- 336 - 2% %4 Acta Pharmaceutica Sinica 2024, 59(2): 336-349

RIEME N FER RV B R ER X B "RV iR B

WA, xR T OB, BEET, HAE"

(1. e LR 2E R 22 B, Lt 102488, 2. ] B RHRE K 2410 PR 155 2% Bt 07 e BB K 25 58 — PR [ 5 9 2 A4
WA, ) R 48 A L B A SR =, TR VA BH 471003; 3. dbatok s E 25 s B T AT, JE R 100191)

WE: Ny PRSI ) 2 A7, B — I RS . R P2 T4 2R AN R 2 B A,
R ) LAS T i 28 1 28 346 SR AR U 2 7 2 IR AN T R o IR (9 /Ny I R i 5 N T — e 5 4 ) B B A
TR SR IR A F VI OC, AR SO I T RA R T o G A R A A AR R AR/ IN G T B 1) S SR A
FUSCHER BT, TRAL T X</ Gr T — P 24 B 2245 5 300 B AR, 7R 2R Bt — 542 th“Tn 42 &, 4
Mr 7 AE“Try 4 227 O 0 AR NE 8 TR Sk T LA R I IT 98 7 160 FNIE 90 P9 2%, DR BB 25 A P WA % I 25 W 80 L 94K
KA I bk B S B 1B B SR A

KHEIR): By, IR AN Ty RAR/ANG T By RSP0, LR B S 4368 )5

FE 5SS RI17 XHRFRIRAS: A XEHE: 0513-4870(2024)02-0336-14

Research progress on endogenous small-molecule phenolics and the
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Abstract: Small-molecule phenolic substances widely exist in animals and plants, and have some shared
biological activities. The metabolism of phenylalanine and tyrosine in the human body, and especially the
metabolism of catecholamine neurotransmitters, produces endogenous small-molecule phenols. Endogenous small-
molecule phenolic substances are functionally related to the important physiological processes and the occurrence
of mental diseases in humans and some animals, which are systematically sorts and summarized in this review.
Integrating the previous experimental research and literature analysis on natural small-molecule phenols by our
research group, the understanding of the hypothesis that "small-molecule phenol are pharmacological signal
carriers" was deepened. Based on above, the concept of "phenolomics" was further proposed, analyzed the research
direction and research content which can bring into the knowledge framework of phenolomics. The induction of
phenolomics will provide wider perspectives on explaining the pharmacological mechanism of drugs, discovering
new drug targets, and finding biomarkers of mental diseases.
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Detailed information on endogenous small-molecule phenols (ESMPs). Class 1: Norepinephrine metabolites; Class 2: Dopamine

metabolites; Class 3: Phenylalanine metabolites; Class 4: Tyrosine metabolites; Class 5: Other phenolic metabolites

Class Abbreviation Name

Structure Biological activity Ref.

1 DOPEGAL 3,4-Dihydroxymandelaldehyde

DHPG 3,4-Dihydroxyphenylethyleneglycol

MHPG 3-Methoxy-4-hydroxyphenylethyleneglycol

VMA 4-Hydroxy-3-methoxymandelic acid

DOMA 3,4-Dihydroxymandelic acid

MOPEGAL 3-Methoxy-4-hydroxyphenylglycolaldehyde
2 DHPP 3,4-Dihydroxyphenylpropionic acid

DOPAL 3,4-Dihydroxyphenylacetaldehyde
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Continued
Class Abbreviation Name Structure Biological activity Ref.
DOPAC 3,4-Dihydroxyphenylacetic acid Hoj@/\(o” Hypotensive; mitochondrial [14-17]
HO o protection; anti-oxidation; anti-
inflammation; anti-diabetes; anti-
anxiety
DOPET 3,4-Dihydroxyphenylethanol Hoj@/\/o"' Anti-oxidation; neuroprotection [18,19]
HO
HVA 3-Methoxy-4-hydroxyphenylacetic acid Hyc© o Related to psychiatric disorders -
DHPLA 3,4-Dihydroxyphenyllactic acid o Anti-oxidation; anti-anxiety; [20-22]
HO
:©/\(N\°H neuroprotection
o OH
ROSA Rosmarinic acid OH Anti-oxidation; anti-inflammation;  [23-26]
Oy OH OH
o 9 O tissue protection; neuroprotection
e
DHPPA 3,4-Dihydroxyphenylpyruvic acid o - -
HO
oy
HO °
MOPAL 3-Methoxy-4-hydroxyphenylacetaldehyde HGC,ODNO - -
HO
MHPE 4-Hydroxy-3-methoxyphenylethanol Hac‘oD/VOH - -
HO
3 HDPL 4-Hydroxyphenyllactic acid o Related to psychiatric disorders -
oH
HPHA 3-(3-Hydroxyphenyl)-3-hydroxypropanoic OH. © Neurotoxicity [27]
HO
acid \©)\)LOH
HPPA 4-Hydroxyphenylpyruvic acid o Related to psychiatric disorders -
oH
HGA 2,5-Dihydroxyphenylacetic acid HOWO Endogenous toxins; related to [28]
oH psychiatric disorders
HPPT 3-(3-Hydroxyphenyl) propanoic acid 1 Anti-inflammation; anti-platelet [29]
HO
WOH activity; related to psychiatric
disorders
HCM 2-Hydroxycinnamic acid OH 1 Anti-oxidation; related to psychiatric ~ [30]
WOH disorders
3-HCM 3-Hydroxycinnamic acid 1 Related to psychiatric disorders -
HOWOH
THCM trans-3-Hydroxycinnamic acid 1 - -
HO,,. \
WOH
PHCA 4-Hydroxycinnamic acid o Anti-oxidation; anti-inflammation;  [31-34]
WOH anti-cancer; anti-anxiety;
HE neuroprotection
PCA trans-4-Hydroxycinnamic acid o - -
N
©/\/N\OH
HO™
HPAT 2-Hydroxyphenylacetic acid OH Related to psychiatric disorders -
oH
oY
HPAA 4-Hydroxyphenylacetic acid mOH Anti-oxidation; anti-platelet activity; [35-37]
HO o liver protection; anti-anxiety
3-HPAA 3-Hydroxyphenylacetic acid H°\©/\'(°H Related to psychiatric disorders -
o
2,3-DHHCA 2,3-Dihydroxyphenylpropionic acid OH 1 - -
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Continued
Class Abbreviation Name Structure Biological activity Ref.
3,2-HPHPA  3-(2-Hydroxyphenyl) propanoic acid OH 1 - -
o
2,3-DHCCA 2,3-Dihydroxycinnamic acid OH 1 - -
HOWOH
2,6-DHPL  2,6-Dihydroxyphenylacetate OH o - -
Cp
4  HPAD 4-Hydroxyphenylacetaldehyde /©/V : Related to psychiatric disorders -
HO
TYR 4-Hydroxyphenylethanol /@/\/OH Anti-oxidation; anti-inflammation;  [38-40]
HO anti-cancer; neuroprotection
DHBD 2,5-Dihydroxybenzaldehyde o 0 Related to psychiatric disorders -
L,
DHBA 2,5-Dihydroxybenzoic acid o 9 Anti-oxidation; anti-inflammation; [41-43]
\©\/U\°H anti-bacterial; neuroprotection
OH
4-HEPPU 4-Hydroxy-enol-phenylpyruvate o - -
Ny oH
o OH
5 HBA 4-Hydroxybenzoic acid o Anti-oxidation; anti-inflammation; [44.,45]
/@*OH neuroprotection
HO
3-HBA 3-Hydroxybenzoic acid o Anti-oxidation; anti-inflammation; [44]
HO
\©/K°H related to psychiatric disorders
2,4-HPHPA 2-(4-Hydroxyphenyl) propanoic acid CHy on - -
3,4-HPHPA 3-(4-Hydroxyphenyl) propionic acid o - -
o
HO
HMBH 4-Hydroxy-3-methoxybenzaldehyde HQC,OD/%O Anti-oxidation; anti-inflammation;  [46-48]
HO antibacterial; neuroprotection
3,4-DHBA  3,4-Dihydroxybenzoic acid o o Anti-oxidation; anti-inflammation; [49-51]
D/U\OH liver and kidney protection;
HO neuroprotection
3,4-DHBAD 3,4-Dihydroxybenzaldehyde Neuroprotection [52]

2,4-DHHCA 2,4-Dihydroxyphenylpropionic acid

3,5-DHHCA 3,5-Dihydroxyphenylpropionic acid
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Figure 1 ESMPs produced during the metabolism of norepinephrine (NE). PNMT: Phenylethanolamine N-methyltransferase; MAO: Mono-
amine oxidase; COMT: Catechol-O-methyl transferase; ALDH: Acetaldehyde dehydrogenase; ADH: Alcohol dehydrogenase; AR: Aldose

reductase
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7 umol-L™ [k FE T x4 22 41 i B A 55 kA, HED
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U4 2 J5 3R B B AR REE M Ravenstijn 5 7T R
B, K 9 S0IR 4 DA AT DOPAC 7K T[4 5 1 4 7% 1K
I FHA #1 23 RRE S5 AKX 2 RGUEH K .

DOPET £ 44 4 42 H DOPAL 7E /X ZE AR 1 3 175 4 1&
1) — B =W, me 08 TE BN N B I AR T, Ah JR M
DOPET ] PATEANMA Py IRHE 5 B 3 AFP & 0. Tasset
2L 3L DOPET W] BH 1L HH 3-A 3 75 R 51 2 1 S0IR 7
DA S AR R ) R T Y A B R K 1 BRI
Ut B DOPET 7 # X DA #1470 H 7] DL 3% it
A MLEE )T Goldstein 55"\ 4 DOPET 7 BL %5 3 DA
A B R R T, IR TH 7 4R, 18 DA A K
TR RIS 5E MAO I 5 (0 AR VE
3.2.3 HVA HVA & —Fh 3 2 )L By i AR 27
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REAH R 2 8] A7 7E 5 35 (9 A0 OGP, AT DUAE I IR K
FIAE 12 W A M0 00 of 2 R 400 B R R A I AR RR B
Saloner 251Xt 102 44 HIV J86 4% £ 25 [ FAS 7 25 72 1 A
i B W DA REAE VAR EW R & BT, 45 R K
B A A 58 A A 22 4 SR 7™ B 1) HIV 28 38 i 8 ¥ 1)
HVA ¥R 5% . Wang " 37 £ 8 K R IR 45 7 o
IR A, BT R LS R TR A A B 45 2 20K R T 4
ZUHVA &8 8T 5, Ogawa 25705} 75 4 HAR FE b H
BV R HVA K EAT R, 73 215 850 SCH R Y
SE . UL HVA % 80 1% B mT LVE D 0 W7 £ R84 AT
LIRS Z — . B, HVA 7] DUE 22 Floks i 25
P I I A bR W
3.2.4 DHPLA DHPLA 7 A& P A] BLH L-DOPA 4
DOPAODA .DOPAATS 1 HPPR X i 7 4, £ o % #4f

KRG EAE LRI . Kwon 2@ T s )47 R
225000 % 9L, DHPLA w] & 2 #1 i MAO-A 11354, &
A 2 R G S fi 6] B DA BE #4833 5 =, AT
RAFHEEEAE . DHPLA & 0] DL 1 4 2795 /) B
(13I8 B T e b1, IR AP 42 ST, RIEXT DA BEM & TC
(1) 4 22 AR 4 1 R, A5 B8 R B 96 BT 7R 9% 16 BR S 1R A
LVEIL//MR
3.2.5 ROSA ROSA HiMiHEfR 5 DHPLA Bg b ¥ % .
ROSA HABUEM L% HLUR Y & 2 ARV 220G
PR TR IS A RGP LA M A
Ry Dy e ROSA 7] DL il 1 71 I & #% Bl ¥ «B
(nuclear factor kappa-B, NF-xB). — & L & & BE &L %
4 M BR 1 A R, BN B 5 IR R 8 3R R
(brain-derived neurotrophic factor, BDNF) [1] 7K “F & 4%
PrRFNPUAAAE L, R AE T A £ 36 1) 1E 46U Sasaki
USRI ROSA HTHIARVE FH 55 K i K )= 41 DA NE.
5-HT A1 2Tk JE B 55 4 22 368 o 7K ST (1R 38 A 9% . ROSA
AT DL I 38 h0 2 P R BB ) 2 Pt A e il 3 T B
i 28 S fish 2, Tk BEUBRE 1) 7K ST, sk B - T R A
SR, A T PN IR R 0 1) A IR TR TR HE R
LRI IIAE
3.2.6 DHPPA.MHPE f1MOPAL H i T #4424
FEVERE T AR E D
3.3 JEJLRER R IR EZIE FRK S HH X A ESMPs

A JLZs Moy fie 258 b 42 38 o AR 1 7™ £ ESMIPs (1) 142
T AL R IR AR U O % T R A T i DL R
Al AR W 5, IX 8 ESMPs AJ BAE N N A& P I i 5
Y CSOR I 5 e 1 3 1, 5 e A AR () R A R G
331 FRIBRKSERE RN RQGE S ™4
ESMPs t.4f HDPL .HPHA .HPPA .HGA .HPPT .HCM .
3-HCM.THCM.PHCA .PCA.HPAT.HPAA.3-HPAA .
2,3-DHHCA .3,2-HPHPA .2,3-DHCCA #12,6-DHPL, 3t
K Z B 17 Fh (£ 19 Class 3).

HDPL s — Mt A A4 A 1 28 T 2 IR i 2 R AU
). Muting %% I HDPL 7] LASE i N A4 K i P 98T
MRAC . 55 B 95 2 B HDPL 78 2 P4 i bR S 158 22 e
I RE 8 38 FR) i 5 BRI PR PR A P2 i =Y. Pautova
SR AR 22 AR R G A7 TR IR e B TR 98 RE 1) AR
&, M3 AICE i HDPL R B 2 T, I Ik E S
I I = B R B AE OC . AhATTIA  HDPL w] BAAE il
2 W # 28 A B AR TG B0 FAR R R G e i) —
AR ED .

HPHA 2 — PR N AR AW, £ NMERE &
BEES, EWUAEN— T AR R, BN LRI
5SS, XA gl i R w2 2H 210 B BT
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HPPT & i A\ A 25 Y & R A ™ A=, ] BLiE
AR P I 5 R, AR AR P LR i R0 PR
WA F) . Shaw™ Al Bouatra 254\ Jy bR ¥ 1 HPPT
Je oAt /N 537 Ty BR 388 0 v HE T 5 50K e 20 SRORE AT 1A
i S5 R A PR AT A K

HCM.3-HCM.THCM.PHCA L} PCA ¥Ju] i A
R E B A P2 A . Tto 250 % B 3-HCM 1] LLAE
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B KM S R, A v i 2 AR kA, BT
PHCA 5 i 2 R B 11 K SR TR A7) LT 200 (1) AL 2= 45 0+
A3 FRABL, Kim 2559 % 31 PHCA & — Fh A R H B A k%
PR ) N ST SR 4 1) 551, mT DA ok N 3R R 40 L )
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AT DA $ i 8 A A7 o A i R ot A S 1 3 12, 38
1 22 70 FA % R IR 7 (cyclic adenosine monophosphate,
cAMP) MK B RR AL, IR M4 2 Y.

HPAT = B A7 1E T N AR M 288 AR W, & 7E
A 2R A TR R RE S5 09 (1) B ) PRV R HEE . HPAA 32
T AR RN R IR =4 . Zabela 2507 I8 s v 5
45T /N R 2 S A ISR BB AT AT R AR Ak, T AR
PR 25 )5 R D0 PUAE B AR, 1 B2 L 25 72 i 18
W B HPAA K35 T PifEE M. HElCH
WF 704 HPAA 1E AR AE 1) 7T R AE s B4, R FL
W E PR AR 5 AT AN £ P& A G 3-HPAA Tl Re 5 A 4
FRIA S5 4 22 0B AT MR 1) K AR kP Ho 28PN 1
TR AR AR P AR I FLRE S o 3 I BE IR 1Y) 3-HBA
HBA.3,4-DHBA Fll 3-HPAA AT #F 7T, KILEATA LA
TEAR AN - T il 1% 55 E B 5, 0G5 a- Rz A
HEREFE SR LS, L4 3-HPAA T LG
RCHO R 55 o- T fl % B 1 5T O AT M PN 2R 4R o

2,3-DHHCA.3,2-HPHPA.2,3-DHCCA #12,6-DHPL
H o0 T #h 20 24 BRSSP I 5T B AR IE 8D .

332 MEERAWEERE R AUE R AR
ESMPs f4.#% HPAD . TYR.DHBD.DHBA #1 4-HEPPU,

LT R BN SFh (K 1 H Class 4).

HPAD /2 B 2 IR AR G 72 i R B R )44 . TYR
NFRANBEEE, 7E AN S 5B R, 7T LU HPAD
K= 4 . TYRWE—FRAMBHED, HL 5
R ) 32 B M RO AL S R A AR P ) 2 AR A
JC TYR (I RAFA/E . TYR RE88 980 40 i o i 4 51
FHFE 1077 A2, 982 AR 28 2R G B T R 400 R
iR 7, B PR PR AR EZ R A
Ve ER S TYR AT DAk b i 28 ) RE B AS, DR
i 2023 1) g 3k S A /B FPY. Khodanovich 25O
FLER B, TYR AT DU 3 15 3 JF 1 5 1 552 4 1) g
CA1 XH#20 J0 BT AR K, 85 i b 4 90 72 46
T ARYVEH o Taniguchi VR BL TYR 0] LLIE N —
Tl CRAP P 28 T8 5 32 02 By FE - B AIR SR W 4 22 B P 11 DR R 1
7, WA 4 0 AR T R RS .

DHBD #1 DHBA ¥ 2 5 \ 4k P s 2 B2 AR, =242
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