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ABSTRACT 

Effects of dietary trans acids on the interconversion of linoleic acid was studied using the liver 
microsomal fraction of rats fed a semipurified diet containing fat supplements of safflower oil (SAFF), 
hydrogenated coconut oil (HCO) at 5 and 20% levels or a 5% level of a supplement containing 50.3% 
linolelaidic and 24.3% elaidic acids devoid of cis, cis-linoleic acid (TRANS). Growth rate was sup- 
pressed to a greater extent with the animals fed the 20% than the 5% level of the HCO-supplemented 
diets and still further by the TRANS diet compared to the groups fed the SAFF diets. Food intake 
was greater in the groups fed the HCO than the SAFF-supplemented diets, demonstrating the marked 
effect of an essential fatty acid (EFA) deficiency on feed efficiency. In contrast to an EFA deficiency 
produced by the HCO supplement, which stimulated the in vitro liver mierosomal biosynthesis of 
arachidonic acid, diets containing the TRANS supplement exacerabated the EFA deficiency and 
depressed 6-desaturase activity of the liver microsomal fraction. The liver microsomal fraction of the 
animals receiving this supplement also was more sensitive to fatty acid inhibition of the desaturation 
of linoleic acid than those obtained from animals fed either the SAFF or HCO diets. It is suggested 
that dietary trans acids alter the physical properties of the 6-desaturase enzyme system, suppressing 
its activity, which increases the saturation of the tissue lipids and, in turn, the requirement for EFA 
or polyunsaturated fatty acids. 

INTRODUCTION 

The  i n h i b i t o r y  effect  of  l inolelaidic and  
elaidic acids o n  6-desaturase  act iv i ty ,  which  is 
t he  key  reac t ion  in the  regu la t ion  of  the  con-  
vers ion o f  l inoleic to  a rach idon ic  acid (1,2) ,  
has  been  well d e m o n s t r a t e d  by in v i t ro  experi-  
m e n t s  wi th  t he  l iver m i c r o s o m a l  f r ac t ion  of  rats  
fed a fa t -def ic ien t  diet  b y  B r enne r  and  Peluffo  
(3).  Nu t r i t i ona l  e x p e r i m e n t s  wi th  rats  also have 
s h o w n  tha t  l inolela idic  acid inh ib i t s  the  conver-  
s ion of  oleic to  5 ,8 ,11-e icosa t r ienoic  acid and  
l inoleic  to  a rach idon ic  acid (4-7).  Elaidic acid 
also appears  to  have a s imilar  effect ,  bu t  to  a 
relat ively m i n o r  e x t e n t  c o m p a r e d  to l inolelaidic  
acid (4,5) .  Linolela idic  acid i tsel f  is n o t  con-  
ver ted  in vivo to  p o l y u n s a t u r a t e d  f a t t y  acids as 
s h o w n  in nu t r i t i ona l  s tudies  (4-7),  and as 
r ecen t ly  d e m o n s t r a t e d  by  radioac t ive  t racer  
e x p e r i m e n t s  in ra t  bra in  by  Karney  and  Dhope-  
shwarkar  (8).  However ,  l inolelaidic  acid, as well 
as cis, t rans  i somers  of  l inoleic  and  elaidic acids, 
are i nco rpo ra t ed  in to  t he  l ipids of  m o s t  t issues 
(4-11) ,  and  are readi ly  m e t abo l i z ed  (12).  

In  o rde r  to  f u r t h e r  d e t e r m i n e  the  n u t r i t i o n a l  
e f fec ts  of  t rans  acids, a s tudy  was made  of  t he  
effects  of  an  E F A  def ic iency and  its exacer-  
b a t i o n  by  feeding rats  a diet  con t a in ing  a fat  
s u p p l e m e n t  of  t rans  acids devoid of  cis, eis- 
l inoleic acid, as the  sole source  of  fat in t he  diet  

1present address: Department of Clinical Labora- 
tory, Chiba Cancer Center Hospital, 666-2 Nito- 
nacho, Chiba, Chiba 280, Japan. 

2To whom reprint requests should be addressed. 

on  the  i n t e r conve r s ion  of  l inoleic acid by  l iver 
micro  somes. 

MATERIALS AND METHODS 

Experimental 

A n i m a l s .  Weanl ing  male  Sprague-Dawley rats  
(Dan  Ro l f smeye r  Co., Madison,  WI) were 
divided in to  5 g roups  of  10 an imals  and  fed a 
basic fat-free d ie t  s u p p l e m e n t e d  wi th  5 or  20% 
by weight  of  saf f lower  oil (SAFF) ,  groups  I and  
II, respec t ive ly ;  5 or 20% of  h y d r o g e n a t e d  
c o c o n u t  oil (HCO),  groups  III  and IV, respec- 
t ively;  or  5% of  an e thy l  es ter  c o n c e n t r a t e  of  
t rans  acids con ta in ing  50.3% l inolelaidic  acid 
( t , t -18 :2 )  and  24.3% ( t - 1 8 : l )  devoid of  eis,eis-  
l inoleic  acid (TRANS) ,  g roup  V. The  diets  
(Table  I) were m a d e  isocaloric  by  adjus t ing t he  
relat ive a m o u n t s  of fat ,  c a r b o h y d r a t e  and fiber. 
The  c o m p o s i t i o n  o f  the  fat  supp lement s  and  t he  
c o n t r i b u t i o n  o f  each  fa t ty  acid to the  d ie ta ry  
calories  are shown  in Table  II. 

The  animals  were weighed at 2-day intervals ,  
f ood  in take  was also measu red  and  daily 
c o n s u m p t i o n  as well as feed ef f ic iency deter -  
mined .  Af t e r  the  g rowth  ra te  r eached  a p la teau,  
t he  an imals  in each  group  were ki l led u n d e r  a 
l ight  e the r  anes the t i c  by  wi thdrawal  of  b lood  
f rom the  r e t roocu l a r  plexes.  

Prepara t i on  o f  l iver m i e r o s o m e s .  Freshly  
excised livers were per fused  wi th  saline and 
h o m o g e n i z e d  in a Po t t e r -E lveh jem h o m o g e n i z e r  
in 2 vol  of  a so lu t ion  con ta in ing  0.25 M sucrose,  
5 mM MgC12, 0.15 M KC1, 1.5 mM GSH and 50 
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TABLE I 

Diet Composit ion 

5% Fat diet 20% Fat diet 
(% by wt) (% by wt) 

22.50 22.50 
0.20 0.20 

Casein (vitamin test) 
L-cystine a 
Wesson salt mixture plus 

ZnCI a and MnSO 4 . H 2 o b  
.Choline mix  c 
Vitamin mix  d 
Cellulose (Alphacel)  
Sucrose 
Fat 

4.03 4.03 
1.00 1.00 
1.00 1.00 

10.25 29.00 
56.02 22.27 
5.00 20.00 

aL-Cystine is added to the  diet to bolster the level o f  sulfur-containing amino acids. 
bWesson salt mixture does not  contain zinc or manganese,  hence these e lements  are 

added to the mix  as fol lows:  0 .60  g of  ZnCI 2 and 0 .90  g o f  M n S O + . H 2 0 / 2 0 0  g of  salt 
mixture.  

CCholine mix consists o f  22% choline dihydrogen citrate in vitamin test casein. 
d o n e  kg of  the vi tamin mix  contains:  2.5 g thiamine HCI, 2.5 g riboflavin, 9 .0  g nico- 

tinic acid, 9.0 g calcium pantothenate ,  2 .0  g pyridoxine HCI, 4 .0  g cyanobalamin (Bt2),  
7.5 g p-aminobenzoic  acid, 0.1 g folic acid, 0 .02 g biotin,  20.0 g meso-inositol, 0.5 g mena- 
dione (vitamin K), 943 .0  g vitamin test casein. Fat and vitamins A, D and E are mixed  into 
the diet daily and stored at 0 C overnight.  Vitamin D2, 5.0 rag; retinol acetate,  6.9 rag; 
a-tocopherol  acetate,  300  mg/kg of  diet. 

mM of potassium phosphate buffer pH 7.0. 
Homogenates were centrifuged at 800 x g for 
10 min to remove cell debris, then at 10,000 x 
g for 20 min. The microsomal fraction was 
recovered by centrifuging the 10,000 x g 
supernatant at 100,000 x g for 1 hr. The pellet 
was suspended in a solution containing 5 mM 
MgC12, 0.15 M KC1, 1.5 mM GSH and 50 mM 
potassium phosphate buffer (pH 7.0) to give a 
final concentration of 20 mg/ml protein, 
determined by the method of Lowry et al. 
(13). 

Incubation conditions. ATP, CoASH, mal- 
onyl-CoA, NADH and bovine serum albumin 
containing less than 0.005% fatty acid were 
purchased from Sigma Chemical Co., St. Louis, 
MO, GSH from P-L Biochemical, Inc., Mil- 
waukee, WI, and [1-14C]linoleic acid (50 
/aCi/~mol) from New England Nuclear, Boston, 
MA. The [1-14C]linoleic acid was purified by 
thin layer chromatography, converted to the 
ammonium salt and bound to bovine serum 
albumin (14). All incubations were carried out 
at 37 C in a total vol of 2.0 ml. For measure- 
ment of desaturase activity, each incubation 
was conducted for 10 min in the medium 
containing the following: 10 /~mol of MgC12, 
0.3 mmol of KC1, 3 /amol of GSH, 10/amol of 
ATP, 0.6 /amol of CoA, 2.5 /amol of NADH, 
I00 /amol of potassium phosphate buffer, pH 
7.0, 200 nmol of radioactive linoleic acid and 5 
mg microsomal protein in 0.001% Triton 
X-100. The same conditions were used for 
determination of desaturation chain elongation 

reactions except that 0.6/amol of malonyl CoA 
was added to the incubation mixture. 

Incubations were stopped by the addition of 
10 ml of dimethoxypropane (DMP) containing 
200 gl of concentrated HC1 to 1 ml of the 
incubation medium. After a reaction time of 20 
min to allow for conversion of the water to 
methanol and acetone, these solvents and the 
excess DMP were evaporated in a stream of 
nitrogen at room temperature and the lipid was 
interesterified with methanol as described by 
Shimasaki et al. (15). 

Radioactivities of the methyl esters were 
determined on fractions isolated by gas liquid 
chromatography using an Aerograph Model 
600-D gas chromatograph equipped with a 9:1 
splitter and a 12' x 0.125" id column packed 
with 10% Silar 10C on 100-200 mesh Gas- 
Chrom Q at 210 C with a flow rate of N2 of 20 
cc/min. Fractions corresponding to each fatty 
acid ester (peaks in the chromatogram) were 
collected in glass tubes attached directly to the 
outlet of the splitter, coincident with their 
detection by the flame detector, and transferred 
to scintillation counting vials by washing the 
tubes with 15 ml of scintillation fluid (5.5 g of 
Permablend I/liter of toluene). Radioactivity 
was counted in a Packard Model 3310 scintil- 
lation spectrometer. Recovery of radioactivity 
by this technique of collection was ca. 75%. 
The activity of 6-desaturase, determined 
independently, was calculated from the counts 
of 18:3 corrected for background. The activ- 
ities of 6-desaturase, chain elongation and 
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5-desaturase in the overall reaction were deter- 
mined simultaneously from the total counts 
of the products corrected for background, the 
proportion of the counts in the 20:3 + 20:4 
acids, and the 20:4 fraction, respectively. The 
products of the reactions (18:3 and those of 
chain elongation after a short lag period) under 
the assay conditions just described were propor- 
tional to protein concentrations in excess of 5 
mg in the incubation mixture and a reaction 
time of ca. 15 min. 

Fatty acid composition. The fatty acid 
composition of  liver microsomal lipid was 
determined on methyl esters prepared by 
interesterification with HC1 as a catalyst (15) 
using a Hewlett Packard Model 5840A gas 
chromatograph. This analysis also was carried 
out with a 12' x 0.125" id column packed with 
Silar 10C on 100:200 mesh Gas-Chrom Q at 
200-250 C programmed at 2.0 C/min with a 
flow rate of nitrogen of  10 cc/min. 

The highly purified fatty acid standards 
(> 99%) and the ethyl ester concentrate of trans 
acids which contained 50.3% linolelaidic acid 
(t,t-18:2) and 24.3% elaidic acid ( t -18: l )  
(Table II) were obtained from Nu-Chek-Prep, 
Inc., Elysian, MN. 

RESULTS 

Weight gains of the animals in each group 
(Fig. 1) showed that although there was no 
difference in the growth rates of the 5 and 20% 
SAFF groups, that of  the 20% HCO group 
was significantly lower than the 5% HCO group. 
The TRANS dietary regimen gave an even 
greater suppression of growth rate than the 20% 
HCO diet as also shown in Figure 1. Measure- 
ment of food intake of the animals in each 
group (Table III) showed that, in spite of  
differences in growth rate, the animals of the 
HCO-supplemented groups consumed more 
food than those of the SAFF groups. The 
animals in the TRANS group consumed the 
least food and their growth was suppressed the 
most. Accordingly, feed efficiency was highest 
in the SAFF group and greatly diminished in 
the other groups. The difference in growth rate 
between the 5 and 20% HCO groups was also 
reflected by corresponding differences in feed 
efficiency. 

The fatty acid composition of the liver 
microsomal lipid of the animals in each group 
reflected generally that of  the dietary fat as 
shown in Table IV. The SAFF supplement, 
which contained ca. 70% linoleic acid, supplied 
more than an adequate amount of this fatty 
acid in the diet to meet the requirement for 
essential fatty acids even at the 5% dietary 
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leve~ Evidence ~o this ef fect  was that the levels 
o f  arachidonic acid in the microsomal  lipid o f  
the  5 and 20% S A F F  groups were essentially 
the same, ca. 32%, in spite o f  the fact t h ~  the 
diet o f  the 20% S A F F  group contained a m u c h  
larger amount  o f  l inoleic  acid (Table II). The  
fatty acid compos i t i on  of  the liver microsomal  
lipid o f  these animals (groups I and II) exhib-  
ited the  normal  pattern for animals receiving a 
diet adequate in essential fatty acids (EFA) .  
The liver microsomal  lipid o f  the animals 
receiving the HCL supplements  exhibited a 
fatty acid compos i t ion  typical  o f  an E F A  
def ic iency.  Compared to the S A F F  groups, the 
levels o f  16:1 and 18:1 were elevated. Those  o f  
l inoleic  and arachidonic acid were decreased 
and there was an appreciable formation of  
20:3,  giving a high triene-to-tetraene ratio in 
the microsomal  l ipid o f  the HCO groups (III 
and IV). The pattern of  these changes was more  
pronounced in the 5% HCO group than the 20% 
group because the hydrogenated coconut  oi l  

i- 
| 

l 4 t ] to t~ 11 
WttKS ON DIET 

FIG. 1. Growth rate of  rats from weaning fed a 
fat-free diet supplemented with: 5% or 20% safflower 
oil, groups I and II, respectively, open and solid 
circles; 5% hydrogenated coconut oil, group III, solid 
squares; 20% hydrogenated coconut oil, group IV, 
open square; 5% ethyl ester concentrate of  t r a n s  acids, 
group V, solid triangles. At 14 weeks, the weights 
(M -+ SD) of the animals of each group were as fol- 
lows: I, 411 -+ 16; II, 411 -+ 32;Ill ,  342 _+ 22;IV, 286 
-+ 25 and V, 260 -+ 22. III was significantly greater 
than IV (P < .001) and IV was significantly greater 
than V (P < .100). 
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TABLE IV 

Fatty Acid Composition of Liver Microsomal Lipid (% wt) 

1033 

I II III IV V 

Dietary group a 5% SAFF 20% SAFF S% HCO 20% HCO 5% TRANS 

16:0 b 18.7 + 1.1 e 15.0 + 0.5 19.6 • 0.9 17.3 -+ 1.0 15.9 • 0.2 
16:1 3.0 + 0.7 0 .7 -  + 0.1 10.3-+ 0.1 4.1 + 0.6 12.3-+ 1.5 
18:0 14.3 -+ 0.5 22.6 -+ 0.8 18.9 • 1.1 25.0 -+ 0.6 13.0 -+ 0.9 
18:1 7.3 -+ 1.0 4.6 • 0.1 20.7 -+ 1.5 15.6 • 0.3 29.3 -+ 1.9 
t-I 8:1 2.2 -+ 0.9 
18:2 10.1 + 1.1 16.1 -+ 0.S 2.7 -+ 0.1 4.3 • 0.3 5.3 -+ 0.2 d 
20:3to9 14.0 • 0.2 7.3 • 0.2 5.1 -+ 0.7 
20:4 31.2 • 1.8 32.2 -+ 0.2 6.5 +- 0.7 17.0 • 0.7 3.8 -+ 0.1 
22:4 4.4 -+ 0.5 3.0 • 0.4 1.0 -+ 0.1 2.5 • 0.2 0.6 -+ 0.1 

20:3/20:4 2.2 0.43 1.3 

aSAFF = safflower oil; HCO = hydrogenated coconut oil; TRANS = concentrate of ethyl linoleate (Table II); 
see Materials and Methods for additional details of dietary regimens. 

bShorthand designation of fatty acids; number before colon = chain length;number after colon = number of 
double bonds. 

eM + SD, n = 4. 
dContains a mixture of positional and geometric isomers. 

s u p p l e m e n t  c o n t a i n e d  a small  a m o u n t  of  
l inoleic  acid (Tab le  II)  wh ich  p rov ided  a signifi- 
cant  a m o u n t  of  th is  f a t t y  acid in the  diet ,  
par t icu la r ly  in t he  an imals  fed at  the  20% level, 
group IV. Accord ing ly ,  t he  levels of  18:2  and  
2 0 : 4  were h igher  in  20% t h a n  t h e  5% HCO 
group and  the  ef fec t  on  the  c o m p o s i t i o n  o f  t he  
o t h e r  f a t ty  acids was n o t  so great  (Tab le  IV)  
giving a re la t ively  low t r i ene - t e t r aene  ra t io  
ind ica t ive  of  on ly  a bo rde r l ine  E F A  def ic iency  
in th is  group,  IV. However ,  in  spite o f  the  fac t  
t h a t  t he  E F A  def ic iency was on ly  border l ine ,  
t he  g r o w t h  ra te  o f  the  an imals  o f  th is  group was 
suppressed  to  a grea ter  degree t h a n  t h a t  o f  t he  
an imals  of  the  5% HCO group (Fig. 1). 

The  T R A N S  s u p p l e m e n t  was devoid of  
l inoleic  acid (Tab le  II), h e n c e  the  levels of  
l inoleic and  a rach idon ic  acids were very  low in 
t he  an imals  o f  g roup  V, and  the  severi ty  of  t h e  
E F A  def ic iency  was greater  in  the  an imals  of  
th is  g roup  t h a n  those  of  groups  III  and  IV. T h e  
t r i ene - t e t r aene  ra t io  was e levated in th is  group,  
ind ica t ive  o f  an  E F A  def ic iency,  bu t  it was n o t  
as h igh  as in  the  5% HCO group.  T he  t r iene-  
t e t r aene  ra t io  does  n o t  give a t rue  i nd i ca t i on  o f  
the  E F A  def ic iency  in an imals  fed l ino le la ida te  
because  this  acid inh ib i t s  the  convers ion  of  
oleic to  20 :3  and  18:2  to  20 :4  as s h o w n  in 
prev ious  work  (4-7). Accord ing ly ,  t he  level o f  
a rach idon ic  acid in the  l iver mic rosoma l  l ipid o f  
the  animals  of  th is  g roup  was very  low com- 
pa red  to t h a t  of  t he  S A F F  animals  (Table  IV). 
Likewise,  the  level of  20 :3  was lower  in l iver 
m i c r o s o m a l  l ipid o f  these  an imals  t h a n ~ n  those  
of  t h e  HCO groups  (III  and  IV). T he  levels of  
18:1 and  16:1 were e levated in th i s  g roup  (V)  

even above  those  of  the  HCO groups,  wh ich  
were a l ready high c o m p a r e d  to  those  in t he  
animals  of  t he  S A F F  groups.  The  pos i t iona l  and  
geomet r i c  i somers  of  the  18:2 acids were n o t  
iden t i f i ed  in the  analysis  of  the  l iver micro-  
somal  l ipid of  this  group,  b u t  th is  f r ac t ion  
should  cons is t  ma in ly  of  l inole la ida te  i n a s m u c h  
as t he  d ie ta ry  fa t  was devoid o f  cis, cis l inoleate .  
This  f r ac t ion  also m i g h t  con t a in  some 5 ,9 -18 :2  
as a p r o d u c t  of  the  de sa tu r a t i on  o f  e la idate  
(16 ,17) ,  as well as 6,9-, 5,8- and  8 ,11- isomers  
f o u n d  in EFA-de f i c i en t  an imals  (18) .  However ,  
t he  ac tua l  c o m p o s i t i o n  of  this  f r ac t ion  will have  
to  awai t  fu r ther ,  de ta i led  analyses.  Regardless,  
t he  da ta  in Table  IV  show t h a t  the  d ie ta ry  
reg imens  p r o d u c e d  an imals  having  liver mic ro -  
somal  l ipid o f  widely d i f fe ren t  f a t t y  acid 
c o m p o s i t i o n a l  p a t t e r n s ;  namely ,  a n o r m a l  
pa t t e rn ,  groups  I and  II, 2 levels of  a typ ica l  
E F A  def ic iency,  g roups  III  and  IV, and  a t h i rd  
p a t t e r n  charac te r i s t ic  o f  an  E F A  def ic iency  
compl i ca t ed  by  an  ef fec t  of  d ie t a ry  trans acids, 
g roup  V. 

The  ef fec t  of  the  d ie ta ry  reg imens  on  the  
i n t e r conve r s ion  of  l inoleic  acid by  l iver micro-  
somes  in v i t ro  is s h o w n  i n  Table  V. These  
analyses  showed  t h a t  t he  s imple E F A  defi- 
c iency  deve loped  in groups  III  and  IV by  
feeding t he  HCO s u p p l e m e n t  p r o d u c e d  a 
m a r k e d  e leva t ion  in t he  act iv i ty  of  the  6- 
desa turase  chain  e longa t ion  e n z y m e  sys tem by  
c o m p a r i s o n  wi th  groups  I and  II. In  these  
expe r imen t s ,  t he  activi t ies of  the  chain  elon- 
ga t ion  and  5-desaturase e n z y m e  sys tems  are 
d e p e n d e n t  o n  subs t r a t e s  p r o d u c e d  in t he  
i n t e r conve r s ion  of  l inoleic  acid, and  do no t  
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T A B L E  V 

Liver Microsomal  E n z y m e  Act ivi t ies  ( n m o l / m i n / m g  pro te in )  

I II  I I I  IV V 

Die ta ry  g roup  a 5% S A F F  20% S A F F  5% HCO 20% HCO 5% T R A N S  

6-Desaturase  b 0 .315 -2- .078  c 0 .436  + .010 0.661 +- .004 0 .644  + .028 
6-Desaturase 0 .343 + .076 0 .470  + .016 0 .654  -+ .031 0 .686  +- .055 
Chain e longat ion  0 .234 + .049 0 .305 + .020 0.451 + .013 0 .470  -+ .050  
5-Desaturase 0 .062 -+ .009 0.121 + .001 0 .147 +- .007 0 .137  -+ .018 

0 .238  +- .004 

a S A F F  = saf f lower  oil; HCO -- h y d r o g e n a t e d  c o c o n u t  oil; T R A N S  = concen t r a t e  o f  e thy l  l inolelaidate ,  
(Table  II) ,  see Materials  and Methods  for  addi t ional  details o f  d ie ta ry  regimens .  

b D e t e r m i n e d  i ndependen t ly .  

CM +- SD (n = 4). Group  I vs g roup  II ,  6-desaturase  P < .025 ;  g roup  I vs g roup  V, 6-desaturase  P < .01 ; group 
II  vs g roup  IV, 6-desaturase  P < .001.  

represent maximal reaction rates. 
In contrast to groups III and IV, the 6- 

desaturase activity of the liver microsomal 
fraction of the TRANS group (V) was signifi- 
cantly lower than that of the SAFF groups. 
The suppression of 6-desaturase activity in the 
animals of the TRANS group (V) was further 
demonstrated by comparison of different 
concentrations of ATP on the activity of this 
enzyme system in the liver microsomal fraction 
of animals from the 3 different dietary groups 
as shown in Figure 2. These experiments 
demonstrated that, while an EFA deficiency of 
the type produced by depriving the animals of 
adequate linoleate elevated 6-desaturase activity 
(group IV), that produced by the effect of the 

0.70.  

0.60- 

g 

~ O . S G  

~ 0 .4G 

~ 0 .3G 

~ O.20- 
E 
i 
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ATP 4 (p motes) i 

FIG. 2. Effect of ATP concentration on the rate of 
desaturation of linoleic acid in vitro by rat liver micro~ 
somal fractions obtained from rats fed diets supple- 
mented with: 20% hydrogenated coconut oil, group 
IV, open triangles; 20% safflower oil, group II, solid 
circles; 5% ethyl ester concentrate of t r a n s  acids, 
group V, solid squares. 

TRANS supplement (group V) suppressed 
the activity of this enzyme system. This experi- 
ment also showed that the lower activity of the 
microsomal fraction of the TRANS group was 
not due to impaired activation of substrate. 

A comparison of the inhibitory effects of 
fatty acids on the desaturation of linoleic acid 
by the liver microsomal fraction of animals 
from the different dietary regimens is shown 
in Figure 3. In these experiments, the substrate 
consisted of a mixture of 20 or 200 nmol of 
palmitic, stearic, oleic, elaidic or linolelaidic 
acids plus 200 nmol of [1-14C]linoleic acid. 
These experiments showed that inhibition of 
6-desaturase activity by these fatty acids, 
particularly in the palmitic and stearic acids, 
was much greater with the liver microsomal 
fraction obtained from the animals fed the 
TRANS supplement than of those fed the HCO 
or SAFF supplements. 

DISCUSSION 

In this study, the in vitro experiments 
showed that 6-desaturase activity of liver 
microsomal preparations was enhanced in an 
EFA deficiency produced by the HCO diet but 
was suppressed in animals fed the TRANS- 
supplemented diet, although this diet also 
produced an EFA deficiency. These experi- 
ments are in accord with the nutritional effects 
of these dietary supplements inasmuch as oleate 
is readily converted to 20:3 in an EFA defi- 
ciency produced by feeding HCO-supplemented 
diets, and the reaction is suppressed in animals 
in which an EFA deficiency is produced upon 
feeding diets containing supplements of linole- 
laidic acid (4-7). Although elaidic acid also 
suppresses the conversion of oleic to 20:3, its 
effect is minor compared to linolelaidic acid as 
indicated in previous studies (4,5). Thus, the 
effect of the TRANS dietary supplement 
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appears to primarily result from its content of 
linolelaidic acid. 

As a result of  the suppression of  6-desaturase 
activity in the animals fed diets containing 
linolelaidate, the level of 20:3, which accumu- 
lates to high levels in an EFA deficiency, is 
relatively low in the liver microsomal fraction 
of these animals. As shown here and in previous 
work (4-7), the level of cis 18:1 is elevated 
simultaneously with a decrease in 20:3 in 
animals fed linolelaidate. Guo and Alexander 
(16) have shown that dietary linolelaidic acid 
contributes to the pool of cis 18:1 via de novo 
synthesis from, acetate produced in its catab- 
olism as opposed to a pathway involving 
biohydrogenation. Thus, the elevated level of  
18:1 indicates that linolelaidate does not 
inhibit de novo fatty acid synthesis or impair 
9-desaturase activity in animals fed diets 
containing t rans  fatty acids. 

It appears paradoxical that linolelaidic acid 
inhibits 6-desaturase activity but enhances the 
formation of  18:1 in vivo, that is, 9-desaturase 
activity, particularly as the activity of both 
enzymes are elevated in an EFA deficiency 
produced by feeding either a fat-free or an 
HCO-supplemented diet (19-21). However, as 
pointed out by Peluffo et al. (22) and demon- 
strated by others (23,24), the 6- and 9-desatu- 
rase enzyme systems respond differently to a 
number of dietary and hormonal stimuli. 
Several investigators (25-27) have suggested 
that desaturase activity is regulated, in part, by 
the synthesis of  enzyme protein, whereby 
enzyme concentration is a factor. In accord 
with this hypothesis, it has been shown that the 
level of 9-desaturase is elevated in an EFA 
deficiency (25). The elevation of desaturase 
activity in animals with an EFA deficiency has 
been studied extensively by Peluffo et al. (22) 
and by Holloway and HoUoway (25). The 
former investigators found that 6-desaturase 
activity correlated with changes in the tri- 
glyceride-phospholipid ratio. Both groups of  
investigators considered that the increase in 
desaturase activity might be related to mem- 
brane fluidity in which enzyme activity was 
increased to maintain the ratio of unsaturated 
to saturated fatty acids. However, unsaturation 
of the tissues is decreased by the TRANS 
supplement more than by the HCO dietary fat. 
Thus, t rans  acids apparently have a direct effect 
on the 6-desaturase enzyme system. Moreover, 
it seems unlikely that the effect of  t rans  acids 
on 6-desaturase can be explained on the basis of 
decreased protein synthesis inasmuch as 9- 
desaturase activity apparently is elevated when 
these acids are fed as the sole source of fat in 
the diet. 

I .  i . - i  

A 

I~l I~i ~i I.'r I,,t t.-I ~ t.'t 
, t  u m I-'111~1 . . . . .  - I - I - I  lal-~lel .~l~l~l 

B C D E 

FIG. 3. Inhibition of the desaturation of linoleic 
acid by liver microsomal fractions obtained from rats 
fed diets supplemented with safflower oil (SAFF), 
hydrogenated coconut oil (HCO) or a concentrate of 
trans acids (TRANS) with A, palmitic acid (16:0); 
B, stearic acid, (18:0) ; C, oleic acid (c-18:1), D, elaidic 
acid (t-18:1); E, linolelaidic acid (t,t-18:2). Open bars, 
20 nmol, and hatched bars, 200 nmol of each acid 
with 200 nmol of [1-'4C]linoleic acid. Inhibitions 
were significant for 200 nmol of all fatty acids with 
the microsomal fraction of the TRANS group as 
follows: 16:0, P < .001; 18:0, P < .025; c-18:1, 
P <.001;t-18:1, P <.001;t,t-18:2, P < .005. 

Brenner and Peluffo (3) showed that both 
linolelaidate and elaidate exhibited an inhib- 
itory effect in vitro on the desaturation of 
linoleic acid by the rat liver microsomal frac- 
tion of  EFA-deficient animals. Recently, 
Mahfouz et al. (28) demonstrated that t rans  
monounsaturated acids inhibit 9- as well as 5- 
and 6-desaturase activity of the liver micro- 
somal fraction of EFA-deficient rats in in vitro 
experiments. The in vitro experiments reported 
herein show that trans acids inhibit 6-desaturase 
activity of the liver microsomal fraction of 
animals fed a diet containing adequate linoleate 
(SAFF group) and animals fed the TRANS 
supplement, devoid of EFA and presumably 
highly deficient in EFA as well as animals 
deprived of adequate linoleate by feeding 
hydrogenated coconut oil. However, of  partic- 
ular significance is the observation that the liver 
microsomal fraction of the animals receiving 
the TRANS-supplemented diet are more 
sensitive to the inhibitory effects of  fatty acids 
than that of  either the HCO or SAFF groups. 
Thus, it is apparent that these fatty acids alter 
the physical properties of the 6-desaturase 
enzyme system in some manner. It has been 
shown that acyl desaturases have a lipid require- 
ment (29-31), hence the effect on the 6- 
desaturase system by t rans  acids might result 
from an alteration of the composition of the 
lipid cofactor. 
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T h e  n u t r i t i o n a l  da ta  indica te  t h a t  low 
g rowt h  rate in the  an imals  o f  the  HCO and 
T R A N S  g ro u p s  is re la ted to low feed ef f ic iency,  
wh ich  in t u rn  is associa ted  wi th  t he  E F A  
def ic iency  in these  g roups  o f  animals .  The  fact  
t ha t  the  g ro wth  rate was lower  in the  an imals  o f  
t he  20% th an  in the  5% HCO group  ind ica ted  
t ha t  the  h igh level o f  sa tu ra t ed  d ie ta ry  fat  
increased t h e  E F A  r e q u i r e m e n t  in th is  g roup .  
However ,  the  h igh level o f  sa tu ra t ed  fat  did no t  
inhibi t  t he  conve r s ion  of  l inoleic to a rach idon ic  
acid as the  an imals  of  the  20% HCO group  
exh ib i t ed  on ly  a border l ine  E F A  def ic iency  as 
ev idenced  by the  levels o f  l inoleate  and  arachi- 
dona t e  in the  m i c r o s o m a l  t i ssue lipid. The  
increased r e q u i r e m e n t  o f  E F A  in die ts  con ta in -  
ing high levels o f  s a tu ra t ed  fat is genera l ly  
exp la ined  on  the  basis o f  the  i m p o r t a n c e  o f  
d ie ta ry  l inoleate  for  the  u t i l i za t ion  o f  sa tu ra t ed  
f a t t y  acids (32-35) .  However ,  Privet t  et al. 
(36 ,37)  observed  tha t  b o t h  fish oils and concen-  
t r a tes  o f  e i co sap en t aeno i c  and  d o c o s a h e x a e n o i c  
acids wh ich  did no t  cure an EFA def ic iency  
s t imu la t ed  the  g rowth  o f  EFA-de f i c i en t  ani- 
mals .  Moreover ,  K u r a t a  and Privet t  ( 3 8 ) o b -  
served t h a t  d ie tary  M e n h a d e n  oil inh ib i t ed  the  
convers ion  of  l inolea te  to a r ach idona t e  which  
appa ren t l y  was due  to the  supp re s s ion  of  6-acyl  
desa tu rase  act iv i ty  by  e i cosapen t aeno i c  and 
d o c o s a h e x a e n o i c  acids. Thus ,  the  nu t r i t i ona l  
e f fec t s  o f  t r a n s  acids p robab ly  is largely due  to 
inh ib i t i on  of  t h e  6-acyl  d e s a t u r a t i o n  s y s t e m  
which  increases  the  s a tu ra t i on  o f  the  t i ssue 
l ipids and,  in tu rn ,  the  r e q u i r e m e n t  for  E F A  or 
p o l y u n s a t u r a t e d  f a t t y  acids. 
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