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Quantitative intra-tissue activity imaging technique for evaluating in vitro cell culture
samples by optical coherence tomography
“Rion Morishita', Toshio Suzuki>?, Pradipta Mukherjee', Ibrahim Abd El-Sadek'*, Tanatchaya Seesan®,
Yiheng Lim', Shuichi Makita!, Yuki Yamamoto®, Tetsuharu Nagamoto®, and Yoshiaki Yasuno'
Computational Optics Group, Univ. of Tsukuba'; Faculty of Medicine, Univ. of Tsukuba?; HiLung Inc.’; Faculty of
Science, Damietta Univ.%; School of Science, King Mongkut’s Institute of Technology Ladkragang®

1. Introduction
Organoid is a three-dimensional (3D) in vitro cell culture that mimics the structures and functions of human organs,
and generally used for drug development and disease mechanism research [1]. Several imaging techniques have
been used for assessing organoids [2]. However, none of these technologies can fulfill all requirements for the
organoid imaging, i.e., 3D imaging, micrometer-scale resolution, millimeter-scale image depth, non-invasiveness,
and sensitivity to tissue activity.

Recently, dynamic optical coherence tomography (DOCT) has been developed. DOCT analyzes the
time characteristics of time-sequential OCT signals to visualize intra-tissue activity with label-free, few-um
resolution, few-mm penetration, and in 3D. Logarithmic intensity variance (LIV) is one of the DOCT contrasts
that is sensitive to the magnitude of intra-tissue activity [3,4]. But LIV cannot contrast the speed of activity. In this
work, we introduce a quantitative DOCT algorithm to quantify the “speed” and “magnitude” of intra-tissue activity,
called variable time window LIV (VLIV). This approach has been applied to human induced pluripotent stem cell
(hiPSC)-derived alveolar organoids and its fibrotic model to demonstrate the label-free tissue activity imaging.

2. Principle and study protocol
In VLIV algorithm, two quantitative metrics, named damping factor (DF) and magnitude factor (MF), are
computed from time-sequential OCT data. VLIV is based on LIV computation which is time variance of
logarithmic OCT intensity signals. Mean LIVs are computed for all possible time windows so that LIV is computed
as a function of time window 7. The LIV time function is modeled by a first-order saturation function of

LIV(7) = a [1 — exp(—1/b)], (D (a) Damping. factor
where a and b are the fitting parameters, 7 is the time window. MF is
defined as MF = a , which is the saturation value. DF is defined as DF
= 1/b (1/time-constant). MF and DF may be sensitive to the magnitude dolh.e
and speed of the tissue motility, respectively.

In this study, an 840-nm spectral domain OCT was used. The
axial and lateral resolutions are 3.8 um (in tissue) and 4.9 um,
respectively. The time-sequential OCT data are acquired with a repeating
raster scan protocol [4]. Each location was scanned 32 times with a frame ~Figure 1: The DF (a), and MF (b) en face imzages

.. . of day 3 normal model. FOVis 3 X 3 mm®.
repetition time of 202.6 ms.

The hiPSC-derived alveolar organoids include normal and fibrotic models [5,6]. The fibrotic model was
induced by bleomycin. Hereafter, we denote the fibrotic model as “bleomycin model.” Both the models were
cultured for 3, 7, 10, 16, 17, and 18 days after the organoid establishment were investigated.

3. Results and discussion

DF and MF images of alveolar organoid are shown in Figs. 1 and
2. On the entire organoid, a uniform distribution of alveoli with
cystic structures shows high DF (green) and high MF (green)
[arrows, Fig. 1]. Fibroblasts with mesh-like structures show
moderate DF (yellow) and low MF (red) [squares, Fig. 1].
Focusing on the alveoli [circles, Fig. 2], thickened epitheliums are
observed. The inner surface of the epithelium shows higher DF
and lower MF than the other part of the epithelium. The thickened
epithelium in bleomycin model may indicate an abnormal

remodeling or repairing process, such as bronchiolization [7].
4. Conclusion Figure 2: The DF (a-c), and MF (d-f) en face images
focusing on alveoli. FOVis 1 x 1 mm’

(b) Magnitude factor
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A DOCT based method was introduced that enables quantifying
the speed and magnitude of intra-tissue activity. Two quantitative metrics, MF and DF, revealed the morphological
and functional structures in the alveolar organoids. Notably, MF and DF revealed an abnormal activity distribution
in the alveolar epithelium of bleomycin models, associated with abnormal remodeling of the alveolar epithelium.
References

[1] Clevers, Cell 165, 1586—1597 (2016). [2] Fei, Bioengineering 9, 121 (2022). [3] El-Sadek, Biomed. Opt. Express 11, 6231—
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Deep learning based high-speed three-dimensional dynamic optical coherence
tomography generation for tumor spheroid evaluation

°Yusong Liu!, Ibrahim Abd El-Sadek®?, Shuichi Makita!, Tomoko Mori®, Atsuko Furukawas, Satoshi

Matsusaka®, Yoshiaki Yasuno!
Computational Optics Group, Univ. of Tsukuba?; Faculty of Science, Damietta Univ 2; Faculty of Medicine, Univ. of
Tsukuba3
E-mail: yusong.liu@cog-labs.org

1. Introduction

Cancer is a leading cause of human death. Anti-cancer drug selection becomes the key for cancer therapy.
Tumor spheroid cultured from patient’s originated tumor cells is useful for anti-cancer drug investigation[1].
A dynamic optical coherence tomography (D-OCT) method, logarithmic OCT intensity variance (LIV) was
proposed for drug response evaluation of tumor spheroid. Three-dimensional (3-D) LIV successfully
visualized and quantitatively assessed the response patterns of tumor spheroid to anti-cancer drugs[2].

However, the slow volumetric acquisition (around 52.4 s per volume) of LIV is not suitable for
comprehensive drug response analysis with large numbers of samples. In this study, we proposed a
deep-learning-based method that requires short acquisition time to achieve high-speed 3-D LIV generation
for tumor spheroid evaluation.

2. Method

Conventional 3-D LIV was obtained from 32 OCT frames within 6.348-s time window by conventional
algorithm[2], and here denoted as C32LIV. A U-shape[3] neural network (NN) model was trained based on
image pairs of four OCT frames within 4.92-s time window as input and C32LIV as ground truth. The four
OCT frames were the 8th, 16th, 24th, 32nd frames extracted from the thirty-two frames which were used
for C32LIV computation. Here the LIV generated from four OCT frames within 4.92-s time window by
NN was denoted as NN4LIV. The training data set consists of 41,928 image pairs from thirty-six human
breast (MCF-7 cell line) and twenty-four colon (HT-29 cell line) tumor spheroids. The NN-based LIV
generation algorithm reduces the required 3-D acquisition time from 52.4 s to 6.55 s.

Trained NN model was evaluated based on twelve MCF-7 and twelve HT-29 tumor spheroids. Besides
C32LIV and NN4LIV, we also computed the LIV from the four OCT frames same as those used for
NN4LIV by conventional algorithm and denoted it as C4LIV. We compared NN4LIV and C4LIV with
C32LIV based on image appearance and numerical metrics, namely volume-wise mean LIV and
volume-wise viable cell ratio. The viable cell ratio is defined as the number of pixels in spheroid with
higher L1V than 3dB=ivided by number of entire spheroid pixel number.

3. Results C32LIV NNALIV CALIV

Figure 1 represents the cross-sectional and en-face images of
C32LIV, NN4LIV, and C4LIV of MCF-7 spheroid treated
with 1-pM of paclitaxel. High and low LIV signals may
indicate viable and necrotic cells, respectively[2]. C32LIV
and NN4LIV have consistent appearance: low LIV signals at

Cross-section

=

spheroid core and high LIV signals at spheroid periphery. § z
However, C4LIV shows more low LIV signals at the & g
periphery region. Figure 2 shows (a) mean LIV and (b) i
viable cell ratio at the entire spheroid volume. The ideal line Figure 1: Cross-sectional and en-face images of
indicated metrics of C32LIV. The metrics of NN4LIV are C32LIV, NN4LIV, and CALIV of 1-uM paclitaxel
close to that of C32LIV. In contrast, CALIV has a large treated MCF-7 tumor spheroid.

difference  especially in  the  high-LIV  and  mesn LV of volume-wise viable cell atio of volume-wise
high-viable-cell-ratio cases. s o s O

- NN4LIV
— Ideal line

« NN4LIV
— ldeal line

4. Conclusion

We used a NN model to generate 3-D LIV that requires
around 6.55 s for a volumetric acquisition, which is only
12.5% of that of conventional algorithm. Our NN-based
LIV  algorithm has potential for  high-speed 1 R A -
three-dimensional LIV generation and replacing C32LIV Smeantvorcalv sy T viable cell atio of €320V

mean LIV (dB?)
viable cell ratio

for three-dimensional evaluation of tumor spheroid.  Figure 2: Plots of (a) volume-wise mean LIV and (b)
Reference volume-wise viable cell ratio of C32LIV, NN4LIV, and

[1] B. Galateanu, International Journal of Oncology 48(6), caLIv
2295-2302 (2016). [2] I. A. El-Sadek, Biomed. Opt.
Express 12(11), 6844 (2021). [3] O. Ronneberger, (2015)
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Assessing the effect of metabolic inhibitor drugs on liver functionality with dynamic

optical coherence tomography

University of Tsukuba!, Damietta University?, °Pradipta Mukherjee!, Donny Lukmanto!, Shinichi
Fukuda!, Toshiharu Yamashita!, Kosuke Okada!, Thi Hang Tran!, Ibrahim Abd El-sadek'?, Shuichi
Makita!, and Yoshiaki Yasuno'

E-mail: pradipta.mukherjee@cog-labs.org
We present label-free imaging of the functional activity of liver tissue in the presence of metabolic inhibitor
drugs using dynamic optical coherence tomography (DOCT). We observed a structural correlation between the

early time point DOCT and the late time point OCT, as well as changes in tissue functionality over time.

1. Introduction

The liver is divided into three distinct functional zones: the periportal, pericentral, and intermediate zones, based
on their metabolic activity [1]. The periportal zone involves in gluconeogenesis, while the pericentral zone
specializes in the glycolysis process. Visualizing the functional activity of these zones in all three dimensions
(3D) without any labeling agents is important for identifying and assessing liver injuries during liver diseases.

To selectively target specific metabolic pathways within the different functional zones of the liver, metabolic
inhibitor drugs can be used. For example, 2-deoxyglucose (2-DG) can inhibit glycolysis, which predominantly
occurs in the pericentral zone of the liver [2].

Dynamic optical coherence tomography (DOCT) has recently emerged as a technique that allows for imaging
tissue function without the need for labeling agents [3]. In this study, we present 3D functional activity imaging
of liver tissue in the presence of metabolic inhibitor drugs using DOCT.

2. Method and measurement protocol

We used C57BL/6 mice for our experiment. A direct injection of 200 puL/kg body weight of the 2-deoxyglucose
(2-DG) drug was administered to the liver. After sacrificing the mice, the livers were extracted and immersed in
a PBS solution. To observe and track changes in liver function over time, longitudinal time-course OCT
measurements were taken at the same location every 30 minutes for a duration of 10 hours. This study utilized a
custom-built swept-source OCT system [4], with a central wavelength of the light source at 1.3 ym and a
scanning speed of 50,000 A-lines/s. To obtain 3D DOCT images, a combination of a repeating raster scan
protocol [5] and a signal processing algorithm called logarithmic intensity variance (LIV) was employed. In the
repeating raster scanning protocol, 16 frames were captured at each B-scan location of the sample, with a frame
repeating time of 204.8 ms. The total volume acquisition time 25hr 9.5hr

for 128 locations in the sample was 26.2 seconds. The oo
LIV contrast was calculated by computing the temporal
variance of the logarithmic (dB)-scale OCT intensity
among the repeated frames at each B-scan location [3].

3. Results

Figure 1 represents en face projection (first row) and
cross-sectional (second row) OCT and LIV images at the
initial (2.5-hr) and late (9.5-hr) time points. At deeper
depths, three-dimensional vessel-like structures can be
observed in the depth color-coded LIV projection (b), and
these structures diminish over time (d). By comparing the
2.5-hr depth color-coded LIV image and the 9.5-hr
maximum OCT projection, structural correlations can be
identified in the region marked by the rectangles in (b)
and (c). It appears that the tissue showing high LIV at the
2.5-hr time point becomes hyper scattering at the 9.5-hr time point. The same hyperscattering appearance can
also be observed in the OCT cross-section [arrowhead (f)]. Such appearance may suggest that the glycolysis
process in the liver is inhibited by 2-DG, resulting in gradual necrosis of the pericentral tissue. This necrosis
causes a decrease in LIV and also leads to hyperscattering in OCT image.

4. Conclusion

The 3D vessel-like metabolic structures within the liver, which likely correspond to its functional zone’s activity
was observed using DOCT. The observed LIV reduction in these structures and the emergence of hyperscattering
structures may indicate a loss of functionality and the appearance of necrotic tissue over time. In conclusion,
DOCT imaging can be used as an assessment tool to investigate the drug effect on liver functional zones activity.
References:

1) Gebhardt et al., World J. Gastroenterol. 20, 8491-8504 (2014). 2) Wang et al., Molecular Medicine Reports 11,
1917- 1924 (2015). 3) El-Sadek et al., Biomed. Opt. Express 11, 6231-6248 (2020). 4) Li et al., Biomed. Opt.
Express 8, 1290-1305 (2017). 5) El-Sadek et al., Biomed. Opt. Express 12, 6844—6863 (2021).
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Fig.1: liver functionality imaging after drug injection.
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Computational-hardware hybrid methods for tissue deep imaging in Jones matrix
polarization-sensitive optical coherence tomography
°Lida Zhu?, Shuichi Makital, Junya Tamaoki?, Antonia Lichtenegger?, Yigiang Zhu?, Makoto Kobayashi?,
and Yoshiaki Yasuno*
COG, University of Tsukuba!; Department of Molecular and Developmental Biology, University of Tsukuba?; Center
for Medical Physics and Biomedical Engineering, Medical University of Vienna®
E-mail: lida.zhu@cog-labs.org

1. Background

Recent progress in tissue culture techniques has facilitated the cultivation of thick and functionally-shaped
tissues in basic medical researches [1]. Imaging such thick tissue cultures presents several challenging
requirements: high resolution of a few microns, deep imaging depth of a few millimeters, and intrinsic molecular
contrast of specific tissues.

Recently, polarization-sensitive optical coherence tomography (PS-OCT) has attracted attentions from
the biomedical researchers. PS-OCT is a non-invasive label-free imaging modality that potentially it fulfills these
requirements. However, deep imaging with PS-OCT in tissue still faces several challenges: the trade-off between
lateral resolution and depth-of-focus (DOF), and the multiple-scattering (MS) signal that appears in the deep
regions, which degrades the image contrast.

2. Method

We developed new computational-hardware-hybrid methods to address these two challenges in deep imaging
using our custom-build Jones matrix PS-OCT (JM-OCT) [2]. The computational approach, named computational
refocusing [3], removes the trade-off between lateral resolution and DOF. The hybrid approach, named
multi-focus averaging (MFA) [4], combines computational refocusing, complex averaging, and an electrical
tunable lens (ETL). It averages multiple refocused Jones matrices of PS-OCT signals acquired with different
focus configurations (7 volumetric Jones matrices acquired with different focus depth positions, with an interval
of 0.12 mm between each depth position) to reduce the MS signal and enhance image contrast in deep regions.
3. Results Without refocusing

Figure 1 shows the 3-D cut-away
intensity images of an ex vivo porcine
muscle without and with applying
refocusing. The focus was located at a
depth around 1 mm. In the deep region
(1.06 mm), the resolution improvement
obtained with the refocusing is moderate.

However, at superficial depths (0 mm \{ i & , :

and_ 0.38 ) mm) the resolution ) IS Figure 1. Three-dimensional cut-aways of intensity images of an ex vivo porcine
noticeably improved by the refocusing,  muscle without (a) and with (b) applying computational refocusing.

and muscle fiber structures can be clearly visualized.
Figure 2 compares the
intensity and birefringence images of a
postmortem adult medaka fish obtained
by the MFA and single acquisition
methods. Tissue birefringence can be
caused by fibrous structure such as
muscle and collagen. In the intensity
images, the MFA provides better
contrast for some low-scattering
structures [white arrows in Figs. 2(a,
c, e, 0)]. In the birefringence images,
the MFA images show low
birefringence (blue appearance) of
skin in the deep regions [yellow

arrows in Figs. 2(b, d, f, h)]. The . - - o e

H H H Figure 2. Intensity and birefringence images of a postmortem medaka fish measured by
b"efrmgence qontrast between Fhe Skl_n single acquisition and MFA methods. Yellow dashed lines indicate the locations where the
and neighboring muscle regions S cross section and en face images are taken.

enhanced by applying MFA method.

4. Conclusion

Our computational-hardware-hybrid methods successfully achieve high resolutions throughout the imaging
depth, reduce the MS signals and enhance the image contrast in the deep regions. This work has important
implications for polarization-sensitive imaging of thick biological tissues, empowering PS-OCT as a more
practical tissue imaging modality.

References

[1] R.-Z. Lin et al. Biotechnol. J. 3, 1172-1184 (2008). [2] A. Miyazawa et al. Biomed. Opt. Express 10, 5162-5181 (2019).
[3] L. Zhu et al. Biomed. Opt. Express 13, 2975-2994 (2022). [4] L. Zhu, et al. arXiv:2304.11309 (2023).
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© 2023%F [CHMEES 03-026 3.3



20a-A305-5 ERAEGANBEAUSLHMES BEFHE (2023 EABA—ILIEFN321H)

In vivo dynamic optical coherence tomography with hardware-

and software-based motion correction methods

oYu Guo', Rion Morishita', Ibrahim Abd El-Sadek!?, Pradipta Mukherjee', Yigiang Zhu!, and Yoshiaki
Yasuno!
Computational Optics Group, Univ. of Tsukuba!, Faculty of Science, Damietta Univ.’
E-mail: yu.guo@cog-labs.org

1. Introduction:
Optical coherence tomography (OCT) is a non-invasive imaging modality that can provide three-dimensional (3D),
high resolution, and few mm depth imaging of biological tissues. Recently, dynamic optical coherence tomography
(D-OCT) has been developed to visualize and quantitatively assess the intracellular motility by statically analyzing
the temporal characteristics of a-few-second sequentially captured OCT frames at the same location in the tissue
[1]. However, in vivo D-OCT imaging is challenging due to the involuntary motions, which cause motion artifacts
in D-OCT images.

In this study, we demonstrated in vivo D-OCT by employing hardware and software methods for motion
correction. Using the proposed approach, in vivo D-OCT imaging of human skin was successfully obtained.

2. Method: - . 1§
In in vivo sample measurement, we implemented two methods to capture a motion- »T
suppressed D-OCT data. First is a fixation spacer to reduce involuntary motion during
measurement. The fixation spacer is shown in Fig. 1 and was designed by us and
printed by 3-D printer to press the sample. Second is a software-based motion
correction to remove bulk motions from acquired data before D-OCT computation.
The bulk motion correction algorithm registers the time sequential frames measured
at the same location, then detects and corrects the bulk motion among frames along  Figure 1: The photo of the
the depth- and slow-scan-direction [2]. fixation spacer

We measured skin of human outer forearm for in vivo D-OCT imaging. As D-OCT
contrast, logarithmic intensity variance (LIV) was used to visualize the tissue dynamics. LIV is defined as time
variance of the time sequential logarithmic OCT intensity signals [3].

To calculate the LIV, we applied the 3D dynamic scanning protocol [1] using a polarization-sensitive Jones
matrix swept-source OCT system. The 3 X 3 mm?2 scanning area was divided into 8 blocks and each block consist
of 16 locations. Each block is imaged by a rapid raster scanning pattern and it is repeated 32 times in 6.55 s. So,
32 frames were obtained at each location with a frame Without fixation spacer With fixation spacer
repeating time of 204.8 s. The OCT volume was measured
in52.4s.

3. Result

Figure 2 shows the LIV images of the in vivo human outer
forearm skin. Overall, a significant reduction of the LIV
signal in the entire field of view (FOV) after using the
fixation spacer [Fig.2 (b)] and several vessels-like structures
with high LIV were clearly observed. We believe that the
high LIV signals without the spacer [Fig. 2 (a)] are a motion
artifact and it is suppressed after the fixation. After applying
motion correction, a better LIV image with a reduction of
high LIV artifacts was observed [Fig. 2 (d)] (See the zoomed
up images at the insets).

The 30 X 30-pixels area [squares, Fig. 2] below the skin
surface was selected as the region of interests (ROIs). The
mean LIV of the ROIs in Fig. 1(a-d) were 15.04, 5.55,10.91, Figure 2 : B-scan LIV image of outer forearm
4.98, respectively. skin. FOV is 3 x 3 mm?.

4. Summary and conclusion:

We proposed in vivo D-OCT imaging of human skin using a combination of hardware- and software-based motion
correction methods. A significant improvement of the D-OCT contrast was obtained and serval vessel-like
structures [triangles, Fig. 2 (b), (d)], which were muddled in high LIV artifacts without using our methods, has
been clearly visualized. The results indicate that our proposed methods are promising methods for in vivo D-OCT
imaging.

Without correction algorithm

LIV(dB?)

With correction algorithm

References:
[1]1. A. El-Sadek et al., Biomed. Opt. Express, 12, 6844-6863 (2021). [2] R. Morishita et al., Biomed Opt. Express,
14, 2333-2351 (2023). [3] I. A. El-Sadek et al., Biomed. Opt. Express 11, 6231-6248 (2020).
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Development of spectral domain optical coherence microscopy (OCM)

at 830 nm wavelength
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Monitoring the effects of microplastic concentration and particle size on plant seeds using biospeckle OCT

BWEKXKZ, OCM2) E)I %048, Y. Sanath, 9% &%

Saitama Univ., “Tomofumi Kurokawa, Hirofumi Kadono
E-mail:t.kurokawa.135@ms.saitama-u.ac.jp

1. IZUHIT BE~A 70T T RAT 4 v 7 PUHEGRCHEHY L L THESMMBELE 2o TV D BETELHE
N7 T AF v 7 MERe MAEMCEERIC L > T EN D ESE T T 2AF v 7 1353 i@ T/ & ek
DRIND.ZORITELTRI, A 70T T AT ¢ v 7 (MPIZ K2 B YL ) i) DL BRI e B % 5.
ZTWAEZENERMENTVWE . ZZCRAIZZOMEICER LEMOAEBTICE 2 B2 NET 52D Tk
ERELTCWABFES T AT v 7I1X,BROIITMP (B Smm Kl /77 AF v 7 (B 100nm A4i) 12
SRS BRE PRSI L TWA[L. 2N E TIZ, MP DR OJE IR DR E\C TR B 2 KIET 2 & DN
INTWBR2]ZE I TAFETIEIMP ORE I, BIOVREMEY O ERLHE T ORIFIZHE X 2B L T H~x
DB ICBHRE Lo F Ay 7 Ve migyE (boCT) W TE=4Y 7 L.
2. EBOFEE Fig 1 ICEBRICHWZ bOCT VAT A% RT. ZO VAT MMLEMERO NETEE O AL & H 7L
T 5 FEHEL - IEMEEDERNE=Z U o SN TH H[3].bOCT TIL,HE L= OCT OWE i) 5, & W IZB\
THREM i E TR % v o ORIFRIZ 72 5 58 O SEE, <>\ 2% T D <I>/o; DL R 2,0, DL & L TER I N DA
AF 2Ry 7N ary h T A My ZBEE Ly DEBPRKE DT EHEBOEENE N L 2 BT 5.

vy =0;/<1>
PR EICB T A ERTIE, 2> b —/L RifE 1~4um ® MP D% 5,10,15mg/L & Yl L7-.4Y > 7 uico
W, 9em O b U ILO AR IS 6 HOFE T % BN 2. F O IREE 27°CHXHEE 70%L0L 1 R 4000 /L7 2D
PIZ~ MU A RE L72.bOCT BlE21T 6 WRFfH,24 ReffIf2ICI 272 - 72.bOCT BB DR/ = v 7 A M EFH
LU, Fig2 /R L2 RIS, VA R RICBI U CEEBRTIX, 2> b e — L Rk 1~4 1 m,10~20 1 m,600~710 2 m 0> MP % %
fifi L72.bOCT DBIZIL 6,12,24 KEEH% & JIEEIEL A HE° L bOCT B D #7222 v T A M &HH L Fig3 IR
L7z
3. EBRER - ZR O RESRICEH L ULBENAETNIEEWVIEE RS A ALy 7 bay b T A b (EELE DEEE
B 2 fiphr U A RRE OBH 2 B LRFE 27T 2 b O)R > TWh. a2y ba—L: MP BE 15mg/L T
1E,8% b NAA F ALy 7y b TR NOEIERBAD L. 202 LB MP IZBENE T IZEWIE SR o3
FOWNEZAETINENEED EEZLND. F 2, A ZRICB L TR 600~710um LV S HIT/hE
WKL T DR A ARy I a3y b T A RPMES MP IZE AL LD ZIT TSI ENDND. 2
MKy W T A B IEF /NS O MPIXRE O R T %8 L CTHONEIIZA Y MO 2 1ET 57
DTHDHEZEZOND HIIRERPBROLGEILART 253 EICEY TKOREEOWINDOILENRAEL 5.
DI MP DRE SNZ L VM ~DOEBOENELD EEX LTINS,
[4. £&B]  ABIETIIMP OEEZHE YA AR L AT ORFLE=Z T H72DIZ bOCT ZER L1-.%
DOFEFMP OIRFERE T IVTE T EHE OIEPERE S T3 0 R I3/ ST UE/ N SWVIE ER OTETEEIT T -
7. 26D &G MP ISR Z KT T 2 &850 0 RETIEITHEFEMOFVERE T MP IZ L 8%
BRTDLENTEEEZLND.
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[1] H.A. Nel and P.W. Froneman, Marine Pollution Bulletin. 2015.[2] Y.S K. De Silva, U. M. Rajagopalan, H. Kadono, GJESM. 2021.[3] Y.S.K. De Silva, U. M. Rajagopalan, H. Kadono, JSAP 2022 Spring Meeting.
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Application of bio-speckle on micro-bioassay with zooplankton and phytoplankton

Devi Arti 1, Hirofumi Kadonol*, R. Uma Maheswari2

1 Graduate School of Science and Engineering, Saitama University, Japan; 2 Dept. Mech, Eng. Faculty of Engineering. Shibaura Institute of
Technology, Japan

1. Introduction

Iron (Fe) is indeed one of the most abundant heavy metals in
the Earth's crust, and it can become toxic at high
concentration. The main sources of iron pollution include
industrial activities, transportation emissions, mining and
excavation, coal combustion, and improper waste. For water
pollution, recently, a micro bioassay is getting attention to
quickly evaluate the toxicity of aquatic environment with
very low cost without specifying chemical components.
Earlier, we proposed a new technique of Biospeckle micro-
bioassay, where a change of biospeckle is focused to monitor
the motor ability of plankton in response to the toxicity of
environment. Our previous study successfully validated its
efficacy using Paramecium Chilomonas exposed to varying
concentrations of the environmental toxin Zn.

In this study, we utilized Euglena and Paramecium, which has
motor ability, and investigated the effects of different
concentrations of the heavy metal of Fe.

2. Experiments and results

Figure 2(a) shows the experimental system where a laser
diode of wavelength 638 nm was used as a light source. The
sample cell of thickness 1 mm was illuminated with a
diameter of 15mm. The unscattered light, or specular
component, from the object was removed by a spatial filter
placed at the focal plane of lens L2, and then the movement
of biospeckle pattern was captured by CCD camera with 60
fps.

CCD Camera
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1

was smaller at a concentration of 2x the permissible level
compared to the control, indicating that (FeSo4.7H20) acts
as a micronutrient for P. Chilomonas. However, as the
concentration increased from the permissible level to 10x and
20x the permissible level, a significant increase in the
correlation time was observed. This suggests that
concentrations above 2x the permissible level were found to
be toxic to P. Chilomonas. These findings indicate that P.
Chilomonas is more sensitive to water toxicity. Interestingly,
in contrast to P. Chilomonas, no significant change in the
cross-correlation time was observed when the concentration
of Euglena was increased up to 2xPL. This suggests that
Euglena has a higher tolerance to the pollutant. However,
with further increments in the concentration of Fe,
specifically at 200x the PL (20mg/L), 500x the PL (50mg/l),
and 1000x the PL (100mg/L), a clear trend emerged. As the
concentration increased beyond the 200x PL, a significant
increase in the correlation time was observed, indicating
water toxicity. The results reveal contrasting sensitivities of
P. Chilomonas and Euglena to the pollutant (FeSo4.7H20).
P. Chilomonas is highly sensitive, while Euglena
demonstrates higher tolerance. For our system, we should
choose the more sensitive organisms.

FEBAMICAYEFAUTEMARS BRTRE (2023 AR —ILIENIRE)

05 10
Fe (mglL)

Fe (MglL)

Fig.2(a). Schematic diagram of the experimental system

In this experiment, Euglena whose size was around 35-50pm
was cultivated at an optimum temperature of 25°C. Their
swimming activity was evaluated as a function of Fe
concentration. The exposure time of Fe for each sample was
1.5 hours. To quantitatively evaluate the swimming activity
of Euglena and P.chilomonas, the cross-correlation functions
between the initial frame as a reference and the following
frames were measured. Plankton were exposed to various
concentrations of an emerging water pollutant,
(FeSo4.7H20), ranging from the permissible level (PL) of 0.1
mg/L (WHO), to 2x (0.2mg/L), 10x (1mg/L), and 20x
(2mg/L) the PL. The experimental results revealed that the
cross-correlation time for P. Chilomonas (shown in Fig. 2b)

© 2023%F [SRYEES

Fig 2: 2 (b) Cross-correlation length of Euglena and P.Chilomonas 2(c)
Correlation time as a function of Fe concentration (mg/L) for Euglena at
higher concentration.

3. Conclusion

It was confirmed that the swimming activity of
microorganisms can be quantitatively evaluated by
converting the image of plankton into a biospeckle image
using the cross-correlation function. Several factors suggest
our method could be used to assess the toxicity of an
environment quickly, such as avoiding microscope
observation to obtain critical features of targeted plankton
such as alive/dead, as organisms become smaller, observation
becomes harder due to the narrow focal depth of the imaging
system.

[2] [20a-C301-8], Application of bio-speckle on micro
bioassay with plankton III
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Scirrhous gastric cancer detection using scattering of circularly polarized light
FEXE! RREMSEMK? CER 2!, BH B2 HP KZ?
Kitasato Univ.!, Tokyo Medical and Dental Univ.2, °N. Nishizawa', S. Shimada?, S. Tanaka?

E-mail: nishizawa.nozomi@Jkitasato-u.ac.jp

ZF VAR T DA FIZIA<IRIE L, BBNELWARATH Y, Eiiems
D32 < HUEAIE & TR 2 O P& DFEWEHEMEN A TH D, S DICHIHIEME TIL, 23 AMIa A
Y% RO 7o HBECIHMER AR RO Z &L R RNE LV, €Dk
D, AXNVAENAORMIET 2 FENRRD LN TS, —F, Frex MRS A AR
L., ZOREDEORCREBOZIC IV BNzt FHEiT 2 8o ZzED TRy, Zh
F RN A OWEREHPOETE /2 &2 HE L TE[2), ZOHINTIE, BELEK TH HEE 2
mm F2E, RS 3 mm BRE OB O AACITER Lo la R 2 i+ 2 2 & TRl b
TLTWDORADTREEZFHIIT 2 Z N TE 5, FERIS, ROETRATH 55510 b B
DIFCEZL E L CHRBN OMIBE R OFEZ BT 2 2 LN TE D, TROLYHAF LA
BRAERET 2 ZENARETH D, TNETICV I 2 b— 3 XD HBRN O AHIIEOTF
TELLERITIE U CHELE O PR EN AT 2 Z & 2845 L2 3], AFETIE, AFAAFERA~
U AET IV BAH LT BRI U CIEBREYIC I S rTREREE L 7= D THE T %,

AFNVZHEN A~ T AET AL L BRIK[4]8 X OUER 22 BRI LT Figl(a)llr
T XD IZAEY FREYE(DOCP = +1)Z TELIC AT L, 30005 IS HGEL L 72 e DRt BE 2 7 HAI L 72,
DS AKBRAR I C B L L 72 600nm 33 X OF 950nm @ 2 il B O FRG[2]% RS L, b Oft
JEDFESy 7 Lz, #iR% Fig2 \oRT, EH B A TIE 8mm A OEBIZ IV TIRIFE — 22 fE
LI, MR A SN2, —H T, AFAVZAFRAMKTIING LELEREZEIZH Y
D3 AR IS RERIZ A3 B LT D Smm A OFEIK (Fig.1(b)D H AR (23 L THIE L 72 & 2 A,
X =0~2 (mm),Y = 0.5~2.5(mm)DFEIIZ BV TEIE & K& < BARDREEZENGE LI, AFL
A2 BB DZARNKIET DRERDG Tz, BIEIC L HEE ST OV THIE, FE7RH
W Z1T> TR Y . BHITLVEEMARNER R E OICEREZRE T 5 TETH D,

[1] Japanese Gastric Cancer Association, Gastric Cancer. 1, 10-24 (1998). [2] N. Nishizawa et al., 70 JSAP Spring
Meeting, 15a-A405-6 (2023). [3] N. Nishizawa et al., 69" JSAP Spring Meeting, 25p-P08-3 (2022). [4] S. Shimada
et al., Gut. 61, 344-353 (2012). [5] N. Nishizawa et al., J. Biophotonics, 15(10), 202200062.(2021).
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Fig. 1: Photos of the mouse stomach with scirrhous
gastric cancer: (a) Side view with orange arrows Fig. 2: Distributions of the differences in DOCP values between 600 nm and 950 nm
which schematically show the incident and for (a) normal stomach and (b) scirrhous gastric cancer are shown in color map. The
scattered light. (b) Top view with a white dotted widths of the color scale are the same, while the absolute values are different. Black
square which indicates scan area in this study. points in the plotted area represent the sampling points.
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