
215215215215215Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 93(2): 215-217, Mar./Apr. 1998

The Growth of Brown Adipose Tissue in Cold-acclimatized
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Cold acclimatization (4-5°C) is accompanied by 2-3 fold increase of brown adipose tissue (BAT).
This rapid growth of interscapular BAT was studied after histamine depletion. In control rats main-
tained at room temperature (28 ± 2°C) the BAT histamine content was 23.4 ± 5.9 (mean ± SD) µg/g of
tissue and cold acclimatization (5±1°C) produced a significant increase of BAT weight, but reduced the
histamine content to 8.4 ± 1.9 µg/g. The total weight of BAT after 20 days of acclimatization was unaf-
fected by depletion of histamine due to compound 48/80. The low level of histamine in BAT of cold
acclimatized rats could be due to a fast rate of amine utilization; alternatively an altered synthesis or
storage process may occur during acclimatization.
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Homeothermic animals have the capacity to
maintain body temperature by a variety of physi-
ological responses, the most important of which is
to enhance nonshivering thermogenesis (NST). The
rapid growth of the brown adipose tissue (BAT)
appears to play a crucial role in NST and is thought
to be mainly regulated by sympathetic noradrena-
line (Rothwell & Stock 1985, Géloën et al. 1992)
as well as other hormonal factors like thyroidal,
adrenocortical and pancreatic hormones
(Kuroshima et al. 1984, Howland & Bond 1987).

Neurotransmitters that promote cell prolifera-
tion may do so by inhibiting adenylcyclase or by
activating phospholipase C (PLC); these include
5-HT, adenosine (A1 receptors), norepinephrine
(alpha-adrenergic receptors) and acetylcholine
(muscarinic receptors) (for review see Lauder
1993). There are several reports that elevated level
of histamine and its synthesizing enzyme are asso-
ciated with rapid tissue growth (Kahlson &
Rosengren 1968). Considering that activation of
H1 receptors results in a potent activation of PLC
leading to phosphoinositide breakdown and sub-
sequent intracellular Ca2+ mobilization (Johnson
et al. 1990, Tilly et al. 1990), this subtype of hista-
mine receptors is an attractive candidate for medi-
ating cell growth.
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Although the role of histamine in thermoregu-
lation in the mammalian brain has been the focus
of a number of investigations (Schwartz et al.
1991), no data exist in relation to the possible par-
ticipation of histamine in promoting the hyperpla-
sia of BAT in nonhibernating mammals submitted
to acclimatization. The aim of this study was to
determine whether normal growth of BAT takes
place under condition of histamine depletion by
compound 48/80.

MATERIALS AND METHODS

Adult female Sprague Dawley rats weighing
180-200 g raised in the Animal Facilities of
Centroccidental University, were used. Each ani-
mal was caged separately and fed with commer-
cial rat pellets. Four groups of animals were ran-
domly chosen. Group A was kept at room tem-
perature (28 ± 2°C) as well as group B, but the
latter was pretreated with compound 48/80. Groups
C and D were acclimatized at 5 ±1°C for a period
of 20 days, but C was pretreated with compound
48/80.

Depletion of histamine - The histamine-libera-
tor compound 48/80 (Sigma, St. Louis, MO) was
dissolved in 0.85% saline and injected intraperito-
neally (i.p.) at an initial dose of 1 mg/kg. The fol-
lowing day the dose was increased to 2 mg/kg; two
days later animals were injected with 3 mg/kg and
three days later with 4 mg/kg until a dose of 5 mg/
kg was reached the 11th day. This chronic dosage
of 5 mg/kg was continued every 5 days for 1 month.
Treatment regime was maintained during the 20
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days of acclimatization. Control groups (A at 28°C
and D at 5°C) received the same volume of ve-
hicle.

Histamine bioassay - Animals were decapitated
and the interscapular BAT was carefully dissected,
cleaned of other surrounding tissue, weighed and
homogenized in ice-cold 0.04 M HCl. The homog-
enized tissue was heated for 1 min using a boiling
bath and then centrifuged at 1000 g for 20 min.
The supernatant was transferred to a glass tube and
pH adjusted to 7.0-7.4 using NaHCO3. Histamine
activity was estimated using the isolated guinea-
pig ileum preparation bathed in atropinised (0.1
mg/l) Tyrode’s solution, bubbled with 95% O2-5%
CO2. Temperature of bath was maintained at 35°C
to decrease even more spontaneous motility of iso-
lated preparation (Vugman & Rocha e Silva 1964).
Data were analyzed using Student’s “t” test and a
p<0.01 was considered as significant.

RESULTS

An acclimatization period of 20 days was
enough to induce a significant growth of inter-
scapular BAT in the group D, when compared to
the respective control maintained at 28°C; more-
over, the growth of BAT was also higher in the
experimental group treated with compound 48/80
(Fig. 1A) indicating that pretreatment with the his-
tamine depletor did not alter the total weight of
BAT reached after long term cold-exposure.

In animals kept at room temperature (group A)
the content of histamine in BAT was 23.4 ± 5.9
(mean ± SD) µg/g of tissue, amount that was eas-
ily extracted and estimated using conventional bio-
assay. Cold acclimatization reduced significantly
the histamine content in BAT (8.4 ± 1.9 µg/g) (Fig.
1B).  Furthermore, treatment with compound 48/
80 reduced 76% BAT histamine content when rats
were kept at room temperature, and this reduction
was also significant (60%) when animals were
cold-acclimatized (Fig. 1B).  However,  in spite of
the amine depletion the BAT hyperplasia occurred
and animals were able to survive the long cold
exposure and they appeared normal with no signs
of ataxia or motor impairments even under con-
tinuous high dose of compound 48/80.

The most interesting finding here reported was
the low BAT histamine content found in cold-ac-
climatized rats, amount that was even lower after
treatment with compound 48/80 (Fig. 1B).

DISCUSSION

In our laboratory we have routinely used a pro-
tocol of cold acclimatization in rodents to investi-
gate its protective effect against fatty liver induc-
ing agents (López-Ortega et al. 1993). When rats
are cold acclimatized for a period of 20 days a strik-

ing observation is the rapid growth of interscapu-
lar BAT. No previous data exist in relation to the
possible mediation of histamine in the rapid growth
of BAT neither the alteration of its development
after chronic treatment with histamine antagonists.

In the 1960s a number of investigators led by
Kahlson and Rosengren (1968) introduced the con-
cept that newly formed (nascent) histamine as a
consequence of elevated histidine decarboxylase
activity, plays a role in rapid tissue growth. Al-
though the precise link has not been elucidated,
recent works in relation to the mechanism of his-
tamine as a growth factor (Tilly et al. 1990, Johnson
et al. 1990, Van der Ven et al. 1993) excited us to
report this study. This non-mast-cell pool of hista-
mine has a more rapid turnover rate and  it acts at
the site, or in the cell, where it is formed (Kahlson
& Rosengren 1968); however,  most of the hista-
mine synthesized in the body is stored in mast cells
being compound 48/80 an effective agent able to
release this pool (Chakravarty 1990).

Although compound 48/80 is considered an
effective histamine releaser, it is not specific. In
rodents, 5-HT contained in mast cells is depleted
by compound 48/80 (Moran et al. 1962). It is also
a well known calmodulin and protein kinase C
antagonist (Chakravarty 1992). In general,
calmodulin antagonists are antiproliferative and
carcinostatic, instead of tissue growth promoting
agents (MacNeil et al. 1988).

One approach to study the role of histamine in
tissue growth is to determine the histamine-form-
ing capacity (HFC) of that specific tissue; how-
ever, this technique may be useless when com-
pound 48/80 is used because it increases HFC in
some tissues (Kahlson & Rosengren 1965). This
effect explains why in the skin after the enhance-

Effect of cold acclimatization on the total weight (A) and the
histamine content in BAT (B) of treated and non-treated rats.
Data are the mean numbers of 8 to 10 animals ± SD  * represent
a p<0.01.  Arrows indicate the comparisons between experi-
mental groups that are statistically different. Temperature is in-
dicated bellow horizontal bars.
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ment of HFC by compound 48/80, the rate of heal-
ing is augmented instead of retarded (Kahlson &
Rosengren 1965). Althought in BAT, this effect has
not been determined yet, it is likely that  the HFC
may be also enhanced as a result of treatment with
this polyamine. That led us to determine the hista-
mine content instead of the HFC.

The values of histamine content in BAT in nor-
mal rats is similar to the histamine level reported
in the liver capsule, lungs and skin in the same
species and larger than that reported in many other
living tissues (Vugman & Rocha e Silva 1964);
but, no study has been conducted to clarify the rea-
son of such large amount of this amine in a tissue
that is clearly involved in NST. Such large amount
of histamine in BAT allows its estimation using a
biological assay that is still considered an inexpen-
sive and effective method for histamine determi-
nation (Nannaioni 1991), but currently it is now
been replaced by state-of-the-art chromatographic
techniques that are far more reliable but also ex-
pensive.

This work presents evidences that the concen-
tration of histamine in BAT during NST is clearly
low.  It is unlikely that it is due to a histamine re-
lease process to the general circulation similar to
the reported in acute hypothermia in which this
vasoactive amine is associated with progressive
hypotension, hypovolemia and hemoconcentration
(Rink 1972).  Alternatively, it is possible that this
endogenous substance was used in a more physi-
ological mechanism explaining the increased ca-
pacity of cold-acclimated rat: a rapid hyperplasia
of BAT necessary to respond calorigenically to the
stressing experimental situation.

In conclusion, this is the first work which stud-
ied a possible relationship between histamine and
the growth of BAT. The most interesting result
concerns with the significant low histamine con-
tent found in the BAT in animals submitted to cold
acclimatization, amount that was even lower after
treatment with compound 48/80, suggesting indi-
rectly that acclimatization by itself has either en-
hanced the rate of histamine utilization or  altered
some  mechanisms of amine synthesis or storage.
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