
Effects of Some Organophosphorus Insecticides 
on Vitamin E and Other Blood Constituents 

and on the Apparent Inducement of Diarrhea 
in Neonatal Calves 

by L. M. HUNT and R. T. McCARTY I 
Toxicological Research Laboratory, Veterinary Sciences Research Division, 

Agricultural Research Service, U.S. Department of Agriculture s, 
Kerrville, Tex. 78028 

Signs of intoxication due to an excessive exposure to an 
organophosphorus (O.P.) insecticide may be dyspnea, weakness, 
excessive salivation, amscular stiffness, decreased chollnesterase 
(ChE) activity, and diarrhea (14). However, an exposure to a 
smaller quantity of the same chemical (but greater than the '%0 
effect level") may produce none or a few of these signs but be 
responsible for undesirable biologic responses. The consequences 
of these responses may be directly associated with growth 
retardation and inefficiency of feed utilization resulting in 
economic loss to the stockman (3, 6, 7). 

Generally, tocopherol levels of the plasma appear to be 
related to dietary intake and defects in intestinal absorption of 
fat. Therefore, this study was initiated using plasma tocopherol 
and ChE as indicators of O.P insecticide toxicosis. Additionally, 
it seamed appropriate from previous studies that the effect on 
free fatty acids, carotene, and hematocrit values would have 
value (2, 5, 8, 9, 12, 16, 17, 19). 

When neonatal calves are moved to a new environment and 
given a substitute diet, many stress factors become paramount. 
Physical, bacteriologlcal, dietary, and other radical changes can 
have a profound influence on a study involving neonatal calves 
(4, 13, 18). 

Therefore, in order to differentiate changes caused by O.P. 
insecticides from other etiologic factors, all test results are 
compared to untreated controls which were subjected to the same 
environmental stresses as the test animals. 

i R. T. McCarty, deceased. 
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Materials and Methods 

Test Animals. Twenty-nine unweaned calves 3 to i0 days old 
from beef and dairy stock were used for this study. Calf weights 
ranged from 27.7 to 59.5 kg., and principals and controls were 
selected randomly. All calves were kept under the same 
environmental conditions and given the same diets: bucket-fed 
milk, rufis 3, and grain. 

Organophosphorus Compounds. 

i. Formulation of 25% wettable powder 0,0 dlethyl 0-(3- 
chloro-4-methyl-2-OXO-2H-l-benzopyran-7-yl)phosphorothioate 4 , 
administered as a drench at 25 mg./kg, level. 

2. Formulation mixture of technical 0,O-diethyl-s(and-0)- 
[2(ethylthlo)ethyl] phosphorothioates ~ administered in gelatin 
capsule at 0.5, 1.0, and 1.5 mg./kg, levels on day i, 3, and 4, 
respectively. 

3. Formulation of 75% wettable powder 2-chloro-l(2,4,5- 
trichlorophenyl)vinyl dlmethylphosphate 6 administered in gelatin 
capsule at 50 mg./kg, level. 

4. Formulation of 25% wettable powder S-(((P-chlorophenyl)= 
thio)methyl)0, 0-dlmethyl phosphorodithloate 7, administered in 
gelatin capsule at i mg./kg, level. 

5. Formulation of 25% emulsifiable concentrate 
phosphorodithioic acid, 0,0-dlethyl ester, S-ester with N,N- 
diallyl-2-mercapto acetamlde 8 administered as 0.1% and 0?27% 
sprayed in quantities of 1 gallon per calf. 

3 Dried rumen bacteria with soluble nutrient base, Poul-an 
Laboratories, Inc., Kansas City, Missouri. 

4 Coumaphos, Chemagro Corp., Kansas City, Mo. 64120. 

5 Demeton, Chemagro Corp., Kansas City, Mo. 64120. 

6 Rabon ~, Shell Chemical Co., San Ramon, Calif. 94583. 

7 Trithion | Stauffer Chemical Co., Mountain View, Calif. 
94040. 

8 CP 18978, Monsanto Chemical Co., St. Louis, Mo. 63166. 
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6. Formulation of 25Z emulsifiable concentrate 
phosphorothiolc acid, O_aO0-dlmethyl ester, O-ester with 
5-chlorosalicylonltrile = administered as 0.25% and 0.50% sprayed 
in quantities of 1 gallon per calf. 

7. Formulation of 25% emulsifiable concen t ra te  
phosphorothioic ac id ,  O,O-diethyl,S-(3,4,4-trifluoro-3-butenyl)- 
ester I0 administered aT ~.5% spraye--d in quantities of 1 gallon 
per calf. 

8. Formulation of 25% emulsifiable concentrate 
phosphorodlthloic a~$d, 0,0 dlmethyl,S-[2-methyl-l,3-oxathiolan- 
2-yl)methyl)] ester ~ adm~istered as 0.05~ sprayed in quantities 
of 1 gallon per calf. 

9. Formulation of 20% emulsifiable concentrate phosphoric 
acid, dimethyl ester, ester with 2-chloro-N-ethylcrotonamlde 12 

administered in gelatin capsule at 10 mg./kg, level. 

10. Formulation of technical phosphoric acid, dimethyl 
ester, ester with 2-chloro-N_-methylcrotonamlde 13 administered in 
gelatin capsule at 5 mg./kg, level. 

ii. Formulation of 50% emulsifiable concentrate 
phosphorodlthioic acid, 0,0-dlm~thyl ester, S-ester wlth-N- 
isopropyl-2-mercapto-N_-m~t~oxyacetamlde 14 admlnlstered in-'gelatin 
capsule at 10 mg. and 25 mg./kg, levels. 

Chemical Analysis. 

Blood samples were collected 3 consecutive days before the 
test, 6 hours after exposure to the insecticide, and daily for 
the remainder of the observation time. 

Determinations for tocopherol (total, free, and esterfied) 
and carotene were conducted by the Gianguido Rindl method (15), 
chollnesterase by a modified method of Michel (ii), free fatty acids 
by Donald Kvammethod ( i0 ) ,  and hematocr l t  l eve ls  by Andu~ar method ( I ) .  

Results  

A. Coumaphos 

The 6 calves  dosed with coumaphos showed maximum 
decreases during the t r i a l s  in t o t a l ,  f r ee ,  and e s t e r  tocopherol  
to 21, 20, and 0X, r e s p e c t i v e l y ,  of t h e i r  pre-exposure  l e v e l s .  
Fourteen days a f t e r  exposure the t r i a l  was te rminated ,  and the  
averages had recovered to  72, 99, and 28% of t h e i r  pre-exposure  
l eve l s  (Table 1).  At varying times during the postexposure 
per iod,  5 of the calves developed d ia r rhea  of which 4 showed no 

9 Bayer 54203, Chemagro Corp., Kansas City, Mo. 64120 
l0 Stauffer 8963, Stauffer Chemical Co. Mountain View, Calif. 94040. 
ll Stauffer B9625 
12 C-776, Ciba Agrochemical Co., Veto Beach, Fla. 32960 
13 C-768, Ciba Agrochemical Co., Vero Beach, Fla. 32960 
14 C- 2428, Ciba Agrochemlcal Co., Vero Beach, Fla. 32960 
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detectable level of tocopherol coincidentally with the onset of 
diarrhea. ChE activity reached a mean of 24% at the lowest level 
postexposure, returning to 48% of the activity on the 14th day 
(Table 2). Diarrhea and depressed ChE activity were the only 
signs of O.P. toxicosis. A mean decrease of 18% in PCV was found 
(which is usually counterlndicated in diarrhea cases), could be 
indicative of red cell destruction. Although controls had a 
decrease, it was not of the magnitude of the comnaphos-exposed 
calves (Table 3). This was also true of the fatty acid and 
carotene levels, and these levels did not return to pre-exposure 
levels as did the controls (Tables 2 and 3). 

B. Demeton 

The multiple exposures of the 5 demeton-dosed calves 
caused the ChE activity to decrease to 9% of the pre-exposure 
level. However, the decreases were not as rapid as those of the 
single-dosed coumaphos calves (Table 2). Maximum decreases in 
total, free, and ester tocopherol to 57, 24, and 23%, respectively, 
were shown during the postexposure period. The averages had 

recovered to 91, 148, and 78%, respectively, by the 14th day. 
During the postexposure period of 3 of the 5 calves developed 
diarrhea, had lower tocopherol, carotene, and PCV levels with 
slower recoveries than the other 2 exposed calves which had no 
diarrhea. One of these calves (which had no diarrhea) had only 
ChE depression and the other had most of the O.P. toxicosls signs 
except diarrhea. PCV levels in all 5 calves decreased Just as 
the coumaphos-dosed calves and did not return to pre-exposure 
levels (Table 3). 

C. Various O.P. insecticide compounds 

i. Oral Capsule 

All seven of the orally-dosed calves developed 
diarrhea and, at sometime during the postexposure period, had 
tocopherol and carotene levels lower than the controls. They did 
not return to pre-exposure levels as did the controls (Table i). 

Calf 16 was the only one not exposed at a level 
high enough to significantly lower the thE, and no other signs of 

toxlcosls were observed in calves 12, 14, 16, and 18. Calves 
13, 15, and 17 showed all the classical signs of O.P. poisoning 
with only one [15] surviving. 

2. Dermal Spray 

Calves 23 and 24 had no signs of O.P. toxlcosis 
except a depressed ChE activity. Both tocopherol and carotene 
levels decreased and did not return to pre-exposure levels. 
Calves 18, 20, and 22 developed diarrhea, and depressed ChE 
activity. The tocopherol and carotene levels were lowered and 
did not return to pre-exposure levels. Calves 20 and 22 
manifested classical signs of toxlcosis and were fatally poisoned. 
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Calf 21 was the only treated calf whose tocopherol 
and carotene levels were not affected more than the control calves. 
However, upon increasing the dose, a zero tocopherol, 66% decrease 
in carotene, and 81% loss in ChE activity was observed (Calf 22). 

D. Controls 

Two of the 5 control calves developed diarrhea and 
showed notable reductions in tocopherol and fatty acid levels, but 
recovered rapidly. The lower levels occurred coincidentally with 
the onset of diarrhea which has previously been reported (16, 17). 

D i s c u s s i o n  

Calv s dosed with O.P. insecticides at levels high 
enough to cause significant ChE depression, and occasionally 
diarrhea, also caused tocopherol, carotene, PCV, and fatty acid 
levels to decrease. With no other signs of toxicosis and feed 
consumption relatively unchanged, these levels did not return to 
pre-exposure normals. This would indicate an inefficiency of 
feed utilization related to defects in intestinal absorption. 
These lower levels would be expected and were observed when calves 
showed other signs of toxicosis and, therefore, consumed less feed. 

The lower levels of tocopherol, carotene, PCV, and 
fatty acid were also noted in control calves (to a lesser degree) 
when diarrhea of unspecified etiology affected them. However, 
the controls not only recovered rapidly, but increased 
significantly during the 2-week test period. 

A statistical comparison was not possible because of 
the limited number of calves in each group. 

Summary 

Tocopherol, cholinesterase, fatty acids, carotene, and 
hematocrit levels were determined during a i- and 2-week-period 
following exposure to organophosphorus insecticides. Depletions 
of total tocopherol, occurring coincidentally with the onset of 

diarrhea in most cases, were observed when neonatal calves were 
exposed to a significant level of the insecticides in contrast to 
that of controls. Inability of the exposed calves to return to 
pretreatment levels of fatty acids, carotene, and hematocrits was 
notable when tocopherol levels remained below 70 ~g/100 ml. for 
several days. This finding would be expected if the antioxidant 
activities of tocopherol were not replaced. 
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