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terferon caused by a massive infection of cells 
by the virus, the mechanism underlying this 
phenomenon is not easy to understand. If 
such an autointerference should result from 
a simultaneous infection of adjacent cells, 
then plaque formation by this virus would 
have never occurred, because each infected 
cell releases newly produced virus at  the end 
of the growth cycle which infects many 
neighboring cells almost a t  the same time. An 
explanation of this phenomenon, therefore, 
may be that one PFU of this virus cor- 
responds to many virus particles, and con- 
sequently in an infection of cells at  a moi 
of higher than 0.1 all cells are attacked by 
many non-infectious virus particles resulting 
in a von Magnus phenomenon( 1 2 ) .  Al- 
ternatively, an interferon inducer as de- 
tected in the NDV-L(MCN) cell system(l0) 
may be present in the original seed virus sus- 
pension or be produced on infection of the 
cells. What mechanism really operates in 
the autointerference requires further investi- 
gation. 

Summary. When HEP Flury strain of 
rabies virus was inoculated onto chick embryo 
fibroblasts a t  a multiplicity of higher than 
0.1, no plaques were formed and almost all 
cells remained stainable with neutral red. 
Monolayers pretreated with such a con- 
centration of HEP Flury virus showed inter- 
ference with plaque formation by vaccinia and 

WEE viruses. This was not due to presence of 
interferon in the seed virus suspension, nor to 
the presence of tissue components in the in- 
oculum. In bottle cultures of chick embryo 
cells, virus growth after infection at  higher 
multiplicities was accompanied by production 
of a considerable amount of interferon, and 
the highest virus yield was obtained when the 
multiplicity of infection was about 0.01. 

1. Yoshino, K., Taniguchi, S., Arai, K., Arch. 

2 .  Koprowski, H., Black, J., Nelsen, D.  J., J .  Im- 

3. Kuma, N., Japan. J. Med. Sci. and Biol., 19.58, 

4. Kondo, A., Virology, 1965, v27, 199. 
5. Ushijima, R. N., Hill, D. W., Dolona, G. H., 

6. Taniguchi, S., Yoshino, K., Arch. Ges. Virus- 

7. Dulbecco, R., Vogt, M., J. Exp. Med., 1954, 

8. Chambers, V. C., Virology, 195’1, v3, 62. 
9. Chany, C., ibid., 1961, v13, 485. 
10. Rodriguez, J. E., Henle, W., J. Exp. Med., 

1964, v119, 895. 
11. Uchida, S., Wat’anabe, S., Kato, M., Virology, 

1966, v28, 135. 
12. von Magnus, P., in The Dynamics of Virus 

and Rickettsia1 Infections, F. W. Hartman, F. L. 
Horsfall, Jr., J. G. Kidd, eds., Blakiston, New York, 
1954, 36. 

Received July 8, 1966. P.S.E.B.M., 1966, v123. 

Ges. Virusforsch., in press. 

munol., 19.54, v72, 94. 

v l l ,  31. 

ibid., 1962, v17, 356. 

forsch., 1964, v14, 537. 

v99, 16’1. 

Liver Metabolism and Toxicity of Thiophosphate Insecticides in 
Mammalian, Avian and Piscine Species.* (31497) 

SHELDON D. MURPHY 
Harvard University School of Public Health, Department of Physiology, Boston, Mass. 

Organic phosphorothionate or phosphorodi- secticides in vivo ( 1 , 2 ) .  The relative sus- 
thioate insecticides are toxic to animals by ceptibility of various species to poisoning 
virtue of their capacity to inhibit acetyl- by these insecticides might, therefore, be de- 
cholinesterase. The actual inhibitors of cho- termined in whole or in part by the rates at 
linesterase are the oxygen analogues which which the oxygen analogues accumulate in the 
are metabolically formed from the parent in- different organisms. This accumulation will 
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Grants 1 R01-ES-00084 and 5 Pol-ES-00002 from 
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mation of the oxygen analogues but also upon 
the rates at  which the parent insecticides or 
their oxygen analogues are destroyed by tissue 
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hydrolases or other mechanisms of inacti- 
vation( 3,4). There is considerable infor- 
mation concerning the enzymatic metabolism 
of thiophosphate insecticides by tissues of 
insects and common labo’ratory mammals 
(2,5), and Potter and O’Brien( 6) recently 
reported that liver slices from a variety of 
aquatic and terrestrial animals “activated” 
Parathion. I t  was felt that additional com- 
parative studies of the metabolism of several 
thiophosphate insecticides would be useful to 
the understanding and/or prediction of their 
toxicity to various vertebrate species that 
might be incidentally exposed to these chemi- 
cals. I n  the present investigation a compari- 
son was made of the net accumulation of ac- 
tive cholinesterase inhibitors when highly 
purified samples of 3 thiophosphate insecti- 
cides were incubated with mammalian, avian 
and piscine liver slices. Inactivation of the 
insecticides or their oxygen analogues by liver 
homogenates was also studied. A limited 
number of toxicity tests suggested that the 
value of comparative metabolism studies in 
predicting the comparative toxicity of thio- 
phosphate insecticides varies with different 
compounds. 

Materials and methods. The insecticides 
used in this study were 0,0-dimethyl-S- ( 1,2- 
dicarbethoxyethyl) phosphorodithioate ( Mal- 
athion), 0,O-diethyl 0- (p-nitrophenyl) phos- 
phorothioate (Parathion), and 0,O-dimethyl 
S- (4 oxo-1,2,3-benzotriazin-3 (4H) -ylmethyl) 
phosphorodithioate ( Guthion) and their cor- 
responding oxygen analogues Malaoxon Para- 
oxon and Gutoxon. All samples were of the 
highest purity (>99%) that were available 
from the manufacturers.+ Stock solutions 
(0.01 M) of the compounds in absolute eth- 
anol were stored in dark bottles in the re- 
frigerator and appropriately diluted with 
water or buffer just before use in the me- 
tabolism studies. 

Acetylcholinesterase assays were performed 
by the manometric method of DuBois and 
Mangun( 7 ) ,  using 50 mg of homogenized rat 
brain as the enzyme source. Less than 10% 

t Malathion, Parathion, Malaoxon and Paraoxon 
were supplied by American Cyanamid Co., Prince- 
ton, N. J. Guthion and Gutoxon were furnished by 
Chemagro Corp., Kansas City, Mo. 

inhibition of cholinesterase was produced 
when as much as 50 millimicromoles (mprn) 
of the parent insecticides were added to the 
3 ml cholinesterase test system. In  contrast, 
50% inhibition was produced by 0.03 1, 0.024 
or 0.39 mpm of Paraoxon, Gutoxon or Mala- 
oxon, respectively. 

Mammals used in this study were male 
Holtzman rats (200-250 g) and male Swiss- 
Webster mice (25-30 g). Avian species, ob- 
tained from the Massachusetts Audubon So- 
ciety, were chickens (Leghorn cockerels 300- 
350 g) and male and female English sparrows 
(20-30 g ) .  The sparrows were held for 5-10 
days after they were captured and were fed a 
commercial bird seed. Sunfish (Leopomis 
gibbosus) and bullheads (Ictalurus melas) 
weighing 40-80 g were furnished by the Mas- 
sachusetts Department of Fish and Game and 
were taken from a local fresh water pond. 
The salt water fish were winter flounder 
(Pseudopleuronectes americanus, 220-23 5 g) 
and sculpin (Myoxocephalus scorpius, 2 60- 
360 g) taken from Narragansett Bay. All fish 
were used within 2-3 days of their capture. 

The animals were sacrificed and their 
livers were removed and sliced with a Stadie- 
Riggs microtome or homogenized in deionized 
distilled water. All liver samples were kept a t  
0-4°C until used and all incubations with in- 
secticides were completed within 6 hours after 
sacrifice. The production and accumulation 
of active inhibitors of cholinesterase from the 
parent insecticides or the destruction of the 
anticholinesterase activity of the oxygen ana- 
logues by liver slices or homogenates were 
measured by bioassaying aliquots of the liver 
incubation mixtures in the rat-brain-cholines- 
terase test system. The procedures were simi- 
lar to those described previously (8,9). Ten 
to 20 mg (dry weight) of liver slices were 
shaken for 30 minutes at  38°C under oxygen 
with 30 rnpm of Parathion or Guthion or 300 
mpm of Malathion in a total volume of 3 ml 
of Krebs-Ringer phosphate buffer pH 7.6 
containing 0.1 M glucose. Beakers which con- 
tained the insecticides, but no liver, were in- 
cluded in each run. At the end of the in- 
cubation period the slices were removed, dried 
and weighed, and the incubate solutions were 
frozen until they could be assayed in the cho- 
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TABLE I. Accuiiiulation of Cholinesterase Inhibi tors  f roni Tliiophospliates Incubated with 
1,iver Slices :it 38°C. 

P=0 equiv. accuiii~il:~tetl/lCO iiig liver (dry  wt) /30 rnin from: 

G 11 t h io 11 

s o .  of 
R ni ma 1s S 11 cci t> s Pa r:i t 11 i o 11 Ma la thi o n 

Rat 
Mouse 
Sparrow 
Chic kei I 
Sunfish 
Rullhend 
Flounder 
Sculpin 

5.80 5 .7(i" 
7.68 & .74 

10.71 & 1.80 
3.43 .72 

19.97 7.(19 
14.52 % 1.56 

5.20 2 .81 
.04 & .02 

~ 

9.03 & 1.06 
14.18 & 2.04 
15.56 & 2.78 

4.85 -+ 2 4  
8.74 t 1 . i2  
3.64 .67 

11.24 f l.(i(J 
.03 * .f11 

Trace 
6.4 f 1.7 

105.2 ? 32.2 
3.01 & 1.7 

l(i1.0 f 29.5 
11.6 * 2.0 
l(i.9 2 3.8 
6.1 2 .8 

linesterase test system. Aliquots of 0.6 ml or 
less were assayed in preliminary experiments 
to determine appropriate amounts of liver in- 
cubates which would produce between 205 
and 70% inhibition of rat brain cholinesterase. 
The amount of inhibitor that had accumu- 
lated was calculated by comparing the cho- 
linesterase inhibition produced by the in- 
cubate solutions with the inhibition produced 
by known quantities of the appropriate oxy- 
gen analogues. All values were expressed in 
terms of oxygen analogue ( P  = 0 )  equiva- 
lents. This is defined as the quantity of puri- 
fied oxygen analogue that would have been 
required (in the original incubation mixture) 
to produce an equivalent inhibition of cholin- 
esterase. 

The capacities of livers from various 
species to inactivate the oxygen analogues of 
the insecticides were measured by incubating 
0.5 mpm of Paraoxon or Gutoxon or 5 mpm of 
Jlalaoxon in test tubes for 10 minutes a t  38" 
with 50 or 100 mg (wet weight) of homo- 
genized livers in a 5 ml volume of 0.02 31 
phosphate buffer pH 7.2. The reaction was 
stopped by placing the tubes in a boiling 
water bath for 90 seconds. Aliquots (0.6 ml) 
of the incubation mixtures were assayed in the 
cholinesterase test system and the inhibition 
produced by aliquots from tubes containing 
liver were compared with that produced by 
aliquots from a substrate blank that was car- 
ried through the same incubation, heating and 
storage procedure. 

The enzymatic hydrolysis of Paraoxon by 
40 or 80 mg (fresh weight) of homogenized 
liver was determined by measuring the 
amount of p-nitrophenol formed during 60 

minutes incubation with 400 mpm of P a r a  
oxon as described by Neal and DuBois( 10). 

The hydrolysis of Malathion was measured 
a t  38" by the manometric procedure described 
by Cook et aZ( 1 1 ) , using 2 0 0  mg or 400 mg 
of homogenized liver and 20 micromoles of 
the insecticide in 3 ml of 0.026 M bicarbonate 
buffer. 

For toxicity tests on mice and sunfish, corn 
oil solutions of the insecticides were injected 
intraperitoneally. This route of administra- 
tion was chosen over more conventional 
methods for fish toxicity tests, since the pur- 
pose of the test was to attempt to evaluate the 
correlation between toxicity and metabolism. 
Tntraperitoneal injections seemed to represent 
the most convenient means of exposing similar 
absorbing surfaces, in both species, to known 
quantities of the insecticides. Injections of 
corn oil only (10 mlikg, the maximum vo- 
lumes used for the insecticide solutions) did 
not produce obvious effects during the two- 
hour observation period. The  water tem- 
perature in the fish observation tanks was 

ResuZts. The quantities of active cholines- 
terase inhibitors that accumulated when the 
insecticides were incubated, under identical 
conditions, with liver slices from various 
species are shown in Table I. Since under 
natural conditions the body temperatures of 
fish would be considerably below the 38OC 
used for these comparative studies, an ex- 
periment was conducted in which liver slices 
from 4 sunfish were incubated at 18". Under 
these conditions 5.38 -4 .74, 2.58 t .32, and 
59.9 _t 6.7 P = 0 equivalents accumulated 
from Parathion, Guthion and Malathion re- 

18-20°C. 
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TABLE 11. Destruclioii of Aiiticholiiirsterasc Activity of Oxygeii Analogues of Tliiophos- 
phates by liver Hoiiiogenates. 

P=O equivalents destroyed by 50 mg (wet  wt)  liver in  10 min 
No. of 

Species animals Paraoxon GI1 t oxon Malaoxon 

Ra t  
Mouse 
Sparrow 
Chicken 
Sunfish 
Bullbead 
Flouiider 
scu1pi11 

.401 * .002* 
3 8 1  & .OO3 
2 2 7  _+ .010 
.331 & ,009 
.I30 * .022 
.122 & .005 
.041 * .006 
.076 * .010 

.157 & .031 
2 7 5  k .017 
.131 5 .010 
213  2 .014 
.205 & .010 
. l o 1  -+ ,044 
.n39 .o30 
. lo9  .O2O 

5.28 k .03 
4.00 -+ .02 
2.83 _+ .30 
3.46 .07 
1.59 -e .17 

.97 -+ .28 

.81 k .09 
1.27 -+ .1P 

Figures are iiieaiis -t stanclartl errors of the nieaiis. 

TABLE 111. Hydrolysis of Paraoxon and Malathion by Liver Homogenates. 

No. of p-nitrophenol f ornied from Pnraoxoii Malathion hydrolysis 
Species animals niillimicromoles/60 riiin/40 nig.& pl CO, produced/30 min/g* 

Rat  
Mouse 
Sparrow 
Chicken 
Sunfish 
Bullhead 
Flounder 
Sculpin 

Mean Range 
71.2 (60.0-80.0 ) 
li1.6 (41.0-72.0 ) 

.2 ( .O- .96) 
5.7 ( 4.9- 6.7 ) 
7.8 ( 4.8-12.8 ) 

.2 ( .O- .8 ) 
Not tcsted 

9 9  9 9  

Mean S.E. 
1589 k 28 
1118 2 39 

526 & 28 
399 -I 48 

72 k 13 
135 k 9 
201 -+ 58 

73 k 29 

* Wet wt of liver. 

spectively. The data in Table I indicate that 
fosr a single compound the variation among 
different species within a given class of ani- 
mals may be as great as the variation among 
different classes. Furthermore, the relative 
quantities of inhibitors that accumulated in 
the presence of liver slices from 
species differed depending upon the 
cide tested. 

The differences in the quantities of 
esterase inhibitors that accumulated 
incubation with liver slices from 
species might be due to differences 

various 
insecti- 

cholin- 
during 

various 
in the 

capacities of the livers to activate the parent 
insecticides or differences in the rates of hy- 
drolysis or other reactions which lead to in- 
active compounds. To investigate this fur- 
ther, the relative capacities of liver homo- 
genates to destroy the anticholinesterase ac- 
tivity of the oxygen analogues were tested. The 
results are shown in Table 11. Under the con- 
ditions described under Methods the amount 
of substrate was a limiting factor with Mala- 
oxon in the case of mammalian livers; how- 
ever, it is obvious from these data that livers 
from all the fish species destroyed consider- 

ably less Malaoxon and Paraoxon as com- 
pared with mammalian and avian livers. In 
the case of Gutoxon, there were overlapping 
values among the 3 classes of animals. 

The loss of anticholinesterase activity of 
the oxygen analogues represents the total de- 
struction of activity by all mechanisms that 
are operative in the test system. These could 
include nonspecific tissue binding ( 10) as well 
as enzymatic hydrolysis or other reactions 
leading to inactivation. Therefore, other 
techniques for measuring the hydrolysis of 
Paraoxon and Malathion were tested. The 
results of these measurements are shown in 
Table 111. Comparison of these data with the 
data in Table I shows that the relative values 
obtained for rates of detoxication differ de- 
pending upon the assay method. It is not 
known which method would most accurately 
reflect in vivo conditions, but regardless of the 
method employed for measuring inactivation, 
livers from all the fish species contained much 
less activity than livers from mammals when 
Paraoxon or Malaoxon (or Malathion) were 
used as substrates. 

The data in Table IV show that within the 
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TA BT,E TV. Acatci Tosicit? of Tliio1)liospliate In-  approximately equal at  38°C. However, i f  it 
secticicles anti Their Oxygen Analogues to  Mice and 

Sunfish. is assumed that the rate of destruction was 
decreased bv 2- to 4-fold at  18” (the water 

Mortality hr  temperature of the fish toxicity tests) and if 
adjustment is made for the smaller liver/body 

Con~pound Dose” (No. dead/No. injected) 

10 inl/kg 
40 nig/kg 
20 ” 

1G ” 

8 ” 

2.5 ” 

16 ” 

10 ” 

8 ” 

1 ” 

. I25 ” 
1500 ” 

100 * ’  

Nicc  Sunfish 
0/4 u/4 

4/4 0/4 
0/4 - 

- 2/4 
- 0/4 

3/4 - 

- 1/4 
4/4 - 
1/4 o / i  
1/4 4/4 
- 3/4 

2/4 - 
u/4 2/4 

100 ” 4/4 - 
10 ” 0/4 4/4 

.25 ” - e/4 

* All compounds were given jntraperitoneally in 
corn oil. 

limited conditions of the toxicity tests, sunfish 
were much more susceptible than mice to both 
Malathion and its oxygen analogue. This is 
consistent with what would be predicted from 
the metabolism studies and agrees with the 
greater toxicity of Malathion to bluegills 
(relative to mammals) that has been reported 
for conventional fish toxicity studies( 1 2 ) .  
Parathion and Paraoxon appeared to be con- 
siderably less toxic to sunfish than to mice. 
I t  could be argued that the lower body tem- 
perature of the fish would reduce the rate of 
metabolic formation of Paraoxon from 
Parathion in vivo, and so account for the dis- 
crepancy between toxicity data and metabo- 
lism data, However, incubation of Parathion 
with sunfish liver slices at  18” resulted in the 
accumulation of quantities of Paraoxon which 
were only 30% less than when mouse liver 
slices were incubated at  38”. Liver metabo- 
lism data also failed to explain the relative 
resistance of sunfish to Paraoxon. Guthion 
was about twice as toxic to mice as to sunfish. 
This is consistent with what would be pre- 
dicted from the Iiver slice experiments. How- 
ever, Gutoxon was approximately 10 times as 
toxic to sunfish as to mice. The destruction of 
the anticholinesterase activity of Gutoxon by 
liver homogenates from these 2 species was 

weight ratios of the sunfish (approximately 
one-half that for mice), the greater suscepti- 
bility of sunfish to poisoning by Gutoxon 
might be explained on the basis of smaller 
total degradation of the chemical. 

Discussion. The total capacity of liver 
slices to form cholinesterase inhibitors from 
organic phosphorothionate or phosphorodi- 
thioate insecticides should, theoretically, 
equal the sum of the quantity of inhibitor ac- 
cumulated plus the quantity destroyed during 
the incubation period. Because of differences 
in conditions for assaying liver activation and 
degradation of the insecticides, the data ob- 
tained in this study do not permit a strictly 
quantitative analysis. However, the results 
permit a semiquantitative consideration of 
the relative capacities of livers of various 
species to activate phosphorothionate insecti- 
cides. 

The high rate of degradation of Malathion 
or its oxygen analogue by mammalian livers 
as compared to fish livers, can readily ex- 
plain why the accumulation of a cholinesterase 
inhibitor from this insecticide was less for 
mammalian than for fish liver slices. Meas- 
urements of the loss of anticholinesterase ac- 
tivity of Paraoxon indicate that sunfish and 
bullhead livers have only about the ca- 
pacity of rat and mouse livers to inactivate 
Paraoxon. Two to four times as much Para- 
oxon accumulated when Parathion was in- 
cubated with sunfish and bullhead liver slices 
as compared to rat and mouse livers. Con- 
sidering these relationships it appears that 
the capacities of the livers from these 4 spe- 
cies to form Paraoxon from Parathion are not 
greatly different. In the presence of flounder 
liver slices only about f/4 to% as much Para- 
oxon accumulated from Parathion when com- 
pared with liver slices from the fresh water 
fish. This could not be explained on the basis 
of a greater rate of inactivation of the oxygen 
analogue by flounder liver. I t  appeared there- 
fore, that flounder livers had less capacity to 
activate Parathion. On the other hand 
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flounder livers appeared to have a relatively 
large capacity to form Gutoxon from Guthion. 
Sculpin liver slices failed to cause an ac- 
cumulation of appreciable quantities of oxy- 
gen analogues from any of the 3 parent in- 
secticides. This suggests that the liver of 
this species does not contain the necessary 
enzyme system( s) to catalyze the oxidative 
desulfuration of phosphorothionates, since 
livers from this species also had little or no 
capacity to destroy the oxygen analogues. 

Sparrow liver slices appeared to have a 
greater capacity to form Malaoxon from 
Malathion than chicken liver slices since the 
rates of destruction of either Malaoxon or 
Malathion by liver homogenates from the two 
species did not differ appreciably. The de- 
struction of anticholinesterase activity of 
either Gutoxon or Paraoxon was about 50% 
greater with chicken livers than with sparrow 
livers. However, incubation of the parent 
insecticides with sparrow liver slices resulted 
in an accumulation of 3 to 4 times as much of 
the cholinesterate inhibitors as when they were 
incubated with chicken liver slices. These 
observations suggest that sparrow livers also 
had greater capacity to form the oxygen ana- 
logues from Parathion and Guthion. Similar 
attempts could be made to explain other 
species differences in the accumulation of 
cholinesterase inhibitors that were observed 
in this study. Proof of these explanations, 
however, requires additional studies of ac- 
tivating reactions under conditions which 
assure their independence from inactivating 
reactions. 

Liver was the only tissue for which metabo- 
lism tests were conducted in this investigation. 
It is possible that metabolism in other tissues 
might more closely correlate with suscepti- 
bility to poisoning. In this connection it 
should be noted that Neal and DuBois(l0) 
suggest that the formation of Paraoxon from 
Parathion is the rate limiting reaction leading 
to the secondary hydrolytic detoxication of 
this insecticide by mammalian livers. The 
present investigation shows that avian and 
piscine livers have relatively much lower ca- 
pacity than mammalian livers to hydrolyze 
Paraoxon. I t  seems possible, therefore, that 
detoxication of Parathion in birds and fish 

follows a different pathway or occurs in dif- 
ferent tissues than in mammals. Recent stud- 
ies in this laboratory( 13) have shown that, 
in the presence of appropriate cofactors, 
homogenates of mammalian, avian and piscine 
livers are capable of reducing Parathion and 
Paraoxon to their less active amino deriva- 
tives; however, the relative importance of this 
reaction as a detoxication mechanism in vivo 
has not been determined. 

Summary. The quantities of active chdin- 
es terase inhibitors which accumulated when 
Malathion, Parathion and Guthion were in- 
cubated with liver slices from 2 mammalian, 
2 avian and 4 piscine species were measured. 
The capacities of liver homogenates from 
these 3 classes of animals to inactivate the 
oxygen analogues of these compounds were 
also compared. The relative capacities of 
liver slices from various species to produce 
and accumulate cholinesterase inhibitors 
varied depending upon the thiophosphate 
studied. Fish livers had considerably less ca- 
pacity than mammalian and avian livers to 
inactivate the oxygen analogues of Parathion 
and Malathion, but the destruction of the 
anticholinesterase activity of Gutoxon by 
liver homogenates did not differ appreciably 
among the 3 classes. The greater suscepti- 
bility of sunfish than mice to poisoning by 
Malathion or Malaoxon correlated well with 
what would be predicted from the liver me- 
tabolism studies. Toxicity-metabolism cor- 
relations were less obvious for Guthion and 
Gutoxon, and the lesser susceptibility of sun- 
fish than mice to poisoning by Parathion and 
Paraoxon was opposite to what would be 
expected from liver metabolism data. 

The author is grateful to Mr. J .  Baird, Massa- 
chusetts Audubon Society, Mr. J .  Dickson, Massa- 
chusetts Division of Fisher'ies and Game, and Miss 
C. Oviatt, for supplying the avian and piscine species. 
Miss C. Schreiber and Mr. K. Cheever provided valu- 
able technical assistance. Dr. R. Lauwerys and Dr. 
M. Hitchcock provided preliminary data on the 
hydrolysis of Paraoxon and Gutoxon. 
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There have been many attempts to analyze 
differences in requirements of certain nutri- 
tional factors between host and tumor tissue 
(1,2,3,4). Of special interest have been the 
studies on vitamins. Major chemotherapeutic 
advances in the treatment of malignancy have 
resulted from these studies. 

The effect of vitamin Br, as a constituent 
that may influence tumor growth has had an 
interesting but rather enigmatic history. 
Bischoff et aZ reported the retardation of 
growth of Sarcoma 180 in mice deficient in 
pyridoxine; addition of vit. BG to the deficient 
diet caused a significant increase in the growth 
of the tumor (5 ) .  Kline et aZ( 6)  showed that 
in rats partially depleted of pyridoxine, the 
percentage of takes of the Flexner-Jobling 
carcinoma was lower, number of regressions 
was higher, and the size of the tumor smaller 
than in control animals receiving a diet con- 
taining pyridoxine and the same number of 
calories. Similar results were obtained by 
this group for the Yale adenocarcinoma-1 and 
a mouse fibrosarcoma. Boutwell et d ( 7 )  re- 
ported that they could lower the incidence of 
the induction of epithelial tumors in mice only 
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by lowering the concentration of all B vita- 
mins in the diet, and that pyridoxine depletion 
alone did not affect tumor incidence. 

A number of other induced and transplant- 
able tumors have since been observed and 
evaluated for growth characteristics in hosts 
made deficient in vit. B,;. In several investi- 
gations the pyridoxine antagonist, 4-desoxy- 
pyridoxine, was utilized to induce the defi- 
ciencies. Results varied according to tumor, 
host, and experimental procedures(8,9,10,11, 

The experiment described here was for- 
mulated to demonstrate the relationship of 
tumor growth to vit. B6 by quantitating the 
growth of a transplanted tumor in rats that 
were made deficient in vit. B6 by a combi- 
nation of deficient diet and an antimetabolite 
regimen. 

Materials and methods.  Exp. 1. The rats 
used were Marshall 520 strain obtained from 
the National Cancer Institute, Bethesda, Md. 
Eighteen young female animals, ranging in 
weight from 77 to 122 g, were divided into 
3 groups, 2 with 7 animals (deficient group 
and pair-fed group) and one with 4 animals 
(ad libitum group). The groups of 7 were 
subdivided into 3 and 4 animals and caged 
in wire bottom cages so that the collective 
body weights of the animals in each com- 
parable cage were equal. 

The complete diet was as shown in Table I 
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