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SURMMARY

The blood volumes of 7 young nerthern elephant seals (Mirounga angus-
firaatrie) were analyzed by dilution of "[-labeled human serum albumin.

Microhematoorit values were alse determined,

Uzing these technigues, a

mean blood volume of 216 ml kg and a mean packed cell volume of 64
were determined for these diving mammals,

It has long been known that diving
animal: usually have greater blood vol-
umez than nondiving animalz, Berd® re-
ported that the blood volume was greater
in ducks than in hens. Bohr® reported
the Mood volumes of the puffin ( Mormon
fratercile)  and  the guillemot  (Oria
trofde) to be greater than those of non-
diving birds. Ridgway and Johnston,®t
using radicicdinated (**'1) human serum
albumin, reported Lhe blood volume of
the Dall porpoise {Phocosnoides dalli),
a pelagic deep-diving animal, (o he twice
that of the leas aclive, in-shore Atlantic
bottle-nosed  dolphin  (Tursiops  frun-
catus},  Harrizon and Tomlinson® re-
ported that the blood volume of the har-
bor seal (Phoeca vituling) is about 649
greater than that of man (11% of body
weight in harbor seals, using the Evans
blue methoed, compared with 79 in man).
Wasserman and Mackenzie™ reported
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valuez as high as 17.9% of body weight
in P. vituling, using ¥11-labelad human
serum albumin,  Scholander'® exsangii-
nated 2 young hooded seals (Cyvetophora
cristata) weighing 25 and 28 kg each
and collected blood equivalent to 9 to
10% of body weight. He pointed out,
however, that . . . in the case of seals,
due to their enormous system of veins,”
the technique probably accounted for no
mcre than 75% of the total volume,
Harrizon and Tomlineon™ surveved
the anatomic and physiologic features
in aguatic and amphibious mammals
that might be associated with prolonged
submersion on deep diving, They con-
cluded thal the presence and relative
development of the caval sphincter, he-
patic sinug, retia (or venous plexuses,
particularly in the thorax), and extra-
dural intravertahral veing were significant
fealures relative to diving capability of
the species examined. The authors
found such adaptations most prominent
it the elephant seal (Mirounpga leoninag)
and in the Ross scal (Ommatophoca
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rosst ). Blood wolumes in the southern
clephant seal (M, leonine) were deter-
mined by exsapguination to vary from
11% of body weight in the newborn {o
16% in the adult and, in 1 adalt female
to he 207 ml/ kg as determined by
Welcker's method ' Elsner ef ol® res
ported the blood volume of 2 northem
elephant seal by the direct exsanpguing-
tion amd oxyeen capacity method o be
129 of hody weight.

The elephant =esl 15 known to spend
as much az 40 minules submerged™ and
to dive as deep as 183 meters,’” making
it one of the most prolonged divers
among 2ealz and sea hons, The purpose
of the present investigation was to de-
termine the Dlood volume in the northern
elephant seal (M. ongustirostriz) by a
method that cen be accurate to 25,7

bdaterials and Methads

Soven northern clephant seals were used.
On the hosis of size and weight, the seals
woere estimated fo be botweesn & months
and 3 vears ofd, An injection of 10 pOi of
radiniodinated 07D human serum albu-
min® in & 1-ml volume was made inte the
right extrodural vein Clying lateral to the
spinal cond™ of each seal. Ten minutbes
after the isotope was adminislered, a 10-
ml, sample of blood was collected from the
left extradural vein for eounting and pooked
cell volume delerminations. The average
count of two A-ml portions was used in the
blood wolume enleulntions,

i Abbabt Labormipories, Merth Chimga, 10,
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A ghandard  dilution was propared Ty
bringing o 1-aml, amounl of the injection
solution to a 2000-ml. volume with 1%
cnlf sernm o isobonie socdiam chlornde s
The serum was added to prevent denatursa-
tion of the albumin. A 4-ml sample of
blood from each seal and the atandard
were counted in a 7.46- by T.6-cm. sodium
isdlicde well-creslal with a single channel
pulse height analyzer.”

Gleood samples woere collected from 1 seal
(Mo 3) at 10, 20, 30, 9, and 240 min-
utes after injection and were counted,  An
vans blue® dyve dilubion Blood volume de-
termination was alse performed on seal
Mo, 3 Five milliliters of o I::I,ﬁ'_.’-;;. FES (TEEINES
solution was injected. Injection and aam-
plings technigues were the same ps for the
radioisotope method,  Samples were ol-
lected 10 and 30 minutes after injection.
Phesl o=t ric |II]|1]}'$i5§ was o made on ool
orimeter.”

Results

Caleulated hlood wolumes and micro-
hematocrits for the 7 elephant seals are
cshown (Table 1), Eleven determina-
ticns with radicactive iodinated buman
blood serum albumin vielded a mean
Mlowd wologme of 2160 ml ke =281
ml/kg. for these seals, The mean packed
cell volume was 63,5%.

The clata from the hlood wolume de-
toerminations with Evans blue {zeal Meoa,

B Baind Alamis, Tnn, Cambridgn, Rama,
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3) are also shown (Table 1). The sam-
ples collected 10 and 30 minutes affer
injection wera identical in optical den-
sity.

The level of radicactivity in the klood
of elephant seal M.a. 3 after it was
injected with labeled human serum al-
bumin is shown (Fig. 1), The measure-
ment at the 30th minute postinjection
was decreased only 2.7% from that af
the 10th minate, This seal bad been given
human serum albumin on 3 previous oc-
casions for blood volume determinations
(Table 1). If an immune reaction ex-
isbed, the rote of disappesrance of the
radioactive iodinated human blood  ze-
rum would be greater than the rémowal
rate when o szeal 15 first exposed to this
foreign protein,

Discussian

It is possible that the use of radio-
petive lodinated buman serum albumin
for blood wolume determinabions in spe-
cies other than man can vield erroneous
data due to itz rapid remowval by the
reticuloendothelial syatemy of the ani-
mal, Rezultzs of monitoring the blood
of an elephant seal for 4 hours indicated
that the disappearance rate of radioac-
Live iodinated human blood serum albu-
min i3 lesa than 1% /10 munutes. This
rate 15 certminly wilhin accepiable lim-
itz far determinations of blood volume
by radioisotope dilution. The similar
activity of the 10-, 20-, and 30-minute
samples demonstrates that a 10-minute
mixing time i5 suficient for thorough
dilution. Resultz uzing Evans blue dye
diluticnn that have a close correlation
with the labeled albumin wvalues also
demonstrate thal immunologic factors
were not significant in the present stud-
igs. Together, these rezults demonstrate
that labeled human albumin can be used
ag an accurate measure of blood volume
in the elephant seal

In a variety of mammals, there seems
to e a correlation between blood volume
and the natural bebavior and environ-
ment of the animal . {ne mayv assume
that blood wolume is directly related to
phyvziolozic demand.

August, 1970

Fig. l==Dccrease of radicactivity in the bBlood of

of elepghant seal (8Moa. 1) after iF was Injected
with  radicective dinated human  bloosd  serum
Albumin

Blood wolume determinations by the
wze of 1l-dabeled albumin have con-
sistently vielded greater values Lhan ex-
sanguination technigues. Two possible
explanations cxist [or these differonces.
The first possibility is that the #1].]a-
beled albumin fechnique 15 measuring
something move than blood volume in
Lhese marine mammals. Results of the
present  experitmoents  with  radioactive
icdimated serum albumin dizappearance
rate and Evans blue dye blood wolume
determinations have demonsteabed (hat
thi= 1= not the case. The second, and
moeat likely, possibility is thal Scho-
lander™ was correct in his estimation
that the exsanguinsbion fechnigue ac-
counts for only about 75% of the total
blood wolume in seals. Therefore, the
blood wolumes of the seals of Bryden
and Lim* (169 of body weight by ex-
sampuination) when corrected for blood
remaining i the zeal were wery similar
to those in the present study.

Seemingly, both the southern and
northern elephant seals have mean blood
volumes representing 205 or more of
body weight., On the basis of available
evidence, the elephant seal has the high-
eat reported blood solume of any mam-
mal.
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