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Insulin-mimetic effects of vanadyl complexes and distribution of total vanadium

in STZ-rats treated with vanadyl complexes

Yae Fujisawa, Seiki Fujimoto and Hiroshi Sakurai

Department of Analytical and Bivinorganic Chemistry, Kyoto Phamaceutical University

Insulin-dependent diabetes mellitus (IDDM) is controled by daily injection of insulin. Therefore, the
study of development of insulin replacements upon oral administration is important. Vanadate, vanadyl
ion and their complexes have been reported to have insulin-mimetic activities by i vitro and in vivo ex-
periments. During investigations of insulin-mimetic vanadyl complexes, we have found a
vanadyl-picolinate (VO-PA) complex, which was orally active and low toxic. Then we have synthesized
vanadyl-pyridinecarboxaldehyde (VO-PCA) and vanadyl-quinalginate (VO-QA) as related complexes of
VO-PA, |

We tested first the insulin-mimetic activity of the complexes in inhibition of the release of free fatty
acid (FFA) from isolated rat adipocytes treated with epinephrine. Both VO-PCA and VO-QA exhibited
strong inhibitions, and thus we evaluated their insulin-mimetic effects on STZ-rats. In STZ-rats received
1.p. injection of the complexes, normalization of blood glucose level was observed, but in STZ-rats re-
ceived p.o. administration no normalization of blood glucose level was seen.

We determined total vanadium concentration in organs of STZ-rats received i.p. injection of VO-PCA
by a neutron activation analysis method and found that vanadium was accumulated in bone and kidney.

In conclusion, both solubility of the compléx and strong inhibition of FFA release from adipocytes are

essential to obtain a good effect of the complex on oral administration.
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FFAIIC B VTN FF— b A DTN T - ZAORY AARFRAET ZZ &2 RV, & 51219854
Heylinger 5%, 42 T19874F Meyerovitch 5% 1A PL 7 M b2 v (STZ) 12 & 0 EERIICHEIR % &

L72F v b (STZF v b)) 5T F— b A v RBEMLAEHEKEE 25 & MAEMAEELT A &
PHE L, IROOWEINHE 2D, NFI YLD VR YRERDHR A R TSRS NG LD
V2o tze BETIE, SliNF Y A7 OMIZ AN S P A THBNFINA ALY BriveEn
SRR DA v 2) VHRMER b ShTWw A,

HERBIIEIA >~ 2) VKER (IDDM) B LU > 2 ) YIEKAER (NIDDM) D2z kilshs
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IDDM DB A > 2 1) ¥ OFRERISRS CTED, {320 Y Ib ) 5 bEREORSEIE T
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1. $EHRDOERK L fEEDOTE

VO-PCA BLXU°VO-QA SHREENF V7 AL EY VU I NVREI T AT FEREFF NI VB 7
REN1 13, 1 208&THEDR, 5~ 7HRKGSEHEL LTEz. Hiko e iTHmRIL,
FRYMRIN, ESR, WAL, TEMMICL DT 70

2. 7 MEHRICBII 2 ER 7Y LI X BRI (FFA) BI04 237 D vk o g
Wistar RHE (200g) % T — 7 )L CREEE T HHBIIR 2 00T L BN SE S8, BISRAUREA A & Felh ik % 1
WML, ThEasrF—ECREL, Mals Lz, EWE2nz S oI FFA 2R 3¢5
Ex70)rE@mL, MR R O FEA MR % JI%E L 720

3. ANV TRV MY (STZ) BFEEBRMEIRKET v b~ONF I NEEDRE

Wistar &H (200g) 12 STZ 30mg/kg % BARIRA & B S L, FEERMICHEIRF & L7z, MAEHE 5
PERRIECTH D LRI L7z v MINFUNEEERE T T w AL LTRSS OB E 1213 2.5mg/kg,
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OG- OBAI121E 10mg/kg DEIECI4AHM—H—BHRS 217 572
4. NF UV S BEOME /ST A —F —DEZS —

INF U VEER RS L7 T o b OMBEE & AR GEIM PR E Lz, E72, SEORSRE, S 0
A, 4ABLU28HKIZA 2 ) v, FFA, MAJRFEEF BUN), U Z7)E)F (TG) BLUHE
LAFu—) (TCHO) #MEL, DA v 2 ) VEEER & 3FE L 720
5. SIS HICBIDRERROBNF T LROER

VO-PCA ISPHESBED 3 B E R LIER AR 52T » b & 14H B4R L0 5 H BIZ114
AR L, BRI L7 a0 B R TR ERRATIC B L TR T RS ik 2 VW TER L 72,

BRELIUVEE

VO-PA %#1) — FLAW E LTAER L7 VO-PCA B X U8 VO-QA O#:E=IS AR, #RIHRIX, ESR,
WALEE, RO REDS Fig. 1 DL ) IZHEE L7z, Mighike & DMSO DO @Bz 134 CER L
oD T, FEAKITMETE LD o7
INFTIKRADHIERETIET v MIBWTILE 2 VT — ARE L L& FFA iREAIEOMBEMNE /R
LTWAIERRWELTWA, L2dioTT v MEIMIEA S O FFA #2#E 2 5HH§ % 5% 13 in vive 12
BULEYDOA 2 UHERZIENTADUIENTHL L EREL, £2°T, 7 v MalifiliE%
FVC FRA BEBEIE 3 B8 F D VRO BB RSl L7z ZE R 7 YL ) FFA R 2 188 L 72 1%,
s D FRA MR ERERE S F ¥ 4 (RYFa7ayva—v) L0 bid, ZOERIR
BERTERI Cdh o Tre 77, COMEMEF D Y ba—b (100%) 123 LT, #h%50%I2F CHIHI$ 584
HROWE4 ICs & LTHEM Lz, SNET, HilE/SF Y7 4D ICs fiHid 6.0mM, VO-PA 0.47mM, ¥
72, VO-PA %) — F{L&W & LTAM & L7z VO-methyl picolinate @ ICso f#id 0.45mM Td o 72DIZ
%L, VO-PCA ®##iE0.34mM, VO-QA {2 0.28mM Td - 7z (Tablel)s L7225 CTHlig A in
vivo A v A VEER % RTEE X ONIDT, STZ v MIxT B4 » 2 YEAER 2 3FE L 72,
STZ 5 » MITgfkE#nFn 1 H 1 EI4EM, BEABLORORSG Lz, JO#HEE VO-PCA
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Fig.1 Proposed structures of vanadyl-picolinate (VO-PA). vanadyl-pyridine carboxal-
dehyde (VO-PCA) and vanadyl-quinaldic acid (VO-QA)
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Table 1. Inhibitory concentrations of FFA

release from rat adipocytes (ICsg: mM)

vanadyl complex ICso (mM)
VOSO4 6.0
VO-PA 0.47

VO-MPA 0.45
(VO-methyl picolinate)
VO-DPA 2.7

(VO-dipicolinate)

VO-PAM 1.0

(VO-picolinamide)

VO-PCA 0.34
VO-QA 0.28

i,p. for 14 days (n = 15) p.o. for 14 days + i.p. (@) for 7days (n=12)

2.5 mg/kg body weight 10 mg/kg body weight 4 40
—_—3 Leg

N,
y

- 8

g =
= 600 % g
E 30 = ? E
§ 500 2 '§ T>s‘
3 4 3 ki
2 400 > 2
5 =2 :
§3m % 5 5
2 200 g 3 2
m q10 ® & &

100

o L s L J oo 0 L L i)

-8 1 6 13 20 27 7 0 7 14 21 28
Day Day

Fig.2 Changes of blood glucose level in the STZ-rats treated with VO-PCA complex by
daily administration
Points are expressd as the means + SDs.

DE B & LTFig. 2138 Lz, MSEROMIEALRS BIEZ5MGE LY 2 ~ 3 H CIMEHEOE 1L
BRON, FHEETHRGIONE $ CREBMEMERLZD, 20%IEERLACER L, LrL, H5H
W, KEOBY EFEHFEOWMETHS BUN O LA OGN (Table2), —77, HOESETIEH
FERE BIMBEOEFEERAONT, MiE/ ST A -7 —DEEHHBEENLH o7 (Table 2),

BT, MAEEFLD RS N7z VO-PCA 2 BEIEMHES L7259 v POEERBRIIBTBENF Y00
DHEHRRIECHABERBIUBIZE WY ATINTOEI Edbhror (Fig. 3). T THES
NIRRT L BT T L ORASARER & 4B OF 5 % FFR P OB 1203 5 & LC Table 3 123
L7zo BREF L7235 DAL EWIXIT L A EEEAH L 20 o 7225, BEA~OS R LEWIc L 5T
LI £72, BN LDIST VY LDRAT B E LB D o 1o WRSTEONM, FHICH 2 W
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Table 2. Changes of serum parameters in the STZ-rats treated with VO-PCA by daily i.p. injections or p.o admi-
nistrations

Treatment Glucose Insulin FFA BUN TG TCHO
(mg/dl) (pU/ml) {mEq/L) (mg/dl) (mg/dt) (mg/dl)
) Normal rats 164.6425.2 16.619.1 0.702£0.146 9.5£1.9 60.314.0 54.3111.3
after fasting of 15 hours (5.7412.1) (0.34040.070) (16.345.8) (48.8+11.6) (46.344.4)
STZ rats + VOSO4 16 days 105.647.9 (3.0) (64.0)
STZ rats + VO-PCA (ip) 0 days 512.0483.3 2117 1.14940.180 — 20.615.4 71.1£10.5 59.0£10.4
after fasting of 15 hours ’:)E| ¥ *El E| *ﬂ
14 days 230.4£102. 3.5%1.1 0.79540.215 — 89.7439.4 5.6119.1 95.9425.0
28 days 335.5 9.4 0.787 2.5 107.0 114.5
STZ rats + VO-PCA {po.) 0 days 496.4194.8 7.5%12.2 0.890£0.220 — 20.314.5 43.249.7 44,018.8
after fasting of 15 hours *% * ‘ *E]
1 days 353.6£52.6 — - 6.316.0 0.720+0.180 — 23.448.9 45.318.1 59.6+10.1
28 days 479.4198.2 4,943.1 0,690£0.080 33.7112.0 44.648.4 98.8427.0

Data are expressed as the means + SDs for 11 rats (i.p.) or 12 rats (p.0.).
* **. significant difference from the control at P <0.05 and P <0.01, respectively.

BADOHASWE L7z ZAHEAD ) THETIIE, BRTILECS (OERPFRLON: (Fig. 3),

PDEO#RE Y, AEIEHK L7 2 DOHEOIEEARS Tl EF{Ll R o hd, EOsG Tl
BRI T LT E LD 72 ROBGTHREHE S 7201213, i FFA BEREIIGIERIZMZ T,
WARDOBMUEPERD—DThHL EEX LIz, $/:, INETHONF VNGRS LU VO-PCA 5
BONF T LIBNGAT 2720, HGRTRIEPOMANERIENE Z 2128 LIXs CIER
A % T O TR RV EE R T2,

BEE L NF Ty AOWBEHESAT TBMER I % 5 2 FARRF IR TP EERET O F HER B L O TGS
TR L BT A,
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Fig.3 A) Organ dirtribution of total vanadium in STZ-rats treated with VO-PCA by
daily i.p. injections
Organs were removed and lyophilized.

B) Subcellular dirtribution of total vanadium in the liver and kidney in STZ-rats

treated with VO-PCA by daily i.p. injection
Liver and kidney were homogenized and separated into the four subcellular
fractions. The fractions were lyophilized.
Hom: whole homogenate, Nuc: nucleus, Mit: mitochondrion, Mic: microsome,
Sup: supernatant
Total vanadium concentrations were determined by neutron activation analysis

at Kyoto Univ. Nuclear Res. Inst..

Table 3. Distributional ratios of total vanadium in the bone, renal and pancreas to that in the liver

vanadyl complex method bone/liver renal/liver pancreas/liver V png/wetg liver
VOSO4 i.p. 1.05 2.09 - 0.78 23.30
VO-PYR i.p. 2.13 1.90 0.83 17.26
VO-PA .p. 34.96 7.37 0.33 0.23
VO-MPA 1.p. 10.96 3.31 0.65 1.29
VO-MPA p.o. 3.27 2.80 0.46 0.84
VO-PCA i.p. 6.94 3.23 0.57 10.64

VO-PYR: vanadyl-pyrrolidine dithiocarbamato
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