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Studies on Cycasin, a New Toxic Glycoside, of Cycas revoluta THUNB.

Kotaro Nisuipa, Akira KoBayvasHI, and Tomonori NAGAHAMA
(Laboratory of Biochemistry)

¥ El

IR Ic B 49 % v 7 Cycas revoluta THUNB., OFf 17 1 FEOA R % 62
EUIEPEBORINA 724 2 &k, T O MMOEHRTH DY, FHA-LO 138 1 ruc formalde-
hyde DOfifaFEH L, ZTOMELEWEICIHNTNE & L2 Xhte. o — A PHHO® |12

TR OB AL, B Y 7 emulsin & DEFUFRIC OWCHFR L 20458, & ® formalde-
1W®01&%WWDM%WET%£DM%%nM%%T%6_a%wbmt.

Z D% COOPER™ (JIgMEE Y 7 o 1§ Macrozamia spiralis OFE-1-s 6 4 Bl A 2 Bk
L, macrozamin DA 2 7o, T O OWTITESE LYTHS0E 50 13 macrozamin @
BB A primeverose Th A 2 &, X b aglycone 23l azoxy #xEa 3% 2 21D
CHFF L, macrozamin 7% primeverosyloxyazoxymethane Tk 5 o X% B LT, 7ol
Ri1Ges™ (x5 flidD Macrozamia, 2%ED Bowenia }(° Cycas media 1t ¥ OENEY 7 ic
DT L, Thb DFHFEEIMI ML macrozamin Th 5 LU T3

EH D IIEFTEA R DU 2 ST R B Y 7 7 1D C mumﬁﬂrﬁ‘froowtﬁ;% SFICTH
U 7e R R 2 AP 3-8k L, macrozamin & 5% & L # M5 IC L 2 72D T 2 IS cycasin 7
DAl I ORER P L T cycasin 2% glucosyloxyazoxymethane G % & &
A Ltc. 7 el IsRRC /8L 7o ¥ 7 emulsin 12 X % cycasin OSHCEIL T, agly-
cone D& HREHICOVTHIRF L I2DT, Hehb D RLHET S

I Cycasin o354
I-1 Cycasin BagEH*~

cycasin (3AGHET S @&®$m%,Mk%%wtwkswmaﬁ@ﬂmmmﬁmB%&@Lb%
WOTC, A A v IR B OTEMER chromatography A#FHL T, T RLABRET L o Lie
Lo Thied THIgRC LI L 7o,

RRERRUER

. HRUERBORE Table 1 wiRlicind, 4 7 Y4 i U TR % B i 88
‘bﬁ&&ﬂb, RS AR L 7R A L L, #7kie T 3 8 D?Iﬁx’ﬂ%-ﬁh‘ T CUWIL 7oK 2 &L,

* AHEE OB Bull. Agr. Chem. Soc. Japan, 19, 77, 172 (1955) (38 L 7=.

B 2945 10 H 15 H %BIIHEM\ EALEA S AR A SN & de \ TR L 7.
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(5) B. Lyraaoe and N. V. Rriagas ; J. Chem. Soc., 1949, 2716.
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WRIETF 60°C DUFClkE L te. 334r3 DA% % 34 7A0 alcohol 1w TR L ®, B IHIT
B LT, WMEOoeLREED syrup #14TIha Syrup A & L. LYTHGOE L® (31X
Y Ted i 7o e alcohol % ¥RHNL T, macrozamin OF;fha T\ 503, HAREY 7Y OB &
WAL B HECUL, MR T OV IR IR O BN Fe kil & ol K DB A D DA THDI2DT,
A a v AHlE A T E TR b OERI Lkl T H o e L LT

Table 1. Isolation of cycasin

Seeds 14 kg

‘—«hulled, boiled immediately for 20 min.

i»wminced, dried, and milled

Powder of Kernels 5 kg
—extracted with 20 I of cold H:0, repeated three times
—filtered by cloth

Filtrate 60 / Resiaues

—vac. condensed at 60°C
—added 3 vols. EtOH, filtered

|
Filtrate 1.8 [ Ppts.
—vac. condensed at 60°C

Syrup A 1.3/

—passed through column of Organolite K,

repeated till the solution becomes colorless (pH 1.2)
—passed through column of Amberlite IR—4B,

repeated till pH ascends to 5.8
—vac. condensed at 60°C

Syrup B 500 m!

—adsorbed on active carbon column
—eluted with H.O

) l
Carbon Column Aqgneous Eluate 1.8 !/

—eluted with 109 EtOH I——chromatographied with
carbon, as Syrup B
Ethanolic Eluate 2/ (repeated several times)
!—-condensed to thick syrup | |
—added 3 vols. EtOH Cycasin Aqueous Eluate
l—set aside in refrigerator ’ Glucose
- - o ] Fructose

| | Sucrose etc.
Cycasin 7.5 gm

T b 32 ~60mé RS L 7ebs 4 A4 v skl Organolite K #9500 ml &%, HRE Sem,
X Bem O FHEETNEL, Syrup A RS e, BIEOHA, WO wEiE A R
ELTF, pH 1.8 o BBk A7, R\ TR A 4 >~ ac#uliifs Amberlite IR-4B o k7
column 12T FIBBIC AR AL, WidFh A E B & 7s b pH 5.8 L 7e 2D T, T & ¥ L C Syrup
Bl

2. PEHEOAR = Zicfif Syrup B ik, FEHLING y2 31 < BIGL, PHEIROMIRIRD
I hEkL LEL LSO T, paper chromatography & J 2MEF 4727, #0041 { butanol-
Figb—k (4:1:1) T hHEaC X ) BRIL, BE-patdie v C3sE-g Lo iohd, resorcin-f
i 0" diphenylamine- = LREFR D FILIRIC B B A E 2 12D T, b aEE L THWIC.
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Fig. 1-a i<5:L 72411, Syrup B Sample  a b B
Z Syrup A X H#T RE, Fokk
B UL, 1 e X " Spot 1
DL, DL T e 2 2 s )y O 1(Cyeasin)
DDt FiebhbERED glucose, 029 | O O O @ { Frucose
fructose % ¥ sucrose & #tic, Rf0.36 023 | RB OG"B 0 O |
(Spot 1) %tr 0.07 (Spot 2) ofiri B
ICERER spot A% B M A ais | ORB OG,B O 0 {Sucrose
L7035, ATFE resorcin S ¥ p
gﬁmmigm%&?é.:i%@m Y77 Opg Qg | © O '%ﬁﬁmn
methylpentose & L 240 C % 2 & Spray
ERTVE0D, =0 Rf i+ Reagent X D R D R D

2 b DIXPERD I <, 7= ace-
tone~ G #FIC X B MRS b Bl
&7z, —~J; Fig. 1-b oqn<, #ih
BUFRA T 78 7 D7 F 1 X 0 $hH L 7
Bt 7208 Syrup B 2ok s L
7o EITIR 2 D spot (345 ich o
72D, T spot MEIHHAD & D C
BDHEEBZIDTH .
CNHDZ L AHFHE LT, Fag

Fig. 1. Paper chromatograms of cycasin and sugars
Sample : — a, Syrup A and B ; b, ext. from non-boiled
kernels ; ¢, crystal of cycasin ; d, hydrolysate of
cycasin.
Developing solvent
(4:1:1)

Spray regent : —R, 19 resorcin soln. in EtOH, 2n
HCl mixture (1 :9) ; D, 295 diphenylamine, 59
trichloroacetic acid soln. in BuOH, MeOH mixture(1:1 ).
Color : —Y, vellow ; R, red ; B, brown ; Gr, grey ;
Gn, green ; p, pale.

: — BuOH, AcOH, H.O mixture

Bk A A 745 P, WHISTLER DODIEAAETE L 1= 7B b chromatography iz I » T B B

MR E AT 2 & & 23T X 7. MG

BL, WIIL 2oKic Tk

Eluted

M3%. Fig.212530 -y Volume
DIz, TRHUETEK 1450 ©

glucose X0 fructosessji RE

HE B DT, wiz 10 % o4t
alcohol #12! = column

03

(CHRAr 3 % MR R A 4 A
L 7o I HBICL, Tods

ik
00

100gm % FHT L 7= AT FIRED 5 1 11 151 Syrup B %
H,0 _10% EtOH

- ml

1250 1450 1650 700 oo 1500

S
] R

0

L ELD sucrose 23RS 4 02

PSRBT R 0O0lUo|eoloo] o

D alcohol %Mz, il o

O AU E A

Do WAl A RO R Spray p R b R D R D R D R R R
ML THHicfiL 72, gy Reagent

Fig. 2. Elution of sugars and cycasin from the active

AR RCIE ) K5 kg ok
L75gm(0.159%) Tk 2.

carbon column, shown in paper chromatograms

Development and reagents are the same as in Fig. 1.

(8) W. G. C. ForsyTn : Nature, 161, 239 (1948).

(9) R. L. Wmistr.er and D. F. Durso

; J. Am. Chem. Soc., 72, 677 (1930).
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3. Cyeasin 304 L THHCHURAR cycasin (¥, 7k, #% alcohol i@ B, #k alcohol &

#:7%, benzene, acetone, chloroform, ethyl acetate IZANATEH %. Hop K O HE S MERERE SR I X

ST L 7\ . MOLISH JiiiEp5M:, anthrone sk o L oh BEOOEORSETRL, HRT

Joksiu Fig. 1-c, d @izl rems, cycasin @ spot (ki L glucose O spot D
Db b, E-EEKAHIC X b formaldehyde AAERL, TAHB Y S X O THEREDT

methylamine #5%2 %.
# alcohol 7~H g X UL EOEIRE IR L e D (Fig.3). mp 144°~145" (decomp.). . B:

—41.3° (¢ 2.0, water). SPHHFRIIEDO & EBD Thb.

Fig. 3. Photograph of cycasin

Fig. 4. Photograph of acetyl cycasin

Subst. g CO. mg H.O mg C% H%
6.947 9.718 3.952 38.17 6.37
Calcd. for Cs His Or No 38.07 6.39
Subst. mg N. ml N2%
3.885 0.364 (21°C, 765 mm Hg) 10.93
11.11

Calcd.
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MW (freez. point method)

Subst. mg  Water mg Depression’C Found Calcd.
502.6 22,9474 6.164 253 252

PLED i< cycasin (37D L OSRA K T » macrozamin & RS D aglycone %
HITBRDLBLLNDN, WRADHIICHEES 5. F70bb S X TFA L= BARTE ¥ 7 v 0
HHANARL, macrozamin & (24 ¢ B 5 —BREHATS 2.

4. Acetyl MKk cycasin 0.2 gm % pyridine 2 ml (ISWEL, 4KALEE 8 ml AN TEE
CHE L, 4 HT% chloroform 8 ml @ CHR, 7k, Fihhie, AR CIERERE L, YA A
L7z, SRM 3 DRI % # benzene X b L T, Fitagds 0.25 gm itz T ihigkie
BOIR U f= B s 3, Fig. 4 \c7)r1L 72X 5 IS HECOHLR DAL & 7o . mp 137°~138", ()} =
—48" (¢ 0.6, CHCLy). Wi IUakDd L 1D Th 3.

Subst. mg CO. mg H,O mg Co% Hos
5.929 9.940 3.014 45.75 5.70

Calcd. for Cns H«“ Ou Nz 4572 5.75

Subst. mg N. ml N
4.790 0.284 (21°C, 764 mm Hg) 6.90

Calcd. 6.66

MW (Rast's method)

Subst. mg Camphor mg Depression’C Found Calcd.
4.5 51.5 8.5 409 420

I-2 Cycasin #8%%

C DL TIIREFE invertase % VT, KO sucrose # % 5 s UbERIEN e Ld 5 =
Lo X b, MR chromatography ¥t} % sucrose & cycasin DG3HED B AP L 2 C
BOEEMLE L, DORER EME LD 5 o LT e,

ERERRUER
1. Invertase ZIHAl F.W.REYNOLDU 53 2 U CEEML L 7-. 3745 Table 2 el

TR FEPE S (L) 450 gm A EERD & LR, 7k 400 ml, toluene 40 szl 2z,
30°C 12T autolyse L, 7 HPRIT 20 9% FEERSNA R 50 ml % €432 A b &, R
% 2 HIE#HT, invertase ¥ 500 ml %45 7-.

Table 2. Preparation of invertase
Pressed Baker's Yeast 450 gm

'Mmashed with sand, then mixed with 400 m! of water

—added 40 m! of toluene

—stirred at frequent intervals throughout the first 24 hrs.
The autolysis was allowed to continue for 7 days.

—added 50 m! of 2094 Pb(AcO). soln.

—filtered by pulp

| |
Filtrate (Pb” was not detected.) Ppts.

—dialyzed in cellophane bags for 2 days
| against running tap water

Invertase Soln. 500 m!

(10) F. W. Reynorp ; Ind. Eng. Chem., 16, 169, 562 (1924).
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2. Cycasin 38§ #§fE% Table 3 KRL7z L0 Thb. JFkE FHC LT BAEHHTIE
9 112 ¥3 invertase # 500 ml %%, 30°Cicffotz. 0, 3, 4 #FERIR SO —Ha & D,
wRRERT IR RSN 7 U 1T BER L paper chromatography % f7o7c#if, 4 RRIRICIX
sucrose DEALMTFET LTW5H L xR,

Table 3. Improved method on isolation of cycasin

Powder of Kernels 3.2k%kg

—extracted with 15 / of cold water,
repeated three times
—filtered by cloth

[

\

Filtrate Residues
—vac. condensed at 60°C

Condensed Extracts 2 /

—added yeast invertase soln. 500 ml
—set aside in incubator at 30°C for 4 hrs.
—added Pb (AcO): soln,, filtered

— |

Filtrate Ppts.

—vac. condensed at 60°C
__added 3 vols. MeOH, H;S gas was passed, filtered

!
Filtrate 2 / Ppts.

—vac. condensed at 60°C

Syrup A 450 m!

—passed through columns of Amberlite IR-120 and IR-4B
—vac. condensed at 60°C

Syrup B 450 me! (colorless)

__adsorbed on active carbon column (100 gm)
—eluted with HyO

Carbon Column Aqueoué Eluate 1.4 /
E—-eluted with 1095 EtOH
Ethanolic Eluate 2 /

—vac. condensed at 60°C
—added EtOH, set aside in refrigerator

Cycasin 9.7 gm

I T 4 B R RERR SR A TR A Ute e % & Tz CHilia b, 60°C I CukIERME L 7.
C AU 3 (5780 methanol # iz CHALKSES MU, HFEE 2B & TlLina IR, i L CRE
HEFWOW AT % Syrup A & L. Syrup A (X Amberlite IR-120 ®0* 4B =g
WHIR L, BEE e L BIREEE L, &bhi MEEH#Y Syrup B Z L.

MR 100 gm % AV TJsERBc Syrup B @ chromatography #{7-o7cfifRi% Fig. 5 i©
Stk B0 Thd, FEHECIRIKAAR SR sucrose % ZH0D /KT EH L 230 %1,
cycasin & WHICIEH L, DX sucrose & cycasin & 3HES 5 & & 23 R TC W T &0
Jo. Tt o O RO SO i MR chromatography ZKEIFTOT L, Fuksiaici
cycasin & AHEEIRT A C ESTET, MEO D IHE e L e LA LTeA D S ORETR
sucrose 2AFEAEL TRV Tewd, AT Ao REIRK 141 CTRSICIAH SR D, column 28k
#F % cycasin L IRIEEACHHT H T LHTE . KT 10% ethanol 2 I CHHEL, BUTI



PHE FAME e /N AR B8 e VR 1R 157

L FERT LT cycasin ofh5 218 BRETHAG A2 AT, B RE Rk 3.2k 1w L 9.7 gme
(0.39%) Chot.

10%
Eluted Syrup B H.0 EtOH
Volume ml
700 1400 400
Rf
036} @ “ @ { Cycasin
wt O Ofo Q) 1 Fructose
023 0] O] - 1 Glucose
007F o 0] o 1 Unknown

Spray
Reagent R D R D R D R

Fig. 5. Elution of sugars and cycasin from the active
carbon column, shown in paper chromatograms

Developing solvent : —BuOH, AcOH, H,0 Mixture (4:
1:1) Spray reagent :—R, 19 resorcin soln. in EtOH,
2~ HCl mixture (1:9) ; D, 2% diphenylamine, 59
trichloroacetic acid soln. in BuOH, MeOH mixture (1:1).

ORI T EESERE T mp 144°~145° (decomp.). TR D & 3 0 ¢, HEEL
cycasin Th b = L AR L T-.

Subst. mg CO.; mg H.Omg Co Ho
4.490 6.310 2.565 38.35 6.39
Calced. for CsH,;,O7N, 38.07 6.39
Subst. mg N, ml N o,
3.485 0.363 (32.3°C, 758 mm Hg) 11.34
Calcd. 11.11

I Cycasin oifgRE*

cycasin DREE R IET 5720, FOLERERI RO =~ 2 b 1 Z#&F L, macrozamin 1z
PUWTD LYTHGOE HO® sy Hlid Ute. F ok ii#Ho aglycone (X[F—Tkh % Hif s
R WTHETS Z &2 1.

£ R o 3

A, BRICEDMKSM cycasin % In HCL > 100°C hn#E$huE, N, gas, formaldehyde,
K" methanol #/Egkd 5. S RINC O\ THHF LI %A, LYTHGOE 5% macrozamin
DWW TR L7 i & e 33uE Table 4 DU Th 5.

FHAN294E 11 A 2 B AAEZEEATE A A 56 0] HIAI Is\ T L 1o
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Table 4. The comparison between the decomposition products
of cycasin and those of macrozamin

? f
] Decomposition products ! - per Mole o — -
1 Cycasin \ Macrozamin *
_ N. Gas | 0.92 Moles ! 1.02 Moles
Acid Formaldehyd | 0.94 | 0.98
Hydrolysis ormaidenyde ‘ ) ‘ ’
Methanol : 1.07 | 0.51
| N, Gas | 0.35 | 0.45
Alkali Formic Acid | 0.31 l 0.45
Decomposition Cyanide 0.37 ‘ 0.52
Volatile Bases ‘ 0.17 Equivs. | 0.18 Equivs.

* cited from Lythgoe’s report

1. N, gas 20ml 'E=f7 7 2=z cycasin 85.7mg#% & b, 1IN HCl 2L T Fig.6 ofn

¢ burette ik, burette WCIXH 7T #Ib L 72K A TG & &, I e P X TRy 3 EH]
#ic gas OFEENIEALCHERE, TEOFER

6.99 m! (cycasin 1mol. 1w\ T 0.92 mol.)

. A, I ORI DL TR X B gas T
L .
e, No gas ThaHZ EAFEML 2 7.
2. Formaldehyde cycasin % /=47

Z A =B L, INn HCL %, wfifes 3045 %
ML C 2 BRI AR L, @A KoY IN
Na-acetate # LA T 7 7 A2 DRAELHL,
dimedone @ alcohol /&#& % iz, 100°C 1= 104~
RO 7B 3, dEEg A fh A 4372, mp 189

{

w H ILFESVIOFFK DI formaldomedone i

' —H L1z,
Subst. mg CO.mg H.Omg C9% H%
Fig. 6. Apparatus for determination of N, gas 6.457 16.563 4.758 7008 895
G, gas burette; H, hydrolysing flask Caled. for C,; H.y Oy 69.83 8925
e e S B R U A7 ok Bt NaOH

%, TANENBAUM 5 U0 O fitu
phenylhydrazine ¢ X % FAaiic 27273, cycasin 1mol. &2\ T 0.84mol. DAffi A7z
3. Methanol = %54 formaldehyde 3T AT % O € methanol OjEH ._01@&)(95‘1
#Th 5. LYTHGOE HiT7gh\ > micro ZEISSEL EafEIEL T AL AT L & LCHEET A H A
727273, cycasin 1mol.ic>% 0.11mol. > methanol % st A1 Ik E 270 ¢, dimedone
o X b —H formaldehyde % HlEbps LicBasm L, k" 0in< fuchsine-#ififfic L >TH
{61 1%, cycasin 1mol. o2& 1.07 mol. DYfi{AaA}1c
B. 7LAYICEZHE cycasin % 1N NaOH anﬁ%btfiﬁ D oL Y, N. gas, Na-
CN, iR 50" volatile bases Tk %723, Lo EEfiL Table 4 1oL 7zih b “Ci»?)Z)

(11) M. Tanensaum and C. E. Bricker ; Anal. Chem., 23, 354 (1951).
(12) A. 0. A. C. 7th Ed. (1950) p. 131.
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1. N, gas cycasin 545 mg & /N2/57 5 % 2z & b, 1IN NaOH # i L C#f & [{#E1c micro
burette 1l L, MO &i 4 1.86 ml o gas O34 Zt-. =0 gas (LEMSHTOLHE Ny gas
ThDHZ LEFFL 27273, cycasin 1 mol. 2F 0.35mol. ZHX4 1L 7.

2. BB REUOMIICR S EHC POZZI O BB KRG FE RS e U, B A T TRRME L
TARZRI Lo, IR 7 = = 7 VSRR A 25 U < SBIT L, WiWE O (74E & T b 72 G N/50 NaOH
ICTRSE Lok, 2 Efht cycasin 1mol. wo X 031mol. T% 2 = & srot.

3. NaCN [kEic7 A 71 ) 4tk 4 fe M & L7228 L, WO e N/50 AgNO;s 12T
SELTCHT R, o BBy 0.37 mol. Ch, 7.

4. Volatile Bases cycasin 20 mg H . '
&% micro-KIELDAHL O 75 = 212 & i @@ Sample
b, In NaOH # Jnz T #&m L, 0.17 %48 o
volatile bases o Ak 41>t 7 Wik - OO NHLCL
HCI-#E & U THFSEM L b DIz o & Fig7 - ()  MeNH-Hel
DYn& paper chromatogram #197-. i : —

WHa7: X 51 HCL #i1x BPB 12X b Wi Fig. 7. Paper chromatogram of volatile bases
D spot ¥ LThbHbh, #Fo NH,CI ot Developing solvent BuOH, AcOH, H.O0 m1xture
et lamin HCL st &35, ks (6111t ) s st e
% ? spot DKE X ROV L h WFATITIESE (detected as yellow spot on blue background).
BULIICh S 5 LHEE IR,

C. BuEH oA aglycone #io N Jii1-ic
KT 2IRICHD VA #8035 728 cycasin 1
SnCL-HCl # FiS€ L ® . Ticbb st
iZ cycasin 50 mg [ifE K" SnCl,-2H.O %y
350 mg & =N E NI TR L, 58 HCl5ml
%N 2 7855 A B TR U 7Bt U<, s3iiic
7THBHE L7z, Bic cycasin #8 % 70X
TBEEHBRE L., USHKE ERE LFD—5
Bra o < N/10 LRI TR U fofili
TR DTt SnCly o nie ¢, \_0)»4\-1’—1
W TRESLMA LA B 7 b DT & & R 4D
7z, —75 cycasin iz 7K TixED 1mol.
2% 3.01 mol. » SnCl, 2yt X it

LEERISH D —SE 8% & 0 KA Iz CHZET
Ll ER 2 AE5E L, formaldehyde 2 Ei% L \
TEATELREE volatile bases # AL 7-. # 200 ' I ' ‘.'3(;0
DF5H ammonia }0° methylamine (33 Wave length, mu
SR TR B volatile bases 2% cycasin Fig. 8. Ultraviolet absorption spectra

1mol. wo% 185 MF Al Lics ta 00 ——— cycasin, - - macrozamin (duplicated from
z 71z, Lythgoe’s report)

011 019 Rf

40

30

log ¢

(13) MALR 2e—, ArtERERL B2 (1953) p. 92.
(14) A. 0. A. C. 7th Ed. (1950) p. 354.
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X B ie o RG> ¥ formaldehyde o HtiEfafrolckif, TOARER cycasin
1mol. 1=2% 098 mol. Tk Dt

D. BRA~Z FJL cycasin @ 5/1,000 9% JKIFHIZ DT B R T HE R A F U TERAMER
DE AL, Fig. 8 @i LBt ihigafire. Kcixfis log e WL Th L, MK
D728 LYTHGOE ic. & % macrozamin o WICiiEs &7 Lchs, 217 mp HARC SR Te BUHEA
WD, E7e 275 mp BFCIRIMERD S S s & & b macrozamin ORI L BT X <ER
LT 5.

cycasin KU acetyl cycasin O F/FESOPIUL nujol 1T paste & LTt LT, SRR
macrozamin OPIL A~ 27 Ak ke Fig. 9 wiilicml, To8EhHh macrozamin & fi
T —#L, 1,540 cm™! HHEECHRI eI D B & & 3D,

Wave number, cm ™1

625 1000 1500 2000 5000

80} —— Cycasin
60 . Macrozamin*

40{

20}

80r ___ Acetyl Cycasin

...-Acetyl Macrozamin®

Absorption, %

60}
40}
20

6 i 2 10 8
Wave length, #
Fig. 9. Infrared absorption spectra

Samples were examined as paste with nujol, to which the bands
near 6.85 and 7.25 x# are due. The band at ca. 1760 cm—l is
due to the ester carbonyl groups. Marked* are duplicated from
Lythgoe’s report.

E. #Egs TNz ik~7- 4n< cycasin O pEESA glucose T4 % Z 1% paper chromato-
graphy 12 X o TFRINFDTh D, ShEERL, $eFEK & LTI L fiHIRD &
BHThHD.

1. Acetyl Cycasin o 7JILA YR acetyl cycasin ZED Na-enolate (& TR CHgfL
FhuE, cycasin &[T % & &1L paper chromatography i< X b il L7723, conc.Na-enolate
2T RS Xetu 7 s U 4Rt aglycone i ¥ THRE. Tiebb acetyl cycasin #9
100 mg % chloroform 1ml 1275 L, 2N Na-enolate 2ml %l SRIC 1 RERROE 3 HUE, #
{5 syrup o A A5, iEc oV Tk Na-picrate SBRHUC THFfRO LKL 2, Tt
773 phenylhydrazine 1o C formaldehyde ®:p L7 & ZiEMI L 2 7o, (L 7oAl me-
thanol % DACIEMEREIR U 7=1%, SRS MORITE ¥ — 72 THEho i acetyl L& fioH G
Y544 457-. mp115° T, pentacetyl glucose O & IREIL TRELAFE Fhrnd sl .
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2. Hanes %|Ck 3%® cycasin 202mg % & b,1IN HCI 5 mli BN 2 WS FE AR LT
IR U T2, KA B 2 C PR R I 4 65 L formaldehyde #Bi#&, 50ml » Ui-. %o 5ml e
& HaNes BT glucose # B U7-f50E, se®fflz 1454 mg G cycasin 1mol. o
101 mol. w435,

3. Glucosazone I3 FIERD oK 73 e TR IR A T 3 20 n AL L ¢ glucosazone %
Fitz. mp208°. iR & @ L TR FA s & 7oy,

4. EFho Xylose K 40 v VT 40 gm IR L CIRA%, T8I methanol 1o CiE
‘E’*’ﬁéﬁb B JRIE R L C paper chromatography % f5-7-. cycasin | resorcin |z

U spot & U CEDIEAEa 0L 1A%, xylose WCAHY % spot (X382 fehvote.

% %=

LB~ 724 cycasin L L DACER BB R ORIL 2~ 27 | 4 128\ ~C macrozamin & Hi b
TESCHBIL, BRSNS I W TIRERLD < RIAES T Himks IhdbnrEL 5.

C:H. 105 -C.H;0,N, +H,0-C;H,.0,+N, +HCHO+CH;0H

T7ehbb aglycone » C2 il =2t formaldehyde o, fi» 1 ={3 methanol & C & LT
HHbI, Tl N2JT5E 45 R Ny ifbET 250 Ch 5 5. Hic il N, gas 0 A%
macrozamin D42 U< cycasin 28 N=N §iaaH535 o & RSB RT 5D ThH B,
SO Ny gas FEELTAH )N THE DA, = DB ADS R A R RE M FE T
HMTHY, LRk 2 bivishs,
SnCl.-HCl =T cycasin wEILT B SR TR D TH S 5.

CiH,,0;-C, H;O,N, + 3SnCl, +6HCl—-CsH, 0, +3SnCl; + CH:;NH, + NH;+HCHO

Zhb cycasin DALERZEENT macrozamin OB A L k2 —¥ L, LYTHGOE Oifi~xT\ 2%
J i aglyconeid, (a) C-N-Nosystem #HLTW5 &, (b) Bkt O J¥ i3k N 57
AL TIHREHAEL TS 2 20 WM N 5.

Yz LYTHGOE |} macrozamin o {p2% FHIZETINHE 2 5 5 C-N-N » system © 5+ azo %
OF nitrosamine REEIL T DRF X E BRI D P\ & &, diazo KU azo-ether HExkid & st
UTAINESET o 5 2% macrozamin (348 Cd % = &, % 7= nitrous oxide REXS LT R0 5 AT
HE B2 L L) FRE ORI T X HR<, Kl azoxy HEXED B ANAREM A E T
Z) BDELTHRIND LVDOTWE., FLT ethyl-2-azoxybutyrate # o fih 3 #o Js azoxy

BN O CEERINB TR 2 M U 7ok R, = S 233 <C macrozamin & [l PR g A o1 3
L EFERL 1.

ERRIHRPORIC DN T, BIEALAMILMIR G 1495~1505 cm—"1c. #5 R E He A 523 = & %
MBB 7ML, macrozamin O#&1CILFRAE T2 27y %%\ ME 37y » hydrocarbon Eito
TeDIZ 140 em="! I v B3 D THDH 5 LB T 5. S DIEGE LYTHGOE 5U% |3 azoxy-
methane 7g &0 ¥l azoxy FIMHkE ARL T 0O o & AR L -

cycasin DL A ~ 7} AATEESER MO FIMER & 4 macrozamin WD TEL L, Fhi
(T < aglycone ﬁﬁk:~1’\§:N~ 78 % chromophore %79 % & LIX S/ Th 5.

o)
(15) B. W. LanoLry, B. Lyracor and L. S. Rayer ; J. Chem. Soc., 1952, 4191.
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PFodn? cycasin © aglycone (¥ macrozamin DFh & —EHT D LFE2LNLA, BIERSS
Bp B I B s 7o & BskAME glucose 1 4F DA TH DT, HigERIIC I\ T xylose o EEfH
Mg o te D TR I Fichh HARE Y 7 OARHA BRI macrozamin & (ZSIHOILEHTYH
7, glucosyloxyazoxymethane Cs Hi, O;ﬁOCHQHIﬁ:NﬂCH,; X LTAHAET 5 b 0 L Eim
L7\

111 v 5+ Emulsin [C £ 3 Cycasin o "

Ak cycasin & R T oum ) T IUE, aglycone X (4-F LAt AL,
aglycone [iy# & b HFZ X TERG. V7 Y HE D HERIME A L emulsin %
T, glucoside #54% Y15 A OV THRE LIchiE, oG I X 2k Me A<,
aglycone (3 b5 L [FFC N, gas, formaldehyde U methanol oy o AR g
b z 1z,

£ B o

1. v5w Emulsin 0¥ HELFERICH LD OfF o7, MH#EL 7 v = Tl ¥, iz
KA & 5 ik & ote. FoFEmE Table 5 i2Lic k9 Th 523, Crude Enzyme I (X

Table 5. Preparation of cycad-emulsin from the seeds of Cycas revoluta
Kernels 500 gm

—mashed, extracted with 1.25 7 of 195 ZnSO,
soln. at O° for 2 hrs.
—filtered with cloth and filter pulp

) /
Filtrate Residues

—added 0.35 gm tannin in 125m/ of Hs0
—filtered with filter pulp

f

|
Filtrate Ppts.
§——added 3.75 gm tannin in 125 ml of H,0, centrifuged
Ppts. Subnt.
%-—triturated with acetone, centrifuged
| i
Ppts. Supnt.
—repeated twice as above
—dried on porous sheet, then in vac. desiccator

Crude Enzyme I ca. 10gm

Crude Enzyme‘ I30 am

L—dissolved in 1 ! of H,;0, centrifuged

]
Supnt. Insoluble Part

\\——-added 3 gm tannin in 100 m! of H:0, centrifuged
* |
Ppts. Supnt.
‘——~treated with acetone as above

Crude Enzyme II 2.4 gm (B-Glucosidase Value : 0.402)

* iERI304E 3 B 30 H BAREZELFERRETR W THEML .
(16) B. HerrericH, S. WinkLer, R. Goorz, O. Perers und E. GUnTHER ; Z. physiol. Chem., 208,
91 (1932).
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KCTEDESS <, BHES /N TH DT, 2T Shi—HKCHEML, THlrekilefk &
05y = Tk L, FEECAFEL T Crude Enzyme II % f#7z. salicin #4872 LTI
% BE L =008 58, B-glucosidase value 1% 0402 Tt @A H>TLZ Db OD—5Eh
Lok e SO L, H5 PR B T RIS, LB LB A LT L2,

2. HIEEER cycasin AR MERLOBER L /N ZMA7 7 220 e, IKZ 1l L 7 BT
burette Wik L, 45°C o T 24 RIS S @7e. Afd % burette i gas oL THEL I
b gas SHEFTONAE, Ny gas Cha o L HFEML 2. o7 7 A= RO BGRIC OV TL
nEREMRA T, formaldehyde, methanol J U glucose Dk Lo C L ERENT S < &
MCEF. Lo L7 A7 1 IC X BoR&ERY, T7abn cyanide, BERKO° volatile bases (fi
o sEMRE b e b g2t

cycasin DAFHCEE L TFET 5 Ny gas (2BUF33C WARBURG manometer “THliE L7c43,
IR RS HEARL BN 4 28 % e B Table 6 1R L2k 1D DR DTH %

Table 6. Basal conditions for manometric estimation of nitrogen gas formation

Quantity employed Location
M/10 Phosphate buffer, pH 5.6 - 1.0ml) . .
Cycasin soln., 40 #M (1008mg) in--0.5 ml} Main flask
Enzyme soln., 5 mg IMperreerssesarrnncsaens O.5ml eevenens Side arm
2095 KOH soln.,eceerreereeeenemmennennns 0.2l weveeeres Center well
Gas phase, Hy Temp., 40°C
10
3. BEBRUMERLOBEM cycad emu- wul o 75
Isin & X % Ni gas OFsAEFREAIO 30 4HP 120 | 50

N, gas produced

20

wd eIk A A . 2HEH %o gas FA:
TR FIIE ek EE Ok, Ll 40}
4. BEHEOEE [F—IRHD acetate, 0

—o 0

- 120

LE L NBHN, FORITRER DKL & HITTERR
Wi 5. —EEOIFCY L THEEY 25
B4 cycasin 1mol. 24 ® mol. B 5L,
FIV el S B WIZVE O Fie o\ T TR
M EL gas O HOENE, Bzl 10 #M o
cycasin DA 2 R T 3200 THD
phosphate, phosphate-citrate &' citrate-
NaOH o 4 FfEfiic >\T Ny gas FE L

FRER LT BEO—BI% Fig. 10 10RL a
13 Fig. 11 iRz h Thad. Thbbdbb
T, (REEEED B CIR e 1 R B 7 7o b SEANHH
OEIE & 3T Lick &5, BIH Tlees

fo. WERLY 2L L, WEOBYEIIES
80
o [e}
60 ) O//o -
/4 i
FLHELL DB TS B HE T, gas FEE //
BCit 40uM X LD ThS.
ot NE LS TR L, ¥/ phos-

Time, min.
Fig. 10. Formation of nitrogen gas from
cycasin with varying amounts of enzyme

Figures on the right indicate mg of cycad-emulsin
used. Other conditions are shown in Table 6.

(17) B. Hevrericn und H. Appen; Z. physiol. Chem., 205, 231 (1932).
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mole

.t b

o ]

£ /° ¢

5 a0} S -

Yt o

@ d/

o

)

Gy

©  gest r

5]

‘&; o

/s

0,; 1 1 1 ] o 1 1 ] ]

2.5 5.0 75 0 0 10 20 30 40
Emulsin, mg Cycasin, «M

Fig. 11. Relationship between nitrogen gas formation
and amounts of enzyme or substrate

Measured after 2 hrs. The rate of formation is expressed in
moles per mole of cycasin.

mole
03
~0~O~_
OI,DG ‘9\\
‘o
mole
0.l5|~
0z o \
S
=] =
9 [
3~ o Yt
8 //O --:5_--0\0 g oo L
I D T "0
o o~ 3 \O\\\\\ " .,8
= L1 - R —" S
ﬂdﬁ 0 0/’0 o\o ~o ‘3
\ ~
o—'—_—‘—o\o 0
o—
1 0.05 L L 1 J
. .5 10
0 o— 0 25 5.0 7.
—
0 Concn. of salts, X10-3 M
3.0 4.0 5.0 6.0 7.0
pH
Fig. 12. Influence of pH on nitrogen gas Fig. 13. Influence of heavy metal salts
and formaldehyde formation on nitrogen gas formation

Nitrogen gas : at 40° after 30 min.(full line 1), . .
60 min. (2), 90 min. (3), and 120 min. (4). 15 CuS0y, 2; HeCly, 3 ; AgNOs. Measurements

Formaldehyde : after 120 min, at 40° (broken line were made after 2 hrs. Main flask contained
5), and at 50° (6). Buffer : phosphate-citrate. 0.5ml of the salt soln. and 0.5ml of M/5 buffer.

Other conditions are shown in Table 6. Other conditions are shown in Table 6.

phate buffer 12D\ THD W44 2 -3 iMicd N, gas DIEANNXIR A E GBI D=,
—7 PH & O R4 #3932 7-9, phosphate-citrate buffer e FIC TS L, 2 Fefif2 o

gas ¥4 A pH o C bl L - (Fig. 12). # /- formaldehyde o 2 k5% i T D70,

2 IFH ISR HIC 20 % =YEAURERETAE 0.5 ml % manometer A HNL, IS4 AE GZEE
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U, BUR EER— 28>\ C phenylhydrazine WX B HAEREW 200k, SRR

SHIT pH § F3E 2 #:4IC L 5% 725, manometer & M —fa D RIS A /N=f7 5 =2 b
D, S0°CT 2R GE L vtk formaldehyde # 5z L 7okl PH 5.6 [55 CoOMENEA & 1 B
=& O,

9. Emulsin (ARMoHE - 08 AHUEAERD 05 ml & TESRCRML, buffer 13 M/5
phosphate 0.5m! & L C%B4F7\, N, gas FEE L OBIRE MG Ui, WRAREN, HEALEE kSN,
AHRRERIC D\ Tl TR E MO IFINEEED K 512 gas Z4 11/ & Y, Fl—igEEe T,
GO WENRELELL, S HA ) B L hv o7, (Fig. 13)

ek emulsin FIHAM L L THEIRATWL3 phenylhydrazine, sodium hydrogen sulfite,
formaldehyde 1D\ T H 5L 7223, (R CIL X3 EFRE I A SR X FehvD7-. HELFERICH
LD 41<, formaldehyde #FsE&iciminL, 0°C ¢ 24 e EH B8, = ofyskm
Z V28 51k, formaldehyde o s gy & 4 KL OFENRLCHECL bR D - L%
T,

6. RitBEL DB manometer i X % N, gas Ol ST = & PTCERDT,
FOSHLIE & O BRI 2 h & [F AL 0 Rt > &, 2 Bsf#% 0 formaldehyde LkfE b oTH
L7z Fig MR 3 & 5 i iREEO BV AE R R S 2 L <, 65°C BEE CIr s i+ 7o do b 0.62 mol.
CESH, TR LOERETIIEL 2k nole
P/INT DTz, 1.0 I

mole /0

O
0.6 0.8
/0 0/

g
g =
= g 0.6 |- o
O L O - S - -0
£ o4l 5 om0
8 - o""
= S /’
g - ‘
3] / 5] :
o 2]
Yt .
Q
o 02}
I
e /
o o)
OL 1 1 1 ] 1 1 1 1
30 40 50 60 70 ¢ 4 6 8 10
Time, hrs,

Temp.
Fig. 15. Complete degradation of cycasin
into nitrogen gas and formaldehyde
Nitrogen gas, full line; Formaldehyde, broken line.

Temp., 50°. Enzyme amount employed, 10 mg.
Other conditions are shown in Table 6. Other conditions are shown in Table 6.

Fig. 14. Formaldehyde formation after
2 hrs. at various temperatures

(18) B. Herrerion und S. WinkLEr ; Z. bhysiol. Chem., 221, 98 (1933).
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7. BANKAE SASENCEHEOEBRY L5, BHEEE 10mg i L, 50°C TE
&R manometer 1C X BllER DS fH4L Fig. 15 0260 T, R D 50 & Sl B iR BE
ERECERD U, %10 ER# cycasin 1mol. 249 N, gas 1mol. \CEE LT ARG TR D
R >% formaldehyde % & @ L7728, 90 4ER N2 gas LITIE-EL, TORIIK
NS LR T 1/2 Bin & & ¥ o,

N, gas Lo R EN % i3 512, cycasin ¥ (5 ml Huc 400 uM), sk (5ml
iz 250 mg) %0° M/10 phosphate buffer (10 ml) &/N=/E7 7 A=12eD, 50°C 1. T 20 F:H I
i LbTets, 509 =HAVERRR 2ml Hinz TELaHEEL, LB OWTERERERESITEIT
St FrebbEO 2ml A EREKES R L, WK-—Eiico& formaldehyde ZiEkiL
#:18  cycasin 1mol. 2% 074 mol. OfExAIC.

methanol #8357 R 10 ml % hFn, 10 % dimedone iz 1.5ml fnx, 10 enis]
SdcE L, B%IEL T formaldehyde # x3: L 7otk WA AR L 72, W —E R
WY 8 b fuchsin-sulfite #:CHE L 7-#%H, methanol o4 giEL cycasin 1mol. 29
1.28 mol. v AHE LIz,

ol FEBIK RO BEE Y 4 A v BsE Amberlite IR-120 ¥ IR-4B A TR E, RIER
&\ < paper chromatography ###27c#%, cycasin @ spot [ZfRH SR e AR LTIC D D
Ll b, glucose @ spot DAEFERL 2 fc. O T e HANES B kb B Lok,
cycasin 1mol. io\~T 0.85mol. © glucose IKAHZ L7z,

=z 3

AR B 35\~ C Ny gas O 1% WARBURG manometer % TR L2, fEkRA
Ao EIEDNTND, EHSRET O FHEROMRAEOME AR A md T, HEMEIE LT
v R OYEH A D E ¥ AV AT, SCETA N fe\ o control Ik T IO gas
Tet i, 1), AT C o Dt fo b, VA A AET B M — HARIBRET H 2 & DALETC 0T,
BESERPEL A X DI 5 &k 3R AR TeH, cycasin O R a3 5 4 Eo B HETS
h, v =vIicX bWy 2 BT EHECH# 4Tk 7. manometer O gas feir Hy TR
Li-7%, =0 gas REEBLO RIS~ 77 Y iEhe L2>7C, COz i d LEEA AR L 5 HRRENT
It Lad, N, gas AR EMCHlETSH I LA TE.

By — AP X &1 Y7 Y F 10O emulsin 2T EESE N BRI IFI A AT,
salicin & RE ¥ T 58 4w i3fkiE pH 5.6, @R 55~60°C /r L OfRENTVS. cycasin
n#4 N, gas, formaldehyde o251 pH 5.6 T CE L <, HHIC W ThH VI RS T i R
pite. 65°C L0 ERBNC I\ T A L IRV O BIC X B HFROTIEMALN D 27 b O
THHH.

B X 5 B BHRO ks e Bt § B 856, ek L 7oL aglycone, 5% RS B OB
M BTN E Th B2, cycasin EKROD RIS TG R (7 T A R IR L 2 78
v, —F glucose HERETHC &b o oHAMD THEETHS. &5 01 formaldehyde 73]
B A R B fe o, glucose OBILAIEFIMT 5 HUER R LD F FHWHT L EMNTET, L
s cycasin (37 4% Y HECIRIERD TASE T b, MhEfoMic X a1 T glucose &%
WL, WA Y S 0D ThHS.

(19) THE K06 ; £k, 11, 1089 (1935).
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CRHD Mo T e BHET TR &E Ad B 20, PLERNT- B LM S cycad-emulsin 73
cycasin AR L 7ok, glucose & #1z N, gas, formaldehyde 7¢* methanol AR U o
EXIRLTHBEDTE S, Lo b S SR i cycasin 1mol. izo\T FhFh #
1md-%ﬁﬁ5hf%b,%Kié%ﬁ%@@ﬁﬁ&ﬁﬂfwﬁbfb%.T&b%cwmhd)
aglycone ¥, emulsin iz ;> glucose 75 Gl X 28 A0 bR D A5G, iy LA
EL 2T, k0w =k BIG TACE ISR 2 4 DT H 2 & i S5,

C(;HIIO,‘;‘OCH;:'].DI :N-CH:+H.0
cycasin 0] =CsH,.0s + HCHO+N, +CH;0H
glucose

= ¥

I-1. B#&#v 7Y Cyeas revoluta Truns, DET XD, EFNSZCTHEL Rk
FIPMCBBE L 72, = o CsHisO;N, 7o 2 IEOFTRAE O R BRTH B - ZEEL T,
cycasin &4 Lz, cycasin o B V3 2 D R b 551 2 36475508, PRICHERE A, 4 o 5s
B HE O TG M chromatography iz ;> HIETF B FEa BT,

I-2. cycasin o §iggcpy L, cycasin & O4#EE#E7 sucrose LR fe®, T ESRE in-
vertase ZfEfH L, JEMEL chromatography WHHNC 2B B s, T D WE R B
HLTfme Lo sz e pic .

IL. cycasin ofh i S 2 e b @ miE Y = v o macrozamin (2T D #i4 & Holichast L
AR, B, T ) EETANC X % cycasin ® aglycone DI EEMR Y, cycasin @
RSB RO I %~ 27 | i 3513 2 PR K A%, macrozamin o %4 e & —F$ 5 LA
LM L7z, L2aic cycasin o Bisks & UCEEHIL 5 20002 glucose 1 4y 207, xylose
EAFAEL T\, T 7kt cycasin o B 1 glucosyloxyazoxymethane ThiThiE e b e
Fiiig S 5.

OL Yy 7Y@ 2585 L7 emulsin IC X% cycasin D454, B SR DS D 284 Fi %« By 4
DEFEWTONTIRET Ute. B ey 1 L cycasin 1mol. w>%, N, gas, formaldehyde,
methanol 0¥ glucose 2% Ehi 1 mol. TOUD R, BT X B koMo fam o —F L7,
N: gas o {5 1213 WARBURS manometer % H\ /. cycasin ® aglycone (X3 k>
glucose 75 GJEt X 285 e 4 Rz T, LEEA LA SR 2 A o - FimIh 5.

e SIUORIRILA< 7+ L DGR, R AL F I 10RO
HEO IR L D1 L AL CHR A R 5.
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Résumée

I-1. From the seeds of Cycas revoluta, the authors isolated a toxic glycoside,
of which one of them predicted the existence previously. The authors named it
cycasin, after proving it to be a new colorless needle-formed crystalline compound
of constitution of Cs HisO; Na. In isolation procedures, the co-existing impurities,
especially sugars which prevent cycasin from crystallizing, were removed by ion-
exchange resins and active carbon chromatography.

I-2. Yeast invertase was added to the extracts of the cycad kernels so as to
remove sucrose which was most difficult to be separated from cycasin. Thus, the
carbon chromatography being improved to be conducted more easily and effectively,
the yield of cycasin was twofold compared with the original method.

IL. For the determination of the structure of cycasin the following facts were
confirmed. The decomposition products of the aglycone of cycasin with acid, alkali
or reducing agent, and the absorption maxima in the ultraviolet and infrared
absorption spectra of cycasin were the same as those reported on macrozamin of
Australian cycads. However, the sugar component of cycasin was identified to be
one molecule of glucose, and xylose could not be proved. Consequently, the struc-
ture of cycasin is concluded to be glucosyloxyazoxymethane.

III. An enzymatic hydrolysis of cycasin with the cycad-emulsin, prepared from
the cycad kernels, was examined under the various conditions of enzymatic reac-
tion. Being as in the case of acid hydrolysis, nitrogen gas, formaldehyde, methanol,
and glucose about one mole respectively per mole of cycasin were obtained as the
complete degradation products. Nitrogen gas was measured by the use of War-
burg’s manometer. It is concluded that the aglycone of cycasin is labile and de-
composes into these low molecular compounds, even when it is liberated from
glucose with an enzyme.



