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cation of 16-ketoestradiol, estriol, epiestriol,
estrone, estradiol-17« and estradiol-178. It
was found that as the ovary increases in
weight at 1-3 weeks before spawning, there is
a gradual increase for all free plasma estro-
gens. In order of their increasing concentra-
tion, in pg/100 ml of plasma, the free plasma
estrogens were found to be: estradiol-17q,
estrone, estradiol-178, epiestriol, estriol and
16-ketoestradiol.
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(Introduced by M. X. Zarrow)
Department of Zoology, Kansas State University, Manhattan, Kan.

Recent advances in the separation and
quantitative determination of plasma estro-
gens have resulted in isolation and charac-
terization of several estrogenic steroids in va-
rious species. Heretofore, however, concen-
tration of plasma estrogens during menstrual
cycle and pregnancy have been measured only
in the human(1-5).

The present study was undertaken to iden-
tify and measure levels of free plasma estro-
gens during estrus and pregnancy in the
white-tailed Texas deer, Odocoilus virgini-
anus texanus.

Materials and methods. Blood was col-
lected from 25 adult female white-tailed
Texas deer during estrus and at stages of

* Contribution No. 355 from Dept of Zoology,
Kansas Agri. Exp. Station and No. 381 from Dept.
of Zoology, Manhattan.

t Supported in part by grant 1R01-HD-00013
from the National Advisorv Child Health and
Human Development Council, N.I.H,, Bethesda, Md.

pregnancy ranging from 6 to 23 weeks. Num-
ber of samples collected for estrus were 3,
for 6 to 8 weeks of pregnancy 6, for 11 to 14
weeks 5, for 15 to 18 weeks 7 and for 20 to
23 weeks 4. The samples were collected in
the field at the wildlife game preserve in Sin-
ton, Texas. Plasma was obtained by centri-
fugation and frozen for later analysis.
Initial identification of the free plasma
estrogens was made on six 300 ml samples of
plasma. Extraction of the estrogens was made
using a modification of the technique de-
scribed by Veenhuizen et al(6). The plasma
was extracted 3 times with an equal volume
of ether. The extracts were pooled and dried
in vacuo under nitrogen at 40°C. The resi-
due was taken up in 10 ml of toluene and
washed 3 times with 5 ml aliquots of 5%
NaOH. The pooled NaOH fractions then
were backwashed with 5 ml of toluene. The
pH of the NaOH fraction was lowered to 7-9
with 6 N HoSO,. This neutralized fraction
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then was extracted 3 times with an equal vol-
ume of benzene. The benzene was removed
in vacuo under nitrogen at 40°C and the
estrogen residue taken up in 0.1 ml of chloro-
form-methanol (1:1).

The estrogens were separated and identi-
fied by using thin-layer chromatography on
silica gel G (Merck, Germany). The sample
was run 2-dimensionally in a hexane-ethyl
acetate (1:1) solvent system along with vari-
ous known estrogens. The plates were devel-
oped by spraying with 10% phosphomolyb-
dic acid in absolute ethanol and heating at
110°C for 20 minutes. Initial identification
was made by comparing the Rf values of the
sample and known estrogens. Further identi-
fication was made by determining Rf values
of acetylated products of the estrogen extract
and known estrogens on TLC silica gel G
plates run in hexane-ethyl acetate (1:1).
U.V. absorption(7) of the various isolated
estrogens was also used as a final identifica-
tion procedure.

After the estrogens were identified, 15 ml
samples of the plasma from the estrus and
pregnant deer were extracted as described
previously after addition of known amounts
of labeled C'#-4-estrone. The extract then
was run 2-dimensionally on silica gel G TLC
plates in hexane-ethyl acetate (1:1) along
with the appropriate standard estrogens. The
estrogens then were scraped off the plate in-
dividually and extracted 2 times with 3 ml of
chloroform-methanol (1:1). After the chloro-
form-methanol was dried, the estrone sample
was dissolved in 1 ml of absolute ethanol. A
0.1 ml aliquot of this was taken and added
to 10 ml of scintillation fluid and counted in
a Packard Tri-Carb model 3314 Liquid Scin-
tillation Counter to measure the per cent re-
covery. The remaining 0.9 ml of ethanol was
dried and fluorescent measurements were
made by a modification of the method de-
scribed by McAnally et a{(8). The estrogens
were dissolved in 0.1 ml of absolute ethanol
to which 0.7 ml of 90% H.S0, was added.
The samples were shaken and then incubated
for 20 minutes at 80°C. The samples then
were cooled and 4.3 ml of 65% H,S0. was
added. Fluorescent readings were made in a
Turner model 110 Filter Fluorometer with a
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primary filter system consisting of a Kodak
#47B plus a #2A and a Kodak #2A-12 plus
a 10% neutral density filter for the secon-
dary filters. The values obtained were ex-
trapolated from a standard curve and cor-
rected to 100 ml of plasma and 100% recov-
ery. Values then were plotted as a function
of time of pregnancy for each of the individ-
ual estrogens and for total free estrogens
(Fig. 1).

Results and discussion. Thin-layer chroma-
tography in hexane-ethyl acetate (1:1) sol-
vent system, U.V. absorption, acetylation and
methylation of unknown and standard estro-
gens established. that the free plasma estro-
gens in the white-tailed Texas deer are estra-
diol-17a, estradiol-1783, estrone, estriol, 16-
epiestriol and 16-ketoestradiol-173. Because
of the small quantity and difficulty in recov-
ery of estradiol-17a and estradiol-1783, these
two hormones were not measured quantita-
tively. Also estrone was not detectable dur-
ing estrus and, therefore, does not appear in
the graph (Fig. 1). In order of decreasing
concentration during pregnancy the other
estrogens were: 16-ketoestradiol-1783, estriol,
estrone and 16-epiestriol.

Results indicate that during pregnancy
there is an overall significant rise (p<.001)
in all estrogens measured when compared to
estrus (Fig. 1). This is emphasized more
clearly when all the estrogens are combined.
Although there is some variation in individ-
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ual estrogens during pregnancy, the means of
the total estrogens remain without significant
change between 6 and 23 weeks of pregnancy.
Total estrogens exhibit an overall 5-fold in-
crease during pregnancy when compared to
estrus. Of the individual estrogens, 16-epi-
estriol exhibits the most marked increase
from a value of 0.2 4g/100 ml plasma during
estrus to a mean of 0.47 pg to 6.93 ug/100
ml plasma during 6 to 23 weeks of pregnancy.
The other estrogens exhibit a 2-fold to 3-fold
increase during pregnancy.

The waning and waxing of individual es-
trogens during pregnancy has been noted by
previous investigators, especially in the hu-
man(5). This variation may possibly reflect
differential utilization and removal of these
estrogens from circulation. However, a more
comprehensive interpretation will be possible
when plasma-bound estrogen analyses are
completed for this species.

Summary. Isolation of free plasma estro-
gens in the white-tailed Texas deer, Odocoili-
us virginianus texanus led to identification of
estradiol-17a, estradiol-173, estrone, estriol,
epiestriol and 16-ketoestradiol-173. Because
of extremely low quantities and poor recov-

Reovirus Tyre 3

ery no measurements were made for estradiol-
17 and estradiol-173. However, in order of
decreasing concentration during pregnancy,
from 6 to 23 weeks, the 4 remaining estro-
gens were: 16-ketoestradiol-1783, estriol, es-
trone and 16-epiestriol. In general, there was
a significant (p<C.001) rise in total free plas-
ma estrogens during pregnancy when com-
pared to estrus. No significant variation was
observed in total free estrogens during preg-
nancy from 6 to 23 weeks.
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We have recently reported on the nature
of the acute and chronic disease established
in mice following neonatal infection with reo-
viruses(1,2,3). The available evidence points
to a chronic immunological injury which pro-
ceeds in the absence of infective virus but in
the presence of antibody to the virus. In
more detailed communications, we are report-
ing on the clinical picture and the nature of
the lesions of a large number of these mice

* This work was supported by a grant from the
National Health and Medical Research Council of
Australia.

with the “late” chronic disease and on the
effects of passage of their lymphoid cells into
newly-born mice of the same strain. We re-
port here the observations with only one
mouse (2731/6/272) which is also the sub-
ject of the associated communication on elec-
tron microscopic findings(4).

Materials and methods. These are identi-
cal with the procedures outlined in detail in
previous communications(1,2,3).

Results. The mouse was one of a litter of
eight infected by reovirus type 3 (HEV) by
contact when 1 day old. The mouse showed



