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Abstract
The main objective of this study was to evaluate the levels of 20 potentially toxic metals and essential minerals in hair
samples from cats with different liver disorders, compared to control samples. Analysis of the hair elemental content of
the cats with liver failure (n=5), cats with liver abscess (n=4), cats with chronic hepatitis (n=6), and clinically healthy
cats as control (n=15), were performed by inductively coupled plasma-optic emission spectrometry (ICP-OES). In this
study, Ca and Mg levels registered very significant differences (p<0.001), and Cu, Na, and Zn concentrations
registered significant differences (p<0.05) between their levels in hair samples from cats with different liver disorders
and control samples. No significant differences have been registered for heavy metals present in hair samples from cats
with different liver disorders and clinically healthy cats. Independent of the significant differences, the highest values
were registered by all the elements in hair samples from cats with chronic hepatitis, excepting Ca, Mg, and Se levels,
which were higher in clinically healthy cats. The current study presents one of the first investigations of the suitability
of hair as an indicator for mineral status of cats with different liver disorders in an urban area of Romania. Hair
mineral levels determined in the present research may be considered as a contribution to a base of reference
concentrations of minerals in female cats in Romania.
Key words: hair, cats, heavy metals, minerals, liver disorders.

INTRODUCTION
The numerous functions of the liver, including
but not limited to metabolism, storage, synthesis, and its implication in hematopoiesis,
immunologic responses, digestion, and detoxification makes it one of the most important
organs in the organism. Also, because of its
capacity of regeneration, the hepatic injury has
to be important or chronic in order to determine
observable hepatic dysfunction or failure
(Center, 2016a).
The liver role in xenobiotics excretion exposes
it to high levels of toxic substances and their
metabolites (Osweiler, 1996a).
Different toxins (e.g. mycotoxins, phytotoxins,
phycotoxins) or prescription drugs (Goran and
Crivineanu, 2016) or other toxic substances like
heavy metals, certain herbicides, fungicides,
insecticides, and rodenticides have been
reported to be hepatotoxic (Center, 2016b).
Heavy metals are considered systemic toxicants, which induce multiple organ injuries,
even at lower levels of exposure (Tchounwou
et al., 2012).

Generally, after heavy metal absorption in the
organism, they accumulate in one or more of
the organs (liver, kidney, bone, and brain)
(Goran and Crivineanu, 2016), metabolize, and
are excreted via feces and urine. They are also
excreted in sweat and accumulated in keratinrich tissues, like hair and nails (Oostdam et al.,
1999; Poon et al., 2004).
Hair or other keratinized skin structures
samples were used for evaluating the mineral
status of animals or humans, because of their
easy and non-stressful sampling way. Also,
unlike blood and tissue samples, the levels of
most minerals in hair are higher (Combs et al.,
1982; Combs, 1987; Batool et al., 2015). Hair
mineral analysis as a screening and diagnostic
tool has started to become routine since the
early 1970s (Campbell, 1985; Foo, 1993, Kosla
et al., 2011; Skibniewska et al., 2011). Many
researchers have reported correlations between
hair mineral content and blood or tissue mineral
concentrations (Goran and Crivineanu, 2007;
Crivineanu et al., 2008; Roug et al., 2015), and
the use of hair samples in order to evaluate
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heavy metals pollution (Patra et al., 2006;
Crivineanu et al., 2010; Filistowicz et al., 2011;
de Almeida Curi et al., 2012; Baran and
Wieczorek,
2013;
Petukhova,
2013;
Skibniewski et al., 2013).
Also, in recent years, more researchers have
reported correlations between hair mineral
content and different health conditions both in
humans and animals, which makes mineral hair
content evaluation a good option to both
patients and veterinarians or physicians (Poon
et al., 2004; Adams et al., 2006; Michalak et
al., 2012; Hernández-Moreno et al., 2013;
Badea et al., 2016a, Badea et al., 2016b).
Mineral elements have essential roles in
organisms’ biological processes, as enzyme
cofactors, nervous system functions, and in
redox processes, but both essential and
nonessential minerals can be toxic in certain
doses (Osweiler, 1996b). Some of them are
implicated in etiology of hepatotoxic disorders
(Center, 2016b), after their liver accumulation,
which is influenced by problems of metal
elimination from the liver. Copper and iron as
transition metals play an important role in
oxidative stress, and if they accumulate, they
are known to lead to necroinflammatory liver
disorders, where they enhance liver oxidant
damage (Labuc, 2012).
The main objective of this study was to
evaluate the levels of some potentially toxic
metals and essential minerals in hair samples
from cats with different liver disorders,
compared to control samples, using inductively
coupled plasma-optic emission spectrometry
(ICP-OES).

The cats with liver disorders exhibited
symptoms which led to the suspicion of a liver
injury, the diseases being confirmed by
ultrasound examination and biochemical blood
tests. The male with liver abscess died, and the
diagnostic was also confirmed by necropsy.
The hair samples were collected from all
studied animals from the flank region, placed in
plastic recipients, labeled, and transported to
the laboratory. In the laboratory, the hair
samples were stored in dark, dry places, with
constant temperature. The samples were
initially degreased, washed, rinsed, and then
disaggregated. All hair samples were weighed
and then digested using a Speedwave MWS-2
Berghof microwave oven as following: Step 1:
120oC, power 50%; Step 2: 180oC, power 75%;
Step 3: 100oC, power 40%. The samples were
then analyzed to assay the presence of 20
mineral elements by ICP-OES.

MATERIALS AND METHODS

Statistical analysis
Statistical analysis was performed using the
software of VassarStats: Website for Statistical
Computation (http://vassarstats.net/). One-Way
ANOVA was performed for all samples'
mineral concentrations, and when ANOVA
generated p≤0.05, means comparison was
carried out by all-pair Tukey HSD Test.

Spectrometric analysis
Digested samples were treated with 5 mL HNO3,
0.8 mL HCl and 1 mL H2O2, then diluted to 10
mL with ultrapure water and analyzed by a
Thermo iCAP ICP-OES spectrometer (RF1100
W; reading time 30 s, washing time 30 s,
nebulizer gas flow 0.5 L/min; auxiliary gas
flow 0.5 L/min; sample injection pump flow 50
rpm). Calibration curves were developed using
standard solutions of 0.001 ppm, 0.01 ppm, 0.1
ppm, 1 ppm, 5 ppm, 10 ppm, 50 ppm obtained
by dilution from a multi-element ICP MERCK
standard containing 1000 mL/L of Al, Ba, Be,
Bi, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na,
Ni, Pb, Se, Sr, and Zn.

Sampling and samples preparation
Analysis of hair elemental content of cats with
liver failure (n=5), cats with liver abscess
(n=4), cats with chronic hepatitis (n=6), and
clinically healthy cats as control (n=15), were
performed by ICP-OES.
All cats with liver disorders in this study were
above 8 years of age, and in the control group,
7 were above 8 years of age (5 females and 2
males). In this study, all cats with liver disorders were females except one (a male diagnosed with liver abscess), and in the control
group, 11 cats were females and 4 were males.

RESULTS AND DISCUSSIONS
Because in this study cats with liver disorders
were represented by a majority of females, the
male with liver abscess was excluded from the
study. Also, in order to make a correct
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interpretation of the results, all males and
females below 8 years were excluded from the
control group.
In this regard, this study evaluated total mineral
content of hair samples in female cats over 8
years old with liver failure (n=5), liver abscess
(n=3), and chronic hepatitis (n=6), compared to
mineral levels in hair samples from healthy
female cats over 8 years old (n=5), which
represented the control samples.
Of the 20 elements that could be determined
(Al, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, K, Li,

Mg, Mn, Na, Ni, Pb, Se, Sr, and Zn), Ba, Be,
Bi, Co, Cr, Li, Mn, and Sr levels were below
the analysis method detection limit, and Al, Ca,
Cd, Cu, Fe, K, Mg, Na, Ni, Pb, Se, and Zn
levels were over the analysis method detection
limit.
The mean mineral contents of hair samples
from clinically healthy cats and those with
different liver disorders are presented in
Table 1 and expressed as parts per million
(ppm).

Table 1. Mean heavy metal and mineral levels in cat hair samples (ppm)
Element
Al
Ca

Health status
LA

CH

10 .75a

13.3a

40.95a

15.1a

0.16

a

b

811.2b

0.001

169.8

a

135.3

Cu

0.465a

Cd

a

Fe
K

p-value

LF

0.028
170.3 a

582.95

0.38a
0.049

1.85b
a

0.343

88.3 a

417.7 a

26.95 a

9.2 a

104.6 a

a

a

11.4

HA

0.78b
a

0.032

0.05
a

0.41

15.0a

0.50

54.0 a

0.24

b

72.3 b

0.001

1272.05 b

414.9 a

0.03

Mg

15.65

Na

252.25 a

Ni

0.35 a

0.68 a

1.785 a

0.12 a

Pb

0.092 a

0.13 a

0.42 a

0.028 a

0.33

Se

0.054

a

a

0.36

Zn

4.95 a

79.4 a

51.25

BDL

0.062

2.7 a

18.4 b

a

0.103
10.1 ab

0.24

0.05

*Levels not connected by the same letter are significantly different. The comparison can be made only between health statuses for the concentration
of one element and not between different elements concentrations.
**LF – liver failure; LA – liver abscess; CH – chronic hepatitis; HA – healthy animals.
***BDL – below method detection limit.

In all samples that registered levels over the
method detection limits, the highest values
were observed in hair samples from cats with
chronic hepatitis, with the exception of Ca, Mg,
and Se levels, which were elevated in clinically
healthy cats.
Another study on hair mineral content also
reported that in the hair of clinically healthy
cats above 5 years of age levels of Ca, Fe, K,
and Mg were higher than in the study group
(Badea et al., 2016a).
In this study, Ca and Mg levels registered very
significant differences (p<0.001), and Cu, Na,
and Zn concentrations registered significant
differences (p<0.05) between their levels in
hair samples from cats with different liver
disorders and control samples.
Ca levels registered the highest concentrations

in healthy animals hair samples (811.2 ppm,
p=0.001), and very significant differences
between its levels in hair samples from cats
with liver failure and liver abscess, and those
from cats with chronic hepatitis and clinically
healthy cats (p<.01). The differences were not
significant between Ca levels in cats with liver
failure and liver abscess, and also between its
levels in cats with chronic hepatitis and control
group (figure 1).
Combs et al. (1982) have reported that Ca hair
levels should not be able to influence dietary
changes for calcium, as there is a constant
homeostasis of blood calcium, and Ca levels
increase or decrease only for short time after
dietary changes.
Other researchers have found that Cd effects on
Ca metabolism develop gradually; as cadmium
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accumulates in the organism,
decreases (Staessen et al., 1991).

Ca

level

hepatitis and those in hair samples from cats
with the other liver disorders and control
samples (p<.05), and there were no differences
between Na levels in hair from cats with liver
failure, liver abscess, and in healthy animals,
respectively.

*LF – liver failure, LA – liver abscess, CH – chronic hepatitis

Figure 1. Mean Ca levels in hair samples from cats with
different liver disorders (LD) compared to clinically
healthy animals (HA)
*LF – liver failure, LA – liver abscess, CH – chronic hepatitis

In the case of Mg, the differences registered
were also very significant (p=0.001), with the
same correlations pattern as that observed in
the case of Ca (figure 2). The highest Mg level
was found in hair samples from clinically
healthy cats (72.3 ppm), followed by that in
hair from cats with chronic hepatitis (51.25
ppm).

Figure 3. Mean Na levels in hair samples from cats with
different liver disorders (LD) compared to clinically
healthy animals (HA)

Another element that registered significant
differences between its levels, was the trace
mineral Cu (p=0.05). Cu levels registered the
highest concentrations in cats with chronic
hepatitis hair samples (1.85 ppm), followed by
those in clinically healthy cats (figure 4).

*LF – liver failure, LA – liver abscess, CH – chronic hepatitis

Figure 2. Mean Mg levels in hair samples from cats with
different liver disorders (LD) compared to clinically
healthy animals (HA)

*LF – liver failure, LA – liver abscess, CH – chronic hepatitis

Figure 4. Mean Cu levels in hair samples from cats with
different liver disorders (LD) compared to clinically
healthy animals (HA)

Na levels registered significant differences in
hair samples from cats with different liver
disorders compared to the control samples
(p=0.03). The highest Na levels were observed
in hair samples from cats with chronic hepatitis
(1272.05 ppm), followed by a mean level
almost 3 times lower registered in hair samples
from clinically healthy cats (414.9 ppm) (figure
3). The differences were significant between its
levels in hair samples from cats with chronic

The correlations of the significant differences
between its levels could be made between hair
samples from cats with liver failure and liver
abscess vs. those from cats with chronic
hepatitis and clinically healthy cats (p<.05).
The differences were not significant between
the levels in cats with liver failure and liver
abscess, and also between the levels in cats
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with chronic hepatitis and those in healthy
animals. Haynes and Wade (1995) have
reported that liver degeneration in Siamese cats
was due to excessive copper accumulation,
which could also influence its levels in keratinrich tissues. Other researchers have found that
Cu levels in hair samples from dogs with atopic
dermatitis were significantly decreased
(p=0.01) in the study group compared to
control samples (Badea et al., 2016b).
As it was reported by other researchers, that Cu
accumulation lead to necroinflammatory liver
disorders (Haynes and Wade, 1995; Labuc,
2012), the significant higher Cu mean levels in
hair samples from cats with chronic hepatitis
could also be positively correlated, in the
present study, to this chronic disorder.
Zn also registered significant differences
between its levels (p=0.05), the highest
concentrations being found in cats with chronic
hepatitis hair samples (18.4 ppm), followed by
those in clinically healthy cats, which were
almost 2 times lower (figure 5). The
correlations of the significant differences
between its levels could be made between hair
samples from cats with liver failure and liver
abscess vs. those from cats with chronic
hepatitis (p<.05). The differences were not
significant between the levels in cats with liver
failure, liver abscess, and clinically healthy
cats, and also between the levels in cats with
chronic hepatitis and control group.

than those registered in the presented study,
independent of health status.
All the other determined elements registered no
significant differences (p>0.05) between the
levels in hair from cats with different liver
disorders and clinically healthy cats.
In the case of K, even if significant differences
were not determined between hair samples
from the healthy cats and those with liver
disorders, its levels registered the same pattern
as that found in Na. K levels were the highest
in hair samples from cats with chronic hepatitis
(104.6 ppm), and the lowest in hair samples
from cats with liver abscess (9.2 ppm), which
was almost 6 times lower than in the case of
clinically healthy cats hair samples.
Fe also registered no significant differences
between its levels in study groups and control
hair samples (p=0.50). The highest mean level
was observed in cats with chronic hepatitis hair
samples (417.7 ppm), followed by liver failure
and liver abscess cats hair samples, and the
lowest mean levels in clinically healthy cats (15
ppm). Horiguchi et al. (2011) found that
cadmium causes hemolysis, which could
determine iron accumulation. Also, Fe
accumulation as transition metal plays an
important role in oxidative stress, leading to
necroinflammatory liver disorders (Labuc,
2012).
The highest Se mean level was observed in hair
samples from clinically healthy cats (0.103
ppm), followed by hair samples from cats with
chronic hepatitis and liver failure. Se levels in
hair samples from cats with liver abscess were
below the method detection limit. Se also
registered no significant differences between its
levels in study groups and control hair samples
(p=0.36).
The potential toxic metals have registered no
significant differences between their levels, but
almost the same pattern was observed in all
these elements’ mean levels. The highest levels
of Al, Cd, Ni, and Pb were found in hair
samples from cats with chronic hepatitis
(40.95, 0.343, 1.785, and 0.42 ppm,
respectively), followed by Ni and Pb levels in
hair samples from cats with liver abscess and
liver failure, by Al levels in healthy cats and
cats with liver abscess, and Cd levels in liver
abscess and clinically healthy cats.
Hyder et al. (2013) found that environmental

*LF – liver failure, LA – liver abscess, CH – chronic hepatitis

Figure 5. Mean Zn levels in hair samples from cats with
different liver disorders (LD) compared to clinically
healthy animals (HA)

Skibniewska et al. (2011) have reported that Zn
registered higher levels in female feral cats
(268.09 ppm), and lower in pet female cats
(214.49 ppm), levels that were much higher
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cadmium exposure was associated with
different liver disorders in humans.
Markiewicz-Górka et al. (2015) reported that
exposure to low levels of Cd and Pb through
food, water, and air is common in industrial
and urban areas and is a real threat to the health
of the general population, and could be
evaluated using animal models.
Badea et al. (2016a) have reported that, in hair
from clinically healthy cats over 5 years of age,
Al, Cd, Ni, and Pb registered higher values than
those in hair samples from the cats with renal
failure, and, in the present study, the same
elements registered levels almost 2 times lower
in control hair samples.
Kosla et al. (2011) reported that higher Ni
content in the coat of cats was found in hair
samples from cats above 2 years of age (above
2 years - 0.87; below 2 years - 0.58 ppm).
Another research reported that, in female cats
with renal failure, Ni (study group - 0.22;
control group - 0.19 ppm) and Pb (study group
- 0.05; control group - 0.03 ppm) registered
higher values compared to clinically healthy
females. Filistowicz et al. (2011) have reported
that farm fox hair registered higher levels for
both Ni (farm foxes - 0.48; wild foxes - 0.3
ppm) and Pb (farm foxes - 0.64; wild foxes 0.63 ppm). de Almeida Curi et al. (2012) have
found traces of Pb in all species analyzed
(maned wolf - 2.34 ppm; crab-eating fox - 2.45
ppm; hoary fox - 1.5 ppm), but Cd was not
detected.
Skibniewski et al. (2013) have found that Pb
content in hair samples from pet female cats
registered lower levels (0.98 ppm) than feral
female cats (3.58 ppm), which are much higher
compared to the highest Pb levels determined
in hair samples of both healthy animals and
cats with different liver disorders analyzed in
the present study.
Another research showed that in cats with renal
failure, females registered higher levels of toxic
metals like Al (10.56 ppm) and Ni (0.21 ppm)
(Badea et al., 2016a), which could also be
observed in the present study for the same
elements, and also for Cd, Cu, Pb, and Zn in
hair samples of cats with chronic hepatitis.
López Alonso et al. (2004) have reported that
interactions between trace and toxic elements
indicate that toxic elements compete with the
essential metals, even at low levels of metal

exposure, but in the same time the mineral
status evaluation needs to be realized choosing
a specific tissue or organ, also indicated by
Elsenhans et al. (1987), who have reported that
potential target organs for the evaluation of
metal exposure need to be carefully analyzed
for interfering metal-metal interactions.
CONCLUSIONS
The current study presents one of the first
investigations of the suitability of hair as an
indicator for the mineral status of cats with
different liver disorders in an urban area of
Romania.
Moreover, hair mineral levels determined in the
present research may be considered as a
contribution to a base of reference levels of
minerals in female cats in Romania.
Ca, Cu, Mg, Na, and Zn registered significant
differences between their levels in hair samples
from cats with different liver disorders and
clinically healthy cats.
In this research, hair samples from cats with
chronic hepatitis registered higher levels of Cu,
Zn, and Na, and Ca and Mg registered higher
levels in control samples.
Cu mean levels in hair samples from cats with
chronic hepatitis could be positively correlated
to this chronic disorder.
No significant differences have been registered
for heavy metals present in hair samples from
cats with different liver disorders and clinically
healthy cats.
Independent of the significant differences, the
highest values were registered by all the
elements in hair samples from cats with chronic
hepatitis, excepting Ca, Mg and Se levels,
which were higher in clinically healthy cats.
Mean hair concentrations of all toxic elements,
Al, Cd, Ni, and Pb, were situated below the
determined levels for cats reported by other
authors.
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