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DIFFERENCES IN THE COMPOSITION OF VENOUS AND
CARDIAC BLOOD FROM WHITE-CROWNED SPARROWS

MICHAEL D. KERN
AND

WILLIAM A. pE GRAW

We have examined the blood composition of
White-crowned Sparrows (Zonotrichia leuco-
phrys) for several years. In the process, we
frequently measured the composition of ve-
nous and cardiac samples from the same birds.
Some relationships between the composition
of the two have come to light and are po-
tentially useful to avian biologists. These per-
tain specifically to plasma-free (nonesterified)
cholesterol and total calcium levels, and to
the packed cell volume (hematocrit) of the
blood.

Mammalian physiologists have collected in-
formation about arteriovenous (AV) differ-
ences in blood for many years (see Dittmer
1961:169-176). Avian physiologists have ap-
parently done less work in this area (e.g. Sykes
1960, Cohen 1969). On the whole, little com-
parative information is available concerning
the composition of avian blood in different
parts of the body, and virtually no literature
appears to exist for small passerines. Even
among larger birds, reports are limited to such
measurements as differences between the
“whole body” and venous hematocrits of the
Pintail (Anas acuta; Cohen 1969); or calcium
uptake by the shell gland of domestic fowl
(Gallus domesticus) determined by means of
AV differences in this cation (Winget et al.
1958, Hunsaker and Sturkie 1961). We have
been unable to find reports of AV differences
in the plasma cholesterol of birds.

Arteriovenous, or more correctly cardio-
venous, differences can be important if they
are predictable, because they then permit di-
rect comparisons to be made between blood
studies in which samples have been collected
at different sites. In small songbirds, there are
three such sites: the heart (Utter et al. 1971,
de Graw 1972, Temple 1974); the brachial ar-
tery or vein (Follett et al. 1974, 1975, Wing-
field and Farner 1976); and the point at which
the vena tibialis postica passes over the inter-
tarsal joint of the leg (Kern et al. 1972).

MATERIALS AND METHODS

We measured the blood composition of female White-
crowned Sparrows (Z. l. gambelii) captured in mist
nets near Pullman, Washington, and held in large
outdoor aviaries at Washington State University

under natural conditions of temperature and photo-
period. Females, as determined by laparotomy
(Bailey 1953), were selected randomly from this
captive group for use in our experiments. All of them
were photosensitive. The experiments have been
presented in detail in a previous paper concerning
temporal changes in blood composition (Kern et al.
1972) and will be outlined here only briefly.

Birds were held by pairs indoors in small cages
(23 X 36 X 28 cm) under controlled photoperiods
(LD 8:16 or 16:8) and ambient temperatures (21—
25°C). Groups of at least six sparrows were given
intramuscular injections of estradiol, testosterone,
progesterone, or cottonseed oil for 12-15 days and
sacrificed three days later.

On the day of sacrifice, a blood sample (ca. 100 ul
total volume) was collected from the vena tibialis
postica of each sparrow in two heparinized micro-
hematocrit tubes (Clay-Adams, Parsippany, N.J.).
These were heat-sealed at one end and put aside
while a larger sample of blood (1.0-2.0 ml total vol-
ume) was removed from the bird’s heart. Cardiac
samples were collected in a siliconized 2.0-ml syringe
fitted with a 1.5-inch, 20-gauge hypodermic needle.
Syringe and needle were rinsed with 1% heparin
(California Corporation for Biochemical Research,
100 U/mg) in 0.9% NaCl and drained briefly before
use. The volume of heparinized saline retained in the
needle-syringe unit is less than 0.041 ml and for a
blood sample of 1.0-1.5 ml causes an error smaller
than one hematocrit unit (1% de Graw 1972). On
the basis of color, the majority of cardiac samples
came from the right ventricle (mixed venous blood).
However, we did not control for this and have as-
sumed that little change occurs in blood cholesterol,
calcium, and hematocrit during circulation of blood
through the pulmonary circuit. The fact that there
were consistent differences between shank and car-
diac blood, whether the latter came from the left or
right side of the heart, appears to confirm this as-
sumption.

Blood was quickly withdrawn from the heart and
transferred to a dry, heparinized centrifuge tube.
A sample of it was immediately taken up in a third
microhematocrit tube, which was heat-sealed at one
end. All three microsamples were then centrifuged
at 5130 g for 10 min, a period adequate for com-
plete packing of the erythrocytes (de Graw 1972).
The hematocrit of each tube was subsequently de-
termined with a microhematocrit tube reader. The
plasma in each tube was then separated off and
chemically analyzed. Nonesterified (free) cholesterol
in the plasma was measured with a miniaturized ver-
sion of the Searcy-Bergquist method (1960) and to-
tal calcium by flame photometry (Perkin-Elmer
Atomic Absorption Spectrophotometer, Model 303).

Least squares analyses were done on each blood
parameter in order to determine if venous and car-
diac values were related. Student’s i-tests were per-
formed to determine the statistical significance of
these relationships (Snedecor 1956).

[230]



231

DIFFERENCES IN VENOUS AND CARDIAC BLOOD

LS 99 44 Ly yoL's 68’ S 769 seL 96'99 9968 <19 €29
Qq 79 1574 Ly L0V Ve9v or9’ 61L 0¢'1L qev8 Q0's 609
€9 €9 (44 9% Q0¥'S SIT'¥V 099 00L €1'69 L8°08 €Ty 909
144 19 154 414 SI8¢ av6'e QoL 889" £6'89 0g'LL [ 709
t4s 19 1474 474 899G 1¥L'3 8L CLY’ £v'0s ¢G99 ¢6'S %6'S
(4 19 6¢ 474 QLL 1ev'T 218’ L99° 00°¢s 0929 8¥'Q LLS
|8¥ 89 oy 54 0¢6° SIE'T 699" €89’ L9°TF GC'LY 91'S %9'S
4 8S 1¢ 574 SLO'T 8031 eLS ¥29 £8'Cy ¥6'9% Qv 1¢°S
Ly LS 6¢ t44 066" 96T°'T 61L 119 GG LS 90°¢cy 897 ¥1'S
44 9¢g LE 44 866 T10°'T 299 L09° CL'6E £8°0% ev's 00's
1S <eq €8 14 iz°) G66° 89 009 00938 96'6¢ (34 06'%
474 ag Qe o¥ q86° 1823 197 €68 £8'¢e 90'8¢ €8’y €87
(4] 2% I¢ 6¢ 906" L16 29y 689" 9F'8G 69°'LY LV'S 6LV
6v €9 143 8¢ L8 906" 69¢ 09¢’ 18'6% BO¥E ¥0'S 9%
Ly €9 ¥e 8¢ 8L £88° QoL 659 ¥6°'1¢ £eee ic 2% ocy
87 149 1€ 9¢€ €LY 1.8 99" £eg 29’8 ya1e Q0'y 484
i 149 0¢ Gt 906" 198" (4l L6S’ G6'1% 80'8% 90'v 8¢
14 IS 8¢ <qe SLL Lys 4474 e1g 0003 ¥¥ve 16°¢ ecy
o Is 0% ¥ [as:3 £es” 90% 00s’ 92'S 698 16'¢ or'y
154 09 (43 £e [sjei0h 9%8" SLy €67’ LV'9 88°L ¥iI'v 90'v
(V4 0g 8% £ 9gL 908" 1€¢° Ry Sy L £€8°L Ty L6°€
44 6¥ 0g 143 LOL G6L 484 L9V Q9'q 19°L 0y £6'C
1574 6% L3 (4% L08° 88L° 90¢ £er’ 9¢'9 63°L 8S'v B6'C
sy 87 e 0¢ 769 LOL 00% qQey’ 86'G %89 %y qL'e
374 14 9¢ 8% 799’ |GL 08g” L0%" ¥1'9 09'9 or7'e L9°¢
Meay Jyueys o Nueysg el Jueyg JeaHq Jyueyg Mesy Jueyg Meayg Jueysg
(%) (quu/Bur) (1/bgu )

JLIDOYRUd Y

[0I91$9[0YO 931] BWISE[]

WnNoEed €10} BWSE[

-ur jo mOOQ hww.zwﬁ ® Jo ®>wuduﬂww®hgwh 91t Sanfea jo sired .m?wo.ﬂ.&&m PRUMOID-IYA [enPIAIPUI JO JeIY 9} pue Jueys oy} woljy wwﬁgamm ._wgm.m—& jo QO.EmmOQEM.OU

‘poseq a1 1aded siy3 Jo 3xo} 2y} ul pejussaid suonenbo Yorym uo uUoREWLIO]

T dTdVL



232

70.0 !;

MICHAEL D. KERN anp WILLIAM A. pE GRAW

-

~

o

uw

€ 600

’—

o

<

W soof

Z

§ 400 | o

3 Y= 0.754 +0.801 X
<{

o o

300 | d

= O

5 o o

_‘_‘l o @

a 200 o

—
(=4
6
=~ 100 |

/ 1 1 " 1 1 | " 1 1 1 1 1 1 1 L 1 1 I il |
10.0 20.0 30.0 400 500 60.0 70.0 800 90.0 1000

TOTAL PLASMA CALCIUM IN SHANK (mEq/L)

FIGURE 1.

The relationship between the total plasma calcium content of blood from the shank and the

heart is linear in female White-crowned Sparrows (Zonotrichia leucophrys gambelii), and described by the
equation which appears in the figure. The correlation coefficient (r) for this line is 0.990. Open circles are
representative values from among the 107 on which the regression line is based.

RESULTS

We found statistically significant linear rela-
tionships between the composition of blood in
the shank and heart (Table 1). The relation-
ship shown in Figure 1 between the calcium
concentration of blood in the leg and heart is
representative.

The hematocrit of blood from the shank was
consistently higher than that of cardiac blood
throughout the normal range of hematocrits
for this species (Table 2; also see Kern 1970,
de Graw 1972) and even in cases where estro-
gen severely depressed the hematocrit (as low
as 33.8%). The relationship is linear (the cor-
relation coefficient, r, is 0.885; n =111 spar-
rows), statistically significant (P < 0.001),
and described by the equation

Y =1.899 + 0.828 X (1)

in which X and Y are the shank and cardiac
hematocrits (in %), respectively.

Similarly, the total calcium content of ve-
nous blood from the shank generally exceeds
the calcium content of cardiac blood unless

the calcium level is below 3.79 mEq/L (Table
1 and Fig. 1). The relationship is linear (r =
0.990; n =107 sparrows) and applicable to
calcium values normally found in captive and
free-living White-crowned Sparrows (Table
2), as well as the extreme hypercalcemia (ap-
proaching 80.00 mEq/L) induced by estrogen.
The relationship is statistically significant (P
< 0.001) and can be described by the equation

Y =0.754+ 0.801 X (2)

in which X and Y are the total calcium con-
centrations (in mEq/L) of shank and cardiac
blood plasma, respectively.

The free cholesterol levels of shank and car-
diac samples are also linearly related (r=
0.968; n =81 sparrows). The relationship is
again significant (P < 0.001) and can be ex-
pressed mathematically by the equation

Y =-0.074 + 1.045 X (3)

in which X and Y are the free cholesterol
values (in mg/ml) of shank and cardiac
plasma, respectively. The equation is applica-
ble to the entire range of cholesterol levels



DIFFERENCES IN VENOUS AND CARDIAC BLOOD

TABLE 2.
living White-crowned Sparrows.
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Normal values of calcium, cholesterol, and hematocrit for the cardiac blood of captive and free-

Captive sparrows

Free-living sparrows

Blood variable X *=SEM n

Range

X +=SEM n Range

Plasma total
calcium
(mEq/L plasma)

4.43 = 0.05 (215)

Plasma free
cholesterol
{mg/ml plasma)

0.964 = 0.022  (205)

Hematocrit
(% total blood

volume)

474 =03 (205)

2.50-6.20

0.212-1.955

25-59

4.30 = 0.08 (267) 1.38-18.95

0671 =0.012 (224) 0.181-1.322*

47.0 0.3 (249) 24-58

a Cholesterol levels of egg-laying females have not been measured and may lie above this range.

normally found in captive and free-living
White-crowned Sparrows (Table 2), as well
as the extreme hypercholesteremia (up to
5.656 mg/ml plasma) caused by exogenous
estrogen.

DISCUSSION

These cardiovenous relationships have some
interesting and perhaps physiologically impor-
tant implications. According to the equations,
there are points at which the hematocrit, calci-
um, or cholesterol values of shank and cardiac
blood are equal. For hematocrit and calcium,
these equivalence points are 11% and 3.79
mEq/L, respectively. Values as low as this oc-
cur rarely, if ever, in Zonotrichia (Table 2) or
any other bird. We therefore conclude that
hematocrit and plasma total calcium are nor-
mally higher in the shank than in the heart.

On the other hand, the relationship for free
cholesterol is more complex since the equiv-
alence point is 1.644 mg/ml plasma. Choles-
terol is higher at heart level above this point,
but higher in the shank below this point.
Plasma cholesterol does not reach the equiv-
alence point in free-living White-crowned
Sparrows (Table 2). In other words, less
cholesterol is generally present in cardiac
blood than in blood from the shank. However,
the plasma cholesterol of captive sparrows is
frequently above the equivalence point (Table
2) and in these birds cardiac values may ex-
ceed or fall below shank values.

We do not know why these differences exist
at present. Perhaps they reflect differences
in plasma volume at the two locations. Such
differences would produce corresponding dif-
ferences in the concentration of cholesterol-
containing lipoproteins and erythrocyte vol-
ume between the same sites. However, such
an explanation is less likely to account for
differences in electrolyte distribution, since

cations such as calcium move freely across the
vascular wall in the plasma water.

The hematocrit and calcium content of
venous blood in the shank may be high be-
cause calcium and erythrocytes enter the
blood as it passes through the red bone mar-
row in the tarsometatarsus, immediately be-
low our sampling site. Blood levels of choles-
terol may be high at the level of the heart
because the liver adds cholesterol-containing
plasma proteins to blood in the hepatic vein
(Ranney and Chaikoff 1951). However, we
have no ready explanation for the disappear-
ance of cholesterol en route to or in the lower
leg.

The design of our experiments made it nec-
essary to always sample shank blood before
doing cardiac puncture. The systematic na-
ture of the sampling method may be respon-
sible for some of the observed differences de-
scribed above, but cannot account for all of
them. The fact that there are equivalence
points for all three blood components argues
against a sampling effect of this nature, as
does the fact that cardiac values are not al-
ways above (or below) shank values (Table
1). Furthermore, the volume of blood re-
moved from the leg is too small to introduce
a significant change in blood composition or
to explain the observed differences in hemato-
crit. The blood volume of birds is 5-13% of
the body weight (Freeman 1971, Jones and
Johansen 1972, Sturkie 1976). For White-
crowned Sparrows with an average body
weight of ca. 25 g, blood volume is according-
ly 1.25-3.25 ml. Using heart puncture, we
routinely obtain 1.0-2.0 ml of blood and oc-
casionally as much as 2.5 ml. Even if we as-
sume that the total blood volume is as small
as 1.25 ml, the blood removed from the shank
is only 8% of the total (3% if total blood vol-
ume is 3.25 m!). This volume is not likely to
reduce blood calcium levels, given this ion’s
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mobility in the extracellular fluid compart-
ments of the body and, if anything, would al-
ways reduce, rather than elevate, cardiac
cholesterol levels. However, the removal of
this much blood could reduce the hematocrit
by 2-4 units, depending on whether blood
volume is assumed to be 1.25 or 3.25 ml
Nonetheless, equation (1) predicts an he-
matocrit of 54.5% in the shank when cardiac he-
matocrit is 47% (the yearly average for White-
crowned Sparrows—see Table 2), a difference
of 7.5 units, or roughly double the difference
attributable to the method of sampling.

This project was supported by funds from a
Training Grant (GM 01276) awarded to the
Department of Zoology, Washington State
University, Pullman, by the National Institute
of General Medical Sciences.

LITERATURE CITED

Bamey, R. E. 1953. Surgery for sexing and ob-
serving gonad condition in birds. Auk 70:497-
499.

Cormen, R. R. 1969. Total and relative erythro-
cyte levels of Pintail ducks (Anas acuta) in
chronic decompression hypoxia. Physiol. Zool.
42:108-119.

DE Graw, W. A. 1972, Seasonal variation in plasma
lipid concentrations and the control of adaptive
lipogenesis in White-crowned Sparrows, Zono-
trichia leucophrys gambelii. Ph.D. diss., Wash-
ington State Univ., Pullman.

DirrMeg, D. S. [ed.]. 1961. Blood and other body
fluids. Fed. Am. Soc. Exp. Biol.,, Washington,
D.C.

Foriert, B. K., D. S. FARNER, AND P. W. MATTOCKS,
Jr. 1975. Luteinizing hormone in the plasma
of White-crowned Sparrows, Zonotrichia leuco-
phrys gambelii, during artificial photostimula-
tion. Gen. Comp. Endocrinol. 26:126-134.

ForrerT, B. K., P. W. MaTtTtocks, Jr., aND D. S. Far-
NER. 1974, Circadian function in the photo-
periodic induction of gonadotropin secretion in
the White-crowned Sparrow, Zonotrichia leuco-
phrys gambelii. Proc. Natl. Acad. Sci. 71:1666—
1669.

Freeman, B. M. 1971. The corpuscles and the
physical characteristics of blood, p. 841-852. In
D. J. Bell and B. M. Freeman [eds.], Physiology

MICHAEL D. KERN anp WILLIAM A. b GRAW

and biochemistry of the domestic fowl. Vol. 2.
Academic Press, New York.

Hunsaker, W. G., anp P. D. Sturxie. 1961. Re-
moval of calcium from uterine blood during shell
formation in the chicken. Poult. Sci. 40:1348-
1352.

Jones, D. R., anp K. Jouansen. 1972. The blood
vascular system of birds, p. 157-285. In D. S.
Farner and J. R. King [eds.], Avian biology.
Vol. 2. Academic Press, New York.

Kean, M. D. 1970. Annual and steroid-induced
changes in the reproductive system of the female
White-crowned Sparrow, Zonotrichia leucophrys
gambelii. Ph.D. diss., Washington State Univ.,
Pullman.

Kery, M. D., W. A. pE Graw, axp J. R. Kinc,  1972.
Effects of gonadal hormones on the blood com-

position of White-crowned Sparrows. Gen.
Comp. Endocrinol. 18:43-53.
RanNey, R. E., anp I. L. Cuaworr. 1951. Effect

of functional hepatectomy upon estrogen-induced
lipemia in the fowl. Am. J. Physiol. 165:600-
603.

Searcy, R. L., anp L. M. BercQuist. 1960. A new
color reaction for the quantitation of serum
cholesterol. Clin. Chim. Acta 5:192-199,

SNEDECOR, G. W. 1956. Statistical methods applied
to experiments in agriculture and biology. 5th ed.
Iowa State Univ. Press, Ames.

Sturkig, P. D. [ed.]. 1976. Avian physiology. 3rd
ed. Springer-Verlag, New York.

Sykes, A. H. 1960. A note on the determination of
oxygen in the blood of the fowl. Poult. Sci. 39:
16-17.

TEMPLE, S. A. 1974, Plasma testosterone titers dur-
ing the annual reproductive cycle of Starlings
(Sturnus vulgaris). Gen. Comp. Endocrinol. 22:
470-479.

UTTER, J. M., E. A. LEFEBVEE, AND ]J. S. GREENLAW.
1971. A technique for sampling blood from
small passerines. Auk 88:169-171.

Wincer, C. M., A, H. SMmrra, axnp G. N. Hoover.
1958. Arterio-venous differences in plasma cal-
cium concentration in the shell gland of the

laying hen during shell formation. Poult. Sci.
37:1325-1328.
WinGFIELD, J. C., aND D. S. FARNER. 1976. Avian

endocrinology—field investigations and methods.
Condor 78:570-573.

Department of Biology, The College of Wooster,
Wooster, Ohio 44691. Address of second author: De-
partment of Biology, The University of Nebraska at
Omaha, P. O. Box 688, Omaha, Nebraska 68101.
Accepted for publication 9 October 1977.



