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It has been known that the rate of erup-
tion of the continuously erupting incisor in
rats is severely retarded following hypophy-
sectomy(1,2). Growth hormone(1.3) was ob-
served to be ineffective, whereas thyroxin
(3) and cortisone(4) were effective in restor-
ing the rate in hypophysectomized rats and
in accelerating it in normal rats(4,6.7). Thy-
roidectomy(8), propylthiouracil treatment
(5), and adrenalectomy(4,7) were found to
result in a decrease in eruption rate although
not so severe as that observed following hypo-
physectomy. The severity of retardation in
eruption rate noted in thyroidectomized rats
was observed to be accentuated by a lack of
salt in the diet(9). Parathyroidectomy and
administration of parathyroid extract had no
effect on eruption rate of incisors cut out of
occlusal contact(10). The parathyroids are
believed to have no effect on incisor eruption
rate(11).

There is considerable evidence to indicate
that the adrenals and the thyroids play an
important role in the process of eruption of
the incisors but there is little information to
suggest the nature of this role. The present
experiments were designed to determine and
compare the effects of adrenalectemy, thy-
roidectomy, and thyro-adrenalectomy, with
or without cortisonet treatment, on rate of
eruption of incisors in young adult rats.

Procedures. Weekly observations were
made on eruption rates of maxillary incisors
in 28 thyro-parathyroidectomized and 21 in-
tact, female, Sprague-Dawley, albino rats,
beginning age 90 days. After 8 weeks, 16 of
the thyroidectomized and 11 of the normals
were adrenalectomized and maintained on
1% NaCl in the drinking water and observa-
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tions continued for a second 8 week period.
At the end of the second period, each of the
4 groups was subdivided into a treated and
a control group and the experiment continued
for a third period of 6 weeks. Treated rats
received daily injections of 1.5 mg cortisone
and were maintained on tap water while con-
trols were continued without change. The
experiment was terminated at the end of the
sixth week of period III.

All animals were maintained on a diet of
Purina Dog Chow pellets and tap water or
tap water with NaCl ad libitum. Weekly
eruption rates of upper incisors were deter-
mined by a method previously described (8,
11). Weekly averages for the first 16 weeks
were analyzed by means of the t-test. The
F-test was utilized in analyzing averages for
each of the 3 periods and to make inter-
group comparisons. Source of error used in
the F-test was the “within group Mean
Square.”

Three of the 11 adrenalectomized and 5 of
the 15 thyro-adrenalectomized rats were
found to have adrenal rests following histo-
logical examination of suspicious tissue found
on post-mortem. Comparison of eruption
rates in adrenalectomized rats possessing
adrenal rests, with those of completely ad-
renalectomized rats, revealed a significant
difference but there was no significant differ-
ence in response of eruption rates to corti-
sone treatment. Consequently, weekly erup-
tion rates of adrenalectomized rats possess-
ing adrenal rests on post-mortem were not
included in the calculation of averages, ex-
cepting those of the 2 cortisone-treated
groups.

Serial sections of the thyroid region of
tracheas of thyroidectomized rats were ex-
amined, and of 20 such examinations con-
sidered as adequate, 9 were found to have
microscopic rests of thyroid tissue. Evalu-
ation of individual incisor growth rates
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showed no consistent correlation between the
presence or absence of thyroid rests and the
eruption rates in many of the animals. Due
to the difficulty of assessing the functional
capacity of this tissue, it was decided not to
exclude any of the thyroidectomized rats
from the data, but to report averages for the
total group and for the group determined
complete by post-mortem histological exami-
nation.

Results. The data are summarized in Fig.
1. Thyroidectomy resulted in a highly signi-
flcant (P = .001) reduction of 30% in erup-
tion rates by the end of the first week. Rates
showed considerable fluctuation during the
first 4 weeks but thereafter tended to remain
fairly constant at approximately 20% below
normal. Differences between groups proved
to be highly significant for each week except
the fourth, when eruption rates of normal
controls decreased temporarily. The differ-
ence observed at this time was not significant
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(P = > .05). The average eruption rate
for the first 8 weeks was 2.03 =+ .37 mm$
(224 observations, P = .001), 19% below
that of normal controls whose average was
2.51 + .32 mm (168 observations). The
average eruption rate during this period for
9 thyroidectomized rats possessing thyroid
rests was 2.12 == .38 mm and for 11 believed
to be complete 1.91 =+ .37 mm (24% reduc-
tion). The differences between means of
these 2 groups, although small, was found to
be highly significant, as were differences be-
tween the averages of each of the groups and
the normal controls.

During the second 8-week period eruption
rates of thyroidectomized rats continued to
maintain a fairly constant level at approxi-
mately 18% below normal. The average for
the second period was 2.15 =+ .36 mm (96
observations, P — .001) as compared with
2.63 += .30 mm (80 observations) for con-
trols. Weekly averages of 7 thyroidectomized
rats, verified as complete, showed essentially
the same pattern. The average of this group
for the second period was 2.02 mm (23% re-
duction). Adrenalectomy alone at this time,
resulted in a highly significant decrease in
rate (25%) by the end of the first week. The
decrease became progressively more pro-
nounced during the following 7 weeks but
thereafter was less pronounced. Average rate
for the second period was 1.75 = .33 mm
(64 observations, P — .001), 33% below
that of normal controls. When adrenalectomy
was superimposed on thyroidectomy, erup-
tion rates became progressively more de-
pressed, to 65% below normal by the eighth
week post-operatively. The average 8-week
eruption rate was 1.23 #+ .30 mm (64 obser-
vations, P = .001), 53% below normal. All
weekly comparisons between normal controls
and each of the operated groups were signifi-
cant (P = or < .05). The presence or ab-
sence of thyroid rests apparently had little
effect on degree of reduction following the
second operation (adrenalectomy) since rats
possessing thyroid rests showed the same, or
a more severe, reduction than those verified
as complete.

§ Standard deviation
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TABLE T. Summary of Effects on Eruption Rates during Period 1IL of Experiment.
No. of

Groups Mean 8. % of normal observations

Normal 2407 21 100 30

” + cortisone 2,07 23 116 30

Adrenalectomy 1.95 .19 76 26

” + cortisone 316 .36 123 24

Thyroideetomy 225 .20 88 36

” + cortisone 2,84 24 113 36

Thyro-ndrenalectomy 1.26 27 19 24

” + cortisone 286 41 111 30

#* Stand, dev,

In comparing the 8-week averages for peri-
od IT, the sum of the reductions noted, in thy-
roidectomized and adrenalectomized groups.
was 51% which closely approximated the
actual reduction (539 ) observed in the thy-
ro-adrenalectomized group. The pooled vari-
ation of the thyro-adrenalectomized and nor-
mal groups was compared with the pooled
variation of the adrenalectomized and thy-
roidectomized groups utilizing the F-test. The
difference was not significant (F = < 1).
which was interpreted to indicate that there
had been no interaction and that the effects
of the combined operations equaled the sum
of the effects of each operation. Additional
comparisons showed a highly significant
(P = .001) difference between each of the
operated groups.

The results for period 1I1 are summarized
in Table I. During period 11T eruption rates
of the 3 non-treated surgical groups showed
a slight increase over previous rates for peri-
od II, while rates of the normal controls re-
mained about the same. Administration of
cortisone resulted in highly significant in-
creases in eruption rates of all 4 groups to
levels above that of non-treated intact rats.
The  cortisone-treated, adrenalectomized,
group showed significantly greater increases
than any of the other cortisone-treated
groups. There were no significant differences
between the responses of the other 3 groups
during this period.

Weekly body weights of thyroidectomized
and adrenalectomized rats (Fig. 2) fluctu-
ated within a narrow range, somewhat below
that of normals. Average weights of thy-
roidectomized and adrenalectomized rats were

respectively 1% and 3% below those of nor-
mal controls by the end of period II and 7%
and 1% at the end of period III. Removal
of both glands resulted in a progressive de-
crease in body weight so that averages were
15% and 16% below those of controls by the
end of periods II and III respectively. Cor-
tisone administration resulted in weight losses
in all 4 groups which averaged 10% in thy-
roidectomized and intact rats, 16% in ad-
renalectomized and 35% in thyro-adrenalec-
tomized by the end of period III.

Adrenal weights of cortisone-treated, in-
tact rats (Avg. 43.8 = 4.4% mg) were re-
duced to approximately the same degree as
those of thyroidectomized rats (Av. 44.3 =
4.6 mg). Cortisone treatment in thyroidec-
tomized rats brought about further reductions
in adrenal weights (Av. 33.5 = 6.5 mg).
The average weight of adrenals in normal
controls was 65.3 £ 8.2 mg.

The small number of rats used in each
group of period ITI did not permit adequate
evaluation of the effects of thyroid rests;
however. they appeared to have little effect
on eruption rates. Adrenals tended to be
slightly heavier in non-treated, thyroidecto-
mized rats possessing thyroid rests.

Discussion. Close agreement was observed
between average eruption rate of normals in
each of the 3 periods and normal averages
previously reported(2,7). The 33% reduc-
tion in eruption rate observed following
adrenalectomy closely approximates the 31%
reduction reported by us for young rats
(7) and the 31% reported by others(4).
However, the reduction in rate follow-
ing thyroidectomy, either during the early
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post-operative period or throughout the ex-
periment, or in rats with no discernible thy-
roid tissue, was not so severe as the reduction
previously reported by others following thy-
roidectomy at birth (45%)(8), or following
administration of a “thyroid-blocking” agent
(48%)(5). While age could account for the
difference in rate in the first instance it does
not apply in the second. Whether different
strains have different rates has not been de-
termined.

In the present experiments, evaluation of
the thyroid status of the animals was difficult.
We were unable to find any substantial ef-
fect, due to presence or absence of thyroid
rests, on incisor eruption rate or body weight.
Differences were usually small and inconsis-
tent. Observations have been reported(12)
to indicate that there is a decrease in the
thyroxin requirements of older animals. Pre-
liminary observations on immature, thyroid-
ectomized rats have shown a more severe re-
duction in incisor eruption rate than that ob-
served in the present older series which would
seem to provide support for the above obser-
vation.

We may tentatively conclude that where
adrenalectomy is superimposed on thyroidec-
tomy, in young adults, the effects are addi-
tive. The resulting cumulative depression in
eruption rates closely approximated that pre-
viously reported(2) a few weeks after hypo-
physectomy. However, our thyro-adrenalec-
tomized rats did not show the progressive de-
pression in eruption rate following the eighth
week that has been reported by others fol-
lowing hypophysectomy(1,2). Whether the
presence of hidden thyroid remnants, age of
the animals, or other factors are responsible
for this difference in response remains to be
determined. The results suggest that the se-
vere depression in incisor eruption rate re-
ported following hypophysectomy(1,2) may
be the result of a reduction in available thy-
roid and adrenal hormones.

In earlier experiments(7) adrenalectomy
in young rats brought about little change in
body weight during the first few weeks fol-
lowing operation, a period during which erup-
tion rates were severely depressed. The pres-
ent observations following endocrine removal
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might be interpreted as indicating a correla-
tion between weight loss and reduction in
eruption rate. However, cortisone adminis-
tration in these animals resulted in weight
losses in all groups, yet despite this loss sig-
nificant increases in eruption rates were ob-
served. Thyroxin(3) and desiccated thyroid
(5) administration also stimulate incisor
eruption rates yet desiccated thyroid and cor-
tisone have been reported(13) to be “antag-
onistic” in their effects on food consumption
and body weight in intact rats.

That body weight cannot be considered as
a significant factor in regulation of the in-
cisor eruption rate seems indicated from the
above results as well as from earlier work(14)
where cortisone administration brought about
precocious eruption of incisors in new born
rats despite severe weight loss. Preliminary
observations on dietary restriction, in which
severe weight loss was observed, have shown
no decrease in eruption rate, verifying the
observations of others(10).

The manner in which cortisone acts on
eruption rate remains to be determined. His-
tological and histochemical studies may clar-
ify some of these problems.

Summary. The eruption rate of maxillary
incisors was determined in normal, thyroid-
ectomized, adrenalectomized and thyro-
adrenalectomized, adult, female rats, with or
without daily administration of cortisone.
Thyroidectomy resulted in an average reduc-
tion in rate of 19% during the first 8 weeks.
When adrenalectomy was superimposed on
thyroidectomy 8 weeks post-operatively, aver-
age rate decreased to 53% below normals, in-
dicating a cumulative effect. Adrenalectomy
alone at this time resulted in a 339 average
decrease. Administration of cortisone in-
creased the rates in all 4 groups to levels
above that of normal controls. The results
suggest that the normal rate of eruption of
the incisor may be influenced by a synergistic
action of the thyroid and adrenal hormones.

1. Schour, I, Van Dyke, H. B., Proc. Soc. Exp.
Bror. ANp MEDp., 1932, v29, 378.

2. Baume, L. J., Becks, H, Ray, J. C.,, Evans,
H. M., J. Dent. Res., 1954, v33, 91.

3. Baume, L. J., Becks, H., Evans, H. M., #bid.,
1954, v33, 104.



272

4. Garren, L., Greep, R. O., Endocrinol., 1960, v66,
625.

5.
v90, 652.

6. Domm, L. V., Marzano. R., Anat. Rec., 1954,
v118, 383.

7. Domm, L. V', Wellband, W. A., Proc. Soc. Exr.
Bror. anp MEp., 1960, v104, 382.

8. Baume, L. J., Becks, H.. Evans, H. M.. J. Dent.
Res., 1954, v33, 80.

9. Frey, B. J.. Genitis, \'., Schour, 1., Templeton.
R. D., Am. J. Physiol., 1936, v116, 33.

, Proc. Soc. Exp. BioL, ano MEp. 1955,

NEUROPHARMACOLOGY OF STRYCHNINE-LIKE PIPERIDINE

10. Bryer, L. W., Intern. Dent. J., 1957, v7, 432.

11. Schour, 1., Massler, M., The Rat in Labora-
tory Investigation, Lippincott, Philadelphia, 1949,
Chap. 6.

12. Fleischmann, W., Comparative Physiology of
the Thyroid and Parathyroid Glands, Charles C.
Thomas, Springfield, Ill., 1951, p. 30.

13. Greenberg, S. M., Aterman, K., Metab. Clin.
& Exp., 1955, v4, 264.

14. Parmer, L. G., Katonah, F., Angrist, A. A,
Proc. Soc. Exp. Bror. aNp MEep., 1951, v77, 215.

Received February 6, 1961. P.S.EBM., 1961, v107.

A Neuropharmacological Investigation of the Convulsant Action of

4-Phenyl-4-Formyl-N-Methyl Piperidine (1762 IS)*

V. G. LoNnGo aND A. PINTO CORRADO

(26599)

(Introduced by F. W. Schueler)

Laboratorio di Chimica Terapeutica, Istituto Superiore di Sanitd, Rome, Italy

During an investigation of a series of com-
pounds synthetized for possible strychnine-
like activity, one in particular, 4-phenyl-4-
formyl-N-methyl-piperidine (1762 1S), was
found to possess marked activity as indicated
by preliminary screening(1).

In the present work, a more detailed analy-
sis of the action of 1762 IS was made. The
usual pharmacological procedures were used
as well as more specific technics which in-
cluded a study of the modifications of the
electrical activity at the various levels of the
cerebro-spinal axis, the effects of application
of the substance to the cerebral and cerebel-
lar cortex on the cortical electrical activity
and its action on spinal integratory mechan-
isms.

Material and methods. Acute toxicity was
determined by intraperitoneal and oral ad-
ministration in mice and intravenously in
rabbits. The LDj;, was determined in mice
using the probit method.

Eleven unanesthetized rabbits paralyzed
with 5 mg/kg of gallamine intravenously
were used for registration of the cortical and
subcortical electrical activity according to a
method described previously(2). In all ani-

* This research has been sponsored in part by the
Air Research and Development Command, USAF,
through its European Office.

mals arterial blood pressure was simultane-
ously recorded. Histological sections were
prepared routinely to verify the exact location
of the electrodes in the subcortical structures.
Experiments in which the compound was ap-
plied topically were carried out in 8 rabbits
unanesthetized and without neuromuscular
paralysis. Disks soaked in various concen-
trations of the drug were applied on the sen-
sorimotor area of the cortex and on the lobu-
lus medianus of the cerebellum. Freshly
made water solutions of the hydrochloride
salt were used; the dosage is given in weight
of the free base.

Experiments on the action of the drug upon
the spinal cord were carried out in spinal
(Th-10) cats lightly anesthetized with chlor-
alose. After lumbar laminectomy, the appro-
priate ventral roots were cut and mounted on
silver electrodes for recording purposes. The
spinal cord was covered with warm paraffin
oil. Mono- and polysynaptic reflexes were
evoked by stimulation of the popliteal branch
of the sciatic nerve. In the experiments deal-
ing with the “primary” inhibition, a maximal
monosynaptic reflex was evoked by stimula-
tion of the central stump of the biceps and
semi-tendinous nerves (BST). Inhibition of
this reflex was obtained by stimulating the
group Ta afferent fibers of the quadriceps





