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Table 1. Formation of Biuret from 
Dry Urea at 140' C. 

1010, 2275 (1913). 
(7) Werner: E. A, ,  Proc. Chem. SOC. 30, 

Time, 
Hours 

0.25  
0 . 5  
0 .75  

Urea 
Converteal to 

Biuret, P 
0.010 
0.022 
0.028 
0.035 
0.061 
0.122 
0 15C 
0 155 
0.195 

Average 

Rate Constant, 
k ,  l i ter /  

M a l e  Hr.  

1 . 9  x 10-3 
2 . 1  x 10-3 
1 . 8  x 10-3 
1 . 7  x 10-3 
1 . 5  x 10-3 
1.61 X 10-3 
1 .63  x 10-3 
1 .41  X 10-3 
1 .60  x 10-3 

x 10-3 
(1.68 X 0.15)  

Table I I .  Rate Constant of Biuret 
Formation from Urea 

Rofe Constant, k ,  
Temp., ' c. l i fe r /Mole  Hr. 

50 3.98 X 10-6 
80 2.38 x 10-5 

100 6.55 x 10-5 
140 1.68 x 10-3 
150 3 .34  x 10-3 
160 5.66 x 10-3 
170 8.28 x 10-3 

conditions shown in Figure 1 are pre- 
sented on an hourly basis. 
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INSECT REPELLENT TOXICITY T O  A N I M A L S  

The Toxicology of Butoxypolypropylene 
Glycol 800 (Crag Fly Repellent) 

C. P. CARPENTER, C. S. WEIL, P. E. 
PALM, M. D. WOODSIDE, and H. F. 
SMYTH, Jr. 
Mellon Institute, Pittsburgh, Pa. 

This stud-y was undertaken to characterize the toxicity of butoxypolypropylene glycol 
800 (BPG 800) by single and repeated doses to rodents and dogs, so that its accept- 
ability for use as a fly repellent could be ascertained. Single-dose studies show {hat 
BPG 800 has only slight oral and skin penetration toxicity for rodents and does not 
increase toxicity when fed orally to rats with nine available insecticides. Subcutaneous 
and intrciperitoneal injection, compared with direct intravenous injection, demonstrates 
that BPG, 800 passes tissue barriers poorly and offers little or no hazard by the usual 
portals of entry to the body. It is  not stored in the bodies of animals, and 50% or more 
of a single dose may be found in the urine unchanged. Rats tolerated 640 p.p.m. in 
the daily diet in chronic feeding for 2 years, while dogs tolerated 890 p.p.m. for 1 year. 

HE ACUTE AND SUBACUTE toxicity T studies completvd prior to 1951 by 
Carpenter and associates ( 7 )  elucidated 
the suitability and safety of butoxypolp- 
propylene glycols (BPG) 400 and 800 
as fly repellents. This publication cov- 
ered all portals of entry, as well as irrita- 
tion tests and studies on absorption and 
excretion in rats. Cranett et  al. (3. 4) 
demonstrated the efTectiveness of formu- 
lated BPG 800 as a fly repellent for 
livestock and in particular for dairy 

cattle. This compound and other mem- 
bers of the same series have wide solvent 
properties; some find use as specialty 
lubricants and as hydraulic fluids. In- 
creasing uses have led to the more exten- 
sive toxicological study now reported. 

BPG 800, sold as Crag Fly Repellent 
(Union Carbide Corp.), has a specific 
gravity of 0.990 and a water solubility of 
0.1% a t  20' C. The compound is a 
clear liquid, substantially nonvolatile. 
with a vapor pressure under 0.1 mm. of 

V O L .  7, NO. 

mercury a t  20' C. I t  is soluble in most 
organic solvents, including alcohols, ke- 
tones, toluene, and gasoline, and is 
miscible with the ingredients most useful 
in the formulation of insecticides such as 
petroleum distillate and methylated 
naphthalene. 

The present paper brings up  to date 
the information which has been de- 
veloped on acute toxicity orally, by skin 
penetration, and by injection of BPG 
into four rodent species during the period 
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1951 to date. To characterize the 
chronic toxicity of this compound, rats 
have received various dosages in their 
diets for 2 years and dogs for 1 year. 
Both feeding studies were conducted with 
a single sample of 15 gallons of BPG 800 
(Union Carbide Chemicals Co., South 
Charleston, \V.  Va.) obtained early in 
1955. Acute toxicity tests showed that 
this sample did not differ materially from 
previous samples. 

Acute Oral, Percutaneous, 
and Parenteral Assays 

The methods used for the 1953 to 1958 
toxicity assays are substantially those 
reported in the series of papers by Smyth 
and coworkers ( 6 )  on the Range-Finding 
approach. Groups of five nonfasted 
Carworth Farms-Wistar rats, w-ighing 

90 to 120 grams, were used for all the 
tests prior to 1957 and their Nelson spe- 
cific pathogen-free stock thereafter. Rats 
were maintained on a Rockland rat diet 
(complete), and mortalities were ob- 
served for a period of 14 days, a t  which 
time the median-effective dose (LDjo)  was 
calculated from the tabulation by 
Weil ( 8 ) .  

The seven acute oral assays on rats 
yielded LDjd values ranging from 8.9 to 
17.3 ml. per kg. for undiluted BPG 
(Table I ) .  C3H Jax mice, a highly in- 
bred, mammary tumor-susceptible 
strain, used widely in carcinogenic stud- 
ies, were the most susceptible species and 
rabbits were the most resistant. All the 
rodent species tested show this compound 
to have a slight to extremely low order 
of acute oral toxicity. 

The joint action of BPG and each of 

Table 1. Results of Single Doses of Undiluted BPG 800 to Animals 

Route 

Oral Rat 
Rat 
Rat 
Rat 
Rat 
Rat 
Rat 
Rat 

LDjo (1.96s l imits) 
Year 7 4-Day Mortal i ty,  

Species Sex Produced MI. or G./Kg. 

M 1953 11 2 ( 9  9-12 8 )  
F 1953 8 917 8-10 1 )  
h? 1954 12 .9 (8 ,4-19 ,9 ) 
M 1955' 8 . 9  
M 1955a 1 1 . 6  (10.8-12.4)  
pvi 19556 1 7 . 2  (12.3-23.9)  
M 1956 1 2 . 9  (10.7-15.4)  
M 1957 1 7 . 3  (14.0-21.3)  

Guinea pig *M 
Guinea pig h? 
Rabbit M 
Rabbit M 
Mouse (C3H)  M 

Skin penetration Rabbit ' 
Rabbit 
Rabbit 

Subcutaneous Rat 

Rat 
Rabbit 

Intraperitoneal Rat 
Rat 
Rat 

Intravenous Rat 
Rat  
Rabbit 

M 
M 
h? 
F 

M 
M 
F 
M 
F 
F 
F 
h.i 

Sample used in the 1- and 2-year oral feeding series. 
b 50% dilution in corn oil. 

1953 
1955 
1953 
1 9 5 5 ~  
1955a 
1953 
1954 
1955a 
1954 

1955 
1953 
1953 
1954 
1955a 

19550 

1953 
1954 

2 2 . 5  (1  3,9-36 .4 j  
9 . 5  (6.2-13.3) 

2 8 . 3  (17 .5-45 .8)  

6 . 7  (4 .1-10.9)  
2 1 . 2  (15.2-29.6)  
1 8 , 8  (16.9-20.9) 

15 ml./kg. = 0/5 

20 ml./kg. = 0/4 
1 5 . 8  ml./kg. = 

015 
2 5 . 9  (21.0-32.0)  

3 . 6  (2 .2-5 .8)  
0 .85(0 .56-1 .31)  
2 . 2  (1 .4-3 .7)  
0 . 8 1  10.62-1.07)  
0 . 2 2 i 0  12-0 43) 
0 1 9 ( 0  17-0 20) 
0 .088 

Table II. Joint Action of BPG 800 and Nine Other Insecticides 
I MI. = X 

Active Agent lDjo G./Kg. G. "as Predicfed 
in Sample, on "as Sold" in QQ, Observed lDjo, 

Material % Sold" Basis Corn Oil G./Kg. G./Kg. (by  Experiment) Observed 

RPG 100 1 7 . 2  0 . 5 0  7 . 9  1 4 . 9  110.7-20.8) 0 . 5 3  _ _  - 
Thanite 
BPG 
Toxaphene 
BPG 
Fermate 
BPG 

~~. 

82 
100 
100 
100 

76 
100 

2 1 4  

0 123 

4 92 

17 2 

1: 2 

17 2 

0 . 1 0  
0 . 5 0  
0 . 0 1  
0 . 5 0  
0 . 2 0  
0 . 5 0  

4 . 6  

1 0 . 0  

5 . 1  

1 4 . 1  (no range) 

1 8 . 3  (12.1-27.9)  

1 6 . 2  (10.6-25.0)  

0 . 3 3  

0 . 5 5  

0 . 3 2  
Dieldrin 1 8 . 6  0 . 1 4 2  0 . 0 1  
BPG 100 1 7 . 2  0 . 5 0  1 0 . 3  2 4 . 6 ( 1 8 . 8 - 3 2 . 3 )  0 . 4 2  
Chlordan 45 0 . 4 9  0 . 0 1  
BPG 100 1 7 . 2  0 . 5 0  9 . 5  2 8 . 3  (no range) 0 . 3 4  
DDT 100 0 .406  0 . 0 1  
BPG 100 1 7 . 2  0 . 5 0  1 0 . 5  2 1 . 4  (15.4-29.9)  0 . 4 9  
Lime sulfur 30 2 . 1  0 . 0 5  
BPG 100 1 7 . 2  0 . 5 0  5 . 3  5 . 4 ( 3 . 8 - 7 . 5 )  3 . 9 9  
Lethane 384 50 1 . 1 9  0 . 1 0  
BPG 100 1 7 . 2  0 . 5 0  4 . 2  4 . 7  (3 .3-6.5)  0 89 
Lindane 99 0 .107  0 . 0 1  

nine insecticides. currently available on 
the open market, was assayed on male 
rats. LDjo were determined for each 
compound at  a concentration in corn oil 
which resulted in individual rat doses of 
5 ml. or less. The concentration of toxi- 
cants in corn oil was kept constant for 
both the individual and the joint assays. 
In  prior assays this was found to be neces- 
sary, because a change in toxicant con- 
centration, ivith dosage kept constant, 
radically influenced mortality. 

The results were interpreted by cal- 
culating the predicted LDjo for each pair 
and establishing its ratio to the experi- 
mentally achieved or observed LD5o, 
based on the feeding of both insecticides 
in the corn oil vehicle simultaneouzlv. 
The calculations \vere made as folloivs : 

where PI = proportion of total toxicant, 
on "as sold" basis, that Ma- 
terial l represents in the 
corn oil. 

P? = proportion of total toxicant, 
on "as sold" basis, that Ma- 
terial 2 represents in the 
corn oil. 

LDjn, = LDbo of Material I .  
LDx,, = L D j o  of Material 2. 

Considering BPG as Material 1 and Thanite 
as Material 2 then, 

1 - 0.8333 0.1667 
Predicted LD,o 17.2 + 2.14 _ _ _ ~  - __ 

= 7.9 gramslkg. 

7'9 = 0.53 Predicted - 
Observed 14.9 
_ _ _ _ -  

By comparing the predicted LDjc of 
the mixtures with the observed LDjo it  
is possible to determine whether the com- 
ponents act in an additive manner br 
whether their combined action is greater 
or less than one would expect from their 
calculated LDjo The comparisons are 
expressed as ratio3 of predicted LDjo over 
the observed LDjo. ,4 ratio somewhat 
greater than 1.00 indicates a more than 
additive effect (the variously described 
svnergistic or potentiating tendency) and 
a ratio somewhat less than 1.00 indicates 
a less than additive effect (often referred 
to as an antidotal or antagonistic 
tendency). 

At present. the authors consider ratios 
above 2.00 and below 0.50 to be on the 
verge of statistical significance. By this 
criterion BPG has a less than additive 
effect with toxaphene. dieldrin, chlordan, 
and DDT. and is additive iyith Thanite, 
Fermate, lime sulfur. Lethane 384 and 
lindane (Table 11). 

The percutaneous administration of 
undiluted BPG demonstrates the in- 
ability of this compound to pass the intact 
skin barrier in phvsiologically significant 
amounts. The 1955 sample did not kill 
rabbits a t  20.0 ml. per kg . which is the 
maximum dosage that can be retained 
under the impervious L-inylite (Union 
Carbide Corp.) sheeting used to retain 
the compound on the clipped rabbit 

764 A G R I C U L T U R A L  A N D  F O O D  C H E M I S T R Y  



trunk. Earlier sainples had LD50 which 
demonstrated a n  extremely low order of 
toxicity for 24-ho~ir covered applications 
(Table I ) .  

Subcutaneous injection of undiluted 
BPG under the loose skin of the dorsal 
scapular area on rats resulted in a n  LDjo 
of 25.9 ml. per kg. Secrosis of the skin 
over the injection site resulted, but the 
rats gained weight normally during the 
2-week observation period. Rabbits 
tolerated less by this route, as an LD50 of 
3.6 ml. per kg. demonstrated. 

Single intraperitoneal injections of un- 
diluted BPG to rats resulted in LDjo of 
0.8 to 2.2 ml. per kg. Repeated injec- 
tions at  dosage levels of 0.5, 0.25, and 
0.125 ml. per kg. for 10 days out of 16 
calendar days resulted in good iveight 
gains and no mortality among groups of 
four young rats weighing 122 to 169 
grams. Although, the dosing pattern 
was asymmetrical, 3 days the first week, 
4 days the second week, and 3 days the 
third week: the test shows that rats can 
tolerate. without gross symptoms, as 
much as 5 ml. per kg. by repeated in- 
traperitoneal injections. This is two to 
six times the single injection LD,, by this 
same route. 

Intravenous irljection of undiluted 
BFG via the tail vein of the rat gave an 
LDjo of 0.22 ml. per kg. Rabbits were 
about twice as sen:iitive as rats as the LDho 
of 0.088 ml. per kg. by ear vein demon- 
strated. Convulijions preceded death 
after parenteral administration of un- 
diluted BPG. Capillary breakdown in 
the lungs. resulting in hemorrhage, was 
the common finding a t  autopsy after 
death imposed by the oral, percutaneous, 
or parenteral routes. Convulsions did 
not occur among orally dosed rats until 
the dosage reached or exceeded the LDsO. 

Dogs under Xembutal anesthesia ex- 
pired with intravenous dosages of 0.075 to 
0.2.5 ml. per kg. under the stress of 
pharmacological screening tests. These 
tests revealed that BPG is a respiratory 
stimulant when given in excessive 
amounts-Le., 0.1 5 to 0.3 ml. per kg. intra- 
venously or 1.0 to 4.0 ml. per kg. intra- 
muscularly. I t  acted on the central 
nervous system in a parasympathomi- 
metic-like manner as indicated by vagal 
stimulation evident as a characteristic 
cardiac irregularity. In  large doses, 
there were indic,itions that BPG may 
cause an increase in the clotting time of 
blood. Symptoms of an overdose based 
on the objervation of these dogs are as 
follows : 

Slow steady decrease in blood pressure 
Pinpoint pupils 
Cardiac irregularity with increased 

Severe tonoclonic convulsive seizures 
Respiratory volume increased and 

rate decreased to eventual respiratory 
cessation followed by cardiac arrest 

force and decreased rate 

These results were obtained from 

parenteral doses vastly larger than the 
amounts likely to enter the body through 
the topical application of BPG as a 
repellent. 

Several facts seem to stand out upon a 
comparison of the various routes of ad- 
ministration: BPG is poorly absorbed 
from the gut of the four rodent species, it 
has a strong tendency to less than addi- 
tive toxicity (reduced toxicity) when fed 
jointly with nine insecticides purchased 
on the open market. In  no instance was 
there any greater than additive effect 
(increased toxicity). BPG penetrates 
rabbit skin slowly, if a t  all and it passes 
interns1 tissue barriers poorly as a com- 
parison of parenteral results indicates. 
For rats, using intravenous dosage as the 
base line, intraperitoneal toxicity is de- 
creased from 1/'4 to 1,'lO and subcuta- 
neous toxicity to l"80 of the intravenous 
dosage. In the rabbit BPG is 1/40 as 
toxic by the subcutaneous as by the 
intravenous route. The above compari- 
sons demonstrate a low order of acute 
toxicity for BPG by all routes except 
direct intravenous injection. 

Aerosol Inhalation 

Six male and six female, 116- to 142- 
gram albino rats inhaled 0.0045 ml. per 
liter of BPG for 4 hours daily for five 
consecutive days Lvith no apparent ill 
effects. The nebulizer was kept a t  a 
temperature betlveen 40' and 47' C. to 
decrease the viscosity in order to achieve 
this concentration. The aerosol de- 
livered by the \-aponefrin nebulizer is 
said to be of the order of a 2-micron 
diameter particle size which means that 
much more BPG reached the lungs of 
these rats than would result from the 
usual large particle insecticidal aerosol 
bomb or spray method of dispersal. 

IVith the temperature of the nebulizer 
raised to 56' C., a dense fog of 0.02 ml. 
per liter \vas achieved. Six young male 
rats: 120 to 135 grams in \.\-eight, inhaled 
this concentration for 8 hours. Five of 
the six gained Lveight \vel1 during the 
14-day objervation period. These tejts 
demonjtrated that spraying BPG should 
offer no hazard under ordinary condi- 
tions of use. 

Skin Irritation and Sensitization 

BPG caused no reaction \\.hen 0.01-ml. 
amounts of the fluid were applied. un- 
covered. to the clipped skin of the rabbit 
belly and read 24 hours later. 

In a 3-day repeated application test, 
0.01 ml. of undiluted BPG \vas applied 
at  3-hour intervals. three times daily and 
the reactions were read at  24-hour inter- 
vals after the initial application. There 
were no reactions on four of the five 
rabbit bellies after nine applications and 
the fifth animal had only minimal capil- 
lary injection. 

Three synergists for the toxicants in 
fly sprays were incorporated in this same 
sample of BPG a t  0.2570 concentration 
and each combination was tested on 
groups of five rabbits in the repeated 
application test. T ~ v o  produced results 
precisely like BPG alone and the third 
resulted in three negative responses and 
two capillary injections on the five 
rabbits. When the third synergist was 
incorporated at  0.257, in deodorized 
kerosine the readings: after nine applica- 
tions, included marked erythema with 
edema on two rabbits, marked erythema 
and desquamation on another, moderate 
erythema on the fourth, and capillary 
injection on the fifth. 

M'ith the exquisitely sensitive skin of 
the rabbit belly showing no response to 
the repeated application of BPG no rea- 
son is seen to expect skin irritation on 
farm animals, or for that matter, on 
humans having similar contact. 

Instillation of undiluted BPG into 
rabbit eyes demonstrated that it is harm- 
less and bland-like castor oil, liquid 
petroleum, and the polyethylene glycols. 

In  1946, a consulting dermatologist 
ran predictive patch tests with undiluted 
BPG on 200 human subjects with no 
resulting reactions. The method em- 
ployed \vas a 1-\veek contact application, 
with frequent examinations, followed by 
a 2-week incubation period before the 
challenge test. 

Absorption, Excretion, and Storage 

,4 much greater proportion of the 
single oral doses of BPG given to albino 
rabbits was eliminated in the feces than 
in the urine ( 7 ) .  Total recoveries from 
both routes were 45, 50. and 66% of the 
doses administered in the three cases, 
respectively. The fraction recovered 
from the urine amounted to 16, 15, and 
8% in the same order as above. 

One of the potential hazards accom- 
panying the use of pesticides on livestock 
is the possibility that a chemical will be 
stored in the animal body. In 1951. an 
attempt was made to determine the like- 
lihood of this possibility Xvith regard to 
BPG 400 by analysis of the livers and 
carcasses of the rats that had been fed 
a diet containing 5% of the chemical for 
30 days. M'hile the analytical method 
lacked sensitivitv, the amount that could 
be determined with fair accuracy was 
sufficiently small in proportion to the 
total amount ingested to justify the con- 
clusion that it represented only material 
that was passing immediately through 
the body, rather than a n  incipient ac- 
cumulation. As BPG 800 is considerably 
less well absorbed. one would expect the 
same conclusions to be applicable. 

Two-Year Chronic Feeding of Rats 

Prior to undertaking the 2-year test on 

V O L .  7, NO, 11, N O V E M B E R  1 9 5 9  765 



rats, a 90-day feeding showed that the 
body weight gain of both sexes of rats 
was depressed a t  a dietary level of 4.0% 
BPG, but not a t  1.0 or 0.25%. In addi- 
tion, the liver weight was increased by 
all three levels among males, but not by 
the levels below 4% among females. 
These results guided, in part, the selec- 
tion of levels of 0.256. 0.064, 0.016, 0.004, 
and 0.001% BPG for the 2-year test. 

Carworth-Wistar albino rats (Car- 
worth Farms, Sew City, N. Y.) were 
used for this study. They were born 
February 18 to 22, 1955, and received in 
this laboratory on March 24, 1955. 
After permanent identification, they were 
weighed at  weekly intervals until April 
21, 1955. Doses were started when the 
rats were 60 days of age. assuming a 
median birth date of February 20, 1955. 

Only rats whose body weights a t  the 
time of randomization were within +2 
standard deviations from the mean 
weight of rats of their sex were accepted 
for the study. Any rat that lost weight 
or that had poor muscular tone during 
the preliminary observation period was 
rejected before separate randomization 
of each sex. 

The basic diet in which the BPG 800 
was incorporated during the entire study 
was this laboratory’s modification of the 
Food Research Laboratory diet 2-C (5). 

lngredienf Source 

Wheat, freshly Locally pro- 

Breadlac, dried skim Borden Co. 

Parlac, dried whole Borden Co. 

Meat and bone scrap, Buchsieb Co. 

ground cured 

milk 

milk 

50% protein mini- 
mum, 5 r0 fat mini- 
mum, and 3y0 
fiber maximum 

Calcium carbonate, 
U.S.P. 

Cod liver oil Eli Lilly 

Iodized table salt 
(M-11) 

Porfs 

5 5 . 5  

20.0 

20.0 

12.0 

1 . o  
1 .o  
0.5  

Individual food and water containers 
were used for each cage of four rats and 
they were never transferred to any other 
cage unless washed and sterilized before- 
hand. The rats were housed in wire- 
bottomed cages. sexes separate, in a room 
that was air-conditioned during the sum- 
mer months. A total of 20 males and 20 
females was used for each dosage level. 
The diet for each cage was stored in a 
separate 2-quart. screw cap. glass stock 
jar. Theqe jars were weighed at  the 
start of each 28-day period, when nearly 
empty, when refilled. and a t  the end of 
the period to establish the amount of 
diet consumed by each cage of rats. The 
diets were presented in 16-ounce opal- 
glass, ointment jars that the animals 
could not overturn. 

After 180 and 365 days of doses, or a t  

approximately 240 and 425 days of age, 
some rats of each sex were killed for 
histological examination and to discover 
if there was any effect upon the weights of 
the livers and kidneys. These rats, 
maintained on 0.256 and 0.064% BPG, 
and on control diet, were from additional 
groups. randomized from the same stock 
as used for the primary study. They 
received exactly the same treatment as 
the other groups, but were carried along 
to keep the larger groups intact for the 
study of life span and of possible carcino- 
genic effects. In  addition, from the 20 
rats of each sex, four males and four 
females were sacrificed after 365 days of 
0.016, 0.004, or 0.001% BPG in the 
diet The rats remaining in the regular 
groups were kept on their respective 
diets until death ensued or until the 
second year of doses elapsed. 

Rats were weighed every other week 
for the first year and every 4 weeks 
thereafter. The weighing schedule was 
arranged so that the end of a 28-day 
diet consumption period always coin- 
cided with one of the weighing periods. 
The rats were critically examined at the 
time of weighing for any outward signs 
of infection or abnormality. If continued 
or marked lveight loss occurred in any 
rat, it was killed, and tissues were taken 
for histopathological study to determine 
the reason for the weight depression. 

In each instance of death or early 
sacrifice, a careful autopsy was performed 
to determine whether the animal was 
diseased or was damaged by the action 
of the material being fed. Tissues were 
taken from the major organs as well as 
from any others observed to be abnormal 
or injured. 

Tissue samples were taken for the 
microscopic examination of lung. kidney, 
liver, heart. spleen, pancreas, stomach, 
duodenum, descending colon. testes or 
ovary, urinary bladder, and adrenal from 
each of the control and exposed rats 
sacrificed after consuming the chemical 
for 6 months, 1, or 2 years. These were 
fixed in 8.07, formaldehyde, embedded 
in paraffin. and stained and counter- 
stained with hematoxylin and eosin. 
Frozen sections were made for special 
staining techniques. when required. 

In any comparison of data of this type. 
many statistical methods and calculating 
procedures must be used properly to 
analyze the significance of differences 
between dosed and control animals. 
\Vhen large numbers of observations were 
made, as in the composite diet consump- 
tion and in the over-all growth analyses, 
statistics dependent on the normal dis- 
tribution were used. Here the calcula- 
tions of the mean, standard deviation, 
standard error of the mean, standard 
error of the difference between the two 
means to be compared. and the critical 
ratio were used. The latter is the dif- 
ference between the means divided by 
the standard error of the difference. 

T o  assay the significance of differences 
between the means of small samples- 
i.e., N <30. the Student t-distribution 
was used. The t-test takes into account 
the difference between the two means 
that are to be compared, the dispersion 
of the values around their means, and 
the number of ob3ervations being com- 
pared in each group. 

The number of deaths or infections 
and the frequency of occurrences of neo- 
plasms or microscopic abnormalities in 
the tissues of treated rats were compared 
to the same criteria of effect for the con- 
trols by taking the square root of the 
corrected chi square (Yates’ correction 
for continuity) (2) and using a table of 
fractional parts of the total area under 
the normal probability curve. 

For growth effect, the means for each 
sex, for each biLveekly weighing period, 
were calculated after transformation of 
the individual weights of each rat to 
percentages of their weight a t  60 days of 
age. These means were compared to 
the similarly adjusted means of the con- 
trol group of rats for the same periods to 
determine whether a significantly higher 
or lower trend had occurred. In these 
statistical tests, a fiducial limit of 0.05 
was used. If the probability that the 
two means were not different is less than 
0.05, the chances are a t  least 19 to 1 that 
the difference is real and not produced 
by random sampling errors. 

The mean diet consumption of each 
group of male or female rats varied to- 
gether throughout the study with de- 
pressions during the winter months and 
peaks during the summer. The com- 
posite means for the entire 2-year feeding 
were remarkably constant for the five 
groups of males. They varied from 17.4 
to 17.8 grams per rat per day with the 
controls a t  17.1. Three of these com- 
posite means differed statistically from 
their control. but all indicated an in- 
creased appetite. The composite means 
for the dosed females varied from 13.3 to 
13.9 grams per rat per day with their 
control a t  13.7. Only the 0.0647c group 
differed statistically with a decrease of 
0.4 gram per rat per day. As the 
0.256y0 dosage group consumed slightly 
more than the controls, the lower value 
for the 0.064% rats is of no real signifi- 
cance. 

Although female rats consume less 
diet, they attain a higher dosage level in 
terms of grams per kg. than the males. 
On the basis of composite means, the 
males consumed an average of 29% more 
diet than the females, but the average 
dosage of the females was 23% higher. 
A similar finding occurs in most: if not 
all, repeated dose studies. 

The mean dosage for all the groups 
of rats decreased from a maximum at  
the start of the study to a fairly constant 
level after about 5 months. It’hen the 
mean values of the six month com- 
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parisons for the second, third, or fourth 
half-year periods are divided by that of 
the first 6-month pcriod, values of 74, 76, 
and 72%, respectively, were obtained. 
This indicates that the rats received ap- 
proximately a 257, higher dosage during 
the first 6 months than during the last 
18 months. 

There was no significant increase in 
mortality among the treated groups. 
Extraneous lung infection accounted for 
71% of all the deaths. Fifty per cent of 
the deaths on the highest level and 67y0 
of those in the control group were caused 
by lung infection, a difference that could 
have occurred 64 times in 100: by chance 
alone. Six rats died from peritonitis, ten 
from debility caused by neoplasms, six 
were too autolyzed to determine the 
cause of death. and one each died with 
interstitial nephritis, pyelonephritis, com- 
plex ear infection, and urogenital tract 
infection. 

Sixteen rats were killed, because of 
obvious infections or because they were 
moribund. Sine of these 16 rats had 
lung infection which is a proportion simi- 
lar to the numb-r of lung infections 
occurring among the rats which died. 
Of the 96 animals sacrificed after 2 years, 
43% had lung infection, and 4 8 7 ,  kidney 
infections. A s  with the apparent causes 
of death, no causal relationship was seen 
between dosage and the incidence of 
infections for which the rats were killed 
or sacrificed. 

I t  is conceivable that daily doses of a 
toxic chemical might shorten the life span 
of an animal a t  a dosage level too low to 
produce any detectable injury to a spe- 
cific body function or structure. There- 
fore, mean age at  death, mean expecta- 
tion of life a t  birth, and a t  1 year of doses, 
and the mean survival of rats a t  monthly 
intervals were calculated. 

No statistically significant differences 
were found between the treated and con- 
trol groups in the mean ages at death. 
\Yhcn the data for the rats of each sex 
were analyzed separately, no difference 
was found in the mean expectation of 
life at birth. O n  the combined data for 
both sexes the 0.0047, BPG doled group 
differed from its control. This is con- 
Fidered an artifaci: as no difference was 
found at  64 times the 0.0047, level. 
Similarly. in the mean expectation of 
life a t  1 year of ds3;es: only the mean of 
the males a t  O . O O l ~ c  was different from 
its control. This could not have been 
the result of the inclusion of BPG in tht  
diet as the effect was seen a t  0.001%8, 
but not a t  the levels with 4, 16: 64, or 256 
times as much repellent. In  short, this 
material did not reduce life span; no 
significant effect was found in any of the 
three highest levels. 

One of the most sensitive criteria of 
the effect of a chemical upon small 
animals. according to Smyth et al. (7) 
is the change in iiver or kidney weight 

as a percentage of body weight. In  the 
present study, the extirpated liver and 
both kidneys of all the rats killed periodi- 
cally during the study and at  i ts  termina- 
tion were weighed carefully on a Roller- 
Smith balance after section of the cervical 
cord and vertical tail suspension until 
exsanguinated. 

At none of the sacrifice dates were the 

mean kidney weights of the males or 
females different from their respective 
controls. Mean liver \veight of the 
0.256% BPG female group differed from 
its control only a t  the 6-month period. 
At this same time, the mean liver weight 
of the males was practically identical 
with the mean of its control group. 
Even this sensitive criterion of effect in- 
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dicated little or no difference between 
BPG dosed rats and their control group. 

The male and female rats were 
weighed every other week during the 
first year of dozes and growth analyses 
were performed. \\‘eight comparisons 
were made only on rats that survived 365 
days on BPG. The mean starting 
weights for the five concentration groups 
and their controls in descending order- 
Le., 0.256. 0.064, 0.016, 0.004: 0.001, and 
0.000% were for males: 190.2, 190.2, 
190.2: 190.4, 190.8, and 190.2 grams; 
and for females: 139.4, 139.0, 138.6, 
138.6: 139.0, and 138.6 grams. The 
odds were at  least 84 in 100 that the 
greatest difference between the mean 
weight of any group of rats and their 
controls for that sex was produced by 
chance or random causes. Therefore, 
no significant difference between group 
means existed a t  the start of the study. 
Figure 1 presents graphically the mean 
weight response of rats for the first year 
of doses. 

The biweekly mean weight, computed 
as a percentage of the 60-day weight of 
each group of male and female rats? was 
compared by the t-test to the mean of the 
control group of the same sex for the same 
period. Among the male rats, none of 
the 26 biweekly means were statistically 
significantly below those of the controls. 
In fact all 26 means for the 0.064, 0.016, 
and 0.00470 in the diet were above those 
of their controls, but only four of these 
78 were significantly higher. 

The mean weights of the females, at 
0.256% in the diet only, were below 
their controls. All 26 means were nu- 
merically lower with l l  of these statisti- 
cally significantly lower. At the 0.064% 
concentration, only 16 of the 26 were 
below their controls. At 0.0167, 25 of 
the 26 means were higher than their 
controls. This weight effect, apparent in 
Figure 2, was present only at  the highest 
level or 0.25670 BPG in the diet. 

The above test is statistically valid in 
every respect, but it does not show the 
over-all effect of a chemical upon the 
growth of rats over the whole period. 
To estimate this, the mean weights of 
each group of rats for the entire first 
year of doses were calculated. These 
over-all means for the five groups were 
204, 212, 213, 208, and 205% of the 60- 
day weights, respectively, for the males, 
with none significantly lower than the 
control mean of 205. In fact, those for 
0.064 and 0.01670 were statistically 
significantly higher than their controls. 
The over-all means for the females 
showed agreement with the biweekly 
mean t-test previously described. The 
0.25670 group was significantly de- 
pressed, but the others were statistically 
similar to their control. Means of 171, 
179, 182, 181: 180,and 180wereobtained 
for the five groups and the control in 
descending order. 

If an effect on body weight was pro- 

duced by the inclusion of the chemical 
being tested, a relationship would be 
expected between the amount in the diet 
and the weight of the rats. To test for 
this, the relationship between the over-all 
mean weights of the rats and concentra- 
tions of BPG in the diet ivere compared 
by the calculations of the coefficient of 
correlation. This coefficient was -0.331 
for the males and - 0.974 for the females. 
These could have occurred 52 times in 
100 and two times in 1000, respectively. 
by chance or random causes alone. The 
value for the males, therefore, is not 
indicative of a quantitative relationship 
between dosage and body weight, but 
that for the females is highly so. Even 
this latter was produced solely by the 
mean of the high level group-omission 
of it results in a nonsignificant correlation 
coefficient. 

The mean maximum weights attained 
by the rats alive at  365 days of doses 
showed no significant effect on this cri- 
terion of growth in any of the groups of 
male or female rats. In summary. no 
significant weight depression was found 
in any of the criteria examined for any 
of the groups of males and only the 
weights of the 0.2567c female rats were 
depressed. 

T o  follow the hematological picture, 
10 male rats were randomly selected for 
the first hemarocrit determination at  55 
days of age and at  least five of the 10 
were alive for the 730-day determination. 
In  all, hematocrits were read six times 
during the 2 years on the two highest 
levels and the controls a t  90, 180, 270, 
360, 540, and 730 days of age. The in- 
dividual and mean results indicated no 
statistically significant deviations in the 
0.256% dosage level a t  any time. 

Yeither incidence of occurrence nor 
type of tumor was associated with the 
inclusion of BPG in the diet. There was 
a total of 24 tumors found among the 
five dosage and the control groups dis- 
tributed, respectively, as follows: 6, 3, 6. 
4, 2, and 3 in descending order of dosage. 
These were placed in 11 classes by the 
pathologist with 16 having abdominal 
or mammary origin. The probability 
was 28 in 100 that the difference between 
the group with the highest incidence and 
the control was a chance occurrence. 

A microscopic examination of organs, 
enumerated previously, was made on 44 
of the 106 animals which succumbed 
during the course of the 2-year experi- 
ment. These 44 included all animals 
with neoplasms as well as those for which 
the primary cause of death or sickness 
was not positively determined at  autopsy. 
Because of the absence of BPG induced 
pathology among animals a t  the 0.016 
and 0.004% levels, the 0.001% level 
tissues were not examined microscop- 
ically. 

Various lung and kidney infections 
were present but were not related to 
dosage. An incidence of 43% lung infec- 

tion and 487, kidney infection occurred 
in the 96 animals sacrificed after 2 years. 
These lesions were reflected throughout 
the various organs and the resultant 
pathology had to be considered in the 
light of this influence. 

Microscopic examination of tissues 
from representative animals fed 180 
doses of the 0.256 and 0.064% diets re- 
vealed a pronounced tendency at both 
levels for cloudy swelling of the kid- 
ney convoluted tubules. The probability 
that the kidney conditions of sacrificed 
rats a t  these levels differed by chance 
from that of their controls was 0.025. 
The liver and other organs examined 
histologically appeared unaffected. Sub- 
sequent tissue examination after 365 
doses showed probabilities of 0.90 and 
0.43 for the difference between the in- 
cidence of cloudy swelling of the kidney 
and liver of the 0.256% and their control 
groups. Therefore, any slight numerical 
differences which occurred probably 
were of a random nature. 

An evaluation of the observed micro- 
pathology for each diet level of BPG after 
2 years of doses similarly indicated that 
none of the tissues examined showed 
permanent, degenerative changes which 
could be charged to BPG toxicity. How- 
ever, transitory changes in the kidney, 
characterized by diffuse cloudy swelling 
of the epithelial lining of the proximal 
convoluted and loop tubules were seen 
at  0.256 and 0.0647, as well as cloudy 
swelling of the hepatic cords principally 
located about the central veins in the 
0.256% group. At 0.016 and 0.004% 
microscopic examination revealed no 
pathology significantly different from 
that of their controls. 

In summary, the 2-year feeding of 
BPG 800 at  five dosage levels separated 
by a geometric factor of four in quanti- 
ties ranging from 0.001 to 0.256% in the 
diet of rats resulted in no deleterious 
effects in any of the criteria examined 
among the 0.016, 0.004, or 0.0017, 
groups. These criteria were : amount 
of diet eaten, body weight gain. liver and 
kidney weights, incidence of neoplasms, 
major organ pathology, mortality, and 
life ?pan. 

A synopsis of the toxicological inter- 
pretation of the statistically significant 
effects a t  0.256% showed a positive, but 
transitory effect upon the liver weight 
of females occurring at  6 months and 
upon the body weight during the entire 
2-year period. Both sexes had cloudy 
swelling of the kidney convoluted tu- 
bules a t  6 months, but not a t  1 or 2 
years. The only- criterion that was 
positive at 0.064?0 was this same type of 
minor kidney pathology at  6 months. 
With the exception of body weight gains 
of females. all of these significant effects 
were transitory in nature. 

No deleterious effect was found at  the 
highest level, 0.256y0 in (1) mortality, 
(2) body weight gain of the males, (3) 
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incidence of micropathology after 1 or 2 
years. (4) kidney weight throughout the 
study. (5) liver w i g h t  a t  1 or 2 years. 
(6) incidence of neoplasms, (7) life span, 
and (8) hematocrit values. Therefore, 
the level of BPG 800 that was without 
permanent significant effect on the health 
of the rats when included in their diet for 
2 years was bet\vec:n 0.064 and 0.256%. 

One-Year Feeding of Dogs 

After 1 year of the 2-year rat study it 
became evident that the mojt probable 
level of acceptability Jvould lie between 
0.256 and 0.064?$ BPG in the diet. 
Based on this deduction levels of 640, 
160, and 40 p.p,m.. were chosen to feed 
dogs for 1 year in order to broaden the 
knowledge of toxicity by observing re- 
actions of a no:nrodent species. T o  
achieve these levels 0.0128> 0.0032. and 
0.0008 gram per kg. prr day of BPG 
were fed in the diet. Because of the 
individual idiosyncrasies of dogs in their 
eating habits, mean concentrations of 
890. 190. and 47 1p.p.m. resulted a t  the 
three levels. 

The dogs on this study were cocker 
x basenji or three-quarter basenji 
hybrids. They were immunized against 
distemper and hepatitis before delivery 
from the Roscoe Jackson Memorial 
Laboratories. All were 2 to 3 years of 
age. in good health, free of external and 
internal parasites. 

To  eliminate an.!: question concerning 
the intake of BPG the material was fed 
in size 000 gelatin capsules 5 days per 
week. Measurement was facilitated by 
the preparation of‘ dilutions of BPG in 
Mazola corn oil so that in actual practice 
the dosages were 0.025 ml. per kg. of a 
51.2Yc dilution for 0.0128 gram per 
kg.. 0.02 ml. per kg. of a 16% dilution 
for 0.0032 gram per kg. and 0.016 ml. 
per kg. per day of a 5% dilution for the 
0.0008 gram per kg. The largest single 
dose never exceeded 0.5 ml. of any 
dilution. The controls received 0.3 ml. 
of corn oil in similar capsules. 

The basic diet for the dogs during the 
first 42 w-eeks of the study was Friskies 
dog food meal. The guaranteed anal- 
ysis was as follows : 

Crude protein minimum 24.070 
Crude fat, minimum 5 . 0 %  

Moisture, maximum l O . O % l ,  

Crude fiber, maximum 4 .0% 
Nitrogen-free extract, minimum 42.0% 
Ash, maximum 11,970 

The listed ingredients were : meat 
meal and bone meal. processed wheat, 
corn, hulled barley and oat groats, 
soybean oil meal. wheat bran, dried 
skimmed milk: animal liver and glan- 
dular meal, dried beet pulp and molasses, 
fish meal, wheat germ oil, fish liver oil 

0.4%, charcoal 0.27,: iodized salt 
0.27,> iron oxide 0.5%, and irradiated 
yeast 0.037,. In addition, to maintain 
interest in the diet, cooked hog liver and 
broth tvere added sparingly to the meal 
during the last 10 weeks. 

Dogs were randomly distributed by 
sex, litter, and breed among the treated 
and control groups. Red and white 
blood cell counts, differentials, and 
hematocrits were made prior to the first 
dose and after 63, 128, 160, 197, and 256 
doses. Red cell counts were not made 
for the last three periods and white 
cell counts were omitted for the next 
to the last. At each period hematocrit 
determinations, fragility, sedimentation 
rate, bromsulfalein retention, phospha- 
tase: urea nitrogen. and bilirubin deter- 
minations were performed. Bromsul- 
falein retention was determined by dos- 
ing the dogs intravenously with 5 mg. 
per kg. and dra\ving blood 15 minutes 
later. Total and direct bilirubin were 
determined. 

The means of the biochemical and 
hematological values Ivere compared to 
those of the control group by the t-test, 
using a fiducial limit of significance of 
0.05. 

The body weight of each dog. for 
each weekly period. was divided by its 
weight on the day prior to the first day 
of doses and this quotient was multiplied 
by 100. Then. the mean percentages of 
the original weights of the treated and 
control groups were compared by the 
t-test. 

At the termination of the study the 
dogs were weighed. anaesthetized with 
Nembutal, and exsanguinated. Liver 
and kidneys were extirpated and weighed. 
Portions of organs were fixed in 8.07, 
formaldehyde, sectioned, stained with 
hematoxylin and eosin, and examined 
microscopically. Included in the ex- 
amination were: lung, kidney. liver, 
heart, spleen. pancreas, stomach, small 
and large intestine, testis or ovary, 
aorta, prostate, adrenal, thyroid, para- 
thyroid, urinary bladder, tracheo-bron- 
chial lymph nodes. and vastus lateralis 
muscle. Where required, frozen sec- 
tions were made for special staining 
techniques. 

The mean weights of the three groups 
of dogs treated were compared at 
weekly intervals to those of the controls 
throughout the study (Figure 2). After 
1 year of doses the dogs on 0.0128 
gram per kg. were l08yc of their first 
day weight, those on 0.0032 gram per 
kg. 1 l27,, those on 0.0008 gram per kg. 
108% and the controls 110%. Xone 
of the mean weights of any group at  any 
week in the year of doses were statisti- 
cally significantly below those of the con- 
trols. The curve shows the results of 
the temporary loss of appetite and the 
response to the addition of liver to the 
basal diet during the last 10 weeks. 

V O L .  7, NO. 

S o  trend of significant difference 
occurred between the BPG and the con- 
trol groups, in the means of following 
criteria of effect: hematocrit values. 
amount of hemoglobin, total number of 
white blood cells, percentage composition 
of the differential white cell counts? 
blood fragility, and sedimentation rate. 

At like intervals in which blood counts 
were made: no significant differences 
were found between the means of the 
treated and the control groups for brom- 
sulfaalein retention, serum urea nitrogen, 
direct and total bilirubin, and alkaline 
phosphatase. 

The \$.eights of the livers of the BPG 
dogs \rere significantly different on only 
one level. The mean for the 0.0032 
gram per. kg. group was 2.51yc of body 
weight as compared to 3.14% for the 
controls with values of 2.77yo and 2.7270 
for the highest and lowest levels, re- 
spectively. This is not considered a 
deleterious toxic effect, because it is 
definitely not related 10 dosage. The 
kidney weights were not different. 

A dog on the lowest of the three levels 
died of ’acute bronchopneumonia after 
160 doses. Kone of the tissue sections 
of the other animals indicated degenera- 
tive changes which could have been 
produced by the toxicity of BPG. The 
incidence of each type of micropatholog- 
ical finding was similar among the treated 
and control groups. 

In summary. no detectable deleterious 
effects were produced in dog3 by 0.0128, 
0.0032, or 0.0008 grams of BPG 800 
per kg. of body weight in their diet 5 
days each week during 1 year. 
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