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In 1916 Tsujimoto (1) isolated from shark liver oil a hydrocarbon having 
the empirical formula C&H60 which he named squalene. Later the struc- 
ture of this hydrocarbon was established as a dihydrotriterpene by Heil- 
bron and coworkers (2, 3). This compound has more recently been found 
to be of rather wide-spread occurrence. It has been reported to occur in 
yeast (4), palm oil (5), human dermoid cysts (6), and human sebum (7, 
S).l However, it has not been known whether squalene is synthesized by 
animals or whether its ultimate source is ingested plant material. 

Rat tissues do not normally contain sufficient squalene to make direct 
isolation feasible. However, if this hydrocarbon is fed, small amounts can 
subsequently be recovered from the tissues, indicating that it is absorbed 
from the gastrointestinal tract. With shark liver squalene as a carrier, 
synthesis of the hydrocarbon in rat tissues can be demonstrated with the 
aid of the isotopic tracer technique. Acetate serves as a carbon source in 
this process. 

RESULTS AND DISCUSSION 

The early experiments of Channon and Tristram (9, 10) indicated that 
squalene is absorbed from the gastrointestinal tract. In confirmation of 
these earlier findings, it was found in the present experiments that, depend- 
ing on the dose, 5 to 20 per cent of dietary squalene could be recovered in 
the hydrocarbon fractions of the liver and gut. 

The results obtained on administration of either I-C14- or 2-C14-acetate 
together with non-isotopic squalene are presented in Table I. Recovery 
of Cl4 in the hydrocarbon fractions isolated from the combined livers and 
intestines was small but significant. Although the amounts of squalene 

* This work was aided by a grant-in-aid from the Life Insurance Medical Re- 
search Fund. Part of the data was taken from a thesis submitted by Robert G. 
Langdon in partial fulfilment of the requirements for the degree of Doctor of Philos- 
ophy in the Department of Biochemistry, University of Chicago. 

t Postdoctorate Research Fellow of the United States Public Health Service. 
1 Dr. N. Nicolaides and Dr. S. Rothman have kindly made available to us the re- 

sults of unpublished experiments in which they have demonstrated that squalene 
is a normal constituent of human hair fat. The hydrocarbon is found in signifi- 
cantly larger amounts in the hair fat of adults than in that of children. 
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which could be reisolated from the tissues varied considerably, the total 
recovery of Cl4 was remarkably constant. It is clear that rat tissues uti- 
lize both the carboxyl and methyl carbons of acetate for the synthesis of a 
hydrocarbon. Evidence that the radioactivity resides exclusively in squa- 
lene is presented in Table II. Portions of the hydrocarbon fractions iso- 
lated from the tissues were analyzed for CY4, were diluted with carrier 
squalene in the proportions indicated in Table II, and were analyzed’again. 
Squalene hexahydrochloride and the isomerides were then prepared as de- 

TABLE I 

Synthesis of Squalene by Intact Rats 

Acetate administered 

I 1 Carrier Duration 
Exp%Tt Totai 

weight 
squalene ‘of experi 

Specific 
fed merit 

of rats Total activityt 

(1) (2) (3) (4) 
-~ 

gm. msr m.  dlKVS 

FA-1,2$. __ 220 4 1 x 106 0.4 5 
FA-5,6$. 240 20 2.4 X lo6 0.4 2 
FA-3,411.. 192 6.2 4.9 x 106 2.0 2 

min. 

IA-lT..... 75 0.026 1.4 X IO7 0.3 30 
IA-47. 60 0.026 1.4 X 10’ 0.3 120 

Hydrocarbon / 
recovered* I 

II 

(5) 

m. 

16 
28 
35 

13 
23 / - 

__ Isotope recovery, 

Gpecific 
per centt 

ac- 
tivity: 

(6) (7) 

649 9.4 x IO-3 

473 10 x 10-a 
2080 8.7 X 10-a 

80 10.2 X 1O-3 
58 13.1 X 1OP 

* From pooled livers and intestinal tracts. 

t (5) X (6) X 
(mM carbon per mg. squalene) X 100 

2 x (1) x (2) 
$ Counts per minute of infinitely thick BaCOa samples. 
$ 2-W-Acetate fed. 
11 l-W-Acetate fed. 
1 I-Cl*-Acetate injected intraperitoneally. 

scribed in the experimental section. The melting points of these deriva- 
tives were identical with those derived from pure squalene. If another 
isotopic compound had been present in significant amounts, the isotope 
concentration should have been less in the serially isolated derivatives than 
in the diluted hydrocarbon fractions themselves. Since the specific activi- 
ties did not decline during these steps, it may be concluded that radioac- 
tivity had been incorporated into squalene and that squalene was the only 
radioactive compound present in the hydrocarbon fractions. However, 
the presence of other non-radioactive materials is not excluded and is indeed 
suggested by Experiment FA-5,6 in Table II. Here the specific activity 
of the hydrochloride, directly prepared without dilution by carrier squalene, 
is 46 per cent higher than in the hydrocarbon fraction itself. 
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Contributory evidence for the identity of the material isolated after 
squalene feeding is provided by the formation of crystalline addition prod- 
ucts with thiourea2 when the hydrocarbon fractions are mixed with a satu- 
rated solution of thiourea in methanol, a property also exhibited by natural 
squalene. This formation of addition product has some degree of speci- 
ficity, since synthetic “squalene” (12), which is isomeric with natural squa- 
lene, fails to give a crystalline thiourea complex. 

In order to determine whether the recovery of CY4-squalene after the 
feeding of labeled acetate was dependent upon the simultaneous adminis- 
tration of carrier squalene, the experiment given in Table III was per- 
formed. Three groups of animals were fed 1-C14-acetate. The diet of 
Group 1 contained, in addition, carrier squalene. To the tissues of the 
animals in Groups 2 and 3 carrier squalene was added immediately before 

TABLE II 
Isotope Concentration in Hydrocarbon Fractions and Squalene Derivatives 

Experiment No. 

Hydro- Diluted 
carbon hydro- 

Specific activityt of hydrochlorides 

fraction Dilution* 
Specific 

carbpn 

activityt a%iY$ty7 d~~$of& Isomer, 108’ Isomer; 144’ 

FA-1,2. 649 5 128 115 121 
FA-3,4. 2080 17.5 119 124 117 
FA-5,6. 473 0 694 

* Mg. carrier squalene + mg. hydrocarbon fraction. 
Mg. hydrocarbon fraction 

t Counts per minute of infinitely thick BaC03 samples. 

saponification. As indicated by the data in Table III, the formation of 
labeled squalene is not dependent upon an exogenous supply of squalene. 

The quantity of squalene normally present in rat tissues at any given 
instant must be relatively small. The hydrocarbon fraction prepared from 
250 gm. of rat liver was assayed for squalene by the Sobel method (S), a 
modified Liebermann-Burchard reaction. 25 y of squalene were found to 
be present per gm. of normal rat liver. This corresponds to approximately 
0.5 per cent of the non-saponifiable fraction. However, this value is prob- 
ably too high, since color development occurred much more rapidly with 
the rat liver hydrocarbon fraction than with natural squalene from shark 
liver oil. The quantities of carrier squalene added in the isotopic experi- 
ments are of the order of 100 times those present normally in rat tissues; 

2 Dr. N. Nicolaides kindly informed us of his observation of adduct formation 
between squalene and thiourea. Photographs of these inclusion crystals are not 
reproduced here because the crystal form is not unique for any given hydrocar- 
bon (11). 
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it is clear that the isotope concentration in the newly formed endogenous 
squalene must have been much greater than in the material isolated. For 
example, by using the value from the above squalene analysis it can be 
calculated that in Experiment 2, Table III, the specific activity of the 
endogenous squalene was at least 6850 c.p.m., or 114 times the specific 
activity of the material isolated after the addition of carrier. 

The incorporation of acetate into squalene must be a rapid process. The 
data in Table I indicate that the maximum isotope level is reached within 
30 minutes (Column 7, Table I). Thus squalene occurs in small quantities 

TABLE III 

Recovery of C’4-Squalene from Tissues of Control Rats and Rats Fed Squalene 

Acetate fed* Squalene recovered 
Group Time of 

/ spe~;--sq~~ 
Isotope 

No. feeding 1 
recovered 

Specific activity+ 

* l-(Y-Acetate. 
t Counts per minute of infinitely thick BaCOa samples. 
$ See Table I. 
5 Squalene recovered from pooled livers and gastrointestinal tracts. 
11 Squalene recovered from livers only. 
7 25 mg. of carrier squalene added to the saponification mixture. 
** The values in parentheses calculated for the specific activity of endogenous 

squalene before carrier dilution. 

and must be rapidly regenerated, characteristics which are typical of active 
metabolites. 

EXPERIMENTAL 

Materials-Commercial technical grade squalene,3 prepared originally by 
molecular distillation, was redistilled twice. The product was a colorless 
mobile oil, b.p. 169-173” at 0.01 mm. This material was used in the feed- 
ing experiments and as carrier in the isotope dilution and isolation proce- 
dures. I-C14-Acetate was prepared by the carboxylation of methylmagne- 
sium bromide (13). 2-C14-Acetate was obtained from Tracerlab, Inc. 

Feeding Experiments-Rats of the Sprague-Dawley strain of both sexes, 
weighing 75 to 150 gm., were used throughout. The animals were kept on 
a diet composed of corn-starch 70 per cent, casein 20 per cent, brewers’ 

3 Generously supplied by Dr. Stanley Ames, Distillation Products, Inc. 
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yeast 5 per cent, and salt mixture4 5 per cent. 50 mg. of corn oil and 1 
drop of cod liver oil were added per gm. of diet. The animals were fed 
sufficient amounts of this diet to assure satisfactory gain in weight. To 
the basic diet were added test compounds in the quantities indicated in 
Tables I to III. When squalene was fed, it was dissolved in the corn oil 
prior to mixing with the rest of the diet. 

Isolation Procedures-All tissues were saponified by heating under a re- 
flux with 10 per cent KOH in 50 per cent ethanol for 4 to 6 hours in a stream 
of nitrogen. The non-saponifiable fraction was extracted with petroleum 
ether and the volume of the extract was reduced to about 30 ml. The 
solution was then poured onto a 1.5 X 15 cm. alumina column (14). The 
hydrocarbons were eluted with 150 ml. of petroleum ether, and the steroids 
were eluted with 150 ml. of 1: 1 acetone-ether. This procedure was found 
to give quantitative recovery and separation of squalene and cholesterol in 
known mixtures. 

Preparation of Squalene Derivatives--In order to characterize the hydro- 
carbons from the non-saponifiable fractions, squalene hexahydrochloride 
and the isomerides were prepared, with or without addition of carrier squal- 
ene, by a slight modification of the procedure of Heilbron et al. (2). 1 part 
of hydrocarbon was added to 3 parts of acetone saturated with dry HCl 
at -5”. Dry HCl was passed through the solution for 30 minutes after 
the first precipitation of hydrochloride occurred. The crude hydrochlo- 
rides were washed well with cold absolute ether. The isomerides were 
prepared as follows. 1 part of crude hydrochloride was digested with 20 
parts of acetone at 50” for 10 minutes and was then brought to a boil briefly. 
The residue was removed rapidly by centrifugation. The supernatant on 
standing deposited crystals which were collected and recrystallized twice 
from acetone. The resulting crystals melted at 107-108”. The acetone- 
insoluble residue was digested twice more with acetone and was then recrys- 
tallized twice from ethyl acetate. The resulting crystals melted sharply 
at 144”. 

Isotope Analyses-All the samples were burned in a micro combustion 
apparatus and the carbon dioxide was collected as barium carbonate. Ra- 
dioactivity measurements were made in a gas flow counter. All specific 
activity values are expressed as counts per minute of an infinitely thick 
barium carbonate plate 3.47 sq. cm. in area. In all cases sufficient counts 
were made to give an error of less than 5 per cent. 

SUMMARY 

1. When squalene is fed to rats, 5 to 10 per cent of the administered 
hydrocarbon can be recovered from the tissues. 

4 Salt Mixture 2, U. S. P., Nutritional Biochemicals Corporation. 
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2. It has been demonstrated that squalene is synthesized by the tissues 
of the rat. Both carbon atoms of acetic acid are utilized in this process. 

3. Squalene is a normal constituent of rat liver. It occurs in small con- 
centrations and is regenerated at a rapid rate. 
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