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Since the pigment; of plants have always attracted the attention
of man; it is not surprising to find thatvthey have been subjected to
a‘great déal of scientific investigation. The fascinating changes of
c;lour which take place in the plant during the spring and fall, and
the beautiful colours of flowers and fruits ét maturity have undoubted-
rly stimulated much of this research, but i% is significant, that very ;
Tew problems are ever very thoroﬁghly attacked unless they are of in-
dustrisl or physiological interest,

Trom earliest times, men has used paints and dyes and until the
modern eréknature had to be the source of such coloring materials,
Whgn however, with the development of orgamic chemistry, it became
possible to synthesize natural materials; the synthesis of colouring
matters was not overlooked, and since the first step In such synthesis
is the determinafion of the structural formulae, it is not surprising
fo Tind that the structures of maeny of the natural pigments havé been
known for a considerable period of time,

The physiological aspeét of pigmentation is of more recent
origin, but nevertheless it has beén perhaps the greatest single
stimulus to the study of the plant pigments which we have had, It
might be said thabt, on the basis of distribution, there are three
mgin classes of plant plgments, namely the anthocyanins, the chloro-
phylls and the carotenoids; and ofbthese et least two, the chloro-
Phylls and the carotenoids are of distinct physiological importance,

Probably the most outstanding of all the processes carried on by
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g 1iving ;a%erial is phOtosynthesis. the progess by which orgsnic'
»compounds are formed in the plant from - ¢arbon dioxide and Water
and ) process which 1s eompletely dependent on the green chloro-

‘Imyll plgments. The caroten01ds which until recently have undere
gone but little investlgatlon have recently with the discovery

. of their close relaﬁionships to vitamin 4, come very'much to the

k fore and it is doubtful it any slngle fleld of blochemlstry =S

: has received muoh more coneentrated attentlon over a period of

o five or s1x years.

The ﬁhree main classes of plgments have chemically and
‘phys1ologically, but little in common. The chlorOphylls we know
:from the brllliant researches of Nlllstatter and his students and
~ more recently of H Fischer and his coworkers, 0 have the follow—.
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"The oarotenoids,'some of Which for reasons yet unknown are
always found aSSOC1ated with the chlorophylls in the plastids are
hydroearbons or derivatlves of hydrocarbons Which oons1st of "
‘Qlong chains of carbon atoms joined by a serles of conJugated double

"bonds. The anthocyanins and we may include here for the moment
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the relé%ed pigments, Xanthones, flavones and madder reds, are
aromatic compounds and have as bthe base for their molecules, such
compounds as benzene, napthalene and anthracene. They are, unlike
_%he other two groups, chiefly water soluble, and are responsible
for most of the blues and violets as well as some of the fedsraﬁd
yellows found in nature., The natural carotenocids are all vellow
 to red in colour, and unkike the other groups, are not confined
to plents although plants seem to be théir original source., As
yet there is no evidence of animals having synthesized‘any carot—'
enoids7a1though they unguestionably do ehénge plant carotbtenoids %o
typically animel carotenoids such as astacin, which is found in
so many of the lower amimal forms,

As has been mentioned above7the physiological importance of
the group has been one of the feasons for the recent rapid devel-
cpment of our knowledge of the carotenoids, Another factor, however,
Which has influenced the development of the field is the development
of methods of investigatioﬁ. The great difficulties in handling
these pigments compared to those of, for example the anthocyanins,
have had a definite retarding effect upon the accumulstion of accur-
ate data, but it is interesting ﬁo note that some of these new
methods when now applied to the supposedly thoroughly investigated
anthocyanin group suggest that these pigments might be advantageouslj :

- reinvestigated in the light of our newer knowledge,

It would be well perhaps, before going any further, to consider:
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the chémical and physical properties of carotenoids; and the methods’
.Which are used in their separation end identification,

A carotenoid may be defined as a nitrogen-free polyene pigment
oonsisting'wholly.or chiefly of a long acyclic chain of carbon atoms
united in an uniterrupted séquénce of conjugated dbuble bonds.v The
colour #aries from bright yellow to deep red but may even be violet or
dark blue. In general, the depth of shade increases with the number
of consecutive conjugated double bonds, .

The existing nomenclature of these.coméounds is\unfortunately
rather confusing. Due to the presence in the lé%erature of large
/numbers of histérical names for the compounds of this group, attempts
at standardizing the naming of the plgments has ﬁet with only
partlal success, The basic hydrocarbons which were formerly known
under the one name "éarotene" may now be divided into at least six
compounds, all of which are characteristically soluble in benzine
and insoluble in ether,‘and all of which have the general formula
C4ollse In naming these compounds it has become common practice ‘o
call the principle members of the hydrocarbon'group "carotenes™ to
conform with typieai hydrocarbon nomenclature, There are recognized
at present four carotenes,,designated a-,/874\¥£/_x S-. in isomer
of these, which is of donsiderable importanee)is lycopene, the pig-
ment of ripe tometoes,

From these basic hydrocarbons are probably derived the oxygeﬁ—
ated carotenoids, which may have as their substituents, the groups

~CHIRC = 0,~COQH;-CHD & 0OC e Formerly they were all classed as
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"xanthophylld'salthough some authors preferred to use this term
for pigments containing hydroxyi groups only. 4n attempt is now

being made to call the hydroxy~carotenoids, carotihols to con~-

form with the international system of alcohol nomenclature and the

name "xenthophyll" would then be reserved Pfor the 343+ dihydroxy-
a—éaroteng}which is so commoﬁ in green plants, 6 and which ges also
by the name of lutein,k |

- Under this system, the name "carotenone" should be applied to
the keto-derivatives of the hydrocarbons, but it has unfortunately
been already applied to other compounds and is therefére not avail-
able. |

The numbering systems used in namiﬂé carotinoids are several,

buf throughout this review, the system of Karrer will be adopted,

It 1s illustrated in the following examples:

% N Mj ) : ' C”éj [ 4443
HC.  CHCHSCh~ CXCHh~ CHSCH~ CoClf~ CHCh - CH=CNCAChypthnE ~ che oo ok

LT o ;o
AC \ /&ﬁ— CHy é_y:@cgﬂ@ h-C < ch,

cjlz [ ég "éb—é Oﬁz



/ e | N/

. \ 6», 7; ; ., ch{;/ : . G/qs 5, R . M » % P ‘7I "///\ |
/‘éfz"%s» C~(N=CH-C = EA-Ch= C’(—C C)(—C/{*G‘t’*C}(—G—-C/[—G)(‘—G/@?CI:-WC/(:G}(-(I? L 2’,?}4’_
L P ’ ” : P : { : - 9 5 ’;
KC 20 Chy _ p-Carolene (:MJ“GQA,;C&

. \Z}{z/ : : . I~ ) ‘640‘}/;56. - o : . o ‘ : Cﬂz |

,,/laé\c,c,@, , o . : 2 , C'éﬂvcjj.

AN\ o ot s o “a
,42/4/- hE c,z/-c/., C= a, cﬁ:gﬁ—c =CH-CHzCH-Ch=C ~Ch=Ch- Ch=¢ ‘-c ~Ch-CH o,
g Rk b | /A
//2\ C-Chy . ~-Carolepe | N - ch

Ch T CuoHy ' ‘ '\Cﬂz ~

o C’o@\ ,c@ ~ , S , : P Cdy %

/gc c- Ch= ch-C= c://-cw-aA c A~ aé k- a&—c—aﬁwﬁ cﬁ—c M aé c/; chy

{ ll LR , AR |
% g e yig : 6'4014’55“ | by o ;\C/// ‘

CJ@\ s " ’ . V B SEOTS i,
é,c‘ C - Ch= a& c Ch=Ch=C4 - ——a// CA=CH -Chr= C CA Ch-Ch=C - c/ ep- c C‘/fz
s 7/ S A g
Aal-c ' c C.A/ , -z Zdzazviézza - L k- c\‘ Cﬁfa/’
‘ ,% v r .33~ dﬁ}’” 6;7/5 éff’ofezae L %

ko4 | B R e ek




ted =

In nature the Tomrty carbon atom, or G4q carotenoids, are most
common end will therefore be considered here slmost entirely.
Formula 1 above represents the structure of lycopene, It is s
straight chain compound in which the 3-ionone rings at each end
are unclosed, /3.oarot¢ne (Formula II)has fhe same- structure with
the exception that both /3~ionone rings are closed,

Y- carotene differs from these %two pigﬁents in having oniy one
of the rings closed and ¢{- carotene, although having both rings -
closed, has a shift in the position of the double bond of one
ring from 5.6 to 4,5,

/S-Carotene shows strong vitemin 4 activity,aamd carotenGSless;

The formula of Karrer for the vitamin A molecule is here given for

chs s
burposes of comparison 'b Cﬁ5 ?93
ke Te-chech-cech-chech-e=ch-choh
¥y - \iTarm A
C i TA i
l’la \C/}(/ CZOJJBAO

The close relationship between this and the vitamin A active
carotenoids is obvious. If /5~carotenekwere hydrolysed between
the central (15:15) carbon atoms o prbduce two primary alcohols,
tﬁo molecules of vitamin A would be formed. In the case of a-and

VY- carotenes it is found that the vitamin A activity is only
helf that of f?*<3aroﬁene and a glance at the formulae will show
the reason, 1In a-and ¥ — carotene only’one‘of the ~Z- ionone rings
.is identical with that of fitamin A, the difference in the other
ring being one case,a shift in the double bond and in the other, an

unclosed ring. Cryptozemthin, having the structure B-hydroxy—/ﬁ -
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-carotenegis also active as a source of the vitamin, but Ztazanthin,1/
3,34 —dihydroxyh/g—carotene is inactive showing that thexpresence
of a hydroxyl group, in the 5-positiqn'of the 3 -ionone ring at
'least, is sufficient to destroy the activity,

The methods of handling,_detecting; separafing'and identifying
pigments of the carotencid group are not numberous, The compoundé
are very semnsitive to physical conditions egpecially in solution,
They.are usually destroyed by teﬁperatures>of above 55 dégrees C
end are sensitive to oxidation under atmospheric pressureséy When~
ever possiﬁle, especlally in concentrated solutioné, they .should be
handled under nitrogens,

Probably the most important tocl in the hands of those studying
caro%énoids is the method of Tswett chromatographic analysis, It has
been well described in the litera£ﬁre,but the review by Cook (1)'Woﬁld
be worth reading hy those interested,

The method is based upon adsorbtiom of the bigments from sol-
ution by chemical campounds such as alumina, megnesia, caicium
hydroxide or calcium carbonate. 4 glass tube of desired dimensions
is connected with a suction flask and then packed tgghtly and evenly
With,the adsorbent,which may be mixed with a filter-aid of some inert
material to increase the réte of flow, A solution of the pigmenf or
pigments is then introduced at the top of the\column and allowed to
percolate down, This solution Tor best adsorbtion should be fairly
| concentrated and should be made up in a solvent in which the pigment

(5 po/ very Tl b/E . -
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For the zanthophylls,benzine is often satisfactory, but carbon
disulphide 2nd ether are often used. The pigments are adsorbed
on the column in zones which may be sh;rp or.quite diffuse. 'These
‘zonés'or bands are then sharpenéd by washing with fresh solvent
and are then usually cut apart mechaniéally to separate them,

The pigment separation thus obtained is very satisfactory. Ih
the case of Petalozanthin, whieh will -be-discussed—elsewhere, o new
pigment was discovered by megns of chroﬁatogrphic anglysis, When all
other methods of separation had indicated Petalozanthin to be the same
as Anthéraxanthin,‘a mixture,of the two pigments showed two bands
on the column, iﬁ can also be noted here that this method has been
- applied to anthocyanins and has suggesfed that some of the earlier work
in this field might be profitably reinvestigated, Karrer applied
the method to the purification of vitamin 4 and through its aid was
able to finally isolate this compound, from the unsaponifiable res-
idue of fish liver oil, in a puré crystalline stafbe,

The only disadvantagé of the method is the possibility of
isomerization of the pigments in the process { 2, 3. Yo
For this reason it is important to choose the adsorbent to be used
with some care, Charcoal has mény disadvantages; 1t is too strong
an adsorbent snd makes elution of the pigment difficult, it is an
oxidizing agent and can produce decomposition of the pigment, and
finally its colour maekes it impossible to see the bands, A rather
strong adsorbent which does not cause much decomposition is alumina

which can be obtained in various degrees of activation. Shain (4)
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found the most sultable adsorbent fér the carotenes to be & Specially 
prepared magnesium oxides

Rather closely related to the chromatographic analysis'u@thod,
is a method of detecting mixtures which has been used with some
sucecess and which goes by the.name off"capilléry analysis". When
a strip of filter paper.is placed with one end in a solution of pigments,
kit is found that the solvent rises ih the filter paper and the pigments
form definite mnes on the'paper, The relative position of the bgnds
together with their breadth and colour, ame characteristic of certain
pigments, Kylin (S5 ) in his inVestigations of the carotenoids of
higher plants and algae used this method extensively, His results
however, are not sufficiently accurate or fundamental to allow their
interpretation in terms of our present knowledge and 1t can be said
that this method is very limited in 1its gpplication,

Vying with the chfométograph in valuve to the investigator is
the spectroséopé. .By means of these two tools he can -give almost
positive ildentification to a pigment although it is usuval not to
consider identificabtion complete and unquestlonable unless the pigment is
obtained in pure crystalline form; 50 that meltihg point determinetions
and analyses can be madé uﬁon it. However,’beoause of the very small -
amounts of pigment thab may be avallable and because only small amount§ :
are required for spéctroacépic examination, this method has been of

o

- inestimable value,
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"~ The ;bsorbtion curves of nearly all the pigmeﬁts have beeén
acéurately workéd out and are recorded in the lﬁ%erature. It is uswal
now to reebrd simply the maxima of the absorbtion bands and the
solvent in which they are .measuredo Much of the early work has been
of - Little value because the workers have failed to record 1mportant
data such as solvent employed, The solvent used is of particular
lmportance because it can cause shifts of at least 40 mu in the pos-
ition of any one bahdo

Solubility tests coﬁstitute the final important method in the
identification of carotenoid pigments, The SO calied Kuhn and
Brockmann miéro method is essentially the distribution of pigments
between two mutually immiscible solvents, and of these themost
importent distribﬁtion is that between petroleum ether and agueous
methanol. By use of this technigue, the basic hydrocarbons and
esterc) aﬁaéw's/zwaﬂéd’ﬁ%n7tﬁef?w; oxygensbed CoroXpogds

plement waxes (carotenoids[ﬁﬂbause whereas the former are prefer-
entially soluble in benzine, the alcohols, ketones, and acids are
retained almost entirely in the alcohol layer. An exception to this
general classification is cryptoxanthin, which probably because of
its low oxygen content, is fairly soluble in both phases but goes
iﬁ enywhere to the benzine layer. After the above separation hasA
been made, the petrol ether layef may be further subdivided by
saponifying which breasks down the esters yielding the free pigments
and then redistributing them between the same two solvents, Thus
rthe presence of eéfers may be detected, The pigment extracts must

however be watched for the presence of oils and other interfering
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substances which may distribute themselves in such a way as to
change the solvent properties of one of the phases, and thereby
destroy the value of the separation; |

A considerable number of colour reactions of carotenoids
are reported and were widely ﬁsed by the ploneer investigators,

We know now hdwever, that their lack of specificity has been the

cause of much trouble, and that though they may be of valﬁe when
coupled with other evidence, they should not be relied on, We

will mention only the reasctions with éulphuric acid and with the
chloroform solution of antimony trichloride; Concentrated sule

phuric acid is sometimes used to detect the presence of polyene
rpigments becguse in their presence if produces a blue colour, which
seems to depend upon the number of double bonds in sequence; for its
shade, Kuhn and Wintersteiﬁ, ﬁorking wifh the compound CgHs~(CH = CH),
~CgHs Tound that the colour produced depended upon the value.of n,

thus -- for n = 1 or 2, no colour; n = 3, yellow orange; n = 4, red;
n = 5, violet red; n = 6, ﬁlue; = 7, blue green and n =8, blue
green.

The Carr-Price colour reaction is the reaction in which a
solution of antimony trichloride in chloroform produces & deep blue
colour when mixed with vitamin 4, It was recommended for the
quantitative and gualitative estimation of this vitamin,ibut un-

., fortuna@ely it haé since been found to give the same test with any
carotenoild, Another disadvantage of the reaction is that the colour

produced is short lived (about 10-20 second) and spectroscopic ex-
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amination of the blue colour, which could make the test specific, is 

therefore very difficult, Various modifications of the test have
Pbeen broposed but none of them have met With any general appfoval.‘
The foregoing summary of methods of carotenocid investigation
is’very brief.' If further ihformation is desired the reader would
be well advised to read the section on carotenoids in Gilman's
"Advanced Organic Chemistry" or some of the bapers of Paul Karrer
of the chemical properties and methods of investigation of caroten~
oids. It is interesting tc note that the chromatographic method
which t5day is deemed sorimportant was dlscovered and reported by
Tswett in 1906. He used it in his own investigations, but it was
then forgotten and only recently reinvéstigated. It is finding more
and mofe use in the field of organic chemistry as is shown by its
recent applications to the separation of sterols and of optiéally

active isomers,

The formetion in nature of carotenoid pigments is like so
many other natural synthesizing processes, not understood. How-
ever, several interesting theories have been proposed to account
for their formation end it would not be amiss to consider‘them_here,
provided that we keep in mind that none of them have much experi-

mental basis,
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Of these théories; the more logical ones usuvally consider
isoprene (CHy = C(CHg)z-CH = CHy) as the building unit from which
. the plgments are built up, The polymerization of isoprene could
take place in one of the follow1n9 three ways:

1. By direct linear head-=to-tail union_—

4 4 b Ay
Ch=Cthochy « Ch,-C-Chech <ol — —cﬁ'ccc/ c-C- ot
Such addition might go on indefinitely, will form either

'cyoiic/or acyelie hydrocarbons and is usually considered to be

the origin of the t@rpenes,

2+ A similer type of polymerization with the concurrent hydro-
~ genation which would explain the_fofmation of such hydrocarbons
as that from which phytol (CQOE4¢O) is derived, .

3¢ Addition with subsequent dehydrogenation in the 1:4 pos~

Lo - 4 ¢4
ition > -51_&%—4/ A cCh-C=Ch-Ch =
a 2

These units then unite to form longer units as in the carotenoids
4 CHr

& A
c/cc,//cl/o/cc.lw/ ajca//o/
Thus n isoprene units give Z#-/ double bonds and it is significant
to note that the number of such bonds in most of the common carot-

enolds is uneven (7, 9, 11 or 13),

The Diels - Alder diene synthesis has strengthened these

theories by showing the relatively mild conditions under which such
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reactions can be accomplished,

Karrer and his associates early recognized that direct head-
to-tall union of isoprene molecules proceéds to a limited extent and
that two of the relatively short chains then unite to a longer one
in such a way that one half mirrors the other and a sjﬁetrical mole=~
cule is formed., Considering this fact with polymerization type B
above we could then postulate the following reactions =

## o o4 £
aézc_ax,gé.L Chy c-<24=04,——§ Cihy = C - CH = Ch-Ch+ C-CHh=Ch,
' Sezd/ - ¥o. il
s
If now two of these new molecules were to unite ﬁail—to-tail in

aecordance with Earrer's statement we would have the structure

“h T £hs ¢4
IQ/:g-c%:a%<%:ct<¥;c%u¢%=cﬁ-C=c4—cé=cﬁ-c=c&-¢@_—

L

It is seen that whereas in formula I‘the methyl groups are
in the 1,5 position, in ‘the new compound (formula E1), although
the outer methyl groups are in the 1,5 position, the two central
ones are with respect to each other, in the 1,6 position. It is
rather startiing to.find that this same arvangment exists in the
natural caiotenoids as Wéll be seen on examining the formuls
. given on page §ela, Somé 5upporf is also given fto the idea of
~ dehydrogenation in the process by the oxygen requirement of ripen-
ing fruit.

Kgrrer and others have advanced ancther hypothesis to explain
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carotenoid formation, which is based upon the assumption of —methYl—

crotonaldehyde as the primary unit in place of isoprene.

?«6)5:4-4@ » C«{,-/L‘:Gﬁ—cﬁo
s Chy
o Chscech chok- chcch - cho ane
s | 4

CZ%Q).Cy:c24—cx& cCh-C ek CHO oSO ke

B
Az <4,

These theories have suggested methods of synthesizing caroten-
oids but those tried so far have been unsuccessiul.

If any of the above theories are to he considered7a problem
of obvious interest i® the determination of the antecedent Cgg
compound from which the Cqp compounds are derived, Willst#tter and
Mieg suggested that phytol might play such o role, If such were
the case it Would‘obviously account‘for the close assoclation of
carotenoid and ohlorophyll pigments in the green parts of plants
since the chlorophyll molecule owes about one third of its mass o
the phytyl group. Furbthermore, Karrer and his coworkers have taken
completely hydrogenated phytol and then, after converting it to
bfonide, condensed it by the action of potassium to a perhydrolycopene
of formula CypHgg Wwhich 1s identical with that obtained from the cata;—\
ytic hydrogenation of the tomata pigment lycopenes

In considering phytol as a precursor to carotenoids, the
chlorophyll=~carotenoid ratio must be examined, It is well known that |

carotenoid content increases with the break down of chlorophyll and
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thls suggests that the phytol source could be the green‘pigments
themselves° Kuhn and Brockman investigated this possibility and
‘reported’that the chlorphyll decomposed was insufficient to aeccount
for all the carotenoid formed, Their results could be taken %o
suggest that the phytol normaily used in chlorophyll synthesis is noﬁ
. being used in carotenoid synthesisband the fact that carotenocid
synthesis can proceed in the dark, whereas the green pigﬁents reguire
light for the completion of their synthesis could also be,adopted_to
this ideao A more logical hypothesis, however, seems to be that
phytol aﬁd'the oarotehoids have a common aneestor,‘ Such a theory

is supported by the presence in organs of plants, of large guantities
of carotenoids with no associated chlorophyll; Such organs are the

carrot root, and tomatoes which have been grown in the absence of

light (). |
&?/\M—(c/@jﬁ-/&/—(m}é - 94/&/@/5 -c =Ch-CH0k

/?#r7vl

Such are the theories which have been propounded to account for
the production of carotenoids in plant tissues. It seems probable
that the first product formed would be & hydrocarbon from which could
be derived and csarotenols and other oxygenated derivaxives"by direct
oxidations

Following is a listkof the known pigments‘of the caro%ehoid
’group‘-.‘ 'I’hé first list is that given by P, Karrer (é‘) in "19:'56, the
second that of Ii,T, Béartv(7’) ét aboqt the same time.. Karrer's list

is somewhatkmore,figorous in what is included as a distinct‘pigment
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but most of'the pigments included in Bogart's list are probably

distinct:

i. Ka:rer

- 1¢ Antheraxanthin
2s Agtacin |
3s Azafrin

4q Bixiﬁ

5, Gapsanthin’
lloCryptbxanthin
12.FEchinenon
13.Englenarhodon
714.Flavomhodin
15, Flavoxanthin
16, Fucoxanthin

17.Lycopene

18.Pectenoxanthin

19, Pentaxanthin

£0.Rhodopin

- 6, Capsorubin
7#-Carotene
‘Sv&Carotene
Q;XGérotene
10¥Carotene
Zl.Rhodopurpurin
22.Rhodovibrin
ZB,Rhodoviolascin
24, Rhodoxanthin
25.Rubixanthin
26¢.Sulcatoxanthin
27.Taraxanthin’
BBaVioléxanthin
29, Xanthophyll (Lutein™)

30s Zeasanthin

List given by H.Bogart

Name

v

lfAntheraxanfhin

2.As%bacin

Formula - Substituents Occeurence

(from place discovered

CaoHs60 < --_ :
=~ maybe others)

T - Anthers of Lilium

C4otiselz :
‘ tigrinum


http://27.T-araxantb.in
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List given by MyBogart (Cont'd,)

Name Formula Substituents » Occurance
3y Azafrin Ce7 H38 64 (OH)2 COOH  Hscobedia scabrifolia
4, Bixin C25 HZ0 04 (COCH) (COOCHB) Ammatto
o v {Bixa orellana)
5. Capsaqphin C40 HBE8 03 (OH)2 C = © Capsicum annum
64 Capsofubin 040 H60 Q4 {oH) 2 (C:O)Z‘ Capsicum annum
VAbCarotene ‘ C40 H56 Carrot - Daucus
‘ Carota
8.p-Carotene C40 H56 Carrot - Urtica
: ureus
9s¥r-Carotene - C40 H56 Carrot = Urtice
N Ureus
lO}Garotene G40 H56 Gonocaryum
. pyriforme

11, Citraurin

128, Crocetin C20 H24 04 ‘(cooH) 2
15 Cryptoxanthin (40 H4G O © om
lQ.Gynthiaxanthin

15, Echinenone C&%@%&%ﬁw Qaﬁn4oo

16,Esohscholtzxanthin

17, Buglenarhodon (40 H56 03 (co)4

b

18.Flavorhodin
19.Flavoxanthin  C40 H560)%
20.Fucoxanthin 040 H56 06 ~ (0H)4 (C0)2

£1l. Glycmerin

Oranges

Saffron = Crocus

A

" sativus

Ground Cherry- ;
Physalis alkakeugi

Halocynthia
- papilosa

Sea Urchin

Bschscholtzia
Californica

Buglena hil~
iorubescens

Purple Bacteria
Ranunculus acer

Brown ilgae

A Jussel
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25
24,
25,
264
27,
28,

29,

31,
52,
33,
B4,

35,

37,

38,

Isoluteéin

Lycopene

Lycophyll

Lycoxanthin

/7,

C40 H56
G40 H56 02 {oH)2

C40- H56 0

Kyzoxanthophyll ¢40 E@4~6q)05

Myxoxanthin
Pectgqoxanthin'
Pentaxanthin
Retinene
Rhodopin
Rhodopurpurin
Fhodevibrin
Ehodoviolascin
Ehodoxanthin
hubixanthin
Salmic acid

Sarcinene

C40 H54 O =0
C46 H52~56) 07

C40 H54~60) 05

G40 HB56-58 -

C42 H60 02 (ocHS) 2
040 H50 02 {co)z

C40 H56 © 0I5

COOH

Green lesves

- Lycopersicum

esculentum

Solanum duleamara
Tomata & Bitter
Night shade berries
Myxophyceae
do
A Mussel
Sea Urchin
Animal Eyes
Purple Bacteria
Do
Do
Do
Taxus baccata
berries
Rosa rubiginosa

Salmon

Sarcina lutea
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39, Spirilloxanthin ‘ ; Sulphur Bacteria
40, Sglcatoxanthin C40 H52 08 ? - Sea Anemone

- 41, Taraxenthin G40 H56 04 (OH) 47 | Dendelion
42, Viglaxanthin €40 HS6 04 (03)4? ' Viola tricolor
%59 Violaerythrin Sea Anemone

44, Kenthophyll

¢ (butein C40 H56 02 (oH)2 Green Parts of
Plants
43, Zeasganthin - 040 H56 02 (OH) 2 Yellow corn

Investigations of recent years have made it clear that carotene
is a provitamin 4, and that the vitamin 4 effect of‘foods runs
essentlally parallel with their carotene content. Carotene is
transformed in the enimal body into Vitamin 4, which like carotene
ibself tends to aceumulate in the liver, |
Thé'most obvious exﬁlantion of this formation of Vitamin A

from carotene is that it consists in a simple hydolysis, which cuts

the carotene moecule in two, exactly in the middle.

CHyCH;
N7 ety ; CIHI
UC ' TCchsen -z el CHCH-Cx CH ~C W > A //x O —
[ A '
ILC\ e,
SN e / 2 "
% ¢ /\"a 9/ 7 o4 €4y

' 2 qe'c‘c,c,/;c;f.é sclicH et TCH-CH ON
I} v .
’icf\cﬁ;‘mlj

This constitution for Vitamin A was proposed snd established
by Karrer and his coworkers { f/),, 4 convincing proof of the struct-
ure of,the carbon skeleton was provided by the synthesis of perhydro-

vitamin A from B-ionone and the identity of this synthetic product
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with a’pérhydrovitamin A obtained by the catalytic reduction of a
carefully purified Vitamin A from liver oilss

Aceording to the present state of our knowledge of the
_ connection between structﬁre and vitemlin A activity, only those
compounds which contain the following coﬁiex exhibit provitamin 4
activity; this complex apparéntly being easily transformed to |

Vitamin 4 in the living organism,

C”:Cfc,//j CHy clls -
e \%~GH;QH—C el —edseH-C 2 CH-CH 4

'/xé \c/”&»- e,

4 change in the location of the double bond in the ionine cycle
-r of the insertion of an OH therein, destroys the Vitamin 4 effect,
Thus , R a- ¥ carotenes are all active, but B-isomer with two such
complexes, 1s approximately twice as potent a&s the other two., Sim-
ilarly, the carotenol cryptoxanthiam (3 - Hydrbxy - B~ carotene) |
functions as a’provitamih 4, but rubixanthin ( 3 - Hydroxy -‘6,-
carotene) and zeaxanthin (3, 3' - dihydroxy - B= carotene) neither
of which contains an unhydroxylated B- ionone, are devoid of such
properties, l

In sddition to the three carotenes and cryptoxanthin, the
only other naturally occurringvcarotenoid, and the sole zoocarotenoid
reported to show vitamin A activity is the echinenone of the sea
urchin, Although its constitution is still unknown, it would followN 
frdm %his broperty that enchinenone contains the Vitamin A complex,'

The followlng synthetic produéts also show the provitamin &

propertvies:
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B'- Caroteﬁe diiodide 040 Ho56 I2

A - Caroime " "

Di- Hydro - B - carotene G40 358

Di-hydro /3 - carotene 040 358
‘B - carotene oxide . G40 H56 0

Oxy’-xg = carotene 040 HB56 02 3

Semi - B - carotenone 040 H56 02

It 1s sﬁrprising that B - ionone, which is it;elf devoid of
any provitamin & action, should appear to be so essential a part
6f those polyenes possessing this property; and that a produet herto-
fore 6f interest ehiefly because of its violt perfume should
suddenly be discovered to be playing a leading role inkthe field of
Vcaroténoids and vitamins.

Humah vision seems to depend upon the bleaching of the eye's
sensifive’"visﬁal,purple" by the light with the formation of an
orange "visual yellow" whogse color issaid to be due to a yellow
pigment related to the carotenoids, termed “"retinene" by Wald{ 67 )

This rétinene 1s liberated from visual purple not only by light but
also by the action of chloroform. It disappears from the retina
®ither by reversion to "visual purple™ or by transformation into
vitamin A and other colorless products. In this degredation of
visual purple to retinene and Vitamin 4 and its rebuilding from
them again, it is not clear just how much is due to the retinene
and how much to'fhe Vitemin A, Some of the latter is lost in the

process, so that the organism requires a constant outside source
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of supply, for this automatlc regulation of the eye's sen-
,‘s1t1v1ty does not functlon properly althout lt‘; At'prle
sent‘however “there is no dezlnlte ev1denoe that the retQ
1nene is the sole, or even the main, souroe of Vitamin'ﬁ
yln llght addpted retlnds or that its structure. ls dlstlnct
' ‘from that of B = oarotene, ‘ - |

The use of. pllchard and other fish oils in the feed—
'1ng of ohlckens has raised several 1nterest1ng problems -
whloh are related to the caroten01d plgment content of thef
  0113. mhe plgments of egg yolks have been studled by
Hellbron et al (b), Brown (rrk), and others. Althouph the
characterlstlo DPigments are lutein, zeaxanthln and
crybto anthln_////f' Brown has shown that the pilgment con~-
ftent of the diet can ‘Influence the plgmentatlon of “the yolk
jto a conslderaole extent.

,After feedlng chickens on a cafotenbid~frée diet until’ |
the yolks were free from these plgments, he- added plgments
: perlcarp to the feed ﬁs a caroten01d source. The shellS«
 Qonta1n zeaxanthln, capsanthin ‘cryptoxanthln and
carotené., He added also Iaraxanthln dnd v1olaxanuh1n. The
The yolks of the ‘eggs were again anaWysed and Lhe blgments

’ determlned. Based upon’ feed conuumptlon and the ege pro—

duction, 65% of the 1ngested Xanthophylls are dep051ﬁed in

'the egg yolk, but the absorbtlon of individual plgments

"varles Wltnln wide limits. | | B
V Luteln and zeaxanthln are deposited to a much greater

‘extent than oapsanthln and cryptoxdnthln. Lycapene and

carotenes are dpparently unavallable as are taraxanthin



‘and vielaxanthin1~ It would appear thdt the structure of
the plgment has conslderable 1nfluence upon its dep051t10n
in the yolk. The hydroearbons and the highly oxygenated k

‘comDounds above show almost no depoeitlon Whlle Crypto-
vxanthln contalnlng - single hydroxyl group ig but llttle

better. It seems 51gn1f1gont that geaxanthin and luteln ’
 Which are- respemtively, 7 3~‘d1hydroxy # - carotene and

',3 3- dlhydroxywﬁ— carotene “and Which‘the?efore have very

‘81mllar otructure should be almost equeliy well deposited.

AL Droblem closely related to the above is that of the

; plgment contenu of the fat deposits of verious animals,

7These deD051ts may reprebent a D0551ble Vltamln - A storage;
and are therefore of oon51derable physlologloal interest.

E Zechmelster and hls co—workers (/2 ) have glven the probeﬁm‘ '

'some attentlon in an ﬂttempt to clarify the plcture buu
thelr observatlons have S0 far, served only to ColeiCdte
‘ethe Dwoblem : They found that the fat de9031$S‘of horse -

 and cow contain only cerotene, Wheleas Lhose of fowls and
;ehumans contaln lutein but no carotene. —WIne on the other
r‘ehand Judglnp from the extLeme whlteness of ‘the fat prob—
ably cantain no oaroten01ds
Chalmers~has medekuhe'1nterestiﬁg?obserVation (unpub-

_liShed) that,cbickehs Ted upon a diet containing pilehard

‘Oil’ store up infthe liver’ a dark bf0wn pigment.  The

: p031t10n of the liveér in the v1tdm1n ~ A plctnre suggests

a relaulon between this pl ment and. members of the carot-

‘en01d,group, and 1ts;storage in the liver is obviqusly of
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considerable interest.

Asa preliminery investigation to the study of the
problems mentioned above, the determination of the carot-
enoids of cémmereé%l pilchard oil was undertaken. This
»Oll 1s obtained from the whole figsh after a short steam
cooklng, by pressure. It is then "cold clearad” by cooling
to remove stearins. The oil thus obtained is of a dark
‘olive brown color but may vary condide;ably with the season
in which the fish are caught. The fact that the viscera
of the fish are not removed briar to extraction means
that the stomach contents Will'probably influenée the
pigmenfation of the oil, since the lower animal ferms and
'algae are very high in carotenoids, many of them peculiar
to the classification group to which the organlsm belongs.

The most’common feed of pilchards is said to be the
"red feed" which is coﬁposed of sumall crustaceae, the
cocopods. Since in the lower animals forms the most
common pigment 1s astacin, it seems probable that the
cboopodé might introdﬁce this oaraﬂ%oid into the oil.
However, if fhe feed contained diatoms or other algae, it
might be expected that numerous other pigments such as
fucoxanthin, characteristic of the brown algae and myxo-
xanthin eemyxoxanthophyll charéoteristic of the blué green
algae, might be present. Both of these groups contain

small forms and so could conceivably form part of the feed.
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Experimental Procedure.

The separation of the pigments of pilchard oil pre-
‘sented a problem of unusual interest. Examinations of this
0il have been made by Tompkins (£4) ang by Bailey (#4).
yTompkins reported the presence in the oil of chlorophyll
which may give a distinct greenish tint and which together
~‘With the red and yellow pigments undoubtedly accounts for
the usual olive brown color, %

Bailey examined the sarotenoid content of pilchard oil
and reported the presence of carotene, xanthophyll angd
fucoxanthin, He used small samples of oil (50cc), dis-
“s0lved incCs,, which he passed over a columrn of alumina,
The pigments obtained were identified by their solubility,
~color reactions zgeitions on the column. Bailey also ex-
amined canned pilchardsAie. fish from which the viscera hag
been removed and fouhd that fucoxanthin was absent from the
oil. When sommercial oil was treated in a manner similar
to the canning process, fucoxanthin was not distroyed.
Bailey therefore concluded that the sourée of the fucox-

anthin was the viscera. He gives the following pigment con-

centrations for a dark colored oil:

Carotene~-~ 0-06- 0. Z{.\’M per ‘oc gr ort
a. 0§k
Xanthophyll-- O'Lq 0 hﬁ
. 0.6~ 0.5k g
Fucoxanthin--

It is well known from the work of Heilbron (%) and
Karrer (/4) thet fucoxanthin present in fish brown algae goes

over to zeaxanthin in drying of the alga, Hﬂglbron () has

reported that this same change takes place on the adsorbtion
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column, while Zechmeister ( ) has given evidence that it

takes place in solution. It geems possible therefore that
Zeaxanthin may also be present in pillchard oil, although
Bailey failed %o observe any sign of it.

Zechmeister (%) in his examination of the plgments of
horse and hen fat reported an attempt to separate the pig-~
ments by shaking up theimelted fat with the adsorbent. We
- have tried to apply this method to the pilchard oil, but ob-

tailned poor separation. |

It is usual in removing oll from carotenoid extracis

to saponify the mixture with alcoholic KOH, and then to ex-
tract.the mixture with ether or petrol ether, after the ag-
‘dition of water. This method is satisfactory when the
quantity of oil is small,but in this case Presented con-
slderable difficulties. First, the amount of soap formed
was extremely large and precipitated upon addition of only
small amounts of water. This precipitation interfered
seriously with ény attempts at ektraction of the pigments
from the saponified ﬁixture probably partly due to adsorb-
tion of pigment upon the soap but more because it tended to
destroy the interface thus preventing separation. If just
sufficient water was added not to cause précipitation a
better separation was obtéined but large amounts‘of the
extracting solvent dissolved in the alcohol layer. Further-
more:certain of the pigments were found to be exceedingly
soluble in alcohol and therefore tended to remain in the

alcoholic layer. An attempt was made to remove the soaps
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‘jby salting out,or by‘preoipitation as ealceium salis of the .
aoids. “Phe removal and washing of the pr801p1tates how-

’oever was very dlzflcult and beoause of ‘the fear of 1051ng

pigments in the Dreolpltate either through adsorbtlon or

| fallure to wash thonoughly, th&s mzthod was abandoned.

- The p0551b111ty of extraotlng the plgments from the;

oll Was then examined. Fats solvents were of course of no

use. k@f the others, alcohols‘Wereﬁthe only'oneskWhich

 shoWed1anykpromise;ymethan01 was least soluble in the oil.

By,compérisonfwith a chromatograph, the effect of an alcohol

'extraotionfwas determined. - The extraotion was made by

~ emulsifying oil and alcohol in the ratio of two volumes of

o0il to oﬂe of methanol, at 50 degrees. The emulsion was

: allowed to break and the layers separated.»yThree such ex-=

tractlons served to Temove by far the greater part of the
extraetable plgment but the ohromatogram showed that- only
one of the,plgments was removed. :

'oThefaleohol'eXtraoﬁed'wasfevaporated'down to‘a:dark!

‘>f01ly resldue Whlch was dlssolved 1n ether and petrolether.

wkiﬂ{, -

: On coollng some amorphous Whlte materlal pr801p1tated and

- was flltered off.f The chromatograph of thls extract showed

predomlnantly one orange=red band which was later identified
fucoxanthin and traces of one or two other yellowfbands,and

some gréen'material. Since the yellow‘pigménts were preéent

’k:1n traoes only, 1t was eoncluded that they were probably

carrled over mechanleally in 011 drops or- were dlstflbuted

| very sllghtlv in the alcohol.,
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Besides fucoxanthin, the extract contains large amounts

of sterel like material together with some 0il, probably
rather highly unsaturated)judging from the intensity of

the red color produced upon saponification. These waxy
.materials are readily adsorbedvon the chrom atograph{and
have the effect of cementing together the adéorbent material
to make it almost imperﬁeable to the pigment solution. It
‘was thought that perhﬁ@s the addition of petrol ether to the
oil might reduce the solubility of/the xanthophyll fraction
sufficiently to allow extraction with alcohol. It was un-
successful however, because the presence of small amounts
of oil in benzine makes it a feirly good solvent for carot-
fnoids. Another difficultylwas caused by the change in
specific gravities boought about. Methanol is intermediate
in solubility between o0il and petrol éther but a mixture

of oil and petrol ether has a specific gravity very close

to that of the alcohol and separation is very slow.

The method'finally adopted for separating the pigments
was the chromatographing of‘the oil itself. Preliminary
experiments indicated that activated alumina was more sat-
isfactory then activated magnesia for the purpose. Mag-
nesia is nos suffioiently strong and allows the pigments to
pass through the oolumn too rapidly but has the further:éis—
advantage of beéoming a dirty brown color ih the presence of
oil which tends to screen +the lighter bands. In early ex-
periments the oil was dissolved in light peﬁroleum to give
more rapid filtration but it was later found that the pure

oil was equally satisfactory and was thereafter'used.
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Glass tubes five feet lbng and five cm. in diameter
were packed to a height of 45 cm. with a mixture of act-
ivated alumina (Alorco--100 mesh) and a filter-aid (Johns-
Manville Hyflo Super-cel) in equal parts by weight. = The
.capacity of such a column was about one litre of oil. Vhen
that volume had been passed through, the lower bands had
reached the bottom of thé column and washing was usually
dimpossible.

Threé\columns were set up and the oil passed over thern.
The following zones developed: (l) A broad green band cov-
ering ﬁhe top four or five cms. of the column. (2) Three
bands close togebher, the upper two orange red and the third
- one orange. (3) Considerably below these, two bands close
together, the upper one green, the lower one yellow. The
filtrate from the columns Was light yellow. The lower |
vellow and green bands were allowed to Pass through the
column in order’to ebtain better separation of the upper
bands. |

The édsorbent was pushed out and the columns, still con-
taining considerable quantities of oil, were divided into
three parts corfesponding to the green upper zone, the
central zone containeing the three pigments, and a lower
zone containing no ooloring‘matter.

The green pigment st the extreme top Wasjvery tightly
adsorbed. An alcohol extract of the oll removes some of the
- green but on shaking the alcohol extract with petrol ether
this pigment goes over into the upper layer. The‘position

of the bands on the column, togehter with the solubility and
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absorbtlon maximum 686-7#z610:7a'and 557;7w in oil) in-

dicate that the green materials are chborophylls and der-
ivatives.

The adsorbed carotenoids of the central zone were
" eluted with methanol without any attempt to separate them,
and were then transferred to a mixture of chloroform and
carbon disulphide angd after concentrating and drying over
sodium sulphate, were reghromatographed on alumina. Two
deep yellow and one 1ight yellow band appeared. OFf these,
one of the deep yellow bands remained tightly adsorbed upon
the column but the other two passed through into the fil-
‘trate upon washing with more of +the solvent.

The adsorbed pigment was eluted with methanol and
then cromatagraphed from CS, and washed well with 5%
alcoholic petrel ether. After elution, it was evaporated
twice to dryness from CS,, redisstlved in 1-2 cc. of CS and
allowed to stand overnight in the ice box. After fllberlng,
- the solution, petrdi«ether (B.P. 35-60) was added and the
mixture cooled. An estimated one mg. of pigment was ob-
tained and redissolved in CS;,. The amount of petrol ether
added for crystallization appears important because if it
is not correct a resinous precipitate is obtained.

This pigment ‘shoewed absorbiion maXima'of 506, 476, 444
@wln CSZ’ remained completely in the aleohol layer upon
distribution between petrol ether and 70% alcohol; and gave
a green color with sulphuric acid. It was concludéd to be

fucoxanthin.
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The filtrate from the cozumn on which the fucoxanthin

was adsorbed, was evaporated almost to dryness and redis-
solved in petrol ether, and chromatographed on a column

of alumina. A deep yellow band remained on the column and
ythe‘filtrate came through deep yellow,

The Drlglnal oil filtrate containing the lower green
and yellow bands with some of the light yellow oil which
pame through first was then saponified and extraoted with
petrol ether after careful’addition of water. This solution
was concentrated and adsorbed on a column of two parts mag-
nesia and one part of filter aid. A diffuse yéllow band
formef on the column and was eluted with methanol. The
filtréte from the column,; which was light yellow in color,
was not adsorbed upon alumina or magnesia from petrol ether,
was soluble in petrol ether and not in alecohol, and so cor- -
responded to the pigmémt of the oil filtrate first obtained.
This pigment which is probably a hydroecabbon, must be the
carotene of Bailey Its conecentration in the orlglnal
filtrate, as determlned by W Chalmers with the tintometer,
corresponds to approximately .06 mgs. carctene per 100 cec.

of oil.
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