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Abstract

Glutamate dehydrogenase (GDH) is located in mitochondria of animals, plants and microorgan-
isms, and plays a vital role in energy metabolism of tricarboxylic acid cycle, intracellular redox
balance, stable maintenance of ammonia content and regulation of signal transduction. However,
it has many regulatory factors and is prone to mutation, which leads to some diseases, such as
cancer, hyperinsulinemia-hyperammonemia syndrome, Parkinson’s disease, etc. Therefore, the
research on GDH inhibitors has great development potential and application prospect. However,
the literature review on GDH inhibitors has not been reported. According to the structural types of
GDH inhibitors, this paper reviews the research progress of some representative GDH inhibitors,
including polyphenols, chlorine and sulfur compounds, isophthalic acids, steroid hormones and
new selens. It shows that in-depth study of GDH and its effective inhibitors has a good develop-
ment prospect for the treatment of related diseases.
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BERBL SN (GDH) AL TSEY UL RS E iR &bk, T =RBRIEF IR BARS A Ak
REPE. EENRSERNGESHINAREEZEXEENER. BENRERTERE, HRER
22, WS —SEIRIN=A, WEE. FRSE - ROESEE. HERRE. Bk, S GDHH
FIRIBFFRA R REITTRIE MM A ET R . EH RGDHINH I SCERSRA MR RARIE . A SCHRYE GDHA
BIFIEHRT, 2R T —HEFRRENGDHMEIFIKBI MR, AFES]AE. STMAK. FE_F
BRAK. SEBRRUSFUMMIEENEY . RAFEASTTLGDH K FA R HHMHIFIX T T RER A
HIREFHIRFERTR -

Xeia
HERMEEE, Rk, BIE, W5
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1. BB S EE

B 2 B W A B (Glutamate dehydrogenase, GDH)FAA/E T-ERifkH, AL T304, AL R EDIIRN,
EE WP IVEH o 23 2R i S DAR) SN SRAR I R AA7E - WFL30Y) GDH B 500 MREEA R, 5
HARFZEE) GDH AF, &% 2P . 32 2B BOE F & — BB I¢ 1 (Adenosine Di-
phosphate, ADP) 5% 2 & (Leucine), M 2 22 40677 645 — B2 % 1F (Guanosine triphosphate, GTP). — /i
% 1% EF (Adenosine triphophate, ATP)FIAZHAIEL4#HEE A (CoenzymeA) [1]. AR BEZ(Glutamine, GLN) & L
PIEAN K EFERNAEL FEER, BER R WL (Glutaminase, GLS) I T H AR Z IR LA,
BRI LA — S E R R AR S AN o-BR K 88 (a-ketoglutarate, a-KG)M N =R IR
PEI, X —EP A FE R AR O Z AR 8 (Glutaminolysis) [2], XA SN2 R, 8 5 75 2L
W i P BS — #% FF IR (Nicotinamide adenine dinucleotide, NAD) 1 ( 8% ) 48 Bt i% AR W 08 — 4% F 1R 1% IR
(Nicotinamide adenine dinucleotide phosphate, NADP)E A% A T-[3] [4]. NAD =& % 1 57 (L 3 40 Jig iy
ATP(BRH =R IA B, 1 NADP W F BAE A EY) & R R FRI[5]. A2 Be AU T DL i3 48 i i)
R R SRR, NKIR. DA E RIS AIE, 8 NADPH FIHARA YR 5116 b fh ks
[6]o BFFUACIN, HEL6 MR 40 Jf 2 0 75 S I e 1t A, IXPHE BB “ BRI ” (7], HT A
A IE A0 B ) AR KA A 2 i, DAL, 38 o) 2 I P A S R ) O B Pl DA I R A v K B i R 24
YR T AT REME .

WHREY], NERZRM AR RGN, 8PimiEs, 405052 H GLUD] £ K 44t hGDH1
H1 GLUD2 2 [K 444 ) hGDH2 [8], A IEHERYI PR AR LR RA AR K4 LhRE, i+ hGDHI 25
MAEE R, hGDH2 Z S5RUIEIALFE9]. hGDH2 £ [ £ BAAE T AN KW 2 R g f. 52732
R0 AR I i NE ) B AR, B SRR A R G A AR [ 10]F0 Rett ZEAAE[ 11 AR A
Ko IEHE I T hGDHI 75T A i i e 356 Rk, (B AEVE 2 %10 i i TR H 3R R 57 1) s 3Rk - il -
PR URE12]s A E M 13]. AR [14], JFH S MR R EETE . TR AR H IS, 1M Xy &

DOI: 10.12677/pi.2019.86026 196 2T


https://doi.org/10.12677/pi.2019.86026
http://creativecommons.org/licenses/by/4.0/

M 4

UG A RE RS 15]. Ak, mhS GDHI £ Y GLUDI 4 R 458 X Ok A2 AR 22 SECFE Wi “ iR
B - SR A 1E” (hyperinsulinism/hyperammonemia syndrome, HI/HA or HHS), iXFfhZ45)#55 T GTP
XA, S5 R R EMEE A TS S IR IEEE, RS RIE B maE . R
ANBEREHRIT, 2 S REUK AR 16]. 1K b3 ERH ZFAEHATHIT, HoREERGE—M
B2, JLVE AL R RASh A gL, FRARANE A Yy, iR 28 F R, Bk, SR &% ER
REf O% fift JB A IR LR, (AR MARAS B4 GDHI, il fe sl &R R @ EH . Fitt, E#E
P 1) GDH | 71 7E 22 Fh v 20 JioRg AR WL HHS BYE T 5 LB A T R R 25 10), BT g ) 25 0t
RBA BRI T RIS 77

2. A EER R S ERHDHIR
2.1. RERTFILREZESEL

R LR R E EE G, JLE FK(catechin, C). F LA K (epicatechin, EC). W& FILEER
(gallocatechin, GC). F & & T JL4% % (epigallocatechin, EGC). JLZR &K & & TR EE (catechin gallate, CG).
IR =B B IR (epicatechin gallate, ECG). & &+ JLAS R B TR (gallocatechin gallate, GCG) K%
1) LA R & T HR I (epigallocatechin gallate, EGCG) 8 Fi#ifA[17], H A ECG Ml EGCG %} GDH 44 #ii
EH. ECG EFT ADP BRI, B2 R g5 n] LS AR AL i (1) 28 B PR TR I W 1l 2 i AL
M RFEMEIER . EGCG & —F GDH dEse 4+, ©ML T GTP #filfr s, LT GTP #f], & i
EFIY %1%, BCH (2-aminobicyclo(2,2,1)-heptane-2-carboxylic acid)fl ADP K. "HA.3)% GDH H —
A 48-FRIL I REHFERHE, X /& ADP. GTP FIFEHEEAHEG a 757 BT 7500, Li 5 NIBFFE K[ 18], EGCG
AHH N2 GDH 1I“ LRk ", 1IX & GDH [ EGCG #i#i1E F 5 5l 24k & st a8 b b e ok,
ANERER W E AL, TR WO T R B A SR R A FLTE 1 3 — P UE ] EGCG /& GDH /il . A
WEFeiB L 45K -ThRE 0 R B, EGCG X} hGDH2 (ICso = 0.26 uM)FI#/E F L Xt hGDHI (ICs = 0.77 uM)
TSR X APIHI/E X T hGDHL T &, R NP FEME, 7 hGDH2 WIERI AEH . X —2 7,
AR PR ALY E] 15 AR EER P — DM NG R R . Ah, 5EFEN GDH AL, BGCG *f
e i 5 2R IMLRE/ e 2 MLAE H 1K 988 GDH A7 [R5 R E A8 H o T RER YT 56 A6 &4 .

5 EGCG 2L, HA KB LMk &9 ATA (485 =R 8R)A BSB [AF: /2 GDH [0 7[19].
ATA THREAFAZFEZIR AN EAEH, BSB STEMERAWH EAEN . 454585 KN, ATA M
BSB 5 GDH PA BEAe 5 PE I 7 U ELAE A, 48 EGCG A ECG % GDH (¥4 5% £ #3d EC Rl EGC 1%
SPE—FE. ATA #1 BSB B8 —NABIILFERES, £ SRR ER R, s 7S, B
INIX LAY G AT REE L TP R AR () PSSR B S INTE L. &4 EGCG, ECG, ATA, BSB

IE AP
OH on . o Q o
OH o ) OH [o) — o
S N
OH

OH
OH
on © OH
8¢
HO (o) O OH
- HO OH
OH

HO

EGCG ECG ATA BSB
IC5 0.5 pM ICg0 0.5 pM ICso 1.2 uM IC5 6.4 UM

Figure 1. Structure of EGCG, ECG, ATA, BSB [19]
[# 1. EGCG, ECG, ATA, BSB H£5#3[19]
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22. B8, MK

B & JAA W an 7S E ) (Hexachlorophene, HCP). it &3 (Bithionol, BTH). /4 (Chloroquene)%s,
o T DR i 2 Joi 24 P A P R0 28 2 e e DU R P AT T 7 2, i g 1 81 4 9 1 PR R [ 20
EAT 5 PR 45 A 7 a5 T 2B PSR T A I 2 1 2 BT b, T LM A8 L T S A 1 DA SR 1 it
LR R TCIECAL, T 4 R 1 e A 7 i R R At 2 R AT 4410

HCP 7572 B it S 7S AR I W AZ AL T i — A 7S EAEXTFRIR, HCP 5 GDH 18] (1) K3 4 #H ELAE
BRI, I HAAE A FRER M E/ER R . HCP £ L4 4, F—MJim L, HCP HKZ)
555t A AHAT VL () 2 o 5 —AN456 77 1) B HCP 5 — R 51 F S0 6 TR 1347 i KA LA
BEAN, HCP 4311055 B SR EIX Fh IR A G2 b M ELHE B . BTH WA HCP £E[A— AL i 4 &0 24 HCP 5 A%
ZEAIE, BTH 16 WIS BRSNS 2 A 45 F1[21]. Tomita 25 \[22]K ¥, BTH M4 &AL ST ES 52
7 RO, IR MR RR S A R A S b, SR40 BTH A7 g IXANAT BR 1844 52 Z R0 o it (1 67 B
FH ¥ ok o S PR VAT ) 4 i R I S BT S, XM R 5 B GDH A& Y 52 & R 0 2 R IR BR R AN T 4
7 — RS

S DA 2 — P AE SR RSB VAN B0 oA 280 8 5 8 GDH il 57), Fox GDH f A 7 7Y
AR R IHE SR, BE X X% hGDHI HoAMUK . Ik, X RN B 24 ADP. L - 52 & BRI,
KBTS JEIL =L G415 [23]. L&% HCP, BTH, Chloroquene 5 F=ILKE 2.

cl cl ci cl
OHcl \ | N
ee no~ A A
cl cl cl s cl H
ci OH OH OH ¢l

Hexachlorophene,HCP Bithionol,BTH Chloroquene
|C50 1.7 HM |C5u 5.5 HM |C50 50 HM

Figure 2. Structure of HCP, BTH, Chloroquene [19] [23]
E 2. <588, WA, SEREHN[19] (23]

2.3. BIFRZEHERA

[F] 2% — W2 (isophthalic acid, IPA). — FI K& [A] 2% — W2 (dimethyl isophthalic acid, DMIPA)tH & 4 i i AJ
VERIBAE A R M A B 7). AR R I, 828 = ANV B i 2] GDH BE 1, BRI XHE
Ji& H195 GDH (Plasmodium GDH) ) s FEIE £ . AL ER v] B2 [A) 28 — H R I BV Hh 25 5 98 J5 U GDH
PP AL TR PR O, BETRTREMA AR DR . T ARR — HER WIAS 2 GDH #il7%. thdh, H2K — xS #L30
YrIR GDH MO BAR, X4 AR 7455, @I AT A0 00 B T s R K 5, A3 v] ek B e 75 A dufn
N2k GDHs 2 [8] BAT W BE BRI 3MEIF] . PRk DU AT AT R DU 3 A 29I 1 E R [24]. th& )
IPA, DMIPA [1)45#) 0 LI 3.

(0] (o) (o) (o)
OH OH OH OH
isophthalic acid dimethyl isophthalic acid
IC50 250140 pM 1C50 250140 pM

Figure 3. Structure of IPA, DMIPA [24]
B 3. [EE_BRE, —HREEXE _RRRNSEHT[24]
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24. HAEHER

53 S R TR Dy R A 2 R I B AR . AT R RN, MBI IS 5V 2 A I AR LE AR
BRI ETMRELZ MR . XPh &R IR, JBaRT 4R TR A A ) Re ) 2k
R 53E SR, BR T 52mA% DNA I FES, Mt nr DL SRS R NI AE A FERH R R i B %
YER o Al LB ) 75 2 R Mot S0 e W 4 E B 2 RS R IB I 1 [25] . XA R B RS T S
hGDH2 ARAHEAEM, 7IReA B T8 K 5 2B . (H/E31A GDH A4, MERERT
TEIFBRAEES] FIRAK, DRI I SN 1) AR B AR I AN E . A B SRR, ME T (B-estradiol). M
— [ (Estriol) ¥ 2 # 0T LA 240 GDH [R7E2E,  [FIBS R IR A8 5 hGDH2 3G MR AS 1 B Lk
hGDH1 B52[26]. th4h, TR (Diethylstilbestrol)fE Jy N L& s AE S AMEBER Y5, %} GDH tA 1R
UF PR o A SR SIRI FUHE BRESE , TIE BFE T B v T e 4 AR [ 27 LA B 05 A A Bl B N B 22 12
fEREA A TC R AT T[28]. Rk, [ B MER 2R ST GDH 5 1 AL 1) o] BE X B AR b 8 2% 7 { R AN 597 10
A0 A 5 b B LR TF KB T N R AT M KB T i B A 8 . (& W B-estradiol, Estriol,
Diethylstilbestrol ¥4 #4201 4.

B-Estradiol Estriol Diethylstilbestrol
IC50 1.53 UM IC50 11.34 M IC50 0.08 uM

Figure 4. Structure of -estradiol, Estriol, Diethylstilbestrol [26]
B4 METE, ME=F, CHRMEEEISHN[20]

2.5. FrBYATRH S

RATMR(Ebselen) /E —Fh & IS A TE G WL B4 S0, TP RS 006 . AEER % .
5 AT IR AL IR R A VR ITAE R . BRI M BUAN KRR . TR T RN 20 B R A (R
[29] [30] [31]. iT4FER, B3 Sue = AT STt K 1 —Flok AL40 MyE 7k illv:—EZMTT ik, SHlgK
P GDH I ER A T A 2RI 77 [32] 0 Bl 5 BATE A 1 T 56 3R AE Y R AR AR A Al
4, it ForteBio 4 FHLWSEE | £ 15T 4 5 0 A AN RO A% S 30 AR T AR AT AR IRk A 2011 GDHI
FOHIFRI33]0 Bl 5 AT — 25 R IR A bk T BEVE I -T- GDH 1) NDA 45 & 1148[34]. fl, A6 M3
B 7 N LEA I (Propylselen), FFil i sl RAS LGN FNE L U520, I K2 4HES NADP+H13E
GeVEANEITR, JFH Pro320 X PR e bk 45 A AR H L, R BRATIE L e AR ot A PR 4 L AS49
AN 20 H22 HAFBAFAmHIAE A, 1C50 23 A Ui R M) NADP+45& A A DUE s ik & 4 1 i
JVEE[35]. HL&%) Ebselen, Propylselen ff45 #3814 5.

o) Q o
N‘< > Se :
©Es’e Se

Ebselen Propylselen
IC50 0.48 IJM |C5o 0.4 pM

Figure 5. Structure of Ebselen, propylselen [35]
B 5. KT, PRI EE[35]

DOI: 10.12677/pi.2019.86026 199 2T


https://doi.org/10.12677/pi.2019.86026

R

3. BESRE

H AT C ) GDH #fi57A LU = AL — R4, EEN SR WMBUEY; 2L 2mAE
WEDATERARE, HPRNKTE: =R 2R S EATELS 26K E, DRI i A 44 )
2 R ARSI A OB PRI, TR SR 1 RIS AN SR 25V 57 1 45 (1) GDH #0570 LU T e
R H ISR IRTT B+ > BB o ANVREA TR R AT A A Y e i o S Ak &, R A
BUAR Bh 2590 it 250 & B | 2R 7 S A A A SR ADIA) 2 A2 55 B BT M il — AR V4L [ NADP+
i AR, DURERIETE AL R Mg s L S, 2l 2 EE PR VR R RIL
HIBT T 2RI RO R TE, JFH IR HIE > T RIRA MR, WSS 1~2 MEE e S Sk
WED, kB I R BA e 4 B BRIV B SR AL HO GDH i 77| 52 5E S hik . R it — Dt
78 GDH 1AL iR A1 HHS £3E ARS8 5009 16 7 7 T IR N2 P TS5 58 5E R4 1 B8 AN S0 il o
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