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Abstract

Chromium (Cr) is required for carbohydrate, lipid, and protein metabolisms in humans and animals. Cr insufficiency is associ-
ated with diabetes and cardiovascular disease. Chromium-enriched yeast (CrY) is a widely used Cr dietary supplement, but
its pharmacokinetics remains unavailable. CrY was orally administered to rats at a single dose of 1 mg Cr/kg, and plasma Cr
concentration at different time points was measured by inductively coupled plasma mass spectrometry. Pharmacokinetics of
CrY in rats was well fitted to a non-compartmental model. Plasma Cr concentration reached the maximum of 8.68 +2.87 ng/
mL at 0.25 h, and gradually decreased to 4.05 +0.47 ng/mL at 24 h. CrY was rapidly absorbed into the blood and was slowly
eliminated after the oral administration, which could lead to the accumulation of Cr in vivo.
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Introduction

Trivalent chromium (Cr**) is an important trace element for
humans and animals in the regulation of carbohydrate, lipid,
and protein metabolism (Zhang et al. 2021). Cr’™ is a biologi-
cally active form of chromodulin which plays an important
role in the regulation of the cellular response to insulin. Cr
insufficiency leads to impaired insulin function, inhibition of
protein synthesis and energy production, disruption of carbo-
hydrate metabolism, and to type 2 diabetes and heart disease
(Vincent 2007). The Chinese adequate intake of Cr is 30 pg
for adults aged 18 and over according to the Chinese Dietary
References Intakes (Chinese Nutrition Society 2014). Due
to poor absorption of inorganic Cr and dietary Cr (0.5-3%),
more bioavailable organic Cr species have been developed,
such as Cr picolinate, Cr nicotinate, and Cr-enriched yeast
(CrY). CrY is obtained by fermentation in which added
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inorganic Cr** is bound to amino acids and peptides in the
yeast cell. CrY exhibits low acute toxicity with an LD, value
of more than 5000 mg/kg, and low chronic toxicity with a
NOAEL value of 2500 mg/kg/day in rats (Food EPoFaNSat
2012). No adverse effect was observed in non-diabetic and
diabetic subjects supplemented with CrY at a dose range of
20-1000 pg Cr/day for 2 months to 7.8 years (Food EPo-
FaNSat 2012). CrY supplementation in type 2 diabetes mel-
litus patients for 12—14 weeks was reported to better control
fasting blood glucose, serum cholesterol, triglyceride con-
centrations, and blood pressure (Racek et al. 2006, 2013).
Unfortunately, no sufficient data was provided to confirm the
bioavailability from CrY was better than that from inorganic
Cr compounds because available bioavailability was based
on the effects of CrY on insulin action (Authority EFS 2009).
To our knowledge, no pharmacokinetics of CrY is avail-
able although CrY is widely used in humans. Therefore, the
purpose of the present study aims to investigate the phar-
macokinetics of CrY in rats to disclose comprehensive and
quantitative disposition of CrY for the first time.

Materials and methods
Materials

CrY with Cr content of 2280 mg/kg was supplied by the
Angel Yeast Co. Ltd. (Yichang, China). Cr standard solution
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(1000 pg/mL) was purchased from Guobiao Testing and Cer-
tificate Co. Ltd. (Beijing, China). Analytical reagent—grade
nitric acid was obtained from Merck Corp. (Darmstadt,
Germany).

Determination of plasma Cr

A Thermo Scientific iCAP RQ ICP-MS equipped with
a helium-filled collision cell was used for the deter-
mination of Cr at m/z of 52 in a single helium kinetic
energy discrimination mode according to ICP-MS con-
ditions of our previous method (Zhang et al. 2021).
Germanium isotope ("®’Ge) with a concentration of
10 ng/mL was used as an internal standard to minimize
non-spectral interference and instrumental drifts. Data
acquisition and processing were performed with the
Thermo Scientific Qtegra 2.8 software. Plasma Cr con-
centration was determined by ICP-MS following 1:20
dilution of 100 pL of plasma with 0.5% (v/v) HNO;
aqueous solution. Calibration curve was constructed
in the concentration range of 0.1-10 ng/mL. The ICP-
MS method was validated for its sensitivity, linearity,
accuracy, and precision according to “Sect. 730 plasma
spectrochemistry” of the USA Pharmacopeia 2021 edi-
tion. A calibration curve showed a good linearity with
correlation coefficient of more than 0.997. The limit
of detection (LOD) and lower limit of quantification
(LLOQ) were 0.03 and 0.1 ng/mL, respectively. Accu-
racy and precision of the method 94.1-101.7% and
1.2-3.6%, respectively.

Pharmacokinetic study

Animal experiments were approved by the Institutional Ani-
mal Care and Use Committee of the Hubei Provincial Key
Laboratory of Yeast Function. Six adult male Sprague—Daw-
ley rats weighing 290.5 + 6.3 g were acclimatized for at least
7 days in a 12-h light/dark cycle and constant temperature
and humidity facility, and were allowed access to diet and
water ad libitum. The rats were deprived of diet overnight
for 12 h prior to dosing, although they were allowed free
access to water during the whole experiment period. CrY
was dissolved in 1% (w/v) carboxymethylcellulose sodium
aqueous solution to obtain a concentration of 0.125 mg Cr/
mL, and CrY was intragastrically administered to rats at
a single dose of 1000 pg Cr/kg. At O (pre-dosing), 0.25,
05,1,2,4,6, 8, 10, 12, and 24 h after the administration,
approximately 0.25 mL of blood was withdrawn from the
jugular vein catheter of each rat and centrifuged at 5000 % g
for 10 min to obtain plasma. All animals were sacrificed
using carbon dioxide at the end of the experiment.
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Pharmacokinetic data analysis

The oral pharmacokinetic parameters of CrY in rats were
calculated using non-compartmental model of WinNonlin
software, as follows: terminal half-life (t/, ,,), volume of
distribution (V), systemic clearance (Cl), area under the
curve from O to the last sampling time t (AUC,, ), and mean
residence time from O to time t (MRT,,_,). Data are presented
as the mean + SD.

Results and discussion

Pre-dosing plasma Cr concentrations fluctuated between
LOD and LLOQ, which were much lower than other sam-
pling time-points. Therefore, no baseline correction (sub-
traction of pre-dosing Cr concentration) was applied to other
sampling time-point Cr concentrations due to negligible
pre-dosing values as per Sect. 9011 guidance for bioavail-
ability and bioequivalence of drug product in humans in
the Chinese Pharmacopeia 2020. After the oral administra-
tion of CrY to rats, the concentration—time profile of Cr in
plasma is shown in Fig. 1, and the pharmacokinetic param-
eters of Cr are presented in Table 1. Plasma Cr concentra-
tion reached the maximum of 8.68 +2.87 ng/mL at 0.25 h,
rapidly declined to 4.38 +1.10 ng/mL at 4 h, and gradu-
ally decreased to 4.05 +0.47 ng/mL at 24 h, indicating that
Cr from CrY was rapidly absorbed into the blood and was
slowly eliminated after the oral administration.

Cr’* in CrY was released following digestion in the gastro-
intestinal tract and was available for uptake into the body. The
fluctuation trend of Cr concentrations observed for rat plasma
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Fig.1 The mean plasma concentration—time profile of Cr after the
oral administration of CrY to rats at a single dose of 1 mg Cr/kg
(n=6)
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Table 1 The pharmacokinetic parameters of CrY after a single oral
administration of CrY to rats. Values are presented as mean=+SD
(n=6)

Parameter Unit CrY

4oz h 41.38+22.00
AUC541 h-ng/mL 104.6+8.0

A% L/kg 161.4+29.1
Cl L/h/kg 327+1.30
MRT 541 h 11.27+0.72

in our experiment was consistent in magnitude with that in
human plasma following a single dose ingestion of 10 mg
Cr**/L (Cr chloride) (Kerger et al. 1996). Similarly, blood Cr
concentration increased from 1.8-2.2 ng/mL at baseline to
5.7-5.9 ng/mL in 68 adult diabetic and non-diabetic subjects
following the oral administration of CrY at a dose of 1000 pg
Cr/day for 6 months (Cheng et al. 2004). Peak time of CrY
in the present research was much earlier than that of Cr
picolinate and Cr malate in rats following oral gavage (Feng
et al. 2018), indicating that CrY was rapidly absorbed. The
absorption mechanism of Cr3™ in the intestine is still unclear,
which involves passive transport and/or active transport
(Food EPoFaNSat, 2012, 2010a, 2010b; O’Flaherty et al.
2001; Laschinsky et al. 2012; Febel et al. 2001). Following
poor absorption of Cr’* via the gastrointestinal tract, Cr**
competitively binds to transferrin which Mn*+/>* and Fe>*/?*
also compete for (Laschinsky et al. 2012), and is transported
to the liver in the form of low molecular-weight Cr. Addi-
tionally, Cr** is also coordinated with low-molecular-weight
ligands, such as nicotinic acid, amino acids, and glutathione
(Pechancova et al. 2019), to be solubilized in vivo. Cr’* does
not penetrate red blood cells, suggesting that clearances into
and out of red blood cells are not only rapid but also equal
(Food EPoFANSat, 2010a, 2010b; O’Flaherty et al. 2001).

Absorbed extent of Cr’* salts is dependent on their
chemical species, and more amount of Cr** traverse cells
and membranes when favorable ligand is complexed with
Cr’**. For example, absorption fraction values of Cr** chlo-
ride and Cr’* picolinate were 0.4% and 2.8%, respectively
(O’Flaherty et al. 2001). In addition, absorption and dis-
position of Cr were influenced by its solubility and oxida-
tion state (O’Flaherty 1993; Kottwitz et al. 2009). Approx-
imately 1.8% of a soluble Cr** salt administered into the
stomach and small intestine of nonfasted rats were found
to be absorbed, indicating that Cr3* exhibited low absorp-
tion fraction (O’Flaherty 1996). Interestingly, similar oral
absorption extent of approximately 15% was observed for
nonabsorbable Cr,05 (Cr**) and absorbable Na,CrO, (Cr®)
regardless of chemical structure and solubility of Cr (Febel
et al. 2001), in which absorption extent and absorption reten-
tion were erroneously applied by the authors.

Although Angel CrY did not contained Cr®* detected
by IC-ICP-MS (Zhang et al. 2021), European Food Safety
Authority still specified Cr®" <0.2% of total Cr in CrY
considering various fermentation routes of CrY from some
manufacturers (Food EPoFaNSat, 2012). Compared to sol-
uble Cr** compounds, soluble Cr®" compounds exhibited
roughly tenfold greater fractional absorption in the gastroin-
testinal tract (O’Flaherty et al. 2001) because Cr®* (Cr042_)
structurally resembled sulfate and phosphate and was easily
taken up by all cells and organs through sulfate transporters
(Collins et al. 2010). Reducing agents in gastric juices, like
ascorbate, glutathione, NADH, and sulfhydryls, reduced
Cr%* to Cr’* in the gastrointestinal tract, which was a major
pathway for detoxification in humans and rodents (Schlosser
and Sasso 2014). Most of Cr®* was rapidly reduced to Cr**
by nonenzymatic mechanisms in the acidic environment of
the stomach and was absorbed as Cr** in the small intestine
(Zhang et al. 2021). In other organs, the reduction process
was principally mediated by enzymes (O’Flaherty 1993).

Most Cr was cleared rapidly from the blood (Food
EPoFANSat, 2010b), as demonstrated by the Cl value of
3.27+1.30 L/h/kg in our research, and was prone to accumu-
late in the bone after oral or intraperitoneal administration to
rats (O’Flaherty 1996). After absorption into the plasma, Cr
was preferentially transferred to the bone surface and approx-
imately 4% of the dose was incorporated into mineralizing
new bone like vanadium (O’Flaherty 1993, 1996; Zhang
et al. 2007). Most Cr** was slowly removed from tissues and
excreted in the urine with small amounts eliminated in per-
spiration, bile, and feces (Food EPoFaNSat 2012, 2010a).

Conclusion

In summary, pharmacokinetics of CrY in rats following oral
administration was firstly investigated and the results indicated
that CrY was rapidly absorbed and slowly eliminated in vivo.
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