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Fatty Acid Composition of Serum Lipids in SYear-Old White Carneau 
and Show Racer Pigeons*+ (33703) 

FRANKLIN YOUNG (Introduced by John R. Beaton) 
Department of Food and Nutritional Sciences, University of Hawaii, Honolulu, Hawaii 96822 

Swell et al. (1) hypothesized from a study 
of several species of animals that the level of 
arachidonic acid in serum cholesterol esters 
may be related to susceptibility to atheros- 
clerosis. Young and Middleton ( 2 )  showed 
that the levels of arachidonic acid in choles- 
terol esters of both serum and liver from 
8-month-old atherosclerosis-susceptible White 
Carneau pigeons (WC) are significantly low- 
er than those of the atherosclerosis-resistant 
Show Racer pigeons (SR) of the same age. 
The aortas from neither breed exhibited any 
visible gross lesion at necropsy, as would be 
expected of pigeons of this age (3). The 
incidence of aortic atherosclerosis, as evi- 
denced by the presence of lesions, in the 
White Carneau breed is much greater than in 
the Show Racer breed between the ages of 4 
and 8 years (4). The present study was un- 
dertaken to determine whether or not the 
greater difference in incidence between these 
two breeds is reflected in greater difference in 
the arachidonic acid levels of the serum 
sterol esters. In addition, there might be oth- 
er differences in the fatty acid composition of 
serum lipids accompanying the greater diff - 
erence in the incidence of the disease be- 
tween these two breeds. Also included in this 
study were pigeons from the Fl generation of 
Show Racer and White Carneau matings since 
it has been reported that offsprings from such 
matings result in pigeons which are interme- 
diate in their susceptibility to aortic atheros- 
clerosis ( 5 ) .  

Materials and Methods. Fifteen. 5-year-old 
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male pigeons of the Show Racer (SR), of the 
White Carneau (WC) breeds and of the F1 
generation of SR and WC matings were used. 
The diet consisted of a mixture of corn, 
wheat, milo, and peas, fed ad libitum. Indi- 
vidual blood samples were obtained weekly 
from the alar veins until 5 ml of serum had 
been accumulated. This required 3-4 weekly 
blood samples. Lipids were extracted from 
the serum (6 )  and fractionated into sterol 
esters, glycerides, and phospholipids by thin- 
layer chromatography (2 ) .  The component 
fatty acid methyl esters of the various lipid 
fractions were prepared (7) and analyzed in 
duplicate by gas-liquid chromatography ( 2 ) .  
Fatty acids were quantified using the disc 
integrator of the recorder. Comparisons of 
the fatty acid values were made between SR 
and WC, between SR and F1, and between 
WC and F1. 

To determine whether or not any changes 
occur in the fatty acid composition of serum 
sterol esters of pigeons when they grow old 
and/or when they develop aortic atheros- 
clerosis, the data from this study were com- 
pared with those of an earlier study ( 2 ) .  
Comparisons were made between the two age 
groups within each breed. 

Student’s t-test (8) was used to evaluate 
the significance of differences between mean 
values. In the tables, brackets connect the 
values which differ significantly from each 
other, and the probability values are shown 
in the footnote of each table. 

Results and Discussion. Fatty acid com- 
positions of serum glycerides of SR, WC, and 
the F1 cross are shown in Table I with 18:l  
fatty acid being the most abundant for all 
breeds and cross, followed by 18:2 and 16:0 
fatty acids. No significant difference was 
found between the proportions of fatty acids 
in serum glycerides of SR and WC. The lack 
of such difference also has been reported for 
humans (9). Serum glycerides of SR had a 
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TABLE I. Mean Relative Percentages of Fatty Acids of Serum Glycerides. 

(No. of carbons:double bonds) 

Breed" No. of birds 16 : O  16: l  18:O 18:l  . 18:2 20:4 

SR 14 20.0 4.6 8.3 22.6 0.9 
F, 15 20.6 4.7 8.7 ;::; 24.8 ] 0.8 
wc 15 21.0 4.9 9.1 39.7 22.9 0.7 

SR, Show Racer; F,, offspring of SR x WC ; WC, White Carnenu. 
b p  <.005. 
" p  <.025. 

significantly higher proportion of 18: 1 fatty 
acid and significantly lower proportion of 
18:Z fatty acid than did those of Fl. The 
significance of these findings, if any, is not 
known. Other workers have shown that the 
blood glyceride fatty acid composition may 
be influenced by the fatty acid Composition 
of dietary fat (10, 11). Since in this study all 
birds were fed the same diet, any differences 
observed would not be attributable to dietary 
factors. 

The relative percentages of the major fatty 
acids of serum phospholipids of SR, WC, 
and F1 cross between SR and WC are 
presented in Table 11. As in the case of 
glyceride fatty acid composition, there was 
no significant difference between SR and 
WC. In patients with atherosclerosis howev- 
er, it has been reported that the serum phos- 
pholipids contain significantly higher level of 
16:0 fatty acid and lower levels of 18:2 and 
20:4 fatty acids compared to controls of com- 
parable age (9). The proportion of 18: 1 fatty 
acid of serum phospholipids in F1 of this 
study was significantly lower than that of 
SR. In  addition, the proportion of 18:2 fatty 

acid of the former was significantly higher 
than that of either SR or WC. I t  would be 
speculative to attach any significance to these 
differences at the present time with respect 
to susceptibility to aortic atherosclerosis. 

The fatty acid compositions of serum 
sterol esters are presented in Table 111. No 
difference was observed in the proportions of 
fatty acids between SR and WC. This is in 
contrast with the data from an earlier study 
using 8-month-old pigeons ( 2 ) .  In that 
study, the Show Racer males had a significant- 
ly higher proportion of arachidonic acid in 
serum sterol esters than did White Carneau 
males. The data of the present study seem to 
indicate that the difference in the proportions 
of arachidonic acid in the serum sterol esters 
between young SR and WC disappears with 
age. In the present study, it was observed 
also that the proportion of 18: 1 fatty acid of 
the serum sterol esters of the F1 is signifi- 
cantly lower and the proportion of 18:2 fatty 
acid significantly higher than that of either 
the SR or the WC. These differences are 
most probably not related to resistance to 
aortic atherosclerosis since it has been shown 

TABLE 11. Mean Relative Percentages of Fatty Acids of Serum Phospholipids. 

(No. of carbons :double bonds) 

Breed" No. of birds 16 : 0 1 6 : l  18:O 18:l 18 :2 20 :4  

SR 15 16.3 1.0 31.3 5.6 
F, 15 16.1 1 .o 30.1 
wc 15 15.5 1.3 31.2 14.7 29.1 6.3 

a See footnote a of Table I. 

" p  <.025. 
p <.05. 

b p  <.OOl. 
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TABLE 111. Mean Relative Percentagea of Fatty Acids of Serum Sterol Esters. 

(No. of carbons : double bonds) 
~ ~ 

Breeda No. of birds 16:O 16:l 18:O 18:l 18:2 20:4 

* 1.9 
* 2.1 

SR 15 9.1 3.6 3.1 
Fl 15 8.9 3.6 3.3 
wc 14 8.8 4.1 3.4 

a See footnote u of Table I. 
b p  <.OOl. 

p <.005. 

that pigeons from a cross of a resistant and 
susceptible breed exhibit a degree of resis- 
tance intermediate between the two parent 
breeds (5).  

The comparison of relative percentage of 
fatty acids of serum sterol esters of 8-month- 
old and 5-year-old pigeons is presented in 
Table IV. The serum sterol esters of 5-year- 
old WC had significantly higher proportion of 
18:O fatty acid than those of 8-month-old 
birds. In  both the SR and WC, it was found 
that the 5-year-old birds had significantly 
lower 18: 1 fatty acid than did their 8-month- 
old counterparts. Arachidonic acid was 
present at significantly lower level in the 
serum sterol esters of the 5-year-old SR than 
of the 8-month-old SR. Although the values 
of arachidonic acid between the young and 
old WC did not differ significantly, the trend 
was in the same direction as in the SR. 

The differences in fatty acid composition 

TABLE IV. Comparison of Mean Relative Per- 
centages of Fatty Acids of Serum Sterol Esters of 

Young and Old Pigeons. 

(No. of carbons :double bonds) 
~ 

Breed 16:O 18:O 18:l 18:2 20:4 

SR" 8.8 3.2 27.0 54.5 

Wc" 9.0 2 9 26.9 , 55.8 2.4 
W c? 8.8 3141 23.71 54.8 2.1 
PIb 8.9 3.3 21.0 58.2 2.1 

SRb 9.1 3.1 24.71 55.1 ::iJ 

a Eight-month-old, mean value for 60 birds. 
Five-year-old, mean value for 15 birds. 

Op <.OOl. 
p <.025. 

" p  <.05. 

of serum sterol esters observed between 
young and old pigeons suggest changes as 
the birds age and/or as they develop aortic 
atherosclerosis. Further studies are necessary 
to determine whether the changes are due to 
old age or the development of atherosclerosis, 
or both. Data of the present experiment do 
not provide support for, nor eliminate, the 
possibility of a cause-effect relationship be- 
tween differences of fatty acid composition at 
8 months of age and the later appearance of 
atherosclerotic lesions. Long-term experi- 
ments with periodic autopsy of animals will 
be necessary to observe possible correlation 
of changes in the fatty acid composition with 
the development of the disease. 
Summary. A comparative study was made 

of the fatty acid compositions of serum gly- 
cerides, phospholipids, and sterol esters of 
White Carneau pigeons (WC) which are sus- 
ceptible to naturally-occurring aortic atheros- 
clerosis and Show Racer pigeons (SR) which 
are resistant. The significantly lower propor- 
tion of arachidonic acid in the serum sterol 
esters of 8-month-old WC compared to SR, 
was not observed in 5-year-old pigeons. No 
significant difference was observed in the fat- 
ty acid compositions of the three lipid frac- 
tions between 5-year-old WC and SR. 
Significant differences in the fatty acid com- 
positions of all three serum lipid fractions 
were found between F1 generation of SR x 
WC and either one of their parent breeds. 
Significant changes in the fatty acid composi- 
tion of serum sterol esters were noted be- 
tween 8-month-old and 5-year-old pigeons of 
both breeds. 
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The effect of the liver on the regulation of 
blood glucose depends in large part upon the 
interaction between glucagon or epinephrine 
with hepatic adenyl cyclase (1). The activa- 
tion of membrane-associated adenyl cyclase 
by either hormone is followed by a rapid rise 
in the intracellular concentration of 3’5’-cy- 
clic adenosine monophosphate (cyclic A) .  
This cyclic nucleotide is known to cause the 
enzymic activation of glycogen phosphorylase 
and ,the concomittant inactivation of gly- 
cogen synthetase. As a result of this change 
in the activities of the glycogen regulatory 
enzymes, hepatic glycogen undergoes stepwise 
phosphorolysis and glucose is made available 
to the hepatocyte and remote tissues. 

Following 70% hepatectomy of the rat, a 
series of profound structural and biochemical 
alterations are observed to occur in a large 
number of the residual hepatocytes ( 2 ) .  
Throughout the process of regeneration the 
hepatocyte glycogen stores are significantly 
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depleted (3). This depression of glycogen 
appears to result from a greatly increased 
utilization of glucose which reflects the cells’ 
heightened metabolic activity. During this 
time some arcas of the hepatocyte mem- 
branes undergo degenerative change, subse- 
quent to which a significant quantity of new 
membrane is elaborated (4, 5 ) .  Although it 
would appear advantageous to the cells’ met- 
abolic economy that they maintain their 
adenyl cyclase levels, the activity of this en- 
zyme during the regenerative process has not 
been examined. 

The present paper describes the behavior 
of the hepatic adenyl cyclase system at  vary- 
ing intervals following 70% hepatectomy. 

Materials and Methods. Sprague-Dawley 
male rats weighing approximately 200 g were 
used throughout the studies except where 
specifically noted. They were fed and watered 
ad libitum. Seventy percent hepatectomy 
was performed as described previously. Sham 
operation was identical in all manipulations 
save for the handling and removal of the 
liver (6 ) .  Following sacrifice, the same liver 
lobes were utilized in each experimental 


