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The Alkali Isomerization of a ,Methyl Docosahexaenoate and the 
Spectral Properties of Conjugated Fatty AcidF 
EARL G. HAMMOND and W. O. LUNDBERG, Department of Agricultural Biochemistry, 
University of Minnesota, Minneapolis, Minnesota 

T HE preparation of a quite pure methyl docosa- 
hexaenoate from hog brain lipids is reported in 

' another  paper from this laboratory (1). In the 
present paper the ultraviolet spectral characteristics 
of this compound, following alkali-isomerization un- 
der various conditions, will be considered in relation 

t o  alkali-eonjugation-spectrophotometric techniques 
of analysis of polyunsaturated fat ty acids and esters 
(2 ,3 ,4) .  

Also to be described are some general relationships 
in the ultraviolet spectral characteristics of fatty 
acids with conjugated double bond systems, whether 
natural or alkali-induced, which were developed on 
the basis of previous work by Lewis and Calvin (5). 
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Fro. 1. Specific extinction coefficient vs. wavelength for 
small samples of methyl docosahexaenoate isomerized in 21% 
KOH-glycol a t  180~ for  4 rain. (solid line) and 15 rain. 
(broken line) by tho micro procedure. 

Ultraviolet  Spectral  Absorpt ion Fo l lowing  
Alkali  Isomerization 

Small samples of the methyl docosahexaenoate 
isomerized at 180~ in 21% KOH-ethylene glycol for 
4 and 15 minutes by the micro procedure of Herb and 
Riemenschneider (6) gave the absorption spectra rep- 
resented in Figure 1. The data were obtained with a 
Beckman DU speetrophotometer. Measurements at 
wavelengths above 320 m/~ were made with an incan- 
descent light source. A slit width of 0.15 ram. was 
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used for readings made at 374 m~. (The importance 
of specifying slit width at this wavelength will be dis- 
cussed below.) Absorption peaks are found at 233, 
268, 279, 301, 315, 333, 352.5, and 374 m~. 

As with the fat ty acids of lower unsaturation, the 
spectral properties following isomerizati0n depend 
markedly on time of heating, alkali concentration, 
and temperature. In addition, two other factors, the 
speetrophotometer slit width and the size of the 
sample isomerized, are important in working with 
hexaenoate. 

Effect of time of heating and alkali concentration. 
Figure 2 illustrates the effects of time of heating in 
alkali isomerization. The fixed conditions were the 
same as those used in obtaining the data for Figure 1. 
Evidently the maximal concentrations of conjugated 
materials are attained very rapidly in the case of 
hexaenoate. The heating times to reach a maximum 
for the various conjugated forms of alkali isomerized 
hexaenoate were found to increase in the following 
order as might be expected : a) di-, tri-, and tetraene, 
b) peutaene, and c) hexaene. Presumably if times 
shorter than 2 minutes were used , the maxima for the 
first three would be reached in the order listed. 

After 5 minutes of heating the various conjugated 
forms generally undergo destruction more rapidly 
than they are formed. However the net amount of 
conjugated diene represented by the curve for 233 
m~ decreases rather slowly, and the net amount of 
conjugated triene represented by the curve for 268 
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FIG. 2. S p e c i f i c  e x t i n c t i o n  coef f i c ien t  a t  v a r i o u s  w a v e ] e n g t h ~  
vs.  t i m e  o f  a l k a l i  i s o m e r l z a t i o n  f o r  m e t h y l  d o c o s a h e x a e n o a s  
i s o m e r i z e d  i n  2 1 %  K O I t - g l y c o l  a t  1 8 0 ~  b y  t h e  m i c r o  
p r o c e d u r e .  
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m~ actually appears  to undergo a slight increase. 
Among faetors  that  may contribute to these effects 
are :  a) the forn~ation of some conjugated diene and 
triene f rom higher conjugated polyenes through poly- 
merization or cyclization, b)  the fornlation of some 
conjugated diene and tr iene via a shift ing a p a r t  of 
double bonds that  were originally located toward the 
center of the unsa tura ted  system; it would be ex- 
pected that  conjugated dienes and tr ienes so formed 
could not disappear  so readi ly  by  conversion to higher 
conjugated polyenes, and c) a greater  react ivi ty  of 
the higher conjugated forms which would cause them 
to disappear  nmrc rap id ly  by  conversion to other 
materials.  

When 16% K O t I  was used instead of 21%, the 
max immn in the hexaene conjugation at 374 mt~ oc- 
curred at about  10 minutes  and the curve was fal l ing 
again  at 15 minutes. I towever  the max immn extinc- 
tion coefficient was much lower than that  obtained 
with 21% alkali. This behavior is similar to tha t  re- 
por ted for  the conjugated tetraene formed f rom 
araehidonie acid (7). 

I t  was decided that  a more precise determinat ion of 
the opt imum conditions of time, alkMi concentration, 
and t empera tu re  should be delayed unti l  s imilar  stud- 
ies could be carried on concurrent ly  with penta-  
enoates. The limited studies that  were made strongly 
indicate that  a shorter  reaction time, or possibly a 
lower temperature ,  would yield bet ter  spectral  ab- 
sorption values for hexaenoates. 

More complete data on the effects of these factors  
would p robab ly  prove useful in several other ways. 
I f  f a t ty  acids tha t  have the same number  of double 
bonds bu t  differ in the positions of the double bonds 
or in carbon chain length respond differently to 
changes of isomerization conditions, it may  be possible 
to distinguish them in mixtures  in some cases. Also 
the mechanisms involved in alkali isomerization might  
be clarified. In  this connection a pentaenoate concen- 
t ra te  p repared  f rom hog b ra in  lipids and alkali isom- 
erized under  the conditions used in obtaining the data 
of F igure  2 showed a spectral  absorpt ion at 346 m~ 
that  changed little when the heating time was var ied 
between 5 and  15 minutes. On the basis of its chro- 
matographic  behavior  this was believed to be the ester 
of a 22-carbon acid. Klenk and Bongard  also found 
no pentaenoate in their  20-carbon fract ion f rom bra in  
tissue (8). 

Effect of spectropholometer slit width. As shown 
in Figure  3, the extinction coefficient at 374 mt~ varies 
markedly  with the slit width. Such var ia t ion is con- 
t r a r y  to experience with conjugated forms involving 
fewer double bonds arising f rom the hexaenoate or 
f rom other less unsa tura ted  acids. Because, in gen- 
eral, l ipid materials  contain at most a relat ively small 
proport ion of hexaenoate, it is impor tan t  for  the sake 
of accuracy to use a narrow slit to obtain high. vMues 
of the conjugated hexaene absorpt ion compared to 
background. The reason for  the sharpness of the ab- 
sorption by  this fo rm as compared with the lower 
conjugated forms is not known. 

Effect of sample size. With the pure  methyl  doeosa- 
hexaenoate the size of the sample used in alkali-isom- 
erization had a marked effect on the extinction co- 
efficients obtained. This effect was in no way related 
to the concentrations of any  reagents or solvents pres- 
ent in the solutions used in making the spectral  
readings. 
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Fro. 3. Specific extinction coefficient vs. slit width of the 
spectrophotometer for the 374 m/z bund of methyl docosahex~- 
endure alkMi-isomerized in 21% KOtLglycol t~t 180~ for  15 
minutes. 

Other observations suggested that  the effect of sam- 
ple size was related to the time required completely to 
dissolve the doeosahexaenoate in the isomerization re- 
agent. Employing  the macro isomerization method 
described below and a slit width of 0.15 ram., the ex- 
tinction coefficients at  374 mt~ increased with sample 
size when a heating time of 15 minutes  was used, be- 
ing 28.7, 29.5, and 31.4 for  sample weights of 19, 38, 
and 58 rag., respectively. On the other hand, with a 
heating time of 6 minutes, the extinction coefficients 
showed decreasing values with increasing sample size, 
being 49.1, 49.0, 45.5, and 44.1 for  sample weights of 
5, 32, 56, and 73 rag., respectively. 

That  these results are consistent with a greater  so- 
lution time for the larger  samples is evident f rom 
Figure  2. Large  samples would have a lesser average 
time of contact with the isomerization reagent  than 
small samples. With  the appa ren t  heating time at 6 
minutes the apprec iably  lower effective heating time 
for  large samples would result  ill lower extinction co- 
efficients. On the other hand, with an appa ren t  heat- 
ing time of 15 minutes the progressive lowering of 
effective beat ing time with increasing sample size 
would yield higher extinction coefficients. An exami- 
nation of the effect of sample size on the extinction co- 
efficients at wavelengths other than  374 m~ is also 
completely in accord with this interpretat ion.  

Fu r the r  evidence relat ing the effect of sample size 
to solution time was found by  the isomerization tech- 
nique of Vandenheuvel  and Richardson (9). I n  this 
procedure the samples are pa r t ly  or wholly dissolved 
in the reagent by  a pre l iminary  heat  t r ea tmen t  at 
80~ The extinction coefficients at 374 m~ of two 5 
rag. samples and two 55 rag. samples so t reated and 
then isomerized all agreed within 1%. 

The nature  of the solution effect was more clearly 
established in still another  experiment.  Small  sam- 
ples of docosahexaenoate were diluted with methyl  
oleate or with methyl  esters of corn oil f a t t y  acids, 
and larger  samples of the resul t ing solution, 60 to 90 
rag., were analyzed by  the macro method. The ex- 
t inction coefficients agreed well with those previously 
obtained with small samples of docosahexaenoate 
alone. When similar t r ea tment  was given to small 
samples of doeosahexaenoate diluted with methyl  
erucate, the erucate samples failed to dissolve com- 
pletely. Moreover the extinction coefficients, for con- 
jugated  hexane and pentaene were apprec iably  lower 
and those for  conjugated tetraene, triene, and diene 
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appreciably higher than normal for  small samples, 
indicating that  the effective heating time was much 
less than the apparent  heating time of 15 minutes. 
Thus it  appears that  the effect of sample size is to be 
a t t r ibuted to the relatively longer time required for 
the solution of esters of 22-carbon acids as compared 
with 18-carbon acids. 

These results suggest also that  previously pub- 
lished spectral constants obtained by  the macro 
method for  araehidonate, eicosapentaenoate, and do- 
cosapentaenoate may require r e e v a l u a t i o n .  T h e  
marked differences reported for  the spectra of alkali- 
isomerized eicosapentaenoate and docosapentaenoate 
(]0)  may be due as much to solubility differences as 
to other causes tha t  have been proposed (7). I f  the 
two compounds have the same pentaene s tructure and 
differ only by  two carbons in one of the end groups. 
(or one carbon in each of the two end groups),  one 
would expect that  the spectra following equal alkali- 
isomerization t reatment  would be more nearly alike. 
A solution effect may also account for  the apparent  
differences mentioned earlier between the eicosapenta- 
enoate isolated by  Herb et al. (10) and that  isolated 
from fish oil by the present authors (1). However it 
has not been established whether solubility factors 
are important  in the isomerization of C2o acids with 
the KOH-glycol reagent. 

Because of the variation in spectral characteristics 
in relation to sample size, a question arises concern- 
ing the accuracy that may be expected in quanti tat ive 
determinations of hexaenoate by  the alkali-isomeriza- 
tion spectrophotometric techniques that  have been 
employed here. On the macro scale, samples of p u re  
docosahexaenoate up to 30 mg. can be used with no 
significant change in the alkali-isomerization con- 
stants. On the micro scale, samples as large as 8 mg. 
have been used with no significant changes. Since the 
amount of C22 acids in lipid materials other than 
marine oils is likely t o  be small and since the solution 
effect is not encountered if alkyl esters of 18-carbon 
acids predominate (probably also t rue for  glyceryl  
esters), it appears that  the spectral constants ob- 
tained with small samples of methyl  docosahexaenoate 
may be used in the analysis of some lipids by  the 
usual procedure. Fo r  accurate analysis of mixtures 
containing acids of predominant ly  longer chain 
lengths smaller samples should be used. 

Because hexaene conjugation changes more rapidly 
with time of heating than the conjugated forms of less 
unsaturated acids, it is all the more important  that  
the sample be quickly and reprodueibly brought  into 
solution in the isomerization reagent. This is not pos- 
sible if the fa t ty  acids are combined as. phospholipid 
or cholesterol esters (11). F rom this point of view it 
is unfor tunate  that  the more unsatura ted fa t ty  acids 
occur predominantly in combinations of this type. 
Little attention has been given to these factors in pre- 
viously published ~data on the content of highly un- 
saturated fa t ty  acids in l ipid materials, and hence 
such data in general may be unreliable, even in 
cases where only qualitative comparisons have been 
attempted. 

Spectra~ absorption constants. Spectral  constants 
obtained from pure methyl docosahexaenoa te  by  
macro and micro isomerization methods, using 21% 
KOH-ethylene glycol, a temperature  of 180 ~ and a 
heating time of 15 minutes, are given in Table I. Al- 
though it has been previously indicated that  these are 

probably not optimal conditions for  the determina. 
t ion of highly unsaturated fa t ty  acids, the values are 
given to permit  tentative analysis on the basis of con- 
ditions that  have been employed for  less unsaturated 
f a t ty  acids and that  have received relatively wide ac- 
ceptance. For  studies giving special attention to hexa- 
enoates, methods employing other conditions o f  isom- 
erization should probably be developed. 

TABLE I 

Specific Extinction Coefficients for l~IethyI nocosa~hexaenoate 
Isomerized 15 Minutes in 21% K O H  Glycol at 180~ a 

Micro scale :Macro scale 
Wavelength S~,mple weight : Sample weight : 

m~ < 10 rag. < 30 rag. 

374.0 b 
352.5 
346.0 
333.0 
315.0 
300.0 
278.5 
268.0 
233.0 

28.1 
32.2 
26.2 
27.3 
27.8 
26.7 
45.7 
49.4 
40.0 

28.1 
32.8 
26.6 
27:0 
28.4 
26.8 
46.4 
50.4 
4 0 . 4  

aReadings  above 315 made with visible light source. 
~Slit width 0.15 mm. 

The constants in Table I for  the macro determina- 
tion were obtained with the following modifications of 
the A.O.C.S. official method (12). The KOH-glycol 
was made up to 21 • 0.1%. I t  was measured into 
the reaction tubes by means of a hypodermic syringe 
instead of by weight;  8.4 ml. of the reagent was 
found to equal 11 g. within permissible limits of ac- 
curacy. A tube of reagent was heated at 180~ for  3 
minutes, shaken in the bath for  15 seconds, and al- 
lowed to stay in the bath for  a total of 10 minutes be- 
fore the sample was added. Following introduction 
of the sample, the tube was shaken for  45 seconds 

. with the lower portion still in the bath. Fi f teen min- 
utes a f te r  the sample was added, the tube was 
plunged into cold water. The reaction mixture was 
protected with oxygen:free nitrogen at all times. 

The method of stirring described in the foregoing 
paragraph is recommended because of the effect of 
sample size previously described and because of 
greater  reproducibili ty.  The method has been com- 
pared experimentally with that  of Herb and Riemen- 
schneider (7), and the results were found to be essen- 
tially the same if the sample was small. 

The constants for  the micro procedure were ob- 
tained by the method of Herb and Riemensehneider 
(6) except for  modifications identical with those that  
have been described above for  the macro method. 

I f  these isomerization conditions are employed, the 
equations that follow may be used in calculating the 
amounts of polyunsaturated fa t ty  acids in appropri-  
ate cases. These equations have been derived from 
data obtained by  the micro method, but  they may be 
applied with almost negligible error  to data obtained 
by the macro method. I t  is not yet  known whether 
they may be used for  fish oils; the lat ter  may be com- 
posed of mixtures of isomeric polyene acids with dif- 
fering alkali-conjugation characteristics. Likewise the 
equations cannot be used if  the highly unsaturated 
acids are present as cholesterol esters or as other 
forms which are dissolved with difficulty in the isom- 
erization reagent. 

The equations are based on the use of a slit width 
of 0.15 mm. for  spectrophotometer readings at 374 
m~. I f  a different slit width is desired, corresponding 
equations may be obtained by  employing the appro- 
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priate value for  the extinction coefficient at 374 mtL 
given in Figure  3. 

E Q U A T I O N S  F O R  % A C I D ,  M I C R O  M E T H O D  

(Cons t an t s  for acids  other  t h a n  hexaenoie  w e r e  t a k e n  f r o m  da ta  of 
H e r b  and  R i e m e n s c h n e i d e r  [6]  ) 

I f  p e n t a e n e  i s  C2e, 
H e x a e n e  = 3 .41  ka~g ~ 
P e n t a e n e  = 1 . 9 8  ka~s - -  1 .84  ka~ 
T e t r a e n e  = 1 .65  k ~  - -  1 . 8 6  k ~ q -  0 .10  kaT~ 
T r i e n e  = 1 . 1 0  k ~ ,  - -  0 .88  k ~  - -  0 .02  ka~  - -  0 .88  ka;~ 
D i e n e  --- 1 .09  kza,,. - -  0 .57  k:~s - -  0 .26  ka~ - -  0 .12  k : ~  - -  

0 .18  ka~ 

I f  p e n t a e n e  i s  C=o, 
H e x a e n e  = 3 .41  ka~  ~ 
P e n t a e n e  - -  1 .14  k a s  - -  1 .06  kaT~ 
T e t r a e n e  = 1 .65  km~ - -  1 .55  kay6 - -  0 .19  k3~4 
T r i e n e  = 1 .10  k~8 - -  0 .88  kay5 q -  0 .31  ka~  - -  1 ,35  k~74 
D i e n e  = 1 .09  k_~,~ - -  0 .57  k,_~,8 - -  0 .26  k~5 q -  0 .02  ka4, - -  

0 .27  ka,~ 

The Ultraviolet Absorption Spectra of 
Conjugated Fatty Acids 

There have been numerous attempts in recent years 
to explain the absorption spectra of various polyenes 
on the basis of quantum mechanics (13, 14) and by 
analogy to various types of oscillators (5, 15, 16). 
Little attention appears to have been given however 
to fundamental  relationships in the absorption spec- 
t ra  of natural ly  conjugated and alkali-conjugated 
fa t ty  acids. With other types of compounds, analogies 
between conjugated systems and various types of 
coupled oscillators have led to accurate predictions of 
the wavelengths of absorption maxima in some cases. 

Such developments of theoretical relations between 
spectral absorption and the number  of double bonds 
have in general been concerned only with the lowest 
f requency absorption peak or band of the several 
that may occur in the ultraviolet spectrum. With 
many types of polyenes only a single cusped peak is 
found in the ultraviolet region that  is usually studied 
(17), bu t  with others there may be more complex pat- 
terns, as in the case of pure conjugated fa t ty  acids 
whose absorption occurs as tr icusped peaks. In  such 
cases usually either the most prominent  of the longer 
wavelength cusps or the longest wavelength cusps fro. 
a family of compounds are compared. 

Lewis and Calvin (5) have derived the relation 

X" = A q- B n 

where ), is the wavelength of the  absorption maximum 
for  the lowest f requency of absorption, A and B are 
constants, and n is the number  of conjugated double 
bonds in the system. This relation was obtained by 
considering the several double bonds in a conjugated 
system to be simple harmonic oscillators which must 
vibrate in unison. 

Kuhn  (15) has derived the more complex formula 
front a nmre rigorous t reatment  of the nature  of 
coupled resonators : 

2,o 
A =  

1 - -  Zacos  v �9 '= 
, § 1) 

h again is the wavelength of the cusp with the lowest 
f requency in eases where multi-cusped absorption is 
found, ho is the corresponding wavelength for a corn- 

The use  of this equa t ion  will lead to some er ror ,  especial ly in the 
ana ly s i s  of m i x t u r e s  in  which  the  r a t io  of pen t aenoa t e  to hexaenote  
is high,  due  to an  apprec iab le  absorp t ion  by a lka l i - i somer ized  penta-  
enoa te  a t  374 m~. The  s a m e  k i n d  of  e r r o r  i s  encoun te red  at  the  o ther  
w a v e l e n g t h  m a x i m a ,  but  to a smal le r  deg ree ;  t h e  e f f ec t  of such  end ab- 
sorp t ions  by the  more  u n s a t u r a t e d  es te rs  has  been noted by  o ther  in- 
ves t iga t ions  ( 2 5 ) .  

pound with one double bond, a is a constant related to 
the force constants of the coupled oscillators, and n is 
the number  of double bonds in the conjugated system. 
Kuhn  has also developed mathematical predictions of 
higher order bands;  in the ease of fa t ty  acids these 
would occur in wavelength regions below 200 mtL and 
hence are out of the range of ordinary ultraviolet 
spectrophotometers. Although the foregoing relation 
may be successfully employed in predicting" ultra- 
violet absorption wavelengths for  a number  of poly- 
ones, it does not predict  the wavelengths of the 
absorption maxima for conjugated fa t ty  acids as ac- 
curately as the relation given by  Lewis and Calvin. 

The three cusps o f  pure  conjugated fa t ty  acids, 
with the exception of conjugated dienoic acid, are 
easily detected by  the spectrophotometers commonly 
employed for  research purposes today. Similarly any 
alkali conjugated polyene acid might  be expected to 
exhibit three cusps for  each of the several classes of 
conjugated forms present (e.g., diene, triene, etc.). 
Using data for  both pure conjugated materials and 
alkali-isomerized materials, if the square of the wave- 
length of the three cusps of each peak is plotted 
against the number  of double bonds associated with 
that  peak, the points for  the longest wavelength cusps 
will fall on one line, those for  the second longest wave- 
length cusps on another, and those of the shortest 
wavelength cusps on still another, as in Figure  4. 
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125Q 

? 
~E I000 

750 

500 

250 

NUMBER OF CONJUGATED DOUBLE BONDS 

F r o .  4. W a v e l e n g t h  s q u a r e d  o f  t h e  a b s o r p t i o n  m a x i m a  f o r  
~ ra r ious  c o n j u g a t e d  f a t t y  a c i d s  v s .  t h e  n u m b e r  o f  c o n j u g a t e d  
d o u b l e  b o n d s  a s s o c i a t e d  w i t h  t h e  a b s o r p t i o n .  

This figure is derived from the following data : a) 
conjugated linoleate, either 9, 11, or 10, 12; 224, 232, 
and 238 mr, (18) (This material is presumably of 
cis-trans and trans-cis configuration. I t  might be 
more appropriate,  as will be discussed, to use data for  
a t rans- t rans  material. This would substitute 229.5 
for 232 mr, (19). The other cusps would be shifted 
correspondingly. However these differences would 
not affect the figure apprec iab ly) ;  b) conjugated 
(allo) linolenate, fl-eleostearate, and fl-lincanate, 258, 
268, and 279 m/, (20) ; c) fl-parinarate, 288, 301, 315 
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m~ (20), also alkali isomerized arachidonate; 301 and 
315 m~ ( 7 ) ;  d) alkali isomcrized pentaenoate, 315 
(?) ,  32S, and 346 mt~ (10) ; e) alkali isomerized hexa- 
enoate, 333, 352.5, and 374 m~. 

Absorpt ion peaks for  all of the various degrees of 
conjugation developed on alkali isomerization of lino- 
lenate, arachidonate,  pentaenoate, and hexaen0ate fit 
the curves in the figure well, except in cases where 
there is overlapping absorption. 

The peaks of the beta forms of the eleostearic and 
par inar ic  acids coincide more closely with those for  
the alkali-isomerized acids than  do the alpha forms. 
This s trongly indicates that  the  higher conjugated 
forms of the more unsatura ted  alkali isomerized f a t t y  
acids are largely in trans configurations, at least un- 
der the conditions of alkali-isomerization ordinar i ly  
employed. 

I t  is evident f rom Figure  4 that  the several cusps 
yield s traight  lines with different slopes which appear  
to converge to a single point. There is some question 
however about  where the point  of convergence occurs. 
There appears  to  be no theoretical basis for  anticipat-  
ing' a convergence at 0 double bonds in preference to 
a convergence at 0 wavelength, but  a convergence at 
0 double bonds as shown in F igure  4 appears  to fit 
the available data best. 

Lewis and Calvin (5) have indicated in their  t reat-  
ment  of diphenylpolyenes that  the constant A in thei r  
relation is determined by  the nature  of the phenolic 
end groups in the oscillating systems, and B is a func- 
tion of the force constant of the oscillator. However  
the effect of the end groups has been t reated as a 
quant i ty  to be added to n by  Ferguson and Branch 
(21) in their  analysis of the spectra  of various poly- 
enes whose conjugated carbon chain was in te r rup ted  
by  nitrogen linkages. 

Those constituents of the end groups that  are re- 
moved by  more than 2 or 3 carbons f rom the oscillat- 
ing system appear  not to affect the wavelength of ab- 
sorption very a p p r e c i a b l y .  Thus the predicted peakS 
for  monoene and sa tura ted  f a t t y  acids f rom Figure  4 
closely correspond with repor ted absorption peaks f o r  
n -hep teue-3  and sa tura ted  ca rbon-carbon  linkages 
(22). t Iowever  in view of the uncer ta in  significance 
of the constants in the relation given by  Lewis and 
Calvin and the complexity of the spectra of hydro- 
carbons in the vacuum ultraviolet  as compared to the 
relatively simple spectra found for  conjugated hydro-  
carbons in the quartz ultraviolet ,  the apparen t  ap- 
proximate  correspondence between observed absorp- 
tion peaks for monoenes and sa tura ted  compounds 
and those predicted f rom Figure  4 may be fortuitous. 

Spectra of Alkali-Isomerized Fatty Acids 

Because an alkali-isomerized polyene acid, part icu- 
lar ly one that  is highly unsaturated,  is a ra ther  com- 
plex mixture  of conjugated polyenes, some of the 
cusps for  the various degrees of conjugation are diffi- 
cult or impossible to detect. Among other factors in- 
volved arc the following: a) some types of conju- 
gated chromophores may  be present  in relat ively low 
concentrat ion;  b)  isomeric compounds which differ 
only in the geometric configuration of their  double 
bond systems may  be present  whose absorpt ion max- 
ima occur at slightly different wavelengths;  c) be- 
cause of the complexity of the mixture,  there is some 
overlapping of absorpt ion by  different compounds. A 

fur ther  consideration of F igure  4 leads to  explana- 
tions for  several of the peculiarities of the spectra of 
the alkali-conjugated f a t ty  acids. 

The curves lead to the prediction that  the cusps for  
conjugated dienes will be close together, and  the fail- 
ure to find three cusps is evidently due to a lack of 
sufficiently good resolution in the spectrophotometers  
general ly used. Kass (18) has published a n  absorp- 
tion spect rum for  conjugated dienoates which shows 
evidence of three cusps. 

With Mkali-isomerized linolenate all three cusps of 
the conjugated triene are usually seen al though the 
shortes~ wavelength cusp is 'quite weak. As a general 
rule, with all conjugated f a t t y  acids tile middle cusp 
is highest. 

In  the eases of alkali-isomerized arachidonate or 
more unsa tura ted  f a t t y  acids, the shortest wavelength 
cusp of the tetraene conjugation is usually not seen 
because it is masked by the 279 m~ cusp of the conju- 
gated tr iene absorption. I t  is, of course, easily ob- 
served in the case of par inar ic  acid (20). Evidence  
of it may also be seen in a curve for alkali-isomerizcd 
araehidonate published by  Herb  and Riemenschnei- 
der (7). 

The pentaene conjugation of alkali-isomerized pen- 
taenoate (7) is represented by  two cusps found at 
328 and 346 m~. F igure  4 indicates t h a f  a th i rd  cusp 
for conjugated pentaene cannot appear  discretely be- 
cause it  v i r tual ly  coincides with the longest wave- 
length cusp of conjugated tetraene. This is undoubt-  
edly the  reason why the cusp at 315 m~ is higher than 
that  at  301 m~ in the absorption spectra of alkali- 
isomerized pentaenoate and hexaenoate, unlike the 
case of alkali-isomerized arachidonate.  The 301 m~ 
cusp is the middle cusp for  conjugated tetraene and 
would normal ly  be expected to be the highest. 

With  alkali-isomerized hexaenoate the 346 mt~ cusp 
of the pentaene peak is masked by  the strong middle 
cusp of the hexaene peak, which falls at 352.5 m~ (see 
F igure  1). This may  be one cause of the confusion i~ 
the l i terature  about  the location of this cusp for  pen- 
taenoates, and some investigators have measured the 
absorption at 347.5 mt~ (23, 24). In  cases where mix- 
tures of pentaenoate and hexaenoate are alkali-isom- 
erized, the position of the absorption in this region 
wiI1 va ry  according to the proport ions present  in the 
original mixture.  With  some mixtures  discrete peaks 
at 346 and 352.5 mt~ may  be discerned. 

The shortest wavelength cusp of the hexaeue peak 
of isomerized hexaenoate acid would be predicted to 
fall  at  about  33S m~. This cusp is evidently not re- 
solved f rom the 328 m/~ cusp of conjugated pentaene 
and therefore gives rise to a relatively bro~d band at 
about  333 m~ in alkali-isomerized methyl  docosahexa- 
enoate (Figure  1). It  is for  this reason that  a pob~t 
represented by  333 m~ does not fall  on one of the 
lines in F igure  4. 

F rmn the foregoing it is clear than in alkali-isomer= 
ized docosahexaenoate, or any mixture  of f a t ty  acids 
containing doeosahexaenoate, all three cusps of the 
pentaene conjugation will be overlapped t o  some 
extent by  conjugated tetraene and hexaene cusps. 
However  this may  not introduce serious error  into 
the determination of pentaenoate in a mixture  con- 
taining hexaenoate since the correction at 346 m~ 
due to conjugated hexaene is quite reproducible in 
spite of its location on the side of a steeply sloped 
absorption band.  
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Corrections for background based on reading two 
values on either side of a maximum as suggested in 
A.O.C.S. Official Method Cd7-48 (9) will not be valid 
if there is any overlapping of two cusps that repre- 
sent different degrees of conjugation. This will be 
true for absorptions at 315, 328, 346, and 352.5 m~ 
for mixtures containing hexaenoate. 

The elucidation of the nature of the absorption 
spectra of conjugated fatty acids presented by Fig- 
ure 4 should prove useful also in studies of the geo- 
metric configuration of double bonds in conjugated 
or alkali-isomerized fat ty  acids. Conjugated systems 
which differ in geometric configuration of their 
double bonds seem to show corresponding systematic 
differences in the position of their absorption maxima. 
This may also find application in reaching an under- 
standing of the kinetics and mechanisms involved in 
the alkali isomerization of unsaturated fat ty acids. 

Summary 
The dependence of the ultraviolet absorption spec- 

tra for doeosahexaenoate upon conditions used in 
alkali-isomerization has been studied. The extinction 
coefficients at all wavelengths varied with sample size 
when 21% KOH-glycol was used as the isomerization 
reagent at 180~ ; the effect of sample size was due to 
the solubility characteristics of 22-carbon fatty acid 
esters in the isomerization reagent. 

Spectrophotometer slit width is an important con- 
sideration in the measurement of extinction coeffi- 
cients at the absorption maximum at 374 m~. 

Certain conditions which must be met for accurate 
analysis of hexaenoate in fatty acid mixtures are 
described. 

An extension of a theory of Lewis and Calvin has 
been used to clarify the number, position, and to some 
extent, intensity of the peaks in the ultraviolet ab- 
sorption, spectra of natural conjugated and alkali- 
isomerized fat ty  acids. 
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A Methyl Docosahexaenoate: Its Isolation and Characterization 1 
EARL G. HAMMOND and W. O. LUNDBERG, Department of Agricultural 
Biochemistry, University of Minnesota, Minneapolis, Minnesota 

A study of possible relationships between diet and 
the highly unsaturated fatty acids (4, 5, and 6 
double bonds) of human blood lipids has been 

started in this laboratory. The presence of fat ty acids 
with five and six double bonds in fish oils (1, 2, 3, 4, 
5) and in tile lipids of land animals (6, 7) has been 
known for some years, but relatively few investiga- 
tions of their implication in lipid metabolism have 
been made (8, 9, 10). 

In order to determine if alkali-conjugation speetro- 
photometric techniques (11, 12, 13) could be applied 
in accurate quantitative analysis of the highly unsat- 
urated acids in blood lipids, it was necessary to iso- 
late hexaenoate in pure form and to determine its 
ultraviolet spectral characteristics following alkali 
isomerization. Two five-double bond acids have pre- 
viously been isolated and characterized by Herb et 
al. (14). Knowledge of the ultraviolet spectral char- 
acteristics of pure pentaenoate an d hexaenoate is also 
necessary for accurate estimates of the less unsat- 

1 P a p e r  No. 3043, Scientific J o u r n a l  Series, Minnesota Agricul tura l  
Exper iment  Station. This work  was  .supported by a grant- in-a id  f rom 
the Nutr i t ion Founda t ion  Inc.  The findings repor ted in this  pape r  are  
to he included in a thesis to be submitted to the Univers i ty  of Minne- 
sota by Ear l  G. t I ammond in par t ia l  fu l f i lment  of the requirements  for  
the Ph.D.  degree. 

urated acids in mixtures where penta- and hexa- 
enoates are present. No definite evidence of the ex- 
istence of fat ty acids with more than six double bonds 
in animal lipids has been reported. 

This paper reports the preparation (starting with 
hog brain), some of the properties, and the probable 
structure of a methyl doeosahexaenoate, together with 
its behavior under various conditions of alkali isom- 
erization. Some general relationships in the ultra- 
violet spectral characteristics of various alkali isom- 
erized and conjugated fatty acids were encountered, 
and a general relationship in the light refractions of 
mleonjngated fat ty acid esters was also established, 
but for convenience these findings will be described in 
separate communications (15, 16). 

Isolatian 
In preliminary work on fish oils tllat contain both 

penta- and hexaenoie acids, spectra were obtained for 
the C~o pentaenoic acids after isomerization which 
were different from those of tlle pentaenoic acids iso- 
lated fronl beef adrenals by Herb et al. (14). It  was 
therefore decided to turn to a higher animal as a 
source for hexaenoate. Available evidence indicated 


