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Capsaicin Intake Estimated by Urinary Metabolites as Biomarkers

Yeonsoo Choo and Hoonjeong Kwon*
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Reliable data on the exposure of capsaicin, which evokes hot sensation in hot red pepper, are important
prerequisites for studying biological functions of capsaicin in human body since its roles are controversial
according to animal and epidemiological studies. To get accurate data, the use of urinary biomarkers was
considered as a measure of internal exposure of capsaicin. After 2-day-capsaicin depletion five to six women in
their 20's were instructed to eat 60 or 80 g/day hot red pepper soybean paste as a capsaicin source with meal
which did not contain capsaicinoid, and to collect their urine separately. HPLC conditions were set to detect
capsaicinoid and urinary metabolites at the same time. Most of capsaicinoid were excreted in the form of 4-
hydroxy-3-methoxybenzoic acid in three subjects at the highest dose. This result suggests the oxidation of the 4-
hydroxy3-methoxybenzaldehyde, the hydrolysis product of capsaicin, is the major metabolic pathway in the
human body, whereas the reduction of the aldehyde is the major route in rats. However, neither any metabolite
nor the parent compound was ever shown in two of the subjects reflecting large individual differences of

capsaicin absorption and/or biotransformation.
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& BAFEL 54902 FUIAHT TS o] BuMoM=
AFggd) wt Y=t Zrhsls Aoz JETIO, ¢r)

olol Al AlYE case-control ZAK1987)ANAE 17, S1F, 24
T, 359 A8 JdAR BuEgth Eg*‘%bl 3% 10%

o] ¥ZTPRE XFs= Aolw FolA T YRS 4o
3, HolZ ATIL w A9 Iujx HejA Ao)RF =
%S 4o7)3, cocarcinogen®]t} tumour promoterZ &L
b B2 Fo| Aok, zejut ojgeotelA sl case-
control &EFAH1989)0 = ZFAdFo] LS wholde o
&S S RIUEHJL, hF9] capsaicin®] F oA BIzH
3= Yo A pyloric-ligation-induced ulcer® ¢}3}A|7]=H] Ht
A, 2] capsaicin® pyloric-ligation-induced ulcerel] thaf

BEzRgo] I, gy % AYl &l FEEA7 JAAt
e =EE YU o] % capsaicin®] 4o #AHEAFL of
Z} Felo] o]2x] Xstal Ut

Capsaicin® 27 93yt AL Wile te U
Qe R st A8 2APL dFFHo| °]§ sk o
o} capsaicin®] JHFE 40)7|=20] &3] % /‘Eéﬁ
oju} Al 5, -ASHE Uehlls 45 T F de
Hol ZArEojol & Aol

Surh®} Lee: @EHW}XH capsaicin®] AU cthAlel] &
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7+¢] mixed-function oxidaseo] 231X Atzl7} ot -
hydrocapsaicin®] = A} capsaicin®] WA gl of ZAlo|=
7b @] e F AEW 2R RS AgsAy
hydroxyl 7|2 W& 3l N-(4,5-dihydroxyl-3-methoxybenzyl)-
acylamide”} == A=Z7}F o). E41E, P450 2E100 28]
Aol 2frjzde) FAo] 55 bis-capsaicin®] FAHE 7
2ola, AAle 7HrRal &4 o3 amide Afo] ¥alE
% FAHE  4-hydroxy-3-methoxybenzyl amine®. 2 HE 4-
hydroxy-3-methoxybenzaldehyde, —4-hydroxy-3-methoxybenzyl
alcohol, 4-hydroxy-3-methoxybenzoic acid® Holdk= Z=Zr}.

2 A4S F= A9 €37 4-hydroxy-3-methoxyben-
zyl amine, 4-hydroxy-3-methoxybenzaldehyde, 4-hydroxy-3-
methoxybenzyl alcohol, 4-hydroxy-3-methoxybenzoic acid &
o IS A2 QA AAefr Basi] el 3
F AAAQ FHo] HE capsaicing] WF =& AR

E F3x .

ME oy
Capsaicin®| QIXN|CHAIR] =X

e g o] Ao Holddel wiE o et
et FolM 2. dak dgelME A He o
SHel, olaf dyoMe & Hol A9 oAl gl 3y
o] FoAsgint. Holdy 7|7t Felle AfFEE Aot 7bs
it AAelale] Zitd wFsl FFE Edh= AF A
FHAe Adros Aagen, 47T S5 WEL 7
=S sk 4 AAAE 9 SR 500 mLE
°of Twel e Wl g o] Tk 2We 7 Y 7
b Eet AR 717 oA FHol A wimA] mioh whE
3
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e A AR & F dole AlE 5 of
@ A, A9 A AR 2L 3024
T 0% AT 2 F % T Prjeldle] girka
A7 AEoR FHE AAE st ok Aue 59
o Felxrgol dole UEFe o}, U4, AY A4 A
TE 7 25g 25g 0GR 80g) o TRFS A o
Fol HASAL. 1 F oE7e th AAleldle] gig
A7E AEoT FHY ANE oF B St 23R
o] A A o} RN AMEEH FHF F -50°C WEL
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IEHUMel Capsaicinoids &2 =4

ABEHI e MARY] IS 500g e kg G9R
o] A P Aold el AR F W RSt B
Mol A&ttt BER ME FHE FxudFE)
(Microwave Solvent Extraction System: CEM Corporation,
North Carolina, USAYE AM&-3}o] (Power 100%, temperature
100°C, pressure 100 psi, tap time 30 min, time 40 min), %
FAEEE SR S FEIIAT B FEAE 5
313 2mlE A4l o] & 50uULE 045um ZEE o3}

Al Fol W 71%5l HPLC(Hewlette Packard 1090
series II, pBondapakTM CI8 3.9 300mm)Z ¥4 3}%it).
UV 230nm 3goA §HEE BEsl, 27 Si2= 0.01
N triethylamine phosphate(TEAP) 4~8(pH 3.5)5 ol+|EL}
o|EFE AMENTE B £5E 1.0 mL/minE FAA)7H
A FY F 3872 TEAP 589 100%E I3, 8% 7t
A o EvolEHe] FFE 60%7t HEF FIMZTH

28 AlZel B4

zhzte] AW A oA @7d] st & e &
A& 200pLe] &4 Glucuronidase® F 4000 unit 3 7}313L
A H9E pH 5 2 FH9& 600 uLE QT F49|
Ae mpeldel| ol 37°C LE7[A 50rpmé] SEE X®
A 18.5A12FE S BEEAIA T EaA PR A ENRE 045
um PVDF €HE 7E % 50uLE HPLCY FY3IAch
HPLC: Hewlette Packard 1090 series IS AF&38F5th
pBondapakTM C18(125A, 10 um, 30cm 3.9 mm, Waters)<]
ZH 3 RP-18(7 um, 15X3 mm) guard column(Rainin Instru-
ment Co)& WASIY ALESEIA Y. 001 M Triethylamine
phosphate™8-4, pH 3.5(&7 A)e} oFEUCO|EE 100% (&
u]l BYE HPLCY| ©|E/4o.2 st 3F5%E 1.0 mL/min®
2 3te & A 100%14 AlFste] AR 9 F 6RE7HA
= £ A 100%, 158 7HA] 98%, 30E7HA] 40%= 7H4A]
713, o]& 10% &% fAshs FHl/NE SHATE. Diode-
array-detector(DAD)ZE ¥4 230 nm, 260 nm, 280 nmolA &
FEE FABAUT

Zn 9 @

FFEHY EFHE AN 27 HPLCY FARE
w, 4-hydroxy-3-methoxybenzyl amine, 4-hydroxy-3-methoxy-
benzyl alcohol, 4-hydroxy-3-methoxybenzoic acid, 4-
hydroxy-3-methoxybenzaldehyde, CAP, DC] TAZ =
tH(Figure 1). Triethylamine phosphate 7§13} o} ELfolE
gdg oo R st FujfEE W capsaicinoids®h
ole] tAAIEtE AZEE BEES T WY AEFYLE
B AT 5 gde Aol s ¥ ok, tiethylamine
phosphate 8-S Ho]&(ion pairing agent) EEZA] 4-
hydroxy-3-methoxybenzyl amine®] 71& Z=%& Fol= d v
£ gFFo|glon oEUe|ER S wERE) Bl 4-hydroxy-
3-methoxybenzyl alcohol, 4-hydroxy-3-methoxybenzoic acid,
4-hydroxy-3-methoxybenzaldehyde2] #-2]ol S &2 0]]
. 9 57 ol EAE ¥¥shs oMol HPLCE &
A FEEAE FARE HEE A ZHretention time)2- L}
el EZEo] SAg webs, = A e eS F
stelzl fE At F5 S st 2 F9| 4-
hydroxy-3-methoxybenzyl amine, capsaicin, dihydrocapsaicin
< 230 nm, 4-hydroxy-3-methoxybenzoic acid¥= 260 nm,
4-hydroxy-3-methoxybenzyl alcohol3}  4-hydroxy-3-methoxy-
benzaldehyde: 280 nmollA HEFILH, o] FIFPEES
& WFE A7 HES diode array AE7] AdolA &
e gelog o]Fojfrt
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A F7go| A capsaicinoids®] A FE AT FroEES
SR S2ERFETE 083t FE3Aed o WHS
Hoffman 5] #AIg, 60-65°ClA 5417+ F¢t ee=
FEsk= Wyl vla] Bk wE A7) 28 Ao
Aol AR aFge] 4 A3 o8 Ao Ao 4F
of A2 ZFAY capsaicinzTv A 4184 pgg, L
62.58 ug/g, dihydrocapsaicin® -9 #HA 2752uge, HI
44.88 pg/gelAet. ol Al ole] Ay EAX|] HA
At HEE WA gerhio.

B-glucuronidase®] 1 unit:= phenolphthalein glucuronide ]|
zZHg-3ted pH 5, 37°CollA] A1ZHE 1.0 g(=3.14 nmoles) phe-
nolphthalein® W& 4 e 49 olt). Takahashi %
o] = 3 AR A 1008 2ol 0.5mLol 1000
unit?] §4F ARESIEEE pH 5, 37°Ce] ZACA] 164]7E
o] Au}o} glucuronide deconjugation®] FTh]o] o2 T}
S, meta o] A= AHEAIRE 18547 B¢ &
249 vk & dPoAe 2a AHEE AEE ¥R
HPLCY Fdste W& ARS8l duhaoz o845
7180 FE2AH S st ASHH FE2E8S 1T
71 gl AE4E Rt

S AHAANA AFE 7389] capsaicinoids FEZFE At
29 IHPA ) SF capsaicinoids(CAP+DC) HAHZHS 13}

o]
T
Z

=4 FA83)A] A 33 A A 6% (2001)

2ol EA] H7 555 mg(=18.11 umole) ©]3L 2z} 2o E
A& B 6.67 mg(=21.79 umoles) ©1ATh. =41 1F B
AH)HE AZEY 899/AR AXRTIF capsaicin, dihydro-
capsaicin®] FE2PE 2835l BH F7 3F capsaicinoids
AHFE 353mgE FFHY, B UM 4HAT F e
capsaicin %°] F 10-60 mgell B3l o= mFo] 9o 4
Pajolg] ke ¢ AT HWHE HouA] F=rh.
Ztztel 2ol Tk 43S F capsaicinoids®] W2 ARt
AREZE F 16.6mg, 23k YETF F 26.7 mgATh

Az A7l FA AY kT F A 30g¥e] 25
FE AAet o) AHFAL olHT HAE AR A&st
Aok IEFE AR ARA AEA HE e E g
B AT 2HS 47 aaAE F EA3E |, 94
A ASH B AS A A 276, FAEA CF DY 7
$ ALEA 5o e 2vHdllA 4-hydroxy-3-methoxybenzoic
acid 7+ AES7] A eH, H4¥A B ¢ tAbE
A & capsaicin®] 4-hydroxy-3-methoxybenzoic acid 7} 7
257 A oA #1A HEEHAT. Glucuronidase ]
g & A3 A9 232 HE77 5 AFE capsai-
cinoids®] F%e] I 49%, AL 11.8%°1 Atk 22y, I
A=t B FAAME A3 ASRYH F5 $F YEZA cap-
e trHE 25 AEHA 3ith(Table 1).

saicin =+

Table 1. Urinary Capsaicinoid and Their Metabolite in the First Experimental Period

Time of Urine Excretion Detected Compound Amount (Umole)* % of total intakea
Subject A 3rd day® 07: 00° 4-hydroxy-3-methoxybenzoic acid 26.6 49.0°
Subject B 3rd day 05: 30 capsaicin 180.5 376.8
3rd day 12: 00 4-hydroxy-3-methoxybenzoic acid 24.8
Subject C 3rd day 15: 50 4-hydroxy-3-methoxybenzoic acid 6.4 11.8
Subject D 3rd day 22: 25 4-hydroxy-3-methoxybenzoic acid 9.8 18.0
Subject E° - 0 0
SubjectF* - 0 0
Usingle determination
YCapsaicin-containing Diet was given for 3 days
9time of the day
9mole %
®neither parent compounds nor metabolites was observed in Subject E and F
Table 2. Urinary Metabolites of Capsaicin in the Second Experimental Period
Amount of 4-hydroxy-3-methoxybenzoic acid (Wmole)*
time of urine excretion glucuronidase glucuronidase % of total intake®
treated urine untreated urine
Subject A the 4th day 12:25 374 0.0 100.7°
the 4th day 18:45 20.1 74
the 4th day 22:50 24.6 18.2
Subject B the 4th day 13:10 26.7 138 86.6°
the 4th day 23:00 320 0.0
the 5th day 01:00 11.9 0.0
Subject C the 4th day 06:20 81.9 0.0 94.0
Subject E not detected
Subject F not detected

“4-hydroxy-3-methoxybenzoic acid was a sole urinary metabolite detected. The numbers represent the results of the single determination
PSubject A and B missed 25 g red pepper soybean paste on the 4th day morning.
“mole % of glucuronidase treated sample. The numbers represent the results of the single determination
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o]z} Ao A A= capsaicin HHFS S ofF H4
A s A A 25 g, 25¢, 309 AFHE capsaicin §
= AAReE ol S ol d AAE UE7 A&k
Az Aol 7Y 94 E8A) 5 9484 DE ALE o
A wo] A7tster, o] E F tA] A, B, C Al B9 &
WA EA o] 4H JEAIFE] 4-hydroxy-3-methoxybenzoic
acid7t A&t 28 capsaicino|Vt o2 AR Azt
HojAle &2 AEHA Ik H1EH Fe A0 F
AFH3T capsaicinoid®) FF9) 100.7%(HEEA A), 86.8%(
AFAL B), 94.0%@ABA C)F capsaicinoids®] ArdZo| 4-
hydroxy-3-methoxybenzoic acidZ ¥Wi&EAth Z8v}, 94
A ESt A E ol#fst & AP E trAz A%
HA] AT} (Table 2).

Glucuronic acid’} A=A &< FF 2l 4-hydroxy-3-
methoxybenzoic acid® WJ&¥ capsaicinoid ¢] & £2]3}7)
8] 24 Al A 4-hydroxy-3-methoxybenzoic acid®] 3=
7t AEE TN AEE E4AF glo] pH 7t HES %
A3 S Al W 8438t 185417 ')A naksh
% HPLCE 243 A3} 4-hydroxy-3-methoxybenzoic acid®]
H3s 7 5 Y Al8eA] Ao H(Table 2), ol
capsaicinoids 413 %] 314% LR} A), 16.9%FH AP
2t B), 0.0%E A4 Oyl slgshe ol

F Capsaicinoids 21¢] HHA 33 AHIME 4-
hydroxy-3-methoxybenzoic acid7t AZFH A @Skl AEF 2 o]
AH T § 5 capsaicinoid 4012 EHAsR: thA] AZ
A skt AZE  4-hydroxy-3-methoxybenzoic acid?} A%
& capsaicinoids”t obd, AF o] Fof TIHE FE )0
EA8H= protocatechuric acid(3,4-Dihydroxybenzoic acid)® %
H catechol-O-methyltransferase(COMT)el| &8l AAHE L 7}t
SAolu, BE FAENM fEde 7S W Aoy
g Ao, 1A Age] 4¥A BY A4S, AHE cap-
saicin.T} B2 o] HEH 7o g nFo| t}E EdA]
o] stgEe] FHAS rHsd-g A3 wiAls e oET
Atsdth o wet 33 YY) Ax2e AANME #
AsA #FHE 4-hydroxy-3-methoxybenzoic acid’} 7174 A&
stk AdEu, e AfeolE S43] wE ¥ 94
ZHESE B2 &RoA gAY SiHE A7t $dER] o
7] wEol acetylation, amino acid conjugation, glucosida-
tion 52 ThE phase I W-8-c] HAPA B}t FollM $-4)3}
A v EA 1] f3) ojs AW 4k sk
et 2Me datez 7 AWAIRE 3w EMsla
60°C 2®7|oAl g AJZF Bl wheAIZS o, olHe] 4-
hydroxy-3-methoxybenzoic acid’t HZE W23} A, B,
CY 2RdAd gA] i gAAE ZetE & AR, 4
hydroxy-3-methoxybenzoic acid Tt A& Ach. 434 E9
2R A, 232 43 F AEARE QAH 2R 17
A AJAME RS Folln Al ofd iR A&
HA ottt F5EHY] giARE diFRe] 7l dialEe] =
2 ujdEn giyio g wiEse 549 yREe] F49A
¥ FolghER] Unky ofE S Y 2T u, 9
F2+ A, B, C & 9P} E, F 7+e] AR dEele) 2
ol thAt AARTE capsaicinoids &3 =2 Alolof B =

DAD?1 B, Sig=200,4 Ref<500,10
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Fig. 1. HPLC chromatogram of capsaicinoid and metabolites.

Amine, alcohol, acid, and aldehyde represents 4-hydroxy-3-
methoxybenzyl amine, 4-hydroxy-3-methoxybenzyl alcohol, 4-
hydroxy-3-methoxybenzoic acid, and 4-hydroxy-3-
methoxybenzaldehyde, respectively. Serotonine is used as a
internal standard.

A B e Ao ddkdE)

ko] A9 capsaicing in viro WHSAAS HE 4
hydroxy-3-methoxybenzyl alcohol®] & tHARFE 0] 5109,
°F 300g9] Wistar FE AHE3 in vive HFANAE 4-
hydroxy-3-methoxybenzyl alcohol™} 4-hydroxy-3-methoxyben-
zoic acid’} FE WARFECIAEN1 Bl AlRAME 4-
hydroxy-3-methoxybenzoic acid”} 93 FojAHECIST)
ol AAE R sk Aol 1, 23F AolddAl A
23 AR+ 4-hydroxy-3-methoxybenzoic acidZ capsaicin
UR=Eake] AR2A 7P F88 FREZAT 2 7}
A GAE EFEI AA, o] dAAle T AR 4-
hydroxy-3-methoxybenzaldehyde 2 7€ 2 3=t] 4-hydroxy-
3-methoxybenzaldehyde®] A& 7 AAZ% 7Fs381H, cap-
saicin®. 5] #% 4-hydroxy-3-methoxybenzaldehyde2} 2
FozHE AFAF 8= 4-hydroxy-3-methoxybenzaldehyde=
AR AAEEE ARG Sop? ae, 3% 80g 4
9] B ¥ IFFE UEolv HAHE dAAES AE
g ¢ Aw HAdAq2 EAG O, Aeld 9% = 1

= @& capsaicinoids®] GEHHAFIE AolE HolEE
Freh diAtel el AolE wEd 5 e 4-hydoxy-3-
methoxybenzoic acid®] &4 & 9uE AU ALRE
o}, A capsaicin®] A3 A FHFO i 4L A
= A P o] A AFAAE Hske Aol ¢ A
g Ejojob gky AbgET)

o ¥0

it
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A IFAAFY ALY FAEAEE Hole g
A A7 EREJEY ol ARE A3 SAsiA e
ANEZ o]z AFe HFHFo] ZFFs] S & A
t}. olo} w3=¢) wjeut AR capsaicin®] A HAMIES
3t o]g &3t AETgH R guile HAIHFE 3
Asiee AN 4P AZsdch vA F2AHAA
#3249 capsaicin® A ES 4HoA HPLCE BAlA A
E3le WS ISt ol UAMAY Al&dE HAAg 9
8], olAFE A&std /718w FES AL 5L
glucuronidase *2]3+ A AAB-2 vt2 HPLCH FY3l=
WHS ARSI 20019 A2 o34 5-68S Yo =, of
E 749 capsaicin 2740 ©]F capsaicin®] ZFEHA] &L
2JALA] capsacin®] Al FYOEA nFF-E HHSA 3T
60 g8 ARE e AFT AFA AAEe 7 F
HoAA HHE A1FSHA] 3€ A 4-hydroxy-3-methoxyben-
zoic acid’}, 3 oA 3d Al capsaicin®] HEFIUT). 80 ¢
A UES A 23 AFAe A Bl AAER AN 4-
hydroxy-3-methoxybenzoic acid’} WEx] AHA HEFHY
t}. 221 Agejr] UJEA HEH 4-hydroxy-3-methoxybenzoic
acid®] F3F2 ARV T HFHT capsaicinoids F#H2] 85%
oot WA FH F5& ©]8F capsaicinoid UIAF ¥
A= 4-hydroxy-3-methoxybenyl alcohol®] FUIALEZ SIS
o} dAoM = 29 €2 4-hydroxy-3-methoxybenzoic acid
7} FoaRHEolsty AAR 2y 1, 23F AEolE &
A3 WE FHY MM e= 4-hydroxy-3-methoxybenzoic
acids XS ofd drAE & & 7] "Eed A7
9o FF "iAF xolrt ZA Ndita FHEY AEF o
oJn] Q= capsaicin AFH S AE EFL AAE WFe=E A
S ol o] Aol ez & A AFE FI AAEH
g2t 7jget

o fob 2 ofh N
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