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Fat components of sea-anemone have not yet been much studied. There is
scarcely any literature on the fatty acid components of sea-anemone. As for the
sterol components of sea-anemone, the presence of cholesterol” was reported by
Dorée. Actinasterol,? which was stated to occur in the sea-anemone, Anemonia
sulcata, was found later to be a mixture of sterols of one double bond and two
double bonds.? Recently three kinds of sea-anemone® were studied on their sterol
components with the results that sterol of Palythoa mammilosa contains palysterol
which is possibly an optical isomer of clionasterol at C-20, while sterols of Zoan-
thus proteus and Condylactis giganlea contain chalinasterol as a chief component.
Besides these sterols, cetyl palmitate occurs in P. mammilosa and Z. proteus, while
saturated monohydric alcohols of Cis, Cis and Cys series occur in C. gigantea. The
provitamin D contents of the crude sterols from Actina equina, Actinoloba dian-
thus and Anemonia sulcata® were reported to be 5.09%, 2.03-10.6% and 1.6% re-
spectively.

The present paper records the results of our studies on the fatty acids and un-
saponifiable matter of the oil extracted from the sea-anemone caught at Hokkaido.
The composition of fatty acids was estimated by the methyl ester fractionation
method. The results showed that the composition of fatty acids of this oil had
no remarkable feature as compared with the composition of fatty acids of an
ordinary aquatic animal oil. Sterol components in the unsaponifiable matter of
this oil was found to consist chiefly of sterol of the 4°series. Recrystallization of
the steryl acetate mixture yielded a fraction consisting of 3-sitosteryl acetate (see
Table 1). This is the third instance preceeded by the instances of Spisula sach-
alinensis in the 4th report and Gorgonocephalus caryi in the 6th report of this
series, in which B-sitosterol was separated as a sterol component of aquatic in-
vertebrates. The unsaponifiable components other than sterol were considered to
contain mainly monohydric alcohols such as cetyl and oleyl alcohols. Also alcohols

TABLE 1. Properties of 3-Sitosterol and its Derivatives

o Free sterol | Acetate Benzoate
mp.(°C)| [y |mp.(°0)| [ |mp.(°C)| [l
“Sitosterol from | |

sea-anemone " i 137 —40.8 126 | —42.2 145-146 ! —15.1
B-Sitosterol® .. ....... | 136-137 —36.6 | 125-126 @ —41.0 146-147 l —~13.8"
B-Sitosterol® ...... ... | 139-140 —38.0 | 130-132 | —425 144-145 —13.9
pB-Sitosterol® -......... l 140 —37.1 129.5 i —42 147 f —
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of other series, alcohols of batyl series for an instance, seem to be present in a
lesser amount since higher fractions obtained by the fractional distillation of the
acetate mixture showed somewhat higher saponification values than lower fractions
(see Table 5).

Experimental

1. Fatty oil extracted from sea-anemone. The sea-anemone used in the pre-
sent study was received by the courtesy of Dr. M. Yamada, Faculty of Fisheries,
Hokkaido University, in the form of sun-dried material (1,688 g), which was pre-
pared from the fresh sea-anemone (12.5 kg in total) by light boiling followed by
sun-drying, in a yield of 14.0%. The fresh sea-anemone was caught in Hakodate
Bay, Hokkaido, in June, 1952 and consisted mostly of Anthopleura japonica Verrill
with some Anthopleura stella Verrill and Anthoplenra pacifica Uchida. The sun-
dried material was reduced to powder and extracted with ether, giving 103 g of
ether-extract (6.1% of sun-dried material). The ether-extract was then treated
with tenfold acetone, the acetone-insoluble matter (phosphatide) was removed, and
the acetone-soluble oil (95 g, 5.6% of sun-dried material) was obtained. This oil
was a dark greenish orange liquid with some solid at ordinary temperature: d3
0.9199, 7y 1.4810, A.V. 56.1, S.V. 117.8, LV. 162.0* and Unsap. M. 34.01%.

2. Fatty acids. The acetone-soluble oil was saponified, and the fatty acids
and unsaponifiable matter were separated by extraction of the soap solution with
ether in the usual way. The fatty acids had #nj 1.4714, N.V. 189.2 and 1.V. 193.2.
Bromination of the fatty acids yielded 69.87% of ether-insoluble bromide with Br-
content 69.71%.

The methyl esters prepared from the fatty acids were fractionated with the
results shown in Table 2.

T Yield ' bp. | Saponf -
: - . { 20 I . i
Fraction (g) { (%) °C/5 mm) | iy equivalent S.V. LV
1 39 | 87 160 | 14471 | 2642 212.4 69.2
2 40 90 160-165 1 1.4496 272.6 205.8 77.9
3 46 | 103 165-170 | 1.4522 281.5 199.3 93.1
4 31 69 170-175 | 1.4539 291.5 192.5 112.3
5 16 | 36 175-180 | 1.4601 | 2958 189.7 146.8
6 | 17 | 38 180-185 | 14612 | 2909 187.1 159.0
T 15 | 34 185-190 | 1.4624 | 302.1 185.7 182.3
8 18 | 40 190-195 | 14653 |  305.1 183.9 193.8
9 | 26 5.8 195-200 | 1.4688 310.7 180.6 229.3
10 | 47 | 105 200-205 | 1.4745 321.2 174.7 253.8
11 53 | 119 205-210 | 1.4762 328.9 1706 | 2648
12 33 | 74 210-215 | 1.4793 338.8 165.6 | 273.0
13 1 35 | 78 | 215- | 14812 343.8 1632 | 295.9
Residue | 31 69 | - o= — 421 | 1783

i
|
l
I
|

* Unless stated otherwise, iodine values recorded in this paper were determined by the
Wijs method for the oil and fatty acid components, and by the pyridine sulfate dibromide
method for unsaponifiable components.
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Saturated esters in each fraction were estimated by the permanganate oxi-
dation method, and the saponification equivalent of the saturated esters was de-
termined. From the observed data, the saponification equivalent and the iodine
value of the unsaturated esters together with the carbon number and the unsatura-
tion of the unsaturated acids in each fraction were deduced by calculation. The
results are shown in Table 3. Since the fractions 8-13 contained only a minor
proportion of saturated esters, the saponification equivalent of the unsaturated
esters in these fractions was assumed to be the same with the corresponding value
for the respective fractions. Since the residue was contaminated with unsaponifi-
able matter and polymerized methyl esters, saturated esters in the residue were
determined with the methyl esters of hexane-soluble fatty acids which were pre-
pared from the residue after removal of the unsaponifiable matter and hexane-in-
soluble fatty acids.

TABLE 3. Saturated and Unsaturated Esters in Each Fraction

Practi “Saturated esters ~ Unsaturated esters B
raction Yield | | Carbon number| Unsaturation
I e e SE. | SE | Lv. of fatty acid | (-H)

1 45.7 { 261.2 266.7 1274 | 15.93 l 2.68

2 41.1 269.4 2748 132.3 16.52 2.86

3 | 34.9 2751 | 2849 143.0 17.26 3.21

4 { 225 2822 | 2942 | 1449 17.94 3.36

5 i 17.3 286.7 2977 | 1775 18.25 | 4,16

6 13.1 202.0 301.1 \ 183.0 1850 | 435

7 8.8 294.0 302.9 199.2 18.66 | 4.75

8 3.8 — 3051 | 2015 18.82 | 4.84

9 3.5 — 3107 | 2376 | 19.29 7 5.82

10 2.7 — 321.2 \ 260.8 i: 20.09 i 6.60

11 2.5 — 3289 | 2716 20.67 ‘ 7.04

12 24 — 338.8 \ 279.7 21.41 ' 7.47

13 2.0 —— 3438 | 3019 21.81 ! 8.18

Residue 1.7 — - — — | —

Notes : Unsaturation (—H) is expressed by the atorh equivalent of hydrogen required
to a complete saturation of one mole of unsaturated esters. Saturated esters in the residue
were determined with the methyl esters prepared from the hexane-soluble fatty acids (1.7
g, N.V. 170.1).

The composition of the saturated and unsaturated esters in each fraction was
calculated by assuming each of these ester fractions contains two adjacent homolo-
gous esters of even acid. The unsaturated esters in the residue were regarded
wholly as those of C: acids. The results are shown in Table 4. The average un-
saturation for the unsaturated esters of Ci, Cu, C:o and Cee acids were obtained by
plotting the carbon number against the unsaturation for the unsaturated acids in
each fraction.

3. Unsaponifiable matter. The unsaponifiable matter was found to contain
44.79 of sterol by the digitonide method. The acetylated product (30 g, S.V. 164.6)
prepared from the unsaponifiable matter was recrystallized from 600 cc of methanol,
yielding a crude steryl acetate (10.2 g) of m.p. 118°-120.5°C. Its ultraviolet ab-
sorption spectra exhibited kss»=0.491, %s:=0.456 and ks =0.421, from which the pro-
vitamin D content in the crude steryl acetate is found to be 0.59%.

Two recrystallizations of the crude steryl acetate from acetone gave a fraction
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TABLE 4. Composition of the Methyl Esters

Saturatﬁediésé}'s'—f”m“_:7 © Unsaturated esters

Fraction Cus acid | Cis acid |8 member " Cie acid | Cis acid | Cuo acid | Car acid

O 1T | G T () (%) (g) (%) (g (T (g | (%) (g)

1 |329 0586711200 — | — [osdlzod — | — | — | — | - _

2 | 36 006 964 158 — | — 739 174 261062 — @ — | —  —

3 ; — | — 832134 168 | 027 368 110 632|180 — | — | —  —

4 | — | — 579/ 041 421 029 | 32|008 968|282 —  —  — @ —

5 | — | — 418{012 582 | 016 | —  — |879 116 121|016 — & —

6 | —  — 200004 800 018 | — | — 750 1.11} 250|037 — | —

7 | — | — 157002 83| 011 | — | —  67.1 092/ 329|045 —  —

8 | — | — — | —| — | 007 | - | — | 593 103 407|070 — | —

9 | —| —| == = 009 | — | — | 357 090 64.3|1.61| — | —

10 | — | — —|— | — 0138 — | — | — 054 436 46 021

=~ == — o3| — — — — ¢4 343 33.6| 1.74

12 | — | — — | —| — | 008 | — |~ | — | — | 203|094]70.7| 2.28

13 ' —_ - =] = — 007 | — | — | — | — | 89/031 911|312

Residue| — | —  — | — | — 003 | — | — | — | — | — | — | — |167
- ! ! s — — e ———————————————. A—— ,_‘,_;I ! - !

| [ i

(g)  0.64 471 1.61 496 995 | 1233 9.02
T°‘31(%){ 15 109 37 115 230 | 285 | 209

Unsatu- | o ] *'f' o -
ration | — — | — 27 | 35 65 | 84

(—=H) | i

of m.p. 124.5°-126°C, [aJy = —42.0°, S.V. 122.7 and 1.V. 63.3 (by the pyridine sulfate
dibromide method) and 64.4 (by the perbenzoic acid method). Further recrystal-
lizations of this fraction from acetone and ethanol brought about only a slight rise
in its melting point. The final recrystallization yielded a small amount (0.1 g) of
a fraction of m.p. 126°-127°C, [« ]y = -42.0° and LV. 76.1. Several acetate frac-
tions having melting points above 123°C were recovered from the mother liquors
of recrystallizations, and these were united and recrystallized three times from
methanol, giving a fraction of m.p. 126°C. The melting point of this fraction was
unaltered by further recrystallizations from ethanol, acetone, and ethanol-ether,
and the fraction recovered from the mother liquor of the final recrystallization
had the same melting point, 126°C.

The acetate fraction of m.p. 126°C had [aJy = —42.2° and LV. 62.1. Its ab-
sorption curve showed no peak in the region of 220-200 mg. The free sterol ob-
tained by saponification of this acetate had m.p. 137°C and [a]P=—40.8" after
recrystallization from methanol. The benzoate had m.p. 145"-146°C, [alp= —15.1°
and S.V. 1075 (caled. for CyuH;:O: : 103.1). The 3, S-dinitrobenzoate, recrystallized
from acetone, had m.p. 201°-203°C (Calcd. for CysH:O6N: : N, 4.60%. Found : N,
4.48%).*

The methanol filtrate separated from the crude steryl acetate was concentra-
ted, and the crystalline solid (2 g) formed was removed by filtration. From the
final filtrate, a reddish orange liquid of S.V. 201.6 and LV. 53.3 was recovered.
Fifteen g of this liquid material was fractionated as shown in Table 5.

The fractions 1 and 2 were united and the united fraction was saponified. The
product was recrystallized from methanol, yielding a crystalline substance of m.p.

* Scarcity of the material did not permit us to measure its optical rotation. The cor-
responding derivative of f-sitosterol was reported to have m.p. 202°-203°C,"



160 Research Reports

TABLE 5. Fractionation of the Liquid Material Separated from Acetylated
Product of Unsaponifiable Matter

. I Yield | b.p. | 15
Fraction & (2) | (°C/4 mm) | ny; ‘ S.V. [ LV.
4 1
1 30 | 175-180 | 14495 | 128 | 246
2 2.5 i 180-190 | 1.4497 ] 194.4 27.0
3 15 f 190-200 |  1.4518 199.5 ‘ 374
4 1.3 l 200-210 | 1.4537 | 202.7 41.8
5 4.0 210-215 1.4643 205.1 57.6
Residue 2.7 - o — —

49°C and acetyl V. 1984 (caled. for CiHyO : 197.2). This substance was identified
with cetyl alcohol by the mixed melting point test. The methanol filtrate was con-
centrated in order to separate a further quantity of crystalline substance. From
the final filtrate, an oily liquid was obtained. Its acetylated product had ' 1.4521,
S.V. 183.7 and LV. 89.4 (caled. for oleyl acetate CsHz:O:: S.V. 180.7 and LV. 81.7).

Summary

1. Fatty acids and unsaponifiable matter were separated from the oil extracted
from sea-anemone, consisting mostly of Amnthopleura japonica with some Antho-
pleura stella and Anthopleura pacifica. The composition of the fatty acids were
estimated by the methyl ester fractionation method with the following results.
Saturated acids (in the form of methyl esters): Cy acid 1.5%, Cy acid 10.9%, Cis
acid and higher acid 3.7%; unsaturated acids (in the form of methyl esters): Ci
(—H, 2.7) acid 11.5%, 'Cis (—H, 3.5) acid 22.6%, C» (—H, 6.5) acid 28.9%, Cs (—H,
8.4) acid 20.7%.

2. The unsaponifiable matter contains 44.79% of sterol. The sterol components
consist chiefly of sterol of the 4%series. fJ-Sitosterol forms its main component.
The unsaponifiable components other than sterol contain cetyl alcohol and also
unsaturated alcohol of the oleyl series.
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