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Carbofuran and lindane are two insect ic ides commonly used in 
fo res t ry  pract ices (WHITE-STEVENS 1977, ULMANN 1972, KUHR & 
DOROUGH 1976). Carbofuran has a high acute t ox i c i t y  to mammals. 
The reported oral LD50 of 4.0 mg/kg for  the laboratory mouse is 
about the same as the topical LD50 for  the house f l y  (YU et a l .  
1972). The apparent mode of action is  by acety lchol inesterase 
inh ib i t i on  (YU et a l .  1972, CAMBON et al.  1979). S ign i f icant  
ef fects of chronic treatment have not been reported (MCCARTHY et 
a l .  1971). The acute t ox i c i t y  of l indane to mammals is one-half  
to one-tenth that  of carbofuran (SPECTOR 1955, ULMANN 1972, 
Present study). Behavioral ef fects at sublethal treatment levels 
(hyperexc i tab i l i t y ,  tremors, convulsions) have been reported 
(DALLEMAGNE & PHILIPPOT 1948, HULTH et a l .  1976). 

The object ives of th is  study were to iden t i f y  lethal  levels 
of these compounds to small mammals when administered in the d iet  
and to assess the ef fects of ingest ion at sublethal levels on 
surv iva l ,  reproduction, development of young, and some aspects of 
behavior. The cotton mouse, Peromyscus gossypinus, a woodland 
form, and the o l d - f i e l d  mouse, Peromyscus pol ionotus, a species 
t yp i ca l l y  found in ear ly successional areas, were used as experi-  
mental animals. 

METHODS 

Animals. Both species were trapped from wi ld  populations in 
Flor ida. P. polionotus were taken in Marion County and P. 
gossypinus--in Okaloosa County. Adult P. pol ionotus averaged 13.8 
g in weight; P. gossypinus averaged 29.5 g. 

Mice were housed in standard p las t i c  laboratory cages (30 X 
13 X 12 cm) wi th sta in less steel tops. Food and water were pro- 
vided in excess. Cotton and ground corncobs (San- i -ce l l )  were 
placed in the cages for  bedding. Animals were kept as male-female 
pairs or wi th l i t termates according to indiv idual  protocols.  Both 
wi ld-caught animals and f i r s t -genera t ion  laboratory of fspr ing were 
used. 

Diet formulat ions. The standard d iet  was commercial labora- 
tory animal food formulated fo r  rats and mice (Wayne Feed Co.). 
In preparing experimental d ie ts ,  hexane was used as a solvent fo r  
l indane; ethanol was used for  carbofuran. A measured amount of 
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insect ic ide dissolved in i t s  respective solvent was thoroughly 
mixed with a measured amount of lab. chow, and a i r  dried to re- 
move as much solvent as possible. Equivalent amounts of solvent 
alone were mixed wi th food and used as control d iets in a l l  tests.  

Rangecfinding tests .  An ind icat ion of lethal levels of the 
compounds administered in the food was obtained over a 4-day 
period. Dietary concentrations of 0.5, 1.0, 1.5, and 2.0 mg 
l indane/g food, and 0.25, 0.50, and 1.0 mg carbofuran/g food were 
used. Ten P. polionotus were used in each group. 

Eightzmonth tests of chronic ef fects.  Dietary concentrations 
for  chronic treatment were chosen a f te r  prel iminary range-f inding 
tests for  lethal levels (see resu l ts ) .  Levels of 0.2 mg lindane 
per g of food (0.02%), and 0. I  mg carbofuran per g of food (0.01%) 
were used. 

Animals were paired (male-female) and placed on one of the 
experimental or control d iets for  8 mo. These diets contained 
0.01% carbofuran, 0.02% lindane, or one of the two control sol- 
vents. During th is  period, surv iva l ,  reproduction, and develop- 
ment of young were monitored. Male survivors of each group were 
subjected to behavioral tes t ing at the end of the treatment period. 

Behavioral test ing.  A res ident ia l  maze consist ing of four 
arms radiat ing from a central chamber was employed for  behavioral 
tests (WOLFE & ESHER 1978). Number of entr ies into each arm of 
the maze was monitored and recorded e lec t ron ica l l y .  These records 
were used as measurements of general locomotory a c t i v i t y  and of 
pe r iod i c i t i es  of a c t i v i t y .  

Two regimes were used. The f i r s t  consisted of tes t ing animals 
for  a 3-day pre-treatment control period, beginning the experiment- 
al d ie t  on day 4, and continuing test ing for 14 addit ional days. 
A c t i v i t y  for  each ind iv idual  during the test  period is expressed 
as percent of i t s  a c t i v i t y  on days 2 and 3 (mean) of the pre- t reat -  
ment period (Fig. 2). These data were analyzed using a mult iple 
regression wi th dummy variables (NIE et al.  1975). In the second 
tes t ,  male survivors of  the 8-mo chronic feeding regime were placed 
on control diets and tested for  4 days. 

Differences in a c t i v i t y  between treated and control groups 
were determined by a one-way analysis of variance with the appro- 
pr iate F-test .  Mean separation was determined by a t - t e s t  made on 
contrasts between the group that had been on lindane versus the 
hexane control and carbofuran versus the ethanol control .  

RESULTS 

Range-finding tests.  Mor ta l i t y  a f ter  96 h on carbofuran was 
20% at 0.25 mg/g and I00% on 0.50 mg/g. On lindane, there was no 
mor ta l i ty  at  0.50 mg/g, 50% at 1.00 mg/g, 80% at 1.50 mg/g and 
100% at 2.00 mg/g. 
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t reated parents. Shaded area = cont ro ls  • 2 SE. 

898 



Chronic tests.  Food consumption for the f i r s t  3 weeks of 
treatment was measured and found to be normal (2.7 g/day for  P. 
pol ionotus, and 3.6 g/day for  P. gossypinus). There was no dTf- 
ference in the consumption of the control and experimental diets 
[P > 0.21, two way ANOV with repeated measures (DIXON 1975)]. 

There was no s ign i f i can t  dif ference in mor ta l i ty  between ani- 
mals on the control and the experimental d iets (P > 0.05; Chi- 
square), except for 44% morta l i ty  which occurred in P. polionotus 
on carbofuran (P < 0.01; Chi-square). Most deaths o~curred late 
in the regime, and had l i t t l e  e f fec t  on our reproductive data. 

Reproduction. Neither experimental d ie t  had an adverse 
ef fect  on reproduction (Table I ) .  The only s ign i f i can t  resu l t  in 
the number of l i t t e r s  produced was a higher production (P < 0.05; 
Chi-square) by l indane-treated animals. The apparent decrease in 
l i t t e r  size in l indane-treated animals is not s ign i f i can t  (P > 
0.05, Student's t - t e s t ) .  There was no s ign i f i can t  dif ference 
between groups in survival  of young to 14 days of age. 

Growth and development of young. Young were removed when 
discovered, weighed, checked for the appearance of characters 
l i s ted  in Table 2, and then returned to the parent's cage. This 
process was repeated at two-day in terva ls  through weaning at 3- 
weeks of age. 

There was no s ign i f i can t  e f fec t  of e i ther  treatment on growth 
rate (Figure I )  or the rate of appearance of any of the develop- 
mental character is t ics measured (Table 2). 

Behavior. In the f i r s t  test ing regime (Figure 2), there was 
no dif ference in the slopes or intercepts of ind iv iduals  on e i ther  
treatment (P > 0.05). Results of tes t ing  a f ter  8-mo chronic t reat -  
ment are given in Table 3. Here also there were no s ign i f i can t  
differences between e i ther  pest ic ide-fed group and i t s  control 
(P > 0 . I I ) .  

As a test  for possible disrupt ion of diel  a c t i v i t y  patterns, 
we examined the percent of a c t i v i t y  (entr ies into a l l  arms) that 
occurred during dayl ight  or darkness for  P. polionotus. This 
species is charac te r i s t i ca l l y  nocturnal, and a c t i v i t y  patterns 
during these tests did not deviate from that.  A Chi-square test  
comparing a c t i v i t y  in hours of darkness versus hours of day did 
not indicate a s ign i f i can t  dif ference between e i ther  treatment 
and i t s  control (P > 0.05). 

DISCUSSION 

Although the insect ic ides studied have high (Carbofuran) or 
moderate (l indane) acute t o x i c i t y  to mammals, we found no indica- 
t ion of cumulative or delayed effects of e ight  months of chronic 
treatment at the levels tested, except for  some delayed mor ta l i ty  
o f P .  polionotus on carbofuran. 
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Figure 2. A c t i v i t y  (en t r i es  in to  maze arms) of  P. po l ionotus 
expressed as percent of  a c t i v i t y  on two pre- t reatment  
days. 

TABLE 3 

Entries into arms of a residential maze by mice following 8-month 
treatment. Data from days one and four of a four-day test are 
presented. Mean • SE. 

Diet N Entries, Day l Entries, Day 4 

Hexane 5 1600 • 595 1038 • 712 
Lindane 5 1132 • 619 310 • 92 
Ethanol 5 739 • 440 500 • 107 
Carbofuran 5 641 • 370 225 • 117 

Physiological and cytological effects of carbofuran previous- 
ly demonstrated include acetylcholinesterase inhibition and alter- 
ation of prostate gland function (YU et al. 1972, SCHEIN et al. 
1976, SCHAIN et al. 1977). Effects of lindane include changes in 
microsomal enzyme activity (PELISSIER & ALBRECHT 1976, LOWY et al. 
1977) and in nerve cell conductivity (WHITCOMB & SANTOLUCITO 1976). 
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These effects were not translated into measurable changes in repro- 
duction, growth and development of young, or behavior in our tests. 

In an ear l ie r  study on laboratory rats,  MCCARTHY et al.  (1971) 
found some loss of weight in parents and reduced survival of young 
on 0.01% carbofuran. Our results (at the same feeding level) indi-  
cate the poss ib i l i t y  of reduced survival of young P. polionotus, but 
the differences were not s t a t i s t i c a l l y  s igni f icant .  High control 
mortal i ty in P. gossypinus precluded a meaningful comparison there 
(see Table I )~ 

Apparently lindane had a posit ive ef fect  on reproduction. The 
mechanism may possibly be due to an estrogenic ef fect  as has been 
reported for other organochlorine insecticides (WELCH et al.  1969). 
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