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The authors are working on the liver oils of edible crabs in the Northern Ocean of Japan. In 

the present work ct-alkyl glyceryl ethers and cholesterol were found in the solid from the unsapo-

nifiables of the liver-oils of Chionoecetes opilio (Zuwai-kani) and Lithodes turritus (Ibara-kani). 

Two kinds of crystalline materials were isolated from the solid part of unsaponifiables by the frac-
tional crystallization from methanol.  One of  them was identified as • cholesterol by means of IR, 
NMR and mass spectroscopies. The other was confirmed to be  the mixtureof cc-alkyl glyceryl 

ethers from the results of IR and NMR analyses. Then they were separated through GLC into 
C20 	glyceryl ethers.  The  major components were cz-n-hexadecyl and ce-n-octadecyl glyceryl 

ethers. Their contents were respectively 69.0 96(C. opilio), 59.0 %. (L. turritus) and 19.7 95(C.opi- • 

lio), 35.2 96. (L. turritus). 	 • 
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- I Pre:taco 

Thera are only several reports available on the etudy of 

components of unsaponifiables of«marino crustacce. A long time ago, 
I)D 2 ) 

TA,reuiloto, nade a report on the presence of alcohol ln the unsapo- 
• 3) 

nifiables of Tam>kani (paTaTit4o0es captseeipus), and papap4A 

isolated d-n-hesadeoyl glyceryi  the (ohimyralcohol) and d-n-osta-

decyl glycoryl other (batyl alcohol). Subsequently  on  of the 
4) 

writer(3 also isolated d-n-totradecyl glycoryl other and d-n-dodooyl 

glyceryl Other in addition to the two afore-mentioned glyeoryl 
5) 

others, and most reeenely, mea et al reported on sterols, on  of 

components contained in several spies of marine crustacea. No 
• 

other ostensive study has been conducted in this field. 

The writers have boon engaged in the study of the oompo- 	 . 

nents of the liver oll of marino crustacoa. This report is concerned 

with the stady of  th o solid part of unsaponifiables ln the liver oil 

of Chpnceeetes °pill° and LitIodesLturrittlp. The research revealed 

that Um kinds of the solid component obtainod from the liVer oil of 

ChOnpoceos, pep.° mere cholesterin and a mixture of d-alkyl glycoryl 

other. Furthermore,  th o results of the respective GLC analyses on 

the  mixtures of glyeeryl  the  revealed them to be the mixture of 

d-alkyl (C8  - C19) glyceryl other mith.major components, d-n-hosa-

decyl glycory ether (69.0%) and d-n-octadocyl glyoorY1 ether (i9.7%). 

Likewise, the mriters have found in tho livor oll of 

Lithodes turritus the presence of cholostrin, and d-alkyl (c.;10 - C20 ) 

glyeeryi other consisting mainly of d-n-hosadecyl glycoryi other (59.0%) 



• 

and d-n-ootadocyl glycoryi  the  (35.2%). 

2 Expeerents ,s9nd„,,Re salt s 

2.1 Extraction of 	Liver 011 

2.1.1 Extraction of the Liver 011. of ghionoecet_pc qpilio 

On the crab-canning beat tile jivers wore taken out of the 

Chimeeeupgio which wore captured on the Okhotsk Sea during . 

June and July, 1969 *  These were landed at yakkanai and the liver 

oil was extracted from tho livers there. adractlon was performed 

by the autolysis method. This msans that approximately 20  liters 

of water Imro added to approximately 4.0 kilograms of liver which 

as  heated to 55°  C. It cas then stirred for threo hours in the 

'area of pri 6 for autolysis. SeconeY Q  37 kilograms of sodium 

chloride and 70 litere of water wore added to the substance, and 

this was heatod to 80 °  - 90°  C, and stirred for  th  ree hours. The 

temperature was maintained at 80 °  C for six hours. It was thon loft 

overnight so as to let the oil float. The water . was removed as 

-much as possible by a separating funnel. It was then filtered. 

Approximately 7.5 kilograms of liver oil was obtained by the method 

of contrifugalieltion of the filtrate. 

2.1.2 Extraction of the Liver 011 of ?thodes turrftlxs 

The livers of the Lithodps pArriplp which wore captured 

in the vicinity of Kunasir Island (N 4.4° . E 146°  8t) in-the Okhotsk 

Sa  on . November 30. 1969, wore removed on the crab-canning beat. 

They wore 'shipped to the Laboratory of the University of Hokkaido 



for separation of the liver oil. The method of separation uns 

similar to that of the phlfflepeos cptilio. However, because of  the 

 slow prooess of auteys:ts. the aqueous solution of saturated sodium 

carbonate rns added to the linter:lei  :rom  thile tO time l'hile the 

pH 8 - 9 was main•airâcd, it vas stirred at 60 0  C for about ono hou'. 

It las then loft in the room to cool down to the room temperature. 

The oil-like substance which floated vas extracted with ethyl other. 

Tho outracted fluid ras filtered and ether vas removed. Again, lt 

was dissolved In petroleum other (bp 30-60 0 ) in order to remove 

nrotein and other components which had been mixed in the extracts. 

After the solution vas filtered, it was rinsed in rater until it 

.bacame neutral, and was dehydrated with anhydrous àodiam sulphate to 

eliminate petroleum ether. Thus 9.5 kilograms of liver oil mare 

obtained from approximately 60 kilograms of liver. 

The liver oils obtained in the above mothods mere dark 

reddish  bon and half-sold at room temperature in both cases. The 

- .constants of these substances are àhown in Table 1. 

Table 1: Cha•acteristics of Liver Oils of Chionoacetes 

opilio and Mthodos  tur7.21tus 

Unsspo. 
Liver oils 	ng 	A.V. 	S.V. 	I.V. 	nifiable 

	

_ 	-matter(%) 

Chionoecetes 	1.4788 	15,3 	178.7 	123.5 	6.9 
opilio 

Lithodes 	1.4760 	56.9 	172.4 	137.0 	5.5 
turritas 



2.2 Extraction of Unsaponifiables 

Five hundrod millilitres of 1 N.ethanel potassium were 

added to a 50-gram liver oll which bad been extracted in 2.1. It 

vas saponified through convection in th o nitrogen air flow for two 

hours. Thon, 1,500 millilitres of muter were added to the reaction 

fluid. Tho unsaponifiables were extracted with ethyl ether for eight 

hours by the usa of Aeldil Fluid Extraction Apparatus. The water 

loft after the  extraction was poured into the separating funnel and 

the remaining unsaponifiable matters wore further oxtractod with 

500 mAllilitres of ethyl ether. The ether solvent was added. After 

rinsing and dehydration, ether was removed and tho unsaponifiablos 

were obtainod. 

2.3 TLC of the Unsaponifiablos 

In order to separate the component in the uneaponifiablos 

obtained in 2.2. the writers examinted them to determine developing 

conditions, using chloroform, benzene, n-hexano other, ethyl ether 

and the solvent mixture of all these. As a result, the best possible 

separation nus achieved when  th'  combined solvent of n-hexano ether. 

ethyl ether t-r. 30:70 (vol/vol) uns used. The results of this experi-

ment were shown in Figure 1. Kieselgel G'(0.5 mm) was used as an 

absorbent. Colouration was made by spraying 30% of the sulphate 

and heating the plate. 

••• 
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Figure 1: TIC of Unsaponiflables from the Liver Oils of 

Chionoecotos onilio- and Uthodes turritus 

A: unsaponifiable matter cf liver  ou l of 
Chionoecctes °pins, 
unsaponifiable matter of liver oil of 
Lithaties murrilus 

Adsorbent: gieselgel G, 0.5mm 
Solvent: nbexane-ether 30:70 (vol/vol) 
Indicator: 30%41 2S0, 

eb.4 Separation of the Solid Components 

The unsaponifiable mattor . of tho liver oil of phpnoocetes 

RRilio vas dissolved in five times it volume of methanol (in the 

proportion of 1 gram of the unsaponifiablo matter to 5 ml of methanol). 

This matter vas maintained at 0°  C to sepat  e crystals through £11- 

tration. White . plato-formed crystals (Z-1) wore obtained at the rate 

of 24.3% of the unsaponifiable matter. Next after methanol vas 

remved once from the filtrate, th o remaining mattervas again dis-

solved in tho previously stated volume of methanol. The portion te 

be separated uns filtered at the temperature of -20°  C. A yellow 

axlike solid component (Z-2) vas obtained at the rate of 19.0% of 

the unsaponifiable matter. 
î 

1 
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Tho unsaponifi9ble matter of the liver oil of LiModes 

tl:e4Iue. was likewise treated. As a result, white crystals (I-1) 

and a yellow  solid component (I-2) were obtained at the rato . of 

37.2% at OO  Ce.  and 120/4 at .20°  C respectively° 

TLC uls applied to those Z-1 and -2 and I-1, and -2 using 

such developing solvents as the standard samples of dfl-hexadecyl 

eyeeryl ether and cholesterol coupled with n-heInneother-othyl ether 

(30:70). Tho results of TLC aro  thon  in Figure 2. 

Figure 2: TEC of the Solid Parts Obtained from the Liver 

Oils of phionceqeos ellio and Lithogos turritle 

0. 8 

0. 6 

tz 0.4 

I 0.2 

1: Z •1 (obtained from Chionoecetes opilio) 
2: Z.2 (obtained from Chionoeccies °pain) 
3: 1.1 (obtained from Lithades furrifoa) 
4: 1 •2 (obtained from Lit)iodes (ordinal 
5: rr.nlexadecyl glyeeryl ether 
G: cholesterol 
Adsorbent: Kieselgel G, O. 5miit 
Soleent : nliexane.ethyl ether 30: 70 (vol/vol) 
Indicator : 30%.11,S0, 

On the TLC, were located throe spots for each of the Z-1 

and -2, and the 1-1 and -2. It vas assumed that the spots closest 

to the solvent front would WI hydrocarbon because of the weaknosg 

Of  the polarity and the light purple colouration caused by sulphate. 
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The central spots more red-purple owing to tho sulphate. The. Rf 

value of the samples was almost the it  as.  that of cholesterol. 

Accordingly, they mom presumed to bo the sterol group. Hereinafter 

this component shall be called the sterol group. Tho component 

which remained in  th o area of the starting point shall bo called tho • 

glyceryl ether 'group since the Rf mlue was the mule as that of the 

standard mmplo of glyceryl ether. The stol  croup ras mainly 

contained in Z.1. A great deal of the eyceryl ether group was 

contained in Z-2 0  A considerable amount of each of both groups vas 

Contained in I-1 and -2. › 	 • 

2.5 Refining of the Sterol and the Glycoryl Ether Groups 

The sterol and the glyceryl ether groups which more obtained 

in 2.4 were refined as follows: 

Tho substance of Z-1 mus dissolved in 10 times as much 

n...hoyane ether and cooled at -200  C. The sterol mas separated. Re-

crystalization of  th o sterol is repeated by use of ethanol as a solvent .  

to  produce crystals at a molting point 143°  - 149°  C. 

Uhen the sabstance of Z.,2 mas dissolved in 7 times as much 

ethyl ether and cooled off at 0°  Co  only gbrceryl other was separated. 

Furthermere o  this substance was recrystalized in ethyl other so as 

to remove the sterol group. 

Furthermore, glecoryl other mas collected from the filtrate 

of Z-1 and a sterol was obtained from the filtrat of Z-2 in tho samo 

method as uentioned before. Those more also re fined by the same 
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method. Coupled with the crystals obtained before, the total volume 

obtain•d mas as follows: the sterol was obtained from tho material 

of approximately 18% and eyceryl ether from the material of appro-

ximately 58% of the total volume of Z-1 and -2. 

Iktrthermore, the sterol was separately obtained with 

n-hoxane ethyl ëther 30:70 (vol/vol) as a developing solvent by the 

use of the 1 ram-thick Kieselgel R plate, and refined with TIC to 

ob•ain crystals with a melting point 146.50  - 148.0°  C. These crystals. 

zero  used for analyses which will be described below. As for glyeoryl 

ether, re-crystalization was repeated with ethyl ether and n-hoxane • 

ether until the melting point became almost stabilized. As a result, 

crystals with a molting point of 59.00  - 61.00  C wore obtained and 

used as samples for  analysis. 

2.6 Analysis 

206.1 The Analysis of Sterol- 

An analysis mas made in tho following may of the sterol 

uhich was isolated from the liver oils of Chionoecetes ongio and 

Lithodes turrltus. 

First of all, the Rosenhoim Reaction, Tortolli-Jaffe 

Reaction and Liebermann Reaction were applied to each of  the  samples. 

The tests revealed that both sterols Èhowed a colouration of deep 

green with the Liebermann Reaction, which  t'as  identified as 

4e-3terol8. 

.", 



Elementary 
analysis 

C(%) 	 / 

Sterols 	1 	1 11 13 (OC) 	DYW, 

Sterol A 
Sterol B 

Cholesterol 

	

146.5-448.0 	—40.8° 

	

145.4-447.5 	—40.1° 

	

146.5-147.5 	—39.5' 

82.57 
82.09 
83.80* 

11.78 
11.47 
11.99* 

' 10 

Socondbr e  the molting point and rotatory pomer for each 

sample were measure& These results together with the result of 

the oleeenta -Je analysis and the measure value or theoretical value 

of cholesterol  •are dhown in Table 2.,  

Table 2: Characteristics of Sterols Obtained from  tho 

Liver Oils of Chion.,2ooetes ellie and 

Lithodos turritus* 

à 

Sterol A : obtained from the liver oil of Chionoecetes 

• Sterol B : obtained from the liver oil of Lithodes turritus 
* : calculated for C2,1-1 4 0 

Thirdly, IR, NER and MISS spectra of each sample mere 

also measured. These results were almost the same as the results 

of the mea,surament of cholestorol. A Hitachi-  EPI-G2 model 

Diffraction Grating Infrared Spectrometer mas used for IR spectrum 

and measurement  as made by the tablet method. Nichiqen Valian 

(phonetics) make A-60 model apparatus was used for NER spectrum. 

A sample uns made, into a solution of carbon tetrachloride for 

measurement. Eass spectrum mas measured by the use of mIhr,ea Danni 

make JES-OIS model apparatus *  
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Tho afora.,ment•oned results indicate that sterols of both 

the liver oils of Chionceetos opilio and LAhodes, trritus were 

cholesterol. 

2.6.2 The Analysis of Glyseryi Ether 

Figures 3 and 4 show thre results of IR spectra and NMR 

spectra of  th s eyooryi ethers obtained from tho liver oils of 

Ohionosoetes opilio and lehodes tutus. 

Figure 3: IR.Spootra of Glyeeryl Ethers Obtained from the 

Liver Oils of Ch1,9ncneeto Rpiliq (top) and 

14.thpdp.s tprritns.  (bottom). 

3(10 2500 20 	U CI M 0 	O 'e001400 ' 12001(108(1 0 ' 4) 
IS'ave number  (cm)  

Figure 4:  NE  Spectra of Glyceryl Ethers Obtained from 

the Liver Oils of phiorlosootps 2Ri/io (top) 

and Tehodes_ t:urreue (bottom). 
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el' 	(,) 
cit e-oli 

(+) 9 .1 PP. 

(b) S.7Pr. 
6.6prt, 

8 lo 

•tIth respect to both components, one can observe on the 

IR spectrum the absorption of OH expansion and vibration 'which made 
-1 

a Ivision in the area of 3,400 cm 9 the other compound at 

1,120 cm-1, the absorption of secondary alcohol at 1,100  cfl  and 

primary alcohol at 1,040 cm-1. 

On NMR spectra in both cases, one cari  observe a signal 

mhich belongs to a proton of hydrml at r value 6.6 ppm. The 

afore-said measurement results almost correspond with the analytical 
6 )a 7) 

results of synthetic d-alkyl glycoryl othor by R. Wood et al and 
8) 

C. N. Jo° et al and the analytical results of d-glyceryl ether of 
9) 

the liver oil of puqohenchllby B. Hallgren et al. The compo- 

nents obtained from the livor oils of 2111,2npecotes ceilio and 

Lithodes t.urritus weee identified as a mixture of d-glyceryl ether. 

• • 
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Ilan, Gin analysis uns conducted on these glyceryl ethers 0  

rany reports havo been made on the GLG analysis of the elycaryl ethor 

group, 1.o., the eothod of analysis of making it into - lsopropylidene 
6)s 7)0 10 )e 11)e 12 ) 

:Inductive 	 , the method of making it into dimethoy 
9)e 13) 

inductive 	, the method of making it into trimethyl g7rel ether 
15) 

or trifluoroaostate ester, anethe method of disconnecting the. 
15) 

other compound with hydrolodic acid. The writers, following after 
14) 

the method of R. Wood et al 	made a GLC analysis, making eyeeryl 

other Into trifluoroacetato ester. Approximately 1 millilitre of 

anhydrous trifluorencetate vas added to approximately,1 milligram 

of gyceryl other, and this mimture was occasionally shaken and 

left for 15 minutes at rem temperature. Then, the produced 

trlfluoroncetate and surplus anhydrous triflueroacetate uaro removed  

under the reduced air pressure to obtain trifluorencetate ester. 

Figure 5 shows the results of -the GLO analysis of thia trifluoreacetate 

ester. The writers used pitachi 063-0050 GLC apparatus. Measurement 

conditions ara also shown in Figure 5. 
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à 

' 	' 	C.(69. C) 

C.(19.7%)  

C(35.2%)  

C(2. O) 

10 	 20 

Retention time  (ri e) 

Column: 10 % - SE 30/Chromosorb W (80mesh), 3mm Xlm 
Column temp. : 200°C 
Carrier gas: N 2 ,  30m1/mn  
Detector: FID 
Attenuation: 128 X 10mV (C,j256X10mV) 

a,4 

Figure 5: GLO of Teifluoronootatos of d-alkyl Glyeryi 

Ethere Obtained r:C.'0111 th0 'AVM" 011S Of 

Chioncie:9,tos o-e4.1,10 (top) and IA.thod,?y, i:ex9zetus 

(bottom),. 

Peaks by d-n-totradocyl, d-n-hexadecyl and d-n-octadocyl 

glyceeyi ethers vere determined hy a comparison of tho TLC angytic 

results of trifluoroacetate ester obtained from their respective 

standard gyceryl ethers. In order  to examine in more detail 

carbon chains of alkyl radical that vas coupled wi th  other at 

d-position, the ether compound ims disconnected with hydroiodic 

acid to make a mixture of alkyl iodides. Then - GLC analysis wes 

1 
' 

I 



• 

.1 

4 

e,1 

15 

made on it. Disconne(ition of the other compound was performed in 
15) 

accordance uith the method of  K.  E. Guyer et al as stated below. 

Ton millilitres hydroiodio acid ware added to the gb-ceryi other 

mixture of 0.1 gnmu. This substancc .  mas heated for convection for 

24 hour:70 After that the reaction mixture vas dissolved in 

150 millilitres of ether and transferred into the separating funnelo 

The ether solvont lens rinsed in 20 millilitres of vater and again 

rinsed in the 1- millilitre aqueous solution of saturated sodium 

carbonate to eliminate surplus hydroiodic acid. Then, free iodino 

mas removed from 10 millilitre of 50% sodium thiosu1phate0 The 

substance was again rinsed in tho aqueous solution of eaturated 

sodium chloride. After th o other solution mas dried with anhydrous 

magnesium sulphatep the other was removed to obtain alkyl iodides. 

The GLC results of this mixture of alkyl iodides are shown in 

Figure 6 ,  A Hitachi 063-0050.GLC Apparatus mas used for this 

analysis and the measurement conditions are indicated in Figure 6. 

— 	 — 	 ' 	 — 
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Figura 6& GLC of Alkyl Iodides Obtained from the Glyoeryl 

Ethers in the Liver Oils of Chlopooceps W11, 

and LiOodes Terrlps. 

is" 	in 	 io 

3—re-Zo 
Retention time (tnin) 

Drtector, F1D Celre.:30,:.—SEMa.rienr1, ."/..0.,1■).3.. >1. 
Cd 	 210t 

X1ChaV carrier gas, 	 30m//mio 
CI, C ■ 612KM10nN 

Each peak was determined by the standard samples of alkyl 

iodides which mere obtained from saturated alcohol of normal chains 

of the even number units of the nuMber of carbons of C8  -_C38  and 

also those obtained in th o sme ley from unsaturated mono-alcohol 

of 016 - 018. "With respect to those peaks which did not have 

standard samples, thgy mare estimated from the graphs of logarithms 

of tho retentien time and the number of carbons.- 

The areas of the peaks of trifluoroacetato ester shown 

in Figure 5 were measured by the method of mid,value counter and 

the percentage composition of each component mas sought. The 

results are also shown in Figure, 5. However, in thia composition, 

a corrective factor wai  not employed. The calculation uus based 

on the .  total percentage of the areas of the peaks which indicate 

peyoantages in the diagram, as 100. 
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3 Conclusion 

In the unsaponifiable mattors of the liver oil of Chionoo. 

potes °Dili°, the writers recognized the presence of a fow kinds of 

components using TLC. Of those components, two kinds of white 

crystal components wore re-crystalized, separately obtained and 

isolated through TLC, Between the tmo components, ono mith a 

higher melting point mas identified as cholesol bscause the 

analytic rendit; by IR, Me. and mass spectra coincided mith those 

of cholestrol. On the other hand, the other component with the 

strong polarity mas identified as d-alkyl glyceryl other because 

of the absorption of the primary and secondary alcohol-ether 

compound on the IR spectrum and the results Of the NMR spectrum. 

Secondly, as a result of applying GLC to that component *which is 

made into trifluoroacetate ester, it was identified as a mixture 

of glyceryl ether Which consies of mainly d-n-hesadocyl Cycoryl 

ether (69„0%) and d-n-ootadecyl eycoryl ether (19.7%), FUrthor-

more, in  ordo  r to make a close examination of the chain length of 

the alkyl radical which is connected with ether at d-position, the 

ether connection was disconnected with hydroiodic acid to obtain 

a mizture of alkY1 iodides. GLC mas applied to this mixture. As 

a result, the writers recognized the presence of C 8  - C19 carbon 

chalus including the odd number carbon chains. 

By the same methods, the mritors detected the presence 

of cholesterol in the liver oil of Lithodes turritus, and the 

•• 
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presence of 0,alkyl eyeeryl ether consisting mainly of C16  (590%)  

and C18 (35 Q2%) and ranging from Clo  to C20. 

lastly,  th  o writers would like to express their deep 

appreciation to Assistant Professor Hl.xplphi . 7„ the Faculty of 

Fisheries, University of )lo•kedo.„ and )4't  Hroth. Ohiia akkanai 

'Fishery Laboratory for the extraction of liver oil of phienoepetes 

opilio, and Mr. phle2 %abara, Dime Godo Conning Co. Limited 

for hisassistance in obtaining the livers of IzMlodqs tureus, 

• (Received Juno 15, 1970) 
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