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Abstract 
Male weanling rats of the Sprague-Dawley 

strain were made essential f a t ty  acid ( E F A ) -  
deficient by feeding them a fat-free diet for  five 
months. The animals were then fed a supple- 
ment of methyl trans-9,trans-12-octadceadienoate 
(methyl  linoelaidate), as 5% of the dietary calo- 
ries (approximately 400 rag /an imal /day)  for  19 
days, and killed by exsanguination. The com- 
position of the liver, kidney, epididymal and 
plasma ]ipids was determined and compared with 
that  obtained from EFA-deficient rats given 
oral supplements of methyl cis-9,cis-12-octadeca- 
dienoate (linoleatc) and methyl cis-9,trans-12- 
octadecadienoate. Linoelaidic acid was depos- 
ited in the phospholipids, sterol esters and tri- 
glycerides in all of the tissues examined. Iso- 
lation analysis of the fa t ty  acids showed no 
evidence that  linoelaidic acid was converted to 
higher polyunsaturated fa t ty  acids in the EFA -  
deficient rat.  

Introduction 

T HE INABILITY of trans isomers of linoleic acid to 
cure an E F A  deficiency in the rat  has been well 

documented (1,2,3,4,5,6). Not so clear is the me- 
tabolism of these compounds. Studies by Holman 
and Aaes-J~rgensen (3) indicated that  unnatura l  
trans acids were deposited in the tissues of rat,  and 
appeared to worsen the condition of animals on a 
fat-free diet. These observations suggested that  trans 
acids may increase the requirements for  essential 
f a t ty  acids (7). Dhopcshwarker and Mead found that 
methyl elaidate was deposited unchanged in the tis- 
sues of guinea pigs (8),  and that  it  had no adverse 
effect on the animals (9). Mattson (6) found no 
adverse effect of trans isomers of ethyl linoleate fed in 
mixtures with all-cis-linoleate to rats. We demon- 
strated that  whereas methyl cis-9,trans-12-octadeca- 
dienoate neither cured an E F A  deficiency (5), nor 
served as a substrate for  lipoxidase (10), it was con- 
verted to higher polyunsaturated fa t ty  acids (11). 

The work reported here shows that  in contrast to 
cis-9,trans-12-oetadecadienoic acid, trans-9-trans-12- 
octadeeadienoic (linoelaidie) acid is not converted to 
higher polyunsaturated f a t ty  acids in the animal 
body. 

Experimental 
Materials. Highly  purified methyl cis-9,cis-12- 

octadecadienoate (hereaf ter  designated as cis,cis- 
linoleate) was obtained from The Hormel  Insti tute.  
This compound was prepared from safflower seed oil 
by physical methods and was ~ 9 9 %  pure. Methyl 
trans-9,trans-12-octadecadienoate (linoelaidate) was 
prepared by elaidinization of methyl  cis,cis-linoleate 
according to the procedure described by McCutcheon 
et al. (12). The crude preparat ion of methyl  lino- 
elaidate was dissolved in petroleum ether and puri- 
fied by passing it through a 2-in. thick pad of silicic 
acid in a Buchner  funnel,  followed by about five 

1 Supported in pa r t  by U. S. Public t leal th Service Grant  No. 
A]~ 04942. 
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recrystallizations of the product  from acetone at ca. 
--20C. The product  was then distilled through a 
Podbielnaik Hyper-Cal  column at 3 mm pressure. 
IR analysis of the final product  by the AOCS Official 
and Tentative Method (13) gave 1.94 times the 
absorptivity of methyl elaidate at 10.33 ~. No iso- 
meric f a t ty  acid impurities could be detected in this 
preparat ion by thin-layer chromatography (TLC)  
on silver ni t ra te  coated plates (15,16). Also, no fa t ty  
acids differing in degree of unsaturat ion or chain 
length could be detected in this preparat ion by gas- 
liquid chromatography (GLC).  S t ruc tura l  analysis 
of the final preparat ion (15) showed that the double 
bonds resided, exclusively, in the 9 and 12 positions. 

The silicic acid used in this work was prepared 
in our laboratory as previously described (14) ; com- 
mercial preparations of this absorbent were contami- 
nated with organic mat ter  which created a problem 
when TLC was used for preparat ive purposes. The 
pure reference lipids used in this s tudy were obtained 
from The Hormet Institute.  

Methods. F a t t y  acid composition was determined 
with an F & M Scientific Corp. Model 609 flame 
ionization instrument  equipped with a 6 f t  x 1/~ in. 
column, packed with Chromosorb W containing 15% 
ethylene glycol succinate polyester at 185C. The 
variation from lineari ty in the analysis of s tandard 
reference mixtures of long-chain methyl esters ob- 
tained from The Hormel  Inst i tue was less than ~ 2 
percentage unit. Thus, percent  composition was 
calculated on the basis of the proport ion of the peak 
areas. 

Quantitat ive analysis of the major  lipid classes 
was carried out by TLC as previously described (11, 
14). The fa t ty  acid composition of the lipid classes 
was determined on material  isolated by TLC as fol- 
lows. Approximately 100 mg lipid was applied in a 
row of spots on a 20 x 20 cm silicie acid chromato- 
plate. The components were separated with 15% 
diethyl ether in petroleum ether (bp 35-60C) con- 
taining 1% acetic acid. The phospholipids and re- 
lated compounds remained at the origin on the plate;  
the sterols, free f a t t y  acids, triglycerides and sterol 
esters had Rf values of approximately 0.1,0.3,0.5 and 
0.8, respectively. The phopholipids, triglycerides and 
sterol esters were scraped from the chromatoplate 
in a band of adsorbent and converted to methyl es- 
ters. The methanolysis of these compounds was car- 
ried out by heating them( with adsorbent) in reflux- 
lug d ry  1N HCLmethanol  for  about two hr. The 
crude esters were extracted into petroleum ether, 
washed with distilled water, dried over anhydrous 
sodium sulfate, filtered and recovered by evapora- 
tion of the solvent. GLC analysis was carried out 
as described above. 

A Perkin-Elmer  Model 21 IR spectrophotometer 
was used for the IR analyses. Trans unsaturat ion 
was calculated from the intensity of the peak at 10.33 
/% with reference to pure methyl elaidate (10% solu- 
tion in CS2). 

Nutritional Experiment. Male weanling rats of 
the Sprague-Dawtey strain were fed ad libitum for  
five months on a fat-free diet of the following corn- 
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DAYS ON D f E T  

Fro. 1. Growth rate of groups of animals during the sup- 
plementation period with: A. vis,cisqinoleate; B. cis,trans- 
l i n o l e a t e ;  C. f a t - f r e e  g r o u p ;  a n d  D.  l i n o e l a i d a t e .  

position: v i tamin  test case in- -16%,  sucrose- -74%,  
a-cellulose 1%, Wesson salt m i x t u r e - - 4 % ,  1% of 
a mix ture  of vxi tamius in casein and 1% of a mix- 
ture of choline chloride in casein (1). Vitamins A 
and E were mixed into the diet in a diethyl ether 
solution; the ether was removed by evaporat ion 
under  reduced pressure. A group of five animals 
was given a supplement  of methyl  linoelaidatc con- 
sisting of 5% of the total calories (approximate ly  
400 r ag / an ima l /day )  in place of sucrose for 19 days. 
In  an earlier experiment,  which has been reported 
in pa r t  (11), two groups of 5 EFA-deficient  animals 
of ca. the same wt  and ages, reared on the same 
diet as in the present  experiment,  were given oral 
administrat ions of 200 m g / d a y  cis,cis-linoleate and 
methyl  cis-9,trans-12-octadecadienoate (hereaf ter  des- 
ignated as cis,trans-linoleate), respectively, for  17 
days, and another  group was mainta ined on a fat-  
free diet to serve as a control. The analyses of the 
tissue lipids of these animals are repor ted here for  
comparison with those of the linoelaidate supple- 
mented group. 

All animals were killed by exsanguination and the 
livers, kidneys and epididymal  pads, as well as sam- 

T A B L E  I 

Analys is  of Tissue  L i p i d  Classes* 

Steryl esters ........................ 
Tr ig lycer ides  ........................ 
Free fa t ty  acids .................. 
Phosphol ip ids  ...................... 
Sterols .................................. 

Steryl esters . . . . . . . . . . . . . . . . . . . . . . . .  
Triglycer ides  ........................ 
Free fa t ty  acids .................. 
Phosphol ip ids  ...................... 
Sterols .................................. 

Steryl esters ........................ 
Tr iglyeer ides  ........................ 
Free fa t ty  acids .................. 
PhosphoHpids ...................... 
Sterols .................................. 

L i v e r  

A B C D 

~ j - - ~ S  ~ 7.5 
30.5 I 33.0 I 34.a [ 20.7 

0.8 / 2 . 2  I . . . . . .  [ 2.5 
54.3 I 54 4 I 48.4 62.3 
11.4 ~ 6.8 / 12.0 I 7.0 

Kidney  

A B C D 

- - X ~ . 7  L--X~.5 / 6 ~ 1  6.2 
20.9 [ 19.6 { 20.4 I 2 8 . 0  

1.4 / 1.3 / ...... I 6.2 
66.6 ] 65.5 ] 60.0 ~ 43.7 

9,4 ~ 12.1 / 13.2 t 15.9 

:Plasma 

11.7 ~ 15,6 
2.9 ] 2.2 

58.o / 57.0 
1 2 . 8  i 8.8 

D 

20.0 
13.2 ] 18.7 

3.0 3.3 
62.4 51,0 

6.1 7,0 

A - c i s , c i s - l i n o l e a t e  group.  
B - r  group.  
0 - t r a n s , t r a n s - l i n o l e a t e  group.  
D -  Fat-free diet  group.  
* Average  of  t r ip l ica te  analyses on pool samples  of l ipid.  

ples of plasma, were excised for analyses of the 
lipids. The lipid of each of the pooled tissues was 
extracted with chloroform-methanol (2:1, v / v )  in 
a ServaU Omni-Mixer and recovered as follows. Most 
of the methanol and chloroform was evaporated 
leaving ai~ aqueous-fat ty  residue. This residue was 
extracted with low boiling petroleum ether (35-60C) ; 
the solution was then washed with distilled water,  
dried over anhydrous  sodium sulfate and filtered. 
The fa t  was recovered by evaporation of the solvent. 
The plasma lipids were obtained f rom the clear 
superna tan t  of the centr ifuged hepar in- t reated blood 
by extract ion with alcohol-ether (2:1, v / v )  and re- 
covered in a similar manner .  

R e s u l t s  

Figure  1 shows a comparison of the growth rates 
of the groups of animals dur ing the supplmentat ion 
period. The growth of the cis,cis group was signifi- 
cantly greater  than  the fat-free and the cis,trans- 
linoleate supplemented group, iV[ethyl linoelaidate 

Fa t ty  Acid 

TABLE II 

Composi t ion of L ip ids*  
( %  by wt)  

L ive r  p h o s p h o l i p i d s  
A 
B 
C 
D 

L i v e r  t r iglycer ides  
k 
B 
C 
D 

E p i d i d y m a l  fa t  
A 
B 
C 
D 

L ive r  sterol e s t e r s  
A 
B 
C 
D 

Kidney  l ip id  
A 
B 
C 

D 

1 4 : 0  1 6 : 0  16 :1  18 :0  1 8 : 1  1 8 : 2  18 :3  2 0 : 3  2 0 : 4  

tr .  
tr .  
tr .  
0.3 

1.5 
1.6 
1.5 
1.6 

2.7 
tr .  
1.8 
2.2 

2.5 
0.6 
0.8 
1.1 

1.2 
1.1 
0.7 ' 
0,5 

23.8 
22.2 
17.3 
21.6 

33.4 
39.0 
29.9 
35.1 

29.6 
29.6 
23.0 
32.0 

35.8 
23.9 
20.4 
2 6 , 0  

24.7 
25.4 
21.8 
20.8 

5.4 
4.6 

10.1 
8.5 

15.2 
10.2 
1 3 . 9  
13.4 

20.5 
17.7 
14.1 
16.7 

7,9 
15.2 
23.0 
21.1 

6.4 
7.5 
7.5 
6.1 

24.0 
25.0 
18.9 
22.6 

2.1 
2.3 
2.3 
2.7 

1.7 
2.5 
1.1 
3.2 

5.8 
5.6 
3.0 
3.3 

13.6 
14.4 
11.0 
15.0 

18.6 
18.8 
33.0 
24.2 

47.7 
46.9 
48.6 
47.2 

44.3 
50.2 
56.3 
46.0 

48.0 
52.7 
39.8 
46.9 

32.3 
2 9 . 5  
40.0 
33.6 

8.3 
2.8 
7.3 
1.5 

tr. 

2.9 

1.2 

3.7 

tr .  
2.0 

11.3 
1,6 

7.8 
5.0 
7.0 
1.6 

1.5 

0,7 

tr. 

4.7 
19.0 
10.1 
18.1 

1.2 
8.3 
9.1 

15 . t  

15.2 
7.6 
1.8 
3.1 

12.8 
9.0 
2.9 
7.3 

A - e i s , e i s - l i n o l e a t e  g r o u p .  
B - c i s , t r a n s - l i n o l e a t e  group,  
0 ~  t r a n s , t r a n s - l i n o l e a t e  group.  
I ) -  Fat-free diet  g r o u p .  
* Average  of t r ip l ica te  analyses on pooled methyl esters�9 
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T A B L E  I I I  

F a t t y  Acid  Composi t ion  of P l a s m a  L ip id s*  
(% wt) 

V O L .  4 1  

1 4 : 0  
1 6 : 0  
I 6 : 1  
1 8 : 0  
1 8 : 1  
1 8 : 2  
1 8 : 3  
2 0 : 3  
2 0 : 4  

A 

SE TG P L  ~- 

0.4 1.7 0 .5  
7.8 30 .6  2 9 . 6  

17.0  10 .7  3,3 
0 .6  3.0 18.5  

18 .7  50 .5  21 .0  
11 .7  3.5 6.3 

1.4 . . . . . . . . . . . .  
10 .3  ...... 8.9 
32.1  ...... 11.9 

SE TG PL 

0.6 1,8 0.7 
10 .0  33 ,6  2 1 . 6  
19 .4  10 .8  5 ,4  

1.3 3.2 21 .0  
30 .0  47 .7  23 .0  

7.3 2.9 6.4 
1.6 . . . . . . . . . . . .  

17 ,7  ...... 13 .9  
12 .5  ...... 8 .0  

SE TG PL 

t r .  2 .5  0 ,2  
11 .9  2 3 . 4  ! 9 . 6  
29 .0  7,9 5,3 

0.6 9.4 19 .7  
39.2  37 .8  32 .0  

4.9 19.0  12 .0  
1.6 . . . . . . . . . . . .  

12 .8  ...... 11 .2  
t r  . . . . . . . . . . . . .  

D 

BE T G  PL 

0,3 1.2 0.5 
7.9 30 .0  27 .1  

24 .3  12.8  4.1 
0 ,4  2,0 17 .2  

27 .4  54 .0  25 ,4  
6.1 t r  . . . . . . .  
2 .1  . . . . . . . . . . . .  

28 .2  ...... 23 .9  
3.3 ...... 1.8 

SE  = S te ry l  es ters  ; TG = T r i g l y c e r i d e s  ; PL = Fhosphol ip ids .  
A - c i s , c i s - i i n o l e a t e  group .  
B - c i s , t r a n s - l i n o l e a t e  group .  
O -  t r a n s , t r a n s - l i n o l e a t e  group .  
D -  F a t - f r e e  d ie t  g roup .  
* A v e r a g e  of t r i p l i c a t e  ana lyses  on pool samples  of l ip id .  

gave no improvement  in the condition of the ani- 
mals, nor  did it promote  growth. 

Supplementat ion of EFA-deficient  rats  with the 
isomers of linoleate for  even a short period of 17-19 
days produced some effects on the relative amounts,  
as well as the f a t t y  acid composition of the major  
lipid classes of the tissues, as shown in Tables I , I I  
and I I I .  The results of the analysis of the liver 
lipids of the cis, cis-linoleate, cis, trans-linoleate and 
fat-free groups have been previously reported and 
are presented here for  comparison with those on the 
other tissues, as well as with the linoelaidate supple- 
mented group of animals. 

The main influence of the supplenleuts on the lipid 
classes was an increase in the triglyeerides, and a 
decrease in the phospholipids. The sterol level of the 
cis,cis-linoleate and linoelaidate groups was higher 
than that  of the fat-free and cis,trans-linoleate 
groups. The linoleate isomers gave a reduction of 
the sterol esters and triglycerides,  and an increase 
in the phospholipids in the kidney tissues. There 
was a slight decrease in the level of the tr iglyceride 
and sterol esters, and an increase in the phospholipids 
in the plasma lipids of the animals receiving the 
supplements.  In  general, the effect of the cis,tra,~s- 

F r a c t i o n a t i o n  of 

Epididymal Fatty Acid Methyl Esters 

14:0. 16:0, 16:1. zs=o. 1s,1. zs,z I 
(1.8~) (23.0~ (14.1%) (1.1%) (56.3~) ( 3 . ~ )  I ! 

d d Reversed Phase L1quz L1quz 
Partition Column Chromatography (20) 

l } ' 14:0, 6:1, 18:2 16:0 18:I 18:0 

I 
P r e p a r a t i v e  GLC 

| 
i $ ] S t a g e  A 

1 4 : 0  1 6 : 1  1 8 : 2  

Preparative AgN03-TLC 

t 
. I .  l 

ClS  C15 ~ r a ~ s p t r a n s  
" l - g ; " Y ' -  " 1 s : 2  

Ft~. 2. Frac~ionation procedure for the isolation of 18:2 
acids (as methyl esters). 

and trans,trans-octadecadienoate isomers on the lipid 
class composition of the tissues was the same as that  
of the na tu ra l  cis,cis isomer. 

The f a t t y  ac id  composition analyses of the major  
lipid classes of the  tissue lipids of the four  groups 
of animals are shown in Tables I I  and I I I .  

Although there were some variat ions in the pro- 
portions of the sa turated and monounsatura ted  f a t t y  
acids, the main influence of the linoleate supplements  
was on the polyunsa tura ted  f a t t y  acid composition. 
Cis,cis-linoleate decreased the 20:3 and increased the 
20:4 acids as expected f rom the observations of Hol- 
man and co-workers (17,18,19). The 20:4 acid con- 
tent  was increased in the animals receiving the cis, 
trans-linoleate, mainly as a result  of the conversion 
of this acid to tetraene (11). The methyl  linoelaidate 
supplement  lowered the 20.3 content;  the 20.4 
content was not raised, however, and no conversion of 
linoelaidic acid to higher polyunsatura ted  f a t ty  acids 
appeared to take place. The 18:2 acids were higher 
in all tissues of the animals receiving the linoleate 
isomers as expected. 

Charactrization of the 18:2 and 20:4 acids in the 
tissue lipids of the linoelaidate group. Using the in- 
format ion on the f a t t y  acid composition as a guide, 
the 18:2 and 20:4 acids were isolated f rom the lino- 
elaidate group of animals for fu r the r  characterization. 
The isolation of the 18:2 acid was carried out f rom 
the epididymal  fa t  because of the small amount  of 
fa t  in the other tissues. The general procedure 
employed for  the isolation of the 18:2 acids is shown 
in F igure  2. 

Liquid4iquid par t i t ion (20) (Fig.  2) was used 
mainly  to isolate the 18:2 quant i ta t ively f rom the 
18:1 fraction. Since the 18:1 was present  in roughly  
19 times the concentration of the 18:2, other meth- 
ods, including GLC, could not effect this separation 
as efficiently as liquid-liquid part i t ion.  The critical 
pairs  14:0 and 16:1, which contaminated the 18:2 
fraction, were readily separated by  prepara t ive  GLC. 
Prepara t ive  GLC was carried out on 30 mg amounts 
of sample with a 10 f t x 3 ~  in. column of 15% 
ethylene glycol succinate polyester  at  185C, in the 
ins t rument  described above, equipped with an F & 
M Scientific Corp. s t ream spli t ter  inserted between 
the column and detector. As the fract ions emerged 
f rom the split ter,  they were collected in small tubes 
of cold ( - 1 0 C )  chloroform. Yields of ester of the 
order of 90% were obtained by this technique. The 
esters were recovered ' f rom the chloroform and puri-  
fied f rom column bleed, in par t icular ,  by TLC on 
20 x 20 em silicic acid coated plates with 7% diethyl  
ether in petroleum ether. TLC analysis with AgN03 
coated plates (15) of the 18:2 acid fract ion isolated 
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Fro .  3. Chromatoplate of the TLC analysis of the total 
18:2 acids (in the form of methyl esters) isolated from the 
epididymal fa t  (Stage A, Figure 2) of animals on the lino- 
etaidate supplemented diets by AgNOs-TLC. A = s t a n d a r d  
of methyl trans-9,trams 12-octadecadienoate (TT),  and methyl 
cis-9,~is-12-octadecadienoate (CC). B----sample of 18:2 frac- 
tion of epididymal fat. 

at this point is shown in Figure  3. Quantitat ive 
analysis of this preparat ion by densitometry of the 
charred spots (14) indicated that  it consisted of 
79.5 % trans, trans-18: 2. 

The small amount of cis,cis-18:2 in this prepara- 
tion was separated by preparat ive TLC with silver 
ni trate coated plates as previously described (11,15). 
The intensity of the band at 10.33 t~ in the IR spec- 
t rum of the final preparat ion of 18:2 was 1.92 times 
that  given by methyl elaidate (Fig. 4) indicating 
that  it was essentially pure trans,trans diene. 

S t ruc tura l  analysis of this ester by reductive 
ozonolysis (15) showed that  the double bonds re- 
sided in the 9 and 12 positions. These results showed 
that 79.5% of the 18:2 acids of the epididymal fat  
of the animals in the trans, trans-linoleate group con- 
sisted of linoelaidic acid. No effort was made to de- 
termine the structures of the cis,cis-18:2 acids in the 
tissue lipids. However, they should consist of a 
mixture of cis-9,cis-12- and cis-8,cis-ll-octadeca- 
dienoic acids, the lat ter  acid being synthesized from 
palmitoleic acid. 

Evidence that  the 18:2 acids in the other tissue 
lipids of this group of animals also contained lino- 
elaidic acid was obtained by a combination of GLC 
and IR analyses of the methyl esters. The total 
esters were fract ionated by preparat ive TLC with 
AgNO3 coated plates, as il lustrated in Figure  5, 
which shows a chronmtoplate with the appropriate  
standards of the methyl esters of the epididymal fat. 
The band corresponding to the s tandard methyl 
oleate (2, Fig. 5) contained not only methyl oleate, 
but also trans,trans-linoleate, because these com- 
pounds cannot be separated by this technique as 
i l lustrated in Figure  6. Although it is not so evident 
f rom Figure  6, the fraction containing the trans, 
trans-octadecadienoate (2, Fig. 5) can also be readily 
separated from methyl  elaidate, as well as from 
methyl  cis,cis-linoleate by this technique. The amount 
of trans,trans-linoleate in fract ion 2, F igure  5 (and 

\ 
10.33 

M I C R O N S  
Fla. 4. IR spectra (10% solution in CSf). A, 20:4 acids 

(as methyl esters) isolated from the pooled esters of kidney 
and liver lipids of the linoelaidate group, B, linoelaidic acid 
(as methyl esters) isolated from the epididymal fat of the 
linoelaidate group of animals. C, dietary methyl linoelaidate. 

hence the original lipid) can be readily determined 
by GLC. I f  all the 18:2 in this fraction consists of 
trans, trans-18:2, the GLC analysis for  18:2 should 
agree with the IR spectral analysis of this fraction 
for trans,trans-18:2. The results of the analysis of 

FIG. 5. Chromatoplate of the fractionation of the methyl 
esters of the epididymal fa t  by AgNO~-TLC. Standard 1, 
methyl palmitate; 2, methyl oleate; 3, methyl cis-9,cis-12- 
llnoleate. Sample: 1, saturates; 2, cis-monoenes and trams, 
trans-dienes. Spots are made visible by spraying them with 
2,7-diehlorofluoreseein and photography under UV light. Sol~ 
vent: 20% ethyl ether in petroleum ether. 
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TABLE IV 

GLC and  I R  Analysis of Esters  in Frac t ions  
Isolated by AgNO3-TLO (Fr .  No. 2, Fig. 5) 

( % wt) 

Source GLC 

Liver phospholipids ................................ [ 12.3 [ 
Liver tr iglycerides .................................. I 4.0 ] 
Liver  steryl esters .................................. I 13.9 ] 
EpididymM fa t  ....................................... 3.9 
Kidney fa t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 2 

V O L .  4 1  

I n f r a r e d  

( t r ans , t r ans -18 :2 )  % 
12.4 

4.7 
16.5 

3.5 
7.5 

FIG. 6. C h r o m a t o p l a t e  o f  t h e  a n a l y s i s  o f  F r a c t i o n  N o .  2 
e s t e r s  o f  t h e  e p l d i d y m a l  f a t  i s o l a t e d  b y  A g N O ~ - T L C  in  F i g u r e  
5 w i t h  s t a n d a r d s .  S = s a t u r a t e ;  E = e l a i d a t e ;  O = o l e a t e ;  
F - 2  = F r a c t i o n  N o .  2, F i g u r e  5 ;  CC = c~s,c~s-linoleate; T T  = 
l i n o e l a i d a t e .  S o l v e n t :  2 0 %  e t h y l  e t h e r  in  p e t r o l e u m  e t h e r .  

a number  of tissues reported in Table IV show, in 
fact, that  the GLC analyses do agree well with the 
IR  analysis and, thus, provide fu r the r  proof for the 
deposition of linoelaidic acid in the tissues. 

Since the amount  of 20:4 acids in the trans,trans- 
linoleate group of animals was less than that  in the 
fat-free group, there appeared  to be little, if any, 
conversion of this acid to higher polyunsatura ted  
f a t t y  acids. In  order to substantiate this hypothesis, 
the 20:4 fract ion was isolated for I R  analysis. Be- 
cause there was little 20:4 acid in the tissues, the 
isolation was carr ied out f rom the pooled esters of 
the phospholipids and kidney fat.  The pooled esters 
were f raet ionated direct ly by prepara t ive  AgNO~- 
TLC using 30% diethyl ether in petrolemu ether. 
One fract ion was recovered f rom the area of the 20:3 
esters, and another  fract ion f rom the area adjoining 
it containing the 20:4 acid. The reason for selecting 
the two fract ions as such was to be certain of iso- 
lat ing any  trans-20:4 which ordinar i ly  would reside 
in the cis-20:3, as well as between the cis-20:3 and cis- 
20:4 esters. GLC analysis of these fract ions showed 
that  the first f ract ion was devoid of 20:4; it also 
contained no trans unsaturat ion.  The other fract ion 
consisted of 22% 20:3 and 78% of 20:4. I R  analysis 
of this f ract ion (Fig. 4) showed that  it was also 
devoid of trans unsaturat ion.  Thus, none of the lino- 
elaidie acid was converted to 20:4 acids. 

Discussion 

The present  s tudy showed that  linoelaidic acid 
was not converted to higher polyunsa tura ted  f a t ty  
acids in contrast  to cis-9,trans-12- and c/s,c/s-octa- 
decadienoic acids. However,  linoelaidic acid was de- 
posited in the major  lipid classes in all the tissues 
examined. Moreover, it appeared  to exert an influ- 
ence on the composition of the lipid classes and their  
consti tuent f a t t y  acids. The influence of linoelaidic 
and cis-9,trans-12-octadecadienoic acids on tile lipid 
classes and f a t t y  acid composition resembled that  of 
cis-9,cis-12-oetadecadienoic acid (na tura l  linoleic 
acid),  al though neither of these acids cured the E F A  
deficiency, nor s t imulated growth of the animals. 

Quackenbush and co-workers (21) observed tha t  the 
trans isomers of octadeeadienoic acid exerted a simi- 
lar, but  less pronounced effect as na tura l  linoleic acid 
on the cholesterol levels of hypercholesteremic rats. 

The relatively high amount  of 18:2 of the tissue 
lipids, par t icu lar ly  the triglycerides of the animals 
receiving methyl  linoelaidate as compared to the 
other supplemented groups, may  be at t r ibuted,  in 
part ,  to the higher level of this ester added to the 
diet of these animals. However,  the higher level in 
the tissue lipids, par t icu lar ly  the sterol esters, may  
also result  f rom its "p i l i ng  u p "  in the tissues, be- 
cause it is not converted to higher polyunsatura ted  
f a t t y  acids. 

I t  has been observed by Holman  and co-workers 
(17,18,19) that  na tura l  linoleic acid given to E F A -  
deficient animals effects a marked lowering of the 
20:3 acids simultaneously with the product ion of 
20:4 (arachidonic) acid. The low ratio of the 20:3 
to 20:4 was, therefore, regarded as a good index 
of the nutr i t ional  requirement  of the animal  for  
E F A .  The present s tudy shows that  linoelaidic acid 
also cffected a lowering of the 20:3 acids, but  since 
it was not converted to higher polyunsatura ted  f a t ty  
acids, the triene-to-tetraene ratio of f a t t y  acid was 
not great ly  altered. However,  the cis-9,trans-12-octa- 
decadienoic acid was converted to tetraene and gave 
an appreciable lower triene-to-tetraene ratio, in spite 
of the fact  that  it was fed for  only a short period 
at a low level. I t  was not as effective in this regard 
as na tura l  linoleic acid, however, as shown by the 
results in Tables I I  and I I I .  Whether  or not the 
synthesis of 20:3 acids, par t icu lar ly  in the phospho- 
lipids, would have been suppressed nlore, and as a 
consequence reversed completely the tr iene-tetraene 
ratio f rom that  of the animals in the fat-free group 
by feeding a larger  amount  of methyl  cis-9,trans-12- 
oetadecadienoate, must  await  the results of fu r the r  
experiments. One can only speculate on the reason 
why cis,trans-octadecadicnoate is less effective than 
the cis,cis-isomer in the suppression of the 20:3 acids. 
This acid may  be catabolized more readily than the 
cis,cis-isomer, or it may  undergo biohydrogenation 
somewhat like methyl  elaidate (8).  In  both cases, 
the apparen t  effect would be the same as providing 
less of this ester in the diet, in accordance with the 
low values for  18:2 in the phospholipids. 

Since the trans isomers of linoleic acid resemble 
na tura l  linoleie acid in their  effects on the compo- 
nent  lipids and f a t t y  acid composition, and cis-9, 
trans-12-octadecadienoic acid is converted to " t r a n s "  
arachidonie acid (11), enzymatic intereonversions of 
f a t t y  acids do not appear  to be involved per se in the 
physiological role of essential f a t ty  acids. 

The results of this s tudy also indicate that  the 
trans isomers of linoleic acid compete with the cor- 
responding cis isomers as substrates in the course 
of being metabolized. Thus, one might  expect that  
trans acids will substitute for  a port ion of the cis 
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acids on prolonged feeding and, conceivably, could 
produce a de facto essential fat ty acid deficiency. 
What other nutritional effects trans acids may have 
is not known. However, it is pertinent that when they 
are consumed as a dietary ingredient, they are found 
in all the common lipid classes in the tissues of the 
animal. 
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Analysis of Detergent Mixtures 
H. Y. LEW, California Research Corporation, Richmond, 

Abstract 

Long chain alkyldimethylamine oxides in de- 
tergent mixtures have not only been difficult 
to determine but also interfere with anionic ac- 
tive analysis by the usual quaternary titration 
with methylene blue indicator. Titration methods 
have been devised for the quantitative analysis 
of amine oxides and anionic actives in the pres- 
ence of each other and low molecular wt sulfon- 
ates. A gas chromatographic method has also 
been developed for determining molecular dis- 
tribution in alkyldimethylamine oxide mixtures. 
Analytical data are presented for a series of 
alkyldimethylamine oxides of different tool wt and 
for several experimental detergent formulations. 
The titration method is rapid and amenable to 
both solid and liquid detergent formulations. 

Introduction 

C ONSIDERABLE INTEREST has developed recently in 
long chain alkyldimethylamine oxides, such as 

dodecyldimethylamine oxide, as detergents and de- 
tergent additives. These compounds are usually made 
by oxidation of the corresponding amines (3), and 
consequently contain amines as impurities. 

Several analytical methods (1,2,3,5,6,7) have been 
reported for amine oxides in general. However, these 
methods which are based either on acidimetry or re- 
ductometry are mainly for determining product pur- 
ity and are not amenable to analysis of detergent 
mixtures. Furthermore, the presence of amine oxides 
in detergents interferes with the usual anionic active 
determination by quaternary titration with methylene 
blue indicator (4). Because of growing interest in 
these materials for detergent use, methods for deter- 
mining anionic attires and amine oxides in detergents 
are highly desirable. 

In the procedure presented, total anionic active is 
determined by quaternary titration of an aliquot of 
sample solution with bromocresol green indicator. 
Total amine oxide is then determined by adding a 
stoichiometric amount of quaternary to a second ali- 
quot (to complex with anionic actives), extracting 
the mixture with chloroform, and titrating the ex- 
tracted amine oxides with a standard alkylbenzene- 
sulfonate solution and methylene blue indicator. If  
the tool wt of amine oxides is unknowns, it can be 

P r e s e n t e d  at  the  AOC'S Meeting in Minneapolis, 1963. 

Containing Amine Oxides * 
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determined by the gas chromatographic method given. 
Accuracy of these methods is shown by analytical 

data on known compounds and both liquid and solid 
detergent formulations. 

Experimental 
Bromocreso[ Green (BCG) 
Method for Anionic Actives 
Reagents 

Quaternary Hyamine 1622 solution (ca. 0.00450 N). 
About 2.1 g Hyamine 1622 (Rohm and Haas, mol and 
equivalent wt, 466.1) is dissolved in water, diluted 
to 1 liter, and standardized against dodecylbenzene- 
sulfonic acid as described by House and Darragh (4). 

Bromocresol Green indicator solution (buffered at 
pH 9.5). Prepared from 0.040 g bromocresol green 
(3',3",5',5"-tetrabromo-m-cresolsulfonephthalein, East- 
man 1782), 70 g sodium sulfate (CP), 3.09 g boric 
acid ("Baker  Analyzed" Reagent), 34.4 meq of 
sodium hydroxide solution (0.5 N), sufficient Hyamine 
solution (ca. 13 nil 0.00450 N) to give zero titer for 
10 ml distilled water, and water to make up to 1 
liter. 

Procedure 
A weighed detergent sample (ca. 0.0025 equivalent 

of active) is dissolved in water and diluted to 250 
ml. A 5-ml aliquot is placed in a 100-ml stoppered 
graduate cylinder with 5 ml water, 15 ml chloroform 
(CP),  and 25 ml BCG solution and then titrated with 
Hyamine solution. The mixture is shaken vigorously 
after each increment of titrant. Initially the blue 
color of BCG concentrates in the aqueous (top) 
layer, and at the end point is equally distributed 
between the aqueous and chloroform layers. A cor- 
rection curve for titers of less than 10 ml is given 
in Figure 1. 

Calculation 
Milliequivalent anionic active/gram sample = 

H • F • Na x 50/W 
where H = ml Hyamine 1622 solution 

F = correction factor from Figure 1 
NH = normality of t tyamine 1622 solution 
W = sample wt in g 

Amine Oxide Method 
Reagents 

Inorganic Salt solution (buffered). Same as BCG 


