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The Growth of Brown Adipose Tissue in Cold-acclimatized
Rats after Depletion of Mast Cell Histamine by
Compound 48/80
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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) ug/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 ug/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 Although the role of histamine in thermoregu-
maintain body temperature by a variety of physitation in the mammalian brain has been the focus
ological responses, the most important of which ief a humber of investigations (Schwartz et al.
to enhance nonshivering thermogenesis (NST). TH®91), no data exist in relation to the possible par-
rapid growth of the brown adipose tissue (BATY}icipation of histamine in promoting the hyperpla-
appears to play a crucial role in NST and is thouglsia of BAT in nonhibernating mammals submitted
to be mainly regulated by sympathetic noradrende acclimatization. The aim of this study was to
line (Rothwell & Stock 1985, Géloén et al. 1992etermine whether normal growth of BAT takes
as well as other hormonal factors like thyroidalplace under condition of histamine depletion by
adrenocortical and pancreatic hormonesompound 48/80.

(Kuroshima et aI_. 1984, Howland & Bond 1987). MATERIALS AND METHODS
Neurotransmitters that promote cell prolifera- o
tion may do so by inhibiting adenylcyclase or by Adult female Sprague Dawley rats weighing

activating phospholipase C (PLC); these includé80-200 g raised in the Animal Facilities of
5-HT, adenosine (Al receptors), norepinephrin€entroccidental University, were usegl. Each ani-
(alpha-adrenergic receptors) and acetylcholin@al was caged separately and fed with commer-
(muscarinic receptors) (for review see Laudegidl rat pellets. Four groups of animals were ran-
1993). There are several reports that elevated lev@d@mly chosen. Group A was kept at room tem-
of histamine and its synthesizing enzyme are assperature (28 + 2°C) as well as group B, but the
ciated with rapid tissue growth (Kahlson &latter was pretreated with compound 48/80. Groups
Rosengren 1968). Considering that activation d¢ and D were acclimatized at 5 +1°C for a period
H, receptors results in a potent activation of PLOf 20 days, but C was pretreated with compound
leading to phosphoinositide breakdown and sut8/80. S S
sequent intracellular & mobilization (Johnson  Depletion of histamineThe histamine-libera-
etal. 1990, Tilly et al. 1990), this subtype of histator compound 48/80 (Sigma, St. Louis, MO) was
mine receptors is an attractive candidate for meddissolved in 0.85% saline and injected intraperito-
ating cell growth. 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/
+Corresponding author. Fax +58-51-425989 kg was reached thg 11th day. This chronic dosage
Received 22 April 1997 of 5 mg/kg was continued every 5 days for 1 month.
Accepted 24 September 1997 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. 500
Histamine bioassayAnimals were decapitated & ;|

and the interscapular BAT was carefully dissecteig

cleaned of other surrounding tissue, weighed ars 3°%]

homogenized in ice-cold 0.04 M HCI. The homog-< ]

enized tissue was heated for 1 min using a boiling’

bath and then centrifuged at 1000 g for 20 mir> '°°]

The supernatant was transferred to a glass tube and

pH adjusted to 7.0-7.4 using NaHG®iistamine

activity was estimated using the isolated guinea-

pig ileum preparation bathed in atropinised (0. Effect of cold acclimatization on the total weight (A) and the

mg/) Tyrode'ssoluion, bubbled with S5%8% _ el e e

COZ' Temperature of bath was malntameq at 35.0§ p<0.01. Arrows indicate the comparisons between efperi-

to decrease even more spontaneous motility of iS@ental groups that are statistically different. Temperature is in-

lated preparation (Vugman & Rocha e Silva 1964 }icated bellow horizontal bars.

Data were analyzed using Student’s “t” test and a

p<0.01 was considered as significant.

RESULTS ing observation is the rapid growth of interscapu-
An acclimatization period of 20 days waslar BAT. No previous data exist in relation to the
enough to induce a significant growth of interpossible mediation of histamine in the rapid growth
scapular BAT in the group D, when compared tof BAT neither the alteration of its development
the respective control maintained at 28°C; moreafter chronic treatment with histamine antagonists.
over, the growth of BAT was also higher in the In the 1960s a number of investigators led by
experimental group treated with compound 48/8&ahlson and Rosengren (1968) introduced the con-
(Fig. 1A) indicating that pretreatment with the hiscept that newly formed (nascent) histamine as a
tamine depletor did not alter the total weight otonsequence of elevated histidine decarboxylase
BAT reached after long term cold-exposure. activity, plays a role in rapid tissue growth. Al-
In animals kept at room temperature (group Aj)hough the precise link has not been elucidated,
the content of histamine in BAT was 23.4 + 5.9ecent works in relation to the mechanism of his-
(mean = SD) pg/g of tissue, amount that was eatmine as a growth factor (Tilly et al. 1990, Johnson
ily extracted and estimated using conventional bicet al. 1990, Van der Ven et al. 1993) excited us to
assay. Cold acclimatization reduced significantlyeport this study. This non-mast-cell pool of hista-
the histamine content in BAT (8.4 £ 1.9 ug/g) (Figmine has a more rapid turnover rate and it acts at
1B). Furthermore, treatment with compound 48the site, or in the cell, where it is formed (Kahlson
80 reduced 76% BAT histamine content when rat& Rosengren 1968); however, most of the hista-
were kept at room temperature, and this reductiamine synthesized in the body is stored in mast cells
was also significant (60%) when animals werdeing compound 48/80 an effective agent able to
cold-acclimatized (Fig. 1B). However, in spite ofrelease this pool (Chakravarty 1990).
the amine depletion the BAT hyperplasia occurred Although compound 48/80 is considered an
and animals were able to survive the long coléffective histamine releaser, it is not specific. In
exposure and they appeared normal with no sigmsedents, 5-HT contained in mast cells is depleted
of ataxia or motor impairments even under conby compound 48/80 (Moran et al. 1962). It is also
tinuous high dose of compound 48/80. a well known calmodulin and protein kinase C
The most interesting finding here reported waantagonist (Chakravarty 1992). In general,
the low BAT histamine content found in cold-ac-calmodulin antagonists are antiproliferative and
climatized rats, amount that was even lower afterarcinostatic, instead of tissue growth promoting
treatment with compound 48/80 (Fig. 1B). agents (MacNeil et al. 1988).
DISCUSSION ~ One approgch to study'the role pf his_tamine in
) tissue growth is to determine the histamine-form-
In our laboratory we have routinely used a promg capacity (HFC) of that specific tissue; how-
tocol of cold acclimatization in rodents to investi'ever, this technique may be useless when com-
gate its protective effect against fatty liver inducpound 48/80 is used because it increases HFC in
ing agents (Lopez-Ortega et al. 1993). When rakpme tissues (Kahlson & Rosengren 1965). This
are cold acclimatized for a period of 20 days a strikeffect explains why in the skin after the enhance-
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ment of HFC by compound 48/80, the rate of heal- lated brown adipocytes from the rBur J Biochem
ing is augmented instead of retarded (Kahlson & 169: 155-166.

Rosengren 1965). Althought in BAT, this effect hagohnson CL, Johnson CG, Bazan E, Garver D,
not been determined yet, it is likely that the HFC ~Gruenstein E, Ahluwalia M 1990. Histamine recep-
may be also enhanced as a result of treatment with tors in human fibroblasts: inositol phosphates*Ca

; ; ; : d cell growthAm J Physiol 258:C533-C543.
this polyamine. That led us to determine the hista; " 0:499
mine content instead of the HEC. Ekahlson G, Rosengren E 1965. HistamiAenu Rev

h . . . Pharmacol 5: 305-320.

The V?"“e.s .Of hlstamlng contgnt In BAT In NOMk ahlson G, Rosengren E 1968. New approaches to the
mal rats is similar to the histamine level reported physiology of histaminePhysiol Rev 48:155-196.
in the liver capsule, lungs and skin in the samgyroshima A, Yahata T, Habara Y, Ohno T 1984. Hor-
species and larger than that reported in many other monal regulation of brown adipose tissue-with spe-
Ik;wtng t|Sfu§sh(Vugman & dRocthz te SII|V$y 1”?64); cial rej‘]erTehnces th tlhg %?rtsi;cSipation of endocrine pan-

ut, no study has been conducted to clarify the rea- creas erm Biol 9:81-85.

son of such large amount of this amine in a tissugwuder JM 1993. Neurotransmitter as growth regulatory
that is clearly involved in NST. Such large amount  signals: role of receptors and second messengers.
of histamine in BAT allows its estimation using a _ Trends Neurosci 16233-239. )
biological assay that is still considered an inexper-OPez-Ortega A, Carmona CA, Moussatché H 1993. On
sive and effective method for histamine determi- the mechanism of protective action of cold acclima-
nation (Nannaioni 1991), but currently it is now tization against carbon tetrachloride- and ethionine-
been replaced by state-of-the-art chromatographic induced fatty liverMem Inst Oswaldo Cruz 8%&13-

techniques that are far more reliable but also Xloran NC Uvnas B. Westerholm B 1962. Release of 5-

pensive. , hydroxytryptamine and histamine from rat mast cells.
This work presents evidences that the concen- acta Physiol Scand 5624-41.

tration of histamine in BAT during NST is clearly MacNeil S, Griffin M, Cooke AM, Pettett NJ, Dawson
low. Itis unlikely that it is due to a histamine re- RA, Owen R, Blackburn GM 1988. Calmodulin an-
lease process to the general circulation similar to tagonists of improved potency and specificity for
the reported in acute hypothermia in which this use in the study of calmodulin biochemisBipchem
vasoactive amine is associated with progressive Pharmac 371717-1723. _ o
hypotension, hypovo'emia and hemoconcentratidNannalonl.PF-lggl. C_urrent teChnqueS of h|Starn"|ne
(Rink 1972). Alternatively, it is possible that this ~ determination: B. Bioassays, p. 3-8. In B Uvnas,
endogenous substance was used in a more physi- Histamine and Histamine AntagonistSpringer-

X ; e : ~ Verlag Berlin Heidelberg New York, (Handbook of
ological mechanism explaining the increased ca Experimental Pharmacology, Vol. 97).

pacity of cold-acclimated rat: a rap'd h.yperplasq%!ink RD 1972. Mast cells, compound 48/80 and pro-
of BAT necessary to resp.ond .calongenlcally tothe longed hypothermia in the ra&m J Anatomy 133:
stressing experimental situation. 379.386.

In conclusion, this is the first work which stud-Rrothwell NJ, Stock MJ 1985. Biological distribution and
ied a possible relationship between histamine and significance of brown adipose tiss@mp Biochem
the growth of BAT. The most interesting result  Physiol 82A:745-751.
concerns with the significant low histamine conSchwartz J, Arrang J, Garbarg M, Pollard H, Ruat M
tent found in the BAT in animals submitted to cold  1991. Histaminergic transmission in the mammalian.
acclimatization, amount that was even lower after Brain Physiol Rev 71:1-51.
treatment with compound 48/80, suggesting indililly BC, Tertoolen LGJ, Remorie R, Ladoux A, Verlaan
rectly that acclimatization by itself has either en- | Laat SW, Moolenaar WH 1990. Histamine as a
hanced the rate of histamine utilization or altered 9roWth factor and chemoattractant for human carci-

- . . noma and melanoma cells: Action though?Ga
some mechanisms of amine synthesis or storage. mobilizing H, receptors] Cell Biol 110:1211-1215.
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