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It is accepted that catecholamines and some other lipolytic hormones
stimulate the decomposition of triglycerides in adipose tissue of mammals by
increasing the intracellular level of cyclic3’, 5’-adenosine monophosphate(cAMP,
SUTHERLAND et al. 1965, WE1ss et al. 1966, BuTrcHER et al. 1966). The effect
of catecholamines is to first increase the cAMP content of adipose cells and this
is followed by an increase in the lipolytic activity (BuTcHER et al. 1965). The
cAMP enhances the activity of the adequately prepared adipose tissue homo-
genates too (Rizack, 1964). It appears likely that the lipolytic activity of
mammalian adipose tissue is partly a function of the level of cAMP in adipose
cells,

Investigating the effect of catecholamines, adrenocorticotroph hormone
and glucagon on the lipolytic activity of fish (FArRkAs, 1967), green frog (FAR-
KAS, 1966) and grass snake (FArRkAs, 1968) adipose tissue under in vivo or in
vitro conditions it was found that these hormones in contrast to those of
mammals do not increase but actually decrease the free fatty acid production.
From observations of the effect of the same hormones on frog adipose tissue
phosphorylase (FARKAS, 1966), as well as from the observations that dichloro-
isoproterenol is able to antagonize the above effect of catecholamines (FARKAS,
1968) it may be inferred that there is also a biochemical system consisting of
adenyl cyclase cAMP in the adipose tissue of lower vertebrates. It is certainly
clear that the catecholamines at least decrease the free fatty acid production
through this mechanism. It is possible that catecholamines enhance the for-
mation of a-glycerophosphate by stimulating the decomposition of glycogen
and that this in turn leads to an increase in the reesterification processes. On
the other hand it is questionable whether the cAMP plays such a role in the
maintenance of the lipolytic activity in the adipose tissue of lower vertebrates
as it was supposed to do in mammals.

In the present study the effect of two agents is investigated on the mobi-
lisation of fats in fish and frogs which were shown to modify the lipolytic
activity of catecholamines i.e. to influence the cAMP level in mammalian
adipose tissue. Theophylline and nicotinic acid were selected for this purpose,
the former affects the mobilisation of fats in the same way as the catecholamines,
the latter in the opposite direction (TRINER and NanAs, 1966, CARLSON, 1963,
FArKAS et al. 1964, BomBELLI et al. 1965, BsorNTROP, 1965).
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Material and methods

The experiments were carried out on the bream (Abramis brama L.)
adult male marsh frogs (Rana ridibunde 1.) and on grass snakes (Natrix
natriz L.) weighing 200—250, 60—70 and 80—100 grams respectively. The
fish were collected from Lake Balaton and kept in suitable aquaria, the frogs
were purchased and the grass snakes collected. The animals were brought into
the institute one week before the experiment. No food was given to the animals
in captivity.

The drugs, dissolved in physiological saline, were injected intraperito-
neally into the fish, and into the ventral lymph sac of the frogs. The control
animals received physiological saline only.

Blood was withdrawn by cutting the caudal vein from the fish and by
decapitation from the frogs and collected into prechilled heparinized centri-
fuge tubes containing 0.1 ml of 2%, heparin solution.

The in vitro experiments were carried out on adipose tissues taken from
freshly killed animals. The adipose tissues were cut up in 5—10 mg pieces and
incubated at room temperature and at pH 7.4 in albumin free frog-Ringer
solution. The free fatty acid content of the adipose tissues were determined at
the start and at the end of the experiments, the difference giving the amount
of fatty acids produced during the experiment.

Results

After injection of theophylline into fish and frogs —in contrast to the
mammals (HyNIE et al. 1966, TRINER and NaHAS, 1966) — no increase was
obtained in the plasma free fatty acid levels (fig.1.). Both fish and frogs re-
sponded to the drug with a decrease in the plasma free fatty acid level but as
the fig. 1. shows the fish reacted more sensitively than did the frogs. 40 mg/kg
theophylline evoked a maximal plasma free fatty acid response in the fish,
but in the frog a dosage of over 100 mg/kg was needed to produce the same
effect. The blood sugar level was increased in both animals. This effect of
theophylline is the same in fish and frogs as in mammals.

Under in vitro conditions in the presence of theophylline the free fatty
acid production is diminished (fig. 2.). Incubating the adipose tissue of the
fish pike perch (Lucioperca lucioperca L.) in the presence of both catechol-
amine and theophylline the production of fatty acids was further diminished,
but the effect was only additive.

The in vivo administration of nicotinic acid into untreated rats results
in a decrease of plasma free fatty acids (FArkAs et al. 1964, BoMBELLI et al.
1965). When nicotinic acid was injected into fish no decrease was obtained in
the plasma free fatty acid level within 6 hours after the injection even when
the dose was increased ten fold (fig.3.). In the experiments presented in the
fig. 3. the animals were killed 3 hours after the administration of nicotinic
acid. After nicotinic acid treatment the plasma free fatty acid level has in-
creased in the frog. In both species blood glucose was decreased by nicotinic
acid.

As shown above and presented earlier, both theophylline and epinephrine
decreases the level of free fatty acidsin the blood of lower vertebrates. #ig. 4.
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Fig. 1. Effect of theophylline on the mobilisation of fats and glycogen in fish and frog.
The animals were killed two hours after injecting the drog. The results are ex-
pressed in the per cent of the control.

demonstrates that nicotinic acid is able to antagonize this effect of both agents.
Thus the effect of nicotinic acid is essentially the same in the lower and the
higher vertebrates except that in mammals it antagonises the lipolytic activity
of catecholamines. Injecting both nicotinic acid and epinephrine in the fish
produced an increase in the plasma free fatty acid level. A similar result was
obtained when dichloroisoproterenol was used to antagonise the catecholamines
in fish (FArRkAS, 1958).

Discussion

The intracellular level of cAMP in the adipose tissue of mammals is re-
gulated by the relation of two processes: the formation and decomposition of
the nucleotide. Adenyl cyclase is responsible for its synthesis and a specific
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Fig. 2. Effect of theophylline on the free fatty acid production in vitro.
The adipose tissues were incubated 60 minutes in albumin free frog Ringer
solution at room temperature and at pH 7.4.
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Fig. 3. Effect of nicotinic acid on plasma free fatty acid level and blood glucose in
fish and frog.
The animals were killed 3 hours after administration of nicotinic acid.

phosphodiesterase for its decomposition. The former, in the presence of Mg++
ions, removes two phosphate moieties from ATP and joins the remainder to
the 3rd carbonic atom of the ribose the latter splits the ring formed by the
cyclase reaction and forms S5AMP.

The drugs employed in the present study affect the intracellular level of
cAMP in different ways. Methylxantines (theophylline, cafeine) are able to
block the phosphodiesterase and in this way to increase the cAMP level in the
adipose tissue. Theophylline increases the level of free fatty acids in the blood
of rats and potentiates the lipolytic effect of catecholamines both under in
vivo and in vitro conditions (Hynie et al. 1966, Triner and Nahas, 1966).
Nicotinic acid by stimulating the above enzyme (K rishna et al. 1966) may
decrease the production of free fatty acids and antagonize the lipolytic effect
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fig. o. The reversal of epinephrine and theophylline induced decrease of plasma free
fatty acid level in fish by nicotinic acid.

of catecholamines (Cartson, 1963, Vertua et al., 1964, Bjortrop, 1965)
and dibuthyryl CAMP (Me1vin et al. 1968) under in vitro and in vivo condi-
tions.

If cCAMP played any role in the maintenance of the lipolytic activity in
fish and frog adipose tissue theophylline should increase and nicotinic acid
decrease the plasma free fatty acid level. If, however, the catecholamines de-
creased the free fatty acid production in fish and frog adipose tissue by in-
creasing the intracellular level of cCAMP, it could be expected that:

1 theophylline would affect the free fatty acid production in the same
and nicotinic acid in the opposite direction as the catecholamines and
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2. nicotinic acid would antagonise the effect of catecholamines and theo-
phylline on the mobilisation of fatty acids.

The experiments have shown, that theophylline decreases the production
of free fatty acids in adipose tissue in vitro and the level of plasma free fatty
acids in vivo. The adipose tissues incubated in the presence of both catechol-
amines and theophylline produced less free fatty acids than if they had been
incubated only in the presence of epinephrine or theophylline.

In vivo administration of nicotinic acid did not lead to the expected
decrease in the plasma free fatty acid levels. It left unchanged the plasma
free fatty acids in the fish and inreased their level in the frogs. The blood glu-
cose level was decreased in both cases.

The hypoglycemic activity of nicotinic acid has been described in the
literature and evidence has been presented that-like insulin-it stimulates the
uptake of glucose into the adipose tissue (LEE et al. 1961, BsjorNTROP, 1965).
Its effect on the plasma free fatty acid level was opposite to that which the
hypoglycemic activity would have suggested, however. Increased uptake of
glucose results in an increase in reesterification of the liberated fatty acids
and this in turn leads to a decrease in the plasma free fatty acids. No final
explanation can be offered at present as to why nicotinic acid does not lead
to a decrease in the plasma free fatty acid level. It is possible that this may be
related to its effect on the direction of glucose decomposition. Nicotinic acid-
like insulin-directs the glucose into the pentose phosphate shunt (LYNN et al.
1960, LEE et al. 1961) which results in the formation of free fatty acids and
not «-glycerophosphate.

The observation that nicotinic acid antagonised the effect of epinephrine
and theophylline on the free fatty acid level furnishes further evidence that
catecholamines, and probably the other lipolytic hormones too, decrease the
plasma free fatty acid level in lower vertebrates by i 1ncreasmg the intracellular
level of cAMP in the adipose tissue.

It may be inferred from the above work that cAMP formed by the lipo-
lytic hormones does not play any role in the maintenance of the lipolytic activ-
ity in the adipose tissue of lower vertebrates. How this nucleotide stimulates
the triglyceride lipase in the adipose tissue of mammals is not clear. It is
possible that the enzyme, like the phosphorylase, has an active and an inactive
form (HyN1E et al. 1966) and that it affects the conversion of the inactive lipase
to an active form. On the other hand, it is not clear whether this is the only
lipase in the adipose tissue of the mammals. The presence ofa lipase independent
of catecholamines supports the results of RUBINSTEIN et al. (1964) showing
that besides the lipoprotein lipase and hormone sensitive lipase there also
exists a lipase in the adipose tissue of the rat which does not require cate-
cholamines for its activity. The effect of nicotinic acid on the in vitro free
fatty acid production of rat adipose tissue suggests the presence of such a
catecholamine-independent lipolytic activity as well. Under in vitro conditions,
nicotinic acid is not able to antagonise the free fatty acid production of the
untreated tissues, only that of the catecholamine treated tissues (CARLSON,
1963). From the observation that under in vitro conditions maximally only a
709%, decrease was obtained in the plasma free fatty acids of rats treated with
nicotinic acid (BoMBELLI et al. 1965) it may be inferred that about 309, of the
fatty acids is the product of such a catecholamine-independent lipolytic
activity. Because the catecholamines did not increase the rate of decomposi-
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tion of triglycerides in the adipose tissue of fish, frog and grass snake, it is
thought that this catecholamine independent lipolytic activity is the only
one ensuring the decomposition of triglycerides in these animals.

Summary

Theophylline under in vivo and in vitro conditions decreased the plasma
free fatty acid level and adipose tissue free fatty acid production in fish
(Abramis brama 1., Lucioperca lucioperca 1.), frog (Rana ridibunda 1.) and
grass snake (Natrix natrix b.) After in vivo administration of nicotinic acid,
the plasma free fatty acids remained unchanged in the fish, while in the frog,
their level was raised. Nicotinic acid antagonised the effect of epinephrine and
theophylline on the free fatty acid level in the fish. Because theophylline is
known to increase and nicotinic acid to decrease the intracellular level of
cychc 3’, 5’-adenosine monophosphate in the adipose tissue it is supposed

that this nucleotide does not play role in the control of the lipolytic activity in
the adipose tissue of lower vertebrates.
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A ZSTRSZOVET ¢AMP SZINTJET BEFOLYASOLO AGENSEK HATASA
ZSIRMOZGOSITASRA HALAKBAN ES KETELTUEKBEN

Farkas Tibor
ﬁsszefoglalés

Teophyllin hatdséra in vivo vagy in vitro koriilmények kozott esokken a plazma
szabad zsirsavak szintje, ill. a zsirszévet szabad zsfrsav termelése halban (Abramsis
brama) és kétéltliben (Rana ridibunda). Nikotinsav in vivo adagoldsa utdn a halban
véltozatlan maradt, kétéltliben pedig emelkedett a plazma szabad zsirsavak szintje.
Nikotinsav antagonizédlta adrenalin és teophyllin hatdsédt a plazma szabad zsirsavszintre
halban. Minthogy teophyllin néveli, nikotinsav pedig esdkkenti a zsirszovet cAMP szintjét
emlésdkben, jelen és kordbbi eredményeink alapjan feltételezziik, hogy ez a nucleotida
nem jétszik szerepet a lipolytikus aktivitds fenntartdséban alacsonyabbrend(i gerin-
cesekben.

BO3JEMNCTBUE BEIIECTB, U3MEHSIOUUX VYPOBEHb LIMKJIMUECKON AM®
YKUPOBOW TKAHU, HA MOBUJIM3ALUIO YKWPA PbIB 1 AM®HBUII

T. Dapkau

[Tox BiMsiHHEM TeO(H/UIHHA in Vivo M in Vitro CHI)KAETCS1 YPOBEHb CBOOOIHBIX YKHP-
HBIX KMCJIOT TJIA3MBI M CHHTe3 CBOGOIHON YKHPHOH KHCJIOTH B XKUPOBOH TKaHu puib (Abramis
brama) u amdpuéuit (Rana ridibunda). Tlocne BBeJEHUS HHKOTHHOBOMH KHCJIOTHI in Vivo ypo-
BeHb CBOOOHBIX YXHPHBIX KHCJIOT IUIa3Mbl Y PG ocTaHeTcst 6e3 M3MeHeHHs, a y aMpuoHii —
YBEJIMYHUBAETCS. HuKOTHHOBasi KHCJI0OTA OKasaJjla aHTarOHHUCTHYECKOe AApE€HAJIHHY H TCO@HH-
JIHHY JIeHCTBHE B H3MEHEHHH YPOBHsSI CBOOOMHBIX KHCJOT Mua3mbl pbi0. Tak Kak TeO(HIJIHH
YBEJIMUMBAET, a HUKOTHHOBAsT KHUCJIOTA CHIDKAET YPOBEHb LUKJIMUECKOH AM® >KHUPOBOii TKAHH
MJIEKOIUTAIOUINX, HA OCHOBE 3THX M NPEeABUIYIIMX MAHHBIX aBTOP MpPEJrojaraer, 4ro STOT
LHKJIHYe CKUH HYKJIEOTH/L HE HI'PAeT POJIM B COXPAHEHHH JIMITOJIHTHUECKOH AKTHBHOCTH HHUSIIHX
1103BOHOYHBIX.
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