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SUMMARY: Capsaicin, reported to elevate hormone sensitive 1ipase
(H5L) , is also found to inhibit the Ca++ and calmodul in-dependent
cAMP phosphidiesterase (FIE) activity in adipose tissue of rats,
fed high fat diet. The dependence of the enzyme activity on Ca++
and calmodulin in vitre, in control rats, is shown by its substan—
tial 1 owering in the presence of EGTA and inhibition by
trifluoperazine (TFF) (ICH5® between 10-20 M) . This enzyme activ-—
ity is also inhibited by both red pepper extract (8@Y% inhibition
with 50 1) and capsaicin (ICSY between @.3-1 uM) in a dose depen-—
dent  manner. Capsaicin has been found to inhibit Cat++-dependent
FDE activity by 60% in the test rate. Enzyme inhibition in vivao,
due to capsaicin, was overcomg by addition of calmodulin to the
assay system. Inclusion of fluphenazine or capsaicin in assay
inhibited not only the calmodulin-restored enzyme activity from
test rats but aiso that of control rats. These results suggest a
possible mechanism for the stimuwiation of 1Tipolytic activity by
capsaicin in vivo. e 1987 Academic Press, Inc.

The intracelliular concentration of 3/-%" cAMF is modul ated by
calmodulin, an endogenous ULa++ ~bhinding protein, by stimulating
membrane-bound adenylate cyclase activity and scoluble PROE activity
(1,2). It is wel)l documented that cAMF mediates the lipolytic
effect of many hormones in adipose tissue, by regulating the HSL
activity through a cAMP-dependent reversibie phosphorylation of

the enzyme (3,4).

Recently in this Institute, & synthetic capsaicin analogue
(N-vanililyl nonanamide, 9.2 mg¥%) in 30% mixed fat fed to rats was

found to lTower liver and serum triglycerides (TGE) (2. In these
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rats an elevation of adipose tissue HSL and serum free fatty acids
{(FFA) was observed, clearly indicating a stimulation of lipolytic
activity. Capsaicin also brought about other effects such as  the
stimulation of TG secretion from liver to serum (6), lowering of
adipose tissue lipoprotein lipase (LFL) (20, and the elevation of
skeletal muscle LPL (3), pointing to its significant role in pre-
venting 16 accumulation in liver, serum and adipose tissue. The
earlier observations about red pepper 3 g%) or an =quivalent con-—
centration of synthetic capsaicin (1% mg%) lowering esven Caroass
lTipids in 104 +fat fad rats (7) shows its dose dependent effect.
Fawada et. al. (8) from Japan have recently reported a dose depen—
dent lowering of adipose tissue weight and serum TG by natural
capsaicin (trans—8-methyl N-vanillyl é-nonenamide, 7, 14, 21 mg¥).
They also observed a stimulation of energy metabolism and catecho—

tamine zecretion from adrenal medulla in rats (8-10).

There are no reports so far linking the lipolytic activity of
capsaicin in adipose tissue with cAMF levels. In studies reported
here, capsaicin has been shown to inhibit the Ca++ and calmodulin-
dependent FUE in the adipose tissue of rats both in vitro and in

vivo conditions.
MATERIALS AND METHODS

Materials: ‘The sources of chemicals elc., were as follows: Sodium
azide, dithiothreitol (YY), Z2-amino-2-(hydroxy methyl)-1,3-
propane-diol (Tris), 3’3 cAMP, ethylene glycol-bis-{3—aminoethyl
ether) -N,N,N‘-tetra acetic acid (EGTA), bovine serum altbumin
({BSA) and alkaline phosphatase (Sigma, USA)3; TFP hydrochloride
{May and Raker, India)j; Calmodulin from bovine brain and fluphena-
zine were kind gift from 0Or. . Marmé, Freiburg, W. Germanys;
Synthetic capsaicin analogue {(referred to as capsaicin, Fluka-RG,
Switrerland) ; Red pepper (local market).

Adipose tissue from control and test rats: Fhe perironal adipose
tissue was ohtained from rate fed conlrol and test diets for 8
weeks. The diets consisted of 30% mixed fat (1:1 peanut oil and
hydrogenated fat, a local brand) adequate in other respects with-
out and with ©.2 mg% capsaicin. The maintenance of rats and other
detaile were as reported earlier (5. The tissue from control
rats was used for in vitro studies.
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Preparation of a soluble fraction from adipose tissue: The tissue
was homogenised using a g9lass teflon homogeniser (1 g fresh
weight/Z m1) in 19 mM  Tris-HC1 buffer pH 7.8 containing 10%
sucrose, 1 mM OTT and 0.92% sodium azide. After centrifugation at
20,000 x g for 30 min, the fat free infranatant was immediately
used for the assay of PDE. This extract usually contained 2-4 mg
protein/ml, assayed (11) using BSA as a standard. A1 preparative
procedures were carried out at about 4 deg.C.

Assay of cAMP PLE activity: A two stage assay for FLE enzyme
activity was done as follows: The reaction mixture (0.5 ml) con-
tained homoggnization buffer with 4 mM MgClz, 1 mM CaClgz , 2 oM
CcAMF, with or without 1& mM EGTA, with or without various concen-—
trations of capsaicin {1 nM-100 pM) . The reaction was started hy
adding the soluble Ffraction (160 pg protein) . After incubation
fore 39 min at 37 deg C., the reaction was stopped by boiling for 3
min in & water bath. Aftter cooling on ice, S units of alkal ine
phosphatase were added. The reaction mixture was incubated at 37
deg. € for 1@ min and terminated by adding @.% ml of ice coid 10%

(w/v) trichloroacetic acid. Afttsr centrifugation at 20,000 » g
for- 18 min, 184 pl of the supernatant was assayed for inorganic
phosphate (12) . For the in vitre effect, capsaicin was  dissolved

in ethano! and subseguent dilutions were made with 19 oM Tris-HCY,
pH 7.8. The result expressed ss Ca+tt+ —dependent-POE is, the dif-
ference between total activity obtained without EGTA and the
activity in presence of EGTA (Ca++ ~independent activity).

Ethanopl extraction of red pepper: Une gram of red pepper powder
was ground into a paste with % ml ethanol in & pestle and mortar.
The extract was filtered through cotton wool . Aliguots of the
fresh extract were used in the assay system.

RESULTS

Effect of EGBTA and TFF on PDE activity: The effect of EBTA and

TFF  on FIE activity are shown in Fig.1l. Inclusion of 16 mM EG1A
in the assay mixture caused H0-&0% inhibition of the enzyme

activity. TFP showed & dose-dependent inhibition of FIE activity.
Hal f~maximal inhibition of the enzyne activity was obtained at
concentrations between 10~20 MM oot TFF in the  dncubation medium.
However, the Ca++ —independent activity of the enzyme was not

influenced by TFF.

Effect of red pepper extract on the Ca++ —dependent PLDE activity:

Red pepper has besn shown to have a significant influence on lipid
metabol ism (5,13-14) . The influence of red pepper extract on  adi-
pose tissue PIOE activity, checked without and with the addition of
EGTA (Fig.2), showed a dose~dependent inhibition of the QCa++ -

dependent FRE activity. The enzyme activity was inhibited to the
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Figure 1. Inhibition by trifluoperazine of adipose tissue PLE
activity. 16074 refers to the activity without trifluoperazine
(). With triflugperazine (&), with EGTA (4A), with EGTA + Tri-
fluoperazine ( 4O ). Each value represents mean + S.BE. of four
values.

extent of 80% by 28 01 of the extract, eguivalent in concentration

to 60 nM capsaicin in the incubation mixture.

Effect of capsaicin on Ca++ -dependent FPUHE activity: Ae  the

effects of red pepper on lipid metabolism are attributable to its
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Figure 2. Inhibition of Ca++ -dependent FUE by red pepper
extract. Activity, without (0) or with (X) red pepper extract.
The blank values with alcohol is substracted. E£ach point repre-
sents mean + S.E. of three values.
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Fig. 1. [32P]GTP formation from the [32P]phosphoenzyme and GDP-bound guanine
nucleotide binding proteins. The reaction mixtures (50 ul) contained 20 mM
Tris-HC1 (pH 7.5), 4 mM dithiothreitol, 0.1 mM EDTA, 1 mM Mg * 5 uM ADP,
various GDP-bound guanine nucleotide binding pre}eins (protein, 0.5 ug; GDP,
approximately 1 mol/molecule protein) and [3 Plphosphoenzyme (0.1 ug of
protein, approximately 107 cpm), were incubated separately for 3 min in_an ice
bath. After addition of 0.15 M EDTA (final concentration 25 mM), the [3 P1GTP
formed was detected by PEI thin-layer chromatography, followed by
autoradiography, as desﬁ{ibed in previous our reports (6,7). Lane 1, no
1§§ubat10n of the [°“P]phosphoenzyme; lane 2, incubation of the
[2¢P]phosphoenzyme with GDP-bound Gt; lane 3, with GDP-bound Gi; lane 4, with
GDP-bound Go; lane 5, with GDP-bound EF-oy; lane &, with GDP-bound r-ras p21;
lane 7, with GDP-bound r-ras p21 and Y13-259 (2 ug); and lane 8, with GDP-
bound r-ras p21 and Y13-259 (10 ug).

Fig. 2. Kinetics of [32P]GTP formation from the [32P]phosphoenzyme of NDP-
kggase and GDP or GDP-bound guanine nucleotide bifding proteins. The
[®“Plphosphoenzyme (0.1 ug of protein, approximately 10% cpm) was added to the
reaction mixtures (50 ul), which co%tained 20 mM Tris-HC1 (pH 7.5), 4 mM
dithiothreitol, 0.1 mM EDTA, 0.5 mM Cat, 0,1 M KC1 and 10 uM GDP. After the
mixtures were incubated for the indicated periods in an ice bath, the enzyme
reaction was arrested by the addition of 0.15 M EDTA (final concentration 25
mM). A]iquot§ of 5 nl were spotted separately on a PEI-cellulose F thin-layer
plate. The [ 2P]GTP formed was detected by autoradiography after development
i520.75 M potassium phosphate at room temperature. %ﬁ] No dincubation of
[2“P]phosphoenzyme (time 0, lane 1); incubation of the [24P]phosphoenzyme (0.1
ug) with 10 uM GDP in an ice bath for 10 sec (lane 2), 20 sec (lane 3), 30 sec
(lane 4), 40 sec (lane 5) and 50 sg5 (lane 6), respectively. Figure B (right)
represents the percentage of the [““P]phosphoenzyme remaining after incubation
with GDP (o) or GDP-bound various guanine nucleotide binding proteins [guanine
nucleotide binding protein from NDP-kinase F-~I (G, &), r-ras p2l (a), EF-a
(x)y, Gt (o) and Go (m)] for the indicated incubation times. 100%
radioactivity in 50 ul of t&e control reaction mixture (time 0, ®, total 50
ul) was approximately 1 x 10° cpm.

To determine the phosphate-transfer from the high-energy phosphates on the
phosphoenzyme of NDP-kinase to GDP on various guanine nucleotide binding
proteins [EF-o0q, r-ras p21, Gt, Gi and Go], analytical experiments were
carried out. The results are shown in Fig. 1, (i) [32P]GTP was formed within
40 sec at 0°C after addition of the [32P]phosphoenzyme of NDP-kinase from Hela

S3 cells to the reaction mixtures, which contained a different gquanine
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Figure 4. In vivo inhibition by capsaicin of Ca++ —dependent FLOE

activity in adipose tissue from rats. Reversal of enzyme inhibi-

tion by calmodul in.The values are expressad as mean + S.E. (n =

3.
activity (4@%) from test rats (E) was restored significantly (93%)
when calmodulin was included in the assay (F). Inclusion of fiu-
phenazine (359 PM)’ a potent calmodulin antagonist in  the assay,
inhibited the Ca++ and calmodul in-dependent FOE activity from both
control and test rats (C and 6, respectively). A similar inhibi-
tion wag obtained upon addition of capsaicin (18 uM) eidither to the
enzyme obtained from control rats (0 or bt that oabtained from
test rats (H) .

DISCUSSTON

The present studies demonstrate that capsaicin, which is
known to influence lipid metabolism (5-8) inhibits the Ca++ and
catmodutlin dependent FIDE activity in the adipose tissue of rats as
tested in both in vitro and in vivo conditions. More than S@%1 of
the cAMP-PDE activity in the adipose tissue from control rats is
dependent on Ca++ and calmodulin. A substantial decrease in PLE
activity seen in the presence of EGTA indicates the Ca++ ~depen-—

dence of the enzyme activity and also cuggests a role for
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calmodul in—dependent regulation of FOE. Specific calmodulin anta-
gonists like TFFP can be  uwsed 1o inhibit calmodul in-dependent
processes (12) . As ondogenous calmodul in was not removed feom tine
soluble fraction, we could show that addition of various concen-—
trations of TFF, inhibits the calmodulin-dependent regulation of
FLHE activity with an I1CH® between 10-260 uM. This iz comparable
to the value found for  inhibition of the brain calmodulin-
depedent cAMF PIE by TFF (1, 19 . The La++ —independent form
ot FIE was not affected by the drug showing that the inhibition by
the drug is a Ca+t+ ~depesndent process as bas  besn suggestoad by
Levin  and Weiss (11). We have clearly demonstrated that both red
pepper and capsaicin inhibit the Ca++ and calmodul in-dependent PLUE
activity. Thus capsaicin appears to be a more potent inhibitor of
Ca++  and calmodul in-dependent PLOE activity (IC%é between ©.3-1
MMy than  other known inhibitors (1059 between 10-20 uM) (18) . It
i well established that beta-adrenergic agonists  (3,4) bring
about  elevation of intracelltular oAMP, which in turn activates
adipose tissue HSL, leading to lipolysia. The same effect may be
brought about by the inhibhition of cAME-dependent POE aclivity.
Interstingly, capsaicin inhibited Catt -dependent PUOE activity by
6@Y  in the test rats. Our results ohow that addition of calmodu-

tin to the ass

ay system relieved the inhibition of the aenzyme,
induced by capsaicin in vivo. However, when capsaicin was again
added to the assay system containing either the restored enzyme
from test or enzyme from control rats, it did inhibit the Cat++ and
caloodul in~dependent FIOE activity. These results suggest that,
capsaicin by directly acting on calmodulin, inhibits the Ca++ and
calmodul in—dependent FDE activity in the test rats. ULCapsaicin, by
inhibiting the Ca++ and calmodulin-dependent POE activity in adi-
pose tissue and stimulating the secretion of epinephrine  from

adrenal  medulla (16), which activates adenylate cyclase, may
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increase cAMF concentration in adipose tissue, lTeading to increas—
ed lipolytic activity. The spice rad pepper, at levels consumad
in the diet could be an etfective stimilius, evoking a numher of

cellular responses (5,6,9,19,20), one of the several heing lipo-
lysis. Further ctudies are necessry to understand the molecul ar

mechanism of capsaicin action in Vipolysis.
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