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Two studies relating extended insulin-dosage level to attack and biting elicited by tailshock
are reported. In Experiment 1 four groups of rats received subcutaneous injections of 12, 16,
20, or 24 units of regular zinc insulin, respectively, prior to shock testing. A fifth group served
as an injection control. Response level for the 12-unit insulin group was significantly higher
than for all other groups. Surprisingly, the response level of the 24-unit group was higher
than that of the 16- and 20-unit groups. Dosage levels of 12, 28, and 32 units were employed
in the second study to investigate this elevated responding. High and virtually identical
response levels were shown by the 12- and 28-unit groups, with an extremely low response
level being shown by the 32-unit group.

An expanding number of field studies, many of them
conducted by Ralph Bolton (e.g., Bolton, 1973, 1976 ;
Bolton & Vadheim, 1973), have proposed a negative
relationship between blood-sugar level and aggressive
ness. Neideffer, Travis, Davis, Voohees, and Prytula
(1977) experimentally investigated this proposed rela
tionship. They reported that subjects with lowered
blood-sugar levels (experimentally induced by insulin
injections) displayed higher levels of attack and biting
in the single restrained-animal, shock-elicited aggression
situation than did subjects in an injection-control group.

Due to the fact that excessively high insulin levels
result in debilitating effects such as insulin coma, it is
possible that a different relationship might be obtained
under more extreme doses than those employed by
Neideffer et al. (1977). The present experiments were
designed to more fully delineate this relationship .

EXPERIMENT 1

Three insulin-dosage levels (4, 8, and 12 units) were
employed in the Neideffer et al. (1977) study . In
Experiment 1 insulin-dosage levels were extended to a
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maximum of 24 units . More specifically, 12, 16,20,and
24 units were administered to respective groups. An
injection-control group received a comparable dose of
Phenol (a carrier used in insulin preparations).

Method
Subjects. Forty male albino rats purchased from the

Holtzman Company. Madison, Wisconsin, were randomly dis
tributed across five groups (n =8). All subjects were approxi
mately 120 days old at the beginning of the exper iment and
were individually caged with water and food continuously
available.

Apparatus. The shock-elicited-aggression apparatus (more
fully described in Mollenhour, Voorhees, & Davis, 1977) con
sisted of an opaque restraint tube , shock source, target rod , and
impulse counter. The aggression target (Lafayette Instrument
Company, Model 80111, omnidi rectional lever) extended across
the open midportion of the restraint tube . Attack upon the
target rod activated the impulse counter , thus producing an
automated record of the number of responses made by each
subject. The subject's tail was extended through a small (l .50-cm)
hole in the other end of the restraint tube . A wood rod secured
to the tail by adhesive tape prohib ited escape from the restraint
tube during shock testing. Two copper wires, permanently
attached to the wood rod 7 em apart, served as electrodes for
the administration of tailshock .

Procedure. Subjects in Groups 12, 16, 20, and 24 had blood
sugar level reduced via corresponding subcutaneous injections of
U-40 regular zinc insulin (regular lIetin, Eli Lilly & Company).
Subjects in Group C received an injection of .06% Phenol and
served as an injection-control group. To control for the volume
of substance injected, all subjects received a 24-unit injection
(i.e., subjects in Group 12 .received 12 units of insulin plus
12 units of Phenol, subjects in Group 16 received 16 unit s of
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EXPERIMENT 2
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Figure 2.Group mean responses, Experiment 2.
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Results and Discussion
Prior to analysis the response data were converted to

log!0 (Xi + 1) scores. Figure 2 shows group mean re
sponses for Experiment 2. Analysis of variance yielded
a significant groups effect [F(2 ,18) =11.71, p < .01] .
Subsequent Newman-Keuls tests indicated that Groups 12
and 28 did not differ from each other, but responded
significantly (p < .01) more than did Group 32.

Weight data were recorded and analyzed to evaluate
the possibility of weight-drugconfounding. Group mean
weights of 446.14 g (Group 12), 443 .71 g (Group 28),

Method
Subjects. Twenty-one male albino rats purchased from the

Holtzman Company served as subjects. The subjects were ap
proximately 120 days old and were housed as in Experiment 1.

Apparatus. The shock-elicited-aggression apparatus employed
in Experiment 1 was used in Experiment 2.

Procedure. Three equal groups (Groups 12, 28, and 32)
were randomly formed at the beginning of the experiment.
Subjects in these groups received corresponding subcutaneous
injections of U-40 regular zinc insulin (regular Iletin, Eli Lilly
& Company) to reduce blood-sugar level. To equate volume
injected, an appropriate amount of Phenol was added to the
12- and 28-unit insulin injections so that all subjects received
a 32-unit injection. Testing and randomization procedures were
identical to those used in Experiment 1.

T

problem. Would aggression continue to increase with
increases in insulin dosage beyond 24 units? Experi
ment 2 sought to answer this question by testing two
groups of rats injected with 28 and 32 units of insulin,
respectively. As subjects receiving the 12-unit insulin
injection had shown maximum responding in both the
Neideffer et al. (1977) study and Experiment 1, a group
receiving this dosage was also tested . It was felt that the
responding of this group could be used both as a refer
ence point for responding in the 28- and 32-unit groups
and for futher corroboration of the results of the pre
vious two studies.
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Figure 1.Group mean responses, Experiment 1.

The increased responding shown by Group 24 in
Experiment 1, although not statistically different from
Groups C, 16, and 20, presented a potentially interesting

insulin plus 8 units of Phenol, and so forth). All injections
were administered I h prior to testing. The injection schedule
was staggered so that each subject had an individual testing
session. The order for injecting, and hence theorder for testing,
subjects was determined bya table of random numbers.

An individual testing session consisted of securing the desig
nated subject in the restraint tube I h afterinjection. Following
a 5-min habituation period, the subject received 10min of shock
administration. During this time 200 1.5-mA (half-wave de)
shocks of 300-msec duration were administered at 3-sec inter
vals. The number of responses made by each subject during the
10-min test session was recorded.

Resultsand Discussion
The response data were converted to log! 0 (Xi + 1)

scores prior to analysis. Group mean responses are
shown in Figure 1. A groups effect [F(4,35) =3.46,
P< .05] was yielded by an analysis of variance per
formed on this data. Subsequent Newman-Keuls tests
indicated that Group 12 made significantly (p < .05)
more responses than did all other groups. No other
significant differences were found .

In order to evaluate the possibility of weight-drug
confounding, each subject was weighed just prior to re
ceiving its injection. Group mean weights were as fol
lows: Group C, 430.37'g; Group 12, 429.75 g;
Group 16, 428.50 g; Group 20, 431.37 g; and
Group 24, 423.75 g. Analysis (Fmax, and one-way
analysis of variance) of, this weight data failed to yield
significance.

As maximal responding was shown by Group 12,
the results of the present study are supportive of the
negative relationship proposed by Neideffer et a1.
(1977): However, the depressed performance shown by
Groups 16, 20, and 24 suggests that a linear function
may not completely describe this relationship.
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and 445.71 g (Group 32) were obtained. As in Experi
ment 1, analyses (F ma x , and one-way analysis of vari
ance) of this weight data failed to yield significance.

Consistent with the findings of Neideffer et al.
(I977) and Experiment 1, Group 12 displayed a high
level of responding (see Figure 2). On the other hand,
the equally high level of responding shown by Group 28
merits some consideration, especially in view of the
lowered levels of responding shown by Groups 16, 20,
and 24 in Experiment 1. Concerning a possible mech
anism underlying this behavior, the following might be
entertained. It is suggested that the blood-glucose level
resulting from the 28-unit insulin injection was low
enough to facilitate the release of glucagon by the
pancreas. The glucagon, in turn , facilitated the break
down of liver glycogen into glucose. The end result of
this process was a rise in blood-glucose level. Thus, the
functional blood-glucose level would appear, based upon
the similarity of responding, to be quite similar for
Groups 12 and 28. The low level of responding shown
by Group 32 suggests that the debilitiating effects of
high insulin level were being experienced by this group.

While the results of these two experiments are sup
portive of the negative relationship between attack and
biting behavior and insulin dosage established by
Neideffer et al. (I977), they also indicate that the
correspondence is not perfect at all dosage levels. Further
research employing different dosage levels (e .g., 10, 14,
18, 22, 26, and 30 units appears warranted to more
precisely defme the nature of this relationship.

Although the present results, in concert with the

Bolton (I973 , 1976) data, tempt one to generalize to
aggressive behavior in humans, extreme caution should
be exercised before this is done . Several reasons suggest
such caution. First, additional animal research is needed
to establish this relationship in other aggressive situa
tions, such as the paired-animal footshock technique
(see Ulrich & Azrin, 1962). Second, determination of
actual blood-sugar level needs to be made to verify the
decreases that are only inferred at present. Such studies
are currently in progress.
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