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QIR IRIFIEA L AV DA CAE A K AN, HDNNTZ DO TIN5 5 M R E LD, T4, fihA
2 [Zn(lD)] DA AV ARMEM ZFF O ZEDVURS I, BRI IR R I A B S L7 s TEM 2 A+ 2 Ensiikni %
BBHBRINTWD, EEIL. UV NMEEWEL T, TIEMEL, N B S I8 A Z BT 5 dithiosemicarbazone
(DTS) #FEMARIZAE B L, GUBERIE (2~ 3-8 Bl SR 8514 . Zn-3,4-heptanedione-bis(N4-methylthiosemicarbazonato)
(Zn-HTSM) G kL . £ OWEbFHIME Ot &L 2BBE IR IR KK-AY ~ 0 AT D50 R IF T E R Ot &21T -7,

Zn-HTSM, Zn-ATSM $E{RIZAT VT A BIDV SR ERT D 7 o i B IR A BRI T CIEt L, o7z
DTS #HiERZAS ) — L OB N SERS T HZE THRL 2, Zn-HTSM & TF Zn-ATSM $5(KD 73 B4R £ (PC i)
ZRELTZEZA, Zn-HTSM (T Zn-ATSM L0 =\ BIEMEZ RE S ZE ML) o7, Zhud, R DT VX VA IE R
U7oAB SR BRIAPEDS BN 7= 858 265, — 5, Zn-HTSM & Zn-ATSM O High Bt E 23 (RFFRE Ch -7, il
T KK-AY T RIZFVVT, Zn-HTSMIZE RN G- 8t 0 &5 O3 b IR MEH 2V RS, Zn-HTSM O
HGERR 1 G-l TIPBERE R A STz, ZNHDO/EMIE, HTSM 23 ATSM KD @ B A AL Tz Zenb,
Zn-HTSM [ THifaiEs Fil 352 & C, IRIRRRN DAL RV 2 7 UREERIZIERI L, 7 /v — 2D RN A A
ZEINEWT-ZEDRB STz, PL EORERND, Zn-DTS S5 2B R IR O H Zh7e et B L & 72055 ATREMEDVURE
niz,
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WzGERM L 2L T, SR D3R B RPN TN
AL MRRICRBAT T D2 R R LT, £ TARIAEY,
fili 2 DEEREMAR S TAL B E DSEERALIT (TS D
W s34 1) B @Jﬁ@n’ﬁﬁf%@@ IR 2 2N
%%ﬁ@‘%ﬁf:&%’é%‘iﬁﬁzﬁﬁ%\é IORNDHEZZT, &
ZOARBFFE TR ISRy OfERICE B L, K0 1k
ﬁ%&@%ﬁiﬂﬁé%%ﬁ' UL BEIRIR OREREME R L
TORFEZBEL THEE T 72,

ﬁﬁ/\(Zn) IE. BRADIRANIC 2-3 g fFTEL ., AW ik
RRIEMEICEA G T 28 %, e IXBbiE ol R
Superoxide dismutase (SOD) 72 &< D& /X7 E DAL
5y E L T ER Af R 7R MBS BT 3R ThD, F-dish
&, ARV DERIEEZ TR T DI B2 T2 T
720 A BTTERSS/ WAZ BN T BRI A SR 72 L T
WD, 20728 | EEHIRIZ 31T 2 EER DR 13 AR
VHEFERTWRE ) DR T Z2 S L | FRIZ2BFE SRR
DFEIEL 6§<Ef%%5z6&%16mn\éo ER, 27
PRI DET VB0 BE ~DOHENA A 5 THE)
IR AR T E N DD LD HERH 2 R
DIFIFRICFIHTEL BB THLHI LN D> TN D, Lo
L7230, #EEM A FHIRI T REDMEL | R EEDDIRINE
MO EIZTME TH DI, HighAF KD MbE
BT ERITE &, RSO G UM RAFH L7

o FRIZ, BERIF B TS EO DI WEEEAEIT D
ERIEMAED 7 L — AR IATME T RoA A FI FH6E
DAR TIZEOBERISIER DAL T D, SHIT, HER I B
BIEIRD—D>THDHL L R HNRIK THEE A PR L <2
<, A2

HEER OB IR CIEEA, WRM:, FHICFE B E DSEIR
NBINDZLRHDIVTNDT28D | HESROIE T2 A &
EEDBNETHDHEE ZHID,

ZZCHAEE X, WER OSSR HURE IR 1 Ak
(\ZEDAEW)F R FHRE D HE N & M Sh O B I
TIEIRW N EB 2T, ZDT Ry 1 B ClEM AR
729, WEDORREEE RioT- & RS R AR D2 1T
L7-, Dithiosemicarbazone (DTS) $£{A 134 J& SE AR FE bt
ELTIERD LIRS N TS, 22T, A= TIE
Zn-DTS $ERDOHURERIFVEH O ATREVEZHIRFL | BRI
DOREMERE M EL TORZA LU TARIFFEIZEWH

AT DTS KT, EHOT7T VR VEERIERMEC, 3B

RAZKED T WL E SN TS, — 77,
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Fig. 1. Structures of (a) Zn-ATSM and (b) Zn-HTSM
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ST LRSS T D EMEE D NG L RN DRE & L E
PEIZBIR T DT LN IBILTND, 22T, Zn-ATSM Tl
AFNVIETHD R 2= F LV ILICEW L T2 Zn34
-heptanedione-bis  (N4-methylthiosemicarbazonato) [Zn
-HTSM, Fig. 1(b)|Z AT DI LI ZVAREED M) EZ7
Frlze ZORFFETIX, AELTZ Zn-DTS $ERDYE L
HIPEE ORE L MFERE FERAIZC O L LT HibE R E
HORHmEATo72, !

2. B
2. 1 DTS &KL Zn-DTS $EKAD AR

AT NTFARINNV ST REFR T D7 b B8R
FERREE MRV IR R CI IR L7t . 7B h=RNIVIZ L0 RS
falL. DTS FHEMARTHLABOHARD HTSM £/l
ATSM %4577, iV T, 15517z DTS 58K E A% ) — )L
WP CEEERHL SN LB i th , AX ) — NV EY T N —TF LT
Vet it vt L, SRR Zn-HTSM, Zn-ATSM %757-,
WAL EICA KT HZ LD TET (Scheme
1), Rt BUEZEL LA W% NMR, TR 00T,
MS ZHWTHLEW D RIEEZIT T, ZDOREE . Zn
-HTSM, Zn-ATSM & 650850 H O EE GRS 5
ZENTEIZEDIRENT,
2.2 DTS FEARDIEAMLESRNEDEELTEN

Zn-HTSM, Zn-ATSM K OV LZ WD EL 1 Th D
DTS #5ERD Tris-HCl REE A K 11 (pH=7.4) TOERI ]
BRI AT MVERE LT FES, DTS #FHEA1E 400 nm
LRI E A E WA RS2 -T2, — 05 SR ORI
&0, 350 - 500 nm (ZF W TEEARIZIR B S AL A Y
MYBBIN Tz, Z DI Zn-HTSM ORRKILULHE e May)
13420 nm. Zn-ATSM 13 405 nm THY ., Apax (BT DZF 1L
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Scheme 1. Synthetic routes of (a) DTS derivatives and (b) Zn-DTS complexes

Table 1. Photophysical properties of Zn-ATSM and Zn-HTSM

Elemental Analysis Found (Caled.)

A mx(nm) and € (Mem™)

HR-MS (ED)
Compounds Log PC -Log K:
C (%) H (%) N (%) Found (Caled.) Tris buffer n-octancl
Zn-HTSM 3825(34.14) 468(5.16) 23.93(23.89) 350,0323 (350.0326) 420(1.00% 10%)  440(1.00% 10 nd 5.81
Zn-ATSM  2987(2068) 4.20(4.36) 25.95(25.96)  322.0010(322,0013) 405 (1.02x10%  430(1,07x 109 1.18 584

nd, = not detected,

ZROENEIEAREK (e) 1, Zn-HTSM 1% 1.00x10*
em M, Zn-ATSM 1% 1.02x10% ecm™ M Th-7=, Hit\ VT,
n-octanol FIZHITH e ZRFEICHIELZEZ A, Zn
-HTSM 1% 1.00x10% cm™ M (A, =440 nm) , Zn-ATSM
1.07x10%* cm™ M (Apay= 430 nm) TH-72,

¥t T ., Zn-HTSM M TV Zn-ATSM @ n-octanol/
Tris-HCl FEMHEANR C O oy BifRdk (PC ) 2 ~7=L 25,
Zn-ATSM @ Log PC fEAS 1.18 THo7=DIZxIL, Zn
-HTSM (2 E:7? n-octanol JE 21T L7-7-% . Log PC fi
ERHTHIENTERD T2, 72 HTSM OHighE Ofif
HEEE (Ky) 13, ATSM @ Ky fESIFIEZE DL, ATSM &
[FFREE DHELEh & DRE G L EM LR O ZENHALNER -
72, (Table 1)
2. 3 Zn-HTSM D E[ERERENTE 512K 5 M HERE T R

FREERBEIAR D MFERE N ERZFHE T 2720, KK-AY v
AR EN T 51T o7, IEVENTR 5% O mbHED
b % Fig. 2 IR LTz, FGRNEATHEO~ T A [AIFEEE
DEMAEZ R TODDIZKF L, Zn-HTSM Z & G- L7c~

0 6 12 18 24
Time (h)

Fig. 2. Changes of the blood glucose levels in untreated
KK-A’ mice (#) and KK-AY mice treated with Zn-HTSM
of 1 mg Zn kg™ (0), or 3 mg kg (e) body weight by i.p.
injections. Data were expressed as mean values = SD for 5

mice. Significances: *P<0.01 versus untreated KK-A” mice.

TAIZEWTES 9 RO MBS B H.o~r AL
el L72E 25, 100 mg dL PL KL Ze o7, ZofEREED
Zn-HTSM O iR F{EA 2RS0T (p<0.01, t IRAE) .
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2. 4 Zn-HTSM KU Zn-ATSM OEHHEOHREIZLS
[ #&R% T 4E A

Zn-HTSM 3 —[Bl D JEVEN & 5-CibER: TERZ A
TAHIEERLTE, FZC KK-AY VA IZ1 H1[E 14 H
M. N EICLT 10 mg kg DEIAT Zn-HTSM K ¥
Zn-ATSM Zif% M35 U, bR TEH Of A i)
7= (Fig. 3),

Zn-HTSM %45 5-L7= KK-AY <7 A0 [ L% 53
A/BAR T L, LA 7 A BT b (]9 550 mg dL™) 226
IZIFIEFE (150 mg dL' BAF)IZIK FL, M G~ 2l
| KOO MBEEE 14 B RIHERFT 228N T&, £
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Fig. 3. Changes of the blood glucose levels in untreated
KK-A’ mice (#) and KK-AY mice treated with Zn-HTSM
(@), Zn-ATSM (m), and ZnSO, (A) at the dose of 10 mg Zn
kg of the body weight for 14 days. Data are expressed as
mean values £ SD for 3-5 mice. Significances: *P<0.05

versus untreated KK-AY mice.
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Fig. 4. Changes of the blood glucose level treated with
HTSM. Changes of the blood glucose levels in untreated
KK-A’ mice (#) and KK-AY mice treated with Zn-HTSM
(®) and HTSM (©) at the dose of 10 mg Zn kg of the body
weight for 14 days.

7. Zn-HTSM D fFEEIL Zn-ATSM &% 5-L 7=~ A0
HIZ 100 mg dL' PL EORWEZE RL TV 27z |
Zn-HTSM (X Zn-ATSM & Eb~ | BROMLEERE FERZ AT
DTEDRSNT,

—J5 . igp A A arbr— LT 10 mg kg! @
ZnSO, DHE G LIZLZ A e G~ AL[FERIZ, 1L
B O FIRBEIN R o7, TNHDORERNG,
Zn-HTSM E[REO RSN A A OG-l f bk ~/EM
BRIIRUINZ Dot

F72ZnSO, LR ED HTSM &8 5- L7z 2 A | b fEx
TP e AL UZ FRROME R 2R L, B EOR T
RHNRD -7 (Fig. 4), LT2R->T VA RIEEH DI
TIRIIBER: FEA 2 RSN ERALNE ST,

2.5 BOKEEHFKE (OGTT)IZLSMkErELRERR
(OETi]

Zn-HTSM #5120 KK-AY =7 ZADMMBERE DL E 4
T HBYT, Zn-HTSM O 14 H O Q&% 5412
BIFDOGTT &17-7-L2 A, Fig. 5 1R T LI, EkE
<AL ZnSO, DIMPHEIX, 73— 5 45 7514 &
RIEEEAK) 400 mg dL”' £T EH LA, —F5. Zn-HTSM
B HRHT, B G~ AL L T v a— 2 %O
AR E5-A3H X4 (p<0.05) . Zn-HTSM (i HERE

0 30 60 90 120 150 180
Time (min)
Fig. 5. Changes of the blood glucose level during oral
glucose tolerance test (OGTT) of untreated KK-A” mice
() and KK-AY mice treated with Zn-HTSM (e), Zn-ATSM
(m), and ZnSO, (A) at the dose of 10 mg Zn/kg of the body
weight for 14 days of daily oral administration. Data are
expressed as mean values + SD for 3-5 mice. Significances:

#*#P<(0.01, *P<0.05 versus untreated KK-AY mice.
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SCEERZA T 52 EMVRIBS T, Zn-ATSM b [RED
fERAEIRLT,

5T, Zn-HTSM & Zn-ATSM OfiitfEfEE b L7-E 2
A, In-ATSM %P5 U=~ A0 MO e KA B L
%300 mg AL TH-7=DIZxL ., Zn-HTSM # 5RO 1
B D B RAEIEA 200 mg L™ &720) | fBEE o _EF23K
ZHISNDZEN 3D o7, PRET, Fig. 6 OIfl 1L
AR T AL (AUC) 25 H L 7- 45 . Zn-HTSM # 5-8F,
Zn-ATSM  $ 5 BEO LI TR GRE L i L CEh e
AL 33.9%. 49.3%EH Bl 255D Bz (p<0.05, Fig.
7)o LA EDOFERDS Zn-HTSM 1T Zn-ATSM L3
KK-AY ¥ 2D MHHERES RN R AT HZEHIBN L7

-7,
| 'Y l
: [

Untreated Zn-HTSM  Zn-ATSM ZnS0,

~ 00
L y

AUC (mg dL""-min)
O = N W B 0 O

Fig. 6. The area under the curve (AUC) of the change in
plasma glucose concentrations during the OGTT which
were performed after the administration of Zn-HTSM,
Zn-ATSM or ZnSO, for 14 days. Data are expressed as
mean values £ SD for 3-5 mice. Significances: *P<0.05

versus untreated KK-AY mice.
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2.6 Zn-HTSM E U Zn-ATSM {539 R IMER DT
TARY A MDA T

Zn-HTSM & O Zn-ATSM % 14 B [ 5Lz
KK-AY =7 2D DgHERILL , M54/ BEL 7214, Th
ENDOLTF o ARV T T AR T DI
JEE% ELISA IETRIELE (Fig. 7). AV AVRT T+
WA F D MIFIREL, R G~ T AR ZnS04 &5
BECLEHG L AZEAEBALD Do T= DKL, fiEL 7
F UL, Zn-HTSM $ 5~ ARETIE 26.3 ng mL™,
Zn-ATSM $5-BED~7 2 Cld 32.0 ng mL!' Z7RL, #EH
B~ AD 654 ng mL' &b FREISHA L WD
DIRENTZ (p<0.05, t FRTE) o
2.7 STZRHRIZHITHMEERE TIERAD®EE

KK-AY <7 A28\ T Zn-HTSM Dk 1 8 5Tl
BERE FEHZ A T5Z % /RLTZ, 22T, STZ ¥V AIZ 1
H1[E 6 HM., HEHHEICLT 10 mg kg' DEIAET Zn
-HTSM & (N Zn-ATSM %% M 5L, R FEFOA
AT/ 7= (Fig. 8)

700

5 4 3 2 14 0 1 2 3 4 5 6
Time (day)

Fig. 8. Changes of the blood glucose levels in STZ mice

treated with Zn-HTSM (e) and Zn-ATSM (m) at the dose of
10 mg Zn/kg of the body weight for 6 days.
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Adiponectin (ug mL-")

IR

Untreated Zn-HTSM  Zn-ATSM ZnsS0,

Untreated Zn-HTSM Zn-ATSM  ZnSO,

o = N W B OO
P

Zn-HTSM Zn-ATSM ZnS0O,

Fig. 7. The concentration of insulin (a), leptin (b), and adiponectin (¢) in the serum of untreated, or Zn-HTSM, Zn-ATSM,

and ZnSO, treated KK-AY mice for 14 days of daily oral administration. Data are expressed as mean values = SD for 3-5

mice. Significances: **P<0.01, *P<0.05 versus untreated KK-AY mice.
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W IO SR Z 5 5- U= 35560 5 5191 R o L i e
B G-RTO R MAEDIRIENDIZEAE B DI T, Z
DOFERMNE, STZ ~TAIZEITH Zn-HTSM & Zn-ATSM
D ARG TIXIMBERE TERZ RSN EDHBL
7=

3.% &

Aola]| BEIRIF OMSREME R T E L COR%Z BHEL T,
Zn-ATSM, Zn-HTSM ZHi7- 128 kL, ZDOHUHERFEIE
FZFEL 7=, Zn-HTSM, Zn-ATSM $E{KIIAT VT4 &
SHNSURERFED 7 N B A WERR IR PR R T
L., FFHI7- DTS B8 KA A% ) — )L W ClERE Hidh L3
MSTDZETEGHIZERT DL LT, BT D
WEET, A0 DTS FHERAZRBSE A /— /LI
FEEE Mg A N2 T L AR AICEL L2 D, UH VR
{EAY DTS FFE8 RS M A A Ll 7edb B ka9 52
LTz,

ZHVETICHRERIFER 2 A T 2 s RO FE T,
ZFOVEDOIRENEIZIH U ROIGANER TSN & DA
ZEPMELR G DI ERALMICE I, SLOMFFET, M
WERE TER OREIT)H U R OISV IKAET D L3 H
HEN TS, Zn-HTSM K TN Zn-ATSM $5(KD 43 B ta %k
(PC ) #W|EL/-EZ A, Zn-HTSM 1L H BV @D
Zn-ATSM KU & WIRIEHEZFF D ZERALN 757
(Table 1), ZALiE, R =D T L L EHAER U7k 5
JEVEMERHI ML 7B 2 Bd, —JF, Zn-HTSM &
Zn-ATSM O HELREEESIE IRFRIFRE Chotz, 20
FERD . EAREME DTS FHE RO E BTN E
TOREL—FHLTND,

VT, Zn-HTSM K& O Zn-ATSM $&(K 0 ke 1
% 2BBERIFET L~ ATHDKK-AY v A% VT
RETLT2, Zn-HTSM (T E[EIEERN G- ikt 0% 5
EBLHICBWTH MR TIEH R BlEES Iz, LiaLaen
5, HEERENE G2 T & GBI ESHEICLT
1 mg kg DAY 3 mg kg EREED PSR FIEF RS
e, ZhUE, AR & TH MERE TEH A F T 2 AT HE

MPERFZZ BN, £, HEH& D &GI8 W T,
Zn-HTSM X° Zn-ATSM O 5-CIpERE TIEH RS
72— T, [RIBEOHEENA A DI TIL b T1E Mz
SpDrolz, ZHVETIC, MR IEEE AU LD IH LB IR
SNSRI LRDEVIHEND, Zn-HTSM <° Zn-ATSM
ARG FIBRICTH LB WU 23 ) L7 rIBEME D RS, &
72, HEAIZLC 10 mg kg &[] 8 (152.9 umol) ® HTSM U
TR E a5 LT 2 A, MEE O T 23 bh/s
oI &G, gL 7=V AT R fpERe T 1EH 2
IRST SR DARBEL 72 HignE LTRSS AT DB O
DMLBERE FERZR T HZEDRBEILT,

F72. Zn-HTSM K& T Zn-ATSM $8ARDEF>#Hi b2
HIMEEL & A o AV AREF EDBHRICONTE 2 1225,
PEIRDABEEMEDA L AV AREFEBUZ R EEEL TV
BHAHEMEAS E Y, Zn-HTSM & Zn-ATSM &K%, #ighod
fEBEER P ZIZFFEE THHIH ) DD T, Zn-HTSM
DV ROREEEMEIT Zn-ATSM LV @, 2D &1,
Zn-HTSM D& EEEMEDS, Zn-ATSM 0% il i f5275 1t8
PRI RN B X AR5y I Ao BIE LIRS R
AV AV ARER AR RLIZL D EE 2 BT,

— T, KK-AY =T AIZBITHRFHIHF LT, 15ERE
JRIGET IV STZ ~U A% H Wiz Zn-HTSM J Y
Zn-ATSM SERD MbERE TEHOBEHIRB W T, &5
DOEERLFE N 5 CIXMBEEIL T3S/ o7Z b,
STZ ~U AT U TR ILBER: TR ZA SN EDRS
iz, 2Ol 1RBE PRI 2SN B ARl LA
VARV BRE LTRIBICH DT ED D A AT DR
REETIX Zn-HTSM 3R RAFHEH T 2L TEAR VAT
REPEAVRIBE LT,

X Bk
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Development of new zinc dithiosemicarbazone complex
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Summary

In this report, we developed Zn-dithiosemicarbazone (Zn-DTS), a new Zn-DTS complex, as an oral
functional food for type 2 DM, and evaluated its antidiabetic effects. The absorption band of Zn-DTS complex
were red-shifted in visible wavelength region while DTS derivatives showed colorless. The behavior might be
attributed from the formation of conjugated imine structure resulting when the coordination of Zn at the N and S
binding sites in DTS derivatives. In several studies, the physicochemical properties of Zn complexes has been
shown that lipophilicity and binding stability are important determinants for the antidiabetic activity. These
reports suggest that the bioavailability and the hypoglycemic effect of Zn complexes depend on the lipophilicity of
the ligand because Zn exhibits low cellular permeability owing to the hydrophilic property. Zn-DTS complexes
obviously more lowered blood glucose level than ZnSO,. In addition, PC measurements of Zn-HTSM and
Zn-ATSM revealed that Zn-HTSM had higher lipophilicity than Zn-ATSM. This implies that Zn-HTSM has gain
of cellular permeability and is more likely to reach the target site than Zn-ASTM. In contrast, the K4 values of
Zn-HTSM and Zn-ATSM were almost the same. This result indicates that the liberation of Zn from these ligands
inside the cell might not differ between Zn-HTSM and Zn-ATSM.

We then examined the hypoglycemic effect of Zn-HTSM and Zn-ATSM in KK-AY mice. Zn-HTSM
effectively lowered blood glucose levels in KK-A” mice by not only i.p. injection but also oral administration.
When KK-AY mice were administered Zn-HTSM by i.p. injection, a dose of 1 mg Zn kg body weight showed the
same hypoglycemic effect as that of 3 mg Zn kg' body weight. This result indicates that Zn-HTSM has a
hypoglycemic action even with only a small dose. On the other hand, an equivalent dose of ZnSO, did not have
effect. The glucose level gradually recovered along with the time even during continuous oral administration,
whereas body weight and food intake did not change (data not shown). The previous studies have reported that
the blood glucose level decreased once again by increased dosage of zinc complexes. Although we have not yet
evaluated high dosage of Zn complexes, long-term oral administration of a certain amount of Zn complexes raise
the possibility that the reactivity to zinc complexes are diminished by an unknown mechanism. Our study

indicates that Zn-DTS shows promise as an oral functional food for the type 2 DM.
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