the benzene solution 
using a syringe fitted with an adapter 
that allows the needle to penetrate 
only 1 1 / 4  inches beyond the septum. 
The adapter is unnecessary for trichloro- 
ethanol or its acetate. Inject 2 pl. of a 
0.5 pg. per ml. standard before and after 
each set of samples in order to determine 
the exact retention time and provide for 
quantitative measurement of each sam- 
ple. 

Since 2 pl .  of sample 
extract represents 0.010 gram of original 
sample. the standard corresponds to 0.1 
p.p.m. The response for chloral hy- 
drate is linear up to 6 nanograms. and 
for trichlorfon. to 12 nanograms. Tri- 
chloroethanol and its acetate give a 
linear response for amounts up to 30 
nanograms. Therefore, the method is 
satisfactory for a range of 0.1 to 1.2 
p.p.m. for trichlorfon and 0.1 to 3.0 
p.p.m. for trichloroethanol. For higher 
levels. dilutions have to be made. The 
parts per million of any sample is cal- 
culated as follows: 

Calculations. 

(area of sample)(O.l )(dilution 
factor) 

(average area of standards) P.p.m. = ____ 

Discussion 

Recovery Experiments. Recovery 
experiments were conducted on all of 
the tissues and crops listed in Table I by 
adding known amounts of the compound 
at the blending step, and processing the 
sample by the appropriate procedure. 
The results of these experiments are 
listed in Table I. All recoveries were 
conducted at a 0.1 p.p.m. level. Chloral 
hydrate, and especially trichloroethanol. 
are quite volatile. Recovery of these 
compounds is: therefore, not as good as 
for trichlorfon. Typical control and 

recovery chromatograms for trichlorfon 
and trichloroethanol analyses a t  0.1 
p,p.m.  are shown in Figure 1. 

The conversion of trichloroethanol 
to the acetate by the acetylation pro- 
cedure in the presence of plant tissue 
extracts is quantitative through 1 .O 
p.p.m. Since there was no need to go 
beyond this level, experiments a t  still 
higher levels were not attempted. 

Control Values. Untreated samples 
were analyzed for apparent trichlorfon 
and trichloroethanol peaks. The num- 
ber of control samples analyzed ranged 
from three for each animal tissue to ten 
for each moist crop. In  all cases, con- 
trol values were far less than 0.1 p.p.m. 
for both compounds. Control values 
\cere not calculated for chloral hydrate 
because it has the same retention time 
as trichlorfon. Chlorinated hydrocar- 
bon insecticides do not interfere in the 
method because of their nonpolar 
nature. 

Sensitivity. The method is capable 
of measuring 0.1-p.p.m. residues of all 
three compounds with good precision. 
At this level. relatively little interference 
from control peaks is encountered. The 
procedure is inherently capable of con- 
siderably greater sensitivity. if required. 
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The LDb0 values for metal complexes of octamethylpyrophosphoramide (OMPA) toward 
mice have been determined. When water is  the solvent, all OMPA complexes except that 
of Co(ll) are more toxic than the combined toxicity of the metal salt and OMPA. When 
dimethylsulfoxide (DMSO) is the solvent, the toxicity of [Fe(OMPAh] [FeCI4l3 is extremely 
high (LDso = 4.8). The toxicity of the other OMPA complexes in DMSO is either the same 
as or less than the combined toxicity of the metal salt and OMPA. 

CTAMETHYLPYROPHOSPHORAMIDE active metabolite of OMPA is thought or 
(OMPA) acts as a typical organo- to be either Me?N 0 0 CH10H 

' \ I  1 / 
/ I \  

POP--N MeJY 0 0 0 
0 
phosphorus poison by inhibiting the 

1 Present address, Department of Chem- Me2N h M e ?  Me 
I t  

P-0-P-NMel 
action of acetylcholinesterases (2). The \ 

istry, Vanderbilt University, Nashville, / I 
K.Mea A mechanism har been proposed that Tenn. 37203 -MMr?N 
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includes both species. ii-ith the more 
stable alcohol represented as the likely 
active metabolite. In either case there 
is evidence that OMPA is oxidized in 
vivo before it has any effect on the 
tunction of acetylcholinesterase. 

Previous \vork in this laboratory (3. 6) 
has resulted in the isolation of stable 
complexes of octamethylpyrophosphor- 
amide \vith a \vide variety of metal ions. 
Thest complexes are believed to involve 
coordination through the phosphoryl 
oxyge I 1  s. 

.\I -> 

white male mice Lveighing 25 to 30 
grams were obtained from Cumberland 
View Farms in Tennessee. The  animals 
Lvere housed five to a cage and fed pellet 
Chow (Ralston Purina Co., St. 
Louis) with water ad libitum for three days 
to allow sufficient time for recovery 
from the rigors of shipping. 

Before testing, the animals \vere 
grouped four or six per cage. Dosages 
were spaced in geometric progression. so 
that  one dosage group \vould yield a 10 
to 207, mortality, another group an 80 
to 90% mortality. and a t  least one other 
group \vas in a n  intermediate dosage 
range. For each compound tested. the 
minimum number of groups \vas three. 
and in most cases four groups of six 
animals \\-ere used. 

Each mouse \vas injected intra- 
peritoneally \vith 0.2 ml. of test solution 
via disposable 1-ml. tuberculin syringes. 
The  animals ivere observed for 10 days 
to 2 Iveeks. 

Distilled \vater and reagent grade 
dimethylsulfoxide (Matheson. Coleman. 
and Bell) were used as solvents. The 
metal perchlorate salts \\.ere obtained 
from G. Frederick Smith Chemical Co. 
Anhydrous iron (111) chloride (vas ob- 

tained from Matheson, Coleman, and 
Bell. Pennsalt Chemical supplied a 91y0 
solution of octamethylpyrophosphor- 
amide ivhich \vas purified by fractional 
distillation under vacuum (3).  

Solutions of the complexes ivere pre- 
pared immediately prior to injection. 
Stock solutions were prepared by Iveigh- 
ing the metal salts. complexes. or O M P A  
in appropriate volumetric flasks and 
filling to the mark \vith distilled jvater or 
dimethylsulfoxide. A hfettler H-6 
analytical balance \vas used for 
iveighings. 

The  da ta  \vere treated by the statistical 
method of Litchfield and \Vilcoxon (5). 
In  Tables I and I1 the LDao values are 
reported a t  the 95% confidenci level. 
The  slopes of the dosage mortality curves 
are also indicated. The  slopes of 
mortality curves for most compounds 
used in this study \\-ere high enough to 
give fairly accurate LDBO values. 

Tht. present investigation is concerned 
Ivith measur'ng the toxicity of metal 
complexes of OhlP.4 in an effort to 
determine \ \  hether thc metal ion has 
any eff'ect on the toxicity of OMPA.  
Both \\.ater and dimcth\l~ulfoxide \rere 
used as solvents. 

Results and Discussion 

T h e  LDSO values for the metal salts. 
0MPA4! and complexes of O M P A  are 
presented in Tables I and 11. T h e  
predicted L D ~ o  values are calculated by 

Experimental 

Random-brcd Ha ILCR Siviss IVebster 

Table 1. LD60 Values for Metal Salts 
Onset 

Symptoms, Time of Deafh 
Minufes offer lnjecfion 

<1 7 min.-12 hours 
<1 6 min.-26 hours 
<1 8 min.-2 days 

1 11 min.-5 days 
1 2 min.-8 hours 
1 2 hours-3 days 

<1 2 . 5  hours-2 days 
2 24 hours-8 days 
2 3 min.-3 days 
1 4 min.-12 hours 
1 20 min.-3 days 
2 19 min.-48 hours 
1 1 min.-36 hours 

Animals 
Tesfed LDm, Mg. /Kg.  

1160 i 110 
1150 5 200 

Compound Solvent Slope 

1 . 1  
1 . 3  

LiClO4. 3 H 2 0  
NaC104.H?0 
NaC104. H 2 0  

24 
38 
24 
28 

1178 + 141 
275 f 33 

1 . 2  
1 . 1  
1 .j 
1 . 4  

I3 10 
13 9 0  

34 
18 

410 i 143 
370 i 185 
260 i 52 

18 + 11 
160 i 56 
100 i 45 
29 i 4 
76 + 46 

1500 i 150 

12 
12 
24 
30 
32 

1 . 2  
1 . 8  
1 . 5  
1 . 6  
1 . 2  
1 . 5  26 

30 1 . 2  

Table II. LD60 Values for OMPA Complexes in HzO and DMSO 
Onset 
Symp- 

Animals foms, Time of Deafh Expfl. 1Dj0, Predicfed 
Compound Solvent Tesfed Minufes affer Injection Slope M S . I K S .  LDm % D i f f .  

OMP.l 
OMP.4 
LiC104.20hIP.\ 
NaClOa. OhlP.1 

Mg( C104)2*30MP.\ 

Pb(ClOa)?*30MP 1 
Mn(ClOd)? .3OhiP.\ 

Fe(ClO4)~.30hIP \ 
[Fe(OMP \ ) 3 ]  [FeClr] 3 

C O ( C : ~ O I ) ? . ~ C ) ~ ~ P . \  

Hz0 
DMSO 

30 
24 
26 
26 
30 

5 
1 

6 min.-1 hour 
24 min.-35 hours 
15 min.-45 min. 
15 min.- 4 hours 
14 min.-36 hours 
20 min.-12 hours 

2 min.-36 hours 
19 min.-41 min. 
20 min.-36 min. 
28 min.-36 hours 

2 hours-6 days 
20 min.-30 min. 
33 min.- 4 days 
14 min.-39 min. 

18 min.-30 min. 
20 min.-49 min. 
21 min.-38 min. 
$2 min.-26 hours 
58 min.- 4 days 

1 min.-38 min. 

7 min.- 2 .5  hours 

1 . 1  
1 . 1  
1 . 4  
1 . 3  

14.9 f 1 . 3  . . .  
9 . 7  i 0 . 9  . . .  

15.0  i: 4 .9  17.6 
15 .1  f 3.0  21.3 

13 
1 
1 

$14.8 
$29.1 

+ 3 6 . 9  
0 

f 1 8 . 2  
+27.4 
-30 .0  

0 
$19.2 
+76 ,5  

0 
$16.7 
+24.3 
$21.8 
$9 .81  

0 
-16.7 

$12.2 

. . .  

1 . 2  
1 . 4  
1 . 9  
1 . 1  
1 . 2  
2 . 0  

1 2 2 i l 6  13.9 
12 .0  i 3 . 2  19 .0  
12 .0  i 5 3 12 .1  
18 .0  f 5 4 22.0 

30 
30 
16 
20 

H 2 0  

H?O 
DMSO 

Hz0 
DMSO 

14.0 i 2.0 19.3 
18 .0  i 9 . 9  12.6 
13.8 i 6 . 2  13 .7  
21.0 * 2 . 5  26.0 

4 .8  =t 1 . 4  17 .0  
19.0 + 4 . 2  19 .0  
10 .5  =k 4 .2  12 .6  
14 .6  + 3 . 7  19 .3  
17 .4  i 2 .1  21.2 
17.6 i 2 . 3  19 .5  
12 .5  i 3 . 8  12 .7  
35.0 f 17.5 30 

11,700 f 105 . . .  

24 
12 
22 
18 

DMSO 
H 2 0  
DMSO 

1 
8 

28 
9 
4 

1 . 3  
1 . 2  
1 . 3  
1 . 3  
1 . 3  
1 . 3  
1 . 1  
1 . 2  

H 2 0  
DMSO 
H 2 0  

Hz0 
H e 0  
DhlSO 
DMSO 

22 
18 
24 
30 
24 

3 
2 
3 

24 
24 
41 

1 
2 
1 

1 . 4  
1 . 5  
1 . 1  

2SbClj.OhlPA 
DMSO 
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assuming that the toxicity of the metal 
complex is dependen only on the 
amount of OMPA present. For 
example, LiC104.20MP.4 is 84.5% 
OMPA by weight. The predicted LDjo 
equals the LD50 of OMPA in water, 
14.9, divided by 0.845 to give 17.6 mg. 
per kg. The per cent difference is cal- 
culated by 

x 100 
L D j o  predicted - L D ~ o  measured 

L D j o  predicted 

The predicted LDSO values for the com- 
plexes dissolved in DAMSO were cal- 
culated in the same way by using the 
LDho value of 9.7 mg. per kg. for OMPA 
in dimethylsulfoxide. 

In  Table 11, the predicted LDjo 
values for the complexes are not generally 
in agreement with experimental values. 
IYhen lvater is thc solvent, all OMPA 
complexes except those of Co(I1) are 
more toxic than expected. The toxicity 
of the metal salts in Ivater is negligible 
when compared with OMPA in all cases 
except Cu(I1) and Zn(I1) (Table I ) .  

There is no apparent correlation 
between the per cent difference in tox- 
icity (Table 11) and the toxicity of the 
original metal salts. For example. 
Cu(I1) and Zn(I1) metal salts are the 
most toxic in water, but the complexes 
of OMPA with Cu(I1) and Zn(I1) are 
less toxic than the other complexes. 
An indication of the strength of the 
metal interaction ivith the phosphoryl 
oxygens of OMPA can be obtained by 
comparing the decrease in the P=O 
stretching frequency. For the metal 
complexes the decrease in the P=O 
stretching frequency is as follows: Na (13 
cm.-l)> Li (20 cm.-l). Mg (20 cm.-I), 
Mn  (27 cm.?), Zn (31 cm.-l). Co (34 
cm.-I), Ni (39 cm.-l), Cu (50 cm.?), 
Fe (51 crn.?), Pb  (60 cm.-l). The effect 
of the metal ion on the toxicity of OMPA 
in water is indicated by the per cent 
difference between experimental and 
predicted LDso values. The increasing 
order is Co(II), Zn(I I )?  Li(I), Pb(I1). 
Fe(III) ,  Cu(I I ) ,  Ni(II) ,  M n ( I I ) ,  Na(I), 
Mg(I1). A comparison of these two 
orders reveals no general trend. 

When DMSO is the solvent, [Fe- 
(OMPA4)3][FeC14]3 is much more toxic 
than expected. The DMSO data for 
other complexes shoiv small differences 
from the predicted value with the 
exception of 2SbCIb.OMPA which is 

less toxic than expected. However. the 
large error limits in the LDjo for this 
complex do  not justify any further con- 
clusion. 

The toxicities of both FeC13.6H20 
and anhydrous FeC13 were examined in 
DMSO in an attempt to determine the 
cause of the high toxicity of [Fe(OM- 
PA)8] [FeC14I3 in DMSO. Anhydrous 
iron(II1) chloride is more toxic than 
FeC13.6H20 (Table I ) .  The toxicity 
of Fe(OMPA4)3(C10,)3 is only one third 
that of [Fe(OMPA)3] [FeCl4I3 in DMSO. 
These results indicate that [FeC14] - is the 
apparent cause of the high toxicity of 
[Fe(OMPA)3] [FeCI4]8 in DMSO. 

The ability of DMSO to adsorb rapidly 
and completely through animal tissues 
may be responsible for the change in 
toxicity of OMPA in water and DMSO. 
Dimethylsulfoxide is not toxic ( L D x  = 

11 :700)> but its ability to penetrate 
animal tissues will bring more of the 
toxic material to the surface of acetyl- 
cholinesterase in a shorter time. Since 
the active metabolite of OMPA is 
thought to be an oxidized form (2):  the 
oxidizing character of DMSO may in- 
crease the ease Ivith which the active 
metabolite is formed which may account 
for the higher toxicity of OMPA in 
DMSO. 

Although DMSO penetrates animal 
tissues very quickly. the time required for 
all deaths to occur (Table 11) was much 
longer for DMSO solutions of complexes. 
The time required for the first death to 
occur was not much diff-rent in either 
solvent, and the onset of symptoms was 
actually faster in DMSO than in Lvater 
(Table 11). The cause of these differ- 
ences is not clear, since DMSO is quickly 
reduced to dimethylsulfide and elimi- 
nated ( 7 ) .  

The symptoms were very similar for 
studies in both water and DMSO: 
lacrimation, salivation, irregular res- 
piration, muscle tremors, gasping, and 
convulsions causing death. Therefore, 
the effects are assumed to be due to the 
OMPA present, and that the major 
function is to inhibit acetylcholinesterase. 

Acetylcholinestera-e is thought to 
have an imidazole ring, a serin-, 
hydroxyl: a phenolic hydroxyl: and an 
anionic site as active centers (J) .  The 
inhibition of acetylcholinesterase can 
involve phosphorylation of the enzyme 
or blocking of its active centers. I n  
either case, the ability of acetylcholine 

to acetylate acetylcholinesterase will be 
reduced. 

The ability of the mrtal ions in com- 
plexes of OMPA4 to increase the toxicity 
of OMPA in Ivater may be due to a 
combination of t\vo effects. \\ 'hen 
looking at these effects. one must con- 
sider all species present in the aqueous 
solutions. The complexes of OMPA 
are not stable in {vater and are highly 
dissociated. This result in the presence 
of three species: complex ion. metal ion, 
and free OMPA4 

6 H?O + [M(OMP..\)3] +' 
[.W(H?O)B] +' + 3OMP.1 

The bonding of the meta' ions to the 
phosphoryl oxygens in OMPA will ower 
the electron density on the oxygens which 
in turn \rill cause the phosphorus atoms 
to become more electrophilic. This will 
make phosphorus more susceptible to 
nuileophilic attack by acetylcho- 
linesterase. Metal ions or the charged 
complex ion also can block anionic sites. 
The aquated metal ions also may be 
coordinating to other basic donor sites 
at the same time as OMP.4 is phos- 
phorylating the enzyme. This may 
account for the synergistic effect ob- 
served for metal complexes of OMPA in 
water . 
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