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Abstract

Earlier studies from our laboratory have indicated insulin sensitizing action of chromium picolinate as the mecha-
nism of its anti-diabetic activity in experimental models of type I and type II diabetes. In the present investigation,
we have evaluated the effects of chronic administration of chromium picolinate on the functional and histological
alterations of streptozotocin (STZ)-induced diabetes in rats. Type I diabetes was induced by intravenous injection of
STZ (40 mg/kg) in adult rats, whereas, type II diabetes was induced by intraperitoneal injection of STZ (90 mg/kg)
in 2-day old rat pups which in adulthood develop abnormalities resembling type II diabetes. Chromium picolinate
was administered at 8 pg/ml in drinking water for 6 weeks and was found to improve glucose tolerance and increase
insulin sensitivity of STZ-diabetic rats. This treatment decrease elevated serum creatinine and urea levels as well as
elevated serum levels of hepatic enzymes of both groups of diabetic rats. Histopathological studies of kidney and
liver show decrease in the intensity and incidence of vacuolations, cellular infiltration and hypertrophy of STZ and
nSTZ (neonatal STZ) diabetic rats. Chronic treatment with chromium picolinate however, did not alter the normal
function or morphology of control rats. Chronic chromium picolinate at the therapeutic doses that improved glucose
tolerance, was observed to have no hepatotoxic or nephrotoxic potential. It was rather found to improve renal and
hepatic function and to reduce abnormalities associated with STZ-diabetes. Chromium picolinate could play an
important role in the long term management of diabetes mellitus.
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Introduction

Diabetes mellitus is a heterogeneous disease char-
acterized by microvascular pathology leading to
chronic complications clinically manifested princi-
pally in the kidney and retina [1]. A therapy that
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normalizes the metabolic disfunctions in diabetes
should be expected to prevent, delay or substantial-
ly reduce the severity of these long term microvas-
cular complications improving the quality of life
[2]. Chromium, a group VIb transition element, is
essential for normal carbohydrate and lipid metabo-
lism [3]. Deficiency of chromium has been impli-
cated as one of the causes of diabetes mellitus
[4, 5]. In our earlier studies chromium picolinate
was found to improve impaired glucose tolerance



and near normalize the lipid metabolism of strepto-
zotocin (STZ)-induced type I and type Il diabetic
rats [6]. The mechanism of anti-diabetic action of
chromium picolinate was found to be its insulin
sensitizing action in vitro at the insulin target
organs, mainly skeletal muscle and adipocytes [7].

STZ-induced diabetes in rats had been shown to
be associated with functional and/or morphological
changes in the kidney and liver [8—11]. It is possi-
ble that chromium picolinate would improve asso-
ciated metabolic disturbances. Furthermore,
chromium being a transition element, the toxic
effects of chromium picolinate on these organs are
investigated. The study of histopathological and
functional alterations of control rats treated chroni-
cally with chromium picolinate may provide evi-
dence of long term safety of the compound.
Therefore, in the present investigation, we carried
out studies on the liver and kidney of STZ-induced
type I and neonatal STZ-induced type Il diabetic
rats as well as non-diabetic control rats chronically
treated with chromium picolinate.

Material and methods
Animals

Wistar rats were bred under well-controlled conditions of
temperature (22 + 2°C), humidity (55 £ 5%) and a
12/12 h light/dark cycle. Conventional pellet food and
tap water were provided ad libitum. The experimental
protocol was approved by Institutional Animal Ethical
Committee as per the guidance of Committee for the
Purpose of Control and Supervision of Experiments on
Animals (CPCSEA), Ministry of Social Justice and
Empowerment, Government of India.

Induction of diabetes and treatment

Fifteen adult male Wistar rats (200-250 g) were intra-
venously injected with 40 mg/kg of streptozotocin (STZ,
Sigma Chemicals, USA) in 0.9% sodium chloride solu-
tion. Animals from the control group (16 rats) were
injected with an equivalent volume of 0.9% sodium chlo-
ride solution alone by the same route. 48 h after the
injection of STZ, animals exhibiting overt glucosuria
were considered as STZ-diabetic resembling type I dia-
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betes in humans. These animals were divided into four
groups as control [8], control treated with chromium
picolinate [8], STZ-diabetic control [7], STZ-diabetic
treated with chromium picolinate [8] (Table 1).

Fifteen two-day-old male Wistar rat pups were inject-
ed intraperitoneally with 90 mg/kg STZ in 0.9% sodium
chloride solution. Control pups [16] received equivalent
volume of 0.9% sodium chloride solution alone. Twelve
weeks after the injection of STZ, animals exhibiting fast-
ing glucose levels > 140 mg/dl were considered as neona-
tal-STZ (nSTZ)-diabetic resembling type II diabetes in
humans. These animals were divided into four groups as
explained above. The non-diabetic control and diabetic
control rats received tap water, while the treated control
and treated diabetic rats received chromium picolinate in
drinking water (8 pg/ml) for six weeks.

Serum analyses

Blood samples were collected after six weeks of drug
treatment by nicking the tip of tail after 8hr fast. Serum
was separated and analyzed for creatinine, urea, gluta-
mate oxaloacetate transaminase (GOT) and glutamate
pyruvate transaminase (GPT) using enzymatic colori-
metric assay kits (Bayer Diagnostics, India).

Oral glucose tolerance test (OGTT)

At the end of 6 weeks of treatment, 1.5 g/kg glucose as a
40% solution was administered to 8 h fasted rats. Blood
samples were collected from the tail vein at 0, 15, 30, 60
and 120 min after oral glucose administration. Serum
was analyzed for glucose using enzymatic colorimetric
assay kits (Bayer Diagnostics, India) and for insulin by
radioimmunoassay technique using kits obtained from
Board of Radiation and Isotope Technology, Mumbai,
India. Estimation of insulin sensitivity made from OGTT
data was performed using the composite insulin sensitiv-
ity index (CISI) proposed by Matsuda and DeFronzo
[12]. Calculation of the index was made according to the
following equation:

- 10,000
JFSGFSI) (MG M])

where FSG and FSI are fasting serum glucose and insulin
concentrations respectively, and MG and MI are the mean
glucose and insulin concentrations respectively over the
course of OGTT.
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Histopathological studies

Following laparotomy, the kidney and liver of each rat
were examined grossly. Thereafter, the kidneys and two
pieces of liver tissue were removed for histological study.
The tissues were washed with normal saline and immersion
fixed in 10% buffered formalin immediately upon removal.
They were gradually dehydrated, embedded in paraffin, cut
into Sum sections and stained with hematoxylin and eosin for
histological examination according to standard procedure [13].

Statistics

All the values in the test are presented as means = S.E.M.
Statistical differences between the means of the various
groups were evaluated using one-way analysis of variance
(ANOVA) followed by Tukey test. A p value of less than
5% was considered to be statistically significant (p < 0.05).

Results
Serum glucose and insulin during OGTT

Fasting serum glucose levels as well as glucose levels
after oral glucose load in both STZ and nSTZ-dia-
betic control rats were significantly higher com-
pared to their respective non-STZ control rats (Fig.
1A, 2A). Fasting serum insulin as well as glucose-
stimulated insulin response of STZ-diabetic control
rats were significantly lower compared to their non-
diabetic counterparts (Fig. 1B). However, serum
insulin levels and glucose-stimulated insulin
response of nSTZ-diabetic rats was not significant-
ly different from their non-diabetic controls (Fig.
2B). Chronic chromium picolinate treatment signif-
icantly reduced fasting serum glucose levels of
nSTZ-diabetic rats, but failed to do so in STZ-dia-
betic rats (Fig. 1A, 2A). The treatment, however,
significantly decreased the area under curve for glu-
cose (AUCg) of both STZ and nSTZ diabetic rats
without any significant change in fasting serum
insulin as well as AUCi of the two as compared to
their respective diabetic controls (Fig. 1, 2).

The composite insulin sensitivity index (CISI) of
both STZ and nSTZ- diabetic rats was found to be
significantly lower compared to respective control
groups (Table 1&2). Treatment with chromium
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picolinate significantly increased the CISI of nSTZ-
diabetic rats (Table 2). Treatment also increased the
CISI of STZ-diabetic rats, however the difference
was not statistically significant when compared to
its diabetic control (Table 1).

Serum creatinine and urea

Both STZ and nSTZ-diabetic rats exhibited signifi-
cantly higher serum creatinine and urea levels com-
pared to their respective non-diabetic control groups
(Table 1, 2). Serum creatinine and urea levels of
both diabetic groups chronically treated with
chromium picolinate were significantly lower com-
pared to their respective controls (Table 1, 2). Serum
creatinine and urea levels of healthy rats treated with
chromium picolinate were not significantly different
from their untreated controls.
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Fig. 1 Effect of chromium picolinate on serum glucose
(A) and insulin (B) responses of STZ-diabetic rats to an
oral glucose load (1.5 g/kg) during OGTT at the end of
six weeks of treatment with chromium picolinate in con-
trol (), control treated (®), STZ-diabetic control (A)
and STZ-diabetic treated (A) rats. Values are mean +
SEM. * significantly different from control; # signifi-
cantly different from STZ-diabetic control, p<0.05.
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Fig. 2 Effect of chromium picolinate on serum glucose
(A) and insulin (B) responses of nSTZ-diabetic rats to an
oral glucose load (1.5g/kg) during OGTT at the end of
six weeks of treatment with chromium picolinate in con-
trol (), control treated (#), nSTZ-diabetic control (A)
and nSTZ-diabetic treated (A) rats. Values are mean +
SEM. * significantly different from control; # signifi-
cantly different from nSTZ-diabetic control, p<0.05.
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Serum GOT and GPT

Serum GOT and GPT levels of STZ as well as nSTZ-
diabetic rats were significantly higher than those of
the non-diabetic control groups. Serum GOT and
GPT levels of healthy rats treated with chromium
picolinate were not significantly different from those
of the non-diabetic controls. Chronic treatment with
chromium picolinate significantly decreased the ele-
vated serum GOT and GPT levels of both treated dia-
betic groups compared to their respective controls
(Table 1, 2).

Kidney morphology

Histological examination of the sections of kidneys
from STZ-diabetic rats showed marked microscop-
ic changes like multifocal areas of moderate corti-
cal tubular vacuolations and interstitial mononucle-
ar cell infiltration (Fig. 3A). Dilatation of cortical
tubules especially at the corticomedullary junction
was also observed. However, the classical signs of
diabetic nephropathy such as nodular lesions of
glomerulus were not evident. The incidence and
intensity of tubular vacuolations and interstitial cel-
lular infiltration in STZ-diabetic rats treated with
chromium picolinate was much lower compared to
the diabetic control kidneys (Fig. 3B).

Histological examination of kidney sections of
nSTZ-diabetic rats showed multiple areas of tubular
vacuolations with tubular epithelial hypertrophy (Fig.
4A). Multifocal tubules also revealed degeneration of
epithelium characterized by eosinophilic appearance

Table 1. Effect of chronic treatment with chromium picolinate on biochemical parameters of the experi-

mental animals resembling type I diabetes

Groups
Parameters Control Control .treate-d W.ith Type 1 diabetic Di.abetic tregted
(n=8) chromium picoli- control (n=7) with chromium
nate (n=8) picolinate (n=8)
CISI 2.47+0.43 3.32+0.28 0.95 £ 0.09* 1.24 £ 0.09
Serum creatinine (mg/dl) 0.39 £ 0.04 0.43 +£0.02 0.64 + 0.09* 0.41£0.017
Serum urea (mg/dl) 28.0+£2.2 341+1.6 75.4 £ 11.8% 442 £ 2.7
Serum GOT (U/ml) 63.3+4.6 60.1 +8.1 171.4 £10.2* 72.1 £7.9*
Serum GPT (U/ml) 57.1+7.08 57.4+5.15 89.7 £9.8* 51.1+10.2

Each value is mean = SEM for number of rats in parentheses. * p<0.05 vs non-diabetic control group,

# p<0.05 vs STZ-diabetic control group
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Table 2. Effect of chronic treatment with chromium picolinate on biochemical parameters of the experimental ani-

mals resembling type II diabetes

Groups
Parameters Control Control treated ~ Type I diabetic ~ Diabetic treated
(n=8) with chromium control (n=7) with chromium
picolinate (n=8) picolinate (n=8)
CISI 2.50 £0.38 3.41 +£.033 0.88 £ 0.08* 2.37+£0.22%
Creatinine (mg/dl) 0.38 £0.05 0.42 +0.04 0.58 + 0.04* 0.37 £ 0.05*
Urea (mg/dl) 26.8 +4.2 340+64 60.4 +4.8* 35.6 £3.2¢
GOT (U/ml) 61.5+4.5 62.3+92 127.8 £ 8.2% 78.9 £9.3*
GPT (U/ml) 55.3+£5.06 59.8 £5.00 80.44 £ 1.19* 47.00 £2.21*

Each value is mean + SEM for number of rats in parentheses. * p<0.05 vs non-diabetic control group,

" p<0.05 vs nSTZ-diabetic control group

with pyknosis of nuclei. However, these changes of
epithelial hypertrophy and degeneration were signifi-
cantly lower in the kidney sections of nSTZ-diabetic
rats treated with chromium picolinate (Fig. 4B).
Kidney sections of healthy rats treated with chromi-
um picolinate showed no pathological changes and
were comparable to those of control rats.

Liver morphology

Livers of all groups except nSTZ-diabetic control
group appeared normal, both macroscopic and
microscopic. Histopathological examination of
liver in control animals showed normal hepatic lob-
ules. The central venule with radiating columns of
liver cells of normal shape and size were seen.
There were no signs of congestion, inflammation,
cellular necrosis or cholestasis in control liver sec-
tions. Liver sections of STZ-diabetic control rats
showed no appreciable histological changes com-
pared to controls. However, those of nSTZ-diabetic
control rats showed multifocal areas of hepatocellu-
lar vacuolations and hypertrophy (Fig. 5A). Focal
areas of chronic inflammation with eosinophil infil-
tration were also seen. Livers of nSTZ-diabetic rats
treated with chromium picolinate showed similar
pathological changes as those of nSTZ-diabetic
control rats, however their intensity was much
lower (Fig. 5B). Liver sections of STZ-diabetic rats
and control rats treated with chromium picolinate
were comparable to those of untreated control rats.
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Fig. 3 Kidney sections of STZ-diabetic control and diabet-
ic rats treated with chromium picolinate (X100). (A) Exten-
sive vacuolations of the epithelial cells in cortical renal tu-
bules with mononuclear cell infiltration (arrow) in untreat-
ed STZ-diabetic rat. (B) Minimal degree of vacuolation of
epithelial cells of renal tubules and cellular infiltration in
STZ-diabetic rats treated with chromium picolinate (arrow).
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Fig. 4 Kidney sections of nSTZ-diabetic control and
diabetic rats treated with chromium picolinate (X100).
(A) Generalized hypertrophy of tubules in untreated
nSTZ-diabetic rat. (B) Moderate hypertrophy of tubules
in chromium picolinate treated nSTZ-diabetic rat.

Discussion

The present study demonstrates the efficacy of
chromium picolinate in preventing/reverting dia-
betes-induced functional and histological alter-
ations in kidney and liver of STZ-diabetic rats. The
study also emphasizes the lack of toxicity of chron-
ic administration of chromium at the dose used in
the treatment of STZ-diabetes.

Chronic chromium picolinate treatment, at doses
varying from 3.57-11.19 uM/day as calculated from
their daily water intake and body weights, was found
to significantly decrease the elevated glucose levels

Fig. 5 Liver sections of nSTZ-diabetic control and dia-
betic rats treated with chromium picolinate (X100).
(A) Extensive hepatocellular vacuolation & hypertrophy
(arrow) in nSTZ-diabetic control rats. (B) Moderate hepa-
tocellular vacuolation and hypertrophy (arrow) in chromi-
um picolinate treated nSTZ-diabetic rats.

and improve impaired glucose tolerance and insulin
sensitivity of STZ as well as nSTZ- rats, indicating
the effectiveness of chromium picolinate in improv-
ing disturbed glucose metabolism.

Histologically the major finding of diabetic kidney
is confined to the glomerulus, which includes nodular
changes [14]. In the present investigation, histological
examination of both STZ and nSTZ-diabetic rats did
not show any such changes. However, STZ-diabetic
rats presented multifocal areas of cortical tubular vac-
uolations with dilatation of tubules especially at the
corticomedullary junction. Patches of interstitial
mononuclear cell infiltration were observed, suggest-
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ing presence of moderate degree of chronic inflamma-
tory changes in these animals. nSTZ-diabetic rats
showed tubular vacuolations with tubular epithelial
hypertrophy. Tubular degeneration expressed by the
eosinophilic appearance with nuclear pyknosis was
also observed. The morphological changes in STZ and
nSTZ diabetic rats in the present investigation were
associated with a significant elevation in serum creati-
nine and urea levels indicating impaired renal function
of diabetic animals. These observations are consistent
with those reported earlier by Jensen et al. [8], Bleasel
& Yong [9], Cam et al. [15] and Dai et al. [16].
Treatment with chromium picolinate produced con-
siderable reduction in the intensity and incidence of
these changes. This improvement in the renal mor-
phology could be correlated with a significant
decrease in the elevated serum urea and creatinine lev-
els in both groups of diabetic rats indicating improve-

ment in kidney function.
Typical pathological (mesangial thickening) and

immunohistochemical changes of diabetic renal dis-
ease both in rats with experimentally induced dia-
betes [17] and with spontaneous diabetes [18] have
been reported. Such changes are also seen in normal
kidneys transplanted in diabetic rats [19]. Islet cell
transplantation into diabetic rats which results in
normalization of carbohydrate metabolism, also
causes reversal of established renal lesions [20].
Vigorous insulin therapy has been shown to prevent
development of mesangial and glomerular basement
membrane thickening in rats with either experimen-
tal [21-24] or spontaneous [18] diabetes. Moreover,
it has been reported that STZ does not possess any
significant nephrotoxic potential [25]. All the func-
tional and structural changes in kidneys resulting
from STZ administration in rats can thus be attribut-
ed to the altered metabolism in diabetes. The
improvement in the impaired renal morphology and
function associated with STZ-diabetes with chromi-
um picolinate treatment in the present investigation
could be attributed to its anti-diabetic action result-
ing in alleviation of the altered metabolic status of
diabetic animals. No changes in the renal morpholo-
gy and serum urea and creatinine levels of non-dia-
betic control rats treated chronically with chromium
picolinate indicated lack of nephrotoxicity of
chromium picolinate in the present set up. Oral
administration of 0.45-77ppm of trivalent chromium
drinking water did not produce any pathological
changes in the liver and kidneys of dogs, though
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these organs had a relatively high chromium content
[26]. However, in one case, 1200 to 2400 mg
chromium picolinate for 4-5 months was found to
produce renal toxicity [27] and in another case 600
mg of chromium daily for 6 weeks was found to pro-
duce acute interstitial nephritis [28].

Diabetes mellitus is associated with increased fre-
quency of hepatic histopathologic lesions. The most
common lesions seen are an increase in liver glycogen
leading to vacuolization in cytoplasm and hepatocyte
nuclei [29]. STZ-diabetic rats have been shown to
exhibit an elevated plasma ALT level without mor-
phological changes in liver [10, 11, 15, 16]. In the pre-
sent investigation also a significant elevation in serum
levels of liver enzymes of both STZ and nSTZ-diabet-
ic rats was observed. However no appreciable changes
were observed in the hepatic morphology of STZ-dia-
betic rats compared to that of control rats. Whereas,
nSTZ-diabetic rats showed multifocal areas of hepato-
cellular vacuolations indicating glycogen accumula-
tion and hypertrophy. No correlation was observed
between the functional and structural changes in the
livers of diabetic rats. Treatment with chromium picol-
inate significantly decreased elevated GOT and GPT
levels. Treatment also decreased the vacuolization and
hypertrophy of hepatic cells observed in nSTZ-diabet-
ic rats. Further, liver being the next organ to kidney in
accumulating chromium, the possibility of nephrotox-
icity in addition to the effect on altered hepatic func-
tion was studied in the present investigation.
Treatment with chromium picolinate did not alter
serum GPT and GOT levels as well as liver morphol-
ogy of non-diabetic rats. This indicates that chromium
picolinate does not cause hepatoxicity in non-diabetic
or diabetic rats under the conditions of the present
investigation. Since chromium picolinate was found to
possess significant anti-diabetic potential in STZ as
well as nSTZ-diabetic rats [5, 6], it is reasonable to
believe that improvement in renal and hepatic function
as well as morphology could have resulted from the
alleviation of the diabetic state of animals.

In summary, chromium picolinate, at doses that
improved altered glucose metabolism associated
with STZ-diabetes, was found to have no hepato-
toxic or nephrotoxic potential. It was rather found
to effectively improve the renal and hepatic func-
tion and reduce lesions associated with diabetic
state in STZ-diabetic rats. This study establishes the
efficacy of chromium picolinate in preventing/
reverting long term diabetic complications.
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