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The authors studied the effect of a short (2 days)
oral treatment of rats with bis(kojato)oxovanadium
(IV) [VO(ka);] as 1.8 mmol liquid solution on the bio-
chemical activity and morphology of liver Golgi com-
plexes (Group pVC). Such a short treatment induced
greater changes than a longer (1 week) application of
the same vanadium compound, what had been ob-
served previously. Especially the Golgi marker en-
zyme activity (GalT) was the highest among all the
investigated groups, and additionally, the greatest dis-
persion of result was obtained in this group. This
group of animals showed twisted Golgi complexes,
which — apart from 2-3 narrow cisterns — often con-
tained 1-2 grossly distended cisterns filled with clear,
floccular contents. The fairly long cisterns were irreg-
ular in shape and were often bent, forming ring-like
structures. In the second experiment, we studied the
effect of the ligand alone (kojic acid) (Group C+ka,)
employed in the same way as in the case of the previ-
ously used vanadium complex (time and concentra-
tion). The biochemical parameters (body and liver
weight, liquid and food intake, blood sugar level and
GalT activities) were the same as in the untreated con-
trol group (C). Contrary to the biochemical findings,
the morphology of Golgi complexes changed in effect
of 3.6 mmol kojic acid application (the same applica-
tion, time and concentration as in the whole complex
with vanadium) over a 1-week period, manifesting the
stimulation of exocytosis (in the trans region and di-
rected toward plasma membrane), with the cisterns of
Golgi dictyosomes being rounded or oval in more than
85% of cases. In this group, electron microscopy re-
vealed the presence of two types of Golgi complexes,
namely 2-3 short, slightly arched cisterns grossly dis-
tended at both ends and filled with clear, floccular ma-
terial, as well as vacuoles with the same contents,
which were visible in the vicinity of the cisterns. The

other type, which was observed less frequently, was
represented by Golgi complexes formed by haphaz-
ardly twisted cisterns.

Introduction

Vanadium kojate [VO(ka),] is a chemical analogue of
bis(maltolato)oxovanadium(IV) [BMOV], which is one
of more potent and widely investigated organic vanadium
complexes with an ability to lower blood sugar level as
well as to ameliorate some clinical and experimental
symptoms, appearing in different forms of experimental
diabetes [1-3, 14-16, 18]. Apart from other researchers,
Yuen et al. [20] and McNeill et al. [14] investigated the
ability of both vanadium complexes to decrease blood glu-
cose le-vels. In one of our studies, we tested the potency of
bis(kojato)oxovanadium(IV) VO(ka), in regulating char-
acteristic changes previously observed by us in untreated
streptozotocin-induced diabetic rat livers, especially in
the Golgi complexes region [8, 10]. Contrary to the
BMOV activity investigated in the same experimental
model [4, 6], neither a short (7 days) oral treatment with
vanadium kojate [11], nor a prolonged treatment with the
vanadium compound [5] could not normalize the activity
of the liver Golgi apparatus marker enzyme i.e.
galactosyltransferase (GalT), and only slightly improved
the morphology of this organelle. Additionally, in both
models of experiments with VO(ka), (a short or prolonged
time of vanadium treatment), the level of GalT activities
(regardless whether it was expressed as nmoles Gal trans-
ferred per h and per g of liver or as total activity in whole
liver) was higher in diabetic animals treated with vana-
dium as compared to appropriate controls, although dia-
betic animals were exposed to two harmful drugs
(streptozotocin and vanadium kojate). The phenomenon
was particularly distinct in the prolonged (the so-called
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pretreatment with VO(ka),) experimental model [5].
Therefore, we decided to study only the effect of the short
(two days) oral pretreatment with vanadium solution, as
well as with the ligand alone (kojic acid) on the morphol-
ogy and biochemical activities of liver Golgi complexes
from control rats.

Material and Methods

Animals

The experiments were carried out in three groups of fe-
male Wistar rats ¢. 6 months old and weighing 200-240g.
The animals were fed with peleted food and tap water prior
to experiments:

— Group C — control rats, receiving 0.5% (w/v) NaCl as
a drinking solution for 7 days (9 rats);

— Group pVC - rats receiving 1.8mmol solution of
BKOV in 0.5% NaCl as a drinking liquid for 2 days, fol-
lowed by a 2—-3-week break (when the rats were given only
water), and subsequently receiving 0.5% NaCl over the next
7 days (9 rats);

— Group C+ka, — rats receiving 3.6mmol kojic acid so-
lution (the same ligand concentration as in the complex with
vanadium, i.e. VO(ka), in Groups C+V and pVC) in 0.5%
NaCl for 7 days (9 rats).

To allow for a comparison with our preliminary experi-
mental group C+VO(ka), [11], we additionally studied
three rats, which received 1.8mmol solution of VO(ka), in
0.5% (w/v) NaCl as a drinking liquid for 7 days. The results
were analyzed jointly in conjunction with the previously
investigated (9 rats).

The kojic acid or vanadium kojate solutions were
freshly prepared every 2 days in 0.5% (w/v) NaCl to di-
minish their toxicity. All animals were weighed each day
during the experiment and the amounts of drinking liquids
and food consumed by the rats were measured. At the end
of the experiment, the rats were exsanguinated under an-
esthesia before killing. Liver samples were taken for mor-
phological analysis and the livers were immediately used
for the isolation of Golgi membrane fractions, followed by
estimations of galactosyltransferase (GalT) activity from
individual rats [7].

Analytical methods

The galactosyltransferase (GalT) activity was esti-
mated according to the Fleischer method [7]. Protein was
estimated by the method of Lowry et al. [13] with crystal-
line serum bovine albumin as the standard. Free blood
sugar level was estimated according to Somogyi and Nel-
son [17].
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Ultrastructural examination

For electron microscopy, 2—4 biopsy specimens of each
group were fixed overnight in formaldehyde-glutaral-
dehyde fixative at 4°C by the method of Karnovsky [9]. The
tissue was subsequently postfixed in 1% osmium tetroxide.
After dehydration in graded concentrations of ethyl alcohol
and propylene oxide, the tissue was embedded in the Spurr
medium. Samples were sectioned with an ultramicrotome
Reichert Ultracut S using a diamond knife. Semi-thin sec-
tions were stained with methylene blue and ultra-thin sec-
tions with 8% uranyl acetate dissolved in 50% methanol and
then in lead citrate according to Venable and Coggeshal
[19]. All the investigations were performed using an elec-
tron microscope Zeiss EM 900 operating at 80kV.

Statistical analysis

All the results expressed as mean +£SD were tested for
statistical significance by the Student’s t-test. Statistically
significant (p<<0.05) values are marked under the table or
figure.

Reagents

Sodium cacodylate, serum bovine albumin, TRIS and
B-mercaptoethanol came from Koch-Light Lab., UDP-Gal,
Triton X-100, streptozotocin, kojic acid, uranyl acetate and
lead citrate were obtained from Sigma Chemical Co.,
Dowex 2 x 8 with granulation (200-400 mesh) came from
Fluka & Buchs, '*C UDP-Gal with the specific activity of
292mCi/mmol was obtained from Radiochemical Centre
Amersham, bis(kojato)oxovanadium(IV) was prepared and
determined in the Department of Inorganic Chemistry,
Jagiellonian University. All other reagents were purchased
in analytical grade from Polish Reagents POChem Gliwice.
For electron microscopy, Spurr epoxy resin was supplied by
Pelco Co. and formaldehyde, glutaraldehyde and osmium
tetroxide were purchased from Polysciences Inc.

Results

In two groups of experimental rats (pVC and C+ka,),
similarly as in the case of the untreated controls (C), an in-
crease of body weight during the experiment (approxi-
mately 1-3.6%) was obtained. Liquid intake in Group
pVC was lower than in Groups C or C+ka,, but in the for-
mer, food intake reached the highest value as compared to
all the investigated groups. The free blood sugar level in
Group C+ka, was similar to that observed in Group C, but
after 2 days of treatment with VO(ka),, it was statistically
significantly higher than in the controls (p<0.05). The
yield of the Golgi membrane isolation was lower in all the
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TABLE 1

Physiological and biochemical characteristics of investigated group of animals

Investigated groups of rats

Characteristics C pVC C+kay C+VO(ka),
n=9 n=9 n=9 n=9

Weight of rats before sacrifice (g) 233.8+12.9 2444 +257 233.9+15.1 210 8 +20.6'
% change of body weight 2.7 % .1 % 13.6% 16.6 %
Weight of liver (g) 7.8+0.5 8.8+ 1.5 79+13 6.4+ 0.5
Liquid intake (ml per rat per day) 25.6+03 16.6 132 23.1 +42° 155+2.53
Food intake (g per rat per day) 189+1.8 20.1+2.2 18.6+1.4 15.9+2.84
zgeobfl:::s:r?ii;i"(ﬁ;’&lz ll)aSt 115.1£30.9 153.8 + 38.9° 116.8 +45.6 1032283
Yield of Golgi-rich membrane 0.661 +£0.168 0.579 £0.156 0.581 +0.228 0.401 + 0.055°

fraction (mg protein/g of liver)

(0.446 — 1.012)

(0.346 —0.787)

(0.324 — 0.886)

(0.314-0.474)

Specific activity of GalT

(nmoles Gal transferred/h and per 86.0 +£27.5 231.9 = 132.0¢ 111.4+86.8 89.1 £26.3

mg of protein) ’ (49.2-137.7) (63.6-443.8) (47.1-268.3) (65.9-147.3)
gl?rll—l;lzztl(‘}/:lytransferred/h and per S4.8+15.3 141.3 £89.1° 51.4+214 38.8 +10.6°
1g of liver) P (36.4—-717.2) (43.0-258.4) (28.6 — 86.7) (17.3-53.2)
Total activity of GalT 4302+ 118.1 1266.1 + 833.3" 437.0 £ 258.0 222 6+ 6787

(nmoles Gal transferred/h and per

(258.1 - 563.4)

(339.6 - 2584.5)

(291.6 - 918.6)

(114.0-331.1)

total liver)

The data are presented as mean value +SD (in some cases, the scatter of results is given in round brackets).
As compared to Group C: *t =22.1453, p<0.001; b= 3.7589, p<0.01; © t = 2.3439, p<0.05; di= 3.2537, p<0.01; °t = 2.8837, p<0.02; ft= 2.9806,

p<0.01.

The last column C+VO(ka), has been included in the Table to compare the presented results with the results obtained previously in part. The following
t and p values as compared with the controls have been obtained: 't=3.110, 0.001<p<0.01; 2t =4.866, p<0.001; St=7.381, p<0.001; Yt=2.644,
0.01<p<0.02; ° t =2.362, 0.02<p<0.05; * t = 3.069, 0.001<p<0.01; " t = 3.948, p<0.001.

experimental groups as compared to the controls; how-
ever, only in Group C+VO(ka), was the difference statisti-
cally significant (p<0.05).

The mean GalT activity values were the highest, the dif-
ference being statistically significant, in Group pVC regard-
less of the calculation method employed (as nmoles Gal
transferred /h/mg of protein; nmoles Gal transferred /h/g of
liver or nmoles Gal transferred/h/total liver), however
a great scatter of the results must be emphasized. The results
are summarized in Tablel, and particularly in Figure 1. In
Group C+kay, the activity of GalT, the Golgi apparatus
marker enzyme, was the same as in the control group. To
compare the two investigated groups, appropriate parame-
ters obtained in C+VO(ka), Group are given in the last
column of Table 1.

Electron microscopy revealed a striking property of
Golgi complexes consisting in the prevalence of ring-like
or haphazardly twisted structures. In pVC Group, atypi-
cally shaped structures were noted in approximately 70%
(Fig. 2). Some of the observed Golgi complexes were
composed of 3—5 narrow, twisted cisterns with marginal
enlargement and with small vacuoles (Fig. 3). In several

cases structures resembling the normal Golgi complex
form were seen; these were slightly arched cisterns, some
of them narrow, with large marginal distensions and filled
with clear, floccular material, similarly as numerous vacu-
oles situated in the vicinity, while other were external,
grossly distended, with vacuoles situated inside (Fig. 4).
However, both the infrequent normal structures composed
of 2-3 narrow cisterns with giant distensions situated
along their course or marginally, and the atypical struc-
tures consisting of narrow, twisted cisterns with distended
segments were highly active, what was confirmed by the
presence of vacuoles situated in the close vicinity and al-
most identical in size, structure and cargo to the marginal
distensions. The C+ka, — kojic acid Group showed charac-
teristic Golgi complexes with unevenly, haphazardly
twisted cisterns. In their vicinity, areas of electron-lucid,
floccular material were seen, along with small vacuoles
and lysosome-like structures (Fig. 5). Such images were
frequently documented. Apart from vacuoles, they were
accompanied by coated vesicles, and at times by dense
core vesicles (Fig. 6). Typically structured Golgi com-
plexes were seen very sporadically; they were character-
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Fig. 1. Total activity of rat liver Golgi marker enzyme i.e. galacto-
syltransferase (GalT) expressed as nmoles Gal transferred per 1h and per to-
tal liver, in the three investigated groups of rats represents the mean value
+SD. The last group is inserted to compare with values previously obtained
in the control group treated with the whole vanadium complex [4]. * pVC/C
t=2.9806, p<0.01, ** C+VO(ka),/C t = 3.9480, p<0.001.

ized by slightly arched, short cisterns with large, marginal
distensions filled with clear, floccular material, similarly
as numerous vacuoles situated in the vicinity (Fig. 7).

Discussion

Bis(kojato)oxovanadium(IV) [VO(ka),] was investi-
gated as a chemical analogue of bis(maltolato)oxovana-
dium(IV) [BMOV], the organic vanadium compound with
the best anti-diabetic activity. As reported by McNeill et al.
[14], this complex was less effective than BMOV in de-
creasing plasma glucose levels and required higher doses in
drinking water. The insulin-like effects of vanadium extend
in vitro to a number of processes involved in carbohydrate
(through glucose transport and translocation, glycolysis and
glycogenogenesis), lipid (inhibition of lipolysis) and pro-
tein metabolism (mitogenesis). Although many in vivo ef-
fects induced by vanadium compounds in STZ-diabetes
were noted [15], the activity of these complexes inside the
cell, on the organelle level, is poorly understood. Moreover,
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some investigators [14, 15, 20] described an increased
potency and reduction of toxicity of organic vanadium com-
pounds. We previously studied the VO(ka), effect on the
biochemical activity and morphology of liver Golgi appara-
tus, and found that in our experimental model vanadium
kojate was less active as an anti-diabetic drug. Thus, our
findings were similar to the results of Yuen et al. [20]. This
complex did not normalize the biochemical activity of Golgi
complexes in STZ-diabetes [4], and only slightly improved
the morphology of this organelle, in contrast to the best ac-
tion of BMOV on the morphology and biochemical activi-
ties of liver Golgi complexes [4, 6]. In our previous study,
we employed a short-time of application (2 days), i.e. the so
called pre-treatment of the rats with VO(ka),, followed by a
one- week treatment with the same vanadium solutions [5].
The first treatment was used to get the animals accustomed
to the flavor of this liquid and additionally to test the possi-
ble cytoprotective abilities of this compound. Similarly as in
the case of rats treated with VO(ka), for one week, a pro-
longed vanadium treatment decreased the GalT activities in
the control and diabetic rat livers [5] in a statistically signifi-
cant manner (as compared to the untreated control C,
p<0.001 or p<0.01, respectively). The morphology of Golgi
complexes showed rounded stacks of cisterns, characteristic
of untreated STZ-diabetes, but the secretory activity of the
organelle was preserved or even stimulated in some cases.

This work presents the effect of pretreatment (2days) of
the animals with VO(ka), on the investigated parameters. In
pVC Group, a lower liquid intake (similar to that noted in
C+VO(ka), Group), but the highest food intake were ob-
served. Free blood sugar was elevated in comparison with
untreated controls (Group C), p<0.05. The activity of the
Golgi marker enzyme, i.e. galactosyltransferase, was the
highest in pVC Group, regardless of the method of calcula-
tion, but the greatest scatter of results, never previously ob-
served in any of the investigated groups, must be
emphasized. It seemed to depend on the dose of vanadium
intake, and especially on response to vanadium characteris-
tic of individual rats.

Ultrastructural observations demonstrated a predomi-
nance of cylindrical, haphazardly twisted structures. The
pretreated group showed some Golgi complexes with nor-
mal structure, but also in these animals altered structures
predominated. A question arises whether the common oc-
currence of altered structures has resulted from the very ex-
periment (a long-term effect on Golgi complexes) or else it
represents the effect of vanadium itself. The latter option
would be supported by the fact that in the second group
(C +(ka), — kojic acid) practically no normal structures have
been encountered. In our experiments we additionally in-
vestigated the effect of the ligand alone (kojic acid, used in
the same concentration and over the same time as in
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Fig. 2. pVC, pretreatment VO(ka), In this group,
ring-shaped Golgi complexes predominated. Within
relatively narrow, often fully closed cisterns, distended
segments were seen, or even vacuoles filled with
floccular material. Magn. 25,000x.

Fig. 3. pVC, pretreatment VO(ka),. A Golgi complex
composed of 3—5 narrow, twisted cisterns. Note the
marginal distension and small vacuoles. Magn.
25,000x.

Fig. 4. pVC, pretreatment VO(ka),. A Golgi complex
with an arched, distended cistern on the cis side, nar-
row central cisterns with marginal distensions filled
with electron-lucid material, and a balloon-like, dis-
tended cistern on the frans side containing a vacuole
filled with floccular material. Magn. 25,000x.
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Fig. 5. C+ka, — kojic acid. A striking change, fairly of-
ten encountered in this group, consisted in the presence
of Golgi complexes with unevenly, haphazardly
twisted cisterns. In the vicinity, there were visible areas
of electron-lucid, floccular material, as well as small
vacuoles and lyzosome-like structures. Magn.
25,000x.

Fig. 6. C+ ka, — 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.

Fig. 7. C+ ka, — kojic acid. A normally structured Golgi
complex encountered in this group, showing slightly
arched, short cisterns with large marginal distensions,
filled with clear, floccular material, similarly as nume-
rous vacuoles situated in the vicinity. Magn. 25,000x.
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VO(ka),) on all the investigated parameters. The results, in-
cluding the GalT activity (regardless of the way of its ex-
pression), were similar to those observed in the untreated
controls (Group C). In opposite to the results, the great mor-
phological alterations were found. The dictyosome cisterns
were destroyed and rounded and the morphology of the
organelle was not similar to that noted in Group C. More-
over, the trans side of Golgi complexes showed the stimula-
tion of exocytosis (in regions facing towards the plasma
membrane) connected with bile canaliculi. The most strik-
ing feature was the presence of round or oval Golgi com-
plexes in a vast majority 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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