Scientific Works. Series C. Veterinary Medicine. Vol. LXX (1), 2024
ISSN 2065-1295; ISSN 2343-9394 (CD-ROM); ISSN 2067-3663 (Online); ISSN-L 2065-1295

ASSESSMENT OF HEAVY METALS AND TRACE ELEMENTS IN HAIR
SAMPLES FROM CATS WITH GASTROINTESTINAL LYMPHOMA

Emanuela BADEA!, Gheorghe Valentin GORAN!, Cristina TOCA?, Miruna Cérlan!

'University of Agronomic Sciences and Veterinary Medicine of Bucharest, Faculty of Veterinary
Medicine, 105 Splaiul Independentei, 050097, District 5, Bucharest, Romania
’IDAH of Bucharest, 63 Doctor Staicovici, 050557, District 5, Bucharest, Romania

Corresponding author email: emanuela.badea@gmail.com

Abstract

The link between heavy metals and gastrointestinal lymphoma in cats is an area of growing concern among researchers
and veterinarians. The present study assessed the concentrations of some heavy metals and trace elements in cats with
gastrointestinal lymphoma, by hair sample analysis, and compared them with the elements’ concentrations in clinically
healthy cats. Hair samples were collected from clinically healthy cats (n = 10) and cats suffering from gastrointestinal
lymphoma (n = 10). The samples underwent wet mineralization (with HNO3 and HCI), with heavy metals and trace
elements being evaluated by ICP-MS analysis. Statistical analysis was done using SPSS software. Heavy metals and
trace elements were generally higher in cats with GI lymphoma. The median concentrations of Cr, As, and Se in cats
with GI lymphoma were significantly higher (p < 0.05) compared to clinically healthy cats. Although this research
found significantly higher concentrations of Cr in cats with gastrointestinal lymphoma, available studies present either
no or weak evidence indicating that Cr can lead to GI lymphoma. Further research is needed to better understand the
causes of this type of neoplasm in cats.
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INTRODUCTION involved in the etiopathogenesis (Hoehne et al.,
2016).

Lymphoma is reported to be the most  Environmental pollution is undeniable, with the
commonly diagnosed neoplasm in felines and ~ 20™ century's increase in industrial activity,
also  represents the most common  pollution occurring especially with heavy
gastrointestinal cancer in both dogs and cats  metals. The bioaccumulation of these toxic
(Darie et al., 2023; Holland, 2020; Richter, elements can cause harmful consequences in
2003). The association between lymphoma and  various  tissues and organs, including
Feline Immunodeficiency Virus (FIV) and  carcinogenic effects, potentially triggering
Feline Leukaemia Virus (FeLV) infections in cellular changes that promote cancerous
cats is well established. Studies showed that  growth. Heavy metal exposure is associated,
cats infected with FIV have a risk of almost 6  among other types of cancers, like the ones
times higher than FIV-negative cats to develop  targeting the liver, kidneys, lungs, or urinary
lymphoma, or that lymphoma was diagnosed in  bladder, with gastrointestinal malignancies
21% of cats infected with FIV, the most (Aalami et al., 2022; Badea et al., 2023; Morris
common location being the gastrointestinal & Dobson, 2001; Tabrez et al., 2014).

tract (Grover, 2005; Richter, 2003). Another There are numerous studies that have explored
study detected FeL'V viral nucleic acids in over ~ the hypothesis of using animal hair as a
60% of cats with gastrointestinal lymphoma  bioindicator of environmental pollution (Badea
using PCR (Feder & Hurvitz, 1990). However, et al., 2017; Goran et al., 2021; Kozak et al.,
due to development and implementation of 2002; Skibniewska et al., 2011; Skibniewski et
FeLV vaccination over the years, the incidence  al., 2013).

has decreased, with alimentary lymphoma The present research assessed the levels of
being now considered the most common type, some heavy metals and trace elements in cats
arguing that mucosa-associated bacteria or  with gastrointestinal lymphoma, by hair sample
changes in the diet or the environment may be  analysis, and compared them with the
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elements’ concentrations in clinically healthy
cats. Understanding and mitigating heavy metal
exposure is crucial for feline health and cancer
prevention.

MATERIALS AND METHODS

Hair was sampled from cats suffering from
intestinal lymphoma (study group; n = 10) and
clinically healthy cats (control group; n = 10).
The diagnosis of intestinal lymphoma was
confirmed in all patients using histopatho-
logical examination. Hair samples were
collected from the flank area, packaged in
envelopes and labelled. Polypropylene tubes
were used to weigh 0.5 g of each hair sample
with the help of an analytical scale. Organic
matter disintegration was carried out by wet
mineralization at room temperature, with the
addition of 5 ml HNO3s and 1 ml HCI in each
tube. Mineralization was complete after two
weeks, after which ultrapure water was added
up to a total volume of 10 ml in each sample.
The concentrations of Pb, Ni, Cr, As, Se, Cd,
Hg were dosed using inductively coupled plasma
mass  spectrometry  (ICP-MS).  Statistical
analysis implied the use of the Mann-Whitney
test to evaluate potential differences in
elements’ concentrations between groups.

RESULTS AND DISCUSSIONS

The median concentrations of Pb, Ni, Cr, As,
Se, Cd, Hg (ppb) of the study group and control
group, together with the results of the statistical
analysis, are presented in Table 1. Median
concentrations (ppb) of Pb and Ni are presented
in Figure 1, median concentrations of Cr, As,
and Se in Figure 2, and median concentrations
of Cd and Hg are shown in Figure 3.

Table 1. Pb, Ni, Cr, As, Se, Cd, Hg median
concentrations (ppb) in the study and control groups

Study group Control group
Pb 98.12° 57.46*
Ni 91.67° 82.10°
Cr 1134.35° 940.65°
As 248.90° 137.63%
Se 474.11* 378.13°
Cd 12.78° 16.33%
Hg 5.11° 8.19°

Values with different superscripts between columns in a row vary
significantly at p <0.05.
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Figure 1. Median Pb and Ni concentrations in the study
group and the control group (ppb)
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Figure 2. Median Cr, As and Se concentrations in the
study group and the control group (ppb)
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Figure 3. Median Cd and Hg concentrations in the study
group and the control group (ppb)



The present study found median concentrations
of Pb of 98.12 ppb in the study group,
compared to 57.46 ppb in the control group, the
difference having no statistical significance
(p > 0.05). Benderli Cihan et al. (2011)
evaluated some elements’ concentrations in
hair samples of breast cancer patients and
clinically healthy humans, and found 136 ppb
in breast cancer patients compared to 6196 ppb
in healthy humans’ hair. Higher Pb levels in the
control group were also found in a study
assessing heavy metal levels in dogs with
mammary neoplasms, with 740 ppb in hair
samples from dogs with mammary cancer and
1250 ppb in clinically healthy dogs (Badea et
al., 2018).

The median concentrations of Ni were 91.67
ppb in the study group, and 82.10 ppb in the
control group, but the difference was not
statistically significant (p > 0.05).

The median concentrations of Cr were highly
significantly different between the groups
(p < 0.01), with a higher concentration in the
study group (1134.35 ppb) compared to the
control group (940.65 ppb). Reddy et al. (2004)
analyzed trace elements in human cancerous
intestinal tissue samples by PIXE technique,
finding that the concentrations of Cr and Ni are
higher in the neoplastic tissue of the intestine
than those observed in the normal tissue.

The study group had statistically significant
(p < 0.05) higher median concentrations of As
(248.90 ppb) compared to the control group
(137.63 ppb). Aalami et al. (2022) mentions
arsenic exposure being associated with human
lymphomas. Badea et al. (2018) found 840 ppb
As in the hair of dogs with mammary
adenocarcinomas; the level of As in clinically
healthy dog’s hair was below the method’s
detection limit.

The median concentrations of Se were 474.11
ppb in the study group, and 378.13 ppb in the
control group, the difference being statistically
significant (p < 0.05). Several researches
showed that improper Se status is associated
with long term health effects in dogs, such as
mammary and prostate cancers (Fico et al.,
1986; Waters et al., 2005).

The control group registered higher levels of
Hg (8.19 ppb) than the study group (5.11 ppb),
the difference being statistically significant
(p <0.05).
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The control group also registered higher levels
of Cd (16.33 ppb) compared to the study group
(12.78 ppb), the difference being statistically
significant (p < 0.05). Byrne et al. (2013)
showed that Cd forms a high-affinity complex
with estrogen receptors in the mammary gland
in patients with breast cancer, suggesting an
accumulation of Cd in the tissue rather than in
the hair, potentially providing an explanation
for the findings of the present research, since
Cd’s carcinogenic effects are also very well
known. Cd is a potent carcinogen for humans,
preferentially causing gastro-intestinal, lung,
and prostate cancers (Tabrez et al., 2014).

CONCLUSIONS

Pb median concentration was higher in cats
with intestinal lymphomas than in clinically
healthy cats. Even if the difference is not
statistically significant, it is consistent with
current knowledge regarding Pb
carcinogenicity.

Hg and Cd are also known carcinogens, their
concentrations being however lower in the hair
of cats with intestinal lymphoma compared to
the controls; other studies focusing on other
types of cancers showed the affinity of some
heavy metals for malignant tissues, opening
possibilities of further research in the present
study’s context as well.

As is known for inducing lymphomas in
humans, which is consistent with the findings
of the present research, cats with intestinal
lymphomas having higher As levels compared
to controls.

The scarce information regarding heavy metal
and trace elements levels in cats, or animals in
general, with lymphomas leaves room for
continuing the research in this field, for a better
understanding of the implications of potentially
toxic elements in this pathology, with hope of
using the findings of future studies in much
needed cancer prevention.
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