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Age related changes in the antilipolytic effects of
nicotinic acid in rat adipose tissue
L. Caparrotta, G. Fassina, R.M. Gaion& F. Tessari

Institute of Pharmacology, University of Padova, Largo E. Meneghetti 2-I 35100 Padova, Italy

1 The effect of nicotinic acid on lipolysis was tested in vitro in adipose tissue from three groups of
rats, selected according to age: 6-7 weeks, 10-12 weeks and 16-20 weeks old.
2 Although the changes were not statistically significant, the basal release of free fatty acid (FFA)
was increased and glycerol was decreased by nicotinic acid (0.01-1 mM); the drug caused a
statistically significant increase in basal FFA: glycerol ratio in a concentration-dependent manner.
This ratio also increased with age in the absence of drug.
3 (-)-Noradrenaline (10 IM) and theophylline (3mM) each stimulated lipolysis. When glycerol
release was calculated as a percentage increase, the effects of these drugs became more marked with
age. By contrast, the highest absolute rate of induced release occurred in adipose tissue from the
youngest rats.
4 The lipolytic effect of 10 t4M (-)-noradrenaline was generally unaffected by nicotinic acid except
in adipose tissue from the oldest rats when the glycerol release was reduced by 1 mM nicotinic acid,
although it did not alter FFA: glycerol ratio.
5 The stimulation of glycerol release induced by 3 mM theophylline was not affected by the
presence of nicotinic acid in the youngest rats, but the drug elicited a concentration-dependent
antilipolytic effect in adipose tissue from 10-12 weeks old rats, which was even more pronounced in
the oldest animals. Lower theophylline concentrations (0.6-1 mM) were also sensitive to nicotinic
acid inhibition in the 6-7 weeks old rats. In the presence of theophylline, nicotinic acid had no effect
on FFA: glycerol ratio.
6 These data show a direct influence of age on the antilipolytic action of nicotinic acid.

Introduction

In a theoretical consideration of the treatment of
hyperlipidaemias as related to the mechanism of
action of various lipid lowering drugs, our attention
was focused on three simple observations which
might be correlated: (a) a high percentage of human
hyperlipidaemias have a late onset in life (Bierman &
Ross, 1975; Carlson, 1975; Dioguardi & Vergani,
1978) and aging by itself causes a progressive in-
crease of plasma lipids within limits that are consi-
dered non-pathological (Walton, 1974; Rifkin, La
Rosa & Heiss, 1980); (b) in adipose tissues, which is
the major lipid store in the body, many metabolic
functions undergo age-related changes (Gellhorn &
Benjamin, 1965; Forn, Schonhofer, Skidmore &
Krishna, 1970; Reardon, Goldrick & Fidge, 1973;
Holm, Jacobsson, Bjorntorp & Smith, 1975); (c)
some of these functions are also affected by nicotinic
acid (Krishna, Weiss, Davies & Hynie, 1966; Shafrir,
Orevi & Gutman, 1971; Skidmore, SchOnh6fer &
Kritchevsky, 1971).

These observations led us to wonder if a correla-
tion might exist between age and the effect of
nicotinic acid. The fact that altered metabolic condi-
tions, such as starvation and alloxan diabetes, have
been shown to influence the effects of this drug in
adipose tissue and other organs (Solyom & Puglisi,
1966; Otway, Robinson, Rogers & Wing, 1971;
Shafrir et al., 1971) gives further support to such
conjecture. In fact, aging is associated with a variety
of metabolic alterations, which may be related to the
occurrence of disease processes (Goldstein & Harley,
1969; Masoro, Bertrand, Liepa & Yu, 1979; Roth,
1979). Aging may thus be considered as an altered
metabolic condition and, as such, it would potentially
affect nicotinic acid action.

In order to test this hypothesis the effect of
nicotinic acid was studied in rats of various ages.
Since inhibition of lipolysis in adipose tissue is consi-
dered as a primary mechanism of the drug's action
(Carlson, 1963; Hepp, Dietze& Wieland,1971; Carl-
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son, 1978), this system was chosen for the present in
vitro experiments. Free fatty acid (FFA) and glycerol
release were measured, both basally and after (-)-
noradrenaline or theophylline stimulation.
The present results show that the antilipolytic ac-

tion of nicotinic acid increases with age, suggesting a
possible specific relationship between the phar-
macological properties of this drug and metabolic
alterations caused by aging.

Methods

Three groups of male Wistar rats were used, selected
according to age: 6 to 7 weeks old (180 ± 10 g body
weight); 10 to 12 weeks old (350 ± 20 g body
weight); 16 to 20 weeks old (500 ± 20 g body weight).

Epididymal fat pads were excised under light ether
anaesthesia, washed in saline, rapidly cut into
1- 2mm large strips and randomized.
Aliquots of 100 ± 5 mg of minced tissue were sus-

pended in 1.9 ml of Krebs Ringer bicarbonate buf-
fered solution (pH 7.4) containing bovine serum al-
bumin fraction V, 2.5% unless otherwise indicated.
The composition of the Krebs Ringer solution was
(mM): NaCllO9, KC14.5, CaC122.7, KH2PO4 1.2,
MgSO2 1.2, NaHCO3 24.2.

Nicotinic acid (dissolved in 501l ethanol) was
added to the incubation medium where indicated.

The same volume of ethanol was added to the sam-
ples in which the drug was not present. The samples
were then preincubated for 30min at 37°C in a
metabolic shaker before the addition of the lipolytic
drugs. (-)-Noradrenaline or theophylline, dissolved
in 50 ttl of 0.9% w/v NaCl solution (saline), was then
added to the samples which were further incubated
for 150 min. Thus nicotinic acid was present in the
samples throughout the preincubation period until
the end of the incubation (180 min total). The reac-
tion was stopped by adding 0.1 ml of 2.5 N H2SO4.
Aliquots of 1.0 and 0.3 ml of the medium were then
used for the determination of FFA and glycerol
respectively.

F'FA were titrated according to Dole (1956) and
glycerol was determined according to the methods of
Lambert & Neish (1950) by the use of acetylacetone
reagent proposed by Nash (1953). Nicotinic acid did
not interfere with these determinations at any of the
concentrations used. Student's paired t test was used
in statistical analyses and P values of less than 0.05
were considered statistically significant.

Bovine serum albumin fraction V was purchased
from Sigma, St. Louis, Missouri. (-)-Noradrenaline
bitartrate monohydrate was from Recordati, Milano;
theophylline from Carlo Erba, Milano; nicotinic acid
from Merck, Darmstadt. All the other chemicals
were of analytical grade.

Table 1 Effect of age and nicotinic acid on basal lipolysis in rat adipose tissue

FFA
(JAEq g- 1 fresh tissue, 180 min 1)

6.18± 0.92
6.52±0.77
7.06 ± 0.75
7.10±0.26

4.06 ± 0.89*
4.59±0.77
5.60±1.02
5.31 ± 0.75

4.01 ±0.31**
4.59 ± 0.76
4.91 ± 0.54
5.08±0.57

Glycerol
(gsmol g- 1 fresh tissue, 180 min-1)

6- 7 weeks

10-12 weeks

16-20 weeks

3.08±0.55
2.35 ± 0.38
2.19±0.27
2.26 ± 0.28

1.15 ±0.18***
1.03 ± 0.33
0.89±0.15
0.76±0.13

0.95 ±0.10***
0.87 ± 0.05
0.82±0.10
0.81 ± 0.07

Epididymal fat pads were isolated from three groups of rats: 6-7 weeks, 10-12 weeks and 16-20 weeks old.
Albumin concentration in the incubation medium was 2.5 %. NA = nicotinic acid. Each value represents the mean
± s.e.mean of 9 to 12 assays from 5 different experiments. FFA: glycerol ratio was calculated from the values
obtained in the single experiments. Statistical significance of the difference from the control in young rats (first line of
each column) is indicated as: *P< 0.025; **P< 0.01; ***P< 0.001.

Drugs
(mM)

None
NA 0.01
NAO.1
NA 1

None
NA 0.01
NA 0.1
NA 1

None
NA 0.01
NA 0.1
NA 1

FFA: glycerol

2.01 ± 0.32
2.77 ± 0.39
3.22± 0.38*
3.14±0.41*

3.53 ± 0.43
4.46+±0.62
6.29± 0.60*
6.97 ± 0.72**

4.22 ± 0.50
5.28 ± 0.61*
5.99 ± 0.63**
6.27 ± 0.58**
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Table 2 Effect of nicotinic acid on noradrenaline-induced glycerol release as related to age

Drugs
(mM)

Glycerol
(pmol g- 1 fresh tissue, 150 min-1) FFA: glycerol

6- 7 weeks

None
Noradrenaline 0.01
Noradrenaline 0.01
+ NA 0.01

Noradrenaline 0.01
.+NA0.1

Noradrenaline 0.01
+NA 1

None
Noradrenaline 0.01
Noradrenaline 0.01
+ NA 0.01

Noradrenaline 0.01
+ NA 0.1

Noradrenaline 0.01
+NA 1

None
Noradrenaline 0.01
Noradrenaline 0.01
+ NA 0.01

Noradrenaline 0.01
+NA0.1

Noradrenaline 0.01
+NA 1

2.91 ± 0.24
17.84±0.55
18.09± 1.15

19.60 ± 0.35

19.77 ± 1.05

10-12 weeks

1.14±0.81
10.30 ± 0.81

8.65 ± 1.24

8.24± 1.20

16-20 weeks

0.97 ± 0.11
10.93 ± 1.04
11.61 ± 0.79

8.74± 1.09

7.55 ± 0.69*

1.95
2.14
2.10

1.82

1.84

2.00
2.00

2.53

2.45

4.12
1.84
1.82

2.03

2.31

Epididymal fat pads from rats 6-7 weeks, 10-12 weeks and 16-20 weeks old were used for incubation in Krebs
Ringer solution (pH 7.4) containing 2.5% albumin. NA = nicotinic acid. Each value represents the mean ± s.e.mean
from 4 different experiments. Statistical significance of the difference from noradrenaline 10-5 M; *P< 0.02.

Results

Basal lipolysis

The spontaneous release of FFA and glycerol from
adipose tissue obtained from rats 6-7 weeks, 10-12
weeks and 16-20 weeks old is reported in Table 1.
FFA: glycerol ratios, calculated from the values ob-
tained in each experiment, are also included.

In 10-12 weeks and 16-20 weeks old animals the
rates of bothFFA and glycerol release (expressed per
g fresh tissue) were significantly lower than those of
the youngest rats. The FFA to glycerol ratio, which is
independent of the reference unit (g of tissue), in-
creased with age.
The changes induced by nicotinic acid (0.01 to

1 mM) on basal lipolysis are not statistically signific-
ant (Table 1). However, in all the age groups the drug
caused a small increase in the release of FFA while

reducing the release of glycerol. As a result of these
changes the FFA: glycerol ratio was substantially
enhanced by nicotinic acid in a dose-dependent
manner.

Noradrenaline-induced lipolysis

In adipose tissue from all animals, lipolysis was highly
stimulated by 10Mm (-)-noradrenaline (Table 2).
Under our experimental conditions this effect in the
two groups of younger rats was not altered by
nicotinic acid, at any of the concentrations tested
(0.01 to 1.0 mM). Only in the oldest rats the highest
concentration of nicotinic acid (1 mM) significantly
antagonized the lipolytic action of (-)-
noradrenaline. Glycerol is shown as an index of
lipolysis and parallel results were obtained on FFA
(data not shown). In these conditions, i.e. in the
presence of (-)-noradrenaline, FFA: glycerol ratio
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Table 3 Effect of nicotinic acid on noradrenaline-induced lipolysis with different concentration of albumin

Drugs

None
Noradrenaline 1 pM
Noradrenaline 1 gM
+NA 1mM

Noradrenaline 2 fLM
Noradrenaline 2 jLM
+ NA 1mM

None
Noradrenaline 10 gM
Noradrenaline 10 pM
+NAO.lmM

Noradrenaline 10 gM
+NA 1mM

FFA Glycerol
(IAEq g- 1 fresh tissue, . 150 min- 1) (ymol g- 1 fresh tissue, .150min1)

2.5% albumin
3.53 ±0.45
20.58± 2.11
18.25 ± 2.45

27.21± 2.71
28.51 ± 2.54

5.73 ± 1.47
39.66 ± 3.56
36.92 ± 4.21

35.42 ± 2.69

5% albumin

2.17±0.71
9.78 ± 0.32
8.95 ± 0.98

12.45 ± 0.99
12.94± 1.01

2.49 ± 0.24
17.74± 0.68
18.65 ±0.83

19.90± 1.06

Epididymal fat pads were from 6-7 weeks old rats. Albumin medium concentration was 2.5% and 5% in the first
and second group of experiments respectively. NA = nicotinic acid. Each value represents the mean ± s.e.mean of
the data obtained from 6 incubations in 3 experiments.

was not affected either by age or by nicotinic acid
(Table 2).

In order to discover if this lack of nicotinic acid
effect in younger animals might be due to the fact that
the concentration of (-)-noradrenaline used was

supramaximal, or if the albumin added to the
medium had reached saturation by FFA, thus causing
a feed-back inhibition of lipolysis, further experi-
ments were performed altering the concentrations of
noradrenaline and albumin. As shown in Table 3,
nicotinic acid did not exert any antilipolytic effect
either in the presence of submaximal (-)-
noradrenaline concentrations (1 and 2 jAM), or when
the albumin concentration was doubled to 5%.

Theophylline-induced lipolysis

In adipose tissue from the youngest rats, 3 mM
theophylline caused a 7 fold increase in the rate of
lipolysis (Table 4). Neither FFA nor glycerol release
induced by theophylline was significantly altered by
the addition of nicotinic acid. In 10-12 weeks old rats
the addition of 3 mM theophylline resulted in an 8
fold increase of lipolysis, even though the absolute
rate of the process (expressed as lumol of glycerol g-I
fresh tissue, 150 min-1) was 36% lower than in the
youngest animals (Table 4). In rats of the same age

group (10-12 weeks) nicotinic acid elicited a

concentration-dependent inhibition of theophylline-
stimulated glycerol release which was reduced by
42% by the highest concentration of nicotinic acid.
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Figure 1 Effect of nicotinic acid on theophylline in-
duced lipolysis in adipose tissue from rats of different
ages. Epididymal fat pads from 6-7 week old rats in the
absence (0) and in the presence (-) of 1 mM nicotinic
acid. Epididymal fat pads from 16-20 weeks old rats in
the absence (0) and in the presence (U) of 1mM

nicotinic acid. Adipose tissue was incubated in Krebs
Ringer solution (pH 7.4) containing 2.5% albumin.
Each value represents the mean ± s.e.mean of 8 deter-
minations from 4 different experiments.
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Table 4 Effects of nicotinic acid on theophylline-induced lipolysis in adipose tissue of rats of different ages

Drugs
(mM)

None
Theophylline 3
Theophylline 3 + NA 0.01
Theophylline 3 +NA 0.1
Theophylline 3 +NA 1

None
Theophylline 3
Theophylline 3 + NA 0.01
Theophylline 3 + NA 0.1
Theophylline 3 +NA 1

FFA Glycerol
(ttEq g- 1 fresh tissue, .150 min- 1) (Aimol g- 1 fresh tissue, .150 min1)

6- 7 weeks
4.87 ± 0.58
37.62 ± 2.27
35.75 ± 2.73
36.90 ± 4.02
37.65 ± 2.19

4.72± 1.50
29.25 ± 3.15
24.61 ± 4.24
24.46 ± 5.02
23.11 ± 4.36

10-12 weeks

2.95 ± 0.57
21.72± 1.54
18.21 ± 2.03
18.60± 1.76
19.85 ± 2.06

1.65 ± 0.27
13.83 ± 2.10
9.54± 1.28
8.58 ± 1.66*
8.08 ± 1.46**

None
Theophylline 3
Theophylline 3 +NA 0.01
Theophylline 3 + NA 0.1
Theophylline 3 +NA 1

16-20 weeks
4.05 ± 0.41
23.12± 1.07
13.83 ± 1.30***
11.46± 1.81***
9.80±1.18***

1.13 ± 0.18
10.30 ± 0.49
7.04 ± 0.34***
4.29 ± 0.73***
3.82 ± 0.45***

The age of rats is shown at the top of each group of data. Medium albumin: 2.5%. Each value is the mean ± s.e.mean

of the results from 4 different experiments. FFA: glycerol ratio was calculated from the values shown in the table.
The statistical significance of the difference from theophylline 3mM is indicated as: *P<0.05; **P<0.025;
***P<0.001.

The reduction of FFA release was less marked and
statistically not significant.

In adipose tissue from the oldest rats (16-20
weeks), 3mM theophylline elicited a 9 fold increase
in the rate of lipolysis, but the total amount of
glycerol released from the tissue was again much
lower than in the youngest animals (Table 4).
Nicotinic acid now significantly inhibited the effect of
theophylline even at the lowest concentration tested
(0.01 mM). The release, both of FFA and glycerol
induced by theophylline, was reduced by nicotinic
acid to about the same extent and the effect was

concentration-dependent (Table 4). The highest
nicotinic acid concentration (1 mM) caused an inhibi-
tion of lipolysis of about 60%.

In the presence of theophylline no consistent
changes in FFA: glycerol ratio were observed in
relation to age or to the addition of nicotinic acid. As
the activation of lipolysis caused by 3 mM theophyl-
line was almost maximal, the antilipolytic effect of
1 mM nicotinic acid was also tested against a range of
theophylline concentrations (0.6-6 mM). As shown
in Figure 1, the submaximal activation of glycerol
release elicited by 0.6 and 1 mM theophylline was

abolished by nicotinic acid in adipose tissue from
both 6-7 weeks and 16-20 weeks old rats. At 3 and
6mM theophylline the antilipolytic effect of nicotinic

acid was significant in the oldest animals, but not in
the youngest.

Discussion

Rats have been the most commonly used species for
studying the metabolic effects of nicotinic acid. In this
species the aging process causes a number of changes
in adipose tissue as far as fat cell number and size, and
various metabolic activities are concerned (Gellhorn
& Benjamin, 1965; Forn et al., 1970; Holm et al.,
1975; KardovA, Fabry & Vrana, 1978; Cleary, Brasel
& Greenwood, 1979). Most of the changes in the
parameters occur very rapidly within six months after
birth, while from 6 to 24 months the rate of change is
much lower (Cooper & Gregerman, 1976). Because
of these reports we chose the particular three differ-
ent age groups of rats for the present study.
The enlargement of rat fat pads during the first

year of life is directly related to the increase of body
weight (Cleary et al., 1979) and is mostly due to
adipocyte hypertrophy, while hyperplasia stops when
rats reach a body weight of about 300 g, which is close
to the weight of the 10- 12 week old rats used in our
experiments. Owing to these quantitative changes,
particular emphasis will be placed on the FFA to

FFA: glycerol

1.65
1.73
1.89
1.98
1.89

2.86
2.11
2.58
2.85
2.86

3.58
2.24
1.96
2.67
2.57
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glycerol ratio, which is independent of the tissue
weight. This parameter was markedly increased by
age. In the young rats this ratio was lower than 3,
suggesting that a rapid FFA re-esterification and/or
oxidation occurs in the tissue. As the animals became
young adult and then more mature, the ratio progres-
sively increased to a value of 3 and even higher,
indicating a decrease in the rate of FFA re-
esterification and/or oxidation, possibly associated,
at least in older animals, with an accumulation of
diglycerides. This observation is in accordance with
the age-related decrease of palmitic acid oxidation
and incorporation into triglycerides (TGL) (both
expressed per mg tissue) reported by Benjamin, Gel-
horn, Wagner & Kundel (1961), albeit that Reardon
et al., (1973) found no significant change in the basal
rate of FFA esterification (referred to number of
cells) in fat cells from various age groups of 16 h
fasted rats.

Independently of the age of the animals, nicotinic
acid caused a small increase of FFA mobilization,
with a concomitant reduction in basal glycerol re-
lease. As a result of these opposite changes, which are
not statistically significant, the drug markedly en-
hanced FFA to glycerol ratio in a concentration-
dependent manner. Thus nicotinic acid seemingly
caused changes in the basal turnover of FFA, which
superficially resembled changes with age. This point,
however, needs to be clarified, because there is no
direct proof for such an effect of nicotinic acid on
FFA oxidation or partial hydrolysis of TGL. It has
been shown that the drug does not alter the basal rate
of FFA esterification in adipose tissue from normal
rats, but that it stimulates this process in altered
conditions such as fasting (Solyom & Puglisi, 1966)
and alloxan diabetes (Ostman, 1964).

Besides this possible influence of nicotinic acid on
the basal turnover of FFA, the fact that the an-
tilipolytic action of this drug strictly depends upon
the age of the animals is of peculiar interest. Nicotinic
acid did not counteract the effect induced by norad-
renaline on TGL hydrolysis in adipose tissue from
6-7 weeks old rats. This was true when both high and
low catecholamine concentrations were tested, thus
excluding the possibility that the inhibitory effect of
nicotinic acid might be masked by a supramaximal
stimulation of lipolysis. Negative results were also
obtained when the albumin concentration in the
medium was doubled, in order to clarify whether the
availability of binding sites for FFA released into the
medium was a limiting factor for the full activation of
lipolysis, thus influencing the effect of nicotinic acid.

Similarly in adipose tissue of the youngest rats
nicotinic acid did not alter FFA and glycerol release
stimulated maximally by 3mM theophylline. In
10-12 weeks old rats the drug reduced the stimula-
tion of lipolysis caused by theophylline but not by

noradrenaline. The highest sensitivity of adipose tis-
sue to the antilipolytic action of nicotinic acid was
attained when the animals grew to an age of about 5
months. In this case the drug not only caused a
marked inhibition of the effect of theophylline (see
Figure 1 for detailed comparison with younger rats),
but also partially antagonized the stimulation elicited
by noradrenaline.
These results suggest that age or, alternatively,

metabolic changes which occur during the aging pro-
cess, is an important factor in the action of nicotinic
acid in adipose tissue. Its antilipolytic effect is known
to be mediated by cyclic AMP (Andersson, Harthon,
Hedstrom & Lundholm, 1973; Kather & Simon,
1979). As rats grow older, hormone-induced adeny-
late cyclase activity in adipose tissue decreases, with a
simultaneous increase of phosphodiesterase activity
(Forn et al., 1970; Giudicelli & Pecquery, 1978). As
a result catecholamines would be expected to induce
only a moderate increase of cyclicAMP level in older
animals, possibly within the range in which cyclic
AMP changes are fully coupled with those of lipolysis
(Fain, 1977). In these conditions any decrease of the
intracellular cyclic nucleotide content caused by
nicotinic acid would result in an antilipolytic effect of
the drug. In adipose tissue of young rats in which, due
to the very high sensitivity of adenylate cyclase to
external stimuli, a large accumulation of cyclic AMP
occurs, nicotinic acid could still reduce the cyclic
nucleotide level, but not below the limit which is
sufficient for the full activation of lipolysis (Fain,
1977). On the other hand the fact that the antagon-
ism elicited by nicotinic acid towards the lipolytic
action of theophylline was more marked in the older
rats indicates that a tight coupling exists between the
site of theophylline action and the final lipolytic
response.
There may be other explanations for the age-

related increase of nicotinic acid action. For instance
the fact that nicotinic acid causes a parallel inhibition
of FFA and glycerol release only in the oldest rats,
while in adipose tissue from younger animals its
effect on FFA was weaker than its effects on glycerol,
suggests that the changes induced by age on FFA
turnover may also influence the action of nicotinic
acid at this level.

Associated with the aging process are a number of
alterations in the metabolic features of adipose tissue
and nicotinic acid is known to have effects on all these
features; for instance, it increases the rate of glucose
utilization (Shafrir et al., 1971) and favours its flow
through the pentose cycle (Lee, Ellis & Sigal, 1961;
Shafrir et al., 1971), stimulates acetate incorporation
into lipids (Lee et al., 1961) and increases glycogen
stores (Shafrir et al., 1971) in adipose tissue. Thus
there are many possible actions which singly or col-
lectively could account for the effect of nicotinic acid.
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It is intriguing to contemplate that a specificity might
exist for this drug, by which it would prevent or
counteract some potentially dangerous effects of
aging, without altering the physiological equilibrium
of young organisms.

This work was supported by grant C.N.R. no. 79.01884.04
and no. 81.00200.04.
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