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Cocksl, in a report on the Determination of Unaaponi-
fiable Zatter in 01ls and vats, has defined this fraotion
ags follows := |

"ODnseponifisble matter conaiste of that materisl

present in oils and fats which, after saponifi-
cation of the oil or'iap by caustic élkali and

'¢£tractianby the eoivent‘apecified eeses TO-

mains non—voiatile on drying at 80° ¢.¢

The saponifiocation of fats hng in general, for lshora-

tory purposes, bcen‘cﬁrricd_out with potesaium hydroxide,

since potessium snaps are sulitadbly soluble, ‘Ethyl alcohol
‘has beea the ueuul'éaponificntion medium, in order to oOb-
tain hnmogenéoua raaction_mixxﬂree, and to avqid emilaions

as far as possibl: Quring the extraction.

The eztruétion haes then been carried out, usually on

the diluted saponification mixtirc, using petroleu- ethér,
ethyl sther or some similar solvent, and the ungaponifi-
abia fraction has been obtained, after euitable washihg of
thevsblutiona, by evaporating off the solvent. Buch ex-
tractions, when carried nut on bulk sampl:-s of Tat, Doy
prove troublesome, due both to the'fobm&tion of emulsions

' mﬁntioned above; and thb necessity of'ﬁsing var& large
vyolumes of materisls for the extrnetign of the uauaily
rather small amount of unseponifiable metter present in
most o0ils. Continuous extractors, such ae thaﬁ deaoribed
by H4141tch®@ have been devised to obviate these Alfficulties.
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The estimation o the unsgaponifiable matter content

- of Tete and,oila is a process involving the quantitetive

in0lation of that fraction from a weighed amount of fst,

and haz been carried out according'to several defined

teehniques. 3Juch techniguen specily the weights o”

materis) to bec used, the nature of the solvent (usuanlly
petroleum ether, or ethyl ether) and other experimental

details of the estimgtion. The principal method using

~ petroleun ether is that of the American Chemical focletys

or F.A.Ca method®, in which an extended number of ex-
tractibna‘are necesgary in order fo obtain complite re-
moval of the unasponifisble fraction from the sap nifi-
oaﬁion mixture, JSeveral mathoaa using éthyl ethsr have
besn proposed, of which the main ones arc those of Xerr

and Sorber? and of ihe.society of Public Analystsl.

Experience hoo shown that the uae of petrolenm ether
oftmlends to incomplete recovery of unseponifiable

matter®, end in fact this solvent has been used in casocs

~ where preferentisl rcmovel of certain constituents of the
' ungsaponifiable freotion was desired?, Though ethyl ether

is a more cuitable extraction solvent than petroleum ethoer,

' ite use was found %o lcad to complications both in the ex-

traction and in subseqguent washing procedurea, except

within o limited range of volume reletionships®®, Compari-
. 9ons have been made between the use of petrolcum e;hcr and

ethyl ether®, and the changes of policy of th- Asscciation

of Cfficiel Agricultural Chemists w'th regerd to the

‘selection of en official stsndard method for the estima-
tion of unaaponifieble matter during the years arcund 1920,
rorflect the difficulties thnt have beun encountered in the



eatébliehmenc of a guantitative technigue for the isolg-
‘tion and estimation of thet fraction,

In 1985, the Society of Public Analysts described a
methodl uping cthyl eth(r as thu solvent, thot has proved
the most cficlent technique avallsble. Comparison of

7 and the experience

this method with others by ¥irsten
of other workeravb hove shown 1t to be most reliﬁblafand
rapid in the mejority of csses, winimising =s 1t docs the
risk of emulsions during extraction, and the presence of
soaps or free fatby.aaids'xn tﬁe unsaponifiable matter
1s0lated. Thg geuéral-trend beth in England and America
is towards thc edoption of this method as routine labors—

tory »ractice. {See'ﬁpganaix A)x

Witﬁ regard to the sfficiency of the G.P, 4. mMethod
ag ap>lied to marine oils, Kirsten’ has reported more
cornletna extraction of unpaponifiable fracticnia from the
'aaponifiestian nixtures of these fats than is chtained by

f_ether methods, but both in the original description* ond

8

in later papers raference'hﬁa been mode to Aifficulties

| experienced with those materisis.

“arine animal faots, eap&aially the liver oila of
{ fiah, h&va_been,gﬁund to differ from land anirml end

! vegetable fate in that they contain larger proportions
1 of unssponifiable matter, The following types of com-
| pound have béen isolated from unsaponifieble fractions

thege
- pf . fats



{a) Carotenold pigments.
_(b) Vitnmina A
(e) Sterolg, notably
~(Q) Vitemins D. |
(a} Hydrocarbonsg = ﬁotably aqualebe;
() o =glyceryl chem.s}.
| (g) "atty alechola,
Of those conatituents, o, b, o, 4, ¥ and g may occur in
E the nnsaponified oil as estera of fatty aclds.

*

: Iaolrtinn of vonsu1tuents

‘ The carotenoiaa have usually becn aepprateﬂ and iao—
lated chromatographicallyg.rrom‘thc 011 or from the un-
saponifinble frection. Sterols have been obtained by
"éryatalliaatian mcthbaa, and by preeipitation as the1r
"ﬁigitonidesle. vitaming A by chr@mgtographic meansdl, by
vocuun distillationi®, molecular distillationi®, ana
. frectionsl crystallisatinn14& v1£am1n D haa been 1solated,'
after re-oval of other substanceslS, by chrumatograpnyis. |
' i'frﬁctional cryatalliaation17 and molecu}ai'ﬂictillatianla.
T_ThsuC-glyceryi ethers have been obtaineﬂ by crystallisa-
tion methods, and distilintion of their ncetat@alg amd
'?'squalene by vacuum distillatlon frnm the o1l itself, or es
; the salid &exahyﬁrnchlorideza. The fatty‘alcohnla have
i been obisined by gryetallisation and.d£St111ution91;

- Dgptimation of the gggponénta of unaapenifigble frections

Althuugh tho Latty ceid componcots of oils and fats
E heve been the gubjoct of close analytical investigation
" (@sp. by the Hilditch fractionation technigue®P) the



litorature raveals that the trcatment of the unsaponifi-
eble €raction hra in genepnl not been guantitntive and
analyticel, At:di23 have usunrlly ained st tha'isnlatian
and identification o th wvarions individus) components,
but 1ittle attention has been paid to the Aevelopnent of
techniguea for the sccurate eatimstion of those components
-= except in the case of the comiercially important Vita-

mins 4 and D.

Thege subatances may be entimnted by bfolegical asnayasg,

#nl, in the cnse of the Vitamine 4 by & well tried chemicsl
methad «= the antimony trichloride colorim-tric me&hﬁdﬂa.
Chemicnl methbda fap the det.rmination of Vitaminag U pree-
sent A4 icltiena due to 1nterrefence ¢’ similar subatances,
noth Vitaminag »© and ) may be estimated by a phyaical method
1.8, the spectrographir method, but agsin, eatimntion of
Vitamina D is more aubject to interference rom other

materiala than i th-t o” Vitamins A24'25.

The sterols have long becn determined by the methnd of
Vin@eus an the!r s£347tion complex with dizitonin, and al-
thonrh thiz method docs not poasess the accuracy of an ine

organic gravimetrioc aetermlnationeﬁ

s Droviding sufficient
exceas of digitonin znd a long encugh time of precipita-
tion sre allowed, reusonable results may be expected, A
1imitation of this method is that insoluble digitonides
Torm only with aterols conforming,in coafigurstion of the
Cg carbon,with cholestcrol, 1.2, compounis of the F  type
are precipitated, but the epi-comppunda are notgv. The
steorola may also be estimated by colorimetric mesns, as 8
reault of several well-inown reactions?®, but owing to the
complex nature o unsaponifisble matter, direot application

o guch colorimetric methois 18 not feasible.



1 Carotencid pigm:nts constitute usunlly only a'very
small fra~tion of the unsapcnifiabl:e mattor e~ the main'
ember of this rroup that 1s encountered in marinc oils,
i.¢. astacin, being usually removed in the alkelin: aaap
solutionz., These materinls have been calorlmetrieélly and
. apestrographicelly determined. Bqﬁalene hes previou@ly \
hegﬁ entimated, not entircly successfully, as wili be ree-

o bqrteﬂ later_(saciion 4 }, but no truly qnantiﬁative ana- .
| .lytieal tee&nlqne hes bean employcd. Ho analyticsl methadi
for the determination of ~g1ycer$1 ethors have been de-
acrﬁbcd._although.svnin‘and Hortons9 innouncad a future
rcport on the aeieléﬁmant of en approximate method and
andré and Bloch™® have recorded rough reéults»cbtained.by

8 technique of "Cractional Aiffusion”, The fatty aleohols
have aleo not been trested analyticaliy;

Adn of the Present Research

~ Due to the lack of a standard technique for the ex-
traction of unesponifiasble metter, and the lerek of anoe
lvtical technigues for several unseponifisble canstltﬁeuta,
nnaaponifiable fractions of fata.have becn exmhined‘inﬁ
' gemersl for only one or two components et a time. Con-
L ﬁequentzy; no "balance snegﬁgﬂ of unsaponifiadle fractibnsy
showin: the relotive amounts of the known components, bave
been available, It was felt thot fhe development of tech-
niques particularly for thé astimation bf:l‘«glycaryl
ethers snd of hydrocardbons uvuld.conatituta-a contribution
to extstiag knowledge on the eﬁbject, and would prcfi&e a
‘vélgable means of collocting ﬁrﬁlimihary dats in the de-

talled studien of particular unaaponifiable fractions,



Thus, new ana-intér@stiag-const;tuentsipf unaaﬁanifiébié
;mattar m1gh£ be réve&ledgrf?urthcr, it‘ﬁag sonstdered that
.thggdeveiﬁpmeﬁt'anﬁvappliqéii&a.of thase an&1ytiea1 toche
nigues ﬂbﬁlﬁ praﬁide véluaﬁle'éi&q‘in'pﬁyazﬁiagical é§uaias. )
It was felt. 100, that in the caae of marine oils higu 1& :
unaapanifiable matter cantent, analy&ical exﬁminatina of
-these fraetions shauld awpylement Patty ﬁeiﬁ daua, ana th@

’_ﬂil be aiscwaseﬁ aa a WhOl&. (oea Section 5 _} 

1The fﬂiinwiag‘grcgraﬁ@g-waé theﬁefbre drawn up':*jf”

?Paviaﬁsfrapa*té bf the éamgaﬁiﬁion.of'?ﬁriuué‘nna = |
«_sapoaifinblo fﬂnerioas havs rafﬁrred tn matarial extracﬁed
'fin 8 variety~@ﬁ ways. Tt was naaesaﬁry, eﬂare eﬁbarkiug
on enalytical stulles of unaaponiriable ecmponenta, to sx-'
traet the unraponifiablc fracticns as ﬂampletelg as pnsu_ ; K* 
'sibie fron. the aepnnaficatian mﬁxt&rea by a staﬁdar&iﬁeﬁ

techn&qus.

| To this end, snd since data on the effmmnéé-af ox~
: traction cf nnaapoaifieble mmtter fram aapenifzcatioa mix~

. turea —— espacinlly thaae of marine eile wome afe aiffuse aaa

‘~=in¢efinite, it was ﬁe ide& to snbﬁect the method of the-
ﬁociaty af’Pnbiic Annlysts, which has proved the m@st suc«

- '7aeasru1 method, tﬁ 8 aritiaal anpzais&l._ ﬂs rapgrtaa :y n
':above, refeyenaa has been mada in thc litsrature to Bome . _
: ahnrtcaminga cf this . mathad when applied tn marina f&fﬂi 7“'3 7
7fand expﬁrienee 1n thie Iabcrahory hao 1ndicgte& that such

. an exomination uf the HuP .A. methoﬁ<with rcferﬂnce to marina

| 1fata maa?d be eJ value.-
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-{®) Investicatiocn of @ Eng~1b1e mythod of os ti § ng
| T ogiyeeryl ethers

The a?-glyeol . nahure Qf‘theaa eﬁbataneeaal maéaf
vthﬂir estimhtion vith lead tetravacetaﬁag or periedﬁc
‘ aal&, an attractiva noaaibility.;'

N 8} mgeg of. t‘he, .ag_suweng'_g _faf < ~g,izgzex3;z' 1 .ether_s

Iﬁ %ﬁﬂ planned to nse ony method devisea in (8) for
a sﬂery of the exﬁeﬂt af’aacurrence of of =" yaeryl
ethers - 1a fats genernily. ?hia wwuld praviﬁe the *ir&t'
ﬁeunrdinateé view of the distribntion ef these camvuuﬁdsg‘

aﬁd wculﬁ gﬁvc baaic a&ta gar mbre deﬁailed atuﬁiea 1n
in&iv#daal mases.-

(&) Develo munt of fi ﬁsthnd rar eatimatiu '
carbons, gﬂrtieufﬁ% 3 egg&ieaaz in mering

oiig

Whe moﬁsfication ar exia%ing procedurss neceasnry-in

,the case ar ﬁarine aila. becauae of the greater qnanzity

andg v&r&eey of nnaap@niriable cunatituentv wag cansiﬁ&rada :

?ha Fitelaonag tpchnique (Appﬁndix B } for thv ﬁﬂtaetiOQ

of alive 01l 1n e&ible azi mixturcz wes regarﬂa& £8 muﬁt ’

gramising. ond e“amination of 1 a epplicatiua $0 ﬁariﬁe |
aiis was %esirabla.f" |

‘Ninseponifisble frectios of InAividusl

species

It wan aeciae& to examine thp unsapeniriable fraetian
of the liVer oil of a specimen of regtran chiog pﬁcﬁa 315




ww the Sevenﬁpilleﬂ ahurx, and Lo sxamine the uneapsnifia

ablo fractions of the fata, generally, cf getogh;nus

,maximus -e the Busking ehark. '

(7}

ﬁhﬂtt sury%y of the Provitamin 9 cant&nta
of somd Toch marina‘invertebrats “oiin .

Thig was to be earriaﬁ cut at thﬂ requﬁst of. and

wiﬁh the obgeet of aﬂsisting, losel 1nﬁustry.-
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THE WRCOVERY OF UNJAPCRIFIABLY UATTER
FHOY UARING OILS BY THE SOCIETY OF
~ PUBLIC ANALYB’I‘&’ *mrm -

In survey atuﬁiaa carried out in this labaratary, tﬁa

| Boctety of Publie Analpats pr@aaﬂurel for the eéstimation
'or ﬁﬁaapﬂnifiablc matter hﬁﬁ heen applied extansively t@
, marine fats of widalv varying ‘typen. uhala sat&gﬁied with'

this teehniqua as a Gﬂnventional rcutiﬁa»metbmﬁ. it has
bean £olt <~ and our axperzence hiag bcen conlirbed in anﬁ';
nther lﬁbnratOrwa-ﬁ that th@ technique as describe& éoes |

fnnt 1oad to quaﬂtitatlve reeovﬂry of unsaponiflable maﬁﬁer

" in 81} aasea » In particular, the cage uf rsaovery af un-
:»sapﬂnifiabln'matter has bean fauna very dapeadent on the
:gggg‘” rg of ‘the’ anaapanifiabie aubstaneea, auﬁ on their

' amnuats in a0 Par as this afreuta the»enncenmratian of
s08ps- :Ln thez ﬁwonzfica s1on mmmm?ﬁ"’ﬁ ' Before embark-
ing upun~an exzenaad study of the unsapouifiable come
i:nananﬁa of marins fata, thoge pﬁiats have bean invnstie-‘
..ga%gd in graacer ﬁetail, and tho faaults are ﬁere plﬁeed .

on rmcera,-

?he vnriations whictxcan nceur in the ease or reeoverw '

'of unsapnnlfiable frwﬁtiaaa from differont marine oila by
© the g.P.i. method aro. axempufiea by the aats of Pig. I,,
- Bron thes@ it 15 clnar thnt. even after aiz axtraﬁﬁicne aith-’

| e%ﬁer, receverw may !n aomﬁ eases be ineomplate. ?ﬁe variae '

* See Apoendix A. .
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tions iu'ﬁeaﬁ'cnaﬁent of tho sgpaﬁifiﬂatian mia%ﬁrﬁaiﬁubf%a~
t the n&ﬂa&y vargios pcﬂacnta cca aP'ﬁnﬂhgbnifiﬁbie»éﬂt%ce i6 
r-tha ailﬁ oro onc obvious cnusc ef thio cffcat; since the

fi'aaﬁavar? of unncgonlfiahla mattor oas raﬁaesaﬁ.cnra diffb-
"eulﬁ {so0 ﬁign. xz anft 111) oa tho ansapanifiablo aﬁatcnﬁa

. bP snaivaaﬂel ‘o1ls voro pefuecd by dilution nﬁth arnﬁhia

o4l ?&ic»ghanaacuan ﬂan vnrticuZGrly markcﬁ 1o ﬁhc eaaﬂ
5 ' ~1, ‘the uﬂ@aﬂnnifannxc mmtﬁap ut

v.{“_ﬁhlﬂh ia riﬁh,inecﬂglvcervl ethars (69.87 cmlnniaﬁcﬂ an
":.naiaehyl aleahcl}:k o ﬁeﬁn arn wc;rnnanteﬂ in o ﬂ&ffurnnt

Ry in Pig; v, ﬁhﬂre it 15 tofo eleor thot tho ef?loinnaiﬁt,-

:' ?’af‘ﬂﬁ¢cesniva nztﬁacticﬁs vury vith the—total*aaﬁﬁpanifinble

noattor centﬂat, ﬂﬂl thorﬁfovo rith ﬁamp cenaantraﬁian, _nﬁ
ﬁhe unscpanlfﬂabie ma%ter ocatnﬂt 1ncr¢nneﬂ, tho ﬂifaeicaey
.';@f the Pirot agtrnchion increnscﬁ¢ whilat ﬁhat of all nnb~_

f;acgucnﬁ eftracﬁiana &cepcaced.;y

f”hnﬁ the pracian autnra o7 thg sanpa af'the oopontifi-

aatxen mﬁxﬁnrg 13 of miaer &mmartanca in arﬂinary slale 1a

y aha“n by the fact thnt ﬁhﬁﬁ tha ﬁnaapnaifiablc mitor of

. eha livor 011 Gf'vawtrun¢h~,i

yeetoroans vau aissaivﬂﬂ nt
'a fixnﬁ concentrotion in a rongo of vory aifrcrcnﬁ oiiﬂ.

“ %he»offzatenaioa>uf extreotion of naaaponifin;lo notter

0ers vir%ﬁally’uﬁniﬁﬁrcﬁ {éoc “15; ﬁ}.: cantor ﬂil,'alﬁhongh'

_ cxhibitlug o ﬁcfinitﬁly higﬁer offiaicncy nf GKtPﬂﬁ%iﬁﬂ ob
‘firat, ahnc*& an uvepall deerenaa 1n officiency ”ﬁn

COVOry ‘eurvo for this o1l foil nltzmntolg'belon ﬁhﬂac fbr

tho other fats, inﬁicating that tho nnnps of picinaleic :

"aeiﬁhrﬂtaia thin type of unaﬂp&aifiabie mnttas»mnrc of - .
.factsﬁbiy; anto 1c porhapn undorctendabic in vicw of the

 hyGroxylic charastor of both aonpa cod ﬁﬂﬁﬁ»ﬂﬂif&nﬁla mat~

~ tor lﬂ thio camo,‘_ | : ‘

“

o X *$octi@ﬁ-2,»
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NUMBER OF EXTRACT/IONS.

E‘ig} I
Course of the extraction of unssponifiable matter from
, several marine oils, by the S.P.A. Method |
(six extrac‘t;iona regarded as effecting complete recovery)

A. Liver oil of Centroscymmus fuscus (90 .82 unsa:poniﬁable matter

)
B. Head " Physeter macrocephalus {47.54% n ")
C, Total "  Wytilus meridionalis (24.8{79; n ")
D. Iiver " * IHexanchus griseus {20.00% " * )
E. n n 9 ‘Heptranchies pectorosus (19 .'36" " ")
P, n m ® Squelus species . % " ")
G. " ® " Merluccius capensis - {3 " o)

Note. The curve for Dentex rupeatris (51.207% unsaponiﬁable matter) is
indistinguishable from B. above. see Fig. VIII.
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3

PERCENTAGE OF TOTAL UNSAPLOINNIFIRBLE NMATTER RECOVERED.

?

i3
Q

)
Q

3

7 =z ] ) 5 r 3
NUMBER OF EXTRACTIONS.

. Fig. I

Course of the extraction of the uhsaponificble matter

of the liver oil of Heptranchias pettorosus at various
levels of unsaponifiable matter content :

(pilutions with arachis oil) .
4. 85.1% unssponifiable miter in oil
1t h "

B. 55-3.% ! _ "
c. 1935 = » noowom

D» 0 ﬁ% ) n ‘ n. " n
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7 = I 3 5
NUMBER OF EXTRACTION.S.

Fig. Il

Course of the extraction of the unsaponifiable matter
of the liver oll of Cemtroscymmus fuscus at various
levels of unssponifisblo matter content

{Dilutions with arachis oil)

A. 90.8%7 unsaponifiable matter in o4l
BD 51 -5% L4 had b "
c. 20.1;% " o om " on
D. 9‘% " " " "



PERCENTAGE OF TOTAL UNSAPLPONIFIABLE NMATTER CONTENT RECOVERED.
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| UNISRPDOINIFIABLE NIRRT TFERNR CONTENT i
| oF on.(PERCENT) l
4
£

?ig~I‘V

Variation of efficlency of separate extractions
with unsaponifiable matter content of oil

idiver 0il of Centroscymmus fuscus Liver oil of Heptranchias pectorosua

A¢ 1lat extraction X.1last extraction
B. 2pd " Y.2nd "
O+ 324 «« 6th oxtractions combined z.Srd -« 6th extractions combined
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NUMBER OF EXTRACTIONS.

. Pig. V

Couxss of the ex‘t:raet:’.oa of the unsapmiﬁame matter
of the liver oil of Heptranchiss setorosus frem the
sa@mif naﬁ@m mixtures of

A Oas'bﬂr on
B+ Cotonub oil
C+ Butter fat
- D Arschis oil
. £+ Liver oil of He
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The independence o¢ unsmponifiable matter rocovery in
rcapect of normal soud ty?ea han made possible & stuiy of
the ef{ cet~ 07 the nature of unzeponifiable substances on
the efriclency of their recovery. This feature of the
Sedeite mathod hes &0 Tnr not been adeguately discussed,

In "ig. VI are recorded the pesults obtained whon oils

with unaaponifiasble fractions high in content of syusalene,
vitamin A, fatty alcohols, sterols, and x;-glyceryl others
reopectively, were d4iluted to tho same unsaponifiadle mat~
ter content with érachis oll. The curves show up marked
variations in cane of extrmction —- mgualene, vitamin &

and sterols being less tenaciously reteined by tho saponi-
fication mixtupca than fatty alcohols and < -glyceryl
ethers. VThe difficulty experienced by swain® 1n determin-
ing the unsaponifiable.mattcr content of 2scific dogfich
liver oils is slmoat certainly o be gssociated with &

high o -glyceryl ethoer content.

Since thc present author has been carrying out detalled
atudica of oile high in Olyceryl other content®, the course
of thu extraction of such ethers, end the effects of their
presence on the extraction of other unsaponifiable come
ponente heve also been examined, and it 1s consldered role-
vant to insert th> results obtained at this stage. Thus, Pig.
VII shows the course of the recovery of < ~glyceryl ethers
‘under a variety of conditions*®, The « ~glyceryl ether con-
tent of the second extiract shows a tendency to be greater
than thot of the Tirst extrnet -~ 1ndicating that other
sudstances tend t0 be extracted before glyceryl atﬁers.

¥ Sections £ and 3.

5 Lxperinents have indicated thet the more suturated
" glyceryl ethers (e.g. Jatyl alcohol) are more essily ax~
tracted than unsaturated ones {(e.;. Selachyl =zleohnl).
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Fig. VI

Course of the extraction of unssgponifiable ms tter from f£ive
rarine oils of standard unsaponifielle matter content (2075)

A. Controacymmus fuscus liver oil
{unsaponifiable fraction mainly squalens)

B. Dantex rupestris liver oil
(unemponifiatle fraction’ qo:', vitamin A)
C. Mytilus moridionalis oil
{unsaponifiablec fraction meinly eteroid)
D. Physoter macroccphalus head oil
;unsaponiﬁablo fraction painly fatty elcohols)

E. Hoptranchias pectorosis liver oil
Iunsaponiﬂabla fraction mainly glyceryl ethers)
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(A5 SELACHYL AL coOrHOL
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GLYCERYL. ETHER

3

DRERCENTAGE

1 o i . . . i D g emeaaen -

’ 2 3 P > r
EXTRACTION NUMNMBER.

‘Fig‘ Vil

Glyceryl etlor contents of the separate emaets of nnaaponifia‘ble
m$iar

A, Iiver odl of Kggtrmahias peétaroms (20% unsaponiﬁahle ma‘bter)
B. Diluted livar oil of " { 8% )

C. L L R " " n)

D. ™ th aleohal + 147 cholestercl in arachis oil
{4, BsC,D, calculated on woight of each éxtract)
E. Results as in "A" caleulated on weight of 6il seponified
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PLERCENTAGE OF 7TO0TAL_ UINSAPONIFIABLE MATTEARA R
= T
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Fig. VIIX

cmﬂaon of the course of extraction of the unsaponifiable
matter from two oils rich in vitemin A

&+ Dontex rupestris liver oil
: (ansapenifiable mattor = 61.8% of which §of is vita«
min A3 1.6% aelaeh;vl. alechol)

Bs "A" diluted with arachis oi) %o unsapon&ﬂable natter
content = 21.45

€. Polyprion smericanus liver oil
{unsepenifiable Watter = 28.3%, of which 56% ia vita-
min A} 13% selachyl alcohol)
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In subsequent éttractioﬁs the percéntagé efifaglycﬁryi
sthers draps away rapidly, howevarp in&icating that at |
'”V;this stage othar ﬁuhstaucee ‘ape baing extraeted in fa-
ereasing quantity alnng witn the glyecoryl ethers.» This |
trand cenzes anly artar the fifth extraction uhenvin
;gwery eaae‘aa increasc in glyceryl ethar cantent @f the
réitracz"ﬁas-bbsarved. Thazeztendad number of extractions
: neceaeary %o effemt the reeovcry of uaaapanifiahle mattier
from eils high in glyeeryl ethar eenten% is further evi~ _'
denced by Pig. VIII, in which two liver oils of high
vit&min Aﬂematent are aomyarea. i the case of Dentex “
'gggg@tri theczoglyaerwl ether content of the unsapani-v
- fiable matter is vary small (1.67) whereas that of
Polggrion gmericanus is cansi&erable (13.07}. The GX*

traetian of the nﬁaaponifiable mntter oP ths . ?ﬁlyprﬁon |
oil prnee&&e&uwith greater di”fieulty than that of gentexv

the latter hnd bsen coneiﬂerably denraaeed by'dilutinn

- with arnehis 011._ ‘{

CONCLUSION . v : o
The extent of the error invalved in reetricting the

. mumber of ather extraetions to three aa in tna s.PaA.
=mﬁﬁhod af analysis can be- readily aaaeaeed fram the
‘1absve ﬂata.: Teble I 1ﬁdiCPt88 the numder of millistamsv_

ol unqaponifiabla matter extgactcd in a fourth.,fifth

| and sixth exzraétiﬁn of the saponificntion mixtﬁrb de-
rived from 2 gw. mr'eauh of the oils trcated in 7ig. 1.

The percentage unsaponifiablo matter content calculated |

. aftér e&ch'aiage 15 givan in biéqketé; that determiﬁed |

. for three.extréctionadappeara after the specific name.

’rﬁfeatri s even when the unsaponifiable matter eantent ﬂf_ |



Isble 1

Number of mg. of
~unsaponifiable matter
4th - Bth 6th

‘,czratmafe nua ﬁaaﬁ@{%.ﬁ{%}%} 0,6 1.1 L1
— ' -(gc 69) (90.78) (90,8g)
P actsr ma¢rocephnl (4?.&@7) 1.9 8.4 'oga,v'
- Phy (4?.-4[2]}._ {47.58)  (47.84)
| ztilus meriéionaiis (9%.545)7) 2.5 1.0

1,0 1.0
(aa.vfzn (24.8) (ee.87)

ﬂexanehns'g@@aeug'{19gﬁﬁﬁﬁ L 4B 1.2 1.2
= R e R S {19.90) {(19.90) (20.0E)

feptranchias pectorosus (16.54%)

8.2 2.4 1.9
(1.8 (19.28) (19.38)

goualus species (7.80%) 8.9 g0

1.8
SR - W v B { 8. 3_[4]} { Bugt)

Merlucciue cspensis {(Z.B&%) . 2.5 1.5 . 1.5
SEMEER gapemae IR ( 3.66) (__a..vlzi;v ( 3.8

‘ It 13 cieur that. frcm the anaiytieal point of vieﬂ.:

serious ﬁisnrepanciea ariae in the case of marina eiie ‘high
- in glycegyl,ethcg‘abntant (g.g. Eexnnchua, Heptronchias)
“and particuiarlyfwher@ th@>ﬁnaapbhiriable'méttar content 18
low {e.g. aqualue ana rerluacins e 65.57 ‘and 15.5% glyceryi

| ether respectively) In visw of the wide ozcurrence of

nglyeeryl 3thera 1n marine ofle™®, the resulta @btaiﬁ@d by

L the SePode mathaﬁ on ‘such oilg’ must therefore be ragaraed

with due reserve ﬁalng an adequate number of extraﬁtions, .

  h9wever, the-metho& heg proved tho most effective one avail-
:able, and iﬂ ugin analyaisfbur extractians have been re» )

B garded as giviuq*quantitative recovery.v

*  Seetion 3.



Extraction of unssponifisble fractions

The shortened S.%.A.1*method wes used, but since suc-
cossive extracts were ﬁof&eﬂ up separately, sote modifica~
'tiona were iatroduced : S |

$3) Lorﬁ than the apecif&ed 8 gm. of 011 were employed
in most cases, bul the quantitieﬂ of gil reagenta wore ad-
justed 1in proportion. I this way reaacnable welghts of
matarial were abtained in eaeh extract. .

(2) All oils were 8aponxf1ed for 1.5 hours instead of
thq 1 hr. recemmended. - o

(3) Extractions were effecteﬁ in 81l cases by auaxing'
with ether ror exsctly one minutee

(4) All sxtracts except»the first were washed with
amounts of water and alkeli calculated oé.tne besis of
their buli and the 8.P.A. recommendations. :zhis»proéeduré
was not edoptéﬁ invthe caeclef the first extrnéfg however,
because of 1te'haghvaieohol éontanﬁ. 3uch éxtracte vere
»alwaya dilut@d with ether: (50 ml. per 2 gm. of’oil tnhen)
befora washing as above vas eammunced.

(ﬁ) Extracta. after evaparatioﬂ of the ether, were
arieﬂ to constant weignt 1n auitably tared small dlstilling
flasks under vecuum at 1ca°o7a'b o L

-

Adjustment nr-Upﬂapéniriable Matter Content

' fdhie was effected either by dilution of the oil or of
‘the unssponifisble matter derived from it with arﬁchia.pil
(rigs. 11, III, IV, Vny?If. Vzli) or with othervoilu_
v‘(Fig,_v). The ﬁiluting oilé all contained less than 17 of
anéapoaifiable.matter; Their_éontributionsto the unssponi~

'fiabla'fraetione or the_mikturea'wareﬂthera:ors ewall,

* See Appendix A.



. Precision of the ziethod

ﬁli'experiménts WQﬂa'aarried out in duplicate at leant,

eﬁﬁ the total recoveriea at suceeqszvc ﬂtages or ﬁxtrscticn

3 rarely differeﬁ by more tunn 17 ?otal receveriaa ef un-

sapaﬁifiabla mattar fell canaiatently well within the f

eommended toierance range of *5.2%, exnept inna few canes

of axqutinnal;y,hign unaapanifiabic matter content,

ﬁlyaaryl athers were determined by ox&daticn with

.parieﬁic seid¥; the H egtranggiaa nectorcgua 1iver ol wag

establishea before une to give aarresp@nﬁing raaulta by

: both voiumatric and gravimetric meth@ﬁa, and a1l eatlmn~'”

tiona 1nvolviﬂg nnsaponifiahle matter rrcm thia nil were . .

‘thererore aarried ouﬁ volumztrienllyﬁ Acaqracy 1n the
o anelysis of fioal extracta always prgagntﬁﬁ'diffiéulty a# :
‘the weights of material (usually a8 mg.)fwere-abuamalla

. Scction 2.
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The extent of‘océurrence and distribution of glycsry1>
ethers in naturel fate hay never been studied in detail.
In &lﬁaaﬁ all 1n#eatigations'tq date the preaeneé-of’thege
compounids has been demonatrated ﬁy their actusl isolation
fyrom unsaponitiable mntter”f‘ggiv Fo method for their esti-
| mntion haa boen availaale,.althnugh,kﬁdré and Nloch™® pee
' corded roughly quantitative.daté'for the glyceryl ether cone
tent~§f'the‘iiver-oii of Scymnorhimg iiehi . This data was
' obtained by & "rractlﬁqal'dirfusioa" technigue --'a'metﬁbﬁ
1mvrﬁe¢i¢ablé farfthé-routine.rabid examinaticn of naturel
fats for their glyceryl éthgr cdﬂtent. ore recently,
owain and Horton®? havo reported an approximete mathod for
the determinatiﬁn cf,aalﬁchyl and rclated alecohols by a
ehroaetographic method, but details of thig are aot #et

availsble.

ﬁalective axﬁéatgon of dingl ceryl sthen
on npaponitiable matter

Cince the d?*glyceryl ethers are the only 1: »glyeola
' wbich have bezn found recordsa a1 comnoncdtc of nn¢ﬁponir1able
. fractions of naturnl fata, their es%imation by the use of
| a1

- peagents such as lead tetfa«aeétate or porisfic acid, which

- act gpecifically on lzzaglycala,’hna‘been_explbreﬁ.

Both theae,reagénts‘éffect the oxidation of < -glyceryl
- gthers aceording to the eguation g .
CHoOR.CHOH.CH,0OH ——> CHOR.CHO  +  CHyO

~and the course of the reaction has dbeen followed by estima~

~tion both of reagent consumed and of formaldehyde generated.
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The use of 1ead tetrawaceta*ﬁ was saon abandaaed when it was
founﬁ t0 attack subst.anees other than aglsrceryl ethema, in

partianlar aqualeneg§ present in the uasaponifiable fraetionn

of many'tatsa -Par;adic acid, applindgfiret in acetic aciﬁ?7‘ |
and ia_eter; 16 ethyl aleohoi®Ssna ethyl acetate®® solutions,

hq;zva?, provad ﬁ’mﬁre~ae1ect1v¢'reagbat.

It was aonaiderad aeairable for the matha& af estiwab*

- 1ng¢£~giycaryl ethers to be 8 direct sequel to the ordinary

8eciety nf‘Publie Analyats metnoﬁl for the eatimaﬁian of

rhj_unsaponifiable matter, using the usual 2 gm. of rat. or more
- where nennssary, and ta be aypiicable to the often very "
“amail qusntitiea uf matari&l abtained trcm»that opﬂratian.;

»’Gansaguentlv, eaaditiana fnr tha oxiﬁatian wera wuraeﬂ,out

using o‘osas R. pariodic ac&d.

Unﬂer theae aonditiona ﬁha axidatianzaf hatgl azcahnl R
was found to be aﬁmplete (see Fig.IX) in fcur hours.

Acetic scid was nnt employe& in the finel prueedure heaansa o
‘of the difficulty of aﬁ;nsting the pH of the reaction miz-
"ture in thewenauing arsenite~methbd4°rar estimating tha~exn
;eaas of Oxidising ngent when this solvent waa amplaye&,. o

| ~Hn&er the eenaitions rinally deci&ea upon, the eampla 0f _:'

: batvl aleanol ayailabla asaayed at 58. mam pnre on the hanie
of reugaat ecneuﬂea, anﬁ 99.9% vure on the basia af farmnlda—

hyda generatea in the re&etina. L

uampies cf unsapcnit1able matter were prepared far o

‘.oxidazion by &1eaalv1ng theo 1n either etbyl alca&al op
: athyl acetate. or. 1n mﬁxturau of the two, As the reaulta ‘
 of Table 1 1nﬂ1eata, there ie no. Anterferonce by eithar of

'these two salventa. It was a matter af experieﬁae (Gfa
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PERCENTAGE BATYL ALCOHOL DETERMINED.

100 '1

">y

(/ BATYL ALCOHOL SAMPLE

’

NON-SAP OF HEXANCHUS GRISEUS ..

T ) /VOIV—SA; OF HEPTRANCHIAS PECTOROSUS.

75 4

50 -

25

0 0 20 © 24,
REACTION TIME IN HOURS.

Flg. IX
Course of the oxidation of batyl alcohol ond
of two unssponifiable fractions with periodie
acid, as followed by the velumetric procedure
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L

Tableﬁ I and Ii)mthat duplicete snalyses of separately pre-
pared'eampleé of unsaponifiqble'matter‘rrom a given fat

. differed vore than ﬁuplicatﬁ analyses carried out on o -

‘single sample of unsaponif&able matter.,

The conaumption of reagens 1n all eeaes is cf course |
'datarmined by the tatal redncing power of the unsaponifiable
matter to periodia acid, whereas the formaldehyaa generatad
can be taken as almost’ certainly derived only from'the oxida-
tion bfac»glyceryi-ethers present, ﬁevertheleas, there has

been close correapandenaa (ﬂee Table IIIA) betwoen the
‘periodic acid consumed and he formalaehyde producea 1u tha
case of véry’many fats, and this can be teten as strong eviﬂ
aence that oC~glycéryl ethors are the only ;;2»gl&eala-pre~
ﬂent in thege materiala. In survey st&aiev which are in
progresa, however, many cases (examples in Table IIIB) have
arisen in whieh the cansumption of reagent was in exceas of
that aalculated rrcm the amnount, of foerldehyde produced,

in sevples of this type, thecfnegceryl etheor content of the
unsaponifiable matter has been calculated on the basiaﬂof
the formnldehyﬁeAperuceé,'aﬁ&;phe éicess ccnsumptibn of
oxidising agent-ié attriﬁutad,to the oxidation of éther"v
snbatancea; sone poﬁsih1g of a 1:2uglycolvnatute, which

are fnow under inveatigation.-



TABLE X

Comparison of sthyl slcobol and ethyl mum ' medin ln e periofic
acid oxidation of an unssponifiable frastion of the 1 ou of :
: mmm@m .

Solvent  Yoluew oF  Weight of unspponifighle Yolume of Besult ¢
T eliguot  matier in aliquet "reagent £ glyveryl
-' R , sther, as
sslachyl
sleohol

Ethyl Swml.  0.08800e. 0 Sml. - 9L.8
acotate o . B o -
L L . . . 2.8

slechol - Ll | o
T o ne

mmRu

Porceontage o ~glyceryl ether u datarmined on ;Miuu nmn of unw
axpmifistle matisr from the liver olls of g mrm Lindes
{Volumetric procsdare)
| 'apeeigaél o » . Fercentags &ﬂwﬁ ather, ac selachyl
e e Sawpled  sumple 3
~ Galsorhimis cenie = , | B2.09 - 808
lsurus glaues . may 2aE0
 calloptynchns capensts = 88.8 8459

Surcharias taurus } -353&(@) 23400
Lophius piscatorive - B . B.aeM
Merluocofus oapensis 1 a0 B =1
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TABLE 111

: ‘ Gm&s&n of volupotric ang mﬂmtﬁu ﬂaw s.n the &etemﬁa&tim of
ocoglyceryl emm m tha Qﬂ.ﬁ of somp marina ﬁahas '

o Spm&ﬁsﬂ T : ‘Pmtasa oc-ug}saaxfyl_ o
E . - ’ _-__"»eﬁermthemwmi«-'
- £iable satter, a8
anlaehyl aloohal

Yamwm mﬁmmﬁ

e @mrmm cands f.uwr oil) . B0.50; BE.0B) 3645 § 53 .5

shis sam__ﬁ,( ‘. 5 5450 8546) | 6646

“_e;ytmacywn_@us fuctus | ",_} S Bam N 2

nes - 0.8
%88 943

Cued o ws
. ﬁ‘i.lwéerav mﬁim { o l o e 796
- Cstorhdmua m% (fz.ash oﬂ.) el .2

B . - ‘ S
© Boylltombws pentherimus (Mver oil) 2420 183
sharias gl R U - * 8
)y mam 188

5ardamﬁa (") a0 48
o {bhen@ ofil) - B2.4) R L

Selesna mcmwata {heea am % R T -
'_"'szamr collss (body of1) 480 1l
- mﬁgm sorax (vhole £45h) T 14670 - 2.1

% ﬁemtes fuplioate results mﬂcﬁ out on semrata].y
: Wmd s:mmlas o umwaniﬁama mttem
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EXPERIMENTAL

Preparation of g sample of Batyl alcohol
“'af;‘Dav&ees;Heif-ron an J@ne 243

The uﬂeapoaifiable matter (5.4 gmi} fram a sample
: (25 gm.) of the flesh 01l of Cotorhinus maximus was token
up in methyl alcqhgl (aawml,) and the_agluﬁion-refrigerateﬁ

£or 16 hours. séiiﬁ ﬁatér;al-ﬁhieh had separated (0,80 gm.;

m.p. 58.2 - 80, 09 G.} was then fi;texe& off qﬁdliashed with
| cold.methyl alcohol. The filtrate'ana'washings (40 mi, )’ |

- were left at 0 C. for a further 16 hours, and & second
vdepoait of aoiiﬁ material (0.95 g, m.p. 59,0 - 59,5 a,)‘

~ wan ‘removed., The»methyl 1eoh011c filtvaterwns theti ehﬁken :
-,wﬁth hydrugsn at 1 5 - 2 aﬁmnspherea pressura in tha pre-.
- sence of a palladium—serantium aarbouate cataﬂyst, until

the absarptian ef hydragen eeaseﬁ

5 The selntian aontaiﬂing the suspendea catalyst, and | -

_. some white arystalline mate?ial whicn had separatea, was o
1 hronght ta‘the_haii;tc dissolve the lattar, and the catan

“1y$t'f11tere& ot aﬁé°uaahea. wne warm fxlevate (60 m1)

| was cooieﬁ at 0 - & 0. tor 15 houms; anﬁ 8 crwatailina

deposit (2.90 gm,, mgp. 61*5 - 65.5 G.) fiiteraa aff.

Further quantities mr solid matevial (0.35 gm., m.p.

| 51 - 58% c.. 0,18 gm.; m.p. 48 - 49° ¢. aad 0,10 gme}

Bep. 62 = 55° ¢.) were obtained from sueeessive evayoraw

| tions end ceolings of the aelution.

, Batyl alcobnl {0 pa 70 5 - ?1 ° G.) L was obtained
by raarystallisation ar the firat erop above (2.9 gm.)
. [af eryatala, nntil no furthgr rise in melting point oc-

curred,v Por 0x&ﬁatién,éxperiments, a sample of this
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material (0.3833 gm,) was dissolved in & mizture (50 ml.)
tof equal valumea of ethyl acetate an& ethyi aleohol, and

8 mi. aliquots were withﬁrann for each experiment.

The raanlta of a full examinatinn of the unsanonifi-

able rraction of this oil will be reparteﬂ later.

(a) _,gss_s. | . -
Perﬁod&c aaid. aadium paraperiedaeé42 |

:_(2.40 gm.) was diasolved 19 water (15 ml.) cuataining sulu_ B

ﬁhuﬁic acid (0480 ml.}. To this was added 235 ml, of 9594
ethyl alcohol, whiah was pnriried where necaasary by dis~
tillation from potassinm hydroxida in the presence of ..,
aluminium tnruings. A white precipitate fermaé. ‘this wes
,filtered cff and tha reagent allowed to staad evernight

Sodium araenite. This was about 0.02 H..'

_,ecntaining 19 B ﬁaﬁcaa per iitre, and was adjnsted 0 |
give a baek»titra?ion figure of 3 - B mn aeaine (0.02 N.Y
f‘fer 5 ml. periadic a@iﬂ reagent in the blank detarmina-

 lt10ﬂm' (saa unﬂer (c} Oxidatian belew.)

xt was alsm‘rouua useral*te know in eaéh.baten of

N solutians the direet titr& of the sﬁandard ivdine aalntion_ 1 .
-useﬁ (0.62 E.} against the arsenitﬁ 301ut10n, sa that 1% |
,'fWaﬁ tmmediately evident in any ezperiment whether an axw
“ﬁ,’_cess of periodie acid had 1naaaa beea addaﬁ. o :

The nnaaponifiable mmtter wes. is@lated by} .

- tha meth@ﬂ of the. aociety of Public Analyatai but with )
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~ four ether extractione* 1netead -of the three recamm@ndea.
The oxidation was carried out on soiutione af unsaponifi—’ﬂ

'ahie mstter 1n ethy1 aleahal or ethyl aeetate, eontaining

from 35 - BC mg. material par B ml solutian.‘

(c) ghg Oxidatie | B .
Aﬁ aliquot (5 ml.g af the salution of uf-

aapanlfiable matter, eantaiuiug 35 - 50 mg. of material

. {50 mg. selachyl alcohal = 0.146 millimol.) wag gipette&

'::inta a 200 ml, c@nical flask. To this was adﬁed 5 ml,

» f(§ 0,163 millimal.) or periodic aaid reagent. ?nalseluv
'tiona wore well mixea, ana Bwirled ﬁt 10 minuté-inﬁer- - A

- anﬁ for the first halfshgur, and subsequently at half- 2

.fhour_intervals. It theacuglyceryl ether content was high,

‘l:é,wnite preéipitatew(iodie-acid}5aeparatsd w1th1n,gbcu$ -

|10 minutes. At the end of four hoﬁfs; saturated sodium

biearboaate aolution (25 ml. Y. was added from & measuring
cylinder, and godiwn ersenite snlutioﬁ40(95 L3 eee under ﬂ

;,e “ente above) wat pipatted in. Organic matter was preci-

'pitateﬂ (less evident where ethyl acetate was used) anﬁ
 the iofic acid aisaalvea, Potaaaium todide solution (5
"ml. ar 10%) wes then aﬂaad and the mixture swirled
 thoroughly and allowad to stand 15 minutes. At the end

of this time, the flusk was washed down with«water (ea. 15 :

P _ml,) and the exceas aadium arsenite titrated with etandard

N  (8 02 H.) 19dine solution to ataruh indieatar. Blank “

"determinationa (5 mi. solvent replaaing the solution of

nnsapoﬂifiable matter} were earried out simnltanaaugly; .

© From the titre af periodic aeid consumed, the parcentage

_  glyceryl ether, s seiachyl alcohol, was oalculateds

* éec-Seetigﬂ”l;_ N
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-f and.n.vsedium araenite salutian (3 ml.

Beterminatiaﬂ of the Pcrﬂaldehx
g;gerateﬁ in tha Reaction

Ta the oxidatian mixture,. after standing for Tour hours

. &s above, water (30 ml } was added, followed by H. hyaro~‘

chlarde acid (9 ml. to give 2 normelity of HC1 af 0.1 = 0.2 N.)

)43. The golution wes,f

swirled thnroughly. Fhen the . eﬁlaur generateé had aisap-_“

"pearea, 60 ml. of n buffar solutian (wade by mixing 1 vnlume

of 1.? N hydrachloria acid with 2 volﬁmes of 1.7 N‘ eoﬁium
acetate44) were added, ana the whole filtered thr@ugh a pad

- of filter—aid with g&ntle auct&on. Tha flask and pad wepre i
‘waahearwith.azrurther.29 ml._n@ buffer solution, an&,thaﬂ o

vith abéut 16 mi;'of vatér ffom a'ﬂa3h~bottle. To the elear*

. filtrete (pH 4.6) 5% alcohnlic dimedcne aolution (2 wl,) was

added, aud the-salutian~tharough1y shaken, and allowed ta

-'stand for 18 haura. The precipiteta was then filtared cff. :

1n 8 tared siatered glaea erucible. ana washad with dietilled
water‘- Drying was carried cut at 85° C. for 20 miautes, and '

the crucible then cosled in & desiccator and weighed. A

‘blank wes usually carried’out.on‘tne reagentsy but was never
. found paéitive. The method ie not renaraed as giving rcaulte
to greator accuracy than about 1. 5%.

Note 3~ Whare theciaglyceryl ether content of an une N

-~;saponif1able fraction was 1aw, 1t wea alwaya aﬁvantageous to,'

use 5 ml. aiiquots ccntaining more than 50 mg. of unaapan1~

fiable matter. In these cases ethyl acetate was the more

nsoful aolvent, owing to the greatar eolubiizty of nnsaponiwv

fioble matterﬁin this solvent than in ethyl alcohol, The
‘uge of sliguots grester than 5 ml. neccesitated ndjustments

in all operations subsequent to the Oxi&ation{ and in the

case ef ethyl acetate in particular caused uanecessary 44f-

fiaultiee,_
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 THE OCGURRENCE OF < ~QLYGERYL ETHGRS IN THE
UNSAPONIFIABLE FRACTIONS OF NATURAL PATS

Thﬂ~ﬁeta at yvaasnt available on the @caarreuee af
onglyaeryl ethera in the uﬁaapcnifiable mattera of naturai
fata arﬂ the result, 1n larga measura, of stuéies of elsnmaa .
branch Iivar oile byﬂsapaneae warkeralg whe firat achiavaﬁ |

the :malama of Belachyl, batyl ana chimyl almhnla from

Latar wurkers alao baaed caﬁatitu» '
51;53‘

tiunel atuaies en matertal dertved from elaamubranch 0ils
Iﬂ@latﬁd obnervations indicatep hswever, that &Jwglyaaryl
-others are by no means reatrieted to elaam&braneh fa§s§3 -

Thus they have been iuolated frem a eraetacesn (tbe

‘ava11tnaaea e mtcha%ica)‘s, from & cephalo~

paa mﬁllusc {Om atrgyhgs alﬁani jaeifi&u&)éﬁ froom a
caelanterate (the gorgunia, Plexaﬁra flexncaa)47 rrem en

anh&naﬁerm {the starfiah, ﬁateriae rubena}‘a from vhale
and herring 011949, and from the bane marraw of cattlasg

'-“arther, sw&sa Wﬁrkévﬁ havo rﬁceﬁtly 1malate&‘batyi alcohci

in amnll amaunta *ram the unsapanifiable lipina of arterioe

'.aclerutic human abrtaaslg ana of hagapleenﬁg Thﬁy nove

alao auﬁeeeded 1n ianlating mhimyi alcahal rrom ex&rnata of

- bull end ewine. tsatesﬁa In 81l cases the data as to amtu&lv - 

£ ~glyceryl ether contents mast be regnrded a8 oﬂiy roughly
quantitntive. ncth because a atandardieed proce&ure for the

f'isalation of ﬁﬂs%p@ni ahie mntter waa not useﬁ, and bacnuee-
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of the 1aak of an analytical m:thod for the estimation of

o< *g’lycﬁryl ethars,

In this secticn, therefdre, the amounts of formaldew
‘hyde genernted in the oxidoticn with periodic acld == ac-
cording to th: analytical method agaqribéd pProviously ee

| .- 0f o wide variéty_of fats fromfmariﬂe'aud.other sourcesy

have been ﬂetermined. The raeults are recordravin termﬁ"
of percentage d?ﬂglyceryl ethens, ealeulated as aelachy1>~
alcohol, in the Table._‘ | | -

Digcuseion of Results

" Pata from some 25 @aéiﬂs have

‘been exauined, and the liver oils of all but two species
@ere found to conisin appraciable amounta of glyceryl ethera

in their unseponifinble frac%ione.

‘The Heptranchidae liver oils stufiied - nemely those
»'frbm the éevenn and six»g&;lad»ahquéi showed the greatest
contént_of‘glwﬁeryi.ethsrsvaé the unssponifiadle fractions
t(about‘eqz)_eonaisting diﬁaat entirely of tbese]aubstanéae.
- In the éaae of tne'SQVQnagiliea'shari, body and intestinal
;' 0ils were slso examined; and the former, in particular, was

pich in glycéryi.ethérs‘

- Among the Carcharznidae, the %iget ahark studied is to
be note& for the high glya&ryl Lth»f’ﬂﬁﬂtﬂnt cf its 1iver |
0il. ' The cane of.uhe commereially important Soupfin shark

_iaiaiao of insgreai'-thha unsaﬁonifiable motters £rom the
iiver oilp of 8 adult speciﬁens_stu&ied contoined from 17.7
- 34.4% of glﬁceryl eghers, whereas those from yolkaoee and
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embrya 11ver oils eontained 2.1% and 0a4%_respectivelyf
Theé#vdata suggest the accamnlation»of glyeéryl athera in
‘the liver oils of this Speciea with 1n§raasing age.i'lnv"
this connection 1t may be noted that the hammerhead shark
liver 011 which wan found devoid of glyceryl ethern was

derived fram_a very young specimen55

.Qf~the’xsuridae;.the baekingfshark h#s proved of ébn~
'sgﬁerﬁble interest,'and_a.mora detﬂiiﬁé ieporfcon this
| spacieé_will bavmgdé lazeé. whéréas the Iiver»aiis of two
of thé-abscimens GXaﬁined'were rich ln_aquaiéﬁe:(ﬁa.ﬁ% and
28.8% :eepectively*L) their eontent of glycéryl ethey was
B very 10w._ In cantrast, the flesh oile (10.1% and §5.4% 1n'
the rlesh) contnined 96.2% and 60.0% glyceryl ethera re-
~spectively,in their unsaponifiable fractions (21.4% snd
19.3%) an& extracts from'dther.tiasﬁaé 8lso showed appre-
ciable'quadtities of‘tbeée cémﬁounaa. The exaﬁination of
flesh oils from ogher spediés ibqse liver fats are rich in
1 equal}né is'contémplated;_ (cr.'ﬁanﬁroacymhﬁs : 94,17
agﬁaiena'in tha-liier,oil.) | | |

B ¢Of'€he sgualidaq,'& gqualus species (unidentified)
yielded a liver ofl éontaining vory ldrge amounts of
glycaryl etﬁers - an abservation'ﬁhich tallies with the
experiance of other workers (29'19°(1924)»553 ). The
Bpiny shark wes alao of interest, ag it yielded 8 liver
oil rich both in aqualene anﬁ.cﬁglyceryl ethers (of.
SQymﬁbrhinug liéhiaSQ ). The chimaera studiea yielded an
r. }Qc, 55&,«56)

- 011>of simiiar-typé (c

x  See Section 4.



39T

(b} Toleost fishes. Althaugh previous workars have dme
v'pliea the _probable prescnee ofnfagayneryl ethars in fata

, from Teleoat fiehes, only ohe reyorz~a£ their actual zaon C
 lation from these acgrpéa'haé ﬁeﬁn fphad42 'whe p§esantf."
.in?éstigstibn'nf fét;'frumV&ifferent'aréahﬁ of 20 ﬁpéeiﬁﬂ"
has &emonstrated the wideaprea& oecurrenca of glyceryl

ethere iu sma11 amounts 1n this suh»claﬁs. iﬂ_cae oy tWﬁf

| '~apee1§a; Ga e “the Cape aei:,oils were obtained coataining

ﬁn‘ubprﬁeiéble smount of £ ~glyceryl ethers in their unse- .

- ponifiable fractions. In the caaae‘nf_the atauebase»anﬁ' |
ﬁhe»yellgwwtaiig eﬂﬁéideraklé amounts éf_th@ highiy unle-
éétﬁraie& iitamin A ﬁere aaéaciated with theeémglyaaryl
etﬁera. ﬁead anﬁ‘bady. a8 well as liver oiln, ghowed ope
preciabla ecntents, the bmﬂy 011 nf the auperacle baing

pnrtiealarly wﬁwthy of nota.

llua'sﬁ' or tha Beven mnllnsc olls examiﬁad, thoas of

(e}
the limpet nnd of the ?ap shell were lowest in giyeenyl

~ other conteat. The most interesting oil of ‘this group was

| that of thg'hepatéﬂpanereaa ofgthe Oetopﬁa =w 1 bright iﬁd
   5&1,;Qﬁté1ﬁed;in a yisld of 13.3% -~ whose unsaponifioble

fvaééion7was ﬁiméﬂt one##higd'glyeeryx ether (ef.45),  7he

011 fron the rest of the viscers was also strongly positive

 for these compounds,

{4) #ruatgeaans; The cape‘ﬁpihy'lobater, the"cnly apthropod
| examinéﬁ, was trested on & &arafully*ﬂlfferentiateﬂvanatémiﬁ
- eal basis, ond all the Qilg analyssd proved to ¢onta1ﬂ;very*

' a§preeihbla'emcunts afeC~g1yoerw1 otheps e the‘uneayuﬂin'
Liadle fr&ction obtazned from the atamnch oil having the
- highest centent of these substances. It is to be noted

~
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that here, es in the Octopus, the main fat depot was'tha
hepato-pancrees. | .
' (e) Amphibians ae,tales, birde. The Cepe Clawed Toad
(Xenopus laevi 3 which has been the objeat of much experi» ‘
mental work in south Africa and eleewherﬂ, and has formed

the basie of a test for pregnan¢y5 s W8S axamined as repre~
sentative of the Amnhibians, end the ¥ole snake, as a rep-

tile, The visceral and body oils of both proved positive,

.a&d it is of 1nterest to note that the 1iver o0il of the

| former gava a negative result. 'Ambng ine birds the domes-

tie fowl was choeen, but the three oils examined showed

only small ;»glyceryl ether contents.

(£) Mammals. Of‘the twovyhaie liver oils teated, that of
the Humpback whale gave & small positive result. The head
01l of a sperm whale (spermaceti) which might have boen
expected, from itg high content of saturated fatty alcohols,
'_tb conﬁain conaiderablq quantities-of glycefyl ethars, was
foﬁnd to cdntain»oniy a éery Bmall_emonnt., The white rat_

; proved to ebntain xhﬁayceryl_ethévs in the.li#eé, boayl
cavity, 1nt¢atiﬁal and faecal fats, but the eubcutaneoﬁsv )
fat was devoid of these‘cbmpoundsﬁ-sa sample of human liver

| oil in contrast.to thét of the rnt;.gaVe a?hegativé rﬁsuit;
_In view of the isolation of batyl alcnhnl from ox-marrow |
fat by Holmes et aﬁi) the present technique vas applied to
& samwple af thiarmateriala The glyceryl ether eontent was

~of the oréer reported by these wofkersb

(gﬁ Yogetoble fatas. The vegetable‘oila'examined; with the
exception of a sample of Tung oil, gave negative or negli-

| gible results.:
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EXPERIMENTAL

The’experiﬁental_methoaé used werevthoae dascribed o
in the‘previous-séction; - In the cape of the vegeteble |
fats, as much és 20 gm. of oilwﬁaé‘taken fof eéch«té&t.
Throughout the'wérk,ﬁmany cases occﬁ:red in which there
._>was'discrepandy'betwaeu”the amouﬂt of reagent consumed and
the améunf bf'fbrmaiaghyde generated. One interfering
| factcﬁ_waé found to be vitamin A, which reduced both

_periodic and 10&1a“heida;,w1th the'liberation of 10dine,

~ _ Thet this is not the only source of 1nterferencs'haa»been

- shown by the occurrence of discrepancies in the cene Of

_ ﬁaﬁy.oils'ﬁnown ta'be,dbvoid of Vitamin A. The existence
ofe{»glyaols'othar_thanfr-glycoryljgtheré in‘the.unsaponi~
riébleifragtidnp of auéhloiis cannot be excluded complete-

1y. These points are the gubject of further studies.
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A?’%IGnTIGN 07 TH2 FITELSOR WETHOD OF ”?QEALEKE"
BETER&IHATIQK TG SOME MARIRE QZES '

5inﬁﬁ the 1nit191 aetaiieﬂ raparta by su;iﬁotoﬁﬁ of

' the ﬁcenrrenae af an &naaturatad hrﬁraearbon Dt *nv wnieh

he propaaea the name “aqunlene“ -« in the liver oils of

agveral shurks, much attention has been directe& to thia

aompound, In adﬁitien to extensive eurvey atudiea on. ma?ine
,aaiﬂmla by Japaneaese anﬂ ?rsnehsg workera, eanstitutional

and eyuﬁnetie 3ﬂvestigatzons wara zarried out by a few

grougs of wor@eraﬁﬂ Th? comhnatibility of thia h&éroﬁarbenﬁi,
1ts pgrogenetzc ccﬂveraion te sn artiricial petraleumﬁg, and

nore ruceﬂtly. ita palyisoprene aharaeter and relationsth to
' rubber®S nhave been extensively studied, Ite biological elg-

nificaﬁﬂﬁ has also been ecnsiﬂoredﬁsfﬁ . but even at thie .

_ stage 1ittle advence hss been mads,

Altﬁaﬁgh hmﬁﬁg-mﬁriﬁe dﬁ1mais aqua1ene 0aaur@'$ﬁ=gr0537

: qunntities only 1n sama elasmebraaeh tygea, 1t ia not re—
_stricted to thia sub-alasn, but haa been founa 1n uoﬂ-liver :

’gﬁg in herring~and whale 011549, and 1n qther teleoat '

A mest 1ntereeting occurrenme of this compaunﬁ ia that

' reparsed hy‘Dimterp who found equalene 1n the fnt of the

human avarima dermoid ﬁyst 15 nctewnrthy smounts, although ,
it c@uﬁd nct be ﬁamwnatrateﬂ 1n the unsaﬁonifiubla reeidue S
of the serum, or tho -depot and. liver fata57 In the plant.

\ unrld ﬁqualene haa baen found, afzen in some quantity Culle
" in yeast. fat (16.57) and in other fung1®®. Ite probable

oceurrenee in pinehark 011 hau alno been reporteau?o ’



ﬁany more usual vegetable fats have been exemined by

'varinua ﬁnrkera utiliaing the ehromatcgraphic mctha&?l
the formation of the hexahgdrathnridevs, the high 1odine

, value?g, or céﬁﬁinations of the fibé%wmentaaﬂé& metncd

. with either of the athar eriterie to detoct and determine

aqnaleue333?4’?5 but no.- generally appllcable method was

ermulated. o

Fitelaan S2 has demanatrat&a the aﬁparatian 0? hydraeavn,:'

" bong fram the unsaponifisble fractions of fats by & ehmGMa*
| ,t@grayhio preccdnre, ond, using the aaaeamnnaﬁxuhahennVS
method, gas determined tbe uasaturation‘cf_thza fract;en, |

 'fram whian thef“agualeﬁ&“‘ecntent'of the 511 oRy b@ﬂealau- '

iatads This eechnique ia of particular 1mpcrzanca in the
aaalyﬁical charaﬂtariaatien af nliva oila, ‘the unaaponifi«

able fractinns aﬁ whaeh ave riah in aqualena, ana,prﬂvidee'
: a aaanswtor the detsotion or~aliva‘vil_;n edibze»oil oix-

» Wﬁa.

Iﬁ “the aourae nf the 1av&stigation, Fitalsonaﬁ anﬂ hia L
j*callaaguaevé exemined a large variety of fats, including

hewaver oaly two af marxne origin. Since sguazene ia sa
wiaely aistr&buteé in marine animal ails B’ often in graan

amcnats, it was conﬁidareﬂ that thie analytical mathod

- would %e of 1mpcrtance in the ganﬁrnl exnmiﬂatibn of fats

af marine ariginf, ﬁoreavar, 1n theae materials squaleﬂe

ay be aasaaiateﬂ with Iarge amcnata ef a wide range of

- bther anbet&nces - futty alaahola,vaglycaryl atharas starﬁls,
_ Vitamin,a, etc.l 1t aeemeﬂ raievant, thepefore, to reemrd

some reoults (Table I) of the apyli@ation of the Fitelsan |

mathod to a number of marine ‘ata«

- ® coneains tabulnteﬁ revieu of* the maerature on tha

aaanrrenc& of aqualanea

Pk see Appendlx G
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In the case of unscponifiable fractions eontaining

very large proportion: of L ~glyceryl etheprs [ Table I,
(a} 80,273 (b) 88.7% ]y of fatt- alcohbla_(e).and_cr
" sterols [ (1) 91.6% calculeted as choleaterol] effective
‘retention of these substances 1n the simple-chromato-
,gréphie column recommended by ?itelﬁon cauld_be,ansufeﬂ

if suitable quantities of material were used, and thus
_high reaults due to their ‘passage. through the column into
the elﬁate avbideﬂ; xwiﬁh.certain fats:cantain;dg gp-
precisble amounts of Vitamin A, however, [emg. (g)(n)]
two?"abnaraal" effeqts have been observed. Invthe,ane a8
feint yellow band coved rapidly down tha‘tﬁbe into the
eluate, This bend couid often be retained in the column

if less material wan iaken, or if a longer polumn_was
usedv[e.g. {g)]1. In‘thé other, [e;g; ()] a yellow "éIOuﬂ“
moved very rapidly through the column and into the filtrate,
Both these yellow substsnoes reacted with §bCly in chloro-
formvto give a blue calonr; butvnéither.of the: wag Vitanin A,
since, after their removal from thé”column; the iéautng £11~
trate fatled to giva the Carr-~Price test until ths eiution

of the Vitamin A fraction with benzene, 6r a'benzonéw

glcohol mixturc at & much later stage. Preliminary spectro; |
grsphic ébaervatione éarried out on the yellow materisl
noticed in the first type_of'behavicur indicate that it is )
probably related to anhydro Vitamin N 7. either present in 7\q
the original otl, or formed durinrs the gaponification in gle
coholic medium'©+7% Both phenomena will be fully investigated At

, AN
ueing lacger quantities of msterial. oo

It 18 in its app11cét10n to unsaponifiable fractions

 containing large smounts of unsaturated hydrocarbons (e.g.
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Baaking shark. deepuen dogfiah. apiny ahark and chimaera
liver oils} in which 1nterfersnce from v1tnmin A op related
aubataneea is remote, that ths Piteleon technique is of
.paﬁtieuiar velue, since the énalyaes indieate.that\thg oils

| of a given species conforﬁ to a general type (cf. Basking
shar& and centroecymnns'livei.oile’in respect of "squalene"
cdnteﬁt“ofitheir nhsaﬁonifiabie'rractions};\ The'unsapoﬁiﬁ"
Yfiable fra&tiona of ohimaer& and spiny shark liver oils are
—1nteresting in that they contalin very nppreciable emaunts
ﬁra:uglycezyl ethers (9.5% and;14.5% reapeetivaly), which
 together w&thlghg_squalene prosent make_up 97,2% and 98,5%
resyamtively-dt théftotﬁl unsnbonxfiabig matier; ﬁhe

- ﬂbquglene“ contents ofvtthnnsapohifiable.rvéctidna of the
Eentroagymnua’ctls are of interest as indicating the pose~
ible presence in these gizé_of hydrccarbona ofhgrcatat Ui
Qathratien than Séualehéritaair¢_ In coneraet, detsiled
studies of cetorhinua liver 0113 have shown that 1n thia
~Gase more aaturated nydracarbon materinﬁKDaceompanaus the  ?°
agualsne. The flesh oil of a centrosoymnus gave @ sur- |

pr&aingly hign.resnlt for “squaleﬁe"
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'The unsapanzfiébzevmattar'ﬁaa a:ﬁraeted by the S2PoA.
method » using ﬂaur extractians a'ﬁﬂitelscn‘é recamﬂéndeu'

' tian that tha nnsapanzriable rraction be ex%ractaﬁ iﬁ two y'

stepn with petraleum ether woe nat fOIlﬂﬁ&ﬁ, heeause 1& all .

_eaaaa tns tﬂtdl unaaponiriabla matter was requireﬂ for
oﬂmr purpeses. o SRR | S
Eatimggionjof'gguglenaff
) .fhe‘ﬁirecﬁiaasiof Piéelaan“were foliawe&'exaétly;=exa
eept that 2 gm, of 011 nsualiy provided auffieient nnaapau.v
. nxfiable matter for at least one aetermination. The follow-
1ng qunntitaaa c&ve gao& results, for & 10 x O.B om, aﬁlumn
af alumina | . ] )
- ﬁasapanifiable - Waight of maturial : vulume of
- fraction high in uoed per chromatoﬁ _ Roaenmanﬂsnuhnhenn
_,‘ont, 1t of - gram ‘; _ Pesgent used
. Fatty alaahola ;"- Hot more than 120 mg. 10 ml. probadly sufe
S e . | » | ficiont
ec-glycerylathef'ﬁ lj—_ﬁ . w- o, QC‘{‘ ﬁ L ) .- X “ "o
Vitamin B -;&bm:t 50 = 60 g o on o w
. Unsaturated hydro~  26 = 36 mg» oy 15 « 20 my,
' carbona a . A ' , S
g te ¢ BeDoH, "Aluminium oxide for
' chromastographic adsorption
aﬁalysia” was used throughﬁut.
* - vSGQ Appendix B.
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It is recommended thét”the,whole'aetermination (1.e.

ehromatogram andftitraticn)'be;carried'ant in duplicate at

+ least. In the case of oilefcantaining considerable omounts

. of Vitemin A some adjustment of the amount of material taken,
" or height @f’the column,was neceséﬁry;,if the rgpi&ly»moving
:yellow bend was to be retuined. Where a yelluw‘"cleudﬁ .

passeﬁ &own the column retentinn was virtually 1mpas@1b1e.

Extant_btdlhierferéhae bx‘Yéllgw‘ﬂatafial

sgme 1aea of ‘the extent of the 1naceuracy due to 3
elution of Vitamin ﬁ-related matter may- be gained rram the,v
figuree for the geal liver 011 given in Table I. The un~
eapanifiabla fraction or thia 0il (nnsaponifiable matter
content 29.61%, percen'age of Vitamin A in the uﬁsmpon1~

o fiable traction = 50%) wag ehromatographed (0.1688 gm.)-

’ and the moving band allowed 0 pass 1nto the filtrate, which
wan dietinctly yellow. neapite this. the “equalene” can~
tent, based on the uﬁsaturation Of %he reeidue after remuval

‘ of the petroleum ether wam only 9.50% of tne oil. An i4en~

L _tical reault was abtainad uaing 0.0944 gu. of material. The

errar involved 15 thua small whepre the mﬁtho& is . uaea to

’ ‘r-estimate,mpre ﬁnan'tpaceg'cr unsatunated hydracarbaasp'

Brecision of the Method - .

- In~caae§fof.1aﬁ ﬁﬁgaﬁbﬁifiable mﬁ€ter‘odhﬁent #ﬁérep
two aeparate preparét1ohé'd£ unsaponifiablexmattér'wére
dhramatﬁgraphed,»agreemenéjwés of the srdeb'inaiaateé by
Fitelsoon. If aliguots of the same unsapbnifiable matter
' ,501ut1on were taken for analyais, the preeieion of resulte

‘was ﬂf eaurse greatenm



56

THE UNSAPONIFIABLE FRACTION OF THE LIVER OIL OF
THE SEVEN-GILLED SHARK - Heptranchiss pectorosus

A tentative report on the L glyceryl -
ethers present in this species '

Patty aéid studiéavan $evara1 mnrine oile are going
‘fbéwnrd in:these{iabbr#tdriass aﬁd‘1t was coasiaéfed of |
interest to sttempt analogbﬂs frﬁct:onétiongatudiea onﬂthev
_,f~g1ycér#i ether'tractiodé}of oils containing those com~
paundacf's} ﬁaﬁérnEQhas regarded the existence of.=f~glyéeryi

~ ethers 1n:mariné oils as beiﬂg'a opetinl case of}hgdrbgenatioh;
and 1f the°ac;g1yeéry1 ethars are formed'by the hyﬁrégénation
of the'correépbnﬂing ssters, the distribution of the various
-oc~glyeery1‘ethera”should bear some relationship to the
fatty acid diatribuzion'in the aaﬁe,o@i. 'Xtvis, therefore,
tho oﬁaeet'bf thé’present'étudies to examine the‘ot-glyeeryi
_athera of Beveral oile, ana to determine whether there 1s any
'correlatian between the straight-chain alcohol resi&uea of '

thcee uomponnds and the fatty aeids of the oils.

‘The liver 01l of Heptranchias pectorosus is one ad-
mirébly auited~tq this invesiigéiidn,.since the livers of
this species are rich in oil and higﬁ in unsaponifisble
L mattép content ~- mainly oc-glyceryl ethers.- The particu-

~ lar ol selected for the present study had the following

charaeteristics_
Unaaponmable metter contamt D 19,855
..e;lycml sthex cani:mt. of ﬁw m&m&ﬂabh fracﬁan “ *89.8 O
Sgunlens _ 7 | - 128
Vitemdn 4 : n now " ¢« . 05 B,
-

Cholostere " " m @ Gut §

~ * ae solachyl aleohol.



It is clear that ény fractionation of an unsaponifiable
fraction of this nature should be carried out on the material
renfdored eterol-frég. gﬁd acetylated, However, only a very
small quéntity-of digitonin was available, and the total un-
aaponifiﬁble matter was escetylated and subjected to a preli-
mingryigistillétibn,at high veewom (0.1 mm.Hg) in an attempt
‘to femova the buik‘bf the L-glyceryl ether acetates frqm the
steryl acetates, and ﬁhe;émqll amount of Vitamin A acetate,

| The former dﬁject was not tealiged, but the distillate was
vitamin;A~free,vand the gmall residue, which was black and
tarry, wen discarded, Ho distillate was obtained at & tem-
perature‘whicn would have indicated the presence of squalene
or of fatty alcohoi acetaten. _A,fractiohaﬁion'of-a fully
hydrogenated‘aﬁmple.gaﬁé.no better reauit as far as the re~

‘movel of sterols was concerned,

The distillgted acetatea were then carefully fractionated,
and the~1odihe'véiue'and‘saponificaﬁion‘eguivalent of each
fraétioh determined>iﬂ th§ ususl way. A further analytical
figure, the Ysquivalent iéight“-ot each fractioh deiermined |
from 1ts conauﬁptiun’of periodicacid wae obtained, referred
to as the “periodic aaid'eqﬁiValentﬁ. It is clear that, for
. pure J-glyceryl ether acetates, the éapbnifiéation eguivalent
ahd the “periﬁdic acid equivalentP are the same, but for
fractiona containing also acetates of other hydroxy bodies
(e.g. sterols. fatty aleohols) which are not‘cﬁglycols, the'
“pepicdic aci@ equivalent“_vill exceed the aaponification |
equivalen;, since periodic aciﬁ.ie gpecific for <=glycols.®

* This unsapunirxable fraction has been found to give close
agreement for glyceryl ether content by both volumetric and
gravimgtric mothods: o 1.6. no interfering subatances are
presen . .



58

From these analytiaal.figuree it became clear that steryl
. acetates started dintilling over with the.£~gly¢ory1 ether

acetates ot quite an early atage. |

However, frnm theeavfigures, the amount of chﬁigsteryl
- aoetate in aach fraeiion could be caleulate&,-and conse~
quently, the trne weight of glycoryl ether acetate. From
this latter weight ana the periodic acid titre it wag posaible
to caleulate the tvue aaponification aquivalent of the .
afnglyceryl eﬁhers in each rraetxan. That this nethod has
a8 lagitimate_basia hes been shown by check estimations on
several fractions with digitonin, from which the amounts of
'chblesteryl aeetata‘fouh& agrcea mﬁderateiy well with those
ealculated (Table I). That the sterol pregent is almost
pure choleetercl has been shown by splitting the digitonides
obtaiueﬂ, and examining tbe-malting points and mixed melting -
*points with pure choleatarol. ot the once recryatalliaed
Aaterol fraction_ The eorreeteﬂ sapenification equivalents
) also show'reaéqnable agreement when the correctieu'has been

mede by both methode (Table II),

, | _ TABLE I
- Fraction B Steryl acetate content {% waight)
Digitonin method Volumetric difference method

1 8o - 8.9
12 35,1 : 16,0
15 B » - 19,2

4 0 ers o - 27.2



TABLE ko y

. Frastion . Gorrected Eaponirication equivalent
| | from ﬁigitoain reaqlts rram titratian rasul&a

1w - 2148 . £11.9
11 O £216.0 - 213.8
ST 248 26
w . ... . =88
14 ' 213.3. S 18,0 -

'_Proﬁ'ﬁhaaa tigureg then, it has_been'péaaihle.t@-eaia
: cuiatevthe veighﬁs ofofmglya-eryi' ether acetaten preaent in
‘each rractian, the true iodine value of those compounts |
(Table III}, and, rinally, the amuunte of the various

: glyeeryl ethers,present (Tablea v and V}

| \«imb&g 111 o

f No. of Fraction weight of glyceryi Sapgnificaticn Iodine
- o - ether acetate . equivelent value

: 3;2593 o 20D.4 34.8
5.8682 206.3 - B8.6
oo 7.3784 0 R208.8 B85
v 8;84?1 . . AP 208‘1 o 59.;5 o
. 6,8968 S0 B0B.LY . 41.Y
71758 ~ go8.6 43.0
. g? - 4141 B o 2(.}9; 2 45 - g
'’ . q.onz 200.8 - 48.9
w 6.4 21831 52.6
. . -B,4821 - . - 214.9 55.8
12 Bwoass - 21m0  ene
1@  1.ems8 . 218.4 - 66.1
Saddlea P - B.RB67S. . 28B,0 87.3

OO0 LA e



BT
, (2) ,.Y

Fraction
Los

© TABLE IV

Glyceryl etherﬂacetatea {gm)

Saturated

§ideochnin

e e

T Y - T R

W@ 18

1,342 - 0.029

D.463 2,108
. 20464

. B.286
1,987
- 1.664
1.282

0.281

l& TAREEERARER]

't 'RR}

1806 17,789

camponentec«glyceryl ethers (% ueight)

2.166 -

0.717

18

0. 343
0836
009111'
0.006
0.068 -
0.084 -

l[! { B 8 B A

" Unsaturated
- f4dechain

. C
18  £0-ZH

o
*
8
=
g;t N N AN T

3735 . 1.466

$.322  0.674
1,012 0,016
1,305 0.081

| TABLE Y

©

2J2

1:020 57,168  5.858

EEEEEERERE

0.C63
0.062

0,067

caluulated (1) a8 scetates on the acotyzated glyceryl
~ others of the unsaponifinsble matter distilled

ag frec glyceryl ethers on the glyaaryl

ether fraatien ct the ﬂnsapnnifiable matter diatillnﬁ

 Saturated

azaeenam ¢c ¢
| - 14 S 16

gkesy1®2 chimyl  batyl

¢
- 18

Unsgtuvateﬁ
20~23

c
- 18-g

| &eiaehyl

' slechol slcobol aleohol - mlcohol

2B . 21.08) Loy

,'2‘.:5@) - B0.EQ) ',1.'.9{3)_'

- eT.00
sﬂcm) '

6.0

6.60)

)

¢
CL2-8F

e 98
0.98
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A ca:l.culatian on- the last three fractiona regarﬂing

them as mixtures of twa unsaturated componenta (selachyl ale

_cohol and a 622 2L Ha-si&eahain component) showed a dmreaae

in £ , the averaga unsaturation of the non«selachyl aleohol

B pmtion, as fallaws $ rractian 15 = 5.8

) LR 14 OC = 3.1
' Saﬁdleaoc = 2.8

It was tharaf‘cre censidered more dssirable to calculate the

'rewlte as a mixture of thme unaaaturated comaonentﬁ -

selaehyl alcohcl, a ccmponcnt with n Cga,gﬁvai&ecncin, ana ,
- one with a 622 _8He-sidechain. = ’

Gampnriaon Df the above res’cﬂts with those obtainaa . '

fmm A fractionatian cf ths fatty aciﬁs 0{’ the eame oi3.8 18

1ntex-aeting.- It wculd appear that thera 1s 8 far greatet
pmportion of cm-sideehain glyceryl ethers than G‘l& fatty
acids. : The 014 ami ’316 sidechain glyceryl ethers are of

the ‘same @rder as the mrx‘espon&ing acms. but the 020 tand

" higher scide are more plentifu}. in the acid ffactions than
Loy = and highez- - sidechain oc wglyceryl ethem in the

: uneapcnifiable :‘raction. :

Iﬂhtty aﬁﬁ ﬁgme .‘tor ’the livar ofl of g gtmchias gﬁc%mws%
| Satm-amﬁ ) S ~ | Unsatupated
¢ ¢ 0 ¢ ¢ ¢ ‘¢ d- e ¢ g

14 16 18 20 22 14-PR 16-RH 1B8-B.6H £0-5.4 S2-BIH P4-108

% 195 15-6 51’5 134 196 - 99’7 _ 11-() 3913 15#6 i - 18-9 v 1-*



It is notecworthy ﬁﬁgtthe vory higﬁly unsaturated, high
maleeulaﬁ veight L~glyceryl ethers fbnné bj'Japanese wﬂrkeraa;
were not detected, ond it 1s possible'thai such substances may
have been present in the ﬁatarial under_examination and dis-
carded with the»tarry'residua of the prelidinary,disﬁillation.
The above workers precipitated the highly unsaturated giyceryl
ethers as theirbromo~add1tion eompoun&a, regenerated them. _

. vdistilled the- acetates ana,computed the componenta. The com- -
'pounﬂs were_characterisad by identification of the fatty
_aéids cbtaihéd.aftér treatment of the glyceryl ethers with

i, and oxidutianvof the fatty alcohols aﬁbsequantly obtaiﬁea.

The saddlé.fracticniin the préaent_ ‘distillation, a
lightaeoloured'abmiéalia'matefial, gave, after saponificatidn.
and removal of the ché;ésterel, a viscous 1iqu1d'fraetion.
This material gave'ﬁo pbsitiva results on chrbmatographié.
treatment, and the- white soliad obtainaa after catalytic
hydrogenatien and eeveral recrystallieations, nmelited over &
-big range. The_a,ﬁ-dinitrobanzoatea were no essier to deal
with. klnsuff1¢1th material.waa avatlable for further work
on tnia.;or on the head fraction containing gkesyl aloohol,

»Tbe existence or‘_fiuélyceryiiethers 1n'thin uneaﬁonin
fiable fraction‘éeaﬁs ﬁnlikeiy frbm-the.fact that there ﬁae
aéreéﬁent'ﬁe#ween'aterol ﬂat&r@inad wiﬁh digitonin and that
from tﬁe titre-difference. Thia»agreemént suggests that
the sterols nnd the dC—glyceryl ethers are the only hydroxy

bodies presant.

Theae'péelimlnary_reaulta have, it is felt, been sﬁf—
ficiently interesting to warrant a further attack on the

- problem, now in progress. Digitonin is now available, and
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i is;esséntial that a'sterolafree unsapbnifiable fraction -

~ of this oil be fréctionated under more accurate caﬂdiﬁiﬂﬂsﬂ

than.thoée=hare employed,“aﬁd'the range of ocuglyceryl'

ethers reedlculate&. ISoiafien'cf the. aeferal eompounds

- will be attemptea (in the present atudy‘onlychimyl and

batyl aleohala were obtained pure, former Mope. 6L, 3°c._

1atter MaDs 710 'C ) It is alao 1nten&eﬂ to prepare certain
of tho campennaa qppearing 1n the calculateﬁ range for |

, pesaible enmpar&sons o _,f»a:" s



EXPERIMENTAL

. Extroction of Unseponifisbie Hatter

_ It‘hﬂé_been found”fhat the large scale_séponification,
and extraction of the unsaponifiable matter of this oil is
& matter of ‘gsome diffﬁculty,*-sb that batch aaponifidations
and extractions using 60 gm. of 011 at & time, and six ex-
traetiens with ather, a11 aeQOrding to 3.P¢A. ratios wore
corried eut, and proved satiefacterg, ‘The material obtained

was resaponified in the some way.

;‘ Remova of traces of Patty Acid

A solution of the unsaponifiable fraction (about 130
gm) 1n ether (1500 ml } was passed hhrough a column of
alumine (20 on, % 2. D cm.) ana ‘the ether then remuved.

CAcetyl tiadrér_thd Unsﬁrcnifg‘blevrraétich

. The unsaponifisble matter was boiled gently under re-
flux for 90 minutes with 2 ~ 5 times the theoretical amount |
of aé’éﬁic. anhydriae; and the excess removed on a water-bath
»__under vacuum, firsi at the watar«pump, and I&ter at 8 highm

Vaeuum pu IE} .

Distillation of the Acetylated aterisl

A prelimxnary_distillation_was'cargigd~out on ﬁboﬂt
100 gm. of écetylated'materialg from e Claisen Tlask, at
high vacuum (0.1 mm. Hg.}). The residue (2.7 gm.) wes a
dark tarry mass, with separating crystalline material. Thia

. reeidue analyaed at 56 ?% cholueteryl acetate, and the coOP~ |

% Infbrmation'By conrteay of Dr._N.J,’van‘Reneburg.



reoted aapbniricatsqn'equivnlent;of‘thq giyceryl others

_present calculsted as £89.5. {Note 1~ In Pfuture work,

- pimilar fractions will be chromatographically treated, and

the results obtained from the separated glyceryl ethers ine

 cluded in the total scheme.)

| The fractionstion wes carried out in a simple form of
frectionating flask as described by Bilditeh., > The bottom

~ half of thc column wis,laggéd with esbestos atring. The

distillation was amooth, but the range of temperature ex-

tremely amall;',rractlun\l came over between 190 - 206.8°C.

(0.1 mn, Hg) snd froction 2 &t 200 - 202°C. After this,
thavtampirature{remainea_constant'bstwaaa»acﬁ ~ 214°%,, and

- fopr freotions li-# 14\uaa’falling,_slouiy at first, but
rapidly in fraction 14. The bath temperature was raiged
“from 276°C. for fraction 1 to 546%C. in frection 14.

The saponificstion equivelent was determined on sawples

‘of ebout 0.8 gm. using 20 ml. of ¥ alcoholic NaoH, and back-

titratingwith}g 50% aleoholic HOL, to phenozphﬁhalqin or

 alkali-blue €3 indicstor,

S !ota i= The uae of alcaléolm ReOit in preference to ROH
prﬁ#éntea precipitation»of periodate tn later stages of the

sneiyeis; 50% alcoha116~ﬁcl gave fiﬂﬁl‘titrdted aolutiona

which 4id uét depoei; etérpln or glyaerylzethera- Washing

wast carrisd osut w;th anlcohol,

* See Appendix C.



gegerminagion of the "Perio&ic Aaid Equivalent"
The titraticn mixture from above, after titrazinn, was

. carerully transferred to a 100 ml, stendard flask, and made

o u@ to volnma with aleohol' 8 ml. aliquots wera then oxidized |

‘with periodic acid axaezly as has been dagcribea + except |
"tbat 2 ml, of water were aﬂﬂe& to the aliquot before the
periodie acid reagent. to-pre?ent pracipitatian of sodium
'pericaatéa ,Bianks‘weéa égrri@ﬁ-cui in sn 1ﬁent1caivfashian
on the blanks rﬁéﬁgthe sapaﬁifiaatién eqﬁivélent dethrmina+ ‘
*ﬁian_above._:-' RI - | | |
. Thé reaﬁlts were nbt of’the standar8>ﬁf raproduaibility
; ~of the craznary volumetric determination of ﬁglyceryl |
‘ethers. The indicator uned 1n the prsvious determinatlon

414 n@t_interfare._ e

(1) With digitonin, The method outlined by Dar® was
aﬁpiied té"the 100 ml"salutionu’aboﬁé,'digitonin solutions
'of a suitable strengﬁh being adﬂed to give final concentra-
‘tions. of thia reagent eimilar to those racounmndad.
'-Digitaﬂz&es where preparea in graater ‘quantity were split
" with pyridiheas "Vé R | -
{2) The f@llowing formﬁla gave the weight of cholesteryl

B aeatate 1n any fraction 3o

used in the saponiti- Periodic acid used in)
cation Uﬁ‘) ' ~ (the oxidation (') )

—
tooo0.

428.4 (ivoluma of Nbrmai Naﬂﬁi - {20 2 volume of,mormalz}qrﬂ

 Example V | - |
A four~times rendiatilled semple bf‘acétyléted unsaponi~

fiable matter from early rraattona of a previons diatillatian_

' was examined. ’

» ¥ See Aprendix E.



‘= 209.7 {meang

8&ponificatzon aguivalent
4 = 212.8 (meon

*periodic aecid"
Cholesteryl acetate content
il; Digitonin mothod 0.46%
2} Titration w 0. 560
Corrected Saponification eqnivalant = 207.0 (m@an)

Todine value 38.50

- This calculated to

64.&2% aelachyl acetate .
- 3.4 skesyl -
32.2¢% chimyl - "

“he caleulations wore carried out accar&iug to

h

- Bilditech 2b and detalls Cfor similar aalculatiaaa by Rapson,

'snhwartz, Stﬁy aﬂd van Rensburgss |
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A CONTRIBUTION TO A COLLABORATIVE STUDY OF
PHZ LIPINS OP O sroggxnus MAXINUS (Guaner),
THE BASKING SHARK

| A gene:al'étuhy of the lipins df the. Basking Shark $p
4n progress in this laboratﬁry,’and the following results
revreaent some of the data so far azsambled on the consti-
tutién Df the unsaponifiabie fraotions of fats from '
*aevaral organa of & single speciman. Thsy are of 1nﬁeresﬁ
88 AN illuutrataon of the applieatinn of three analyticnl
pmcedures - 1.8 fOP J—glyccrgl etham ’ unsatnrated
-hydracarbone and aterols to th@_unsaponifiable_fractions,
It will be seenthat in only one case 18'100%’exaee&§dﬁ.-
,_that of the nnsaﬁonifiabie fraction of the flesh oil in
tho vaue of tha unsapontfiable fraction of the liver oil,
it ia falt that the. 1low vnlue for the total percentage of

- Bterols, glyearyl ethers ‘and unnaturated hydracarbonn
found, 18 dué to the presence in that fraction or saturated .

hyarocarbuu material e e.g. pristaueso

, The flesh oil is or'outntanding interest. It was ob~
tained in considerable yield (10.% ) and, aince the un-
aagoaifinb;e mnt;er contént is high and slmost entirely
L=glyceryl biheré, the true glycerids content of'tha-oil
iz ebnormally low {calculated Leglyceryl ethé§'d1~oleate
in 011 = 6B.4%). That this result was not en ieolated in-
stance, nor due to any éonfusion,in sampling 19'111uatrat¢d

by the analyaia of a flesh o1l obtained from énother apeci»
‘men. The unsaponifiable fraction ar this o1l {19.26%) con~
tained 60.0% of oc-»glyceryl sthers.

* This may pcasibly be exalaineﬁ by the calculation of
glyceryl ethers as selachyl alcohol, and saterols as
cholesternl, _



It wag coneiderea that this high glyceryl ether con=-
tent or the flesh oila mdght be characteristic of apccles‘
containing much squalane in thelr 11ver ‘oils, and accord-
ingly the flesh 011 ‘was extracted from a specimen of '
Centraagymnus. In this fish the flesh contalnad very

-little oil, ‘and the unsapnnifiabla rraction appeared to
be matnly ateroid in nature, containing but 1ittle
Ji~glycery1 ethar. The examination of flesh.oils of

mther apecies whose livar olla are- high in squalene con-

- tent will be carmeﬁ ocut, A detailed examination of

Baaking shark fleah oil is in progreas.

The‘tisaue af'the_eyeasmcket'was characteristically
soft and apongy,lﬂad'ﬁhé pil extbacted’therefrnm was BUp-~-
prisingly high 1n'equélené:cantéut; ‘As may be seen £rom
the Table, the pile extracted from the spleen, kidney and
epididymie had- 1arge unaapnnifiable fractions, the bulk

of which was: ateroid in nature.
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' Extraction of Oils

All the 6iie;exce§t the flesh o0il of the Basking

; .~ahark'18/4/46, were extracted by the aikali digestion

»tachniquéy?f_Ths.exceptibn id&’extractéd, after desic-
) cation with.soqiumﬂsﬁlphateg7in a goxhlet extracter
 with ether. | |

_§xzrae£ian o§§ﬁhsagdnifiablg'Hagter

The unaaponifiébia fraetions were extraeted and
esiimatéﬁ‘byltha'SaP.Af'method‘ using four ﬁxtrﬁctian&
with ether . | o S

~[Detqgmination_6t.£-glxpergl others

Eheiperiudie acidfcxidﬁtion'method deécribed
'prévibualy wag used , and the L-glyceryl ether contehﬁ
aalcul&ted frqm,theﬁd;medoﬁeaformaldehyae complex Ob«
tained. | o

Determination of Unsaturated Hydrocsrbons

The Pitelson technigque , the application of which

to mariﬁe olls wasvdiscussed previously , was used. .

Determination of sterols

-~ The digitdnin'method was used, nccording to the de~
" tails preseribeﬁ;by_Daﬁ6,_i.e. 100% exceﬁs'of 1% digitonin
~ in alcohol, was added to 5 ml. of a 0.5% solution (with

) ':’S-' = Nt 7 i.,..--r, (PN ’-\b Ay 7
% See Appendiz D.



2

respect to the sterola) of the unaapcnifiable fraction in |
ethyl aleohal. The mixture wag brought te th@ boil in a
watﬁrabath, allowed to stand overnight, the preeipitate
filtered aff on 8 tare& aintere& glass crucible, washed
with,a smal) volume of aloahol several times (total = & ml Yo

_;érieﬁ at 109 G., anﬂ weighed

Hcte e Pure chalesterol gave, on analyaie ia thia )
wey; a result of 102.47& The”ccnveraionlfaator (sterol ’

aigitonide),e.ﬁdai was used.
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~ THE PROVITAMIN D CONTENT OF SOME SOSTH
ﬁFRICAR BARIKE INVERTFBEAEES o

Thé-pravitaﬁin D content of the 1ipina'of-iﬁvette&

| brates, particularly marine forms. ‘has been shown to be

88

hign in general and the extraction and proeess- '

ing af thﬁir fats to yield crystelline provitamin D pre-

paraticns hag been the Bubject of aevaral patantaeg A

",few South Afriaan 1nvertebrate ‘types have baen examined,

» and tha resulta—are recorde& in Table I. All were mol~

 luses, with the exaeptimn of the Cape apiny lcbster, an

E l%

arthraped&

The unsapenifiable fractfons af the fat of the blue

" mussels examinad (_ytilus meridianalis) have been found to '

, _cantain rather more provitamin D (s maasurea apectra»

graphieally by the absorption in alcoholic solution,a®

Tom 2815 mu) than thoae of the so~called "white musael“

'vor clem (genax serr ) The raaults obtained fbr the fbrmer t
, animal were eumawhat higher than thoae reaardsd far thﬁ |
‘mucsel by Bock and Wetter%or Fantl , slthough of the same
order as the provitamin D content claimea in the patent »_E
;11terature89a | | |

o " The oils of the larger forms (Baliotis, Turbo ‘and |
Gctopus) appear -t0 ccntain maﬁerately 1itt1e provitamin D3

the cruﬁa steraia of even the viscera of Haiiotia and

Detopus gave law resulta‘ The figurus obtained for the
' Crayfish. the oils of whicn were extracted . from the sepaﬂ;
.rate organa, were similar, or the specias exawined, ’

'Gx'.tele tirrina pr@ved the beat pource of provitamin A

| anﬁ contained 33,1% of tbis eubstanee in the érude sterol

fraetioﬂ.



‘y?
>

Yeme ‘. Common pams  Part extracted ?wcentm u.thod of extraction Oil y1e1d on wet Uusapomi~ siﬁ £51.5 m  Parcentese
S of total nigh% fiadle st Provitemin

. weight | , 4 . watter of unssponi- . D (on

o ‘ : : ' : . comtent  fiable *crude
of ;ﬁ  fraction stemla")

: . . . : : ~ / ) ) : :
mm merd- . Houe mussel  Total “meat® T - hikell d.tgﬁitimw o Q.8 C28..3%) ' 45.9 - 13.7
dionalis o o : {up to 55 ether extracted - o - .
G!rmsu) _ _ ’ : . when quite T ,
o : : - frash)

Totel *meat® % Pepsin dtgestion 14 200000 458  14.2
. - ather extracisd . : . S ,

" , L : Kﬁnm& ariod ad .2 o 28.D0 . 4B.0 - 15.0
- , _ 659 ¢. Extracted R

in Soxblet with

acatone -

' Ealiotts m midas  Adslone  Tetal viscers = Alkal aigestfon 1.9 150 198 6.0
{Limn.) ~ {Venux ear) - . sther extracted S C . . . : :

Totel tlosh - % 0.2t . elEh &2 13

Patam gmnn— Lixpet  fotal "meat® = 30.8  Dealccated with = 13 22.60) 19.4 6.1
P | - o e © other extreoted = :

Donai serre Clam {"white® Total *msat®  30.0 I 1.4 20.8) 20,0 8.3

3]



Ozyatale f;igrim
- {pildwym)

Porivinkle

tdolc antmml
crushed

tﬁtal roat -

. 36,8

Dosicontod vith
aodium salphate

~ athor exiracted

1.3 on toftal
{3.5% on "moat")

13.5(0)

10840

33.1

(iden.)

Top ghell

Total "meat”

1.3

20720 |

17.9

5.6

{Bosch)

Rock aotopus

| ‘Digestivo gland

. Rest of viscoran

'1;&. .

7.45)

e

- 1o

. 10 «3

8.3

3.2

Jasue lalanatt

{Cape spiny
lobeter)

. flesh
stommch
intestine

digestive clang
ewad

"'f 8.0

Ty

.

”»

0.5 -
13

0.3
2 N
B8

ps.l

u.@
38.20
8.0

8.

- 4.8

X
4.0
6.7

304

i.¢
2.4

&4

24

.-

* Caleulated on crayfish “mste® 1.0, (body mimus tail)

cL
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EXPERIMENTAL -

The oils were extracteﬁ fram the tissuas by the
metho&e 1ndicated in the Table, They'were aaponified,
 the unsqponifiable matter iaolated by ths S P As method’ .
'anm the technique, aubatantially, of‘ Gillam and Heilbrer?a
followed thereafner. A Hilger Ea Quartz apeetrograph was

"usad 1n the measurement of the ultra«viclet absorptzan by

alceholie aglutaanl of the crade aterol fractions. The

 bands were in most canes anly mbaerately well,dgfinea.1

that at £61.5 mu being the clearest. The value obtained
far'the aﬁcé’raaérystailized‘unsapenifiéblé-fraetioﬁ &i&"
. not appear to differ greatly rrem that obtaiied on a solu« f
tion of - the'unsaponifiable fraction itself. |

- several re—crystallizationa rrom alcahol produced 8
’ crystalline material, from. selntiaﬂs of vhich<the abe
aorptzon curve ef pravitamin D could be accuratelv platted@
The results were calculated as ergosterol, using the
vfigure Elzmsal 5 mu = 320 fer a pure provitamin D preu

‘ paratian, o
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SUMUARY AND CONCLUSIONS

I,“p rtihﬁs'beenWahawn that 1n the extruction and de~
 termination of tna_unaaponifiable»matiér of marine oils by
the gociety of Pudlic Anglysts’ methodl, gggieaﬁt four ex~

~ traotions, and not the specitiéa three, arq'raquired in opr-
aer to nbtain duantitative resulta-. Thﬂ effect of the
nature of the conatituents of unsaponifiable fractions on
ﬁha effioieney of their extraction has been etuﬂied, and

- marked differencee 1n tha ease of their removal from the |

? eapanificaticn‘mixturea,fouﬁd — ranging from the hydrocars
bcna; vhich ére most easily’extractea, to the o -glyceryl
ethers which are not easily removed. The'effeats of‘tﬁé
natuve of the aoaps, and- thair coucentratian in the saponin

fication mixture have alao-rgaeivad ‘attention,

II. A method has been developsd for the cstimation of
« »glyceryl ethers in uncaponifiable matter - depending |
46& thair.oC-egcel-nature.v Qnrio&io scid was aclected in
preference to 1aad'tétra—acetate on account of its greater
| ‘apecifibity.» ﬁesults ‘Thave been caleulated frcm roagent cone-
aumed and formaldehyde ganerated, and the lattar method 18_‘
rogarded as lese subject to interforence. It has been foﬁnd
in many cages that the amount of reagent ccnsumeﬂ has been
in excess of that reguired for the ?ormalﬁehyde prc&ueea.
in particular; vxtamzn_a, and its esters, have been found
%o be sﬁ5c¢pt1b1e of attaa& by yeriodievaaid.w- and even by
fodic acid == with the 1liberation of 1nd1né. This anomalous
rﬁactionfinvwnrth fﬁrtbeb’etﬁﬁy. ~The prescnce of oiher'sub—‘



'atéﬁces ¢apable of feﬁu&ing periodic acid has been demons
atratgd.-and the techaique hore elabaratedvehéulﬁ provide

a ueapbn for thélr’etudy.

Thia new'method is. alﬂa being applied to the _
’direct atudy of tho metab@liem of the oC-glyceryl eﬁhers

1n rats.

III. A survey uf £he occurren&e of §C~glﬁaery1 ethers
hag been carriad out by the periadic acid oxidation methaa'
_ abave, ana.cf-giyneryl ethara detoctod aaa eetimated by
the formaldehyde produced. 118 faga:have_been exomined, f 3
: panginé’trbmmolluaa\tavmammalian'#ate,_ahd inclwiing
'aevarﬁl'vegatabla.aila._vThb aécnrr@dcé of oC=glyceryl

ethers has been found to be general in fish fats,

?rﬁm_thé meany deta it s uow;pansihle td aelect
favourable rﬁw,ﬁaSGriélshfbr'détaiied.atudiea‘ In edaition
these substaneea have béen'rauna.in'marine 1nvertebnateiand
1and animal fata. but not 1n any ﬁf the five vepeteble fats
examined.

_ IV; The aoﬁaitiona ef a method. ror the chromato~

, graphic aegarazion of, uqualene frnm vegetable oils tave
‘been developed as a method for tha_examination of the mofc ]
complex unsgpoﬁifinble frégfiona’af.mariﬁé oils, The
routine examinatiﬂn’of‘marine-unsaponiriablé fruetions7fbr
~.nnsaturatea hydrnearbans°(squalene).haa béen éafrie&'ont\bn
28 oilg. It le helieved thot an extension ot such a ehroma~'
tographic technique will be poqsible for the aetermination
of saturated hydrocarbons - e.g, by "pertition chromato~
graphy". . o |



19

Ve - ‘The nnsapanifiable fraction of the ilver o1l of

>tranchiss pectorosus has been examined and a tentstive

'repnrt is given on the various ar«glyneryl sthers present
-= caleulated from fractionation dsta. The oxidation
mmmufnéwﬁhﬁh@mmumwdymﬁ1n%$mww'
mination of e@uivaienﬁ weights, The Qfeliminarw analytiaal
-apyroach described is being followed by atﬁdias aimed 8t
the 1aolatian of the varions new glycaryl ethera wvhose
 presence is 13&&0;&35 hy,thavaaalytical data,

| vx; The uﬁaaponifiabla fractians of thﬂ oila from

variouﬁ organs of cetorhinun_max’

mo have been examined.

. SQualene hae been found 1n aevgral-aﬁls-bther than the

liver 011;'10 qbieh-it,ia]prgﬂominant. oc~01ycery1 athers
~ do not occur to eny great extent in any of the oils ex-
amihed,axcept that bfthe’flaah,‘whara_tﬁe uneégoﬁitiablp
f_ fraction‘iﬁ oné»easa was éveruhalmiugly composed of'tneae
eau@aunda. Gertain vascaral 04ls have yielded nnsnpoﬂifim
able rractions of extrsmaiy high atarol cnntent, but that

of the 1iver containa anly small amounta of sterols,

| AB new apec&mans becama available, furthev }
Qtndies wiil be carried nuﬁ, and it 13 believed that such
data will provide 1ﬂformgtzon on the physiologlcal signiw‘ '
ficance of sqnalena ana the aroglyceryl others particularly.

| VII. A short report is given of the Provitamin D con~
tent of the cile 6f some 8outh Afriean'mariﬁe invertebrﬁtes,
and os a reanlt of thia. the eommereial proﬁactian of 1ipin
extructn from thess animale 1s being undertsken,
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APETIDIX A

 Abstract of ¢

: fe‘j ents z'- Alcaholic KOK Bolutmn. approximately g, -

. not aarker than pale atraw”.,

Ethyl ethﬁr: acetoﬁe; 

‘iﬁagcnificatig ni= 2 ;a - 8.5 gm. of cil or fut, agcnrataly
weighed i8 boiled fbr one hour. with oceaaional _
awirliuﬁa under a reflux condeaaer uith 25 m&, of
appruximately, but not lese than,dg azaohnlie KGH

salutian.  :2~‘~,

e Dilution:~ Aftor %he'aaponificétibn;'during ﬁhieh ﬁb»ioaa,
“of sleohol ahnuld accur. the alcaholic sonp aoluticn
ia treﬂaferrea to a aeparating funnel, and waahaa in

with,sa ml.vaf wa;er,.in all.

Exmraétigg*- The Boap aolution, while atill 3ust warm, 13-

extraeted successﬁVGly three times with 50 ol, of i
_ethyl ethor. The first quentity of ether is used to
'w@sh-oﬁt'the aabbnificatiéﬁ'fiaak vefore 1t ié-aﬂde&u’

‘; to the aoap solutioﬁ in the aeparating~funnel.'

Baeh extracticn 18 mede by shaking the separator
-vigoronaiy, allpu&ng the two 1aye:5 to Baparata and
-fcl&rﬁfy;'running off the aqﬁénua alcoholic layer at
the bottom of the separating funnel, and pouring the
eﬁhéreéi aeiﬁtiauﬂfrémgbha top of the separagihg o
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tunnel'intn another'sapaéaiing funael containiagueo mle
of water, I
1e the othereal extracts contain aolid cuspendsd
matter, they:arc pnaaed thfough a dry fatufree fiitér
| iinto the second . aapavating fannel, and the filter sub-
4,aequent1y wnshed with ether.

xel;mﬁnagg»water~waahﬁgg;~ The extracts are rotated. with«_'

out violent ahaking, with the 20 ml, of water, and .
-after allowing to,aeparate. the wash wator is run off.
The ethereal solution is then washed twice with 20 ml.

of water, with vigorous shaking on each oceasion,

gi= The sthereal solution 18 woshed

1kali ond w6 oiawééﬁi

| t&ice with 20 - ‘mle . portiona of‘g aqueous KOR solution

by ahaking vigorouaiy on each occasion, snd then with
two or Core succeaaive quantities of 20 ml, of water,

- until t&n‘wnah water no 1onger reacts aikaliné'te |

phenolphthalein, B

Solvent remofé**- The ethafeal'extract 1s'tranafcrred toa }
waighed flask, the othyl ether distilled orf, end the
residue. dried o ccﬂstant weight, preferably wlth the
alé of acetoua, not allowiug the temperature to exeeed |
so° C. | | | |

Jote 1~ A "continuocus 1bas~(qf weight}°durihg arying® 1is-

qh'hha recammeﬁaed

mentioned in'ihe method. Kirsten
drying at 100° C., and in this leboratory, drying hos
‘been found to be quick snd efficient under suction at

& water pump et & temperature of 80-100° G.
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Abﬁtract‘ar s

" The Pitelson method for the ae
~ "Deteotion of Olive 041 in Pdible 011 Mixtus g =

x,'acti £} ;f Hngﬂgaﬂifﬁahle Fractiagz~

B gm. of 011 sre aaponified, anﬁ the unaapan1~
fiable matter ex%raatad aither-by the S e e method, .'
-._abeve, or by thﬂ Grﬂnsfeld~?imm methodgf;'using petro-
leum ether. (““gg s hydracarbonﬁ are preferentxally :
extracted in the lattar mathod -= of. Section 1. Bince
Fitulaan prefere to calﬁnlate rosults on tho weight of
04l taken, themsggg; unsaponifieble fraction 15 not re~
guired, and the use of thm Grosefeld~Timn mathod be~
' eomen canvenientw} A ',
. The unaapbniﬁabla motter in drted tuomughiy, "

aud the last tracen ef eolvent vemovedw

gafmm tion i~

3 gpntg z-__ =
Petroleum ether Bkeliysolve ‘ _
| 6.9. 65 - VU° c. ur aquivaient.

. ‘ SG 200 mesh.
ctﬁeorption alumuna for chrommtographia aualyaia"'
| Ftsher ccientifia Ga.. or equtvalent.
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Apparatus i~ Adsorption column.

Prebared irmediately before use, A
glass tube 0.8 cm. tnside dismeter, and 30 em. long,
has o wad of cotton-wonl. plaoed in the constricted
end. Alumina is ndded in emall portions, sad each
portion gently teumped, with gentle suction, untii'a
columa 10 om. long is formed. A small wad Gf.ecttan~~
wool 1a'piaoed 8t thé top of the column, end tamped
lightly. jThb eolumn is washgd'wlth ch. 15 ml. of
'pétroleam'benain, and‘shauid be kept under a shallow

layer of petroleum benzin until used, o

Adaorption s= The dry unssponifiable matter from 8 gm. of
o1l 1o diesolved ia 6 ml. of petroleum ether, and
| quantituttvély’transferrad to the gdsorption column
above., The filérate 1s caught in a 2560 ml. glaso=-
‘stoppered 1édine-abaorption.fiaek; and ahcnld.qmﬁrgei
drvaiae st a rate of ca, 1 m&;/ﬁﬁ sncn., gentle :
'suctiog:beiug appiied 1f’neaeaeary.-thén”the 5.ml,
aolution_haa been nearly dvnwn-iﬁto the colunn, 5'm1."
of potroleum;athar ia'adaeﬂ -V'hie§ hes been used to
rinse the vessel that contained ths'aélutian of'uner-
uagonif:ébie matter. _fﬁg addition of sgclvent is cnqa'
tinued in §-10 ml. portions, ﬁhe,ﬁdp;of:the alumine
eoiuﬁn always being covered, until s totsl of 50 ml, Of
| patroleum ether hae pasaea through.the adsorptian tube.
The petrolenm ether 1e then remnved by avaporatiaa :
we the last tracaa being taken off in o current of COg.
The residue 1g then dissolvod in CHOL, (B ml,) =~ and
'11ts unsnturation detcrminaa by the goaenmnudaﬁuhnhenn*
'mathua.,§ thiouulphate being used. ‘

1 wl. 0.08 N.. Neghg0y £ 1.71 mg. squalane. -

* gee appenatx C.
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. APPERDIX G

Detggggnatibn of Unaaturation, i.e. Jlodine Velue

| Both the Raaenmun&~%uhnhenn (8cct1cn 4) and the Fiaa
(Sectian 6) methoas have bean used in this wbrk.

| aa'ent 1~ BIQm. pyridine and 10 gm. of sulphuric #aia
 are disealved in 20 ml. of chilled glocial a&etie,
acid. 8 gm. ot bramine in 20 ml. of scetio aeid

are then aﬁded, end. tha mixtura diluteﬁ to 1 litre
with glaeial aeotic aeid_ (The raagsat is cbautqu}

Determlnatian T

The matarial under examiﬂanion ie diaaolved in 10

‘ml. of CHc 30 and treated with au excess of reagent:

. (80% miniom) , and slloved to atanﬂ for & ninutes.
"-.Tho uxaaas ef reagent is then datermined by adding
"potnssium 10&1&6 solution,-diluting the whole with
water, end titroting the liberated iodine to starch

inatcator with stanaard tniosuapnate. | |

Blaoks urg carried out,-

(b}wwtzef,me:hQQQO , {Abatract) o )
Reagent := O gm. iodine trichloride.is dissolved in 1000 -

fml,jglacial'éeotic acid of at leant 99% strength.
- Exa@tiﬁ'ﬁ mi, of th;a'ﬂolution is token end it -

oy
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| hologon contoent ﬂglq‘aomuaa; by cdding 13 uaa"mtox,
ond mﬁmm;; gith i& ghiooulphato. 10 . of
pulvoriqod ioﬂimi..d" ghcn dispolvced in tho tmliz
of tho oolution, and § ml. ngadn Sokcn, and
tiﬁra?;ca* Tho hczl(.zt;cn condent ohould bo odjuptcd
e that 'iitrliﬂ ‘oomovhad 'rﬁbz;*q than .amcoliﬁli’ Coro
thon 1% wao mmmyf ﬁm-aﬁl@im 15 thes
. f£4ltosod S.mzn a Garl bo*ﬁle gith o claus stoppor |
" ﬂmm, tightly. .

Bntaminm.ian 3 _
 Tho mtwlal unﬁor asn-dnotion 4p disgolved
~in carbon i:_m:raumgfmo, ond isho Eﬂﬁﬁoﬁﬁ added.
& coateet $imo of 60 minutcs bas boea allcwm:i in
%md-lﬁﬁomﬁnry, ond $ho 'dz:em:m izcﬂ.agm titrated
hiﬁu‘aﬁagﬁam thioculphnto aftor edditicn of @
end vator., Dionko aze Garzicd cut. '.rbx*_ Q ouo-
coosful Qozormnasim, nov m&:o Shan 907 of tho
halﬁbon ;nx*cacnt in tho cacund cf rcusmt moﬂ
chould bo coacumeds |



APPENDIX D

Extraction of 0ils from Pish Tissues®?

£ince the alkali-digestion mothod of extracting the
. 0ls from'fieh and othor tiasucas was extensively used
{partioularly in Secetion 8} a brief abgtrachxie given

here.

~ The minced rateriel io mixeﬁ wiih'twiée its'ﬁaight bf
g Boﬂium ‘hydroxide solution, sod the mixture steamed mtn
| camplate diaintegration qf the tissue has beﬁn effacteﬁ."
The mixture is then coaled, and extraoted witb peroxide~
frae ethar - aleahol being added, mhare necessary to break
| emlsions. N o - | "

: The~éxtracts éra washed free of alkali, and the ether
distilled off. 'i‘he oils ere dried under vacuum in a.

_ watnr—bath, nlcohol being adaed to aaaiat in the remuval

of laat tracea of m&sture..-
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ancordms %o Dumm ne

_ D m‘L of on alooholie éxﬁiut.ian df otorels ('0'.;'@3:3 with
“ rospcoi. to tho nmls) 15 ﬁrcawﬂ uith 10 = :LG of a i¢
]alw:ml&c aigioonsn salumon (25 ~ woa cxeons]. (Tho
aipitonin nhmsl& Ba amaa. under voouwn at 9:—30 c.} "

Xﬁmﬁmml} mi"aoz* nixincs mm nolutiona, $ho boakop 1o
- hoate8 1n a bolling votov-bo m until tho alechol comes $o
‘tho boi:h “Zho soluﬁic:; .’m the nllocc:& ‘ao @al and - ct{mﬂ
. ovams,gh% ::ma tho r;r@aimﬁam ﬁzﬁow& aff !on o %nx'ca
, nmtorca glams emeibln} ::m nnal_m m.mx 26 - 30 nl. of
alcohol Soturatod vith oiwlcatoz'ol - ﬂigitcnme. o
colution mst bo i’rcmhly pmz?amd.. - .

Tho meuipwntc is wca ﬁxmﬁ in s: ho ovea, ooolcd
an& Uolahad,_ _ - o

mi)?? ’!ﬁIX I}"

ggtem%mn amg_g_m

o hlwx'o fimmu for *vs.m:nn A aro civon m this vork
- thoy havc boon &ctaminoﬂ eolorinoﬁx*icun.y, unins tho Carr=
Prioo nntimny trienlfarm:; reaction, ma ah r.voizm phoi:o-

'_’ cleeﬁrzc cclorimﬁwgs
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