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Abstract

Teleost scale is a calcified tissue that contains osteoclasts, osteoblasts, and bone matrix, all of which
are similar to those found in mammalian membrane bones. We have developed an in vitro model system
using goldfish scale as a bone model. This system can detect the activities of osteoclasts and osteoblasts
with tartrate-resistant acid phosphatase (TRAP) and alkaline phosphatase (ALP) as the respective
markers. In the present study, we have improved this method by normalization of enzymatic activity with
scale areal correction using image processing software. This methodological improvement made the
system considerably efficient and accurate, and made it possible to measure TRAP and ALP activities
even with the small scale of 0.5 mg or less. In addition, our new method minimized the influence of scale
size on measurements of enzymatic activity.
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Fig. 1 Schematic of sampling location for scale removal.
Scale sampling for development of alternated
measurement in TRAP and ALP activities: 192 scales
(numbered scales) were collected from 6 horizontal lines
(from A to F) of scales along the lateral line of scales on
both side of the body. TRAP and ALP activities on the left
side of scales were measured with weight correction
method and on the right side of scales were measured
with areal correction method.
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Fig. 2 A representative stained-scale image captured by
an image scanner. After scales were stained with
methylene blue, it were washed with saline and arranged
in a 96-well plate-like array on a polypropylene sheet.
Then the image of these arranged scales was taken with
an image scanner.
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Fig. 3 Maximization of image contrast. Dragging the
slider of contrast to right side to maximize the contrast of
the scale image. Then, almost all noise components on
the image except scale are eliminated.
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Fig. 4 Image binarization. An original image file is
separated into trichromatic color images (red image file,
green image file, and blue image file) to convert an image
into binarized image, using "split channels" command.
Generally, green image file suit a wide range of images
for an accurate area measurement. Then, area
measurement is automatically processed by clicking the
mouse cursor on each scale of green image file.
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Fig. 5 Correlation analysis between scale weight and
scale area.
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Fig. 6 Correlation analyses (A: scale weight vs ALP activity; B scale weight vs TRAP activity;
C: scale area vs ALP activity; D: scale area vs TRAP activity).
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Fig. 7 Correlation analysis between weight-correction method and areal-correction method.
Left panel (A) showed correlation between unit weight ALP activity (conventional method) and
unit area ALP activity (improved method). Right panel (B) showed correlation between unit
weight TRAP activity (conventional method) and unit area TRAP activity (improved method).
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between scale area and unit area TRAP activity.
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