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Table 1-1 Body weight, blood glucose level, and plasma insulin concentration in 5-, 10-, and 14-week-old KK-AY and C57BL/6J mice

Body weight () Blood glucose level (mg/dL) Insulin (pg/mL)
Age (weeks) 5 10 14 5 10 14 5 10 14
C57BL/6J 14.9+0.2 24.2+2.0 26.9+1.2 156+29 160+25 190+18 13.7£15.1 31.6+40.8 40.7+24.8
KK-AY 16.740.2 38.5+0.9* 45.2+5.0 209+16 517+45* 503+66* 105.84130.1  90.7494.8  153.5+24.7*
*p<0.05 vs. age-matched control C57BL/6J mice.
Table 1-2  Plasma concentration of ALT, TCHO, and TG in 5-, 10-, and 14-week-old KK-AY and C57BL/6J mice
ALT (U/L) T-CHO (mg/dL) TG (mg/dL)
Age (weeks) 5 10 14 5 10 14 5 10 14
C57BL/6J 3315 3949 2717 99+7 117+11 97+13 62+6 60+6 71428
KK-AY 2645 4318 2442 1167 120+20 175+30* 137+28* 171+27* 200+66*

*p<0.05 vs. age-matched control C57BL/6J mice.
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Fig. 1-1 Islet cells in 14-week-old C57BL/6J (a) and KK-AY mice (b). Islet size and number of islet cells in
C57BL/6J mice were within normal ranges. However, in KK-AY mice, islet cells were more enlarged and the

number of islet cells was higher than those in C57BL/6J mice. Hematoxylin-eosin staining (scale bar = 200 pum).
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Fig. 1-2 Islet cell area ratio in pancreas of 5-, 10-, and 14-week-old C57BL/6J and KK-AY mice. Islet cell
hypertrophy was observed and the islet cell area ratio in the pancreas significantly increased in comparison to
that of C57BL/6J mice. *p<0.05.
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Fig. 1-3 Hepatic morphology in 14-week-old KK-AY and C57BL/6J mice. Normal morphology in C57BL/6J
mice (a) and centrilobular vacuolation of hepatocytes in KK-AY mice (b) were seen. Hematoxylin-eosin staining.

< A E i W A

No staining in C57BL/6J mice (c) and oil red O-positive cells in KK-AY mice (d) were seen. Oil red O staining
(scale bar = 100 pm).
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Fig. 1-4 Area ratio of fat deposition in liver of 5-, 10-, and 14-week-old KK-AY and C57BL/6J mice. The index

significantly increased in comparison to that of age-matched control C57BL/6J mice. *p<0.05.
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Fig. 1-5 Glomerular morphology in 14-week-old C57BL/6J (a) and KK-AY mice (b). The size of glomerular
and mesangial matrices was in the normal ranges. However, in KK-AY mice, glomerular hypertrophy due to

enlargement of the mesangial matrix was observed. Periodic acid-Schiff staining (scale bar = 50 um).
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Fig. 1-6  Glomerular area in kidneys of 5-, 10-, and 14-week-old C57BL/6J and KK-AY mice. The index

significantly increased in comparison to age-matched control C57BL/6J mice. *p<0.05.
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REKCIE, W OBEETH C57BLIE) ¥ 7 A KT KK-AY = 7 2D IZ R 1 TF8D b/ ipo /-
(Fig. 1-7). T OFERM D SEAEG-HETITIRERO MR EROM A 2 50 L 7270 - 72,
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Fig. 1-7 Cornea in 14-week-old C57BL/6J (a) and KK-AY mice (b). Retina in 14-week-old C57BL/6J (c)
and KK-AY mice (d) (scale bar = 50 pm).
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Table 1-3  Body weight of C57BL/6J and KK-AY mice at various time points

Body weight (g)
Groups n Before
1 week 2 weeks 3 weeks 4 weeks
administration

C57BL/6J 5 242+20 251+13 252+14 26.1+1.1 269+1.2
nontreated KK-AY mice 4 40.3+3.0 425+43 429+5.0 43.7+4.7 451+5.1
[VO(opt),] 5 412+1.0 39.0+4.0 39.8+3.0 415+2.1 433+2.3
[VO(emal),] 5 40.2+£25 39.6+3.7 41.2+28 42.7+18 43920
[Zn(opt).] 6 422424 434423 43.0+2.3 443+2.1 459+21
[Zn(glc),] 6 414419 43.4+2.6 43.6+2.8 44.4+33 452+35

Data are expressed as means + SD.
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Table 1-4  Food consumption in C57BL/6J and KK-AY mice at various time points

Food consumption (g/day)

Groups Before

1 week 2 weeks 3 weeks 4 weeks

administration

C57BL/6J (g: average of 4 animals) 1.8 1.9 2.1 24 2.2
nontreated KK-AY mice 5321 44+x12 48x10 55+16 5307
[VO(opt),] 6.0+ 2.4 41+0.6 55+0.5 48+0.2 49+0.2
[VO(emal),] 53+15 4411 51+1.0 59+1.3 53+25
[Zn(opt).] 54+1.6 5.0+0.8 6.7+2.9 5.5+ 0.4 4.4+0.8
[Zn(glc),] 58+1.4 5.6+0.7 6.2+ 1.4 57422 54+0.8

Data are expressed as means + SD.



Table 1-5 Biochemical analysis of C57BL/6J, nontreated controls and KK-AY mice treated with metal complexes for 4 weeks

Groups AST (U/L) ALT (U/L) TG (mg/dL) TCHO (mg/dL) Insulin (pg/mL)
C57BL/6J 3811 2717 71+ 28* 97 + 13* 40.7 £ 24.8*
nontreated KK-AY mice 50+8 24+2 200 * 66 175+ 30 153.5+24.7
[VO(opt),] 51+4 22+1 185 + 66 118 + 18* 79.4 +80.6
[VO(emal),] 54+8 222 158 + 38 111 + 15* 119.2 + 67.7
[Zn(opt).] 56 + 7 2242 157 + 25 130 + 17* 111.8 + 13.5%
[Zn(glc)2] 49+10 29+10 223 +63 150 + 38 263.5+79.5

Data are expressed as means + SD. *p < 0.05 vs. nontreated KK-AY mice (2-tailed Dunnett’s test)
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Fig. 1-8 Blood glucose levels in nontreated KK-AY mice (), and in mice receiving oral administration of

[VO(opt),] (m), [VO(emal),] (%) and opt (A) at a dose of 7-59 umol V/kg body mass for 4 weeks. Data are

expressed as means + SD. *p < 0.05 vs. nontreated KK-AY mice (2-tailed Dunnett’s test).
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Fig. 1-9 Blood glucose levels in nontreated KK-AY mice (), and in mice receiving oral administration of

[Zn(opt),] (X), [Zn(glc),] (#) and opt (A) at a dose of 11-76 umol Zn/kg body mass for 4 weeks. Data are

expressed as means + SD. *p < 0.05 vs. nontreated KK-AY mice (2-tailed Dunnett’s test).
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Table 1-6 Histological changes in the liver and pancreas after administration of complexes

Histological findings

€€

Number
Liver Pancreas
Groups of
] Vacuolation / Hypertrophy, centrilobular Hypertrophy, islet
animals
- 1+ 2+ 3+ 4+ - 1+ 2+ 3+
C57BL/6J 4 4 0 0 0 0 4 0 0 0
nontreated
4 0 1 3 0 0 0 4 0 0
KK-AY mice
[VO(opt),] 5 2 3 0 0 0 0 5 0 0 0
[VO(emal),] 5 2 2 1 0 0 1 4 0 0 0
[Zn(opt),] 6 3 3 0 0 0 5 1 0 0 0
[Zn(glc),] 6 2 2 1 1 0 1 5 0 0 0

Grade: -; none, 1+; minimal, 2+; mild, 3+; moderate, 4+; severe



Fig. 1-10 Islet cells in 14-week-old C57BL/6J (a), nontreated KK-AY mice (b), KK-AY mice treated with

[Zn(opt),] (c), [VO(opt),] (d), [Zn(glc),] (e) and [VO(emal),] (f). Islet size and number of islet cells in C57BL/6J
mice were within normal range. However, in KK-AY mice, islet cells were enlarged and the number of islet cells
was higher compared with C57BL/6J mice. Islet cells of [Zn(opt),]-treated KK-AY mice were similar in size to
islet cells of C57BL/6J mice. Islet cells of [VO(opt),]-treated KK-AY mice were similar in size to islet cells of

nontreated KK-AY mice. Hematoxylin-eosin staining, x100 (scale bar = 200 pm)
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Fig. 1-11 Islet cell area ratio in pancreas of C57BL/6J mice, nontreated KK-AY mice, and [VO(opt),]-,
[VO(emal),]-, [Zn(opt),]-, and [Zn(glc),]-treated 14-week-old KK-AY mice. Data are expressed as means + SD.

*p < 0.05 vs. nontreated KK-AY mice.
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Fig. 1-12  Hepatic morphology in 14-week-old C57BL/6J mice (a), nontreated KK-AY mice (c), [Zn(opt),]-
treated KK-AY mice (e), [VO(emal),]-treated KK-AY mice (g), [VO(opt),]-treated KK-AY mice (i) and [Zn(glc),]-
treated KK-AY mice (k). Oil red O-positive hepatocytes were observed in nontreated KK-AY mice (d),
[VO(emal),]-treated KK-AY mice (h) and [Zn(glc),]-treated KK-AY mice (). However, oil red O-negative
hepatocytes were observed in [Zn(opt),]-treated KK-AY mice (f) and [VO(opt),]-treated KK-AY mice (h), which
was also the case in C57BL/6L mice (b). Hematoxylin-eosin staining and oil red O staining, x200 (scale bar =
100 pm).
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Fig. 1-12— continued.
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Fig. 1-13 Fat deposition area ratio in liver of C57BL/6J mice, nontreated KK-AY mice, [VO(opt),]-,
[VO(emal),]-, [Zn(opt),]-, and [Zn(glc),]-treated 14-week-old KK-AY mice. Fat deposition indicated by
hepatocellular vacuolation was observed in nontreated KK-AY mice. Fat deposition area ratio in the liver of
nontreated KK-AY mice was significantly greater when compared with C57BL/6J mice, however, these measures
were reversed in [Zn(opt),]- and [VO(opt),]-treated groups. Data are expressed as means + SD. *p<0.05 vs.

nontreated KK-AY mice

Table 1-6 } TN Fig. 1-12 12779 & 9 12, i TlE[Zn(opt),] K T[VO(opt), 4% 5-#f CHHHE D 22 faf k.23 B
Lo, F72. Fig. 1-13 12T X 5 IZHFIREI A th O IERGTE Y (5 & 2 R O FIG AR 5.0 KK-AY <
7 2%t LT Lz, Las L7eds 5[VO(emal),] K ONZn(gle) ] 4 5- 7 TR 5O KK-AY = 7 2 &
FREETH- T,

B CIE, TR T O LR TR 50 KK-AY = 7 2 Ll LT, BB 1580 b7
Do T, BEE & OB CIIRRBOBGEN RO b 2 &b 4 B EoRHIM O RER G TITE s
TOEREFEMNELD MR TE 5 ARRMEIT S E TE S, REBREMET CIIie e & 5580 b
Mo Tz Ll LTz,
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N ARGROIEK Z e E L, Mo 2 Y VRESEFT S E@mESh 0D, Y ER, rY
7Y Z ) ALIMSER A A Y RO TEFEACICINZ T T 7N R O RIE i K O 2 1]
THZELMESN TS, 2 ARFEBRTIL, [Zn(opt) ] 5-HE TIMET A > R Y LR NELLE D KK-AY
AR ANEE A R L2 Z 8D, [Zn(opt)Jid A > AU UEBiE R E L, T N A B
JADA U AZB LT Z & THIRORE SNEFLLTbDLEZ bz, Lo T, KRR
Mk L A v A ) ARBIMEDUGED W T 27T &0 9 SICB T, [Znopt)]idm s 7Y 2 R
70 & L RIEOBRERFIER 2 /R T RlEEME DV RIB S vz, —J7, [VO(opt) ] M O [VO(emal),] i X N
TIHEEENSEL RS 2holz, ZOHBEE LTI, W ONDOEGNE 2 b, N YT AT
MAERETEHAZRT A D=L E LT, HIgICB T 288 AE0MEINmonTRY | Figny —7 >
FO—DThLLEZLND, W ZOZLndb, MEHEOE FIIMR TS b0, BIETORE
ML EIIAREBR O LIE T TGO DNe o o Al REME RN E 2 BTz, 2Bl LT, BiEFEm
SEOAREME B IRDIBY B2 511D, [VO(op) ] G-HETA > A U » DIRMERTRD Tz 2 Hl KT
[VO(emal) ] G-HETA AU » OREATRD L 3FIF L%, 52 Tiid @b, EROEEE
L2338 B (Fig. 2-1 &Y Appendix 1), 1 > 2 U AXMBERE FIERAA S R LE > Th 5 & R
2. WS HEHFETIRFTHDLZEBRMLNTWS, ®oF 0, fko@Y #—4 v Migso%
WCEDHERDEZ NS EFRIFIZ, FBRAIUDE LMo r0@mMEICL Y, Mo AR SN2
TEEDIETA VAU VOHBEBHRL TND ERBEI N,

QIBEIRIEE DT TN Z/IEA 2 ) ARGWEDFRIEI - T B M2 K& 2 VTN
L. HHINCEESEICE D, ** 2 2 B OGO SIFEL T & fe o 7o 23, REBRO#E FI1X[Zn(opt),]
MIVO(opt),] & ¥ HEERIFEE 2T DR ORFEICHEM TH L Z L ammed 2 B2 b,

JIFRC I, AR o0 R AT O A3 [Zn(opt),] K ON[VO(opt) ] #¢ 5-BECRR B, ARIEAS &5 6> 5 1fi
HOENG IR REEC LD Lie, PUHERIGIE CH DL AT ) ¥V 2B Uiz KK-AY < 7 2T,
JEMI OREIAE A BEEICE L L7 EME STV D, * 2k L, [Zn(opt)] % N[VO(opt)J#% 5-#E T
VIO RE L DT ENR B BT Z LB, [Zn(opt)] e O [VO(opt)JiZ B A 27 U & V' v d & 5 e it
PEZRIRNEEZZ BV, AT, M AST KONALT IREDOZL b WTNORETHRO HILTE
57 ARFEBRSEMT TIEL, [Zn(opt)] X O[VO(opt) ] B3Pl B D2 b G- 2 /e B2 bz, &
DIED, MIEH TG OWEIIHAZ RS L2 TORETEILDTRD b o 208, OIStk
BINTWDLZEND, 2L ORETIX 4 BELL LRGN 2512 X - T, Eh TG BE L kES
D AREMERS R Sz, & 51T, [Zn(opt),]. [VO(opt),] M OVO(emal), ] ¥ 5-#E T idset FREEIC b~ C I
B TCHO OIREASGRD BTz, 4liNFT VU AL AT a L AT o —LE/ICEDS 3-8 Rax v
B-INEIVNMEEROFEICL > TalLATra— VAR EREL, P a L 27—V E2KTFT5
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Fig. 1-14 Relationship between the biochemical and morphological analyses in the pancreas
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Fig. 1-15 Relationship between the biochemical and morphological analyses in the liver
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Table 2-1 Body weight in nontreated KK-AY mice and KK-AY mice treated with each complex for 4 weeks

Dosing Weeks
Number of
Groups period . Before
animals o 1 2 3 4
(weeks) administration
nontreated KK-AY mice 4 39.7+x21 42022 41.7+25 - -
[VO(opt),] 3 40.2+ 4.0 39.9+4.0 417+33 - -
[VO(emal),] 2 3 415+34 424 +£6.2 435+5.0 - -
[Zn(opt),] 4 37.9+49 39.8+4.1 40.0+4.4 - -
[Zn(glc),] 6 40.3+3.8 422+25 424 +£2.1 - -
nontreated KK-AY mice 4 40.3+3.0 425+4.3 429+5.0 43.7+4.7 45.1+5.1
[VO(opt),] 5 41.2+1.0 39.0+4.0 39.8+3.0 415+2.1 43.3+23
[VO(emal),] 4 5 402+25 39.6+3.7 41.2+28 42718 439+20
[Zn(opt),] 6 422+2.4 434+£23 43.0+23 443+21 459+21
[Zn(glc),] 6 414+19 434 +£2.6 43.6+2.8 444 +£33 452+35
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Table 2-2  Organ weight of testis and spleen in 4 weeks administration groups

Testis Spleen
Animal No. Body weight (g)
A o A C

KK-AY-4-1 38.5 197.3 5.125 93.0 2416

KK-AY-4-2 445 204.3 4591 75.7 1.701

KK-AY-4-3 454 110.8 2441 83.0 1.828

KK-AY-4-4 38.1 196.4 5.155 65.7 1.724
[VO(opt),]-4-1 415 99.8 2.405 84.7 2.041
[VO(opt),]-4-2 40.1 76.6 1.910 191.0 4.763
[VO(opt),]-4-3 41.9 194.7 4.647 72.5 1.730
[VO(opt),]-4-4 40.8 236.5 5.797 75.7 1.855
[VO(opt),]-4-5 36.5 192.9 5.285 95.4 2.614
[VO(emal),]-4-1 42.0 192.4 4581 735 1.750
[VO(emal),]-4-2 424 111.7 2.634 141.7 3.342
[VO(emal),]-4-3 38.3 181.6 4.742 66.2 1.728
[VO(emal),]-4-4 39.7 191.8 4.831 107.0 2.695
[VO(emal),]-4-5 435 148.9 3.423 72.4 1.664

A: Absolute weight of organs (mg)

C: Comparative weight of organs (mg/g)
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Table 2-2-continued

Testis Spleen
Animal No. Body weight (g)
A o A C
[Zn(opt),]-4-1 39.5 186.5 4.722 83.2 2.106
[Zn(opt),]-4-2 40.2 207.9 5.172 137.2 3.413
[Zn(opt),]-4-3 41.2 194.6 4.723 122.9 2.983
[Zn(opt),]-4-4 43.9 214.0 4.875 127.8 2.911
[Zn(opt),]-4-5 432 326.4 7.556 146.2 3.384
[Zn(opt),]-4-6 44.2 151.8 3.434 162.6 3.679
[Zn(glc),]-4-1 40.9 181.4 4.435 87.1 2.130
[Zn(glc),]-4-2 39.1 2349 6.008 92.6 2.368
[Zn(glc),]-4-3 47.4 196.4 4.143 86.9 1.833
[Zn(glc),]-4-4 43.4 197.4 4548 162.9 3.753
[Zn(glc),]-4-5 415 197.2 4752 74.8 1.802
[Zn(glc),]-4-6 41.6 235.1 5.651 129.1 3.103

A: Absolute weight of organs (mg)

C: Comparative weight of organs (mg/g)



2-3-3 KW O REZ AR

FEH DI REZA R EHI O F: % Table 2-3, ##%#% % Fig. 2-1 127 L7=,

R, R FIRMTOIL D FME & 2 A B0 B ED ORI D, FlE WNIX IR >
O ARG T & D REHMIIE, R O RIAE ONEIZ NN ) As> TRLAIT L, 721 B U
Fa SRS HBAE LB ZIR » TRHAIIR O S RICESI L, fRERZ A Yy 7 v a T XD ik
2T 2, MEIRMEL Y CNERETL, ZOMICT A NAT R ZFEATDT7A4T 4 v Bl
FADAFAET D,

Table 2-3 (Z7: 3 K 912, [VO(opt),] & 721X [VO(emal),] % 2 il & 7213 4 BRI G L7=8E D 1~2 §iT
FEHIE OILVETLA TR B AL (Fig. 2-1b, REE) . SLVE LA 2358 DALV KGRI T & AG M PN O
fel DIMEBRFEDS TR BTz (Fig. 2-1c, REIER) . ZPEEEFE RO S L RMEN Tl /L Y Mo
B LR T X MRS OBFE N MR STz, £z, BETIET AT« v e IO
W oivie (Fig. 2-1d, REER) . FEME OFLVEILE DR bivic= U 7I%, 2 lidEA 4 Ok &k
9% =y e alioxt UL CHtE OG22~ LT (Fig. 2-1e, B,

[Zn(opt),] 2 ONZn(glc),] % #¢ 5 L 7= BEDHEI T, 2 R L O 4 RS- O WF iy T b B IR
D oiieroTo (Fig. 2-1f),

2-3ARERP AN T L, GMONT VT LREDEE

FE B 48 O E A R4 Table 2-4 (27K L7z, F 72, Table 2-3 OFEREFHIFHIEI D Grade & A 271k L |
NFUTNRELEOBANEZ T ey N LTERER % Fig. 2-2 127 LTz,

R ARG Lo ot e NV AR E B LT BED O BRERICELDTRD Hivie o -8
OREEP BB EIZOWVTIER, AT T AR OSREIIRIRE, NFYUMIELL O ERE FRAR
i (7ng/mL) Th o7, BRIV IS K OVEMEIENGRO DI R TIE, DT AR ORRE
EHONITHEMLTERY . NF YU AL ER TR EORENHER S L, BT ERFE AN
FUULREOHBIREIL 098 L0 . EmWHBIMEEZ R LT, Aok, LR o & FRRAN &1L, WE
(Bt U 7ol h oS0 AEBER LR EROBRFU T CTh o7 2 L2 R"THDTHY |
NFDY LIRS A LR T2 2 L 2RTHDOTIER,
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Table 2-3  Histological changes in the testis after administration of complexes

Histological findings

Blood — -
Dosing Number Seminiferous tubule Leydig cell
] glucose
Groups periods of
. level Degeneration/Necrosis Mineralization hyperplasia
(weeks)  animals
(mg/dL)
- 1+ 2+ 3+ 4+ - 1+ 2+ 3+ 4+ - +
nontreated 2 4 421 +99 4 0 0 0 0 4 0 0 0 0 4 0
-AY mi
KK-A" mice 4 4 481+99 4 0 0 0 0 4 0 0 0 0 4 0
2 3 364 + 136 0 1 0 1 1 1 1 1 0 0 1 2
[VO(opt).]
4 5 237 £ 61* 4 0 0 0 1 3 0 0 1 1 3 2
2 3 457 £ 57 2 1 0 0 0 3 0 0 0 0 3 0
[VO(emal),]
4 5 33291 5 0 0 0 0 4 0 0 0 1 4 1
[Zn(opt),] 4 6 454 + 166 6 0 0 0 0 6 0 0 0 0 6 0
[Zn(glc),] 4 6 360 + 104 6 0 0 0 0 6 0 0 0 0 6 0

Grading scores: -, none; +, slight; ++, moderate; +++, strong; ++++, sever

*p<0.05 vs. nontreated KK-AY mice
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Table 2-4 Measurement of element concentrations in the testes after 2 or 4 weeks of repeated administration

Mineralization ~Number of  Dosing period Vanadium Calcium Iron
Groups in the testes animals (weeks) (ng/g dry weight) (ug/g dry weight) (ug/g dry weight)
nontreated 4 2 B.L.Q. 472 * 775 121 + 20
KK-AY mice ) 4 4 B.L.Q. 322 o+ 136 125 + 24
- 1 B.L.Q. 371 133
+ 2 ? 33 106000 573
M - 3 B.L.Q. 237+ 207 13+ 24
+ 2 ) 36 209000 552
- 3 ) B.L.Q. 387 * 344 122 + 22
+ 0 - - -
(volemal)] i 4 i 45 + 278 109 + 3
+ 1 ‘ 22 188000 557

B.L.Q.: Below the lower limit of quantification



Fig. 2-1 Testicular morphology in KK-AY mice exposed to [VO(opt),] or [Zn(opt),] for 4 weeks. (a) No
abnormal changes in control animals. (b) Mineralization of the seminiferous tubules (arrow) in KK-AY mice
exposed to [VO(opt),]. (c) Vacuolation of Sertoli cells and seminiferous epithelium in the seminiferous tubules
(arrows) and Leydig cell hyperplasia (*) in KK-AY mice exposed to [VO(opt).]. (d) Seminiferous tubular
necrosis (arrow) and Leydig cell hyperplasia (*) in KK-AY mice exposed to [VO(opt),]. Hematoxylin and eosin
staining, x 200. (e) von Kossa staining in the same area as (b). (f) No abnormal changes in KK-AY mice exposed

to [Zn(opt),]. Hematoxylin and eosin staining, x 200. (scale bar = 100 pum)
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Fig. 2-2 Correlations between individual histopathological changes grade and vanadium concentration in the
testis at [VO(opt),]-treated group. Total score means the degeneration/necrosis, mineralization or Leydig cell
hyperplasia grade as + : 1, ++: 2, +++ : 3, and ++++ : 4 correlated with Table 2-3 (*: 3 animals with no

abnormal changes). A: 4 week administration group; B: 2 weeks administration group.

2-4 B2
AWFTIE, [VO(opt),] 2 O [VO(emal),] #5120 KK-AY ~ 7 A DRSHICH I Shiz bk, +72b
LREHE N O RO ETESESE, JREIE R NT A T 1 v EfilaOBE AR Rt Sz, ZhET
WE SN TVDEATFT VY LB T 2 BREFARHE T, FEMin, BIRME LRI, Mk
S e Ml O BEBE B O B COREF TR B E NS STV D3, ARFTTRO LR X 9 2RO
LB O K 5 I EEES AR BUITHE S Tunirny, B = B oA iT, v E TOHRERFE
M ZFHE L72B ERICB W T ORI SN TE LT, SRR THL N E o B ThoTz, &6
BSOSO R E 7 DM LB L T2 D EnD . R RESEL Th o T2,
mE%%#%@%ﬂtﬁ%¢®ATV7bﬁ§i\%E%%#%b%hfw&w%%K%&T%@
PN ﬁ/vv?A&Zﬁﬁk?)%W%‘%fﬁ'G%oto FERIT, MER TR ML G TR BRI
DNEEEEIEIC I > 72 B e, KRS N O BBR 2B, BEFEICHENE L C BRI R IE S 5 =
LT ENMLNATND Wﬁﬁﬁfi@%%i%Eﬁfi&#ot# R D MEEEFEIZ i L T
B STARIEETHD EEZADBND, TRDH, AT YU ANEMEZEE L%, BlENTIX
BWBR BRI o T2 EEZ DI, ZIUTE D LT T ARk E RIBRIC AT VT ARERE LIZ G
DEZZBND, TR, SVEIRENRD DN T RERPCIIANT YT ARSI o T
bDOLEZ LN, FBRAPICERD DI, SEELE KR NT A T 4 > e OB O RE
bD T L— REEEE 1, AR 2 8, R 38, T 48 LTEHL, KoY
U LR & OBEMEZ Fig. 2-2 1R Lo, ZORSSE, MHBEMRHENE 0.98 &7 0 | FEFITEVHBIMED TR
Doz, BEBMO~ T AKROT v b THE, BRBEMITHEROFEILERRDOOND Z L1EHD
2. BHIRREETHRD ONDIEIE LT E A ERRAMRZETH Y . ARFO X 5 ITHBHRAIC
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o TROBLILD Z LT, £, KK-A = 7 ZIIHERFET VEM TH D . ISR C I3 R
FIRAE A R TR A ITRD 5N TV DA, BROGEILE TSN TW 2R, SBRITENFHRT D
FEREEE LT, I RIVACED2HEEN LS HON TN D, I FI U AIFROME N L%
BETDHZ LT, TOMEZE U CREZHE SN TV DHITICBEEOZLEZFHHET D, 2 Ll
BB, R AIMEESENORKBEHEEZFET 50, MFICREZHEINDI IS T v E
M b HE S, EARIORE LITRR Y mEFFIRERRBICHMT 5L SN THD, Lo
T, SEIOWEORBIEF L. B NI T LAOERET & IXR2D LB BT,

Table 2-5 Total administration amount for 2 or 4 weeks

Dosing period  Total administration vanadium amount

Complexes )
(weeks) (mg/kg of body weight)
[VO(opt),] ) 22304
[VO(emal), 225+0.0
[VO(opt)] 30.6 £3.2
[VO(emal),] 375+24

Table 2-5 (2% /N F U 0 AGEROE G HFIZHB T 23T VU Ao G RE R Lz, AR Cio
LR ROZ T, 2 BEREHE L 4 BABRGHEOWNTIICEBWTHRO LN TWA D, HIZE T
TR BUFIE OIS, FREOBMRIIFED LTV, £72, Table 2-5 1Z/R L7k 5 L Table 2-3
W U TC AR A L O R BB E 721390 EE & ORI & BIREZRARBIVEITRE O vy, ZOBHIZ- DN T
FRO X HICELE Lz, ARBTIE, B1ETRL LM@Y, BN EEMEEZ R~ X5 RS
R S E RN oG Lz, ZORE, &5HE5 2B E o5 HEIE 30 -59 umol Vikg Th -
7=, 2 EEILAIE 7-30 umol VIkg & 72 o7, 2D Lk, FEBA% 2 EEE TOM., Thbb
B G BIAYIIXRIRE O A & LT 2 L2/ | OB TR CEEMBREESER T
oz BZ b, SHICZOETRE 2B TEMSE L, &5 4 % E CTEITEIZREEL
IRino fo o dIT, 2 R 58 & i UC 4 TR G CRAEFB M OREICER RhoTc b BEX bR
776

TAT 4 v EMEOBIARIL, FTEEDD WM INDEERLVE L OMFRED EFICfEsTT X
NAT R HEETDIEOICHERINLGGE L K LIRS B O ELZZ T TR T 7
A VHRFEBET S Z EICE > THERSNDIBALBALN TS, P AT VT AEHIZLDETAT
4y EHIA~DOEEL LT, 5T Y7 AL A DO TH D NaVO; DL X v i oT 2 - %
T URENEDT L ENRESNTNDN, 74T 4 v EAIROBIZEIZ OV TOR#EIL R <,
AT ORER LT —H LRV, BINEDOZ D, AR TROLNTZTA T 4 v & HIKOBIFAL
I, AN TF 2T AEEROE G KR BRI EE Sd, ZAUS X D SRR ZE L E L TR I
TbDEBEZ BN,

TZETHM UL RREROBNEN 5 liNT U7 AA A (NaVO;) TiHgH S s o7eZ &I
DNTUE, FEBRELNNC 4 Wi T 27 DEHRD T DRERA~DNT VT LOJAAN S o1, DN
IXTELE DD OWILENR L D> T AIREMER B 2 B2, NaVOz & 507 — X [ZHfSE TE TE 6T,
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ABFHERDDITHA SN TR o T2, o, BEEEZ R ITEERE RERWEEZHETHY . 5
T2 DB R TR RO o T, NT D0 DK DREEZMEDMIAERE 2 BTN,
ZOFIIZ DN T O AREIRER D BT L Tide o7z,

7k, HEERPERER G CITRBIRICEITRD bz oT, B LETRLIZEAY . [Zn(opt)Jid 3T
D LEERE 5RE & RS IBERE TR AR LW D0, RIS G 2 o T LIk LT,
PLED Z Enn . [VO(opt),] F 721X [VO(emal),) Dk N 52 L 0 . U0 AN S Bk E %
B2, FEME ORI R OPVEIRE 2% L, SREIRENE Z 2B T U AL BRIV T A
ERBRICER T2 b0 e E X bz, £72. [VO(opt),] 2 U [VO(emal),] D gl A TR L= Z L b,
D 4 i NF T LEEEROERE THFER SN D ATRBENEZ X be, L LR, SREE LT
BIZ KK-AY = 7 ZIZRO b B TH Y . WRT —F BN EERMEFEMIERG LTCBRICR CZ{ER
LD LIRS T, RRHERAOEITH D AHEEEZGETE R, Lo T, KRIRFHCTRD LK
BIFEMED, 4 i U0 MEARORFRNFEETH D EWIET D720, ELRIRMPLELEEZ L
iz,

2-5 /)G

[VO(opt) ] X O[VO(emal),] DFR M 512 L 0 | KK-AY = 7 A DFRERICEFE R L LA H D 2 & 239
bk ilpole, o, MO 4liNF T T LA THREROBENFE R SN L ARG H D, SlEE
ST HERBIEIL KK-AY = 7 2R OZETH D ATREVEZ BE TE RV, RAli) e mE R 2L T
HDZ LN AMEAT DY LEEHEDERLE LTORT Y VEFET 5 L CHRT R HEEE
PED—2LEZ b, FHZ, ZNETEYME, TROOLHRERFIEMEZRE L, ZOMOEER
BN BB L VWHEE LTRSS TE 2R GETEERBREESRH SN Z L 1X, BRAM
BThd, LoT, %D 4INFT VT LEEROHERFEVEICRE T 282D 5 5 2 T, Uik

PEITA T NESEHERMEO —H LB R LN,
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H3E Hp M ONT VU LG ieT v AR OB IRIFE B

% it

31 fE=E

FETHm U@y, #ifh, NFUUA ., 2290 MRS TR T AEOERICHE L FERE &
DORFEICONTIE, £ OFEHICE > TRFT SN TE 7, 2D OFFERE O IR O 4
T3 <, EEEERICET WM E b H D, REE 4 i 20 LA TH H[(VO),(tart),]iZ in vitro
BEOVin vivo T 2 U UERER e B ONCUBER TIERZ "3 2 EA@mE ST g, %% Zoffic
& MFERE TER 29808 4 i) 2 7 ZEERITHE STV D28, @ —o0bEENIcHigh L 4
liF 20 hELICETeA~T n ESERICEI T 2 WA 1322, BB 1 ECIRA@ Y | HER & 4 fli N
DU LR THRERPERIXZ N ENERBTF R R B2 600280, Highe 4 flinToy
LERIRHCE T2 2 L C, MAR CRIEZ R T AREES I S LD, £, 43U 0 AR
¥ 2 ECHRAIIEY OFEE R TN, —HTEMAT VT LA FUDNRTEA LA L DRFERO
EE (R TR OME) (X, HEnZ RIS T5 2 & TRMEhD LGRS 5, * Highe 4 M
NF VT AOEHK 2 FEHE FIRFICES T2 &0 FETHIUE, TR T OSS KRN A T 2 g2
ENHDAREENENE B DNDN, ~T e EEER ThHIVUTHESR & 4 i NF T L03E Ul ic
ST DL, TR LRFEMENCHN L 4 iU ANEGET D LRI TE S0, miEk
IZINZ T AT Yy JMERT 2 HEROBM b cE B2 onfk, ¥

High & 4 i NF 2T AT v AR TH D [VOZnfsaen]id, B SSEEORMIF & L THREM A
Hifsaen 23 Mg KON 4 i/ N2 0 b L EANZA- - HEER © 4 fliNT 27 A=111 TRALT H85HATH Y | Hi
T O,FNTTE L, N F U7 AE N,O BN A & 5, © [VOZnfsaen] DA K T EIZEEIC G STk
D, HEICOWTIE, [ RN A TOERE 2 AV iz~T 2 RO EX) S| Fig. 3-1 IR THE
ERHEESN TS, ¥ L Len b, 2 BEERICET 23 %13 1980 fFE 0 b 0% < | A
MBS D72 OYNET — X IZTHE DT K IR AT MLDOBZRTHY |+ Eixnzin, £2 T, A
FEERTIX[VOZnfsaen] & BEM S 121t > TAR L. TOEMMNET -2 2 FG o2 Lk, #HEsh T
WOEEZ IR b O & Lz, KK-AY ~ 7 2% W CHURERIFIE M 2 50 L7, F7=. [VOZnfsaen]
i35 BT, Hifsaen % BN 1 & H[VOH,fsaen], [ZnH,fsaen], [(VO).fsaen]% & pk L. in vitro
DA A RGN Z N Lz, B EROFE B, (EROAFERRAEFIECMZ T, 1=
FOE 2 BT Uz & 36 0 I M OFE B O T R8 FROFHIE 24T - 72,
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3-2 MELROE
3-2-1 FK

WkHEsh, VU FAg, =2 F Lo U7 I AT AF LT T I iR, KBR{ET R DA
RyBy TUE=TK, EEBEKE, HEANY U LAKRDNEFA-C T A U — [ TR TR
=t CRBR) KVEEAL, 275 —8 (ypell). B)-=Ex7 V> (F LT VY r), KOFMET
N7 X2 (BSAfraction V) (X7 <tk (By hvA A, T AU BERE) LVEALL, ZOMOR
L, L ELOEE 2 HICFHE LR E e,

3-2-2 W

7EERD Wister 527 » b (FEME) 13RIEKEZBRM RS OU) 7 HIEA L7z, 5RO KK-AY
~ A (FEE) TAARZ LTS GER) MolEA L, REROHIMS ., T X TOBMIIRHE
FERRFE (KPU) FREmifstt ¥ —T 12 RE MO RBRE O T, BER&E (MF, 4V x=> ¥
JVEER THEMASH: - UR) BROVKEKREZ BHMEBIRISEHEE Lz, TR TOY Y RIITFIAF v
R E o — U EBNCEE Lz, T XToEMERIL, KPU ZREMZEE R L VR S4L, KPU O
B EBRTA KT A N> THT o T,

3-2-3 &k
3-2-3-1 3-fsa DAL

Hifsaen O AR E 7 3-fsa % SCRFEH O HIETRO L 2 ICEHK Lz, ® ) Faufe ~F 25
LU N TR R KIS L T 16 BREFINBGEDE L2t 2 IRA L CHAaDEE 52, ThE%
JERZ R, N BTN L 28 DR LT, FRIEZ Al L7k, N B U 2 2R L TR0
AR, ZOWBAE T =T KIZEME L, 50°CTIEA L 722235 10%H /N U &7 2OKERIK & KRR
b R U 7 BOKIEIRE N2 CEREDOWB /T, T OB i Clere U, 78 & BUKICIEMR L C R
fin b SE ., MREBAOEHREER & LT 3-fsa 21572,

3-2-3-2 $EEDERL

[VOH,fsaen]. [ZnH,fsaen] &% C\[VOZnfsaen)i3 SCHRFEH O FETHRDO L S ICAM LTz, @ Rk U ¥
LIRS TR LT 3-fsa LBEDO T T L V7 I U &IRA L KB T Hifsaen % A4 p S, VOSO,
t L <IX ZnSO, Z BN 1 @ B =11 OFIS THELE L, Kl L TR O A8 E 7138 A a0 LBy
Z IR L C[VOH,fsaen] $ L < I%[ZnH,fsaen] & 457=, [VOZnfsaen]ix & % L 72[VOH,fsaen] % /K E&{k U
FU LS AL =N ERE L. VOH,fsaen : ZnCl,=1:1 OEIS THAR L, KT A OTLRN) & 8EFL
L C[VOZnfsaen] % 15%7-, [(VO).fsaen]iZ[VOH,fsaen] & [F4ED FNET VOSO, & BifL 1 : &8 =135 D
FIA TR L. WSNERE LB Ot & i L TR,

3-2-4 SR OYPETEAM
AR USRI T HE O, AR AT kL (IR A7 V) BESH (MS)., @S fiieE &5
B (HRMS). -1 AL LB RZ kL (ESR A7 b)) RUBHLZREZRE L CHEEEHETE L7, IR
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A7k vid Shimadzu FTIR-8100A (MRt BESERT « ) Z AT KBr SEAIEIC L0 flE
L7z, ESR A7 kL% JEOL JES-RE1X spectrometer (H AF AR S4E « Hm) 2 H W CHIE L7,
ESR A7 RV ORESMIE, ~A 7 vt} 5 mW, ZEE R $ 100 kHz, 25 0.63 mT, ik
R 0.03 B, A [ 340100 mT K OMw 5 IRfH 8 3 CTd | W& DMIEIZ IR L~ 7 % 2 7 Ly
RANZBERS LTz~ (A AN ES S AV UREEER (8.69mT) Z Vi, gEOIREME & L
TIVFOL-T I T /)X /)AL LT (LI-TCNQ, ¢=2.00252) % AV 7z, ESR A~ kL
FEiRPB LRI ERIEE (77 K) THIE L7z, BERITHSRIEMSB-MKI (=7 Uy KA =7
4T 4Tt TP AFVR) ZFANVTERTHE L, BRTE— A2 D peg i 3BMEER LY
R U7z, EESTR K OUCHE ST KPU RS RNE o 2 —0 X 2 v ZIC keSS Tz, H&E
SHTIE IMS-GCmate (H ARE RS 1) 2V ElL(+) A A ALETHIE L, £7- HRMS (JEOL
IJMS-SX 102AQQ: HARE F#EAEt) ZHWemiricid~ ) v 7 AL LTF ATV er— L E72iE
3= bR P73 —)b (3-NOBA) ZHAVWT FAB (+) A A AbETHIE Lz, TEOoMIE -5
Ve L —2400 BT FESHTEE (KRS —F v e~ — T AU A) AW TEIRTHE L,

SIBOITCHESITIL, BEEREZ AR T T2 2I2&D &V | ER K ONERB{LKFEZMZ THRy h 7 L—h
ETINEAL 2203 B IR U 15 DA Te SR 2 T%REER (7 55 48 I E ) CEEfiE L, ICP-MS (ICPM-8500:
MRt BERUERT ) 2HWTAF Yy AR LA ER L, BER (R FOsiE s
NF Uy AERERR HENEETENR - FOBAIEE TS 0 KPR 1%, /NP T A CIE 0-500 ppb D
HPH TR U AHBIFREUE 0.998 D—IRIEHRE Td - 72, F 7, Hi#H TId 0-1000 ppb DI EEHFH TR L |
FHBIAREE 0.998 D—REM TH -7, Fio, WEHFEERLE L LTRTOY Il v s (%
SERNE ATV T DA - RS TS R - KPR % 200 ppb £ 725 K 912z, A A AbLED
L LT,

3-2-5 XAFS % /- ik figr &

AT 1 OFERN Appendix 4 1258 L7z, [VOZnfsaen]id 4 i/ XT3 7 4 L lligh 2 & de~T 0 EEZSEA
THY, ®BET DI IIZESR AT MG 43T 20 LD NO BUAL A2 B D 2 & I3RS TE 7223,
HEEAAS O4 BN E & 5 & W ) BHRARILA Z LV, £ 2 CROE Y XAFS A7 RV JIE L,
EXAFS FEIE 6 4 i T2 0 LR OHEN ORI &R B IRREZ HEE T 2 Z & T, 4N TP T L KT

HER OB AE A FER L2, XAFS A7 M VIIE IINLA AR K7 SR & 2 % —Beam Line 4 (BL-4) T{T
STy WA=V BL-4 OBIEX 2 7~4, Ge (220) —AlfhE / 7 0 A —X —TCHALZITV, 43 F
T L K-edge DHITE TIEAS XBRIREDKHIZ N, Z BIH L2 2R 5om O A A F = 3= &,

X BROKHIZIE N2 85% : Ar 15% {RA T A %
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FH L7228 30 em DA A F = 8= Z iz, #igh K-edge DIE TIT AL KONl X # O HHIZ
ZNZEH N, 50% : Ar 50%IRAGH A ZFEHE L7725 L ON30cm DA 4 v F = " —% iz,

ELWWRT A —=HERD D=2, FEFF 820 X NFEFFIT O 7' 1 77 A& AW CIERIE R/ —Feqt
BAEATO, r 22 CHGRE L MIEBO 7 v T 4 v 7 & Tl ¥ ek, BEREO R I 4 i)
U A TIE[VOsalen] @ X ik b HEEARATIE DR R B BTV DA | HiEA TIL[Zn(OH)* % &
TeRIRHE ZHE B L TN 2 EE Lz, &7

3-2-6  $EARD S EAREL DHE

lcfgEx (logP) (XA % Hepes buffer (pH 7.4) 3 X W octanol % 1:1 TRA L7 BEARICIARR L |
SRR T 12 R L < B L7, e — B &2\ C Hepes buffer & & octanol & % 43§ L. octanol
J& % 721% Hepes buffer J& DAL A~ kL (Agilent-8453 spectrometer, Agilent £ : Hm) ZHIE L
T, AbEMORELZPET 5 Z LI VRO, FHEIZIT logP = 10g (Coctanol/Chepes) & VN2, 22T
Coctanol (& 0Ctanol JEIZ351F DALEIDPRSE ., Chepes 13 hepes JEIZI 1T HILEMDIRETH 5,

3-2-7 A LAY EREA DR

ARk L7285 FRFA B HE MR o & O 7RISR WIIE U7z, 2 7-8 il lin > Wistar SRHEEZ » b
ZFRERE T CRUMESE S B2, BIAENOfEMZHE L, a5/ F—Y¥aR s L7 2 v
E /LR F— bk (KRB) -BSA #&#i% (120 mM NaCl, 1.27 mM CaCl,, 1.20 mM MgSOQ,, 4.75 mM KCI, 1.20
mM KH,PO,, 24 mM NaHCO;, 2%BSA, pH 7.4) 1T 1 Kf#], 37°CTA > ¥ 2— k L. JEI5HIINZ 45tk
7, LT IENAIG A S — P 238 L, KRB-BSA FEMER T 3 [P L=, Mk 1-1.5
X10%cell/ml & 725 X 912k Lic, KIZ, & TOMIKICHRALRENSmM L2 5 Ko ic/va—=A
EIMzT=%, $EkZZ, 3TCTI0 M7 LA v FaX—k Lz, 4fiXFT vy L0mbic k5%
BRIV D0, T A 2L B R (&R EE 500 uM) & DMSO & 7= 13Ky U, ek o z. 7=,
F7o, ST THET 27202 TOMIIED 2%DMSO L7850 X912 Liz, T bA ¥ aX— M,
TERT Y UERKREN10uM L7225 K91z, 37°C T 3 A ¥ = X— k L7z, D%, 3000
rpm. 4°C T 10 4y [ 0458 L. #8 F 8 O KRB-BSA FEE# 1  FFA J2E 4 NEFA-C 7 A h U o—%
FWTHIE LTz, $EKD FRA FUHIMENEMIL, — 27 U o OB 2 EH SE-E0MIa» b it S h
% FFA &% 100% & LT, 1% 50% £ T3 D 85KDIREZ ICs il & L TRD 7=,

3-2-8 HhHAOES

I IfE  (400~600 mg/dL) %79 10 i D KK-AY = 7 2 1Zx L, PEG400 (2% L 7-[VOZnfsaen]
Z1A1EY 72 WT 14 A ARERRORE Lz, &RE&THAEREZRE L, KEIZESWD
CTHH L. 10 mL/kg body weight T#5- L7, 581X, N YU LB I OHESHOAFEE LT65-196
umol/kg body weight & L 7=,

3-29 AALFRA
BEMER, 2 AIC1BEIOBEE T/ Vah— R (7—27 LA Belith - 50f) % v CREIRIMD ChE
PR B 2 0 L7
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PG HIRAR T %, ©—T VRREE T TS U DAER U 72 2 2 F O CRE BT R ER AR 2> & i 2 B L
5000 rpm, 4°CC 10 Zyfilis Loy L A 57-, 15 b a7zl o AST, ALT X OV TCHO % & & K
FTAT 5 (BLT7 4 VA AT 0 INARASHE 1) ZHWTHIE Lz, a2 ) RE
FLEA®A AV v - Ty T (RASH I AYF S aHVWTERELE,

3-2-10 JPHAR ~ AR A
B 1 B ROV 2 BEISFELAL L 72N L [RIER O FNE CRFB L OFE B A B E L. B RS A 2 /R L
T REAR R 2 S M L 72,

3-2-11 fidatss )& O i B

JFR S OUEAANERRF (T 3R U7z — H OREBRA B U, ¥l h— A E——IZ A, Ry b7
L— b BT (BESBRER) kO bARFELIERN A, BRI LT, Kb, oA
BOFKEL 1% (AHERIEN) CTHEML. NT U7 A ROHEIRE (BRIINTY T LOR)
EFHEG T T A< ERBHTE (ICPM-8500: #RAAf: R /ERT - 5U#F) Ik D iER L7, MR

JRFWOCRIE R N T2 0 2 R OEERR R FroGmise T3k 4E) 13 0 — 500 ppm O FE#iPH T 5
ELF6RA U FEHNTER L, TNENOMBEREEAT 2~ REMEIER LIz, £, H1E
TEREL L 72[VO(opt),] M O[VO(emal),] & $¢ 5 U 7= fE R 7> HEREL U 7= FFligH 032 0 LR E %
[VOZnfsaen]) % £ 5- L 7= &) & w32 B THIE L7z,

3-2-12 #REHfEMT
WEEZITFHP L 72T _XRTONRT A= [ TPER OEERAETE L, AEKELZ5%E LT, 28
i1 LE#E Crd Student @ t-test (21 0, F 2L HEILE Tl Dunnet 12 X 0 ME % Fht L7,
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3-3 fER
3-3-1 SEARDEREB LU RT XA —4
515 % Fig. 3-1, ESR A~XZ kL% Fig. 3-2 XU Fig. 3-3. XAFS A7 kL% Fig. 3-4 (/R

L. YT A— % % Table 3-1, ESR X7 /L OfiEMT#FER & SCHkE % Table 3-2, XAFS A~
kL DfETHE B A Table 3-3 12~ L 7=,

NS
\< .
\__/

[VOH,fsaen] \ ’ [ZnH,fsaen]

OH HO
OH HO

e N
/1N ZIN
AN A%
_ I\ = _ N —
/ "/
[(VO).fsaen] [VOZnfsaen]

Fig. 3-1 Structures of ligand (H,fsaen) and prepared metal complexes
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99

Table 3-1 Physicochemical parameters of the metal complexes

Elemental analysis IR spectrum
Compounds Calcd./found KBr disc
C(%) H(%) N(%) V(%) Zn(%) woem?  vewem?  veocem?
H,fsaen-3H,0 59.77/59.58 4.63/4.51 7.74/7.85 - - - 1649 1698
[VOH,fsaen]-1.6H,0 48.03/48.00 3.85/3.78 6.22/6.24 11.32/11.88 - 990 1655 -
[(VO),fsaen]-3.3H,0 41.98/41.92 2.97/3.34 5.43/5.51 19.78/20.72 - 990 1655 -
[VOZnfsaen]-2.9H,0 40.40/40.22 3.31/2.98 5.23/5.31 9.46/8.80 12.14/12.50 993 1642 -
[ZnNa,fsaen]-1.7H,0 43.74/43.68 3.14/2.90 5.67/5.82 - 13.13/13.08 - 1634 1699
Mass spectrum Magnetic Partition
Compounds FAB* UVIVIS absorption spectrum susceptibility coefficient
[M+H]* Mw A(nm) (s: Mem™) Ueit log P
H,fsaen-3H,0 357 356 336 (7610) 402 (7880) - -0.91
[VOH,fsaen]-1.6H,0 422 421 352 (10800) 529 (140) 706 (74) 1.71 -1.74
[(VO),fsaen]-3.3H,0 487 486 351 (24800) 705 (608) 1.28 -0.79
[VOZnfsaen]-2.9H,0 - - 342 (18600) 587 (151) 1.82 -1.07

[ZnNa,fsaen]-1.7H,0

379 (10900)

-1 not detected



Li-TCNQ

[VOHfsaen]

A

[((VO)afsaen]

A

[VOZnfsaen]

Ay On

240 340 440
Magnetic field (mT)

Fig. 3-2 The ESR spectra of VO** complexes in DMSO at 77 K
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Table 3-2 ESR parameters of for the metal complexes

ESR parameters Assumed
Complexes Solvent g-factor A-value Coordination
%o On 0. Ag A A, modes
1 1978 1956 1989 89.4 165 515 N,O,
—— [VOH,fsaen] - 1.6H,0 DMSO
2 1978 1929 1994 893 183 455 O,
3 1975 1956 1.985 90.8 163 383 N,O,
— [(VO),fsaen] + 3.3H,0 DMSO
4 1975 1934 1996 90.8 184 442 Oy
5 [VOZnfsaen] - 29H,0 DMSO 1.982 1945 2001 90.0 169 504 N,O,
6 [VO(6hpa),] + 2.9H,0 H,O 1966 1.936 1981 107.3 178 72.6 04
7 VOSO, - 4.0H,0 H,O 1972 1.933 1992 1093 181 733 04
8 [VO(pa),] * 1.0H,0 H,O 1980 1.945 1998 934 168 535 N,O,
9 [VO(6mpa); ] DMSO 1.981 1941 2002 922 164 534 N,O,
*: Weak signal
@)
O\o \
Hz
Z AN S W "_/ N O\ \"/ )
— OH2
(@]
[VO(pa),] [VO(6mpa)2] [VO(6hpa)2]
190
180 |
= I
c 170 /
(&)
<
S 160 [ O
—
<
N
< . N,O
150 2=2
| | | | | |
140

1.91 1.92 1.93 1.94 1.95 1.96 1.97

9y

Fig. 3-3 Relationship between the hyperfine coupling constant, the A-value (A,), and the universal constant,

the g-factor (g,,), for the vanadyl complexes with N,O, and O, coordination modes
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Magnitude of Fourier transform

r(A)

Fig. 3-4 Fourier transforms of EXAFS oscillations for [VOZnfsaen] over the k range of 24 — 110 nm™. Curves

(1) and (2) are vanadium and zinc spectra, respectively. Found: solid line, calcd.: dashed line

Table 3-3  Parameters of EXAFS spectral analysis of [VOZnfsaen]

Complex Coordination state Bond length (pm) o (pm) n
V=0 164 + 11 7+£10 1
V-0 195+ 6 5+12 2

N2O,
[VOZnfsaen] V-N 206 + 10 5+11 2
V-Zn 297+ 10 10+ 10 1
Oy Zn-0 202+0.5 8+3 4

TR IHT DRGSR, [VOH,fsaen] & ON[ZnH fsaen)l T4 )& : B =1 : 1, [(VO).fsaen]iZ® /& : BN 1=
2: 1, [VOZnfsaen]id /NP w A digh : B =1:1:1 OkEpR L, Higl s FZHEN X< —HL
7LCO 63

UVIVIS 27 R VTR F & Hes | IR R OB B 0372 7 R R BTz, IR A7 ML Tl
C = N OMfEREEICE-S< 1650 em™ BT QW13 > 7 h L, V = O OfFHRENC IS < BRI A3
[VOH,fsaen] & ON[(VO).fsaen]iZ 990 em™ 3T, [VOZnfsaen]i% 993 cm™ (2t &7z, [VOH,fsaen]} O
[(VO),fsaen] DE & 53 HT TIESERIZIS < B — 27 D3 S 47z, [VOH,fsaen] DAL= I T B FR AT Td
ST, [(VO) fsaen] DI LR ITBIFRIE L 0 HARVMEA /R Lo 72D RORBEMEAR BAEMH 2 7R3 "l Rt
EZz2bhiz,

[VOH,fsaen] % O [VOZnfsaen]®» ESR A2 kL Tik, =i (RT) B L ONRIKZEHZEE (LNT) Off
BETAMNF Ty DMIESSFAEDOALY MBS (Fig. 3-2), EDOHE T, Table 3-2
WR LT 4N T2 85RO ESR AT MM B LT gy il OV Al & bhig L= /55, 4 E
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DOEHEMN S ST gy LY A ED 5. [VOH,fsaen] & ON[VOZnfsaen] D 4 i/ X527 A% N,O,
MR ZE & D EHEE SN (Fig. 3-3), ™ [(VO),fsaen]® ESR A2 hJLIZiF /TP HiE-5< 2 fisE
DY TF ARSI, FRENEMHT LT & 2 A NO, BUENL DR F VT A e O BUBLNL D/ F T
LD STPAFAET D EHEE STz, LLEDORERN G, [VOH fsaen)iZ & & : Bl r-=1:1 TEAL L7
N,O, BB OSSR, [(VO) fsaen]id4 )& : BLfZ-=2:1 THEIML L7= NO, BN & O BUEL OO 1 5 75 &
D EREER, [VOZnfsaen]iZ N )0 A ¢ #igh B F=1:1: 1 THAF V0 L0 NO, BN AL, #igHAY
Oy BN B DERZSEIR T 2 L HEE L T2,

EXAFS A7 R VOFENTHRERTIE, Fig. 3-4 IRx L7z r 22, T70bbiGoizy 7T umb oy s
70 RERELTHIE LAY Mz, 7— ) 28802 L0 B EREIc e L7/ 7
BWTHIEM (FEH) & BRI () BE<—& L., @BcE O —RALEIZ I T D EALRF DR
BEERE R OJRFRIBEBES B S L 7R o 7o, ETo, AT U T LD NO, BNIIEA, #ishAy O BBz
LB L ETHL T 232 L= 2 v 5. [VOZnfsaen]| DR 13 Fig. 3-1 1278 L7218 W OENIIE K
FLBHLEZOLNT, 7B, [VOH,fsaen] & ON[(VO),fsaen]®> EXAFS A2 kL DM #E FIIR S 220
ST, HEE SN TEERE L TR T2 L7T-#EE2F L, [ZnH fsaen]idK 5+ DO F BEZ DWW T
RIS Y 2T — 2 B L TN, KO FIFii S o,

U EDZ &2, [VOH,fsaen]. [ZnH,fsaen] . [(VO),fsaen] 2 ON[VOZnfsaen]id Fig. 3-1 IZ/x L7z# Y |
S B EREN DL 1, 211 KO 2.1 TRANLT D858 Th 2 &l L7z,

3-3-2 $fEDA A Y AARIEH

TEXRT7 ) U CHGELMAE RS 2 & FRFA B END28, A VAV i3 v R LTy
— % LN C PDE ZIGME(L T2 2 & T FFA Okt 2l 45, 4 i) 20 AN T A > A
U v 7R G LT 2 8 2 W 4N T2 7 A3 PTPIB ZfHE L T FFA OJi 243 %,
WzoT, mvxT7 U THE LT v h AEIBIMIE D S D FRA IBEZJIET 5 Z 212X
V. BHEERDA LAY UAREM AT L7z, MfilFHIiOfE L LT 7 U TR L ThidH &
2% FFA f:%4 100% & LT (control) . 50% |42 & DY T NREZE IC,EE LTl Lz, £
DR AT OSERITIREE(RAFRIIT FRA B & B0 U 72, 1Cs fEI T8 & 7= 0 DY & L CAFli L Table
3-4 |27k L7z, FFA OIS TEIX[(VO) fsaen]. [VOH,fsaen]. [VOZnfsaen]DIIE T & - 7=, [ZnH,fsaen]
TIHEMERRD B e hr o 7o, BEORE TIIHEMREE FRA BUBIHENSPEO BRI T MDD 5
NTEBY ., ABRHFOMETH ORI K E W[(VO),fsaen] 23 [VOH, fsaen] L ¥ & miEtE Tdh -7, Lo
L 72 M 5 [VOZnfsaen] & [VOH,fsaen] & ON(VO),fsaen] D N 13 4 B AREL (AR BE 9~ 2 AE M X586 H 722 0

-7,
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Table 3-4 Estimated ICs, values for the complexes and ions

Samples I1Cs0 (LM)
[VOH,fsaen] 267 £ 10
[ZnH,fsaen] Not determined
[(VO),fsaen] 195 £ 39
[VOZnfsaen] 379 £ 53

VOSO, 270+ 80

ZnSO, 362+9

3-3-3  FEfko bk N EH M OV EL PR A

7 v O AEIEVMIEE AWz FRA IRERIEIZ LV | [VOZnfsaenZiLbERE FIEH O R T v o % LR
% = LIAHER T & 72, [(VO)fsaen] [VOH,fsaen]IC b, FFA B HMAIENELSIEE Tl o 7228, 5
1B ROH 2 BORERND 4T 0 LEERITHERBEEZ BB T D RENm N2 & TPy
DASRTEIEA b L RIS & B R HE R & HAARIN T 2 ATHEME NS STV 2 L b, KK-AY
¥ A % VT [VOZnfsaen] 0 MUl e T 1M 2 374l L 7=,

BERFMLBEE O ERE R4 Fig. 3-5 1R Lz, Fio. AFHRAEOR R4 Table 3-5 (2R L7z,

Fig. 3-5 127”37 & 912, [VOZnfsaen] & #% G- L 72 B TId 5 2 B H 6 AR TR0 b, £ D%k
A A RERF MBS 23080 L. 56 A B & O 8 B H LA nontreated 0 KK-AY ~ 7 2 1Zxf LTI %
L7z, Table 3-5 127”9 K 91, AL FMiA TiX, AST XUVALT id nontreated @ KK-AY ~ 7 2 & [lfE
JETHY, TCHO Z O > A U 3K Z 7~ Lz,

700

600 |

500 -

400

300 -

200 |

100 |

Blood glucose level (mg/dL)

Day

Fig. 3-5 Blood glucose levels in nontreated KK-AY mice (4) and mice receiving oral administration of
[VOZnfsaen] (M) at a dose of 65 - 196 umol metal kg™ body weight for 2 weeks. Data are expressed as means *
SD. *p < 0.05 vs. nontreated KK-AY mice (Student’s t-test)
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Table 3-5 Plasma concentration of AST, ALT, and TCHO in [VOZnfsaen]-treated KK-AY mice

AST (U/L) ALT (U/L) TCHO (mg/dL) Insulin (pg/mL)
nontreated KK-AY" 50+8 24+ 2 175+ 30 1535+ 24.7
[VOZnfsaen] 57 +13 23+4 94 + 13** 29.1 £19.3**

*: Reference data from first chapter
**p<0.05 vs. nontreated KK-AY

3-3-4  JUREFHIREAMN

[VOZnfsaen]#5 5-FE D fFfis M OFE B O/ % Fig. 3-6 2 OV Fig. 3-7, FEEAMIMA D5 R % Table 3-6
2R LTz,

Table 3-6 } ON Fig. 3-6 (27~ 3" & 512, HFli&Tid nontreated ® KK-AY < 7 2 T 4§l 3 FllC 25, 1
BN D/ NETLOIED AT 22 R (ERGTEAE . RETER) 23380 b/ diZxt L, [VOZnfsaen]# 5-
FECIZ 6 B 1L BN EDRRIIIEE BB NI DB ThH o7, 2O LD $HEDHEEIZ L T,
NERGILAS NI S VT2 2 & SR S 7=, £7-. Table 3-6 X N Fig. 3-7 1277 K 9 1Tk L TlIERESRY
REAGITERD e o 7= (Fig. 3-Th, KEEANILE L) .

PLEDZ Lt [VOZnfsaen]id Z L E TITHE STV D 4 {liN T2 0 A K OEEH SR & [RRRIZIT
I D BRI SN F % L. [VO(opt)] R [VOEmal) ] 733 & 9 Ze kit 2R & oz, 47

Table 3-6  Result of morphological analysis

Histological findings

Dosing  Number Liver Testis
Groups periods of Vacuolation / Hypertrophy, . o
. Mineralization
(Weeks) animals Centrilobular
- 1+ 2+ 3+ 4+ - 1+ 2+ 3+ 4+
nontreated
) 2 4 0 1 3 0 0 4 0 0 0 0
KK-AY mice
[VOZnfsaen] 2 6 5 1 0 0 0 6 0 0 0 0

Grading scores: -, none; 1+, slight; 2+, moderate; 3+, strong; 4+, sever

*p<0.05 vs. nontreated KK-AY mice (control)
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Fig. 3-6 Morphological analysis of the liver in KK-AY mice exposed to [VOZnfsaen] for 2 weeks. (a) Fat

deposition observed hepatocyte in nontreated KK-AY mice. (b) No abnormal changes in KK-AY mice exposed to

[VOZznfsaen] for 2 weeks. Hematoxylin and eosin staining (scale bar=100 um).

. 4% % L AN
2%e% B EE T B
ar aCan S e/

2

&
¢

@l

Fig. 3-7 Testicular morphology in KK-AY mice exposed to [VO(opt),] or [VOZnfsaen] for 2 weeks. (a) No
abnormal changes in nontreated KK-AY mice. (b) Mineralization of the seminiferous tubules in KK-AY mice
(arrow) exposed to [VO(opt),] for 2 weeks. (c) No abnormal changes in KK-AY mice exposed to [VOZnfsaen]

for 2 weeks. Hematoxylin and eosin staining (scale bar = 100 pum).
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3-35 ffgsh ST Y ADFER

figes ST 7 B R OVLgR O i i AE R A Table 3-7 J U Table 3-8 (27~ L7z,

Table 3-7 |23 & 91, 2 M O AR G- % L8 O T3 )2 0 A &EIZ-DW T, [VOZnfsaen]
PR [VO(opt) ] X% DN[VO(emal),]iZ & LM% 7= L. [VO(opt),] & [VO(emal) Ik [FFEE Th o7, 7233,
[VO(opt),] % U [VO(emal),] % 4 M E 5 L 7@ O IFlg 2w A &id, i 2 lE OB
L RIFLE CTH - 7=, [VOZnfsaen] % ONZn(opt) J&E D FFlgH HEgn & ix. [Zn(glc),]. [VO(opt),] & 7= 1%
[VO(emal),] & b L CEfE %~ L7z,

2B OKE R H-% LIz B OREE ST U0 ARICOW T RIS TR -8R D 5
U LRI [VOZnfsaen) & G EHIFKE TH - T2,

Table 3-7 Concentration of vanadium and zinc in the liver

Dosing period

Complexes Vanadium (pg/g) Zinc (ng/g)
(weeks)
[VOZnfsaen] 2 25.4 + 4.46* 48.4 + 13.2%*
[VO(opt),] 2 8.85+4.00 -
[VO(emal),] 2 9.74 £ 2.65 -
[VO(opt),] 4 7.58 +1.35 14.4+1.9
[VO(emal),] 4 7.98 +1.94 15.0 +2.7
[Zn(opt),] 4 B.L.Q 40.6 + 20.7**
[Zn(glc),] 4 B.L.Q 18.6 +3.7

*p<0.05 vs. [VO(opt),] or [VO(emal),] **p<0.05 vs. [Zn(glc).], [VO(opt),] or [VO(emal),]

B.L.Q: below the limit of quantification

Table 3-8 Concentration of vanadium in testis and number of affected animals

Dosing period Number of Number of Vanadium
Complexes ) )
(weeks) animals affected animals (Mg/g)
[VOZnfsaen] 2 6 0 0.45+0.28
[VO(opt).] 2 3 2 33*

*: Average of affected animals in [VO(opt),] group
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34 B
3-4-1  PyPEREAM

ARFEBRTIE, ZHETIZHHERIFEMEICOW TR L2 Z 2372 <0 &S SN THRW 445
D0 LR O B G te~T n A TH H[VOZnfsaen)| & ARk L. = OWtE & 3¢5 & & HIT. FFA
HCE TS M K OVoBERE T AR DU TR L 72,

[VOZnfsaen] D IEHE M L OV IR ALk VITBERGRAE £ 72 1350k & L < —F L7z, ®ESR 27 kL
MBEM L ESRRT A =20 gy fEAX O AYEZMOSERDT — % CURkE) &2 & 44N
T U0 LI NO, B 2 & 5 2 & BHEZR STz, EXAFS A7 RV TIL, 413 F 2 7 LD FH—EUL
FEIZ V=0, V-0 KO*V-N OFfEE DY 7 ARG b, #lighO % —FNLEIZ Zn-0 OFEE& 0 v 7 Fun
oz, SHIT, EXAFS AT FMLVOETHRERN S 4fi ST 20 LR OHEIZIZZN LN 1 KD 2
DIDKGTBENAL L TWD Z EDRHEE ST, ULEDZ LD [VOZnfsaen]ik 4 i/ N F 7 4 il
g B =1:1:10FE T, Fig. 3-1 1R LICHEEICAK D FAMPIN L& % & 28R Th D 2 &
WA BN E o7z, Fio, HEAEAITNBIALIE\ AR S, DR IE m A E S L < IEUEALCRE
PA- & F— il BRI DMFET DS 2 & 5 2 L 03D D, WA CITMEAEEA S, 00w (ARG
&b & X ominEo LB O A EBEE 208 pm. — 7, WUEANL CR—Fm Eicd 5 & xS
BRI 195 pm & ST D, O ARFBIORE R TH S 202 pm &0 9 AESHEET, W5 L i LT
B CIEVIm ARG Z & 5 & & LR—Fm Eicd 2 & oA O MRE Ch-T-, 20T &
5. [VOZnfsaen] D Higp R IZEIASE ST A+ L A —FE EL Y D LOPTATTEFTICAE L T
EHEER ST,

F 72, [VOZnfsaen] & thigi > H 1) CTH B O FEAT L 72 [VOH,fsaen] & O[(VO),fsaen]ix st 4347, IR
AT PV, AR BRGHT R OVESR X7 RMURITOFRERN G WIS Fig. 3-1 128 LG %
BTbEEZDRI,

ARFEBRTIE, Hifsaen Z BT & T 285K L LT, BIROSEARDMIC HEERZEE AR T & 5 [Zn,fsaen]
DEFENTHREND, ZOKRIZOWTIIARERRID, KT D Z LT TEehotz, HLEhE
T % [ZnHfsaen] D X B KRBT 2 58 A 72 815 TIE, [ZnH,fsaen]ix NoO, B R 5 b s v 7
VDLHRREN 53 Tlel | WIEERFET D7D D HRMMED Y 7S ARG b h ol ST
%, % [ZnH,fsaen] D HENEF 75 Oy BIAALTE R TIE e < NGO, BB A & > T D Z LiE, IR A~ b
IVOFERN D BHEETE 208, ARG CHEEENC D2 0 A E R AT b O OA R TNRIZMEN T X 720
ST END, ZOMKIFIALETHD Z ENXMAZ D, SHIZ, STHRTIE[Znfsean]iX AL T 72 o
mEEnTWa, ooz Land, R TIE Hefsaen O N,O, FLAL DT T HERA AR 2 E T
HY., ZOZENEEL THNO R EEMEROIREMRFT 2 2 ENTES, ARTE e olzt
Ez b,

3-4-2  PUBEIRIETETE

KK-AY <~ 7 2~OFEGTIE, %5 2 H B LIMHEDOK T2 b, #4514 B B £ Tk L TR
DO, THETAEANT DT NE TSR OBBSIA, &5 WIT 43T 0 L DR BB
PMBERE TIEM 2R3 2 LI3mE STV D2, ARREHE 44T 20 LR OHgh O~T v RS K
PMFERE FIERZ R THIO CORERE o7, £io, MIEF /T 2 —% OWETIEZ, TCHO KU
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2 OIERTRRD b, TEREFRIFHMECIE, IROBEILE N SGE Lz, IFEh Aoy A kRO
HiEH O E R TlX, [VOZnfsaen] & £ 5 L= BERS R A 7R LTz, FFMRA~OIRE LA DR S iz 2 L1
BIL T, ARGHE R BIXZE DA D= X LNIA LTI R Do 7o, N F U0 AEIZ[VO(opt),]<°
[VO(emal),] & bt~ T B RERNZ TR~ D 3 A 73 Dy 72 Z & (Table 3-7) . Higp & IE[Zn(opt),] & [FIFE
BEV g~ A LT 2 e SRR G X0 IO IR RHEE P S8 SN TREE m W E B 2 5
Nic, =, B2ETIHRAEY | 44T 0 LEEROE G2 K0 K BICR AR 72 VR FE 3 8 81
I 5 AlREMEDS RIE X dL7= A3, [VOZnfsaen] % Bt 5 L 72 KK-AY = 7 ZA DRI CIIEEENIZLIZR D b
T RRPESEREOEETH, BENORLINIAT VU LABITDT N ThoTe, LEDZ &0 G,
[VOZnfsaen]iZ Mubile TAEM 2R T8GR T, EMERERITHE AT LIS < RREELFH
LRWSEATH D L F 2T,

PLED Z Enn | [VOZnfsaen|idZHihERIFIEEZ /R L, — 5 CHEEEZ R IR I ERHAL N E 7
S, ZOBEBIIABRFNOITHA LN LT bkeholon, Hifn s 4oy aikiffsdiz b
\Z XL DHEND 4l ST T ARG IR B 5 LTV D RTREMEN B 2 BTz, Lo T, [VOZnfsaen]
PR RIFTEE 2 R HI O CONT o SR TH D Z E BRI S, £ 2 BREOKE#RE & v
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Appendix 1 Individual plasma insulin concentration and testis toxicity score in nontreated controls and

KK-AY mice treated with metal complexes for 4 weeks

No. Insulin (pg/mL) Testis toxicity score*
KK-AY-1 123.2 0
KK-AY-2 143.6 0
KK-AY-3 175.4 0
KK-AY-4 171.8 0

VO(opt),-1 7.1 5)
VO(opt),-2 21.6 8
VO(opt),-4 179.3 0
VO(opt),-5 109.8 0
VO(emal),-1 79.2 0
VO(emal),-2 66.7 5
VO(emal),-3 65.8 0
VO(emal),-4 177.2 0
VO(emal),-5 207.3 0
Zn(opt),-1 121.5 0
Zn(opt),-2 117.1 0
Zn(opt),-3 95.3 0
Zn(opt),-4 94.4 0
Zn(opt),-5 125.6 0
Zn(opt),-6 117.1 0
Zn(glc),-1 180.1 0
Zn(glc),-2 172.8 0
Zn(glc),-3 365.9 0
Zn(glc),-4 312.2 0
Zn(glc),-5 316.4 0
Zn(glc),-6 234.3 0

*: Reference the second chapter
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Appendix 2  Organ weight of lung, heart, liver, spleen, kidney and testis in 2 weeks administration groups

. Body Lun Heart Liver Spleen Kidne Testis
AnimalNo. eight A ! c A c A c A ° C A . C A C
KK-AY-2-1 37.9 145.4 3.836 137.6 3.631 1807.0 47.678 109.2 2.881 459.7 12.129 167.8 4,427
KK-AY-2-2 37.3 141.6 3.796 155.1 4,158 1412.4 37.866 81.0 2172 478.2 12.820 182.2 4.885
KK-AY-2-3 41.4 157.9 3.814 173.3 4.186 1573.0 37.995 76.6 1.850 430.4 10.396 177.5 4,287
KK-AY-2-4 41.7 169.0 4,053 174.5 4.185 1815.1 43.528 79.5 1.906 447.0 10.719 180.1 4,319

. Body Lun Heart Liver Spleen Kidne Testis
AnimalNo. —\eight A : C A C A C A : c A s C A C
VO(opt),-2-1 35.6 147.5 4,143 119.9 3.368 1563.7 43.924 90.1 2.531 417.2 11.719 163.4 4,590
VO(opt),-2-2 371 181.6 4,895 184.9 4,984 1531.8 41.288 163.4 4,404 506.3 13.647 123.6 3.332
VO(opt),-2-3 40.3 184.4 4,576 148.1 3.675 1771.7 43.963 152.7 3.789 514.2 12.759 112.1 2.782

. Bod Lun Heart Liver Spleen Kidne Testis
Animal No. Weigk):t A : c A C A c A : c A s C A c

VO(emal),-2-1 44.6 152.8 3.426 171.9 3.854 1709.3 38.325 80.6 1.807 525.8 11.789 195.2 4,377
VO(emal),-2-2 36.8 162.4 4,413 142.3 3.867 1546.1 42.014 157.3 4,274 456.2 12.397 123.1 3.345
VO(emal),-2-3 43.0 171.8 3.995 173.6 4.037 1597.0 37.140 148.3 3.449 467.9 10.881 214.9 4,998

. Bod Lun Heart Liver Spleen Kidne Testis
Animal No. Weigr):t A : c A c A c A : C A s C A c
Zn(opt),-2-1 40.6 163.2 4.020 182.2 4.488 1667.1 41.062 1134 2.793 456.0 11.232 168.5 4,150
Zn(opt),-2-2 33.8 159.4 4,716 144.2 4.266 1599.3 47.317 120.3 3.559 416.2 12.314 188.4 5.574
Zn(opt),-2-3 43.8 167.5 3.824 200.9 4.587 1541.6 35.196 123.9 2.829 423.0 9.658 194.9 4.450
Zn(opt),-2-4 33.9 163.9 4,835 284.8 8.401 1375.5 40.575 118.2 3.487 362.1 10.681 185.2 5.463

. Bod Lun Heart Liver Spleen Kidne Testis
Animal No. Weigr):t A : c A c A c A : c A s C A C
Zn(glc),-2-1 37.4 137.3 3.671 160.3 4.286 1535.6 41.059 87.6 2.342 443.7 11.864 175.4 4.690
Zn(glc),-2-2 40.1 148.7 3.708 182.9 4.561 13334 33.252 75.2 1.875 4495 11.209 191.6 4,778
Zn(glc),-2-3 38.1 148.9 3.908 147.2 3.864 1494.1 39.215 100.6 2.640 427.4 11.218 189.1 4.963
Zn(glc),-2-4 40.2 129.7 3.226 186.0 4.627 1284.3 31.948 76.4 1.900 374.0 9.303 185.0 4,602
Zn(glc),-2-5 42.4 167.7 3.955 176.0 4.151 1568.5 36.993 88.0 2.075 457.2 10.783 209.1 4,932
Zn(glc),-2-6 40.3 140.9 3.496 144.6 3.588 1410.7 35.005 7.4 1.921 476.9 11.834 221.8 5.504

A: Absolute weight of organs (mg), C: Comparative weight of organs (mg/g)
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Appendix 3 Organ weight of lung, heart, liver, spleen, kidney and testis in 4 weeks administration groups
. Body Lung Heart Liver Spleen Kidney Testis
AnimalNo. gt A C A C A c A c A C A C
KK-AY-4-1 385 146.8 3813 154.7 4,018 1592.0 41351 93.0 2416 4528 11.761 197.3 5.125
KK-AY-4-2 445 170.4 3.829 180.9 4.065 1688.9 37.953 7.7 1.701 520.0 11.685 204.3 4.591
KK-AY-4-3 454 208.9 4.601 2431 5.355 2033.8 44,797 83.0 1.828 497.0 10.947 110.8 2441
KK-AY-4-4 381 154.4 4.052 148.9 3.908 1638.4 43.003 65.7 1.724 496.4 13.029 196.4 5.155
. Body Lung Heart Liver Spleen Kidney Testis
AnimalNo.—ioht A C A C A c A C A C A C
\VO(opt),-4-1 415 154.6 3.725 161.8 3.899 1556.3 37.501 84.7 2,041 460.6 11.099 99.8 2.405
\VO(opt),-4-2 40.1 150.0 3.741 164.3 4.097 2001.0 49.900 191.0 4.763 483.2 12.050 76.6 1.910
VO(opt),-4-3 419 159.8 3.814 170.3 4.064 1481.3 35.353 725 1.730 4105 9.797 194.7 4.647
VO(opt),-4-4 40.8 161.9 3.968 1771 4.341 1613.6 39.549 75.7 1.855 500.2 12.260 236.5 5.797
\VO(opt),-4-5 36.5 148.2 4.060 1454 3.984 1640.9 44,956 95.4 2.614 4175 1143.8 192.9 5.285
. Body Lung Heart Liver Spleen Kidney Testis
AnimalNo. - ioht A C A C A C A C A C A C
VO(emal),-4-1 42,0 147.0 3.500 162.6 3.871 1358.9 32.355 735 1.750 416.3 9.912 1924 4581
VO(emal),-4-2 424 159.2 3.755 165.8 3.910 1821.5 42.960 141.7 3.342 482.3 11.375 111.7 2.634
VO(emal),-4-3 383 157.8 4.120 1435 3.747 1254.5 32.755 66.2 1.728 4514 11.786 181.6 4.742
VO(emal),-4-4 39.7 165.4 4.166 1441 3.630 1866.4 47.013 107.0 2.695 526.6 13.264 191.8 4.831
\VO(emal),-4-5 435 1333 3.064 182.5 4.195 1505.2 34.602 724 1.664 394.5 9.069 148.9 3.423
. Body Lung Heart Liver Spleen Kidney Testis
AnimalNo.—\ eight A C A C A c A c A C A C
Zn(opt),-4-1 395 158.0 4.000 158.0 4.000 1633.3 41.349 83.2 2.106 452.7 11.461 186.5 4722
Zn(opt),-4-2 40.2 168.7 4.197 169.0 4.204 1717.3 42.719 137.2 3413 495.9 12.336 207.9 5172
Zn(opt),-4-3 412 177.8 4.316 173.7 4.216 1571.4 38.141 122.9 2.983 4334 10.519 194.6 4723
Zn(opt),-4-4 439 180.6 4114 175.3 3.993 1645.3 37.478 127.8 2911 4783 10.895 2140 4.875
Zn(opt),-4-5 432 163.9 3.794 171.8 3.977 1830.9 42.382 146.2 3.384 420.9 9.743 326.4 7.556
Zn(opt),-4-6 44.2 178.7 4.043 155.6 3.520 1654.1 37.423 162.6 3.679 452.3 10.233 151.8 3.434
. Body Lung Heart Liver Spleen Kidney Testis
AnimalNo.\ eight A C A C A c A c A C A C
Zn(glc),-4-1 40.9 160.7 3.929 142.3 3.479 1605.9 39.264 87.1 2130 522.6 12.778 181.4 4.435
Zn(glc),-4-2 39.1 165.8 4.240 200.5 5.128 1669.9 42.708 92.6 2.368 494.9 12.657 2349 6.008
Zn(glc),-4-3 474 162.5 3.428 1819 3.838 2580.2 54.435 86.9 1.833 589.9 12.445 196.4 4.143
Zn(glc),-4-4 434 169.3 3.901 190.6 4.392 1974.2 45.488 162.9 3.753 515.8 11.885 197.4 4548
Zn(glc),-4-5 415 137.3 3.308 179.4 4323 1392.8 33.561 74.8 1.802 424.6 10.231 197.2 4.752
Zn(glc),-4-6 41.6 170.0 4.087 171.5 4123 1695.7 40.762 129.1 3.103 5435 13.065 235.1 5.651

A: Absolute weight of organs (mg), C: Comparative weight of organs (mg/g)



Appendix 4 Method of XAFS data analysis
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