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INTRODUCTION

This laboratory has shown (Eaton, et aL, 1977) that the hearts of several
species of seals of diverse ages and both sexes are essentially free ofa type of
myocardial lesion ascribed to docosenoic acid (22:1) in the diet of animals,
especially. rats (Christophersen et al., 1976). As part of a continuing study of
the relationship between diet, depot fat and cardiac triglycerides in various
animals, we have compared selected fatty acids of the blubber.(depot) fat and
cardiac triglycerides in a number ofgrey seals (Halichoerus grypus) collected
on Sable Island in January of 1974.

EXPERIMENTAL

Six dam-pup pairs were collected. Length, girth, sex and blubber thickness
over the sternum were observed in the field (Table 1). Hearts were excised and
transferred to Halifax. Blubber sections were collccted from the mid-dorsal
region and were also studied for organochlorine residues (Addison and Brodie,
1977)~ The total lipid recovered from the tissues by OIC13-MeOH extraction was
recorded (Table 1). The triglyceride fraction of the cardiac lipid wasisolated.
and determined gravimetrically with a polystyrene-divinylbenzene gel column'
(Sipos and Ackman, 1968). Fatty acid methyl esters analyses by gas-liquid
chromatography (Tables 2 and 3) followed procedurcs published earlier (Ackm~

et al., 1972, 1974).

RESULTS

Blubber

Seal milk is notoriously rich in fat (> 50%) and therefore fat transfer
from dam to pup is a very rapid process (Jangaard and Ke, 1968; Ackman et ale
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1972; . Addison. and Brodie, 1977). The pups apparent1y show increases in b1ubber
thickness and .in b1ubber fat content for stages 1 through 3, ünd the dams may
show a corresponding reduction in b1ubber thickness a1though not in b1ubber fat
content (Tab1e 1).
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. , The' se~ pups have more saturated acids in the b1ubber than da their' dams,
(Table 2) averaging 22.0% versus l6~1%~ ,The proportions of 16:1, possibly derived

~ in part.from.16:0 in .the pup (Ackman et al., 1972), are also higher in the pup
b1ubber than in the dam blubber (averaging 20.1%,versus 15.9%) arid the difference
is probably more extreme ,in stage 1 than ·later. The 18:1 is not as consistent,
with more in the b1ubber of pups than of dams in stages 1 and 3, the reverse
generally is found in the stage 2 pups~ hut differences eire modest.
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oVerall the percentages of saturated acids in the cardiac triglyceride
(Tab1e 3) are variable, ranging from 15.6% to 33.1%, but the averages of
totals for pups (22.5%) and dams (23.2%) are very simi1ar. ,Possib1y there is
a trend from lower 16:0 in the pup than in the dam at stage 1 to more 16:0
in the pup at stage 3; •

The 1atter relationship is quite apparent with the 16:1 which can be
either derived from 16:0 in the pup, or mOre probahly is preferentially
transferred with the milk~ The percentage of 16:1 is twice as high in
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; stage 3 pups than in dams, whereas in stage 1 the converse relationship is
observed although the difference is less marked.

. The 18:1 may a1sofollow this relationship in the cardiac lipid tri-
glyceride and,it must be noted that a substantia1 portion ca 25% (unpublished
data) of total 18:1 is the cis-vaccenic isomer '18:lw7.accompanying ,the more
common l8:1w9 or oleic acid. The l8:1w7 is necessarily derived from 16:lw7.
Totals for 16:1 + 18:1 (not shown) proceed from dam >pup to dam« pup in a
systematic way with stage of development. The 20:1, like the 18:1 shows a.. .,.'
trend from similar levels in the pup and dam cardiac triglycerides at stage
1, to dam levels twice those of the pup at stage 3. A siIDilar, although
more pronounced relationship is evident for 22:1. Total monoethylenic
acids are consistent throughout with dam > pup in all sampIes of cardiac

·triglyceride.

•
The po1yunsaturated acids of the cardiac trigiyceride differ from the

respective blUbber lipids in overall composition~ In contrast to the blubber
the total of these acids and hence the ca1cu1ated iodine va1ues'are slight1y
higher for the pups than for dams. However, tliere is adefinite difference
for botli pups änd dams of less,20:5w3 relative to 22:5w3 and 22:6w3,in the
cardiac than in the b1ubber triglyceride. The 1atter tWo acids do not differ
ve1:y' systematlcallY in the cardiac triglyceride from either dam or pup b1ubber
levels, but there is an exclusion,with stage of development,of 20:5w3 (arid
probably of tlie re1ated minor components l8:4~3 and 20:%3) in the dams which
must reflect selective transfer of 20:5w3 to the pups. The observation of
percentages of 20: 4w6 in the pup cardiac triglyceride being greater than
those in the dam, is however parallel to the observation in the blubbers.·

DISCUSSION

The conclusions of principal interest in these comparisons of triglyceride
of blUbber and cardiac tissue, and of dam and pup, are 'that although the
total monoethylenic acids in the pup cardiac triglyceride are approximately
the same as in' the corresponding blubber, there i5 4 to 5 times as much' 22: 1
in the cardiac triglyceride. It cannot therefore be argued that the grey
seal pup myocardium is not exposed to the 22: 1, which is the presumed cause
of myocardial lesions in rats. The triglycerides of the hearts of the dams
also are of interest since the average percentage of 22:1 rises sharp1y

• during lactation, stage 1 (3.6%) through stage 2 (6.0%) to stage 3 (11.4%).
It is believed that this lipid should reflect circulating fatty acids so,
that during the mirsing period the mobilization of, depot fat in the dam must
result in a selective transfer of certain fatty acids (e.g. 16:0, 16:1) but

... not of others (e.g. 20:1, 22:1) through the milk 1:.0 thepup., Hilk analyses
~arried out by Jangaard and Ke (1968) tend to confirm this in harp and
hooded (Cystophora cristata) seals. The particu1ar fatty acids in the
circulating b100d lipids of the dam should rapid1y influence the fatty
acids (Table 3) of the small amount of triglyceride in the myocardial
lipid but the corresponding cbanges in tbe mucb larger mass of the •
blubber(depot) fat would be difficult to detect during this period of
rapid'fat depletion for energy and milk fat production.
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It is also of interest to consider, from the the fatty acid trends,
that the turnover of cardiac triglyceride is quite rapid in pups and
also in dams. .Trere is little or no data of this type for other animals
of cornparable size. One study on rat heart lipids showed very rapid'
response to variations in'dietary fat status (Phuc-Canh Quan and Le
Breton, 1974). Others have shoWn rapid adaption to high 22:1 diets
with elimination,of transient lipidosis (Beare-Rogers et al., 1971).
The myocardium of the grey seal eVidently can cope with naturally
fluctuating levels of 22:1 from birth without eventual development of
the necrotic lesions which the rat and someother species develop .
when exposed to 22:1. Since primates fed 22:1 at ~igh levels in high
fat diets also do not develop anexcess of lesions ovar those found
in control groups also fed high fat,low 22:1 diets (Ackman and Loew,
1977; Loew et al., 1977), the seal offers an interesting comparison
for·further study of the question of whether the convincing adverse
effects of high levels of 22:1 on the'rat myocardium (Beare-Rogers
et al., 1972; .Teige and Beare-Rogers, 1973) can be extrapolatcd to
other.species, including man.' ,
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TABLE 2.

SEAL PAIRS-. - - .. . - - -_ ..._--. .' _._~.- .._- .
'da

-,' .... ---- ,....-. .,'.-- .. , ..'

Fatty Ac~ 1 2 5 6 3 4
(w/w %) Dam . ·.PUP .. .·Dam ., :·.~~::PuP:- ...;I> li:Dam::..: Pup' ',.'". Dam'.,.:. PUP Dam PUP Dam Pup

14:0 3.9 4.4 4.9 5.7 5.0 5.4 4.5 4.4 5.0 4.2 3.9 5.6
16:0 7.5 1Q.7 11.4 17.5 7.2 9.9 6.8 15.9 9.7 11.0 6.2 13.7
18:0 1.2 1.3 1.8 1.4 0.9 LI 0.8 1.4 1.5 1.2 1.1 1.5

Total Sat. 15.5 20.6 20.8 26.5 15.5 19.0 13.7 24.0 18.4 18.9 12.7 22.9

16:1 13.0 18.1 14.4 23.8 15.3 18.7 18.8 19.2 17.2 20.7 16.5 20.3
18:1 29.4 32.5 21. 7 27.3 34.1 31. 7 32.9 29.7 20.7 30.4 22.6 26.9
20:1 8.4 4.2 11.2 4.0 10.0 7.1 7.0 4.9 13.3 5.1 10~3 8.6
22:1 1.5 0.4 4.2 0.8 1.8 0.9 1.1 0.5 4.5 0.5 2.6 1.3

Total Mono. 55.0 56.6 52.9 58.2 63.0 60.2 62.0 55.5 57.2 58.5 54.1 59.1

18: 2 LJ5 1.2 1.0 1.4 1.0 1.3 1.1 1.3 1.1 1.2 0.9 1.4 1.2
18: 3w3 0.7 0.3 0.4 0.3 0.6 0.5 0.3 0.2 0.5 0.4 0.5 0.3
18:4w3 0.9 0.6 1.5 0.8 0.8 1.1 0.5 0.6 1.3 0.8 1.1 1.1
20: 4u6 0.4 0.8 0.4 0.8 0.4 0.6 0.4 0.4 0.3 0.9 0.3 0.5
20: 4 w3 0.7 0.5 0.5 0.3 0.6 0.4 0.3 0.2 0.3 0.4 0.5 0.3
20:5w3 7.0 6.6 5.1 2.9 4.7 4.9 4.8 4.3 6.2 5.7 7.0 4.1
22:5 w3 5.2 3.8 3.6 2.5 3.9 2.8 , 4.1 .3.1 4.2 4.1 6.1 2.8
22:6w3 11.9 7.7 11.6 5.4 9.0 8.0 12.1 10.0 8.7 7.4 14.5 6.1

Total Poly. 29.5 22~8J 26.3 15.3 21.5 20.8 24.3 20.5 24.4 22.6 33.2 18.0

Ca1c. I. V. 163 137 147 109 138 132 151 130 143 138 178 120

, a
, Total saturated, monoethy1enic and polyethy1enic fatty acids include minor acids not listed.
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, "SEAL PAIRS

Fatty Acida 1 • 2 5 6 ,3 4

(w/w %) Dam Pup Dam Pup Dam Pup Dam Pup Dam I Pup Dam Pup

14:0 3.6 2.2 5.1 3.3 4.1 2.8 3.5 2.9 3.2 3.7 2.2 3.5
16:0 11.4 10.5 16.1 16.7 10.9 13.8 19.1 13.7 11.9 14.1 8.3 12.7
18:0 4.5 5.0 4.5 4.2

"

2.4 5.3 J.8 2.4 8.0 2.8 3.5 3.7 I

I

~

Total Sat. 19.4 20.2 27.9 26.5 19.8 23.3 33.1 22.1 19.3 24.9 15.6 22.1

16:1 10.4 7.6 13.6 11.8 10.4 6.3 7.8 8.0 8.6 13.1 5.0 12.0
18:1 33.0 32.6 24.8 26.0 29.1 29.6 26.0 27.3 23.9 30.0 19.0 23.6
20:1 10.3 11.4 9.8 9.5 14.7 15.7 ' 14.5 12.'7 ' 19.3 . 10.6 29.7 15.4
22:1 2.8 2.1 4.4 3.0 6.1 3.9 5.8 2.9 10.2 2.3 12.6 4.6'

Total Mono. 57.5 54.8 53.9 51.4 61.0 55.8 54.7 51.2 63.0 57.3 66.8 ' 57.2

18:2w6 1.8 2.0 1.9 1.9 1.5 1.8 1.7 2.5 1.7 1.5 1.8 2.1
18:3w3 0.6 0.3 0.6 0.3 0.4 0.2 0.2 0.2 0.3 0.2 0.3 0.3
18:4w3 0.5 0.3 0.6 0.4 0.5 0.2 0.1 0.2 0.3 0.3 0.2 0.4
20:4w6 0.7 1.9 0.7 1.2 0.6 0.5' 0.6 0.9 0.3 1.3 0.5 0.9
20:4w3 0.4 0.2 0~3 0.2 0.3 <0.1 0.1- 0.1 0.1 0.1 0.1 0.2
20:5w3 3.7 3.9 2.9 2.4 2.7 1.2 0.8 L7 2.1 2.5 1.1 2.5

,

22:5w3 4.7 4.9' 2.4 3.8 3.4 2.9 1.5 4.2 3.9 3.0 3.9 3.5
22:6w3 9.5 10.3 7.5 10.3 8.4 13.8 6.7 16.6 8.2 7.0 9.1 9.8

,
Total Poly. 23.1 25.0 18.2 22.1 19.2 20.9 12.2 26.7 17.7 17.8 17.6 20.7

Ca1c. I.V. 136 141 114 128 124 130 91 149 119 115 121 126

TABLE 3. Major and particu1ar fatty aciäs of triglycerides iso1ated from cardiac lipid of Sab1e Is1and grey seals
1 1 d f "d " d' 1 I '

aTotal saturated, monoethy1enic and po1yethy1enic fatty acids inc1ude minor acids not 1isted. '
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