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Summary
. g I‘
s
;" To determine whether PV was affected by the menstrual cycle, we studied
‘ .
PO »
. five women during exercise and passive heating. The exercise bout (80% VO2
f'l: peak) on a modified cycle ergometer and the passive heat stress were done in a
i
:,: " hot environment (T5 = 500C, Py, = 1.6]1 kPa) during the follicular and luteal phase.
I

Esophageal temperature (Tes) was measured continously. {02 was measured
immediately after each blood sample, which was drawn after each 0.20C
increase in Tqq. Initial PV was estimated at rest during the follicular phase. PV
changes from rest were calculated at each Teg from Hb and Hct. During passive
heating, PV decreased by a mean volume of 156 (+ 80)ml to 2.83 (+ 0,09)% in the -
follicular phase. During the luteal phase, there was a larger volume reduction
(300 + 100ml) during passive heating, and the final PV was lower (2.47 + 0.184)
than in the follicular phase. During exercise, PV decreased 463 (+90) mi to 2.50
+ 0.1 in the follicular and 381(+ 70) ml to 2.50 ( + 0.23)% in the luteal phase.
These data indicate that there is a menstrual cycle effect on PV during passive
heating such that final PV is lower during the luteal phase. During severe
exercise there is a greater PV loss during the follicular phase, yet the final PV is

not different between phases.

Key Words: Severe exercise, Menstrual cycle, Follicular phase, Luteal phase
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There are conflicting descrintions of the plasma volume response to heat
stress and exercise in women, even when the phase of the menstrual cycle has
been controlled (6,9,10,21,27,28). Wells and Horvath (27) reported that women
hemodiluted while resting in a hot environment (48°C, 10% relative humidity),
and this response was unaffected by phase of the menstrual cycle. In a study
which had similar environmental conditions to that of Wells and Horvath, but
longer duration of heat stress, Senay (21) observed a hemoconcentration during
both the pre-ovulatory and post-ovulatory phases of the menstrual cycle.

During moderate exercise in a hot environment (48°C, 10% relative
humidity), no hemoconcentration was observed (28) during the follicular, pre-
ovulatory and luteal phases of the menstrual cycle. In a later report from the
same laboratory (6), both heat acclimated and non-acclimated women
hemoconcentrated after walking in a hot environment. Others have verified that

nemoconcentration occurred in a hot

during cycle ergometer exercise
environment (9,10,23), although there are conflicting reports of whether t;\e
phase of the menstrual cycle affects the degree of hemoconcentration. Fortney
and Senay (9) reported no menstrual cycle effects on ‘the hemoconcentration
during exercise. Gaebelein and Senay (10) suggested that hemoconcentration
occurred less rapidly in the luteal phase than in the follicular phase during
moderate exercise. Previously (23), we observed a similar degree of
hemoconcentration based on pre- and post-exercise blood samples after women
exercised in a moderately hot environment in both the follicular and luteal
phase, but noted that absolute plasma volume based on pre- and post-exercise
blood samples after exercise was less during the luteal phase, which reflected
the lower initial plasma volume during the luteal phase.

Recently, there have been a number of preliminary reports describing

plasma volume fluctuations during the menstrual cycle (23,25,30). All three
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laboratories reported lower plasma volume =t rest during the mid-luteal phase,
than during the mid-follicular phase. Although there have been many
investigations studying the menstrual cycle effects on plasma volume loss during
exercise or heat stress (6,9,10,21,23,27,28), almost all (6,9,23,27,28) have
measured indices of plasma volume before and after the stress, rather than
during the stress, when the fluid exchange occurs.

The primary purpose of this study was to examine how the menstrual cycle
affected the dynamic plasma volume loss resulting from both exercise and
passive heat stress. Therefore, blood samples were drawn periodically
throughout the time of exercise or heat stress. A secondary intent of this study
was to determine whether hemoconcentration occurred in women subjected to a
passive heat stress after previous equilibration in a subjectively determined
"thermoneutral" environment.

Methods

Five healthy women (Table 1), who were not using oral contraceptive
agents, volunteered to serve as subjects for the protocol, which was previously
approved by an institutional review board. Each reported having a normal
menstrual cycle as defined by regular periodicity, and verified by a normal luteal
elevation in basal body temperature. All subjects were familiarized to the
experimental techniques prior to the study.

Four experiments were conducted during the winter on each subject. Two
experiments were conducted in which the subject was passively heated (TS =
50.49C, Py, = 1.61 kPa), one during the follicular phase (days 4-6) and one during
the luteal phase (days 19-22) of the menstrual cycle. In the other two
experiments, the subjects exercised at approximately 80% of the {bz peak
during both the follicular and luteal phase in the same environment as described

above. All experiments were in the morning, although the passive heating
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experiments averaged three hours (178 min) long, while the exercise was
approximately 9 min. The subjects did not eat or consume caffeine for at least
8 h prior to the experiments, and were normally hydrated.

The subjects were dressed in shorts, singlet, socks and shoes during the
experiments. A separate room from the environmental chamber was used for
equilibration and instrumentation. The ambient temperature of this room was
adjusted so that each subject felt comfortable, and averaged 28.8°C, Py, =
0.8 kPa. The subject placed a catheter containing a thermocouple in her
esophagus at the level of the heart for the measurement of core temperature
(Teg). She drank approximately 170 ml of water while swallowing the Teg
theimocouple.  She was weighed before sitting in a wheelchair.  Skin
thermocouples were attached at 8 sites for skin temperature measurement.
Mean skin temperature ('i'sk) was calculated by area weighting of each regional
skin temperature (11,19). A venous catheter was inserted into an arm vein.
After 30 min of equilibration, a blood sample was drawn (16 ml).

The subject was then transported in the wheelchair to the environmental
chamber. Resting Teg was measured before she entered the chamber. The
subject was wheeled directly next to the chair of a modified cycle ergometer
( 3). She was instructed to closely maintain the seated position as she moved
between the two chairs.

During the passive heating experiments, blood samples were drawn each

time that Teg increased 0.2°0C. The experiment was terminated after Tes had

o increased 0.8°C or the subject complained of heat syncope. The average time of
e

j the last blood sample taken from all subjects for the passive heating experiments
ad

e was 116 (+ 41) min during the follicular phase and 169 (+ 66) min in the luteal
o phase.
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During the exercise experiments, the subject began to cycle at
approximately 80% {02 peak within two minutes after entering the
environmental chamber. Blood samples were drawn each time that Teg increased
by 0.29C (2.5 min intervals), until the Teg had increased by 0.8°C. The average
time of the exercise experiment was 9 (+ 2) min, with no difference between
phases.

Blood volume was estimated by the method of Allen et al (1) using the
weight of the subject measured during the follicular phase in the passive heating
experiment. Plasma volume (PV) was calculated from the estimated blood
volume and hematocrit. In each blood sample, hemoglobin concentration (Hb) and
hematocrit (Hct) were measured. Relative changes in plasma volume during the
experiments were calculated from Hb and Hct (24). The pre-stress Hb and Hct
were used to calculate the baseline plasma volume for the other three
experiments. Hemoglobin was measured using a hemoglobinometer (Coulter
Electronics). Plasma protein conctentration (Pp) was measured by refractometry.
Plasma sodium (Na*) and potassium (K+) concentrations were measured by ion-
selective analysis (Nova Biomedical) and total circulating protein (TCP) was
calculated from changes in Pp and PV.

Linear regression equations were calculated to describe the plasma volume
loss over time for each experiment. The slopes of the regression equations were

compared by a two-way analysis of variance across menstrual cycle phase and

I
::-' method of heating. A one-way analysis of variance (16) with repeated measures
\ . was used to compare resting PV and TCP during the follicular and luteal phases.
E. A three-way analysis of variance (Teg X menstrual cycle phase x time) with
:f' ’ repeated measures was used to compare PV, Pp, TCP and Osm (16). Tukey's test
* of critical difference was used where appropriate. All differences are reported
) at p < 0.05, unless otherwise noted.
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- Results

-“s‘g Table | shows the individual characteristics of the subjects. The normal
E;',\. : increase in core temperature (Te¢) at rest during the luteal phase was observed
:"2 ' and averaged 37.25 + 0.230C, while Teg averaged 36.97 + 0.21°C in the follicular
'.'::: phase (Table 2).

;'::..:. None of the subjects was able to remain in the hot environment long
& enough for the Teg to increase 0.80C during the luteal phase, even though the
"‘Z"‘ exposure time was 46% longer in the luteal than in the follicular phase.
‘S However, a final blood sample was drawn from two subjects after the core
e temperature increased approximately 0.70C. The other three subjects were
$ unable to complete the experiment during the luteal phase. During the follicular
:}E ) phase, the Teg increased 0.8°C in only three subjects, although the last blood
e sample was drawn on a fourth subject when her Teg had increased approximately
o 0.7°C.

9

" Mean resting plasma volume (Table 3) was lower during the luteal phase
- (2.83 + 0.22 L) than the follicular phase (2.97 + 0.13 %). Plasma volume
Al decreased and plasma Na* concentration increased with time of exposure to
:;‘:':: either stress (Fig. 1 and 2, Table 3 and 4). Plasma K* concentration increased .
."‘::"! ) during exercise (Table 4) but did not change significantly during the passive
:: heating (Table 3). The passive heating stress resulted in a lower final PV during
'_i_i the luteal phase (2.47 + 0.18 &) than in the follicular phase (2.83 + 0.09 %).
: Plasma volume fell rapidly during the first few minutes of exercise in both
i;}' phases (Fig. 3 and 4). Approximately 70% of the volume lost during exercise
:' *; occurred by the first blood sample. Plasma volume was weakly correlated with
‘. TCP during exercise (r = 0.733). The final exercise plasma volume was not
: > different between menstrual cycle phases. However, the absolute volume lost
; E: during exercise was 90 ml greater during the follicular phase. Although exercise

Ca T alati O { P L L L a o P o P P e e o e et Lo Ty T L a T @ & o v 0 L T oo o
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resulted in a more rapid loss in PV than during passive heating, the final PV
(2.5 2) was not different from exercise in the luteal phase. On the other hand,
the final PV (2.83 £) during passive heating in the follicular phase was clearly
much higher than in the other three experiments (Table 3, Fig. 1).

The average time of the last blood sample taken from all subjects for the
passive heating experiments was 116 (+ 41) min during the follicular phase and
169 (+ 66) min in the luteal phase.The average time of the exercise experiment
was 9 (+ 2) min, with no difference between the phases.

There were no differences in sweating rate (calculated from change in body
weight) between menstrual cycle phases during passive heating and exercise.
The mean sweating rate during passive heating was 7.4 (+ 1.3) and 6.5 (+ 1.2)

! in the follicular and luteal phase respectively. During exercise, sweating

g'min”
rate was 16.9 (+ 3.6) and 17.2 (+ 2.8) 'g-min'l in the follicular and luteal phases
respectively.
Discussion

These experiments were designed to investigate whether the menstrual
cycle does affect plasma volume loss during an exercise or passive heating
stress. From indirect evidence, we hypothesized that there would be differences
during the menstrual cycle in the mainEenance of PV during exercise or heat
stress. First, resting PV fluctuates during the menstrual cycle (23,25,30) and the
mechanism by which PV is regulated at these various volumes might also
influence PV dynamics during stress. Secondly, there are differences between
menstrual cycle phases in the fluid volume regulatory hormones (2,7,12,15,22).
Specifically, aldosterone concentration (12,15) and plasma renin activity (15) are
increased during the luteal phase, and plasma vasopression concentration has
been reported to fluctuate throughout the menstrual cycle (7), although others

(22) have failed to detect significant differences in plasma vasopressin. The
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3 luteal elevation in plasma aldosterone concentration and plasma renin activity
;.:i - persists during exercise (unpublished observations) and might influence plasma
{‘ volume dynamics. Furthermore, both basal plasma osmolality and the plasma
- osmolality at the onset of thirst is lower in luteal phase of the menstrual cycle
E‘E (2,22). There is also a decreased osmotic threshold for release of vasopressin and
}:M‘ ' é Jower sensitivity of the plasma vasopressin (pAVP) : plasma osmolality (pOsm)

- relationship during the juteal phase (2,22). The change in the sensitivity of the
5;: . pPAVP : pOsm relationship during the luteal phase could also change fluid volume
:é. :!_" dynamics during exercise.

7 Resting plasma volume was larger during the mid-follicular phase than in
:Z, the mid-luteal phase (Figs. 1 and 2, Tables 3 and 4). A lower basal plasma
:‘:}é osmolality has been reported during the luteal phase (2,22) however, the subtle

. changes in the osmoregulation of vasopressin during the luteal phase may not be
E : adequate to explain the lower plasma volume that was observed in this study.
: We have observed previously (unpublished observations) that both plasma
t" aldosterone and plasma renin activity are elevated at rest (35°C) during the
: luteal phase, which may be a consequence of the lower plésma volume during the
; luteal phase. Increased plasma aldosterone (12,15) and plasma renin activity (15)
:’ during the luteal phase may be another part of the fluid volume homeostatic
3 i ) ) . mechanism. Although plasma protein concentration was not different between
‘.’;E; the two phases in the present study, the total circulating protein in the plasma
— was significantly lower in the luteal phase (Tables 3 and 4) which is a further
“ indication that the lower plasma volume during the luteal phase is the result of
:{ fluid volume homeostasis.

- During passive heating, there are conflicting reports about blood volume
'_‘:ﬁ: responses in women. Senay (21) reported that females hemoconcentrated during
Eé:: a 10 hour exposure to a hot environment, while Wells and Horvath described a

hemodilution after a shorter duration exposure to a similar environment (27).
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It has been suggested recently (13) that postural effects may have

:' 3 confounded Wells and Horvath's interpretation cf hemodilution during heat
5' exposure in women (27). In the current investigation, the initial blood sample
:!5 was drawn after the subject had equilibrated in a wheel chair at a comfortable
?; ampient temperature. As described in METHODS, precautions were taken to
;;: minimize postural disturbances after the initial blood sample was drawn. Our
" observation that women hemoconcentrate during passive heating after
. equilibration in a subjectively determined "thermoneutral" room, lends credence
: to Harrison's suggestion (13) and confirms the work of Senay (21).

"~ During these passive heating experiments the PV dynamics appear to be
:j different between phases. Aithough initial PV was lower during the luteal phase,

.

53 - there was a more rapid decrease in PV per incremental change in Tgg than
wh occurred in the follicular phase (Fig. 1, Table 3). In other words, the normal
f increase in resting Teg during the luteal phase, (approximately 0.3°C) was
!“ 3‘% associated with a greater PV loss during passive heating. The disproportionately
4 ] large decrease in PV in the time that Teg increased from 37.6 to 37.80C (Fig. 1)
'&: indicates that more fluid was lost from the vasculature during that time than
::i during any previous 0.20C increase in Tegs. Increased sweating rate or
ol ) respiratory water loss might explain the greater volume of plasma lost at that
: time since evaporative heat loss would be the only avenue of heat dissipation in
\j: this environment. Figure 2 demonstrates that this apparent difference in PV
’:} dynamics between phases is not seen when PV is presénted as a function of time.
‘»_, Although the slopes of the individual PV : time relationships were not
{E statistically different between menstrual cycle phases, there was a greater
o (1.65x) mean PV loss per unit time during the luteal phase. The final PV (0.6°C
:'_J increase in Teg) during passive heating was lower in the luteal than in the
;‘ ": follicular phase. However, the heat exposure lasted 53 min longer in order to
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increase Teg 0.69C in the luteal phase. Plasma volume may be maintained at a

_';"‘" higher level during the follicular phase even if the time of heat exposure is
: : similar. For example, Fig 2 shows that at the time of the last blood sample
o during the follicular phase, plasma volume is considerably greater than during
: ) the luteal phase. It must be assumed that the forces opposing the fluid
~~.' exchange from the vasculature are consistent during passive heating. Thus, the
- same homeostatic mechanism which results in a lower plasma volume at rest
:‘ during the luteal phase is also operating during passive heating. One contributing
EE"‘ factor could be the lower sensitivity of pAVP : pOsm (2,22) during the luteal
b phase.

; The lower absolute PV after passive heating may simply be a consequence
f‘s of a greater degree of venous pooling. However, it is also possible that there are
S hormonal as well as temperature influences. Estradiol has been reported to
',;x block the release of NE at the neuron, preventing the catecholamine from l
E reaching the a-adrenoreceptor in vascular tissue (26). The higher circulating
A estradiol after ovulation may be effectively attenuating the release of
;5 norepinephrine at the post-junctional receptors. Consequently, the vascular
3 smooth muscle may be less contractile during the luteal phase which might
ot ] : explain the greater net filtration during passive heating and lower initial PV, as
well as increased venous pooling.

ié The menstrual cycle effects on PV dynamics are somewhat different
- between exercise and passive heating. During exercise there is a rapid decrease
’Ei in PV in women which is dynamically similar to men (8). PV declines slightly
':_: faster in the follicular phase (Figs. 3 and 4) but PV loss per unit time was not
::s statistically different from the luteal phase. Gaebelein and Senay (10) reported
o a more rapid decrease in PV during low intensity cycle ergometer exercise in the
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follicular phase. The high exercise intensity used in the current study may have
obscured this effect on vascular dynamics which occurs during low intensity
exercise. The much greater stress in this study would be expected to greatly
elevate plasma catecholamines in comparison to moderate exercise (5). Higher
concentrations of circulating catecholamines during severe exercise would be
associated with a greater capillary filtration pressure and consequently increase
the amount of fluid lost from the vascular compartment (29). The higher
concentration of circulating catecholamines also could alter distribution of the
blood volume such that perfusion of various organ beds, including the liver, gut,
muscle and skin, would be different from that during moderate exercise (20). An
explanation of the trend for more rapid hemoconcentration and the larger
absolute volume lost during exercise during the follicular phase might be that
there was a larger initial plasma volume. There is a relative hypovolemia during
the luteal phase, and PV has been shown to decrease more rapidly in
normovolemic men that in hypovolemic men (8), although the difference in PV
between phases of the menstrual cycle (~150 ml) is much less than between
normo- and hypovolemia (~400 ml). It should be noted that PV had decreased to
the same absolute volume in the two phases by approximately 3 min of exercise
(Table 3), so there was a larger decrease in PV at the beginning of exercise
during the follicular phase (Figs. 3 and 4).

In three of the four experiments, the final plasma volume was not different
(Figs. 1 and 3) even though there was a lower intial PV and higher Tgg during the
luteal phase. During exercise, plasma volume decreased fairly rapidly; then it
was maintained at that lower volume for the rest of the exercise bout (Table 2).
During passive heating the plasma volume loss was generally steadily decreasing

throughout the period (Fig. 2). During the luteal phase, three of five subjects

could not complete the passive heating exposure due to heat syncope. It is likely
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- that the low plasma volume was responsible for the dizziness and headache.

x_ 4 . These observations suggest that the lower critical level of central blood volume

: which must be maintained for circulatory integrity was surpassed during the

R passive heating experiments during the luteal phase, at least in those individuals

i{i{" who experienced syncope.

;i,‘: During the follicular phase, passive heating did not resuit in as great a

K plasma volume loss nor in such a low_absolute plasma volume at the time of the

;i‘? last blood sample as occurred in the other three experiments. Plasma renin

:;gi activity is higher at rest (15) and during exercise in the luteal phase (unpublished

R observations) and increased angiotensin Il (Ang II) may have contributed to

;f' greater filtration as a consequence of a higher arteriolar and capillary pressure.

:i'% . Anather partial explanation of the differing volume of fluid lost during passive

"'-:-‘3 heat exposure between phases of the menstrual cycle could be that there is a

'5@{'9 higher catecholamine concentration in the luteal than in the follicular phase (17).

:’% Increased catecholamine concentration would also increase arterial pressure and

'::‘ i} likely increase venous pressure as well (14,20,26), thus having the effect of

;""' increasing capillary filtration pressure as well as decreasing absorption of fluid

'::" from the postcapillary venules. Exercise could well obscure this increased net .

”‘::' . filtration during the luteal phase since there is approximately a 5 fold increase in

;E' plasma norepinephrine during exercise (5,17) indicating a much greatér

} sympathetic nervous activity (4). The higher circulating catecholamines during

‘?’- exercise would result in a much greater arterial pressisre and would be expected

;T to act differentially at the various organ capillary beds to vasodilate or

t vasoconstrict, thus leading to the entirely different vascular volume dynamics |
’;:' between exercise and passive heating (13). ll
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A'-‘i?s’ The observation from the present study that women hemoconcentrate less
S during passive heating during the follicular than the luteal phase is new and the
Doy
\
%‘2 explanation for such a phenomenon is incomplete. It has been suggested that
S
R there is a lower limit to hemoconcentration in response to passive heating or
'}:‘.s exercise, as measured by actual plasma volume reduction (13) or by reduced
“:‘:‘:::’\ central venous pressure (20). Mohsenin and Gonzalez (18) have extended that
l|‘\
i hypothesis by showing increased transvascular colloid osmotic pressure and
0 increased interstitial fluid pressure opposed unchecked fluid loss from the
LY
_j,"‘\ vasculature during maximum exercise. If the passive heat exposure during the
.
AN
. follicular phase continued during the present investigation, the PV may have
i.\’ been reduced to the same volume as observed in the luteal phase, and in both -
a Y
3.*:_: phases during exercise. This plasma volume, which averaged 2.5 & in these
L% hd
LN CH ., . . .
Y women, may be the lower limit for vascular fluid loss with adequate reg'ilation
1oL of blood pressure.
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Table 1. Individual Subject Characteristics

. Exercise
Age Height Weight Ap Vo2 peak  Workload Workload

L (yr) em (kg @2 (min~h) (% W07 peak) (wem™)
i 1 32 1730 62 L7 2.4 83 415
2 1620 609 165 220 78 363
27 16501 640 LTI 230 72 366

S W N

30 170.0 59.0 1.68 2.55 84 388
bJ 21 162.6 638.0 1.73 2.64 75 375

1 . X 22.2 166.5 63.2 1.71 2.42 78 381
B S.D. 4.2 4.8 3.4 0.05 0.18 (6.6) 36
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a Table 3. Mean ( + S.D.) blood constituents pre-stress and after each 0.29C increase in Te
iy : during passive heating . An asterisk (*) indicates differences between the follicular and
':‘.% . juteal phases (P<0.05) A dagger (1) indicates differences from pre-stress blood samples
,‘o'.: (P <0.05). The symbol, psi,(y) indicates differences between passive heating and exercise
7' 2 .

..' |r'

s PASSIVE HEATING

Y

R

R : FOLLICULAR

!"l

Y Hct Hb PV P, , TCP Na* K+

" (%) @oom™) () @odmh @ (mEqa-l) (mEgeh
o

;i, . . Pre 36.62 12.30 2.98 6.96 207.7 143.0 4.1
_i;: (1.6) (0.4) (0.15) (0.1) (11.4) (0.9) (0.3)
KX,

R 2 36.44 12.46 295ty  6.98 206.2 143.7 4.0+
\'(:A

;;.; 3 36.92 12.64 2.89tp  7.12 205.8 145.0t  4.0+y
Ty

v 4 37.28 12.83 283ty 7.3 206.0 146,84 3.9ty
" (L.5) (0.4) (0.09) (0.3) (12.4) (2.6) (.2

’. "l; 5 -a - - - - -

'('.:)

54

R LUTEAL  Hct Hb PV P TCP Na* K+
e (%) (g'100mi-1)  (R) (g-loan-l) ® (mEq-2-1) (mEq-2-))
o

’ Pre 38.30 12.90 2,77+ 7.02 194.6% 1624 4.0
;::.‘, (1.3) (0.4) (0.21) (0.2) (13.9) (1.5) (0.2
R 2 38.46 13.22 2.70t%y  7.14 192.7 143.0 4.1y
o

i 3 38.96 13.50 2.62%H)  7.40 194.0 1467t 4.0y
o (1.5 (0.5) (0.22) (0.3) (15.5) (1.5) (0.1)
Wl

L4 4 40.10 14.04 2.47%% 7.80 193.5 146.41 4.0y
— (i.3) (0.3) (0.18) (0.5) (12.7) .n 0.2)
| P

W 5 - - - - - - -
a

BN

o a There is not sufficient data on all subjects for the mean data to be presented.
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o
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) Table 4. Mean ( + S.D.) blood constituents pre-stress and after each 0.20C increase in Teg

s - during exercise. An asterix (*) indicates differences between the follicular phases (P < 0.05).
I A dagger (1) differences from pre-stress blood sample (P<0.05). The symbol; psi (V),
ﬁ" ) indicates differences between passive heating and exercise (P < 0.05).

“[

B EXERCISE

o FOLLICULAR

R i

" Het Hb PV Pp TCP Na* K+

. (%) (g-100mi-1) (8)  (g-100mi-l) (g (mEq-&-1) (mEq-2-1)

o Pre 36.48 12.36 2.97 6.9 204.7 142.7 41

g (1.5) (0.3) (0.13) (0.2) (13.8) (1.3) (0.2)

R 2 39.06 13.52 260ty 7.5 195.5 146.2+  4.3+y

o (1.7) (0.3) (0.11) (0.4) (11.6) (3.0) (0.3)

» 3 39.34 13.62 257 7.6 196.3 5.4t 5.2t

CH 4 - 39,52 1372 @50t 7.8 1989 1450+ 5.3t
; (1.3) (0.2) (0.11) (0.3) (12.9) (2.5) (0.2)

. 5 40.16 13.80 2.50% 7.9 197.2 - --

oy (1.7) (0.3) (0.11) (0.3) (12.6)

s LUTEAL

B\, -

g Het Hb PV P TCP Na* K+

; (%) g100mi-h) () (g108mil) (g  (mEq-2-l) (mEq-e-")
P

o Pre 37.2 12.6 2,83 6.9 198.5%  142.8 4.0

ﬁ' (1.4) (0.3) (0.23) (0.2) (17.5) (0.9) (0.2)

" 2 39.32 13.32 264ty 7.4 195.7 4.2t 4.7ty

= (1.6) (0.6) (0.28) (0.4) (18.0) (1.2) 0.4)

A

N 3 39.78 13.54 262ty 7.5 193.9 1467t 4.9ty

b3 (1.3) (0.4) (0.18) (0.4) (15.5) (1.7) (0.2)

0

e 4 40.06 13.92 250ty 7.7 191.5 145.1 5.0ty

. (1.8) (0.6) (0.28) (0.3) (16.1) (1.3) (0.2)

o 5 40.04 13.88 250t 7.8 192.6  — -~

[ (1.5) (0.3) (0.23) (0.3) (16.1)

o
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N Figure Legends

Fig. 1.

f;f;',o Mean (+ S.D.) plasma volume at each esophageal temperature (mean) for
4 %\'
f:i'*" both the follicular and luteal phases during passive heating. An asterick (*)
‘:""

o ' indicates differences between phases (P<0.05). A dagger (1) indicates
:' differences from pre-stress blood samples (P < 0.95).
S
Whe
A%
! Fig. 2.
2 Mean (+ S.D.) plasma volume as a function of time for both the follicular
B

-:_ and luteal phases during passive heating. An asterick (*) indicates
2

e differences between phases (P <0.05). A dagger (1) indicates differences
W8 v from pre-stress blood samples (P < 0.05).
A :i"
1R
g
L .
$he Fig. 3.
n Mean (+ S.D.) plasma volume at each esophageal temperature (mean) for
2 j? 54
_\._fc both the follicular and luteal phases during exercise. An asterick (*)
bl
o ' ) indicates differences between phases (P<0.05). A dagger (1) indicates the
B '.; differences from pre-stress blood samples (P < 0.05).

-

et
Ny Fig. 4.
‘ Mean (+ S.D.) plasma volume as a function of time for both the follicular
L)) “
‘E' h and luteal phases during exercise. An asterick (*) indicates differences
..‘:Q
A between phases (P <0.05). A dagger (1) indicates differences from pre-
3 ; stress blood samples (P < 0.05).
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