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ABSTRACT: To comprehensively understand the source, characteristics, poisoning mechanism, detection methods,
standards and regulations, and distribution in different honeys of grayanotoxins (GTXs) in honey, this paper
performed a comparative analysis on the following aspects: The botanical origins of GTXs in honey; their chemical
structures and fragmentation pathways in mass spectrometry; their concentration distributions across various honey
types; the toxicological mechanisms and potential pharmacological activities of GTXs; the differences in detection
methods for GTXs in honey; and the current relevant standards and regulations established by different countries.
Through reviewing the literature on GTXs in honey, it is found that the regulation of GTXs in honey is currently
insufficient, commercial GTXs standards are scarce, and the number of toxins covered by existing detection methods

is limited. This review is intended to serve as a reference for understanding the characteristics of GTXs, assessing

i HHEA: 2025-09-25

ESTR: 1555 ERIE H (20241K125); BHEERBOUR ] [ bR RHE Q1314764 512023 YFE0106900)

E—1EE: FMRF(1985—), B, Wit LREIN, FEOR MRk SR AY T, E-mail: wllscz@126.com
BEMEE: Wi (1974—), &, it:, #FFE6, FEHIT AR i % 4 . E-mail: 914761515@qq.com



555

FART, S M PORE

LB R A F Tk 297

their distribution in different honeys, improving public health safety, and promoting the commercialization of more

GTXs reference standards and the development of related regulations.

KEY WORDS: honey; grayanotoxins; standards and regulations
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e A RARE TR TR, B Kl 42 BRAS A9 AT
JIZAE, RS TIE B RESRACE FR R EA  ey
ALZMYEER . TYRMZHELEY), EdiE. A
TEANT AR AE T e 2o R 5 A 0 e R 5 HAE K
PSRRI A D DIAR O

e B o I R DL A IS R AR 7 B S AL A P A A

YIRS AL S YR HR B A AT IZ I RAR 22—,

ROEMEE A BEE . i AP A e Y il S S e i
L) PR P2 2R 3 RO R DR o AR 7 e 255 2K (grayanotoxins,
GTXs) AL 45H L J& T ISR XU AL 59, 174 T RS 48
FHEYIM R B B A0 RAEE PN RS,
FER T WA R S . FALES . LR RG22 1
AR S 7 PN AT 0 A S R AR, LKA i e (I 5 A A
FOZE A A AL RS AERHE Y, #RJE GTXs B 2R, T
FIALRS I TER S UM%t . GTXs A RIRIGEENE, JT4E
HeH AT LA R 30 GTXs iy iaE? ", w4
SCHRRGZR, R OC GTXs Rt | RS [F) e 2 v (DAl |
STk ARIEE LA R R

HFEAT T I T GTXs FIRTE . k25K . hadl
il 25HE A L AEAN ] S B P Y A1 DL LSRR AR T
Mo ARSCIEE A GTXs BRI GTXs MIfbA45 M LI KA
S v i 2 5 5 FEAN TR B PP I S R A1, GTXs 2RI
R R B FIRLI SO A 25 TG 1k M GTXs 2EmIAG:
MIrkm2ese, YLRA [ H R R GTXs MR ChRIE
IEREE T EAR T T M e il T i B R GTXs HIAH
KR, MR A AL A, D R kRS L
PRI R, AHE R GTXs MRS ERAG I
PRER S

1 %t GTXs BIkIBELMR

1.1 % GTXs BIKRIE

B UG ) AN M A B R AR T FE R
B, AP 2ESMoE T HARRE S, ERNE L
o AR HIX 5341 3 K A BB IR, UNTRATE .
ik E . BB wALRY . 2P %, AREERMEY,
LEMCREHACE MR G, TS EAEER D, [F4
A A g s

Mg ) GTXs Bk A FLRSTERMEY), SCHRICZE M

CPCE R RE R 22 5 B b BRI X R TR IR Y A
AL AT RN O, B AL W] 43l B AL (B 5 A 2 45%
FEESAEAEN TN ZAEE o (35722 M T B R AL o m]
REST A ARG AEAENS, T /MU HGEPRTERT AR | TR |
M2 S A4 AE e B A GTXsH

1.2 GTXs WfkF45H)

H AT E AL A 26 J@ A 4y st 25 Rl E GTXS!,
P AAF Y TR ARZE 5 & T (grayanotoxin I, GTX-D),
ARFE P B HE K1 (grayanotoxin 11, GTX-IT) . ARZE P e K1
(grayanotoxin III, GTX-III). [f=E4EFEZII (thodojaponin 11,
Rho-II) , [if] 3£ AEFE K11 (thodojaponin 11T, Rho-IIT) L K2 [ 2F-4E
# % V (thodojaponin V, Rho-V)&1519 - GTXs £ —Fh £ 5%
FERMRE A Y, BURIER 2o s et 1, g
BEAE AN 1 A A1 AR BTN GTX-1(A 2) .GTX-1I
K GTX-IM #7492 oI 5 - Rho-11(& 2) . Rho-III
& Rho-V 2, S P RRIEREMI 414G, A TIEZ M
GTXs,

7£: R,. H 8%, OH; R,. H %, COCH; 5%, COCH,CH3; R;. H 1, COCH; &;
COCH,CH; 8{ OH; Ry. H 8{ COCH; 8{ COCH,CH; 5 OH 1
OCOCH,CH;3; Rs. H 8}, COCH; 8}, COCH,CH;; Rg. H 8, OCOCH; 1§,
OCOCH,CH; &, OH; R;. H 5, OCOCH; 5%, OCOCH,CH; &¥, OH;
Rs. H 5 OH,
1 GTXs ffb2E45H
Fig.1 Chemical structures of GTXs

GTX-I O Rho-l

2 GTX-1 & Rho-TF k24454
Fig.2 Chemical structures of GTX-I and Rho-II
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1.3 GTXs UEEKMREHER

1976 4, MATSUMOTO P84 15 IRIRIE T I 4 39
{19 Rho-IN{K 44 222, 1994 4F, SHIRAHAMA 544 3
1 38 SHL T Rho-IAY A FR 44 >, 2022 45, Jbatk
2F B AE A FE T SR 1E 2 F 51 & 1) 7-endo-trig Pk
W 5ERL T GTX-II, principinol E Al rhodomollein XX A4
A 2023 AERTIT R T FERE L At R K k)
R P SAERIE T 4045 GTX-II, GTX-II, Rho-III, A
PR E XV (grayanotoxin XV, GTX-XV), H&HE D, 7
N B R AEE P o il M I 5% 9 e v 4 1o
1.4 GTXs FHEZEHPHEE

3 2 R & A 6 Uk & B, SCRK[13,25-26] 3B 1Y
GTXs FZ L GTX-I, GTX-II, Rho-II}% Rho-IIIN T, 7&
A % P K Rho-II (11.20~661.5 pg/kg) . Rho-III
(25.80~885.3 ug/kg). GTX-I (0.55~548.6 pg/kg)Fl GTX-III
(26.40~796.4 ug/kg); W% APS R BPAE e | A RSAEEE
TSR . WA . b . T8 SCSCHR 272914035 (1
GTXs EZLL GTX-1 M GTX-NCH E, FEHF 505 Jktas
W, TEHEEE D GTX-I MEEE 0.61~64.86 uglg,
GTX-IIEHTE 0.25~6590.00 pg/g.

H 4 GTXs, WAZE 5 KIV (grayanotoxin 1V,
GTX-1V), ARZFE P # K VI (grayanotoxin VI, GTX-VI), KZE
P EE R VI (grayanotoxin VII, GTX-VII), [ FEIETE 1
(rhodojaponin I, Rho-DAl[H=F{EEE 2 VI (rhodojaponin VI,
Rho- V)3 R EHEARIER b —, BARGIE S, @A
ESCHRPIA R e, RBLE AR GTXs M E 2T+
[ SMEE i o 3 o) e 2 57 B AR DGO, P R AR e 2
WOBFE, MeBA PR FEA BRI X, 2™
il A R A [ 7 Y e TR BT A, S R RS T R
W B IR T ARBEPTARE RT5 YL (0 1] REME B BE o T LA/ NAIAS
Ty A A e, B AT REANORE [ /N PRl X s
FHANEERT, TRIE T RE O A B R AR # K ANIRIY
e, TR N GTXs SRR Z —.

1.5 GTXs HHE(ERHLE
1.5.1 ¢4A:d a8 a9 5 F T Hpuh)

GTXs JEA:RSIERMEYI I B BAH A, HEEEA
JAE T PR 45 G R T 95 8038 18 (Nav 1.x) I IT2H 52 4447
S L B A R TN A, TS R
PR PR SEH, ANEE o WEE OB 24 MHEEENE
M o BRBELH AN, XLCHELALN 4 AT IR TELH
(S1~86). Hir, 4 4~ S6 L5 IR e HESIY s fLIX, &
BN TR BRI 1Y DG AE R T S4 S5 AR S S vl T SRk
S, T IR B R 07 A A I fioh 2 308 3 P e il
Mt 2 B Yo 53 K AC B 77 7 3 28 {01 2 T R o S 7 R

VIDF JE R L5 R W], RE PR S G0 AR TR T
B F PR 2 T — K1 Ry 32 55 7K P 28 AR A5 2 ARG 5 A g P B A+
TP ENE  FEEE X Navl.4 (%044, SEYAMA %£133)
1 MAEJIMA Z5PHIESE, 4 A S6 45w KRB M KT HR
MM EAE R EEEEEH . KM RERSEELSSE,
2 I F WU E A G, AGHEF— R R A O TR
il LG 05 S 1A, AT KA 0 <<l " — PR B2 B T
FAIG, DT BEL L Ah30 38 2R 06, (o A0 At Ak F 2 AR Ak (AT 405 )
R RZEPRERNEEETFHCRES T 5HE A, 1Y
B B o 0% 30 T S HR T 2 MU AR A . B AT,
AREE T 5 2T H A0 T8 S 5 AR LA A T 1 —
A
1.5.2  SHAP £ & Yoo BAs AL

P20 LR E R T E AR AT RE R R BE T B R
FEAEHISE S . TES B, ONAT %% 3, fin iR i
1 PR RO 28 N TE S AR S T 50 mg e 45 14 /N e 42 B
Yy, 4588 E N0 R A . SR, it i
I T S I R RIS, ) S R AR O (A S T
1~5 g/kg M%), XATRERM, SHMNEAMSRGAML, THX
P25 2 G A0 R 1 2 05 B A B AR b R R AR
PRI RESE, T I T RE S B M T bR R e, R
Bk, AR E A TIBI K R, BT ARFE M ER
JEAR B0 E, X RN R EMERIETTRES S T
REPHERIBERNOHNTE.

H A S0 WL S Pl 0 50 1 B B R A7 14 M2 WIF.
A, 55— IR AR GE AT T BTHG S (— Fh 4 SR e P g
B2 AF-DX 16(—FhEFEPE M2 ZARFEHTR) FER] .
WFFEh, KB T IE B A T A S T 1~5 g/kg M 192
B, MBS O g, RS 2 mg/ke BT
FeAhE 20 mg/kg AF-DX 16, WA LB, PTG 54 AT (R B 5 B
ARZEPHRBEF 0 shl GRS, 1 AF-DX 16 1
REXTHLC B RN . BTk segh L, R ig i 4hie: M2
ZRTAIZ 5 T A HRFERHOOMERENE, HAS 50
W R
1.53 AA4 GTXs ¥ % 7 6916 R4 IE

GTXs Hagl7 L5 SRl RAERARSE, fes I ARE IR
AR . O EERH (— B . B e =R D S AL T BH
O IR L MO . oA R L Sk
BRSO AR AR . SR
BTV A4 € R VI B <A1 RN N2 1 ) I L A |
Kt WURERE o RERAE H FEREA & B %5 20 min £ 3 h
WL, Rpgk 1~2 d

TE22ZEWUA M ERERFIH, & HIGIT 2 R AW
ih(0.5 mg BAYKIAZY; 2 MEALLRILMEEE —IK, 5
2 mg BAYRZEZ) A A L K (100 mL/h &) 2, BT
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AR, EELRER RS AN TE S | A0 2 A i
PAREMAE RGNS K.
1.6 GTXs WNERM-BEZLMEMN

[ B 2R 2 BE 2 W S BT < R AR 2 TS R i S5 )
AE” R BT W B 1 R b R 2 W SR AR CR BRI Y GTXs
PR BRI T PE ML T A0 (4 AL (W SR AE ) . AR AR s
FREL 60 RAAZEA B G5 AR GTXs), L3k
T UE S ] SEAE 55 R HEUR A F I 2530 B GTX,
JUIL R KB Rho-VI 55 9 /MEA W B8R A FH 5 i MEAH X4
o o A, T L L R S AN T TR B T . [R] EE % BR
GTXs H1H9 Rho-VI 7E#f 25 A6 80 rp e 9L 2 25 10 i
JRACR, JFAri g C 4R 445 S . % & F] Rho-VI £5#
AT B 22 3 H& B R e IE PR e, Do I BAFI A
B A A &K B Rho-VI YA TG E¥EARE 10 N-
3 T SR P 0 i f5URk il 2 11 (N-ethylmaleimide-sensitive
fusion protein, NSF), il id 431 A= W24 F14: Yy iy B S 06
UESE NSF 28 Rho-VI Y CHEHEAR o AR NSF I 28 55 K B
Ak i 28 12 P R 8 A5 B AR %) BT AN AR U N . T
WY & BLNSF AT #F N B 45 25 38 1 (calcium channel 2.2,
Cav2.2)RY 5 B iz iy, 14008518 18 A HL VRS8R B2, 1 Rho-VI
n] i EE NSF X Cav2.2 F5:# B (A CVEH . KL, Rho-VI
AR AE ATl 2 30 i NSF /i3t 1 Cav2.2 53 18 #5 1512
T S PR A 2R, R AL A R AL AN AT
SRITHERR o

2 GTXs B9 73 7%

2.1 SREMEEE-BERIEE
Al 7y ik 0
GTXs BRI 73k 32 B R A 2 v 30 TRORE €3 - HR Bk

2.1.1

SRR S 1o T R R R S B [ AR S A ek
JEMEFHIE GTXso ASCARZIR . B, LM E &
ARBE P RER AR MBS 7 AT X, PEILER 1.
RS SC AR ARG M R R R R L S A T 2 SRR,
PEAS 1) 58 S PP £, BESCSCHRIEAS LU RS 16 1 2 % L B
NIRRT 4 o

212 Jig ey AL AL

GTXs &AL, MR ER S LA
PR . — A IE B F =N A5 A e R, 17
BT R ERAR . EEFHRAT GTXs ZLUMEEL
IENE R . LA Rho-IIAI Rho-II A Fe ) 53k 2 #r
GTXs TS Rf IR A% .

1 Q1 AF I, Rho-1I7E m/z 433.18 4b /R i Ze )
INA BT [M+Na]', 76 m/z 41522 SR ARG Priides +
[M+Na-H,O1' " F, TE m/z 373.0 AbXF[M+Na-CH;COOH] %
F, mlz 354.98 4t %} ¥ [M+Na-CH;COOH-H,O1 % K-, 40
& 3~4,

Rho-III#E Q1 &HHifTiEH, KA EMEINET
[M+H] B4 8 F [M+Na]", Rho-IITE m/z 315.16 &b @ H3
AR E S, W [M+H-3H,0]" A B, 76 m/z 297.07 %)
[M+H-4H,01" i Bt, £ m/z 268.97 %t i [M+H-4H,0-CO]" i
B, WK 5~6,

2.2 HEmrgE

TERAI %10 GTXs Fl = F L kbefi b,
SRS, *E Y GTXs #4705 .HOLSTEGE %147
i AR OREEIE GTXs, YshPiay Mz
WRIEIR 0.2 pg/g B, 38 R S PR 0 €6 S 058 T 7 7 e
ST, SRITZ 515 R B R4 A Toik S IR i 2 = 2 .
i b o 2 e 2 e A 7 TS fek P e A0 M ik, TR
FUAREE SR ) GTX-IL, M T F i fE o

F 1 HED GTXs BB ERMELE
Table 1 Comparison of detection methods for GTXs in honey

) ik AL fikl ERER EAURERE I
(neg/ke) (ng/ke) /(ng/mL)
FLASIEER, WP ARAE
1 -1t 1 g FERLEZR ] 10 mL 2.0~5.0 5.0~10.0 0.5~1.0 ¥, HIREE . MEE. 4
W2 AR
2 g PRI 22 30K T
2 Jrik-2t SF-#if (hydrophilic-lipophilic 0.25~0.5 0.5~5.0 1.0~10.0 /
balance, HLB)/ME#4t4L
3 J5 k-3t 1 g FEMAEZY ] 20 mL 2~10 5~20 0.25~13.0 /
0.2 g FESL, WRINNARIEH
- R
4 J5 -4 . L2 szmf 250 50 ARy
(solid-phase extraction, SPE)
VNEREXIS

T SR SCHIROR AR SAS B o
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433.18 [M+Na]*

[M+Na-H,0]"
415.22

S

’lﬂ-%:( C22H34O7
= Rho-II
o

=

[M-+Na-CH,COOH]*
373.00

[M#Na-CH,COOH-H,OJ" | \pna o 0]
354.98 397.07

Ahadeiisiinin kst i Ko i " b ull Aﬁ_.u - J N " " .
200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

JEfaf Ho(m/z)

T EH/NESH Rho-TMEZ 454
3 Rho-IIE 1 A ik
Fig.3 Mass fragmentation spectrum of Rho-II
Na+ Na+ Na+

-H,0 -H,0
—_—
m/z=415 m/z=297
-CH,COOH
OH Na+ Na+ Na+
-H,0
—_—
mlz=373 m/z=355 m/z=337

€l 4 Rho-IIE5 ¥ ALk A 14
Fig.4 Fragmentation pathway of Rho-II ions

3 et GTXs E,\]*E;Qtiim &N (Tripterygium wilfordii Hook F.) . 187% [8l[Macleaya
- cordata (Willd.) R.Br]. JR#Bi(Stellera chamaejasme L.)%5

31 hEEEEEEN A7 8 TR, (R WS 1R ok A S AR R

5 L 04 D 0 a0, q OB 27622022 CRUMZCR BRI Tihpr it )
GB 14963—2011 ( frih e H btk Wem ) thaisk, i i) A il S e 2 PR N TR R 2R A BRI AR ME, GTXs HIFR &
FHEMPITES  SWPREE %L, Aany  ERATEARES.
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315.16 [M+H-3H,0]"
[M+H-4H,0]*

297.07

C,H,0

20073276

Rho-I1I

AEXT /%

[M+H-4H,0-COJ*
250.95 268.97

LA MU, .Alnll.. xll.. ) A I N | SR iy L 5% L 1 1
160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460
JBuAs o (miz)

T BT/ A Rho-TIAL~#454 .
Pl 5 Rho-LIEF A Fiitk
Fig.5 Mass fragmentation spectrum of Rho-III

H+

H+ H+

m/z=279 m/z=297 m/z=315
H+
O O
= 0
-
=2
miz=269 mlz=297

6 Rho-INE WA fbik A2 &l
Fig.6 Fragmentation pathway of Rho-III ions
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M GTXs MbRiE, BRI AT AR i 2k
0 T SR AR R R MR B B R AR R b
WEEBE RN E ) EATFEREN, Wk GTXI.
GTX-III, Rho-1I. Rho-III} Rho-V; [ R HAMAT VbR
AR WLAE
3.2 HtERBREREZEMR

2023 4, TERRZE 5t 23 (European Commission, EC)%E
KR, BRI A 4¢ 42 J5) (European Food Safety Authority,
EFSA)PVE BTG Yl NI AL BS AE R 2 GTXs #
S N AR RS AT 1 PRA D XU EAS o 35 1T A
A T TR S5 ARZE A G ) . TR AT,
MR GTX-1 Ml GTX-MAHEMET 0.05 mgkg 5%
GTX-I Il GTX-IIA SR B AR 0.05 mg/kg B, PR B
NBEE ARSI A28 R 2vEsE R . EFSA #2117
HEST A FIE S (R B R ) H GTXs M4BT 32 AR S i
I, EBCERR N 0.01 mgke SEAR, HFEMEER MG
GTX-1 A1 GTX-IIFF,

4 ZERIE

ARSI GTXs BRI, GTXs B~ =454 LUK AE
B it 2R 7 2 TEAN IR P A R, GTXs Y
BERE PR FIALH] BB TE2G )T 1 e b GTXs pOAGH Jy vk
257, LUK H RTXT i v GTXs BYAHSCAR L LSS Ty
HEAT T 20 Mr U il A e v GTXs AHOGSTR, KB
FIHS T2 b GTXs B WA A58, RLAbR) GTXs bx
HEALHR /D, A5 vk B s R B RR b o IZWFTEX T 5853
T GTXs WHFEE, EAE GTXs fEARIEE i) /At |
PEVEE Z (Y GTXs Bl A Kl e AR DGIE AR R 2 4
ARG RSAERAEY) 1200 2270, JZ 040 T30 . BRHA
e, FPPTARWARREL .. AR R d AR,
BRI TR e % GTXs YR ITAY, 38 3 TG s ik
— Al W 2 S A £ 5 P GTXs (W BR bl R AfEsh
il 5 A G B AR UE A T AR
SE
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