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First  day Second day 

I II Mean I II Mean Calcu- 
lated a 

Methyl 
pelargonate 42.3 43.2 42.8 43.8 42.0 42.9 43.3 

Methyl 
laurate 57.7 56.7 57.2 56.2 58,0 57.1 56.7 

a Calculated from proportions of seed oils in the mixture and the fatty 
acid compositions of each. 

A sample of body fat fronl mice fed on the mixed 
oil was analyzed for petroselinic acid content accord- 
ing to the two procedures and duplicate analyses 
gave the following values: 

Method 
Petroselinic % 

I II 

A 15.3 15.7 
B 15.4 15.6 

The results show excellent agreement between the 
two methods for calculating the proportions of methyl 
oleate and petrose]inate and a very good precision in 
the analysis. The addition of sodium bisulfite at the 

acidification step is necessary to reduce the free io- 
dine which is liberated. If  this is neglected byprod- 
ucts are produced which interfere in the subsequent 
GLC analysis. The combination of extraction sol- 
vents was effective for both the monoearboxylic and 
dicarboxylie methyl esters. Petroleum ether in the  
solvent mixture reduced the water content and elim- 
inated the necessity for using a drying agent, such 
as sodium sulfate. 

The method requires about 3 hr for the prepara- 
tion of the sample and has the advantage that no 
transfers are involved, which eliminates the possi- 
bility of losses and subsequent errors. 
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Abstract 
An integrated system using chromatography 

on silica gel-impregnated glass paper, an internal 
standard and gas-liquid chromatography (GLC) 
makes possible the isolation of triglycerides, the 
determination of triglyeeride, fat ty acid compo- 
sition, and the quantitative determination of 
triglyceride. 

Recoveries are good and values for total tri- 
glyceride obtained by this system compare favor- 
ably with values obtained by application of the 
hydroxamate colorilnetric method to the triglyc- 
eride eluate from silieie acid columns. The fatty 
acid composition of the cholesteryl ester (CE) 
fraction is obtainable at the same time by GLC 
of  methyl esters prepared from the CE fractions 
which also appears as a distinct spot on these 
chromatograms. 

Also, a densitometric method is described for 
triglyceride determination by photometry of the 
charred spots obtained after chromatography on 
the gel-paper. 

T H E  L I M I T E D  N U M B E R  o f  reports on serum triglyc- 
eride levels of animals and humans under various 

conditions of health and disease has been due at least 
in part to difficulties in measuring this lipid. Silicic 

1 Presented at the AOCS Meeting, Houston, April, 1965. 

acid column chromatography has been one of the 
more valuable methods of isolating triglyeerides from 
serum extracts. Since this method requires constant 
monitoring of the physical and chemical conditions 
to effect a separation of the triglyceride:~ from other 
components of the serum, it has gradually been re- 
placed by methods using thin-layer and paper chro- 
matography. An additional advance in the analysis 
of triglycerides has been the determination of their 
fat ty acid composition by gas-liquid chromatography. 

A detailed review of the glass paper chromatog- 
raphy of lipids has been published by Hamilton and 
Muldrey. These authors reported their experience 
and the advantages in separating various serum lipids 
by this method (1,2). Recently, a method has been 
described by Muldrey, Bowers, Miller and Hamilton 
(3), for the microassay of serum cholesteryl ester 
fat ty acid (CEFA) patterns by densitometry of the 
charred spots produced after chromatography on 
silica-gel impregnated glass paper. Since the indi- 
vidual CEFA can be determined in 1-3/~l of plasma, 
it has been possible to perform serial measurements 
in single rats for several months (4). 

In this study, a method was developed for measure- 
ment of serum triglycerides in 3 to 10 /,1 of plasma 
by use of a system consisting of chromatography on 
glass paper impregnated with silica gel (gel-paper) 
combined with an internal standard and gas liquid 
chromatography (the integrated system). By using 
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T A B L E  I 

De te rmina t ions  of H u m a n  Plasma,  Tr iglycer ide  Levels  by Three 
Methods:  Densi tometry ,  the ~Integrated System, a and  

Hydroxamate :Color imet ry  of Tr ig lycer ide  f rom 
Silicic Acid Column Chromatography  

Method 

B O W E R S  E T  AL. : F A T T Y  A C I D S  OF PLAS!VIA 

Inte-  Color- 
Densi- Dev ia t ion  gra ted  Dev ia t ion  

tometry  f rom system f rom imetry 
m g / 1 0 0  ml color- m g /  color- r ag /  100 ml P lasma  imetry  100 ml imet ry  plasma 

p lasma 

1 192 8 209 25 184 
2 126 22 132 16 148 
3 225 16 224 15 209 
4 260 47 252 9 243 
5 100 10 88 2 90 
6 76 1 71 6 77 
7 118 2 109 11 120 
8 156 29 124 3 127 
9 88 8 94 2 96 

10 88 13 84 17 101 
11 72 17 76 13 89 
12 153 25 152 26 178 
13 178 11 164 25 189 
14 114 9 116 7 123 
15 146 14 137 23 160 
16 156 19 141 34 175 
17 121 14 96 11 107 
18 124 14 140 2 138 
19 94 16 112 2 110 
20 156 4 134 26 160 
21 140 38 168 10 178 
Mean Dev ia t ion  

from C o l o r i m ~ r y  14.6 13.6 

a Gel-paper, gas l iqu id  chromatography  wi th  an i n t e rna l  standard. 

the integrated system method it is possible to deter- 
mine levels of plasma triglycerides and their  f a t ty  
acid composition. Also, a densitometric method to de- 
ternline tr iglyceride levels is described which is based 
on photometry  of the charred spots obtained by  treat- 
ing the gel-paper chromatogram with  sulfuric acid 
and heat. 

Materials and Methods 

In  order to clean papers  of organic materials,  glass 
fiber papers  (20 • 20 cm, paper )  1 are suspended on 
a stainless steel rod through a hole punched in the 
top center edge of the paper  and heated in a furnace 
at 538C for 30 rain. Cleaned papers  are t ransfer red  
with forceps to a manila  folder which is wrapped in 
a luminum foil for  storage. The coating solution is 
p repared  by thoroughly mixing 100 ml of an aqueous 
solution of potassium silicate (15:1) 2 and 30 ml of 
an aqueous solution of ammonium chloride (5% 
w/v)  in a glass t r ay  14 • 12 • 2 in. Single sheets of 
paper  held by plastic clips are immersed in the coat- 
ing solution for  about 10 sec, a clean glass rod is 
passed over the surface of the paper  to remove the 
excess coating solution and the papers  arc hung to 
d ry  at room temperature .  When dry, the papers  are 
heated at  538C for 20 min to sublimate the ammo- 
nium chloride. The small residue of nonvolatile salts 
is removed by an ascending chromatographic  wash 
with distilled water. Washed papers  are dried over a 
hot plate for about one hour, then stored as described 
above. 3 They remain usable for several months. More 
details in the technique of p repar ing  the papers  are 
given by  5Iuldrey et al. (3). 

The amount  of 3-10 ~g of tr iglyceride f rom plasma 
of mice, rats  or humans  is necessary for  determining 
the amount  and f a t ty  acid composition of the triglye- 
erides. Blood was collected a f te r  an overnight fast  
into 55 ~1 heparinized capi l lary tubes f rom the orbital 
venous sinus of CBA female mice or f rom the tail 

1 H. Reeve Angel  and  Company, No. 934-AH, Schleicher and  Schuell  
Co., No. 29 ;  or Gelman I n s t r u m e n t  Company. 

2 Po t a s s ium Sil icate-Electronics  200, Electrochemical  Depar tment ,  
E. I. DuPon t ,  Wihn ing ton ,  Delaware.  

Silica-gel coated paper  may  be obtained f rom Appl ied  Science Lab- 
oratories,  Sta te  College P e n n s y l v a n i a  or Gelman I n s t r u m e n t  Company, 
Ann Arbor ,  Michigan.  

T A B L E  II 

The "Be tween-Day"  Var i a t ion  in  the Values of Tr ig lycer ide-Fat ty  Acid 
Composit ion and Triglycer ide  Level  of a S ingle  Sample  of Human 

Plasma  Determined  by the i n t e g r a t e d  System Method a 

Methyl esters, 
Days mi i i ig rams  percent  

1 6 : 0  16 :1  1 8 : 0  18 :1  18 :2  Total  

1 2 0  1.0 2.8 33.1 7.6 65 
2 19 1.1 2.8 30 5.5 59 
3 21 1.1 3.1 29.1 5.4 59 
4 19 0.8 2.2 29 7.0 58 
5 22 1.8 2.8 29 8.4 64 
6 20 0.7 4.4 30 7.8 63 
7 20 0.7 1.7 28 5.3 56 
8 19 0.5 4.3 36 8.4 68 
9 22 0.9 2.6 36 6.1 68 

10 20 0.7 2.2 32 5.4 60 

Mean 
~ S D  2 0 q l . 2  0 . 9 3 •  2 . 9 •  3 1 •  6 .7 •  6 2 •  

a Gel-paper, gas l iquid  chromatography  with an in t e rna l  s tandard .  

vein of Hol tzman Sprague-Dawley female rats. The 
mice were fed Pur ina  mouse chow and the rats  Rock- 
land ra t  chow ad lib. Af te r  centrifugation,  the end 
of the capi l lary  with the red cells is broken off and 
discarded. The end containing plasma is sealed and 
stored at - 4 C  until  analyzed. 

The amount  of 3-10 ~l of p lasma is pipet ted with 
calibrated mieropipettes direct ly onto the paper  1.5 
cm above the bottom edge. (Pipettes are cleaned by 
successive aspirat ion of 0.1 M sodium citrate, water, 
and isopropyl  ether-ethanol (1:2) ,  and occasionally 
they are cleaned with dichromate cleaning solution.) 
E ight  samples are placed on each paper.  Immedi-  
ately, before the plasma dries, 10 to 20 ~l of isopropyl 
ether-ethanol (1:2) are pipet ted over the serum to 
release the lipid f rom the lipoproteins. When dry  the 
plasma is overspotted a second and thi rd  time with 
isopropyl ether-ethanol. Alternately,  a lipid extract  
may  be applied directly to the paper.  Ten micro- 
liters of isooetane containing a known amount  (2 to 
4 ~g) of glyceryl  t r iheptadecanoate is applied to each 
spot of p lasma or lipid extract  on the paper.  The 
glyceryl t r iheptadecanoate  serves as an internal  stan- 
dard  for determinat ion of the c o n c e n t r a t i o n  of 
triglycerides. 

I f  the cholesteryl ester f a t t y  acids are to be deter- 
mined, a known amount  (6 to 12 /~g) of the internal  
s tandard,  cholesteryl heptadecanoate is applied onto 
the paper  over the tr iglyceride standard.  The chro- 
matogram is developed in 100 ml of isooctane 4 and 
2 ml isopropyl  acetate. In  this system the triglyc- 
eride has an Rf of about 0.7 and the free cholesterol 
about 0.5. Cholesterol esters run as a t ight  spot at 
the solvent front.  The lipids are located by spraying  
papers  with Rhodamine-6G. Areas of paper  contain- 
mg the separated lipids are cut out, cut into small 
s tr ips and with forceps placed into cul ture tubes (7 
ml).  Fou r  milliliters of aeetone-hexane (1:1) is 
added, the tubes are capped with Teflon-lined caps 
and shaken on a Vortex mixer  for  30 seconds. The 
solvent is t r ans fe r red  to 7 ml tubes. The papers  are 
washed a second time with 2 ml of the aeetone-hexane 
mixture.  The second wash is t ransfer red  and the com- 
bined extract  is taken to dryness under  nitrogen. 

To methylate  the f a t ty  acids, 2 ml of methanol- 
sulfuric acid (9:1) is added, the tubes capped and 
incubated at  65C for  one hour. When the samples 
have cooled, 1 ml of distilled water  and 2 ml of hex- 
ane are added. The tubes are shaken on a Vortex 
mixer for  30 sec and centrifuged. The hexane layer 
is t r ans fe r red  with disposable capi l lary pipettes into 
3 ml conical shaped tubes and taken to dryness with 

4 2,2 ,4- t r imethylpentane,  Ph i l l ips  Pe t ro leum Company, Bart lesvi l le ,  
Oklahoma. 
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TABLE III 

F a t t y  Acid Composi t ion of a Solu t ion  of Safflower Oi l :  Compar ison  of 
Resul t s  (A) E l u t i n g  L ip id  f rom Gel-Paper,  (B)  R i n s i n g  L i p i d  

f rom Gel-Paper,  (C) A d d i n g  L i p i d  Direct ly  to Tube for  
lYIethylation W i t h o u t  P r i o r  Gel -Paper  Chromatography  

Methyl  esters 
Percentage  composit ion 

1 6 : 0  18 :0  

A 4.4 1.6 9.7 84 18 
5.8 2.0 11.4 81 17 
4.4 1.6 9.4 84 19 
4.7 1.5 9.9 84 17 
4.4 1.4 9.0 85 18 
4.5 1.6 9.0 85 21 
4.3 1.5 8.5 86 19 

B 5.5 2.4 10.8 81 17 
5.4 2.0 10.6 82 17 
6.3 2.2 12.2 79 20 
6.3 2.2 10.7 81 19 

C 5.6 2.1 11.6 80 21 
6.7 2.7 12.9 78 17 
5.4 2.0 10.7 82 17 
5.7 2.0 11.0 81 18 
5.3 2.1 10.6 82 17 

T H E  J O U R N A l ,  OF T H E  A M E R I C A N  O I L  C H E N I I S T S '  S O C I E T Y  

TABLE IV 

Dete rmina t ions  of the Tr iglycer ide  Fa t ty  Acid  Composition and 
Triglycer ide  Level  in  3 to 20 ~1 of a Single  Sample of H u m a n  

P lasma  but  a Cons tan t  Amount  of I n t e r n a l  S t anda rd  (A) 
and the Repeated  Analys is  of 10 $~1 of P lasma wi th  

Var ious  Amoun t s  of the I n t e r n a l  S t a n d a r d  Added  
(B)  by the In teg ra ted  System Method a 

A m o u n t  
18 : 1 18 :2  Total  Volume of 

~g p lasma  in t e rna l  Methyl esters 
analyzed,  s tandard  mil l ig rams  percent 

/zl added, b 

nitrogen. Ten microliters of hexane is added to the 
residue and 3-4 ~l of the solution is injected with a 
10 ~1 Hamilton syringe into a gas-liquid chromato- 
graph2 In this study, a Lovelock argon ionization 
detector with a radium foil source was used. The 
column, a 6 f t  X 3 mm I.D. glass U-tube was packed 
with 15% ethylene glycol succinate on Gas-Chrom 
W. 6 Column temperature  was kept  at 176C. 

Calculation of the concentration of individual fa t ty  
acids is based on the internal  standard, methyl hepta- 
decanoate. Area measurements are determined from 
the chart recordings. The width of the triangle at one 
half  its height is multiplied by the height of the tri- 
angle. The concentration of total serum triglyceride 
levels is determined by summation from values of the 
individually determined fa t ty  acids. 

Plasma for triglyeeride and free cholesterol analy- 
sis by the densitometric method is pipetted directly 
onto the paper as previously described. Standards of 
free cholesterol and triolein are mixed so that  10 ~1 
of isopropyl ether-ethanol (1: 2) contains 0.3, 0.6 and 
1.2 ~g of each. The fourth s tandard solution contains 
only triolein (2.4 ~g) since the regression for free 
cholesterol is not linear at this concentration. The 
s tandard solution and I to 3 ~l of six plasma samples 
(or appropriate  volumes of lipid extracts) are pi- 
petted onto the paper  1.5 cm above the bottom edge. 
The amount of 10-20 ~1 of isopropyl ether-ethanol 
(1:2) is pipetted over the plasma, as previously de- 
scribed, to release the lipid f rom the lipoproteins. 
The chromatogram is developed as previously de- 
scribed. The solvent on the chromatogram evaporates 
in about 8 rain at room temperature.  A strip across 
the bottom of the chromatogram (2.0 cm) containing 
the origins is cut off. The paper  is chromatographed 
in 5% aqueous H2S04 to the level of the solvent f ront  
and then it is immediately placed on a glass rod in 
a vented oven (212C). Charred spots are developed 
in 10 min. The spots are measured by densitometry 
as described previously (3,5). The amount of free 
cholesterol and triglyceride is calculated by reading 
the unknowns from the curves of the respective stan- 
dards. For  determination of the triglyceride levels 
it is necessary to correct for  the saturated fa t ty  acids, 
palmitate and stearate, which do not char under  these 
conditions. Palmitate and stearate constitute approxi- 
mately one third of the total tr iglyeeride fa t ty  acids 
in the plasma of humans, rats and mice on diets which 

5 Barber-Colman Model 10. 
6 Appl ied  Science Laborator ies ,  State  College, Pennsy lvan ia .  
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3 2 24 2.3 4.0 32 9.4 
5 2 17 2.4 2.0 33 7.0 

10 2 19 1.3 2.1 32 7.0 
20 2 20 2.0 4.0 32 6.0 

10 4 25 3.1 1.3 39 12.2 
10 2 23 2.5 1.3 36 9.6 
10 1 23 1.8 2.0 35 8.8 
10 0.6 24 1.8 2.9 39 9.6 

a Gel-paper, gas l iqu id  chromatography wi th  an in te rna l  standard.  
b Glyceryl  t r iheptadccanoate .  

are not abnormally high in unsatura ted or saturated 
fats. For  this reason the quant i ty  of triglyceride is 
calculated by mult iplying 1.5 times the value obtained 
by photometry of the charred spots. 

The isolation of triglycerides f rom extracts of 
plasma by silicic acid column chromatography was 
performed by minor modification of the method de- 
scribed by Barron and Hanahan (6) and quanti tated 
by the hydroxamate reaction (7). 

Results 
Triglyceride levels of human plasma were deter- 

mined by the three different methods (Table I ) .  The 
values ranged from 70 to 260 mg per 100 ml plasma. 
I t  is to be noted that  the use of a factor to correct 
for  palmitate and stearate, which do not char, is 
satisfactory. 

In  order to estimate the "be tween-day"  variations 
in the determination of the fa t ty  acid composition 
and the triglyceride level by the integrated system 
method, repeated analyses were performed on a single 
sample of human plasma (Table I I ) .  The degree of 
variation in the quantities of oleate, palmitate, and 
linoleate was the same order of magnitude. The great- 
est variation was in the estimation of palmitoleate and 
stearate, both of which were in low concentra- 
tion. Since myristate and arachidonate were in trace 
amounts in the plasma sample, these fa t ty  acids were 
not measured. 

In  order to determine if there were a loss of indi- 
vidual fa t ty  acids during paper  chromatography, the 
following s tudy was performed. Ten microliters of 
a solution of safflower oil, a highly unsaturated tri- 
glyceride, and 10 ~1 of a solution of glyceryl tr ihepta- 
decanoate were pipetted multiple times onto gel papers 
and chromatographed. In some trials the lipid was 

T A B L E  V 

Recovery  of Tr iglycer ide  F a t t y  Acids Added to P la sma  Ext rac t s  W h e n  
Determined  by the In teg ra ted  System Method a 

Tr iglycer ide  Added Recovered Percent  
fa t ty  acid mg per  mg per  100 ml 

(methyl  ester) 100 ml ~I-+SD (N) recovered 

Pa lmi ta t e  13 13--+2.4 ( 10 ) 101 
Pa lmi ta t e  26 24-+2.8 (10)  95 
Palmi to lea te  1.4 1.6-----1.2 (10)  ...... 
Pa lmi to lea te  2.8 2.5-+0.8 (10)  ...... 
S tearate  2.4 2.3-+2.0 (10) ...... 
S tearate  5.1 4.2-+1.3 ( 10 ) 
Oleate 10 11.1----_1.9 (10) 108 
Oleate 20 20-+3.6 (10)  98 
Linoleate  31 29 -+3.1 ( 10 ) 94 
Linoleate  62 66-+3.1 (10)  107 
Total  58 57-+4.0 (10) 99 
Total  119 117-+6.8 (10) 103 

a Gel-paper, gas l iqu id  chromatography  wi th  an  in te rna l  standard.  

$~g 1 6 : 0  1 6 : 1  1 8 : 0  18 :1  18 :2  
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TABLE V1 

Seria l  De te rmina t ions  of the Tr iglycer ide  F a t t y  Acid Composi t ion and  Tr iglycer ide  Levels  of P l a sma  f rom 
I n d i v i d u a l  Ra t s  and  Mice by the Dens i tomet r ie  Method and  by the I n t e g r a t e d  System Method a 

Method of analysis  Methyl esters 
Densi- I n t e g r a t e d  mi l l ig rams  percent  Percen tage  composit ion 

tometry, system 16 :0  1 6 : 1  1 8 : 0  1 8 : 1  1 8 : 2  1 6 : 0  1 6 : 1  1 8 : 0  18 :1  1 8 : 2  to ta l  b to ta l  e 

R a t  1 - - D a y  1 
2 
3 

R a t  2 - - D a y  1 
2 
3 

R a t  3 - - D a y  1 
2 
3 

mouse 1 - - D a y  1 
5 
9 

13 
17 
21 

Mouse 2-Day 1 
5 
9 

13 
17 
21 

55 
70 
63 

30 
59 
26 

53 
42 
5O 

50 15 4.2 4.5 16 17 29 8.4 8.8 32 22 
74 18 3.6 8.4 25 ]9  26 4.9 11.4 34 25 
72 20 7.1 6.3 22 17 28.0 9.9 8.7 30 23 

2 9  6.2 2.4 3.8 10 6.4 2 2 . 1  8.3 13.0 36 22 
60 22 4.6 5.6 18 I0  36.0 7.7 9 .3  3 1  16 
23 7.0 1.4 3.1 7.8 4.5 31.0 6.1 13.4 34 20 

41 12 2.2 3.1 13 10 30 5.4 7.6 32 25 
39 11 2.4 4.1 18 9 28 6.2 10.5 32 22 
48 10 2.2 4.9 18 16 21 4.6 10.7 35 33 

43 5.8 2.0 2.1 21 12 14 4.7 5.1 51 26 
54 11 3.7 2.4 24 13 20 6,7 4.5 44 25 
58 15 1.6 3.4 25 13 25 2,8 5.8 43 23 
50 12 2.7 3.1 20 12 24 5.3 6.2 41 24 
47 11 3,4 2.5 19 11 24 7.1 5.3 41 23 
44 12 3.6 2.1 16 10 28 8.2 4,8 37 22 

43 9 1.7 2.3 19 11 21 4.0 5.4 44 26 
36 8 1.5 2.2 14 9 24 4.2 6.1 40 26 
36 9 2.2 1.9 14 8 28 6.0 5.1 41 23 
34 11 2.2 1.7 12 7 31 6.3 5.0 36 21 
45 11 1.1 3.0 20 11 24 2.5 6.7 44 24 
45 10 1.8 3.1 19 11 23 4.0 7.0 42 24 

a Gel-paper, gas l iqu id  chromatography  wi th  
b Volume of p lasma ana ly s ed - -3  #1. 

Volume of p lasma  ana ly se f l - - lO  /zl. 

an in te rna l  s tandard .  

eluted from the paper and in others it was rinsed off. 
F a t t y  acid levels were determined following methyla- 
tion and gas chromatography of the methyl esters 
(Table I I I ) .  In the third par t  of this s tudy the solu- 
tion of safflower oil was pipetted directly into the 
tube for  methylat ion;  the paper  chromatography step 
was not performed. Fa t t y  acid levels were deter- 
mined as described above. Rinsing the lipid f rom the 
gel-paper gave somewhat better  results than the elu- 
tion technique. 

Values for lipid concentrations were not signifi- 
cantly different when 3, 5, 10 or 20 ~1 of a single 
sample of human plasma were analysed by gel-paper, 
gas-liquid chromatography with an internal  s tandard 
(Table IV).  The results show that  the precision of 
the method was good when various amounts of plasma 
were analysed. Another  s tudy was performed by pi- 
pet t ing 10 ~l aliquots of a single plasma sample onto 
the paper  and adding different amounts of the in- 
ternal  s tandard (0.6, 1.0, 2.0, 4.0 ~g). There was no 
significant difference in the results. 

Studies were conducted in which known amounts 
of cottonseed oil methyl esters were added to analysed 
plasma extracts. Recoveries were satisfactory except 
for  palmitoleate and stearate (Table V). These were 
minor components of the cottonseed oil and could not 
be determined accurately under  the conditions of the 
experiment. By  adding smaller amounts of the in- 
ternal  s tandard and operating the gas chromatograph 
at a higher sensitivity it should be possible to accu- 
ra te ly  determine palmitoleate and stearate. No at- 
tempt  was made to analyze them accurately. 

Serial measurements of the tr iglyeeride f a t ty  acid 
composition and concentrations of triglyeeride of 
plasma from rats and mice were performed by ihe 
integrated system method and the densitometric 
method (Table VI) .  There is fa i r ly  good agreement 
in the results of the two methods. Blood was taken 
from each of three rats on three consecutive days and 
from each of two mice every four  days for 21 days. 
The triglyceride and the fa t ty  acid levels were rela- 
tively constant for  both the rats and mice. 

Discussion 
A microtechnique is described for determining si- 

multaneously the fa t ty  acid composition and the con- 

e e n t r a t i o n  of plasma triglyceride in 3 to 10 ~1 of 
plasma by means of chromatography with an internal  
s tandard on glass paper  impregnated with silica gel 
(gel-paper) and gas-liquid chromatography. This en- 
ables one to perform serial measurements of these 
lipids in small animals. The triglycerides and cho- 
lesterol esters are easily and rapidly  separated from 
plasma by gel-paper chromatography. I f  a factor is 
used  to correct for  saturated fa t ty  acids which do not 
char, densitometry of the charred spots can be used 
to quanti tate the triglycerides. The combination of 
the gel-paper chromatography and gas-liquid chro- 
matography makes it  possible to determine the fa t ty  
acid composition of the isolated triglycerides. The 
addition of an internal  standard, glyceryl tr ihepta- 
deeanoate, makes possible the deternlination of serum 
concentrations of each fa t ty  acid of the triglyceride. 
Ten microliters of plasma is usually used to deter- 
mine the triglyceride f a t t y  acid composition and level 
of triglycerides in plasma of humans, mice and rats. 
The least amount of plasma triglyeeride necessary for 
quanti tat ion of the individual f a t ty  acids by this 
method is 2 ~g and the optimal quant i ty  is 10/~g. Two 
micrograms of the internal  s tandard is satisfactory 
for serum triglyceride concentrations ranging from 
20 to 150 mg per 100 ml plasma. For  plasma levels 
of 150 to 400 mg per 100 ml plasma, it is necessary to 
use 4 ~g of the internal  standard. 

An added advantage of the integrated system 
method is that  the cholesteryl ester as well as triglyc- 
eride fa t ty  acid levels can be measured in the same 
sample of plasma. In  order to do this, a second in- 
ternal  standard, cholesteryl heptadecanoate, is used. 
The eholesteryl esters run  at the solvent f ront  as a 
distinct spot and can be rinsed from the paper, meth- 
ylated, and then the methyl esters determined by gas- 
liquid chromatography. 

The densitometric method is simple and rapid to 
per form and, therefore, offers advantages for  serial 
tr iglyceride determinations, as in a triglyceride tol- 
erance test or acute and chronic studies both in small 
animals and in humans. 
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The Reaction of Ethylene Oxide with Oleic Acid 
G. J. STOCKBURGER and J. D. BRANDNER, Atlas Chemical Industries, Inc., Wilmington, Delaware 

Abstract 

The base-catalyzed reaction of ethylene oxide 
with oleie acid can be divided into two stages. 
The first stage consists of a slow reaction of oleic 
acid with ethylene oxide to form principally 
ethylene glycol monooleate; other reactions such 
as esterification, transesterification and poly- 
glycol formation lag behind. In  the second stage, 
af ter  the addition of approximately one mole of 
ethylene oxide, the reaction accelerates and trans- 
esterifieation equilibrium is rapidly attained. The 
composition of products  containing several mole- 
cules or more of ethylene oxide can be calculated 
satisfactorily on the assumption of random ad- 
dition of ethylene oxide and random esterifiea- 
tion of the hydroxyl  groups. The uncatalyzed 
reaction is nlueh slower and transesterification 
equilibrium is at tained slowly, if at all. A reac- 
tion mechanism based on the difference in ba- 
sieities of the earboxylate and alkoxide ions (and 
the relative rates of the competitive ethylene 
oxide reactions) is presented for the base-cat- 
alyzed reaction. 

Introduction 

T HE ALKALI-CATALYZED reactions of ethylene oxide 
with long-chain fa t ty  acids are used for the pro- 

duction of a number of commercially important  emul- 
sifiers and nonionic detergents (1,2). A simplified 
representation of the reaction is 

R C 0 0 H  q- n C~I-I40 ~ RC00(C~H~0)nH (1) 

The reaction is customarily conducted with an alka- 
line catalyst and other reactions such as transesteri- 
fieation, 

2 RCO0(C~H~0)nH ~ -RC00(C2H40)n0CR q- H0(C2H~0)nH (2) 

and direct esterifieation, 
RC00I~  -~ R C 0 0  (C~H40)nH -~ R C 0 0  (0~H~0) n0Cl~ + H20 (3) 

have been observed ( 2 4 ) .  
Polyoxyethylene (8) stearate (MYRJ 45--Atlas  

Chemical Industries, Inc.),  which is the reaction 
product  of 8 moles of ethylene oxide per mole of 
stearie acid, is approximately a 1:2:1 molar mixture 
of free polyol, monoester and diester (3). This dis- 
tr ibution is the one expected (10) if ester interchange 
equilibrium (Equat ion 2) is reached rapidly. Larger  
mole ratios of mono- to diester have been reported 
for early stages of oxyethylation (4-7).  In view of 
the interest in polyoxyethylene glycol esters in foods, 
pharmaceuticals, etc., it seemed desirable to make a 
thorough s tudy of the effects of reaction conditions, 
including extent of oxyethylation on the composition 
of the products. Oleie acid was chosen for the study 
rather  than stearic acid because the oleate esters are 
liquids and easy to handle and to observe for 
homogeneity. 

Experimental 
Starting Materials 

Oleic acid was Emersol 233LL (Acid No., 202; 
average mole weight, 278), obtained from Emery  In- 
dustries, Inc. Commercial ethylene oxide and sodium 
hydroxide were used without purification. 

Procedure 

F a t ty  acid-catalyst mixtures were prepared by dis- 
solving powdered sodium hydroxide in oleic acid at 
elevated tenlperatures and decanting the m i x t u r e  
from the small quant i ty  of aqueous phase which 
settled out upon standing. The ethylene oxide reae- 
tions were conducted in a one-liter st irred autoclave 
under a nitrogen atmosphere. Ethylene oxide was 
added incrementally maintaining autoclave pressure 
eonstant to •  psig. Details of the equipment and 
procedure were given previously (11). In order to 
obtain samples representative of operating conditions, 
small quantities were removed rapidly from the auto- 
clave into a flask cooled in a solid carbon dioxide- 
isopropanol bath. 

Separation of Reaction Products and Analys is  

The products  are for the most par t  homogeneous. 
Those containing between 1.0 and 2.5 moles of ethy- 
lene oxide per mole acid yielded a small quanti ty of 
a second liquid phase, largely glycols, upon standing 
at room temperature.  Before sampling for analysis, 
the products  were mixed by shaking. The mole ratio 
of epoxide reacted with acid was estimated from the 
oxyethylene content of the product, determined by 
the method of Siggia et al. (8). The products were  
analyzed for acid value, hydroxyl  value and saponi- 
fication value by methods essentially those of the 
American Oil Chemists' Society. Free and total 
ethylene glycol were determined by periodate oxida- 
tion before and after  saponification of the oleate 
ester. Water  content was determined by Karl  Fischer 
reagent or by gas-liquid chromatography. 

Samples were processed to yield (a) free polyols, 
(b) combined mono- and diesters, and (c) total (free 
and combined) polyols. The procedure utilized to 
obtain the total polyols was similar to that  described 
by Birkmeier and Brandner  (3), except that  samples 
were concentrated under  controlled conditions to pre- 
vent loss of the lower glycols. The separation of free 
polyols f rom the combined esters was accomplished 
by extract ing a benzene solution with aqueous 10% 
sodium sulfate solution. In some of the extractions, 
emulsions were obtained, which were broken by the 
addition of small quantities of isopropanol. The free 
polyols (and the total polyols obtained af ter  saponi- 
fication) were recovered as aqueous solutions, concen- 
t ra ted and the chain length of the glycols estimated 
from the hydroxyl  number. Alternatively,  GLC was 
used to estimate free polyols directly using a column 


