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ABSTRACT 
 

The study was designed to investigate chromium (Cr) uptake by plants, hypoglycemic effect of the organic trivalent 

Cr(3+) on sreptozotocin (STZ)-induced diabetic mouse and the accumulation efficiency of Cr from dietary inorganic-

Cr(3+), yeast-Cr, Cr-picolinate and organic-Cr(3+) in rabbit tissues. Radish sprouts was grown in the presence of Cr 

rich liquid fertilizers (Cr-gluconic-1, Cr-gluconic-2, Cr-picolate, Cr-glutamate and Cr-glycine). In addition, soybean, 

mung bean and alfalfa were also cultivated using Cr-glycine and Cr-picolinate liquid fertilizer to study the efficiency 

of Cr(3+) uptake. Sreptozotocin (STZ)-induced diabetic mouse were administrated organic-Cr(3+) for10 days and 

examined their blood glucose level. On the other hand, rabbits were allowed to take 200 μg/head/day of CrCl3.6H2O, 

yeast-Cr, Cr-picolinate or organic-Cr supplemented in diets for 14 days. Body weight, liver and kidney weight, and 

accumulation of Cr in blood, kidney and liver were examined. Radish sprouts uptake hexavalent Cr (Cr6+) in case of 

all liquid fertilizer, but the mung bean was grown with Cr-glycine liquid fertilizer without uptake of Cr (6+). Mung 

bean grown with Cr-glycine liquid fertilizer uptake a higher (P<0.05) level of organic-Cr(3+). The dietary organic-Cr 

significantly (P<0.05) reduced blood glucose level in STZ-induced diabetic mouse. The administration of organic-

Cr(3+) was safety for rabbit and Cr accumulation was higher (P<0.05) in the rabbits fed organic-Cr(3+) diet compared 

to other Cr supplements. The sequential order of the Cr accumulation in serum, kidney and liver of these rabbit were 

inorganic-Cr<yeast-Cr<Cr-picolinate<organic-Cr(3+). The study concludes that mung bean plants grown with Cr-Gly 

liquid fertilizer may uptake non-toxin organic-Cr3+ potentially which have the hypoglycemic effect and may be 

considered as a safe and excellent element for animal physiology compared to any other Cr supplements.   
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INTRODUCTION 

 

Diabetes mellitus is a leading cause of death and 

disability worldwide (Lozano et al., 2012; Murray et al., 

2012). Its global prevalence was about 9% in 2015 

(WHO, 2014).  Diabetes is a chronic disease that occurs 

either when the pancreas does not produce enough insulin 

or when the body cannot effectively use the produced 

insulin. Insulin is a hormone that regulates blood sugar 

(WHO, 1999). Hyperglycemia, or raised blood sugar, is a 

common effect of uncontrolled diabetes and over time 

leads to serious damage to many of the body's systems, 

especially the nerves and blood vessels. 

Glaser and Halpern (1929) discovered brewer’s yeast 

exhibited a potentiating effect on the hypoglycemic action 

of insulin. In 1958 the potentiating effect was 

rediscovered when rats fed a Torula yeast-based diet 

began to show signs of glucose intolerance, which was 

reversed by a diet of brewers yeast (Murray et al., 2012). 

This discovery led to the isolation of a “glucose tolerance 

factor” (GTF, Mertz and Schwarz, 1959; Schwartz and 

Mertz, 1957). Trivalent chromium (Cr3+) was found to be 

the active component of GTF. The biological activity of 

chromium (Cr) was found to be contingent on the valence, 

Cr(3+) being the only biologically active form. There are 

two types of Cr, one is organic-Cr and another is 

inorganic-Cr. The bioavailability of inorganic-Cr is <3% 

while organic-Cr is over 10 times more available (Lyons, 

1994). The causes of the low bioavailability of inorganic-

Cr are numerous and they are likely to be in connection 

with the formation of non-soluble Cr oxides, Cr binding to 

natural chelate-forming compounds in fodders, 

interference with ion forms of other minerals like, Zn, Fe, 

V (Borel and Anderson, 1984), also the slow conversion 

of inorganic-Cr to the bioactive form (Ranhotra and 

Gelroth, 1986).  
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Chromium is widely used supplements are available 

as Cr chloride, Cr nicotinate, Cr picolinate, high-Cr yeast, 

and Cr citrate. Chromium chloride in particular appears to 

have poor bioavailability (Anderson et al., 1997). 

However, given the limited data on Cr absorption in 

humans, it is not clear which forms are best to take. 

Chromium (3+), such as picolinate (Cr-pic) is currently a 

very popular nutritional supplement; however, its safety 

has recently been questioned (Speetjens et al., 1999) 

especially with regard to its ability to act as a clastogen. It 

is known that Cr(3+) shows mutagenicity or damages 

chromosomes in animal cells, therefore, research extend 

over the second generation is necessary for the risk 

assessment of Cr(3+). So, there is a crying need to 

develop the safer form of organic-Cr. It was allowed to 

uptake the Cr(3+) by the plants, and hypothesized that the 

inorganic-Cr might be converted to organic-Cr in the 

plants, where the organic-Cr is the natural convenient, 

safe and potential way to increase the Cr intake. Therefore 

the study was designed to investigate Cr uptake by plants, 

hypoglycemic effect of the organic trivalent Cr(3+) on 

sreptozotocin (STZ)-induced diabetic mouse and the 

accumulation efficiency of Cr from dietary inorganic-

Cr(3+), yeast-Cr, Cr-picolinate and organic-Cr(3+) in 

rabbit tissues. 

 

MATERIALS AND METHODS 
 

Seeds and fertilizer 

Seeds of radish (Raphanus sativus var), soybean 

(Glycine max), mung bean (Vigna radiate) and alfalfa 

(Medicago sativa) used in this study were purchased from 

the local market available for hydroponic cultivation. The 

chemicals for preparation of liquid fertilizer such as, 

chromic chloride hexahydrate, Cr(3+) sulfate, potassium 

chromate, gluconic acid, glutamic acid, glycine, glucose, 

sucrose, hydrogen peroxide, potassium acetate and 

sodium hydroxide were purchased from Nacalai Tesque 

(Kyoto, Japan) and Picolinic acid from Tokyo Chemical 

Industry (Tokyo, Japan). 

 

Plant cultivation and harvesting 

Hydroponic cultivation was carried out in 

greenhouses equipped with a lighting device and 

maintained 25±3°C temperature during cultivation. Seeds 

of the plants were sown on the sponge of the plastic plate 

in the four day dark state by circulating water to allow 

germinate. Total five types of liquid fertilizer such as Cr-

Gluconic acid 1 (Cr-gluc-1), Cr-Gluconic acid 2 (Cr-gluc-

2), Cr-picolinic acid (Cr-pic), Cr-glutamic acid (Cr-glu), 

Cr-glycine (Cr-gly) were applied for hydroponic 

cultivation of radish sprout. In addition, soybean, mung 

bean and alfalfa were also cultivated using Cr-gly and Cr-

pic liquid fertilizer to study the efficiency of Cr(3+) 

uptake. The liquid fertilizers (chemical composition is 

shown in Table 1) was continuously aerated with pumps 

in the growth container and repeated with newly made 

solution by every five days.  

These plants were grown with 24 h light, about 25°C 

temperature and 70% relative humidity in the hydroponic 

cultivation. These plants were harvested after two-weeks 

of sowing, then dried, grinded and stored as powder in 

separate polybags.  

Animal care and treatment  

All procedures were performed in accordance with 

the animal experimentation guidelines of Shinshu 

University.  

 

Mouse: A total 200 ICR male mice of 5-wk-old (Japan 

SLC, Inc., Shizuoka, Japan), weighing 20-25 g were used. 

Animals were housed individually in plastic cages under a 

controlled atmosphere (temperature 22.0±1°C, humidity 

60±5% and light 06:00 to 18:00 h). Deionized water and a 

commercial diet (CRF-1; Oriental Yeast Co., Ltd., Tokyo, 

Japan) of same lot number were available ad libitum. The 

concentration of organic-Cr in the CRF-1 diet was 

46.6±4.5 μg/kg as determined by ICP-DRC-MS 

(inductively coupled plasma dynamic reaction cell mass 

spectrometry). After 3 days of acclimation period, the 

mice were injected intraperitoneally with two doses of 

STZ as 0.1 mg/g body weight (Wako Pure Chemical 

Industries, Ltd., Osaka, Japan), once after 24 h food 

deprivation and again at a similar time of the days later 

(Lenzen, 2008). Control mice were injected with equal 

volumes of citric acid buffer at the same times as the STZ 

injections. The day of the last STZ or buffer injection was 

defined as day 0. At 3rd day (72 h after the last injection), 

the fasting plasma glucose concentration was measured 

using tail vein blood samples by a blood glucose monitor 

(Freedom Lite; Nipro, Oosaka, Japan), and STZ mice 

were confirmed to hyperglycemic (plasma glucose level 

>240 mg/dl). Finally the experiment divided the mice as 

low (control) and high blood glucose levels as 240 ~ <300 

mg/dl and >300 mg/dl. The mice were administered 

organic-Cr as 40, 400, 800 and 2000 μg/head/day. During 

the feeding trial, glucose level was measured using blood 

collected from the tail vein. After completion of 10 days 

feeding trial, the mice were anesthetized with sodium 

pentobarbital and blood was collected from the abdominal 

aorta. Then the mice were sacrificed and liver and kidney 

were collected, washed with saline, blotted and weighed. 

 

Rabbit: A total 75 physically healthy male rabbits of 5 

months-old (Japan SLC, Shizuoka, Japan) were randomly 

divided into five groups as Control, Cr chloride, high-Cr 

yeast, Cr picolinate and organic-Cr so that 15 rabbits were 

in each group. The rabbits were housed in individual cage 

under uniform management conditions with 15 to 20°C 

temperature and 12L: 12D light schedule. Deionized 

water and a commercial diet (ORC4; Oriental Yeast Co., 

Ltd., Tokyo, Japan) were supplied ad libitum. The diets 

administered by the rabbits were supplemented with 

inorganic-Cr as chromium chloride (+3) hexahydrate 

chromium chloride (CrCl3.6H2O, Nacalai Tesque, Inc., 

Kyoto), yeast-Cr (Health-One, Inc. Bidaka Shoji, Tokyo) 

and Cr-pic (Nature’s Way Prducts, Inc., UT 84043, USA) 

and organic-Cr incorporated in mung bean cultivated 

hydroponically with Cr-gly liquid fertilizer (Inshalt®, MI 

tech Co., Ltd., Nagano, Japan). The rabbits were allowed 

to take as 200 μg Cr /head/day for 14 days. At the end of 

the feeding trial, the rabbits were sacrificed and collected 

blood samples from the femoral artery. The blood samples 

were centrifuged at 12,000×g for 30 min to obtain serum, 

and kidney and liver were quickly collected and stored at -

180°C. 
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Analysis of chromium 

Organic-Cr was determined by inductively coupled 

plasma mass spectro-metry (ICPMS) using Rh as internal 

standard. Up to 1 g of the liver, or kidney was heated with 

5 ml of metal-free HNO3 in a boiling water bath until the 

disappearance of insoluble components. The volume of 

the digest was made up to 25 ml with distilled water. 

Chromium in the diluted digest was directly nebulized to 

ICPMS.  

 

Statistical analyses 

Experimental data were assessed by one-way analysis 

of variance (ANOVA) followed by Fisher’s least 

significant difference tests (LSD) using the General 

Linear Model (GLM) procedure of the Statistical Analysis 

System (SAS Institute Inc., Cary, NC, USA). The data 

were expressed as the mean±SEM. Differences were 

considered significant at P<0.05 and P<0.01. 

 

RESULTS  

 

Chromium uptake by plants 

Uptake of Cr into the radish sprouts cultivated 

hydroponically with different types of liquid fertilizer, 

such as Cr-gluc-1, Cr-gluc-2, Cr-pico, Cr-glu or Cr-gly 

were shown in Figure 1. Significantly (P<0.01) higher 

uptake of Cr(6+) was occurred in the radish sprouts which 

grown with Cr-pic (93.0 mg/kg) than the radish sprouts 

grown with Cr-gluc-1 , Cr-gluc-2, Cr-glu or Cr-gly (7.1, 

7.5, 6.4 and 10.0 mg/kg respectively) . The lowest uptake 

of Cr(6+) was observed in the radish sprouts grown with 

Cr-gly, however the lowest uptake of total Cr was the 

radish sprouts grown with Cr-gluc-1 (27.3 mg/kg). The 

highest uptake of total Cr and Cr(3+) were in the radish 

sprouts grown with Cr-pic (66.0 mg/kg) and Cr-glu (68.6 

mg/kg). Moreover, when radish sprouts and soybean were 

grown in the presence of Cr-pic liquid fertilizer, the 

uptake rate of total Cr and Cr(3+) were significantly 

higher (P<0.05) and Cr(6+) was lower (P<0.01) in 

soybean compared to the radish sprouts (Fig. 2). 

The results regarding uptake of total Cr, Cr(3+) and 

Cr(6+) in radish sprouts, soybeans, mung bean and alfalfa 

grown by using Cr-gly liquid fertilizer are shown in 

Figure 3. The highest uptake of total Cr and Cr(3+) were 

observed in soybean (218.0 and 206.8 mg/kg) compared 

to other plants. Though radish sprouts, soybean and alfalfa 

uptake little amount of Cr(6+). The uptake of Cr(3+) by 

mung bean was medium (116.0 mg/kg), but uptake of 

Cr(6+) was nil.  

To examine the converting efficiency of Cr(6+) to 

Cr(3+) by the influence of mung bean extract. The 

different levels (0.087, 0.87 and 1.044 mg) of Cr(6+) were 

added to mung bean extract of 98, 80 and 76 ml and 

obtain the final concentration (1.085 mg/l) of Cr(6+) in 

each solution. The mung bean extract of 98 and 80 ml 

were able to convert the Cr(6+) to 100% Cr(3+) (Table 2). 

The Cr(3+) content in different parts (leaf, stems and 

roots) of mung bean plant cultivated hydroponically with 

Cr-gly liquid fertilizer are shown in Figure 4. Among the 

different parts of the mung bean plants, roots (2.6 g/kg) 

contained highest (P<0.01) level of Cr (3+) compared to 

the leaves (0.22 g/kg) and stems (0.25 g/kg). 

Different types of liquid Cr-fertilizer  
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Fig. 1: Uptake of Cr into the radish sprouts cultivated 

hydroponically with different types of liquid fertilizer, such as 

Cr-gluconate-1, Cr-gluconate-2, Cr-picolinate, Cr-glutamate or 

Cr-glycine. The content of Cr(3+) was calculated by subtracting 

the amount of Cr(6+) from the amount of total Cr.Each bar with 

error bar represents the mean±SEM values; different letters 

above the error bars of the same type of bar indicate significant 

differences (P<0.05). 
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Fig. 2: Uptake of total Cr and Cr(3+) into the radish sprouts and 

soybean were grown in the presence of Cr-picolinate liquid 

fertilizer. The content of Cr(3+) was calculated by subtracting 

the amount of Cr(6+) from the amount of total Cr. Each bar with 

error bar represents the mean±SEM values; different letters 

above the error bars of the same type of bar indicate significant 

differences (P<0.05). 
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Fig. 3: Uptake of total Cr, Cr(3+) and Cr(6+) in radish sprouts, 

soybeans, mung bean and alfalfa grown with Cr-gly liquid 

fertilizer. The content of Cr(3+) was calculated by subtracting 

the amount of Cr(6+) from the amount of total Cr. Each bar with 

error bar represents the mean±SEM values; different letters 

above the error bars of the same type of bar indicate significant 

differences (p<0.05). 
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Table 1: Composition of the liquid fertilizers*1 

Ingredients Cr-gluc-1 Cr-gluc-2 Cr-pic Cr-glu Cr-gly 

Potassium chromate (K2CrO4), g 1.00 1.00 1.00 - - 

Chromium (3+) sulfate (Cr2(SO4)3), g - - - 1.00 - 

Chromium (3+) chloride (CrCl3.6 H2O), g - - - - 5.50 

Gluconic acid (C6H12O7), ml 60.0 60.0 30.0 - - 

Sucrose (C12H22O11), g - - - - 7.00 

Potassium acetate (C2H3KO2), g 20.0 - - - - 

Acetic acid (C2H4O2), ml 20.0 - 20.0 - - 

L-Glutamic acid (C5H9NO4), g - - - 1.20 - 

Glycine (C2H5NO2), g - - - - 5.00 

Nitrobenzene (C6H5NO2), ml - - 2.00 - - 

Hydrogen peroxide (H2O2), ml - - - 1.00 4.00 

Water (H2O), ml 70.0 40.0 20.0 80.0 55.0 

*The pH of the solution was adjusted to 6.5±0.1 with 1 M KOH; 1The final concentrations of Cr were 0.19, 0.27, 0.18, 0.26 and 

0.011% in Cr-gluc-1, Cr-gluc-2, Cr-pico, Cr-glu and Cr-gly, respectively. 

 
Table 2: Converting ability of mung bean extract from Cr(6+) to 

Cr(3+) 

Mixing Cr(6+)b 

(mg/l) 

Residual  

Cr(6+)(mg/l) Mung bean extracta 

(ml) 

Cr(6+) 

(mg) 

100 0.0 0.0 0 

98 0.87 1.085 0 

80 0.87 1.085 0 

76 1.044 1.085 0.038 

0 1.085 1.085 1.085 
aExtract of raw mung bean (100g/l); bFinal concentration of 

Cr(6+) in solutions 

 

Table 3: The chemical analysis of organic-Cr(3+) (Inshalt®) 

Nutrients Content 

Water 10.5 ml/100g 

Protein* 44.1 g/100g 

Lipid 3.4 g/100g 

Mineral 5.8 g/100g 

Cr(3+) 2300 mg/100g 

Cr(6+) 0 mg/100g 

Carbohydrates1 36.2 g/100g 

Energy 352 Kcal/100g 

Sodium 327 mg/100g 

Sodium chloride equivalent 0.831 g/100g 

*Nitrogen/protein conversion factor: 6.25; 1100 - 

(water+protein+lipid+mineral); Energy conversion factor: 

protein, 4; lipid, 9 and carbohydrates, 4; Sodium chloride 

equivalent (g) = Na (mg)×2.54÷1000. 

 

The nutrient analysis of organic-Cr contained by 

legumes cultivated hydroponically using Cr-fertilizers is 

shown in Table 3. The content of the organic-Cr(3+) 

(Inshalt®) was also improved in the legumes cultivated 

hydroponically in the presence of Cr-fertilizers. 

 

Effect of dietary organic-Cr(3+) on blood glucose  

Effect of different levels (40, 400, 800 and 2000 

μg/head/day) of dietary organic-Cr(3+) on blood glucose 

levels of STZ induced diabetic mice (having low, medium 

and high level of blood glucose) are shown in Figure 5. 

There was no significant (P>0.05) effect of dietary 

organic-Cr(3+) on blood glucose levels in the mice having 

lower blood glucose level (control group) during the ten 

days feeding trial. However, the levels 40, 400, 800 and 

2000 μg/head/day of dietary organic-Cr(3+) significantly 

(P<0.01) begun to decrease blood glucose level in the 

hyperglycemic mice (both medium and high) from 7th 

days of feeding trial. The dietary levels 40 and 2000 

(μg/head/day) of organic-Cr(3+) potentially decreased the 

blood glucose level in the medium and high 

hyperglycemic mice, respectively than that of the other 

levels. On the other hand, there was no chromium toxicity 

effect on liver and kidney, even on body weight gain of 

the diabetic mice due to the dietary intake of organic-

Cr(3+) for 10 days. The different levels of organic-Cr(3+) 

had no significant (P>0.05) effect on body weight gain 

and the weight of liver or kidney (results haven’t been 

demonstrated). 

 

Growth performance of rabbit 

The dietary effects of inorganic-Cr(3+), yeast-Cr, Cr-

pic or organic-Cr(3+) for 14 days on body weight, and 

liver and kidney weight of rabbits are shown in Figure 6. 

There were no significant (P>0.05) differences in case of 

body weight, as well as liver and kidney weight of the 

rabbits fed diets supplemented with inorganic-Cr(3+), 

yeast-Cr, Cr-pic or organic-Cr(3+) for 14 days feeding 

period. 

 

Chromium accumulation in serum and tissues 

The accumulation of Cr in serum, liver and kidney of 

the rabbits fed the diets supplemented with different types 

of Cr such as, CrCl3.6H2O, yeast-Cr, Cr-pic or organic-

Cr(3+) are demonstrated in Figure 7. The concentration of 

Cr in serum was higher in the rabbit fed organic-Cr(3+) 

(1.3 μg/l) compared to the other rabbits (0.3, 0.6, 0.8, and 

0.8 μg/l) fed without Cr (Control), CrCl3, yeast-Cr or Cr-

pic supplemented diets, respectively. Among the rabbit 

groups fed diets supplemented with CrCl3, yeast-Cr, Cr-

pic and organic-Cr(3+), the accumulation of Cr in kidney 

was lowest in the rabbit group fed diets with yeast-Cr. The 

accumulation of Cr in liver was lower in the rabbit groups 

fed yeast-Cr or Cr-pic diets than that of the other groups 

of rabbits. The accumulation of Cr in the serum, liver and 

kidney were higher in the rabbits fed organic-Cr(3+) diet 

than other groups of rabbits. The Cr content in the liver of 

the rabbits fed organic-Cr(3+) supplemented diet was 1.6, 

2.2 and 2.2 times higher than the rabbit groups fed 

inorganic-Cr, yeast-Cr, and Cr-pic diets, respectively. 

 

DISCUSSION  

 

In the natural environment, heavy metals, including 

Cr, affect all elements of the food chain, from soil 

microorganisms to plants, animals, and humans (Bååth, 

1989; Jordao, et al., 1999; Liu et al., 2009). Chromium is 
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a non-essential element for plant growth and development 

(Huffman and Allaway, 1973; Zayed and Terry, 2003). It 

may be absorbed by plant roots as Cr(3+) or Cr(6+), it is 

poorly translocated and largely retained in roots, 

independently of Cr form that has been taken up (Cary, 

1977; Zayed et al., 1998; Zayed and Terry, 2003). The 

two ions do not share a common uptake mechanism: the 

uptake of Cr(3+) is largely a passive process, whereas the 

uptake of Cr(6+) is mediated by low affinity sulphate 

carriers, specific for the uptake of essential metals 

(Skeffington et al., 1976; Cervantes et al., 2001; Shanker 

et al., 2005) and quickly converted to Cr(3+) in roots by 

Fe3+ reductase enzymes (Zayed et al., 1998). In fact 

conversion of Cr(6+) to Cr(3+) occurs in the roots where 

Cr(3+) is the most predominant form: once Cr is 

transformed, translocation is very little, being Cr(3+) a 

form with low solubility (Zayed and Terry, 2003; Zayed 

et, al., 1998). Nevertheless plants absorb it and the impact 

on the physiology of plants depends on Cr oxidation state, 

responsible of its fate and the resultant toxicity in plants 

(Shanker, et al., 2005). 

In hydroponic cultivation of radish sprouts under this 

study with the presence of gluconic acid, picolinic acid, 

glycine and others, it was observed that radish sprouts 

accumulated Cr(6+) in case of all chelating agents. Radish 

sprouts accumulated the highest amount of total Cr and 

Cr(6+) when cultivated with specially, picolinic acid (Fig. 

1). The Cr(+6) uptake was higher in the radish sprouts 

than that of soybean in the presence of picolinate 

fertilizer. Hexavalent Cr content of plants in the same 

liquid fertilizer was considered different depending on the 

type of plants. An early chelator that was used for mineral 

nutrition in plants was ethylene-diamine-tetra-acetic acid 

(EDTA, Huang et al., 1997). The EDTA molecule forms 

bonds with metals that are very strong, occasionally, 

EDTA chelated minerals are used as foliar nutrients, but 

their high stability decreases the release of their minerals 

at the plasma membrane. If some of the minerals are 

released at the plasma membrane, the strongly chelating 

EDTA scavenges calcium out of the cell walls of the 

leaves and contributes to leaking cytoplasm, cell damage, 

and disease. The EDTA problem is inability to biodegrade 

in the environment.  

Chromium picolinate is currently a very popular 

nutritional supplement; however, its safety has recently 

been questioned, especially with regard to its ability to act 

as a clastogen. The rate of Cr(3+) uptake was high, and 

Cr(6+) was also unusually high when radish sprouts were 

cultivated with picolinate fertilizer. Uptake of heavy 

metals in the edible parts of plants represents a direct 

pathway for their incorporation into the human food chain 

(Florijn and van Beusichem, 1993). Hexavalent Cr is 

highly dangerous if ingested into the body for its toxic 

effects. Its compounds are easily dissolved and highly 

absorbed by intestinal wall compared to the Cr(3+) 

compounds. However, extracellular conversion of Cr(6+) 

to Cr(3+) in gastric fluid is a well-recognized 

detoxification process (De Flora and Boido, 1980; De 

Flora, 2000) thought to protect against systemic toxicity 

of ingested Cr(6+) at doses that do not overwhelm 

reductive capacity. As demonstrated by numerous studies, 

once Cr enters human cells, it causes DNA damage and 

mutagenesis (McCarroll, 2010; Zhitkovich, 2011). 

Different part of mung bean plant 
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Fig. 4: Cr(3+) content in different parts (leaf, stems and roots) of 

mung bean plant grown with Cr-gly liquid fertilizer. Each bar 

with error bar represents the mean±SEM values; different letters 

above the error bars of the same type of bar indicate significant 

differences (P<0.05). 
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Fig. 5: Effect of different levels (40, 400, 800 and 2000 

μg/head/day) of dietary organic Cr(3+) on blood glucose levels 

of STZ induced diabetic mice (having low, medium and high 

level of blood glucose). Each bar with error bar represents the 

mean±SEM values; different letters above the error bars of the 

same type of bar indicate significant differences (P<0.05). 
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Fig. 6: The dietary effects of inorganic Cr(3+), yeast Cr, Cr-pic 

or organic Cr(3+) (200 μg/head/day) for 14 days on body 

weight, and liver and kidney weight of rabbits. Each bar with 

error bar represents the mean±SEM values. 
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Fig. 7: The accumulation of Cr in serum, liver and kidney of the 

rabbits fed (200 μg/head/day) the diets supplemented with 

different types of Cr such as, CrCl3.6H2O, Cr yeast, Cr-pic or 

organic Cr(3+). Each bar with error bar represents the 

mean±SEM values; different letters above the error bars of the 

same type of bar indicate significant differences (P<0.05). 

 

The Cr(6+) uptake in soybean and mung bean were 

predominantly lower than radish sprouts cultivated 

hydroponically with Cr-gly liquid fertilizer. It was 

observed in this study that the content of Cr(6+) in mung 

bean was nil. The mung bean have the highest potentiality 

to convert Cr(6+) to Cr(3+). Both enzymatic and 

nonenzymatic pathways may be involved in Cr(6+) 

reduction, although at normal physiological conditions 

nonenzymatic reduction is believed to dominate. The 

primary reductants of Cr(6+) are ascorbic acid, 

glutathione, and cysteine, where ascorbic acid being the 

main reductant (NTP, 2008). However, the antioxidant 

property of the soy isoflavones, namely, genistein and 

daidzein are well established in different experimental 

models and also in clinical studies. Lytle et al. (1998) 

reported that reduction of heavy metals in situ by plants 

might be a useful detoxification mechanism for 

phytoremediation. The conversion of Cr(6+) to Cr(3+) 

appeared to occur in the fine lateral roots. The Cr(3+) was 

subsequently translocated to leaf tissues. In the 

experiment, considering zero level uptake of Cr(6+) and 

medium level uptake of Cr(3+), mung bean performed as 

the best plant for the uptake of Cr(3+) when cultivated in 

the presence of Cr-gly liquid fertilizer. 

In this study, dietary organic-Cr begun to reduce 

blood glucose level in the STZ induced hyperglycemic 

(medium and high diabetic) from 7 days, and after 10 days 

of feeding trial the blood glucose level was significantly 

reduced. Mertz (1993) reported that Cr supplementation 

improved some measure of glucose utilization or had 

beneficial effects on blood lipid profiles. Impaired glucose 

tolerance refers to a prediabetic state and is currently 

defined by the presence of impaired fasting glucose 

(fasting plasma glucose concentration of 110-125 mg/dl) 

and impaired glucose tolerance status (plasma glucose 

concentration of 140-199 mg/dl during a two-hour 

challenge test with a 75 g oral glucose load; WHO, 2006). 

Impaired glucose tolerance is associated with modest 

increases in risk of cardiovascular disease, as well as other 

traditional microvascular complications of diabetes 

(Singleton et al., 2003). Anderson et al (1997) reported a 

dose-response relation between dietary Cr 

supplementation and a decrease in Hb A1c concentrations 

in the control group compared with the treatment groups 

(200 and 1000 μg Cr-pico/day). Such tendency was 

observed in this experiment too, where mice was 

administered to the organic-Cr from 40 to 2000 μg/day. 

But there was no significant difference in body weight and 

organs weight of the mice fed even high dose of organic-

Cr for 10 days. Moreover, some other mice were fed 800 

μg of organic-Cr over 50 days, which did not show any 

abnormal physiology, that seemed organic-Cr is safe for 

animal being. Althuis et al. (2002) reported that one 

hundred and eighty participants were randomized to 

receive either a placebo or Cr supplements in the form of 

Cr-pic either 200 or 1,000 μg/day. After four months of 

treatment, fasting blood glucose concentrations were 

found to be 15 to 19% lower in those who took 1,000 

μg/day of Cr compared to those who took the placebo. 

Recently, Vincent (2013) suggested that greater doses of 

Cr might be required to observe beneficial effects of Cr 

supplementation. There is a little evidence that Cr(3+) is 

toxic to humans, but the toxicity from oral intakes is 

considered to be low because ingested Cr is poorly 

absorbed, and most absorbed Cr is rapidly excreted in the 

urine (Nielsen, 2012). The studies included in this review 

contribute only an estimated 220 person-years of data 

(both treated and control groups) and <35 person-years in 

subjects who received high doses of Cr (≥800 μg). Several 

case series in the literature have reported Cr toxicity 

(Lukaski, 1999). The Food and Nutrition Board (FNB) of 

the Institute of Medicine did not set a tolerable upper 

intake level for Cr. Yet, despite limited evidence for 

adverse effects, the FNB acknowledged the possibility of 

a negative impact of high oral intakes of supplemental 

Cr(3+) on health and advised caution (FNB, 2001). Thus, 

future studies of Cr supplementation should establish the 

long-term safety of Cr therapy, particularly at high doses. 

Anderson et al. (1996) showed that the concentration 

of Cr in the kidneys was more than ten times higher than 

in other tissues of the rats fed diets containing 63% 

cornstarch supplemented with different Cr(3+) 

compounds (5 mg elemental Cr/kg diet). The Cr content 

was highest in the kidneys, followed by the lungs, the 

gastrocnemius muscle, the liver, the spleen, and the heart 

of the rats that received a diet with CrCl3. In this study, Cr 

content in the serum was higher in the rabbits fed CrCl3, 

yeast-Cr, Cr-Pic or organic-Cr3+ supplemented diets than 

the rabbits fed diet without Cr for 14 days. Anderson et al. 

(1985) have found the basal serum concentration of Cr in 

adults to be 0.13 ± 0.02 μg/l, followed by a significant 

increase to 0.38 ± 0.02 μg/l after 3 months of Cr 

supplementation. Ultmann et al. (1965) examined the bio-

distribution by intravenous injection of sodium chromate 

(51Cr) in mice and rats and observed that in mice of Cr 

levels is in the spleen (14.4%), liver (11.6%) and the other 

organs (2%) and in rat of Cr levels is in the spleen (22%), 

liver (4.5%) and the bone marrow (4.5%). In this 

experiment, Cr content in kidney and liver of all rabbits 

fed is higher than that of the rabbits fed diet without 

supplementation of Cr. Lindemann et al. (2004) measured 

the content of Cr in sows after supplementing different 

amounts of Cr-pic (0, 200, 600 and 1000 μg/kg Cr as-fed 

basis). The concentrations of Cr were measured in the 

http://lpi.oregonstate.edu/mic/glossary#randomized-design
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adrenal gland (18.4, 20.0, 34.0 and 48.4 μg/kg), the 

kidneys (35.8, 56.4, 132.6 and 176.0 μg/kg) and in the 

liver (22.8, 37.4, 87.6 and 92.2 μg/kg). The higher dose of 

Cr supplementation increased the accumulation rate of Cr. 

Many of the mouse and rat experiments, the dose of Cr is 

less than 100 μg, the period of administration was more 

than 30 days. In this study, blood glucose levels were 

dramatically reduced within 10 days due to the 

administration of higher dose of organic-Cr (2000 μg). As 

there was no health hazard effect on animal, higher doses 

of Cr might be beneficial effect on lowering blood glucose 

levels. Moreover, this study revealed that the sequential 

order of the Cr accumulation in serum, kidney and liver of 

these rabbit was inorganic-Cr <yeast-Cr <Cr pic < 

organic-Cr(3+). Olin et al. (1994) investigated that the 

absorption/retention of Cr(3+) compounds CrCl3, Cr 

nicotinate (Cr-nic), Cr-pic over a 12 h period in a rat 

model. They found that 3-8 times more Cr-nic was 

absorbed and retained than that of Cr Pic or CrCl3. 

Anderson et al. (1996) investigated the incorporation of 

nine different Cr compounds on accumulation of Cr in 

rat’s tissues and found the relative absorption/retention as 

follows: Cr-nic>Cr-pic>Cr Cl3. Anderson et al. (1997) 

reported that Concentrations of Cr-pic in the liver and 

kidney were found to be 2-6 times higher than for CrCl3 

or Cr-nic-fed rats. These results were corresponded with 

the results of this study. 

 

Conclusion 

The study conclude that hydroponically cultivated 

mung bean plants using Cr-Gly liquid fertilizer may 

accumulate potentially the organic-Cr, which has 100% 

ability to convert the toxin Cr(6+) compounds to non-

toxin Cr(3+) compounds. Moreover, the dietary organic-

Cr(3+) have the hypoglycemic effect and may be 

considered as a safe and excellent element for animal 

physiology compared to any other Cr supplements. 

 

REFERENCES 

 

Althuis MD, NE Jordan, EA Ludington and JT Wittes, 

2002. Glucose and insulin responses to dietary 

chromium supplements: a meta-analysis. Am J Clin 

Nutr, 76: 148-155. 

Anderson RA and AS Kozlowski 1985. Chromium intake, 

absorption and excretion of subjects consuming self-

selected diets Am J Clin Nutr 41: 571–577. 

Anderson RA, NA Bryden and MM Polansky 1997. Lack 

of toxicity of chromium chloride and chromium 

picolinate in rats. J Am Coll Nutr, 16: 273-279. 

Anderson RA, NA Bryden, MM Polansky and K Gatschi 

1996. Dietary chromium effects on tissue chromium 

concentrations and chromium absorption in rats. J 

Trace Elem Exp Med, 9: 11-25. 

Anderson R , N Cheng, N Bryden, MM Polansky, N 

Cheng, J Chi and J  Feng, 1997. Elevated intakes of 

supplemental chromium improve glucose and insulin 

variables in individuals with type 2 diabetes. Diabetes 

46: 1786-1791. 

Bååth E, 1989. Effects of heavy metals in soil microbial 

processes and populations (a review) Water, Air, Soil 

Pol, 47: 335–379. 

Borel JS and RA Anderson, 1984. Chromium. In: Frieden 

E (ed): Biochemistry of the Essential Ultratrace 

Elements. Plenum Press, New York, 175–199. 

Cary EE, WH Allaway and OE Olson, 1977. Control of 

Chromium Concentrations in Food Plants. 1. 

Absorption and Translocation of Chromium by 

Plants. J Agric Food Chem, 25: 300-304. 

Cervantes C, J Campos-García, S Devars, F 

GutiérrezCorona, H Loza-Tavera, JC Torres-Guzmán 

and R Moreno-Sánchez, 2001. Interaction of 

Chromium with Microorganisms and Plants. FEMS 

Microbio Rev, 25: 35-347. 

De Flora S, 2000. Threshold mechanisms and site 

specificity in chromium (VI) carcinogenesis. 

Carcinogenesis, 21: 533–541. 

De Flora, S and V Boido 1980. Effect of human gastric 

juice on the mutagenicity of chemicals Mutat Res, 

Genet Toxicol, 77: 307–315. 

Florijn PJ and van Beusichem ML 1993. Uptake and 

distribution of cadmium in maize inbred lines. Plant 

and Soil, 50: 25–32.  

Food and Nutrition Board (FNB), Institute of Medicine. 

2001. Chromium. Dietary reference intakes for 

vitamin A, vitamin K, boron, chromium, copper, 

iodine, iron, manganese, molybdenum, nickel, 

silicon, vanadium, and zinc. Washington, DC: 

National Academy Press: 197-223. 

Glaser E and G Halpern, 1929. Uber Die Aktivierung des 

Insulins Durch Hefeprebasft. Biochem, Z 207: 77-

383. 

Huang, JWW, JJ Chen and WR Berti, 1997. 

Chunningham SD Phytoremediation of lead 

contaminated soils: Role of synthetic chelates in lead 

phytoextration. Environ Sci Technol, 31: 800-805.  

Huffman EW Jr, and WH Allaway, 1973. Chromium in 

Plants: Distribution in Tissues, Organelles and 

Extracts, and Availability of Bean Leaf Cr to 

Animals. J Agric Food Chem, 21: 982-986.  

Jordao CP, JL Pereira, GN Jham and CR Bellato 1999. 

Distribution of heavy metals in environmental 

samples near smelters and mining areas in Brazil. 

Environ Technnol, 20: 489–498.  

Lenzen S, 2008. The mechanisms of alloxan- and 

streptozotocin-induced diabetes. Diabetologia, 51: 

216–226. 

Lindemann MD, SD Carter, LI Chiba, CR Dove, FM 

LeMieux and LL Southern 2004. A regional 

evaluation of chromium tripcolinate supplementation 

of diets fed to reproducing sows. J Anim Sci, 82: 

2972-2977. 

Liu X, Y Du, Z Guo, S Gunasekaran, CB Ching, Y Chen, 

S Su Jan Leong and Y Yang, 2009. Mtransformation: 

direct diamine functionalization and application in 

protein bioseparation. Micropor. Mesopor. Mater. 

doi:10.1016/j.micromeso. 2009. 02.023. 

Lozano R, M Naghavi, K Foreman, S Lim, K Shibuya, V 

Aboyans, et al., 2012. Global and regional mortality 

from 235 causes of death for 20 age groups in 1990 

and 2010: a systematic analysis for the Global Burden 

of Disease Study 2010. Lancet, 80: 2095-128.  

Lukaski H, 1999. Chromium as a supplement. Annu Rev 

Nutr 19: 279–302.      

http://www.ncbi.nlm.nih.gov/pubmed/?term=Polansky%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=9356027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng%20N%5BAuthor%5D&cauthor=true&cauthor_uid=9356027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chi%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9356027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Feng%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9356027


Inter J Vet Sci, 2016, 5(4): 216-223. 
 

 223 

Lytle CM, FW Lytle, N Yang, JH Qian, D Hansen, A 

Zayed and N Terry, 1998. Reduction of Cr(VI) to 

Cr(III) by wetland plants: potential for in situ heavy 

metal detoxification. Environ Sci Technol, 32: 3087–

3093. 

Lyons TP, 1994. Biotechnology in the feed industry: 1994 

and beyond. In: proceedings of Altech’s 10th Annual 

Symposium on Biotechnology in the Feed Industry 

(Lyons, P, and Jacques, KA eds) Nottingham 

University Press, UK, 1-50. 

McCarroll NN, N Keshava, J Chen, G Akerman, A 

Kligerman and E Rinde, 2010. An evaluation of the 

mode of action framework for mutagenic carcinogens 

case study II: chromium (VI). Environ. Mol Mutagen 

51: 89–111. 

Mertz W, 1993. Chromium in human nutrition: a review. J 

Nutr, 123: 626-633.  

Mertz, W and K Schwarz 1959. Relation of glucose 

tolerance factor to impaired intravenous glucose 

tolerance of rats on stock diets. Am J Physiol, 196: 

614-618. 

Murray CJ, T Vos, R Lozano, M Naghavi, AD Flaxman, 

C Michaud et al., 2012. Disability-adjusted life years 

(DALYs) for 291 diseases and injuries in 21 regions, 

1990–2010: a systematic analysis for the Global 

Burden of Disease Study. Lancet, 380: 2197-223.  

Nielsen FH, 2012. Manganese, Molybdenum, Boron, 

Chromium, and other trace elements. In: Erdman JJ, 

Macdonald I, Zelssel S, eds. Present Knowledge of 

Nutrition: John Wiley & Sons, Inc.  

NTP, 2008. Technical Report on the Toxicology and 

Carcinogenesis Studies of Sodium Dichromate 

Dihydrate (CAS No. 7789-12-0) in F344/N Rats and 

B6C3F1 Mice (Drinking Water Studies) National 

Toxicology Program NIH Publication No. 08-5587. 

Olin KL, DM Stearns, DM Armstrong and CL Keen, 

1994. Comparative retention/ absorption of 51 

chromium (51Cr) from 51Cr chloride, 51Cr 

nicotinate and 51Cr picolinate in a rat model Trace 

Elem Electrolytes, 11:182-186. 

Ranhotra GS and JA Gelroth, 1986. Effects of high 

chromium baker’s yeast on glucose tolerance and 

blood lipids in rats. Cereal Chem, 63: 411–413.    

Schwartz K and W Mertz, 1957. A glucose tolerance 

factor and its differentiation from factor 3 Arch 

Biochem Biophys, 72: 515-518.                           

Shanker AK, C Cervantes, H Loza-Tavera and S 

Avudainayagam, 2005. Chromium toxicity in plants. 

Environ Int, 31: 739-753.              

 Skeffington RA, P RShewry and PJ Petersen, 1976.  

Chromium uptake and transport in barley seedlings 

(Hordeum vulgare L). Planta, 132: 209-214. 

Speetjens JK, RA Collins, JB Vincent and SA Woski, 

1999. The Nutritional Supplement Chromium(III) 

Tris(picolinate) Cleaves DNA. Chem Res Toxicol, 

12: 483–487.   

Singleton J R, AG Smith, JW Russell and EL Feldman 

2003. Microvascular complications of impaired 

glucose tolerance. Diabetes, 52: 2867-2873. 

Ultmann JE and CS Gordon, 1965. Life span and sites of 

sequestration of normal erythrocytes in normal and 

splenectomized mice and rats. Acta Haemat, 33: 18-

126.   

Vincent JB, 2013. Chromium: is it essential, pharmacologi-

cally relevant, or toxic? Met. Ions Life Sci, 13: 171-98. 

WHO, 1999. Definition, diagnosis and classification of 

diabetes mellitus and its complications Part 1: 

Diagnosis and classification of diabetes mellitus 

Geneva, World Health Organization. 

WHO, 2006. World Health Organization Diabetes 

Programme Definition and diagnosis of diabetes 

mellitus and intermediate hyperglycemia: Report of a 

World Health Organization/International Diabetes 

Foundation Consultation Geneva, Switzerland. 

WHO, 2014. World Health Organization Global Health 

Estimates: Deaths by Cause, Age, Sex and Country, 

2000-2012.  

Zayed AM and N Terry, 2003. Chromium in the 

Environment: Factors Affecting Biological 

Remediation. Plant and Soil, 249: 139-156.  

Zayed A, LC Mytle, JH Qian and N Terry, 1998. 

Chromium Accumulation, Translocation and Chemical 

Speciation in Vegetable Crops. Planta, 206: 293-299. 

Zhitkovich A, 2011. Chromium in Drinking Water: 

Sources, Metabolism, and Cancer Risks. Chem Res 

Toxicol, 24: 1617-1629.  

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Shanker%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=15878200
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cervantes%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15878200
http://www.ncbi.nlm.nih.gov/pubmed/?term=Loza-Tavera%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15878200
http://www.ncbi.nlm.nih.gov/pubmed/?term=Avudainayagam%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15878200
http://www.ncbi.nlm.nih.gov/pubmed/15878200
http://www.ncbi.nlm.nih.gov/pubmed/24425083
http://www.ncbi.nlm.nih.gov/pubmed/?term=Speetjens%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=10368310
http://www.ncbi.nlm.nih.gov/pubmed/?term=Collins%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=10368310
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vincent%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=10368310
http://www.ncbi.nlm.nih.gov/pubmed/?term=Woski%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=10368310
http://www.ncbi.nlm.nih.gov/pubmed?term=ULTMANN%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=14309560
http://www.ncbi.nlm.nih.gov/pubmed?term=GORDON%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=14309560
http://www.ncbi.nlm.nih.gov/pubmed/24470092
http://www.ncbi.nlm.nih.gov/pubmed/21766833
http://www.ncbi.nlm.nih.gov/pubmed/21766833

