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ABSTRACT 

The serum of  obese children and adolescents was a~alyzed for cholesteryl esters. The test substances 
were first separated from the sample matrix by solvent extraction and thin-layer chromatography and then 
resolved in a reversed-phase high-performance liquid chromatographic system involving a Separon SGX 
Cta column and a mobile phase of  2-propanol-acetonitrile (40:60, v]v), with ultraviolet detection at 206 
nm. Cholesterol and 10-cholesteryi esters could be separated and determined within ca. 25 min at a 
flow-rate of  1 ml/min. The method was applied to a study of  the effect of  external conditions (physical 
stress, diet) on the content of  cholesteryl esters in a test group ol" Obese boys and girls aged from 13 to 16 
years. The analyses have demonstrated that the above conditions do not affect the concentrations of the 
individual cholesteryl esters, although the total cholesterol concentration decreased significantly after spa 
treatment. 

I N T R O D U C T I O N  

Obesity is a c o m m o n  disorder in affluent countries, and a risk factor contrib- 
uting to various diseases. Therefore, the study o f  lipids and their metabol ism is o f  
prima importance. Determinat ion o f  the overall lipid content or the contents of  
the main components  was, until recently, satisfactory for clinical purposes. How-  
ever, it is now clear that this rather rough analysis is insufficient and that it is 
necessary to fol low individual classes of  lipids, and their composi t ion and metab- 
olism, and quantitatively determine their components .  This task can no longer be 
solved by classical, routine biochemical  methods,  including the enzymic proce- 
dures, and more powerful analytical methods must be used. Chromatographic  
methods  often meet the requirements: thin-layer chromatography (TLC) [l] and 
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gas chromatography [2] have traditionally been used, and the application of high'  
performance liquid chromatography (HPLC) is more recent [3"22]. HPLC meth- 
ods have been developed for the d et::rrnination of, for example, triacylglycerols, 
free fatty acids and phospholipids or free and esterified cholesterol in blood [3-6], 
milk [8], lymph [9], amniotic fluid [10], peritoneal macrophages [7] and tissues 
[11-13]. To our knowledge, there have been no studies of individual cholesteryl 
esters in the serum of obese children. 

Reversed-phase HPLC systems are mostly used for this type of analysis 
[6,14,15]. Mass spectrometry is useful for identification purposes [6,16,17]. UV 
detection [3,6,18] is used or the fluorescence intensity is measured after deriv- 
atization [6,19]. Various combinations of solvents are used as the mobile phases 
[20,21]. The relationship of  the solute retention time to the number of double 
bonds in its molecule and to the cis/trans isomerism of  the esters was also studied 
[20]. 

We dealt with obesity of children in our previous paper [I6], following the 
composition, content and movement of  phospholipids in blood under various 
external conditions. This paper describes the content and movement of  choles- 
teryl esters under the same conditions. 

E X P E R I M E N T A L  

Apparatus 
The HPLC measurements were performed on the Gilson gradient analytical 

system (Villiers-le-Bel, France). Samples were injected using a Rheodyne 7125 
valve (Cotati, CA, USA) with a 20-1d loop. A Separon SGX C~a glass analytical 
column (150 mm x 3 mm I.D., 7/am particle size, Tessek, Prague, Czechoslova- 
kia) was preceded by a guard column (70 mm x 2.1 mm I.D., 7 pm) packed with 
Whatman ODS phase. A Gilson Holochrome UV detector was used at 206 rim. 

The elution was carried out isocratically with 2-propanol-acetonitrile (40:60, 
v/v) at a flow-rate of  1 ml/min and a temperature of 20 4- 2°C. 

Chemicals 
The standard cholesteryl esters were obtained from Serva (Heidelberg, Germa- 

ny), the HPLC-pure acetonitrile and 2-propanol from Aldrich (Milwaukee, WI, 
USA) .  Methanol and chloroform, reagent-grade, were supplied by Lachema 
(Brno, Czechoslovakia). All the other chemicals were of reagent-grade purity, 
from Lachema. T h e  chloroform was dried and then purified by rectification. 
Methanol was also rectified. 

Stock solutions of cholesteryL acetate, lino!enate, laurate and linoleate were 
Prepared by dissolving 1 mg of  the substance in 1 mi of 2-propanol. Cholesteryl 
myristate, oleate, palmitate, heptadecanoate, stearate and araehidate were poorly 
soluble in 2-propanol alone, and thus their stock solutions were prepared by 
dissolving 1 mg of  the substance in 2-propanol-dietyl ether (5:2, v/v) .  All the 
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Patient Age Weight  (kg) Total  cholesterol content  in serum (mg/ml) 

Before After  Difference Before therapy After therapy 
therapy therapy 

kg % At rest After  exercise At  rest 

Bo.,:~ (n = 4)  
I 13 61.0 56.2 4.8 7.9 5.17 5.13 4.26 
2 13 59.9 51.8 8.1 t 3.7 5.07 5.07 3.67 
3 14 78.0 69.0 9.0 ! 1.5 3.65 3.50 3.46 
4 14 74.7 70.4 4.3 6. l 4.33 4.31 3.93 
Mean 68.4 61.9 6.6 9.8 4.56 4.50 3.83 

Girls (n = 6)  

I 13 52.2 47.2 5.0 9. I 4.06 4.89 - 
2 14 85.6 79.4 6.2 7.7 3.40 2.91 3.62 
3 16 108.0 104.0 4.0 3.7 4.66 4.36 3.25 
4 14 72.3 67.0 5.3 6.9 2.86 2.88 - 
5 13 66.5 60.2 6.3 I 0.1 4.54 4.74 2.99 
6 15 87.8 82.9 4.9 5.8 3.40 3.60 2.90 
Mean 78.7 73.5 5.3 7.2 3.82 3.90 3.19 

Total  test group 

Mean 74.6 68.8 5.8 8.3 4.11 4.14 3.51 
S.D. 16.3 16.8 !.6 2.9 0.77 0.86 0.46 

stock solut ions  were s tored at  - 2 4 ° C  and  were app rop r i a t e ly  di luted with the 
solvent(s) used for their  p r epa ra t ion  immedia t e ly  before  use. 

Sat~wle pretreatment 
A group  o f  four  boys  and  six girls wi th  var ious  degrees o f  obesi ty  was r a n d o m -  

ly selected (Table  I). The  cholesterol  con ten t  va lues  refer to the state pr ior  to 
t r ea tment  for obesi ty,  af ter  a phys ica l  stress and  after  the t rea tment .  The  chi ldren 
were hospi ta l ized  for  the purpose  at the IVth Ch i ld ren  Clinic ,  Char les  Univers i ty  
(Prague,  Czechos lovak ia ) .  After  four teen  days  at  the hospi ta l ,  wi th  a diet  o f  5 M J  
per  day  and  increased physica l  exercise, the pa t ien ts  were t ransfer red  to a spa 
with the same diet  a n d  phys ica l  exercise. Blood samples  were taken  before  the 
t r ea tment  and  af ter  it, when  the pa t ients  were at rest a f ter  a three-day special diet. 

The  effect o f  phys ica l  stress was s tudied wi th  the same  group  of  chi ldren.  The  
pat ients  unde rwen t  a test on a bicycle e rgometer  wi th  var iab le  load,  in t h r e e  
6-min per iods  separa ted  by a l - ra in  rest. The  load was  selected ind iv idua l ly ,  and  
90% of  the m a x i m u m  was a t t a ined  in the last  minute .  Blood samples  were t aken  
at rest pr ior  to the e rgomet r ic  test and  5 rain af ter  comple t ion  of  the rest. 
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The se rum obta ined  was a lways  immedia te ly  f rozen and  s tored a t  -- 24"C until 
analysis.  

Lip id  ex t rac t ion  
A I-mi sample  o f  p lasma was shaken  for 20 min with 20 ml o f  freshly p repa red  

c h l o r o f o r m - m e t h a n o l  (2:1, v/v). The  mix ture  wa:~ then filtered into a separa t ing  
funnel,  the vessel was r insed with three 4-ml por t ions  o f  the ext rac t ion  mixture ,  
and 7 ml o f  a 5°/'0 sod ium chlor ide solut ion werr; added  to the combined  filtrates. 
The  mixture  was shaken  in the funnel  and  a l lowed to s t and  for  3 h at  l a b o r a t o r y  
tempera ture .  The  bo t t om layer was dra ined  into a flask, and  10 mI o f  the extrac-  
tion mixture  were added  to the layer r emain ing  in the funnel.  The  mix ture  was 
al lowed to s tand  for I h, and  the b o t t o m  layer  was aga in  d ra ined  into the  flask 
and  the combined  extracts  were evapora t ed  to dryness  #~ vacuo. The raw lipids 
p repa red  in this way  are s table for  up  to three m o n t h s  at  - -24"C.  

T L C  f rac t iona t ion  
Cholesteryl  esters were isolated on a silica gel th in- layer  plate (Merck  silica gel 

H + H F 2 5 4 + 3 6 6  plate,  1:!,  w/w, 250 pm),  using the p rocedure  o f  Mare~ et aL 
[23]. The  plates were act ivated by heat ing  for  30 min at  110*C. The raw lipid 
residue ob ta ined  f rom the ext rac t ion was  dissolved in 500 ml o f  me thano l .  A 
250-#1 a l iquot  was  appl ied to the act ivated plate,  a n d  the c h r o m a t o g r a m  was  
developed with  n -hep tane-d ie thyI  e ther -ace t ic  acid (84:15:1, v/v). The plate was  
dried,  and  the cholesteryl  esters detected under  a U V  lamp,  mechanica l ly  re- 
moved  and  t ransfer red  to a co lumn  conta in ing  FlorosiI  (60-100 mesh)  and  silica 
gel (Merck ,  70-325 mesh) a t  a ra t io  o f  1:1 (w/w). The  cholesteryl  esters were 
eluted f rom the co lumn with three 2-ml por t ions  o f  c h l o r o f o r m - m e t h a n o l  (1 :I ,  
v/v). The  solvents were then evapo ra t ed  in vacuo, the dry  residue was dissolved in 
250 ~d o f  2 -p ropanoI -d ie thy l  ether,  (5:2, v/v) and  a 20-pl a l iquot  was  injected into 
the H P L C  system. 

RESULTS AND DISCUSSION 

This s tudy o f  cholesteryl esters in the b lood  o f  obese chi ldren is based on the 
d a t a  provided  by H P L C  analyses  preceded by a T L C  frac t ionat ion .  O u r  proce-  
dure  is derived f rom publ ished works  (for  the references see the In t roduc t ion)  and  
opt imized for our  pa r t i cu la r  condit ions.  

O f  a n u m b e r  o f  mobi le  phases  tested, 2 -p ropano l -ace ton i t r i l e  (40:60, v/v) per-  
mits the be~." separa t ion  o f  cholesteryl esters. The  resolut ion o f  the individual  
esters improves  with increasing acetonitr i le  content ,  bu t  the re tent ion increases.  
An  increase in the fl~w-rate decreases the re tent ion  time, but  the peak  a rea  be- 
comes sma l l e r  (the peak  height,  however ,  r emains  cons tant ) .  The  above  compos i -  
t ion o f  the mobi le  phase  and  a f low-rate  o f  I ml /min ,  represent  the best c o m p r o -  

m i s e .  
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TABLE I! 

CAPACITY RATIOS OF T H E  SUBSTANCES STUDIED 

For conditions, see Experimental. 

Substance Capacity ratio, k" 

Cholesterol 4.9 
Cholesteryl acetate 4.9 
Cholesteryl linolenate I 1.9 
Cholcsteryl laurate ! 3.1 
Cholesteryl linoleate 14.6 
Cholesteryl myristate 1%0 
Cholesteryl oleate 20.0 
Cholesteryl palmitate 22.3 
Cholesteryl heptadecanoate 25.7 
Cholesteryl stearate 29.6 
Cholesteryl araehidate 39.5 

As indicated in Table  II ,  the capac i ty  rat ios  o f  the esters depend on the chain  
length o f  the co r r e spond ing  b o u n d  fa t ty  acids and  the n u m b e r  o f  mult iple  bonds  
in their  molecules.  The  smal ler  the ca rbon  n u m b e r  o f  the b o u n d  fa t ty  acid, and  
the grea te r  the n u m b e r  o f  double  bonds ,  the lower is the capac i ty  ra t io  o f  the  
ester. This  is in ag reemen t  with the theory  o f  reversed-phase  H P L C  [20]. 

The  test subs tances  abso rb  rad ia t ion  a t  very low wavelengths  and  thus  high 
d e m a n d s  are placed on the pur i ty  o f  the mobi le  phase  (2-propanol -ace ton i t r i l e ) .  
We  observed tha t  U V  detect ion became impossible  a t  wavelengths  below 205 nm.  
Therefore ,  we used a wavelength  o f  206 nm in all the measurements .  

The  dependence  o f  the peak a rea  on the a m o u n t  o f  solute injected was  mea-  
sured for  cholesterol .  I t  v.as l inear  f rom ca .  0.3/~g to the highest  tested a m o u n t ,  
51 /lg in a vo lume o f  2 0 / d .  The  regression s t ra ight  line has  a corre la t ion  coeffi- 
cient o f  0.9995 and  the limit o f  detect ion,  ca lcula ted as four  t imes the s t a n d a r d  
devia t ion  o f  the regression plot divided by the sensitivity (the slope o f  the plot) ,  
equals  0.32 pg  per  injected volume.  

The  sensitivity o f  detect ion o f  cholesteryl  esters increases with increasing n u m -  
ber  o f  double  bonds  in the molecule  (I inolenate >/ l inoleate > oleate),  as can be 
seen f rom Fig. 1: e . g . ,  the  detect ion limit for  cholesteryl  l inolenate is 50 ng. F o r  
this r eason  it is impossible  to use an  internal  s t a n d a r d  and  a ca l ibra t ion  plot mus t  
be measu red  for  each ester. The  reproducibi l i ty  o f  de te rmina t ion  is then satis- 
factory.  Typica l  relat ive s t a n d a r d  devia t ions  are  8.0°/'0 for 1.3 t~g, 3-6% for  10.2 
pg  and  1.6% for  38.2 pg. Fig. 1 depicts  an  analysis  o f  a mix ture  o f  ten s t anda rd  
cholesteryl  esters: their  capaci ty  ra t ios  are  listed in Table  II.  It  is evident  tha t  
cholesterol  c anno t  be separa ted  f rom cholesteryl  aceta te  using this procedure .  

The  peaks  were identified o n  the basis o f  ma t ch ing  their  re tent ion t imes to 
those  o f  the s t anda rds .  I t  was  shown by gas c h r o m a t o g r a p h i c  and  mass  spectro-  
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Fig. 1. C h r o m a t o g r a n a  of  cholesteryl  ester s t a n d a r d  subs tances  (20-1tg amoun t s ) .  Fo r  cond i t ions  see Exper-  
imental.  Peaks:  1 ~- cholesterol  + cholesteryl  acetate;  2 = cholesteryl  l inolenate;  3 = cholesteryl  laurate ;  4 
= cholesteryl  linoleate; 5 = cholesteryl  myris ta te ;  6 ~- cholesteryl  oleate;  7 = cholesteryl  pa lmi ta te ;  8 ~- 
cholesteryl  hep t adecanoa t e ;  9 = cholesteryl  s tearate;  10 = eholesteryl  a raehidate .  

metric  measu remen t s  tha t  the sample  p r e t r ea tmen t  described above  excludes all 
possible interferences,  and  thus the peak  a s s ignmen t  can be considered unambig -  
uous.  

Small  a m o u n t s  o f  phosphol ip ids  t rans fe r red  into the sample  dur ing  the b lood  
t r ea tmen t  do not  interfere, as they elute with the solvent  front .  As  pointed out  by 

! ! 

5 1!0 15 n'in 

Fig.  2, Analys is  o f  a b lood  sample.  F o r  the p rocedure  and  cond i t ions  see Exper imenta l .  Peaks  as in Fig. I; 
a m o u n t s :  2, 1.20 itg; 4, 6.94 itg; 6, 3.51 izg; 7, 1 .83/ tg .  
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D u n c a n  et al. [3], some tr iacylglycerols,  e.g. t r i laurin,  t r imyrist in,  etc., exhibit  
re tent ion times very similar  to those o f  cholesteryl  esters. However ,  this interfer-  
ence is prevented  by the T L C  sepa ra t ion  described above.  

Fig. 2 depicts  a typical  c h r o m a t o g r a m  of  a serum sample  p re t rea ted  as de- 
scribed. The  peak  with the re tent ion t ime o f  5.47 rain is p robab ly  cholesteryl  
a rach idona te ;  however ,  the identif icat ion is uncer ta in  because  the s t a n d a r d  sub- 
s tance was no t  avai lable,  and  therefore  its a rea  was not  eva lua ted  in fur ther  
exper iments .  

Application o f  the me thod  
The results summar i zed  in Tables  I I I  and  IV were ob ta ined  by the  me thod  

described.  Table  I I I  lists the changes  in the cholesteryl  l inolenate,  l inoleate,  oleate 
and  pa lmi ta te  conten t  in the b lood o f  the test g roup  af ter  physical  stress. 

The  cholesteryl  l inolenate concen t ra t ion  in the b lood of  boys  a m o u n t e d ,  on 
average,  to 96.2 pg/g  in the absence o f  physical  stress, which is 8 .03% of  the total  
cholesterol  concen t ra t ion .  Physical  stress did not  cause a great  change  in its abso-  
lute a m o u n t ,  bu t  its percentage  decreased.  The  blood o f  girls con ta ined ,  on aver-  
age, 81.5/ag/g o f  this substance,  which is 6 .15% o f  the total  cholesterol  concen t ra -  
tion. In con t ra s t  to the boys,  physical  stress caused in the girls a decrease  in bo th  
the percen tage  a n d  the abso lu te  a m o u n t  o f  cholesteryl  l inolenate.  The  average  
values in the whole  g roup  (i.e. boys  a n d  girls) slightly decreased af ter  physical  
stress, bo th  the  absolu te  a m o u n t  and  the relative content .  

The  results for  cholesteryl  l inoleate were similar.  Wi th  the  boys,  there  was a 
decrease  in bo th  the a m o u n t  and  the percentage  af ter  physical  stress: in the girls, 
the absolu te  axciount decreased and  the percen tage  was vir tual ly  unchanged .  The  
t rend  for  ,.,,.,,.o"h~'l'~L,., . . . .  s,~ oleate and  pa lmi ta t e  was  oppos i te  wi th  the boys:  physical  
stress led to an  increase in bo th  the abso lu te  a m o u n t s  and  percentages  o f  the 
substances ,  in  the girls, the a m o u n t  o f  cholesteryl  oleate was u n c h a n g e d  and  its 
percen tage  increased,  while bo th  the values  decreased for  cholesteryl  pa lmi ta te .  
The  con ten t  o f  cholesteryl  oleate and  pa lmi ta t e  general ly  slightly increased af ter  
physical  stress. 

The  weight  o f  all the pat ients  decreased af ter  the clinical and  spa t he rapy  a n d  
the tota l  cholesterol  con ten t  in their  b lood  decreased (Table  I). The  values for  the 
cholesteryl  esters s tudied af ter  the spa  t r ea tmen t  are  given in Tab le  IV. The  
conten t  o f  cholesteryl  l inolenate r emained  vir tual ly unchanged  in the boys,  
whereas  bo th  its a m o u n t  and  percentage  slightly increased in the girls and ,  on 
average ,  in the whole  test g roup .  The  a m o u n t  o fcho les t e ry l  l inoleate increased in 
the boys,  bu t  its percentage  r emained  cons tan t :  there was  vir tual ly  no change  in 
the girls or  in the test g roup  as a whole.  The  a m o u n t  o f  cholesteryl  oleate in the 
boys  was  unchanged  af ter  the spa  t r ea tmen t  and  its percen tage  slightly decreased:  
bo th  these values  mildly increased in the girls, a l t hough  the whole  test g roup  
exhibi ted very little change.  

The  con ten t  and  percentage  o f  cholesteryl  pa lmi ta te  increased in the boys and  
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decreased in the girls. The  average o f  the w h o l e  test group remai;~ed constant .  
It can be conc luded  that physical  stress and clinical and spa treatment  did not  

significantly alter the a m o u n t s  and percentages  o f  the studied cholesteryl  esters in 
the test group.  T h e  total  cholesterol  a m o u n t  was  not  changed  after a short- t ime 
physical  stress, but  it significantly decreased after the spa treatment,  especially in 

t h e  boys,  
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