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In observations of the physiological and pathological states of animals, 
inspection of the blood is a routine procedure because of the direct or indirect 
relationships to various conditions or stimuli. Fluctuations in the blood cel­
lular components in the female rabbit during the stages of the reproductive 
cycle have been reported in relation to physiological and morphological as­
pects (175-178). The present study deals with fluctuations in the volume 
of the circulating blood and of its components in the pregnant and pseudo­
pregnant rabbit. 

Survey of the Literature 

A number of studies on the blood volume of various animals has been 
reported using blood dilution methods (estimation from changes in concen­
tration of whole blood following infusion of large known volume of fluid), 
cell volume methods (washout technique and dilutions of labeled cells), plilsma 
volume methods (dilution of test substances) and totai blood volume methods 
(simultaneous cell and plasma volume measurements) (reviewed by BURKE, 

30, and GREGERSEN and RAWSON, 76). Most such studies have estimated 
the average total blood volumes of various species, with methodological dis­
cussions, such as in rats (16, 33, 41, 50, 53, 79, l12, 129, 182, 183, 187), in 
guinea pigs (6, 120, 187), in cats (166, 187), in rabbits (1, 9, 38, 39, 187), 
in dogs (3, 4, 26, 27, 38, 46, 63, 65, 75, 77, 92, 97, 98, l10, 140, 156, 161), 
in goats (38, 105, lO6), in sheep (69, 84, 91, 124), in swine (8, 32, 84, 85), 
in cattle (43, 84, 94, l19, 128, 145, 146, 163, 167), and in horses (36, 38, 
40, 44, lOl, 104, 136). 

The absolute total blood volume increases significantly in association 
with growth, though the blood volume per unit body weight falls steadily 
with increase in body weight in rats (15, 37, 131, 183). A similar trend 
has been reported in guinea pigs (37), in rabbits (23, 29, 108), in goats (186), 
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in sheep (69, 82), in swine (32, 55, 82, 139, 154), and in cattle (82, 135, 186), 
with a few exceptions noted in rats (125) and dogs (64). Some reports indi­
cate no significant difference in blood volume between the sexes in rats (112), 
rabbits (29) and dogs (27, 63, 110), while GIBSON and EVANS (62) stated that 
the blood volume in normal men is greater than that of women, the differ­
ence being due to the greater red cell volume in the male. 

The blood is an important part of the body composition, and as one of 
the body fluids has numerous roles in maintaining physiological and bio­
physical activities. Therefore blood volume, or plasma volume, as one of 
the body fluid compartments, has been investigated by a number of researchers 
interested in physiological, immunological, genetic, nutritional and economic 
considerations-in rats (53, 182, 183), in rabbits (1), in dogs (77), in goats 
(90), in sheep (83, 90, 117, 133), in swine (54, 55, 83, 154), in cattle (83, 90, 
157, 163), and in horses (101). 

The blood volume may be affected by environmental conditions. Sea­
sonal fluctuations in the volume were in evidence in cattle (135, 167) and 
man (13, 57, 121). Changes in the volume were also reported under experi­
mental climatic conditions. Results of these experiments, however, seem to 
vary with species (rabbit-149, 150; dog-45; cattle-20, 42; buffalo-134; 
man-13). The volume changed with the atmospheric altitude (rat-60; 
goat-21). The blood volume in horses was investigated in detail by PERSSON 

(136) in relation to working capacity. 

For clinical purposes or for monitoring blood loss, blood volume has 
been measured by numerous workers (70, 168). For example, there have 
been reported effects of the endotoxic and hemorrhagic shocks in rats, rabbits 
and dogs (47, 52, 72), of anesthetic agents in man (71), of nephrectomy in 
rats (14), of splenectomy in rats (95, 96) and dogs (141-143, 151), of x­
irradiation in rats (96), etc. Studies on thrombo-angiitis obliterans indicated 
that thyroid activity has an intimate relation to blood volume regulation 
(107, 158-160, 169). 

Many investigations have focused on changes in blood volume during 
and after pregnancy in women. In brief, the total blood volume increases 
progressively during pregnacy owing to the marked increment in plasma 
volume, and the relative increase in the plasma volume is greater than that 
of red cell mass, resulting in lower hematocrit values. This condition in 
women has been called anemia, hypervolemia or hydremia of pregnancy (2, 
17, 31, 34, 35, 51, 86, 115, 122, 123, 127,137, 152, 162, 170, 180). However, 
the evidence for a decrease in plasma volume before term seems to be con­
flicting. The pregnant women must tolerate a huge loss of blood at delivery. 
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The difference between the blood volumes before and after delivery has been 
estimated by many workers, with considerable disparity in the reported 
patterns of change in blood volume in the early postpartum period. It has 
been considered that the decrease in blood volume after delivery is greater 
than the volume of the apparent blood loss, and that some of the blood is 
removed from the circulation and sequestered elsewhere in the body at 
delivery. It was, however, established recently that the difference between 
pre- and postdelivery blood volumes is due to the blood loss associated with 
labor, and not to sequestration of blood, by complete recovery of blood of 
lochia and from the placenta. It was also noted that the blood volume 
returned to the nonpregnant, rather than the prepartum, level ultimately (17, 
19, 34, 35, 48, 51, 68, 86, 114, 115, 122, 132, 137, 138, 170, 180). These 
fluctuations in blood volume have been discussed in relation to many factors 
such as the hemoglobin, erythrocyte and leucocyte levels in the blood, blood 
viscosity, extravascular fluid volume, blood pressure, etc. (35, 48, 67, 68, 80, 
86, 113, 114, 144, 170, 180). 

In spite of these reports on women, studies which treat changes in 
blood volume during the reproductive cycle are very few in lower animals. 
In rats, blood volume increased proportionally faster than erythrocyte number 
during pregnancy, and this caused an anemia of pregnancy due to hemodilu­
tion, while blood volume per unit body weight remained constant. After 
parturition a rapid loss in blood volume was recorded (24). During the 
lactation period, blood volume increased steadily and polycythemia wa~ evi­
dent. The normal hematocrit values of this period showed that erythrocyte 
and plasma volumes increased proportionally. The blood volume decreased 
following removal of the young (25). 

HEIDENHAIN (87) found that a pregnant rabbit contained 1/14.9 of its 
body weight in blood, while the normal figure was 1/18. SAL VESEN (153) 
mentioned that pregnant rabbits had a larger blood volume absolutely and 
relatively than nonpregnant ones, and that at one week postpartum the blood 
volume was restored to the normal value. According to HORGER and 
ZARROW (93), a marked decrease occurs in relative concentration of the 
cellular components of the blood during the last trimester of pregnancy, 

though they found no significant change in total cell volume or in total 
hemoglobin during gestation. Concomitant with the decrease in the blood 
cellular components, the plasma volume increased 12.3% on the 7th day 
antepartum. The changes in the blood volume paralleled those of the plasma 
volume, reaching a maximum increase of 6.3% on the 7th day antepartum. 
This indicated an anemia of late pregnancy in rabbits due to hemodilution. 
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In dogs, SPEIGELBERG and GSCHEIDLEN (164) mentioned that a real 
increase in blood volume, both relative and absolute, occurred in pregnancy. 
TIETZ, BENJAMIN and ANGLETON (171), however, claimed that anemia was 
severe and developed at a significantly later time of pregnancy. 

In sheep, the blood volume showed a general tendency to rise up to 
a summit at about 45 days in pregnancy, then to drop to a valley at about 
90 days and finally to rise to its greatest height which was at, or within, 
a few days of term. The first rise was due essentially to an increase in the 
plasma volume. The corpuscle volume tended to fall. The final rise was 
also principally a rise in plasma volume. These results were discussed in 
relation to uterine growth and placental and fetal development (11). 

In dairy cows, blood volume increased during pregnancy in proportion to 
the weight increase and decreased with body weight after parturition (126). 
The increases in blood and plasma volume during gestation, in the primi­
parous cow, are attributable in part to the animal's maturing growth, and 
in part to the gestational process. No anemia developed during pregnancy 
(146). FELDMAN et al. (56) stated also that neither hydremia nor anemia 
develops in the gestating cow. TURNER and HERMAN (179) found that lac­
tating cows had a larger blood volume per unit body weight than nonlactating 
cows. This relative increase was maintained at the new level and no anemia 
developed during lactation (146). 

Materials and Methods 

Twenty-two female Japanese native-breed rabbits of 3 to 4.5 kg body 
weight were used in the present study. They were isolated in individual 
cages and received water and feed ad libitum. They were bred with two 
bucks. One female became pregnant twice and three pseudopregnant rabbits 
were bred again later, resulting in two pregnancies and one pseudopregnancy. 
Thus, a total of fifteen pregnant rabbits and eleven pseudopregnant ones 
were obtained for the blood volume estimation. 

The blood volumes were estimated from the plasma volume and the 
hematocrit value. The plasma volume was determined by the dilution tech­
nique using Evans blue dye (39, 61, 63, 73, 74, 95, 103, 146). The hema­
tocrit value was determined by the Wintrobe method. 

The procedures were as follows: 1) A blood sample of about 1.5 mg 
was taken from the marginal vein of the ear (right side). Hematocrit value 
was determined, using a Wintrobe tube, by centrifugation for 30 min at 
3,000 r.p.m. and the plasma was used for a dye-blank test. 2) 0.8 mg of 
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0.5% dye solution was injected into the marginal vein of the opposite ear 
(left side), taking about 30 sec. Exactly 10 min after dye injection, 1.5 mg 
of blood was taken again from the ear vein on the right side. After reading 
the hematocrit value, dye-tinged plasma was pipetted off to determine the 
dye concentration. 3) Each rabbit was weighed immediately after bleeding. 
4) 0.2 mg of the dye-blank and dye-tinged plasma were diluted 20 times 
with distilled water. The dye concentration of the solution was measured 
in a photoelectric photometer (Hitachi EPU-2) at 620 mp. (4). The plasma 
volume was calculated from the reading of the photometer by a calibration 
curve plotted from rabbit plasma samples of known dye concentration. 5) 
Oxalate mixture was used for anticoagulant. The mixture was prepared by 
dissolving 0.8 g of potassium oxalate and 1.2 g of ammonium oxalate in 
100 mg of distilled water. 0.2 mg of this mixture was taken into a small 
tube and dried at 55°C, thus coating the inner surface of the tube with the 
oxalate mixture. The drops of blood from a puncture were received into 
the oxalate-coated cup of the tube and quickly agitated by shaking (88, 102). 

Blood samplings were made at 5-days intervals from 5 days before 
copulation to 2 months after copulation in pregnant does, and to one month 
after copulation in pseudopregnant does. 

Results 

1. Changes in body weight 

Changes in body weight in pregnant and pseudopregnant rabbits are illus­
trated in Figure 1. Average body weight in pregnant rabbits was 3,565± 
119.5 g (mean±standard error) at copulation, and 3,958± 103.7 g before de­
livery. Mean litter size was 5.8±0.76, ranging from 1 to 10, and birth 
weight of the fetuses was 54.17 ± 4.46 g on the average. Ratios of fetal 
birth weight to maternal body weight before delivery were 1.95% to 12.42% 
(mean of 7.18±0.87%). Increase in body weight was marked during preg­
nancy and rate of gain in weight was about 11 %. Gestational length averaged 
30.5 ± 0.3 days. A marked decrease in weight was evident after delivery and . 
the weight decreased gradually during lactation. Average body weight was· 
3,708±89.8 g at 65 days post coitum (p.c.). 

Body weights in pseudopregnant rabbits showed no marked fluctuation. 

2. Changes in hematocrit value 

The hematocrit values, just before copulation, were 42.3 ± 0.37 in the 
pregnant group and 41.7 ±0.53 in the pseudopregnant group. Fluctuations 
in these does are shown in Figure 2. During pregnancy the values began 
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Fig. 1. Fluctuations in the body weight (mean ± standard error) during 
pregnancy, lactation and pseudopregnancy. 
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Fig. 2. Fluctuations in the hematocrit value (mean ± standard error) 
during pregnancy, lactation and pseudopregnancy. 

to fall at 10 days p. c., reaching the lowest value (39.9 ± 0.58) at 25 days p. c. 
(about 7% decrement), and then some increment was shown before term. 
In pseudopregnant does, the values decreased gradually to 30 days p. c., with 
a temporary sharp fall at 10 days p. c. (39.8 ± 0.37). After delivery the values 
fell remarkably (37.0±0.47 at 40 days p.c., about 13% below the value be­
fore copulation), followed by gradual recovery. The value at 65 days p. c. 
was 39.9±0.55, and this was still 7% below that before copulation. 

3. Changes in plasma volume 

The changes in plasma volume of the pregnant and pseudopregnant does 
are shown ir.l Figure 3. Average plasma volumes before copula1:ion were 
122.2 ± 4.35 mt in the pregnant does and 138.6 ± 9.31 mt in the pseudopreg­
nant does. The volume increased up to 30 days p. c. in both groups, though 
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Fig. 3. Fluctuations in the plasma volume (mean ± standard error) 
during pregnancy, lactation and pesudopregnancy. 

the increment was more marked in the pregnant does. The increments at 
30 days p.c. were about 25% in the pregnant does and about 17% in the 
pseudopregnant does. 

The volumes at 35 and 40 days p. c. remained at the same level as 
before term (153.3 ± 6.42 mg at 30 days p. c.). However, the volume increased 
markedly at 45 days p.c. (167.7±1O.43 me), followed by a gradual decrease 
to 60 days p. c. (150.0 ± 4.09 mg). 

4. Changes in cell volume 

Average cell volumes before copulation were 89.6±2.74 mg in pregnant 
does and 98.9 ± 6.05 mg in pseudopregnant does. Fluctuations of the cell 
volume during pregnancy and pseudopregnancy are demonstrated in Figure 4. 
The volume increased gradually from 10 days p. c. to term (102.8 ± 5.13 mg). 
In pregnant does, increment was about 14% in comparison with the volume 
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Fig. 4. Fluctuations in the cell volume (mean ± standard error) 
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before copulation, but the volume at 30 days p. c. in pseudopregnancy was 
about the same as before copulation. Marked changes in the cell volume 
occurred after delivery-a decrease at 35 and 40 days p. c. and an increase 
at 45 and 50 days p. c .. 

5. Changes in total blood volume 

The fluctuations in the total blood volume are shown in Figure 5. The 
blood volume increased markedly from 10 days p. c. to term, while the vol­
ume showed a progressive increase in pseudopregnant does from 10 days 
p. c. to 30 days p. c., also. The mean volumes before copulation were 212.2 
± 5.80 mg in pregnant does, and 230.1 ± 10.89 mg in pseudopregnant does. 
The volumes at 30 days p. c. were 256.1 ± 10.85 mg in pregnant does (21 % 
increment compared to normal state) and 255.2 ± 14.26 mg in pseudopregnant 
ones (11 % increment compared to normal state). The volume decreased to 
243.4±9.27 mg at 35 days p.c., following delivery. However, the volume 
increased markedly to 267.6±14.56 mg at 45 days p.c. and 269.6±10.44 mt 
at 50 days p. c., then decreased gradually to 65 days p. c. (249.2 ± 7.52 mg). 
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Fig. 5. Fluctuations in the total blood volume (mean ± standard error) 
during pregnancy, lactation and pseudopregnancy. 

Discussion 

Results of the present study are summarized in Figure 6, which com­
pares changes in volumes of total blood, plasma and cells. Data calculated 
per unit body weight are given in Figure 7. 

Mean total blood, plasma and cell volumes per kg body weight before 
copulation were 60.0 ± 2.31 mt, 34.7 ± 1.46 mt and 25.4 ± 0.88 mt for the 
pregnant group, and 61.3 ± 1.36 mt, 35.8 ± 1.57 mt and 25.6 ± 1.23 mt for the 
pseudopregnant group. These velues were within the range reported by other 
workers (1, 9, 23, 29, 30, 38, 39, 108, 153, 187), despite the fact that we did 
not use a correction factor for calculation as described by GREGERSEN (73). 
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As shown in figures 6 and 7, the fluctuations in the total blood, plasma 
and cell volumes were similar in pregnant and pseudopregnant does. Ratios 
of the total blood volumes at 30 days p. c. to the volumes just before copula­
tion were 120.9% in the pregnant group and 109.4% in the pseudopregnant 
group (Table 1). However, ratios per kg body weight were almost the same 
in the two groups-109.0% in the former and 110.5% in the latter. If total 
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TABLE 1 Increments of the total blood volumes in each rabbit 
during pregnancy (ratio of the volume at 30 days p. c. to that 
just before copulation) and comparison with the increments 
between pregnant and pseudopregnant does at 30 days p. c. 

Absolute volume Volume per kg body weight Volume per kg body 
weight in elimination 

Pregnant Pseudo- Pregnant Pseudo- of the total litter 
pregnant pregnant weight 

Number Ratio Ratio Number Ratio Ratio Number Ratio 
of fetus (%) (%) of fetus (%) (%) of fetus (%) 

1 143.4 96.0 1 134.4 111.3 1 137.7 

128.9 97.7 122.4 112.3 124.8 

101.5 98.6 

2 113.1 102.2 2 104.7 93.6 2 107.0 

105.3 99.7 

4 ll2.1 107.9 4 102.6 115.6 4 106.7 

ll1.3 ll1.2 94.0 ll4.9 99.8 

ll2.3 109.1 

5 164.7 ll6.5 5 145.9 140.7 5 157.1 

112.0 119.3 88.6 102.2 95.5 

99.5 134.2 87.8 117.8 89.2 

7 ll3.5 7 109.0 7 120.4 

ll8.9 llO.4 120.8 

8 121.8 8 96.4 8 107.4 

9 122.2 9 llO.l 9 124.3 

102.7 83.9 95.0 

10 ll5.4 10 llO.5 10 126.2 

135.1 133.7 142.9 

Average 120.9 109.4 109.0 llO.5 117.0 

13 

litter weights are eliminated from the body weights at 30 days p. c., the 
ratio in the pregnant group became 117.0%. 

Anemia of pregnancy has been demonstrated in rabbits by ZARROW and 
ZARROW (189), HORGER and ZARROW (93) and TSUTSUMI et al. (176, 177). 
The results of the present study seem to support these observations. It is 
clear that the anemia is due to a hemodilution, since the plasma volume per 
kg body weight increased during pregnancy and pseudopregnancy, in spite 
of the constant level of the cell volume. 
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Generally, pseudopregnancy is similar to pregnancy with respect to the 
behavior of does. The hormonal conditions are basically similar between 
them, though a comparative study showed differences in the release patterns 
of progesterone and 20 a-hydroxy-pregn-4-en-3-one from the ovary (89). 
HORGER and ZARROW (93) demonstrated that estrogen and progesterone 
may play important roles in the fluid metabolism of pregnant rabbits. FRIED­
LANDER et al. (58) reported that the average blood volume in bilaterally 

ovariectomized women showed a reduction of about 25% from the normal 
value. In the cat, a striking reduction in blood volume followed the removal 
of both ovaries (59). Hypophysectomized rats established a new level of total 
circulating red cell volume by the 258th postoperative day, which was 45% 
lower than in normal rats of the same age (18). Even in the hypophysecto­
mized toad, it was reported that both plasma and blood volumes decreased 
in spite of no significant alteration in total body water (28). Generally, it 
is well established that anemia follows after removal of the hypophysis, in 
terms of the red blood cell count (181), and that estrogen produces anemia 
by an inhibiting effect on erythropoiesis (see TsuTsuMI et al. 176). 

WITTEN and BRADBURG (188) reported that there was a lowering of 
the erythrocyte count, hemoglobin level and hematocrit 4 to 10 days after 
estrogen was administered in women, and postulated that the blood volume 
had increased sufficiently to account for this. The role of progesterone in 
the water retention of pregnant mice was reported by DEWAR (49). Subcu­
taneous injection of estradiol affected uterine weight and its water content 
in rats (lO). The administration of estrogen and progesterone in an optimum 
ratio caused extensive vascular changes in the uterus of castrated rabbits (66). 
REYNOLDS (148) studies extensively the uterine physiology in relation to the 
uterine circulation, and TSUTSUMI and HAFEZ (173) showed marked vascular 
changes in the endometrium of pseudopregnant rabbits. 

Thus, the total blood volume appears to be increased in the pseudo­
pregnant rabbits mainly by hormonal effects, including changes in the uterus. 
TsuTsuMI et al. (176) reported that the red blood cell count in rabbits de­
creased significantly during pseudopregnancy. This phenomenon was also 
indicated (as decrease in hematocrit value) during pseudopregnancy in the 
present study. The plasma and blood volumes per unit body weight increased 
gradually to 30 days p. c. over the period of pseudopregnancy, though the 
cell volume remained rather constant through pseudopregnancy to 30 days 
p. c. TSUTSUMI and HAFEZ (173) recognized that in some pseudopregnant 
rabbits the syncytium in the endometrial epithelium remained until 20 days 
p. c., and TsuTsuMI and HACHINOHE (172) observed that the average time 
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required from ovulation to the appearance of the normal estrous condition in 
the vaginal mucus was 28.0±9.7 days in pseudopregnant rabbits. HILLIARD 
et al. (89) observed a dramatic increase in 20 a-hydroxy-pregn-4-en-3-one 
(20 a-OH) secretion from the rabbit ovary at the end of pseudopregnancy 
(days 15 through 21), while the decline in progesterone output began about 
15 days p. c. 20a-OH content then decreased to about 28 days p. c. Therefore 
it appears that some effects, which may be acting on the regulation of the 
plasma and blood volumes, remain for some period after the end of 
pseudopregnancy. 

It was noted here that an unequivocal sharp fall in the hematocrit value 
occurred at 10 days p. c. in pseudopregnant rabbits. This seemed to be due 
to a reduction in cell volume, though the plasma volume tended to increase. 
The authors reported previously that a sharp and temporary reduction in 
red blood cells was recognized on the 12th or 13th day in pseudopregnancy 
(176), and that a temporary fall in afternoon body temperature was recorded 
on the llth day of pseudopregnancy (175). Strong sexual behavior, culmi­
nating in mating and ovulation, was noted by HUGHES and MYERS (99) at 
about either the 6th or 12th day of pseudopregnancy. From these facts, it 
seems reasonable to consider that some important physiological changes occur 
around the 10th day of pseudopregnancy, though their exact nature is not 
clear. 

As shown in table 1, discrepncy in the ratio of total blood volume at 
30 days p. c. to that just before copulation between pregnant and pseudo­
pregnant groups was about 6.5% (ll7.0%-110.5%). This value may be due 
to some specific effect of pregnancy. NEWCOMER (130) stated that the anemia 
of pregnancy in the rat developed primarily under the influence of the placenta 
and partially or indirectly under the influence of the fetus, while TIETZ et 
al. (171) claimed that removal of the uterus from dogs did not materially 
affect the development of the anemia which occurred between 7 and 9 weeks 
after estrus in normal dogs. 

It was indicated recently that uterine blood flow increased markedly 
during pregnancy (22, 78, 111, ll6). In the last month of pregnancy in the 
sheep, about 84% of the uterine venous flow came from the placenta and 
only 3% from the myometrium, and the remaining 13% came from a region 
of the endometrium (ll8). However, the changes in the blood volume in 
sheep uterus started in early pregnancy before the fetus became of any 
considerable size. By 40 days the fetus weighed about 4 g and the placenta 
including the cotyledons weighed only 40 g, though the plasma volume in­
creased about 18% above the original volume (11). Changes in blood volume 
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III the rabbit uterus during pregnancy were reported by BARCROFT and 
ROTHSCHILD (12). In the resting condition the genital organs contained less 
than 2 mt of blood. They became appreciably more vascular from the 5th or 
6th days onwards, and about half-way through pregnancy contained about 
10 mt of blood. Up to this point the embryos were of negligible weight. 
By the 20th day the embryos weighed only about 5 g and the generative 
tract of the mother contained about 15 mt of blood. The maximal quantity 
of blood, about 30 mt, seemed to occur about 28 to 29 days and then the 
quantity fell rapidly before parturition. Such a phenomenon in early pregnancy 
was confirmed in the present study, also. This seems reasonable because phys­
iological conditions in early pregnancy are very similar to conditions in pseu­
dopregnancy. The body weight in pregnant does showed an increase at 5 
days p. c., while the body weight in pseudopregnant ones remained unchanged. 
This led to falls in the blood, plasma and cell volumes per unit body weight 
in pregnant rabbits at 5 days p. c., though their absolute volumes remained 
unchanged. 

In the present study the anemic condition was seen during the period 
from 20 days p. c. to term. The authors reported previously a marked de­
crease in the red blood cell count beginning the 19th day of pregnancy (176). 
The hematocrit value at 30 days p. c. in pregnant does showed a slight in­
crease, and this phenomenon was recognized in the red blood cell count, 
also. It is interesting that demarcation of the gestation period in rabbits 
according to fluctuations in these volumes coincides with stages denoted by 
changes in the vaginal mucus during pregnancy (174). 

It was considered also that the changes in the blood volume during 
pregnancy might be partly due to litter size. Table 1 shows the increments 
at 30 days p. c. in both pregnant and pseudopregnant rabbits. Changes in 
blood volume in pregnant rabbits are illustrated in Figure 8, in which the 
rabbits are divided into two groups-a small litter size group (1 to 5) and 
a large litter size group (7 to 10). In comparing the blood volume per kg 
body weight between these two groups, significant differences were shown 
in the average volumes at 10, 20 and 25 days p. c. (P < 0.01), though the 
volumes were the same in both groups at 30 days p. c. The highest values 
were attained at 25 days p. c. in the latter group and at 30 days p. c. in the 
former group. There was no significant difference in the increments of 
blood volume between the two groups at 30 days p. c., when the total litter 
weights were subtracted from their mothers' body weights (Table 1). From 
these results it may be speculated that the increase in blood volume per unit 
body weight may be faster in rabbits of large litter size than in those of 
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Fig. 8. Changes in the absolute and relative total blood volumes in 
the large litter size group (7-10 in litter size) and the small 
litter size group (1-5) during pregnancy. 

small litter size; and that the volume may attain equilibrium faster in rabbits 
of large litter size than in those having small litters. 

After parturition the hematocrit value fell markedly, and the absolute 
volumes of blood, plasma and cells decreased, also. The blood and plasma 
volumes per unit body weight, however, increased slightly at 35 days p. c., 
while the cell volume per unit body weight decreased. At 40 days p. c. 
marked falls in the hematocrit value and blood volume per unit body weight 
were noticed. This was due to decrease in cell volume per unit body weight. 
Following this period, the highest values in the blood, plasma and cell vol­
umes were achieved at 45 and 50 days p. c., though the hematocrit values 
were not so high. This means that plasma volume increased relatively more 
than cell volume did. It was reported by HAMMOND and MARSHALL (81) 
that the normal involution of the uterus after parturition lasted only about 
4 to 8 days in the nursing rabbit. The doe's young open their eyes at 
about the 11th day after birth, and begin to eat solid food together with 
their mother after about the 20th day. Thus milk secretion in the mother 
may be heaviest in the period around 45 and 50 days p. c. In general, blood 
and plasma volumes remained significantly high during lactation, as reported 
in rats (25, 100) and cattle (146, 147). In the present study the hematocrit 
value did not return to the normal level during lactation, up to one month 
after parturition, though a gradual increase was shown during this period, 
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as III dogs (7) and cattle (109, 164). REYNOLDS (147) claimed that the 
hematocrit values remained in or near the control range in lactating cows. 
However, it is concluded that blood and plasma volumes, both absolute and 
relative, remain in high level during lactation in rabbits. 

Summary 

Blood volume in fifteen pregnant and eleven pseudopregnant rabbits was 
estimated by the dilution technique using Evans blue dye. Blood volume 
estimation were made at 5-days intervals from 5 days before copulation to 
2 months after copulation in pregnant rabbits and to one month after copu­
lation in pseuopregnant rabbits. 

In general, fluctuations in the hematocrit values, and in the blood, 
plasma and cell volumes, were similar between pregnant and pseudopregnant 
rabbits. It was postulated that the fluctuations in these volumes are mainly 
due to hormonal mechanisms. 

Effects of pregnancy accouted partly for the fluctuations in these volumes. 
There was a tendency for the blood volume per unit body weight to increase 
faster in rabbits of large litter size than in those of small litter size, and it 
appeared that the volume stabilized faster in the rabbits of large litter size 
than in those with small litters. 

Anemia of pregnancy was evident especially during the last ~rimester of 
pregnancy and for about one month after parturition. The blood and plasma 
volumes remained high during lactation, in both absolute and relative terms. 

Acknowledgment 

The authors wish to express their appreciation to Professor WILLIAM 
J. MELLEN, Department of Veterinary and Animal Sciences, University of 
Massachusetts, Amherst, Massachusetts, for reading the manuscript and 
offering his valuable suggestions. They would like to express their sincere 
thanks to Mr. K. KA TO for his technical assistance, also. 

References 

1. AIKAWA, J. K. 1950. Amer.]' Physiol. 162: 695-702. 

2. ADAMS,]. Q. 1954. Amer. J. Obst. Gynec. 67: 741-759. 

3. ALLEN, T. H. 1953. Amer.]. Physiol. 175: 227-229. 

4. ALLEN, T. H., M. OCHOA, JR., R. F. ROTH and M. I. GREGERSEN 1953. Amer.]. 
Physiol. 175: 243-246. 

5. ALLEN, T. H., C. PALLAVICINI and M. I. GREGERSEN 1953. Amer. J. Physiol. 



BLOOD VOLUME CHANGES IN PREGNANT RABBITS 

175: 236-239. 

6. ANCILL, R. J. 1956. ]. Physiol. 132: 469-475. 

7. ANDERSEN, A. C. and W. GEE 1958. Vet. Med. 53: 135-138 & 156. 

8. ANDERSON, D. M., I. McDONALD and F. W. H. ELSLEY 1969. J. agric. Sci. (Camb.) 

73: 501-505. 

9. ARMIN, J., R. T. GRANT, H. PELS and E. B. REEVE 1952. J. Physiol. 116: 59-73. 

10. ASTWOOD, E. B. 1938. Anat. Rec. 70 (Suppl.): 5, Abstr. 

11. BARCROFT, J., J. A. KENNEDY and M. F. MASON 1939. ]. Physiol. 95: 159-172. 

12. BARCROFT, J. and P. ROTHSGHILD 1932. J. Physiol. 76: 447-459. 

13. BAZETT, H. C., F. W. SUNDERMAN, ]. DOUPLE and J. C. SCOTT 1940. Amer.]. 

Physiol. 129: 69-83. 

14. BECKWITH, J. R. and A. CHANUTIN 1941. Proc. Soc. expo BioI. (N. Y.) 46: 66-69. 

15. BELCHER, E. H. and E. B. HARRISS 1957. J. Physiol. 139: 64-78. 

16. BERLIN, N. I., R. L. HUFF, D. C. VAN DYKE and T. G. HENNESSY 1949. Proc. 

Soc. expo BioI. (N. Y.) 71: 176-178. 

17. BERLIN, N. I., C. GOETSCH, G. M. HYDE and R. J. PARSONS 1953. Surg. Cynec. 

& Obst. 97: 173-176. 

18. BERLIN, N. 1., D. C. V AN DYKE, W. E. SIRI and C. P. WILLIAMS 1950. Endocri-
nology 47: 429-435. 

19. BHATT, J. R. 1965. Obst. Gynec. 26: 243-247. 

20. BIANCA, W. 1957. Brit. vet. J. 113: 227-24l. 

21. BIANCA, w. 1969. Fed. Proc. 28: 1220--1222. 

22. BINDON, B. M. 1969. J. Endocr. 44: 523-536. 

23. BOCCI, V. and A. VITI 1966. Quart.]. expo Physiol. 51: 27-32. 

24. BOND, C. F. 1948. Endocrinology 43: 180-186. 

25. BOND, C. F. 1958. Endocrinology 63: 285-289. 

26. BONNYCASTLE, D. D. 1947. Amer.]. Physiol. 151: 504-508. 

27. BONNYCASTLE, D. D. and R. A. CLEGHORN 1942. Amer. J. Physiol. 137: 380-383. 

28. Boral, M. c., N. M. BISW AS and C. DEB 1965. Endokrinologie 49: 52-55. 

29. BOYCOTT, A. E. 1912. ]. Path. Bact. 16: 485-501. 

30. BURKE, J. D. 1954. Physiol. Zool. 27: 1-21. 

31. BURWELL, C. S. 1954. Bull. Johns Hopk. Hosp. 95: 115-129. 

32. BUSH, J. A., W. N. JENSEN, G. E. CARTWRIGHT and M. M. WINTROBE 1955. 

Amer. J. Physiol. 181: 9-14. 

33. CARTLAND, G. F. and F. C. KOCH 1928. Amer. J. Physiol. 85: 540--545. 

34. CATON, W. L., C. C. ROBY, D. E. REID, R. CASWELL, C. ]. MALETSKOS, R. G. 

FLUHARTY and]. G. GIBSON, II. 1951. Amer. J. Obst. Gynec. 61: 1207-
1217. 

35. CATCh', W. L., C. C. ROBY, D. E. REID and J. G. GIBSON, 2nd 1949. Amer. J. 

Obst. Gynec. 57: 471-481. 

36. COLLERY, L. and J. KEATING 1958. Vet. Rec. 70: 216-218. 

37. CONSTABLE, B. J. 1963. J. Physiol. 167: 229-238. 

38. COURTICE, F. C. 1943. J. Physiol. 102: 290-305. 

39. COURTICE, F. C. and R. W. GUNTON 1949. J. Physiol. 108: 405-417. 

19 



20 Y. TSUTSUMI AND N. OGURI 

40. CRONIN, M. T. 1. 1954. Vet. Rec. 66: 197-200. 

41. CUTTING, W. C. and R. D. CUTTER 1935. Amer. J. Physiol. 113: 150-158. 

42. DALE, H. E., G. ]. BURGE and S. BRODY 1957. Amer. J. vet. Res. 18: 97-100. 

43. DALTON, R. G. and E. W. FISHER 1961. Brit. vet. ]. 117: 115-119. 

44. DALTON, R. G. and E. W. FISHER 1963. Brit. vet. ]. 119: 384-386. 

45. D'AMATO, H. and A. H. HEGNAUER 1952. Fed. Proc. 11: 29-30, Abstr. 

46. DAWSON, A. B., H. M. EVANS and G. H. WHIPPLE 1920. Amer.]. Physiol. 51: 

232-256. 

47. DELLENBACK, R. ]. and G. H. MUELHEIMS 1960. Amer.]. Physiol. 198: 1177-

1180. 

48. DENNIS, K. ]. 1965. ]. Reprod. Fertil. 10: 292-:1.)3, Abstr. 

49. DEWAR, A. D. 1951. ]. Physiol. 112: 53 P. Abstr. 

50. DEWEY, W. C. 1960. Amer.]. Physiol. 198: 1011-1013. 

51. DIECKMANN, W. ]. and C. R. WEGNER 1934. Arch. into Med. 53: 71-86. 

52. DOBER NECK, C. R. C., C. D. G. JOHNSON and C. R. M. HARDAWAY 1963. Arch. 

Surg. S6: 267-271. 

53. DOORNENBAL, H., S. A. ASDELL and C. L. COMAR 1962. J. appl. Physiol. 17: 

737-740. 

54. DOORNENBAL, H., S. A. ASDELL and G. H. WELLINGTON 1962. ]. animo Sci. 21: 

461-463. 

55. DOORNENBAL, H. and A. H. MARTIN 1965. Can.]. animo Sci. 45: 203-210. 
56. FELDMAN, H., E. C. VAN DONK, H. STEENBOCK and E. T. SCHNEIDERS 1936. 

Arner. ]. Physiol. 115: 69-77. 

57. FORBES, W. H., D. B. DILL and F. G. HALL 1940. Amer.]' Physiol. 130: 739-
746. 

58. FRIEDLANDER, M., N. LASKEY and S. SILBERT 1933. Proc. Soc. expo BioI. (N. Y.) 

30: 1263-1264. 

59. FRIEDLANDER, M., N. LASKEY and S. SILBERT 1935. Endocrinology 19: 342-346. 

60. FRYERS, G. R. 1952. Amer.]. Physiol. 171: 459-464. 

61. GIBSON,]. G., 2nd and W. A. EVANS, JR. 1937. ]. clin. Invest. 16: 301-316. 

62. GIBSON,]. G., 2nd and W. A. EVANS, JR. 1937. J. clin. Invest. 16: 317-32S. 

63. GIBSON, J. G., 2nd and K. A. EVELYN 1935. J. clin. Invest. 17: 153-15S. 

64. GIBSON,]. G., 2nd, J. L. KEELEY and M. PUOAN 1935. Amer.]. Physiol. 121: 
S00-S06. 

65. GIBSON,]. G., 2nd, A. M. SELIGMAN, W. C. PEACOCK, J. C. AVB, ]. FINE and 

R. D. EVANS 1946. ]. clin. Invest. 25: 848-S57. 

66. GILLMAN, J. 1941. Endocrinology 29: 336-342. 

67. GOLTNER, E. 1963 Gynaecologia 155: 203-204. 

6S. GOLTNER, E., G. AHLDERS, J. BABENERD and M. BREsrAK 1967. Cynaecologia 

163: 148-158. 

69. GOTSEV, T. 1939. ]. Physiol. 94: 539-549. 

70. GRABLE, E. 1964 Amer. Surgeon 30: 379-382. 

71. GRABLE, E., A. J. FINCK, A. L. ABRANS and]. A. WILLIAMS 1962. Anesthesiology 

23: 82S-830. 



BLOOD VOLUME CHANGES IN PREGNANT RABBITS 

72. GRABLE, E., ]. ISRAEL, J. WILLLIAMS and J. FINE 1963. Ann. Surg. 157: 361-

365. 

73. GREGERSEN, M. 1. 1944. J. Lab. clin. Med. 29: 1266-1286. 

74. GREGERSEN, M. 1. and J. G. GIBSON, 2nd 1937. Amer. J. Physiol. 120: 494-513. 

75. GREGERSEN, M. 1. and R. A. RAWSON 1943. Amer. J. Physiol. 138: 698-707. 

76. GREGERSEN, M. 1. and R. A. RAWSON 1959. Physiol. Rev. 39: 307-342. 

77. GREGERSEN, M. 1. and J. D. STEWART 1939. Amer. J. Physiol. 125: 124-152. 

78. GREISS, F. C., JR. and S. G. ANDERSON 1970. Amer. J. Obst. Gynec. 106: 30-38. 

79. GRIFFITH,]. Q., JR. and R. CAMPBELL 1937. Proc. Soc. expo BioI. (N. Y.) 36: 

38-40. 

80. HAMILTON, H. G. and R. S. HIGGINS 1949. Amer. J. Obst. Gynec. 58: 345-353. 

81. HAMMOND,]. and F. H. A. MARSHALL 1925. Reproduction in the rabbit, Oliver 

and Boyd, Edinburgh, London. 

82. HANSARD, S. L. 1956 Proc. Soc. expo BioI. (N. Y.) 91: 31-34. 

83. HANSARD, S. L. 1963. Ann. N. Y. Acad. Sci. 110: 229-245. 

84. HANSARD, S. L., W. O. BUTLER, C. L. COMAR and C. S. HOBBS 1953. J. animo 

Sci. 12: 402-413. 

85. HANSARD, S. L., H. E. SAUBERLICH and C. L. COMAR 1951. Proc. Soc. expo 

BioI. (N. Y.) 78: 544-545. 

86. HARRISON, K. A. 1966. ]. Obstet. Gynaec. Brit. Cwlth. 73: 717-723. 

87. HEIDENHAIN, R. 1857. Arch. f. physiol. Heilk., 1: 507 (cited from MILLER, KEITH 

and ROWNTREE, 1915). 

88. HELLER, V. G. and H. PAUL 1934. ]. Lab. clin. Med. 19: 777-780. 

89. HILLIARD,]., H. G. SPIES and C. H. SAWYER 1968. Endocrinology 82: 158-165. 

90. HIX, E. L., G. K. L. UNDERBJERG and]. S. HUGHES 1959. Amer.]. vet. Res. 20: 

184-191. 

91. HODGETTS, V. E. 1959. Aust. J. expo BioI. 37: 97-106. 

92. HOOPER, C. W., H. P. SMITH, A. E. BELT and G. H. WHIPPLE 1920. Amer. J. 

Physiol. 51: 205-220. 

93. HORGER, L. M. and M. X. ZARROW 1957. Amer. J. Physiol. 189: 407-411. 

94. HOWES, J. R., J. F. HENTGES, JR. and J. P. FEASTER 1963. J. animo Sci. 22: 183-

187. 

95. HUANG, K.-C. and]. H. BONDURANT 1956. Amer.]. Physiol. 185: 441-445. 

96. HUANG, K.-C. and J. H. BONDURANT 1956. Amer. J. Physiol. 185: 446-449. 

97. HUBER, O. 1947. Amer. J. Physiol. 148: 424-433. 

98. HUGGINS, R. A., E. L. SMITH and S. DEAVERS 1963. Amer. J. Physiol. 205: 351-
356. 

99. HUGHES, R. L. and K. MYERS 1966. Aust.]. Zool. 14: 173-183. 

100. JEPSON, J. and L. LOWENSTEIN 1966. Proc. Soc. expo BioI. (N. Y.) 121: 1077-108l. 

101. JULIAN, L. M., ]. H. LAWRENCE, N. 1. BERLIN and G. M. HYDE 1956. J. appl. 

Physiol. 8: 651-653. 

102. KATO, K. 1938. J. Lah. clin. Med. 23: 980-984. 

103. KENNEDY,]. A. and G. A. MILLIKAN 1938. J. Physiol. 93: 276-284. 

104. KOTTMANN, K. 1906. Arch. expo Path. Pharm. 54: 356-388. 

21 



22 Y. TSUTSUMI AND N. OGURI 

105. KLEMENT, A. W., JR., D. E. AYER and D. R. McINTYRE 1954. Proc. Soc. expo 

BioI. (N. Y.) 87: 81-85. 

106. KLEMENT, A. W., JR., D. E. AYER and E. B. ROGERS 1955. Amer. J. Physiol. 
181: 15-18. 

107. KUNDE, M. M., M. F. GREEN and G. BURNS 1932. Amer. J. Physiol. 99: 469-476. 

108. KUNDE, M. M., M. F. GREEN, E. CHANGNON and E. CLARK 1932. Amer. J. 

Physiol. 99: 463-468. 

109. LANE, A. G. and J. R. CAMPBELL 1969. J. animo Sci. 28: 508-511. 

110. LEICHSENRING, J. M., A. BIESTER, H. H. HONIG, S. M. FURNAS, E. S. Foss and 

M. V. ROUTT 1932. Amer. J. Physiol. 99: 391-397. 

111. LEWIS, B. V. 1969. Obst. gynec. Survey 24: 1211-1233. 

112. LIPPMAN, R. W. 1947. Proc. Soc. expo BioI. (N. Y.) 66: 188-191. 

113. LISTER, U. M. 1962. J. Obstet. Gynaec. Brit. Cwlth. 69: 761-771. 

114. LOWENSTEIN, L., C. A. PICK and N. W. PHILPOTT 1950. Amer. J. Obst. Gynec. 

60: 1206-1216. 

115. LUND, C. J. and J. C. DONOVAN 1967. Amer. J. Obst. Gynec. 98: 393-403. 

116. LYSGAAD, H. and H. LEFEVRE 1965. Acta obst. et gynec. scandinav. 44: 401-407. 

117. MACFARLANE, W. W., C. H. S. DOLLING and B. HOWARD 1966. Aust. J. agric. 

Res. 17: 503-514. 

118. MAKOWSKI, E. L., G. MESCHIA, W. DROEGE MUELLER and F. C. BATTAGLIA 1968. 

Amer. J. Obst. Gynec. 101: 409-412. 

119. MARCILESE, N. A., H. D. FIGUEIRAS, R. M. V ALSECCHI and H. R. CAMBEROS 

1966. Cornell Vet. 56: 142-150. 

120. MASOUREDIS, S. P. and L. R. MELCHER 1951. Proc. Soc. expo BioI. (N. Y.) 78: 

264-266. 

121. MAXFIELD, M. E., H. C. BAZETT and C. C. CHAMBERS 1941. Amer. J. Physiol. 

133: 128-154. 

122. McLENNAN, C. E. and L. G. THOUIN 1948. Amer. J. Obst. Gynec. 55: 189-200. 

123. MCGAUGHEY, L. H. S. 1952. Amer. J. Obst. Gynec. 64: 1268-1274. 

124. MENZIES, R. A., J. H. WHITLOCK and D. N. TAPPER 1965. Cornell Vet. 55: 229-
232. 

125. METCOFF, J. and C. B. FAVOUR 1944. Amer. J. Physiol. 141: 695-706. 

126. MILLER, W. T. 1932. Cornell Vet. 22: 320 (cited from REYNOLDS, 1953). 

127. MILLER., J. R., N. M. KEITH and L. G. ROWNTREE 1915. J. Amer. med. Ass. 65: 

779-782. 

128. MIXNER, J. P. and W. G. ROBERTSON 1959. J. dairy Sci. 40: 914-921. 

129. MONTGOMERY, P. O'B. 1951. Proc. Soc. expo BioI. (N. Y.) 77: 445-447. 

130. NEWCOMER, J. S. 1947. Endocrinology 40: 182-19l. 

131. ORMOND, A. P., JR. and J. M. RIVERA-VELEZ 1965. Proc. Soc. expo Med. (N. Y.) 

118: 600-602. 

132. OSOFSKY, H. J. and J. A. WILLIAMS 1964. Amer. J. Obst. Gynec. 88: 396-398. 

133. PANARETTO, B. A. and D. A. LITTLE 1965. Aust. J. agric. Res. 16: 661-665. 

134. PANDEY, M. D. and A. Roy 1969. Brit. vet. J. 125: 389-402. 

135. PAYNE, E., J. .W. RYLEY and R. J. W. GARTNER 1967. Res. vet. Sci. 8: 20-26. 



BLOOD VOLUME CHANGES IN PREGNANT RABBITS 

136. PERSSON, S. 1967. Acta Vet. Scandinavia, Supp!. 19: 1-189. 

137. PRITCHARD, J. A 1965. Anesthesiology 26: 393-399. 

138. QUINLIVAN, W. L. G. and J. A. BROCK 1970. Amer. J. Obst. Gynec. 106: 843-849. 

139. RAMIREZ, C. G., E. R MILLER, D. E. ULLREY and J. A. HOEFER 1963. J. animo 

Sci. 22: 1068-1074. 
140. RAPAPORT, E., H. KUIDA, F. W. HAYNES and L. DEXTER 1956. Amer. J. Physio!. 

185: 127-132. 

141. REEVE, E. B., M. I. GREGERSEN, T. H. ALLEN and H. SEAR 1953. Amer. J. 
Phydo1. 175: 195-203. 

142. REEVE, E. B., M. I. GREGERSEN, T. H. ALLEN, H. SEAR and W. W. WALCOTT 

1953. Amer. J. Physio!. 175: 204-210. 

143. REEVE, E. B., M. I. GREGERSEN, T. H. ALLEN, H. SEAR and W. W. WALCOTT 

1953. Amer. J. Physio!. 175: 211-217. 

144. RETIEF, E. P. and A J. BRINK 1967. J. Obst. Gynec. Brit. Cwlth. 74: 683-693. 

145. REYNOLDS, M. 1952. Fed. Proc. 11: 129, Abstr. 

146. REYNOLDS, M. 1953. Amer. J. Physio!. 173: 421-427. 

147. REYNOLDS, M. 1953. Amer. J. Physio!. 175: 118-122. 

148. REYNOLDS, S. R. M. 1965. Physiology of the uterus, 2nd Edition, Hafner Pub­

lishing Co., New York. 

149. RODBARD, S., H. SAIKI and A MALIN 1950. Fed. Proc. 9: 107, Abstr. 

150. RODBARD, S., H. SAIKI, A MALIN and C. YOUNG 1951. Amer. J. Physio!. 167: 

485-498. 
151. ROOT, W. S., T. H. ALLEN and M. I. GREGERSEN 1953. Amer. J. Physio!. 175: 

233-235. 

152. ROVINSKY, J. J. and H. JAFFIN 1965. Amer. J. Obst. Gynec. 93: 1-15. 

153. SALVESEN, H. A. 1919. J. bio!. Chern. 49: 109-124. 

154. SCHUTTERT, R 1968. Medinger fra Norges Landbruksh¢gskole 47: 1-60. 

155. SCOTT, J. M. D. 1928. Amer. J. Physiol. 85: 405, Abstr. 

156. SEAR, H., T. H. ALLEN and M. 1. GREGERSEN 1953. Amer. J. Physio!. 175: 240-
242. 

157. SEKINE, J. and Y. HIROSE 1968. J. Facu!. Agric., Hokkaido Univ. 56: 57-66. 

158. SHARPE, J. C. and J. D. BISGARD 1936. J. Lab. din. Med. 21: 347-353. 

159. SILBERT, S. and M. FRIEDLANDER 1931. J. Amer. med. Ass. 97: 17-18. 

160. SILBERT, S., A L. KORNZWEIG and M. FRIEDLANDER 1930. Arch. into Med. 45: 

948-957. 

161. SMITH, H. P. 1920. Amer. J. Physio!. 51: 221-231. 

162. SMITH, R. W. and C. J. YARBROUGH 1967. Amer. J. Obst. Gynec. 91: 18-20. 

163. STAHL, P. R. and H. E. DALE 1958. Amer. J. Physio!. 193: 244-248. 

164. STRAUB, O. C., O. W. SCHALM, J. P. HUGHES and G. H. THEILEN 1959. J. Amer. 

vet. med. Ass. 135: 618-622. 

165. SPIEGELBERG and GSCHEIDLEN 1872. Arch. f. Gyntik. 4: 112 (cited from MILLER, 

KEITH and ROWNTREE, 1915). 

166. SPINK, R. R, R. L. MALVIN and B. J. COHEN 1966. Amer. J. vet. Res. 27: 1041-
1043. 

23 



24 Y. TSUTSUMI AND N. OGURI 

167. SPRINGELL, P. H. 1968. Aust. J. agric. Res. 19: 145-160. 

168. Symposium on blood volume in clinical medicine 1964. Amer. Surg. 30: 383-396. 

169. THOMPSON, W. O. 1926. ]. din. Invest. 2: 477-520. 

170. THOMSON, K. J., A. HIRSH EIMER, J. G. GIBSON, 2nd and W. A. EVANS, JR. 

1938. Amer.]. Obst. Gynec. 36: 48-59. 

171. TIETZ, W. J. JR., M. M. BENJAMIN and G. M. ANGLETON 1967. Amer.]. Physio!. 

212: 693-697. 

172. TSUTSUMI, Y. and Y. HACHINOHE 1968. Jap. J. Zootech. Sci. 39: 12-19. 

173. TSUTSUMI, Y. and E. S. E. HAFEZ 1966. J. Morph. 118: 43-56 .. 

174. TSUTSUMI, Y. and K. MATSUMOTO 1958. Memoirs Facu!. Agric. Hokkaido Univ. 

3: 104-121. 

175. TSUTSUMI, Y., M. TAKAHASHI, N. OGURI and Y. HACHINOHE 1968. ]. Facu!. 

Agric. Hokkaido Univ. 55: 363-381. 

176. TSUTSUMI, Y., M. TAKAHASHI, N. OGURI and Y. HACHINOHE 1968. J. Facu!. 

Agric. Hokkaido Univ. 55.: 402-420. 

177. TSUTSUMI, Y., M. TAKAHASHI, N.OGURI and Y. HACHINOHE 1968. Jap.]. animo 

Reprod. 14: 109-114. 

178. TSUTSUMI, Y., M. TAKAHASHI, N. OGURI and Y. HACHINOHE 1969. J. Facu!. 

Agric. Hokkaido Univ. 56: 103-116. 

179. TURNER, C. W. and H. A. HERMAN 1931. Missouri Agric. expo State Res. Bul!. 

159: 5-61 (cited frqm REYNOLDS, 1953). 

180. TYSOE, F. W. and L. LOWENSTEIN 1950. Amer. J. Obst. Gynec. 50: 1187-1205. 

181. VOLLMER, E. P. and A. S. GORDON 1941. Endocrinology 29: 828-837. 

182. WANG, C. F. and D. M. HEGSTED 1949. Amer. J. Physiol. 152: 227-232. 

183. WANG, C. F. and D. M. HEGSTED 1949. Amer. J. Physiol. 156: 218-226. 

184. WANG, C. F. and D. M. HEGSTED 1949. Amer.]. Physiol. 156: 227-232. 

185. WELS, A. 1966. Zbl. Vet.-Med. (A) 13: 239-245. 

186. WELS, A. and V. HORN 1966. Berl, Mi.inch. tierarzt!. Wochenschr. 79: 181-183. 

187. WENT, S. and C. K. DRINKER 1929. Amer. J. Physiol. 88: 468-478. 

188. WITTEN, C. L. and]. T. BRADBURG 1951. Proc. Soc. expo BioI. (N. Y.) 78: 626-

629. 

189. ZARROW, M. X. and I. G. ZARROW 1953. Endocrinology 52: 424-435. 


