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Pharmacokinetic analysis of insulin-mimetics vanadium complexes in rats
—metallokinetic analysis by BCM-ESR method—

Hiroyuki Yasui, Yae Fujisawa, Riichi Tawa, and Hiromu Sakurai

Department of Analytical and Bioinorgawic Chemistry, Kyoto Pharmaceutical University

Biological functions of vanadium have been investigated by many researchers. Especially, the
insulin-like effect of vanadium is the most remarkable. Recently, vanadyl ion (+4 oxidation state of
vanadium) and its complexes have been shown to normalize the blood glucose levels of
streptozotocin-induced diabetic rats (STZ-rats). We have examined to find more effective vanadyl com-
plexes with insulin-mimetic activity and prepared less toxic complexes with several types of coordination
mode. Among them, vanadyl-methylpicolinate complex (VO-MPA) was found to exhibit higher insulin-
mimetic activities and less toxic than other complexes as evaluated by both in vitro and in vive experi-
ments. Electron spin resonance (ESR) is available to measure the paramagnetic compounds in biological
samples. We have developed the in vivo blood circulation monitoring-electron spin resonance
(BCM~-ESR) method to analyze the ESR signals due to paramagnetic metal ions and stable radicals in
real time. In the present pharmacokinetic investigation to elucidate the relationship between the blood
glucose normalizing effect and global disposition of vanadium, we report first the experiments, in which
the BCM-ESR method was applied to evaluate the disposition of Vanadyl.states in circulating blood after
intravenous administration to male Wistar rats. ESR spectra due to vanadyl state were obtained in circu-
lating blood, and pharmacokinetic parameters for them were estimated by using the compartment model.
The results of the experiments indicated that vanadium considerably distributed to peripheral tissues
and eliminated from the body through urine, and the accumulation of vanadium in the tissue was en-
hanced by VO-MPA treatment. The long-acting property of VO-MPA was suggested by the incorporation
and accumulation of vanadium in the bone. We conclude that the tissue distribution of vanadium is close-

ly related with the antidiabetic activity of the vanadyl complex.
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#1C & % blood circulation monitoring-electron spin resonance (BCM-ESR) % 4BE LT 519, FIF,
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1. WNFEIMEEMOREM

NI WAFNVETY F—F (VO-MPA) BLXUBEE/NSF w4 (VS) OABAEEK 773y
B, BLPT v MHIBMEICBIAREWIZOWTEREB L 7K TESRPIER TV, 75D
FE L ESR /35 X — & ®IRHT L7720

2. BCM-ESR {12 X % metallokinetic analysis

Wistar REEVET » P2 P2V E Y — VR EIENES L C, FEFT CREBEIRS & CBIIRICH = 2
=g vl ToVaryFa— 7L EE LESRHERAAELVIZERE L, VS LR
VO-MPA %/} ¥ 4 & LT 0.5mg/kg DFG- 2 CTREBEIRPMNIC 234% 5%, 512 ESR HllE 247\,
SORMFIZIEBRMBE R DN F INFEE B =5 — L7z, NF IV WVHEICHED { ESR 155 DS % #ixd i B
THCTIMAFREIREL, BONMHREORMIER Y 2 /85— b X ¥ b TFIVICED EYHE
T & o T L7z

3. RENF UYL OHMEIRED ESR 12 X B AT

VS & L <iE VO-MPA #/NF ¥ 48 LC0.5mg/kg DFRGETT v M OREHIRNICARIES %, 2
BEREEIIR 2 BRI L C, WALAWDRPIREL 77K O X-/32 FESRIEIC L W EE LT, W{tawo
R HEENEE LD W CTRE L7

4. NF Ty AOBRGA

VS b L <iE VO-MPA #/3F 3w 4k LT 10mg/kg DIRGBTT v F OEEMICHEITS%, &1
BV IRER RN IR 2 & M 2 FRAC L, [ Bas & it U O sate L 7o, SRR FIRERAT I B
WTHEEFREHESHTIC & ) BRSSP OB F Uy LB ER LT, LAY ORBRBITHEICOWT
Rt L7z
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FrEEME P ORIRS L OREREIC X V1872 ESR /ST 2 — ¥ g il L MBS A Z 5 A fEH 5 HIBF
L7zo £ TOBEBET THALEY D ESR B L ME 5 RE DR ZLIZBE S h e o7, Lcdto
T, MEFICBWTHNF IVLERIIIT LA LRI BT ZT, XECHHIENFHLL LR 5
720

VS & L<1d VO-MPA £/N4 27 AL LTO0.5mg/kg DS ETT v bICEHEREL, BCM-ESR i%
WX DE LR % Fig. IR L7z, FfbEWE 10, BERIMEA IS/ NF D IVEEICED { 8 R D
ESR 27 MVERL, ¥ 27 FIVIRE IR MEE L o I % compartment model?® 23D
THHTL7-& 2 A, VS OIMLFIEE L one-compartment model 12 & ¥ 8l S /-Di2xd LT, VO-MPA
Tl two-compartment model {2 & % FHIIASEE I L D BYTH o 720 N F T LAY DI T EIEEIZ
EA A EE AL E DR THL PR WS S, A 4 B &R OLHmBFEISHE Ch
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Fig.1 In vivo BCM-ESR method of vanadyl (VO (II)) state

Rat received intravenous injection of VS (upper) or VO-MPA (bottom) at a dose of 0.5mg
vanadium/kg body weight under anesthesia. ESR spectra were measured at room tempera-
ture.

BATHEETEEFNEA LA -7 74 v 74 L DA EEL S BRI NEYHEER /IS A—F
% Table 1 {Z/R L7ze & 242, VO-MPA D) — AW TH H/NF I VET ) 2— b (VO-PA) @
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Table1 Metallokinetic parameters of vanadyl complex

ti/z vd CLtot AUC MRT
(min) (mL/kg) (mL/min/kg) (nmol*min/mL) (min)
VS 5.2+1.2 154126 22.2+5.1 461100 7.2+1.6
[ 23.5%5.0 ]
( #g*min/ml)
VO-PA tiz(@)=0.4+0.2 142+47 15.2+2.9 651130 9.3+1.7
t12(B)=8.2%1.1 [ 33.2+6.6 ]
( pg*min/ml)
VO-MPA  ti2(@)=0.5%+0.1 95+10 10.5+2.3 974 +246 9.6+3.4
ti2(B)=7.2£2.6 [ 49.7+12.5 ]
(peg+min/ml)

Rats were treated vanadyl complex (VS, VO-PA, or VO-MPA, V: 0.5mg/kg body weight) by 4.v. injec-

tion under anaesthesia (n =3).

R LB L7, VO-PAIZDWTIE VO-MPA & AHIC two-compartment model {2 & % &FAli A% &
DB CTHotze K/AZ 5 7 - VEOBTERBEICEIVRINDNF DY 2LEWORREMIE VS,
VO-PA, VO-MPA DJEFICHE KT 5 Z LAFEREN TV B, L7z C, 2N F T 7 2LEY OREEHE
AT BIZONT, FIHEIERE MRT 3B & OEEH t-half OEE, MH#RE T HE AUC DX,
&5 277 J X Cliot & DAEME Vd OB ERBAHEBR S iz $EEREIONF D 2MEEWIEA F
VR R LT, BRI A S OEEIET L TIPS EIERT 5 I EAHL N E R ST,

VS B L UF VO-MPA DR it DR % Fig. 2R Lize MALEWE/SF U7 4 & LTO0.5mg/kg
DHEGETT v FORBIRPFICEERIEL, 2 BEEE IR % RN L CTRIR ESR MIZI2 & 9 v DVl
REE LTzo RPAD VS OB APEIEE L, %51 2 BH» 5 4 BHKROMICBII S0l LT,
VO-MPA O KHEMEE 134 5 EH% 5 2 B EOM $ CICBlill S hiz, £, dRRBRIToNF
INFED R HEE L, VS ARG ED35% TH o 72Dk LT, VO-MPA TG ED61% TH -
726 VO-MPA I3 VS & ILEE L CHUKHAMR LT BI2d 22 b 6, VS L h) b@LpIs, 22 VS
LD BE L DEPRANEHHEES NS Z ENWS D E B otz L7z oC, A4 VB ESEERID ;T
v LALE Y O T A L7 R RILERICIE, (LFTBEOEVIC L) EERORBEEsRZ Y, FWR
BN % & 6 7 HRIAEHE  AE D B % W Rt TRIR S 7z,

VS B £ UF VO-MPA D Z 2 ~OBITEIE O R % Fig. 3ITIR L7z, M{bEWzE NIy LL L
T 10mg/kg DG ETT v + OEIRPNCH B 5-%, K I REIIRY 5 M2 RICL, [FEFC
2 2 4 U COAS IR, MEMEAITIEIC L VRN F U 2B EER L, W{LEWE I, KE
BRI BT DAL DN F 2y 2RI E D R Bk & T 5 LIERICERETH Y, BT AR
bEL, ROWCER, FHFOMETH 720 72, B LRI BT M iR E OB RHER b Olidas
EHBLTL BRI LTHBY, MLale ISP IcBIr 20 ME, BFIRLEL, X
WO, BB OIETSH 770 BRIZBWTIE, VS TIRHBITIREOE R 2% FAMHI S
D3t LT, VO-MPA TIIBAIREIL VS ITITHE LWL 00, BEDEAHERIILVELHTH -7,
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Fig.2 Clearance of vanadyl (VO (II)) state to the urine of rats
Urine was collected at every 2 hours from rats who received intravenous injection of
VO-MPA (closed) or VS (open) at a dose of 0.5mg vanadium/kg body weight. Concentra-
tions of vanadyl (VO (II)) state in the urine were determined by X-band ESR measured at
77K.
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Fig.3 Time-dependent distribution of total vanadium in organs of normal rats
Rat received intraperitoneal injection of VS (left) or VO-MPA (right) at a dose of 10mg
vanadium/kg body weight. Total vanadium in the organs was determined by neutron activa-

tion analysis. Points were expressed as the means & SDs for three rats.
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VO-MPA DHMBRITAS VS LI L TR LTHBY, $FITETiE VO-MPA @ Tmax 2524E5 Ch 5 =
EDLERTIOL ) EWERHEEIVR SN, VO-MPA X, 4 ¥ A VIKGEHEBRMERKS v O
AR A EEMEICEE S 5205, COEAGESRTHROMEL CHEEEIET L LAVREATY
B VST L BALETIBIN S v, T 0 VO-MPA O MUMEHERE T VR O, 2 DEmNB)aE
DEY, THLLENOERIERT A0 TR RV EEZ LN TELHY, SHOERERITIZD
MErHMIFTHLLDOTH -7,

DEDFERLY, 4finNF Py 2bEWIE A 4 B & AR OIS IRTE LT, N FUNMEE L
TOMHENE, RPPEE, BXOREBIAEECEICORONL ZEFHENE R ThbDD,
VO-MPA B LN VS IZIMEHCTId & bIC 4 flisF U 2 LTERETH B, BCM-ESR kI & 9 filsE
ENTz in vivo DI AFREHER, B L ORPHHIEIIHLEWE TS 22 ESBR S h, VS & i
LT VO-MPA IZRERIMHE H 2> &5 DIE DT, FHRIMLEP COWBUOEE, IRPFHEORM, 5
BICB AP EEEOMIMITR EN/2e INEY, /3F D IVEMED MAEfER T /R OBk & s E o
L, ENnSORNEIENBEICBEBLCWA Z EATRIE SR, 4E#E M L7z BCM-ESR i3,
EWHSRILEWOMFIREL ) TVI A L TERTELIENS, BRI LEMDOERIIBIT ALY
BRELFMTADICHATH B 4%, BCM-ESR I # V7N F P AUMOEHREERE 2 EET 5
KB E O MBI REREAT (metallokinetic analysis) ~DREFIIFEI NS,

WEE D NF T LAOFPEFREHEONT T BRI 2 o 7R F R FIRERIT OBHERDS L OB Tk
B IR L B 5, '
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