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Abstract
Introduction. This study evaluates the effects of three different doses of chromium sulphate on bone density and the 
tomographic parameters of skeletal tissue of rats.  
Materials and method. The experiment was performed on 40 male Wistar rats which received, by gavage, during 90 days, 
a chromium sulphate in either a daily dose of 400, 600 or 800 µg/kg BW. At the end of experiment, the rats were scanned 
using the densitometry method (DXA) to determine the bone mineral density, bone mineral content of total skeleton and 
vertebral column (L2-L4) and parameters of body composition (Lean Mass and Fat Mass). The isolated femora were scanned 
using peripheral a quantitative computed tomography method (pQCT) for a separate analysis of the trabecular and cortical 
bone tissue. The ultimate strength, work to ultimate and the Young modulus of femora was also investigated by the three-
point bending test.  
Results. The negative impact of chromium was observed in relation to bone tissue. All doses significantly decreased total 
skeleton density and mineral content, and also had impact upon the isolated femora and vertebral column. Trabecular 
volumetric bone mineral density and trabecular bone mineral content measured by pQCT in distal femur metaphysis were 
significantly lower in the experimental groups than in the control. Higher doses of chromium also significantly decreased 
values of ultimate strength and Young modulus in the investigated femora.  
Conclusions. The results of the experiment demonstrate that chromium sulphate is dose dependent, and exerts a 
disadvantageous effect on the skeleton, as it decreases bone density and resistance.
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INTRODUCTION

Chromium (Cr) is an element available in different forms, the 
most common being trivalent and hexavalent. The trivalent 
form is readily found in food, e.g. in meat, as well as in some 
vegetables. In people with normal health, a small quantity 
of chromium is needed for glucose utilization by insulin, as 
well as in lipid metabolism, but a deficiency of this element 
is extremely rare, and has been observed only in patients 
on long-term specific diets. Presently, chromium chloride, 
sulfate and their hexahydrate, picolinate and lactate trihydrate 
forms may be added to both food and food supplements, 
while chromium nitrate and chromium enriched yeast 
may be employed solely within food supplements. From a 
toxicological point of view, with regard to living organisms, 
the more harmful form is hexavalent chromium. This 
situation comes about as a result of a higher cellular uptake 
of hexavalent than of the trivalent form. It is very important 
to note that independently of dietary source, the availability 
level of chromium is also connected with the degree of air 
and water environmental contamination that the organism 
has experienced [1].

When compared with soft tissue, bone has the particular 
feature of incorporating certain metals within its matrix. 
These may enter into bone turnover. Hence, skeletal tissue may 
potentially be a useful biological indicator of environmental 
contamination. In adult rats, after this element has been 
applied by either the oral or the intraperitoneal method, the 
skeletal system is generally-known as being a meaningful 
chromium repository [2]. It is also recognized that in 
humans, chromium may transfer from the mother to the 
bones of the developing foetus [3]. Moreover, while there is 
little information about long-term exposure to the trivalent 
form, hexavalent chromium overload is known to modify 
the natural bone metabolism, especially bone formation 
and resorption, thus having an effect on skeletal growth 
and condition [4–7]. These influences may have rebound 
as changes to some parameters, among these being density 
and quality of bone [8]. Such effects may be measured 
tomographically and densitometrically.

The aim of this study was to evaluate the effects of oral 
administration of different doses of chromium sulfate, on 
the skeletal tissue condition in Wistar rats.

MATERIALS AND METHOD

Animal procedures. All animal procedures described 
followed established guidelines for the care and handling of 
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laboratory animals, and were approved by the Local Animal 
Welfare Committee in Lublin, Poland.

The study was carried out on 40 healthy male Wistar 
rats (Medical University, Bialystok, Poland) at the age 
of 2.5 months, and with an initial body weight (BW) of 
approximately 200 ± 10  g. The animals were housed in 
Tecniplast plastic cages (4 rats per cage), with sawdust 
bedding. In addition, they had ad libitum access to water 
and LSM Standard Rat and Mouse Diet (Agropol-Motycz, 
Poland). The rats were assigned to one of four groups of 10 
rats each. The animals in the three experimental groups, 
during a 90 day period, received by gavage, a daily dose of 
chromium sulfate (analytical grade) (Merck, Poland), at the 
following rates: CR1 – 400 µg/kg BW, CR2 – 600 µg/kg BW, 
CR3 – 800 µg/kg BW, (equals 104, 156 and 208 µg/ Cr/kg 
BW) dissolved in physiological saline using a rat gastric tube 
(Instech Laboratories, Inc. USA). The control group (CON) 
received, by gavage, equal volumes of physiological saline.

The body weight of these rats was determined twice a week. 
After 90 days, the rats were anesthetized with CO2, weighed 
and euthanized by cervical dislocation. Immediately after 
euthanasia, the animals were scanned using the densitometric 
(DXA) method, to determine the bone mineral density 
(tBMD), bone mineral content (tBMC) of total skeleton 
and vertebral column (L2-L4), and also to ascertain the 
parameters of body composition (Lean Mass and Fat Mass). 
Subsequently, their femora were isolated, cleaned of soft 
tissues and frozen for further analysis.

Densitometric analysis (DXA). The bone mineral density 
(tBMD), bone mineral content (tBMC) of whole body, 
vertebral column (L2-L4), isolated femora and the body 
composition (Lean Mass, Fat Mass), were established by 
using a Norland Excell Plus Densitometer (Fort Atkinson, 
WI, USA) equipped with Illuminatus DXA Software v.4.5, 
with Small Animal Scan option. The measurements were 
performed using the following parameters: scout scan speed 
100 mm/s, resolution 3.0 × 3.0 mm; measurement scan speed 
10 mm/s, resolution 1.0 × 1.0 mm. Region of interest (ROI) 
after scout scan was defined manually.

Peripheral quantitative computed tomography (pQCT). 
The femora were scanned by means of peripheral quantitative 
computed tomography (pQCT), using the Stratec XCT 
Research SA Plus system, with software version 6.2 C (Stratec 
Medizintechnik GmbH, Pforzheim, Germany). The scans 
(Fig. 1) were performed in the distal femur metaphysis (DFM) 
(5 mm from distal end) for the analysis of trabecular bone 
tissue, and in the middle femur of diaphysis (MFD) (50% 
of bone length) for analysis of cortical bone tissue [9]. The 
scan line was adjusted using scout view after the initial scan 
of the pQCT system. Upon completion of scanning, the 
following parameters were determined in DFM: trabecular 
bone area (Tb.Ar), trabecular bone mineral content (Tb.
BMC) and trabecular volumetric bone mineral density (Tb.
vBMD). Moreover, cortical bone area (Ct.Ar), cortical bone 
mineral content (Ct.BMC), cortical volumetric bone mineral 
density (Ct.vBMD), as well as cortical thickness (Ct.Th), 
periosteal (Peri.C) and endocortical (Endo.C) circumferences 
in MFD, were established. The analyses of trabecular bone 
were performed with the threshold set at 0.450 cm-1, a contour 
mode 2 and a peel mode 20, whereas the cortical compartment 
was tested with the threshold set at 0.900 cm-1, and at cortical 

mode 2. Initial scan (scout view) was performed at a speed 
of 10 mm/s, while the CT-scan (measurement scan) speed 
was 4 mm/s.

Both machines were calibrated using the quality assurance 
phantoms (QA-Phantom), provided by the manufacturer, and 
performed in agreement with set procedures before every 
measurement series.

Mechanical testing of bone. The mechanical parameters of 
isolated femora were examined by way of a 3-point bending 
test, with the use of a ZwickRoell Z010 (ZwickRoell GmbH 
& Co. KG, Ulm, Germany) universal testing machine, 
employing a 1 kN measuring head, Xforce HP series. The 
analyzed bone were investigated as a tube model, with the 
external and internal diameters measured using pQCT. The 
bones were placed on two holders which were perpendicular 
to the horizontal axis, and the force was applied downward, 
perpendicularly to the horizontal axis, and at the midpoint 
of the bone. The load was increased until the bone broke. The 
received data were analyzed using testXpert II 3.1 software, 

Figure 1. Sample images from pQCT scans in DFM and MFD part of femur of control 
and experimental groups
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and the ultimate strength (Fmax), work to ultimate strength 
(W/Fmax), and the Young modulus (Emod) were subsequently 
determined.

Statistical analysis. All results were reported as mean values 
± SEM. A one-way analysis of variance (ANOVA) was used 
to test for significant differences among the groups. To detect 
significant differences between individual experimental 
groups, significant ANOVAs were followed by post hoc Tukey 
test for multiple comparisons. Differences were considered 
significant at p<0.05. Analysis of significant differences 
was performed with the use of STATISTICA 8.0 software 
(StatSoft, Inc. Tulsa,TX, USA).

RESULTS

DXA parameters. The values of bone mineral density and 
bone mineral content of the whole body, isolated femora 
and L2-L4 vertebras are presented in Table 1. Chromium 
sulfate, also in all doses, decreased bone mineral density of 
the total skeleton. A significantly (p<0.05) negative effect was 
observed in the CR1, CR2 and CR3 groups, by 10.7%, 12.6% 
and 18.8%, respectively (in comparison to the control), An 
analogous situation was observed in bone mineral content of 
total skeleton. In all groups (CR1, CR2 and CR3), chromium 
sulfate administration decreased this value (in comparison to 
the control group), by 19.5%, 21.2% and 26.4%, respectively. 
Additionally, similar relationships, albeit, statistically 
insignificant, of BMD of isolated femur in all experimental 
groups were observed. Significantly (p<0.05), the lowest BMC 
of femur was observed in the CR3 group (by 22.2% vs. CON), 
whereas in the CR1 and CR2 groups, this demonstrated only a 

tendency to lower values of bone mineral content. Chromium 
sulfate in all doses also had negative effects on the vertebral 
column. Vertebrae BMD and BMC in all experimental groups 
were lower, in comparison to the control, but the changes 
were statistically insignificant.

Tomographic measurements (pQCT). The values of pQCT 
analysis of cortical and trabecular bone tissue of femur are 
shown in Table 2. Analyses of the cortical compartment in 
MFD, using pQCT techniques, revealed that no doses of 
chromium sulfate induced significant (p<0.05) changes in 
Ct.vBMD values in the experimental groups, in comparison to 
the control. On the contrary, chromium sulfate significantly 
(p<0.05) increased values of Ct.BMC, Ct.Ar and Ct.Th in the 
CR2 group, in comparison to the control, by 10.2%, 9.9% 
and 5.2%, respectively. Similar relationships, but statistically 
insignificant, were observed in the CR1 and CR3 groups. 
What is more, chromium sulfate given gastrically, induced 
a significant (p<0.05) increase (9.9%) in Tot.BMC within the 
CR2 group, but decreased this parameter in the CR1 group 
(by 2.7%). A similar tendency was observed in relation to 
Tot.vBMD values. In addition, analysis of trabecular bone 
tissue in DFM revealed that chromium sulfate significantly 
(p<0.05) decreased Tb.vBMD in all experimental groups, by 
16.2%, 18% and 22.9% vs. CON, respectively. Beyond this, the 
values of Tb.BMC were significantly (p<0.05) lower in the 
CR2 and CR3 groups (by 16.5%, 21.8%) and insignificantly 
so in CR1 (by 13.7%). Furthermore, the values of Tot.BMC 

Table 1. The effects of three doses of chromium sulfate on body mass, 
femur mass and length, densitometry and mechanical parameters of 
bone tissue

Control CR1 CR2 CR3

Body mass (g) 420,07±3,34 402,8±2,73* 387,92±3,21*# 371,45±3,48*#†

Femur mass (g) 1.026±0.075 0.962±0.07 1.02±0.074 0.954±0.073

Femur length 
(mm)

39.49±0.65 39.53±0.59 39.14±0.59 38.94±0.58

tBMD (g/cm2) 0,159±0,0036 0,142±0,0036* 0,139±0,0035* 0,129±0,0033*

tBMC (g) 12,44±0,59 10,011±0,51* 9,815±0,50* 9,168±0,48*

Femur BMD 
(g/cm2)

0.189±0.0,0059 0.167±0.008 0.164±0.008 0.159±0.008

Femur BMC (g) 0.586±0.025 0.480±0.036 0.471±0.036 0.456±0.035*

L2-L4 BMD (g/
cm2)

0.174±0.0081 0.1683±0.010 0.1650±0.01 0.1584±0.009

L2-L4 BMC (g) 0.7284±0.11 0.6473±0.066 0.6346±0.065 0.6092±0.062

Lean mass (g) 388.81±16.38 356.57±19.93* 319.65±18.9* 303.27±12.78*

Fat mass (g) 34.24±3.89 31.49±3.57 28.76±3.27 26.70±3.03

Soft tissue 
mass (g)

423.05±15.81 388.07±17.9 348.41±19.0* 329.97±12.33*

F max (N) 239.2±17.69 217.47±3.8 161.02±10.31*# 148.14±9.48*#

E mod (GPa) 7.76±0.50 5,98±0.17* 5.70±0.17*† 5,22 ±0.09*

W/Fmax (Nmm) 75.10±0,85 79.31±0,36 61.0±1,45*# 56.21±1,34*#†

Data are mean ±S.E.M for 10 animals. Statistically significant differences (post hoc Tukey test 
for multiple comparisons) are indicated by:
* vs. control (p < 0.05)
# vs. CR1 (p < 0.05)
† vs. CR2 (p < 0.05)

Table 2. The effects of three doses of chromium sulfate on tomographic 
parameters of bone tissue measured in distal femur metaphysis (DFM) 
and middle femur of diaphysis (MFD) part of femur

Control CR1 CR2 CR3

DFM part of femur

Tot.BMC (mg/
mm)

13.03±0.28 12.66±0.20 12.43±0.22 11.95±0.25*

Tot.vBMD (mg/
mm3)

696.34±11.61 688.11±10.79 681.57±6.91 677.14±8.25

Tb.BMC (mg/mm) 2.84±0.17 2.45±0.07 2.37±0.08* 2.22±0.09*

Tb.vBMD (mg/
mm3)

346.19±10.67 289.95±10.13* 283.77±11.52* 266.86±4.9*

Tot.Ar (mm2) 18.28±0.34 18.44±0.45 18.31±0.36 17.94±0.61

Tb.Ar (mm2) 8.22±0.154 8.30±0.20 8.31±0.19 8.07±0.27

MFD part of femur

Tot.BMC (mg/
mm)

9.12±0.13 8.87±0.1 10.03±0.21*# 9.22±0.31

Tot.vBMD (mg/
mm3)

850.63±21.37 796.63±14.53 855.01±13.27 846.71±12.21

Tot.Ar (mm2) 10.75±0.22 11.16±0.23 11.75±0.29 10.91±0.42

Ct.BMC (mg/mm) 9.01±0.14 8.85±0.09 9.93±0.22*# 9.13±0.29‡

Ct.vBMD (mg/
mm3)

1445.88±4.27 1439.13±2.43 1448.74±4.54 1449.15±4.56

Ct.Ar (mm2) 6.23±0.09 6.15±0.06 6.85±0.14*# 6.3±0.2‡

Ct.Th (mm) 0.652±0.01 0.623±0.007 0.686±0.01# 0.653±0.01

xSSI (mm3) 8.16±0.14 8.4±0.19 9.25±0.36 8.45±0.4

Peri.C (mm) 11.63±0.12 11.84±0.12 12.14±0.14 11.69±0.22

Endo.C (mm) 7.52±0.2 7.92±0.15 7.83±0.15 7.59±0.19

Data are mean ±S.E.M for 10 animals. Statistically significant differences (post hoc Tukey test 
for multiple comparisons) are indicated by:
* vs. control (p < 0.05)
# vs. CR1 (p < 0.05)
†vs. CR2 (p < 0.05)
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and Tot.vBMD were also lower in all experimental groups (in 
comparison to the control), but the changes were statistically 
insignificant.

Mechanical parameters of bone tissue. The values of the 
analysis of the mechanical parameters of the femur are shown 
in Table 1. In this table, it can be seen that chromium sulfate 
administration significantly (p<0.05) reduced these. This is 
clearly evident in the reduction of maximum force values 
in the CR2 and CR3 groups (by 32.6% and 38.1% vs. CON, 
respectively), albeit corresponding values in the CR1 group 
(9.1%) were insignificant. A similar situation was observed 
in the case of work to ultimate strength, in which chromium 
sulfate significantly (p<0.05) reduced the values of this 
parameter in the CR2 group (by 18.7%) and the CR3 group 
(by 25.2%). What is more, the values of elasticity modulus 
were significantly (p<0.05) lower in all experimental groups 
(in comparison to the control), by 22.9% in CR1, 26.5% in 
CR2 and 32.7% in CR3.

Body mass, bone mass and length. Parameters of body 
composition. The results of body mass, bone mass and 
parameters of body composition are presented in Table 1. 
This shows that chromium sulfate, in all doses, decreased 
body weight within the experimental groups, in comparison 
to the control. However, the derived data were statistically 
insignificant. The largest drop was observed in the CR3 group 
(by 11,6%, respectively, vs. CON), and a similar tendency 
was observed in relation to bone mass. In this parameter, 
the least value was also observed in the CR3 group (by 
7.0%, respectively, vs. CON). In addition, chromium sulfate 
significantly (p<0.05) decreased soft tissue mass in both the 
CR2 and CR3 groups, whereas the CR1 group demonstrated 
a similar tendency, albeit statistically insignificantly. In all 
experimental groups, higher doses of chromium significantly 
(p<0.05) decreased lean mass (by 8.3%, 17.8% and 22.0%), 
in comparison to the control group. This tendency, although 
demonstrating statistical insignificance, was also observed in 
fat mass. No changes were observed in bone length.

DISCUSSION

Bone is formed and resorbed continuously, starting from 
the embryo stage and continuing throughout the entire life 
span. This process, when evidenced in fully grown bone, is 
called ‘bone remodeling’, and is carried out by osteoblasts 
(bone forming cells) and osteoclasts (bone resorption cells). 
Dual X-ray absorptiometry (DXA) assessment is the criterion 
standard for the evaluation and diagnosis of bone condition. 
Many factors may affect bone tissue quality and bring about 
a decrease in BMD and BMC. The potential mechanism 
of the influence of chromium on the bone was described 
by McCarty [10]. In the presented study, rats exposed to 
chromium sulfate through gavage administration, revealed 
toxic effects on bone tissue, especially with regard to bone 
mineral density and bone mineral content throughout 
the bodies of the rat test-subjects. In the current study, a 
statistically (p< 0.05) decrease of tBMD and tBMC was 
observed after 90 days of chromium sulfate administration, 
at all applied doses. A similar situation was observed with 
regard to femur and vertebral column (L2-L4) bone mineral 
density and content.

Research carried out to-date has shown only negative 
effects with regard to hexavalent chromium administration 
[8], yet trivalent chromium administered by gavage as an 
inorganic salt or an organic complex is considered to be 
non-toxic for rats, with LD50 > 2,000 mg/kg BW[11]. In the 
experiment undertaken by De Lucca et  al. [12] involving 
juvenile rats, in which hexavalent chromium was given as 
6.25 and 12.5  mg/kg/10 days dosages, toxic effects were 
noticed on bone formation. These were manifested as 
decreases of mandibular growth and delays in tooth eruption. 
Similar effects was observed in the current study. Chromium 
sulfate decreased tBMD and tBMC of rat mandibles in CR2 
and CR3 groups (data not presented). Furthermore, in a 
histological study, Soudani et al. [13] observed that in the 
femur sections of hexavalent chromium treated rats, the 
proliferating chondrocytes failed to form discreet columns. 
Moreover, they noticed that hypertrophic differentiation 
and neovascularization in this region were greatly reduced. 
In addition, when compared to their control group, the 
treated rats displayed fewer, thinner, and more fragmented 
bone trabeculae, as well as an increase in the percentage of 
formation and erosive surfaces [13]. In the current study, the 
trabecular part of the bone tissue, as measured by pQCT, 
in the distal femur metaphysis, also showed significantly 
lower values of Tb.vBMD and Tb.BMC in the chromium 
sulfate treated groups. What is more, chromium sulfate 
administration demonstrated a negative influence on Tot.Ar 
and Tb.Ar in the higher dosage groups. In addition, it must 
also be underlined that the Tot.vBMD and Tot.BMC in DFM 
results were also lower in the chromium treated rats, when 
compared to our control. It is also well-known that trabecular 
bone tissue is more sensitive (than cortical compartment) to 
any influences affecting bone metabolism, and the changes 
in trabecular bone tissue are more intensive [14, 15].

However, the presented study indicates, in opposition to 
the effect of chromium sulfate on the trabecular, that the 
cortical compartment of bone was more resistant to the 
disadvantageous influence of chromium sulfate. Herein, the 
values of the pQCT parameters, as measured in the MFD 
within the CR1 and CR3 groups, were on an approximately 
similar level to that of the control group. Indeed, the CR2 
group alone produced significantly higher values in the 
Ct.BMC, Ct.Ar, Ct. Th, Tot.BMC and Tot.vBMD parameters.

It is worth emphasizing that metal-on-metal hip 
replacement (MOMHR), a popular alternative to conventional 
total hip arthroplasty for treating young and active patients 
with hip osteoarthritis, has been known to elevate circulating 
levels of chromium and cobalt ions [16]. This is because these 
type of implants may corrode and release chromium ions 
into surrounding tissues. This effect may affect bone health, 
by way of induced osteolysis and reducing bone formation, 
which could provide an explanation for the situation wherein 
unexplained femoral neck fractures came about during 
routine surgical intervention [17].

The quality of bone tissue is also associated with resistance 
to the fracturing which can come about when loads exceed 
the bone strength. Therein, trabecular thickness measured by 
pQCT correlates with the stiffness and bending moment of 
the femur, while cortical thickness correlates with breaking 
force [18]. Furthermore, the mechanical competence of 
cortical bone tissue is dependent not only on BMD, but also 
on the structural properties of the cortical compartment, e.g. 
peripheral circumference (Peri.C) and cortical area (Ct.Ar) 
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(Tab. 2), as well as from cross-sectional moment of inertia 
(data not shown).

Studies have shown that bone fragility can be reduced by 
increasing bone mass, improving tissue properties, or by 
reorganizing bone architecture. However, in the presented 
study, chromium sulfate in all doses decreases the maximum 
force and elasticity modulus of bone tissue.

Animal and also in vitro experiments demonstrate that 
certain chromium forms can bring about oxidative stress 
and exert cytotoxic effects on bone tissue with reduced 
ossification, accelerated bone resorption and reduced bone 
formation [19]. Chromium may generate oxidative stress by 
producing hydroxyl radicals, superoxide anions, nitric oxide 
and also hydrogen peroxide [20]. Such free radical production 
is recognized as inducing bone-related diseases by way of 
suppressing bone formation and stimulating bone resorption. 
This process may be enhanced by the induced oxidative stress 
imposed by the activation of nuclear factor-kappa β (NF-
κβ), which is part of the RANKL-OPG axisthat regulates 
osteoclast differentiation, and, thus, bone resorption and 
remodeling [21–23]. Some observations also suggest that 
such oxidative stress might be involved in bone pathogenesis 
(osteoporosis, bone tumour) [24;25]. Bailey et  al. [26], for 
example, observed bifurcated cervical arches in mice foetuses 
obtained from mothers who received chromium picolinate 
or picolinic acid. Moreover, in the experiment undertaken 
by Soudani et al. [13], rats exposed to K2Cr2O7 during the 
periods of late pregnancy and early postnatal had lower 
levels of catalase (CAT), superoxide dismutase (SOD) and 
the glutathione-dependent enzymes, such as glutathione 
peroxidase (GPx). They also noticed a decreased level of 
total ascorbic acid, a compound known for being an anti-
stress agent and a powerful reducing agent, in the femurs of 
their test population. This effect indicates that chromium 
administration induced stress in the rat subjects, and that the 
ascorbic acid stored in their femurs was rapidly oxidized [13]. 
Beyond the aforementioned, it also known that antioxidant 
deficiency has a negative impact on bone mass [27].

Prior to 2011, chromium was reported as being an essential 
trace element, as it was thought to play an important role 
in insulin-dependent carbohydrate and lipid metabolism. 
However, in that year, Di Bona et  al. [28] demonstrated 
that a low-chromium diet, in comparison to a standard 
sufficient diet, had no effect on body composition and 
glucose metabolism in lean male Zucker rats. In 2014, the 
European Food Safety Authority, therefore, declared that 
Cr is not an essential element for human or animal health. 
Still today, trivalent chromium compounds are quite often 
used as diet supplements for enhancing weight loss, as well 
as increasing lean body mass. These are also considered as 
being effective glycaemic control agents. Such compounds 
are also commonly added to animal feeds [29–32].

Research has shown that trivalent chromium may improve 
cell sensitivity to insulin, and thereby probably may increase 
the process of utilizing energy components. Moreover, it may 
have influence upon the protein metabolism by stimulating 
the intake of amino acid, and in this way, may increase protein 
synthesis [33]. In 1998, Cerulli et al. [34], however, described a 
case that revealed the toxic influence of chromium picolinate. 
A 33-year-old woman showed weight loss, anaemia, liver 
dysfunction and renal failure after ingesting chromium as a 
OTC nutritional supplement at a dose of 1,200–2,400 µg/day, 
ion order to enhance weight loss. A similar effect of weight 

loss was also observed by Onakpoya et al. [35] in patients after 
their self-treatment with trivalent chromium. The outcome 
of research into these effects is the suggestion that chromium 
picolinate, a popular commercial nutritional supplement, 
may play a role in food intake regulation by its immediate 
influence on the levels of trivalent chromium within the 
animal brain (including that of humans). Furthermore, 
Anton et al. [36] postulate that chromium, through the central 
nervous system, may regulate food intake. McLeod et al. [37] 
also suggest that chromium may have some influence upon 
the neurotransmitters regulating eating behaviour processes.

In the presented study, chromium sulfate, in all doses, 
significantly decreased body mass in the experimental 
groups, in comparison to the control. What is more, 
chromium sulfate definitely decreased residual parameters 
of body compositions, i.e lean mass, fat mass and soft tissue 
mass, in all the experimental groups. These results are in 
line with those of De Lucca et al. [12], who also observed 
the decrease of body mass during a 10-day experimental 
administration of hexavalent chromium to Wistar rats, in 
6.25 and 12.5 mg/kg BW doses. A similar effect was observed 
by Zha et  al. [38]. In this work, three different forms of 
trivalent chromium were applied (chromium chloride, 
tripicolinate and nanocomposite), at dosages of 300 ug/kg 
Cr, during 6 weeks of supplementation. As in the current 
study, they observed a decrease of fat mass, but in their 
work, lean mass was higher in all experimental groups, in 
comparison to their control. The body fat proportion was 
also significantly lower in group with supplementation of 
300  µg/kg [38]. Shara et  al. [39] reported that a 52-week 
supplementation with niacin-bound complex at the dose 
of 25 mg/kg diet of trivalent chromium caused decrease in 
body mass gain in female and male Sprague-Dawley rats, 
without significant changes in organ mass. Other studies 
have reported that chromium supplementation has no effect 
on body composition among women with moderate obesity 
[40]. On the other hand, Evans [41] reported a significant 
increase in lean body mass (LBM) of 1.6 kg in 10 college males 
after six weeks of resistive exercise training undertaken in 
conjunction with 200 μg/d of Cr picolinate supplementation. 
Moreover, in a second experiment in the same study, 16 
trained football players showed a large increase in LBM 
(2.6 kg) and a significant decrease in percent body fat (3.6%) 
after six weeks of resistive training and Cr supplementation. 
In the experiment by Hallmark et al. [42], a Cr supplemented 
group of untrained healthy males demonstrated an, albeit, 
non-significant 1.0 kg increase in LBM and a 1% decrease in 
body fat. A similar effect was seen in the study by Bahadori 
et al. [43], who investigated the effects of chromium yeast 
(200 µg/d) and chromium picolinate (200 µg/d) on LBM, in 
obese patients during and after mass reduction by way of a 
very-low-calorie diet. All groups showed comparable mass 
loss after eight and 26 weeks of treatment. Indeed, lean body 
mass, in particular, was reduced in all groups after eight 
weeks; however, after 26 weeks, the chromium picolinate 
supplemented subjects showed increased LBM, whereas the 
other treatment groups still had reduced lean body mass. 
Crawford et al. [44] also observed a statistically significant 
reduction in fat mass in overweight African-American women, 
after 600 µg niacin-bound chromium supplementation, in 
comparison to a placebo group. What is more, Grant et al. 
[45] demonstrated that 43 young obese women consuming 
400 µg of trivalent chromium as a niacin-bound complex per 
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day in combination with exercise, experienced significant 
mass loss over an 8-week study period. Finally, Sun et al. [46] 
noted mass loss and reduced levels of insulin and leptin in 
rats fed diets with different levels of chromium gluconate. 
Thus, the mechanism by which trivalent chromium has an 
effect upon body compositions is still unclear [33, 40, 47, 
48]. It also should be mentioned that safety regarding the 
intake of chromium picolinate has not been established 
[49]. Many authors hold the opinion that chromium may 
reduce body mass by a number of mechanisms. Anderson 
[50] suggested that Cr increases insulin sensitivity, while 
Vincent [51] considered that chromium, when bound to a low 
molecular mass oligopeptide, can potentiate the actions of 
insulin at its receptor. Furthermore, Attenburrow et al. [52] 
thought chromium to be a factor which reduces food craving. 
In addition, Onakpoya et al. [53] claimed that Cr increases 
metabolic rate. In 2013, Onakpoya et  al. [35] performed 
a systematic review and meta-analysis of randomized 
clinical trials on the role of chromium supplementation 
in the overweight and the obese. The data they derived 
from randomized clinical trials showed that chromium 
supplementation generates statistically significant reductions 
in body mass and percentage body fat, but the clinical effects 
were inconsistent, varying in the elements of individuality and 
time of effects; hence, there is a need for future investigation. 
Because of this, they suggested that clinical trials should 
last a minimum 16 weeks, and be undertaken with greater 
uniformity in the measurement methods and approaches 
towards evaluating body composition [35].

CONCLUSIONS

The results obtained indicate that chromium sulfate exerts a 
dose-dependent disadvantageous effect on bone tissue. In the 
current study, doses of chromium (104, 156, 208 µg/ Cr/kg 
BW) we administered which were meaningfully lower than 
the known lethal dose for hexavalent chromium (46–113 mg/
kg/day BW for male/female rats) [1]. Such dosages brought 
about a lessening of total bone mineral density and mineral 
content within both the overall skeleton and the isolated 
femur. Low bone mineral density is one of the most important 
predictors of fracture risk. What is more, the quality of bone 
tissue is also dependent upon the mechanical parameters of 
material and their resistance to fractures. Thus, chromium 
sulfate exposure raises the risk of damage through decreasing 
the mechanical parameters of bone tissue. Future study is 
warranted in order to investigate the effects of chromium, 
and especially the trivalent form, on skeletal tissue.
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