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some spots which had been contributed by the test 
materials.  No spots were discernible which did not 
appear  to correspond with spots on the control fecal 
plates or on the test material  plates. 

Autopsies and Histopathology. Throughout  the ex- 
perimental  period all aninlals had a nornml appear-  
ance. However,  during the course of the ad ]ibitmn 
feeding period diarrhea was observed in those groups 
fed the test niaterials. Autopsies per formed at the 
end of the experiment  and the histological examina- 
tion of the liver, kidney and ileum revealed no ab- 
nornmlities a t t r ibuted to the consumption of any  of 
the test materials.  

Character of Depot Fat. The GLC analysis of the 
f a t t y  acids of the extracted lipids f rom the epididymal 

fat  pads and the per cent glycerine analyzed f rom 
the polyol portion of the extracted lipids show in 
Table VI I .  Results are in the range of glycerine and 
not that  of the various polyglycerols. The glycerine 
content of the extracted lipid suggested that  only tri- 
glycerides were present or that  at least no appreciable 
amounts of polyglycerols were deposited. 
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Abstract 

Trans,trans-9,12-octadecadienoie aeid-l-C 14 was 
fed to adult rats. After four hr the anirlmls were 
killed and the fatty acids isolated from their 
organ lipids. The 20-carbon fatty acids were iso- 
lated and degraded stepwise. 

Radioactivity of the degradation products indi- 
cated that the fed acid was incorporated into the 
isolated C2o acids, mainly eicosatetraenoic acid 
probably with two tra#ts-double bonds, while radio- 
activity throughout the chain gave evidence for a 
synthesis of eicosatrienoie and eicosatetraenoic 
acid f rom acetate derived f rom the fed material .  

In  a separate experiment,  unlabeled tra~ts,trans- 
9,12-oetadecadienoic acid was fed to wealing rats  
for 14 days. isolation of their fatty acids also 
gave evidence for the incorporation of the fed 
acid into eicosatrienoic and eicosatetraenoic acids 
containing tra~s double bonds. 
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In t roduct ion 

p RIOR TO THE advent  of isotopic t racer  methods, the 
alkaline isomerization technique provided some 

insight into the t ransformat ions  of the polyunsatu-  
rated acids. For  example, an increase in a tetraenoic 
acid following the feeding of linoleate was taken as 
presumptive evidence that  linoleate was t ransformed 
into arachidonate in the aninial body (1). This idea 
was later confirmed by experiments involving the 
feeding of linoleie-l-C 14 acid to rats, followed by the 
isolation and stepwise degradat ion of araehidonic 
acid formed in their organs (2). 

Evidence obtained by the alkaline isomerization 
method has also indicated that  some of the trans iso- 
mers of polyunsatura ted  acids may undergo similar 
t ransformat ion in the animal body. Thus, Holman 
(3) reported that  feeding" of trans,trans-octadecadie- 
noate to fat-deficient rats  resulted in some increase 
iu both tetraene and hexaene content of the body fat, 
al though deficiency symptoms were not alleviated. 

The present  experiments represent an a t tempt  to 
in terpret  these results. While these studies were in 
progress, Blank and Pr ive t t  (4,5) reported that  dur- 
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T A B L E  I 

Amoun t s  and  r ad ioac t i v i t i e s  of F a t t y  Acids  f rom F r a c t i o n  I V  l 
(soluble a t - - 7 0 C ) ,  S e p a r a t e d  by Gas C h r o m a t o g r a p h y  

Specific 
ac t iv i ty  

F a t t y  acids  ( e h a i n l e n g t h )  Amt  ( rag)  ( d i s / m i n /  

mg x 10 -8) 

F i r s t  expe r imen t  
l )  C14-group ( m a i n l y  t e t r adeeano i c  ac id)  ...... 20 .8  1 .51 
2 )  C16-gronp (ma in ly  hexadecenoie  ac id)  ...... 81 .6  0 .71 
3)  Cls-group ( m a i n l y  oc tadecad ieno ic  and  

oc tadecenoic  ac id)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 3 7 . 8  8 .66 
4)  C2o-gronp ( m a i n l y  e icosa te t raeno ie  a c i d ) .  125 .0  0 . 8 4  
5)  Cue-group ( m a i n l y  docosapentaenoic  and  

docosahexaenoic  ac id)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  99 .7  1 .49 

F r a c t i o n s  1) and  5)  were  c o n t a m i n a t e d  w i t h  oc tadecad ieno ic  acid  to 
some extent,  f r a c t i o n  2)  con ta ined  only a t r a c e  of oe tadecad ieno ic  acid.  

Second expe r imen t  
1)  C~-group  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15.2 0 .61  
2) C14-group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 .8  0 .56  
3)  C16-group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 .1  0 .70 
4)  Czs-group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 7 . 7  2 .26  
5) C2o-group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  102 .0  0 .94  
6) Cue-group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 .5  0 .82 

ing 17-day feeding experiments  involving fat-deficient 
rats, some cis,trans-octadecadienoate was t ransformed 
into a tetraenoie acid containing trans double bonds, 
but  that  trans,trans-octadecadienoate did not undergo 
such a t ransformation.  

Exper imenta l  

Preparation of trans,trans-9,12-octadecadienoic acid. 
Methyl linoleate (23.0 g) isolated f rom safflower oil, 
was heated 5.5 hr at 210C with 0.2 g Se powder. At  
the end of this period, the methyl  ester was distilled 
at 134C and 250/~ pressure to give 20.5 g almost color- 
less oil. Following saponification of the methyl  ester 
with methanolic KOH,  the free acid, obtained in the 
usual manner,  was crystallized four  times f rom ace- 
tone at - 4 0 C  and twice at - 2 0 C  to give 5.8 g (25% 
yield) pure  product  of mp 28.5-29.0C. (The melt ing 
point reported by Cass and Bur r  (6) was 28-29C.) 
The UV absorption spect rum revealed no diene conju- 
gation while the IR  spectrum had a symmetr ical  trans 
peak at 10.35 ~ and gave no indication of any cis dou- 
ble bond. Est imat ion of the amount  of trans double 
bonds f rom the I R  spectrum indicated abou t  230%, 
using pure  methyl  elaidate as a calibration standard.  
As additional proofs of pur i ty ,  GLC performed with a 

T A B L E  I I  

Specific Act iv i t i es  of D e g r a d a t i o n  P r o d u c t s  of the Mixed C~o-aeids ( f i r s t  
expe r imen t )  and  of E icosa t r i -  and  - te t raenoic  Acid f rom the 

Second E x p e r i m e n t  

F r a c t i o n  

F i r s t  expe r imen t  
Benzoic  acid  (carbon-1  of a r a e h i d i c  ac id)  ...... 
Nonadeeano ic  acid  ( ca rbons  2 - 2 0  of 

a r a e h i d i c  ac id)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Benzoic  a d d  (carbon-2  of a r a c h i d i c  ac id)  ...... 
S t ea r i e  acid  ( ca rbons  3 - 2 0  of 

a r a e h i d i c  ac id)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Benzoic  ac id  (ca rbon-3  of a r a c h i d i c  acid  

cor rec ted  for  d i lu t ion  of s t ea r ie  ac id)  ......... 
M a r g a r i c  acid  ( ca rbons  4 - 2 0  of a r a c h i d i e  

acid, cor rec ted  for d i lu t ion  of 
s t ea r ic  ac id)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Second exper i inen t  
A r a c h i d i e  acid  ( f rom hyd rogena t i on  of 

e icosa t r ienoic  ac id)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Benzoic  acid  (ca rbon-1  of a r a c h i d i c  ac id)  ...... 
Benzoic  acid  ( co r rec t ed  for d i lu t ion  of 

s t a r t i n g  ac id)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nonadeeano ic  acid  ( ca rbons  2 20 of 

a r a c h i d i e  ac id)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nonadeeano ie  acid  (co r rec ted  for d i lu t ion  of 

s t a r t i n g  ac id)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A r a c h i d i c  acid  ( f r o m  hydrogena t ion  of 

e icosa te t raeno ic  ac id)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Benzoic  acid (ca rbon-1  of a r a e h i d i e  ac id)  ...... 
Benzoic acid  (co r rec ted  for  d i lu t ion  of 

s t a r t i n g  ac id)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Xonadecano ic  acid  ( ca rbons  2 - 2 0  of 

a r a c h i d i c  ac id)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nonadecano ic  acid  (co r rec ted  for  d i h t i o n  of 

s t a r t i n g  ac id)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Specific ac t iv i ty  

d i s / m i n / m g  

1,78 x 102 
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1 .23 x 102 
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1 .47 x lO ~ 
7.75 x 101 

2 .33 x 10 a 
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1.33 x 104 

5 .77  x 10~ 
7 .84  x 101 
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2 .84  x 102 

d i s / m i n / m M  

2.17  x 104 

3 .37  x 10~ 
5 .15 x 10=' 

3.49 x 10 ~ 

2 .55  x 104 

9 .28 x 10 ;~ 

4 .60  x 10 ~ 
9 .46  x 10 a 

2 .84  x 10 a 

1.32 x 10 a 

3 .95 x 10 ~; 

1.81 x 105 
9 .57  x 10 z 

7 .66 x 10 t 

1 .05 x 10 t 

8.44 x 104 

VoL. 41 

2 

1 

2 

3 

4 

O Q 

c2o:  C2o:3 
F i e .  1.  S c h e m e  f o r  d i v i d i n g  t h e  S i / A g N O a  t h i n - l a y e r  p l a t e s  

i n t o  z o n e s .  

Barber-Colman Model 10 appara tus  with a 3 f t  x 0.25 
in. column of ethylene glycol sueeinate, 13% on sili- 
conized firebrick revealed a single peak in the correct 
position of C18 dienoic acid and reduetive ozonolytie 
cleavage gave only caproic aldehyde ( f rom the ter- 
minal end) thus rul ing out the possibility of posi- 
tional isomers. 

Preparation of trans,trans-9 ,12-octadecadienoic acid- 
1-C 14. In t roduct ion of carbon-14 into the earboxyl 
group of the dienoie acid was accomplished essentially 
as described by Howton and Nevenzel (7) for  oleie 
acid with a few modifications. The tetrabromostearic  
acid derived by bromination in the usual manner,  was 
deearboxylated using the method of Cristol and F i r th  
(8) and debrominated to yield 1.65 g (29.5% yield) 
1-bromo-trans, tra~ls-8,11-heptadecadiene, purified by 
distillation. This was converted to the desired ear- 
boxyl-labeled product  (0.28 g, pur i ty  93.6%) in the 
manner  described by Howton and Nevenzel (7). 

Feeding experiments. The labeled acid (230 rag) 
was diluted with 770 mg unlabeled acid to give 1.0 g 
lrans,trans-9,12-octadeeadienoic acid with a specific 
activity of 6.4 x 105 dis/rain/rag.  A total of 250 mg 
of this mixture  was fed intragastr ieal ly  to each of 
3 rats, weighing about 325 g each, by using a bent 
18-gauge blunt-end needle on a tuberculin syringe. 
Af te r  4 hr  the rats  were killed and their  livers, hearts, 
kidneys, spleens and some mesenteric fa t  were pooled 
and frozen inmtediately. Af te r  lyophilization, the 
organs were extracted with chloroform:methanol  
(2:1) and the lipid, freed f rom solvent at room temp 
under  nitrogen, was saponified under  these same con- 
ditions with 10% methanolie KOH.  The fa t ty  acids 
(6.3 g), obtained in the usual manner  f rom the saponi- 
fication mixture,  were separated by low-temp crystal- 
lization f rom acetone into fract ion I (2.0 g) insolu- 
ble at -20C,  fract ion l I  (1.8 g) insoluble at - 40C ,  
fract ion I I I  (1.5 g) insoluble at - 7 0 C  and fract ion 
iV  (1.0 g), soluble at - 70C .  Fract ion  IV, af ter  
purification on a silieic acid eolmnn to remove non- 
acidic substances, was found by GLC to contain about 
16% of C2o acids. These were isolated by prepara-  
tive gas-chromatography of their  methyl  esters on 
a Wilkens Ins t rumen t  Co. A-100 Aerograph  appara tus  
with a 0.5 in. x 5 f t  eolmnn of SE-30 silicone station- 
a ry  phase, 10% on chronmsorb W support .  The 
amounts and radioaetivities are shown in Table I. 

In a second experiment,  125 nlg trans,tra~s-9,12- 
oetadecadienoic acid-l-C 14 of the same specific aetiv- 
i ty was administered to each of two rats weighing 
ca. 250 g each. The same procedure for isolation was 
followed to yield 102 mg of C2o unsa tura ted  acids. 
These were separated by reversed phase chromatogra-  
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I 2 3 4 5 5 7 8 9 f O  rain 
Fro. 2a. GLC analyses of the isomerized methyl arachidonate, 

containing some methyl eicosatrienoate: 

A1Leis-~rienoate at 6.4; isomerized trienoate at 6.6. 
All-cis-tetraenoate at 7.4; isomerized tetraenoate at 8.2. 

phy as previously described (11) into diene, triene, 
tetraene and pentaene fractions. The amt and radio- 
activities of these fractions also show in Table I. 

The unsaturated C~o acids obtained in the first ex- 
periment (80 rag) were hydrogenated over Pd /char -  
coal and diluted with inactive araehidic acid (290 rag) 
to give 370 mg product  with a specific activity of 180 
dis/rain/rag. This acid was degraded stepwise by the 
method of Dauben et al. (9,10) to three successive 
samples of benzoic acid, the earboxyl carbons of which 
represented carbon atoms 1,2 and 3, respectively, and 
heptadecanoie aeid representing carbons 4-20 of the 
original araehidie acid. In the second experiment, 
the triene and tetraene fractions were degraded to 
benzoic and nonadecanoie acids. 

In the feeding experiment with unlabeled linelaidie 
acid eight weanling rats (21 days, average wt, 50 g) 
were maintained on a eoInmercial diet but  were given, 
daily by stomach tube, 100 mg each of a mixture of 
trans,tra)~s-9,12-octadecadienoic acid and methyl oleate 
(1:1).  After  11 days, the dose was increased to 200 
mg for 3 more days; thus each rat  received 850 mg 
trans,tra~ts-9,12-oetadecadienoic acid during the feed- 
ing period. One day following the last feeding, the 
rats (averaged wt, 94 g) were killed and their livers, 
kidneys, hearts, spleens and mesenterie adipose tissue 
were pooled and extracted as described above to yield 
6.5 g crude lipid extract. 

Saponification of the total lipids gave 4.8 g fa t ty  
acids following acidification. Low-temp crystalliza- 
tion gave 0.93 g of a fraction that did not crystallize 
at - 70C  front an 8% solution in acetone. This frac- 
tion, which contained the C2o acids, was methylated 
with diazomethane and separated by preparat ive GLC 
to give, af ter  rechromatography, 84 mg eieosatrienoic 
and eieosatetraenoic acids. Reversed-phase chromato- 
graphic (10) separation of this fract ion resulted in 
43 mg tetraenoie fraction and 31 mg trienoie fraction, 
each fraction eontaining small amounts of the other. 

Results 

Table II  lists the specific activity of products of 
the stepwise degradation of the C2o acids from the 
first experiment and of the decarboxylation of the 
eieosatrienoie and eieosatetraenoie acids from the sec- 
ond experiment. Stepwise degradation of the mixed 
C.)(, f a t ty  acids of the first experiment revealed the 
following distribution of activity: 

CH~--(CHz) ~6--CH~ CH2-COOH 
Per cent of total activity 16 45 1 38 
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1 2 3 4 5 6 7 t~ 9 10 rnin 
FIG. 2b. GLC analyses of the extracted methyl esters from 

serapings from TLC: 
A) Zone s of TLC 
B) Zone I I  of TLC. 
A]]-cis-trienoate at 6,3; trans-double bond-containing tri- 

enoate at 6.7. 
A]l-eis4etraenoate at 7,4; trans-double bond-containing tet- 

raenoate at 7.8. 

The deearboxylation of the eicosatrienoic acid from 
the second experiment gave the following: 

CH~- (CH~) is COOEI 
Per cent of total activity 93 7 

The eieosatetraenoic acid gave the following: 
CH:~-- (CH2)~s COOH 

Per cent of total activity 52 48 

In the case of the feeding experiments with un- 
labeled acids, evidence was sought that  the isolated 
tetraenoie and, hopefully, trienoic acids actually con- 
tained trans double bonds. An at tempt was therefore 
made to separate the cis and tra~s isomers by TLC on 
silver nitrate-silica gel plates following the procedure 
of Privett ,  Blank and Romanus (15). Development 
with ether:petroleum ether (4:6, v /v ) ,  followed by 
visualization with dichlorofluoreseein, revealed the ex- 
pected spots for  the cis-tetraenoic acids. Since no 
spots were visible in the expected position of the trcbns 
compounds (above the corresponding cis acids), the 
plates were divided into zones (Fig'. 1) which were 
scraped off separately. The visible spots were also 
divided into front  and remaining sections, which were 
also scraped off. All scrapings were extracted with 
pentane and purified by ehromatography on silieie 
acid. 

As a s tandard for GLC identification, a sample of 
methyl araehidonate (containing a small amt of eicosa- 
trienoate) was isomerized with Se. The all-cis esters 
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WAVE NUMBERS IN CMd 
I 1 0 0  I 0 0 0  900  800 

g 

: : ::::~ 

9.0 I 0.0 I 1.0 12.0 I 3.0 
WAVE LENGTH iN MICRONS 

Fro. 3. IR  speztrmn of the combined and purif ied extracts 
f rom Zones I and I I  f rom TLC. 

had retention times of 6.4 rain (for  trienoate) and 
7.4 rain (for  te traenoate) .  Af ter  isomerization, the 
major  peaks had retention times of 6.6 and 8.2 rain 
under  identical conditions. Apparen t ly  the change 
f rom cis to tra~s bonds in these esters was accom- 
panied by an increase in retention times (Fig. 2a). 

The visible spots f rom the thin-layer plates, when 
analyzed by GLC, gave the expected retention times 
for the all-cis esters. F rom the areas near the solvent 
front,  extracts gave GLC peaks with TR's of 7.8 min, 
midway between the all-cis and all-trarts isomers (Fig. 
2b). The same shift  toward longer TR's was seen in 
the eicosatrienoate sections of the plates. 

For  fu r ther  confirmation that  the fas ter - running 
areas were indeed trafts isomers, they were extracted 
as before and purified chromatographical ly  and by 
saponification and acidification to remove some non- 
polar  impuri t ies  probably result ing f rom the reversed- 
phase chromatogram. Ca. 1 mg purified material  was 
finally obtained which gave a peak at 10.3 t~, corre- 
sponding to a trans double bond (Fig. 3). 

Discussion 

From the results of the first experiment,  it is evi- 
dent that  trans,trans-9,12-octadecadienoie acid was in- 
corporated into an eicosatetraenoic acid. The high 
proport ion of radioactivi ty in carbon-3 of the C,~u 
polyunsatura ted  acids (mainly tetraenoic) could only 
have been derived from carbon-1 of the fed octadeca- 
dienoic acid, while the radioactivity in carbon-1 of the 
eieosatetraenoie acid was derived f rom acetate formed 
by degradation of the fed acid. The ratio of activities 
of earbon-l :earbon-3 (0.9) when compared with a 
value of 3 for the eicosatetraenoic acid derived f rom 
cis,cis-9,12,-oetadecadienoic acid (linoleic) (2) may 
indicate that  the conversion of the tra~ts,trans isomer 
is at least as efficient as that  of the true linoleic acid. 
I f  this were not so, carbon-1 would have a much higher 
relative radioactivity.  

The amt  of activity beyond carbon-3 was not readily 
explained on the basis of incorporat ion of a carboxyl- 
labeled 18-carbon acid in toto into a 20-carbon acid. 
The second experiment  was therefore per formed to 
ascertain whether  the C,~e-polyenoie acids might  con- 
tain some species formed by total synthesis. I t  can 

be seen that  while the t rue eicosatetraenoic acid may 
have a ratio of radioact ivi ty of carbon-l :earbon-3 
not too different f rom that  of the C2o polyenoic acid 
f rom the first experiment,  this ratio is quite different 
for the eicosatrienoic acid. This acid, the major  iso- 
mer of whieh may be formed from oleic (or pal- 
mitoleic) acid (12) would be expected to have more 
aet ivi ty ( f rom acetate) throughout  the chain than 
would the eieosatetraenoie acid. This appears  to be 
the case in the present  experiments and it seems safe 
to say, in view of the high radioact ivi ty of the eicosa- 
trienoie acid, that  a great  deal of the carbon-14 in- 
corporated into the C2o polyenoic acid fract ion came 
from total synthesis ra ther  than direet incorporat ion 
of the s tar t ing  acid. Nevertheless, it is evident that  
the tra~s,trans isomer of linoleic acid is incorporated 
into a Qo tetraenoie acid. 

The a t tempt  to ident i fy this product  in the experi- 
ment  in which larger amt  of unlabeled acid were fed 
reveals the difficulty of ident ifying a small amt tetra- 
enoie acid containing trans double bonds in admix- 
ture with a large proport ion of its all-cis isomer. Not 
only was it present  as only a small f ract ion of a mix- 
ture containing components with almost identical 
propert ies  but the means of identification did not 
easily distinguish it f rom them. Thus, the location 
of trans tetraene on the thin-layer plate was made 
difficult by the similari ty of its Rf to those of cis and 
trans trienes. The Ta of the desired acid was very  
close to that  of the corresponding all-cis tetraenoie 
acid, and the 10.3 ~ peak in the IR  spectrum was 
nearly obscured by the presence of impurities,  the 
removal of which resulted in large losses. Neverthe- 
less, the thin-layer and the I R  evidence combined 
with a GLC retention time corresponding to that  
which would be calculated leaves little doubt that  the 
fed tra)~s,trans-9,12-octadeeadienoie acid was incorpo- 
rated into a C2o tetraenoic acid, presumably cis,cis- 
5,8-trans,trans-11,14-eicosatetraenoic acid. 

A rough idea of the efficiency of this incorporation 
may  be gained by a comparison of the ratio of the 
specific act ivi ty of the C2o polyenoic acid isolated in 
the first experiment  to the total act ivi ty of the fed 
acid/100 g of rat.  Such an estimation reveals that  
this measure of incorporat ion is of the same order 
of magni tude as is that  for linoleate itself (approx  2 x 
10 -5 for both eases). I t  may be recalled, however, that  
the eieosatetraenoic acid formed f rom the trans dienes 
does not function as an essential f a t ty  acid (1,13,14). 
Thus, the requirements for E F A  activi ty are not met  
by an eieosatetraenoie acid containing trans bonds 
even though it is formed in amounts which would be 
adequate for the all-cis isomer. 
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