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Feeding Norethynodrel and Mestranol to Immature and Adult Female Rats
Cross-Section and Length of Long Bones* (33739)

M. G. Yang, V. L. SANGER, AND O. MICKELSEN

Foods and Nutrition and Pathology Departments, Michigan State University,
East Lansing, Michigan 48823

During the last several years, certain estro-
genic compounds have been used experimen-
tally to stop the skeletal growth rates of
young girls by hastening bone maturation
(1-5). The reports indicate that for girls who
were treated with estradiol valerate before
the onset of puberty, their bone age in-
creased as much as 44 months after 1 year.
17-Hydroxyprogesterone caproate was used to
start menstrual bleeding each month of the
therapy. Progestational compounds when giv-
en to pregnant women have also been found
to increase the bone age of their infants (6).
Whether this was a direct action of the
progestational compounds on the fetal bone is
not known.

The preceding studies suggest that oral
contraceptive steroid preparations containing
a combination of estrogenic and progestation-
al agents may produce comparable effects as
those produced in the young girls. For this
reason, norethynodrel and mestranol, the pro-
gestational and estrogenic compounds com-
monly used in formulating oral contraceptive
pills were fed to female rats to determine
whether they had any effect on the long

* Journal Article No. 4350 from the Michigan
Agricultural Experiment Station, East Lansing.

bones. Furthermore, since prepubertal girls
appeared to be more susceptible to bone
growth inhibition than older girls, 5- and
12-week-old rats were used in the present
experiments.

Methods. In the first of two trials, 28 vir-
gin adult female rats, 83 days of age were
paired according to body weights. Seven rats,
one from each of 7 pairs were fed ad libitum
a basal diet! containing 0.0225 mg of mes-
tranol and 1.562 mg of norethynodrel/kg of
diet while each pair-mate was fed a quantity
of the basal diet equaling that consumed by
the treated rats. The remaining 7 pairs were
also pair-fed but the steroid levels were in-
creased to twice that of the first 7 pairs. The

1 Percentage composition of the basal diet was:
ground corn, 60.7; soybean meal (50% protein) 28.0;
alfalfa meal (17% protein), 2.0; fish meal (12.5%
protein), 2.5 ; dried whey (67% lactose), 2.5;
limestone (38% Ca), 1.6; dicalcium phosphate
(18.5% P, 22-23% Ca), 1.75; iodized salt, 0.5. Sup-
plementary minerals and vitamins were added to
provide per kg of diet: (in mg) Mn, 121; Fe, 95;
Cu, 7; Zn, 4; I, 4; Co, 2; choline chloride, 400; Ca
pantothenate, 6; riboflavin, 3; niacin, 33; mena-
dione, 2; pL-methionine, 500; (in pg) vitamin By, 7;
(in IU) vitamin A, 8010; vitamin D, 750;
vitamin E, 5.
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two levels of steroids approximated on a
body weight basis the physiological doses for
human adult females. In the second trial, 16
immature female rats, 35 days of age, were
also paired as in the first tiral. However, only
the lower levels of steroids were used since
both levels in the first trial produced compar-
able results. The rats in both trials were
Sprague-Dawley strain obtained from a com-
mercial source when they were 3 weeks of
age. They were fed the basal diet until start-
ed on the experiments.

On days 1, 14, and 28 of pair-feeding, all
rats were injected subcutaneously with oxyte-
tracycline (35 mg/kg of body wt.) to label
bones according to the method described by
Frost et al. (7). The 3 labels provided by the
3 separate injections of oxytetracycline al-
lowed 2 measurements of bone growth of
2-week intervals. At the end of the fifth week
of pair-feeding the rats of the first trial were
killed whereas those in the second trial were
killed at the end of 8 weeks and 3 days. The
left femurs of all rats were removed and
cleaned of all muscles and connective tissues.
The femurs were then dried and the length
measured (8). The left tibias with most of
the soft tissues removed were kept in an
acetate-buffer formalin solution until a cross
section approximately 1.5 mm was removed
from each bone 2 mm proximal to the tibio
fibular junction. The cross section was
ground to less than 100 p in thickness after
which the distances between the first and
second oxytetracycline labels and between
the second and third labels were measured.
The measurements were done at X200 with an
eyepiece micrometer graduated in 0.2 p. All
measurements were made at the sharp angle
formed by the lateral and posterior surfaces
which points directly toward the fibula. For
rats in the first trial, a longitudinal section
through the full width of the proximal end of
the left tibia was also removed. This method
is a standard bioassay for Vitamin D (9).
By grinding each section to about 100-x
thick, and then staining with 5% AgNO; so-
lution, the width of the epiphyseal line was
measured at X 60 with an evepiece with lines
graduated at 20 p.
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The rats were housed in individual sus-
pended wire cages in a room with tempera-
ture maintained at 27° with lights on and off
for 12 hr each. Water was given free choice.
Body weights of the rats were determined at
periodic intervals. All data were analyzed sta-
tistically by analysis of variance (10).

Results and Discussion. Diet and steroid
consumption. In the first trial the average
quantities of diet consumed during the first 5
consecutive weeks of feeding were 16.8,
15.2, 16.3, 16.4, and 17.5 g/rat/day for the
rats fed the lower levels of steroids. Those
fed the higher levels of steroids consumed
during this period 15.4, 14.4, 16.3, 16.3, and
17.2 g/rat/day. In the second trial, the aver-
ages were 13.7, 14.7, 15.3, 15.0, and 14.8
g/rat/day. Based on concentrations of
steroids in the diet, average quantities of the
diet consumed and average body weights of
rats during this time, the rats fed the lower
levels of steroids consumed 0.0967 mg of
norethynodrel and 0.0014 mg of mes-
tranol/kg of body weight/day. Those fed the
higher levels consumed 0.1911 and 0.0028 mg
of norethynodrel and mestranol, respective-
ly, /kg body weight/day. In the second trial,
the steroids consumed by the rats averaged
0.1280 mg of norethynodrel and 0.0019 mg
of mestranol/kg of body weight/day. These
quantities of steroids are within physiological
doses with the higher levels near the mini-
mum effective level for preventing conception
inrats (11).

Body weights. Since the diet containing
steroids was available to the treated rats at
all times, these rats presumably had certain
nutritional advantages over the control rats
which usually had no food during part of
each day of the experiments. This was due to
the control rats consuming all the allotted
feed before the next feeding. Despite this and
the fact that steroid-treated rats and their
companion control rats consumed equal
quantities of diet the control rats in both
trial had greater body weights. However, the
differences between control and treated rats
in the two trials or between the two groups
fed the two levels of steroids of the first trial
were not significant, (p>>.05). This could have
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resulted from the large variations in body
weights among the rats as indicated by the
standard deviations (Table I).

Femur lengths and epiphysis. In the first
trial wherein adult rats were used, the lengths
of the femurs were not significantly reduced
by feeding the steroids (p>>.05). However,
the rats in the second trial (immature rats)
that received steroids had significantly short-
er femurs than those of the companion con-
trol rats (p<.05; Table I). This was not sur-
prising since the bones in the younger rats
were still increasing in length whereas in the
older rats, growth of bones was primarily
limited to an increase in shaft diameter. Fur-
thermore, a longer period of steroid feeding
was used for the younger rats than the older
rats. The present observations thus are in
agreement with those reported for prepuber-
tal and older girls treated with estrogenic and
progestational compounds for the purpose of
hastening bone maturation and preventing
excessive height in these girls (1-5). The
reports indicate that skeletal growth in pre-
pubertal girls was more successfully con-
trolled by the steroid treatment than that in
postpubertal girls.

No significant difference in the widths of
the epiphyseal lines was found between the
steroid-treated rats and the control rats. Un-
fortunately, the irregularity in the outline of
normal epiphyseal line introduces consider-
able error and there was a question whether
the technique was refined enough for detect-
ing slight changes as might be expected
when physiological doses of the steroids were
used. Whether epiphyseal lines from other
bones might have been better sites for the
determination of this is not known,

Cross sections of tibias. The cross section
of the long bones is probably more important
for the support of animals in an upright
position than the length of these bones al-
though obviously one is related to the other.
For every change in length of the bone the
effective change is decreased if it is assumed
that the center of gravity for that bone is
halfway between the two ends. However, for
every change in the radius of the cross sec-
tion the change is increased if the area of the
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cross section is pi times radius squared. This
is a simplification of the ways stresses are
endured by long bones; nevertheless, the ma-
thematical calculations should indicate a dif-
ference not obviously recognizable when abso-
lute changes between cross section and length
of long bones are compared.

The distances between the first and second
and between the second and third oxyte-
tracycline labels represent cross-sectional
growths of the tibias in 2-week intervals. In
the first trial, the rats that received steroids
had significantly less bone growth than that
of the control rats (Table I). The growth for
4 weeks was 83 for the steroid treated rats
compared to 100 p for the control rats. The
lower level of steroids used in this trial was
just as effective as the higher level in reduc-
ing the cross-sectional growth of the tibia
since comparable results were obtained by
the two levels of steroids.

In the immature rats (second trial) the
same lower level of steroids as that used in
the first trial did not significantly alter the
growth rate of the tibial cross section (Table
I). The average total growth for 4 weeks for
the immature rats was 151 p for the steroid-
treated rats compared to 150 p for their con-
trols. The reason for the difference in re-
sponse between the immature and the adult
rats to the effects of the two oral steroids is
not known. Perhaps, longitudinal and cross-
sectional growth of long bones proceed at
different rates for the two ages and the re-
sponse such as retardation of growth depends
on the part of the bone that is growing most
rapidly at the time of exposure to the
steroids.

Summary. Norethynodrel and mestranol, a
progestational and an estrogenic compound,
were fed in physiological doses to half of 14
pairs of 83-day-old female rats and half of
another 8 pairs that were 35 days old. The
control rats were pair-fed exactly the same
quantities of diet as those receiving the an-
tiovulatory steroids. Despite the fact that the
steroid-treated rats and the control rats con-
sumed equal quantities of diet the control
rats were somewhat heavier at the end of
5-weeks feeding. The 83-day-old rats treated
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with steroids had significantly lesser cross-
sectional growth in the tibias than their com-
panion control rats whereas the length of the
femurs and the widths of the tibial
epiphyseal lines were not significantly re-
duced. However, in the 35-day-old rats the
length of the femurs were significantly shor-
ter in the treated rats than in the control
rats.
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The Partial Characterization of an Amine Oxidase in Bone Tissue*

(33740)

R. B. RUCKER, ]J. C. ROGLER, AND H. E. PARKER
(Introduced by W. R. Featherston)
Departments of Biochemistry and Animal Science, Purdue University,
Lafayette, Indiana 47907

The role of amine oxidase in the cross-
linking of collagen and elastin has now been
established (3, 4, 7, 12). In nutritional cop-
per deficiency the level of this enzyme is
decreased in vascular and connective tissue
with a concommitant decrease in the intramo-
lecular cross-linking of elastin (5, 7, 10) and
collagen (3, 11, 15). The steps in the cross-
linking mechanism are presumed to include
the oxidative deamination of lysyl residues
contained in collagen and elastin to residues
of a-amino adipic-A-semialdehyde followed by
aldol condensation (12). The research report-
ed herein involves the partial characterization
of an amine oxidase from bone which could
catalyze the initial step of this sequence.

* Journal Paper No. 3526 (Purdue Agricultural
Experiment Station, Lafayette, Indiana) supported
in part by USPHS Grant No. AM-04740 from
National Institute for Arthritis and Metabolic Dis-
eases.

Materials and Methods. The femurs from
14-day-old chicks were removed, broken and
immediately cleaned of adhering tissue and
marrow. The bones were then placed in 0.1
M phosphate buffer (pH 7.4) and homogen-
ized for 2 min at full speed in a Servall
homogenizer. The homogenate (2 g of
bone/10 ml buffer) was differentially centri-
fuged as outlined in Table I. All procedures
were performed at 4°. Amine oxidase was
assayed by the method of Gorkin et al. (4)
using benzylamine as substrate, but incu-
bated in the present experiments at 41°.

Columns of Sephadex G-100 (5 100 cm)
and Sephadex G-200 (I X 15 cm) were
calibrated for gel filtration studies as de-
scribed by Andrews (1). The proteins used
for calibration were purified preparations of
catalase, bovine serum albumin, ovalbumin,
and lysozyme (Sigma Chemicals). After cali-
bration and equilibration of the column, 10
and 3 ml of the 110,000g supernatant layer



