
We have successfully developed and commercialized the “FUJI DRI-CHEM IMMUNO AU Cartridge vc-TSH and v-COR”, 
which is a quantitative immunoassay system for the measurement of the thyroid stimulating hormone (TSH) and cortisol (COR) 
in dog serum. Last year, we developed the “FUJI DRI-CHEM IMMUNO AU Cartridge v-T4” for the measurement of the thyroid 
hormone (T4). We have succeeded in providing a highly accurate diagnostic method for hypothyroidism in dogs by measuring 
T4 and TSH together. Furthermore, a rapid and simple method for diagnosing Cushing’s syndrome in dogs was achieved by 
measuring COR. In addition to the competitive method, we have constructed a reaction system using the sandwich method and 
introduced dilution measurements.

Abstract

1. Introduction
The recent development of veterinary medicine has 

achieved great success in dramatically extending the av-
erage lifespans of pets. On the other hand, it has revealed 
that the existence of various types of disease due to aging 
among them. One of the most typical diseases is an endo-
crine disorder deriving from abnormal hormone secretion, 
such as, in the case of dogs, hypothyroidism related to the 
thyroid gland in the neck and Cushing’s syndrome related to 
the adrenal glands neighboring the kidneys. In diagnosis, the 
blood concentrations of a thyroid hormone called thyroxine 
(T4) and thyroid-stimulating hormone (TSH) are utilized 
for the former disease, while the blood concentration of a 
cortical hormone called cortisol (COR) is utilized for the 
latter. However, many veterinary clinics entrust hormone 
tests to external inspection organizations and that prevents 
veterinarians from immediately starting treatment because 
it takes several days to obtain the results. Therefore, there 
was a demand for compact, rapid inspection systems that 
allow those tests inside the clinics. Last year, to respond 
to that need, we developed a quantitative T4 immunoassay 
reagent for veterinary use, FUJI DRI-CHEM IMMUNO AU 
Cartridge v-T4 (hereinafter, the “FDC v-T4”), and the dedi-
cated analyzer, FUJI DRI-CHEM IMMUNO AU10V, and 
published a report about them.1)

We introduced into that system surface plasmon-enhanced 
fluorescence (SPF) technology as its principle for the detec-

tion of fluorescent particle labels because, with the conven-
tional epifluorescence method, the laser beam from above 
illuminates not only fluorescent particles bound via immuno-
reaction but also isolated ones and washing is thus necessary 
to remove unreacted fluorescent particles. In the SPF method, 
a thin metal film bound with fluorescent particles is irradi-
ated from below with the laser beam with its incidence angle 
adjusted. That generates near-field light via surface plasmon 
resonance (SPR), causing only fluorescent particles bound 
onto the surface of the thin metal film to emit light (Fig. 1). 
Because the method does not require a washing process, an 
assay takes only about ten minutes. In addition, without the 
necessity of washing solution and water discharge equip-
ment, the system has realized significant size reduction while 
featuring simple operation involving just loading the sample, 
cartridge and consumables into the system, then pressing the 
Start button (Fig. 2).

In general, to assay antigens such as hormones, there are 
two immunoassay methods using the immunoreaction of 
antibodies. In the case of antigens whose molecular weight is 
tens of thousands of Da (e.g., TSH), the sandwich method is 
employed, in which antigens are sandwiched by two antibod-
ies. In the case of antigens whose molecular weight is 1,000 
Da or lower (e.g., T4, COR) and that cannot be sandwiched 
by antibodies, the competitive method is employed, in which 
antigen markers and antigens within the sample are made to 
compete for immunoreaction.

In this paper, we report the outline of the technology and 
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clinical performance of the two new assay items we devel-
oped: FUJI DRI-CHEM IMMUNO AU Cartridge vc-TSH 
(hereinafter, the “FDC vc-TSH”) using the sandwich method 
and FUJI DRI-CHEM IMMUNO AU Cartridge v-COR 
(hereinafter, the “FDC v-COR”) that has realized a wide 
dynamic assay range by enabling dilution measurement of 
samples with the competitive method.

2. Development of the FDC vc-TSH using the sandwich 
method

2.1	 Signifi	cance	of	the	TSH	assay
TSH is among the hormones secreted by the adenohypoph-

ysis. Its blood concentration is controlled by interaction between 
the hypothalamus, hypophysis and thyroid as follows. Infl u-
enced by TSH, the thyroid increases the secretion of thyroid 
hormones: thyroxine (T4) and triiodothyronine (T3). The 

adenohypophysis secrets TSH, stimulated by thyrotropin-
releasing hormone (TRH) secreted from the hypothalamus. 
At the same time, the secretion of those hormones is inhib-
ited via negative feedback that occurs upon an increase of 
the concentrations of T4 and T3 in the blood. In that way, the 
secretion of the thyroid hormones is regulated (Fig. 3).1)

Dog serum TSH is utilized in assays for the diagnosis of 
dog hypothyroidism in combination with dog serum T4. 
When the thyroid function is impaired, T4 secretion decreas-
es. Therefore, it is known that many dogs suffering from 
hypothyroidism have a low serum T4 concentration, while 
showing a high serum TSH concentration because more TSH 
is secreted to increase T4. In diagnosis, the concentration of 
serum T4 is mainly used. However, that concentration may 
be infl uenced by other diseases. Using serum T4 concentra-
tion in combination with serum TSH concentration in assays 
can increase the precision of diagnosis.1)

Tip

CartridgeCartridge
SampleSample

・
・・

Load a sample, cartridge and tip. Press the Start button.

[Measurement method]

Immunoassay analyzer for veterinary use
FUJI DRI-CHEM IMMUNO AU10V

Thyroid-stimulating hormone (TSH) assay reagent
FUJI DRI-CHEM IMMUNO AU Cartridge vc-TSH

Cortisol assay reagent
FUJI DRI-CHEM IMMUNO AU Cartridge v-COR

Fig. 2　Quantitative immunoassay system for the measurement of TSH and COR in dog serum.

Fig. 1　Schematic drawings of the a) epifl uorescence and b) SPF methods.

b) SPF methoda) Epifluorescence method

NoiseLaser beam

Laser beam

Detection of fluorescenceDetection of fluorescence

Thin gold film

Washing is necessary.

Light from the upper surface illuminates not only bound 
but also isolated particles. Washing is thus necessary. Isolated particles do not glow, so no washing is necessary.
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2.2 Principle of the assay with the FDC vc-TSH
The TSH assay using the sandwich method is carried out 

as follows (Fig. 4).
(1) The serum sample is dispensed into the reaction 

cup, which triggers a reaction between anti-TSH monoclonal 
antibodies labeled with fl uorescent particles (hereinafter, 
“fl uorescent particle-labeled anti-TSH antibodies”) and TSH 
contained in the sample [Step 1]. At that time, the quantity of 
TSH bound to the antibodies on the fl uorescent particles in-
creases in proportion to the TSH concentration of the sample.

(2) The reaction solution is infused into the immuno-
reaction channel. Anti-TSH monoclonal antibodies (here-
inafter, “anti-TSH antibodies”) fi xed onto the thin gold fi lm 
formed inside the channel cause fl uorescent particle-labeled 
anti-TSH antibodies to be captured onto the fi lm in proportion 
to the quantity of TSH bound [Step 2]. Based on the amount 
of fl uorescence obtained via the SPF method, the system per-
forms automatic conversion to TSH concentration and the 
assay results are thus obtained.

2.3 Main feature of the development of the reaction system
             : Inhibition of pseudoreaction in the sandwich method

Immunoreaction systems that utilize antigen-antibody 
reactions are subject to measurement errors due to nonspecifi c 
reaction. In particular, the sandwich method suffers the prob-
lem of pseudoreaction by nonspecifi c reaction contributors, 
such as heterophile antibodies that exist in the serum sample. 
When heterophile antibodies exist in the serum sample, anti-
bodies labeled with fl uorescent particles will be bound to those 
fi xed onto the thin gold fi lm via the heterophile antibodies and 
that is detected as fl uorescence signals. There is a concern that, 
as a result, abnormally high values may be obtained.

Fluorescent particle-labeled 
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(Anti-TSH antibodies fixed on 
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Fig. 4　Principle for measuring TSH in dog serum using FDC vc-TSH.
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Fig. 3 Negative feedback mechanism for the adjustment of thyroid 
hormones.

Abnormally high values No abnormally high values observed

CLEIA method [ng/mL]CLEIA method [ng/mL]

Without nonspecific adsorption inhibitor With nonspecific adsorption inhibitor

Fig. 5　Eff ect of inhibition of a nonspecifi c reaction.
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To resolve that problem, we developed a new nonspecific 
reaction inhibitor that absorbs nonspecific reaction contribu-
tors. The use of the inhibitor improved the results for the 
serum sample that indicated abnormally high values when 
chemiluminescence enzyme immunoassay (CLEIA), which 
was usually used by veterinary inspection centers, was 
employed as a control method (Fig. 5).

2.4 Clinical performance
(1) Confirmation of correlation
To verify the effectiveness of the newly developed FDC vc-

TSH, we confirmed correlation in dog serum using CLEIA as 
a control method.

The FDC vc-TSH, with a correlation coefficient (r) of 
0.983, indicated a good correlation with the CLEIA method. 
Slope (a) and intercept (b) of the regression line (y＝ax + b; 
x for the CLEIA method, y for the FDC vc-TSH) were 0.941 
and 0.077 respectively, which confirmed that the measured 
TSH values for the FDC vc-TSH were equivalent to those for 
the CLEIA method (Fig. 6). 

(2) Confirmation of precision
We repeatedly performed measurement on the same sample 

with the FDC vc-TSH and checked its precision. Table 1 
shows the results of measurements performed ten times each 
using three test solutions with different TSH concentrations. 
The coefficient of variation (CV), which is a criterion for 
variation, did not exceed 6% at any of the concentration 
levels. The results confirmed that the reagent cartridge 
had sufficiently high reproducibility (quantitativity) for 
immunoassays.

3. Development of the FDC v-COR using the competitive 
method

3.1	 Significance	of	the	COR	assay
COR is among the hormones secreted by the adrenal cortex. 

Its blood concentration is controlled by interaction between 
the hypothalamus, hypophysis and adrenal cortex as follows. 
Influenced by adrenocorticotropic hormone (ACTH), the 
adrenal cortex increases the secretion of COR. The adenohy-
pophysis secrets ACTH, stimulated by corticotropin-releasing 
hormone (CRH) and arginine vasopressin (AVP) secreted 
from the hypothalamus. At the same time, the secretion of 
those hormones is inhibited via negative feedback that occurs 
upon an increase of the COR concentration in the blood. In 
that way, the COR secretion is regulated (Fig. 7).2)

Cushing’s syndrome is an endocrine disorder often observed 
in dogs that increases the COR concentration in the blood 
to an abnormal level. As a basic test used for its diagnosis, 
the ACTH stimulation test is widely used. The syndrome is 
classified into two types according to the primary lesions: 
the hypophysis and adrenal tumor. In both cases, the COR 
secretion capacity has increased; therefore, the ACTH stimu-
lation test, in which ACTH is administered, causes more 
COR to be secreted than usual. If the COR concentration after 
ACTH administration is higher than the specified value, it is 
diagnosed as Cushing’s syndrome.3), 4)

Correlation test

CLEIA method [ng/mL]
Fig. 6　Correlation between CLEIA method and FDC vc-TSH.
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Stimulation

Inhibition
Adrenal cortex

Arginine vasopressin

ACTH COR
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Fig. 7　Negative feedback mechanism for adjustment of cortisol.

(Unit : ng/mL)

Table 1　Precision of measurements with FDC vc-TSH.
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3.2 Principle of the assay with the FDC v-COR
The FDC v-COR assay using the competitive method is 

carried out as follows (Fig. 8).
(1) The serum sample is dispensed into Reaction Cup 

1, which triggers a reaction between COR-binding globulins 
in the sample and the dissociator while dissolving and thus 
generates free COR [Step 1].

(2) The reaction solution in Reaction Cup 1 is dispensed 
into Reaction Cup 2, which triggers a reaction between anti-
COR monoclonal antibodies labeled with fl uorescent par-
ticles (hereinafter, “fl uorescent particle-labeled anti-COR 
antibodies”) and COR contained in the sample [Step 2]. 
At that time, the quantity of COR bound to the antibodies on 
the fl uorescent particles increases in proportion to the COR 
concentration of the sample. That decreases the binding sites 
of the antibodies.

(3) The reaction solution is infused into the immunore-
action channel. COR-labeled bovine serum albumin (here-
inafter, “COR-BSA”) fi xed onto the thin gold fi lm formed 
inside the channel causes fl uorescent particle-labeled anti-
COR antibodies to be captured onto the fi lm inversely pro-
portionally to the quantity of COR bound [Step 3]. Based on 
the amount of fl uorescence obtained via the SPF method, the 
system performs automatic conversion to COR concentration 
and the assay results are thus obtained.

3.3 Main feature of the development of the reaction system
        : Realization of the high concentration assay with dilution 

measurement
In the diagnosis of Cushing’s syndrome with the ACTH 

stimulation test, 30.0 μg/dL is suffi cient as the upper limit 
of the measured COR values. Therefore, the measurement 
range of the FDC v-COR is set as 1.0 μg/dL to 30.0 μg/

dL when the serum sample is measured as it is.3), 4) However, 
in our surveys, there were some cases in which precise COR 
concentration measurement was requested even when the 
concentration exceeded 30.0 μg/dL after the ACTH stimula-
tion test, in order to utilize the data in the precise recognition 
of patients’ conditions, the preparation of treatment plans in 
the future, etc. To respond to that need, we developed a reac-
tion system that allows dilution measurement (measurement 
range of COR concentration: 1.0 μg/dL to 50.0 μg/dL) with 
which the measurement of higher-concentration areas is 
possible in addition to normal measurements.

For high-precision dilution measurement, optimal dilution 
selecting and reaction condition setting are essential. We have 
selected saline solution that is inexpensive and easy to get in 
the fi elds of veterinary medicine, set optimal reaction condi-
tions and thereby established reliable dilution measurement. 
Eliminating the necessity of the preparation of weighing 
instruments, complex manual dilution procedures, etc., we 
have realized an automatic dilution measurement function 
that operates by simply selecting the dilution mode on the 
system.

3.4 Clinical performance
(1) Confi rmation of correlation
To verify the effectiveness of the newly developed FDC 

v-COR, we confi rmed correlation in dog serum using CLEIA 
(a method employed by veterinary inspection centers) as a 
control method.

With a correlation coeffi cient (r) of 0.931 in non-dilution 
measurement and that of 0.963 in dilution measurement, the 
FDC v-COR indicated a good correlation with the CLEIA 
method in both measurements. In non-dilution measurement, 
slope (a) and intercept (b) of the regression line (y＝ax + b; 
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Fig. 8　Principle for measuring cortisol in dog serum using FDC v-COR.
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x for the CLEIA method, y for the FDC v-COR) were 0.939 
and 0.840 respectively. In dilution measurement, (a) and (b) 
were 0.999 and 0.285 respectively. It was thus confirmed in 
both measurements that the measured COR values for the 
FDC v-COR were equivalent to those for the CLEIA method 
(Fig. 9). Those results indicate that the FDC v-COR enables 
in-clinic inspection with the same level of precision as the 
conventional inspection available from external organizations.

(2) Confirmation of precision
We repeatedly performed measurement on the same sam-

ple with the FDC v-COR and checked its precision. Table 2 
shows the results of measurements performed ten times, each 
using three test solutions for non-dilution measurement and 
four test solutions for dilution measurement, with different 
COR concentrations. The coefficient of variation (CV), which 
is a criterion for variation, did not exceed 5% at any of the 
concentration levels. The results confirmed that the reagent 
cartridge had sufficiently high reproducibility (quantitativity) 
for immunoassays.

4. Conclusion
We developed two new quantitative immunoassay reagents 

for veterinary use, FUJI DRI-CHEM IMMUNO AU Cartridge 
vc-TSH and FUJI DRI-CHEM IMMUNO AU Cartridge v-
COR. Thus, we succeeded in providing a high-precision 
diagnostic method for dog hypothyroidism by applying TSH 
assays in combination with the T4 assay method already 
developed and launched last year and also established a 
quick and simple diagnostic method for dog Cushing’s 
syndrome utilizing COR.

Technically, we constructed a reaction system with the 
sandwich method in addition to the competitive method, 
while introducing dilution measurement into the system. 
In the future, based on the platform of this system, we will 
realize even quicker and simpler in-clinic inspection methods 
by improving and increasing assay items and thereby contribute 
to further development of animal medical care.

< Non-dilution measurement > < Dilution measurement >(Unit : μg/dL) (Unit : μg/dL)

Table 2　Precision of measurements with FDC v-COR (left: without dilution, right: with dilution)

CLEIA method [μg/dL] CLEIA method [μg/dL]

Correlation test (without dilution) Correlation test (with dilution)

Fig. 9　Correlation between CLEIA method and FDC v-COR (left: without dilution, right: with dilution).
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