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Evaluation of insulin binding and signaling activity of
newly synthesized chromium(IIl) complexes in vitro
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Abstract. In the present study, the influence of chromium(I1T)
complexes (acetate, chloride, glycinate, histidinate, lactate
and propionate) on insulin binding and signal transduction
[phosphorylation of tyrosine and serine in the insulin receptor
substrate (IRS)-1] was investigated in vitro using three experi-
mental models: isolated rat liver membranes and cultured
mouse C2C12 myoblasts or 3T3-L1 preadipocytes. The exam-
ined complexes did not elevate the binding of insulin to the
liver membranes. Moreover, chromium histidinate, lactate,
acetate and propionate complexes diminished the specific
binding of insulin. Simultaneously, chromium chloride, which
did not significantly elevate insulin binding, increased the
number of membrane accessible particles of the insulin recep-
tors. However, it was accompanied by slightly diminished
affinity of the receptor to the hormone. Chromium acetate and
propionate significantly diminished the binding capacity of
the low-affinity insulin receptor class. Investigations with the
myoblast cell line C2C12 and preadipocyte cell line 3T3-L1
did not allow differentiation of the influence of the examined
complexes on insulin binding. Immunodetection of phospho-
rylated forms of IRS-1 showed that the chromium compounds
modulated the transduction of the insulin signal. Chromium
glycinate, acetate and propionate decreased the amount of
IRS-1 phosphorylated at serine. Since it is generally thought
that phosphorylation of serine in IRS-1 may moderate insulin
action, the above mentioned chromium complexes may, in this
way, enhance insulin effects inside target cells. Phosphorylation
of tyrosine in IRS-1, which acts as a stimulatory signal for
further steps of insulin action, was elevated after the incubation
of 3T3-L1 cells with insulin. Chromium supplementation did
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not additionally intensify this process. However, in the absence
of insulin, chromium glycinate and acetate slightly elevated
the level of IRS-1 phosphorylated at tyrosine. This fact may be
important in vivo at low levels of insulin in blood. The results
indicate that the action of chromium(IIT) complexes involves a
direct effect on the number of receptors accessible to insulin,
their affinity to the hormone and the modulation of the signal
multiplying proteins by their phosphorylation.

Introduction

Insulin is one of the main factors regulating the homeostasis
of organisms. It is well known that disturbances of insulin
action play a crucial role in many diseases and pathogenic
conditions. It is necessary to mention pandemic disorders
such as diabetes mellitus type 2, obesity, arteriosclerosis,
hypertension and metabolic syndrome — the set of symptoms
related to disturbances of homeostasis with insulin resistance
(1,2). Insulin resistance is the pre-diabetic state, closely asso-
ciated with obesity, and is defined as the weaker or stronger
inability of tissues to respond to insulin (3). Inherent connec-
tions between resistance to insulin and obesity have been
confirmed, suggesting that a proper pattern of nutrition and
a healthy lifestyle are crucial to prevention (4). However, in
the case of disease, medical therapy is necessary, particularly
the use of pharmacological drugs that enhance tissue sensi-
tivity to insulin. Chromium (Cr) compounds, often used as a
dietary supplement, are candidates for improving metabolism
and diminishing disturbances observed in diabetes (5-7).
Researchers investigating diabetes focus on several areas:
the regulation of insulin secretion, its circulation, its binding
to the receptor, as well as transduction of the signal inside
target cells. Insulin is a hormone with pleiotropic functions
that influence mitogenesis and gene expression and affect the
metabolism of carbohydrates, lipids and proteins (8). The first
and necessary step of insulin action on cells is its binding
to membrane receptors commonly present in organisms (9).
Diverse tissues possess different numbers of receptors acces-
sible to insulin that are classified in two functional pools:
high- and low-affinity insulin receptors (HAIRs and LAIRSs).
Simultaneously, the number and affinity of the insulin recep-
tors differ between tissues (10) and are related to various
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aspects (diet, age, temperature and sickness) of the physi-
ological condition of the organism (11-14). After binding to
the extracellular subunit, the signal is transmitted inside target
cells. The first step is autophosphorylation of the $-subunit and
interaction with proteins from the insulin receptor substrate
(IRS) family (15,16).

IRS-1 to -4 are known to be responsible for further trans-
duction pathways (17). The principal role in cellular signaling
is played by IRS-1, which is prevalent in muscles, and by
IRS-2, which is expressed in liver, muscles and adipose
tissue. Moreover, it has been found that IRS-3 and -4 are
expressed in white adipose tissue, thymus, brain and kidneys.
However, these proteins play a rather marginal role in insulin
signaling (18,19). There are two dominant modes of IRS
action, depending on the place where IRS is phosphorylated.
The phosphorylation of tyrosine generally has an activating
influence on the signal transduction cascade. By contrast, the
phosphorylation of serine may suppress it. The occurrence of
both types of IRS phosphorylation enables complex regulation
of the insulin signal transduction system (20-25).

Cr is thought to be an essential trace element for mammals,
allowing the maintenance of proper carbohydrate and lipid
metabolism (24). Diabetic patients may show low levels of Cr
in their serum and Cr deficiency. Supplementation of the diet
with Cr may be beneficial for improving insulin action (7).
However, the molecular mechanisms of Cr action are poorly
understood.

Several studies have demonstrated the beneficial effects
of supplemental trivalent Cr in subjects with reduced insulin
sensitivity and in those with type 2 diabetes mellitus, with no
documented signs of toxicity (7). However, recent studies have
questioned the safety of certain supplemental trivalent Cr
complexes (26). Comparative studies of chromium(III) pico-
linate and niacin-bound chromium(III), two popular dietary
supplements, have revealed that chromium(III) picolinate
produces significantly more oxidative stress and DNA damage
(27-30). Recently, chromium picolinate has been shown to be
mutagenic in some in vitro tests, and picolinic acid moiety
appears to be responsible for that effect (27). The safety of
chromium(III) is largely dependent on the type of ligand, thus
adequate clinical studies are warranted to demonstrate the
safety and efficacy of chromium(III) for human consumption.

The [Cr;0(0,CCH,CH;)4(H,0);]* cation has been studied
and proposed as an alternative supplemental source of Cr.
This form of chromium(IIl) is absorbed with greater than
60% efficiency at nutritional supplement levels and with
greater than 40% efficiency at pharmacological levels, which
is an order of magnitude greater than the absorption of CrCl;,
chromium nicotinate or chromium picolinate, the currently
marketed nutritional supplements (31). The difference in the
degree of absorption is readily explained by stability and
solubility which, together with collected data on toxicity, can
be regarded as the most relevant criteria for quality.

These findings indicate an urgent need to search for safer
chromium(IIT) derivatives that can be used as a source of Cr
for dietetic and therapeutic purposes. Therefore, the aim of
this study was to synthesize four chromium(III) complexes
with carboxylic acids (acetic, glycine, lactic and propionic),
and to compare the action of these new compounds with those
currently used in dietary supplements, such as chromium(I1I)
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chloride and chromium(III) histidinate, on insulin binding to
rat liver membranes and the membranes of in vitro cultured
mouse C2C12 myoblasts and 3T3-L1 preadipocytes. Moreover,
tyrosine and serine phosphorylation in IRS-1 was investigated
to acquire further information concerning the modulation of
insulin signal transduction by chromium(III).

Materials and methods

To investigate the influence of different chromium(III)
compounds on insulin signal reception at the stage of insulin
binding to its receptor and on the level of intracellular post-
receptor pathways, we used isolated rat liver membranes,
the mouse myoblast cell line C2CI12 and mouse 3T3-Ll1
preadipocytes.

Usage of chromium(Ill) complexes. Four different trinuclear
chromium(IIT) complexes with carboxylic acids (acetate,
glycinate, lactate and propionate) in the form of nitrate salts
(general chemical formula [Cr;O(acid)s(H,0);]*NO;) were
synthesized in our laboratory according to the method described
previously by Earnshaw and Lewis (32). The products were
recrystallized from water and then desiccated under vacuum at
100°C. Their physicochemical characteristics were obtained by
selected instrumental methods, UV-VIS and IR spectroscopy,
and thermal analysis. Thermal stability of the samples was
determined using DTA and TGA methods (module DTA-50;
Shimadzu). UV-VIS absorption spectra were recorded using
a Genesys 2 spectrophotometer. IR spectra were recorded (in
KBr) using a Specord M-80 spectrophotometer. Details of
these methods have been described in our previous studies
(33-35). For comparative studies, we used two other Cr salts:
chromium chloride (CrCl; - 6 H,0) purchased from Sigma
(St. Louis. MO, USA), and chromium histidinate provided
courtesy of Dr R.A. Anderson (Nutrition Research Center,
US Department of Agriculture, ARS, Beltsville, MD, USA).
Both compounds are currently used in dietary supplements
containing Cr that are marketed in many countries. The
contents of elemental Cr, chromium acetate, glycinate, lactate,
propionate complexes and chloride as well as histidinate in the
compounds were determined by the AAS method and were
25.4, 17.3, 17.8, 20.4, 19.5 and 7.80%, respectively. Aqueous
stock solutions of these compounds containing 10 mM Cr**
were prepared for all experiments. The concentrations were
assured by quantitative elemental analysis using the AAS
method (spectrometer AAS-3 with BC correction; Zeiss).

Biological material. Mouse C2C12 and 3T3-L1 cells were
cultured under standard conditions (37.0°C; 95% air/5% CO,)
in DMEM medium with L-glutamine and glucose (Gibco,
Grand Island, NY, USA) supplemented with 20% FBS (Sigma)
and antibiotics (Gibco). Donors of liver cell membranes
were male Wistar rats (body weight 180-220 g) housed in a
temperature-controlled room at 20.0°C and maintained on
a standard laboratory rat chow with free access to food and
water.

Insulin binding. For 24 h before investigation, C2C12 and
3T3-L1 cells were incubated in the presence of 1, 10 and
100 uM chromium(III) complexes. Rat liver membranes
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Table 1. In vitro effect of Cr(Ill) complexes on specific
125]-insulin binding (B,,,%) to isolated rat membranes.

max

Cr(III) complex Cr(III) concentration B, %
(pmol/l)

None (control) 0 30.320.8
Chloride 1 30.9+0.6
10 29.1+0.6
100 32.0+1.4
Glycinate 1 28.4+1.9
10 29.8+1.8
100 33.3+1.8
Histidinate 1 28.8+2.0
10 29.2+1.8
100 21.5+1.92
Lactate 1 26.5+1.9
10 27.6+2.0
100 23.9+1.6%
Acetate 1 27.6+1.6
10 26.4+1.0
100 24.5+1.42
Propionate 1 24.1+1.82
10 24.6+1.42
100 23.4+0.82

Results calculated per 1 mg of membrane protein (mean + SEM of
eight experiments). *Statistically significant differences in comparison
to the control (p<0.01).

and the cultured mouse cells were isolated according to the
method of Havrankowa et al (36) and dissolved in 50 mM
Tris-HCI buffer (pH 7.4) containing 0.1% bovine serum
albumin (BSA). Next, they were incubated for 18 h at 4.0°C
with 0.05 nM porcine receptor grade '*I-insulin (Perkin
Elmer), unlabelled human insulin (Novo Nordisk A/S) and
with different concentrations of Cr compounds. Non-specific
binding was determined in the presence of 10 M unlabelled
insulin. Bound and free fractions of insulin after incubation
were separated by centrifugation at 30,000 x g for 8 min. The
radioactivity of the pellets was measured using a gamma-
counter (Wallac). The binding capacity of the receptors and
dissociation constants (Kd) was calculated by Scatchard's
method using the Ligand-PC v.2.7 computer program (37).

Investigation of IRS-1 phosphorylation in 3T3-L1 cells.
Cells were cultured in the presence of a 10 yM concentra-
tion of the four tested compounds (the medium dose used
in previous ligand binding experiments was chosen for the
insulin signaling assay) and then exposed to 100 nM insulin
for 60 min. After activation of the insulin receptor, incuba-
tion medium was drained out and the cells were washed
twice with PBS, suspended in NP-40 lysis buffer (20 mM
Tris-HCI, pH 8.0, 137 mM NaCl, 10% glycerol, 1% Nonidet
P-40 and 2 mM EDTA), constantly agitated for 30 min on
ice and centrifuged at 4°C. All solutions were ice cold, and
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a freshly prepared protease-phosphatase inhibitor cocktail
(Roche Applied Science, USA) was added to the lysis buffer.
The supernatant with extracted proteins was gently aspirated
and transferred to pre-cooled microfuge tubes. Following the
determination of isolation efficiency (Bradford assay), equal
amounts (100 ug) of extracted proteins were subjected to
immunoprecipitation with the anti-IRS-1 antibody (Abcam,
USA) using the Protein G Immunoprecipitation kit (Sigma-
Aldrich) according to the manufacturer's protocol. After
immunoprecipitation, samples were divided, and an equal
amount of each sample was resolved on two separate 12% PAA
gels. Next, immunoprecipitated proteins were blotted on a
PVDF membrane according to the standard protocol. In order
to verify and compare the level of tyrosine and serine IRS-1
phosphorylation, immunodetection with phospho Y869 IRS-1
(ab47776; Abcam, USA) and phospho S1101 IRS-1 (ab55343;
Abcam, USA) antibodies was performed using Western
blotting. The Local Ethics Committee for Experiments on
Animals approved the experimental protocol.

Statistical analysis. Results were averaged per experimental
group. Statistical comparison of the data was carried out using
ANOVA, followed by the Duncan multiple range test.

Results

At the start of the performed investigations, we focused
on the influence of various concentrations of different
chromium(IIT) complexes on the specific binding of
insulin to its liver membrane receptor. We found that the
compounds did not significantly elevate specific insulin
binding (Table I). In the case of chromium chloride and
glycinate, '*I-insulin binding (B, %) was maintained at the
level characteristic for non-treated membranes; however, for
the applied maximal concentration (100 M), B, . % was
slightly elevated. Chromium histidinate, lactate, acetate and
propionate complexes diminished insulin binding. This was
particularly evident for maximal doses of chromium histidi-
nate, lactate, acetate, and for all concentrations of propionate
complex. These changes were statistically significant. Four
compounds, chromium chloride and glycinate, acetate and
propionate complexes, were selected for further study. Liver
membranes were treated with a 10 uM concentration of
the Cr compounds, and full analysis of insulin binding was
carried out. These compounds altered the curvilinear shape
of the obtained displacement curves and Scatchard's plots in
comparison to the control (plots not shown) indicating altera-
tions in insulin binding in the presence of the Cr complexes.
The final results of the Scatchard's analysis are presented in
Table II. The incubation of membranes with chromium chlo-
ride significantly increased the binding capacity of accessible
HAIRs and LAIRs. Glycinate did not change these parameters
in comparison to the control, whereas acetate and propionate
did not influence HAIRs but diminished the binding capacity
of LAIRs. None of the investigated complexes significantly
changed the affinity of HAIRs and LAIRs to insulin (calcu-
lated as dissociation constant; Kd).

In the next step, we repeated the investigations using
the myoblast cell line C2C12 and the preadipocyte cell line
3T3-L1. The results (Table III) indicated that the obtained
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Table II. In vitro effect of a 10-uM concentration of Cr(III) complexes on rat liver insulin receptor and its affinity to insulin.

Control Chloride Glycinate Acetate Propionate
HAIR
B, ..« (fmol/mg) 7249 124+11# 87+5 6719 60+9
Kd (pmol/l) 163+24 240+47 185+28 147+43 142+23
LAIR
B,..x (pmol/mg) 381 105+5% 41+7 11428 17+22
Kd (nmol/l) 166+30 226£15 204+15 110x14 124+16

HAIR, high affinity pool of insulin receptor; LAIR, low affinity pool of insulin receptor; B

binding capacity of each pool of insulin receptor

max?

calculated per 1 mg of membrane protein; Kd, dissociation constant. Values represent the mean + SEM of six experiments. *Statistically

significant differences in comparison with control (p<0.01).

Table III. In vitro effect of different concentrations of the Cr(IIT) complexes on specific '*I-insulin binding (B, %) to C2C12

and 3T3-L1 cell membranes.

Cr(III) complex Cr(III) concentration C2C12 cells 3T3-L1 cells
(uM) B % B %
None (control) 0 0.4+0.2 0.4+0.3
Chloride 0.4+0.3 0.4+0.3
10 0.4+0.3 0.5+0.3
100 0.4+0.3 0.4+0.2
Glycinate 1 0.5+0.2 0.4+0.3
10 0.4+0.3 0.4+0.2
100 0.4+0.2 0.5+0.3
Histidinate 1 0.4+0.3 0.3+0.2
10 0.4+0.3 0.5+0.3
100 0.4+0.3 0.4+0.4
Lactate 1 0.4+£0.3 0.4+0.3
10 0.4+0.3 0.4+0.3
100 0.4+0.3 0.5+0.3
Acetate 1 0.4+0.4 0.4+0.3
10 0.5+0.3 0.4+0.3
100 0.5+0.3 0.4+0.2
Propionate 1 0.4+0.3 0.4+0.3
10 0.5+0.3 0.4+0.3
100 0.4+0.3 0.4+0.3

Results calculated per 10° cells represent the mean + SEM of nine experiments. No changes were statistically significant.

specific binding was very similar in all cases, and the obtained
values of B,,,,% were far too low to undertake a full Scatchard's
analysis. This prevented the verification of the results obtained
using the liver membranes. However, the cultured 3T3-L1
cells were useful for the investigation of the intracellular
steps of insulin action. The results of phospho Y869 IRS-1
immunodetection are shown in Figs. 1 and 2 (representative
of three performed assays). The phosphorylation of tyrosine
in IRS-1 is responsible for the activation of insulin signal

transduction. Insulin receptor activation and insulin signal

transduction pathway functionality were clearly confirmed
by the comparison of phospho Y869 IRS-1-specific signal
intensity derived from the control and the insulin-treated cells
(Fig. 1). Without the presence of insulin, none or very weak
signals were detected. A strong signal was detected after incu-
bation with the hormone. Simultaneously, no changes in IRS-1
tyrosine phosphorylation were induced by any of the tested
Cr compounds in the presence of insulin (Fig. 1), whereas
in the absence of the hormone, a slightly visible induction
of phosphorylation was noted for chromium glycinate and
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Figure 1. The effect of various chromium(III) complexes on the phospho
Y869 IRS-1 relative level in 3T3-L1 cells. K-, cells incubated without insulin
and chromium complexes; K+, cells incubated with 100 nM insulin in
the absence of chromium complexes; A, B, C and D, cells incubated with
100 nM insulin and 10 ¥M chromium complexes (A, chloride, B, glycinate,
C, acetate and D, propionate). Average ratio of band intensity after chromium
to intensity of K+: A, 1.02; B, 0.98; C, 0.97; D, 1.15.
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Figure 2. The effect of various chromium(III) complexes on the phospho
Y869 IRS-1 relative level in 3T3-L1 cells without activation of the insulin
receptor. Cells were incubated in the absence of insulin. K, without chromium
complexes; A, B, C and D, cells incubated with 10 M chromium complexes
(A, chloride; B, glycinate; C, acetate; D, propionate).

acetate (Fig. 2). Additionally, the influence of serine phospho-
rylation in IRS-1 was found to be important for the action of
the chromium(IIT) complexes on the pathways of target cells
representing adipose tissue. Phosphorylation of serine may
downregulate intracellular transmission of the insulin signal.
Using phospho S1101 IRS-1 antibody, slightly diminished
relative levels of phosphorylated IRS-1 were observed after
the treatment of 3T3-L1 cells with chromium(III) acetate, and
a considerably lower value after treatment with chromium(III)
glycinate (Fig. 3). Relative values are provided in the figure
legends.

Discussion

The beneficial action of certain chromium(III) compounds,
particularly chromium picolinate and chloride, on metabolism,
and their helpful role in the treatment of diabetes is well
documented. However, new medications with anti-diabetic
properties are still required. Additionally, the biochemical
background of currently used Cr complexes does not seem
simple and has not been fully elucidated. In this study, we
tried to describe the mechanisms of action for some new as
well as popularly used Cr compounds. Based on our studies
of insulin receptor (9-14), we selected liver membranes as a
suitable in vitro model for investigation. This model allowed
us to estimate the specific binding of insulin, to calculate
the binding capacity of receptors and to describe the kinetic
parameters of binding in the absence or presence of the Cr
complexes.

The binding of a hormone to a specific cell surface receptor
is the first and obligatory step of action in the target tissue.
This subsequently evokes a cascade of intracellular reactions.
Thus, investigations of membrane receptors are important
for the characterization of the sensibility of various cells to
insulin. Similar to other studies (9-13), the typical curvilinear
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Figure 3. The effect of various chromium(III) complexes on the phospho
S1101 IRS-1 relative level in 3T3-L1 cells. K+, cells incubated with 100 nM
insulin in the absence of chromium complexes; A, B, C and D, cells incu-
bated with 100 nM insulin and 10 xM chromium complexes (A, chloride;
B, glycinate; C, acetate; D, propionate). Average ratio of band intensity after
chromium to intensity of K+: A, 0.87; B, 0.58; C, 0.73; D, 0.93.
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Scatchard plots and sigmoidal displacement curves observed
during the present investigations and mathematical analysis
(not presented) suggest, as is generally observed and accepted
(38), that two physiologically different pools of insulin recep-
tors exist: high-affinity (HAIRs) and low-affinity (LAIRs)
high capacity receptors. Since liver, muscles and adipose tissue
are, as previously shown (10-14,38), very important targets
for insulin, we decided to use C2C12 myocytes and 3T3-L1
preadipocytes. These experimental models have previously
been applied (39). The results showed that the chromium(I1T)
complexes did not increase specific insulin binding (Tables I
and III). On the contrary, histidinate, lactate, acetate, propi-
onate, but not glycinate and chloride, significantly diminished
the ability of the liver membranes to bind the hormone
(Table I). This effect was dose-dependent and highly mani-
fested at the highest dose of the employed compounds. Thus,
the improvement in intracellular metabolism observed (also in
diabetes) after treatment with different forms of chromium(III)
(5-7,39-41) widely used for achieving optimal insulin func-
tion is most probably not a result of the elevated ability of
the membranes of target organs and tissues to bind insulin.
In the case of acetate and propionate, the reduced specific
binding was probably due to the effect of the significantly
diminished level of the LAIR pool (Table II). For chromium
glycinate, the absence of changes in specific binding (Table I)
was accompanied by non-significant statistical differences in
the amount of HAIRs and LAIRs; however, the quantity of
both classes of receptors was slightly elevated in comparison
to the control (Table II). Among the investigated complexes,
only chromium chloride significantly elevated the number
of HAIRs and LAIRs. However, a simultaneous increase in
the dissociation constant value (Kd) for HAIRs and LAIRs
(decrease in affinity) was observed. Since the experiment was
carried out on isolated membranes, fluctuations in the number
of binding sites could not have been due to the effect of
internalization, but rather reflected changes in the amount of
insulin receptor particles accessible to insulin after treatment
with chromium(III). Thus, certain Cr complexes probably
masked the real number of receptors in the membranes.
Receptor-insulin cooperation is complicated and its mecha-
nisms, in spite of many studies undertaken, remain the subject
of investigation. Different possibilities of bilateral binding,
dimerization, hexamerization and cooperative interactions
between receptors have been considered (38,42). Because of
the intimate contact of the receptor with membrane lipids,
each alteration in the composition or the physical state of the
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lipids caused by any of the used complexes may have affected
the properties of the insulin receptor. The importance of the
physical state and fluidity of membranes was emphasized in
a study on the influence of hypothermia on the interaction of
insulin with the receptor (14). Unlike membranes, the in vitro
model of cultured cells did not provide the possibility to verify
the different effects of the chromium(III) complexes on total
specific insulin binding and the kinetics of this process. This
was due to the extremely low binding ability of the cells to
bind the hormone (Table III); however, the cultured cells were
useful for the investigation of the intracellular steps of insulin
action.

Chromium(IIT) complexes have been identified as modula-
tors of the insulin effect in both in vivo and in vitro studies
(43,44). In the present study, we confirmed that different Cr
complexes may regulate insulin signaling pathways. We
found, for the first time, that chromium(III) glycinate and
chromium(III) acetate complexes, in the presence of insulin,
profoundly inhibited serine phosphorylation of the IRS-1 in
the 3T3-L1 cell line, while chromium chloride and chromium
propionate complexes did not exhibit an inhibitory effect.
However, it was previously shown that the Cr propionate
complex has a more potent effect on insulin secretion than
on insulin sensitivity (45). Nevertheless, we found that the
analyzed Cr complexes did not activate the phosphorylation
of tyrosine in IRS-1 in the presence of insulin. However,
chromium(III) glycinate and chromium(III) acetate to some
extent increased tyrosine phosphorylation in the IRS-1 in
the absence of insulin. These results indicate that the chro-
mium glycinate and acetate complexes may play a crucial
role in enhancing insulin signaling inside cells. Our results
are consistent with the data obtained by Muller et al (46),
who found that Cr complexes affect tyrosine phosphoryla-
tion in the IRS-1. However, our experiment did not confirm
changes in IRS-1 phosphorylation at the tyrosine residue
after treatment of the cells with the chromium(III) chloride
and chromium(IIT) propionate complexes. On the other hand,
Chen et al (43) found that chromium(III) chloride increased
insulin-stimulated glucose transport by GLUT4 mobilization
in the 3T3-L1 cell line, though regulation of glucose trans-
port through changes in GLUT4 translocation did not involve
IR, IRS-1, phosphatidylinositol 3-kinase and Akt. They
also suggested that this mechanism was associated with the
composition of membrane lipids, particularly with cholesterol
depots.

Similar results were presented by Pattar et al (47), who
found that chromium picolinate decreased the content of
membrane cholesterol in 3T3-L1 cells. This mechanism
was connected with enhanced glucose transport stimulated
by insulin and increased the translocation of GLUT4 into
the plasma membrane. These data indicate that Cr improves
glucose transport by the modification of lipid depots and
represses lipid-induced insulin resistance. On the other hand,
our results showed that Cr complexes may modify the insulin
signal transduction modulating process of amino acid phos-
phorylation in IRS-1. Moreover, it was found that Cr increases
the phosphorylation of tyrosine in insulin receptor particles
(48). Though these results were not confirmed in other experi-
ments, they suggest that the mechanisms of Cr action are of
high complexity. Additionally, Yang et al (49) reported that
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chromium phenylalanine increased the phosphorylation of
(308) tyrosine in Akt inside insulin-stimulated adipocytes in
a dose- and time-dependent manner. On the other hand, these
authors did not find any influence of the Cr complex on the
phosphorylation of the insulin receptor subunit (IRf). The
results presented by us and by other authors indicate that Cr
action on the insulin signal cascade depends on a combination
of various factors, including the amount and affinity of insulin
receptor particles, the possibility of the phosphorylation of
the receptor subunit and the modulation of signal proteins by
changes in their phosphorylation.
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