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Abstract

Background: Although the influence of copper ([Cu]) on chronic hepatitis (CH) has
been widely studied in dogs, little information is available about the accumulation of
other metals.

Hypothesis/Objectives: We assessed the concentration of lead ([Pb]) in the livers of
dogs with CH with or without abnormal hepatic [Cu] to establish if any association
existed between [Pb] and either hematologic or biochemical variables, fibrosis, necro-
sis and inflammation of the liver on histology.

Animals: Thirty-four dogs with CH that had hepatic [Cu] and [Pb] determined.
Methods: Retrospective review of medical records of dogs with CH and hepatic
[Cu] and [Pb]. Chronic hepatitis was defined using current American College of Veter-
inary Internal Medicine consensus statement guidelines. Hepatic [Cu] and [Pb] were
determined using square wave anodic stripping voltammetry. Dogs were divided into
2 groups based on [Cu]: <400 ppm (LoCu) and 2400 ppm (HiCu).

Results: The median [Cu] and [Pb] were 357 ppm (range, 100-7743 ppm) and 58.7
(range, 6.89-224.4 ppm), respectively. Nineteen dogs had LoCu and 15 dogs had
HiCu. Median [Pb] was significantly higher in HiCu compared to LoCu dogs
(P < .001). Hepatic [Pb] and [Cu] were significantly correlated (rho = 0.7; P < .001).
Dogs with microcytosis had higher [Pb] than did dogs with normal red cell volume
(P = .02). Hepatic [Pb] was not correlated with either necroinflammatory or fibrosis
scores.

Conclusions and Clinical Importance: Although additional studies are needed to bet-
ter understand the clinical role of hepatic [Pb], dogs with abnormal hepatic [Cu] may
also have higher hepatic [Pb]. In addition, in dogs with high hepatic [Pb], microcytosis

may be present.

Abbreviations: [Cu], copper concentration; [Pb], lead concentration; ALB, albumin; ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; BIL, total bilirubin; CH,
chronic hepatitis; CRP, C-reactive protein; Cu, copper; GGT, gamma-glutamyltranspeptidase; HCT, hematocrit; HGB, hemoglobin; MCV, mean corpuscular volume; Pb, lead; RBC, red blood cells;
RDW, red blood cells distribution width; SWASV, square wave anodic stripping voltammetry; WBC, white blood cells; WSAVA, World Small Animal Veterinary Association.
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1 | INTRODUCTION

In the last 15 years, the influence of copper (Cu) on liver dis-
ease, especially chronic hepatitis (CH), has been widely studied
in dogs,l'9 but few clinical studies of other metal accumulations
are currently available.”*® Both Cu and lead (Pb) may cause
hepatic injury, because of defective hepatic metabolism or may
be linked to oxidative stress mechanisms associated with their
presence within hepatocytes, especially Pb.*>®? At toxic concen-
trations, free intracellular Cu initiates oxidative damage causing

311 Hepatic Cu accu-

hepatocellular necrosis and inflammation.
mulation can be associated with substantial hepatic injury
resulting in acute hepatitis, CH, and cirrhosis.***? A study on
acute and chronic primary hepatitis found that copper-
associated hepatitis accounted for one-third of all dogs with
liver disease and approximately 35% of CH.'® The severity of
hepatic injury also is correlated with hepatic Cu concentration
(ICu)).® Hepatic [Cu] in normal dogs is between 150 and
400 pg/g dry weight (parts per million; ppm).>** However, there
is physiological variability in relation to breed and diet.?* The
potential mechanisms for hepatic Cu accumulation include pri-
mary metabolic defects in hepatic Cu metabolism, cholestasis
causing impaired biliary excretion of Cu, and excess daily Cu
intake. 315

Data regarding hepatic Pb concentrations ([Pb]) in dogs are
scarce.”1%1¢1% | dogs, hepatic [Pb] mainly has been investigated as a
sentinel for human exposure to heavy metals,'®'%% but hepatic
[Pb] recently was taken into account in dogs with hepatocellular
carcinoma.”

We hypothesized that, in addition to [Cu], hepatic [Pb] also
may play a role in hepatocellular injury and may be responsible
for hematologic or histological alterations or both. Our aims
were to: (a) evaluate hepatic [Pb] in dogs with CH with or with-
out abnormal hepatic [Cu] and (b) establish if any association
existed between [Pb] and either hematologic or liver histopatho-

logic variables.

2 | MATERIALS AND METHODS

Retrospective review of medical records at the University of Pisa
Veterinary Teaching Hospital was conducted to identify dogs with
CH, in which hepatic [Cu] and [Pb] also were measured. First, med-
ical records were searched for dogs that had hepatic [Cu] and
[Pb] measured. In our facility, dogs undergoing surgical hepatic
biopsies undergo hepatic [Cu] assessment as part of routine evalu-
ation for suspected CH. On the same sample, our toxicology labo-
ratory measured [Pb]. The histological reports and formalin-fixed

paraffin-embedded histology samples of these dogs then were
reviewed by a pathologist with expertise in hepatic biopsy evalua-
tion (Francesca Abramo) and a European College of Veterinary
Pathology diplomate (Luisa Muscatello) and CH was defined using
the current American College of Veterinary Internal Medicine con-
sensus'* guidelines (Table S1) on slides stained with hematoxylin
and eosin for histology and picrosirius red for fibrosis assessment.
The histological features of CH include the presence of lympho-
cytic, plasmacytic, neutrophilic, and eosinophilic or granulomatous
inflammation, along with hepatocyte necrosis and variable severity
of fibrosis, lobular architecture distortion and regeneration.“'20
Histological grading (necroinflammatory activity grading) and stag-
ing (fibrosis staging) of CH were applied to these histological sam-
ples.?%21 All samples were scored for necroinflammatory activity
and fibrosis according to the World Small Animal Veterinary Asso-
ciation (WSAVA) guidelines?® using the following scoring scheme,
with necroinflammatory activity graded as AO = absent,
A1l = slight, A2 = mild, A3 = moderate, A4 = marked, or A5 = very
marked.*®? Then, dogs were divided into necroinflammatory
activity groups: AO-1 (absent to slight) and A > 1 (mild to very mar-
ked).2° Again, using the WSAVA guidelines, fibrosis was graded as
0 = absent, 1 = mild, 2 = moderate, 3 = marked, or 4 = very mar-
ked, and based on fibrosis staging dogs were divided into FO-2 and
F» 02021

Data on signalment, diet of the previous year and current diet,
environmental data (urban, suburban or rural), and hematology and
serum biochemistry variables were collected including red blood cell
count (RBC), hemoglobin concentration (HGB), hematocrit (HCT),
mean corpuscular volume (MCV), red blood cell distribution width
(RDW), white blood cell count (WBC), reticulocyte count (Procyte DX,
Idexx Laboratories, Westbrook, Maine), alkaline phosphatase (ALP),
gamma-glutamyltranspeptidase (GGT), alanine transaminase (ALT),
and aspartate transaminase (AST) activity, and total bilirubin (BIL),
albumin (ALB), and C-reactive protein (CRP) concentrations (Liasys,
Assel SRL, Rome, Italy).

Concentrations of Cu and Pb in liver biopsy samples were
evaluated using an electroanalytical method based on square wave
anodic stripping voltammetry (SWASV) coupled with an acid diges-
tion protocol. Fifty milligrams of liver were treated with 2.5 mL
H,0, (33%); samples were heated to 50°C for 1 hour, cooled and
then 2.5 mL of HCI (30%) was added. Samples then were heated to
70°C for 1 hour until a transparent solution was obtained. The vol-
ume of solution was brought to 5 mL with ultrapure water and
purified by elution using Superclean ENVI-Carb column to remove
any organic residue. The Carb columns were preconditioned with
2 mL of methanol followed by 2 mL of ultrapure water, and the
digested samples then were loaded and the column eluate col-
lected in clean tubes. The limits of detection (LOD) of the studied
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metals were 0.5 and 0.3 pg/L for Cu and Pb, respectively. Consid-
ering a sample of 50 mg of liver, the detection limit was 10 mg/kg
(ppm) for Cu and 6 mg/kg (ppm) for Pb.22 For calculations, a value
corresponding to LOD/2 was assigned to all samples that had con-
centrations of hepatic [Pb] < LOD.2®

2.1 | Statistical analysis

Statistical analysis was conducted using IBM SPSS Statistics,
v. 25 (IBM Corporation, New York, New York). All continuous vari-
ables were tested using the Kolmogorov-Smirnov normality test, and
non-normally distributed variables were expressed as median,
minimum-maximum, and range, whereas normally distributed vari-
ables were expressed as mean + SD.

For the main aims, dogs were divided into 2 groups based on
hepatic [Cu]: LoCu = [Cu] < 400 ppm and HiCu = [Cu] 2 400 ppm?*
and [Pb] was compared between LoCu and HiCu groups using an
unpaired t test. The [Pb] also was correlated with [Cu] using Spe-
arman's correlation test. Afterwards, [Pb] and [Cu] were correlated
with all of the investigated hematologic and biochemical variables
(RBC, HGB, HCT, MCV, RDW, WBC, ALP, GGT, ALT, AST, BIL, ALB,
CRP) using Spearman's correlation test. Correlations were considered
mild, moderate or strong with rho <0.3, between 0.3 and 0.6 or >0.6,
respectively. In addition, [Pb] and [Cu] were associated with presence
of anemia (RBC, HCT, or HGB or some combination of these below
the reference range, 5.65 x 106/pL, 37%, and 13.1 g/dL, respectively),
microcytosis (MCV <61 fL), necroinflammatory activity score (AO-1
and A > 1) and fibrosis score (FO-1 and F > 2) using a Mann-Whitney
U test. A P-value <.05 was considered significant.

3 | RESULTS

The initial population consisted of 38 dogs with CH. Three dogs were
excluded because histology samples were not available for review,
and 1 dog was excluded because blood test results were not available.
The final cohort consisted of 34 dogs with CH, in which hepatic
[Cu] and [Pb] were measured. Demographic information about the
study population is presented in Table S2.

The mean age was 8.6 + 3.4 years and there were 20 females
(14 spayed) and 14 males (2 neutered). Most were mixed breeds
(12 of 34; 35%), followed by Labrador Retriever and Cocker Spaniel
(3 dogs of each breed), and Jack Russell Terrier (2 dogs). The
remaining dogs belonged to the following breeds: American Stafford-
shire Terrier, Poodle, Standard Poodle, Dachshund, Beagle, Bolognese,
Bernese Mountain dog, Boxer, English Bulldog, Dobermann Pinscher,
Drathaar, Golden Retriever, German Shepherd, and Spitz (1 dog of
each breed). All dogs lived in Tuscany and Liguria, the majority
of which (21/34) lived in an urban environment, whereas the
remaining 13 dogs came from suburban and rural environments (5 and
8 dogs, respectively). Twenty-seven dogs of 34 (79.4%) were fed a
branded commercial pet food (2 of which were adult maintenance
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FIGURE 1  Scatterplots of hepatic [Pb] compared between dogs
with hepatic [Cu] <400 (Group LoCu) and 2400 ppm (Group HiCu;
median 24.3 ppm vs 89.5 ppm; P < .001; Mann-Whitney U test)

diets, and the remaining 25 of which were prescription veterinary
diets), whereas 3 dogs were fed a home-cooked diet (chicken or tur-
key without offal), and the remaining 4 dogs were fed a mixture of
commercial and home-cooked diets without offal.

Necroinflammatory activity scores were assigned as follows:
AO = 1 dog; A1 = 10 dogs, A2 = 12 dogs, A3 = 5 dogs, A4 = 2 dogs
and A5 = 4 dogs. Regarding fibrosis staging, 7 dogs had FO, 6 dogs
had F1, 12 dogs had F2, 4 dogs had F3, and 5 dogs had F4.

Based on hepatic [Cu], 19 dogs (56%) belonged to LoCu (median
[Cu] 230 ppm; range, 100-381 ppm) and the remaining 15 dogs (44%)
belonged to HiCu (median [Cu] 630 ppm; range, 417-7743 ppm). Seven
dogs had hepatic [Pb] below the LOD (6 dogs in LoCu and 1 dog in HiCu,
respectively) and 3 ppm was assigned as [Pb], as described above.?®
Median [Pb] was significantly higher in the HiCu compared to the LoCu
group (89.5 ppm vs 24.3 ppm; P < .001; Figure 1). Hepatic [Cu] and
[Pb] were significantly correlated (rho = 0.7; P < .001; Figure 2).

Twelve dogs had anemia (35%), which was moderate in 1 dog and
mild in the others. Twelve (35%) dogs had microcytosis. Neither
hepatic [Cu] nor [Pb] differed between anemic and nonanemic dogs
(P = .15 and P = .98, respectively). Dogs with microcytosis had higher
median [Pb] (77.5 ppm) than did dogs with normal MCV (32 ppm;
P = .02; Figure 3).

Correlations between hepatic metals and hematology and serum
biochemistry variables are shown in Table S2. None of these variables
correlated significantly with either [Pb] or [Cu]. Hepatic [Pb] and [Cu]
were not different between necroinflammatory score groups (P = .99
and P = .42, respectively) and fibrosis grading score groups (P = .29
and P = .84, respectively).

4 | DISCUSSION

We investigated hepatic [Cu] and [Pb] and their relationship with his-
topathological findings and hematology and serum biochemical



4 Journal of Veterinary Internal Medicine AC\}’/I M

GORI ET AL.

feterinary Ints

American College of
inary Internal Medicine

1000
’g 100
o
2
o)
&, 10+

1 T T 1
10 100 1000 10000
[Cu] (ppm)
FIGURE 2 Correlation between hepatic [Pb] and [Cu] in dogs

with CH (rho = 0.7; P < .001). Both hepatic [Pb] and [Cu] are
expressed in log10 scale
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FIGURE 3 Scatterplots of hepatic [Pb] compared between

normocytic dogs and dogs with microcytemia (MCV < 61 fL; median
77.5 ppm vs 32 ppm; P = .02; Mann-Whitney U test)

variables in dogs with CH. We included dogs with CH so as to obtain

17.18 and to com-

the most homogeneous and standardized population
pare our data with previous studies on heavy metals in the canine
liver. We found significantly higher hepatic [Pb] in dogs with hepatic
[Cu] = 400 ppm compared to dogs with [Cu] < 400 ppm. In addition,
hepatic [Cu] and [Pb] correlated positively and hepatic [Pb] was nega-
tively associated with MCV.

In our population, approximately the half the CH dogs had hepatic
[Cu] > 400 ppm.

Copper-associated hepatitis was first reported in Bedlington Ter-
riers and it also has been described in West Highland White Terriers,
Dalmatians, Doberman Pinschers, and Labrador Retrievers.”?* In
these breeds, the hypothesized mechanism is a congenital defect,
sometimes inherited, which alters Cu metabolism, resulting in abnor-
(>1000-1500 ppm) and

secondary hepatitis.”?* Breed-associated Cu accumulation may not

mal accumulation of hepatic Cu

be a reliable explanation for our results, because we only included
3 Labrador Retrievers, of the predisposed breeds, 1 of which had

normal hepatic [Cu]. Moreover, the genetic defect in Cu metabolism
has only been described briefly in these specific breeds.”2*

Abnormal hepatic [Cu] also may occur as an acquired defect of
excretion and metabolism because of the hepatic disorder itself. In
fact, cholestasis, which may be a consequence of parenchymal hepatic
disease, may lead to a decreased biliary Cu excretion and, conse-
quently, its accumulation.? This mechanism also has been proposed
for hepatic accumulation of Pb, which has been studied in acute expo-
sure in rodents® and, in both acute as well as chronic environmental
exposure, in small animals.814-16212226-38 |4 || of the scenarios
described above, the simultaneous presence of Pb and Cu within the
hepatocyte and the subsequent hepatic injury may trigger inflamma-
tion and oxidative stress.2® In particular, oxidative stress is thought
to be the main mechanism of hepatic injury caused by Pb.2>3?

Investigating hepatic [Pb] in relation to [Cu], median [Pb] was
found to be significantly higher in dogs with [Cu] = 400 ppm than in
dogs with [Cu] below that threshold, and hepatic [Pb] and [Cu] were
found to be strongly correlated. This is a novel finding because, to the
best of our knowledge, no studies have investigated the relationship
between hepatic [Cu] and [Pb]. To explain this result, we considered
several hypotheses. Firstly, because the liver is the principal recipient
of Cu absorbed from the gastrointestinal tract and is essential for its
metabolism, the same may be true for Pb and Pb also may accumulate
in the liver parenchyma. In addition, a proportional increase in the
2 metals may be explained as a detoxification defect as a result of
hepatic injury and cholestasis or a combination of these factors.

Regarding Pb, in the last decade, domestic and wild animals have
been studied as sentinels for toxicological risk assessment of
humans.*>1¢2¢38 Companion animals especially have been studied as
potential sentinels for environmental Pb exposure, because they share
much of the same environment with people, and may even be more
several contaminants (water,

exposed than their owners to

soil). 1621222638 However, the majority of the these studies have been
conducted on blood [Pb], in order to establish Pb exposure.15'21’22’27'29
The other studies, which performed [Pb] assessments in various organs,
in particular the liver and kidneys, consisted of necropsy evaluations with-
out any comparison with clinicopathological variables.814162830 The
majority of veterinary clinical studies on Pb were performed in the 1970s
and 1980s and focus on acute Pb intoxication in small animals, especially
dogs.3*%8 However, today, because of the European Commission's laws
(EU Directive 2002/32/CE), Pb intoxication is rare in Europe. Further-
more, given that since the 1990s hepatic [Cu] has increased significantly
over time in both purebred and nonpurebred dogs, the influence of diet
on hepatic [Cu] cannot be ruled out.*® Two studies have already consid-
ered Pb traces in pet food.***? In the first study,** 12 different commer-
cial veterinary diets were compared to supermarket brand pet food in
terms of toxic trace metals. The results emphasized that the most unde-
sirable metal elements in foods, such as Pb, were below detectable or
quantifiable concentration.** The second study, which was performed in
the United States, analyzed various pet foods containing fish, red meat, or
poultry.*? In terms of heavy metals, the Pb content in the analyzed pet
foods was well below the toxic daily intake of Pb, suggesting a large mar-

gin of safety in pet foods.*> However, although our data included a small
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study population on which statistical analysis of this aspect was not per-
formed, hepatic [Pb] still could play a role in liver disease.

Regarding the correlation between [Pb] and [Cu] and hematol-
ogy and serum biochemistry variables, we found a significant asso-
ciation between [Pb] and the presence of microcytosis. This
relationship has not been reported previously in dogs. In animals,
hematologic abnormalities have been described in acute Pb toxico-
sis, the most common of which is anemia.???° Other potential
hematological findings include basophilic stippling, decreased
myeloid-erythroid ratio, and evidence of ineffective erythropoiesis
in bone marrow.?? In contrast, in humans, chronic Pb intoxication is
a cause of microcytosis, especially in children.**** One of the main
reasons why Pb toxicosis causes anemia and microcytosis is that Pb
interferes with the activity of a specific enzyme, that is important
in the biosynthesis of heme (delta-aminolevulinic acid
dehydratase),** which may cause oxidative stress-induced eryth-
rocyte damage.?> However, the influence of chronic disease on
RBCs and microcytosis cannot be ruled out.*¢

No significant association was found between hepatic [Pb] and
any of the studied hematology and serum biochemical variables. This
lack of significant findings could be explained by our study population.
All of our dogs had CH, and thus all had various degrees of alteration
in relation to their hematology and serum biochemistry variables.
Because hepatic enzymes are dependent on the amount of liver
parenchyma, the unknown influence of fibrosis and inflammation on
residual liver parenchyma cannot be ascertained. Comparison could
be made to a previous study'® on the Pb exposure of dogs living
around a Pb mining area in Zambia, because of chronic exposure of
this population to Pb.*> Surprisingly, and in accordance with our find-
ings, in contrast to the high metal exposure found in the previous
study, most of the serum biochemistry variable analyzed, such as ALP,
AST, ALT, and GGT activity, and BIL, ALB, and total protein concen-
trations, were within or nearly within the standard reference inter-
val.¥® Such findings may indicate that chronic Pb exposure does not
increase hepatic injury or alter hematology or serum biochemistry
variables.

We failed to find a significant association between hepatic
[Cu] and the necroinflammatory and fibrosis score. The literature con-
tains contrasting information on hepatic [Cu] and histologic changes.
As in our study, a previous study*” did not find a significant associa-
tion between hepatic [Cu] and histological changes. In contrast,
another study found that in dogs with CH, hepatic [Cu] was not signif-
icantly associated with the histopathologic fibrosis score but was
associated with the inflammation activity score.2* Other studies aimed
at correlating hepatic [Cu] with histology findings have taken into
account a semiquantitative Cu accumulation based on rhodanine-
specific Cu staining.2*® The discrepancy between our data and the lit-
erature thus could be explained by the different method used (ie,
atomic absorption spectrometry vs SWASV) and the population and
period of time of case inclusion. In fact, the previous retrospective
study?* covered a very wide time interval (1980-2010), in which the
histological classification used was a modified Ishak-Knodell system

developed by Cornell University, and their study population was

e e
entirely composed of Labrador Retrievers, unlike ours which was com-
posed mainly of mixed breed dogs.

Our study had several limitations. First, the number of cases enrolled
was small. In the future, the study population should be increased with a
larger cohort of dogs with CH. Second, we may have inadvertently not
assessed our histological findings correctly (inflammation and fibrosis). In
fact, it has been found that pathological liver injury may include a non-
homogeneous distribution of lesions, and thus an underestimation of
these variables cannot be ruled out.}”2¢ Most importantly, in veterinary
medicine there are no specific studies on the possible role of chronic Pb
exposure on liver tissue or a specific threshold for hepatic [Pb], as is the
case for [Cu], which could be used as a direct comparison for our data. In
addition, because of the retrospective nature of our study, we were
unable to evaluate blood [Pb], which may have added interesting informa-

tion regarding hematological abnormalities.

5 | CONCLUSION

Although additional studies are needed to better understand the clini-
cal role of hepatic [Pb], dogs with abnormal hepatic [Cu] also may
have higher [Pb] than dogs with normal hepatic [Cu]. This could be a
result of concomitant accumulation, a direct consequence of hepatic
Cu accumulation, or concomitant oxidative damage caused by
increased [Pb]. In addition, in dogs with CH and high hepatic [Pb],
microcytosis may be worse compared to dogs with CH and low
hepatic [Pb].

ACKNOWLEDGMENT

No funding was received for this study. Some of the results were
presented as an oral communication at the 30th ECVIM-CA Online
Congress, September 2-5, 2020.

CONFLICT OF INTEREST DECLARATION

Authors declare no conflict of interest.

OFF-LABEL ANTIMICROBIAL DECLARATION

Authors declare no off-label use of antimicrobials.

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE
(IACUC) OR OTHER APPROVAL DECLARATION
Authors declare no IACUC or other approval was needed.

HUMAN ETHICS APPROVAL DECLARATION

Authors declare human ethics approval was not needed for this study.

ORCID
Eleonora Gori ' https://orcid.org/0000-0001-8612-5573
https://orcid.org/0000-0002-9336-5150
https://orcid.org/0000-0001-5672-7856
https://orcid.org/0000-0003-4414-4359
https://orcid.org/0000-0003-4653-0624

https://orcid.org/0000-0001-6099-6223

Alessio Pierini

Valentina Meucci
Francesca Abramo
Luisa V. Muscatello

Veronica Marchetti


https://orcid.org/0000-0001-8612-5573
https://orcid.org/0000-0001-8612-5573
https://orcid.org/0000-0002-9336-5150
https://orcid.org/0000-0002-9336-5150
https://orcid.org/0000-0001-5672-7856
https://orcid.org/0000-0001-5672-7856
https://orcid.org/0000-0003-4414-4359
https://orcid.org/0000-0003-4414-4359
https://orcid.org/0000-0003-4653-0624
https://orcid.org/0000-0003-4653-0624
https://orcid.org/0000-0001-6099-6223
https://orcid.org/0000-0001-6099-6223

6 Journal of Veterinary Internal Medicine AC\}’/I M

GORI ET AL.

American College of
yInternal Medicine

feterinary Ints

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hoffmann G, van den Ingh TSGAM, Bode P, Rothuizen J. Copper-
associated chronic hepatitis in Labrador retrievers. J. Vet. Intern. Med.
2006;20:856-861.

Spee B, Arends B, van den Ingh TSGAM, Penning LC, Rothuizen J. Cop-
per metabolism and oxidative stress in chronic inflammatory and chole-
static liver diseases in dogs. J Vet Intern Med. 2006;20:1085-1092.
Hoffmann G. Copper-associated liver diseases. Vet Clin North Am
Small Anim Pract. 2009;39:489-511.

Fieten H, Hooijer-Nouwens BD, Biourge VC, et al. Association of
dietary copper and zinc levels with hepatic copper and zinc con-
centration in Labrador Retrievers. J Vet Intern Med. 2012;26:1274-
1280.

Fieten H, Biourge VC, Watson AL, Leegwater PAJ, van den
Ingh TSGAM, Rothuizen J. Nutritional management of inherited
copper-associated hepatitis in the Labrador Retriever. Vet. J. 2014;
199:429-433.

Fieten H, Penning LC, Leegwater PAJ, Rothuizen J. New canine
models of copper toxicosis: diagnosis, treatment, and genetics. Ann N
Y Acad Sci. 2014;1314:42-48.

Dirksen K, Fieten H. Canine copper-associated hepatitis. Vet Clin
North Am Small Anim Pract. 2017;47:631-644.

Harro CC, Smedley RC, Buchweitz JP, Langlois DK. Hepatic copper
and other trace mineral concentrations in dogs with hepatocellular
carcinoma. J Vet Intern Med. 2019;33:2193-2199.

Webb C, Twedt D: Oxidative stress and liver disease. Vet Clin North
Am Small Anim Pract 38:125-135, v, 2008

Rolfe DS, Twedt DC. Copper-associated hepatopathies in dogs. Vet
Clin North Am Small Anim Pract. 1995;25:399-417.

Poldervaart JH, Favier RP, Penning LC, et al. Primary hepatitis in dogs:
a retrospective review (2002-2006). J Vet Intern Med. 2009;23:
72-80.

Mandigers PJJ, van den Ingh TSGAM, Spee B, et al. Chronic hepatitis
in Doberman Pinschers. A review. Vet Q. 2004;26:99-106.

Thornburg LP. A perspective on copper and liver disease in the dog.
J Vet Diagn Invest. 2000;12:101-110.

Passlack N, Mainzer B, Lahrssen-Wiederholt M, et al. Concentrations
of strontium, barium, cadmium, copper, zinc, manganese, chromium,
antimony, selenium, and lead in the liver and kidneys of dogs
according to age, gender, and the occurrence of chronic kidney dis-
ease. J Vet Sci. 2015;16:57-66.

Toyomaki H, Yabe J, Nakayama SMM, et al. Factors associated with
lead (Pb) exposure on dogs around a Pb mining area, Kabwe, Zambia.
Chemosphere. 2020;247:125884.

Esposito M, De Roma A, Maglio P, et al. Heavy metals in organs of
stray dogs and cats from the city of Naples and its surroundings
(Southern Italy). Environ Sci Pollut Res Int. 2019;26:3473-3478.
Webster CRL, Center SA, Cullen JM, et al. ACVIM consensus state-
ment on the diagnosis and treatment of chronic hepatitis in dogs.
J Vet Intern Med. 2019;33:1173-1200.

Van den Ingh TS, Van Winkle T, Cullen JM, et al. Morphological
classification of parenchymal disorders of the canine and feline
liver: hepatocellular death, hepatitis, and cirrhosis-2 (updated ver-
sion). In: WSAVA Standards for Clinical and Histological Diagnosis of
Canine and Feline Liver Diseases. Society of Comparative
Hepatology. http://www.vetvisuals.com/Ims/moodle/mod/book/
view.php?id=1001&chapterid=52859. Accessed December 12,
2016.

Lidbury JA, Rodrigues Hoffmann A, Ivanek R, et al. Interobserver
agreement using histological scoring of the canine liver. J Vet Intern
Med. 2017;31(3):778-783.

Craig SM, Fry JK, Rodrigues Hoffmann A, et al. Serum C-reactive pro-
tein and S100A12 concentrations in dogs with hepatic disease.
J Small Anim Pract. 2016;57(9):459-464.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Ostrowski SR, Schilling R, Farrar JA, Fikes J, Beasley VR, Hudson RF.
Blood lead values in dogs from a rural area (Champaign, IL in 1987).
Vet Hum Toxicol Vet Hum Toxicol. 1990;32(1):40-42.

Bates N. Lead toxicosis in cats and dogs. Companion Anim. 2018;23:
674-682.

Glass DC, Gray CN. Estimating mean exposures from censored data:
exposure to benzene in the Australian petroleum industry. Ann Occup
Hyg Ann Occup Hyg. 2001;45(4):275-282.

Johnston AN, Center SA, McDonough SP, Wakshlag JJ, Warner KL.
Hepatic copper concentrations in Labrador Retrievers with and with-
out chronic hepatitis: 72 cases (1980-2010). J Am Vet Med Assoc.
2013;242:372-380.

Andjelkovic M, Buha Djordjevic A, Antonijevic E, et al. Toxic effect of
acute cadmium and lead exposure in rat blood, liver, and kidney.
IJERPH. 2019;16(2):274-221.

Johnston AN, Center SA, McDonough SP, Warner KL. Influence of
biopsy specimen size, tissue fixation, and assay variation on copper,
iron, and zinc concentrations in canine livers. Am J Vet Res. 2009;70
(12):1502-1511.

Bischoff K, Priest H, Mount-Long A. Animals as sentinels for human
lead exposure: a case report. J Med Toxicol. 2010;6(2):185-189.

Serpe FP, Russo R, Simone AD, Florio S, Esposito M, Severino L.
Levels of heavy metals in liver and kidney of dogs from urban envi-
ronment. Open Vet J. 2012;2(1):15-18.

Langlois DK, Kaneene JB, Yuzbasiyan-Gurkan V, et al. Investigation of
blood lead concentrations in dogs living in Flint, Michigan. J Am Vet
Med Assoc. 2017;251(8):912-921.

Lopez-Alonso M, Miranda M, Garcia-Partida P, Mendez A, Castillo C,
Benedito JL. Toxic and trace metal concentrations in liver and kidney
of dogs: influence of diet, sex, age, and pathological lesions. Biol Trace
Elem Res. 2007;116(2):185-202.

Knight TE, Kumar MSA. Lead toxicosis in cats - a review. J Feline Med
Surg. 2003;5(5):249-255.

Zaccaroni A, Corteggio A, Altamura G, et al. Elements levels in dogs
from “triangle of death” and different areas of Campania region
(Italy). Chemosphere. 2014;108:62-69.

Balagangatharathilagar M, Swarup D, Patra RC, Dwivedi SK. Blood
lead level in dogs from urban and rural areas of India and its relation
to animal and environmental variables. Sci Total Environ. 2006;
359(1-3):130-134.

Studdert VP. Incidence of poisonings in dogs and cats in Melbourne.
Aust Vet J. 1985;62(4):133-135.

Thomas CW, Rising JL, Moore JK. Blood lead concentrations of chil-
dren and dogs from 83 lllinois families. J Am Vet Med Assoc. 1976;169
(11):1237-1240.

Clarke EGC. Lead poisoning in small animals. J Small Anim Pract.
1973;14(4):183-194.

Zook BC, Kopito L, Carpenter JL, Cramer DV, Shwachman H. Lead
poisoning in dogs: analysis of blood, urine, hair, and liver for lead.
Am J Vet Res. 1972;33(5):903-909.

Hamir AN, Sullivan ND, Handson PD, Barr S. An outbreak of lead poi-
soning in dogs. Aust Vet J. 1985;62(1):21-23.

Mudipalli A. Lead hepatotoxicity & potential health effects. Indian J
Med Res. 2007;126(6):518-527.

Strickland JM, Buchweitz JP, Smedley RC, et al. Hepatic copper con-
centrations in 546 dogs (1982-2015). J Vet Intern Med. 2018;109
(Suppl):4760-4768.

Davies M, Alborough R, Jones L, Davis C, Williams C, Gardner DS.
Mineral analysis of complete dog and cat foods in the UK and compli-
ance with European guidelines. Sci Rep. 2017;1-9:1.

Kim H-T, Loftus JP, Mann S, Wakshlag JJ. Evaluation of arsenic, cad-
mium, lead and mercury contamination in over-the-counter available
dry dog foods with different animal ingredients (red meat, poultry,
and fish). Front Vet Sci. 2018;5:13-18.


http://www.vetvisuals.com/lms/moodle/mod/book/view.php?id=1001%26chapterid=52859
http://www.vetvisuals.com/lms/moodle/mod/book/view.php?id=1001%26chapterid=52859

GORI ET AL.

Journal of Veterinary Internal Medicine AC\?/I M | 7

43.

a4,

45.

46.

47.

48.

Van Vranken M. Evaluation of microcytosis. Am Fam Physician. 2010;
82:1117-1122.

Cohen AR, Trotzky MS, Pincus D. Reassessment of the microcytic
anemia of lead poisoning. Pediatrics. 1981;67:904-906.

Wani AL, Ara A, Usmani JA. Lead toxicity: a review. Interdiscip Toxicol.
2016;8:55-64.

Chikazawa S, Dunning MD. A review of anaemia of inflammatory dis-
ease in dogs and cats. J Small Anim Pract. 2016;57(7):348-353.
Schultheiss PC, Bedwell CL, Hamar DW, Fettman MJ. Canine liver
iron, copper, and zinc concentrations and association with histologic
lesions. J Vet Diagn Invest. 2002;14:396-402.

Moore AR, Medrano E, Coffey E, Powers B. Clinicopathological corre-
lation and prevalence of increased copper in canine hepatic cytology.
J Am Anim Hosp Assoc. 2019;55(1):8-13.

 Amarican Collgeof
SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Gori E, Pierini A, Meucci V, Abramo F,
Muscatello LV, Marchetti V. Hepatic lead and copper
concentrations in dogs with chronic hepatitis and their
relationship with hematology, serum biochemistry, and
histopathology. J Vet Intern Med. 2021;1-7. https://doi.org/
10.1111/jvim.16149


https://doi.org/10.1111/jvim.16149
https://doi.org/10.1111/jvim.16149

	Hepatic lead and copper concentrations in dogs with chronic hepatitis and their relationship with hematology, serum biochem...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Statistical analysis

	3  RESULTS
	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGMENT
	  CONFLICT OF INTEREST DECLARATION
	  OFF-LABEL ANTIMICROBIAL DECLARATION
	  INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) OR OTHER APPROVAL DECLARATION
	  HUMAN ETHICS APPROVAL DECLARATION
	REFERENCES


