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In vivo effects of immunostimulating lipopeptides on mouse liver microsomal cytochromes P-450 and on
paracetamol-induced toxicity
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Summary. Immunomodulating lipopeptides lauroyl-L-Ala-y-D-Glu-LL-A2pmNH2-Gly (RP 44.102) and lauroyl-L-
Ala-y-D-Glu-LL-A2pmNH?2 (RP 56.142) were found to protect mice against the hepatotoxicity of paracetamol,
which is due to cytochrome P-450 dependent formation of toxic metabolites and radicals. In fact they decreased the
amount of hepatic microsomal cytochrome P-450, and the level of CCl,-induced lipid peroxidation. In contrast
lauroyl-L-Ala-y-D-Glu-DD-A2pmNH2 (RP 33.204), which only differs by the configuration of the two chiral
carbons of A2pm (diaminopimelic acid) and is not an immunomodulating agent, failed to protect against poisoning
by paracetamol and had no effect on the level of hepatic cytochrome P-450 or the microsomal CCl,-induced lipid
peroxidation. This provides a clear connection between the immunostimulating properties of a compound and its

effects on xenobiotic biotransformations.
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The synthetic lipotetrapeptide, N2-(N-(N-lauroyl-L-
alanyl)-y-D-glutamyl) N6-(glycyl)-DD,LL-2,6-diamino-
pimelamic acid (lauroyl-1.-Ala-y-D-Glu-DD,LL-A2pm-
NH2-Gly) is representative of a new family of substances
exhibiting in vitro and in vivo immunopotentiating activ-
ities11-12:25  Experiments performed with the synthetic
lauroyltetrapeptide (I-tetraP) isomers (fig. 1) containing
either LL-A2pm (l-tetraP LLA2pm) or DD-A2pm (I-te-
traP DDA2pm) led to the conclusion that only the com-
pound with LL-A2pm is biologically active in vivo. Fur-
thermore, the lauroyltripeptide (I-triP) lauroyl-L-Ala-y-
D-Glu-LL-A2pmNH2 was found to be as active as I-
tetraP LLA2pm °. Both stimulate interleukin-1 produc-
tion by murine macrophages and induce release of
colony-stimulating factors (CSF) in the blood of mice, at
the same doses as those which protect these animals
against bacterial infections *.

Several immunomodulators such as C. parvum, BCG, en-
dotoxins, poly ri-rC and dextran sulfate have a marked
effect on the hepatic metabolism of xenobiotics 2 ¢. They
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decrease the level of some hepatic cytochrome P-450
isozymes * ?°. This may explain, at least in part, their
protective action against some toxic effects caused by
compounds such as carbon tetrachloride®? or paraceta-
mol!® which are known precursors of reactive elec-
trophilic metabolites formed during cytochrome P-450-
dependent reactions.

As these immunomodulators stimulate the secretion of
immune factors, some of these factors, such as interfer-
on?°, interleukin-12! and soluble factors secreted by
macrophages 1 or Kupffer cells *® have been tested and
were shown to be implicated in these alterations of hepat-
ic drug metabolizing enzymes.

The present study was undertaken in order to determine
whether the administration to mice of the immunostimu-
lating lipopeptides I-tetraP LI A2pm and I-triP affects
their hepatic cytochrome P-450 amounts and may lead to
a protection against paracetamol-induced toxicity. A
comparison of the effects of the non-immunostimulating
lipotetrapeptide I-tetraP DDAZ2pm isomer, which only
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Figure 1. Synthetic lipopeptides studied
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differs by the configuration of the two chiral carbon
atoms of the diaminopimelic acid, should allow one to
confirm clearly the connection between the immunostim-
ulating properties of a compound and its effects on xeno-
bictic biotransformations.

Materials and methods

The lauroyltetrapeptides 1-tetraP LLA2pm (RP 44.102),
I-tetraP DDA2pm (RP 53.204) and the lauroyltripeptide
I-triP (RP 56.142) were synthesized by the Rhone-Pou-
lenc Santé laboratories (Vitry/Seine, France).

Treatment of animals. 7—9-week-old female NMRI mice
(Iffa Credo, St Germain L'Arbresle, France), were daily
injected intraperitoneally (1.p.) for various periods with
different doses of lipopeptide dissolved in saline. Control
mice received saline only. Unless otherwise stated, food
was withdrawn during 3 days (fasting mice) before the
treatment.

In vitro experiments. Preparation of microsomes: the liver
of each sacrificed animal was immediately removed and
perfused with ice-cold saline solution. Hepatic micro-
somes were prepared as previously described!. Briefly,
the liver was homogenized in ice-cold 50 mM TRIS-HCl
buffer, pH 7.4, containing 0.2 M saccharose and 1 mM
EDTA and centrifuged for 20 min at 10,000 x g and 4°C;
the supernatant was centrifuged for 1 h, at 105,000 x g
and 4 °C and the microsomal pellet, suspended in ice-cold
100 mM sodium pyrophosphate, pH 7.4, was centrifuged
under the same conditions; the final pellet was homoge-
nized in 1 or 1.5 ml of ice-cold 0.1 M potassium phos-
phate, pH 7.4, containing 20% glycerol and stored at
—80°C until enzymatic determinations.

Determination of cytochromes P-450 and bs: they were
characterized and quantified by spectrophotometric
methods'* and correlated to protein levels determined
according to Lowry®.

Production of malondialdehyde (MDA) by liver micro-
somes: 1 mg of microsomal proteins was added to 1 ml of
0.5mM NADPH in 0.1 M potassium phosphate buffer,
pH 7.4, containing 0.1 mM EDTA; four assays were per-
formed: 1) without any further additive, i.e. with NAD-
PH alone; 2) with addition of lipopeptide; 3) with addi-
tion of SmM CCl, and 4) with addition of 5 mM CCl,
and lipopeptide; assay mixtures were incubated for 10
min at 37 °C.

For chemically induced lipid peroxidation, 1 mg micro-
somal protein was added to 0.5 mM ascorbic acid in
0.1 M potassium phosphate buffer, pH 7.4 and incuba-
tion was initiated by addition of 0.05 mM ferrous sulfate.
The amount of thiobarbituric acid-reacting substances,
i.e. MDA, produced in each incubated solution was mea-
sured as previously described .

In vivo experiments. Protection of mice against a lethal
dose of paracetamol** by treatment with the lipopeptides:
Three days fasting mice, treated with lipopeptide as de-
scribed above, were 1.p. injected with 600 mg/kg of para-
cetamol (lethal dose of the drug).
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In vivo amounts of exhaled ethane: immediately after poi-
soning, mice were placed into a 1-1 chamber connected to
a hydrocarbon-free oxygen reservoir. A 5-ml air sample
was taken after 5 min, 1 h, 2 h and 3 h and was injected
into a Packard gas chromatograph equipped with a flame
ionisation detector and a carbosieve G column (Supelco,
Bellefonte, Penn. USA) (1.50 m x 3 mm) at 150 °C; the
carrier gas helium flowed at 30 ml per min. The ethane
content of the air sample was determined by comparison
with known amounts of ethane .

Survival of animals: 4 h after paracetamol poisoning the
animals received food and were observed twice daily for
3 days; after this time no mortality was observed for
more than one month. Statistical evaluation of survival
was determined according to the ‘Logrank test’!”.

Results

1t has been shown that the in vivo effects of some im-
munostimulating agents on xenobiotic-metabolizing en-
zymes could lead to a protection against the hepatotoxic
effects of CCl, or paracetamol and, in particular, to a
decrease of the intense lipid peroxidation induced in vitro
or in vivo by these two compounds*®-?7, In this study,
two kinds of experiments were performed to determine
the effects of the administration of the immunostimulat-
ing lipopeptides to mice: 1) ex vivo experiments on
mouse liver microsomes including measurement of total
cytochrome P-540 and a study of the ability of these
microsomes to induce lipid peroxidation in the presence
of CCl, and NADPH, a cytochrome P-450 dependent
reaction; 2) in vivo experiments on mice treated with a
lethal dose of paracetamol, including a measure of ex-
haled ethane as an index of in vivo lipid peroxidation and
a measure of the survival of mice pretreated with the
lipopeptides before paracetamol administration.

Ex vivo experiments. Treatment of normally nourished
NMRI mice for 3 days with 10 mg per kg of l-tetraP
LLA2pm and I-triP led to a marked decrease (about
33%) of the level of liver microsomal cytochrome P-450
but had no significant effect on cytochrome bg; the de-
pletion of cytochrome P-450 was correlated with the de-
crease of the cytochrome P-450/cytochrome b ratio
(table 1). Moreover, liver microsomes from mice treated
with l-tetraP LLA2pm and I-triP exhibited a lower ability
to produce MDA during lipid peroxidation induced by
activation of CCly. It is noteworthy that the low level of
lipid peroxidation induced by addition of NADPH alone
to microsomes was not modified in microsomes from
mice treated with the lipopeptides (fig. 2). Interestingly,
the I-tetraP DDA2pm isomer had no significant influence
on the amount of microsomal cytochrome P-450 nor on
CCl -induced MDA production.

Since intoxication with paracetamol and survival studies
were done with fasting mice, the effect of lipopeptides
was also studied on fasting mice for 3 days before admin-
istration of lipopeptides. It was already known that star-
vation induced a decrease of liver glutathione, an in-
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Table 1. Amounts of cytochrome P-450 and cytochrome by in liver mi-
crosomes of NMRI mice treated with lipopeptides at a dose of 10 mg/kg.

Treatment Number Cytochromes P-450/b,
of P-450 b, ratio
animals (nmole/mg prot.)

Nourished

Saline 6 1.53 +£0.10 068 +005 226

I-tri P 6 1.01 £0.15 0.63+007 159

I-tetraP LLA2pm 6 1.004+0.12 0651005 1.52

I-tetraP DDA2pm 6 137 +£014 0744+ 009 185

Fasting

Saline 10 1.58 £0.07 069+007 229

I-tri P 6 090 +0.02 0621009 146

I-tetraP LLA2pm 10 0.89+0.10 0554006 1.62

I-tetraP DDA2pm 10 1.31 +£0.07 059 £0.07 222

Underlined values are significantly different from control values (mean
values: nmole/mg of protein + SEM, Student-Fisher’s t-test, p < 0.0223)

nmole MDA/mg prot/10 min

1-triP

Control 1-tetraP LLA2pm  1-tetraP DDA2pm

Figure 2. Ex vivo formation of MDA by hepatic microsomal prepara-
tions from normally nourished mice treated with lipopeptides. Mice were
treated for three days with saline (control), 1-triP, L-tetraP LLA2pm or
I-tetraP DDA2pm (10 mg/kg, i.p.). 1 mg hepatic microsomal protein was
incubated with NADPH alone (basal) or NADPH + 5 mM CCl, (NAD-
PH + CCl,) for 10 min at 37 °C. Mean values of 3 independent determi-
nations (nmole/mg of protein + SEM). * Significantly different from
control values (p < 0.02).

i Basal; } NADPH + CCl,.

crease of lipid peroxidation produced by paracetamol
and a decrease of the lethal dose of this compound 4.
Thus, the use of fasting mice allowed us to obtain toxic
effects with much lower doses of paracetamol. As shown
in table 1, treatment with l-tetraP LLA2pm and I-triP led
to a clear decrease (about 40 %) of the liver cytochrome
P-450 level and of the cytochrome P-450/cytochrome b
ratio. The non immunomodulating isomer I-tetraP
DDA2pm had a slight but not significant effect on the
cytochrome P-450 level and failed to modify the cy-
tochrome P-450/cytochrome b, ratio.

It is noteworthy that neither the weight of liver nor the
global amount of liver microsomal proteins was modified
by treatment of fasting mice with the three lipopeptides
(data not shown).

Dose-dependence was studied with I-tetraP LL.A2pm
and l-triP. Treatment of mice with 0.01 mg/kg of I-tetraP
LLA2pm or 1-triP had no effect on the level of their
microsomal cytochrome P-450 (table 2) nor on the pro-
duction of MDA by their liver microsomes in the pres-
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Table 2. Influence of dose-dependent treatment of fasting mice with im-
munomodulating lipopeptides (3 days) on the level of their liver microso-
mal cytochromes P-450.

Dose I-tetraP LLA2pm I-triP
(mg/kg) P-450 P-450
(nmole/mg prot.) (nmole/mg prot.)

Saline (a) 1.38 £ 0.07 1.38 £ 0.07
0.01 1.38 + 0.04 1.50 + 0.09
0.1 0.96 + 0.08 1.06 + 0.09
Saline (b) 2.07 £ 0.20 1.96 +£0.07
0.5 0.95 + 0.14 1.00 £ 0.06
1 0.97 +0.10 0.98 +0.10
5 1.00 + 0.16 L12+0.01
10 1.22 +0.04 1.13+0.15

Underlined values are significantly different from contro! values. (mean
values of 3 animals/dose, nmole/mg of protein + SEM, Student-Fisher’s
t-test, p < 0.05). (a) 10-week-old mice, (b) 7-week-old mice.
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Figure 3. Dose-dependent ex vivo formation of MDA by hepatic micro-
somal preparations from fasting mice treated with lipopeptides. Fasting
mice were treated for three days with lipopeptides (0.01 to 10 mg/kg, i.p.).
1 mg hepatic microsomal protein was incubated with NADPH alone
(basal) or NADPH + SmM CCI, (CCl,) for 10 min at 37°C. Mean
values of 3 independent determinations (nmole/mg of protein + SEM).
* Significantly different from control values (p < 0.02). [l Control basal;
Control, CCl,; lfj1-triP basal; [E1-triP, CCl,; B l-tetraP LLA2pm
basal; (i l-tetraP LLA2pm, CCl,.

ence of CCl, (fig. 3). A clear decrease of the cytochrome
P-450 level and of the CCl,-induced formation of MDA
was observed already with 0.1 mg/kg. Maximal effect
was obtained with doses between 0.5 and 5 mg/kg.
Whatever the dose, basal production of MDA induced
by addition of NADPH alone was not modified, pointing
out the effect of treatment by lipopeptides on CCl,-in-
duced but not on basal lipid peroxidation.

In vitro addition of lipopeptides (10 =7 M -10 ~* M) to
liver microsomal preparations from untreated mice did
not modify lipid peroxidation induced chemically (Fe-
ascorbate system) or enzymatically (NADPH + CCl,).
This result showed that lipopeptides had no direct inhib-
itory effects on microsomal lipid peroxidation.

In vivo experiments. In the range of doses studied (0.5 to
10 mg/kg), I-tetraP LLA2pm and I-triP injected i.p. daily
for 3 days before treatment of mice with a lethal dose of
paracetamol led to a clear protection of these animals
with up to 88 % survival after administration of 5 mg/kg
of I-tetraP (table 3). The maximum effect of I-triP (77 %
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Table 3. Effects of immunomodulating lipopeptide pretreatment on the
lethality caused by paracetamol in mice and on the production of exhaled
ethane.

Compound Dose Survival of mice after 72h  Exhaled
(mg/kg) Treated Surviving (%)  ethane (a)
(% of control)

Saline 0 24 2(8) 100
I-tetraP 10 23 14 (61) 29
LLA2pm 5 8 7 (88) 15

1 14 6 (43) 14
I-tetraP 10 17 1 (6) 90
DDA2pm 5 6 0(0) od

1 6 0 {0) nd
I-triP 10 27 14 (52) 42

S 10 6 (60) 20

1 22 17 (77) 11

0.5 11 6 (55) 24

Animals were pretreated for 3 days with the lipopeptides and then treated
with paracetamol the fourth day. Underlined values: significant number
of surviving mice 72 h after poisoning with paracetamol of lipopeptide
treated mice compared to saline treated animals (Logrank test,
p < 0.05'7). (a) mean values of 2 assays involving 2 mice each.

survival) was obtained with 1 mg/kg, and this compound
still manifested a non-negligible activity at the lowest
studied dose, 0.5 mg/kg.

With pretreatment only 24 h before paracetamol, using a
dose of 10 mg/kg of I-tetraP LL.A2pm and I-triP, about
50 % survival was observed. No protection was observed,
however, when mice were pretreated only 3 h before
paracetamol injection.

The amount of exhaled ethane observed 3 h after admin-
istration of paracetamol to mice treated with different
doses of both lipopeptides was significantly lower than
that of control mice. With the most effective treatment
for protection of mice (1 mg/kg of 1-triP) ethane produc-
tion was reduced to about 10 %, corroborating the ob-
served protective activity against the lethality of para-
cetamol. As for the survival assay, no influence of lipo-
peptides was established when they were injected 3 h
before paracetamol. This inhibitory effect towards
ethane formation appeared when the immunomodulat-
ing lipopeptides (10 mg/kg) were injected 24 h before
paracetamol treatment; exhaled ethane decreased to
16% of the control values.

In the range of the studied doses, I-tetraP DDA2pm was
totally inactive in the in vivo experiments of survival trial
and production of exhaled ethane after paracetamol poi-
soning, as compared to control mice (table 3).

Discussion

The administration of a lethal dose of paracetamol to
mice is responsible for a strong hepatotoxicity due to the
formation of toxic metabolites and radicals dependent on
cytochrome P-450 enzymes '3 and thus initiates lipid per-
oxidation, hepatic necrosis and then death 2.

The present data show that immunomodulating lipopep-
tides are able to protect mice against paracetamol toxic-
ity. Using lipopeptide isomers, the relationship between
their immunological properties and this protective effect
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was clearly shown; I-tetraP L1.A2pm or I-triP, which are
known to have immunopotentiating activities at the dos-
es used * >, were also found to be active against paraceta-
mol toxicity (significant survival up to 80 % of mice) and
led to a decrease of the in vivo ethane exhalation which
can be used as an index of lipid peroxidation?*. They
also led to a decrease of the amounts of total hepatic
microsomal cytochrome P-450 and of microsomal CCl,-
induced lipid peroxidation. In contrast, I-tetraP
DDA2pm which only differs by the configuration of the
two chiral carbons of A2pm, and which is not an im-
munomodulating agent, failed to protect against poison-
ing by paracetamol and had almost no effect on the
hepatic cytochrome P-450 level and on the microsomal
CCl,-induced lipid peroxidation.

In contrast to antioxidant compounds, lipopeptides 1-te-
traP and I-triP have no direct in vitro effect on microso-
mal enzymes involved in the formation of reactive
metabolites, since addition of these products to microso-
mal preparations did not lead to a decrease of chemically
or enzymatically induced lipid peroxidation. In addition,
their maximum protective effect against paracetamol
toxicity was obtained only after their administration 3
days before paracetamol, although a slight response oc-
curred after 24 h with the highest dose (10 mg/kg). No
effect was observed after treatment 3 h before paraceta-
mol administration (data not shown).

The mechanism of this protective effect has not been
elucidated so far. It could be mediated by the decrease
of some hepatic cytochrome P-450 isozymes which are
responsible for the formation of toxic paracetamol
metabolites, as was found for the interferon-inducer Poly
rI-rC by Renton and Dickson 1°. This decrease of some
cytochrome P-450 isozymes could also be responsible for
the inhibitory effects observed after lipopeptide adminis-
tration on ex vivo NADPH and CCl,-induced lipid per-
oxidation, which is dependent on CCl, activation into
CClj by some cytochrome P-450 isozymes 2. It is note-
worthy that ex vivo microsomal lipid peroxidation in-
duced by NADPH alone, which could be dependent on
other P-450 isozymes, was found to be unaffected by
lipopeptide administration. Electrophoretic profiles of
hepatic microsomal fractions from animals treated with
active lipopeptides suggested that at least one cy-
tochrome P-450 isozyme was decreased (unpublished
data). Recently, high doses of endotoxins were proved to
cause marked depression or even suppression of certain
cytochrome P-450 1sozymes whereas low doses potentiat-
ed the expression of other isozymes such as 3-methyl-
cholanthrene-induced P-45022.

Lipopeptides could be implicated in the in vivo depletion
of some isozymes of cytochrome P-450 either directly by
modifying their regulation, or indirectly by factors
secreted under their influence such as interleukin-14,
which has been found to depress cytochrome P-4502*, or
other factors secreted by macrophages®® or Kupffer
cells 6.



886 Experientia 45 (1989), Birkhduser Verlag, CH-4010 Basel/Switzerland

Acknowledgments. The authors thank Geneviéve Bouillé for her excel-
lent technical assistance, Chantal Guihenneuc and Virginie Lasserre
(Laboratoire de statistique médicale, URA 842 C.N.R.S., UER Paris V)
for their adaptation of statistical program of Logrank test, and Rhéne-
Poulenc for the gift of synthetic lipopeptides and financial support.

1 Buege, J. A, and Aust, S. D., in: Methods in enzymology, pp. 302—
310. Eds S. Fleischer and L. Packer. Academic Press, New York 1978.
Descotes, I, Drug Metab. Rev. 16 (1985) 175.

Fisher, R. A., and Yates, F., Statistical tables for biological agricultur-

al and medical research. Oliver and Boyl Ltd, Edinburgh.

4 Floc'h, F., and Poirier, J., Proc. 6th Int. Congress of Immunology,

Abst. G 5-41.25. Toronto, Canada 1986.

Floc'h, F,, and Poirier, J, Int. I. Inmunopharmac. 10 (1988) 863.

Giampietri, A., Pucetti, P., and Contessa, A. R., J. Immunopharmac.

3 (1981) 251.

Kappus, H., in: Oxidative Stress, pp. 273—310. Ed. H. Sies. Academic

Press, London 1985.

Lowry, O. H., Rosebrough, N. I, Farr, A. L., and Randall, R. J, J.

biol. Chem. 793 (1951) 265.

Mannering, G, J., Renton, K. W,, El Arhary, R., and Deloria, L. B.,

Ann. N.Y. Acad. Sci. 350 (1980) 314.

10 Mansuy, D., Sassi, A., Dansette, P. M., and Plat, M., Biochem. bio-
phys. Res. Commun. 735 (1986) 1015.

11 Migliore-Samour, D., Bouchaudon, 1., Floc’h, F,, Zerial, A., Ninet,
L., Werner, G. H., and Jollés, P., C. R. Acad. Sci. Paris 289D (1979)
473.

12 Migliore-Samour, D., Bouchaudon, I, Floc'h, F., Zerial, A., Ninet,
L., Werner, G. H., and Jollés, P., Life Sci. 26 (1980) 883.

13 Mitchell, J. R., Jollow, D.J, Potter, W. Z., Davis, D. C., Gillette,
J. R., and Brodie, B. B., J. Pharmac. exp. Ther. 187 (1973) 185.

w N

D o0 ~3 SN n

Research Articles

14 Omura, T., and Sato, R., J. biol. Chem. 239 (1964) 2370.

15 Peterson, T. C., and Renton, K. W, Immunopharmacology 7/ (1986)
21.

16 Peterson, T. C., and Renton, K. W, Biochem. Pharmac. 35 (1986)
1491.

17 Peto, R., and Peto, J, J. R. Stat. Soc. A. 135 (1972) 185.

18 Prescott, L. F., Wright, N., Roscoe, P., and Brown, S. S., Lancet 7
(1971) 519.

19 Renton, K. W, and Dickson, G., Toxic. appl. Pharmac. 72 (1984) 40.

20 Renton, K. W, and Singh, G., Biochem. Pharmac. 33 (1984) 3899.

21 Shedlofsky, S. 1., Swim, A. T., Robinson, J. M., Gallicchio, V. S., Co-
hen, D. A, and McClain, C.J., Life Sci. 40 (1987) 2331.

22 Stanley, L. A., Adams, D. I, Lindsay, R., Meehan, R. R., Liao, W,,
and Wolf, R., Eur. J. Biochem. {74 (1988) 31.

23 Trudell, J. R., Bosterling, B., and Trevor, A. J, Proc. natl Acad. Sci.
USA 79 (1982) 2678.

24 Wendel, A., Feuerstein, S., and Konz, K. H., Acute paracetamol in-
toxication of starved mice leads to lipid peroxidation in vivo.
Biochem. Pharmac. 28 (1979) 2051.

25 Werner, G. H.,, Floc’h, F, Bouchaudon, J., Zerial, A., Migliore-
Samour, D., and Jollés, P., in: Current Concepts in Human Immunol-
ogy and Cancer Immunomodulation, vol. 17, pp. 645-652. Eds
B. Serrou and C. Rosenfeld. Elsevier Biomedical Press, Amsterdam
1982,

26 Williams, 1 F, Int. I Immunopharmac. 7 (1985) 501.

27 Yoshikawa, T., Furukawa, Y., Wakamatsu, Y., and Kondo, M., Expe-
rientia 38 (1982) 501.

0014-4754/89/090882-0581.50 + 0.20/0
© Birkhiuser Verlag Basel, 1989

Noradrenergic control of ascorbic acid and glutathione concentrations in brown fat of cold-exposed rats
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Summary. Ascorbic acid and glutathione concentrations increase in brown fat of cold-exposed rats. This phenomenon
can be reproduced by noradrenaline or isoproterenol administration, and thus seems to be under sympathetic control.
Histological study shows ascorbic acid storage in brown adipocyte nuclei.

Key words. Brown fat; cold exposure; ascorbic acid; gluthatione; noradrenaline; a-agonist; f-agonist.

In several mammalian species, exposure to cold triggers
redevelopment ! of brown adipose tissue (BAT), a tissue
specialized in thermogenesis 2. This so-called ‘trophic re-
sponse’ is the cumulative result of various events, includ-
ing increases in cell number, in mitochondrial mass per
cell, and in the mitochondrial concentration of uncou-
pling protein (UCP), the protein responsible for the ther-
mogenic capacity of BAT 2.

BAT trophic response is also characterized by an increase
in ascorbic acid (AA) concentration > 4, the exact role of
which has not been demonstrated ®, and an increase in
reduced glutathione (GSH) concentration, for which a
‘protective mechanism’ against the peroxidative effect of
AA has been put forward“. It has been suggested that
AA is stored in the tissue nerve supply°. If the ‘protec-
tive’ hypothesis is correct, AA must be stored, at least in

part, directly in brown adipocytes. The preliminary part
of this work was thus an investigation of AA localization
in BAT using a histological approach.

In rats, most of the events involved in the trophic re-
sponse to cold are triggered and maintained by an in-
creased stimulation of the tissue by noradrenaline (NA),
through increased sympathetic tone ' ®. The second aim
of the present study was to determine whether the rise of
AA and GSH concentrations in BAT of cold-exposed
rats is also due to noradrenergic stimulation. We used the
technique utilized to show the control of UCP level by
NA, i.e. chronic administration of NA by implanted
pumps in rats kept at room temperature’. Since BAT
has both a- and B-adrenoceptors®, a- and B-agonists
were tested in addition to the natural sympathetic medi-
ator.



