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STUDIES ON METABOLISM AND TOXICITIES
OF NIVALENOL (MYCOTOXIN)
1. PURIFICATION OF NIVALENOL AND IDENTIFICATION
OF NEW METABOLITE OF NIVALENOL, DEEPOXYNIVALENOL

YosHIKI ONJI
Department of Public Health, Nara Medical University
Received July 27, 1990

Summary : Large amounts of two mycotoxins, nivalenol and fusarenon-X were
produced from Fusarium graminearum F-1465 cultured on pressed barley. The centrifugal
partition chromatography (CPC) using two- phase solvent systems n-butanol-water and
chloroform-methanol-water could be applied to a preparative purification of nivalenol and
fusarenon-X. Starting from the Fusarium grown on 1kg of pressed barley substrate, 0.34g
of nivalenol and 0.78g of fusarenon-X were obtained by recrystallization of CPC fraction
from hot methanol. Fusarenon-X was converted to nivalenol by alkaline hydrolysis giving
to 0.55g of crystalline nivalenol.

A new metabolite of nivalenol was detected in the feces of rats when nivalenol was
administered orally. The new metaboite was identified as 3,4,7,15-tetrahydroxytrichothec-9,
12-dien-8-one, or deepoxynivalenol, on the basis of mass spectrometry and 'H and *C
nuclear magnetic resonance spectroscopy.

In repeated oral administration, the deepoxy metabolite was detected in feces at 80%
and in urine at 19§ of total dose, and the parent compound was detected in feces at 7% and
in urine at 19, respectively.

Index Terms

trichothecene mycotoxin, nivalenol, deepoxynivalenol
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Table 1. Comparison of partition coefficients of
nivalenol and fusarenon-X in three solvent
systems

partition coefficient®

solvent system

nivalenol fusarenon-X
CHCl;-MeOH-H,0 - 3.26 0.266
(65 : 65 1 40)
n-BuOH-H,0 0.660 2.59
(satd)
EtOAc-H,0 0.0794 1.94
(satd)

® partition coefficient, K (upper/ lower) was measured at
25C



(328) (=

ERTOLEMAE A RE LR, 2200 Fovos
HRE D CPCEB IR 5DIL, ZrrALA-AR )
—N-KREN-FT X ) —A-KRRBELTWB T LA
et wi: (Table 1). o ©, HEEY 24 €% CPC
SLLI BT BEL, z otk CPC-LEETcHE 7 v~ 7
574 —%BIloot. 25dnm OBKETE=2—-L1
=RV —pnt7¥r s v-Xo CPC-LEE TR
7w 74 —A%Fig. 2R L. =-v /7 — AR
EDDEENRFLTH DD/ R b /T A kDE —2
DL (450-650 mD) 721 & EUR LEHER, B £/ —n
AOLBERRLT=1v 7 —%0.34 £ (WEEE 100 %) &
fo. 7¥FVv ) V-XOHBBRBIFTH D, 450-720 mlDFR
SuEIR L CEEZET5 &, 0.78 8079 v v-X
NELIEGIE 77 %). D75V 2 v-X ZKG8
LCHERRT5&0.55 8 MEL00%) o=~v /-1
8 bR, Table 2 ITREEBEBTO b vOINEY
ALz, FLZE 1 kegic Fusarium graminearum F-1465
RIEE, EHE FFoUREHE BE Sbruvr
JV-XOMKRGBIZL - THEbBhIc="v ) —EE
T, BRKNIZ0.89 ED ="V —AwHitT A &
NTEI.

% B

2. =~V =15 S v+ OB FOERHG D
FEEL L B TE

=NV —AREEDT y VI CREROIBREL, BE
T 100 mg#¥ 5 L7z, EDREH ke 7=V Lk
H, Befp= 5 A-KGE, 7V =54+ XAD-2 8L O
DEAE-v7 75 v 2 RA-5h5a7m=t 2574
—, BRI m~ 574 —DREERT v TERT
20 g DRBWIER B, ChrEERELTUTOE
EoWett L. ZoWBEI1, BEEEZ RS 75 A
(Fig. 3) BIOTMSBHBEEOIAIZr< 7T A
(Fig. 4) kol —D ¥ -7 %RL, FOFERE R
b, =SV =X ) RREAKERKEL, ARED
DFETHDEHEIRE. T, TLC LT v 7L
ARy FThb, RE([EN0.26 THY, = v/ —1r0
0.27 &3EEEL T\, TLC L ToEGRIGTIRE/LT
NI= T AREEEMBTSEC-8AILR=1DE
EERTHEOOMIEGIEN | 365nm) #HKL, 7 ==+
v VBREEBEL, MBTHLEC-6MDFF=F1FD
FELTRTEODAKRy P ERLEN, 4- (P-=tr
Ry Y OV ERREETC-12, 13fun=HF
BOBFERIBTEI R, 5T, ZORBHWEILC-8 1z

A o N . [ nivalenol——-- .o ——-
A — —— /l\——_ —
. ./ \ B
e eaee————
S
_ il '|, ' LJ’ o ].-eT":'i;'; N i'i-i,_ A

100 200 300 400

B P“_m_w___..h“

500 600 700 800 900 ml

: fugsarenon-X
g e

Brsa

_.r-
—ik

FR T S R S,

IR
UL L T n —iiz

P

P TS ST S
' 1 ralichi ORI

100 200 300 400

500 600 700 800 ml

Fig. 2. CPC profiles of nivalenol (A) and fusarenon-X (B) fractions extracted from
Fusarium graminearum cultured on pressed barley monitoring absorbance at
254 nm. Elution was carried out with chloroform-methanol-water (65 : 65 : 40,
v/v) using CPC-L. Operation conditions were described in the text.
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Table. 2. Recovery of nivalenol and fusarenon-X in each step of isolation

procedure of toxins

Procedure step

Amount, g (recovery, %)

Total materials Nivalenol Fusarenon-X
1. Extraction 90 (100) 0.77 (100) 0.88 (100)
2. Silica gel CC 24 27 0.77 (100D 0.88 (100D
3. CPC-LLI
nivalenol fraction 3.87 (4.3) nd 0
fusarenon-X fraction 3.78 (4.2) 0 nd
4. CPC-L
mivalenol fraction 0.75 (0.8) 0.34 0
fusarenon-X fraction 0.78 (0.9 0 0.60 (68)
5. Hydrolysis of fusarenon-X 0.55 0
nivalenol crystal 0.89’f
nd : not determined
* 0.34g+0.55g (from fusarenon-X)
N 100
]
(2]
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|
)
2
o ¥
0} L‘*—A_.__-_._
¥ [
i I i P
- 0 4 8 12
g . - Retention time (min)
0 4 8 12
. . . Fig. 4. Gas chromatogram of trimethylsilyl deriv-
Retention time (min) ative of a new metabolite (at retention
High performance liquid chromatogram of time of 5.7 min) purified from rat feces.

a new metabolite (at retention time of 4.7
min) purified from rat feces. This peak
area is equivalent to 1ug of the metabolite.
Arrow represents position of nivalenol.
HPLC conditions: column, Lichrosphere
RP-18 (25cmX4.6mm i.d., 7u); mobile
phase, 15% methanol; flow rate, 1.5ml/
min.

Arrow represents position of nivalenol. GC
conditions : column, HP-17 (25 mX 0.2 mm
i.d, 0.17 ) ; column head pressure, 150
KPa ; split ratio, 1: 60 ; injection tempera-
ture, 240°C ; detector temperature, 300C ;
column oven temperature, hold at 150C (1
min), programmed 150-270C at 30°C/min
and 270-290°C at 4°C /min;
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Fig. 5. Mass spectra of nivalenol and its new metabolite (deepoxynivalenol) at 30 eV
ionization voltage by direct insertion method.
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Table 3. *H NMR chemical shift assignments and coupling
constants for nivalenol and its new metabolite,

deepoxynivalenol
Proton 'H chemical shfts, 8¢ (coupling constants, /)
Position Nivalenol Deepoxynivalenol
2 3.53 (Jz, s=5.0) 4.16 (, 5=4.8)
3 4.16 (J5, ,=5.0; J5, s=5.0; 3.85 (s, »=4.8; Js, +=3.2)
Joy on=4.0)
30H 4.48
4 4.55 (J,, 5=5.0, /i, on=3.5) 4.54 (J;, s=3.2)
40H 3.85
7 4.82 (Jr, on=2.7) 4.59°
10 6.57 (o, 11=6.0; 6.54 (Jio, 11=6.0;
Jos 16:1-5) Jios xs:]--s)
11 4.72 (11, 10=6.0) 4.75 (i1, 10=6.0)
13 2.93 (ip=4.5) 5.17 (ug=1.0)
2.90 4.92
14 1.08 ()¢ 1.36 (s)°
15 3.84 (ip=11.5; 3.85 (ap=11.5)
Jiss 0H=5-0>
3.74 3.76
15 0H 3.76
16 1.79 (s, 10=1.5; 1.78 (J16, 10=1.5;
]ls: u=1.0 Jies 1o=1-0)

& ppm from tetramethylsilane.

> coupling could not be detected

because of the contamination of trace salts. °© singlet signal.

Table 4. *C NMR

chemical shifts assignments for

nivalenol and its new metabolite, deepoxy-

nivalenol
Carbon 13C chemical shifts?, ¢
No. Nivalenol Deepoxynivalenol
2 81.19 81.44
3 81.13 81.51
4 81.03 80.96
5 45.14 53.92
6 50.20 54.48
7 74.93 74.86
8 200.65 201.27
9 135.79 135.53
10 139.65 140.09
11 70.25 70.04
12 65.65 154.10
13 "45.70 107.92
14 8.24 12.77
15 61.63 61.46
16 15.23 15.30

2 ppm from teramethylsilane.
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Fig. 6. Counter plot of the 'H/**C correlation spectrum of deepoxynivalenol.
'H and *C NMR spectra were measured in acetone-ds at 400 and 100

MHz, respectively.
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Fig. 7. Strucuture of deepoxynivalenol.
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DTAANZ b ABSBPR=RF =V ) —LTHBET
LOAHEINTDT, BB~AARZ b, THEI O
BC NMR 2 <27 F ADRIERB o, BHE<AA
RZ AT, STEOEAME (296.1265) »5HEE
(296.1260) L FEH IR —B L, FRRCITTRHERL Cis
Hy0O0sTH B Z EDHER S NI

H 88 X 0WC OE S #EE NMR 2 <7 + v TIXIERE

by 7 MEL A V—AEVEAEERVBERIS e

BTLTHE L=V —ADNMR RA<=27 }1&
HiEL T, C-12, C-13 1o =+ * v EOETABIZ O
KR, C-13620 His X 08 C-12, C-13 fzd3C Dbzt
7 MEXMERSBMACKE SBE LT3 (Table 3, 4.
COBAE, oY) =FeVRefa b Fr Vo=
RF o REW OB B BRI T 52920, i, B
BT5C-2, C-U4MLTHLEY 7 MME DT 2ICEL
LCWABRGFaEs LT E LoRE RELIZRS
hishote, T EX, FEOLENEEEEIL
TWBZ EHRLTWAS. Fig. 6 iRz 2 %56 NMR
ARZ P AEFNT, 'HEBCORFY 7 M HHBIA L
bh, Thick T, Table 3,4 D> 7 F L DIRBEH5E
ETHBHTENEMNTI R, =A"v /) —APUAD Y
a7t vR<A4a b FVDONMR A=27 F LORIE
Ly 7 FADRBE, ThET, REMLEDTEE
FLEHINTEDD, SEOFERIZALEIRL—
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HFLTW5B., UEDEREND, =v /) —1rofREHHn
Fig. TR LifbFEEELE O PR=R+o="1v /) -1
THBHERELT.

OB AFT = AV N IEELERLY, T
AFy="r )= T-2 bFov® I7bFy
AR = AP DNTIET T = A R AR
RahTuwaz tanbli=RF bl ) asevR~
1atrFrvoFERRBERTHLLFELOND, K
PRIZBNT, =V —AOBEGEOFEEERTE,
BEBDORBOVP = RFv=v ) -1t LHE DI
Bt xh, REMD=~v /) —r3FEPHERDODT
7%, Rl BBt S Tthote. D=
RF YROBTHHHIZGAMEIC L - TR 200,
BBENEBENLBRIRENTRBENB OIS 1T
e Lbl, H#EEBD 80 % i=RF=~1v /) —n
ELTERBEE S h, RPcib s 1 B E s
ot BL=Av 2 — AR hict, FECREX
hii=fer="v /-2 s LTI hitT5L,
=gFs="v ) —ABRRFPIFECD N & 2T
BTV, LT, BB »T="v 2/ —
MRS D= R F ML ENB EE 2 HHFBEYTH
A5,

&

1. &% ¥ Fusarium graminearum F-1465 % L%
B (1kg) TEEEL, 7 b= Y ABEs Y257
NHFhzr= 574 —, BOIKREHE S == b
7774 X bfiBR=A"v ) —DOfER0.89 8%
.

2. ="V /-1 (BE10m) %7 v b CRERED
#EL, Bt S EORRE M E R L, BRL
T2 mgDiER T B, ~AARZ M, 'THEBXOBCEH
S1#EE NMR 2 <7 + VOB A5, & OREWITH=
RE =V /=, Tithb, 3, 4,7, 15-tetrahydroxy-
trichothec-9, 12-dien-8-one TH 5 & & AR EHER &
nie.

3. =XV —aAwFy bzl r ARRERO&RST
&, BEED 0 %NFEPIT, 1 RBRPIp=RF
=RV = LTHE S R, )5, REED =~
V=T %R, 1 %R EEE i, &
DEEIBRMEC L 5= R F ALERIREL TV
5

B

Mrz2chich, JiEE, @EMEED Lk
LR EFFCREOMBYETE T L &b, HEMO
Sl Y F UIcELERE A MIRBER 7L b O EER
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BEEE/NER—-ERCEH R LET. bk, B
DTIRE, HEREBY ¥ Ui HIBRET BB i RES3
5L Ebe, Fusarium BOBEBESCH I EL
ERREBENEFTEAZHELICDARBGEFEEE
DELLET, BhES5 LT EEWE LEEER
B —FEBELE, NMRASZ FrA -2 —BIO~
ARARZ b A= —DFERACEEREH > T REVE
LB A IEETRA BERCEHL T,
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