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ABSTRACT 

A rapid HPLC method for the quantitation of free cholesterol and 
cholesteryl esters in avian plasma is described. After extraction with 
isopropanol, free cholesterol and cholesteryl esters were eluted with 
acetonitrile-isopropanol (50:50, v /v) on a short, 3p, reversed-phase 
column within 24 min and detected at 210 nm. The assay was used to 
evaluate differences in the free cholesterol and cholesteryl esters contents 
of blood plasma from Japanese quail genetically selected for high and low 
plasma cholesterol levels. Selection has altered cholesteryl ester 
distribution in quail, and may provide clues regarding genetic control of 
cholesterol metabolism. 

INTRODUCTION 

The relationship between elevated cholesterol levels and atherosclerosis 
has resulted in numerous analytical attempts to measure serum 
~ ~~ 

*To whom all cwrespondence should be addressed. 
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Copydght 0 1992 by Marcel Daker, hc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



2006 HAMMADETAL. 

cholesterol, the most common of which are photometric [l]. HPLC is 
gain) ng preference among researchers in the field because of increasing 
emphasis on the measurements of both free and esterified cholesterol and 
the ;Towing tendency to use fully automated techniques [2,3,4]. The 
determination of cholesteryl esters in plasma by HPLC has been 
previously reported [5,6,7], but herein described is a simple, rapid and 
reliable HPLC technique using a short, 3p reversed phase column which 
perndts the separation and quantitation of cholesterol and seven of the 
cholesteryl esters typically present in plasma. 

The majority of the aforementioned assays were optimized using 
mammalian serum or plasma, yet there are few data regarding analysis of 
cholesterol and cholesterol metabolism in the avian species. In this 
regard, Japanese quail (Cotum’x coturnix juponicu) have been shown to be 
an excellent animal model for a variety of biomedical and biobehavioral 
parameters [8,9,10]. Marks and coworkers [ll] selected two populations 
of Japanese quail for high and low plasma cholesterol levels from a 
randombred control. Plasma cholesterol was quantitated using standard 
phorometric techniques [13], but nothing is known of inherited alterations 
in c nolesteryl esters and /or cholesterol metabolism. These populations 
prolride a unique opportunity to investigate genetic and dietary 
interactions in the development of atherosclerosis. This method was 
developed to investigate normal levels of cholesterol and cholesteryl 
esters at two ages in male and female quail from the high and low 
cholesterol populations and their randombred control. 

MATERIALS AND METHODS 

Instrumentation: The HPLC system is basically the same reported 
by Barbato [14]. The system consisted of Rainin Rabbit pump and 
presure monitor, a Gilson 401/231 autosampler (with 20 p1 injection 
1 0 0 ~ ~ )  and a Gilson 116 UV detector. The system was controlled and data 
collected on an IBM PS/2 Model 30. Mobile phases were filtered and 
degassed using the Kontes Ultra-Ware HPLC mobile phase degassing 
system. The separation was carried out on a 3p column (Phenomenex 
Spherex 15 x 4.6 cm, C,, reversed phase) with a 3 cm guard column of 
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the same packing. Column temperature of 45" C was maintained by a 
short Rainin HPLC column water jacket (for columns up to 15 cm overall 
length, 1-1/8" maximum OD) with connection of 1/4" ID plastic tubing 
from the water bath circulator. 

Chemicals: Cholesterol and the cholesteryl esters, palmitate, 
palmitoleate, oleate, myristate, stearate, linoleate and arachidonate were 
obtained from Sigma Chemical Co. (St. Louis, MO, USA). Chloroform, 
isopropanol and acetonitrile were all HPLC-grade solvents obtained from 
Baker Chemical Company. 

Preuaration Standard Solutions: A stock solution of cholesterol 
and of each of the ester standards was prepared by dissolving 100 mg of 
the standard in 10 ml of chloroform. Individual working solutions were 
prepared by diluting 1 ml of the stock solution in 7 ml of chloroform. 
Final dilution of each standard was prepared by mixing 20 pl of the 
working solution with 180 PI of a 1:l (V/V) solution of HPLC grade 
acetonitrile and isopropanol (mobile phase). The standard mixture was 
prepared by mixing 1 ml of each of the stock solutions. 

Chromatomaphic Conditions: The mobile phase was prepared in 
2-liter batches, mixing 1 L each HPLC grade acetonitrile and isopropanol. 
Each batch was filtered and degassed using a 47 mm, 0.45 pm Gelman 
Vericel filter (FP450). Flow rate was set at 0.5 ml/min and the 
separation was performed at 45°C. The detector was set at 210 nm and 
0.001 AUFS. Total assay time was 24 min, although a total run time of 45 
min was used to clear the column of contaminants that obscured the 
subsequent run. In order to minimize column pressure and reduce 
baseline noise it is advisable to wash the column with HPLC-grade water 
at flow rate 1.0 ml/min for 12 hr (i.e., overnight) after each !%-sample 
automated run. 

Populations tested: In this experiment, two lines of Japanese quail 
that had been genetically selected for 18 generations for level of 
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cholesterol in the blood plasma following an ACTH challenge and their 
randombred control line were used. The lines (obtained following 10 
generations of relaxed selection) were designated as, a high response line 
(HL) a low response line (LL) and the randombred control line (CL) [ll, 
121. In the last active selection generation, the 18th, the unstimulated 
plasma cholesterol levels in the HL and LL lines at 31 days of age were 
37% and 43% higher and lower, respectively, than the CL line [ll]. 

Blood samples were collected from male and female Japanese quail 
from HL, CL, and LL populations at 6 and 10 weeks of age. Serum was 
separated and stored at -20°C until use. To extract serum lipids, 50 pl of 
serum was vortexed with 250 (1.1 of isopropanol for 2 min., centrifuged at 
3000 rpm for 4 min., and the supernatant used for sampling (modified 
from 2). 

Statistical analvsis: In each sample, the total esterified cholesterol 
was calculated by summing the cholesterol portion of each ester on a 
molar basis. Cholesterol constitutes 57.5%, 59.6%, 62.1 %, 64.82, 59.6%, 
61.9%, and 59.2% of C. arachidonate, C. linoleate, C. palmitoleate, C. 
myristate, C. oleate, C. palmitate, and C. stearate, respectively. Total 
choltsterol was calculated by adding the free cholesterol to the total 
esterified cholesterol. 

Data were analyzed using PROC GLM of SAS using the following 
model: 

where i = HL, CL, or LL populations, 

j = male or female, and 

k = 8 quail. 
Analyses were performed independently for 6 and 10 week data. No 
significant interactions were observed, therefore all data presented are the 
least square means (+SE) of the main effects in the model. 
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RESULTS AND DISCUSSION 

In this experiment we were able to quantitate free cholesterol and 
seven cholesteryl esters known to make up nearly 96% of the total 
cholesteryl esters in humans [5]. Data collected at 6 and 10 weeks of age 
are presented in Tables 1 and 2, respectively. Cholesteryl esters are 
tabulated according to their sequence of elution. 

The data in Table 1 indicates that at 6 weeks of age there was no 
difference among lines in free cholesterol level, but that the HL quail had 
higher levels of individual cholesteryl esters, total esterified cholesterol 
and, as expected, total cholesterol. Although females had higher levels of 
free cholesterol than males, males had higher esterified cholesterol levels 
than females. At 6 weeks of age, total cholesterol levels were higher in 
females than males due to the fact that many females were not laying eggs 
at this age. 

At 10 weeks of age HL quail had significantly higher plasma levels 
of free cholesterol than CL and LL birds (Table 2), however, except for C. 
oleate, there were no differences among the individual cholesteryl esters 
among the three lines. At this age, females still had significantly higher 
levels of plasma free cholesterol levels than males. Males had 
significantly higher plasma levels of esterified cholesterol than females, 
primarily due to significantly higher levels of C. linoleate and C. oleate. 

By comparing total plasma cholesterol levels from this experiment 
with values obtained using the colorimetric method [15], we came to the 
conclusion that HPLC analysis of quail plasma results in comparable 
estimates of total cholesterol. Further, HPLC analyses are less labor 
intensive (due to autoinjection and computerized data acquisition), less 
costly, and we obtained previously unreported data regarding avian 
cholesteryl ester distribution. Total cholesterol can be determined by 
saponification of the plasma samples and quantitated in a separate assay. 
However, this procedure may be useful in studying the relationship 
among the different cholesteryl esters -- of which one example is the 
linoleate/oleate ratio [6]. In this case, HL quail had a significantly 
(Pc0.05) lower L/O ratio than CL and LL birds at 10 weeks of age 
(2.64.6, 4.44.7, and 4.84.6, respectively), suggesting that the lines also 
differ in the metabolism of cholesterol. 
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The current assay is clearly sensitive enough to detect low levels of 
cholesteryl esters in the plasma and consistent enough to compare genetic 
and ,'or sex differences. In order to further investigate the genetic control 
of cholesterol metabolism in these populations we have additionally 
separated and identified five short chain esters using the above assay: C. 
propionate, C. acetate, C. n-butyrate, C. nonanoate and C. n-hexanoate. 
All of these esters elute, baseline to baseline, prior to free cholesterol (in 
the aforementioned sequence). 
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