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Introduction1. 
In 1998, the International Federation of Clinical 

Chemistry and Laboratory Medicine (IFCC) released the 

recommended method for amylase measurement1).  In Japan, 

a recommended method based on the IFCC method was 

proposed by the Japan Society of Clinical Chemistry (JSCC) 

in May 2005, and amylase measurements are becoming 

increasingly standardized2). 

The purpose of the standardization is “to eliminate the 

variation in test results caused by differences in measuring 

instruments, methods and test centers; enabling mutual 

comparison of measured value regardless of ‘time’ and 

‘place’”.  Otherwise, clinical assay measurements would 

differ in every hospital, creating the problem of non-

comparable measurement results when patients change 

hospitals.  The standardization is the collaboration between 

the industrial, administrative and academic sectors for 

redressing this situation.  Regarding the eight clinical test 

items for specific medical checkup implemented from April 

2008, recommended methods were presented by JSCC, and 

introduction of standardized reagents has brought about 

the standardized medical checkup situation in every testing 

institute.

For the α-amylase activity measurement method with 

FUJI DRI-CHEM (FDC), we developed FDC amylase slide 

AMYL-P III (III means for standardization) corresponding to 

the standardization with the substrates in the IFCC method, 

and report it herein.

 FDC has also been improved to measure not only human 

specimens but as well as animal specimens.  Because canines 

and felines have at least 10 times higher reference intervals of 

α-amylase value than humans do, we enlarged the dynamic 

ranges and have succeeded in developing reagents applicable 

also to animals, and we report this here.
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Point in Development2. 

Standardization Correspondence2.1 

Substrate Change2.1.1 
The first modification we investigated for standardization 

in α-amylase measurement is use of a substrate, non-reducing 

terminal-blocked oligosaccharide, 4,6-ethylidene-4-nitrophenyl-

α-D-maltoheptaoside (Et-G7-PNP).  Here G is a glucose 

group, the numeral is the number of glucose residues, Et is an 

ethylidene group, PNP is a p-nitrophenyl dye.  The substrate 

has excellent stability and high purity, and the advantage of the 

property thereof is that this has the advantage that there is little 

difference in the reactivity with α-amylase isozyme, pancreas-

derived P-type or saliva-derived S-type.  The reaction principle 

is shown in Fig. 1 (in α-amylase measurement, sufficiently high 

rate of following coenzyme reaction is indispensable).

For the method of standardization of FDC α-amylase 

measurement data, it may be considered to use the usual 

amylase slide AMYL-P and to reconstruct the calibration 

curves in accordance with the standardized control method.  

However, the AMYL-P slide does not use the substrate of 

the standardization method (G5-PNP), and because of the 

difference in the reactivity with α-amylase isozyme (P-type 

or S-type) owing to the difference in the substrate used in 

the control method and because of contamination with the 

data of any other amylase than α-amylase (e.g., β-amylase, 

glucoamylase), the measured data could not correspond to 

those in the control method, and there may occur a problem 

in that the correlativity worsens.

Accordingly, for correspondence to the standardization, 

we investigated to develop AMYL-P III using the same 

substrate Et-G7-PNP as that in the recommended method.  

Fig. 2 shows the layer constitution of the FDC slide.

Selection of Coenzyme2.1.2 
A slide was prepared by replacing Et-G7-PNP selected as 

the substrate suitable for standardization correspondence in 

FDC with usual AMYL-P slide, and the time course in PNP 

dye formation reaction to various α-amylase activity was 

confirmed (Fig. 3).  It is known that the PNP color formation 

reaction could no more increase at the α-amylase activity 

value of 1,810 U/L and therearound. 
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Fig. 2   Structure of FUJI DRI-CHEM Slide AMYL-P III.
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Fig. 3 Optical density time course of various α-amylase activity 
in AMYL-P Slide substituted Et-G7-PNP for G5-PNP 
substrate when the slide’s pH is 7.3.

In order to correctly measure the α-amylase activity on the 

reaction principle (Fig. 1), the following coenzyme α-glucosidase 

must more rapidly decompose the oligosaccharide PNP 

derivative to form PNP color over the rate at which α-amylase 

decomposes the substrate to form the oligosaccharide PNP 

derivative (α-amylase activity rate-limitation).  However, the 

phenomenon that occurs in the sample having an extremely high 

α-amylase activity in Fig. 3 indicates that the rate of reaction of 

the following coenzyme is not sufficiently higher than that of 

: P-nitrophenol 
  Color-Forming Group
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Following Coenzyme 
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: Ethylidene 
  Block Group
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Fig. 1   Reaction Scheme of FUJI DRI-CHEM Slide AMYL-P III.
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α-amylase (rate-limiting reaction).

Ordinary α-glucosidase is a yeast-derived enzyme, and in 

case where it reacts with a PNP derivative having a different 

oligosaccharide chain length, it is known that the enzyme 

has no substantial reactivity to those having a glucose chain 

length of 4 or more (Fig. 4).  At the time when AMYL-P slide 

was developed, this enzyme was general, and the problem 

could be evaded by using a substrate G5-PNP that was an 

oligosaccharide decomposed product Gn-PNP where n = 1, 2 

or 3 formed by α-amylase.

Color Formation 
(400 nm)

α-Glucosidase reacts from the 
non-reducing terminal in order.

Relative Reactivity

Fig. 4   Reaction scheme of α-glucosidase from Saccharomyces sp.

However, in the oligosaccharide decomposed product 

Gn-PNP to be formed from the standardization-corresponding 

substrate Et-G7-PNP, n = 2, 3 or 4; and therefore, in the 

region where the α-amylase activity is high, the reaction of 

the coenzyme may be limited, and there occurs a problem in 

that the α-amylase activity could not be measured correctly.  

In consideration of the temporal degradation of the reagents, 

this brings about the risk of reduction in the uppermost limit 

of the measurable range for quantitative determination, and 

therefore requires improvement.

To solve this problem, when a microorganisms-derived 

α-glycosidase capable of acting on also those having a long 

oligosaccharide chain is used (Fig. 5), then it secures a 

sufficient reaction rate to the decomposed product from the 

standardization-corresponding substrate Et-G7-PNP, G4-PNP, 

and the PNP color forming rate does not lower even at an 

α-amylase activity of 2,500 U/L or more, thereby enabling 

measurement even in a high α-amylase activity region.

Color Formation 
(400 nm)

α-Glucosidase reacts from the 
non-reducing terminal in order.

Relative Reactivity

Fig. 5   Reaction scheme of α-glucosidase from Microorganism.

Here is shown the correlation between the FDC AMYL- 

P III slide formed from the above-mentioned investigation 

results, and the α-amylase activity measurement reagent 

(pancreas-related series Liquitec AMY EPS (by Roshe 

Diagnostics)) for the FDC standardization-corresponding 

method (Fig. 6).  It is known that AMYL-P III employs the 

same measurement principle as that for the standardization 

method, and therefore the good correlation can be obtained.

 On the other hand, the correlation f luctuation between 

AMYL-P employing the reaction principle differing from 

that in the standardization method, and the control method is 

great (Fig. 7).
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Fig. 6  Human serum sample (n=80) correlation of FDC Slide 
AMYL-P III with Et-G7-PNP method run on a Hitachi 
automated analyzer.
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Fig. 7  Human serum sample (n=78) correlation of FDC Slide 
AMYL-P with Et-G7-PNP method run on a Hitachi 
automated analyzer.
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Enlargement of Dynamic Range2.2 
The reference standard range of human specimen 

α-amylase activity is around 37 to 125 U/L or so3), but in 

the patients with pancreatic disease, it may increase to a few 

hundred U/L. 

On the other hand, the α-amylase activity may be measured 

in many animal specimens; and therefore, FDC is applicable 

not only to human specimens but also to animal specimens.  

The reference standard range in animal specimens of canines 

or felines is from 200 to 1,400 U/L and is about 10 times 

or more the range in human specimens; and in pancreatic 

diseases cases, it may increase up to around 2,500 U/L.  

The dynamic range of usual amylase slide AMYL-P is up 

to 1,200 U/L.  For canine specimens, only about 75% of all 

the specimens could be analyzed with no dilution (Fig. 8).  

Therefore, there was complication in that the specimens must 

be reanalyzed with great frequency, or the specimens must be 

diluted (or set up for dilution) and reanalyzed.
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Fig. 8 Histogram of canine α-amylase activity (n=1133) and 
dynamic range of FDC AMYL-P Slide and AMYL-P III Slide.

Accord ingly,  i n  i nvest igat ion of  reagent s  for 

standardization, for the purpose of enhancing the operability 

by omitting reanalysis or dilution (or setup for dilution), we 

investigated the enlargement of dynamic ranges.

For the factor of limiting the measurement of high-α-

amylase activity region (uppermost limit of dynamic 

range), there is a principle limit in reflection optical density 

measurement that FDC analyzer employs.  This corresponds 

to the fact that too much increasing of coloration density of 

dye reduces the ref lection optical density change relative 

to the color density change, therefore failing in accurate 

measurement.  Fig. 9-A shows the time-dependent change in 

the reflection optical density of various α-amylase activity-

having specimens, as measured by the use of a slide (pH 7.3) 

formed with the standardization-corresponding substrate 

Et-G7-PNP.  The initial rising is steep, and the optical density 

change for the time (2.5 minutes to 5 minutes) for which 

the measurement is possible with evading the influence by 

interference substances, is the maximum at around 1,900 U/L.

As a measure for evading such too much increase in the 

optical density, the setup pH of the slide was intentionally 

lowered in AMYL-P III whereby the reactivity between 

α-amylase and the substrate was lowered and the dye 

coloration was retarded.  In other words, by lowering 

the setup pH, the enzyme reactivity was lowered and 

simultaneously the PNP dye coloration efficiency was 

retarded4), and by the two effects, relative reduction in the 

dye coloration density was positively utilized (Fig. 9-B).
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Fig. 9 Optical density time course of α-amylase activity in 
AMYL-P III Slide when the slide’s pH is 7.3 (A) and 6.5 (B). 

On the other hand, in case where the slide setup pH is 

lowered too much to pH = 6, the dye PNP dissociation is 

extremely retarded and therefore the sensitivity could not be 

obtained in a low range to a middle range; and therefore, as 

the optimum setup pH, pH = 6.5 was selected.

The enzymatic activity of the follow-up coenzyme 

(microorganisms-derived α-glucosidase) selected in the sub-

section 2.1.2 did not change at pH 6.5 and at pH 7.3; and this 

is considered to be in a relatively advantageous direction.

In that manner, by reducing the reactivity of α-amylase 

and reducing the dye coloration efficiency, the uppermost 

limit of the dynamic range can be enlarged from the usual 

AMYL-P activity of 1,200 U/L up to 2,500 U/L, securing 

good linearity up to the high activity region (Fig. 10).
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Fig. 10 Mutual dilution linearity data with human serum on 
AMYL-P III and AMYL-P.
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Performance in Clinical Practice3. 
For confirming the effectiveness of the FDC AMYL- 

P III slide developed this time, we evaluated the performance 

thereof (correlation) in clinical practice with human and 

canine specimens.

The correlation with human serum specimens is shown 

in Fig. 6, and was good.  With AMYL-P III, not only serum 

specimens but also plasma specimens and urine specimens 

can be analyzed, and the slide expressed good correlation 

with the control method, as in the following formulae:

Plasma: y = 0.97x + 2.5 R = 0.995
  Urine: y = 0.97x - 9.0 R = 0.997

On the other hand, in animal specimens, especially in 

canine specimens, there exists glucoamylase (exo-type 

saccharide-degrading enzyme to cleave oligosaccharide 

chain from the non-reducing terminal in order) almost not 

existing in human specimens, in an amount of about 15 to 

80%5), except α-amylase (endo-type saccharide-degrading 

enzyme) therein.  With usual FDC AMYL-P slide, there 

occurs an excess reactivity with glucoamylase since G5-PNP 

is one not blocked at the non-reducing terminal, therefore 

causing a factor of giving a positive error in the correlation 

with the standardized control method.

On the other hand, the substrate Et-G7-PNP in the 

standardization method does not bring about an excess 

reaction with glucoamylase since its non-reducing terminal is 

blocked, and there occurs no positive error (Fig. 11).

To that effect, it was confirmed that use of the standardized 

substrate for the FDC α-amylase activity measurement slide 

brought about good correlation in all human specimens 

(serum, plasma, urine) and animal specimens (Fig. 12).

AMYL-P
with non-reducing terminal unblocked

AMYL-PIII
with non-reducing terminal blocked

α-amylase
+ 

glucoamylase 
in specimen

α-amylase
+ 

glucoamylase 
in specimen

Fraction produced 
by α-amylase

Excessive fraction produced 
by glucoamylase

Excessive color 
formation (400nm)

Follow-up coenzyme
α-glycosidase

+
glucoamylase in specimen

Follow-up coenzyme
α-glycosidase

+
glucoamylase in specimen

Color formation
(400nm)

Color formation
(400nm)

Excessive color 
formation (400nm)
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reaction by 

glucoamylase

Fig. 11   Reaction Scheme of FUJI DRI-CHEM Slide AMYL-P and AMYL-P III with extra-reaction based on glucoamylase.
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Conclusion4. 
Using the same substrate Et-G7-PNP as that in the 

standardization corresponding method in the FDC slide gave 

good correlation.  At the same time, the slide prevented an 

excess reactivity by exo-type saccharide degrading enzyme, 

glucoamylase existing in animals such as canines and felines, 

and bettered the correlation.

Selecting and optimizing the follow-up coenzyme, we 

found the condition for α-amylase reaction over the PNP dye 

forming speed by the follow-up coenzyme up to a sufficient 

high concentration (2,500 U/L) (α-amylase rate limited).

By reasonably reducing the slide setup pH to be less than 

the optimum pH of human α-amylase, pH 7.3, the reactivity 

between α-amylase and substrate and the dye coloration 

efficiency were reduced to thereby lower the optical density 

in reflection measurement; and as a result, the dynamic range 

enlargement (especially enlargement of the uppermost limit 

of the dynamic range) was realized.

In that manner, we developed FUJI DRI-CHEM (FDC) 

AMYL-P III Slide for α-amylase activity measurement with 

standardized data, not requiring any complicated redilution 

and previous dilution of specimens.
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