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RUSSELL, R. W., D. H. OVERSTREET, M. MESSENGER AND S. C. HELPS. Selective breeding for sensitivity to
DFP: Generalization of effects beyond criterion variables. PHARMAC. BIOCHEM. BEHAV. 17(5) 885-891, 1982.—The de-
gree of generalization to the effects of DFP, an organophosphate anticholinesterase, was studied in two lines of Sprague-Dawley
derived rats selectively bred for varying sensitivities to DFP. In the S13, S14, S15, and S16 generations the Flinders S-line
of rats were still more sensitive to the effects of DFP on the criterion variables upon which selection was based: core body
temperature, body weight and a simple operant response for water reward. The flinders S-line were also more sensitive to
the effects of DFP on locomotor activity, FRS responding for a water reward, and analgesia, indicating some degree of
generalization. However, diarrhea, a symptom of peripheral effects of DFP, occurred at a similar incidence in the two lines,
although males of both lines had higher incidences than the females. Neither of the two lines was affected by DFP for
variables in which aversive (i.e. shock) motivation was used: The number of discriminative escape responses and the
escape times were similar. These findings indicate that while the effects of DFP do generalize beyond the criterion variables
upon which selection was based, the generalization is relatively specific. The data are consistent with the hypothesis that

the changes in sensitivity have arisen because of changes in the functioning of a central cholinergic system(s).
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RECENTLY we reported the development, by assortative
mating, of a line (Flinders S-line) of Sprague-Dawley rats
which were more sensitive to the acute effects of the irre-
versible anticholinesterase, DFP, on selected behavioral and
physiological variables than were animals (Flinders R-line)
similarly bred for resistance to such effects [7]. Although
selection pressure in both directions was maintained, there
was no apparent success in producing an R-line more resis-
tant to DFP than randomly bred animals. These findings dif-
fer from results of research on insects which have shown the
development of resistance to anticholinesterase agents as a
result of exposures over several generations [16]. Our re-
sults, although comparable to a report of increased sensitiv-
ity to ethanol in a study also involving the selective breeding
of rats [10], may have been constrained by the measures on
which the assortative mating was based. The measures may
be truncated at the resistant end, thus restricting observation
of any changes that might occur in that direction. Continua-
tion of the mating procedure appears to have led to a stable
difference between the S- and R-lines on the three criterion
variables (body weight, core body temperature and drinking
behavior) following acute injections of DFP.

The present report describes observations of animals
from the S13, S14, S15 and S16 generations. The series of
experiments involved were designed to obtain information
relating to three primary questions: Had the differences on

criterion variables, i.e., those upon which selective breeding
has been based, between lines following DFP treatment been
maintained in continuing generations? If differences had
been maintained, had they stabilized or were they continuing
to diverge? Was the selective breeding reflected in non-
criterion behavior, behaviors other than the criterion varia-
bles, i.e., were the DFP effects specific to particular
behavior-cholinergic system relations or were they more
generally non-specific?

METHOD
Animals

The animals in all experiments were Sprague-Dawley rats
of both sexes from the S13, S14, S15 and S16 generations of
the Flinders lines. They were housed in groups of ten in a
temperature-controlled (22° + 1° C) room under continuous
lighting. Food and water were available ad lib, except in
studies of operant drinking behavior when water was re-
stricted to a 30 min session per day.

DFP

DFP, obtained from Sigma Chemical Co., was adminis-
tered intramuscularly (IM) as acute doses of 1.0 mg/kg in
Arachis oil, the latter serving as the vehicle for injection into
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control animals. Prior to its use in the experiments proper,
the potency of the DFP was tested in other animals by ob-
servation of its symptomatological effects. The dose, 1.0
mg/kg, and route of entry, IM, were chosen on the basis of
extensive prior research (e.g., [4,12]) which had demon-
strated that these conditions lower AChE activity to less
than approximately 40% of normal, the critical level when
behavioral and physiological effects appear [5].

Behavioral and Physiological Measures

Eleven dependent variables were measured. Three of
these were the criterion variables upon which the assortative
mating was based: core body temperature, body weight and
operant drinking behavior [71. Temperature was recorded in
°C using a thermister probe inserted 6-8 cm into the rectum,
the output of the probe being registered on a CRL digital
recorder. Weight was taken as the means of five successive
independent recordings from a Sartorius 1203 balance pro-
grammed by a 7080 printer. The method for measuring drink-
ing behavior has been described, in detail, earlier [8]: it in-
volved the simple operant response of licking water from a
drinking tube during 30 min sessions under conditions of 23.5
hr water deprivation, drinking behavior being measured in
ml of water intake.

The presence or absence of three indices of general symp-
tomatology were noted. These were symptoms associated
with manipulations of the cholinergic system involving direct
or indirect agonists: diarrhea, tremor and analgesia.

Locomotor activity was assessed in an open field, 60 x 30
cm, with 10 x 10 cm squares marked on its base. All obser-
vations were carried out in a special experimental room
under dim red illumination. The number of squares entered
during a 2 min trial were recorded.

Operant lever-press responding for water reinforcement
was observed under conditions of an FR5 schedule.
Animals, water deprived for 23.5 hr, were given daily trials
of 30 min each. A battery of operant chambers made it
possible to observe the performances of eight animals during
any one session. Schedules for each chamber and records of
performance (lever press) were controlled by a TRS-80 mi-
croprocessor with a Lehigh-Valley interface circuit. Counts
of the number of reinforcements (5 presses) were recorded
automatically every 5 min during a session.

Three other measures of behavior were obtained from
trials in a visual discrimination situation, consisting of a
Y-shaped apparatus in which responses to visual stimuli
could lead to escape or avoidance of an electric foot shock
(1.00 mA). The animal was placed in a lighted compartment
at the end of one alley of the Y. Shifting of the light to the end
of another alley signalled the start of a trial and the position
of the non-shock portion of the apparatus. Five sec later the
shock was presented. Avoidance responses could occur dur-
ing that interval; escape responses thereafter. Which type of
response and the time taken to make it were recorded, to-
gether with notation as to whether or not a correct discrimi-
nation (i.e., movement to the lighted alley without entry or
re-entry into either of the other alleys) had been made.

Procedure

The basic research design in all experiments called for a
comparison of behavioral and physiological variables be-
tween two groups of animals: the Flinders S- and R- lines of
both sexes following IM administration of DFP. The general
procedure for obtaining the data for comparison involved
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three major phases: preliminary training, determination of
pretreatment baseline performance, and measurement of
treatment effects. Preliminary training consisted of systema-
tic daily trials designed either to adapt the animal to condi-
tions of measurement, e.g., weighing, temperature record-
ing, or to develop the particular behavioral pattern under
study, e.g., operant drinking, FR5 operant responding, vis-
ual discrimination. Locomotor activity was an exception be-
cause adaptation occurs so rapidly to a very low level; there-
fore it would not have been possible to have measured any
depressant effects of DFP had the preliminary adaptation
procedure been applied. When the behavior had stabilized,
measures of pretreatment performance were taken to be
used during later analyses for the primary purpose of analyz-
ing DFP effects using each animal as its own control. The
third phase, acute DFP treatment, then followed.

Times after treatment at which measures were taken var-
ied with the particular dependent variable involved. Core
body temperature was recorded 4 hr after injection when the
effects are maximal [5], at which time the presence or ab-
sence of symptoms was also noted. Measures of the per-
formance of other behaviors were taken 24 hr after DFP or
Arachis oil administration, earlier studies having shown that
by that time incapacitating motor effects had disappeared.

RESULTS

Results of the experiments are presented in terms of the
several dependent variables (behavioral and physiological)
measured under the experimental conditions. Separate ta-
bles for criterion and for non-criterion variables summarize
the data for central tendencies, variabilities, sample sizes
and tests for significances of differences. Statistical analyses
of DFP effects have been carried out using 2- or 3-way
ANOVAs, depending upon availability of data across gen-
erations.

Pretreatment Baseline Measures

Criterion variables. Table 1 presents a summary of results
of pretreatment baseline measures for the three criterion var-
iables. Three-way ANOVAs established that there were
significant sex (S), line (L) and generation (G} differences in
body weight: female and S line animals weighed less than
their male and R line counterparts; animals of the S14 and
S15 generations weighed more than those of the S13 and S16.
Two significant 2-way interactions occurred, both involving
the generation variable: an S x G interaction depended upon
the fact that differences between sexes of the same lines
were greater for the S14 and S15 generations than for the S13
and S16; differences between lines of the same sexes tended
to increase with increasing generations.

Significant S, L and G differences also appeared in meas-
ures of core body temperature. However, in this case they
were dependent upon the fact that measures for the S13 gen-
erations were consistently lower than for other generations.
A significant L X G interaction appeared to arise from a
decrease across generations of differences between S and R
lines.

Significant S and S x G effects characterized measures of
water intake. Female subjects drank consistently less than
males. Differences between sexes of the same lines tended to
be greater for generations S14 and S15.

Non-criterion variables. Results of pretreatment baseline
measurements of five non-criterion variables are presented
in Table 2. No significant main effects of sex appeared with
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TABLE 1
PRETREATMENT BASELINE MEASURES OF CRITERION VARIABLES

A. Means, standard errors of means, sample sizes

SM RM SF RF
Generation Mean SE n Mean SE n Mean SE n Mean SE n
Body 13 336 7.2 22 343 5.7 28 224 2.5 20 243 34 22
Weight 14 363 6.5 15 377 11.8 14 230 3.3 12 259 8.9 1
15 355 6.6 15 379 5.1 15 225 3.8 15 247 5.0 15
16 312 6.5 25 348 6.0 25 214 29 25 255 43 25
Core 13 377 0.1 22 38.1 0.1 28  38.1 0.1 20 385 0.1 22
Temp. 14 38.4 0.1 15 38.4 0.1 14 38.9 0.1 12 38.7 0.1 11
15 382 0.1 15 383 0.1 1S 385 0.1 1S 385 0.1 15
16 383 0.1 25 383 0.1 25 384 0.1 25  38.6 0.1 25
Water 13 223 08 22 226 0.4 28 16.9 05 20 16.7 0.6 22
Intake 14 22.7 0.9 15 222 0.9 14 16.6 0.4 12 16.4 0.9 11
15 24.8 0.7 15 23.5 0.7 15 16.3 0.6 15 16.7 0.6 15
16 229 0.5 25 208 0.4 25 18.1 0.7 25 17.6 0.6 25
B. 3-Way ANOVAs: F-values
Sex Line Generation SXL SXG LXG SXLXG
Body Weight 1430.53*  71.35* 16.25* 1.59 8.09* 4.191 0.35
Core Temp. 35.05* 4.87% 13.51* 0.03 1.39 2.77% 0.40
Water Intake  301.14* 3.58 1.10 1.28 5.68* 1.15 0.78
*p<0.001.
tp<0.01.
1p<0.05.
TABLE 2
PRETREATMENT BASELINE MEASURES OF NONCRITERION VARIABLES
A. Means, standard errors of means, sample sizes
SM RM SF RF
Generation Mean SE n Mean SE n Mean SE n Mean SE n
Activity 15 55.9 3.4 8 74.6 3.1 8 476 36 8 878 29 8
16 47.1 1.7 8 64.1 23 8 440 22 8 609 23 8
FRS5
Operant RIS 58.5 3.0 8 96.4 8.6 8 649 72 8 793 6.4 8
Discrim R16 5.6 1.0 7 2.9 1.5 7 7.6 1.3 7 5.0 1.2 7
Stereo R16 4.4 1.0 7 7.1 1.5 7 2.4 1.3 7 5.0 1.2 7
Escape 16 5.7 0.7 7 6.0 0.6 3 4.1 1.2 7 8.3 1.8 7
time
B. 2-Way ANOVAs: F-values
Sex Line SXL
Activity 15 0.22 31.84* 4.20%
16 0.77 21.84* 0.00
FR5
Operant 15 0.65 15.46* 3.13
Discrim R16 0.68 0.06 0.72
Stereo R16 0.68 0.06 0.72
Escape 16 0.03 3.62 2.08
time
*»<0.001.
tp<0.01.

ip<<0.05.
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TABLE 3

EFFECTS OF ACUTE DFP TREATMENT ON CRITERION VARIABLES:
PERCENTS OF PRETREATMENT BASELINES

A. Means, standard errors of means, sample sizes

SM RM SF RF
Generation Mean SEM n Mean SEM N Mean SEM n Mean SEM n
Body 13 92.4 0.6 22 95.0 0.5 24 93.0 0.5 20 96.9 0.4 22
Weight 14 91.7 0.6 15 949 0.5 14 944 0.7 12 973 0.4 11
15 94.0 0.6 13 959 0.5 13 939 0.5 13 98.2 0.4 13
16 94.6 0.6 12 98.2 0.5 12 944 0.5 12 979 0.4 6
Core 13 88.1 0.5 22 916 0.6 24 90.3 0.6 20 943 0.6 22
Temp 14 86.2 0.4 15 90.5 0.6 14 90.6 0.7 12 947 0.9 11
15 87.7 0.7 13 924 0.6 13 88.7 0.5 13 953 0.6 13
16 89.6 0.8 12 96.2 0.6 12 90.9 0.9 12 96.7 0.5 12
Water 13 32.2 5.5 22 48.8 4.8 24 354 6.5 20 70.1 4.2 22
Intake 14 21.1 5.0 15 48.3 5.4 14 38.4 7.2 12 76.1 4.4 11
15 38.3 5.6 13 68.6 3.7 13 33.2 5.6 13 81.0 2.8 13
16 51.3 11.9 6 76.0 4.0 6 51.0 7.1 6 81.8 5.6 6
B. 3-Way ANOVAs: F-values
Sex Line Generation SXL SXG LXG SXLXG
Body Weight 27.81* 124.96* 11.74* 2.01 1.32 0.04 1.39
Core Temp. 66.41% 225.64* 3.51% 0.20 2.95¢% 7.14% 1.29
Water Intake  19.62* 133.89* 8.10* 7.90% 2.56 1.42 0.23
*p <0.001.
tp<0.01.
$p<0.05.
the application of 2-way ANOV As, but line differences were TABLE 4

found for two of the variables, i.e., activity and operant re-
sponding. S line animals were less active and gave fewer
operant responses than their R line counterparts. In the one
significant interaction R line females showed greater general
activity than other groups.

Effects of Acute DFP Treatment

Because of the various baseline differences described
above it was important to use each animal as its own control
in analyses of the effects of acute DFP treatment. Therefore,
measures of criterion and non-criterion variables after treat-
ment are expressed in the following Tables 3 and § as per-
cents of pretreatment baselines. Table 4 summarizes obser-
vations of DFP-induced symptomatology, for which no pre-
treatment measures could be obtained.

Criterion variables. Table 3 summarizes results for the
three criterion variables. There were significant main effects
and some significant interactions.

There were significant differences in body weight be-
tween lines, sexes and generations after acute DFP treat-
ment, but there were no significant interactions between
these three variables (Table 3). The effects of DFP were
greater in the S-line rats of both sexes, in the males of both
lines and in the S13 and S14 generations.

Effects of acute DFP on core body temperature were
greater for male than female animals and greater for S than R
lines. There were significant differences but no consistent
general trends over generations. A significant S X G interac-
tion appeared to eb dependent upon a systematic decrease in

SYMPTOMATOLOGICAL EFFECTS OF ACUTE DFP TREATMENT:
PERCENT INCIDENCE

Symptom SM (15) RM (15) SF (11) RF (15)
Diarrhea 80.0* 66.7* 27.3 6.7
Analgesia 73.3% 26.7 18.1 13.3
Tremor 13.3 0.0 18.2 0.0

*Significantly different from females of the same line p <0.01.
tSignificantly greater than all other groups p<0.01.

effects with increasing generations for R line females and a
significant L x G interaction upon systematically increasing
differences between the two lines across generations.
Three-way ANOVAs of measures of water intake also
yielded significant main effects. There were general trends
for lower sensitivities to DFP in females than in males and in
R line than in S line animals. Effects of DFP diminished over
generations. A significant S x L interaction appeared to
arise from the fact that R line female subjects were much
more resistant to DFP than were the other three groups.
Symptomatology. Records kept of the occurrence of
three basic symptoms following acute administration of DFP
(diarrhea, analgesia and tremor) provided the basis for the
summary of percent incidences in Table 4. Chi square tests
established that significantly more male than female animals
suffered from diarrhea; there were no significant line differ-
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TABLE 5
EFFECTS OF ACUTE DFP TREATMENT ON NON-CRITERION VARIABLES: PERCENTS OF PRETREATMENT
BASELINES

A. Means, standard errors of means, sample sizes

SM RM SF RF

Generation Mean SE n  Mean SE n  Mean SE n Mean SE n
Activity 15 5.8 1.2 7 22.4 2.8 7 6.8 1.6 6 46.7 4.9 7

16 13.6 24 7 35.0 34 7 18.5 24 6 38.3 4.0 7
Operant 15 51.4 8.6 7 741 58 7 478 128 6 99.0 11.0 7
Discrim R16 136.9 20.0 7 107.7 13.0 7 95.2 22.6 7 109.6 22.5 7
Stereo R16 75.8 19.4 7 79.5 99 6 81.0 342 3 72.4 241 6
Escape 16 127.0 204 7 126.3 145 3 898 255 6 77.5 243 6
time

B. 2-Way ANOVAs: F-values
Sex Line SXL

Activity 15 12.76 56.17* 9.21%

16 0.64 16.40* 0.26
Operant 15 1.34 14.17* 2.17
Discrim R16 1.38 0.03 0.85
Stereo R16 1.38 0.03 0.85
Escape 16 2.92 0.09 0.05
time
*p<0.001.
Tp<0.01.
ip <0.05.

ences. Assays for analgesia found a sex-line interaction, i.e.,
males of the S line were significantly more affected than
were the other three groups. Relatively few tremorogenic
effects appeared at the dose level of DFP used, the dose
having been chosen in order that such motor effects not con-
found other behaviors being studied. When tremors were
observed, they always occurred in S line animals.

Non-criterion variables. Data for effects of the acute DFP
injections on non-criterion variables are summarized in
Table 5. Two-way ANOVAs established both significant
main effects and their interaction for the dependent variable,
general activity. Female subjects were less affected, i.e.,
more active than males; R line animals showed less effects of
DFP than the S line subjects. An interaction between sex and
line appeared in the S15, but not in the S16 generation; R line
females were less affected than R line males, while there was
no difference between sexes in the S lines.

Only line effects were found to be significant in operant
responding. R line animals were less affected than S line,
i.e., gave greater numbers of responses during the assay
period.

There were no significant effects of DFP treatment on any
of the other three dependent variables. It should be pointed
out that performance of the active discrimination response
had been so well learned by the time of assay for DFP effects
that only two types of response occurred: either an animal
discriminated correctly or engaged in a stereotyped re-
sponse, e.g., ‘‘freezing.”’

The possibility that effects of acute DFP on the S and R
lines might include differential changes in foot shock

thresholds was investigated in a non-contingent shock situa-
tion. Behavior under these conditions constitutes uncon-
ditioned responses to inescapable electric shock. Low shock
intensities produce a flinching response, followed at higher
intensities by skeletal activity which is intensity dependent
[6]. Ten animals from each of the four line-sex groups were
exposed approximately 24 hours after administration of DFP
to three shock intensities (0.25, 0.50 and 1.00 mA) in a coun-
terbalanced order, each intensity being administered twice.
Occurence of the flinch response was noted. No responses
were observed at the lowest shock intensity; all animals re-
sponded on all presentations of the 1.0 mA stimulus. Median
effective intensities (EI;,) in mA for the four groups were:
SM, 0.46; RM, 0.55; SF, 0.44; RF, 0.41. The close
similarities of these El;;s and the fact that they were all well
below the intensity, 1.0 mA, used in the present assays,
strongly suggest that effects of the DFP treatment cannot be
accounted for in terms of differential changes in foot shock
thresholds.

DISCUSSION

Behavioural and physiological phenotypes are results of
interactions between genetic and environmental factors: P =
G + E + f (G-E). The assortative mating program of which
the present experiments are parts was designed to select for
interactions between a specific manipulation of the
cholinergic neurohumoral transmitter system (decreased ac-
tivity of cholinesterase following acute administration of
DFP) and three specific criterion variables (drinking behav-
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ior, core body temperature and body weight). The matings
successfully established two lines of rats with significantly
different reactions to DFP, when environmental conditions
were the same for all subjects [7]. Questions then arose as to
whether genetic selection had been specific to the particular
criterion variables or whether it had also affected other be-
havioral and physiological capacities of the two lines. Re-
sults of the present series of experiments show that gener-
alization to other variables has in fact occurred but that gen-
eralization has not extended to all non-criterion variables
measured, i.e., selection has not been completely
nonspecific.

Pretreatment Differences

The present results show some significant line differences
in pretreatment criterion variables which can be attributed to
our selective breeding procedure. Pretreatment line differ-
ences in non-criterion variables, where S line animals were
less active and made fewer operant responses, must also be
considered as a result of the selective breeding procedure.
That sex differences appeared in pretreatment measures of
criterion variables is not surprising: female rats are innately
smaller structurally and, hence, weigh less and consume
smaller amounts of water than males [1]. There were no
significant sex differences in the non-criterion variables. Be-
cause of such variations in relations of line and sex to the
measures being studied it was important to compare the ef-
fects of acute DFP on the several groups of subjects by
changes from pretreatment baselines rather than in absolute
terms, i.e., to use each animal as its own control.

Effects of DFP: Differences Between Lines

One of the major questions which the present experi-
ments were designed to answer concerned whether differ-
ences between lines following DFP treatment had been main-
tained in continuing generations. Earlier in the process of
selective breeding we reported [7] that significant differences
between Flinders S and R lines had appeared by the S5 gen-
eration and had been maintained through S9. The present
measures of criterion variables for the S13, S14, S15 and S16
generations show quite clearly that differences between lines
have continued to be significant. S line animals were more
affected than their R line counterparts in all three variables:
effects of acute administration of DFP on body weight, core
body temperature and operant drinking behavior were
greater for S than for R line animals.

Divergency of Lines

More detailed examination of data for the criterion varia-
bles shows that there were trends in body weight and operant
drinking behavior for effects of DFP in absolute terms to
decrease systematically in all groups as generations in-
creased. Such a relationship was especially apparent in the R
line female groups for all three criterion variables. This find-
ing suggests that our previous report [7] of failure to produce
an R line more resistant to DFP than randomly bred animals
should be modified. We had pointed out that the divergence
of lines was due primarily to increased sensitivity of S line
animals. It now appears that changes at the resistant end of
the scale may be truncated because of restrictions of the
measuring instruments.
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Generalization of Effects

Another major question for the present experiments was
to determine how specific the selective breeding program
had limited effects of DFP to the criterion variables. Earlier
studies have shown that effects of selective breeding can be
very specific [19]. Within limits imposed by the choices of
non-criterion variables, the results are quite clear. Differen-
tial effects of the acute DFP treatment generalized to some,
but not all variables measured. R line animals were less than
S line subjects in general activity and in operant responding.
There were no significant line differences in the accuracy nor
time of discrimination responding nor in the amount of ster-
eotyped behavior.

The latter three variables had in common an aversive
source of motivation, i.e., foot shock. Other investigators
[17] have reported that effects on behavioral and physiolog-
ical variables of manipulating the cholinergic system are task
dependent. Our present results show that line differences
which appear under appetitive motivation are not observable
under aversive motivation. Effects of acute DFP on the S
and R lines appears not to generalize across all forms of
motivation.

Symptomatological effects of the acute DFP treatment
also provided some evidence for specificity of line differ-
ences. The incidence of diarrhea, associated with the periph-
eral actions of cholinergic agonists, showed significant sex
but not line differences. In contrast, effects of DFP on
analgesia and tremor, taken as indicators of central effects of
cholinergic agonists, were suggestive of a difference between
lines. These observations are consistent with the hypothesis
that effects of our selective breeding program are mediated
by central cholinergic mechanisms, although the possibility
of interactions with other neurotransmitter systems must
also be considered.

Although these statements about the generalization of ef-
fects correctly summarize the findings in the experiments
now being reported, it is essential to consider the possibility
that the behaviors which are related to the variables for
which selection has been made may reflect an “‘accident of
selection”’ [20], a spurious or fortuitous nongenetic correla-
tion. The latter differs from ‘‘directly conjointed traits’’ in
that they do not ‘‘fall directly in the causative pathway’
*from genes to brain to behavior’’ [11]. Surveys of various
selection lines have considered the matter of specificity of
the selection, pointing to problems involved in establishing
the nature and extent of direct genetic contributions [2]. Ad-
ventitiously associated traits may result, for example, from
genetic drift in a relatively small population. The probability
of a chance finding for a given trait may be increased as a
function of the number of dependent variables being studied
in parallel. Procedures for avoiding misinterpretation of what
may, in fact, be fortuitous associations have been suggested
by several investigators [3, 11, 20]. These include repeated
selection experiments (simultaneous replications); a
generational-developmental approach by which a correlated
trait is observed over a number of generations; and analysis
of segregating populations, i.e., cross-breeding as well as
inter-breeding. For some of the variables presented in the
present experiments the results have been similar in two
generations. Further generations are currently being exam-
ined and the results of these and those of cross-breeding
experiments will be reported later. In the meantime, “*corre-
lated responses are important to ascertain, for they provide
cues about other traits which are in the same causative
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pathway (developmental or physiological) as the selected
trait”’ [11].

Mechanism(s)

In the ‘‘systems’’ approach to the study of ways in which
living organisms cope with their environments the total sys-
tem is taken to be the organism in its biosphere [15]. Within
the total system the organism receives inputs from the en-
vironment and produces outputs to the environment. Within
the organism intervening mechanisms, biochemical and elec-
trophysiological events occuring within various morphologi-
cal sites, are involved in receiving inputs and affecting the
nature of outputs, which may be behavioral or physiological.
Presumably selective breeding alters intervening events,
leading to changes in behavioral phenotypes. What interven-
ing mechanism(s) may be involved in selective breeding for
interactions between the cholinergic neurotransmitter sys-
tem and behavior as we have been studying them?

It has been pointed out that DFP is **. . . particularly
valuable as an investigative tool . . . (because of) . . . the
virtually irreversible inactivation it produces by alkylphos-
phorylation of AChE and certain other esterases; its high
lipid solubility, results in penetration into the CNS and its
relative specificity’’ [18]. Its effect is to decrease the activity
of acetylcholinesterase, AChE, thereby elevating the level of
the neurotransmitter, ACh [14]. In the search for mech-
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anisms affected by our selective breeding program, hypothe-
ses about changes in the cholinergic system have priority,
although it is appreciated that this neurotransmitter system
interacts with other intervening biochemical events in the
overall processes underlying behavioral effects.

One likely hypothesis is that selective breeding may in-
crease sensitivity of the target enzymes. This hypothesis
gains credence from evidence that increased resistance to
anticholinesterases in insects is related to a resistant form of
AChE [16]. However, results of our earlier experiments [7]
cannot be interpreted as consistent with the involvement of
such a mechanism in the differences between the Flinders S
and R lines.

The fact that R line animals showed less sensitivity to
DFP suggests an analogy with the process of tolerance de-
velopment to chronic exposure to that anticholinesterase [9,
12, 15]. Animals chronically exposed show no significant
differences from control animals on a number of different
behavioral and physiological variables. The search for
mechanisms underlying tolerance development has excluded
several possibilities {12,14] and has clearly indicated the in-
volvement of changes in muscarinic receptor (mnAChR) sen-
sitivity [9]. It is a reasonable hypothesis, worthy of testing,
that our selective breeding program has led to a subsensitiv-
ity of mAChRs in R line animals and/or a supersensitivity in
the S line.
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