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Abstract. The large cellular volume of erythrocytes and the increased plasma concentration of proteins in elephants are factors
which potentially affect blood rheology adversely. To verify blood rheology, routine hemorheologic variables were analyzed in
four African elephants (Loxodonta africana), housed in the zoo of Vienna. Whole blood viscosity at three different shear rates
(WBV at low shear rate: WBV 0.7 s−1 and WBV 2.4 s−1; WBV at high shear rate: WBV 94 s−1 done by LS30, Contraves)
and erythrocyte aggregation (aggregation indices AI by LS30; aggregation indices M0, M1 by Myrenne aggregometer) were
high (WBV 94 s−1: 5.368 (5.246/5.648); WBV 2.4 s−1: 16.291 (15.605/17.629); WBV 0.7 s−1: 28.28 (25.537/32.173) mPa s;
AI 2.4 s−1: 0.25 (0.23/0.30); AI 0.7 s−1: 0.24 (0.23/0.28); M0: 7.8 (6.4/8.4); M1: 30.2 (25/31)). Plasma viscosity (PV) was
increased as well (1.865 (1.857/1.912) mPa s) compared to other mammalian species. These parameters would indicate a de-
crease in blood fluidity in elephants. However, erythrocyte rigidity (LORCA, Mechatronics) was decreased, which in contrast,
has a promotive effect on peripheral perfusion. Blood rheology of the elephants was determined by a high whole blood and
plasma viscosity as the result of pronounced erythrocyte aggregation and high plasma protein concentration. Thus, in the ter-
minal vessels the resistance to flow will be increased. The large erythrocytes, which might impede blood flow further due to
geometrical reasons, however, had a pronounced flexibility. We conclude that the effect of the increased inner resistance to pe-
ripheral blood flow was counteracted by the decreased rigidity of the erythrocytes to enable an adequate blood flow in African
elephants.
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1. Introduction

Knowledge about the fluidity of blood in the African elephant (Loxodonta africana) is limited. In
the last years, comparative hemorheologic studies have been published, which show information on
the structural and functional basis of red blood cell rheological behavior [1,5,15,27]. Despite being
similar in basic structure and serving equally physiologic functions in all mammals, red blood cells differ
vastly in their rheological properties in different species [14]. In addition to erythrocyte rigidity [27],
erythrocyte volume, which is notably different among the species, has a pronounced influence on red
cell aggregation, due to the impact of the surface to volume ratio on cellular shape changes. Secondly,

*Corresponding author: Ursula Windberger, DVM, Decentralized Biomedical Facilities, Core Unit for Biomedical Research,
Borschkegasse 8a, 1090 Vienna, Austria. Tel.: +43 (0)1 4277 18602; Fax: +43 (0)1 4277 9186, private: +43 699 19449998;
E-mail: ursula.windberger@meduniwien.ac.at.

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



322 U. Windberger et al. / The fluidity of blood in african elephants

cell size influences capillary passage of the erythrocytes, and a decreased rigidity of the erythrocytes
would be of advance. Due to these potential questions of cell size on blood fluidity, we tested aggregation
and rigidity in elephant erythrocytes, which are known to be particularly large. Additionally, this study
provides new data on the principal hemorheological status of Loxodonta africana.

2. Material and methods

Four adult African elephants (Loxodonta africana, female, age: 16, 17, 40, 40 years) were used in this
study. Whole blood was withdrawn by puncture of the saphenous vein in conscious animals. All animals
were familiar with the procedure which was performed weekly for a routine monitoring.

Blood was collected into tubes containing potassium-ethylenediaminetetraacetic acid, lithium-
heparinate, and sodium-citrate, respectively. The samples were put into an insulated bag and measure-
ments were started with a delay of 1–2 hours due to transportation from the zoo to the laboratory.
Hemorheological and hematological measurements were finished within 4 hours following blood sam-
pling. Plasma for the measurement of blood chemistry profile and plasma fibrinogen was stored at –30◦C
before assayed.

2.1. Hematology and blood chemistry

From each elephant a routine hematologic and blood chemical profile was obtained. Hematology was
done by Cobas Minos Vet (ABX, Graz, Austria) for the measurement of red blood cell count (RBC, in
T/l), hemoglobin (HB, in g/dl), mean corpuscular volume (MCV, in fl), mean corpuscular hemoglobin
concentration (MCHC, in %), and white blood cell count (WBC, in G/l). Packed cell volume (PCV,
in %) was measured by centrifugation (Hettich, Tuttlingen, Germany). A differential white blood count
was performed manually. Hematologic investigations were performed in an experienced laboratory.

The routine blood chemistry profile including plasma total protein (TP, in g/dl), cholesterol (CHOL, in
mg/dl), and triglyceride (TRI, in mg/dl) was performed by Hitachi 904 (Hitachi, Tokyo, Japan). Plasma
fibrinogen (FIBR, in mg/dl) was measured coagulometrically by the method of Clauss.

2.2. Hemorheology

Measurement of whole blood viscosity (WBV, in mPa s) was carried out by the LS30 viscometer
(Contraves AG, Zürich, Switzerland) at three different shear rates (low shear rate: 0.7 s−1and 2.4 s−1;
high shear rate: 94 s−1) at 37◦C.

Erythrocyte aggregation indexes were estimated by the Myrenne aggregometer MA1 (Myrenne, Roet-
gen, Germany) and by the LS30 viscometer. Erythrocyte aggregation indices (M0, M1) performed by
the Myrenne aggregometer were done at room temperature. Erythrocyte aggregation indices (AI) done
with the LS30 were performed during the measurement of whole blood viscosity at low shear rate [29].

Erythrocyte rigidity (erythrocyte elongation index, EI) was tested at various fluid shear stresses by
laser diffraction analysis, using an ektacytometer (LORCA, Mechatronics, Hoorn, Netherlands) at 37◦C.

Plasma viscosity (PV, in mPa s) was carried out by an oscillating capillary rheo- and densitometer
OCR-D (Paar, Graz, Austria) at 21◦C.
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3. Results

3.1. Hematology and blood chemistry

Table 1 shows the results of hematologic and selected blood chemistry measurements.
All hematologic and blood chemistry values were within physiological limits. MCV, plasma total

protein- and -fibrinogen concentration were high in comparison to other mammals [14,15].

3.2. Hemorheology

Table 1 shows the whole blood and plasma viscosity, and the aggregation indices from elephant blood
and red cells, Fig. 1 shows the elongation indices from elephant red cells in comparison to horse.

Whole blood viscosity was in a comparable range to other mammals like cat, pig, and horse, at all
shear rates. Plasma viscosity was higher than in other healthy mammals. Erythrocyte aggregation was
pronounced, although lower than in horse [29].

Erythrocyte elongation indices were comparable to that from horse [26].

Table 1

Laboratory values of 4 elephants. Singular data of the animals; median and 25%/75% percentile in parentheses

Elephant Median
1 2 3 4 (25%/75%)

RBC (T/l) 2.7 2.7 3.1 2.8 2.75 (2.7/2.8)
HB (g/dl) 12.2 12.2 14.7 13.5 12.8 (12.2/13.8)
PCV (%) 35 36 42 39 37 (35/40)
MCV (fl) 137 137 140 144 138 (137/141)
MCHC (%) 33.2 32.5 33.5 33.5 33.3 (33.0/33.5)
WBC (G/l) 11.1 11.1 9.2 9.5 10.3 (9.4/11.1)
NEU (%) 20 21 25 30 23 (21/26)
LYMPH (%) 29 34 35 35 34 (33/35)
MONO (%) 47 41 38 30 39 (36/42)
EOS (%) 4 4 2 5 4 (3/4)
FIBR (mg/dl) 400 368 368 344 368 (362/376)
TP (g/dl) 9.1 8.7 8.8 8.7 8.7 (8.7/8.9)
TRI (mg/dl) 24 43 40 26 33 (25/41)
CHOL (mg/dl) 67 81 76 51 71 (63/77)
WBV (94 s−1), (mPa s) 5.059 5.295 6.272 5.440 5.368 (5.246/5.648)
WBV (2.4 s−1), (mPa s) 15.070 15.784 20.121 16.799 16.291

(15.605/17.629)
WBV (0.7 s−1), (mPa s) 24.482 25.889 36.676 30.673 28.280

(25.537/32.173)
AI (2.4 s−1) 0.41 0.22 0.24 0.27 0.25 (0.23/0.30)
AI (0.7 s−1) 0.23 0.26 0.23 0.34 0.24 (0.23/0.28)
M0 3.5 7.4 8.8 8.2 7.8 (6.4/8.4)
M1 12.5 31 31 29.4 30.2 (25/31)
PV (mPa s) 2.04 1.87 1.85 1.86 1.865 (1.857/1.912)
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Fig. 1. Elongation indices (EI) of four elephants at different shear stresses: 2 = 0.3, 3 = 0.53, 4 = 0.95, 5 = 1.69, 6 = 3,
7 = 5.34, 8 = 9.48, 9 = 16.9, 10 = 30.08, 11 = 53.06 Pa in comparison to horse (dashed line). EI are low at low shear stress,
but increase continuously with increasing shear stress. EI from the elephants reach the values from horse, which is a species
with distinctive erythrocyte flexibility. Erythrocyte elongation is thus pronounced in Loxodonta africana.

4. Discussion

Since whole blood viscosity, plasma viscosity, and erythrocyte aggregation was enhanced in the ele-
phants, when compared to other mammals [29], blood fluidity may be diminished in these animals.
However, erythrocyte rigidity was decreased as well, which would counteract a decrease in fluidity.

Elephant is an interesting species because of the large red cell volume affecting aggregation phenom-
ena and capillary passage. In principal, erythrocytes with large cell volume have the ability to aggregate
because of a preferential volume to surface ratio, which enables their attachment to each other [8,10,
11]. In the elephants, erythrocyte aggregation was high compared to other mammals, but not higher
than in the horse, a species with “hyperaggregating” erythrocytes at medium cell size [29]. Compared
to horse, the elephant’s red cell volume is approximately threefold. Erythrocyte aggregation did not ex-
ceed the equine values, even at the presence of a high physiological plasma fibrinogen concentration,
which should accentuate red cell aggregation further. In the circulation, erythrocyte aggregation occurs
during low-flow circumstances when blood flow is decreased and tube diameter is big enough to re-
sult in low shear stress. The relevance of erythrocyte aggregation on peripheral blood flow is not fully
clear, although in most cases a compromising effect had been demonstrated [4,7,9,25]. If that is true, the
elephant profits from a lower erythrocyte aggregation as might be expected from his large volume.

The second impact of the large size of erythrocytes on the circulation concerns the terminal vessels.
Large erythrocytes should deform distinctively to be able to pass through capillaries, an effect which is
influenced by tether formation of red blood cell membranes [28]. Elongation tests showed high elonga-
tion indices for erythrocytes of elephants. These indices were comparable to horse, which is a species
with pronounced erythrocyte flexibility [26]. That means that the erythrocytes of the African elephant
should be flexible enough to squeeze through narrow tubes, an effect which is, however, not only af-
fected by geometric properties, but also by the impact of the cell’s inner viscosity, the fluidity of the cell
membrane, and the function of the cytoskeleton [3,17,21,22,24].

Plasma viscosity was high in healthy elephants and reached values observed at end-stage renal in-
sufficiency in other species [18]. Although remaining within physiological limits, the elephant’s plasma
fibrinogen and total protein concentrations exceeded the values from other mammals [6], which might
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be one reason for the increase in plasma viscosity. Another potential reason for an enhanced plasma
viscosity is severe lipid disorder, which reduces peripheral oxygen transport [20]. However, the plasma
cholesterin and triglyceride concentration was low in our elephants. Plasma viscosity elicits its impor-
tance mainly in terminal arterioles and in capillaries, because of the physiologically low hematocrit in
this region. Together with erythrocyte rigidity, it influences the degree of perfusion in the microvascula-
ture. Furthermore, plasma viscosity contributes to endothelial shear, which modulates the arterial diame-
ter through the release of endothelial vasoactive factors like nitric oxide, endothelin-1, or prostaglandin-
I2 [19,23] and affects arterial remodelling [16]. Considering the importance of plasma viscosity on the
regulation of vascular tone and resistance, the high value measured in healthy elephants seems remark-
able.

In conclusion, erythrocyte aggregation and plasma viscosity were high in African elephants, which
could be also documented by a pronounced whole blood viscosity as compared with other animal
species. The large volume of the erythrocytes, which might hinder peripheral perfusion, was associ-
ated with both, pronounced aggregation, and decreased rigidity of the cell. Due to evolutionary reasons,
the high cellular volume of the elephant’s erythrocyte seems to be compensated by its species-specific
fluidity to enable an adequate blood flow.
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