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SUMMARY

Several studies have led to the concept that the length of the rat estrous cycle is dependent on the
timing of estrogen (E) secretion. According to this hypothesis E secretion during the 5-day cycle is
delayed. However, we have found LH and E levels in both 4 and S day cycles are identical. Therefore,
even though E is critical for a cyclic gonadotropin release to occur it does not appear to be the factor,
which under normal circumstances, determines cycle length. During the day of proestrus, progesterone
(P) increase coincided, but did not precede the gonadotropin(s) surge in our study thus eliminating P
as the normal physiological trigger of gonadotropin release. If P was the determining factor, one
would expect to find 5-day P levels higher than 4-day cycle levels during the earlier stages of the cycle,
Approximately 48 h following ovulation, on the day of diestrus, we found that the 5-day cycle did
indeed have higher P levels. We propose that the regulation of P secretion during the early stages of the
cycle controls the timing of the normal periodic gonadotropin release.

A great deal of evidence exists implicating certain
steroids, specifically estrogen and progesterone, in
the regulation of tonic and periodic gonadotropin
release. Since Long and Evans reported that the rat
estrous cycle [1] varied between 4 and 5 days rather
than being a uniform 4-5 days in length, numerous
interspecies, as well as intraspecies variations have
been observed. Figure 1 compares the 4- and 5-day
rat estrous cycle. Numerous variations between the
two types of cycles are apparent. The most obvious
difference, of course, is in the timing of ovulation,
which occurs at either a 4- or 5-day interval, some-
time during the evening of proestrus and the morn-
ing of the day of estrus. These variations have
prompted various theories concerning the etiology
of the length of the rat estrous cycle. By various
experimental  manipulations, such as  the

administration of exogenous estrogen or progestins
or by the administration of antisera specific to a
particular gonadotropin or steroid, during different
stages of the cycle, various workers have obtained
evidence which has lent credance to one or another
of the various theories, and has created a few new
theories as well. Until recently, however, no studies
have involved the simultaneous measurement of all
the gonadotropins and several steroids at short
enough time intervals or in both types of cycles,
so as to be able to definitively correlate steroid secre-
tion patterns with gonadotropin release. During this
presentation, we will review the current theories and
examine the evidence linking estrogens or progestins
to periodic gonadotropin release and thus to estrous
cycle length.

Since we will be talking about gonadotropin
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Fig. 1. Differences in timing of: ovulation, vaginal cornification, uterine swelling, uterine ballooning,
time of mating, are seen during the 4- and 5-day cycle.
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Fig. 2. Time axis used in comparing 4- and 5-day cycle: 5 = 5-day cycler; 4 = 4-day cycler; M = me-
testrus; D = diestrus; DII = diestrus 2—occurs only in S-day cycle; P = proestrus—day of LH surge;
E = estrus—ova in oviducts.
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release throughout this presentation, let us first look
at LH, FSH and prolactin throughout each cycle
and note the similarities or differences. Three ani-
mals were sacrificed at 2 h intervals throughout each
day of the 4- and 5-day cycle. All figures were con-
structed using a moving 3-point average. This pro-
cedure, which is a method of curve smoothing, is
helpful in displaying underlying trends. We felt it
was important to be able to visually contrast the
4- and 5-day cycle prior to, and following ovulation.
Therefore in figures where the 4- and S-day cycle
are contrasted, the time axis (Fig. 2) begins with
the day before proestrus (the day during which the
ovulatory surge of LH is released) in both cycle
types. This permits us to contrast the day before
proestrus, proestrus, estrus (the day when ova are
found in the oviduct), metestrus and diestrus in both
the 4- and 5-day cycle. But since the time axis con-
tinues past the day of diestrus, it also enables us
to contrast cycle stage with regard to the last ovula-
tion (ie. the 3rd day following ovulation is diestrus

Il (DID) in the 5-day cycle and proestrus in the
4-day cycle).

Figure 3 shows the results of LH determinations
throughout each cycle. An occasional animal (two
5-day and two 4-day rats) had surge levels of LH
(14-56 ng/ml) 2 days following ovulation (5D, 4D).
These animals exhibiting high LH levels during dies-
trus, were those collected at the 1000 and 1400h
times. The proestrous LH surge coincided in both
the 4- and 5-day cycle (5P, 4P){2]. During the day
of estrus, two out of six S-day cyclers exhibited surge
levels of LH at 1200h and 1400 h. All of these rats
have small uteri and ova present in their oviducts
implying that the expected proestrous surge had
occurred on schedule on the previous day and the
LH detected on the day of estrus was a second
wave of LH secretion.

The 5-day animals appeared to exhibit a rhythmic
release of FSH with an increase at 2400h and a
low point at 1200h (Fig. 4). This is in contrast to
the 4-day cycle which does not show a daily rhyth-
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mic increase in FSH. Although the time course of
the FSH surge seen during proestrus in each type
of cycle appeared to differ, this could not be demon-
strated statistically because of the large standard
errors at these time points.

The 4- and 5-day patterns of prolactin secretion
did not differ significantly throughout any phase of
the cycle, except on the evening of estrus, Fig. 5.
At 1800 h estrus, the 4-day cycler had higher prolac-
tin levels than rats having a longer cycle length.
There also appeared to be a rhythmic secretion of
prolactin in the 5-day group which was quite similar
to the diurnal rhythm seen for FSH, except that
during the day of proestrus the prolactin levels in-
creased prior to LH and FSH.

Studies utilizing exogenously administered estro-
gen [3] have demonstrated that injection of estrogen
during the early stages of a 5-day cycle advances
gonadotropin release and ovulation by one day.
Ovariectomy or estrogen antisera given during the
above period in either 4- or 5-day cycles inhibits
or delays the proestrous surge of LH [4-8], FSH [7]
and prolactin {4,9]. Furthermore, the secretion of
estrogen prior to the surge(s) appears to be depen-
dent on tonic levels of gonadotropin release, as evi-
denced by studies in which exogenous gonadotro-
pins 10] or gonadotropin antisera [11, 12] was given.

The above studies have led to the belief that the
length of the rat estrous cycle is dependent upon
the timing of estrogen secretion. This theory implies
that if the threshold amount or rate of rise of
estrogen was slightly delayed, the animal would exhi-
bit a cycle of 5 days duration. If, on the other hand,
the estrogen levels increased rapidly during the early
stages of the cycle, periodic gonadotropin release,
or surge(s), would occur at 4-day intervals. The sine
qua non evidence in support of this theory would
be, of course, the detection of the appropriate pat-
terns of estradiol in the serum throughout the 4-
and 5-day cycle. Therefore we initiated an exper-
iment in which we measured serum estradiol, as well

as LH, FSH, prolactin, progesterone, 20x-hydroxy-
preg-4-en-3-one  (20a-hydroxyprogesterone)  and
uterine intraluminal fluid at 2 h intervals throughout
each day of both the 4- and 5-day cycle. The results
of radioimmunoassay of estradiol are shown in Fig.
6 and reveal that during both types of cycles the
rise in estradiol precedes the ovulatory surge
observed on the day of proestrus as predicted. How-
ever, if we contrast 4- vs 5-day estradiol patterns
(Fig. 7) during the 3 days following ovulation they
are observed to be virtually identical in both cycles
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Fig. 6. Estradiol (E2) secretion in relation to LH and
FSH surges: ng/ml x 10 = LH concentration; ng/ml x
100 = FSH concentration.
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Fig. 7. Comparison of estradiol secretion patterns during 4- and S5-day cycles. See legend Fig. 2.

(5M vs 4M, 5D vs 4D, SDII vs 4P). Estradiol secre-
tion was prolonged approximately 24 h in the 5-day
cycle (5P). These data correlate well with the vaginal
changes observed in both types of cycles. The differ-
ence seen in the timing of uterine ballooning [13],
however, does not correlate with estradiol secretion,
since the accumulation of intraluminal fluid occurs
approximately 12h sooner in the 4-day cycle. Thus,
uterine ballooning is not a reliable indicator of
estrogen secretion as was believed earlier. Our cur-
rent evidence does not support the proposed differ-
ence in estrogen secretion during the early stages
of the 4- and 5-day cycle. Although the secretion
of estrogen is necessary for a cycle to occur, it does
not appear to be the primary factor, which deter-
mines cycle length in animals which have not been
subjected to experimental manipulation.

During the later phases of the cycle (DII or P),
after estrogen priming of the central nervous sytem
has occurred, exogenously administered progesterone
is capable of facilitating LH and FSH release [14-
23]. Thus progesterone secreted after 0200h proes-
trus, but prior to the ovulatory surges has been
implicated in the control of the preovulatory LH
surge [24,25,18,19]. However the next figure (Fig.
8), as well as other studies [26], indicate that proges-
terone increases coincidentally with the rise in LH
but does not precede the LH surge. Therefore, proes-
trous progesterone does not appear to be the pri-
mary factor, which triggers the surge during an un-
manipulated cycle. Thus, it, too, is unlikely to deter-
mine cycle length.

During the early phases of the cycle (M and D)
prior to the time when estrogen is released, exo-
genously administered progesterone is capable of
delaying the LH surge 24 h, thus lengthening either
a 4- or a 5-day cycle [3]. Surgical stress at compar-
able times will also produce the same effect [5]. Two
studies have demonstrated that estrogen secretion
was delayed after the administration of progester-
one [27,28]. Therefore, it occurred to us that the
mechanism whereby exogenous progesterone is cap-
able of lengthening cycle duration may be an indirect
one via a depression in estrogen levels. Since the

FSH and prolactin surges are also dependent on
an adequate estrogen background, or priming, we
would expect progesterone, given prior to estrogen
priming, to also block the release of these gonado-
tropins. The endogenous secretion of progesterone
during this early phase of the cycle is seen in Fig.
8. Progesterone levels are high during metetrus, but
decrease on diestrus, prior to the LH surge. This
pattern of secretion appears to be independent of
tonic gonadotropin release since hypophysectomy
does not cause a decrease in progesterone secretion
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Fig. 8. Progesterone (P) secretion in relation to the LH
and FSH surges: ng/ml x 10 = P; see legend Figs. 2 and
6.
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Fig. 9. Comparison of progesterone secretion patterns during 4- and 5-day cycles. See legend Fig. 2.

at this time[29). This early autonomous secretion
of progesterone could possibly be related to adrenal
function [24,30,31] or to the functional life span of
the corpora lutea {28].

The above studies imply that if the secretion of
progesterone, prior to estradiol priming, was pro-
longed, the animal would exhibit a 5-day cycle. On
the other hand, if the endogenous secretion of pro-
gesterone decreased at a more rapid rate, this would
result in a cycle of 4 days length. If this theory
is correct, it should be possible to detect higher
progesterone levels in 5-day cyclers during some
period following ovulation. The next figure (Fig. 9)
compares the patterns of progesterone secretion fol-
lowing ovulation in both cycle types. During the
days of proestrus, estrus, and metestrus, progesterone
levels do not vary between cycle types. However,
during the morning of diestrus, three days after the
surges, progesterone levels remain elevated in the
5-day cycler, while they begin to decline in the 4-day
rat. This corresponds to the times when uterine in-
traluminal fluid accumulation begins in each
cycle [13]. Thus the beginning of uterine ballooning
coincides with the decline of progesterone levels,
rather than the increase in estrogen as previously
assumed.

20x-Hydroxyprogesterone has been shown to be
capable of releasing both LH and FSH in the adult
castrate rat[21] and may play a similar role in the
intact adult. This steroid was increasing during the
morning of proestrus prior to the LH and FSH
surges in both types of cycles (Fig. 10), and may
account for the timing of the surges on proestrus.
However, if 20x-hydroxyprogesterone was the trigger
for the surge, we would expect to find levels of
this hormone to be low on DII in the 5-day cycle
since the proestrous surge of gonadotropins is
delayed until the following day in this group. Our
results (Fig. 11) tend to suggest that this is the case,
but the difference between the 4- and 5-day animals
could not be confirmed statistically. Onc variable
which we were able to correlate with our measure-

ments of 20a-hydroxyprogesterone was the FSH sec-
retion pattern seen in the 5-day but not the 4-day
cycle (Fig. 10).

What events lead to a cycle of 4 or 5 days
duration? Why do some strains of rats show predo-
minately one cycle length[32), and why does a
shorter light period increase the percentage of 4-day
animals [33]7 We feel that the answer lies in the
regulation of progesterone secretion during the early
stages of the cycle (M, D). Two organ systems con-
tribute progesterone to the steroid pool, the ovary
and the adrenal.

The amount and timing of progesterone secretion
from these organs may account for both interspecies
and environmentally induced variations in cycle
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Fig. 10. 20a-Hydroxyprogesterone (20x-OH-P) secretion
in relation to the LH and FSH surges. See legend Fig.
6 for ng/ml; see legend Fig. 2.
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length. A shorter light period could shift the adrenal
rhythms to an earlier time of day, thereby shortening
the cycle length. The hereditary makeup of the ani-
mal could determine both its endogenous ovarian
and adrenal secretion and their sensitivity to en-
vironmental entrainment.

We believe that further studies will confirm the
relationship between progestin patterns and cycle
length, although it must be kept in mind that the
interrelationships among the various hormones may
be more complex than we presently expect.
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