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The au thors stud ied the ef fect of a short (2 days)

oral treat ment of rats with bis(kojato)oxovanadium

(IV) [VO(ka)2] as 1.8 mmol liq uid so lu tion on the bio -

chem i cal ac tiv ity and mor phol ogy of liver Golgi com -

plexes (Group pVC). Such a short treat ment in duced

greater changes than a lon ger (1 week) ap pli ca tion of

the same va na dium com pound, what had been ob -

served pre vi ously. Es pe cially the Golgi marker en -

zyme ac tiv ity (GalT) was the high est among all the

in ves ti gated groups, and ad di tion ally, the great est dis -

per sion of re sult was ob tained in this group. This

group of an i mals showed twisted Golgi com plexes,

which – apart from 2–3 nar row cis terns – of ten con -

tained 1–2 grossly dis tended cis terns filled with clear,

floccular con tents. The fairly long cis terns were ir reg -

u lar in shape and were of ten bent, form ing ring-like

struc tures. In the sec ond ex per i ment, we stud ied the

ef fect of the ligand alone (kojic acid) (Group C+ka2)

em ployed in the same way as in the case of the pre vi -

ously used va na dium com plex (time and con cen tra -

tion). The bio chem i cal pa ram e ters (body and liver

weight, liq uid and food in take, blood sugar level and

GalT ac tiv i ties) were the same as in the un treated con -

trol group (C). Con trary to the bio chem i cal find ings,

the mor phol ogy of Golgi com plexes changed in ef fect

of 3.6 mmol kojic acid ap pli ca tion (the same ap pli ca -

tion, time and con cen tra tion as in the whole com plex

with va na dium) over a 1-week pe riod, man i fest ing the

stim u la tion of exocytosis (in the trans re gion and di -

rected to ward plasma mem brane), with the cis terns of

Golgi dictyosomes be ing roun ded or oval in more than

85% of cases. In this group, elec tron mi cros copy re -

vealed the pres ence of two types of Golgi com plexes,

namely 2–3 short, slightly arched cis terns grossly dis -

tended at both ends and filled with clear, floccu lar ma -

te rial, as well as vac u oles with the same con tents,

which were vis i ble in the vi cin ity of the cis terns. The

other type, which was ob served less fre quently, was

rep re sented by Golgi com plexes formed by hap haz -

ardly twisted cis terns.

In tro duc tion

Va na dium kojate [VO(ka)2] is a chem i cal an a logue of

bis(maltolato)oxovanadium(IV) [BMOV], which is one

of more po tent and widely in ves ti gated or ganic va na dium

com plexes with an abil ity to lower blood sugar level as

well as to ame lio rate some clin i cal and ex per i men tal

symp toms, ap pear ing in dif fer ent forms of ex per i men tal

di a be tes [1–3, 14–16, 18]. Apart from other re search ers,

Yuen et al. [20] and McNeill et al. [14] in ves ti gated the

abil ity of both va na dium com plexes to de crease blood glu -

cose le- vels. In one of our stud ies, we tested the po tency of 

bis(kojato)oxo vana dium(IV) VO(ka)2 in reg u lat ing char -

ac ter is tic changes pre vi ously ob served by us in un treated

streptozotocin-in duced di a betic rat liv ers, es pe cially in

the Golgi com plexes re gion [8, 10]. Con trary to the

BMOV ac tiv ity in ves ti gated in the same ex per i men tal

model [4, 6], nei ther a short (7 days) oral treat ment with

va na dium kojate [11], nor a pro longed treat ment with the

va na dium com pound [5] could not nor mal ize the ac tiv ity

of the liver Golgi ap pa ra tus marker en zyme i.e.

galactosyltransferase (GalT), and only slightly im proved

the mor phol ogy of this organelle. Ad di tion ally, in both

mod els of ex per i ments with VO(ka)2 (a short or pro longed 

time of va na dium treat ment), the level of GalT ac tiv i ties

(re gard less whether it was ex pressed as nmoles Gal trans -

ferred per h and per g of liver or as to tal ac tiv ity in whole

liver) was higher in di a betic an i mals treated with va na -

dium as com pared to ap pro pri ate con trols, al though di a -

betic an i mals were ex posed to two harm ful drugs

(streptozotocin and va na dium kojate). The phe nom e non

was par tic u larly dis tinct in the pro longed (the so-called
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pre treat ment with VO(ka)2) ex per i men tal model [5].

There fore, we de cided to study only the ef fect of the short

(two days) oral pre treat ment with va na dium so lu tion, as

well as with the ligand alone (kojic acid) on the mor phol -

ogy and bio chem i cal ac tiv i ties of liver Golgi com plexes

from con trol rats.

Ma te rial and Meth ods

An i mals

The ex per i ments were car ried out in three groups of fe -

male Wistar rats c. 6 months old and weigh ing 200–240g.

The an i mals were fed with peleted food and tap wa ter prior

to ex per i ments:

– Group C – con trol rats, re ceiv ing 0.5% (w/v) NaCl as

a drink ing so lu tion for 7 days (9 rats);

– Group pVC – rats re ceiv ing 1.8mmol so lu tion of

BKOV in 0.5% NaCl as a drink ing liq uid for 2 days, fol -

lowed by a 2–3-week break (when the rats were given only

wa ter), and sub se quently re ceiv ing 0.5% NaCl over the next 

7 days (9 rats);

– Group C+ka2 – rats re ceiv ing 3.6mmol kojic acid so -

lu tion (the same ligand con cen tra tion as in the com plex with 

va na dium, i.e. VO(ka)2 in Groups C+V and pVC) in 0.5%

NaCl for 7 days (9 rats).

To al low for a com par i son with our pre lim i nary ex per i -

men tal group C+VO(ka)2 [11], we ad di tion ally stud ied

three rats, which re ceived 1.8mmol so lu tion of VO(ka)2 in

0.5% (w/v) NaCl as a drink ing liq uid for 7 days. The re sults

were an a lyzed jointly in con junc tion with the pre vi ously

investigated (9 rats).

The kojic acid or va na dium kojate so lu tions were

freshly pre pared ev ery 2 days in 0.5% (w/v) NaCl to di -

min ish their tox ic ity. All an i mals were weighed each day

dur ing the ex per i ment and the amounts of drink ing liq uids 

and food con sumed by the rats were mea sured. At the end

of the ex per i ment, the rats were exsanguinated un der an -

es the sia be fore kill ing. Liver sam ples were taken for mor -

pho log i cal anal y sis and the liv ers were im me di ately used

for the iso la tion of Golgi mem brane frac tions, fol lowed by 

es ti ma tions of galactosyltransferase (GalT) ac tiv ity from

in di vid ual rats [7].

An a lyt i cal meth ods

The galactosyltransferase (GalT) ac tiv ity was es ti -

mated ac cord ing to the Fleischer method [7]. Pro tein was

es ti mated by the method of Low ry et al. [13] with crys tal -

line se rum bo vine al bu min as the stan dard. Free blood

sugar level was es ti mated ac cord ing to Somogyi and Nel -

son [17]. 

Ultrastructural ex am i na tion

For elec tron mi cros copy, 2–4 bi opsy spec i mens of each 

group were fixed over night in form al de hyde-glutaral -

dehyde fix a tive at 4oC by the method of Karnovsky [9]. The

tis sue was sub se quently post fixed in 1% os mium tetroxide.

Af ter de hy dra tion in graded con cen tra tions of ethyl al co hol

and pro pyl ene ox ide, the tis sue was em bed ded in the Spurr

me dium. Sam ples were sec tioned with an ultramicrotome

Rei chert Ultracut S us ing a di a mond knife. Semi-thin sec -

tions were stained with meth y lene blue and ul tra-thin sec -

tions with 8% ura nyl ac e tate dis solved in 50% meth a nol and 

then in lead ci trate ac cord ing to Venable and Coggeshal

[19]. All the in ves ti ga tions were per formed us ing an elec -

tron mi cro scope Zeiss EM 900 op er at ing at 80kV.

Sta tis ti cal anal y sis

All the re sults ex pressed as mean ±SD were tested for

sta tis ti cal sig nif i cance by the Stu dent’s t-test. Sta tis ti cally

sig nif i cant (p<0.05) val ues are marked un der the ta ble or

figure. 

Re agents

So dium cacodylate, se rum bo vine al bu min, TRIS and

b-mercaptoethanol came from Koch-Light Lab., UDP-Gal,

Tri ton X-100, streptozotocin, kojic acid, ura nyl ac e tate and

lead ci trate were ob tained from Sigma Chem i cal Co.,

Dowex 2 × 8 with gran u la tion (200–400 mesh) came from

Fluka & Buchs, 14C UDP-Gal with the spe cific ac tiv ity of

292mCi/mmol was ob tained from Radiochemical Cen tre

Amersham, bis(kojato)oxovanadium(IV) was pre pared and

de ter mined in the De part ment of In or ganic Chem is try,

Jagiellonian Uni ver sity. All other re agents were pur chased

in an a lyt i cal grade from Pol ish Re agents POChem Gliwice.

For elec tron mi cros copy, Spurr ep oxy resin was sup plied by 

Pelco Co. and form al de hyde, glutaraldehyde and os mium

tetroxide were pur chased from Polysciences Inc.

Re sults

In two groups of ex per i men tal rats (pVC and C+ka2),

sim i larly as in the case of the un treated con trols (C), an in -

crease of body weight dur ing the ex per i ment (ap prox i -

mately 1–3.6%) was ob tained. Liq uid in take in Group

pVC was lower than in Groups C or C+ka2, but in the for -

mer, food in take reached the high est value as com pared to

all the in ves ti gated groups. The free blood sugar level in

Group C+ka2 was sim i lar to that ob served in Group C, but

af ter 2 days of treat ment with VO(ka)2, it was sta tis ti cally

sig nif i cantly higher than in the con trols (p<0.05). The

yield of the Golgi mem brane iso la tion was lower in all the
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ex per i men tal groups as com pared to the con trols; how -

ever, only in Group C+VO(ka)2 was the dif fer ence sta tis ti -

cally sig nif i cant (p<0.05).

The mean GalT ac tiv ity val ues were the high est, the dif -

fer ence be ing sta tis ti cally sig nif i cant, in Group pVC re gard -

less of the cal cu la tion method em ployed (as nmoles Gal

trans ferred /h/mg of pro tein; nmoles Gal trans ferred /h/g of

liver or nmoles Gal trans ferred/h/to tal liver), how ever

a great scat ter of the re sults must be em pha sized. The re sults 

are sum ma rized in Table1, and par tic u larly in Fig ure 1. In

Group C+ka2, the ac tiv ity of GalT, the Golgi ap pa ra tus

marker en zyme, was the same as in the con trol group. To

com pare the two in ves ti gated groups, ap pro pri ate pa ram e -

ters ob tained in C+VO(ka)2 Group are given in the last

column of Table 1.

Elec tron mi cros copy re vealed a strik ing prop erty of

Golgi com plexes con sist ing in the prev a lence of ring-like

or hap haz ardly twisted struc tures. In pVC Group, atyp i -

cally shaped struc tures were noted in ap prox i mately 70%

(Fig. 2). Some of the ob served Golgi com plexes were

com posed of 3–5 nar row, twisted cis terns with mar ginal

en large ment and with small vac u oles (Fig. 3). In sev eral

cases struc tures re sem bling the nor mal Golgi com plex

form were seen; these were slightly arched cis terns, some

of them nar row, with large mar ginal dis ten sions and filled

with clear, floccular ma te rial, sim i larly as nu mer ous vac u -

oles sit u ated in the vi cin ity, while other were ex ter nal,

grossly dis tended, with vac u oles sit u ated in side (Fig. 4).

How ever, both the in fre quent nor mal struc tures com posed 

of 2–3 nar row cis terns with gi ant dis ten sions sit u ated

along their course or mar gin ally, and the atyp i cal struc -

tures con sist ing of nar row, twisted cis terns with dis tended 

seg ments were highly ac tive, what was con firmed by the

pres ence of vac u oles sit u ated in the close vi cin ity and al -

most iden ti cal in size, struc ture and cargo to the mar ginal

dis ten sions. The C+ka2 – kojic acid Group showed char ac -

ter is tic Golgi com plexes with un evenly, hap haz ardly

twisted cis terns. In their vi cin ity, ar eas of elec tron-lu cid,

floccular ma te rial were seen, along with small vac u oles

and lysosome-like struc tures (Fig. 5). Such im ages were

fre quently doc u mented. Apart from vac u oles, they were

ac com pa nied by coated ves i cles, and at times by dense

core ves i cles (Fig. 6). Typ i cally struc tured Golgi com -

plexes were seen very spo rad i cally; they were char ac ter -
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TABLE 1
Phys i o log i cal and bio chem i cal char ac ter is tics of in ves ti gated group of an i mals 

Characteristics

Investigated groups of rats

C

n=9

pVC

n=9

C+ka2

n=9

C+VO(ka)2

n=9

Weight of rats before sacrifice (g)

% change of body weight

233.8 ± 12.9

­2.7 %

244.4 ± 25.7

­1.1 %

233.9 ± 15.1

­3.6 %

210 8 ± 20.61

¯6.6 %

Weight of liver (g) 7.8 ± 0.5 8.8 ± 1.5 7.9 ± 1.3 6.4 ± 0.52

Liquid intake (ml per rat per day) 25.6 ± 0.3 16.6 ± 1.3a 23.1 ± 4.2b 15.5 ± 2.53

Food intake (g per rat per day) 18.9 ± 1.8 20.1 ± 2.2 18.6 ± 1.4 15.9 ± 2.84

Free blood sugar level on the last

day of experiment (mg/100ml)
115.1 ± 30.9 153.8 ± 38.9c 116.8 ± 45.6 103.2 ± 28.3

Yield of Golgi-rich membrane

fraction (mg protein/g of liver)

0.661 ± 0.168

(0.446 – 1.012)

0.579 ± 0.156

(0.346 – 0.787)

0.581 ± 0.228

(0.324 – 0.886)

0.401 ± 0.0555

(0.314-0.474)

Specific activity of GalT

(nmoles Gal transferred/h and per

mg of protein)

86.0 ± 27.5

(49.2 – 137.7)

231.9 ± 132.0d

(63.6 – 443.8)

111.4 ± 86.8

(47.1 – 268.3)

89.1 ± 26.3

(65.9 –147.3) 

GalT activity

(nmoles Gal transferred/h and per

1g of liver)

54.8 ± 15.3

(36.4 – 77.2)

141.3 ± 89.1e

(43.0 – 258.4)

51.4 ± 21.4

(28.6 – 86.7)

38.8 ± 10.66

(17.3 – 53.2)

Total activity of GalT

(nmoles Gal transferred/h and per

total liver)

430.2 ± 118.1

(258.1 – 563.4)

1266.1 ± 833.3f

(339.6 – 2584.5)

437.0 ± 258.0

(291.6 – 918.6)

222.6 ± 67.87

(114.0 – 331.1)

The data are pre sented as mean value ±SD (in some cases, the scat ter of re sults is given in round brack ets).

As com pared to Group C: a t = 22.1453, p<0.001; b t = 3.7589, p<0.01; c t = 2.3439, p<0.05; d t = 3.2537, p<0.01; e t = 2.8837, p<0.02; f t = 2.9806,

p<0.01.

The last col umn C+VO(ka)2 has been in cluded in the Ta ble to com pare the pre sented re sults with the re sults ob tained pre vi ously in part. The fol low ing

t and p val ues as com pared with the con trols have been ob tained: 1 t = 3.110, 0.001<p<0.01; 2 t = 4.866, p<0.001; 3 t = 7.381, p<0.001; 4 t = 2.644,

0.01<p<0.02; 5 t = 2.362, 0.02<p<0.05; 6 t = 3.069, 0.001<p<0.01; 7 t = 3.948, p<0.001. 



ized by slightly arched, short cis terns with large, mar ginal

dis ten sions filled with clear, floccular ma te rial, sim i larly

as nu mer ous vac u oles sit u ated in the vi cin ity (Fig. 7).

Dis cus sion

Bis(kojato)oxovanadium(IV) [VO(ka)2] was in ves ti -

gated as a chem i cal an a logue of bis(maltolato)oxovana -

dium(IV) [BMOV], the or ganic va na dium com pound with

the best anti-di a betic ac tiv ity. As re ported by McNeill et al.

[14], this com plex was less ef fec tive than BMOV in de -

creas ing plasma glu cose lev els and re quired higher doses in

drink ing wa ter. The in su lin-like ef fects of va na dium ex tend

in vi tro to a num ber of pro cesses in volved in car bo hy drate

(through glu cose trans port and translocation, glycolysis and 

glycogeno genesis), lipid (in hi bi tion of lipolysis) and pro -

tein me tab o lism (mi to gen e sis). Al though many in vivo ef -

fects in duced by va na dium com pounds in STZ-di a be tes

were noted [15], the ac tiv ity of these com plexes in side the

cell, on the organelle level, is poorly un der stood. More over,

some in ves ti ga tors [14, 15, 20] de scribed an in creased

po tency and re duc tion of tox ic ity of or ganic va na dium com -

pounds. We pre vi ously stud ied the VO(ka)2 ef fect on the

bio chem i cal ac tiv ity and mor phol ogy of liver Golgi ap pa ra -

tus, and found that in our ex per i men tal model vanadium

kojate was less active as an anti-diabetic drug. Thus, our

findings were similar to the re sults of Yuen et al. [20]. This

com plex did not nor mal ize the bio chem i cal ac tiv ity of Golgi 

com plexes in STZ-di a be tes [4], and only slightly im proved

the mor phol ogy of this organelle, in con trast to the best ac -

tion of BMOV on the mor phol ogy and bio chem i cal ac tiv i -

ties of liver Golgi com plexes [4, 6]. In our pre vi ous study,

we em ployed a short-time of ap pli ca tion (2 days), i.e. the so

called pre-treat ment of the rats with VO(ka)2, fol lowed by a

one- week treat ment with the same va na dium so lu tions [5].

The first treat ment was used to get the an i mals ac cus tomed

to the fla vor of this liq uid and ad di tion ally to test the pos si -

ble cytoprotective abil i ties of this com pound. Sim i larly as in 

the case of rats treated with VO(ka)2 for one week, a pro -

longed va na dium treat ment de creased the GalT ac tiv i ties in

the con trol and di a betic rat liv ers [5] in a sta tis ti cally sig nif i -

cant man ner (as com pared to the un treated con trol C,

p<0.001 or p<0.01, re spec tively). The mor phol ogy of Golgi

com plexes showed rounded stacks of cis terns, char ac ter is tic 

of un treated STZ-di a be tes, but the secretory activity of the

orga nelle was preserved or even stimulated in some cases.

This work pres ents the ef fect of pre treat ment (2days) of

the an i mals with VO(ka)2 on the in ves ti gated pa ram e ters. In

pVC Group, a lower liq uid in take (sim i lar to that noted in

C+VO(ka)2 Group), but the high est food in take were ob -

served. Free blood sugar was el e vated in com par i son with

un treated con trols (Group C), p<0.05. The ac tiv ity of the

Golgi marker en zyme, i.e. galactosyltransferase, was the

high est in pVC Group, re gard less of the method of cal cu la -

tion, but the great est scat ter of re sults, never pre vi ously ob -

served in any of the in ves ti gated groups, must be

em pha sized. It seemed to de pend on the dose of va na dium

in take, and es pe cially on re sponse to vanadium char ac te r is -

tic of individual rats. 

Ultrastructural ob ser va tions dem on strated a pre dom i -

nance of cy lin dri cal, hap haz ardly twisted struc tures. The

pretreated group showed some Golgi com plexes with nor -

mal struc ture, but also in these an i mals al tered struc tures

pre dom i nated. A ques tion arises whether the com mon oc -

cur rence of al tered struc tures has re sulted from the very ex -

per i ment (a long-term ef fect on Golgi com plexes) or else it

rep re sents the ef fect of va na dium it self. The lat ter op tion

would be sup ported by the fact that in the sec ond group

(C +(ka)2 – kojic acid) prac ti cally no nor mal struc tures have

been en coun tered. In our ex per i ments we ad di tion ally in -

ves ti gated the ef fect of the ligand alone (kojic acid, used in

the same con cen tra tion and over the same time as in
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Fig. 1. To tal ac tiv ity of rat liver Golgi marker en zyme i.e. galacto -

syltransferase (GalT) ex pressed as nmoles Gal trans ferred per 1h and per to -

tal liver, in the three in ves ti gated groups of rats rep re sents the mean value

±SD. The last group is in serted to com pare with val ues pre vi ously ob tained

in the con trol group treated with the whole va na dium com plex [4]. * pVC/C

t = 2.9806, p<0.01, ** C+VO(ka)2/C t = 3.9480, p<0.001. 
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Fig. 4. pVC, pre treat ment VO(ka)2. A Golgi com plex

with an arched, dis tended cis tern on the cis side, nar -

row cen tral cis terns with mar ginal dis ten sions filled

with elec tron-lu cid ma te rial, and a bal loon-like, dis -

tended cis tern on the trans side con tain ing a vac u ole

filled with floccular ma te rial. Magn. 25,000x.

Fig. 2. pVC, pre treat ment VO(ka)2. In this group,

ring-shaped Golgi com plexes pre dom i nated. Within

rel a tively nar row, of ten fully closed cis terns, dis tended

seg ments were seen, or even vac u oles filled with

floccular ma te rial. Magn. 25,000x. 

Fig. 3. pVC, pre treat ment VO(ka)2. A Golgi com plex

com posed of 3–5 nar row, twisted cis terns. Note the

mar ginal dis ten sion and small vac u oles. Magn.

25,000x.
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Fig. 7. C+ ka2 – kojic acid. A nor mally struc tured Golgi 

com plex en coun tered in this group, show ing slightly

arched, short cis terns with large mar ginal dis ten sions,

filled with clear, floccular ma te rial, sim i larly as nume-

rous vac u oles sit u ated in the vi cin ity. Magn. 25,000x.

Fig. 5. C+ ka2 – kojic acid. A strik ing change, fairly of -

ten en coun tered in this group, con sisted in the pres ence 

of Golgi com plexes with un evenly, hap haz ardly

twisted cis terns. In the vi cin ity, there were vis i ble ar eas 

of elec tron-lu cid, floccular ma te rial, as well as small

vac u oles and lyzosome-like struc tures. Magn.

25,000x.

Fig. 6. C+ ka2 – kojic acid. The image is similar to that

presented in Figure 4. Note a structure with hapha-

zardly twisted cisterns, as well as coated vesicles, dense

core vesicles, and clear vacuoles. Magn. 25,000x.



VO(ka)2) on all the in ves ti gated pa ram e ters. The re sults, in -

clud ing the GalT ac tiv ity (re gard less of the way of its ex -

pres sion), were sim i lar to those ob served in the un treated

con trols (Group C). In op po site to the re sults, the great mor -

pho log i cal al ter ations were found. The dictyosome cis terns

were de stroyed and rounded and the mor phol ogy of the

organelle was not sim i lar to that noted in Group C. More -

over, the trans side of Golgi com plexes showed the stim u la -

tion of exocytosis (in re gions fac ing to wards the plasma

mem brane) con nected with bile canaliculi. The most strik -

ing fea ture was the pres ence of round or oval Golgi com -

plexes in a vast ma jor ity of cases (>85%) There were a lot of 

vesicles wrapped in a double membrane, which were most

probably incorporated in cellular membranes.
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