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Abstract Chromium(III) is long regarded as essential

trace element but the biochemical function and even

basic transport ways in the body are still unclear. For a

more rational discussion on beneficial as well as toxic

effects of Cr(III), we re-investigated the bioavailability

of the most important oral Cr supplements by using

radiolabeled compounds and whole-body-counting in

rats and in the first time also in humans. The apparent

absorption of 51Cr(III) from Cr-picolinate, Cr-nicotinate,

Cr-phenylalaninate, Cr-proprionate, or Cr-chloride was

generally low (0.04–0.24 %) in rats with slightly higher

values for Cr-chloride and -phenylalaninate. Taking a

fast urine excretion into account, the true absorption of
51Cr was clearly higher for CrPic3 (0.99 %), probably

indicating a different uptake mechanism of this rather

stable organic Cr complex. The bioavailability of CrPic3

and Cr(D-Phen)3, the leading compounds in actual

investigations, was analysed also in human volunteer

by intraindividual comparison. The apparent absorption

(=Cr bioavailability) of 51Cr from both compounds was

substantially higher in humans (0.8–1 %) than in rats.

Again, most of freshly absorbed CrPic3 was excreted

into the urine resulting in the same low whole-body

retention after 7 days for both compounds. In summary,

the bioavailability of Cr from pharmaceutical Cr com-

pound is lower than hitherto assumed. Importantly,

humans absorb Cr(III) clearly better than rats. The

absorption mechanism of CrPic3 seems to be different

from ionic Cr(III) but, as only the same low amount of

Cr is retained from this compound, it is also not more

bioavailable than other Cr compounds.

Keywords Chromium � Cr-picolinate �
Cr-nicotinate � Cr-phenylalaninate �
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Introduction

Previous research has suggested that chromium in its

trivalent form (Cr3?) is involved in the regulation of

carbohydrate, lipid, and protein metabolism via an

enhancement of insulin action (Schwarz and Mertz

1957; Mertz 1969; Cefalu and Hu 2004; Jeejeebhoy et al.

1977; Vincent 2000; Nair et al. 2008). This function

could be of general interest because diabetes mellitus is

an increasing health concern in many countries (Zimmet

et al. 2001). Insulin resistance, an impaired biological

response to normal or elevated serum insulin concentra-

tion, appears to be an early step in transforming normal

glucose metabolism into diabetes. There is an important

need for the development of new antihyperglycemic

agents to improve insulin sensitivity and provide long-

term benefit in the management of diabetes mellitus

(Broadhurst and Domenico 2006).
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Since the early work of Schwarz and Mertz (1957),

Cr3? is regarded as an essential nutrient for humans that

potentiate the action of insulin in glucose uptake. An

oligopeptide, Chromodulin, isolated from various liver

tissues, is believed to function as part of a unique

autoamplification mechanism for insulin signaling

(Davis et al. 1997; Hatfield et al. 2006). After calcium

and before iron, chromium is second in mineral

supplements in US. 2.2 % of adults from the National

Health and Nutrition Examination Survey 1999–2000

were taking supplements containing chromium, reflect-

ing the US dietary supplement industry with a business

market of 20.3-billion $ in 2005 (Radimer et al. 2004).

However, despite the many publications on chro-

mium as a physiologic or therapeutic factor, many

questions are open and it is even not clear whether Cr is

an essential trace element or not. Some practical issues

hinder the advancement in this field, for example the

low intestinal absorption of chromium and the very low

(nM) concentrations in body fluids and tissues which

make the analytical determinations arduous to perform

against the background of ubiquitous Cr. Since dietary

chromium is poorly absorbed, there has been a surge of

interest in the use of more bioavailable formulations.

Picolinic acid, a natural derivative of the amino acid

tryptophan, is thought to facilitate chromium absorption

(Evans 1982a). The bioavailability of CrPic3 is reported

to be higher (2–5 %) compared to all other chromium

compounds in rats and humans and this has been the

leading argument in the marketing of this product

(Evans 1982b). However, as the picolinic moiety may

raise also some toxic questions (Vincent 2003), also

other Cr compounds are favoured at the moment in

animal and human studies such as Cr-nicotinate, Cr-D-

phenylalaninate, or Cr-proprionate (Olin et al. 1996;

Lau et al. 2007; Dong et al. 2007; Dong et al. 2008;

Clodfelder et al. 2005; Stanieka and Krejpcioa 2009).

Regarding the widespread use of various chromium

compounds in humans, there are surprisingly little

experimental data available concerning the pharmaco-

kinetic of these drugs. The aim of the present study was

therefore to compare the bioavailability of chromium

from different Cr supplements in rats and for the first

time also in humans using 51Cr-labelled compounds and

whole body counting which together allows a compre-

hensive and quantitative characterisation of chromium

absorption in comparison. Preliminary results with

CrPic3 in a small group of rats were already published

(Kottwitz et al. 2009).

Methods

51Cr-compounds

A solution of 51CrCl3, typical specific activity,

846 mCi/mg in 0.5 M HCl, was purchased from

PerkinElmer Life and Analytical Sciences, Boston,

USA. The 5 mCi-51Cr-activity of one delivered plastic

flask was diluted with 500 ll of water.

Synthesis of 51Cr(trispicolinate)

51CrPic3�H2O was synthesized in a modified version

according to Evans and Pouchnick (1993). Into a

centrifugal filter device (Ultrafree-MC, 10.000 NMWL

filter unit, low binding regenerated cellulose, Millipore)

were pipetted 50 ll of an aqueous solution of picolinic

acid (0.114 mM) and 240 ll of the diluted 51CrCl3-

tracer solution. After mixing, 50 ll of an aqueous

solution of CrCl3 (37 lM) were added and stirred.

The mixture was incubated at 50 �C over night. After

centrifugation at 5,0009g for 20 min, the reddish

crystals remaining on thefiltermembranewerewashed 3

times with 50 ll of ice-cold water. For the rat exper-

iments, saturated aqueous solutions of 51CrPic3

(0.6 mM) were freshly prepared by adding 400 ll of

water to the filter unit, incubation at 50 �C for 30 min,

followed by centrifugation at 5,0009g for 20 min.

Synthesis of 51Cr-nicotinate

Into a centrifugal filter device (Ultrafree-MC, 10.000

NMWL filter unit, low binding regenerated cellulose,

Millipore) were dissolved 14 mg of nicotinic acid in

50 ll 0.1 mM NaOH. 240 ll of the diluted 51CrCl3-

tracer and 40 lMol CrCl3 (=10 mg) in 50 ll of H2O

were added. The tube was heated in a block thermostat

at 57 �C over night. After centrifugation at room

temperature at 5,0009g for 20 min, the blue-gray

solid on the filter membrane was washed 3 times with

100 ll of ice-cold water.

Synthesis of 51Cr-(D(or L)-phenylalaninate)3

(Modified procedure according to Yang et al. 2005).

10 mg (38 lmol) CrCl3�6H2O were dissolved in

200 ll of water in a 1.5 ml Eppendorf tubes. A 200

aliquot of a 51CrCl3-tracer solution (74 MBq) was

added. 18.5 mg (=112 lMol) L or D-phenylalanine
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(M = 165.19 g/mol), respectively, was weighted in

another Eppendorf tube and dissolved in 200 ll of

water by heating to 80 �C in a thermo block. The
51CrCl3-solution was added and the mixture remained

heated for 4 h. After freeze-drying, the green-violet

solid obtained was washed with 2 9 400 ll of

acetone. UV-spectroscopy in water showed identical

absorption curves of both substances with peaks at 416

and 568 nm.

Radiochemical purity

The radiochemical purity of the synthesized 51Cr-

compounds was tested by reverse phase HPLC

(column Nucleosil C18 5U; eluent water/methanol,

UV detection at 262 nM) using a method described

by Olin et al. (1996). Following injection of CrPic3,

the 51Cr-activity, found in peak at 4.14 min retention

time, accounted for 95 % of the injected 51Cr-activity

(Fig. 1). From all other radiolabel chromium com-

pounds, including Cr-Nic2, the 51Cr activity was found

outside detectable peaks or was tightly bound to the

column material and could eluated by a EDTA-buffer.

This indicated that these more labile Cr-complexes

disintegrated under the experimental conditions.

Animal experiments

All experiments were approved by the local committee

for animal experiments (37/04 and 21/08). Female

Wistar rats (200–300 g, Charles River Germany), kept

on a standard food in pellet diet (Altromin 1328) were

used for all experiments. Rats had free access to tap

water ad libitum.

The rats were fasted 4–6 h before and 1 h after the

respective administration of labelled 51Cr-compounds.

Aqueous solutions were administered by gastric

intubation, intraperitoneal or intravenous (tail vein)

injections. After administration, rats were kept in

cages of 3–4 rats except some experiments in which

some rats were kept in individual metabolic cages over

2 days for a quantitative collection of urine and faeces.

The activity, measured immediately after administra-

tion of 51Cr, in the whole body was taken as the 100 %

reference value. The 51Cr whole body retention were

measured at given time points in the centre of a

200 cm long 4p-geometry whole body radioactivity

detector with liquid organic scintillator in the energy

range from 980 to 3,000 keV (Braunsfurth et al. 1977).

The biological half-life of 51Cr was calculated from a

triple term exponential fit algorithm to the measured

whole body retention of 51Cr values in a period of

1–100 days after the administration of 51Cr. The rats

were sacrificed by exsanguination from the abdominal

aorta while under narcosis with Ketanest/Rompun.
51Cr activity in the excrements and tissues of rats

was measured in the whole body counter or for

longer sensitivity in a 300 9 300 NaJ detector (auto-

gamma 5260, Canberra-Packard, Frankfurt, Germany.

Human studies

In a pilot study, CrPic3 and 4 weeks later Cr(D-Phen)3

(400 lg Cr with 16 and 11 lCi 51Cr-activity) were

administered orally as aqueous solution (100 ml) in

three male volunteers (three of the authors, subject 1,

Fig. 1 HPLC chromatogram of 51Cr-picolinate. 95 % of the
51Cr activity was found in the main peak at 4.14 min retention

time
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58 years, 87 kg, subject 2, 65 years, 65 kg, subject 3,

56 years, 91 kg). The retained 51Cr activities were

measured after 7 days in the whole-body counter.

Urine was collected quantitatively for 48 h and the
51Cr activities were measured in the whole body

counter. The additional radiation burden from orally

administered 51Cr (50 years equivalent dose) was

between 0.01 and 0.02 mSv, which reflects \1 % of

the natural radiation burden of 2.4 mSv/year of a

subject in Germany.

Data analysis

The mean 51Cr retention data R(t) from the whole-

body counting were fitted by a compartment model

with the condition A1 ? A2 ? A3 = 100 % for the 3

compartments (Eq. 1).

R tð Þ ¼ A1 � exp � ln 2ð Þ=T1
1=2 � t

� �

þ A2 � exp � ln 2ð Þ=T2
1=2 � t

� �

þ A3 � exp � ln 2ð Þ=T3
1=2 � t

� �
ð1Þ

As start values for the fit software (Slide Write Plus

7.0, Advanced Graphics Software Inc., Encinitas,

USA), the data of Mertz et al. (1965) for the retention

of 51CrCl3 in rats were used. For the long-term half-

life, only a lower and upper threshold could be fitted

within the limited observation period. The lower

threshold for the long half-life was found from a

2-compartment fit, while the upper threshold of T1/2
3

results from a 3-term fit with fixed parameters T1/2
1 and

T1/2
2 from the 2-term fit and 5.9 days, respectively.

With this upper threshold for T1/2
3 , the final 3-com-

partment fit resulted in the 3 pool sizes and their half-

lives of 51Cr-retention (Table 2).

For comparison of whole-body-retention data

between groups of rats, the Student t test was used.

Differences between their mean values were regarded

as significant at p \ 0.05.

Results

A variety of Cr(III) compounds were labelled with
51Cr and their basic pharmacokinetic parameters were

studied in rats after oral and parenteral application.

The bioavailability of CrPic3 and Cr(D-Phen)3, as

the most relevant preparations used in nutritional

supplements, were measured and compared also in

human volunteers. After oral administration of 51Cr-

labelled Cr-compounds, the whole-body-retention

7 days after administration was generally low between

0.04 and 0.24 % of the dose (Fig. 2).

This parameter reflects the apparent intestinal

absorption and the storage of chromium in tissue and

organs and could also be a reasonable measure of the

bioavailability of chromium from a given drug. In detail,

the comparison between different Cr compounds did

show some differences. The rather ionic and water

soluble compounds such as Cr-D/L-(Phen)3 and CrCl3
were significantly better absorbed and retained than the

more organic, poorly soluble complexes, such as CrPic3,

CrNic2, and CrProp, which all showed very low values.

However, it should be pointed out that the true intestinal

Cr absorption of most Cr-compounds was remarkably

different from the retention values due to a substantial

and fast urine excretion of freshly absorbed 51Cr. This

effect is most relevant for 51CrPic3 because most of the

absorbed Cr was excreted directly into the urine within

the first two days after administration (Table 1).

As the amount of absorbed 51Cr was very low from

all compounds under study, precise long-term mea-

surements of retained 51Cr was only possible after i.p.

or i.v. injection. However, no fundamental differences

in the biodistribution of Cr(III) were found so far

in earlier studies. In keeping with this view, the range

of compound specific urine excretion seen after

oral application was found also after i.p. injection

(Table 1). In addition, also a substantial faecal

Fig. 2 51Cr whole body retention 7 days after oral application

after different chromium compounds in rats (6–12 lg Cr/rat)

(=apparent absorption of 51Cr). Box-whisker-Plots with mean

values
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excretion occurs which is low after CrCl3 and higher

following CrPhen3 application.

In the dose range from 0.01 to 5 lg Cr/rat, there was

found no dose effect on the whole-body-retention after

i.v. administration (data not shown).

Following the 51Cr-whole-body-retention for up

to 7 weeks, almost identical retention curves were

obtained for all chromium compounds under study,

again except for CrPic3 (Fig. 3). For this drug, a fast

drop of the whole body retention occurs due to the

excretion of 51Cr by the kidney. For all compounds,

the respective retention data fitted well to a three-

compartment model (Fig. 3; Table 2).

The three compartments are described by different

pool sizes (A1–A3), the whole body retention curve

follows three different half-lives in the range of minutes

to hours (T1/2
1 ), 5 days (T1/2

2) , and a long half-live of

100 days which can only be estimated from the retention

data (T1/2
3 ) (Table 2). The striking difference is the

pool size for a central compartment (A1) representing

presumably the blood volume. Only for CrPic3, this pool

size is close to 100 %, indicating that in a short period

after injection the entire compound is present in this pool.

However, despite the different urinary excretion

rate, the long-term distribution of 51Cr into organs from

different compounds was similar from three different Cr

compounds, including CrPic3. After 7 days, most of

the 51Cr activities were found in liver, kidney and bone.

The bone values in Fig. 4 represent the 51Cr activity in a

single femur indicating that the high activity in carcass

mainly expresses a large storage pool in bone.

The intestinal absorption and urine excretion of 51Cr

following oral administration of CrPic3 and Cr(D-Phen)3,

the most promising compounds used in many studies,

were tested also in three human volunteers at a dose

of 400 lg Cr. Overall, the 7 days-whole-body-retention

of Cr was significantly higher in humans than in rats

(CrPic3: 0.75 ± 0.04 %; Cr(D-Phen)3: 0.95 ± 0.13 %),

but with no significant differences between both com-

pounds (p \0.064). However, a clear difference was

found in the urine excretion (3.4 ± 0.85 % vs.

0.33 ± 0.06 %), which goes parallel to the situation in

rats. Most of the absorbed Cr from CrPic3 was excreted

directly into the urine within 48 h after application

(Fig. 5).

Discussion

In the present study the most relevant chromium

compounds used for nutritional supplements were

Fig. 3 51Cr-whole-body retention from 51CrPic3 as well as

other chromium compounds in rats after i.p. injection. The

respective half-lives were calculated from a 3-compartment

model

Table 1 Whole-body-retention, urine or faecal excretion of 51Cr in rats after oral or parenteral application of 51Cr-labeled com-

pounds (6–12 lg Cr/rat)

CrPic3 CrNic2 Cr(D-Phen3) Cr(L-Phen3) CrCl3 Cr-‘‘Prop’’

n n n n n n

Oral

7d-WBR 12 0.044 ± 0.029 5 0.043 ± 0.016 6 0.24 ± 0.04 7 0.15 ± 0.06 14 0.20 ± 0.09 5 0.04 ± 0.04

2d-urine 3 0.91 ± 0.97 3 0.08 ± 0.07 3 0.39 ± 0.05 4 0.65 ± 0.50 2 0.36 4 0.29 ± 0.12

2d-feces 3 91 ± 12.5 3 85 ± 15 3 85 ± 9 4 70 ± 17 2 98 4 95 ± 15

I.p.

7d-WBR 9 2.33 ± 0.24 3 30.5 ± 4.3 4 26.3 ± 1.6 4 30.2 ± 4.5 3 15.4 ± 1.2 2 30.5

2d-urine 3 79.8 ± 4.1 2 36.2 4 30.3 ± 7.2 4 34.9 ± 6.0 3 42 ± 2.3 2 45.6

2d-feces 3 10.0 ± 2.13 2 7.4 4 17.9 ± 5.8 4 14.2 ± 2.9 3 1.2 ± 0.14 2 9.3

At true absorption
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labeled with 51Cr and their absorption, retention,

excretion and tissue distribution were compared in rats

and for the first time also in humans. 51Cr-chromium

chloride was used as reference because this is the only

compound for which pharmacokinetic data have already

been measured in earlier studies by Mertz and others

using the same analytical techniques, in particular,
51Cr-whole-body-counting (Mertz et al. 1965; Onkelinx

1977). This technique is rarely used today because it

needs special equipment which is no longer available in

most scientific centers. However, it remains by far the

most reliable technique to measure the bioavailability of

a trace element such as chromium for which an

appropriate isotope is available. All other techniques

(e.g., measuring post absorptive Cr concentration in

blood or urine samples) are less sensitive, hard to

quantify, and always face the problem with high

background Cr in tissues and body fluids.

As judged by the 7 days-whole body retention (7d-

WBR), the apparent absorption of Cr from all chromium

compounds was found to be very low in rats between

0.04 and 0.24 % from the administered dose. These

values are 2–10 times lower than described earlier

(Anderson et al. 1996). The 7d-WBR represents also

a good measure for the bioavailability of a given

chromium compound. ‘‘Bioavailability’’, in its pharma-

cological meaning, denotes the extent to which a

substance is reaching its site of action in the body by

way of systemic circulation. For chromium, the believed

site of action is the insulin receptor on the cell surface of

insulin dependent cells, e.g., in fat and muscle tissue. It

is therefore unlikely that the fraction of absorbed but

directly excreted Cr can have metabolic function in

vivo. Following this argumentation, the true absorption

(7d-WBR plus urine and feces excretion) overestimates

the bioavailability of chromium. As a consequence,

rather simple and cheap compounds such as CrCl3 do

provide the same or even higher amounts of Cr than

CrPic3 or CrNic2, the two marked leader in chromium

supplementation.

This view is in contrast to the literature, because so

far a high urine excretion is thought to be an offset by

Fig. 4 51Cr organ distribution from different Cr compounds

7 days after i.p. injection. GIT gastrointestinal tract. Mean ±

SD values of 3 rats Fig. 5 7 days whole-body retention (WBR) and 2 days urine

excretion of 51Cr after oral application of 400 lg Cr in form of

CrPic3 or Cr(D-Phen)3 in three male volunteers

Table 2 Whole body retention parameters after administration

Transport-pool Transit-pool Storage-pool

Compound A1 (%) T1/2
1 (days) A2 (%) T1/2

2 (days) A3 (%) T1/2
3 (days)

CrPic3 96 0.17 ± 0.04 2.5 ± 1.2 5.1 ± 2.7 1.58 ± 0.09 47 \S1/2 B 100

CrNic2 61 0.17 ± 0.04 10.8 ± 0.7 4.8 ± 0.9 27.8 ± 0.9 56 \S1/2 B 102

Cr-(L-Phen)3 64 0.01 ± 0.17 9.6 ± 1.1 4.6 ± 1.2 26.9 ± 0.4 58 \S1/2 B 73

Cr-(D-Phen)3 61 0.24 ± 0.07 14.1 ± 1.7 4.5 ± 1.2 24.8 ± 0.5 57 \S1/2 B 95

‘‘CrProp’’ 61 0.04 ± 0.01 10.5 ± 0.4 3.9 ± 0.4 28.2 ± 0.2 57 \S1/2 B 95

CrCl3 59 0.15 ± 0.11 11.0 ± 2.6 4.2 ± 1.6 29.6 ± 0.5 31 \S1/2 B 44
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increases in chromium absorption (Rhodes et al.

2010). Especially, the high urinary excretion of

Cr from CrPic3 was an argument for an assumed

improved bioavailability. In humans, a higher excre-

tion of Cr in urine was noted after supplementation

with CrPic3 in volunteers (Clancy et al. 1994). A

model calculation even predicted that Cr3? from oral

CrPic3 can accumulate in human tissue (Stearns et al.

1995). More recently, a comparison of acute absorp-

tion of commercially available chromium supple-

ments was made in volunteers by following the 24 h

urinary excretion of chromium after 200 lg Cr dosage

DiSilvestro and Dy (2007). CrPic3 always showed the

highest urine excretion reinforcing the concept that

CrPic3 is absorbed best.

The whole body retention after oral, i.v., or i.p.

application of chromium compounds in rats showed a

typical tri-phasic curve for all compounds under study

reflecting three different transport and storage com-

partments in the body (Fig. 3). This has been shown

earlier so far only for CrCl3 in rats as well as in humans

(Mertz et al. 1965; Onkelinx 1977; Doisy et al. 1971;

Sargent et al. 1979). The retention curves were very

similar to that for all other Cr-compounds, except

CrPic3. Most of the absorbed or injected 51Cr from

CrPic3 is found in urine and feces within 48 h after

application (Table 1). It can be speculated that poorly

water-soluble CrPic3-complex is bound to a lesser

degree to plasma proteins compared to free Cr3?. It is

well known that the iron transport protein transferrin

does bind Cr3? in vitro, like it binds many other metal

ions, and is always assumed that transferrin is also the

physiological transporter for Cr3? (Vincent 2000; Sun

et al. 2000). The best evident so far has been described

by (Clodfelder and Vincent 2005) by i.v. injecting
51Cr-labeled transferrin into mice with or without co-

injection of insulin. A rapid and insulin-sensitive

movement from blood into tissue and finally into urine

(80 % in 3 h was found). However, using a proteomic

approach it was shown that Cr(III)Cl3 in culture cell

media containing 5 % human serum do form com-

plexes not only with transferrin but also with albumin

and immunoglobulins, in the case of bovine serum in

media only with albumin (Tkaczyk et al. 2010). At the

moment, it must simply be pointed out that transferrin

as the natural chromium transporter in blood has so far

not definitely been proven in vivo. One could even

argue that it seems unlikely that large amounts of

unsaturated transferrin with its strong binding affinity

for metals (Cr, effective binding constant = 3 9

1015 M-2 (Sun et al. 2000) circulating in blood would

allow such a substantial Cr3? loss into the urine as

found again in this study.

The mechanism of Cr absorption is also not well

understood. Cr is thought to be absorbed in the intestinal

mucosa. Administered chromium compounds could be

hydrolyzed at the acid pH in the stomach forming

the hexa-aquo-ion [Cr(H2O)6]3?(aq) which reacts with

OH-ions in the intestine to form rather insoluble

Cr-hydroxide-oxides at neutral pH. However, it can

only be speculated which chromium species is prefer-

entially absorbed in the intestinal tract. For the case of

manganese it is quite well known that Mn3?/2? and

Fe3?/2? compete for the same transport system in blood

(transferrin) and cellular metal importer (DMT1, diva-

lent metal transporter 1 for example in enterocytes). All

identified Nramp proteins such as DMT1 are thereby

strictly limited to divalent metal ions, making a

reduction Me3? ? Me2? necessary. For chromium,

chromium(II), ‘‘chromous’’ ions (Cr2?) are possible but

are extremely instable and it is questionable if they can

exists in biological systems and can act as substrates

for DMT1. Interestingly, with Nrat1 a first transporter

for a trivalent metal (aluminum) was found in plants but

nothing is known on its Cr3? transporting activity.

Several authors believe that the absorption of trivalent

chromium is a passive diffusion process, which cannot

be saturated (Donaldson and Barreras 1966; Dowling

et al. 1989). Dosing a wide range of Cr concentrations

(0.02–20 lg/rat) in form of CrCl3 by gastric-gavage, we

recently also found no saturation effect (Kottwitz et al.

2009) on Cr absorption.

Concerning the rather hydrophobic CrPic3, it has

been discussed earlier that it may be absorbed as intact

molecule by a different absorption mechanism that

ionic Cr3? Gammelgaard et al. (1999); Hepburn and

Vincent (2002). A relevant point could be that Cr(Pic)3

represents a relative stable organic complex which is

poorly water soluble. This stability could be demon-

strated in our study to test the radiochemical purity in

HPLC on a reverse phase column (Fig. 1). All other

complexes, including Cr-nicotinate and Cr-(D,L-

Phen)3 did not survive the HPLC condition as intact

molecule what must have been overlooked in earlier

HPLC results for example for CrNi2 (Olin et al. 1996).

On the other hand, a recent review favored the view

that little of the intact Cr(Pic)3 molecule is absorbed in

the intestinal tract (Vincent 2010). This was based on
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experiments with CrPic3, in which the picolinic moiety

was 14C-labeled (NIH Publication No. 08-5897 2008).

Oral administration of a rather high dosage

(15–17 mg/kg = 600 ug Cr/rat) in rats resulted in a

high urinary excretion of Cr-free 14C activity ([50 %

within 24 h), indicating that most of the picolinic acid

moiety must have been absorbed independently from

chromium. However, according to these data about

1 % of intact CrPic3 was isolated from the 8 h-urine

samples what perfectly fits with the experiments

described here. This would, however, demonstrate

that the reason of the increased absorption rate of

CrPic3 compared to ionic Cr is due to the absorption of

the intact molecule. What remains unclear is if the

retained Cr from Cr(Pic)3 is derived from absorbed

CrPic3 or is obtained from the absorption of free Cr3?

which was released from the complex at low pH in the

stomach. Our experiments show that a similar ratio

between retained and excreted Cr is found after i.p.,

i.v. or oral application what could indicate that both

fractions could be derived from intact CrPic3 entering

the metabolic active compartments of the body.

However, a final proof could only be derived from

the use of double labeled 51Cr(14C-Pic)3.

As the chromium metabolism in rats could be

different to humans, we studied the oral chromium

absorption from 51CrPic3 and 51Cr-(D-Phen)3 also in

three human volunteers (Fig. 5). The apparent absorp-

tion of CrPic3 and Cr(D-Phen)3 was substantially

higher (0.7–0.9 %) compared to rats, but also much

lower (3–5 times) than so far recognized (Clancy

et al. 1994; Gargas et al. 1995). Despite the absolute

values, for both compounds the profile of absorption,

urine excretion and retention seems to similar in rats

and humans, an argument that the results from the

other compounds in rats are representative also for the

human situation. Our results explains the rather high

urine excretion in studies with CrPic3 in humans and

can be used for a better calculation of the effect of

chromium but also for the widespread discussion on

the potential toxic effect of CrPic3 in vivo.

Conclusions

Despite more than 50 years of research, the reputation

of chromium as an essential trace element or antidi-

abetic drug is ambiguous at the moment (42). Studies

in this field using different compounds, dosages, and

biological system are hard to compare, results are

often controversy and conflicting. Meta-analysis and

official reports are thus more and more sceptical

towards a role of Cr in evidence based medicine

(Trumbo and Ellwood 2006; National Research

Council 2002). On the other hand, very recent studies

in patients, cell culture or animal models seem to show

medical benefit or clear cellular effects or Cr (Phung

et al. 2010; Dogukan et al. 2010; Jain et al. 2010;

Wang et al. 2010; Tuzcu et al. 2011; Li et al. 2011).

Chromium will have a future as an accepted essential

trace element or as a medicament only if studies

clarify definitely the mechanisms of chromium action

on the molecular level. A prerequisite for carefully

designed studies in the future would also be that the

pharmacokinetics of Cr compounds must be known in

full detail in order to provide appropriate and compa-

rable preparations and dosages.
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