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Hexavalent chromium compounds exhibit higher toxicity than its triva-
lent compounds since chromium ions in the +6 oxidation state easily cross
biological membranes. It has recently been proposed that substances reduc-
ing chromium ions from the +6 to the less toxic +3 oxidation state can be
beneficial in management of acute chromium poisoning. In vitro studies also
demonstrated quercetin-5’-sulfonic acid sodium salt (NaQSA) to reduce
chromium ions from the +6 to the +3 oxidation state. The aim of the study
was to determine efficacy of NaQSA in treatment of acute poisoning with
a hexavalent chromium compound. The experiment was carried out on male
and female Wistar rats which were divided into 4 experimental (A, B, C, D)
and control (K) groups. All animals received intragastrically a single CrO3
dose equal to its LD50. Thirty minutes after administration of CrO3, NaQSA
was administered intragastrically at a dose of 50 mg/kg (group A) and 100
mg/kg (group B). In groups C and D, NaQSA was administered ip 2 h after
administration of CrO3 and then twice a day for 4 days at doses of 50 mg/kg
(group C) and 100 mg/kg (group D). Only intragastric administration of
NaQSA at a dose of 100 mg/kg decreased mortality in acute poisoning with
CrO3. In groups B and D, aminotransferase activity was statistically signifi-
cantly dropping from day 7 of the experiment in comparison with the group
K, which indicates lesser damage to the liver in animals treated with
NaQSA. Bilirubin concentrations in groups B and D were also much lower
than in the group K, but the difference between average bilirubin levels in
these groups and the K was not statistically significant. The results of the
study suggest the usefulness of NaQSA in the treatment of poisoning with
hexavalent chromium compounds.
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INTRODUCTION

Acute chromium poisonings are characterized
by a dramatic clinical course and high mortality.
Hexavalent chromium compounds exhibit consid-
erably higher toxicity than its trivalent compounds
since chromium ions in the +6 oxidation state easily
cross biological membranes, at the same time show-
ing direct caustic and oxidant action [3]. Chromium
compounds ingested orally very quickly cause
hemorrhagic gastritis and enteritis, leading to circu-
latory failure, and in the patients who survive initial
post-poisoning period, they accumulate in paren-
chymal organs causing frequently dangerous dam-
age of the liver and kidneys, and even insufficiency
of these organs [3, 6, 15].

Treatment of acute chromium poisonings is
very difficult as we do not know any specific anti-
dote. Chromium-binding compounds, used in clini-
cal practice, so-called chelating compounds (e.g.
disodium-calcium versenate) show low efficiency
and very high toxicity. Methods of extracorporeal
elimination of chromium ions from serum, such as
hemodialysis and hemoperfusion, are not effective
enough as well [3]. Some researchers even suggest
that both chelating compounds and methods of ex-
tracorporeal elimination of the poison are com-
pletely inadequate in cases of acute chromium poi-
sonings [15].

It has recently been proposed that substances
reducing chromium ions from the +6 to the less
toxic +3 oxidation state can be beneficial in man-
agement of acute chromium poisoning. Many of
these substances, e.g. ascorbic acid, glutathione,
cysteine, cysteamine, liponic acid, coenzyme A,
coenzyme M, show strong capacity of reducing
chromium ions in vitro [4] but only some of them,
e.g. ascorbic acid, can be used in clinical practice
[15].

In vitro studies also demonstrated quercetin-5’-
sulfonic acid sodium salt (NaQSA) to reduce chro-
mium ions from the +6 to the +3 oxidation state.
NaQSA is a sulfonic derivative of quercetin
(3,5,7,3’,4’-pentahydroxyflavone), which is easily
soluble in water [8], contrary to quercitin which is
practically insoluble in water. These substances be-
long to polyhydroxyflavones and possess strong
antioxidant properties [5, 12]. Both quercetin and
NaQSA reduce cations of some metals from higher
to lower states and form complexes with metal ions
[9]. NaQSA has also been applied in the studies on

detoxification of mercury, cadmium and lead in rats
[10].

The aim of the study was to determine efficacy
of NaQSA in the treatment of acute poisoning with
a hexavalent chromium compound (chromium tri-
oxide) experimentally induced in rats.

MATERIALS and METHODS

Animals

The studies were conducted on 86 Wistar rats of
both sexes weighing 160 ± 12.6 g (± SD). The ani-
mals were maintained under standard conditions
with water and LSM pellet feed (Agropol, Motycz,
Poland) available ad libitum.

Drugs and procedure

In order to study toxicity of hexavalent chro-
mium, we have chosen chromium trioxide (CrO3)
because of its good solubility in water (up to 62
g/100 ml) [14] and known LD50 in rats, estimated
at 80 mg/kg [14].

NaQSA doses were selected on the basis of ear-
lier studies conducted at the Institute of Pharmacy
in Warszawa, which demonstrated that NaQSA is
very well tolerated by laboratory animals. The
NaQSA doses of 50 and 100 mg/kg, used in the ex-
periments, corresponded to 1/40 and 1/20 of LD50
in rats [1].

The rats were assigned to the control group (K)
of 20 animals, test groups A and B, comprising 10
and 22 rats, respectively, and groups C and D of 12
and 22 animals, respectively. Each group contained
a half of females and a half of males. The animals
were observed for 14 days after the poison admini-
stration [13].

Group K – animals received intragastrically
a single CrO3 dose equal to its LD50. Group A –
animals were administered intragastrically a single
CrO3 dose equal to its LD50. Thirty minutes there-
after, they were given intragastrically NaQSA at
a dose of 50 mg/kg. Group B – animals received in-
tragastrically a single CrO3 dose equal to its LD50.
Thirty minutes thereafter, they were treated intra-
gastrically NaQSA at a dose of 100 mg/kg.

NaQSA was administered intragastrically shortly
after administration of the poison since this stage of
the studies aimed to determine efficacy of NaQSA
as a local antidote, inhibiting chromium absorption
from the gastrointestinal tract by changing its oxi-
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dation state. Group C – animals received intragas-
trically a single CrO3 dose equal to its LD50. Two
hours after the treatment with the poison and then
twice a day (at 8.00 and 14.00) for 4 days, NaQSA
was administered intraperitoneally (ip) at a dose of
50 mg/kg. Group D – animals received intragastri-
cally a single CrO3 dose equal to its LD50. Two
hours after the treatment with the poison and then
twice a day (at 8.00 and 14.00) for 4 days, NaQSA
was administered ip at a dose of 100 mg/kg.

Intragastric administration was performed with
a metal probe. Chromium trioxide was infused in-
tragastrically after its dissolution in tylose (methyl-
cellulose) solution, while NaQSA for intragastric
or ip treatment was dissolved in 0.9% NaCl. Methyl-
cellulose was used in order to reduce direct caustic
effect of chromium trioxide on the digestive tract
walls. All groups were administered intragastri-
cally or ip the same volume of a solution (4 ml/kg).
The animals were starved for 16 h before treatment
with the test substances, and were given again free
access to feed 4 h after administration of the poison
[13].

Blood samples for determination of serum indi-
cators of the liver and kidney function (activity of
aminotransferases, concentrations of bilirubin, urea
and creatinine) were collected from the tail vein of
the selected animals (6 from each group) before be-
ginning of the experiment and 3, 7, 10 and 14 days
after the poisoning. Before the experiment started
(day 0) and after it ended (day 14), blood was also
collected for determination of serum chromium
concentration with atomic absorption spectropho-
tometry.

Dead animals were examined at autopsy to es-
tablish the cause of death. The liver and kidneys
were dissected from the selected dead animals (2–4
from each group) and subjected to histopathologi-
cal examination.

When the experiment was finished, mortality,
results of biochemical tests and chromium concen-
trations were analyzed by comparing the values ob-
tained in the test groups with the control group.

Statistical analysis

The results are presented as means ± SD. Non-
parametric values (mortality) were compared using
the �2 test, whereas differences between parametric
values (results of biochemical tests) were analyzed
with ANOVA followed, when appropriate, by indi-

vidual comparison with the control using Student’s
t-test.

The experiments were performed after approval
by the Local Ethics Commission for Experiments
on Animals in Wroc³aw (license no. 7/03).

RESULTS

Analysis of mortality

Only intragastric administration of NaQSA at
a dose of 100 mg/kg decreased mortality in acute
poisoning with chromium trioxide (group B). In
group A (NaQSA at 50 mg/kg, intragastrically) and
C (NaQSA at 50 mg/kg, ip), mortality was even
significantly higher than in the control group, while
in group D (NaQSA at 100 mg/kg, ip), it did not
differ statistically significantly from mortality in
the control group. In all groups, i.e. in control and
test groups, the animals died within first 2 days of
observation. There were no differences between mor-
tality in males and females in any group (Tab. 1).

Table 1. Analysis of mortality

Group
K

(n = 20)
A

(n = 10)
B

(n = 22)
C

(n = 12)
D

(n = 22)

D 10 9 2 11 12

% 50 90 9 92 55

�2 – 4.59 8.591 5.772 0.087

p – � 0.05 � 0.01 � 0.02 NS

n – number of animals in a group, D – number of dead animals
in a group, % – percentage of dead animals in a group, p – in
comparison with the control group

Analysis of autopsy results and

histopathological studies

Autopsy showed perforation of digestive tract
only in one case (group A; NaQSA at 50 mg/kg, in-
tragastrically), and it was observed in the stomach.
However, dilation of the stomach and bowel loops,
and macroscopic signs of hemorrhagic gastritis and
enteritis were visible. These changes were the least
conspicuous in group B.

Histopathological studies of the liver specimens
demonstrated extensive venous congestion, par-
ticularly in the area of the central vein of the liver,
in rats belonging to all groups. Level of congestion
differed but there was no evident relationship be-
tween this parameter and assignment of rats to any
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treatment group. There were signs of slight steato-

sis microguttata in some preparations. Extent of
these changes showed also no relation to any indi-
vidual treatment.

No other significant morphological changes,
particularly intermediate coagulative necrosis of
the hepatic lobule zone characteristic of acute chro-
mium poisoning, were noticed in preparations of
the examined livers.

Histopathological studies of specimens of the
rat kidneys belonging to all groups showed venous
congestion of various degrees. The most prominent
microscopic changes, in particular evident necro-
sis, especially in proximal tubules, were seen in the
kidneys of control rats. Only tubule contour was
preserved with noticeable area where endothelium
was attached, but there were no visible nuclei. Tu-
bular endothelium delamination without necrosis
was also observed.

Necrosis of proximal tubules was not seen in
the kidneys of rats belonging to experimental
groups treated ip (groups C and D) or intragastri-
cally (group A) with NaQSA at a dose of 50 mg/kg.
However, like in the control group, delamination of
tubular endothelium was detected in these experi-
mental groups, but there were no discernible differ-
ences in an extent of the changes between groups
of animals treated ip with NaQSA at different doses.

The weakest morphological changes were ob-
served in rats administered intragastrically NaQSA
at the dose of 100 mg/kg. Only traces of tubular en-
dothelium delamination were seen in this group.
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Table 2. Analysis of biochemical parameters in groups K, B and
D on day 0

Group
Urea

(mmol/l)
Creatinine
(�mol/l)

Bilirubin
(�mol/l)

AlAT
(U/l)

AspAT
(U/l)

K ×
(n = 6)

6.05 49.82 0.79 53.00 87.16

SD 0.73 15.32 1.28 8.19 10.66

B ×
(n = 6)

6.30 42.50 1.33 52.83 80.33

SD 0.86 16.73 2.68 8.13 17.80

% 104.13 85.31 167.44 99.68 92.16

p NS NS NS NS NS

D ×
(n = 6)

5.68 50.17 0.79 42.17 85.50

SD 0.89 17.93 1.28 22.73 10.25

% 93.94 100.70 100.63 79.56 98.09

p NS NS NS NS NS

x – mean values, p – in comparison with the control group

Table 3. Analysis of biochemical parameters in groups K, B and
D on day 3

Group
Urea

(mmol/l)
Creatinine
(�mol/l)

Bilirubin
(�mol/l)

AlAT
(U/l)

AspAT
(U/l)

K ×
(n = 6)

3.77 49.52 1.36 103.16 125.16

SD 1.30 9.62 1.14 8.88 39.52

B ×
(n = 6)

3.53 48.78 0.14 94.50 97.83

SD 0.74 5.73 0.07 23.31 12.06

% 93.80 98.52 10.29 91.59 78.16

p NS NS � 0.05 NS NS

D ×
(n = 6)

4.97 35.00 1.38 149.83 104.67

SD 1.66 5.83 1.29 108.82 100.67

% 132.03 70.68 101.29 145.23 83.66

p NS � 0.02 NS NS NS

Table 4. Analysis of biochemical parameters in groups K, B and
D on day 7

Group Urea
(mmol/l)

Creatinine
(�mol/l)

Bilirubin
(�mol/l)

AlAT

(U/l)

AspAT

(U/l)

K ×
(n = 6)

5.80 50.12 5.12 115.83 183.67

SD 0.73 7.25 4.44 13.4 12.96

B ×
(n = 6)

5.50 48.78 0.31 59.33 80.00

SD 1.09 5.73 0.2 11.11 12.19

% 94.82 97.34 6.12 51.23 43.56

p NS NS � 0.025 � 0.001 � 0.001

D ×
(n = 6)

6.03 39.50 1.70 90.83 74.33

SD 0.46 4.37 0.06 20.95 18.52

% 103.9 78.82 33.18 78.42 40.47

p NS � 0.02 NS � 0.05 � 0.01



Neither in the control group nor in the test
groups any morphological changes were noted in
the renal glomerules.

Analysis of biochemical parameters

Too high mortality of rats treated intragastri-
cally (group A) or ip (group C) with NaQSA at 50

mg/kg rendered analysis of biochemical parameters
and chromium concentrations in these groups im-
possible (Tab. 2–6).

Analysis of chromium concentrations (Tab. 7–10)
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Table 5. Analysis of biochemical parameters in groups K, B and
D on day 10

Group
Urea

(mmol/l)
Creatinine
(�mol/l)

Bilirubin
(�mol/l)

AlAT
(U/l)

AspAT
(U/l)

K ×
(n = 6)

5.43 53.80 4.20 166.17 276.50

SD 0.61 8.93 2.87 11.3 10.86

B ×
(n = 6)

5.05 43.27 0.45 66.17 76.50

SD 0.47 5.89 0.31 11.30 10.86

% 92.94 80.42 10.52 39.82 27.67

p NS NS NS � 0.05 � 0.01

D ×
(n = 6)

5.94 47.33 2.17 109.67 103.33

SD 0.77 11.45 1.06 35.93 30.06

% 109.42 87.98 50.76 65.99 37.37

p NS NS NS � 0.05 � 0.01

Table 6. Analysis of biochemical parameters in groups K, B and
D on day 14

Group
Urea

(mmol/l)
Creatinine
(�mol/l)

Bilirubin
(�mol/l)

AlAT
(U/l)

AspAT
(U/l)

K ×
(n = 6)

6.07 44.35 2.35 194.0 322.17

SD 0.64 9.29 2.18 56.59 46.07

B ×
(n = 6)

5.45 38.62 0.45 94.0 88.83

SD 2.13 22.32 0.312 35.81 6.55

% 89.83 87.08 19.13 48.45 27.57

p NS NS NS � 0.005 � 0.001

D ×
(n = 6)

5.83 47.67 0.98 111.33 78.17

SD 1.17 11.39 0.18 43.82 34.19

% 96.15 107.48 41.88 57.39 24.26

p NS NS NS � 0.02 � 0.001

Table 7. Analysis of serum chromium concentrations in group K

Day “0” “14”

X (n = 6) 0.97 1.037

SD 0.037 0.035

% 100 106.87

p � 0.01

X – mean values, p – in comparison with day 0

Table 8. Analysis of serum chromium concentrations in group B

Day “0” “14”

X (n = 6) 0.985 0.987

SD 0.109 0.001

% 100 100.17

p NS

Table 9. Analysis of serum chromium concentrations in group D

Day “0” “14”

X (n = 6) 1.08 1.57

SD 0.14 0.45

% 100 145.82

p � 0.05

Table 10. Analysis of serum chromium concentrations in
groups B and D in comparison with group K

Day “0” “14”

K × (n = 6) 0.97 1.037

SD 0.037 0.035

B × (n = 6) 0.985 0.987

SD 0.109 0.001

% 101.55 95.18

p NS � 0.01

D × (n = 6) 1.08 1.57

SD 0.14 0.45

% 110.99 151.45

p NS � 0.02

p – in comparison with the control group K



DISCUSSION

Absorption of chromium from the gastrointesti-
nal tract is gradual since a part of hexavalent chro-
mium ions is reduced by hydrochloric acid to triva-
lent ions whose absorption is much worse [2].
Elimination of hexavalent chromium from serum in
rats is monophasic, its removal from the liver has
three phases and three biological half-lives (2.4 h,
52.8 h and 15.7 days), while its elimination from
the kidneys is diphasic with two biological half-
lives (52.8 h and 10.5 days) [16]. For this reason,
NaQSA was administered not only on the day of
poisoning but also for 4 more days.

Animals of all groups died only within first two
days after administration of the poison. Hence, it
can be assumed that loss of animals was a result of
direct toxic effect of chromium on the digestive
tract, which manifested itself as severe hemor-
rhagic gastritis and enteritis, leading to circulatory
failure. Massive passive congestion of parenchy-
mal organs (liver, kidneys), revealed by histopa-
thological studies, also indicates indirectly that ani-
mals’ death was a result of circulatory failure, and
was not caused by a damage to internal organs.
These findings are in agreement with observations
of other authors [4, 7].

Only 2–5% of hexavalent chromium ions is ab-
sorbed from the gastrointestinal tract in rats [2], but
high dose of chromium trioxide, used in the present
study, produced a significant increase in serum
chromium concentration, as the level of this ele-
ment determined on day 14 of the observation in
groups K and D was significantly higher than the
value measured before the experiment (Tab. 7 and
9). In group K, liver damage was indicated by a
significant rise in activity of aminotransferases and
bilirubin level in serum but there were no signifi-
cant morphological indications of the damage iden-
tifiable under a light microscope. In groups B and
D, aminotransferase activity was statistically sig-
nificantly dropping from day 7 of the experiment in
comparison with the control group, which indicates
lesser damage to the liver parenchyma in animals
treated with NaQSA. Bilirubin concentrations in
groups B and D were also much lower than in the
control group, but the difference between average
bilirubin levels in these groups and the control was
not statistically significant, although the tendency
was clear, viz. a lack of an increase in bilirubin
concentration in animals administered NaQSA,

which may suggest that NaQSA treatment protects
this organ from damage caused by chromium triox-
ide intoxication.

Application of NaQSA, as so-called local anti-
dote capable of reducing chromium ions from the
+6 to the +3 oxidation state, proved efficient only
in group B, i.e. in rats receiving intragastrically
NaQSA at a dose of 100 mg/kg. In addition, only in
this group, mortality was lower than in the control
group. Moreover, macroscopic signs of gastroen-
teritis were the most weakly distinguished in group
B, which results most probably from reduction of
a large portion of chromium ions in the stomach
from the +6 to the +3 oxidation state by NaQSA.
Trivalent chromium ions are characterized by much
weaker ability to pass through biological mem-
branes [1], which results in smaller toxicity for en-
dothelial cells of the digestive tract, that explains
why damage to the digestive tract and mortality
were lower in group B than in the remaining
groups. Trivalent chromium ions are characterized
also by much worse absorption from the gastroin-
testinal tract, and this is why chromium concentra-
tion assayed in group B on day 14 of the experi-
ment was significantly lower than in the control
group (Tab. 10). Lower serum concentration of
chromium ions can underlie more weakly ex-
pressed biochemical signs of liver damage in group
B than in the control group.

Mortality in group D did not significantly differ
from the control. Ip administration of NaQSA did
not lower chromium absorption from the digestive
tract and chromium concentration in group D as-
sayed on day 14 of the experiment was even higher
than in the control group (Tab. 10). It should be no-
ticed that in spite of higher serum chromium con-
centrations, biochemical indicators of liver damage
and histopathological signs of kidney lesion were
more weakly expressed than in the control group.
Smaller liver and kidney damage in group D proba-
bly results from the fact that NaQSA could reduce
a considerable portion of chromium ions present in
serum from the +6 to the less toxic +3 oxidation
state, because it is known that cells are damaged
only when hexavalent ions enter cytoplasm and are
reduced intracellularly to trivalent state [3].

Retention of urea and creatinine in serum was
not observed in any of the groups, but microscopic
examination demonstrated damage to proximal tu-
bules of the kidneys, which was the strongest in the
control group and slighter in groups A, C and D.
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The smallest chromium dose of all analyzed groups
was absorbed in group B (Tab. 8 and 10), so renal
tubules in this group showed only trace of morpho-
logical damage.

In the kidneys, exclusively proximal tubules
were affected, which is in agreement with literature
data [3, 11]. Renal glomerules remained un-
changed, which can possibly explain normal urea
and creatinine levels in groups K, B and D main-
tained throughout the whole experimental period.

CONCLUSIONS

In order to treat acute chromium poisoning, rats
were administered intragastrically NaQSA at a sin-
gle dose of 100 mg/kg which proved to be an effi-
cient antidote, lowering animals’ mortality and
weakening toxic effect of chromium on the diges-
tive tract and parenchymal organs.

Intragastric or ip NaQSA dose of 50 mg/kg and
its ip dosage at 100 mg/kg proved ineffective since
they did not reduce mortality of intoxicated ani-
mals. The observation that ip treatment with
NaQSA at 100 mg/kg twice a day for 4 days elicits
protective effect on the liver can indicate that this
substance can have hepatoprotective action in cases
of chronic exposure to chromium. However, confir-
mation of this suggestion requires further studies in
a model of chronic toxicity.
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