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Individual differences in sensitivity to morphine-induced suppression of vertical motor
activity and analgesia in WAG/G and Fischer-344 rats are determined mainly by genetic
factors, while sensitivity to morphine-induced suppression of total motor activity depends
primarily on environmental factors. The severity of morphine dependence is determined

predominantly by individually acquired factors.
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Phenotypic signs are determined by genetic and in-
dividually acquired factors. We have shown that in-
bred WAG/G rats have low sensitivity to morphine-
induced locomotor depression and pain sensitivity in
comparison with inbred Fischer-344 rats (F-344) [1].
Effects of environmental challenge were evaluated in
subsequent experiments when WAG/G offspring was
reared by F-344 dams and vise versa. We found that
sensitivity to morphine-induced analgesia was re-
duced only in F-344 offspring, while sensitivity to
its suppressive effect was altered in both strains [3].
Thus, individual morphine sensitivity is determined
by both genetic and environmental factors. However,
the contributions of these factors to the formation
of animal sensitivity to different morphine effects
remained unknown.

The aim of the present study was to evaluate the
contribution of heredity and environment to the
formation of individual sensitivity to morphine-in-
duced locomotor depression and analgesia, and forma-
tion of morphine dependence using genetic analysis
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of F, hybrids WAG/G and F-344 rats. It is known
that parent strains as well as F, hybrids are genetically
identical, hence phenotypic differences (general phe-
notypic variance) in their sensitivity to various mor-
phine-induced effects are determined by environ-
mental factors. In F, offspring, phenotypic variance
is determined by both genetic and environmental
factors due to segregation of genes inherited from pa-
rent strains. Comparison of individual deviations in F,
and F, hybrids allows one to determine broad-sense
heritability and thereby evaluate the contribution of
genetic factors to general phenotypic variance [2].

MATERIALS AND METHODS

Experiments were carried out on 2.5-3-month-old
male rats (180-200 g), F, and F, hybrids of WAG/G
and F-344 strains. The groups of F, and F, hybrids
comprised 11 and 20 rats, respectively. Rat pups were
raised by mothers for 21 days and then received stan-
dard chow and water ad libitum. The animals were
maintained at 22°C and 12:12 illumination regimen.

On the first day of the animals of both groups
were injected with 1 ml/kg isotonic NaCl and 7 min
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later tested in an open field (41x 41x50 cm) for 3
min. Horizontal motor activity, i.e., the number of
crossed squares (2.5%2.5 cm) outlined with infrared
beams, and vertical activity (rearing) were assessed.
Immediately after that the animals were placed into
individual Plexiglass boxes, and the latency of tail
withdrawal from hot water (56°C) was measured 15,
30, 45, and 60 min postinjection. Seven days later, the
same tests were performed after injection of 5 mg/
kg morphine hydrochloride. For modeling morphine
dependence the rats were treated for 8 days with
morphine in doses ascending from 5 to 60 mg/kg (2
times per day with 10-h intervals). Six hours after
the last injection, the rats were intraperitoneally
injected with 2 mg/kg naloxone, and specific signs
of the withdrawal syndrome (wet dog shakes, head
and forelimb tremor, posture disorders, piloerection,
rhinorrhea, ptosis, writhing, teeth chattering, and
diarrhea) were evaluated. The total number of with-
drawal signs and the integral index (the sum of these
signs in each animal) were determined.

Classical analysis of F, population was used to
evaluate broad-sense heritability by determining phe-
notypic and genetic variances [2]. Broad-sense heri-
tability (H) was calculated from the formula:

Ve —V
H=—Fi—E, where
VF
VF the total phenotypic vanance for this sign in F,
populatlon V; is the component of phenotypic va-
riance determmed by the environmental differences
of F, population, while VF ¥, are its components de-
terrmned by environmental and genetic differences.

RESULTS

Analysis of heritability of motor activity in the open
field test showed that phenotypic differences between
F, hybrids of F-344 and WAG/G rats in both hori-
zontal (VE,=530, ¥;=504) and vertical (V§,=11.99,
V:=30.7) act1v1ty are determined mainly by environ-
mental factors (Fig. 1). Sensitivity to morphine-
induced suppression of horizontal motor activity in
the open field was predominantly determined by
environmental factors (Vg =253, V;=381), while for
vertical motor activity the contribution of genetic
variance to expression of morphine sensitivity con-
stituted 51% of total phenotypic variance (VF=3.99,
V.=1.94, Fig. 1).

The contribution of genetic variance to the total
phenotypic variance of pain sensitivity in F, hybrids
constituted 62% (Vg,=5.13, V=1 96). The formation
of sensitivity to repeated pamful stimulation may be
related to environmental factors: repeated testing (45
and 60 min postinjection) yielded negative values of
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Fig. 1. Heritability of expression of motor activity in the open field
test in response to injection of isotonic NaCl (open bars) and
morphine hydrochloride (shaded bars). Here and in Figs. 2 and 3:
ordinate is the calculated value of broad-sense heritability, rel. units

broad-sense heritability (Vg,=3.1, V=5.06, Vg =3.15,
V;=6.1, respectively, Fig. 2) The contribution of
genetlc variance to the expression of rat sensitivity
to morphine-induced analgesia constituted 51% of
phenotypic variance (Vp2"13 36, ¥,=6.63) on the 30th
minute and 65 and 78% in successive tests (Vp,=12.99,
V;=4.59 and Vg,=13.07, V,=2.99 on the 45th and
60th min, respectlvely, F1g 2). Sensitivity to mor-
phine-induced analgesia is apparently determined by
different gene systems and these systems have differ-
ent phenotypic expression at different stages of the
experiment.

Analysis of broad-sense heritability for the ex-
pression of morphine withdrawal syndrome in mor-
phine-dependent F2 hybrids showed that only 30%
of its phenotypic variance is determined by genetic
differences (Vg,=1. 69, V.=1.19), hence the major
contribution to the phenotyplc variance is made by
environmental factors. Genetic variance of expression
of some specific morphine withdrawal symptoms
exceeded 50%: head tremor (Vg =3.28, V,=0.19),
forelimb tremor (V,=6.75, V,=0. 53), writhings (V¢ =
1.78, V;=0.11), ptosis (Vg,= 5 5, V;=1.94), rhinorrhea
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Fig. 2. Heritability of pain sensitivity and sensitivity to morphine-
induced analgesia after injection of isotonic NaCl (open bars) and
morphine (shaded bars).
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Fig. 3. Heritability of expression of specific morphine-withdrawal
symptoms. 1) wet dog shakes; 2) head tremor; 3) forelimb tremor;
4) posture disorders; 5) respiratory disturbances; 6) piloerection; 7)
rhinorrhea; 8) ptosis; 9) writhing 70) teeth chattering; 77) diarrhea.

(V§,=0.25, V;=0.11, Fig. 3), while for other signs the
contribution of environmental variance was predo-
minant and increased in the following order: teeth
chattering, wet dog shakes, diarrhea, piloerection,
respiratory disturbances, posture disorders (Fig. 3).

These and our previous data suggest the exist-
ence of a gene system determining individual sensi-
tivity to morphine-induced suppression of motor ac-
tivity, analgesia, and morphine dependence. The
contribution of genetic variance varied for sensitivity
to different morphine-induced effects. It should be
noted that classical analysis of broad-sense heritabi-
lity considers the contribution of both additive and
nonadditive genetic factors in F, population. These
conclusions can be verified by evaluation of narrow-
sense heritability.
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