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A[BBREVIA[lrlONS

CAP, capsaicin [N-(4-hydroxy-3-methoxybenzyl)---8-methylnon-trans-

                                     '     6-enamide]

DC, dihydrocapsaicin [N-(4-hydroxy-3-methoxybenzyl)-8--methylnon-

    amide]

Iso-Clo:o, 8-methyl nonanoic acid

n-Cn:o, undecanoic acid

TLC, thin-layer chromatography

HPTLC, high-performance thin-layer chromatography

HPLC, high-performance liquid chromatography

GC, gas chromatography

GC-lvlS, gas chromatography-mass spectrometry

SDS, sodium dodecylsulfate

                                    '
G-6-PDH, glucose-6-phosphate dehydrogenase

HADH, beta-hydroxyacyl-CoA dehydrogenase

HSL, hormone sensitive lipase

LPL, lipoprotein lipase

i.p., intraperitoneally

s.c., subcutaneously

p.o., per os

i.v., intravenous

i.m., intramuscular
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IN!l!ROI)UcrION

     A spice is "that which enriches or alters the quality of a

thing, especially in a small degree, as spice alters the taste of

food; that which gives zest or pungency; a piquant or pleasing

flavoring; as variety is the spice of life"(1).

     Hot pepper is one of the popular spices and used for various

cooking in the world. For example, Thai people have been taken the

               ./pungent principle of hot pepper about 50-60 mg per day for each
                   '                                                      'person(2). In our country, there has been an increasing
                     '                                     ttconsumption of hot pepper with the variation of our food life.
                                                             '
     The pungent principle of hot pepper gives a general name to

                                                       'capsaicinoids, the structure of which are acid amides of Cg-

Cll branched-chain fatty acids and vanillylamine(3)(Fig.).Five
analogues occuring in nature have been reported(3-6):'  capsaicin
                                                               T
[N-(4-hydroxy-3-methoxybenzyl)-8-methylnon-trans-6-enamide)],

                                                              '
dihydrocapsaicin [N-(4-hydroxy-3-methoxybenzyl)-8-methylnonamide],

nordihydrocapsaicin [N-(4-hydroxybenzyl)-7-methyloctamide], homo-

dihydrocapsaicin [N-(4-hydroxy-3-methoxybenzyl)-9-methyldecamide],

and homocapsaicin [N-(4-hydroxy-3-methoxybenzyl)-9-methyldec-
         'trans-7-enamide]. Recently, novel but minor analogues having
                                                      '
ante-iso branched-chain fatty acyl moieties or shorther straight-

chain fatty acyl moieties have also been reported(7). Although

there have been many reports on the methodology of the quantita-
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                                  "9
                          }!3 :OCH2--N-C-R

                   R acyl noiety name
       ,, E:i;cHcH;tcH(cH2}4- ,iSe-Clo:1 Capsaicin(CAP)

           • E:i)eHCCH2)6- iSO-Clo,o Dihydrocapsaicin(Dc}

                          '               E:i)cH{cH2)i- ise-Cg:o Nerdihydrocapsaicin(NDC)

               E:lrCHCH=tcH(cH2}s- LiSo-C'l il Homecapsaicin(HC)

               E:g;CH(CH2)7- iSo-Cn:o Homodihydrocapsaicin(HDc)

            Fig.'1. STRVeTURE OF PUNGENT PRINC!PLE OF HOT PEPPER

tive analysis of capsaicinoids(8--13) and the plant biochemistry

(3,5,14-20), very few have been reported from the food scien-

tific point of view(2I-25). Thus detailed knowledge on the

absorption and metabolism of pungent principle of hot pepper, and

its effects on the lipid metabolism in the animal has been

limited.

     In this thesis, in order to elucidate effects of the pungent

principle in the animal, the author first describes the quanti-

tative microanalysis of the pungent principle by HPTLC and HPLC.

Secondly, the gastrointestinal absorption of the pungent principle

in vivo and in situ rats is described. Thirdly, the metabolism

of the pungent principle in vivo and in vÅ}tro rats is described.

Fourthly, the effects of the pungent principle on lipid metabolism

in high fat-fed rats are described. Finally, in vivo analyses

for the pungent principle to enhance the lipid metabolism of rats
                          i'    '
by the measurment of the engrgy metabolism are described, then a

possible effect mechanism of the pungent principle on the lipid
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metabolism of rats is also 'proposed.
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QUANTITATIVE

Her PEPPER BY

         CIIAPIIER 1

MICROANALYSIS OF PUNGEN[l]

 HPTLC AND IIPLC(t)

PRINCIPLE OF

     With respect to the analyses of pungent principle of hot

pepper, many methods using spectrometry(1,2), paper chromato-

graphy(3), thin-layer chromatography(4,5), gas-chromatogr-

aphy(6--8), and gas chromatography-mass spectrometry(9,10) have

been reported. However, the traditional methods' appear to have

some disadvantages relating to the reliability of the data,

separation ability, running time and cost. On the other hand,

high-performance thin-layer chromatography(HPTLC) and high-

performance liquid chromatography(HPLC) offer a new approach

which greatly simplifies sample treatment and saves time.

     In the course of my studies of the absorption and met'abolism

of the pungent principle of hot pepper, it became necessary' to

determine the individual compounds in comrnercial 'Åéapsaicin"

separately. The present chapter deals with simple and'rapid

microanalysis of the pungent principle by HPTLC and HPLC.

EXPERumM
Materials

     Reversed-phase

Merck(Darmstadt, G.

thin-layer plates(RP-8) were

F.R.). Authentic capsaicin

          -5-
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Sigma(St.Louis,MO, U.S.A.). ciS-CapsaicÅ}n, dihydrocapsaicin,

nordihydrocapsaicin, cis-homocapsaÅ}cin and homodihydrocapsaicin

were synthesized according to the method as described by Rangoon-

wala and Seitz(11). Naturally occuring the pungent principle

was obtained from red chilli fruit(SC2gJ2atg!!!u annuum var. annuum

cv. Red Chilli) by extraction with ethyl acetate(12). Other

chemicals were guaranteed reagent-grade.

One-dimensional HMIC

     A 5-200 nl volume of an O.O17o ethyl acetate solution of indi-

vidual pungent principle or a mixture were applied to the RP-8

plate(10xlO cm) with the aid of a Nanoapplicator(Atto Instruments,

Tokyo). After the samples had been spotted, the plate was devel-

oped in a filter-paper lined chamber with O.05 M each of silver

nitrate and boric acid in 85% methanol for 5 cm without pre-

conditioning. After development, the plate was dried at room

temperature. Detection was accomplished by locating the blue spots

after spraying with O.IYo 2,6--dichloroquinone 4-chloroimide in

methanol and subsequent exposure to ammonia vapour.

     For the calibration of capsaicin and its analogues, the

absorption of the located spots was measured with a Shimadzu Type

CS-910 dual-wavelength thin-layer chromatoscanner, (Shimadzu

Seisaku-sho,Kyoto). The absorption of the pungent principle was

measured at 610 nm for the sample side and 710 nm for the refer-

ence side by the "zig-zag" mode scanning. The slit width and

                              -6-



height were 1.25 mm. Measurement was carried out within 30 min

after the location of the spots.

Two-dimensional HPTLC

     The RP-8 plate loaded with the mixture of pungent principle

was developed first with 857. methanol, then aÅ}r-dried prior to the

second development with O.05 M each of silver nitrate and boric

acid in 85Yo methanol. The solvents were developed 7 cm in both

directions. Detection was accomplished with the same reagents as

used Å}n one-dimensioqal HPTLC. The separations were repeated at

least three times in each experiment.

neLC

     The system for HPLC consisted of a Shimadzu Model LC-3A, 20x

4.2 mm I.D. packed with 30 pm of LiChrosorb RP-2(E.Merck) as a

guard column, Cosmosil 5Cs (Nakarai Chemicals, Kyoto) of 150 rnrn

x4.6 mm I.D. for the separation column, Shimadzu Model SPD-2A uv

detector (280 nm), and EIA microcomputer. The mobile phase used

for separating capsaicin (CAP) and dihydrocapsaicin (DC) was

75% methanol. The flow rate was kept at 1.0 mllmin.

RESULTS AND DISCUSSION

HM7LC

     Rf values of capsaicin and its analogues are presented in

Tab!e I. When the chromatograms were developed with methanol

only, the separation between trans-capsaicin and nordihydrocap-

                              -7-
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 Fig. 1. Reversed-phase HPTLC of naturally occurring and synthetic capsaicin and its a•nalogues on
 RP-8 plate developed with O.05 M AgN03 and O.05 M H3B03 in 85 e/. methanol. Spots were located
 by spraying with O.1 "/. 2,6-dichloroquinone 4Åíhloroimide and subsequent exposure to ammonia
 vapour. 1 == Homodihydrocapsaicin; 2 = synthetic dihydrocapsaicin; 3 == synthetic nordihydro-
 capsaicin; 4 = synthetic cis-homocapsaicin; 5 = synthetic cis-capsaicin; 6 == Sigma capsaicin, which

 was a mixture of capsaicin and dihydrocapsaicin; 7 == mixture of the samples 1-5.

 Fig. 2. Calibration graph for capsaicin and its analogues, prepared by measuring the 'integration

 heights at 610 nm on a Shimadzu CS-91O dual-wavelength chromatoscanner. The integration heights
 are average values obtained from seven analyses. Linearity is obtained up .to 2oo ng (y = O.284x +
 O.872, where 7 is the integration height, and x ng the amount ofcapsaicin analogue). The calibration

 graph for cis-capsaicin and nordihydrocapsaicin is presented here, but other samples gave essentially

 tbe same results.

                                                            '
saicin was unacceptable. However, good separations of capsaicin

                                  'and its analogues could be obtained by the addition silver nitrate

and boric acid(Fig.1).

     trans-Capsaicin and cis-homocapsaicin had the same Rf

values, but this is not important because the latter dose not

occur in nature. All naturally occurring capsaicins and homocap-
                       'saicins have a trans configuratÅ}on. The Rf value of trans-

homocapsaicin is not presented here. However, as the Rf value of

the synthesized cis-capsaicin was higher than that of trans--
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moMn

e
{
8-'8

.g
9 sl

9co
g .E

i
g•

:.d

       e cis--CAP
cis-HCeetrans•-CAP
       e NDC
      e.DC
    e Hoc

(1) 85"leMeOH .
Fig. 3. Two-dimensional RP HPTLC of capsaicin and its analogues. The sample mixture consisting
of trans-capsaicin (trans-CAP), cis-capsaicin (cis-CAP), dihydrocapsaicin (DC), nordihydrocapsaicin
(NDC), homodihydrocapsaicin (HDC) and cis-homocapsaicin (cis-HC) was applied at the starting
point (O). The success of the separation with 8S O/. methanol in the first direction, and O.05 M' each

of AgN03 and H3B03 in 850/. methanol in the socond can be seen from the chromatogram.

Fig. 4. Two-dimensional RP HI'rLC of capsaicin and its analogues extracted from the fruits of red
chilli. About 5oo ng of capsaicinoids were applied at the starting point (O). 1 = trans-Capsaicin;

2 == nordihydrocapsaicin; 3 = dihydrocapsaicin; 4 == homodihydrocapsaicin.

-10-



capsaicin, it would be located below cis-homocapsaicin. Even if

the Rf value of trans-homocapsalcin were the same as that of

cis-homocapsaicin, it would not matter in practice because

trans-homocapsaicin has been detected in only trace amounts in

most SC2g2sELÅí3!!g species. Linearity was found at least from 20 to

200 ng(Fig.2).

     If complete separation is necessary, it is accomplished by

two-dimensÅ}onal reversed-phase (RP) HPTLC. Fig.3 shows a thin-

layer chromatogram of naturally occuring and synthetic capsaicin

and its analogues accomplished by two-dimensional RP HPTLC.

Complete separation between each analogue was achieved.

     Fig.4 shows a chromatogram of pungent principle of hot pepper

extracted from red chilli. About 500 ng of the' pungent principle

were applied on the RP-8 plate. Dominant spots of trans-

capsaicin and dihydrocapsaicin were observed, together with small

spots of nordihydrocapsaicin and homodihydrocapsaicin. Two-

dimensional RP HPTLC can be accomplished in 3 hr. One-dimensional

RP HPTLC appears to be adequate for routine analysis.

     The analysis of capsaicin and its analogues using RP HPTLC is

sensitive, and much more convenient than former methods. Appli-

cation of one-dimensional RP HPTLC to the determination of the

content and composition of the pungent principle in some Capsicum

species is shown in Table II.
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           Fig.5 Chromatogram of capsatctn and dlhydrocopsalctn
                 obtalned by HPLC

HPLC

     CIear separation of CAP and DC'was achieved by eluting with

759. methanol(Fig.5). The retention times of CAP and DC were 5.0

min and 6.24 min, respectively. Calibration plots were obtained

from 20 ng to 5 pg for both compounds with a detection-wave !ength

of 280 nm.

      '
     In thÅ}s thesis, the determination of the pungent principle

of hot pepper/ was suÅ}tably done by the one-dimensional HPTLC or

HPLC method.
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                          CMPTER 2

     GASTROIN[[ESTINAL ABSORP[IrlON AND MOVEMENT OF PUNGENT
     PRINCIPLE OF Her PEPPER IN RATS (ii)

     Monsereenusorn(1) reported that commercial "Capsaicin"

(Sigma), a mixture of capsaicin(CAP) and dihydrocapsaicin(DC), was

absorbed in everted sac of jejunum. However, Kim 'and Park(2)

suggested that CAP and its analogues were poorly absorbed in gut.

The degree and mechanism of absorption of CAP or its analogues in

the gastrointestinal tract have not yet been eluctdated.

     In this chapter the author describes the gastrointestinai
        '
absorption and movement of CAP and DC in vivo and tn situ rats.

EXPI"IIumM

Materials

     DC and 8-methyl nonanoic acid(Iso-Clo:o) used for the

standard were synthesized chemically as reported previously(3).

Commercial "capsaicin mixture", which was a mixture of CAP(85%)

and DC(15%) as determined by using HPTLC(Chapter l), was purchased

from E.Merck(Darmstadt, G.F.R. Lot No. 95528). [nonanamide-6,7,9-

3H(N)]-DC and methoxy-inulin [methoxy--3H] were obtained from

the New Engrand Nuclear(Boston, U.S.A.). The radiochemical purity

of [3H]-DC was determined as 987o by thin-layer chromatography on

Silica Gel 60 plate(E.Merck) using n--hexane-diethyl ether-acetic
            '
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 acid(50:50:l,v/v). Hyamine 10X-OH was obtained from Nakarai

Chemicals Co.(Kyoto). The sci'ntillation fluid used was a '!Triton

     'X-100" emulsion system(4). All other chemicals used were of

guaranteed reagent grade.

Gastrointestinal absorption of CAP and DC by rat in vivo

     Male Wistar rats, fasted overnight but permitted free access

to water, were ' used as experimental animaZs. Since we usually

ingest the pugent principle of hot pepper as a mixture of CAP and

its analogues with food, "capsaicin mixture(E.Merck)" was used in

this experiment. The doses of CAP and DC used in this study were

related to that usually ingested by rural Thai people(5). The

rats(ca.220 g) were orally administered 3 mg of "capsaicin mix-

ture" suspended in basal diet(casein 200 mg, soluble starbh 350 mg

sucrose 300 mg, salt mixture 40 mg and soybean oil 100 pl in

saturated phenol red sol. 2 ml) by stomach tube. After various

time intervals, the rats were killed by dislocation of the spinal

column. The gastrointestinal tract was divided with pairs of

ligatures into six segments (stomach, duodenuin, jejunum, ileum,

cecum, and large intestine). Their contents were washed with 3

tÅ}mes with 5 ml of 2 mM sodium deoxycholate. Phenol red was as a

volume marker and its concentration was determined spectrophoto--

metrically by the difference in absorbancy(560 nm) of pH 11.0 and

7.2. The CAP and DC present in tissue were extracted three times

by 5 ml of chloroform--methanol(2:1,v/v) and dried with N2.
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with feed in vivo, they are

absorption capacities. When

Residual CAP and DC in intestinal contents were extracted three

times by 5 ml of chloroform and dried with N2. CAP and DC

contents were determined by HPLC as described in Chapter 1.

Gastrointestinal absorption of CAP and DC in situ

Regional capacities for absorption were studied by the modi­

fied in situ loop method of Kimura et al.(6). The rats (200-250

g) were anethetized with sQdium pentobarbital(55 mg/kg, i.p.), and

the abdomen was cut open by a midline incision. Cardiac and

pyloric orifices were ligated (stomachal loop), and the small

intestine was divided into the following two loops by ligatures;

the 10 cm length beginning 2 cm beyond the pyloric orifice

(jejunal loop) and the 10 cm length terminating 2 cm from the

cecum (ileal loop). Emulsions(l ml) composed of 1 roM "capsaicin

mixture", 0.3% Tween 20 in 0.9% saline for stomach, and 1 roM

"ca.psaicin mixture", 5 roM sodium taurocholate and 5 roM monoolein

in 0.15 M phosphate buffer(pH 6.3) for the small intestine were

injected into these loops by syringe and left in situ for a given

interval. Since these emulsions were homogeneous than suspension

suited for the study of regional

the incubation was over, the CAP and

DC present in tissues and contents were. extracted as discribed

above. CAP and..DC were determined by HPLC as Chapter 1. Since it

was difficult to investigate directly the nonspecific adsorption

of CAP and DC in gut, the adsorption was measured by the method of
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Cotlove(7) using a nonabsorbable marker, [3H]-inulin.

Effect of metabolic inhibitors on [3H]-DC uptake

Initial uptake of DC with or without inhibitors was investi­

gated using the ligated jejunal loops(5 cm length beginning 7 cm

beyond the pyloric orifice). DC emulsion contained 1 rnM [3H]­

DC(specific activity, 1.0 mCi/rnrnol), 5 rnM sodium taurocholate and

5 rnM monoolein in 0.15 M phosphate buffer(pH 6.3). The metabolic

inhibitors used were 1 rnM 2,4-dinitrophenol(DNP) or 10 rnM NaCN.

My preliminary experiments have shown that the effect of metabolic

inhibitors on DC uptake was unchanged at even higher concentra­

tions(10 rnM DNP, 100 rnM NaCN) and/or longer exposure time(30 min),

but the animals are hard to maintain alive for a longer period

owing to high toxicity of DNP or NaCN. Consequently, the short

time exposure method was used. The low temperature-treatment of

jejunal loops was at 20°C (indirectly cooled by ice).

The [3H]-DC emulsion(400 pI) was injected into the loop

preincubated with aqueous solution of inhibitors for 3 min. After

the 3-min incubation, the infusate was rapidly washed out three

times with 5 ml of 2 rnM sodium deoxycholate. An aliquot of

combined washes(200 pI) was transferred to a vial containing 5 ml

of scintillation fruid. Radioactivity was measured with a Packard

automatic Tri-Carb liquid scintillation spectrometer, Model 3255.

Quenching was corrected for by the external standardization method

Appearance of [3 H]-DC in mesenteric venous blood in situ
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     The modified in situ method of Kimura et al.(6) was

 employed. rvlale Wistar rats, weighing 250-300g, were fasted

 overnight. While the rats were under sodium pentobarbital

 anesthesia, their abdomens were cut open by midline incision.

 A loop (4 cm) of jejunum with a methenteric venous branch was

was prepared. The mesenteric vein was cannulated after intra-

 venous insti!lation of heparinized O.9% saline solution into the

 thigh vein, and then the emuision (400 pl) was injected into

 the loop. After [3H]-DC was injected into the closed jejunal

 loop, the mesenteric venous blood was collected for 2-5 min

 intervals. [3H]-DC emulsion was composed of 1 mh [3H]-DC

 (specific activity, 1.0 mCi/mmo!), 5 mM sodium taurocholate and 5

 rnM monoolein in O.15 M phosphate buffer(pH 6.3). The blood vo!ume

 in each fraction was measured with a syringe, and the blood flow-

 rate was expressed in ml per min. The radioactÅ}vity in blood was

 measured with a liquid scintillation spectrometer as described

 above. The blood suspention(125 pl) was solubilized with Hyamine

 (500 pl), then decolarized by H202(100 pl). The presence of

 radioactive metabo!ites was examined by HPTLC on pre-coated plates

 (cellulose, E.Merck), with a solvent system: 1-butanol-1.5 M

'NH40H(1:1,vlv,upper phase) and TLC(Silica Gel 60 plate, E.Merck)

 with a solvent system: n-hexane-diethyl ether-acetic acid(50:50:1,

 vlv).

 Identification and quantitation of a radioactive metabolite of
              '
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[3H]-I)C in portal blood

     The mesenteric venous blood(500 pl) was hemolyzed by adding

distilled water, then DC and its metabolites were extracted by

ethyl acetate. The combined extracts were dried under a N2

stream and dissolved in methanol(100 p!). It was ascertained that

the aqueous phase contained no radioactivity. The[3H] metabo-

lite of [3H]-DC was separated and identified by HPTLC and TLC as

above. Appropriate bands were removed from the plates and trans-

ferred into counting vials.

Polyacrylainide gel disc electrophoresis

     The 3.0 and 5.07o polyacrylamide separation gels(pH 9.4) were

prepared by a modification of the method of Narayan et al.(8).

                                            'Each fraction was stained with Sudan Black B. Radioassay was

performed on 2 mm gel segments of stained gei after discoloration

according to Moss and Ingram(9).

In vitro metabolism of DC in jejunal tissue

     The isolated jejunums from male rats(ca. 220 g) fasted over--

night were washed with O.9Ye saline solution, minced into small

pieces and homogenized with 5 volume of an isolation medium(O.1 M

potassium phosphate buffer, pH 7.4, containing 10 iTiM 2-mercapto-

ethanol) in a teflon pestle homogenizer. The reaction mixture

consisted of unlabelled DC(1.0 mM), Triton X-100(O.19.), neomycin

sulfate(5 mg) and crude homogenate(5 mg of protein) in a final

volume of 1.0 ml. The whole system was incubated for 2 hr at 370C
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The metabolites were extracted 3 times with S ml of chloroform­

methanol(2:1,v/v). The combined chloroform layer was evaporated to

dryness under a N2 steam. The metabolites were first subjected

to fractionation by TLC(Silica Gel 60, E.Merck) with n-butanol­

acetic acid-water(60:10:S0,v/v, upper phase). Metabolites were

detected by iodine vapor, by spraying 0.1% 2,6-dichloroquinone

chloroimide in methanol or by 0.2% ninhydrin in acetone. The

zone corresponding to the metabolites were removed and extracted

with methanol. The solvent was evaporated under a N2 stream,

and the residues were reacted with trimethylsilylated for GC-MS

analysis of vanillylamine or methylated for GC analysis of Iso­

C10:0 fatty acid.

GC-MS analysis

The GC-MS of trimethylsilyl(TMS) derivatives of jejunal

metabolites separated by TLC was carried out on a Shimadzu-LKB

9000 gas chromatograph-mass spectrometer. The separation column

was a coiled glass column(2 m x 2 mm I.D.) packed with 3% Silicon

SE-30 on Chromosorb W(60-80 mesh). The column temperature was

programmed from 160-2S0 °c at a heating rate of SOC/min. The

carrier gas (helium) flow rate was at 30 ml/min.

GC analysis

The system for GC consisted of a Shimadzu GC-6AM equipped

with FID, Shimadzu E1A microcomputer, a glass column(l.S m x 3 mm

I.D.) packed with S% Silicon SE-30 on Chromosorb W(60-80 mesh).
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 FiG. 2. Disappearance ofcapsaicin and dihydrocapsaicin

from the ligated loops ofstomach (top), jejunum (center),

and ileum (bottom) in situ. Stornach 1oops were infused

with 1 rnM "capsaicin mixture (E Merck)," O.39o Tween

20 in O.9% saline (1 ml), and jejunum (10 cm) or ileum
(10 cm} was incubated with 1 mM "capsaicin mixture,"
5 mM sodium taurocholate, 5 mM monoolein ifi O.15 M
phosphate buffer (pH 6.3, 1 ml), from 2 to 6 min. Capsaicin

and oc were removed from the gut in the sarne relative

proportions as present in the Merck mixture used. Each
value represents j Å} SD of at least five rats.

        o  90-180 C at a heating rate of

 gas flow rate at 50 ml/min.

RESUIiTS

In vivo absorption

     The time course of CAP

intestinal tract of rats is

20 and 15% remained in the

min, 30 min, 1 hr and 3 hr

  and

shown

 whole

 after

DC absorption from the gastro-

in Fig.1. 0f the dose, 50, 30,

 gastrointestinal tracts at 5

 administration, respectively.
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A significant amount of CAP and DC disappereared from the stomach

during the first 5 min. After 5 min the pungencies were mainly

absorbed in superior portion of small intestine(duodenum and

jejunum). CAP and DC were absorbed in the same relative propor­

tion as present in the Merck mixture. No metabolite of CAP or DC

was detected in the gut contents. The amount of CAP and DC in

feces was less than 10% of the administered dose after 48 hr(data

not shown).

In situ absorption

The rate of absoption of CAP and DC from stomach and small

intestine can be seen from the results presented in Fig.2. Inulin

spaces in stomach, jejunum and ileum were 1.5, 4.7 and 3.8% of the

wet tissue weight, respectively. Consequently, residual CAP and

DC .contents were corrected by the inulin spaces. CAP and DC were

absorbed in the same ralative proportions as in the Merck mixture

used. Within 60 min of administration into stomach, jejunum and

ileum, approximately 50, 80 and 70% of the dose had disappeared

from the lumen, respectively, indicating that CAP and DC were

absorbed more readily from jejunum and ileum than stomach. Since

no metabolite of CAP or DC was detected in the gut contents,

hydrolysis by the gut contents(acidity or bacteria) should have

not taken place.

Effect of metabolic inhibitors

To reveal whether the absorption of CAP and its analogues are
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            TABLE 1
 EFFECTS OF METABOLIC INHIBrrORS ON D!HYDRO-
CAPSAICbi UlrrAKE BY THE LIGATED JEJUNAL LooPSa

Inhibitor

Uptake/min/S-crn length of 1oop

     (% of the dose)

  t2

  10
IA
2
58
E
76
.?-

g.4
6

  2

/
/

/

None 2.18Å}O.12b
2,4-DNP (l mM) 2.32Å}O.32
NaCN (10 mM) 2.30Å}O.13                                      .O 25 te 15 20.25 30 3520eC 2.32Å}O.30                                              Time(min)

  a 1 mM [3H]oc emulsion (400 pl) was injected into FiG. 3. The appearance of [3H}dihydrocapsaicin and
the ligatedjejunal 1oop (5 cm) preincubated with aqueOuS its metabolites in mesenteric venous blood from ligated
solutions of inhibitors for 3 min, then incubated for 3 jejunal 1oops. The 1oops (4 cm) were infuse(i with 1 inM

min. The loops were rapidly washed th!ee times with 5 [3Hldihydrocapsaicin, 5 rnM sodium taurocholate, and 5
rnl of2 mM sodi.um deoxycholate. Tbe combined washes rnM rnonoo1ein in O.15 M phosphate buffer (pH 6.3, 400
wÅëre subjected to an estirnation of remaining [3H]oc, pl). points are presented as cumulative radioactivity (dpm)

then the uptake was corTected for aclsorption from the while the blood flow rate in ml/min is represented by
isotope in the inulin space (4.79e ofthe wet tissue weight)• straight lines. EaÅíh value rN presents i Å} SD of four rats•

  b Each value is X Å} SD from four rats.

due to active process or not, the effect of metabolic inhibitors

on the uptake of [3H]--DC was examined by using short time

exposure method. [3H]-DC was taken up at 2.18 Å} O.12%(mean Å}

S.D.) of the dose per min per 5 cm length of loop in the control

experiment. No significant re,duction in uptake was observed in

the incubation systems in which DNP or NaCN was added to the

emulsion, or when the loops were kept at 200C(Table 1).

Route of ' absorption

     The appearence of 3H was found in the portal blood, and the

                                                '
activity in proportion to the incubation time as shown in Fig.3;
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                                                TABLE 2
                                      METABOLISM OF DIHYDRocAPSAICIN IN THE
      80e INTESTINAL TISSUE DUR!NG ABSORPTIONa
    : 6eo    k400 Fraction %of totai radioactivityb
      2eo                                      (min) DC Iso-Cio,o       e         O 5 10 15 20 2S
              Gel Slice No• O-2 82.5Å}L6 17.5Å}1.6       +E ][NNfi[ - s-lo sz3Å}2.4 12.7Å}2.4
  ' A;bumin 15'20 88•3Å}3.3 11.7Å}3.3                                      25-30 g3.0Å}4.9 . ,17.0Å}4.9
  FIG. 4. Association of radioactive substances with serurn

 proteins of mesenteric venous blcxxl• berum (30 #l, 5' tO a 1 mM [3H]oc emulsion (O.4 ml) was injected into
 tO-min fraction) was subjected to the seParatiOn efPrOteinS the ligated jejunal lcop (4 cm) and the radioactive sub-

 by disk gel elgctrophoresis. Serurn proteinS Were SeParated stances were extracted from the mesenteric vessel blood

 into four fractions (albumin, a, B, and pre-B lipoPrOtein (soo pl) in each fraction. Each radioactive substance was

 frorn left to righo. Each value represents the Mean Ofthree separated by thin-layer chrornatography (silica gel G)•

 expenments. bEach value isjÅ} SD from four rats.

twenty five % of the radioactivitY was •recovered in the mesenteric

vessel blood from jejunum(4 cm length of !oop) within 35 min in

situ. When the portal serum proteins were separated by electro-

phoresis, radioactivities of DC and Iso-Clo:o were found to be

associated with the albumin fraction(Fig.4). No metabolite of

[3H]-DC was detected in the closed loop infusate and mesenteric

lymph collected by lymphatic cannulation had scarcely any radio-

activity within the first 2 hr(data not shown).

Radioactive metabolite of [3H]-DC in the mesenteric venous blood

     To study the metabolism of CAP and its analogues in the

intestinal tissue, the radioactive substances were extracted from

the mesenteric venous blood after the administration of [3H]--DC

into the !igated loops in situ and Å}dentified by HPTLC and TLC.

Radioactive materials present in the blood were identical to
            '
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                 FIG. 5. Mass speetrum of trimethylsilyl derivative of
               phenolic metabolite formed from dihydrocapsaicin by'cell-
                free exlracts of rat jejunal tissue.

                                  '
parent [3H]-DC and [3H]-Iso-Clo:o. As shown in Table 2,

after the administration of [3H]-DC, approximately 859. of the

blood radioactivity was detected as [3H]--DC, while about 15%

was Iso-Clo:o throughout the incubation period. No radioactive

metabolite except Iso-Clo:o was found. Since no metabolite of

[3H]--DC was detected in jejunal loop infusate, no metabolism of

DC presumably took place in the gut contents.

In vitro metabolism of I)C in jejunal tissue

     After incubating DC with cell-free extracts of jejunal tissue

a phenolic metabolite was located on the TLC plate. The spot

having Rf O.41 should presumably be identical to vanillylamine as

judged from the Rf value and color reactions. The metabolite

separated by TLC was further subjected to GC-MS after trimethyl-

silylation. The spectrum pattern of the TMS derivative was iden-

tical to that of vanillyiamine(Fig.5). The molecular ion was not

observed in the mass spectrum. Detection of vanillylamine in a
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reaction mixture means that DC is enzymically hydrolyzed at its

acÅ}d-amide bond, and releases Iso-Clo:o. Iso-Clo:o released

in the reaction mixture was detected by GC(data not shown). No

metabolite was found in a reaction mÅ}xture wÅ}th boiled cell-free

extracts.

DISCUSSION

     An interesting report on the acute toxicity in mice was

recently presented by Glinsukon et al.(9) iR which the toxÅ}city

after orally administered CAP(Sigma Chemical Co., a mixture of CAP

and DC) was far iess than that of i.v., i.m. or i.p. Reports on

the gastrointestinal absorption of CAP and its analogues have been

few(1,2).

     My present studies using rats in vivo showed that gastro-

intestinal absorption of "capsaicin mixture(E.Merck)", especially

in the small intestine, took place during 3 hr after oral admini-

stration. Data from reliable in situ experiments also indicated

that CAP and its analogues were mainly absorbed at the superior

portion of the small intestine. It was also noticed in sÅ}tu expe-

riments that the disappearence rate of CAP and DC from the jejunal

loop(2.0% of the dose/min/cm length of loop, Fig.2) was nearly

equal to the appearence-rate of radioactivity in the blood stream

(1.97. of the dose/min/cm length of loop, Fig.3) 30 min after the

injectlon.
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     Levine et al.(10) indicated that intestinal sacs of rats

progressively lose structual integrity. Therefore, experimental

conditions as near to physiological as possib!e are needed such as

in situ condition(6). My present resu2ts in vivo and in situ

are not in conflict with the conclusion from the in vivo experi-

ment with the everted sac(1). On the other hand, Kim and Park(2)

reported from their experiments in vivo that the absorption of

CAP administered orally was poor in the gastrointestinal tract of

rabbits, based on the assumption that CAP absorbed from the tract

should be excreted in urine without any biotransformation.

However, I have recently found that the major part of DC admini-

                                                           'stered orally to rats is metabolized rapid!y and excreted in

                                                            'urine(see Chapter 3).

     Monsereenusorn(1) proposed a passive diffusion mechanism

from experiments using the everted sac of jejunum without examT

inÅ}ng the effects of metabolÅ}c inhibitors. In the present exper-

ments, the effects of metabolic inhibitors on the uptake of [3H]

DC were examined. Neither DNP, an uncoupler of the oxidative

phosphorylation, nor NaCN, an inhibitor of the respiratory chain,

showed effects on the uptake of [3H]-DC in' jejunum in situ. If

the absorption of [3H]-DC takes place by an active transport

mechanism, the uptake of [3H]-DC should have been considerably

depressed in the presence of inhibitors. Furthermore, no change

was observed on the [3H]-DC uptake in the jejunum at low temper-
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ature(20eC). This also indicates that CAP and its analogues are

absorbed by a nonactive process.

     In the present study, I have also found that [3H]-DC was

not transported into the mesenteric lymph but to, the mesenteric

vetn(Fig.3). CA? and its analogues are capable of causing and

intensifying damage to duodenal absorptive cells(11,12).

However, no metabolite of CAP or DC was detected in the contents

Qr infusate of in vivo and in situ experiments. Consequently,it

is acceptable that DC is partly hydrolyzed to vanillylamine and

Iso-Clo:o fatty acid when DC passes thrQugh the epithelial cells

of the jejunum(Table 2); CAP and its analogues partly receive a

first-pass effect, metabQlism of compounds during its first

absorption(not via an enterohepatic circulation) in the tract.

This possibility was strongly supported by the detection of DC-

hydrolyzing enzyme activity in jejunal tissue in vivo. DC and its

metabolite(Iso--Clo:o) were mainly associated with the serum

albumin ip the mesenteric venous blQod and then were 'transported

into the body.

     It is interesting to know the mechanism of lower toxicity of

CAP and its ana!ogues after oral dose than the others. The present

study shows that CAP and DC are surely absorbed in the gastro-

intestinal tract of rat, then they receive a first-pass effect in

the tract. This effect may be partly contributed to lower toxicity

of the pungency administered orally.
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CHAPI'ER 3

IN VIVO AND IN VITRO METABOLISM OF PUNGENT PRINCIPLE OF

Hill PEPPER IN RATS

In chapter 2, it was revealed that CAP and DC are readilly

transported through the gastrointestinal tract by nonactive trans­

port into the portal vein and partly metabolized during absorption

Thinking about the fact CAP and its analogues have been taken as

an ingredient of spices into our bodies, it is important to

investigate the biotransformation and the detoxication of CAP and

its analogues. However, the paper on the metabolism of CAP and

its analogues in animals has not been reported except the study

using microsomes of ~at liver(l).

In this chapter, the author described the biotransformation

and detoxication of DC in vivo and in vitro revealed by novel

chromatographic procedures for the analyses of urinary and hepatic

metabolites of DC.

EXPERIMENTAL

Materials

DC and 8-methyl nonanoic acid(Iso-ClO:O) used for the

standard were synthesized chemically as reported previously(2).

Vanillin, vanillylalcohol and vanillic acid were purchased from

Tokyo Kasei Kogyo(Tokyo). Vanillylamine hydrochloride was
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obtained from Aldorich Chemical Company(Milwaukee, U.S.A.).

[nonanamide-6,7,9-3H(N)] dihydrocapsaicin was

obtained from New England Nuclear(Boston, U.S.A.). Beta-glucuro­

nidase(Type H-I) was purchased from Sigma(St. Louis, U.S.A.). All

other chemicals used were of guaranteed reagent grade.

Treatment of animals

Male Wistar rats weighing 280-300 g were used in experiments

after 3 days feeding with purified diet(Oriental Yeast Co., Tokyo)

containing(by wt %): 20% casein, 50% starch, 15% sucrose, 8% soy­

bean oil, 4% salt mixture, 1% vitamin mixture and 2% cellulose.

The rats were fed the diet and water ad lib. Synthetic DC(6.0

mg) was administered by a stomach tube as a suspension in olive

oil(200 pI). Urine and feces were separately collected every 24

hr for 2 days. These samples were stored at - 20°C until use.

Five rats were used in each experiment.

Extraction of urinary metabolites

The urine sample, after thawing and filtration through

defatted cotton, was diluted with water to 20 ml and divided into

two equal portions(10 ml) were acidified to pH 2.0 with 4 N HCI

and extracted 3 times with each 6 ml of ethyl acetate. The combi­

ned organic phase was dried over anhyd. Na2S04, and the dried

organic phase containing metabolites was evaporated to dryness

under a N2 stream. These samples containing free metabolites

were dissoleved in methanol(200 pI) [Free metabolites extracted
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with ethyl acetate]. Further, the ramaining aqueous portion was

adjusted to pH 12.0 with 4 N NaOH, and vani11y1amine was extracted

3 times with each 6 m1 of ch1oroform-methano1(2:l, v/v). The

combined organic phase was then dried over anhyd. Na2S04, and

the sample was evaporated under a N2 stream. These samples were

dissolved in ch1oroform-methano1(2:l, v/v, 200 p1) [Free metabo­

lites extracted with chloroform-methanol].

The other urine(lO m1) was adjusted to pH 5.0 with saturated

NaHC03 solution and treated with beta-g1ucuronidase(ca. 5000

fishrnan units) at 37°C for 10 hr after addition of 0.2 M acetate

buffer(pH 5.0, 2 m1) and neomycin su1fate(0.5 mg). This sample

containing free and glucuronide metabolites was extracted with

ethyl acetate, then ch1oroform-methano1(2:l, v/v) in a similar

manner as above [Total metabolites extracted with ethyl acetate,

and Total metabolites extracted with chloroform-methanol].

Extraction of DC from feces

Total feces were powdered in a mortar, then used for the

extraction of DC with ch1oroform-methano1(2:l, v/v). Extracts

were purified by the use of SEP-PAK C18 cartridge(Waters Asso­

ciates, MA, U.S.A.) and methanol as a elution solvent. Eluates

were evaporated to dryness under air stream. These sample are

dissolved in ch1oroform-methano1(2:l, v/v, 400 p1).

Preparation of cell-free extracts of rat liver

Unless otherwise indicated, all operations were carried out
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at O-40C. The isolated liver from male Wiatar rats(250-290 g)

fasted overnight was minced into small pieces and homogenized with

9 vol. of 50 mTvl potassium phosphate buffer(pH 7.0) in a teflon

pestle homogenizer. After large tissue fragments and nuclear were

removed by centrifugation at 600 x g for 10 min, the supernatant

was brought to 809e saturation with solid ammonium sulfate. The

mÅ}xture was allowed to stand for at least 1 hr, then centrifuged

at 10,OOO x g for 20 min. The resulting precipitate dissolved in

a small volume of the isolation buffer, dialyzed against the same

buffer. The supernatant containing mainly mitochondria, microsome

and soluble fraction was used as the enzyme source. The enzyme

       ipreparation was kept at - 200C until use. The enzyme activity in

the form of 809o arnmonium sulfate suspension was not lost for at

least 1 month. Protein concentration was determined by the method

of Lowry et al.(3).

DC metabolism by cell-free extracts of rat liver

     The reaction mixture contained 50 mM potassium phosphate

buffer(pH 7.0), 1 mM synthetic DC, O.057. Tween 80 and the enzyme

solution(6.0 mg of protein) in a final volume of 1.0 ml. The

whole system was incubated at 370C for 3 hr, then the reaction was

terminated by the addition of 2 ml of chloroform-methanol(2:1,

v/v). The mixture was vigorously shaken, followed by centrifuged

at 600 x g for 10 min. After an additional extraction of metabo-

lites with chloroform-methanol(2:1, v/v), the combined chloroform

              '
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layer was evaporated to dryness under a N2 stream. The meta-

bolttes were dissolved in chloroform-methanol(2:1, vlv, 200 pl),

then subjected to TLC, GC, and GC-MS analyses for the identifi-

cation and quantltation of metabolites.

DC-hydrolyzing enzyme activity in various organs

     DC-hydrolyzing enzyme activÅ}ty in various organs was assayed

by using radioisotopic technique described below. Each organ was

homogenized in 5 vol. of O.1 M potassium phosphate buffer(pH 7.4)

at O---4eC. Reaction mixture consisted of 3 mM [3H]-DC(sp. act.,

O.81 pCÅ}/nmol), 10 mM potassium phosphate buffer(pH 7.4), O.1%

Triton X-100 and crude homogenate(4.0 mg of protein) in a final

volume of 1.0 ml. The whole system was incubated at 370C for 1 hr.

The reaction was terminated by addition of 200 pl of conc.

H3P04. For the extraction of metabolites, diethyl ether(2 ml)

was added to the incubation mixture, which was then shaken

thoroughly and centrifuged at 600 x g for IO min. After an addi-

tional extraction of metabolites with ether, the combined ether

layer was evaporated to dryness under a N2 stream. The metabo-

lites were dissolved in methanol(200 pl). The methanol solution

was used for the measurment of radioactivity of metabolite(Iso-

Clo:o). The radioactivity of Iso-Clo:o was analyzed by TLC

using a SilÅ}ca Gel 60 TLC plate(E. Merck, 250 p thick) developed

with n-hexane-diethyl ether-acetic acid(50:50:1, v/v). Iso-Clo:o

was detected by iodine vapor. The Rf value for authentic Iso-
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 Clo:o was O.57. The region corresponding to Iso-Clo:o was

 scraped off and transferred into a vial containing 5 ml of scinti-

 11ation fluid(4). Radioactivity was measured as discribed Å}n

 chapter 2.

     Urinary metabolites were chromatographed on 20 x 20 cm pre-

coated Silica Gel 60 TLC plate(E. Merck), using chloroform-acetic

acid(90:10, v/v)[Solvent system g] and benzene-ethyl acetate-

acetic acid(70:30:1, vlv)[Solvent system h] as developers.

     Hepatic metabolites were first subjected to two dimentional

TLC on SilÅ}ca Gel 60 plate developed with 1-butanol-acetic acid--

                          'water(60:10:50, v/v, upper phase) as the first solvent system

[Solvent system g], air-dried, then developed further with

chloroform-ethyl acetate(90:10, vlv) as the second solvent system

[Solvent system .g]. The zone corresponding to the hepatic meta-

bolites were scraped off and extracted with methanol. The solvent

was evaporated under a N2 stream, and the residues were tri--

methylsilylated for the GC-MS analysis(5).

     The metabolites on TLC plate were detected by iodine vapor,

by O.1% 2,6-dichloroquinone chloroimide in methanol or by O.4%

2,4-dtnitrophenyl hydrazine in 2 N HCI.
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     The system for HPLC consÅ}sted as described in chapter 1. The

mobile phase used for separattng DC and vanillylamine was metha-

nol-water(75:25, v/v) containing O.O04% SDS(w/v). The mobile

phase used for the analyses of vanUlylalcohol, vanillic acid, and

vanillin was methanol-water-acetic acid(25:74:l, vlv). The flow--

rate was kept at l.O ml/min. Eluates of urinary metabolites of DC

were collected at the fraction vent of the LC--3A, then the solvent

was evaporated under a N2 stream, and residues were trimethyl-

silylated for the GC-MS analysis(5).

ec

     Iso-Clo:o released from DC by the cell-free extracts of

liver was methylated by dimethylformamide dimethylacetal(6),then

determined by GC using n-Cll:o as an internal standard. The

system for GC consisted of a Shimadzu GC-6Arvl equipped with FID, a

glass column(1.5 m x 3 mrn I.D.) packed with 5% Silicon SE-30 on

Chromosorb W(60-80 mesh). The temperature was programmed from 90-

1800C at an increase rate of 40 C/min, and nitrogen used as the

carrier gas was kept at 50 mllmin.

coms

     The GC-MS of [[IYIS derivatives of urinary and hepatic metabo-

lites separated by HPLC or TLC was carried out on a Shimadzu-LKB

9000 gas chromatography-mass spectrometry. The separation column

used was a coiled glass column(2 m x 2 mm I.D.) packed with 3% OV-
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17 on Chromosorb W for TMS-vanillin, TMS-vanillylalcohol and TMS-

vanillic acid or 3% Silicon SE-30 on Chromosorb W for TMS-DC and

T?vlS-vanillylamine analysÅ}s. The column temperature used for OV-

17 and SE-30 was programmed from !20-1900C at an increase rate of

50Clmin and 160-2500C at an increase rate 50C/min, respectively.

The carrier gas(helium) flow rate was kept at 30 mllmin.

RIIISULTS

TLC of urinary metabolites

     The results of [[LC analysis of the total urinary metabolites

extracted with ethyl acetate are summarized in Table 1. By expo-

sing to iodine vapor three spots were newly detected besides DC

after development with two different solvent systems. The spots

having (1) Rf O.23, O.41 and O.49 which were obtained with solvent

system g, and (2) Rf O.22, O.32 and O.47 with solvent system ll

were represented M-I, M-II and M-III, respectively.

     M-I, M-II and M-III showed identical Rf values and color

reaction to those of vanillylalcohol, vanillic acid and vanillin,

respectively.

HPLC of urinary metabolites

     (1) Clear separation of vani!lylalcohol, vanillic acid and

vanillin was achieved by employing a mixture of methanol-water-

acetic acid(25:74:1, v/v) as the developer on a reversed-phase

column. The retention times and detection limits were determined
             '
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Fig.1. Iligh-perforinance liquid chramatogram of rat urine specinens [Total

metabolites extracted with ethyl aeetate] O-24 hr after oral adminÅ}stration

of dihydrocapsaicin. eontrol urine specimens (--)

 Table 1. Rf Valties and Colors of Dihydrocapsaicin and Its

                                 ft Urinary Metabolit.es on TLC PIate

Rf values in s'olvent

a b

Color reactiQn

  AS
M-I

M--ZI

M"!II

Vanillyl alcohol

Vanillic aeid

Vanillin

Dihydrocapsaicin

O.23

O.41

O.49

O.23

O.41

O,49

O.43

O.22
 '

O.32

O.47

O.22

O.32

O.47

O.47

blue

blue

blue

blue

  .

blue

  -

yellow

  -

yellow

  .

* -Total metabolites extracted with ethyl aeetate vaere subjected

  to the anaiysis of SUica Gel 60. Solvent system A, chloro-

  form-acetic acid (90:10, v/v); b, benzene-ethyl acetate-acetic

  acid (70:30:i, vlv). Color reaction A, O.IZ 2,6--dichloro-

  quinone chlorotmide in methanol, B, O.47. 2,4--dinitrophenyl

  hydrazine in 2 N HCI
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     (2:1, vlv)(right)]
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for the phenolic

alcohol(5.2

vanillin(12.6

     Ethyl acetate

oral administration

actate] was

specimen is

III) were newly

Retention times

vanillylalcohol

     (2) Clear

eluting with

HPLC

 Column:CosrnosiE 5Cs

      (150x4.6mml.D)
 tvk)bile phase : 7501e MeOH

  Containing O,O04e/. SDS
 Ftow rate : 1.0mltmin

                       /p"v        /P-N INj.

                -
 3 6 9mln• o 3 6 9m{n-
      liquid chromatograms of rat urtne speeimens [Total

    wtth ethyl aeetate (left) and with chloroform-{nethanol

   O-24 hr after oral administration of dihydroeapsaicin.

specimens (----)

                             '     compounds using the standard mixture; vanillyl-

min, 15 ng), vanillic acid(9.9 min, 10 ng), and

 min, 10 ng).

      extracts of urinary metabolites prepared after

        of DC [Total metabolites extracted with ethyl

 chromatographed as shown in Fig.1. Control urine

drown by dashed lines. Three peaks(P-I, P-II and P-

    detected in the sample after DC administration.

    of P-I, P-II and P-III were identical to those of

  , vanillic acid and vanillin, respective!y.

   separation of DC and vanillylamine was achieved by

 a mixture of methanol-water(75:25, vlv) containing
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       Fig.3. Mass spectra of trimethylsilyl derivatives of dihydrocapsaicin

       metabolites, ?-I (above), P-!r (centre) and P--III (below) separated by HPLC

O.O049. SDS(wlv). The retention times of vanillylamine and DC were

5.4 and 7.5 min, respectively. The detection limits of both

compounds were 20 ng. Chromatograms of urinary metabolites eluted

by this solvent are shown in Fig.2. Dashed lines are control

urine specimen. Two peaks(P-IV and P-V) were newly detected in

the sample after DC administration. Retentien ttmes of P-IV and
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Table 2. Distribution of Urinary Netabolttes in Rats
ft

AC.'  Dose in
Metabolite O- 24 hr 24 - 48 hr

Free Glucuronide
.

Free Glucuronide'

Dihydrocapsaicin

Vanillylamine

Vanillyl aleohol

Vanillic aeid

Vantllin

O.9

O.9

5eO

2.5

Å}

Å}

tr

Å}

Å}

O.5

O.3

L4
O.9

**
 4.0

 l.4

27.5

8.8

1,3

t:

Å}

Å}

Å}

Å}

O.6

O.4

S.6

2.5

O.3

l.4

L3

2.0

O.5

Å}

Å}

tr

Å}

Å}

O.9

O.3

O.4

O.3

2e4

1.3

!O.1

3.4

O.3

Å}

Å}

Å}

Å}

Å}

O.5

O.4

4.0

O.6

O.1

      rk       Determination was carried out by the HPLC method as described in the text.

     k*       Each value is the mean tS.D. from five rats. tr;ÅqO.IZ

P-V were identical to those of DC and vanillylamine, respectively.

GC--MS of urinary metabolites of DC

     Figure 3 shows the mass spectra of TMS derivatives of P-I,

P{I and P-III fractionated by HPLC. The molecular and major

fragment ions of P-I were m/z=298 (Tyl)+, m/z=283 (M-TMS)+ and/

or (M-CH3)+, m/z=268 (M-TMS-CH3)+ and/or (M-2TMS)+.

Those of P-II and P-III were m/z=312 (M)+, m/z=297 (M-TMS)+

and/or (M-CH3)+, mlz=282 (M-T!vlS-CH3)+ andlor (M-2TMS)+,

and m/z=224 (M)+,m/z=209 (M-TMS)+ and/or (M-CH3)+, m/z=194

(M-TMS-CH3)+, respectively. The spectral patterns of TMS

derivatives of P-I, P-II and P-UI were identical to those TMS

derivatives of authentic vanillylalcohol, vanillic acid and

vanillin, respectively. The mass spectra of [[MS-derivatives of

             '
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P-V were identified to those of TMS-DC(5) and TMS-vanillylamine

in chapter 2, respectively.

Quantitation of DC and its metabolites by HPLC

     Table 2 summarizes dtstribution of DC metabolites in urine

from rats determined by HPLC. About 75% of the original dose was

excreted as unchanged DC and its metabolites into the urine within

48 hr. Total sum of free and glucuronide conjugates in urine

after 48 hr were 14.5 and 60.4% of total dose., respectively.

)Cajor mettibolites were the glucuronide of vanillylalcohol(37.6% of

dose) that of vanillic acid(12.2%) and free vanillic acid(7.0%).

     Chloroform-methanol(2:1, v/v) extracts of feces prepared

after oral administration of DC contained 4.0 Å} O.5%(mean Å} S.D.,

n=5) total dose of DC as parent DC for O-24 hr sample and 5.9 Å}

O.67o(n=5) for 24-48 hr sample.

     Total recoveries of DC and its metabolites on the extractioR

procedures were in the range of 84-95%.

In vitro metabolism of DC by using cell-free extracts of rat

     Incubating DC with cell-free extracts of rat liver, two

phenolÅ}c metabolites were located on the TLC plate(Table 3). The

spots having (1) Rf O.41 and O.82 with solvent system c, (2) Rf

O.03 and O.32 with solvent system s! were named M-IV and M-V,

respectively. M-IV and M-V showed identical Rf values and color

reactions to those of vanillylamine and vanillin, respectively.
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Table 3. Rf

by Cell-free

Values and

Extracts of

   'Colors of

Rat Liver

Dihydrocapsaicin Metabolites

 on TLC PIate

Rf
in

Åí

values     *solvent

   g

Color reactlon
de*

A S g

M-IV

M-V
Vani!lylalnine

Vanillin

O.41

O.82

O.4!

O.82

O.03

O.32

O.03

.O.32

blue

biue

yellow

yellow

yellow

yellow

*

**

Solvent system .g, n-butanol-actic acid-water (40:10:SO, v/v,

upper phase); g, chloroform--ethyl acetate (90:10, v/v)

Color reaction A, O.17. 2,6-dichloroquinone chloroimtde in

methanol; S, O.4Z 2,4-dinitrophenyl hydrazine in 2 N HCI

g, O.25Z ninhydrin in aeetone

     M-IV and M-V separated by TLC were further subjected to GC-

MS after trimethylsilylation. The mass spectral patterns of TMS

derivatives of M-IV [m/z=379 (M)+, m/z=364 (M-TMS)+ and/or

(M-CH3)+] and M-V [m/z=224 (M)+, m/z=209 (M-TMS)+ andlor

(M--CH3)+] were identical to those of P--V or vanillylamine in

chapter 2, and P-III or vanillin(Fig. 3, bottom). Detection of

vanillylamine in a reaction mixture means that DC is enzymically

hydrolyzed at its acid-amlde bond. The rate of Iso-Clo:o relea-

sed from DC at pH 7.0, catalyzed by the crude enzyme preparation,

was linear for 3 hr(data not shown). No metabolite was detected

in the incubation mixture wÅ}th boiled cell-free extracts.

Distribution of DC-hydrolyzing enzyme activity in various organs

     DC-hydrolyzing enzyme activity was found in various organs of
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Table 4. Distribution of dihydroeapsaicin-hydrolyzing enzyme

actlvlty in various organs of rat

Organs
Enzyme activity
      de (muni t. s )

Specific activity

Cmunitslmg protein)

Liver

Kidney

Lung

Small intestine

Stomach

 .Brain

Thigh muscle

Heart

304.2 + 36.6

100.2 + 30.6

66.6 + 20.0

64.4 + 39..2

40.7 + 24.7

37.6 + 4.4

18.5 + l2.5

13.9 i 4.0

*de
5.74 + O.69

1.67 + O.51

1.80 + O.54

1.61 + O.98

2.l4 + l.30

1.88 + O.22

O.43 + O.29

O.73 + O.21

       de        one unit is defined as the release of one pmol of iSO-Clo:o
       per hr under the following assay conditions; the reaction
       mixture containing [3H]-dihydrocapsaicin(3 mM), Triton X-100

       (O.1%, wlw), potassium phosphate buffer, pH 7.4, (50 mM) and
       enzyme preparation in a final volume 1.o ml was incubatbd at

       37 eC for 1 hr under shaking at 60 r.p.m.

       **         Each value is the mean + S.D. from four rats.

rat: liver, kidney, lung, intestine, stomach, brain, thigh muscle

and heart(Table 4). The activity was mainly located and highest

in liver. Therefore, it is suggested that liver is a main metabo-
              '
lic organ of pungent principle of hot pepper.

DISCUSSION

     Nagy(7) suggested that the toxicity of CAP and its analo-

gues had not been ascribed to any one facet of its actions but

might be due to its precipitation of respiratory failure, brady-

cardia, and hypotension. The degree of acute toxicity of CAP and
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its analogues was different by the route of administration in

mouse: i.v. LDso O.56 mg/kg, i.p. LDso 7.65 mg/kg, s.c LDso

9.00 mg/kg, intragastrtc LDso 190 mg/kg(8). The author descr-

tbed that CAP and DC were readily transported through the gastro-

intestinel tract by nonactive process to the portal vein, and

hydrolyzed partly during absorption(see chaper 2). Consequent!y,
                                       '
it is important to Å}nvestigate the biotransformation and detoxica-

tion of CAP and its analogues.

     Fro.m the results of the present experiments in vivo and tn

vitro using rats, it was proved that DC was biotransformed to

vanillylamine, vanillylalcohol, vanillic acid, vanUlin and their

g!ucuronide conjugates. It is speculated that DC absorbed into

the portal vein is first hydrolyzed to vanillylamine and Iso--

Clo:o mainly in liver, then the former was transformed to vani-

11in after deamination. Subsequently, the aromatic aldehyde,

vanillin, would be followed to major transformation pathways: oxi-

dation and reduction.

     Lee and Kumar(1) reported that CAP and its analogues were

hydroxylated to N-(4,5-dihydroxyl-3-methoxybenzyl)-acylamide by a

microsomal mixed-function oxidase in a sodium phenobarbital

treated rat liver. However, under my experimental condition using

either cell--free extracts(partly purified) or homogenate of rat

liver, such a metabolite was not detected. Generally, administra--

tion of various chemical substances increases the activity of
            '
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 Fig.4.Proposed pathway for the blotransforrnatton of pungent prtnctple of hot pepper

microsomal mixed-function oxidase by enhancing the biosynthesis of

components ' of this system, particularly cytochrome P-450(9).

Therefore, it might be considered that the difference of enzyme

preparation led to the apparent discrepancy between my results and

those of Lee and Kumar.

     Judging from the results obtained in the present experiments,

the major metabolic pathway of the pungent principle of hot pepper

in rats should be as shown in Fig.4. The pungent principle was

hydro!yzed to vanillylamine and branched-chain fatty acids. The

former compound was further received an oxidative deamination, and

then follwed to oxidation or reduction. The metabolites were

mainly excreted into the uri.ne as glucuronide conjugates. This

excretion was almost completed within 2 days in rats. The follow-

ing metabolic pathway of vanillin was conftrmed to be similar to

that of vanillin orally administered(11).

     Vanillin, a metabolite of DC, is used as food additive (mini-

                             -49-



mum lethal dose orally in rats, 3.e glkg)(l2). Vanillic acid

and vanillylalcohol, major metabolites of DC, are metabolites

of vanillin(11). Therefore, it is considered that vanillin,

vanillic acid and vanillylalcohol are not toxic compounds.

However, it is not known whether lso-Clo:o and vanillylamine are

more toxic or not than the parent compound.

     The present study demonstrated that DC-hydrolyzing enzyme

distributed in various organs of rats, particularly in gastrointe-

stinal tract and liver, and that DC and its metabolites were con-

jugated wtth gluculonate probably in liver. These biotransforma--

tions may be largely contributed to lower the toxicity of the

pungent principle administered orally.
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EFIEer OF PUNGKNT

IYIETABOLISM IN RATS

  CnvrER 4

PRINCIPLE OF Hor] PEPPER ON LIPID

 FED HIGH FAT DIE[C

     In the previous chapter, the author descrlbed that the

pungent principle of hot pepper is readily transported through the

gastrointestinal tract by nonactive transport into the portal

vein and mostly excreted into urine as metabolites in rats.

     Recently, the effects of dietary components on lipid metabo-

lism have received much attention. Vegetable proteins, dietary

fiber and plant xenobiotics appeared to lower the blood choleste-

       'rol(1--3). Capsaicin(CAP) is also known to have medicinal pro-

                                    'perties. Recent studies have shown that CAP exerts a lipotropic

effect similar to choline in rats(4,5) and decreases total serum

myQcardial and aortic cholesterol levels in turkeys(6). The

information about the effects of pungent principle of hot pepper
          '
on lipid metabolism is limited. The mechanlsm of the effect of

the pungent principle on lipid metabolism is not clear.

     In the present chapter, in order to examine whether the
               'pungent principle has the effects on lipid metabolism, the author

investigates by using rats fed a high fat diet containing lard.

EXP]lllwnM

Animals and diets
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TABLE 1

COMPOSITION OF             1EXPERIMENTAL DIETS

Ingredients High fat
diet

High fat +
capsaicin diet

Casein

Starch

Sucrose

Lard

Soybean oil

Mineral mixture

Vitamin mixture

Cel1ulose

Capsaicin

%

10

40

10

30

5

2

l

2

%

ie

39.' 986

10

,6

5

2

l

2

O.Ol4

1
 Control
MF diet,

diet used was a cornmercial one

Oriental Yeast Co.)

(Oriental

     Male Wistar rats(175-185 g body weight, Shizuoka Agriculcural

Cooperative Assoc. for Laboratory Animals, Hamamatsu) were indiv!-

dually housed in stainless-steel cages. with a wire-bottom in a

room maintained at 22-240C with about 50% relative humidity. The

room was lighted from 06:OO to 18:OO hours.

     The composition of experimental diets is gÅ}ven in Table 1.

CAP, whÅ}ch purity was determined as over 997o by HPLC(chapter 1)

was purchased from E.Merck(Darmstadt, G.F.R.). Two experiments

were conducted. In the first experiment, there were three dietary

treatment: 1)control, 2) 30% Lard, 3) 30% Lard plus O.O14% CAP.

The dose of CAP used in this study was related to that usually
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ingested by rural Thai people(7). The same caloric intake for

the rats of three groups was maintained by adjusting the feed

intake(about 15.4 g per rat in the control, about 10.5 g per rat

in the 309o Lard group and 30% Lard plus O.O14Y. CAP group). Rats

were fed each diet for 10 days. There were 15 rats per group in

each experiment. In experiment 2, there were four dietary treat-

ment: 1) 30% Lard, 2) 30% Latd plus O.O077. CAP, 3) 307o Lard plus

O.O147o CAP, 4) 30% Lard plus O.021% CAP. The same caloric intake

for the rat of four groups was maintained by adjusting the feed

intake(10.5 Å} O.2 g per day in each group). Thirty rats was used

in thts experiments. Rats were fed each diet for 10 days. In all

the experiments, rats were fed a commercial stock diet(Oriental

Yeast Co., Tokyo) for 3 days to allow them to adjust to the new

environment, and starved for one day. Water provided ad libitum.

Sample collection

     At the end of experiments, rats were fasted for 16 hours and

weakly anesthetized with pentobarbital. Blood was collected by

heart puncture for serum lipids, glucose, ketone bodies and lipo-

protein analysis. Immediately after blood sampling, the liver was

excised, washed in chilled saline solution, blotted and cooled in

crushed ice. A part of the liver was used for enzyme and the rest

of the 1Å}ver was kept at -300C until analysis of lipid components.

Perirenal adipose tissue was excised, rinsed, blotted and weighed.

A part of adipose tissue was used for enzyme assay and determina-
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tion of adipose cell weight. For the determination of the intesti-

nal absorption was made at three days of experimental 1. The fecal

samples were dried, weighed and pulverized. The intestinal absorp-

tion rate of lipid was determined by the method of balance study

(8).

Chemical assay

     Serum triglyceride was analyzed enzymically using a commer-

cially available kit(Triglyceride G-Test, Wako Chem. Ind. Osaka).

Serum ketone bodies were also analyzed enzymically by the method

of Williamson(9). Serum free fatty acid and cholesterol were

measured according to the method of Itaya and Ui(10), and Person

et al.(11), respectively. The analysis of serum lipoproteins

were performed according to the method of Narayan et al.(12) as

modified by Maruyama and Kobori(13). LÅ}ver lipids were extracted

by the method of Folch et al.(14). Liver total lipids were

determined gravimetrically. Liver triglyceride, free fatty acid

and cholesterol were measured as descrived above. DNA of peri-

rena! adipose tissue was determined by the method of Leyva and

Kelley(15).

Enzyme assay

     Approximately 4.0 g of liver was homogenized in 40 ml of O.25

M sucrose solution and centrifuged at 600 x g for 10 min. Further,

the resulting supernatant fraction was centrifuged at 28,OOO x g

for 30 min. The resulting supernatant and pellet fractions were
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used determining enzyme activity and protein. Glucose-6-phosphate

dehydrogenase(G-6rPDH) in the supernatant fraction was assayed by

the method of Kornberg and Horecker(16). Beta-hydroxyacyl-CoA

dehydrogenase(HADH) in the pellet fractÅ}on was assayed by the

method of Osumi et al.(l7). Hormone sensitive lipase(HSL) and

iipoprotein 1Å}pase(LPL) activities of the perirenal adipose tissue

were estimated as described by Rizack(18), and Salaman and

Ribinson(19), respectively.

Statistical analysis

     Student,s paired t-test was used for statistical analysis

of the data(20).

RESorrs

Experimental 1

     Table 2 and 3 summarized the results of experimental 1. There

were no difference in three groups in growth of body weight.

Epididymal adipose tissue weight was increased in both high fat-

fed group and high fat-fed p!us CAP group. CAP supplementation

slightly reduced epididymal adÅ}pose tissue weight. Perirenal
                                                      'adipose tissue weight was also increased in both group. The

supplemantation of CAP to lard diet significantly reduced peri--

renal adipose tissue weight (pÅqO.05). The perirenal adipose cell

weight was not changed by the supplementation of CAP.

     The lipid from the diets was wel! absorbed in each group.
            '
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The absorption rate of lipid was not affected by the supplemen-

tation of CAP. Serum triglyceride was significantly increased in

rats fed the high fat d!et (pÅqO.O05). There was no difference

between the control and high fat plus CAP groups in serum trigly-

ceride. The supplementation of CAP to high fat diet again signi--

ficantly reduced serum triglyceride (pÅqO.05). Serum free fatty

acid was not altered by dietary treatments. Serum ketone bodies

and cholesterol were significantly higher in rats fed the high fat

and the high fat pius CAP diets compared with control (pÅqO.OOI).

Serum pre-beta-lipoprotein was not changed by the difference of

diets.

     Liver total !ipid, triglyceride and cholesterol were signifi-

cantly increased by feeding high fat (pÅqO.05). Liver free fatty

acid was not changed by dietary treatments.

     Liver G-6-PDH activity was significantly iower in rats fed

the high fat diet as compared with control (pÅqO.05). CAP signifi-

cantly lncreased the G-6-PDH activity when it was supplemented to

higt fat diet(pÅqO.025). The liver HADH activity was significantly

higher in rats fed the high fat and high fat plus CAP diets

(pÅqO.05). The supplementation of CAP to high fat diet did not

effect on the liver HADH and the perirenal adipose HSL activities,

but increased the perirena! LPL activity.

Experimantal 2
                                                       '
     Since it has been found in experimental 1 that the supple-
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mentation of CAP may influence the perirenal adipose tissue weight

and triglyceride, the relationship among the supplimentation of

CAP and the metabolic parameters was investigated. As shown Fig.l

there was a significant correlation (p<O.OOl) between perirenal

adipose tissue weight (% of body weight) and the intake-amount of

CAP (r=-0.738). A similar relationship was exhibited between

serum triglyceride and the intake-amount of CAP (r=-0.444, p<0.02)

(Fig.2).

DISCUSSION

The results of the present study showed that the suppleme­

ntation of CAP decreased the weight of perirenal adipose tissue

and concentration of serum triglyceride. The results were the

same that of rats fed fructose except liver triglyceride and lopo­

genic enzyme activity(21).

It was reported that the absorption of lipid in rat intestine

was inhibited(22). However, in the present study and other(4)

using balance stuby method, the gastrointestinal absorption of

lipid was not inhibited by CAP. It was not considered that the

decrease of accumulation of lipid in adipose tissue resulted from

the decrease of gastrointestinal absorption of lipid in rat fed

high fat plus CAP. CAP administered by the intraduodenal and

intragastric dose changed morphologicaly duodenal epithelial

cells(23). However, it was observed by transmission electron

- 60 -



70

60

50

 a v No 40
E

'e
 - 30
 E
 e
 o M 20

Fig.1

10

o

e

e
e
8'

e

e
:

r--- -O.44 cpÅqo.o2 )

Y=-O.85x+45.3

o 5 10 15
,Capsaicin cmg/10 days)

r Relationship ,between

1 .4

A; 1:2
v'

8
N 1.0
U
B
.m.. o.8
-
o
ut

oa o.65
re

rs

8 O.4
.:-

e
   O.2

o

capsaictn and serum

20

triglyceride

25

o

'r= •- o.74 cpÅq O.ool )

y=-O.02x+1.06

Capsaicin

     15

(mg/1O days )

20 25

Fig.2. Relationship between capsalcln and perirenal adipose tissue

-61-



microscopic study that the supplementation of CAP(O.O14%) into

high fat diet did not induced the alteration of epitherial cells

(unpublished observation).

     Unlike the previous report using turkeys fed the cholesterol

diet(6), there was no influence of CAP on the serum cholesterol

concentration in the present study using rats fed no cholesterol.

     Previous studies have shown that the tngestÅ}on of fat mark-

edly inhibits hepatic lipogenesis(24,25). In my present experi-

ments, G-6-PDH(one of lipogenic enzyme) activity in rats fed high

fat diet was significantly lower than control(pÅqO.05). The enzyme

activity of rats fed hÅ}gh fat- plus CAP were the same as that of

control rats. Serum triglyceride coRcentration of rats fed high

fat plus CAP diet was decreased with a concomitant rise in the

supplementation of CAP. Consequently, these results indicated

that the supplementation of CAP facilitated the lipid metabolism

in rats fed high fat diet. The stÅ}mulation of lipid metabolism by

CAP was supported by the result of perirenal adipose tissue weight

serum triglyceride level, and adipose LPL activity.

     There were not difference in serum ketone bodies, pre-beta-

lipoprotein, and adipose HSL activity between•high fat and high

fat plus CAP groups. These results suggest that the surplus energy

of the nutrients taken once accumulated in adipose tissue as lipid

(triglyceride). Previous studies have shown that free fatty acid

was incorporated into an organ in proportion to the concentration
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of fatty acid outside the organ(26,27), and the rate of fatty

acid oxidation automatically increased in the organ(28,29).

Thus, it is suggested that stimulation of lipid metabolism by CAP

is attributabie to fat mobilization from adipose tisssue. Further,
          '
this speculation was substantiated by the following experimental

results using rats intraperitoneally administered CAP; increase of

02 consumption, and up and down of respiratory quotient (see

chapter 5).

     It was reported that CAP influence on lipid metabolism by

inhibiting lipogenÅ}c enzymes of rats fed fructose diet(21). It

seems likely that a mechanism of action of CAP on lipid metabolism

in rats fed fructose differs from that of rats fed lard in my

present experimental condition.
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CHAPI'ER 5

ANALYSIS OF ENHANCEMENT EFFECT OF PUNGENT PRINCIPLE OF

HOT PEPPER ON LIPID MErABOLISM IN RATS

As described in chapter 4, the author first found that CAP

stimutated the lipid metabolism in lard-fed rats; decrease of the

perirenal adipose tissue weight and serum triglyceride.

In the present chapter, the author will show the stimulating

mechanism of CAP on lipid metabolism in rats by analysis of energy

metabolism; 02 consumption, respiratory quotient(R.Q.), liver

glycogen, serum glucose, and serum free fatty acid.

EXPERIMENTAL

Materials

Commercial "CAP", which was pure CAP but a mixture of its

analogues as determined by HPLC method(chapter 1), was purchased

from E.Merck(Darmstadt, G.F.R., Lot No. 2394965). Propranolol

hydrochloride (INDERALR injection), pindolol (CarviskenR inje­

ction) and alprenolol hydrochloride (ApllobalR injection) were

obtained from ICI Pharm. Ltd.(Osaka), Sankyo Ltd.(Tokyo) , and

Fujisawa Pharmaceutical Co. (Osaka) , respectively. Phentolamine

mesylate (RegitinR injection), hexamethonium bromide (Methobro­

minR injection) and epinephrin (BosminR injection) were pur­

chased from Takeda Chemical Industries, Ltd. (Osaka) , Yamanouchi

- 66 -



Pharmaceutical Ltd.(Tokyo), and Daiichi Seiyaku Co.(Tokyo),

 respectively. All other chemicals used were of guaranteed reagent

grade.

Animals

     Male Wiatar rats, 7-week-old, were used in experiment after

feeding with purified fat diet as described in chapter 4. The

rats were injected intraperitoneally CAP (3.0 mglkg or 6.0 mglkg),

epinephrine (O.1 mg/kg) and/or blockers (propranolol; 3.0 mglkg,

pindolol; 2.0 mglkg, alprenolol; 2.0 mg/kg, phentolamine; 10.0 mgl

kg and hexamethonium; 5.0 mg/kg). Each blocker was injected at 1

hr before injection of CAP. CAP was suspended in O.9 wt% saline

solutÅ}on containing 2% ethanol and 10% Tween 80 (by volume).

Analysis of respiratory gas

     A respiration apparatus used was applied the open circuit

method(1). The air flow rate was 500 mllmin. Gas analysis was

carried out on a measurement apparatus of respiratory metabolism,

Beckman Model MAS-1 consisted of 02 aRalyzer (Beckman Model 755)

and C02 analyzer (Beckman Model 864).

Collection of liver and serun

     The rats injected CAP and/or propranolol were weakly anethe-

tized with diethyl ether just before measurement time, then were

excised liver. The liver was immediately subjected to glycogen

analysis. Blood was collected by heat puncture. Serum obtained

after centrifugation was stored at - 300C before analysis of
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glucose and free fatty acid.

Chemical analysis

Liver glycogen was determined by the method of Seifter and

Dayton(2). Serum glucose and free fatty acid were measured by

the glucose oxidase-peroxidase method of Dahlqvist(3), and the

method of Itaya and Ui(4), respectively.

Statistical analysis

Student's paired t-test was used for statistical analysis

of the data(5).

RESULTS AND DISCUSSION

Increase in 02 consumption began almost immediately after

rats injected CAP (6.0 mg/kg)(Fig.1). 02 consumption reached to

its maximum level within 20-30 min, then gradually decreased and

reached the primary level at about 60 min. R.Q. was about 0.80

when the rats fed high fat diet. R.Q. also began almost immedi­

ately after rats injected CAP(Fig.1). R.Q. reached to its maximum

level (0.86-0.92) within 20-30 min, then gradually decreased and

reached the primary level (about 0.80) at 60 min. Thereafter this

constant level was maintained at least for 60 min, then R.Q.

gradually decreased and reached to its minimum level at about 150

min after injection of CAP. After that R.Q. return to its primary

level at about 180 min. These alterations of 02 consumption and

R.Q. by CAP were changed with the amount of injection.
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dose of CAP was very similar to that of epinephrine. Consequently,

to reveale a point of actÅ}on of CAP on energy metabolism, the ex-

periments using various blockers were performed. The rats previ-

ously injected beta-adrenergic blocker (propranQlol) were not

changed in 02 consumption and R.Q. althrough they were injected

CAP(6.0 mg/kg)(Fig.4). Dose of other beta--blockers(pindolol and

alprenolol) also completely depressed the variation of energy
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TABLE l.• Effects..of B-adrenergic blocker 'and capsiaicin 'on serum gluicose and
serum free fatty acÅ}d in ratsl

Cohttol       2B-Blocker capsiaicin3 B-Blocker

   +4Capsatctn '

Serum glueose'
   (mgldl)
          '
Serum free fatty acid
   (mg/dl)'

167 Å} 6a

12.4 Å} 1. 2a

 160 + sa

12.9 '+ 1.oa

      b475 + 70

       b,16•.O+ il.'4

      a 180 + 2S

       a13.2• + 1.0

1 Mean Å} s.D. of -4 rats ' ab Means 'Å}n th'el 'sarne •tow with' 'dttfdrent superscripts

                        2differ signific'antly'  (pÅq O.02) ' The determination •of 1 ara!neters was done

at-2 hr after inj•ectioh of 'capsaicin'(6'iO 'ing/kg, i.P.) into rats. '
3
 The determination of pararnete'rs was'done at 3 hr 'after 'injection bf B-blo'cker'
(propranolol, 3.o mg/kg, i.p.) into rats. 4 The determination of'parameters

was done at '2 hr 'after inJecti'on'of eapsaiein(-6.0 mg!kg, i.pt) into 'rats pre-

inj'ected B-bloCker(ptopranolol, 3.0 mg/kg', i.p.)•bdfore 1 hr'.' .

metab61ism by the dose of CAP•(dose not shown). The variations of

metabol•ic parameters (serum glucose and serum free''fattYacid) sig-

nificuntly depressed by previous dose•of beta-b!ocker(propranolol)

(Table 1). Such•variat'i'on-patters of metabolic par;ameters are

well-known examples of epinephrine(6-8). On'• the- other hand,

previous treatment of rats by alpha-adrenergic- blocker (phento-

lamine) or ganglion blocker (hexamethonium) did not inhibit the

variation of energy metabolism by the dose•of CAP.

     From the results of this experiments, it was suggested that
                                          s
CAP enhanced energy metabolism of rats, and its responses were

based on a direct and/or indirect (via catecholamine) adrenergic

actions. In chapter 4, the author described that CAP stimulated
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the lipid metabolism; decrease of the perirenal adipose tissue

weight and serum triglyceride in lard-fed rats. Therefore, it was

speculated that the adrenergic action of CAP enhanced the lipid

metabolism in rats thus this effect resulted Å}n the decrease in

the perirenal adipose tissue weight and serum triglyceride level

in lard-fed rats.
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                           SUMMARY

Chapter 1;

     The quaiitative and quantitative microanalyses of the pungent

principle of hot pepper by HPTLC and HPLC were examined. Five

analogues were well separated by HPTLC. Linearity was found at

!east from 20 to 200 ng. Furthermore, by using HPLC method, CAP

and DC (the main components of pungent princip!e of hot pepper)

can be determined simply and rapidly at levels from micrograms to

nanograms without interferences from other things.

Chapter 2;

     Gastrointestinal absorption of CAP and DC was studied in rats

Å}n vivo and in situ. Rapid absorption of CAP or DC was found from

stomach and small intestine in vivo. About 85% of the dose was

absorbed in the gastrointestinal tract within 3 hr. In situ,

within 60 min after the administration of CAP and DC into stomach,

jejunum and ileum, about 50, 80 and 70% of the respective dose had

disappeared from the lumen. By using radioisotopic techniques and

metabo!ic inhibitors, it was found that the pungent principle of

hot pepper was readtly transported to the portal vein through the

gastrointestinal tract by a nonactive process, and partly metabo-

lized during absorption, and that the radioactive DC and its meta-

bolite (Iso-Clo:o) were associated with the albumin fraction in
                                                                   '                                             'the portal blood.
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Chapter 3;.

     The metabolism of DC in rats was investigated in vivo and in

vitro using TLC, HPLC and combined GC-MS withm 48 hr of•oral•dose

of DC (6.0 mg) to male adult rats, unchanged 'DC and eight of its

metabolites were identified in urine, i.e.•,DC' (8.7% of total dose)

vanillylamSne (4.79o), vanillin (4 6%), vaniUylalcohol (37.6%) and

vanillic acid (19.27e) as free and/or their glucuronide. Part of

unchanged DC (ca. 10% of total dose) was exereted into feces

within 48 hr. Cell-free extracts of rat liver catalyzed the

hydrolysis of DC to vanillylamine and Iso--Clo:o free fatty ac•i'd`

DC-hydrolyzing enzyme activity was found in various or•gans of rats

The metabolic pathway of the pungent principle of hot pepper in

rats is proposed.

Chapter 4;

     Effects of the pungent princip]-e of hot pepper were studied

in experiments using male rats fed a high fat (!ard) diet. When

CAP was supplemented at O.O147. of the diet, serum trig!yceride and

perirenal adipose tissue weight were significantlly decreased.

Dietary lard decreased hepatic glucose-6-phosphate dehydroganase

and adipose lipoprotein lipase activities, while the CAP supple-

mentation increased these enzyme activity. Lipid absorption was

not changed.by the supplementation of CAP in a gastrointestinal
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tract. The perirenal adipose tissue weight and serum triglyceride

were decreased with a concomitant rise in the supplementation of

CAP. These results suggest that the pungeRt principle of hot

pepper stimulates the lipid mobilization from adipose tissue, and

decreases the perirenal adipose tissue weight and serum triglyce-

ride in lard-fed rats.

Chapter 5;

     Energy metabolism in the rats intraperitoneally injected CAP

was investigated. Increase in 02 consumption was obserbed in

rats injected CAP. R.Q., liver glycogen, surum glucose, and serum

free fatty acid were also obserbed its alterations within 3 hr.

These alterations of energy metabolism by CAP were completely

inhibited by various beta--adrenergic brockers. On the other hand,

the alterations were not effected by alpha-adrenergic or ganglion

blocker. From the results it is strongly suggested that the

pungent principle of hot pepper enhances energy metabolism of rats

and its responses are based on a direct. andlor indirect (via

catecholamine) adrenergic actions. Therefore, it is speculated

that the adrenergic action of the pungent principle of hot pepper

results in the decrease of the perirenal adipose tissue weight and

serum triglyceride level tn lard-fed rats.
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