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Fetal and juvenile animal hemorheology

U. Windberger a,∗, K. Grohmann b, A. Goll c, R. Plasenzotti a and U. Losert a

a Core Unit for Biomedical Research, Medical University of Vienna, Austria
b Private Animal Hospital, Korneuburg, Austria
c Institute for Medical Statistic, Medical University of Vienna, Austria

Received 15 November 2004
Accepted 17 December 2004

Abstract. The study provides information on the blood fluidity in healthy, juvenile sheep and rabbits during growth (n =
18), and shows also data from fetal rabbits and cats. In the fetal rabbit (n = 3) and cat (n = 2), whole blood viscosity
(WBV; LS30, Contraves, Switzerland) and plasma viscosity (PV; OCR-D, Paar, Austria) was low (WBV (0.7 s−1): rabbit:
3.28/3.00/2.44; cat: 7.87/10.88; WBV (94 s−1): rabbit: 2.57/2.48/2.39; cat: 2.75/3.73 mPa s) (PV: rabbit: 1.10/1.10/1.05; cat:
1.27/1.39 mPa s), which was associated with a low plasma protein concentration and a low erythrocyte count despite a high
erythrocyte volume. After parturition, blood viscosity increased in rabbits in parallel with hematocrit, while MCV decreased
(WBV (0.7 s−1): 9.28 (8.07/10.88); WBV (94 s−1): 3.67 (3.62/3.82); PV: 1.15 (1.15/1.25) mPa s). In contrast, in the sheep,
whole blood and plasma viscosity decreased after delivery (WBV (0.7 s−1): 1.31 (0.94/1.88); WBV (94 s−1): 2.45 (2.43/2.85)
PV: 1.24 (1.23/1.29) mPa s). Hematocrit and MCV decreased, while erythrocyte count increased under these circumstances.
In summary, whole blood viscosity was similar among fetal sheep, rabbits, and cats and is diminished compared to adult
individuals to guarantee an optimal oxygen supply during a period of life in which the oxygen maintainance of the child
depends on the health and the environment of the mother. However, during growth, blood viscosity rose in rabbits, while it
continously decreased in the sheep. At an unknown time point this fall in blood viscosity in lambs must reverse, since adult
sheep again show a higher blood viscosity than juvenile lambs at the age of 2 months.
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1. Introduction

Information concerning the variability of blood fluidity during the early life span in animals is limited.
Fetal blood is characterized by low plasma protein concentration and erythrocytes of low number but
high volume, which results in low hematocrit [1,6,8,18]. Due to the decreased whole blood and plasma
viscosity in fetuses [3,5,7,14], microcirculation should be facilitated [13]. In fetal sheep, however, hema-
tocrit was higher than in adult sheep, although whole blood viscosity was found to be lower than has
been expected [21]. Due to this discrepancy we were interested in the time course of blood fluidity in
the growing sheep. For comparative reasons we included the rabbit into this study. The rabbit was also
chosen because of its similar hemorheological status [20] and the availability of fetal blood. We found
out that age related blood viscosity showed an opposite direction in lambs and rabbits.

*Corresponding author: Ursula Windberger, DVM, Core Unit for Biomedical Research, Medical University of Vienna,
General Hospital, 1Q, Währingergürtel 18-20, 1090 Vienna, Austria. Tel.: +43 (0)1 40400 5223; Fax: +43 (0)1 40400 5229;
E-mail: ursula.windberger@meduniwien.ac.at.

1386-0291/05/$17.00  2005 – IOS Press and the authors. All rights reserved



192 U. Windberger et al. / Fetal and juvenile animal hemorheology

2. Material and methods

2.1. Animals

Fetal blood was collected from 8 preterm animals. Fetal blood of 3 rabbits was collected during animal
experimentation (GZ: 66009/171-Pr/4/98) by cardiac puncture of the fetuses after an i.p. bolus of 10 mg
thiopentone. Samples from fetal cats were collected during two occasions by collecting the blood of
5 fetuses (2 and 3 fetuses each) during ovariohysterectomy of their mothers. These operations were
performed in a veterinary praxis, and were ordered by the animals’ owner. One of the two mothers had
severe polytrauma which efforded laparotomy. The fetal samples in cats were collected during general
anesthesia of the mothers (10 mg/kg ketamine/3 mg/kg xylazine i.m.) by cardiac puncture of the fetuses
after an i.p. bolus of 10 mg thiopentone. Data of fetal sheep blood origin from a recent study [21].

All newborn sheep and rabbits were healthy and vital, showing no clinical sign of illness.
18 juvenile animals, 8 sheep (Milchschaf, 5 female, 3 male) and 10 rabbits (New Zealand White,

7 female, 3 male) were included into the study. 4 newborn sheep were measured on the first day after
birth, 8 sheep were analyzed on day 7, 21, and 60 after birth. 2 rabbits were tested at day 14, and 10
rabbits at day 30 after birth.

2.2. Hematology and blood chemistry

Hematology was done by Cell-Dyn 3500 (Abbott, Abbott Park, Ilinois, USA) for the measurement of
red blood cell (RBC) count (RBC count, in cells×106/ml), mean corpuscular volume (MCV, in fl), mean
corpuscular hemoglobine concentration (MCHC, in g/dl), and white blood cell count (WBC count, in
cells×103/ml). Hematocrit (HCT, in %) was measured by centrifugation (Hettich, Tuttlingen, Germany).

The routine blood chemistry profile was performed by Hitachi 904 (Hitachi, Tokyo, Japan).

2.3. Hemorheology

Hemorheology was carried out by LS30 viscometer (Contraves AG, Zürich, Switzerland) at two dif-
ferent shear rates (0.7 and 94 s−1) at 37◦C, to obtain whole blood viscosity (WBV, in mPa s). Erythro-
cyte aggregation was estimated by means of an aggregation index (AI) done with the LS30 during the
measurement of whole blood viscosity at low shear rate (0.7 s−1) by the following procedure: after
measure of the WBV the cup was furthermore rotated at the same speed for 45 seconds. After 45 sec-
onds the WBV was read again. Aggregation index was determined by the formula: AI = peak WBV
−WBV after 45 seconds×100/peak WBV (AI, in %). In cat and rabbit erythrocyte aggregation indices
(M0, M1) were further analyzed by the Myrenne aggregometer (Myrenne, Roetgen, Germany).

Plasma viscosity (PV, in mPa s) was carried out by OCR-D (Paar, Graz, Austria) at 21◦C. The viscosity
at the shear rate of 10 s−1 was determined for plasma viscosity. Hemorheology was done with native
blood. Only in lambs the blood was again measured following hematocrit standardisation (40%).

2.4. Statistic

Descriptive statistics were calculated. Data are presented as median and 25th and 75th percentile.
The variables HCT, PV, MCHC, MCV, TP, WBV (0.7 s−1), WBV (94 s−1), and AI (0.7 s−1) from

fetal rabbits and cats were compared with corresponding reference values from adult individuals [19] by
Wilcoxon rank sum test.
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The increase or decrease of the variables HCT, PV, MCHC, MCV, TP, WBV (0.7 s−1), and WBV
(94 s−1) from juvenile rabbits and sheep and also AI from juvenile sheep during growth was determined
by the analysis of variance (rabbit) and the analysis of variance for repeated measures (sheep) using time
as factor. In the lambs, PV, WBV (0.7 s−1), and WBV (94 s−1), obtained after hematocrit standardisation
was compared with corresponding reference values from adult sheep [20] by Wilcoxon rank sum test.
The SAS System was used for statistical analysis.

3. Results

Hematologic values are shown in Table 1.
Hemorheologic values are shown in Table 2.
Figure 1 shows the WBV of juvenile sheep at standardized hematocrit.

3.1. Hematology and blood chemistry

In fetal rabbits, hematocrit, plasma total protein concentration, and MCHC were low, whereas MCV
was high, compared with adult individuals (Wilcoxon test: all: p � 0.01).

In fetal cats, plasma total protein concentration was decreased and MCV was increased compared to
adult cats (Wilcoxon test: both: p < 0.05).

In the juvenile rabbits, hematocrit and MCHC changed significantly but not uniformly during the time
course (ANOVA: time effect: p < 0.05), plasma total protein concentration increased with age, whereas
MCV decreased (ANOVA: all time effects: p < 0.05).

In contrast, in juvenile sheep, plasma total protein concentration, and MCV decreased with age,
whereas MCHC increased (ANOVA for repeated measures: all effects: p < 0.01).

Blood chemistry values were within physiological limits [11].

Table 1

Hematologic variables from newborn sheep and rabbits during growth, and from fetal rabbits and cats. Data are expressed
singularly (n < 5) or as median (25%/75% percentile). Reference values from adult sheep, rabbit, and cat [19], and fetal
sheep [21].

Hct TP RBC WBC MCV MCHC
% g/dl cells × 106/ml cells × 103/ml

Sheep
Fetal (ref.) 38 (37/38) – 7.5 (7.1/7.7) 3.2 (3.2/3.4) 47.7 (47/48) 30.5 (30.5/31.1)
Day 1 33/35/30/29 6.2/6.5/5.9/5.8 8.7/9.1/8.8/8.3 2.3/1.4/2.6/3.5 39/38/36/36 32.9/33.1/32.5/32.8
Day 7 31 (30/34) 5.8 (5.4/6) 9 (8.8/9.4) 2.6 (2.3/3.1) 36.5 (34/37.5) 33.9 (32.5/34)
Day 21 32 (29/33) 5.5 (5.4/5.9) 9.4 (9.2/10) 5 (4.3/5.5) 33.4 (30/35) 33.5 (32.8/34.6)
Day 60 27 (27/32) 5.2 (5/5.4) 10 (9.6/10.6) 5.5 (4.4/6.6) 28.8 (27/30) 35.5 (34.2/36.6)
Adult (ref.) 33 (30.8/38) 6 (5.6/6) – – 29 (27.6/30) 35.7 (35/36.3)

Rabbit
Fetal 35/35/34 3/2.9/2.6 3.3/3.1/2.8 2.9/2.7/1.7 109/118/94 26.4/26.8/26.5
Day 14 30/29 6.6/8.4 3.8/4.1 8.3/7.6 67/75 34.1/34.4
Day 30 43.5 (41/45) 5 (4.8/5.1) 6 (5.7/6.1) 5.7 (4.9/6.9) 66 (64/68) 32.1 (31.7/32.3)
Adult (ref.) 39 (38/40) 5.6 (5.4/6) – – 62 (61/63.6) 33.8 (32.6/36.1)

Cat
Fetal 28/44 3.8/4.1 4.2/5.8 6/8 66/76 32.5/33.8
Adult (ref.) 40 (39/42) 7.2 (7/7.4) – – 39.3 (37.7/41) 34.1 (34.3/35.8)
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Table 2

Native hemorheologic variables from newborn sheep and rabbits during growth, and from fetal rabbits and cats. Data are
expressed singularly (n < 5) or as median (25%/75% percentile). Reference values from adult sheep, rabbit, and cat [19,20],
and fetal sheep [21].

WBV (0.7 s−1) WBV (94 s−1) PV AI M0 M1
mPa s mPa s mPa s %

Sheep
Fetal (ref.) 2.75 (2.66/3.67) 2.93 (2.83/3.00) – – 0 10.7 (8.8/13.6)
Day 1 3.47/3.75/3.47/3.00 3.68/3.79/3.48/3.28 1.56/1.64/1.67/1.63 2.7/2.5/2.7/6.2 – –
Day 7 2.44 (2.06/3.66) 3.24 (3.17/3.61) 1.52 (1.37/1.64) 4.8 (3.7/6.2) – –
Day 21 2.25 (1.69/3.00) 3.08 (2.73/3.20) 1.38 (1.31/1.45) 4.7(11/12.5) – –
Day 60 1.31 (0.94/1.88) 2.45 (2.43/2.85) 1.24 (1.23/1.29) – 0 (0/0) 8.3 (5.5/8.7)
Adult (ref.) 4.972 (4.502/5.735) 3.575 (3.234/3.977) 1.49 (1.44/1.57) 1 (0/2) 0 (0/0) 6.6 (3.5/8.8)

Rabbit
Fetal 3.28/3.00/2.44 2.57/2.48/2.39 1.1/1.1/1.05 5.7/3.1/7.6 0/0/1.5 1.4/4.5/4.8
Day 14 5.25/5.16 3.09/3.11 – –/5.4 1.1/3.5 11.5/14.7
Day 30 9.29 (8.07/10.88) 3.67 (3.62/3.82) 1.15 (1.15/1.25) 0 (0/1.3) 0 (0/0) 4 (3.9/4.5)
Adult (ref.) 7.36 (5.91/9.69) 3.90 (3.68/4.07) 1.30 (1.24/1.42) 2 (1/3) 0 (0/0.1) 13.3 (8.2/17.2)

Cat
Fetal 7.87/10.88 2.75/3.73 1.27/1.39 15.4/4.3 0/0.1 0/0.9
Adult (ref.) 30.19 (26.89/33.97) 4.44 (4.18/4.67) 1.71 (1.62/1.78) 17 (13/21) 5.2 (4.7/6.3) 29.6 (22.8/40.1)

Fig. 1. Decrease of hematocrit standardized (40%) whole blood viscosity in 8 lambs during the first two months of life. The
graph shows the median value and the 25th and 75th percentile. Error bars show the highest and the lowest value inside the 1½
interquartile range.
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3.2. Hemorheology

In fetal rabbits and cats, WBV at both shear rates and PV were low compared to adult animals
(Wilcoxon test: p < 0.05).

In the juvenile rabbits, WBV at high shear rate (WBV 94 s−1) and PV increased (ANOVA: time effect:
p < 0.05) with age, and remained below the value of adult individuals.

In contrast, in the juvenile sheep, WBV and PV decreased within the observation period. In one days
old animals, PV was higher than in adult sheep (Wilcoxon test: p < 0.05). PV of 7 days old lambs
was not different from values from adult sheep. At 21 and 60 days port partum, PV decreased further
(Wilcoxon test: p < 0.0001). Whole blood viscosity at low and at high shear rate decreased continu-
ously with age (ANOVA for repeated measures: p < 0.001). When comparing the data from sheep at
standardized hematocrit, WBV (0.7 s−1) was lower in 1, 7, 21, and 60 days old lambs, whereas WBV
(94 s−1) was lower in 21 and 60 days old lambs compared to adult sheep (Wilcoxon test: p < 0.05).

Erythrocyte aggregation showed no uniform course in both, rabbits, and sheep, although the mean
values of AI from all data points in juvenile sheep showed a higher erythrocyte aggregation in lambs
compared to adult sheep (Wilcoxon test: p < 0.01).

4. Discussion

The present study shows that blood fluidity varies with age in young sheep and rabbits, and that the
course of the hemorheologic pattern from fetal to adult life may not be uniform between the animal
species. The two species investigated were similar in adult blood rheology, since they exhibit low whole
blood viscosity and erythrocyte aggregation [20]. In respect to the differences in body size, life ex-
pectancy and puberty, the measuring points represent the juvenile period and were therefore not uniform
among both species. This is why direct comparisons of the time points cannot be made.

Consistent with previous investigations [1,6,8,15,18], the fetal cat and rabbit showed a low plasma
protein concentration and a low hematocrit, associated with a high red cell volume, while the MCHC
remained constant or was low. Also, these fetuses showed a reduced whole blood and plasma viscosity
as compared with adult individuals of the corresponding species. Such findings have been reported for
man [3,5,7,14], and it seems that these circumstances favour peripheral perfusion and oxygen transport
at the presence of an adaequate intracellular hemoglobine content. In agreement with studies on man [4]
the hematocrit/viscosity ratio [17] was increased, which may be indicative for a favoured oxygen supply
to tissues. This is important for fetuses, since the peripheral perfusion seems to be particularly dependent
on hemorheologic changes [5]. From the rheological point of view, the low count of white blood cells
further facilitates fetal peripheral perfusion. After parturition, rabbits showed a continuous increase in
hematocrit, plasma protein concentration, and whole blood and plasma viscosity, while the MCV de-
creased, which seems to be the continuation of a process, starting in the gestational period [2,7], and
which might be accompanied by variations in the morphology and function of the erythrocytes [12,16].

Some of these postulations cannot be evidenced for the sheep. It was documented that the hematocrit
was increased in ovine fetuses when related to values from adult sheep [21]. However, this hematocrit
was in a similar range with rabbit and cat, resulting in a comparable fetal whole blood viscosity of the
three species. By comparing the data from the literature [19,21], the increased hematocrit in fetal lambs
was associated with low WBV compared to a group of adult sheep, which is of striking evidence. It is
worth mentioning that the hematocrit of these 40 adult sheep was slightly lower than the hematocrit in
the fetuses (see Table 2).



196 U. Windberger et al. / Fetal and juvenile animal hemorheology

During the first two months after delivery, hematocrit did not increase in lambs, which was in contrast
to rabbits. Hematocrit even slightly decreased. The reason for this observation might be the replacement
of fetal hemoglobine by HbA, an effect which is known to be accompanied by the reduction in hematocrit
and MCV [9]. However, none of the lambs showed an increase in bilirubine or free hemoglobine, which
can be indicative for some pathological reduction in red cell count or volume in this early period of life.
This finding was also supported by the low plasma viscosity which should be enhanced during these
circumstances [3]. In the first two months of life, whole blood viscosity continuously decreased in lambs.
This untypical decrease of WBV was evident at both, native, and standardized hematocrit, showing
that changes of hematocrit were not determinative for this effect (see Fig. 1). Together with whole
blood viscosity, the value of plasma viscosity decreased remarkably in parallel with the plasma protein
concentration. One unexplored observation in this study remains, however, that high shear (94 s−1)
WBV exceeded the values of low shear WBV (0.7 s−1) in the growing lamb. This effect was observed
in repeated measurements. If, and to what extent erythrocyte rigidity factors play a role in blood fluidity
of the juvenile lamb cannot be ruled out at present.

In summary, blood fluidity is favoured in fetuses to guarantee an optimal oxygen supply during a
period of life in which the oxygen maintainance of the child depends on the health and the environment
of the mother. Focusing on the sheep, fetal blood rheology was comparable to other species. After
parturition, blood viscosity decreased in sheep continuously and was therefore much lower than in rabbit,
whose blood viscosity increased. At an unknown time point this fall in blood viscosity in lambs must
reverse, since adult sheep again show a higher blood viscosity than juvenile lambs at the age of 2 months.
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