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Factors Influencing Measurement of Serum Iron Concentration in Dogs:
Diurnal Variation and Hyperferritinemia

Seishiro CHIKAZAWAD*, Yasutomo HORIV, Kazutaka KANAIY, Naoyuki ITOD, Fumio HOSHIY, Koichi ORINO?),
Kiyotaka WATANABE? and Seiichi HIGUCHID

DDepartment of Small Animal Internal Medicine, School of Veterinary Medicine, Kitasato University, 23—35—1 Higashi, Towada, Aomori
034-8628, Japan
2 Laboratory of Biochemistry, School of Veterinary Medicine, Kitasato University, 23-35-1 Higashi, Towada, Aomori 034-8628, Japan

(Received 4 June 2013/Accepted 9 July 2013/Published online in J-STAGE 23 July 2013)

ABsTRACT. We evaluated diurnal variation and hyperferritinemia as factors that influence the values of serum iron concentration in dogs,
using the International Committee for Standardization in Hematology (ICSH) colorimetric method. Serum iron levels were significantly
higher in the morning than in the evening in 6 clinically healthy beagle dogs, and the maximum decrease in serum iron concentration was
47.3%. Moreover, the change in serum iron concentrations in 22 clinical canine cases with various serum ferritin levels was evaluated by
immunoprecipitation of ferritin. The rate of decline in the serum iron concentrations positively correlated with serum ferritin levels (r=0.48,
P=0.024). These results show that it is necessary to consider the sampling time and serum ferritin level for accurate interpretation of serum

iron concentrations in dogs.
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Serum iron concentration is measured in veterinary medi-
cine to evaluate transport compartments of iron in blood.
Iron is the essential metallic element for oxygen delivery
to tissues and is a cofactor for several enzymes involved in
DNA synthesis and energy metabolism [6]. It is absorbed
from food in the small intestine, is released into the plasma
and is bound to transferrin, a carrier protein for iron [6]. In
normal serum, most iron exists as transferrin-binding iron
(TBI); therefore, serum iron is commonly indicated as TBI.

The serum iron concentration is generally increased in
animals with hemolytic anemia [7], dyserythropoiesis [15],
iron overload [14] and glucocorticoid administration [8].
Serum iron concentration is generally decreased in iron defi-
ciency [12] and inflammation [3]. However, factors affecting
the measurement of serum iron concentration in companion
animals are not known. In human medicine, the prevailing
opinion is that serum iron levels are higher in the morning
than in the afternoon or evening [2]. Therefore, it is thought
that for accurate evaluation of serum iron concentration, the
sampling time should be considered.

On the other hand, ferritin, an iron storage protein, is
known to be present in serum; it is increased in various
diseases, such as neoplasms and inflammatory diseases,
in humans and dogs [4, 20]. Ferritin-bound iron is a form
of non-transferrin-bound iron (NTBI) in serum, and it has
been reported to interfere in the measurement of serum iron
concentrations when using the method of the International

*CORRESPONDENCE TO: CHIKAZAWA, S., Department of Small Animal
Internal Medicine, School of Veterinary Medicine, Kitasato Uni-
versity, 23—-35—1 Higashi, Towada, Aomori 034-8628, Japan.
e-mail: chikazaw(@vmas kitasato-u.ac.jp

©2013 The Japanese Society of Veterinary Science

Committee for Standardization in Hematology (ICSH) [10].
Watanabe et al. reported that the iron/protein ratio of canine
serum ferritin is 0.112 £ 0.017 [18], and Worwood et al.
reported this ratio in four human patients with iron overload
serum ferritin as 0.023—-0.067 [21]. Therefore, canine serum
ferritin is thought to bind more iron than that of humans, and
thus, it can be expected that interference of canine serum fer-
ritin in the measurement of serum iron concentration would
be higher than in humans.

The purpose of this study was to examine the influence of
diurnal changes and serum ferritin on serum iron concentra-
tion, in order to provide data for improving the reliability of
canine serum iron measurement.

Healthy male (n=2) and female (n=3) beagle dogs (mean
body weight, 9.0 kg) aged 2—6 years were used in this study
(Crea Japan, Inc., Tokyo, Japan). The dogs were maintained
in a temperature- and light-controlled environment and
were given standard laboratory food, CD-5M (Crea Japan,
Inc.), once a day (at 9:00 AM), with free access to water.
Blood was drawn with iron-free disposable 5-m/ syringes
(TERUMO, Tokyo, Japan) from the jugular vein. It was col-
lected at 8:00 AM, 12:00 AM, 4:00 PM and 8:00 PM on the
same day. Samples were left at room temperature for 30 min
and then were centrifuged (1,560 x g, 5 min) to separate the
serum for laboratory analysis. The obtained serum samples
were preserved at —20°C until usage.

Serum samples from 22 client-owned dogs with various
values of serum ferritin concentration were non-randomly
selected and evaluated in this study. The dogs visited Kitasato
University Veterinary Teaching Hospital Small Animal Medi-
cal Center between 2010 and 2012. All dogs were diagnosed
by a veterinarian through histopathological examination after
surgical resection or autopsy, direct Coombs test, fine needle
aspiration biopsy and/or other clinicopathological examina-
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tions. Serum samples from clinical cases were collected and
preserved by the method described above. All dog owners pro-
vided written informed consent for participation in this study.

Both studies were approved by the Kitasato University
Small Animal Committee (approval number: 13-090 and
13-091).

Serum iron concentrations were measured by the method
on the ICSH, as described previously [9, 10]. The ICSH
method is a reference method for serum iron measurement
in humans [10, 17]. Briefly, serum iron was separated from
its binding proteins, and ferric iron (Fe**) was reduced to
ferrous iron (Fe?*) by a mixed acid reagent containing 2 M
HCI, 0.6 M trichloroacetic acid and 0.3 M thioglycolic acid
and left for 30 min at room temperature. Then, it was cen-
trifuged at 9,300 x g for 10 min. The free ferrous iron in the
supernatant was then reacted with a ferrozine (monosodium
3-2-pyridyl-5,6-bis-4-phenylsulfonic  acid-1,2,4-triazine),
which is a chromogen, yielding a pink ferrous chromogen
complex that could be quantitated spectrophotometrically
using a U-5100 spectorophotometer (Hitachi High-Technol-
ogies Corporation, Tokyo, Japan) at 562 nm [16]. The iron
standard solution (100.5 mg/l) used for atomic absorption
spectrometry was of chemical analysis grade and was ob-
tained from Kanto Chemical (Tokyo, Japan). Serum ferritin
concentration was measured by sandwich enzyme-linked im-
munosorbent assay (ELISA) using purified rabbit anti-canine
heart ferritin polyclonal antibody, as described in our previ-
ous report [1]. TIBC was measured by the 2-nitroso-5-(/N-
propyl-N-sulfopropylamino)-phenol (nitroso-PSAP) method
at SRL Inc. (Tokyo, Japan).

Ferritin immunoprecipitation was performed by adding
5 ul (containing 7 ug of antibody) of purified rabbit anti-
canine heart ferritin polyclonal antibody, which was used
same antibody in ELISA [1], to 300 u/ of canine serum.
After incubation overnight at 4°C, ferritin absorbed in the
serum supernatant was collected by centrifugation at 9,300
x g for 10 min, and the supernatant then measured as serum.
We found that the serum ferritin concentration after immu-
noprecipitation of ferritin was less than 7.8 ng/m/, which is
the minimum detection limit of this ELISA [1]. We measured
serum iron concentrations before and after immunoprecipita-
tion and calculated the rate of decline between the 2 values.

Serum iron, ferritin and TIBC concentrations were evalu-
ated by repeated measures analysis of variance (ANOVA),
and when this showed a significant difference, we used Bon-
ferroni’s correction. Pearson’s correlation test was used to
analyze the correlation between the serum ferritin concentra-
tion and rate of decline in the serum iron concentration after
immunoprecipitation of ferritin. Values were considered
statistically significant when the p-value was less than 0.05.
All data were analyzed using statistical software in Excel
(ystat 2008; Igaku Tosho Shuppan, Tokyo, Japan).

To evaluate the diurnal changes in serum iron, TIBC and
ferritin levels in 5 normal dogs, we measured these levels at
8:00 am, 12:00 AM, 4:00 AM and 8:00 PM on the same day
(Fig. 1). The highest mean serum concentration in all dogs
(212.2 ug/dl) was found at 8:00 AM, while that at 4:00 PM
was the lowest (139.2 ug/dl); these values were significantly
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Fig. 1. Diurnal changes in serum iron, TIBC and ferritin levels in 5
normal dogs. Individual and mean values (open circle) are shown
for each sampling time. * P<0.05.

different (P<0.05). The serum ferritin concentration and
TIBC did not change during the day. These results showed
that similar to humans, normal dogs exhibit diurnal variation
of serum iron levels with a higher value in the morning than
in the afternoon [2]. To exclude the influence of multiple
blood drawing events, we measured the serum iron concen-
tration in the same beagle dogs at 8:00 AM and 4:00 PM on
another day, and the result was similar to that found in the
present study (data not shown). This implied that drawing
blood multiple times did not have a marked influence on
the results. However, the detailed mechanism of the diurnal
change in serum iron concentration is unknown, but prolif-
erative activity in the bone marrow, which was evaluated by
DNA synthesis and mitotic index, and serum erythropoietin,
which has a central role in the maintenance of erythrocyte
mass, were also reported to show diurnal variation [11, 19].
In addition, it was reported that hepcidin, an iron-regulatory
hormone that mediates the homeostasis of extracellular iron
concentrations, showed a diurnal increase in serum level
at noon and in the evening compared with in the morning
[5]. Therefore, because the quantities of available iron for
erythropoiesis change during the day, diurnal variation may
be observed. We did not evaluate them in this study.

The reference range for canine serum iron concentrations
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Table 1. Individual serum iron concentration data before and after immunoprecipitation of ferritin in 22 clinical cases
Initial ferritin Serum iron concentration before and
Case Breed Diagnosis concentration after immunoprecipitation (ug/d/) Rate of
No. decline (%)
(ng/mi) Before After
1 Golden retriever Hemangiosarcoma 12,962 127 101 20.5
2 Beagle Autoimmune hemolytic anemia 12,268 142 122 14.1
3 Golden retriever Histiocytic sarcoma 12,178 101 73 37.7
4  Beagle Hemangiosarcoma 11,750 73 36 50.7
5 Bernese mountain dog  Histiocytic sarcoma 9,820 189 163 13.8
6  Golden retriever Autoimmune hemolytic anemia 9,740 358 314 12.3
7  Beagle Lymphoma 7,853 215 189 12.1
8  Welsh corgi Histiocytic sarcoma 7,779 124 97 21.8
9  Welsh corgi Hemangioma 7,550 236 214 9.3
10 Shetland sheepdog Mast cell tumor 5,623 199 189 5.0
11 Flat-coated retriever Lung adenocarcinoma 4,780 208 168 19.2
12 Shiba Immune-mediated polyarthritis 4,165 112 81 27.7
17 Golden retriever Histiocytic sarcoma 4,082 76 62 18.4
13 Bernese mountain dog ~ Lymphoma 3,419 179 160 10.6
14 Pug Acute pneumonia 3,380 165 154 6.7
15  Akita Autoimmune hemolytic anemia 3,310 122 89 27.0
16  Golden retriever Mast cell tumor 2,901 158 138 12.7
18  Mongrel Lymphoma 2,103 143 129 9.8
19 Pomeranian Immune-mediated polyarthritis 1,948 276 248 10.1
20 Golden retriever Lymphoma 1,560 102 89 12.7
21  Beagle Lymphoma 848 58 51 12.1
22 Golden retriever Lymphoma 754 111 102 8.1
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Fig. 2.

Correlation between serum ferritin concentration and rate of decline in serum iron concentra-

tion after immunoprecipitation of ferritin. The correlation coefficient and P value shown in the figure.
Serum ferritin concentrations were plotted against the rate of decline in serum iron concentration.

was reported to be 33.0-147.0 ug/dl, but this report did not
include information about the sampling time [6]. It was
thought that it was necessary to consider sampling time for
accurate interpretation of serum iron concentrations in dogs.
To the authors’ knowledge, this is the first report to describe
the diurnal variation of serum iron in dogs. In this study,
because we used normal dogs, we did not evaluate whether

the serum iron concentration changed during the day in dogs
with iron metabolism abnormalities (i.e., iron deficiency,
anemia due to chronic disease and iron overload). Further
studies are necessary in this regard.

To examine the influence of serum ferritin, we also
measured the serum iron concentration before and after im-
munoprecipitation of ferritin in the sera with various values
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of serum ferritin concentration in clinical cases. Samples
were collected from 22 dogs (11 male and 11 female dogs;
mean body weight + SD, is 20.8 = 13.6 kg) enrolled in this
study. Diagnoses in these dogs included hemangiosarcoma,
autoimmune hemolytic anemia, histiocytic sarcoma, lym-
phoma, hemangioma, mast cell tumor, lung adenocarcinoma,
immune mediated polyarthritis and acute pneumonia. The
serum ferritin range of these dogs was 754—12,962 ng/ml/
(Table 1). We had previously confirmed that there was no
change in serum TIBC value after immunoprecipitation pro-
cessing (data not shown). There was a positive correlation
between the serum ferritin level and rate of decline in serum
iron concentration after immunoprecipitation of ferritin
(r=0.48, P=0.024, Fig. 2).

The ICSH method that we used in this study is a reference
method for the measurement of serum iron in human blood [9,
10]. This method is sensitive and suitable for assaying serum
iron; however, it is reported to suffer from interference by
high ferritin levels in human patients [13, 22, 23]. This effect
is thought to be due to the liberation of iron from ferritin by
the deproteinization step [23]. In humans, the ICSH method
showed a decrease of more than 5%, especially in patients
with a ferritin concentration exceeding 2,000 ng/m/ [23]. In
this study, even the cases with normal serum ferritin con-
centrations (approximately 500—1,000 ng/m/) showed about
a 10% decline in the serum iron concentration after immuno-
precipitation of ferritin. Therefore, serum iron measurement
may be affected by ferritin in dogs more than in humans.
This was thought to be because of the higher iron content
of serum ferritin in dogs than humans [18, 21]. Therefore,
we propose that it is necessary to consider the serum ferritin
level when measuring the canine serum iron concentration
using the ICSH method. It has been reported that hyperfer-
ritinemia does not influence measurement of serum iron by
a direct method that does not require deproteinization [23].
However, protein precipitation plays an important role in the
separation of the analyte from interferences in the matrix
of serum specimens (e.g., hemoglobin and bilirubin) [17].
Therefore, further investigation is necessary to establish a
reference assay for canine serum iron measurement.

We concluded that diurnal changes and interference by se-
rum ferritin are factors that affect measurement of the serum
iron concentration in dogs when using the ICSH colorimetric
assay. It may be necessary to reexamine the reference range
of the serum iron concentration in dogs by standardizing the
sampling time and the assay.
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