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Development of Quantification Method for Bioluminescence Imaging
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Purpose: Optical molecular luminescence imaging is widely used for defection and imaging of bio-photons
emitted by luminescent luciferase activation. The measured photons in this method provide the degree of
molecular alteration or cell numbers with the advantage of high signal-to-noise ratio. To extract useful information
from the measured results, the analysis based on a proper guantification method is necessary. In this research, we
propose a quantification method presenting linear response of measured light signal to measurement time.
Materials and Methods: We detected the luminescence signal by using lab-made optical imaging equipment of
animal light imaging system (ALIS) and different two kinds of light sources. One is three bacterial light-emitting
sources containing different number of bacteria. The other is three different non-bacterial light sources emitting
very weak light. By using the concept of the candela and the flux, we could derive simplified linear quantification
formula. After experimentally measuring light intensity, the data was processed with the proposed quantification
function. Results: We could obtain linear response of photon counts to measurement time by applying the
pre-determined quantification function. The ratio of the re-calculated photon counts and measurement time
present a constant value although different light source was applied. Conclusion: The quantification function for
linear response could be applicable to the standard quantification process, The proposed method could be used
for the exact quantitative analysis in various light imaging equipments with presenting linear response behavior of
constant light emitting sources to measurement time. (Nuct Med Mol Imaging 2009:43(5:451-458)
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. CCD camera

photodiode  —___

Figure 1. The figure shows that the emitted photons from a point
light source arrive at a photodiode of a CCD camera. The
intensity of light is correlated with the distance between the
CCD camera and the light source and corelated with
dimension of camera lens used.
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Table 1. Photon Flux of Corrected Count Value

Exposure time (sec) Count/em’st
i
? c_1x10° c_5x<107 c_2.5x10"
1 114.200 124.800 141.200
2 114.493 125.640 143.520
3 114.490 112.480 143.488
5 114.561 137.816 143.903
10 114.523 125.717 144.084
20 114.465 125.249 143.562
30 114.355 124.453 142.482
60 114.194 123.606 141,135
Standard deviation 0.144 6.806 1.180
The corrected count value indicates a consistent photon count regardiess the exposure time of lens.
Measured and corrected photon count value Photon flux of corrected value
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Figure 2. We measured a photon count by using bloluminescence bacteria and then applied the photon count to quantification

method. (A) This graph showed the measured and corrected value, respectively.

1x109, 5x109 ond 2.5x1010 is the measured value.

And ¢_1x109, ¢_5x109 and c_2.5x1010 is the corrected value of the measured value. (B) The flux value (count/cm2/sec) was obtained
from the corrected value divided by respective exposure time (sec). It was showed invariable value regardiess of exposure fime.
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Table 2A. The Data Obtained from Three Difference Light Sources

Exposure Count Count/cm?/sec
fime (sec) PMouse® x-LS™1 %152 PMouse x-LS1 %182
1 112.200 117.200 120.400 112.200 117.200 120.400
2 113.800 122.600 129.800 56,900 61.300 64.900
3 114.800 128.300 138.900 38.267 42,767 46,300
5 117.500 140.300 1567.500 23.500 28.060 31.500
10 124.200 168.700 204,300 12.420 16.870 20.430
20 137.500 226.900 297.700 6.875 11.345 14.885
30 150.400 284.500 390.300 5013 9.483 13.010
60 187.000 458.200 668.700 3,117 7.637 11.145
Standard deviation . . . 37.302 37.451 37.359
This table presented that measured photon count value was non-inearly increased to the exposure time.
PPMouse : Plastic mouse phantom, LS : Light Source
Table 2B. Photon Flux of Corrected Count Yalue for Three Difference Light Source
Count/cm?/t
Exposure fime (sec)
c_PMouse® c_x-18”1 c_x1S2
1 112.200 117.200 120.400
2 113.135 118.114 112.188
3 113,267 118.593 122.775
5 113,653 119.156 123.383
10 113.777 119.406 123.909
20 113.887 119.626 124.170
30 113.907 119.675 124.225
60 113.882 119.744 124.293
Standard deviation 0.586 0.906 4138

After correcting photon count, the standard deviation of the flux was decreased significantly. Where "c_" represents the corrected value.

“PMouse : Plastic mouse phantom, LS : Light Source

Measured and corrected photon count

photan count
N w & @
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Figure 3. This groph showed the measured value and the
corrected value from the measured value. We know that data
modified by quanfification method was the ratio to the
exposure time. Where "c_" represents the corrected value.
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exposure
A

time at 10 sec 20 sec 30 sec. 60 sec.
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Figure 4. This graph showed modified data acquired from the animal experiment by quantification method. (A) These pictures showed
luminescent images of small animal at different exposure time. Minimum scale bar is 200 count, and maximum scale bar is 800 count.
(B) This graph showed the measured photon count value and the corrected value affer the application of guantification method. Blue
line is the measured values and red line is corrected values. (C) This graph Is the photon flux of (B). Blue fine is photon flux of measured

vaiues and red line is photon flux of corrected values.

Table 3. Data Obtained in Animal Experiment and Their Quantification Data

Before quantification After quanfification
Exposure
fime(sec) Photon flux Photon flux
Photon count (count/crmi/ty Photon count (count/crmi/t)
5 172.800 34.560 635.716 127.143
10 198.600 19.860 1231.876 123.188
20 248.900 12.445 2420.755 121.038
30 297.800 9.927 3607.398 120.247
60 247.800 7.630 7184.095 119.735
Standard deviation . 10.898 . 3.026

The photon counts obtained in experiment showed non-linear behavior and the flux was decreased on the exposure time. After
applying the quantification method, the photon counts gave linear response and the flux provided improved constant behavior.
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