
WHAT IS CLAIMED IS: 

1. A cell observation method comprising: 

a detection step of detecting radiation light that is radiated from an observatio 

target when the observation target is irradiated with irradiation light; and 

a determination step of determining whether a cell included in the obse 	ation 

target is alive or dead based on the radiation light. 

2. A cell observation method comprising: 

a detection step of detecting radiation light that is radiated fr• 	an observation 

target when the observation target is irradiated with irradiation light; . , d 

a detection step of detecting the number of live 	ells included in the 

observation target based on the radiation light. 

3. A cell observation method comprising: 

an acquisition step of acquiring a spectrum o irradiation light that irradiates an 

observation target when the observation target is irrad..ted with the irradiation light; and 

a detection step of detecting a state of a 	east one of lipid and protein included 

in the observation target based on the spectrum. 

4. The cell observation method according to Claim 1, wherein 

the detection step includes • - ecting Raman-scattered light radiated from the 

observation target when the obsery , ion target is irradiated with first excitation light 

having a first wavelength and seco d excitation light having a second wavelength that has 

a wavelength difference rel. ' ve to 	the wavelength of the first excitation light 

corresponding to normal 	• • de oscillation of molecules included in a cell of the 

observation target, and 

the determi :tion step includes determining whether a cell included in the 

observation target is dead or alive based on the Raman-scattered light detected in the 

detection step. 

5. he cell observation method according to Claim 4, wherein 

e Raman-scattered light includes at least one of coherent anti-Stokes Raman- 

scatter- , light and stimulated Raman-scattered light. 
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6. The cell observation method according to Claim 4 or 5, wherein 

the determination step includes comparing the detection result of the detection 

step to at least one of a detection result of Raman-scattered light generated from a cell 

determined in advance to be a live cell and a detection result of Raman-scattered light 

generated from a cell determined in advance to be a dead cell, to determine whether a c' 1 

of the observation target is dead or alive. 

7. The cell observation method according to any one of Claims 4 to •, wherein 

the detection step includes an image generation step of generati , a detection 

image showing a frequency distribution of the Raman-scattered light in 4 e observation 

target. 

8. The cell observation method according to any one o 	laims 4 to 7, wherein 

the detection step includes a step of detecting a two- • mensional distribution of 

Raman-scattered light in one observation plane in the obsery 	on target. 

9. The cell observation method according to . y one of Claims 4 to 8, wherein 

the detection step includes a step of dete mg a three-dimensional distribution 

of Raman-scattered light in a plurality of observati • 	planes in the observation target. 

10. The cell observation method 	cording to Claim 8 or 9, wherein 

the detection step includes a 	ep of detecting a distribution of lipid in the 

observation target. 

11. The cell observatio , method according to Claim 10, wherein 

the determination st: • includes a step of counting the number of dead cells 

according to the number of c: 	nuclei distributed near clumps of lipid. 

12. The cell observation method according to Claim 8 or 9, wherein 

the detect • n step includes a step of generating a detection image that reflects 

detection of a dis •r • ution of protein in the observation target. 

1 . 	The cell observation method according to any one of Claims 4 to 12, 

wherein 

the detection step includes a selection step of selecting a type of molecule to 
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generate Raman-scattered light, according to a type of cell included in the observation 

target. 

14. The cell observation method according to any one of Claims 4 to 13 

wherein 

the detection step includes a step of extracting a portion of the obse 	ation 

target as an observation target region and detecting Raman-scattered ligh 	in the 

observation target region. 

15. The cell observation method according to Claim 14, where'. 

the detection step includes a step of scanning a predete . fined observation 

target region in the observation target with the first excitation 	ght and the second 

excitation light, and detecting Raman-scattered light generated . 	the observation target 

region. 

16. The cell observation method according to ' aim 13 or 14, wherein 

the detection step includes a step of disp . cing the observation target in a 

direction intersecting an irradiation direction of th- first excitation light and the second 

excitation light, and detecting Raman-scattere. light generated by a predetermined 

observation target region in the observation tar.t.-t. 

17. The cell observation meth.: according to Claim 7, wherein 

the determination step inclut es a calculation step of performing image analysis 

on the detection image and calculati _ a ratio of at least one of live cells and dead cells. 

18. The cell observ. ion method according to Claim 17, wherein 

the image analys 	includes performing a Fourier transform on the detection 

image. 

19. The cell observation method according to any one of Claims 4 to 18, 

wherein 

the determination step further includes an output step of outputting a 

determinan • 	result to the outside, and 

the output step includes a step of outputting a ratio of at least one of live cells 

and de. d cells included in the observation target. 
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20. The cell observation method according to any one of Claims 4 to 19, 

wherein 

the determination step includes a step of determining whether a cell is dea. or 

alive based on a difference between detection images detected at different times fer the 

same detection target. 

21. The cell observation method according to any one of Cl. ms 4 to 20, 

wherein 

the determination step includes a step of determining whet -r a cell is dead or 

alive based on a distribution of shapes smaller than nuclei of cells a t • earing in a detection 

image. 

22. The cell observation method according to . y one of Claims 4 to 21, 

wherein 

the determination step further includes a s p of determining whether a dead 

cell included in a detection target died of apoptosis o r died of necrosis. 

23. The cell observation method e ccording to any one of Claims 4 to 21, 

wherein 

the determination step further ncludes a step of determining whether a dead 

cell included in a detection target di- • of apoptosis or died of necrosis, based on a 

distribution of shapes smaller than n 	lei of cells appearing in a detection image. 

24. The cell obse 	ation method according to any one of Claims 4 to 18, 

wherein 

the detennina on step further includes an output step of outputting a 

determination result to . e outside, and 

the outpu step includes a step of outputting at least one of the number of live 

cells and the num, er of dead cells included in the observation target. 

2 .. The cell observation method according to Claim 24, wherein 

the output step includes a step of displaying whether each cell in the 

observe ion target is dead or alive. 
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26. The cell observation method according to any one of Claims 4 to 25, 

wherein 

the determination step further includes an output step of outputting a 

determination result to the outside, and 

the output step includes a step of sending a warning to the outside when at le. t 

one of the number of dead cells and a percentage of live cells in the observation target is 

greater than a predetermined threshold value. 

27. The cell observation method according to any one of Clap s 24 to 26, 

wherein 

the output step includes outputting whether or not the t • servation target 

satisfies a predetermined quality standard. 

28. The cell observation method according to . 	one of Claims 4 to 6, 

wherein 

the detection step includes a step of generating . character sequence indicating 

a frequency distribution of the Raman-scattered light in 	e observation target. 

29. The cell observation method ac • ding to any one of Claims 4 to 28, 

wherein 

the detection step includes a firs detection step of detecting a spectrum of 

Raman-scattered light generated from the o servation target and a second detection step of 

detecting Raman-scattered light generates by irradiating with the first excitation light and 

the second excitation light correspon• 	g to a predetermined region in a detection region 

of the spectrum detected in the firs i etection step. 

30. The cell obse 	. tion method according to Claim 29, wherein 

the observation arget includes a plurality of cell groups having a common 

point as a culture condit ',n, and 

the first d- ection step includes detecting a spectrum of Raman-scattered light 

generated from on- cell group among the plurality of cell groups and the second detection 

step includes de ecting Raman-scattered light generated by irradiating each of the other 

cell groups . r ong the plurality of cell groups with the first excitation light and the second 

excitation 	ght corresponding to a peak of the spectrum detected in the first detection step. 
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31. The cell observation method according to any one of Claims 4 to 30, 

wherein 

the determination step includes determining that the observation target includes 

a dead cell when lipid droplets that have entered into cytoplasm or a cell nucleus are 

detected in the observation target. 

32. The cell observation method according to any one of Claims 4 to 31, 

wherein 

the detection step further includes an empty space detection step 4f detecting a 

refractive index distribution of the observation target and distinguis 	. empty spaces 

included in the observation target from intended detection targets in the •bservation target. 

33. A cell observation apparatus comprising: 

a detecting section that detects radiation light 	i at is radiated from an 

observation target when the observation target is irradiated 	th irradiation light; and 

a determining section that determines whether e cell included in the observation 

target is alive or dead based on the radiation light. 

34. A cell observation apparatus come sing: 

a first detecting section that dete s radiation light that is radiated from an 

observation target when the observation tar', -t is irradiated with irradiation light; and 

a second detecting section th. detects the number of live cells included in the 

observation target based on the radiati , 	light. 

35. A cell observatio • apparatus comprising: 

an acquiring sectio 	that acquires a spectrum of irradiation light that irradiates 

an observation target whe 	the observation target is irradiated with the irradiation light; 

and 

a detectin 	section that detects a state of at least one of lipid and protein 

included in the obs rvation target based on the spectrum. 

36 A cell observation apparatus comprising: 

. 	detecting section that detects Raman-scattered light radiated from an 

observe ' on target when the observation target is irradiated with first excitation light 

havi • : a first wavelength and second excitation light having a second wavelength that has 
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a wavelength difference relative to 	the wavelength of the first excitation light 

corresponding to normal mode oscillation of molecules included in a cell of the 

observation target; and 

a determining section that determines whether a cell included in the observati. 

target is dead or alive based on the Raman-scattered light detected by the dete 	ng 

section. 

37. A cell observation program that causes a calculator to: 

detect Raman-scattered light radiated from an observation t-.1 get when the 

observation target is irradiated with first excitation light having a fir• wavelength and 

second excitation light having a second wavelength that has a w velength difference 

relative to the wavelength of the first excitation light correspo ding to normal mode 

oscillation of molecules included in a cell of the observation tar', -t, and 

determine whether a cell included in the observation target is dead or alive 

based on the detected Raman-scattered light. 

38. A cell sheet manufacturing method co prising: 

a preparation step of dividing cells to p -pare a cell line; 

a culture step of culturing the cell li 	in a cell sheet; and 

an observation step of observin: he cells using the cell observation method 

according to any one of Claims 1 to 32. 

39. The cell sheet manuf. turing method according to Claim 38, wherein 

the observation step i 	ludes a determination step of determining pass/fail of 

the cell sheet. 

40. A cell she: manufacturing apparatus comprising: 

a preparing section that divides cells to prepare a cell line; 

a culturi 	section that cultures the cell line in a cell sheet; and 

an ob 	rving section that observes the cells using the cell observation method 

according to . 	one of Claims 1 to 32. 

41. The cell sheet manufacturing apparatus according to Claim 40, wherein 

the observing section includes a determining section that determines pass/fail of the cell 

she 
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WHAT IS CLAIMED IS: 

1. A cell observation method comprising: 

acquiring information identifying a cell included in an observation target; 

acquiring an image showing a prescribed component included the cell, based 

on Raman-scattered light radiated from the observation target irradiated by irradiation 

light; and 

detecting the prescribed component in the cell from among the prescribed 

components shown in the image, based on the information. 

2. The cell observation method according to Claim 1, wherein 

the information acquisition includes acquiring a composite image having four 

wave mixing of the observation target, as the information. 

3. The cell observation method according to Claim 1 or 2, wherein 

the information acquisition includes detecting a refractive index distribution of 

the observation target, as the information. 

4. The cell observation method according to any one of Claims 1 to 3, further 

comprising: 

peak extraction of acquiring a frequency distribution of optical intensity of 

Raman-scattered light radiated from the observation target irradiated with irradiation light 

in a predetermined frequency range and extracting a peak corresponding to the prescribed 

component based on the frequency distribution, wherein 

the Raman-scattered light detection includes irradiating the observation target 

with irradiation light corresponding to a frequency of the peak extracted during the peak 

extraction. 

5. The cell observation method according to any one of Claims 1 to 4, wherein 

the image acquisition includes acquiring an image showing a distribution of 

lipid and an image showing a distribution of protein, as the distributions of the prescribed 

components, and 

the method further comprises generating a differential image by subtracting one 

of the image showing the distribution of lipid and the image showing the distribution of 

protein from the other. 
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6. The cell observation method according to any one of Claims 1 to 5, wherein 

the Raman-scattered light detection includes selecting a type of molecule to 

generate the Raman-scattered light, according to a type of the cell included in the 

observation target. 	 . 

7. The cell observation method according to any one of Claims 1 to 6, 

comprising: 

determination of determining a state of the cell based on a state of the extracted 

prescribed component. 

8. The cell observation method according to Claim 7, wherein 

the determination includes determining the state of the cell by comparing at 

least one of a detection result of Raman-scattered light generated from a cell determined in 

advance to be a live cell and a detection result of Raman-scattered light generated from a 

cell determined in advance to be a dead cell to a detection result obtained during the 

Raman-scattered light detection. 

• 

9. The cell observation method according to Claim 7 or 8, wherein 

the image acquisition includes acquiring an image showing a distribution of 

lipid as a distribution of the prescribed component, and 

the determination includes counting the number of dead cells based on cell 

nuclei distributed near clumps of lipid. 

10. The cell observation method according to any one of Claims 7 to 9, 

wherein 

the determination includes analyzing the image and calculating a ratio of at 

least one of dead cells and live cells. 

11. The cell observation method according to any one of Claims 7 to 10, 

wherein 

the determination includes determining a state of the cell based on a 

distribution of shapes smaller than cell nuclei that appear in the image. 

12. The cell observation method according to any one of Claims 7 to 11, 
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wherein 

the determination further includes determining whether a dead cell included in 

a detection target died of apoptosis or died of necrosis, based on a distribution of shapes 

smaller than cell nuclei that appear in the image. 

13. The cell observation method according to any one of Claims 7 to 12, 

wherein 

the determination includes determining that the observation target includes a 

dead cell if a lipid droplet that has entered into cytoplasm or a cell nucleus is detected in 

the observation target. 

14. The cell observation method according to any one of Claims 7 to 13, 

wherein 

the identifying the cell includes using a plurality of images acquired by 

detecting the same observation target at different times. 

15. The cell observation method according to any one of Claims 1 to 14, 

further comprising: 

determining whether the observation satisfies a predetermined quality standard. 

16. The cell observation method according to any one of Claims 1 to 15, 

wherein 

the Raman-scattered light detection includes irradiating the observation target 

with first excitation light having a first wavelength and second excitation light having a 

second wavelength that has a frequency difference relative to a frequency of the first 

excitation light corresponding to normal mode oscillation of molecules included in the 

prescribed component. 

17. The cell observation method according to Claim 16, wherein 

the Raman-scattered light includes at least one of coherent anti-Stokes Raman- 

scattered light and dstimulated Raman-scattered light 

18. A cell observation apparatus comprising: 

an information acquiring section that acquires information identifying a cell 

included in an observation target; 
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an image acquiring section that an image showing a prescribed component 

included the cell, based on Raman-scattered light radiated from the observation target 

irradiated by irradiation light; and 

a detecting section that detects the prescribed component in the cell from 

among the prescribed components shown in the image, based on the information. 

19. A program that causes a computer to: 

acquire information identifying a cell included in an observation target; 

acquire an image showing a prescribed component included the cell, based on 

Raman-scattered light radiated from the observation target irradiated by irradiation light; 

and 

detect the prescribed component in the cell from among the prescribed 

components shown in the image, based on the information. 

20. A cell sheet manufacturing method comprising: 

preparation of dividing cells to prepare a cell line; 

culture of culturing the cell line in a cell sheet; and 

observation of observing the cells using the cell observation method according 

to any one of Claims 1 to 17. 

21. The cell sheet manufacturing method according to Claim 20, wherein 

the observation includes determining pass/fail of the cell sheet. 

22. A cell sheet manufacturing apparatus comprising: 

a preparing section that divides cells to prepare a cell line; 

a culturing section that cultures the cell line in a cell sheet; and 

an observing section that observes the cells using the cell observation method 

according to any one of Claims 1 to 17. 

23. The cell sheet manufacturing apparatus according to Claim 22, wherein 

the observing section includes a determining section that determines pass/fail of 

the cell sheet. 
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