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Abstract 

Chromium exists in a series of oxidation states with a valence from -2 to +6. Trivalent (Cr[III]) and 
hexavalent (Cr[VI]) compounds are the most biologically significant. After entering the body from an 
exogenous source, Cr(VI) is rapidly taken up by erythrocytes after absorption and reduced to Cr(III) inside 
the cell. We have studied the influence of potassium dichromate (K2Cr2O7) on blood GSH values in female 
rats. This study was carried out on 49 adult white Wistar adult female rats divided in 6 experimental groups 
and one control group. The rats were feed with 25ppm (LOAEL), 50ppm and 75ppm K2Cr2O7, ad libitum, 
in drinking water. The control group received tap water. Reduced glutathione (GSH) was measured 
quantitatively using a spectrophotometer method. This study reports that potassium dichromate exposure 
induces depletion of blood GSH because Cr(VI) can generate reactive oxygen species (ROS). It can 
provoke oxidative stress and toxicity. 
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1. Introduction 

The work with reduced glutathione (-glutamyl-
cysteinyl-glycine; GSH) [1] has greatly advanced 
biochemical and nutritional sciences over the past 
125 years [2]. Glutathione is the predominant low-
molecular-weight thiol (0.5–10 mM) in animal 
cells. Most of the cellular GSH (85–90%) is 
present in the cytosol, with the remainder in many 
organelles (including the mitochondria, nuclear 
matrix, and peroxisomes) [3]. With the exception 
of bile acid, which may contain up to 10 mM GSH, 
extracellular concentrations of GSH are relatively 
low (e.g., 2–20 µM in plasma) [4]. 

Chromium exists in a series of oxidation states 
with a valence from -2 to +6. Trivalent (Cr+3) and 
hexavalent (Cr+6) compounds are the most 
biologically significant.  

 

 
Cr+3 is an essential dietary mineral in low doses. It is 
required to potentiate insulin and for the normal 
glucose metabolism. Chromium carcinogenicity was 
first identified over a century ago and Cr+6 
compounds were amongst the earliest chemicals to be 
classified as carcinogens [5]. Chromium is used in 
three basic industries: metallurgical, chemical, and 
refractory (heat-resistant applications). Occupational 
exposure to Cr+6-containing compounds is known to 
induce lung toxicity and increased incidence of 
respiratory-system cancers [6-8]. After entering the 
body from an exogenous source, Cr+3 binds directly 
to transferrin, an iron-transporting protein in the 
plasma. In contrast, after entering the body from an 
exogenous source, Cr+6  is rapidly taken up by 
erythrocytes after absorption and reduced to Cr+3 
inside the cell [9]. 
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Membrane damage is one of the important 
consequences of Cr, an environmental toxicant, 
induced cytotoxicity. Cr+6 can actively enter the 
cells through channels for the transfer of the 
isoelectric and isostructural anions, such as SO4

2- 
and HPO4

2- channels [9]. Transport of Cr through 
the cell membrane concerned exclusively the Cr+6 
species. Recent models considered the uptake of 
reduced Cr species generated by extracellular 
redox mechanisms [10]. Extracellulary generated 
Cr+5 and Cr+3 complexes also have high 
permeabilities through the cell membrane [11].  

GSH, a membrane protectant may, be used to 
reduce the Cr-induced membrane damage [12]. 
Intracellular metabolism of Cr+6 may lead to 
oxidative stress. 

2. Materials and methods 

This study was carried out on 49 adult white 
Wistar adult female rats, divided in 9 experimental 
batches (F01, F02, F03, F11, F12, F13, F21, F22, F23) and 
one control batch (C). 

The experimental batches are divided in 3 groups, 
3 generations: 

- F0 = F01, F02, F03 – first generation - female rats 
– exposed for 3 months to 25ppm (LOAEL), 
50ppm and 75ppm K2Cr2O7 in drinking water, 
ad libitum; 

- F1 = F11, F12, F13 – second generation - female 
rats, obtained from the mating of female rats 
belonging to the groups F0 with male rats that 
were exposed for 3 months to 25ppm, 50ppm 
and 75ppm K2Cr2O7 in drinking water, ad 
libitum, before mating; 

- F2 = F21, F22, F23 – third generation - female 
rats, obtained  from the mating of female rats 
belonging to the groups F1 with male rats that 
were exposed for 3 months to 25ppm, 50ppm 
and 75ppm K2Cr2O7 in drinking water, ad 
libitum, before mating; 

- Control batch (C) – female rats – maintained 
tape water without K2Cr2O7; 

The female rats were euthanatized at sexual 
maturity, blood samples being used for 
determinations. GSH was measured quantitatively 
at a Perkin-Elmer spectrophotometer through 
Beutler et al. method [13], at 412nm of yellow 
color developed by adding 5,5’-dithiobis(2-
nitrobenzoic acid) to sulphahidryl compounds.  

The results were expressed as µmol GSH/gHb. 
Hemoglobin (Hb) was determined through Drabkin 
method [14] at the automatic analyzer MS-9 VET. 

3. Results and Discussion 

The blood test results are presented in Tables 1, 2, 3 
and Figure 1. 

Table 1. GSH mean values in the control batch (C) and 
first generation experimental batches F0 (F01, F02, F03). 

GSH (µmol/gHb)         Group 
X±Sx DS Confidence level 

C 0.65±0.01 0.01 0.01 
F01(25ppm) 0.64±0.01 0.01 0.01 
F02(50ppm) 0.53±0.01 0.01 0.01 
F03(75ppm) 0.50±0.01 0.01 0.01 

Table 2. GSH mean values in the control batch (C) and 
second generation experimental batches F1 (F11, F12, F13) 

GSH (µmol/gHb) Group 
X±Sx D.S. Confidence level 

C 0.65±0.01 0.01 0.01 
F11(25ppm) 0.64±0.01 0.01 0.01 
F12(50ppm) 0.52±0.01 0.01 0.01 
F13(75ppm) 0.46±0.01 0.01 0.01 

Table 3. GSH mean values in the control batch (C) and 
third generation experimental batches F2 (F21, F22, F23) 

GSH (µmol/gHb)         Group 
X±Sx D.S. Confidence level 

C 0.65±0.01 0.01 0.01 
F21(25ppm) 0.64±0.01 0.01 0.01 
F22(50ppm) 0.52±0.01 0.01 0.01 
F23(75ppm) 0.46±0.01 0.01 0.01 
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Figure 1. GSH value in the experimental and control 

groups 

Glutathione participates in many cellular reactions. 
He effectively scavenges free radicals and other 
reactive oxygen species (e.g., hydroxyl radical, lipid 
peroxyl radical, peroxynitrite, and H2O2) directly, and 
indirectly through enzymatic reactions [15].  
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In such reactions, GSH is oxidized to form GSSG, 
which is then reduced to GSH by the NADPH-
dependent glutathione reductase. In addition, 
glutathione peroxidase (a selenium-containing 

enzyme) catalyzes the GSH-dependent reduction 
of H2O2 and other peroxides [16]. 

The cysteine residue induce a nonenzymatically 
oxidation of GSH to glutathione disulfide (GSSG) 
by electrophilic substances (e.g., free radicals and 
reactive oxygen/nitrogen species). The GSSG 
efflux from cells contributes to a net loss of 
intracellular GSH. Cellular GSH concentrations are 
reduced markedly in response to protein 
malnutrition, oxidative stress, and many 
pathological conditions [17]. Cr+6, inside the cell, 
in the presence of cellular reductants, causes a 
variety of DNA lesions including Cr–DNA 
adducts, DNA–protein crosslinks, DNA–DNA 
crosslinks, and oxidative damage [18]. Within the 
cell GSH rapidly forms a complex with Cr(VI), 
followed by a slow reduction of Cr+6 to yield Cr+5 
[11]. GSH can act as an intramolecular stabiliser of 
Cr+6 via the formation of a thiolate ester. Once 
formed, Cr+5 species alter the DNA conformation.  

Several in vitro studies of the reaction of Cr+6 with 
GSH were conducted, with an spin trapping 
technique, to demonstrate the formation of Cr Cr+5 
species (most probably the Cr+5 -glutathione 
complex) and the glutathione-derived thiyl radical 
(GS•) [19]. Once formed Cr+5 can react via Fenton 
reaction with H2O2 forming the hydroxyl radical 
capable of causing DNA damage [20]. In addition 
to the cellular damaging effect of the GS• radical, 
it can further react with other thiol molecules in 
oxygenated tissues to give the superoxide radical. 
Superoxide can further reduce Cr(VI) to Cr+5 
which can then catalyze the decomposition of 
H2O2 thus creating the DNA damaging hydroxyl 
radical.  

Cr+5 can also be reduced by cellular reductants 
(e.g. ascorbate, GSH) to Cr+4, again participating 
in Fenton chemistry generating hydroxyl radical. 
GSH/GSSG is the major redox couple that 
determines the antioxidative capacity of cells, but 
its value can be affected by other redox couples, 
including NADPH/NADP+ and thioredoxinred/ 
thioredoxinox

 [4]. 

4. Conclusion 

Hexavalent chromium, a potent teratogen, is 
significantly reduced by GSH in all tissues.  

GSH is the principal reducing agent in erythrocytes, 
the principal scavenger of reactive oxygen species in 
mitochondria. The consequences of ad libitum 
K2Cr2O7 administration at 25, 50 and 75ppm during 
three generation female rats, was the induced ROS 
production, the inhibition of the regeneration of GSH 
from the oxidized form, a limited decrease of GSH 
values in F0, F1, F3, groups. 
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