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ABSTRACT: The phenomenon of people in Yunnan Province collecting and consuming Rhododendron plants such as
Rhododendron decorum are commonly consumed. Grayanotoxins (GTXs) contained in these plants can induce
multi-system injuries to the nervous, cardiovascular and digestive systems, leading to frequent foodborne poisoning
incidents and posing potential threats to regional public health. Accordingly, systematically reviewing relevant studies on

GTXs and developing scientific risk prevention and control strategies have great practical significance. This paper
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reviewed the research advances in chemical structures, toxicological mechanisms and detection technologies of GTXSs. It

further analyzed the performance characteristics and application progress of various detection methods, compared their

adaptability in on site screening and precise quantification, carried out systematic sorting and objective evaluation in

combination with the actual work of regional poisoning prevention and control, and put forward optimization strategies

for whole chain risk prevention and control. This review can provide references for risk management of edible

Rhododendron related safety hazards, emergency disposal of foodborne poisoning and development of relevant detection

technologies, so as to provide technical support for regional food safety risk control.

KEY WORDS: grayanotoxins; Rhododendron; foodborne diseases; risk prevention and control; detection

technology
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ik 45 No BEZHIRETL . BRI DRSS
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rF R R I A0 U ) R AT RS AR R ) TR R 1
K HE i i 5 5 (grayanotoxins, GTXs), IAASEEZ NI —
W RIRT W), FEEMTT o3 o ARFE s . REEF R |
TGRSR ST 4 260, b GTXs i PHE Y S
IZOTFEE, TTIZAETROEMAS . FHMH . DK%
) DIARZE M #E | (grayanotoxin I, GTX-I). [f¥
AE# 2 1 (rthodojaponin II, Rho-II). [ - 4L F & I
(rthodojaponin 111, Rho-111)4 F B/ S, 1 FREis
HE 14 B il il s R Mg OIS RIEE R G2 Ik
AU /N2 A BEOE i (median lethal dose, LD50)
4 0.87~1.30 mg/kg, J& R E,

K EH8Y (Rhododendron decorum)i 4 K E1E . M
3. FHESE, MALESIERH RS AL H AREAR S NTER, T 0
AT, SN pE . PR m A, At
HWE . S EMANE, ChAeARRD) 080 TR
AE LI . AR RUBRIEO BAC G AR g R L A
B . BUWMRE . PUR . FRMESEEMER P fE sy |
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RT R, SE ALK, SRR, WkEZ
Je I KIZRY S H R T Bz Si—AobriE L TRLTE,
FEAERRFPERIARS, FoR A& TR e ) esh, &
A% GTXs IR 5| & T it g WARiED >, gf—
At AL RS AERHE Y B KU B 45 1) BB 1

BT, EWNIME GTXs fb2 s %8 BEEDLHI AT |
K7 & R d T 2R RS T HC AR EHE,
TRBA B ) 2 B s e 1 e AR AT I B I . S s )y
PR AN AR (- FR I I R 5 0.5~2.0 pg/kg™ >,

R AR . BREA 2., SRZSREE U T B0
i, SUeRER, REHIHBUR K ERIERKIERE 2R,
W TCGE— B L LS RO BT bR D JSURE2 4 5 A R X
W PUE R R MRS, PR ARSI F, )
BTRE AN AL o Jut, ASCEET BRI m s b i — 2
BRI, REES GTXs L5ty . #tELE . A
FOR B T TR, U B S ISR 0 13T
-1H P R BE A KR B R IR RAESE, DU BE)2 £ b
AW TR RI 2 b A RS LR B IR R
BRI AT B AR D 5 5

1 AEERESZNUFERSD

GTXs At B IERHE YR 1 DUPE s 8 R YRR
WP, LA S R R R AR R [5,7,6, 51U R B,
7~10 NFHF L RENFETRER, TAFR I B 2t
k. WB s, SEOLEME . FREREET. %%
G A: O TEE 5 ISR B IR G, R S A 2
B2 K R R A M R R 2 R AR
BOBRESEREZES, GTXs o[/ 4 25, W#E 1 R,
A0 2 1 &5 My 4 25 | W% 1% 2 3F (1hydrogen-nuclear magnetic
resonance, 'H-NMR) . #% % 3t 4% #% 3% K J& 3% ¥ (mass
spectrometry, MS)#fiIE, A YK E+8 %06 P01 K 53 B8 5
FEAELER DT

WRYRLEME T S5 LR, GTXs ET4 LMK
FBET L 9,10-FF IR ARFE e Y | R I AL AR ZE b T K
grayanane B il S IATAEY) 4 25, AR SR SAE TR
WYIASE, AL SR 2RI | Bk Je (7 B B
FER AR . ORI AN T E R RE DT, Cu il
Tk 42 SR A 55 MBS T 1 28 B A DG B A A S A 9,10-
FIRMAAR TR R B HERBRIF IS, RIH BEW
BRAT RIS AL BRI S o TR G (k= 25
Bl 1 i/, GTX-I. GTX-II. Rho-II. Rho-III & T A E:
R NI HA5,7,6, 51U OB, Ca i AL
C; PARIR A M A BN G258 ] . Rho-1IT FA 1Y
9,10-FF IRl 55 LR IR A A0 B0 1 v 1k A K
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Table 1 Representative compounds of GTXs and their structural characteristics
Gty FHFRE REUEAEY TR U
I SEHEINLS,7,6,SIDUFR B, ZReEAL, WL Clufiid GTX-1 KEVFERS
T liEzee Rho-I1I B HS (1R - 4E)
O B TFEREERy, ™ U A EE AL SR B
o 10 5h A OO PRI 9,10 TF SRR SHR AT Cufl B WATA A IR IRA R
e wHE AP
FEMACARZE e TS ARIER LWL . INBERESE LU L AL R S R B R AT A W) EQITERTIZ
Grayanane BI Zifli7S  {EPUFRE SR b, 05 U 40T 2O UL 2 - .
R [3,5,7,5,5,5 N FFAF FEELA) JHERS

CH
OH oy CHscH,

CH,
GTXs-I

Rho-III

T AR R

B 1 FEE GTXs Bkt
Fig.1 Chemical structures of main GTXs

1E GTXs H, GTX-1. GTX-II. GTX-III A Rho-1I. III i
R ARA, Hrh GTX-18E R, SR ALY e
A T SR ALY AR AN 2 PR, GTXAL J&Hh
B EEEORALY; GTX-IL, 1 F- S5 HILAI MR, ot
FEAZEPR TN GTXA A EZACH™ 4, LDSO 425 10 £5,
BEPERRAILZ) 90%.

25 BTE, GTXs & 24 IUSRE 28 & 278 1Y) E fe &
i, AU T HFE A 2R, EIRERMIOE T
HAYEE S EA LM, Cl14 1 LB A IR L 2 2
PR B OCER 2GR0, T4 R SR A SR A B W
Wi A 33 R A 43 B AT R AN Tl R 4R R A A Y

FesE P, Sk SeRprE S PR AR LR E L] . T A A Iy i L R
RRINRE W51 JE A

2 FMHERNFISTHENR XA

GTXs JEAt RS IERHI YR PE A% O LA, ARk
YA EA & R0 s e S e e, FEhE
B ) P % B R TR AN 25 F 38 3B (voltage-gated sodium
channels, Nav)[IZNRENG I, 1 EMAMZ . LA . THiL
HEZRZGEIAARON, HP LD GTX-1 BAE FHLEI 5% i
F4H BARERMEDY,

£2 FE GTXs BT A4FH

Table 2 Characteristics of main GTXs variants

HRAK a3 F s H/IE
GTX-I CyH360; 412.52 Wi Iz, MR, S BB
GTX-II CaH3,05 352.47 PR Z, W W F R R EAE Y
GTX-III CaoH340¢ 370.49 5 GTX-1 BrEFER, HEsREErERUY
GTX-IV CH3406 394.51 SCHRRIE R D, B R — 2 B
L ORFEARBE PR 1 C,H3,05 376.49 GTX-TRB W), #rEREREIL (AAEFER 1/10)
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2.1 SMHERLE
2.1.1 #ZFEME

GTXs Al HESEELE S T #2400 _E ) Nav 3838 o T
HE, I A S Y A )R G A ) LR G E 1] G A,
B2 RN A0 MRS A B R T, M AN A SR
L E WAL BAT RS & AL A0S F N TR, F I 5 350k 22 20 i
IS AR A O b S B B TR sl AT
MZITIE R B AR, 51 EMARE MR,
IFi Bk =0t ol 222398 IR ) L 5 R S5 453610, s R 2R
PR LA SR L R R U R AR i R AR S A1 J il 2 IR 51
EIIE T HRBIVAES . B STHE, BIRR G E EE
By PRERTE BN . fhiE . B Sk aE LML,
212 ShiEHEH

O WU R4 1E 5 L 16 B Nav (8B SR80 5 T
NS ShEER A, T GTXs T F4E T 0 ILan i e b
B Nav 1.5 TWAGEIE, %0 A JE RO NI 245 fb 56
EREEAUY, EEY Nav 15 WESSE, RESmE
T TE B PR TS LR, RO LA R A S fE R AR, T
PO WA B . 24AE S8 0, BN IEE R 1)
AR hEEE AR Z 0, BRI SEELE)
g, BRI G S, SRERRETBRENE
HL = DO shl SR AL, PRERL L ED), ®
M ShREFEVR, #5 A& KTl Eafe Kb fy . BLoh, BE
5| & B M1 LAN A Nav 838 5% 505, 2S804 i
BGREEF IR T AR IS IN, AHBA HH B e = s B AR 1 0k 2
T, IO A RS R IR R RR
2.1.3 HtEEFM

GTXs W@ WiFhiEas | & HES G, 4ARBEA
S5 B Al WA TE AR L AR, T IR AN A ) 200 A
ghMy, SRR L se L . KM, AN, W
FFF IS T AR R S IR RN BT S5 T AR 8 I A
WAER T B A E -8 DAY Nav 838, SECEEIUEZE
PEY R, WEMGEA T, s S b B . K
nhL R . ETS S A RER, LRt 2o,
Y5 LUKEEE S . R R VS o] RO . (B0 . (RN
MLAE, J&3& b — . AN A B, TR E LA
HOMmERGRMHEEZM, MERE, 2ERIAPENEE
FERERI,
22 FIEMMXRSZREHERTT

GTXs JREIZY T, HEt SR E2EZEMHG, h
FLZ: 11 LD50 7 0.87~1.30 mg/kg ARTE, JH 7524 ) 10
AT ZHUEGARM % R, (H58 A AR AE @
i I 4 AR B R AR T R 2 P, X A LR A 1
RS TR T H AR AT 7 o AR B A r e MR 2E 5,

MANRE S GTX-1 4 1~2 mg MY ENA] 3 i 3k,
WAL 5 mg TRES | R HOHRFEE ZRHEREN
IR, 32 4~6 h, FEEAEIRZFE 24~48 h
R, X5 oMt R EgEREGERIANE. —dt, B
TCHET LB A T < FRIEAH T

GTXs [ iR Z ZGE#E AR ALLEZS T’ 2. GTXs
T T RS P A B T A 2R Ak, &R
Nav WHRIANSRGERNE: Nav 1.1~1.3 518 &8i15; Nav
LSRR D IE SR, HAWRE| R GEER, £ RG05E
ARATAHE N

I RROA S BB, P i T R A MR . i
SR K LR S 0 AL TF B AT RGR N, s b
FIRA RIE, HE—HEIE T GTXs BIRITERHE & 32 B
PN San k.

3 AEFEEXFSRENTIE

GTX-1.Rho-1I,Rho-III . Rho-V fE Wi B4 4r, H
AR BE A T il JL v A R ROPRBR B Ar  Fh BT  A A
PR T E 155 205K, Rrh gt . aah el
FERIN T 2PN B B . AR HOR B 5 R e ke, A
SOREASIN J7772: 73 0y 519 B Al B ARG B A | v OB (3572 |
WORH E35- BT 3 28, A 2RBORMERE 518 M 22 5 35,
VPRI 7 SR A SEBR AR H Y5 25
3.1 BHEARBHBNEMRAR

TEWAR G- Bk S 2/, IPRECIFR T 25
GTXs BRI 7, JIREHR K E2EE | 8 2L

TE P A AT, 48R A%k
(two-dimensional thin layer chromatography, 2D-TLC) &4t
Wb e T-Be, JO RADK B A, alxd 7 R eethin
PO e AR R A e M A ) 2O e N L 2
(LR P HOR PR AT 0.2 pg/e, REMIBTRNT N 1.0 e/,
H R {H (retention factor, R)AESFREUNT 13%, {HALREH L)
SEVEZE, MELAH A A B R R R A TR,
R M ML, Dierks 45 MOV N TR i 2 €0 - 0k
(unidirectional thin-layer chromatography-density method,
TLC-densitometry), il idHFa B K S0Bw Z o] WAL
O, (HE SR AR AR

EEXHAE I RL IR P R RS M TR, Lechtenberg 214
AL T =H R B AT AR AR - OAR 3 - E I BT vk
(gas chromatography-tandem mass spectrometry, GC-MS/MS)
ST O vE R WOE R R E I, =W SRRk G AT A 1k
-GC-MS/MS 3t 1o ik Joe Ak i Ak B ml e e i AL A i o
GTX-I, [A] AT ] F 3 R E NS . TR PIAE b o
GTX-1 MG HEE &, KBy 5 pg/mL, FRGOKG % BE AR X7
WM 22 (relative standard deviation, RSD)N 6.7%., % 7R
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FH1TE

GTXs IR
HEA M

v

FESEPESSE S I BOE LR T HZ N8 Tl 1

v

PEERFZETTIL, e TS

v

AR AR AL AN M DD REZE L

v v v
EFRTHLR RS TERFLIE RS TERTHE RS
FH N Navily & FHN Navily FHN Navil &
O B B MR ]
i k2o I
v ¢ \ \ 4
B MR IDRRHE NINIPUE S VU i & JRR
A NE Qg
EiliEr) MR=ZH TR <

B2 GTXs sH:AE L]
Fig.2 Toxic mechanism of GTXs

TR . RRSR SR, (HATA PR, I B0l TR
B GTX-T AORS e B 5 PR i 2

BIBERIN B AR Wl GTXs BRAZ PR e S At 187 R i,
H L A Bl o 2 A 2 I i A A T X GTX-THT A9
Tt B 41 25 W B 23 #7 5 (enzyme-linked immunosorbent assay,
ELISA), it A THURG B Shiikidil &, ST HENS
REU, BAR IR | R R e . RS
TR N 2.4~14.5 ng/mL, A58 R HE 7 GTX-TT A PR
W7 AR TR O S 4

g5 b, BROTEAIEL AL, F 0 e BG4 AR ik
PIHEA . A 2, TR EOL)Z TR . R
PEGRAS, (A R AR . 2o i AT B0
Bl PR R — SRR, O e B A e R
R R
3.2 EMEHEeEIEE

SR FE AR DS MR T . S e AR e
AR HERT ST B W, SEAE R L R B RO
#, AISCE GTXs MERfE e i, NEA TR aR%

4 XU VT AG B S OCHEH R S HF o 3 0RO (3 - 28 A A
#27 (high performance liquid chromatography-evaporative
light scattering detector, HPLC-ELSD)H- £ KL 4 b 4G I i Fic
Pk, WO AL RSIE R Y ThORZE P b ) i R A R e M
SR AR, TEZISAE Y Rk KA DG b A JoT e 45
Hh R R AN

AT WFFEEI5E HPLC-ELSD $4ARJFJRE T 4Kl i 3%
ES | R E BN NER . ERR TR
W2, BE WG Sy T BSR4 AR EE ) fe A
PUFR il B4 ) HPLC-ELSD #8 80 El3k vk, il Ak i
ZAF, AIAE 60 min PSERURIN . %05 AR E 8 AN
2R AT I, A A AR X DR B I ] Y RSD < 0.12%,
R & T EEHY BRI . BT R T v FEAKYE .
TE R 2R W B, 5K/ r S PONU A o o] 2 A v A A%
OTFPERSY Rho-11, 57 T % J& i) HPLC-ELSD % il &
ik, AR g St )E, M T ZER LM
Bl AT AG: E R AR v i B VORGP o B BR A I =
92.9 ng. 148.6 ng).
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BORJZTA, ELSD A5 ol ALIRE S¢S 5 XoF 555 25 1
WA A PRI R R DY, e R RIS M . LR
5 RIGIE, REA RERAEA B LR i AR be 7 il
Ry W B IRRRAE, ARAH TS 555, R ZME-7K
VEMLIAR FANE T T B K UL R HA WL HEAE | 20 B o
IR, RS it GTXs WA A AL R At T
FESH,

3.3 mMEeE-REE

15 RO AH £ - BR BK BT 35 15 (high performance liquid
chromatography-tandem mass spectrometry, HPLC-MS/MS)
VERIR A LTS e R A < hr i, W2 it . &
AT AR L B . AR WIREAR S S AL BT h GTXs JR 53
B FERATHHAR D MBS AT 8 AT, R 4r o =
L PUARAT B3 A R 3 R BB A WS, T T LA B R
3 RS MR B, i 5 DU = S ) B A SR 90§ 1 D T
BAMEREH . BB S R T | iRt 24
SRR AN RE Ty, o I G £ i R TR i A i) e
FBeo
33.1 = EwWHAREE

X e e R T % A B I v e i A ) R R IR
R UERIN 75K, BUAT BIFSE 22 LA TR A€ BRI Ak PR 45 5 AR
- FRIR TR E A, T R BOE BT, & RO [R5
M4 TS 2 R RGN R, Liv 5295 Cho %)
O3B T B BRSO €
i - BB BE 5T % ¥ (solid phase extraction-ultra performance
liquid chromatography-tandem mass spectrometry,
SPE-UPLC-MS/MS)-5 [l FHAE -1 A (15 - #3156 3% 125 (solid
phase  extraction-liquid  chromatography-tandem  mass
spectrometry, SPE-LC-MS/MS)Kll{&ZR, i it K i i e
W, EARA UM, e 55 T B 522 S s s
AT GTXs RIVFERAFMEE R, EmeE, WEES
RAIGPEYIRIS, A SHE R R U8 )2 AR BT

W & 8 2 b Z R IR R A T Y R

DFck AR R R, 28 R R bk
it LB W e T g, e % PO ST T SPE-
UPLC-MS/MS J5ik, ScBligsh 4 M0 R IR A E,
G B i PR A B 2 pg/kg TS pg/kg, 4 Fheg 297
Bz R 80.3%~101.7%, RSD 4 1.9%~5.5% (n=6);
XU ROV S Ity b 0 JR RGO 5 e, ) T[] B 39
PR E S 29 SPE-UPLC-MS/MS J5ik, il i -8
PR AR I BAHAC IO BRI | (R S I R T T, JE
TiC T B e P R R A R A, b [T
97.4%~112.1%,

MRS, A ZT SPE-LC-MS/MS KrillH; A, #Ef
R SRILTUE T . ZRERFEIERI L, A

ST M | A AR A PR SRR VR R RG TE E  XEA,
hy W AT R AL IR M R R A HR W L KU A K B
PR TR AR AL T BB AT R A H R SR

332 ‘oA

Rl BB AR AL, B B A BER AR
D5 SETFUR I FH T KBS RS O 2 . AT R 3 R FH DU
FE-F L S BB B | B0 B 288 3 30 e o B RS T 5 TSR
PIF K o A5 BRI ST A T AOROME (T - DO AR AT/ i 1
B kR A PR BIE, AT R 0R A 4G Rho-1I/1TI/V 7E N
20 FFED IR BEPE S, R tHBRIRZE 0.6~6.9 pg/kg, P34 [E
KN 74.1%~114.6%, FEAb w4330 B AL A RS e 4>
5290 R A B, TSI ICARAE b A R PR

Dursun %5 PVHESy T8 e ROBOR €3 - Bk 5 43 R
T, VRGBSR (T I R S B RE T S
I3 PR R RS MELE R RUE 3, TRRb TAE AR 2 B T 1%
TESH A RN SR RS e i IR 2 o % TR A
HuIX e | RLESAEREA T GTX-I IT5 94K, 1 UIES:
Mg rh GTX-TI W 54 BSTE IR A0 25 8 B2 IEAH G, B
TAEMA T 75 YL IR A%

SRS, 80 43 HE 0 A 4 T % B — 31 DU AR AT I
T, HASREYITHA . 22 HObR R R L 2 RADR
TER IR S, e 28 B IR i GTXs I KU TR B
AR L R EAL A AIF 5 2 1A B A v i Y T,
1 A U RS A AL s SR 0t T ROV R P

34 I £

ARy e e e 22 S SR 3 R, IR
PEADLAE R, TR A B RO RA
X IR N A A, R vk AT A s
REE M, BT KBNS, JhaI1E )4 HE A F B
HPLC-ELSD 7 2 lC £ 12 & A 3 v AT 1R g 5 BE ik
TH, WA, UPLC-MS/MS REE AL, & T i
JERIAT 25k SR IE, (ELME LATE L2 2. YAy s
W T 1], ETEIRAE HPLC-ELSD K:fill AR Ak [ AHZE B
BUALPEF AR, TR, FIASHESD ELISA s A4k 4t
I PRSP i E &, R /N Tii A - I 22 8] 1 W2
UL .

METH AR R JRAFTE— A W72, S50 2 i i) R
ol 78 HURE AR 5 94— 2% 114 TR 3 PRl 0 0 o T R Y
FEZ PR UOAE RN 9K P EE R, AR T I 2 R A
e | DU T B HERS B IR, 24002 g A5 2 0R
Perhu0 iR 0 4¢ HPLC-ELSD BLmfifmi& %, "L
TR R A AL B AR, G 1 [ A AR B 25 F B
TR T AERE, A3 ARSI AR A B TR B, AL 3 2 R RO
2 5 R R B R, SRS Bl s KAk
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#z 3 GTXs WM7FEMERERTEL
Table 3 Comparison of detection methods for GTXs
2/% .
ORI WIRES K H B RSD/% AN F R R HHITE F 355 ;c;k
FEH I Fi~1000 pe/kg T RIE,  BUObEEN, 5 S
2D-TLC MBI IR -200 pg/mL 2.0~13.3 LR =T 2N 20 HEEE [43]
TLC-densitomet FSCERTAR Sy ERAERAR AR P GTXA I [45]
~ensometry ) ) B, AT R R TR
GOMS/MS 5 ok 67 RIPUER, ¥ WeEbbAT A, RIFEML T GTXA AR HE [46]
) nerke ' Y3 1A TR AT R
PR, BRAE - LUTHT GTXAIL e ey oot
ELISA - - i, EfRm MY L e [47]
e 38 LII NI
MTCERSNRY)  ERR ) ,
- ~ FURL T R paRi
HPLC 2.7~3.7 T, Yy DR} B AR A T2 [50]
RYPER, FrR - .
; . UaRE B, e PRI . &SRR
HPLC-MS/MS 0.4~6.9 ug/kg 0.2~4.7 PEag, BIRIE ., ] W S R e [57]

o 1 A O A

TE: BUh P GTXs LA {E 0.1 mg/kg (100 pg/kg), HH 2D-TLC A4S H RIS & T4 AR R, DG ii A ot 3 R RO AGEIN 85K 3R A

KA TERIAE 1 A58 4= W1 B

RARIIWT R A NEC) THESIIET ELISA SUR ARG
Yo JENT IR ACAS B B PRGN ™ i TP &, SEBLREARHE |
S5 B MR B E R, O VR SO e A I I 3
T ST I I AR v B0 S P S PR AL T R, R
fi& UPLC-MS/MS 25 =y £ A 1) LA TR, 42 T L7 X 3
JRUBSE S 0w B R R 22 B ) o A A R < B 70 -
S 3 IR ) ST A ARG 19 265, A A L AE S B A Sl
X 3] 32 2l T ) XU A P U A

4 ZERIE

FERSAE R e 2L B 2 2 M S & M E, A
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