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SUIlAKY : Capsaicin, reported to el evate hormone sensitive 1 ipase 
(HSL.> , is al so found to inhibit the Ca++ and calmodul in-dependent 

cllMP phosphidiesterase (WE) activity in ad i pose t i ssl..le of rats, 
fed high fat diet. The dependence of the enzyme activity on Ca++ 
and cal modul in k vitro, in control rats, is shown by its substan- 
t i al 1 owering in the presence of EGTA and inhibition by 
trif 1 uoperaz ine (TFP) (II-36 between lo-:Z8 HIM) . ‘This enzyme activ- 
ity is also inhibited by both red pepper extract (86% inhibition 
with 50 ktl J and capsaicin I ICSB between @.3-l CIM) in a dose deprn- 
dent manner. Oapsaicin has been found to inhibit Ca++-dependent 
PDE activity by 6@X in the test rats. Enzyme inhibition h vi&, 
due to capsaicin, was overcome by addit ion of cal modul in to the 
assay system. Inclusion of fluphenazine or capsaicin in assay 
inhibited not only the cal modul in-restored enzyme activity from 
test rats but al so that. of control rats. These resul ts suggest a 
possible mechanism for the stimulation of 1 ipulytic activity by 
capsaicin in viva. -. _I--. 0 1987 Academic Press, Inc. 

The intracel lul ar cclncrntr-atiorl of 3’-5’ cAMP is mcldul ated by 

cal modul in, an endoyenou:i Ca++ -,-binding prokein , by t’;timC.I’l sting 

membrane-bound adenyl ate cycl ase act ivit.y and sol ubl e PDE activity 

(1,2). It is we1 1 documented that CAMP mediates the 1 ipol ytic 

ef feet of many hormones in adipose tissue, by regulating the HSL 

activity through a cAMP-dependent reversibl e phosphoryl at ion of 

the enzyme (3,4). 

Recently in this Institcke, a synthetic capsaicin anal ague 

(N-van i 11 yl nonanamide, 6.2 mg%) in 30% mixed fat fed to rats was 

found to lower 1 iver and serum trig1 ycerides (TG) (5) . In these 
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rats an elevation of adipose tissue HSL and serum free fatty acids 

(FFAI was observed, clearly indicating a stimulation of lipolytic 

activity. Lapsaicin also brought about other effects such as the 

st imul ation of TG secret ion from 1 iver to serum (6) , 1 owering nf 

adipose tissue 1 ipoprotein 1 ipase (LPL) (?I), and the elevation of 

skel eta1 muscle LPL (5), pointing to its significant role in pre- 

venting TS accumulation in 1 iver, serum and adipose t i s.sue . The 

earl ier observations about red pepper (5 g%) or an equivalent con- 

centration of synthetic capsaicjn cl5 mgX) lowering even c.arc. ab5 

1 ipids in 18% fat fud rat*5 c.7) shows its dose dcpendtrnt eff ectr. . 

Kawada et. al . (8) from Japan have recerkl y reF*ortrd a dose depen- 

dent 1 oweri ng of adipose tissue weight and serum ‘1’13 by natural 

c:apsalc in (trans-S-methyl N-van i 11 yl &-nonenamide, 7, 14, 21 mgX) . 

‘They al so abserved a stimulation of energy metabol ism and catecho- 

1 amine secretion from adrenal medull a in rats (8-10) . 

There are no reports so far 1 inking the 1 ipol ytic activity of 

capsaicin in adipose tissue with CAMP levels. In studies reported 

here, capsaicin has been shown to inhibit the Ca++ and calmodulin- 

dependent F’DE in the adipose tissue of rats both in vitro and in - 

vivo conditions. -I_ 

MATERIALS AND tlE'I'HQ]s 

Materials: -Ihe scaurceE> of chemicals etc., were a5 fol lows: Sodium 
az ide, dithiothrritol ( Lw-l’ ) , Z-amino-Z- (hydroxy mc.thyl I-1 ,s- 
propane-diol (Iris) , 3’5 c&MP, et:hylene gl ycol -his-(3-aminoethyl 
ether) -N ,N ,N’-tetra acetic arid (EKI’A) , bovine serum al bumin 
(BSA) and al kal ine phosphatase (Sigma, LISA) ; TFP hydrochloride 
(May and Baker, India) ; Cal modul in from bovine brain and f 1 uphena- 

zinc were kind gift from Dr . D . MarmP , Freiburg , W. Germany ; 
Synthetic capsaicin analogue (refer-red to as capsaicin, Fluka-AG, 
Switzerl and) ; Red pepper (1 ocal market) . 

Adipose tissue from control and test rats: l%r perir2nal ad i pos,,;e 
f  i 2sue was obtained f  ram rats fed control and test dzi ete, for 8 

week 5 . The diets consisted of 3@% mixed fat (1:1 peanut oil and 

hydrogenated fat, a local brand) adequate in other respects with- 
out and with Q.2 mg% capsaicin. ‘The maintenance of: rats and other 

detai 1 s were as reported earl ier (5) . l’hr tissue from control 
rats was used for in vitro studies. -- 
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Preparation of a soluble fractipn_from adipose tissue: The t issue 
W.35 homogenised using a gl a55 tef 1 nn homogen i set+- (1 g fresh 
weight/2 ml f in 18 mM Tri s-+X1 buffer- pH 7.8 containing 18% 
sucrose, 1 mM DTT and 0.02% sodium azide. After centrifugation at 
>!@I ,0@@ :.: g for- 30 min, the fat free inf ranatant was immediate1 y  
used for .the assay of: PDE . This extract usual 1 y contained 2-4 mg 
protein/ml , assayed (11) using H$A as a standard. Al 1 preparative 
procedures were carried out at about 4 deg .C:. 

Assay of CAMP PLE-activitv: A .t.wo stage aSSay for- PLIE. enzyme 
63ctivit.y was done az. follows: The r%eact ion mixture (0.5 ml ) con- 
tained homogenization buffer wit.h 4 mM MgClz, 1 mM CaClz , 2 mM 
c: AMP , with or’ wit.hout 1B ml’1 EGTA, wj th or without various toncen- 
trations o+ capsaicirt (1 nM-I.00 biM) I The reaction was started hy 
adding the t,ol 1.tbl Er fraction I%QtB c,\g protein) . A+trr% incuhat ion 
for 3~) min at 37 deg C. , the r-eaction was stc3pped by boil iny for 5 
m i n in a Wat.E?V tjAt.h . A+t.er cc~oling on ir.e, 5 units oi- aikalinti 
phosphatase were added y i’he roactic~n aixtur-c waF< :i.ncubatod d I: Xl 
deg. C.; for, 1B min and terminated by adding 0.2.1 ml of ic..e c.:ol d 1.W 
<w/v) t.richl ornacetic acid I After c:enl-.r-i,fi..igAt:iC)17 al: ‘;?o y  $.NN) >: y  
i: or’ 1 (?I min, 1 (Ml 1” 1 of t.hc 5..upernatant was a!i..sayed for :i rior’gan i c 
phosphate 112) m For the ‘i.n v:i.tro effnct, - --- C:ap’;a i C: :i, n W.35 d :i s:s;ol v~:!d 
in ethanol and subsequent. di’lut%c)n~3 were made wi,th 1.B mM ‘Uri5-IHC’I , 
pl-i 7 .8 . The resul 2. expr~ssecl ~3s Ca++ -deper~dent -WE is , the d i f -’ 
ference between tmta’l act.ivit.y obt.ain~!d without EU’I’A and the 
activity in presence of EGTA (Cd++ --independent ac-t lvity) . 

Ethanol extraction of red pepper-: Une gram uf red pepper powder 
WC35 ground into a paste with 5 ml ethanol in a pest 1 e and mortar. 
‘The extr,act was ,f i 1 ter%ed thror.rgh cotton wool I A ‘I i q i I ok s Cd the 
fresh extract were used in the sssay system . 

RESULTS 

Effect of EGTA and--IL-p on PUE activity: The effect of EG’I’A and 

T’FF’ nn PM! activity ape shown in Fig .l . Inclusion of 10 mM EKIA 

in t.he assay mixt.ure calused SB-h!X i nh i b it. i cnn of the enzyme 

activity. i’FF’ showed 64 dose-dependent inhibit ion of. WI[~ act ivity . 

I-la’l f-ma,: i mal inhibition of t. h ti? enryme act ,i.vity wds r.:)btain;.+d at 

concentrations betwecrl 10-20 pM ni ‘I’FP in the incubation rn&:d i um . 

However, the Ca++ --indtzpertdent act.:i.vit.y of the en2 yme w ;A 5 not 

irr+lcienced by I’FF’. 

Effect of red peooer extract on the Ca++ -dependent PI.JE activity,: 

Red pepper has been shown to have ii signi+ icant in+ I uenI::e on 1 ipirl 

mctabol ic,m I:j,J.S-16) . The j nf 1 uence of red pt’pper- extr*nc t on xii- 

pose tissue PJIE activity ‘I checked wi,thout and with the addit ion c:,f 

E:.GTA (Fig.2) , showed a dose-dependent. inhibition of the Ca++ - 

dependent PDE ac:tivity m ‘The enzyme activity was :iinhibited to the 
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[Trifluoperazine] PM 

Figure 1. Inhibitiun by trifluoperazine of adipose tissue PLIE 
activity. 188X ref er5 to the activity without trifluoperazine 
10) . With trifluoperazine (A), with EGT‘FI (A), with EGTf7 + Tri- 

f 1 uoperdi ine ( A ). Each val UC represents mean + S.E.. oi fcur 
val ues. 

Effect of capsaici.&on Cd++ WE .-.&ivitv: -dependent (4 5. the 

effects nf r-et-1 pepper cx-~ lipicl metatbol ism are at:,kribI.rt:able to it!ii; 

Red Pepper Extract [(III 

Figure 2. Inhibition of ca++ -dependent PLIE by red pepper 
es: tract . Activity, without (0) or with (X) red pepper extract. 
The blank values with alcohol is substracted - Each 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) c?n+tained 20 mM 
Tris-HCl (pH 7.5). 4 mM dithiothreitol. 0.1 mM EDTA, 1 mM Mg 5 uM ADP, 
various GDP-bound guanine nucleotide binding pr teins 

;;I-oix;mately 1 mol/molfcule protein) and [ 39 
(protein, d.5 ug; GDP, 

Plphosphoenzyme (0.1 ug of 
approximately 10 cpm), were incubated separately for 3 min in 

bath. after addition of 0.15 M EDTA (final concentration 25 mM), the [ p]%F 3:! 

formed was detected by PEI thin-layer chromatography, followed by 
autoradiography, as de% ibed in previous our reports (6.7). Lane 1, no 

'v 
ubation of the [ Plphosphoenzyme; lane 2, incubation of the 

[ Pjphosphoenzyme with GDP-bound Gt; lane 3, with GDP-bound Gi; lane 4, with 
GDP-bound Go: lane 5, with GDP-bound EF-ol; lane 6, with GDP-bound r-ras ~21; 
lane 7, with GDP-bound r-= p21 and Y13-259 (2 ug); and lane 8. with GDP- 
bound r-s p21 and Y13-259 (10 ug). 

[32 Fig. 2. Kinetics of 

k@ase and GDP 
P]GTP formation from the [32P]phosphoenzyme of NDP- 

or GDP-bound guanine nucleotide 
[ Plphosphoenzyme (0.1 ug of protein, 

bi ding 
approximately 10 6 

proteins. The 

reaction mixtures (50 1-11). 
cpm) was added to the 

which cojt+ained 20 mM Tris-HCl (pH 7.5). 4 mM 
dithiothreitol. 0.1 mM EDTA. 0.5 mM Ca 0.1 M KC1 and 10 uM GDP. After the 
mixtures were incubated for the indicat:d periods in an ice bath, the enzyme 
reaction was arrested by the addition of 0.15 M EDTA (final concentration 25 
mM). 
plate. 

AliquotS20f 5 ~1 were spotted separately on a PEI-cellulose F thin-layer 
The [ P]GTP formed was detected by autoradiography after development 

ij20.75 M potassium phosphate at room temperature. #] No incubation of 
[ P]phosphoenzyme (time 0, lane 1); incubation of the [ Plphosphoenzyme (0.1 

pg) with 10 uM GDP in an ice bath for 10 set (lane 2). 20 set (lane 3). 30 set 
(lane 4). 40 set (lane 5) and 50 "52 (lane 6). respectively. Figure B (right) 
represents the percentage of the [ Plphosphoenzyme remaining after incubation 
with GDP (0) or GDP-bound various guanine nucleotide binding proteins [guanine 
nucleotide binding protein from NDP-kinase F-I (Gl, A ), r-ras p21 (A), EF-o 
(x), Gt (0) and Go (B)] for the indicated incubation times. 100% 
radioactivity in 50 ul of t e control reaction mixture (time 0. 0, total 50 
ul) was approximately 1 x 10 6 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-~1, r-w ~21, Gt, Gi and Go], analytical experiments were 

carried out. The results are shown in Fig. 1, (i) [32P]GTP was formed within 

40 set at 0°C after addition of the [32P]phosphoenzyme of NDP-kinase from HeLa 

S3 cells to the reaction mixtures, which contained a different guanine 
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Enzyme from 
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Figure 4 . In vivo inhihition by capsaicin of La++ -deprndmt HE 
activitv , in adipose tissue from rats. Reversal o+ erlzyme inhibi- 
tion by cal modul in -‘The values are expressad a5 mean +_ S.E. (n = 
3) . 

activity (JB%) from test rats (El was restored significantly (93%) 

when calmodul in was included in the ac.say (F) . Inclusion of flu- 

phenazine (%I HIM) , a potent. cal inodl..~l in antaqoni5t in the assay ) 

inhibited t-he C;a++ and cat modctl :i.n-dependent PIX ac t ivj ty f ram both 

c:ontrol and te-;t rat.5 (C and G, respec~tivel y) * A 4imi’l ar% inhit)%-- 

tion was oL:t.ained upon addition of cap!:a.icjn (18 b{M) either t.r~ the 

enzyme obtained fram control rats CD) or- to that obtained f  r 1:) m 

test rats (t-l) * 

nIsCUSSION 

The present studies demonstrate that capsaicin, which is 

known to inf 1 i.w3ce 1 ipid metabolism ( 5-8) inhibits the Ca++ and 

calmodulin dependent PIE activity in the adipose tissue of rats as 

tested in both QJ vitro and in vivo conditions. More than 50X of -- 

t.he cCSMP+DE activity in the adipose tissue from control rats i 5 

dependent on Ca++ and cal modul in. A r;uhs;tant ial decrease in PllE 

activity seen in the prelsence of t::lXA indicates the Ca++ ‘-.’ d ep en .“- 

d@nce of t.he en2 yme act-i viky art cl a.1 so r.Akggestr-* I=\ r-0.1 e f cw 
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processes 114) . As nnrl~3genuu5 c::al tnor-lul in w*\:.:i n0t r~~mov:xi .fr~:)m thr 

X!l uhl e fraction, we cou’ld stiow that addition of vai+icus concen- 

trat ions o+ TFP T ,inhibits the cal mcrxlul art--clepantlent. rcagul at :i 0n I.) + 

F’I.E activity with an lC50 between 10.-~.2@ yM. ‘I’h i s i yi comparable 

to the val l.\e .Found .For inhibition 0.f the brain c al mod u 1 i n .‘-. 

depc?dant. rAMP PIK by I’FP 111:3, 1’3) . I’;,* [..;a.,-,.. ‘.“’ i Ildq, PI-Id!31 t: form 

o-f F’IrE:. WAS not afftictcd by the drug shnwiny that the jr,t,it:tition by 

.thc drug is 63 I::a++ ~-dependent proc:r::is as hd::; been sugges;t.r:?d by 

Levin and Weiss (11) . We have cl ear-1 y demnnstpated that both red 

pepper and capsaicin inhibit the C:a++ and cal modul in-dependrnt PI.:E 

activit.y. 3 hu5 capsair in appear9 tn be a more potent inhibitor of 

CIii++. and cal modul in-dependent. PDE activity (II233 between 8 .3--l 

~JM) than other known inhibitor.s (II.58 between l@--2B HIM) (18) . It 

is .wel 1 estab’l ished .t.hat beta-adrrzner-g ic agnniats ( 3 ,4 ) bring 

~~buut el evat iorl of intt~ac:el 1 k.11 at- rAMP , which in turn activates 

adipose ,t i SSCI~~ HSI.. ‘I I eading to ‘I ipul y-:;i5. ‘I-hP same e4:+ect may be 

brought abc-,l.lt. hy t.he irrh ih it: i c)n ai, cArIt-‘--,cl~Flf~r~dent.. Pli:G. ac.t ivity . 

Xntcrstinyl y  q c: ap ~2 .i I:: .i. rl i rtt~ :j. 2~ i ,iy. :::d l.:a++ .-tj~p~i-j (-1 t:y~t. F:‘l,:ltl at: t i v  i t y  h y  

h@X in the .I: F:C r;:trs . &.tr r~c+.i.rl t:.\ !:‘.13( IW that at.lcl it. j CII’I CI+ cal mcdu- 

1 iv1 to the ~!S!ii~c3y ~.y!5tG!tll Ye1 :i!?iJC?d thf? i rt h i b i I: i 013 I.7f .t he C~!l'li! ymc:? g 

i ri d UC:: e d by c:ep5ai~ln m ~~YP~~!. ticIw5~ver~ , when capsai c i n was again 

added to the assay system i:nntalning eithct, the r-estored en2 yme 

fram test. CI- enzyme f ram cunt~~ol rat!:;, it. did inhibit the IA++ and 

cal madul in-dependent F’DE activity, ‘ThE%e r-c-su‘l t s suygrst that, 

capsaicin by direct1 y acting on cal modul in, inhibits the CA+,+ and 

c:al modcll in-dependent PIE ac:t: ivi t.y in the test rats. Lapsaicin, by 

inhibiting the Ca++ and cal modu’l in.--dependent PDE activity in adi.-- 

pose tissue and stimul at.ing the sfxret i on of epinephrine f  ram 

adrenal medu‘l 1 a ( 1 (3 1 , w h i c:: h activates adenyl ate cycl aple, may 
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increase CAMP ccx-~centr-at,ion in aciipclsti t ic;1sue, 1 eadj ng to increas- 

ed 1 ipal yt ic: activity. ‘The c;picr rad pepper I at I eve I 5 c:on5um;.:~d 

i 1’1 the dirt: c CIU’I d be &n e-f ~,PI: t j ve 5.t i mui LIE’: , evok ing a number- of 

ccl 1~1 ar responses (5,6 Y 18,2@) , one 04: the ~33veral ‘I , heing 1 1pa-- 

1 ysis s F ur-ther studies arx? necr!.sr-y to uncier.e,tand the mol ef.ul ar 

mechanism of capcjaicin action in 'I ipol y@?i.li. 
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