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DECOMPOSITION PRODUCTS OF TRIOLEIN 

did no t  exceed  11 carbon atoms.  However,  the identifica- 
t ion o f  a number  of  compounds  with more  than 11 carbon 
atoms, e.g., 2-dodecenoic  acid, indicates that  an apparent  
double bond migrat ion may take place when triolein is 
t rea ted under  the condi t ions  used in this s tudy.  The pos- 
sibility of double bond migrat ion in tr i l inolein,  t rea ted 
under  condi t ions  identical  to those repor ted  here,  has been 
previot~sly repor ted  by Thompson  et al. (9). 

Three terminally u n s a t u r a t e d  aldehydes and the three 
corresponding terminally unsaturated acids were ident i f ied 
for  the first t ime in the VDP of  an oil system. One possible 
mechanism for  the format ion  of  one of  these terminally 
unsaturated compounds ,  starting f rom the l l - h y d r o p e r o x -  
ide of  oleic acid, is given in Figure 6. Levy and Paul (16) 
have demons t ra ted  the possibil i ty of  oxida t ion  of  a carbon 
a tom,  t -  to a carboxyla te  group.  A number  of  o ther  pos- 
sible mechanisms for the format ion  o f  these compounds  
exists. This area deserves addit ional  s tudy.  

The lack of  a large number  and large amoun t  o f  dienals, 
especially the 2,4-decadienals, demonstra tes  the l imited 
ex ten t  of  dehydrogenat ion  during thermal oxidat ion  of  
triolein, and helps explain the lack of  a strong, deep-fat  
fried a roma in the t reated triolein.  

ACKNOWLEDGMENTS 

This is New Jersey Agricultural Experiment Station Publication No. 
D-10503-2-82, supported by State Funds and Public Health Service 

Grant HE-07610 from the National Heart Institute. We wish to 
thank J.B. Shumsky for her secretarial aid. 

REFERENCES 

1. Gaddis, A.M., R. Ellis and G.T. Currie, JAOCS 38:371 (1961). 
2. Toi, B., S. Ota and K. lwata, Yukagaku 11:508 (1962); Chem. 

Abstr. 58:10415 e (1963). 
3. Ellis, R., A.M. Gaddis, G.T. Currie and S.L. Powell, JAOCS 

45:553 (1968). 
4. Withycombe, D.A., L.M. Libbey and R.C. Lindsay, Lipids 

6:758 (1971)." 
5. Loury, M., Lipids 7:671 (1972). 
6. Selke, E., W.K. Rohwedder and H.J. Dutton, JAOCS 54:62 

(1977). 
7. Paulose, M.M., and S.S. Chang, JAOCS 55:375 (1978). 
8. Paulose, M.M., and S.S. Chang, JAOCS 50:147 (1973). 
9. Thompson, J.A., W.A. May, M.M. Paulose, R.J. Peterson and 

S.S. Chang, JAOCS 55:897 (1978). 
10. Krishnamurthy, R.G., T. Kawada and S.S. Chang, JAOCS 

42:878 (1965). 
11. Deck, R.E., J.A. Thompson and S.S. Chang, J. Gas. Chroma- 

togr. 392 (1965). 
12. Kawada, T., B.D. Mookherjee and S.S. Chang, JAOCS 43:237 

(1966). 
13. Krishnamurthy, R.G., and S.S. Chang, JAOCS 44:136 (1967). 
14. Conley, R.T., Infrared Spectroscopy, 2nd edn., Allyn and 

Bacon, Inc., Boston, MA, 1972. 
15. Budzikiewicz, H., C. Djerassi and D.H. Williams, Mass Spec- 

trometry of Organic Compounds, Holden-Day, Inc., San 
Francisco, CA, 1967. 

16. Levy, J.L., and D.G. Paul, J. Gas Chromatogr. 136 (1967). 

[Received Oc tober  15, 1982] 

Biochemistry of Unsaturated Fatty Acid Isomers 1 

E.A. EMKEN, Northern Regional Research Center, Agricultural Research Service, US 
Department of Agriculture, Peoria, I L 61604 

ABSTRACT 

Recognition that catalytic hydrogenation changes the configuration 
and position of double bonds and alters the physical properties of 
unsaturated fats prompted numerous early investigations on the bio- 
chemical effects of "trans isomers." Recent research has provided 
data on positional isomer metabolism. Some aspects of fatty acid 
isomer metabolism are now reasonably well understood, but other 
issues are not resolved. Human and animal data have provided good 
evidence that isomers in partially hydrogenated oils are well adsorbed 
and incorporated into all organs and tissues. Analyses of human 
tissues also indicate that hydrogenated oils are the major source of 
fatty acid isomers in the US diet. Tissue composition data combined 
with isolated enzyme studies and isotope tracer experiments with 
whole organisms show unquestionably that structural differences 
between various fatty acid isomers influence specific biochemical 
transformations. Examples are differences in the reaction rates and/ 
or specificities of acyl transferase, lipase, desaturase and cholesteryl 
esterase/hydrolase for various positional fatty acid isomers. Isolated 
microsomes and mitochondria also have been used to identify dif- 
ferences in acyl CoA activation, oxidation, and elongation of posi- 
tional isomers. In addition, isotope tracer experiments show that 
preferential metabolism of individual positional isomers occurs in 
vivo. In vi~r studies with hydrogenated vegetable oil diets containing 
adequate levels of linoleic acid produced no obvious physiological 

1 Presented at the 73rd AOCS annual meeting, Toronto, 1982. 

changes. Experiments with specific polyunsaturated isomers have 
produced changes in blood cell properties, pulmonary weight, lino- 
leic acid requirements and tissue lipid composition. These changes 
may be related to a number of factors such as membrane fluidity 
and permeability, cell function, synthesis of arachidonic acid, homo~ 
gamma-linoleic acid or prostaglandins. Whether differences in the 
biochemistry of fatty acid isomers are desirable or undesirable and 
whether these differences contribute to long-term or subtle effects 
important to the etiology of atherosclerosis and cancer are not 
resolved. 

INTRODUCTION 

Research on the b iochemis t ry  of  unsaturated fat ty  acid 
isomers began in the 1930s (1) and dealt  with the deposi- 
t ion in rat tissue o f  " isooleic  acid" present in hydrogena ted  
oils. Since that  t ime, interest  in the b iochemis t ry  and me- 
tabolism of  fa t ty  acid isomers has paralleled the  steady in- 
crease in consumpt ion  of  part ial ly hydrogena ted  vegetable 
and marine oils. 

During the 1960s, analytical  methods  were developed 
and used to ident i fy  a wide range of  both  cis and trans posi- 
t ional  isomers in partially hydrogenated  oils that  are fo rmed  
as a side react ion in the hydrogena t ion  process, cis and trans 
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TABLE I 

Enzyme Studies with Monounsaturated Fatty Acid Isomers 

Reaction class 
or enzyme Fatty acid isomer(s) Reference 

Pancreatic lip ase 
Acyl CoA activation 

#-oxidation 

Phosphatidylcholine: 
acyl transferase 

Cholesterol: 
acyl transferase 

Cholesterol ester 
synthetase 

Cholesteryl esterase 
Cholesterol ester 

hydrolase 
Desaturase 

Elongation 

A2-16 cis-18:l 15 
A4-15 trans-18:l 16 
A4-17 cis-18:l 17 
A4-16 cis and trans 18:1 18 
A8-11 cis and trans 18:1 19 
A2-17 cis-18:l 20 
A2-17 trans-18:l 21 
9t-18:1 22 
9t-18:1, l l t -  and 11c-20:1, 23 
13t and 13c-22:1, 9t-16:1 
6c-, 9c-, 11c-, 15c-18:1 24 
9t-, 11t-, 11c-20:1 
13c-22:1 
9t-, llt-, 11c-18:1 25 
t-16:l, t,t-18:2 
9t-, llt-, 11c-18:1 26 

A2-17-cis 18:1 27 
12c-18:1 28 
A4-15 trans-18:1 29 
A8-14 cis- and trans-18:l, 30 
12t- and 12c-17:1, 
5t-16:1, 5t-17:1, 5t-18:1 
A4-11 cis-18:1 31 
A4-15 trans-18:l 32 

TABLE II 

Enzyme Studies with Polyunsaturated Fatty Acid Isomers 

Reaction class 
or enzyme Fatty acid isomer Reference 

Cholesterol-acyl 
transferase 9c,12t-/9t,12c-/9t,12t-18:2 24 

Cholesteryl ester 
synt hetase t, t - 18: 2 25 

Cholesteryl hydrolase t,t-/c,t-/t,c-18:2 26 
Phosphotipid acyl 

transferases 9c,12t-/9t,12c/9t,12t-18:2 33 
9c,12t-/9t, 12c-19t,12t-18:2 34 
2,5 to 14, 17 c,c-18:2 35 
9t,12t-18:2 22 

Acyl CoA activation t,t-18:2 36 
Enoyl-CoA isomerase 3t,St-18:2 37 
Arachidonic acid 

synthesis 9t,12t-/9t, 12c-/9c,12t-18:2 38 
Inhibition of 20:3 

conversion to PGE~ isomers of 20:2/20:3/20:4 39 
Prostaglandin 8c, 11 c, 14c- 18: 3/19 : 3/ 40 

synthesis 21 : 3/22:3 
5c,8c, 1 lc,14c-19:4121:4 

Inhibition of prostag- 8c,12t,14c-20:3 41 
landin 5c,8c, 12t, 14c-20:4 

Prostaglandin synthe- 
tase t.t-18:2 42 

Arachidonic acid 
synthesis t, t- 18: 2 43 

Prostaglandin 
synthetase 19: 3/20:3/21 : 3/19:4/20:4/ 44 

21:4/22:4 w3 acids 
Elongation 4,7 to 11,14c, c-18:2 45 

4,7,10 to 9,12,15c, c,c-18:3 

monounsaturated fatty acid isomers in commercial salad oil 
and shortening containing hydrogenated soy oil typically 
have the double bond in the AS-A13 position (2-4). Diun- 
saturated isomers in these oils contain cis, cis-; trans, cis-; and 
cis, t rans-conf igura t ions  with the double bond located main- 
ly in the 8,12;  9 ,12;  9,13; 9,14 and 9,15 positions (5). 
Trace amounts of conjugated dienes may be present (6). 

FIG. 1. Orthogonal projects of  octadecadienoic acld isomers. 

This review is intended to illustrate the variety of recent 
in vitro, in vivo and nutritional related studies that have 
been concerned with the biochemistry and metabolic fate 
of specific positional and geometrical isomers in hydrogen- 
ated soybean oil. The results of many excellent studies with 
mixture of hydrogenated soybean oil isomers and older ref- 
erences are not  included but  have been reviewed previously 
(7-12). The biochemistry and metabolic effects of the longer 
carbon chain isomers in hydrogenated rapeseed and marine 
oils have been reviewed by others (13,14). 

General Comments 

The synthesis of a large number of pure fatty acid isomers 
has provided the substrates necessary to investigate a num- 
ber of the enzymes involved in their biochemistry. Some 
representative in vitro studies are listed in Tables I and II 
which demonstrate that each isomer is biochemically dif- 
ferent and that double bond position can be biochemically 
at least as important as double bond configuration. 

This observation should not  be surprising in view of the 
differences in the physical properties of individual isomers 
(46-52) and differences in the conformation of the fatty 
acid chain due to double bond configuration and positions. 
For example, Figure 1 compares possible conformations of 
geometrical octadecadienoic acid isomers. Each isomer can 
exist in a number of configurations but  the preferred con- 
figuration for enzyme reactions is not known. 

Whether or not  the results of in vitro experiments accur- 
ately reflect important reactions or meaningful reaction 
rates in in vivo systems is another question. A degree of 
caution must be used when interpreting in vitro results by 
themselves, since it is well appreciated that in enzyme- 
catalyzed reactions, the microenvironment, other cellular 
constituents and physical interactions can have a major 
effect on reactions rates and products. Although enzyme 
studies provide valuable information on the enzyme-fatty 
acid isomer reactions, the biological significance of these 
reactions must be confirmed by in vivo experiments. 

The citations in Table II mainly list studies with the geo- 
metric isomers of linoleic acid (particularly 9t,12t-18:2) 
arid relatively few investigations with positional isomers of 
polyunsaturated fats. The lack of studies with specific posi- 
tional octadecadienoic acid isomers and the large number of 
9 t , 1 2 t - 1 8 : 2  studies are mainly due to the difference in 
availability of the isomers. Future nutritional studies with 
positional 18:2 isomers will be of interest because of the 
biological importance of linoleic acid and because levels of 
many of the positional 18:2  isomers in hydroenated oil are 
higher than for t,t-18:2. 
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TABLE Ill  

Distribution of Positional and Geometric Fatty 
Acid Isomers in Tissue, Blood and Egg Lipids 

Experimental model Diet or isomer fed Reference 

Rat t,t-/c,t-/t,c-18:2 53 
Rat Hydrogenated vegetable oil 54-56 
Rat Hydrogenated vegetable oil 57-59 
Rat Hydrogenated vegetable o i l  60 
Human Ad libitum 61 
Human Ad libitum 62,63 
Human Ad libitum 64 
Human Ad libitum 65 
Swine Hydrogenated vegetable oil 66 
Swine Hydrogenated vegetable oil 67 
Laying hen A8-12c-18:1-3 H 68 
Laying hen 8t-~lOt~ 12t-18:1.3 H 69-71 
Human 9t-/12t-/12c-/13t-/13c- 

18:1-2H 72-75 
Rat liver 

mitochondria A5-15 c-18:1 76 
Human and rat 

brain 9t-18:1/9t,12t-18:2 77 
Rat placenta and 

fetus 9t-18:1-14C/9t, 12t-18:2 -14C 78 
Dog and rat 9t-18:1/9t,12t-18:2 79 

A n u m b e r  of  r ep resen ta t ive  s tudies  on  the  d i s t r i bu t i on  
of  pos i t iona l  oc t adeceno i c  acid and  geomet r i ca l  oc tadeca-  
d inoic  acid i somers  in to  t issue l ipids are c i ted  in Table  III 
(53-79) .  These  s tudies  have used b o t h  pure  ( labeled a n d '  
non l abe l ed )  u n s a t u r a t e d  i somers  and  h y d r o g e n a t e d  vegeta- 
ble oils c o n t a i n i n g  m i x t u r e s  of  i somers  and  a var ie ty  of  or- 
ganisms and  e x p e r i m e n t a l  designs. Nu t r i t i ona l  and  physio-  
logical e f fec ts  o f  indiv idual  f a t t y  acid i somers  and  h y d r o -  
gena t ed  vegetable  oils have  been  the  sub jec t  o f  a large var ie ty  
o f  e x p e r i m e n t a l  p ro toco ls .  The  re fe rences  c i ted in Table  IV 
i l lus t ra te  some of  the  m a n y  pa rame te r s  invest igated.  T h e  
c o m b i n a t i o n  of  resul ts  f r o m  b o t h  in v i t ro  s tudies  (Table  I 
an II) and  f r o m  in vivo s tudies  (Tables  III and  IV)  are sum- 
mar ized  in these  tables  and  prov ide  an  o p p o r t u n i t y  to  assess 
the  relat ive i m p o r t a n c e  of  e n z y m e  select ivi t ies  on  b iochemi -  
cal r eac t ions  in who le  organism expe r imen t s .  

ABSORPTION OF ISOMERIC FATS 

Inges ted  t r iglycer ides  (TG)  unde rgo  a series of  r eac t ions  
t h a t  beg in  wi th  hydro lys i s  b y  panc rea t i c  lipase. A b o u t  96% 
of  the  d ie ta ry  TG are abso rbed  as free f a t t y  acids, m o n o -  

TABLE IV 

Effects of Fatty Acid Isomers in vivo 

Experimental model Diet or isomer Parameter investigated Reference 

Cultured rat myocytes 9t-18:1 and t,t-18:2 Arrhythmia susceptibility 80 
Rats t, t- 18: 2 Tissue p rostaglandin levels 81 
Rats t, t- 18: 2 Kidney lipids 82 
Rats t, t- 18: 2 Lung lipids 83 
Rats 18: 2 isomers Linoleic acid metabolism 53 
Rats t, t-18:2 Lipopro teins 84 
Rats t,t-18:2 Platelet aggregation 85 
Rats 18:2 isomers Developing brain 86 
Rats 9t-18:1 Weight, skin permeability, 6 

lipid composition 
Rats t, t- 18:1 Blood coagulation 87 
Rats Hydrogenated soy oil LCAT activity 88 
Microorganisms A 2-17 c-18:1 isomers Cell growth 89 
Escbericbia coli mutant A3-15 t-18:1 isomers Cell growth 90 
Escbericbia coli mutant 9t-/1 lc-/1 l t-18 : 1 Cyclic AMP requirements 91 
Saccbaromyces cerevisia 9t- and 11t- 18:1 Cell division and 92 

lipid synthesis 
Rats Hydrogenated soy oil EFA requirements 93 
Rats and dogs 9t-18:1 and 9t,12t-18:2 Oxidation rates and 79 

turnover 
Rats trans isomers + safflower Growth and enzyme 94 

oil activity 
Mice Hydrogenated soy oil Long-term effects 95,96 
Rats Hydrogenated vegetable Long-term effects 97 

oil 
Rats t, t-I 8: 2 Growth, organ weight 98 
Rats trans 18:1 and 18:2 A6 and A;  desaturase 99 

isomers activity 
Rabbits and monkeys Hydrogenated soy oil Hypercholesterolemia 100 

and atherosclerosis 
Swine Hydrogenated soy oil Lipoprotein 67 
Swine Hydrogenated soy oil Atherosclerosis 66 
Swine Hydrogenated soy oil Atherosclerosis 10.1 
Humans Hydrogenated soy oil Serum cholesterol 102 
Humans Hydrogenated vegetable Serum cholesterol 103 

oil 
Rabbits Hydrogenated vegetable Atherosclerosis 104 

oil 
Mice Hydrogenated vegetable Tumors 105 

oil 
Rats Hydrogenated vegetable Prostaglandin levels 106 

oil 
Rabbits Hydrogenated olive oil Fatty acid composition 107 
Human 9t-18:1/12t-18:l/12c-18:l Fatty acid composition 108 
Human 13t- 18:1/13c- 18:1 Fatty acid composition 75 
Rat heart Hydrogenated fat Oxygen uptake 109 
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FIG. 2. Incorporation of  deuterium labeled c/s-9-; trans-9-; c/s-12-; 
trans-12-; c/s-13-; and trans-13- octadecenoic acids into human 
chylomicron triglycerides (72-75). 

and diglycerides by the intestinal mucosa membrane, where 
they are largely reesterified to TG and to a lesser degree to 
phospholipids and cholesteryl esters. Packaging of the TG 
into chylomicrons then occurs, followed by transport via 
the lymphatic system to the circulatory system. A small 
percentage of the TG is also transported directly to the liver 
via the portal vein. 

The effect of double bond position on in vitro hydroly- 
sis of a series of  TG containing cis positional 18:1 isomers 
by pancreatic lipase has been reported (15). A double bond 
in the A2-A7 positions significantly inhibited TG hydrolysis. 
However, little inhibition of lipase activity was found for 
TG substrates containing the A8 to A16 c-18:1 acids. Based 
on these results, one would expect hydrogenated fats to be 
well absorbed since they contain the A8 to A15-18:1 iso- 
mers. Similar data for a series of TG containing the trans 
positional 18:1 isomers are not available. 

Human studies using mixtures of TG containing deuter- 
ium labeled 9t-, 12c-, 12t-, 13c-, 13t-18:1 isomers (Fig. 2) 
show no discrimination for absorption relative to deuter- 
ated 9c-18:1 even though the absorption pattern varies 
considerably from subject to subject and there is a wide 
variation in melting points for these isomers (72-75). Anal- 
ysis of human adipose tissue total lipids (Fig. 3) indicates 
that all the 18:1 positional isomers are present at about the 
levels expected, based on estimated dietary intake (62,63). 
Since adipose tissue is considered to be a good reflection of  
dietary fat intake, these data imply that all the 18:1 isomers 
in hydrogenated vegetable oils are well absorbed. Similar 
data for the polyunsaturated fatty acid isomers have not 
been reported, but based on the 18:1 data no problems 
with absorption of  the 18:2 isomers should be expected. 

Once the chylomicrons enter the circulatory system, a 
number of  biochemical transformations catalyzed by a large 
variety of enzymes occur. The metabolic fate of a major 
portion of  dietary fats is catabolism to CO2 and H20 via 
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FIG. 3. Distribution of positional c/s- and trans-octadecenoic acid 
isomers in human tissue total lipids compared to isomer distribution 
in butter and hydrogenated vegetable oil (62). 

~-oxidation. The first step in/3-oxidation of fatty acids and 
in many other lipid enzyme reactions is ac'tivation by CoA 
ester formation via CoA synthetase. The rates for CoA ester 
formation for a series of A4 to A16 cis and trans positional 
octadecenoic acids were determined (16,17). Reaction rates 
for each trans positional isomer was higher than its corres- 
ponding cis positional isomer. The rates of acyl CoA ester 
formation were the lowest for those isomers with the double 
bond near the center (AS to A10) of the fatty acid chain. 
Within the series of trans positional isomers, the even- 
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9t-18:1 (Oddl 9c-18:1 (Odd) 

%~B-Oxid| t ion ,A~3,8-Oxidation 
Cycbs p Cycles 

H 
\ 9 9 

Co--C=k--C--C-- SCoA Ce'-~C=C--C--~--SCoA 
H 0 e H 0 

~Oerler l lm / o m e r a s e  

H H 
C,--%C--C--SCoA 

R--CHz--C--CH2--C--SCoA 
I II 

"R" or %" Isomer H "~, 

\ io o Hy CT--C--CH2"--C--SC A 

H 10 / I ydratss e 2 

cT-c=c-c-scoA n--.C--CH~C--SCoA CT--.C=C--C--SCoA 
,, ,, H / \Hid '.U o o 

/ T--[ 
4 ~.Oxklatioo ~ C y c l e s  

cycles R~C--SCoA + CH3--C--SCoA 
10t.18:1 (Even) l0 0 10C-18:i (Even) 

FIG. 4. p-Oxidation of cis- and trans-octadeeenoic acid positional isomers containing double bonds in the odd- 
and even-numbered positions. 

numbered isomers had higher rates than adjacent odd- 
numbered isomers. Reaction rates for the series of  cis posi- 
tional isomers produced the opposite pattern, with the odd- 
numbered isomers having the higher rates. The results were 
variable, depending on the temperature, pH, fatty acid con- 
centration and detergents used in the incubation medium. 
This sensitivity to in vitro experimental conditions suggests 
that in vivo rates may be quite different. 

~ - O X I D A T I O N  

After a fatty acid is activated by formation of the CoA 
ester, /~-oxidation proceeds through several /3-oxidation 
cycles until a double bond is reached. At this point (see Fig. 
4) a Aa-A ~ enoyl-CoA isomerase (37) is required to conju- 
gate the double bond if the double bond in the fatty acid 
isomer was originally in an odd-numbered position. The 
substrate for the enoyl-CoA isomerase is either a cis or trans 

double bond, depending on the configuration of the original 
fatty acid isomer, which may influence the overall oxida- 
tion rate. In the case of positional fatty acid isomers, a 3- 
hydroxy acyl-CoA epimerase is required to convert the D-3- 
hydroxy isomer produced by oxidation of even (c i s -18: l )  
isomers to the L-3-hydroxy isomer. The remainder of  the 
/~-oxidation steps are then similar for both "even" and 
"odd"  unsaturated isomers. 

In vitro oxidation of c is -oc tadecenoate  CoA esters posi- 
tional isomers by rat liver and heart mitochondria prepara- 
tions indicates that c i s -18: l  isomers with even-numbered 
double bonds were oxidized more slowly than the immedi- 
ate adjacent odd-numbered cis-18:1 isomer (18). Most trans- 
18:1 isomers with even-numbered double bonds were oxi- 
dized by rat liver mitochondria more rapidly than adjacent 
odd-numbered t rans -18: l  isomers. Genereally, t rans -18: l  

isomers were also oxidized slightly more slowly than their 
respective cis siomer (Fig. 5). 

Various explanations that have been offered to explain 
these different in vitro ~-oxidation rates include slower 
rates for CoA activation, lower enoyl-CoA isomerase activ- 
ity for the trans-3 double bond, and lower transfer rates 
through cell membranes as the rate-controlling step respon- 
sible for fatty acid isomer ~-oxidation rates. 

Analysis of human tissues (see Fig. 3) after long-term 
ingestion of hydrogenated oils (62,63) indicates that no sig- 
nificant accumulation or discrimination of any specific cis- 
or t rans -18: l  positional isomer occurs, with the exception 
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FIG. 5. /~-Oxidation rates for positional isomers of cis- and trans- 
octadecenoate CoA esters by rat liver mitochondria (18) and melt- 
ing points of octadecenoic fatty acid isomers. 
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TABLE V 

Selectivity Values for Incorporation of 18:1 Isomers into 
the 1- and 2-Acyl Positions of Phosphatidylcholine (72-75) 

oxidation is not  inhibited, but  the level of arachidonic acid 
was decreased by high levels of t , t -18:2 and was not  influ- 
enced by t,c- or c,t-18:2. 

Selectivity value a 
Isomer Total PC 1-acyl PC 2-acyl PC 

9t-18:1 +0.02 +0.56 -0.21 
12t-18:1 +0.17 +0.73 -0.90 
12c-18:1 +0.58 +0.51 +0.65 
13t-18:1 -0.03 +0.70 -0.95 
13c-18:1 -0.06 +0.43 -0.22 

aAverage for data from 2 subjects. 

that  in liver 11t-18:1 rather than 10t-18: l  is the most pre- 
valent isomer. Fa t ty  acid with the double bond towards 
terminal methyl were found in slightly higher levels than 
.expected based on hydrogenated oil composition. Correla- 
tion of the fat ty  acid pattern in human tissue suggests that  
90-95% of the monoene isomers are from hydrogenated oil 
(63). Relative turnover rates of  labeled fat ty  acid isomers 
compared to 9c-18:1 in short-term human experiments (72- 
75) also generally indicate no significantly slower or more 
rapid clearance of the 18:1 isomers from plasma with the 
possible exception of 12c-18:1. The combined data suggest 
that  in vitro factors which influence 3-oxidation may be 
significantly modified in vivo. Rats fed t,t-, c,t- and t,c-18:2 
isomers were found to deposit  t , t-18:2 and t,c-18:2 into 
liver lipids at levels expected, based on dietary content ,  but  
only low levels of c,t-18:2 were deposited (53). Lack of ex- 
cessive accumulation in liver and adipose tissue implies 3- 

E N Z Y M A T I C  S E L E C T I V I T Y  

There is considerable in vivo and in vitro evidence for selec- 
tive recognition of double bond position and configuration 
by a variety of enzymes that  are responsible for incorpor- 
ation of fat ty acids into specific lipid classes. 

In vitro reaction rates for incorporat ion of  cis- and trans- 
18:1 positional isomers into the 1- and 2-acyl positions of 
phosphatidytcyoline by rat liver microsomes illustrate the 
influence of  double bond posit ion and configuration on the 
phosphatidylcholine acyl transferase reaction (20,21). In 
general, acylation of 2-acyl phosphatidylcholine by the 7-, 
9-, 11- and 13-cis-18:l isomers were 3 to 5-fold lower than 
the rates for the 8-, 10-and 12-cis-18: l  isomers. Acylation 
of 2-acyl phosphatidylcholine with the 6-, 8-, 9-, 11-, 13- 
and 15- trans-18:l  isomers were ca. 0.5-3 times higher than 
the 7-, 10-, 12- and 14-trans-18:l isomers. A similar even- 
odd pattern for acylation of 1-acyl phosphatidylcholine 
with a series of cis and trans-18:l  positional isomers was 
not  found. The acylation rates for the 2-position were also 
generally much lower than the rates for the 1-position. 
Within the cis series, the highest rates for the 2-acyl posi- 
tion were found for the 9-, 12- and 13-positional isomers. 
The 2-acyl phosphatidylcholine acylation rate for the 9t- 
18:1 isomer was roughly twice the rate for the other trans- 
18:1 positional isomers. The sensitivity of  acyl transferase 
specificities to both double bond configuration and posi- 
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13-octadecenoic acids into the 1-acyi (A) and 2-acyl (B) positions of phosphatidylcholine 
from human plasma samples (72-75). 
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tion are qualitatively supported by in vivo human plasma- 
PC data for five 18:1 isomers (Table V) (72-75). Quantita- 
tively there is a large difference between the 2-acyl PC rat 
liver microsome data for the 12c-18:1 isomer and the 
human plasma results in Table V and in Figure 6. 

Acyl transferase specificities for incorporation of t,t-, 

c,t-, t,c- and c,c-18:2 into the 2-acyl position of  phospha- 
tidylcholine are compared to 18:0, 9c-18:1 and 9t-18:1 
in Figure 7 (34). The difference in the reaction rates for c,t- 
and t,c-18:2 is striking. These data are consistent with the 
low incorporation of c,t-18:2 relative to t,c-18:2 into rat 
liver phospholipids (53) and, when combined with the 12t- 
and 12c-18:1 human plasma data (74), suggest that the spe- 
cific position and configuration of  the cis,12- double bond 
has considerable biological importance. 

Acyl CoA:phospholipid acyl transferase reaction rates 
for 1-acyl and 2-acyl phosphatidylcholine and phosphatidyl- 
ethanolamine with a series of methylene-interrupted cis, cis- 
octadecadienoate CoA esters are plotted in Figure 8 (35). 
The relatively high rates for acylation of the 2-acyl PC and 
PE positions with 9c,12c-18:2 are expected, considering the 
biological importance of this fatty acid. The acyl transfer- 
ase rates for the octadecadienoic acids containing a 1,4- 
pentadiene system in the omega end of  the acyl chain are 
higher than might be expected, since organisms have had no 
reason to develop an efficient mechanism for incorporation 
of positional octadecadienoic acid isomers that normally 
are not present in their dietary fats. 

Both in vitro and in vivo data indicate that cholesteryl 
esterase and phosphatidylcholine:cholesterol acyl trans- 
ferase are also very sensitive to double bond configuration 
and position (24-26). The incorporation of fatty acid iso- 
mers relative to 9c-18:1 into human plasma cholesteryl 
ester fractions shown in Figure 9, displays a moderate to 
nearly absolute discrimination against the various isomers 
(72-75). Comparisons of CE selectivity values to other 
human plasma lipid selectivity values are summarized in 
Figure 10. In contrast to the lecithin:cholesterol acyl trans- 
ferase (LCAT) specificities, cholesteryl hydrolase specifici- 
ties (27) for cholesteryl cis -octadecenoate  esters appear less 
sensitive to double bond position. The maximum hydroly- 
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sis rate occurs for the 9c-18:1 cholesteryl ester and gradu- 
ally decreases as the double bond position is moved towards 
the carboxyl and omega ends of  the fa t ty  acid chain. Similar 
data for cholesteryl esters containing trans-octadecenoic 
and octadecadienoic acid isomers have not  been reported. 

The presence of long chain (C20-C24) unsaturated fat ty  
acids in mammalian tissue is derived in part from elongation 
and desaturation of Cis dietary fats. Both elongation and 
desaturation of a series of positional cis- and trans-octadece- 
noic acids have been reported with in vitro systems (28-32). 
Based on whole organism experiments,  these conversions 
appear to be of  relatively minor importance.  Rat, laying 
hen and human experiments with various labeled 18:1 iso- 
mers generally have failed to detect  desaturated or elongated 
products  when adequate levels of linoleic acid are present 
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TABLE VI 

Inhibition ofPGE 1 Biosynthesis from 8c,11c,14c-20:3 (39) 

Relative rate of 
Fatty acid added PGE1 synthesis 

all-c/s 8c, 1 lc-20:2 100 
8c,14c-20:2 75 

1 lc,14c-20:2 75 
8c,1 lc,14c-18:3 45 
9c,12c,15c-18:3 70 
8c,11c,14c-19:3 95 
8c,11c,14c-22:3 95 
5c,8c,11c,14c,17c-20:5 40 

mono-trans 8c, 1 It, 14c-20:3 100 
8c,11c,14t-20:3 + 

8t,11c,14c-20:3 (1:1) 90 
5c,8c, 1 lc, 14t-20:4 70 
2t,8c,1 lc,14c-20:4 95 

mono-conjugated 8c,10t-20:2 + 
9t,1 lc-20:2 (1:1) 65 

1 lc,13t-20:2 + 
12t,14c-20:2 (55:45) 60 

8c,10t,14c-20:3 + 
8c,12t,14c-20:3 (1:1) 2 

in the diet. The exception appears to be the 10t-18:1 iso- 
mer, which is desaturated to a conjugated octadecadienoic 
acid in the laying hen (71). 

Reaction rates for elongation of all cis methylene-inter- 
rupted octadecadienoic and six octadecatrienoic positional 
isomers by rat liver microsomes has been reported (45). 
The 6c,9c- and 7c,10c-18:2 isomers were elongated at much 
higher rate than the other isomers, including 9c,12c-18:2. 
The 5c,8c,11c-; 6c,9c,12c- and 7c,10c,13c-18:3 were also 
elongated 5-10 times more rapidly than 9C,12c,15c-18:3. 
These results are of interest because of the possible physio- 
logical impact of dietary 603 fa t ty  acids on platelet aggre- 
gation and their implied role as prostaglandin precursors. 

PROSTAGLANDIN SYNTHESIS 

The question of  whether isomeric fat ty  acids are inhibitors 
of  prostaglandin synthesis or if they are converted to bio- 
logically active prostaglandin isomers is of general concern. 
In spite of the extensive literature on prostaglandins, this 
question is basically unanswered. Several polyunsaturated 
isomers listed in Table VI have been tested as inhibitors for 
the conversion of  8c,1 lc ,14c-20:3 to PGEI by the particu- 
late fraction from sheep vesicals (39,41). A number of these 
fat ty  acids were found to inhibit  PGEz synthesis, with a 
conjugated mono-trans isomer (8c,12t,14c-20:3)producing 
almost complete inhibition of  PGE1 synthesis. 

Conversion of  various carbon chain length polyunsatur- 
ated fat ty  acids containing the basic 8c,11c,14c-double 
bond structure to biologically active prostaglandins has 
been reported (39,40,44). Whether these reactions would 
occur to any significant extent  in vivo where adequate levels 
of  the normal 20:3 and 20:4 prostaglandin precursors are 
present is unknown. Hydrogenated vegetable oil and 9t,12t- 
18:2 fed to rats have been found to reduce the levels of 
tissue prostaglandins (81,106). The physiological effects 
of these observations are still speculative. 

EFFECTS OF FATTY ACID ISOMERS 

A number of studies with fat ty  acid isomers listed in Table 
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IV illustrate the variety of  nutr i t ional  and physiological  
effects  that  have been investigated. The  references cited are 
generally f rom recent  studies plus a sampling o f  older  pa- 
pers. In contrast  to the many  enzymat ic  studies listed in 
Tables I and II, which were concerned with a variety of  
specific posit ional  and geometr ic  isomers, the studies in 
Table I V ' h a v e  generally been l imited to hydrogena ted  oils 
or 9t ,12t-18:2 and 9t-18:1 isomers because these isomers 
have been the only ones readily available i n  reasonable 
quantities.  Unfor tuna te ly ,  data for  the 9 t ,12t -18:2  isomer 
does no t  facil i tate the in terpre ta t ion of  results with hydro-  
genated vegetable oils because commercia l ly  hydrogena ted  
oils conta in  l i t t le or  no 9t ,12t-18:2.  

A few of the many  studies that  have investigated the 
effect  of  hydrogenated  vegetable oils on atherosclerosis,  
serum cholesterol ,  and tr iglyceride levels are listed in Table 
IV. These studies uti l ized exper imenta l  and control  diets 
that  were well matched  in terms of  their  total sa tura ted /  
monounsa tu ra ted /po lyunsa tu ra ted  fa t ty  acid ratios and in- 
vestigated two  or more  levels o f  trans fa t ty  acids. In the hu- 
man exper iments  (102,103),  the results indicated no phy- 
siologically significant effect  on serum cholesterol  or tri- 
glycerides levels, and the results f rom animal studies did no t  
find an increase in the  number  of  arterial lesions or  devel- 
o p m e n t  of  atherosclerosis (66,100,101,104) .  

In spite o f  the wide difference in meh ing  points  and the 
wide range in react ion rates for  the various isomeric fa t ty  
acids, physiologically significant effects  have no t  been re- 
por ted for animal or human studies with hydrogena ted  fats 
where extenuat ing  exper imenta l  factors such as low lino- 
leic acid levels or large differences in total  fat intake were 
not  involved. Applewhi te  (11) has recent ly  reviewed the  in- 
f luence of  low linoleic acid levels in studies with hydro-  
genated soybean oil. A reasonable explanat ion  for the lack 
of  significant effects is that  the normal  fa t ty  acids (i.e., 
stearic, palmitic,  oleic, linoleic, etc.), which mammal ian  
organisms regularly metabol ize ,  have as wide a variat ion in 
mel t ing points,  structures,  enzyme  specifici ty and react ion 
rates as do isomeric fa t ty  acids. In general, humans  must  be 
able to accommoda te  a wide change in the compos i t ion  o f  
fa t ty  acids, depending on whether  the d i e t  contains fats 
f rom fish, vegetable or  animal sources. Wi thou t  this obvious 
ability to adequate ly  metabol ize  a variety of  fats with dif- 
ferent  physical s tructures and biological propert ies,  we prob 
probably could not  tolerate  our  present  diet  as well as we 
do. It is accepted that, at least for  a percentage o f  the pop- 
ulation, the  quan t i ty  and type  of  fat  consumed can have an 
impact  on the deve lopment  of  atherosclerosis.  This po in t  
suggests that  for  sensitive individuals, specific fats may in- 
duce a biological  or  metabol ic  overload. The cont r ibu t ion  of  
high saturated fat diets to the deve lopment  o f  hyperl ipide- 
mia and the studies on erucic acid are familiar examples.  

Biochemical  and physiological  research on isomeric fa t ty  
acids in hydrogena ted  oils have substantially increased our  
understanding of  lipid metabol ism.  However,  with this 
greater  unders tanding has come  the realization that  lipid 
metabol ism is an exceedingly complex  problem,  and there 
is no consensus of  opinion on the role o f  isomeric fats in 
nutr i t ion and health. By appropriate  select ion of  published 

data, e i ther  a posit ive or  a negative argument  can be devel- 
oped for the nutr i t ional  value of  hydrogena ted  vegetable 
oils. 
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