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= Sr-__solution / Genotype, LSD and T-maze Learning
in Mice

demonstrate tha_ the average Sr/Ca ratio of fossil aragon-
itie _hells is lower than the equilibrium ratio, whereas _he VA_AT_O:," in T-maze learning in mice is determined by
average Sr/Ca ratio of fossil calcitic shells is higher than genetic and enviromnental (treatment} effects and inter-
t_m equilibrium ratio. Ratios from fossils of both actions among them_-L Lysergic acid diethylamide.25
mineralogical types arc closer to their respective equili- (LSD-25) affects attack and inhibition behaviour, gross
brium ratios than are those of Reed,at shells. :In post- locomotor activity and swimming time in a water T-
d_sitional changes before reerystallization the Sr/Ca nmze _-:. Strain differences in aggressive behaviour reac-
ro,t_io thus tends with age to approach the equilibrium tion to LSD, that is to say, agcnotype x treatment inter-
ratio for both aragonitic and ealcitic specimens. These action, have been suggested s. Here we evaluate the
relationships hold whether calculations t_sc the Sr/Ca effect of LSD-25 and genotype on T-maze learning and
ratio of normal marine waters (9.5 × 10-_) or known values demonstrate a significant genotype x treatment interaction
_f Atlantic Coastal Plain pure waters (6-9 x 10-s) for seine components.
{ref. 12). A complete diallel cross, including inbreds and reeip-

.41though the distribution coefficients are only kno_ rocals, was made among four inbred lines: A/HeJ, C3H/J,
accurately _,_° for 90°-100 ° C, rather than the 20° 30 ° C C57BL/J6 and SWR/J. Six single pair matings were
that probably prevailed during the alteration proeess, made for each line and cross. Each pair was housed in a,
the distribution eooffdeients arc nevertheless higher ag plastic cage (8 x 11 x 5 inelles) with connnereial bedding
lower temperatures _. Any higher distribution coefficient and food (Purina Lab Chow pellets) and water snpplied
in the ease of aragonitic shells ,,ill not invalidate our as required. The eages were assi_md by random numbers
conclusion, bat could affect the ease of ealcitie shells, to a position in a standard mouse room. Litters were
For example, when the Sr/Ca ratio of marine waters is weaned at 21 days and caged as a group until tested t_t
eornbined with a distribution coefficient of 0.13 (upper 35days. There were five to eleven miee in cach genol)ype x
limit from Oxburgh et al. u for 30° C), the equilibrium sexxtreacment subclass; 464 in all. Half the mice of
ratio of 1.2 x 10 -a is betweeu the fossil and Recent aver- each sex in each litter were given 0.4 mg/kg body weight
ages (Table 1). Bub ratios from Coastal Plain waters "_re LSD tartrate (Sandoz hatch 65002) intraperitoneally 2 rain
probably _ nearer 8 x 10 --a, so the conclusion that eMcites before the start of the test, and the other half were given
approsched the equilibrium ratio during post-deposirional an eqmvalent volume of a placebo (Sandoz batch 65045).
alterations is probably still valid. The LSD solution and placebo were diluted with norm_l

We believe the evidence strongly indicates that the saline so that a volume of 0.1 ml. to 0-5 ml. was injected.
Sr/Ca ratio of fossil molh_se shells may be significantly We used a single unit electroshock alley T-maze with
altered by inorganic processes heft)re recrystallization, sides of opaque acrylic plastic and hinged tops of clear
A biochemical erolutionary trend in Sr uptake could acrylic plastic. The floor consisted of 1/8 inch diameter
possibly be superimposed on the observed post-deposi- stainless steel rods 3/8 inch apart. The start box was
_ional alterations. It seems difficult, however, to dift'eren- 2 x 4 x 4 inches, the runway was 2 x 8 x 4 inches and each
tiate biochemical factors from inorganic diagenetic effects, stem of the cross arm was 2 x 8 x 4 inches. A guillotine

One eonsequcnce affects geochemical to,_Is applied to door separated the start box and runway. Direct eurren'o
carbonate materials. Radiometrie dating of shell material, was passed through the floor of the start box, runway and
as well as oxygen and carbon isotope and trace element to either stern ef the cross arm by an alligator clip. The
studies, are based oil the assumption of unaltered corn- current could be varied from 0.15 mA at 35 V to 0.50 mA
position. The p',,st-depositional fl'aetionation of isotopes at 50 V.
in unrecrystallized ealeareous invertehratc skeletal mater- Each mouse was removed from its cage, identified,
ial therefore needs urgent investigation, weighed, injected with LSD or placebo and rested in ai
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separate cage for 2 rain before testing. The test involved requiring stihaulation was least affected but was increas_,d
plaeirg*the mouse in the start box for 5 s before raising by 10-8 per cent.
the guillotine door. Five seconds after the door was raised, The least squares ineans of all hybrids were compare, I
0-15 mA at 35 V was applied. Corrections were permitted with the means of all inbreds and interpreted as a measure
and the animal was required to reach the correct stem of heterosis. The absence of heterosis ibr number of trial_
(no current) before a trial was considered complete. A to criterion and its existettce for both latency measures ar,,
correct response consisted of the animal moving from the consistent with ore" previous resultsaL Crossbreds moved
start box to the correct stem without error. The test more rapidly and required fewer stimuli, but made mot.,

ended when the criterion of nine consecutive correct trials errors than inbreds. This may have been caused by
was sutisfied. If a mouse failed to enter the correct stem gTeater exploratory behaviour of crossbreds x2.
within 55 s after shock was initiated, the level was raised LSD-25 increased the nmnber of trials required to
to 0-5 mA at 50 V and the latency for the trial recorded reach criterion for crossbreds by 2.8, from 15.6 to 18.4,
as 60 s. Forty mice made an error on or after the twenty- while for the inbreds the increase was 4-9, from 15.1 to
first trial. They were judged untrainable and the total 20-0. LSD-25 thus had a greater adverse effect, on inbreds
number of trials recorded as thirty. There were twenty-one than on crossbreds. The percentage of errors committed
males and nineteen females in this group. Twelve of the by inbreds was increased from 14-8 with placebo to 22.4
forty received placebo and twenty-eight LSD. The pro- with LSD-25, while the increase for crossbreds was from
eedure adopted wouht thus tend to minimize the effect 19.0 to 22.4 per cent. LSD-25 also had a greater effect on
of LSD with respect to the statistical analyses, crossbreds for the percentage of trials stimulated. F,r

The response measures analysed include (11 the number all responses the interaction was the result of a larger
of trials to criterion, (2) the median latency for all trials, detrimental effect of LSD-25 on the genotype (inbred or
(3) the median latency for the final nine trials, (4) the crossbred), demonstrating higher learning ability with the
percentage of trials requiring stimulus, and (5) the per- placebo.
eentage of errors. The mathematical model describing Tile highly significant differences among inbred lines
the data is an extension of that formulated by Henderson 8 were expected H. The treatment x inbred line interaction
and includes tile effects of treatment, sex, inbred lines, for the nmnber of trials to criterion was largely a result
heterosis, general combining ability, specific combining of the extreme adverse effect of LSD on the A/I{eJ line,
abilit,y, maternal ability, residual reciprocal effects and where LSD-25 iucreased the number of trials from 12.9
the appropriate interactions. The linear contrasts among to 23.4. All other lines were increased, but by a much
the linecross means defining the main effects are described smaller number.
by Gritting _°. A least squares analysis of variance 9 was The interaction for mediau latency for all trials was
completed, caused by a large effect of LSD-25 on tile C3H/J line in

Our conclusions are: (1) Tile effect of LSD-25, dif- which LSD-25 increased the median latency fl'om 9.7 to
ferences among inbred lines, and diftbrcnces in general 19-0 s. There was no difference between treatments
combining ability among lines are highly significant for for the SWR/J line and only small differences for the other
all responses. (2) Heterosis is highly significant for all two.
respatmel except, the mm_ber of trials to criterion. (3)The General combining ability effects are assumed to be
significant interactions include: (a) treatment x heterosis one-half the additive genetic value (breeding value) of the
for the number of trials to criterion, percentage of trials line 9. The SWR/J liue was the poorest inbred line with
stimulated and percentage of errors; (b) treatment x in- respect to the number of trials to criterion and percentage
bred lines for the nmnber of trials to criterion and median of errors, and was also the poorest line ibr crossing; but
latency for all trials; (c) treatment x general combining it was the best performing inbred line with respect to
ability for the median latency for all trials. (4) All remain- median latency and percentage of trials requiring stimula-
lug main effects (sex, maternal ability, specific combining lion, and performed best in crosses. The breeding value of
ability, residual reciprocal effects) and interactions involv- the SWR/J line was increased only slightly when LSD-25
ing them are snmll and not significant. They were removed was administered, but it increased markedly for the oth_r
from the model and the analysis repeated to obtain more ttu'ee lines.

efficient estimates of the significant effects. These data suggest t.hat the major genetic source of
Least squares means for the various comparisons, exeept variation in electroshock alley T-maze learning in mice

the treatment × general combining ability and treatment × results from additive gene(ic variance. LSD-25 generally
inbred line interactions, are given in Table 1. inhibits learning ability. The few significant interactions

LSD-25 greatly inhibited T-maze learning in all re- were always caused by an exceptionally greater negative
sponscs. The median latency for the final nine trials was response of a line or cross to LSD-25. In no instance was
increased by 57.6 per cent. The percentage of trials learning ability enhanced by LSD-25.
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Median Median Per cent

l_'umber latency latency trials Per cent J.H. STASIK
Classification trials to for all for final s_imu- errors J.F. _IDXVELL

criterion trials nine trials lated
Treatment: Division of Biological and Medical Sciences,

Placebo 15"3 8"8 6"6 84.5 16.8 Brown University,
LSD*25 ,19.2 11.5 10.4 93.6 22.4 Providence, Rhode Island 02912.

Heterosis:

lnbreds -- 11"3 10"1 93.2 18"4 Received August 25; re_ ised October 6, 1969.Cro_mbr0ds -- 8"4 6.8 85.2 20.7

Inbred lines: 'Meier, G. w.. and Foshee, D. P., J. Genet. Psychol., 102, 267 (1963).
A/HeJ 18.2 16"7 16.0 96.7 19-6 ' Meier, G. W., J. Comp. Physiol. PsychM., 58, 418 (19641
C3H/J 15.1 14.3 11.7 95.5 13'8 _ Lindzey, G.. and Winston, H., J. Comp. Physiol. Psychol., 55, 748 (1_162).C57/BL/J6 13.0 8.1 8.0 96.7 _3.8
8WI?_/J 23.3 6.2 5.0 78-8 27.7 _ ._feClearn. t;. ]'., A _ler. Psychologist. 13. 405 (1958).

Genic breeding value _ Uyeno, E. T., and Bcnson, W. 3[.. l'._ychopharmacoloffia, 7, 20 (19651.
for crossing: ' Essnlan, W.. l:'sycl_ologieal Rep., 21, ] (1967).

A/Heft 14.2 10-9 9.7 92.5 16.7 : Wilber. G.. and Burke, .1. A., L(f,, Sciences, 2, 134 (19631.
C3H/J 16"1 10"6 7"7 82-8 15"4 * Henderson, C. R., PhD thesis (Iowa State Uniters t_" Library, Amos.
C57BL/ff6 15.1 8-4 7"9 93.8 17.0 Iowa, 1948).SWR/g 19.9 3.S --1.0 65-7 35-5

Treatment x heterosis: _ Harvey. W. R., A_,'ic. Res. Sere. Bull., ARS-20-8, USDA (1960).
Plae,.ebo x inbred 15.1 -- -- 90.4 14.8 ,o Gritting, B., Heredity, 10, 31 (1956).
Placebo x crossbred ]5.6 -- -- 77.4 19.0 " Stasik, J. 1I.. _MAT thesis (Brown University Biomedical Sciences Libr_rv,
LSD-25 x inbred 20.0 _ -- 95-5 22-4 Providence, Rhode Island. 1968).
LSD-25 x crossbred 18.4 -- -- 91-5 22"4 _ Bruell, J. H., .4 _er. Zool., 4, 125 (19641.


