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A great progress can be stated in the studies on the metabolism of
adipose tissue in the last few years. A detailed review on the subject was sup-
pliedbyvaugnak (1961). The same problem was discussed by 2 Conferences,
the matter of both being published under the titles: “Adipose tissue as an
organ” (Kinser1 ed. 1962) and “Fat as a tissue” (Rodan1 ed., 1964) resp. In
contrast to such extensive studies on the metabolism of the adipose tissue
of homoiotherm animals we are in the knowledge only of a single paper dealing
with the metabolism of the adipose tissue of fishes. This work was carried out
by T. Farkas (1966) in the same laboratory where the present investigations
took place. Farkas investigated the release of free fatty acids from the adipose
tissue into the medium. The subject of our study is the opposite process —
the incorporation of the fatty acids into the adipose tissue and liver of the
fish. For the sake of comparison the same investigations were carried out
also with rats.

Material and methods

The carps were males of 0.5 kg weight, originating from the fish ponds
of Balatonlelle. For 1 day before the experiments they were kept in aquarium.
The rats were Wistar males weighing 150—200 gr and were fed ad libitium on
their standard diet.

The animals were killed by a blow on their head. Their liver and a piece
of adipose tissue were separated. The adipose tissue was represented in fish
by the intestinal adipose tissue, in the rat by the epididymal fat pad. The
liver of both animals was cut into cca 1 mm thick slices and 1 g of them was
inc(tjj_bated in 10 ml medium. 150 mg of adipose tissue was incubated in 5 ml
medium.

Each incubation lasted for 10 min by gentle shaking. The tissues of fish
and rat were incubated at 20° C and 37° C resp. The incubation medium for
the rat tissues consisted of a K rebs-Ringer phosphate buffer (pH 7. 4, Ca2~
omitted) which was 5 mM for glucose and contained 5% human serum albu-
min. The medium for fish differed only so far as instead of 0.9% it contained
only 0.48% NaCl.

The specific activity of the 1—14C palmitic acid (Reanal, Hungary) was
1 mC/mmol. Its concentration in the medium was 2 /xC/ml. The labeled palmitic
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acid was complexed to albumin. For this purpose the fatty acid was neutrali-
zed with 0.1 N NaOH and warmed up and mixed thoroughly with the preheated
albumin solution.

After incubation the tissue slices were rinsed quickly with 0.489%, NaCl
and 0.9%, NaCl solution for carp and rat resp., in order to remove the adherent
fatty acid activity. The tissues were homogenized in a glass PorTeER with
chloroform-methanol 2 : 1, and extracted with 25 ml of the same mixture.
An aliquot of the filtrate was evaporated under CO, and dissolved in chloro-
form. This solution then was applied on thin layer plates. 1 mg/ml diglyceride
and 1 mg/ml inactive palmitic acid were also added to the chloroform to enable
on the chromatograms the detection of these compounds present in the tissues
only in very small quantities.

The thin-layer chromatography was carried out on 0.3 mm thick silica
gel plates with the developing solvent mixture of petroleum ether (b. r. 40—
70°-C)-diethyl ether — acetic acid 70 : 30 : 01. Detection by spraying with
0.29%, Rhodamin B in ethanol. The location of the bonds was marked under
UV light, and they were separately scraped off. This way the lipid extract
was separated into the following fractions: cholesterol esters, triglycerides,
free fatty acids, diglycerides, monoglycerides and phospholipids.

The lipids were eluted from the silica gel by 2 hour’s extraction with
diethylether in a microsoxhlet apparatus. The radioactivity measurements
were carried out by a Tri-Carb liquid scintillation spectrometer. The scintilla-
tion liquid consisted of 0.39, PPO and 0.04%, POPOP in toluene.

Results and discussion

The amounts of fatty acids incorporated from the medium into the three
investigated lipid classes in the two different tissues of the two species are
given in Table 1. :

Of course the in vivo fatty acid uptake of these tissues can not be calcu-
lated from the data. The absolute intensity of the triglyceride synthesis is
neither calculable because there are different fatty acid pools within the tissue
and the specific activity of the triglyceride synthesis pool is unknown. There is
no basis to compare the data of the adipose tissue and those of the liver.

Table 1

The incorporation of 1 — C palmitic acid into the various lipid fractions of the adipose tissue
and liver of rat and carp

Adipose tissue Liver
rat ‘ carp rat carp
]
Triglycerides ......... | 5317 4 319 983+ 7 522 + 63 151 + 47
Diglycerides ......... ‘ 1527 + 135 28 4l 2 429 4 53 163 + 6
Free fatty acids...... [ 728 4+ 42 ’ 2147 + 623 1065 + 287 1145 + 87

The values are given in 10710 mol fatty acid/g wet tissue. Each value is the average
of 3 animals + standard error of the mean.
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1. Tablazat

Az 1—-YC palmitinsav beépiilése a patkdny és a ponty zsirszovetének és majanak zsiradékaiba

Zsirszdvet M4j
patkény i ponty patkiany | ponty
il ool o | . A
Tplioerid . L. .o o, ‘ 5317 + 319 I 93+ 7 522 + 63 151 + 47
Diglicerid . .......... | 1527 & 135 | 295+ 2 429 L 53 163 - 6
Szabad zsirsav ....... 728 + 42 2147 + 623 1065 + 287 1145 + 87

A tablazat adatai 10710 mol zsirsav/g é16 szovetet jelentenek. Minden érték harom éllat
atlaga, + az atlag kozéphibdja.

A semiquantitative comaprison of the 2 identical tissues of the two species
seemed reasonable.

The triglycerides show a measurable radioactivity in all the four tissues,
there is a triglyceride synthesis in all of them.

The diglycerides show also a radioactivity in all the four tissues, and in
the same order of magnitude as that of the triglycerides. More detailed the two
adipose tissues are similar, the diglycerides showing one fourth of the activity
of triglycerides, whereas in the livers of both species the activity of diglycerides
equals that of triglycerides. Regarding the distribution of the labeled fatty
acids between the diglyceride and triglyceride fraction, the carp and rat
showed no differences. We studied the behaviour of the radioactive diglycerides
in the adipose tissue of rat in another work (HERODEK 1966) in details, where
the adipose tissue first incubated with labeled palmitic acid as above was
transferred in an inactive medium for a second 10 min incubation. During
this incubation in inactive medium no significant decrease of the radioactivity
of the diglycerides took place, indicating, that there must be at least two
different triglyceride pools within the fat cells, — in one the diglycerides are
rapidly transformed into triglycerides, in the other the diglycerides have
a much lower turnover rate. Our present results, showing a high diglyceride/
triglyceride activity ratio in both tissues of both animals, suggest the existence
of diglycerides with a lower turnover rate to be a general phenomenon of the
triglyceride synthesis. In this respect the time curve of the radioactive digly-
cerides in more tissues of more species seems to be worthy of study.

For free fatty acids it seems to be a regularity, that the more the labeled
fatty acid is incorporated by the tissue, the less is the radioactivity of the free
fatty acids of the tissue. The entrance of the fatty acids into the tissue is a
physico-chemical process, its intensity isregulated by the concentration gradient.

Owing to the general lack of knowledge on the lipid metabolism of fishes,
we are restricted in the interpretation of the intesity of the incorporation of the
fatty acids into the triglycerides only to different hypothesis.

The triglycerides of the fish liver contained only one third of the radio-
activity of the rat liver triglycerides. Here not so much this difference but
the identical order of magnitude is perhaps to be emphasized. On the other
hand in the radioactivity of the adipose tissue the carp is surpassed about
fifty times by the rat, indicating some kind of basic difference between the
adipose tissues of the two species. As mentioned above the mammalian tissues
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were at 37° C, those of the fish at 20° C incubated as 37° C could scarcely re-
present a physiological temperature for a carp. The experiments of FARKAs
(1966) were carried out also at 20° C, and under this condition the adipose
tissue of the carp released even more free fatty acids than the rat adipose
tissue at 37° C. And just as seen above also the two livers took up the fatty
acid — inspite of the temperature difference — in the same order of magnitude.
There is no reason to put the medium under suspect, as FARKAS (1966) applied
the same in his experiments. Still to test the most physiological medium the
adipose tissues of three carps were incubated in their own plasma with the
addition similar to the synthetic medium of glucose and labeled fatty acid.
Also this incubation did not result in more significant incorporation into the
triglycerides. 92%, of the activity uptake remained in the form of free fatty
acids.

It is not probable that the slow incorporation is caused by absence of
glucose because glucose was added to the medium in a quantity sufficient to
restore completely the triglyceride synthesis in the adipose tissue obtained
from starving rats. Moreover FARKAS (1966) found the adipose tissues of carps
from the same catch to be rich in glycogen. The entrance of the fatty acids
into the tissue is not involved in this problem as the radioactivity of the free
fatty acids is higher in the adipose tissue of the carp than in that of the rat.
The possibility might be brought up that the adipose tissue of the carp incorp-
orates into triglycerides mainly fatty acids of endogenic origin, while the
exogenic ones play only an unimportant role. The gas chromatographic demon-
stration of a high amount of linoleic acid in this tissue (ABDEL-HAY and HERODEK
1966) excludes this possibility as this fatty acid, similarly to the mammals,
can not be synthetized by fish.

It might be supposed that the triglycerides get without previous hydro-
lysis into the adipose tissue of fishes from the circulation. Such mechanism
was suggested earlier for mammals, however, according to the more recent
experiments (RODAHL 1964) both the uptake and release of triglycerides are
bound to hydrolysis. Yet it is not sure that the same is true for fishes. The
uptake of intact triglycerides by the cell would render unnecessary an exten-
sive triglyceride synthesis within the cell. The incubation of the tissue with
triglycerides labeled by 1C in glycerol and *H in fatty acid followed by the
determination of the two isotopes in the tissue could give decisive answer to
this question. Such experiment is in the present out of scope of our technical
possibilities. The demonstration of the presence or absence of lipoprotein lipase
could provide also important informations in this problem.

A permanent exchange between the fatty acids of triglycerides and free
fatty acids in the adipose tissue of rat was demonstrated (VAuGHAN and
STEINBERG 1963) by comparing the release of glycerol and free fatty acid.
This means that part of the lipolyzed fatty acids instead of release into the
medium is re-esterificated. Therefore the total triglyceride synthesis is higher
than the net increase of the amount of triglycerides, going on also under condi-
tions where the amount of triglycerides is unchanged or even decreasing.
The lack of such a dynamic relation in fish could explain the difference observed
in the incorporation of labeled fatty acids even if the net change of the amount
of triglycerides is similar in the two animals. According to CAHILL’S suggestion
(KINSELL 1962) the energy requiring re-esterification of the fatty acids can
play an important role in the heat economy of the homoiothermic animals,
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The relatively low oxygen consumption of the adipose tissue of homoiotherms,
at least under in vitro conditions, speaks aﬁ;ainst this theory. But if canin
is right it could be supposed that in a poikilothermic animal, where the heat
production has no meaning, we do not find an extensive re-esterification.

Summary

Adipose tissue and liver slices of the carp and rat were in vitro incubated
in media containing labeled plamitic acid. The lipid fractions were separated
by thin layer chromatography, and their radioactivity was determined.

Triglyceride synthesis took place in each tissue. Its intensity had similar
order of magnitude in the liver slices of the two species. On the other hand the
synthesis was fifty times lower in the adipose tissue of the carp than in that of
the rat under the experimental conditions. For interpretation we are restricted
to hypothesis.

The diglycerides showed in each tissue a radioactivity of the same order
of magnitude to that of the triglycerides. Probably besides the diglycerides,
rapidly transformed to triglycerides, there exists a diglyceride pool of much
slower turn over.
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A PONTY (CYPRINUS GARPIO L.) ES A PATKANY
TRIGLICERID SZINTEZISENEK OSSZEHASONLITASA
1—t4C PALMITINSAVVAL INKULBALT ZSIRSZOVET ES MAJ METSZETEKBEN

Herodek Sandor
Osszefoglalas

Patkany és ponty zsirszovetébdl és majabol készitett metszeteket jelzett palmitin-
savat tartalmazo kdzegben inkubaltuk. A lipid-frakciokat rétegkromatografia segitségé-
vel szétvalasztottuk, és mértik radioaktivitasukat.

Mindegyik szévetben volt triglicerid szintézis. Ennek er@ssége a majszovetekben
azonos nagysagrend(, a ponty zsirszovetében viszont az adott kisérleti feltételek mellett

Otvenezer alacsonyabb, mint a patkanyéban. Ennek magyarazatara csak feltevésekre
szoritkozhatunk.

A digliceridek az 6sszes szdvetben a trigliceridekéhez hasonld mértékd radioaktivi-
tast mutattak. Feltehetd, hogy a gyorsan trigliceriddé alakulé digliceridek mellett, egy
hosszabb életd diglicerid raktar is van.

A szabad zsirsavak annal alacsonyabb szazalékat tartalmaztadk az dsszes aktivitas-
nak, mennél magasabb volt ez az 6sszes aktivitas az egyes szdvetekben.

CPABHUTE/IbHOE WCCNEAOBAHUE CUHTE3A TPUTULEPUAOB B XXWPOBOW
N MEYEHOYHOW TKAHSAX, WHKYBUPOBAHHbLIX C 1-C K-MNAIBMUTVHOBOW
KUCMOTOW, ¥ KAPMA W KPbICbI

LaHgop Xepogek

Cpesbl U3 XXUPOBOIA 1 NEUEHOUHO TKaHeli Kapna ¥ KpbICbl MHKY6MPOBany B cpefe, coaep-
)auweii 1—Cl4-nanbMUTUHOBYIO KUCIOTY. M3Mepsiiu pafvoakTUBHOCTb JIMMUAHBIX (DPaKLMIA,
MONYYEHHbIX C MOMOLLLIO TOHKOC/OMHOM XpoMaTtorpaguu.

B kaxaoli U3 TKaHeli 0GHapyXeH CUHTE3 TPUIMULEPUAOB. VIHTEHCUMBHOCTL CUHTE3a B
TKaHsX MeYeHy OAVHAKOBA, a B XKMPOBbIX TKaHSX Y Kaprna, Mpy AaHHbIX SKCMePUMEHT/TbHbIX
ycnoBusiX, B 50 pas HWKE, UYeM Y KpbICbl. JTOMY SIB/IEHWIO MOKA He HALLA OGBLSCHEHWSI.

Bo Bcex TKaHsIX AUFIMLEPMabI NPOSIBAS/IN TaKyto XK€ aKTUBHOCTb, KaK TPUMMLEpUabI.
MpeanonaraeTcsl, YTOo MOMMMO AUF/IALEPUIOB, 6bICTPO MPEBPALLAILLMXCA B TPUMMLEPUIBI,
UmeeTca 6oree CTabUIbHOE [EMO AVTINLEPUAO.

AKTUBHOCTb CBOﬁO,quIX XXUPHbIX KUC/OT TeM HEXe, YeM BblillE B ,U'aHHOVI TK3HU TOTa/1b-
HaA aKTUBHOCTb.
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