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Abstract

Diabetes mellitus is a metabolic disease that changes carbohydrate and lipid levels as well as 
affecting the body’s mineral balance. One of the elements with a potential hypoglycaemic effect 
is Cr(III). This model study includes assessment of the effect of a new complex – chromium(III) 
glycinate (Cr(III)Gly) – and the reference compound – chromium(III) picolinate (Cr(III)Pic) – on Ca, 
Mg, P levels and the antioxidant status of diabetic rats. The study was conducted on 40 male 
Wistar rats. Diabetes was induced by intraperitoneal injection of streptozotocin (STZ, 55 mg kg-1 bw). 
Subsequently, the rats were fed the AIN-93M diet supplemented with Cr(III) complexes  
at 10 mg Cr kg-1 of diet for seven weeks. It was shown that diabetes induced by STZ injection 
led to changes in the distribution between these elements in liver, heart, spleen and decreased 
the serum total antioxidant status. Supplementation with Cr(III) complexes partially normalised 
the Mg level in the heart as well as the P level in the liver and spleen of diabetic rats. Addition-
ally, Cr(III)Pic increased the Ca/P ratio in kidneys. On the other hand, Cr(III)Gly reduced  
the Ca/P ratio in the heart. In summary, Cr(III) compounds affected the levels of Mg and P  
in diabetic rats, but did not influence the antioxidant status.
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INTRODUCTION

Diabetes mellitus is a disease that entails carbohydrate and lipid metabo- 
lism disorders. Chronic hyperglycaemia increases oxidative stress, which 
leads to further changes, including severe complications. Therefore, agents 
that improve insulin sensitivity and exhibit hypoglycaemic effects may prove 
to be important in delaying the complications of diabetes. In this context, 
Cr(III) compounds represent a potentially preferred solution. According to 
many animal studies, trivalent chromium improves insulin sensitivity (Król, 
Krejpcio 2011, Orhan et al.2018). On the other hand, the results of research 
involving humans are not so promising. In the literature, both inorganic 
(chloride, sulfate) and organic (picolinate, malonate, propionate, methionine, 
yeast enriched) forms have been analysed. They are characterised by diffe- 
rent bioavailability, which may determine their biological activity. The com-
pounds tested to date have a hypoglycaemic effect, improve insulin sensitiv-
ity and normalise oxidative stress in animal studies. Complexes of chromi-
um(III) with glycine are relatively little known. The previous work of the 
authors, which constitutes a part of this experiment, includes the assessment 
of the hypoglycaemic potential of this substance and demonstrates that 
Cr(III)Gly reduced glycaemia, the concentration of triacylglycerols, as well as 
the Cu/Zn ratios in the serum and heart (Król et al. 2020).

Supplementation with minerals may affect their content in the body  
by interacting with other elements at the stage of absorption, transport  
or excretion. It is well-known that minerals can influence each other when 
one of them is administered in excess or insufficient amount. Furthermore, 
hyperglycaemia, impaired insulin sensitivity and oxidative stress change 
mineral distribution in the body. During the course of diabetes, it is possible 
to observe changes in Ca, Mg and P metabolism. Data on variations in the 
Ca content in diabetes are not consistent. According to some authors,  
the serum Ca levels increased, while others report that this level was con-
stant or decreased (Skalnaya et. al. 2017, Zhang et al. 2017). The association 
between decreased serum Mg and diabetes was observed in a few studies 
(Wei et al. 2016, Zhang et al. 2017). Both of these macronutrients play  
important roles in the maintenance of glucose homeostasis. Calcium  
is known to be essential for insulin secretion. The glucose-dependent release 
of insulin is a process regulated by the intracellular level of Ca in the B cells 
of the pancreas (Wollheim, Sharp 1981). Several studies have shown a posi-
tive association between elevated serum Ca levels and an increased risk  
of developing type 2 diabetes in different populations (Becerra-Tomas et al. 
2014, Suh et al. 2017). Also, a negative correlation of serum Ca and Mg  
levels with serum glucose and HbA1c was observed in postmenopausal  
women with DM2 (Skalnaya et. al. 2017) and prediabetes subjects (Yadev et al. 
2017). An inverse association between increased Ca and P urinary excretion 
and chronic kidney disease progression was noticed (Duan et al. 2021). 
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In recent years, much attention has been paid to the link between glu-
cose homeostasis and bone health. Previous studies have demonstrated that 
poor glycaemic control leads to an increase in urinary Ca excretion with  
simultaneous stimulation of parathyroid hormone secretion, which can cause 
skeletal changes and increase the risk of fractures (Cipriani et al. 2020). 
Compounds exhibiting hypoglycaemic activity can prevent these unfavour-
able changes. The influence of some hypoglycaemic drugs on bone metabo-
lism has also been noticed. For example, sulphonylureas can stimulate  
the bone formation process, while thiazolidinediones have the opposite effect 
of reducing bone density and increasing the risk of fractures. With regard  
to metformin and insulin, the results vary between preclinical and clinical 
models (Cipriani et al. 2020). It was found that insulin therapy can preserve 
bone architecture and elasticity in diabetic rats, confirming the anabolic  
effect of this hormone (Bertolin et al. 2017). 

The rationale for assessing the effect of Cr(III) supplementation on the 
metabolism of Ca, Mg and P may result from its influence on glycaemia,  
insulin, oxidative stress and mutual interactions between elements. There-
fore, the authors of this study decided to assess whether Cr(III) glycinate 
and Cr(III) picolinate affect the Ca, Mg and P levels as well as oxidative 
stress parameters in diabetic rats.

MATERIAL AND METHODS

Animals 
All the procedures used in this study were accepted by the Animal  

Bioethics Committee in Poznań, Poland (Approval #47/2010). 
Male Wistar rats (n=40, six weeks old) were purchased from the licensed 

laboratory called Animal Breeding Centre at the Poznań University  
of Medical Sciences (Poznań, Poland). Throughout the experiment, rats were 
kept individually in cages under controlled temperature (21±2°C), and  
humidity (55-60%) with an artificial 12 h/12 h day/night cycle. They were 
maintained at an animal care facility. 

Induction of diabetes
After a 7-day adaptation period, rats were intraperitoneally injected with 

STZ (55 mg kg-1 b.w.) in citric buffer (pH = 4.4) to induce diabetes, while rats 
in the control group received only buffer. Three days after injection, blood 
drops were obtained from the tail vein to measure the blood glucose concen-
tration (Optium Medisense glucometer, Abbott Co.). After injection of STZ, 
all animals exhibited elevated fasting blood glucose levels (>9 mmol l-1) and 
were classified as “diabetic” (D). Animals were divided into four groups:  
C – control group (n=10), D – diabetic control (n=10), D + Cr(III)Gly – dia-
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betic rats fed a diet supplemented with chromium(III) glycinate at the dose 
of 10 mg Cr(III) kg-1 of diet (n=10), D + Cr(III)Pic – diabetic rats fed a diet 
supplemented with chromium(III) picolinate at the dose of 10 mg Cr(III) kg-1 
of diet (n=10).

Diets
Rats were fed semi-synthetic diets composed according to the recommen-

dations issued by the American Institute of Nutrition (AIN-93M) – Reeves 
(1997). The diets consisted of casein (14%), soybean oil (4%), wheat starch 
(62.32%), sucrose (10%), potato starch (5%), L-cysteine (0.3%), vitamin mix 
AIN-93M (1%) and mineral mix AIN-93M (3.5%). Two mineral mixes were 
enriched with either Cr(III)Gly (chemical formula [Cr3O(NH2CH2CO2)6(H2O)3]  + 
+ NO3· H2O, the theoretical content of Cr 25.7%, synthesised in the laboratory 
of the Department of Product Ecology, Poznań University of Economics)  
or Cr(III)Pic (Nutrition 21, Inc. NY, USA) to a level of 10 mg elemental  
Cr kg-1 of diet. The reliability of the chemical form and stability of Cr(III)Gly 
was previously reported in our work (Wieloch et al. 2008). Rats received 
these diets and distilled water ad libitum for seven weeks. The food intake 
was monitored daily. The content of minerals in diets is given in Table 1.

Data collection
After 16 h fasting at the end of the experiment, rats were anaesthetised 

with an intraperitoneal injection of thiopental (40 mg kg-1 b.w.) and dissected 
to collect blood from the aorta and remove inner organs (liver, kidneys, 
spleen, heart, left femur) for appropriate biochemical tests. Blood was collect-
ed in test tubes and left to clot for 30 minutes. The tubes were then centri-
fuged at 4,000 g for 10 minutes. The serum and organs obtained were stored 
at -80°C until the analysis. 

Table 1 
The content of Cr, Ca, Mg and P in diets used in experiment 

Index
Experimental group

C D D+Cr(III)Gly D+Cr(III)Pic

Cr (mg kg-1)* 1.336±0.321A 1.441±0.239A 11.747±0.452B 11.899±0.531B

Ca (g kg-1) 5.258±0.431 5.066±0.225 5.072±0.407 5.198±0.095

Mg (g kg-1) 0.530±0.035 0.532±0.054 0.539±0.021 0.542±0.011

P (g kg-1) 3.123±0.109 3.267±0.215 3.345±0.372 3.237±0.274

Data are expressed as mean ± standard deviation (SD).  
* Data previously published in Król et al. (2020).
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Determination of glucose, insulin, oxidative stress parameters  
and mineral content

The serum glucose and insulin concentration were determined by the 
hexokinase and radioimmunological methods, respectively. Serum total anti-
oxidant capacity (TAC), superoxide dismutase (SOD) and catalase (CAT) 
were measured with commercial kits (Cayman Chemical, USA). The liver 
homogenates were prepared according to manufacturer recommendation  
(0.1 g of sample + 0.9 cm3 of phosphate buffer, pH 7.0). The activity of the 
enzymes (SOD and CAT) in the tissue were expressed on 1 g of protein.  
The protein contents were determined with the Bradford reagent (Sigma- 
-Aldrich, Saint-Louis, Mo, USA). The absorbance was read on a microplate 
reader (Asys UVM340, Biochrom, UK).

For mineral analysis, about 1 g of tissue samples or 0.5 ml of serum 
were weighed, transferred to a Teflon vessel and quenched with nitric acid 
(65% GR ISO, Merck, Germany). The dishes were placed in a microwave  
digestion oven (Mars-5, CEM, USA) and mineralised. The samples were sub-
sequently quantitatively transferred to volumetric flasks. Immediately before 
the determinations, the samples were diluted with a 0.5% LaCl3 solution 
(Merck, Germany). The assessment of Ca and Mg contents was performed  
by means of flame atomic absorption spectrometry using an AAS-3 apparatus 
(Carl-Zeiss Jena, Germany). The phosphorus level was determined by the 
Eiconogen colorimetric method using a Nanocolor UV/VIS spectrophotometer 
(Macherey-Nagel MN, Germany).

The accuracy of this evaluation method was verified using two reference 
materials: bovine liver (NIST®-SRM 1577c) and Human Assayed Multi-Sera 
level 2 (HUM ASY Control 2, No. HS2611, Randox Laboratories, Crumlin, 
UK). The recovery values were in the ranges of 90 to 110%.

Statistical analysis
One-way analysis of variance and the Fisher’s least significant difference 

(LSD) test were used to show the significance of the differences between 
groups. The significance level was assumed at p<0.05. The calculations were 
made using Statistica 13.1 software (Statsoft, USA).

RESULTS AND DISCUSSION 

The study revealed no significant differences in the Ca, Mg and P intake 
in rats from all experimental groups (Table 2). Diabetes caused an increase 
in the blood glucose levels, and both Cr(III) compounds reduced its level to 
some extent, with Cr(III)Gly having a stronger hypoglycemic effect (Table 3). 
The serum insulin concentration was unchanged. In the study, a disturbed 
redox balance in diabetic rats was evidenced by a decrease in the serum 
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TAC, and a slight although not significant decrease in the serum and liver 
SOD and CAT activity. Cr(III) compounds did not affect these indices, which 
may indicate no effect of these compounds in the tested dose on the intensity 
of free radical generation in these tissues.

The largest amounts of Ca are deposited in bones (approx. 99%). Insigni- 
ficant amounts are also present in the intra- and extracellular fluids. Calcium 
homeostasis is strictly regulated and depends mainly on the dietary supply, 
intestinal absorption, renal reabsorption and bone resorption/formation. Low 
serum Ca levels cause parathyroid glands to secrete PTH, which in turn 

Table 2
Daily Cr, Ca, Mg and P intake by rats (mg)

Index
Experimental group

C D D+Cr(III)Gly D+Cr(III)Pic

Cr* 0.027±0.001A 0.033±0.006A 0.236±0.010B 0.248±0.017B

Ca 106.7±5.51 116.0±22.60 101.7±4.42 108.2±7.60

Mg 10.76±0.56 12.18±2.37 10.80±0.47 11.29±0.79

P 63.35±3.72 74.82±14.58 67.08±2.91 67.35±4.73

Data are expressed as mean ± standard deviation (SD). 
* Data previously published in Król et al. (2020).

Table 3
Serum glucose and insulin concentration and TAC, SOD, CAT activity in serum and liver of rats 

Index
Experimental group

C D D+Cr(III)Gly D+Cr(III)Pic

Serum glucose  
(mmol dm-3) 7.045±0.303A 9.529±0.960B 7.525±0.915A 8.069±0.938AB

Serum insulin  
(pmol dm-3) 276.0±57.0 144.0±81.0 93.0±37.5 228.0±151.5

Serum TAC  
(mmol Trolox dm-3) 3.762±0.899B 2.567±0.839 A 2.575±1.251A 2.383±0.333A

Serum SOD  
(U cm-3) 7.003±2.207 5.293±1.397 5.645±2.696 5.474±1.680

Liver SOD  
(U mg-1 protein) 3.045±0.865 2.756±0.836 2.859±0.568 2.748±0.547

Serum CAT  
(nmol min-1 cm-3) 17.03±5.171 14.14±6.358 17.925±10.56 21.28±7.160

Liver CAT  
(nmol min-1 mg-1 protein) 225.3±34.56 203.8±24.03 204.47±32.85 203.8±36.38

Data are expressed as mean ± standard deviation (SD). The values in the same line which are 
not marked with the same superscript differ significantly.
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stimulates osteoclasts to release Ca from bone, increased renal reabsorption, 
and increased intestinal absorption. The permeability of the small intestine 
also depends on dietary supply. With low supply, the vast majority of Ca  
is absorbed in the duodenum by active transport with the transient receptor 
potential vanilloid type 6 channel (TRPV6) – Wongdee et al. (2017). The fac-
tors responsible for the impaired absorption of calcium in the intestines in 
diabetes are not fully understood. This phenomenon may result from de-
creased insulin levels or other hormonal changes, as these alternations have 
been found to correlate with decreased serum levels of vitamin D metabo-
lites. Moreover, the oxidative stress occurring in diabetic rats reportedly  
increased the permeability of the duodenum (Rivoira et al. 2015). Studies  
on rats with diabetes induced by STZ injection showed a lower concentration 
of Ca in the plasma (Rivoira et al. 2015). Similarly, a slightly decreased  
serum Ca was observed in the present study (Table 4). Hyperglycaemia can 

Table 4 
The content of Ca, Mg and P in serum and tissues of rats

Index
Experimental group

C D D+Cr(III)Gly D+Cr(III)Pic
Ca

Serum (mmol dm-3) 2.851±0.914B 2.090±0.964AB 2.028±0.693AB 1.821±0.470A

Liver (mg kg-1 d.m.) 42.13±16.46 65.40±17.00 64.89±19.88 65.99± 22.51
Kidney (mg kg-1 d.m.) 149.02±26.97 128.11±32.10 141.44±23.03 151.84±34.26
Heart (mg kg-1 d.m.) 221.25±56.12 185.67±65.63 150.59±37.25 225.74±55.85
Spleen (mg kg-1 d.m.) 150.6±60.31 163.0±51.97 146.5±51.71 137.4±55.35
Femur (g kg-1 d.m.) 151.1±11.49 139.3±13.81 145.5±51.71 147.7±17.54

Mg
Serum (mmol dm-3) 0.737±0.234 0.496±0.183 0.654±0.068 0.488±0.152
Liver (mg kg-1 d.m.) 818.5±143.3 831.5±59.63 934.4± 113.8 893.4± 64.73
Kidney (mg kg-1 d.m.) 849.2±30.30 856.0±54.10 871.7± 48.16 888.0± 68.72
Heart (mg kg-1 d.m.) 889.4±52.72B 693.9±111.4A 835.5± 96.84B 820.1± 129.49AB

Spleen (mg kg-1 d.m.) 764.2±107.3 884.8±119.0 853.3± 56.6 797.6± 45.99
Femur (g kg-1 d.m.) 3.208±0.560 2.949±0.335 3.155±0.462 3.103±0.649

P
Serum (mmol dm-3) 1.054±0.309 1.192±0.256 1.240±0.307 1.308±0.474
Liver (mg kg-1 d.m.) 11.201±1.942A 13.168±1.819B 12.007±1.54AB 12.698±0.940AB

Kidney (mg kg-1 d.m.) 8.093±1.121B 7.392±1.617AB 5.713±1.083A 5.912±1.387A

Heart (mg kg-1 d.m.) 11.064±0.553 10.585±0.961 10.544±1.076 10.844±1.110
Spleen (mg kg-1 d.m.) 12.220±1.476A 14.157±1.356B 13.690±1.060AB 13.506±0.977AB

Femur (g kg-1 d.m.) 100.10±6.56 103.21±11.21 102.18±5.706 101.86±6.734

Data are expressed as mean ± standard deviation (SD). The values in the same line which are 
not marked with the same superscript differ significantly. 
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also cause increased kidney Ca uptake and hypercalciuria (Wongdee et al. 
2017). In the present study, there was no change in the Ca level in the kidneys; 
however there was an insignificant increase in Ca in liver content of diabetic 
rats. Similarly, Presley et al. found increased content of this element in the 
liver and intestines and lower in the brain in Goto-Kakizaki diabetic rats 
(Presley et al. 2017). It should be emphasised that in an animal model with 
STZ-induced diabetes mellitus, the initial decrease in intestinal Ca absorp-
tion over time (after 60 days) returned to values comparable to the healthy 
group. This homeostatic mechanism is accompanied by changes in the expres-
sion of transporters (mainly TRVP6) of this element (Rivoira et al. 2015). 

In turn, Mg, as mentioned, is an important antioxidant and a cofactor  
of enzymes involved in glucose metabolism. Its deficiency is often associated 
with type 2 diabetes, impaired glucose tolerance and metabolic syndrome 
(Mooren 2015). Metabolic disorders accompanying diabetes may interfere 
with its absorption and increase the excretion of this element in the urine 
(Simmons et al. 2010). This is confirmed by numerous studies, which have 
demonstrated a significantly lower concentration of Mg in individuals suffer-
ing from type 2 diabetes (Khan 2015, Doddigarla et al. 2016, Fang et al. 
2016, Yadav et al. 2017). Similarly, a lower Mg level was observed in clinical 
type 1 diabetics (Lin et al. 2016). In some studies, the inverse association 
between lower serum Mg levels and heart failure, atrial fibrillation and dia-
betic complication (e.g. chronic kidney disease, diabetic retinopathy) was  
reported (Oost et. al. 2021). In this study, diabetic rats exhibited decreased 
levels of Mg in the heart (Table 4). One of the reasons may be the loss of this 
element in urine, as previous studies have shown that increased diuresis 
may be the cause of mineral depletion. This may be a consequence of hyper-
glycaemia and kidney damage (Gomez et al. 2019). The tested Cr(III) com-
pounds, especially Cr(III)Gly, normalised these changes to some extent. 

The effect of Cr(III) compounds on Ca and Mg metabolism is not often 
subjected to studies. Previous research on healthy rats did not show that 
supplementation of Cr(III) at a dose of 5 mg kg-1 of the diet influenced Mg 
management parameters (Krejpcio et al. 2009). In another study on rats fed 
a high-fructose diet, the authors of this article found that Cr(III) propionate 
supplementation at doses of 10 and 50 mg kg-1 of diet significantly increased 
hepatic Mg contents simultaneously failing to affect Ca levels (Król, Krejpcio 
2013). In a different study, the authors compared the influence of Cr(III) 
compounds (CrPic, CrProp, CrCl3 administered at a dose of 1 mg kg-1 b.w.) 
on the mineral content in genetic models of obesity and diabetes (Staniek  
et al. 2013). In lean control rats, CrPic and CrProp increased the hepatic  
Ca content, yet this effect was not observed when Cr(III) was supplemented 
to rats in the form of CrCl3. However, in healthy female rats fed diets sup-
plemented with higher doses of CrProp (100-1,000 mg kg-1 of diet), dimini- 
shed contents of Ca in the liver were found to depend on the applied dose 
(Staniek, Krejpcio 2017). 
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The relationship between Cr(III) supplementation and bone health has 
rarely been studied. The work by Kong et al. (2019) showed that the effects 
of Cr (80 µg kg-1 b.w. in the form of CrCl3) supplementation are similar  
to those induced by a low oestrogen dose, and that Cr(III) can modify bone 
mineral density in ovariectomised rats. Other studies suggest that Cr(III) 
may have a negative effect on bone health. It was found that CrCl3 at doses 
of 12.5 and 25 mg kg-1 of feed significantly decreased Ca concentration in the 
femur and fibula in broiler chickens, and the effect was dose-dependent 
(Saeed et al. 2017). Bieńko et al. (2017) observed that supplementation  
of Cr(III) in the form of sulphate (doses of 104, 156 and 208 µg Cr kg-1 b.w.) 
reduces skeleton density and strength in healthy male rats. In the present 
study Cr(III) complexes did not influence on femur weight (data not shown) 
and contents of Ca, Mg and P in the bone (Table 4).

Both minerals (Ca and Mg) have similar physical and chemical reactivity, 
oxidation states and charge/mass ratios, thus potentially one element can 
mimic another, exhibiting antagonistic interactions or interfering with each 
other in biochemical processes (Presley et. al. 2017). The importance of an 
appropriate balance between Ca and Mg is relevant in terms of oxidative 
stress, which often occurs in the course of diabetes. It has been observed that 
in a state of Mg deficiency, calcium channels are blocked. This results in the 
influx of this element from extracellular sources and the release of Ca2+ from 
intracellular stores, which leads to the increase of intracellular concentra-
tions of Ca2+ and oxidative stress (Nielsen 2018). Since the antagonistic rela-
tionship between Ca and Mg has been demonstrated, an appropriate cellular 
balance between these cations is essential. Therefore, the Ca/Mg ratio has 
clinical implications. Song et al. (2007) study has shown that the serum  
Ca/Mg ratio correlates with the spine mineral density. In another study, 
lower serum Mg and higher Ca/Mg ratios significantly increase the risk  
of all-cause and CVD mortality (Li et al. 2020). In this study, we did not  
observe significant influence of Cr(III) compounds on the Ca/Mg ratio  
in serum and most tissues. The only exception was a decreased value of the 
ratio in the heart of rats fed diets supplemented with Cr(III)Gly (Table 5). 

The level of P in the body is regulated primarily by the intestines,  
kidneys, parathyroid glands and bones. The main deposit of this element lies 
in bones, where it occurs in the form of hydroxyapatite. The homeostasis  
of this element is hormonally regulated by parathormone (PTH), 1,25-D and 
fibroblast growth factor 23 (FGF23). The kidneys are the main organ respon-
sible for P homeostasis, and when the function of this organ is disturbed,  
its serum level begins to increase. These changes can lead to parathyroid 
hyperplasia and, finally, to bone disease (Nadkarni and Uribarri 2014).  
Observational studies also show that in diabetics, the daily amount of Ca 
and P excreted in the urine decreases along with the progression of the  
disease. This may indicate that increased urinary Ca and P excretion pro-
tects against the development of chronic kidney disease (Duan et al. 2021). 
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In this study, diabetes had only a minor effect on P levels in the body,  
and no changes were observed in most tissues and serum (Table 4). The only 
exception was the higher content of this element in the liver and spleen  
(by 18% and 16%, respectively). Similar changes, especially in the spleen, 
were also reported in other studies (Takita et al. 2004). Considering the  
influence of Cr(III) compounds on the homeostasis of this element, a decrea- 
sed renal P level was found in both groups supplemented with Cr(III) com-
pounds (CrGly and CrPic).

The data on the influence of Cr(III) compounds on P metabolism is insuf-
ficient. To the best of the authors’ knowledge, to date, the effect of different 
Cr(III) compounds has only been investigated in the study by Stępniowska  
et al. (2020). The authors found that dietary supplementation of CrPic  
increased P levels in the liver, ileum and skin of chicken. However, this com-
pound did not influence intestinal P absorption ex vivo. A negative effect  
of the supplementation consisted in the reduction of P in the femur, which 
may be dangerous due to lower deposits of this element in tissue and its  
influence on the function of some enzymes. In another study, lower Ca and P 
serum levels were observed in rats fed a high-fat diet supplemented with 
CrPic and Cr-NP, as well as increased plasma Mg after CrPic supplementa-
tion (Stępniowska et al. 2022a). In subsequent research, CrPic added  
to a high-fat diet lowered plasma P levels in rats (Stępniowska et al. 2022b). 

Table 5 
Molar Ca/Mg and Ca/P ratios in serum and tissues of rats

Index
Experimental group

C D D+Cr(III)Gly D+Cr(III)Pic
Ca/Mg ratio

Serum 3.876±0.478 4.138±1.416 3.241±1.253 3.461±1.096
Liver 0.031±0.010 0.047±0.013 0.042±0.014 0.043±0.015
Kidney 0.106±0.021 0.091±0.022 0.097±0.014 0.102±0.020
Heart 0.150±0.042AB 0.159±0.046A 0.111±0.027B 0.166±0.035A

Spleen 0.120±0.053 0.110±0.031 0.103±0.036 0.105±0.041
Femur 28.71±3.656 28.710±4.467 27.86±6.241 29.36±5.291

Ca/P ratio
Serum 2.989±1.522 1.946±1.241 1.844±0.980 1.607±0.737
Liver 0.003±0.001 0.004±0.001 0.004±0.001 0.005±0.003
Kidney 0.015±0.003AB 0.014±0.003A 0.019±0.003AB 0.021±0.006B

Heart 0.015±0.003 0.014±0.005 0.011±0.002 0.016±0.003
Spleen 0.010±0.005 0.009±0.002 0.008±0.003 0.008±0.003
Femur 1.172±0.098 1.052±0.116 1.105±1.165 1.124±0.110

Data are expressed as mean ± standard deviation (SD). The values in the same line which are 
not marked with the same superscript differ significantly. 
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Perhaps the differences in the observed results may stem from the fact that 
the aforementioned study used healthy animals, while in the present study 
the authors had induced diabetes in the rats subjected to tests. 

As in the case of Ca and Mg, also Ca and P can influence each other. 
The serum Ca/P ratio can be a useful indicator of vascular calcification,  
and correlates inversely with incidence of ischemic heart disease (Jung et al. 
2022). In the present study Cr(III)Pic increased the Ca/P ratio in the kidney, 
however the differences in the serum and other tissues were insignificant 
(Table 5). 

The limitation of this research is the fact that the authors did not assess 
the amount of Ca, Mg and P excreted in the urine, nor did they analyse hor-
mones and proteins responsible for the homeostasis of these elements in the 
body (e.g. PTH, osteocalcin). Such tests would shed more light on the mecha- 
nism of action of Cr(III) on bone health in diabetes. The reported effects  
of Cr(III) probably resulted from the influence of these supplements on hor-
monal factors (e.g. insulin), which may regulate the homeostasis of Ca, Mg 
and P.

In this study, the authors applied a dose of 10 mg Cr kg-1 of diet, which 
had already been used in previous studies (Król, Krejpcio 2010, 2011).  
It should be emphasised that this dose is high and according to pharmacolo- 
gical data, it corresponds to the level of  – 0.121mg kg-1 b.w. in humans 
(Nair, Jacob 2016). It is also almost impossible to reach this dose as the 
highest supplementary dose ingested by humans was 1 mg per day.

CONCLUSIONS

Chromium(III) complexes improved Mg levels in the heart and, to some 
extent, restored the level of P in the liver and spleen. Additionally, Cr(III)Pic 
increased the Ca/P ratio in the kidney, while Cr(III)Gly lowered the Ca/Mg 
ratio in the heart. Neither Cr(III)Gly nor Cr(III)Pic affected the antioxidant 
status of serum and the liver. The data obtained in this experiment may  
indicate some role of these complexes in cardiometabolic health rather than 
an impact on bone health.

REFERENCES
Becerra-Tomás N., Estruch R., Bulló M., Casas R., Díaz-López A., Basora J., Fitó M.,  

Serra-Majem L., Salas-Salvadó J. 2014. Increased serum calcium levels and risk of type 2 
diabetes in individuals at high cardiovascular risk. Diabetes Care, 37(11): 3084-91.  
DOI: 10.2337/dc14-0898

Bortolin R.H., Freire Neto F.P., Arcaro C.A., Bezerra J.F., da Silva F.S., Ururahy M.A.G.,  
de Rezende A.A. 2017. Anabolic effect of insulin therapy on the bone: Osteoprotegerin and 
Osteocalcin up-regulation in streptozotocin-induced diabetic rats. Basic Clin. Pharmacol. 
Toxicol., 3: 227-234.



434

Bieńko M., Radzki R.P., Wolski D. 2017. The peripheral quantitative computed tomographic 
and densitometric analysis of skeletal tissue in male Wistar rats after chromium sulfate  
treatment. Ann. Agric. Environ. Med., 24(3): 446-452 DOI: 10.26444/aaem/74585

Cipriani C., Colangelo L., Santori R., Renella M., Mastrantonio M., Minisola S., Pepe J. 2020. 
The interplay between bone and glucose metabolism. Front. Endocrinol., 11: 122. DOI: 10.3389/ 
fendo.2020.00122

Doddigarla Z., Parwez I., Ahmad J. 2016. Correlation of serum chromium, zinc, magnesium 
and SOD levels with HbA1c in type 2 diabetes: A cross sectional analysis. Diabetes Metab. 
Syndr., 10(1 Suppl 1): 126-129. DOI: 10.1016/j.dsx.2015.10.008

Duan S., Sun L., Zhu H., Nie G., Zhang C., Huang Z., Zhang B., Xing C., Yuan Y. 2021.  
Association of urinary calcium and phosphorus excretion with renal disease progression in 
type 2 diabetes. Diabetes Res. Clin. Pract., 178: 108981. DOI: 10.1016/j.diabres.2021.108981 

Fang C., Wang X., Wu W., Gu X., Ye T., Deng H., Wang X., Shen F. 2016. Association of serum 
magnesium level with odds of prediabetes and diabetes in a southern Chinese population:  
a prospective nested case-control study. Biol. Trace Elem. Res., 172: 307-314. DOI: 10.1007/
s12011-015-0594-y

Gómez T., Bequer L., Mollineda A., Molina J.L., Alvarez A., Lavastida M., Clapes S. 2017.  
Concentration of zinc, copper, iron, calcium and magnesium in the serum, tissues and urine 
of streptozotocin-induced mild diabetic rat model. Biol. Trace Elem. Res., 179(2): 237-246. 
DOI: 10.1007/s12011-017-0962-x

Jung D.H., Park B., Lee Y.J. 2022. Longitudinal effects of serum calcium and phosphate levels 
and their ratio on incident ischemic heart disease among Korean adults. Biomolecules, 
8;12(1): 103. DOI: 10.3390/biom12010103

Khan F.A., Al Jameil N., Arjumand S., Khan M.F., Tabassum H., Alenzi N., Hijazy S.,  
Alenzi S., Subaie S., Fatima S. 2015. Comparative study of serum copper, iron, magnesium 
and zinc in type 2 diabetes-associated proteinuria. Biol. Trace Elem. Res., 168: 321-329 
DOI: 10.1007/s12011-015-0379-3

Kong L.J., Hsu T.H., Wang H.C., Chen K.S., Lee W.M. 2019. Effects of estradiol alone and  
estradiol combined with trivalent chromium on bone metabolism in ovariohysterectomized 
rats. Pak. Vet. J., 39(2): 278-284. http://dx.doi.org/10.29261/pakvetj/2019.005

Krejpcio Z., Wójciak R.W., Staniek H., Wiśniewska J. 2009. Effect of dietary supplementation 
with inulin-type fructans and chromium(III) on magnesium metabolic indices in rat. ŻNTJ, 
16, 4(65): 175-182.

Król E., Krejpcio Z. 2011. Evaluation of anti-diabetic potential of chromium(III) propionate 
complex in high-fat diet fed and STZ injected rats. Food Chem. Toxicol., 49(12): 3217-23. 
DOI: 10.1016/j.fct.2011.09.006

Król E., Krejpcio Z. 2013. Dietary chromium(III) propionate complex supplementation affects 
tissue mineral levels in rats fed high-fructose diet. J. Elem., 18(1): 91-98, DOI: 10.5601/
jelem.2013.18.1.07

Król E., Krejpcio Z., Okulicz M., Śmigielska H. 2020. Chromium(III) glycinate complex supple-
mentation improves the blood glucose level and attenuates the tissular copper to zinc ratio 
in rats with mild hyperglycaemia. Biol Trace Elem Res., 193(1): 185-194. DOI: 10.1007/
s12011-019-01686-7

Li Q., Chen Q., Zhang H., Xu Z., Wang X., Pang J., Ma J., Ling W., Li D. 2020. Associations  
of serum magnesium levels and calcium-magnesium ratios with mortality in patients with 
coronary artery disease. Diabetes Metab., 46(5): 384-391. DOI: 10.1016/j.diabet.2019.12.003

Lin C-C., Tsweng G-J., Chen B-H., Huang Y-L. 2016. Magnesium, zinc and chromium levels  
in children, adolescents and young adults with type 1 diabetes. Clin. Nutr., 35: 880-884. 
DOI: 10.1016/j.clnu.2015.05.022

Mooren F.C. 2015. Magnesium and disturbances in carbohydrate metabolism, Diabetes Obes. 
Metab., 17: 813-823. DOI: 10.1111/dom.12492



435

Nair A.B., Jacob S. 2016. A simple practice guide for dose conversion between animals and  
human. J. Basic Clin. Pharma, 7: 27-31 DOI: 10.4103/0976-0105.177703

Nadkarni G.N., Uribarri J. 2014. Phosphorus and the kidney: What is known and what is needed. 
Adv. Nutr., 1;5(1): 98-103. DOI: 10.3945/an.113.004655

Orhan C., Kucuk O., Tuzcu M., Sahin N., Komorowski J.R., Sahin K. 2018. Effect of supplemen-
ting chromium histidinate and picolinate complexes along with biotin on insulin sensitivity 
and related metabolic indices in rats fed a high-fat diet. Food Sci. Nutr., 7(1): 183-194.  
DOI: 10.1002/fsn3.851

Oost L.J., van der Heijden A.A.W.A., Vermeulen E.A., Bos C., Elders P.J.M., Slieker R.C.,  
Kurstjens S., van Berkel M., Hoenderop J.G.J., Tack C.J., Beulens J.W.J., de Baaij J.H.F. 
2021. Serum magnesium is inversely associated with heart failure, atrial fibrillation,  
and microvascular complications in type 2 diabetes. Diabetes Care, 44(8): 1757-1765.  
DOI: 10.2337/dc21-0236

Presley T.D., Duncan A.V., Jeffers A.B., Fakayode S.O. 2017. The variation of macro- and  
micro-minerals of tissues in diabetic and non-diabetic rats. J. Trace Elem. Med. Biol.,  
39: 108-115. DOI: 10.1016/j.jtemb.2016.08.009

Reeves P.G., Nielsen F.H., Fahey G.C. Jr. 1993. AIN-93 purified diets for laboratory rodents:  
final report of the American Institute of Nutrition ad hoc writing committee on the reformu-
lation of the AIN-76A rodent diet. J. Nutr., 123: 1939-1951. DOI: 10.1093/jn/123.11.1939

Rivoira M., Rodriguez V., Lopez M.P., Tolosa de Talmoni N. 2015. Time dependent changes  
in the intestinal Ca2+ absorption in rats with type I diabetes mellitus are associated  
with alterations in the intestinal redox state, Biochim Biophys Acta, 1852: 386-394.  
DOI: 10.1016/j.bbadis.2014.11.018

Saeed A.A., Sandhu M.A., Khilji M.S., Yousaf M.S., Rehman H.U., Tanvir Z.I., Ahmad T. 2017. 
Effects of dietary chromium supplementation on muscle and bone mineral interaction  
in broiler chicken. J. Trace Elem. Med. Biol. 42:25-29. DOI: 10.1016/j.jtemb.2017.03.007.

Simmons D., Joshi S., Shaw J. 2010. Hypomagnesemia is associated with diabetes: not  
pre-diabetes, obesity or the metabolic syndrome, Diab. Res. Clin. Pract., 87(2): 261-266. 
DOI.org/10.1016/j.diabres.2009.11.003

Sing C.W., Cheng V.K.F., Ho D.K.C., Kung A.W.C., Cheung B.M.Y., Wong I.C.K., Tan K.C.B., 
Salas-Salvado J., Beccera-Tomas N., Cheung C.I. 2016. Serum calcium and incident  
diabetes: an observational study and meta-analysis. Osteoporosis Int., 27: 1747-1754. 
DOI: 10.1007/s00198-015-3444-z

Song C.H., Barrett-Connor E., Chung J.H., Kim S.H., Kim K.S. 2007. Associations of calcium 
and magnesium in serum and hair with bone mineral density in premenopausal women. 
Biol. Trace Elem. Res., 118: 1-9 DOI: 10.1007/s12011-007-0011-2

Skalnaya M.G., Skalny A.V., Yurasov V.V., Demidov V.A., Grabeklis A.R., Radysh V.,  
Tinkov A.A. 2017. Serum trace elements and electrolytes are associated with fasting plasma 
glucose and HbA<sub>1c</sub> in postmenopausal women with type 2 diabetes mellitus. 
Biol. Trace Elem. Res., 177(1): 25-32. DOI: 10.1007/s12011-016-0868-z

Staniek H., Krejpcio Z. 2017. The effects of supplementary Cr3 (chromium(III) propionate com-
plex) on the mineral status in healthy female rats. Biol. Trace Elem. Res., 180(1): 90-99. 
DOI: 10.1007/s12011-017-0985-3

Staniek H., Rhodes N.R., Di Bona K.R., Deng G., Love S.T., Pledger L.A., Blount J., Gomberg E., 
Grappe F., Cernosek C., Peoples B., Rasco J.F., Krejpcio Z., Vincent J.B. 2013. Comparison 
of tissue metal concentrations in Zucker lean, Zucker obese, and Zucker diabetic fatty rats 
and the effects of chromium supplementation on tissue metal concentrations. Biol. Trace 
Elem. Res., 151(3): 373-383. DOI: 10.1007/s12011-012-9565-8

Stępniowska A., Juśkiewicz J., Tutaj K., Fotschki J., Fotschki B., Ognik K. 2022a. Effects  
of chromium picolinate and chromium nanoparticles added to low- or high-fat diets  
on chromium biodistribution and the blood level of selected minerals in rats. Pol. J. Food 
Nutr. Sci., 22(3): 229-238. DOI: 10.31883/pjfns/151750



436

Stępniowska A., Tutaj K., Drażbo A., Kozłowski K., Ognik K., Jankowski J. 2020. Estimated  
intestinal absorption of phosphorus and its deposition in chosen tissues, bones and feathers 
of chickens receiving chromium picolinate or chromium nanoparticles in diet. PLoS ONE, 
15(11): e0242820. DOI.org/10.1371/journal.pone.0242820

Stępniowska A., Tutaj K., Juśkiewicz J., Ognik K. 2022b. Effect of a high-fat diet and chro-
mium on hormones level and Cr retention in rats. J. Endocrinol. Invest., 45(3): 527-535. 
DOI: 10.1007/s40618-021-01677-3

Suh S, Bae JC, Jin SM, Jee JH, Park MK, Kim DK, Kim JH. 2017. Serum calcium changes  
and risk of type 2 diabetes mellitus in Asian population. Diabetes Res. Clin. Pract.,  
133: 109-114. DOI: 10.1016/j.diabres.2017.08.022

Takita S., Wakamoto Y., Kunitsugu I., Sugiyama S., Oktida M., Hotibara T. 2004. Altered 
tissue concentration of minerals in spontaneous diabetic rats (Goto-Kakizaki rats). J. Toxicol. 
Sci., 29: 195-199. DOI: 10.2131/jts.29.195

Wei J., Zeng C., Li X.X., Gong Q.Y., Lei G.H., Yang T.B. 2016. Association among dietary  
magnesium, serum magnesium, and diabetes: a cross-sectional study in middle-aged and 
older adults. J. Health Popul. Nutr., 35(1): 33. DOI: 10.1186/s41043-016-0071-z

Wieloch A., Wieczorek D., Staniek H., Krejpcio Z., Szymusiak H., Zieliński R 2007. Synthesis 
and selected physiochemical properties of novel biomimetic complexes of chromium(III). 
Complexes of chromium(III) with alanine and glycine. Pol. J. Hum. Nutr. Metab.,  
3-4, 1185-1190. (in Polish)

Wollheim C.B., Sharp G.W. 1981. Regulation of insulin release by calcium. Physiol. Rev.,  
61(4): 914-973. DOI: 10.1152/physrev.1981.61.4.914

Wongdee K., Krishnamra N., Charoenphandhu N. 2017. Derangement of calcium metabolism  
in diabetes mellitus: negative outcome from the synergy between impaired bone turnover 
and intestinal calcium absorption. J. Physiol. Sci., 67(1): 71-81. DOI: 10.1007/s12576-016-
0487-7

Yadav C., Manjrekar P.A., Agarwal A., Ahmad A., Hedge A., Srikantiah R.M. 2017 Association 
of serum selenium, zinc and magnesium levels with glycaemic indices and insulin resistance 
in pre-diabetes: a cross-sectional study from South India, Biol. Trace Elem. Res., 175: 65-71. 
DOI: 10.1007/s12011-016-0766-4


