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of liver glycogen (Luthman et al. 1970). The aim was also to 
study the effeot on NEF A of methyl xanthines, nicotinic acid 
and some related chemicals. 

MATERIAL AND METHODS 
Adult female sheep were used in all experiments. Sheep are 

typical flock animais and are very easily excited. According to 
our experience blood sampling at frequent intervals by veni­
puncture was not advisable, since the handling of the animals 
causes an immedi1ate stress, which is followed by elevated blood 
glucose and NEF A levels. Therefore only animals trained for 
b1ood sampling and kept in individual pens were used, and a 
plastic cannula (Brauniile 2 R, Braun, Melsungen) was inserted 
in a jugular vein several hours before the experiment. Blood 
was sampled in heparinized tubes (Heparirnror, Vitrum, Stock­
holm). If the animals became frightened and excited by some 
unforeseen reason, the experiment was immediately interrupted. 

The effects of the following preparations were studied. Cyclic 
adenosine 3', 5' monophosphoric acid, nicotinic acid, pyridyl-3-
acetic acid, pyridyl-2-acetic acid hydrochloride, theophylline, 
ethylene diamine theophyllinate (Teofyllamin, 20 mg/ml, ACO, 
Stockholm, Sweden), caffeine and theobromine. All chemicals 
except tiheobromine were dissolved in physiological saline. Be­
cause of its insolubility in saline, theobromine was dissolved in 
a 20 % tribasic sodium phosphate solution. The solution used 
contained 25 mg theobromine per ml. All chemicals were ad­
ministered intravenously. Nicotinic acid and pyridyl-3-acetic acid 
were also admini1stered orally. The effect of 3', 5' AMP was stu­
died in three normal animals and in two animals pretreated 
orally with nicotinic acid at a dose of 100 mg/kg. The pretreated 
animals received 3', 5' AMP 24 hrs. and 48 hrs. after nicotinic 
acid administration res1pectively. Starved animals were used only 
in the experiments where the effect of pyridyl-3-acetic acid and 
nicotinic acid on caffeine induced lipolysis was studied. All other 
animals were taken from the flock at various 1times of the day. 
NEFA was determined according to Dole (1956) and blood glu­
cose according to the glucose oxidase method of Lunden (1963) 
(Reagents from AB KABI, Stockholm). Blood for glucose deter­
mination was deproteinized with perchloric acid immediately 
after sampling. Samples for NEF A determination were cooled 
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and plasma was separated as soon as possible. The plasma samp­
les were stored deep frozen u111til analyzed. No samples were 
stored longer than three days. 

RESULTS 
The intravenous injection of 10 mg/kg of 3', 5' AMP was fol­

lowed by an immediate ele¥ation of blood glucose in all normal 
animals. In the animals pretreated with nicotinic acid this initial 
rise in blood glucose was greatly reduced. The animal given nico­
tinic acid 48 hrs. before showed an increase in blood glucose, 
which sfarrted about 30 min. after the injection and remained 
during the experimental period. The changes in blood glucose 
in all animals are shown in Fig. 1. The values obtained at zero 
time were for the normal animals 39, 49 and 41 mg/100 ml, and 
24 and 48 hrs. after nicotinic acid administration 56 mg/ml and 
73 mg/ml respectively. The changes in NEFA are shown in Fig. 
2. In only one of the normal animals there was a small initial 
rise in NEF A. After aibout 10 min. NEF A decreased in all animals 
and minimum was reached after 35 min. The animals pretreated 
with nicotinic acid showed an initial increase in NEF A, which 
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Figure 3. Changes in NEFA following intravenous injection of 
nicotinic acid (left) and pyridyl-3-acetic acid (right) at doses of 2 mg/ 

(-------), 4 mg/kg(---) and 6 mg/kg(--). 
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Table 1. Changes in NEFA (meq./l) after intravenous injection of 
10 mg/kg of pyridyl-2-acetic acid (mean ± s). 

Minutes 

0 5 1-0 15 25 35 45 6·0 

Saline 0.22 (}.21 0.22 0.23 0.22 0.22 0.23 0.21 
controls ±0.03 ±0.02 ±0.02 ±0.03 ±0.04 ±0.02 ±0.03 ±0.02 
(n = 5) 
Pyridyl- 0.27 -0.27 0.29 0.27 0.29 0.29 0.29 0.28 
-2-acetic acid ±·0.04 ±0.05 ±0.03 ±0.03 ±0.02 ±0.05 ±0.04 ±0 .. 02 
(n = 5) 

Table 2. Changes in NEFA (meq./l) after intravenous injection of 
10 mg/kg of theobromine (mean ± s). 

Minutes 

0 5 10 15 25 35 45 60 

Phosphate 0.21 0.23 0.25 0.24 0.24 0.24 0.23 0.24 
controls ±0.03 ±0.03 ±0.05 ±0.04 ±0.04 ±0.()2 ±0.03 ±0.04 
(n = 5) 
Theo- 0.21 0.26 0.29 0.30 0.25 0.20 0.21 0.21 
bromine ±0.02 ±0.03 ±·0.07 ±0.07 ±0.05 ±·0.(}2 ±0.-03 ±0.03 
(n = 5) 

DISCUSSION 
The initial increase in NEFA following 3', 5' AMP admini­

stration was most pronounced in the animals pretreated with 
nicotinic acid. One of these animals showed a reduced glucose 
response and in the other animals no initial change in g1ucose 
was observed. Liver glycogen was apparently greatly reduced. 
The experiment clearly demonstrated the glycogenolytic effect 
of exogenous 3', 5' AMP. The elevation of blood glucose which 
started after about 30 min. in one of ·the pretreated animals was 
probably caused by increased gluconeogenesis. Increased gluco­
neogenesis from lactate after 3', 5' AMP administration was de­
monstrated by Exton & Park (1968). The pretreated animals 
showed higher glucose and NEF A values than the normals at 
zero time, which may be due to a general s.tress reaction caused 
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by nicotinic acid intoxication. The animals appeared depressed 
and refused to eat. It was shown previous!ly (Luthman et al. 
1970) that 100 mg/kg of nicotinic acid caused moderate dege­
nerative changes in the liver followed by increased serum or­
nithine carbamyl transferase (OCT) activity. 

Since the initial increase in NEFA following 3', 5' AMP was 
most pronounced when no hyperglycemia occuITed, it seems 
possible that hyperglycemia depressed the weak lipolytic effect 
of 3', 5' AMP. The later decrease in NEFA could, however, not 
have been caused by incireased blood glucose levels, since NEF A 
decreased in ·all animals. This decrease in NEF A may be caused 
either by 3', 5' AMP itself or by some of the other effects, which 
it probably induced. There is now evidence that 3', 5' AMP re­
gulates the 1release of a number of hormones, which may influ­
ence NEF A metabolism, e. g. insulin (Robison et al. 1968), ste­
roids (Levine 1968), thyroid stimulating hormone (Cehovic 1969), 
growth .hormone (Gagliardino & Martin 1968). The NEFA change 
following 3', 5' AMP administration is thus a complex response, 
which may be mediated by several mechanisms. 

Nicotinic acid and pyridyl-3-acetic acid showed about the 
same ·antilipolytic activity when administered intravenously, 
while pyridyl-2-acetic acid did not change NEF A. A rebound 
elevation of NEF A was observed after nicotinic acid but not after 
pyridyl-3-acetic acid. Pereira (1967) reported that this rebound 
did not occur in hypophysectomized-ad1renalectomized rats and 
that nicotinic acid caused a significant increase in plasma cor­
ticosterone, which was also reported by Johnson & Kanics (1969). 
Irie et al. (1967) attributed the rebound phenomenon to increased 
secretion o.f growth hormone, but Blackard & Heidingsfelder 
(1969) found no relationship between the NEFA rebound and 
the plasma concentration of growith hormone. Nicotinic acid was 
effective in depressing NEF A also after oral administration. As 
was discussed above the higher of the doses used, 100 mg/kg, 
causes a complete depletion of liver glycogen. Nicotinic acid is 
synthetized normally in the rumen. The literature in this field 
was summarized by Hungate (1966). I.tis, however, uncertain if 
nicotinic acid occurs in amounts sufficient to influence NEF A 
metabolism duriillg natural conditions. Pyridyl-3-acetic acid 
showed no antilipolytic activi·ty when given .orally. As the effect 
was comparable with that of nicotinic acid afil'er intravenous ad­
ministration, it seems possible that pyridyl-3-acetic acid was 



546 J. Luthman & G. Jonson 

eHher not absorbed or was metabolized to inactive metabolites 
in the 1rumen or rumen wall. 

Caffeine, theophylline and ethylene di,amine theophyllinate 
showed a potent lipolytic effect. Butcher & Sutherland (1962) 
reported an equal inhibitory effect on phosphodiesterase activity 
of theobromine and caffeine, whHe theophylline was about six 
times more potent. The results of the in vivo studies in the pre­
sent investigations are not in accordance with this finding. The 
lipolytic effect of methyl xanthines in vivo may, however, in part 
be due to their ability to release catecholamines. Increased urin­
ary exeiretion of catecholamines after coffee ingestion was re­
ported by Bellet et al. (1969), and Strubelt (1969) presented 
evidence that endogenous catecholamines were implicated in the 
hyperglycemic actions of theophylline and caffeine. Theobromine 
showed no lipolytic effect at a dose of 10 mg/kg. Tribasic sodium 
phosphate, which was used as solvent, probably did not influence 
the NEF A response to theobromine, since it did not affect the 
lipolytic activity of theophylline. About 30 min. after theoibro­
mine administration, ,the animals behaved like after a large dose 
of a tranquilizing drug and because of this unwanted effect theo­
bromine was not used at higher doses. 

Pyridyl-3-acetic 1acid and nicotinic acid completely blocked 
the lipolytic effect of caffeine (Fig. 7). This was the only ex­
periment where fasted animals were used. When caffeine and 
nicotinic acid were given, a late increase in NEF A was observed. 
Maximum was reached after 90 min. When only nicotinic acid 
was given, the rebound in NEF A was not so pronounced (Fig. 3). 
These animals were, however, not fasted. The difference in NEF A 
rebound was probably caused by the nutritional state of the 
animals,· since Carlson & Oro (1962) found that the rebound 
following nicotinic acid was most pronounced in fasted subjects. 

Lipolysis is influenced by a number of hormones and chem­
icals and the results in the present study were to a great extent 
in conformity with results from in vitro and in vivo studies in 
other animal species. 
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SUMMARY 
The intravenous injection of 3', 5' AMP, rn mg/kg, caused an im­

mediate rise in blood glucose in normal sheep. In sheep where liver 
glycogen was depleted by pretreatment with 100 mg/kg of nicotinic 
acid, the blood glucose response was greatly reduced. The glycogeno­
lytic effect of 3', 5' AMP was thus easily demonstrated. The injection 
of 3', 5' AMP was followed by an immediate rise in NEFA, which was 
most pronounced in the pretreated animals. After the initial increase 
there was a fall in NEFA in both the normal and the pretreated ani­
mals. The role of hyperglycemia for the NEFA response to exogenous 
3', 5' AMP was discussed. It seemed possible that hyperglycemia may 
modify the initial increase in NEFA. The later fall in NEFA was dis­
cussed as a complex response, which may be the result of the action 
of several hormones, which may be released by 3', 5' AMP injection. 
Nicotinic acid and pyridyl-3-acetic acid showed a potent anitilipolytic 
activity. Nicotinic acid caused a rebound elevation of NEFA. No re­
bound was observed after pyridyl-3-acetic acid. Pyridyl-3-acetic acid, 
however, did not change NEFA when administered orally. Pyridyl-2-
acetic acid had no antilipolytic effect. Of the methyl xanthines caf­
feine and theophylline showed about the same lipolytic activity. Theo­
bromine was quite ineffective. 

SAMMANFATTNING 
Eff ekten av cyklisk 3', 5' adenosin monofosforsyra, metylxantiner och 
nikotinsyra pd plasmakoncentrationen av icke f orestrade f ettsyror 

hos far. 
lntravenos injektion av cyklisk 3', 5' adenosin monofosforsyra 

(3', 5' AMP) i en dos av 10 mg/kg gav hos normala far upphov till en 
omedelbar blodglykosstegring. Hos far, dar leverglykogenet reducerats 
genom fOrbehandling med nikotinsyra i en dos av lOO mg/kg, uteblev 
eller reducerades den initiala blodglykosstegringen. Den glykogenolyti­
ska effekten av 3', 5' AMP kunde saledes verifieras. lnjektionen av 3', 5' 
AMP foljdes liven av en initial okning av NEFA, vilken var mest ut­
talad hos de fOrbehandlade djur,en. Efter den initiala stegringen sjonk 
NEFA hos samtliga djur. Betydelsen av hyperglykami fOr NEFA-svaret 
pa exogent tillfOrt 3', 5' AMP diskuteras. Det synes mojligt att hyper­
glykami kan modifiera den initiala stegringen av NEF A. Den senare 
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sankningen av NEFA diskuteras som ett komplext svar, som kan vara 
resultatet av effekten av ett flertal hormoner, som frisattes efter till­
fOrsel av 3', 5' AMP. Nikotinsyra och pyridyl-3-attiksyra hade kraftig 
antilipolytisk effekt. Nikotinsyra, men ej pyridyl-3-attiksyra, orsakade 
en sekundar stegring av NEFA. Pyridyl-3-attiksyra var helt ineffektiv 
efter oral tillfOrsel. Pyridyl-2-attiksyra hade ingen antilipolytisk effekt. 
Av metylxantinerna hade koffein och teofyllin ungefar samma lipo­
lytiska effekt. Teobromin hade ingen lipolytisk effekt. 

(Received November 16, 1970). 




