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g EE— R
HH-1 ~ HH-46: Hamburger and Hamilton (1951) (2 X 289> =D K U D
FEABERE & TEREFT 46 BEREIZ A0 1 CTHIE T 2 72 O O FRiE

cSLCS: Chick Shell-Less Culture System =17 k U IR#EINFREES#15
I HWTIC A TERAERICT=U N RERET 5 1k

cSLC: Chick Shell-Less Culture =7 kU RMEIHEY 22
CSLCSIZ L5 =T kU IR

PTFE: Polytetrafluoroethylene A~V 7 N Z7 714 m=F L

PMPW: Polymethylpentene Wrap 7R U X F L7 VBl H T »

PMPF: Polymethylpentene Film "YU X F L7 87 ¢ L
PMPW Z R DTEARIZIT WA TR AC S & T L TERLL 727 4 b 4

EGK-l1 ~ EGK-X: Eyal-Giladi and Kochav (1976) 3 X T" Kochav etal. (1980)
IZEDHIND B HINCE S ETO=T U IFENINTDOR LB 2 eI
10 BefE (201 THIE T 5 72 O DFEEE

LDH: Lactate Dehydrogenase  FLE&i /K Efi%5

Ca: Calcium /v 7 A

IP: Inorganic Phosphorus & U o

GLU: Glucose 7 /L=—2RA

AST: Aspartate Aminotransferase 7 A/XT X U7 I ) h T A7 =27 —F

TCHO: Total Cholesterol #= L X7z —/)L



TG: Triglyceride HMEARHA

BV: Bone Volume ‘B &4

TV: Total Tissue Volume B MHik (A FS

BS: Bone Surface Area B b a3 i fs

BV, /TV: B

BS./BV: H{&TEH 7= W O EALHEEE ik

vBMD: Volumetric Bone Mineral Density {AF& 5 % &

qSLC: Quail Shell-Less Culture 7 X 7 IRBEIRARES 2

SpO2: % 5 A BN Ik ifn. e 35 i Fn i

pRTD: Proportion of Renal Tubules with Pathological Degeneration
ZoNE U TR IR DEIE
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1. BEOMIZR T IR OMEA L 2 0EE

46 (EFEOHERDIER OH T, FBANZBIN - HFHEBIMIZ, 500 5 EERTO D
Y7V T ACHBL LI L JIXh A TH D, T OMmEEIL, K4 EE
ANZ T TR ARl IS b L, O Tl EEN T, B X
OV ARSI T RS B S AL, A L ST D08 A b 72722,
KPR EE T CORMIAENRFRETH S, Zixt L, 47054 3 (& 2000
TIERTOABRACNT T, oM U 7c el CRRIE A2 28 Al 72 M & £ O R B b
L7z FEBRSEIC MRS, B LOWALEN G £, TR & pL A i
b L 7= D134 2 {8 5000 HFAERTD = Ehd, JHEDHE L7z 013 2 BEERTO P
2T THDLEEZEZIBNTND,

HEEBE D D FREAA~O LR TINIE Z o 722 ki, 1) fEi ETo
PEIR, 2) FHERDOAFEEWNTOSZNE, 3) IO KRAULIZHE S Mz D 5L,
4) FBHEMED IR ANIN 2 PRTe = 212 K Bk, 5) PIEICAKE % < WIS 5 &
HENEINT 5 Z L2 LD KGRFEDOEM, 6) L SR MBI L 5t
HEBEMED S B2 558 b, 7) IRIEDHBUTHE S | IINO T A SZHUT 3 % %
.. 8) ANy MTETINHOHBUIEE S | FRSCHRIT KT 2 RE DI
B, LD 8 ODERNMIEICK Z o7 EHEHIZF TS (Colbert, 2004)

Z O—H DM AR ~OMISHELOMEEE THBL L 72 I0EX, B LW AEFBS

EfE T, MORFICRE S HE L TEMEM TH D,



2. RHEHOFM

AWFFEDORIG: Tho 5 SFIL. WFLEI L ORI & BRI LT
Do TO—J7, BB I ONRIIHTIIIND ANV T DT 32 A b LR
NOMEEY CCEIPRIC LV HEN TR Y, WRETRESNORE Tl
D, TDID, MOFAZBET HIHT20 FHEOWH « BN AER=7 K
UVIRIZ, BEFOETNLVEME LTHWLNTE R, =7 OB AEREIC
ONTRR SN/ b EWIRIT, 7V A FT L RAIZL DB DT, ALILANTE
TENDIES (Aristoteles, 1965) , BIfETIZ, =V FVIIREFDOLL LT
IR ZRIH L2 D 7 F B OEFRLCHEDAEPE, B & iEA
TETHHIATWS,

BEOPT, Hlz=U b UIE, AEORWELOF T, £ 3,600 4FERi1IZHEE
TUT TCEEbSN-Evwbiud (Petersetal, 2022) , BRI BITH =T
R, WRIRE W o 7o, EFICRDERVEERE LTHIAS AN LRTY
%5, BIROMEFITKRE 2EBRE B2 L7ZDIiE, Lyman Byce (2 & 5 BN E
DFEWATH D, HERIT. REFEORIFL, FEEEZ WAL E RN LD
BIRE N TWeb DR, EESREZFINT 52 LT ZEL TEWIFMEEREES
ZENHREE A2 o 72 (Byce, 1914) . ZOFEINT LV | IIRA O RIRREPE A
ARE L T D HEANBHRE N S, FAETIT, MATHESN THDLIEHEOPT, =

T R RERHEL ., KI3BOEPNEE N TS (FAOSTAT, 2020) .

3. =U MU QIR & IR A



=7 Y OYRBITIE, INRERIRL A B A T2 E BeBE DN F 72 B 2R D IR A AFAE
T 5, IMIIEEREPSIC L VA 2 RESOLDRH 5, JIOHFIZH % IRRE
AT, BRSO CARR S 4L, MR 2883 2908 & o /37 E ORiEHA %
JERICERE L TRET 2, ZOIRBMROMEIZ > TR bRET 5. £D
% 7~11 AR CRBICAE L2 IPE, T ERKRTED /W S 5 B IKE
ARLEY (LH) OBEICLY ., AT uA RRAVEVEEARDENT S, i
(&0 AT 4 I~ LN D IME O T O —FROMME T Z 7 D5 ED
20 IR AL, IR S EIR S D, HEIR S A7 IR IZIRE TR SIS
O IAEN TG LIRS, IREICRE L, JRE W S5 S 7N A
[CEVEDND, PEINER 3R LT IR ST L. B R o SMALZ R
BIRNTERL S D L RIRFIC, 35 1 ORI Z 2, 58 1 INEI 15 734%. 25 1 ON
FNH L TURITEAIE 2 PR/ 20 . S 51 1 RFHEIRZITIEE 3 IREIE =
Do IRFIEHE 4 DRBIDEE Z HEICFEHENCE D . K 20 RERIE 45, FEEB
TlE, AT DE TR LT D @R W ST, IRIRIK RIS
D E I L0 EREEA A (HCOz) MO IEREEA A (COs%) 23U, IPkii
Kl CHBERNUET HZ & TREA LYY L (CaCOs) & ERLSy &3 21
WSTERR S D, O/, IRFIFIFRI 280 R L, &5 HTEOMA S 72 5 R

IZFE THRAEDHEL, IS5, (Table. 1-1; Figure 1-1, 1-2; /)NEf, 2014;

/K85, 1989)

TRt X, RIRDSBLA S D £ CHRAITHEIT Liav, MRINBHLA%IE, HpID

24 B CHEE R b2 A U, HH-6~7 ICET 5, ZOHEIZIX, T TIZHMRTE,



FIREE, WIRE~OMEIFEATEY . 3 HH (HH-16) 12, <o Oligz
TT O, 2L DIEGFREDNERIND, £D%., BROKIEE ORAENEL, J7
PN 10 B HIZIE, BRI LV IRERREDI D, EIREIX, IROA(FIT S
Io T AL SR & DA 7 MR 7 5975, HE90 19~20 A HiZ72
D MR, BERIEZRE Y . REICEEZAND Z L TR AL, 0k,
WEFTH 2 BRMA LTI Y . 21 A B kIZE 2 (Burton and Tullett,

1985) .

4. =U bV IRBWRI R & £ O E M

FEIZBWT, b T ORI BRI SE, RS a4 5 2 L TaT
T SNDD, FECBOTIEL, ZORSBIC X 5l mungsic X v A4
52 ENARETH D (Byce, 1914) . =T b UITH T HIEINSMIE. IR 37.6
~37.8 &, MHXHBER 60% T, 1KHIC 1 REIIZAT 5 OB — I TH D,

SRR 2 I08AMNEER 1T, INRICEPN T D TEDIBIRTE WD
FEAERMEZ LT D ZENTEHHINTH D, ZOHEINE, BAEFITBIT S
IRFE LT DRI 72 & ORBENIFEIZIL S BT 57200 T < EmitE izl
TINED T2 b LI R OMRYT . #k % 7284/ (Boulland et al., 2010) | Mk
Bk (Kandaetal., 2021) . /SA A A A— 7 (Kulesaetal., 2010; Funahashi et
al., 2014) | WAEEFR OIS (Chibaetal, 2010) 72 &, £ < DB ~DIL

M723AIRETd % (Taharaand Obara, 2021) , A%, Z OHIN & iEIAVW 38 TG



MLTWLZZdlZiE, EFRe TR ZELTIHMEL, BB Lzt TR IEFICHE

BARETHD LW Rl T HRIEZHE T2 2 ENBEERRETH 5,

5. =U b U EEINsEE (cSLCS) DffEsL

=U b UROREAERE AT D REEIE S LTE, Iiko IR E
BT CTHRE & IR VER AT o 7214, 7 4 )V A THEE L CEERERIT 2 BT BN
HAL Tk Y (Fisher and Schoenwolf, 1983; Andacht et al., 2004) . %< O 478 Tl
MENTWD, —JF, JIEBAMNERIZ LY b F 2k S &7 90 TOREIT,
Perry (1988) (2L 2 & DT, ZDOHETIE, RHANICH 2 1 Ml D k590 %
ML, BE LI 7 ARFaOHF TR & LT/ 1 AR5 L (System
1) . RWT, MOINDOFREFI LRI A W TR 2R L T E
T/ L, 74V L THEEZLT, BRT7 4 LA TIERIRCET L1
FRIZHEE L, BI0ZITV e 5 6 HE £ TH#E L7 (System2) , 0%,
SN EORBORIEINBICIRZB L, ZXRADERTEL LT LaNns7 1
NVATHEZ LT, BROBE LI U= T8 24F L7- (System 3; Figure 1-
3) o TOFHEZIDPERITN TN TH 7o, %IZ, REWNBEZRET S
DO EMNMTbiv, FHEHRIZ50%I1F Sl F TSN/~ (Naito et al., 1990) .
ZOFER, BERAGIC T HEINEO RO -2 &b, REINRIE
EHMHEINTWD, RBRINBIEDBIIC LV | kxR ESC, FABBR O
BUEHRE & 2R o 7oy, RIBINRIIAREHA TH o 7o7od, R il 2 4%

23 % System 2 TIIMkRE L 72 BIZ2RAEETH V. System 3 T, BIEEAIHE



RBEHIIR b T W e, Eo, Bas s 22 o RIS ORI EHE L & v ) RijE
HdoT,

—J. IEERWTIC, R F LU EREARVEe =) 7 U BOROR
il 7 v 7 O TCRERIED R SV TE 2R BAEN TR DI DR O
AT, BT &ML ®DH Z LILTEeh o7 (Elliott and Bennett, 1971; Rowlett
and Simkiss, 1987) .

Z?d1%. Kamihiraetal. (1998) (%, AU Z MW, RNV T T 714w
TF L (PTFE) HEA MW RARICT428% DU X7 WabEsEs 2 L
W LTz, ZOFHETIE, R 2 BHO U XTINDINEERE L, IR~DH
T AP E LT, A BN EFLER I L U T A B REERA AT
A A FaX—H—NITHIRF MG LR bR L, 2k, U
Pk72 L CIRZRHME S E D 2 ENAREL Mo 72y, PTRFE IIAREHTH L7
. MOBEIL EENS DR T, MED O OBILRIIRNFREE 72,

UHARIZ2 0 RY AF NN T VR T v 7 (PMPW)  Z O TR EA
TR K DEERIEN BT S, 1ERD EED A2 64, M DB RS &
72~ 7= (Taharaand Obara, 2014) , Z D J5iElL, PMPW % SRk DFARIZITV -
PR EMIE L THERIL 727 4 v & (PMPF) 275 XF v 7 71 712
DT T BB AT, DI N AL LT, JI AT L LR KE
Mz, 523 HHAOINRER > TNEMZB L, &2 L TEELMkE L, Bk

17 B B LARRISMRE SR DI AAT 5 Z & T Z "TRE L LTz, ZOIEIE. Pk
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EROTITIMIEL 2R TEL 2800, =T MU IREIREREETE (chick

shell-less culture system; cSLCS) & FEIILTUVN 5,

6. cSLCS O

Tahara and Obara (2014) (245 cSLCS 1L, b F &b &5 2 & & AffElC

U728, IEERDMENZ LT THEERZ L IZLE L7V (Taharaetal.,
2021) 72 L, BIRFR CTIIREROBEINTH 5, > T, REMEFZAET 57
DOIZIE, il % OPAREFE 2 B L THER M2 KRBT 52 LIk, £F
B LOWMMEROBFEMELZ @, BRI 20 bR 2155 =
EMETH D,

HAED cSLCS TIRA ML S ¥ 572 DI21E, AR A /LT 7 A L FKEEKE X O
FEDIWMBLETHD, LinL, THOPIEFRRIEEESLHOKRIZED X
)R 5B A TOLDNEIREAATH S, £I T, AHETIE, ALY
=i v, 2 < OEMREROF T, FHZEEEOESVAEFR & LT,
F TR O FENZDNT THEE A V> T L EZRBKOWMMN =T & Y HHHEES
# (chick shell-less culture; cSLC) MUZ 5 X 22 MET L, RICE:&E 17T HE
LUBE DR IANS cSLC PRIC KT RBICIER L, AR T IS 2
REWGNZTLHZLEANE Lz, 23, HE 19 A RUEBRICOWTIE, &
FRPMMET T 2BERDHIE A V2T LB TR BEARBIROIE
RO, BEERAGERGETR ISR T D ER A4 T L OMEDOEIZH KT 5 ArRENE R

Eaalel b, SEIOHENDITRNAT L2 L & LT,
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Table 1-1. Egg formation sequence in the genital tract of hens.

Position of egg Time spent by egg Egg formation phases
Ovary — Ovulation
Infundibulum 15-20 min Fertilisation and thin albumen secretion

Magnum 3 hr Thick and thin albumen secretion

Isthmus 15-60 min Shell membrane secretion
First cleavage

Uterus 18-22 hr Eggshell formation

Vagina 1-3 min Blastoderm stage
Oviposition

Figure 1-1. Schematic drawing of the oviduct of a hen.

1. Ovary. 2. Infundibulum. 3. Magnum. 4. Isthmus. 5. Uterus.
6. Vagina. (Original drawing by Obara)

12



Figure 1-2. Developmental stages of the chick embryo in utero from Eyal-Giladi and
Kochav (1976) and Kochav et al. (1980).

A. EGK-I (0-I hr uterine age). B. EGK-II (about 2 hr uterine age). C. EGK-III (3—4 hr uterine

age). D. EGK-1V (5 hr uterine age). E. EGK-V (8-9 hr uterine age). F. EGK-VI (10-11 hr

uterine age). G. EGK-VII (12-14 hr uterine age). H. EGK-VIII (15-17 hr uterine age). I. EGK-

IX (17-19 hr uterine age). J. EGK-X (a freshly laid egg about 20 hr uterine age). a. Cleavage

furrows. b. Polar body. c. Nests of supernumerary spermia. d. Area pellucida.

e. Area opaca. f. Isolated cell aggregates. Modified from Mizuno (1989).
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B2F cSLCSIZBIFDHBANY T ARMB =T bV RICKIETHE
1. BW

Ak, MITINRICHORT D IREEIN S T L Z N T AJRE LTHIHL TE
V. INERIIIRNER ST DN U LORER 7y g LT % (Rowlett and
Simkiss. 1987; Kamihira et al., 1998) , HRi%. HEIRIEE & IR L CTHE L Tu
2855 D Yk 2 BER RSN oA 2 S Wbl 3 0 43 S 40 5 IR PRI K SRR LT &
DL, BRI AT DM K0 R VST D B A A RIS
DA SH T 5 (Gabrielli and Accili, 2010)

—J7 T, cSLCS THifE LIoRiZ, Ik enized, ZORBKICEI 2 vy
LOWINZAT H Z IR TH D, Flo, KRBT T LML, KIZEITFITL
VN (Solubility: 1.5 mg/100 mL-H,0 at 25°C) 7=, JREICEET 2 & THRIE )
SOWI T Z L b ARARETH D, TDH, BAIED cSLCS TiE, Mi~DH
Ny AMEGTRE LT, KEMETH D ILEE S L 7 2 (Solubility: 6.7 g/100 mL-
H20 at 25°C) 23V 541 TW% (Tahara and Obara, 2014)

AWFFETIX, SLCIZBITDHMAN T T LB I ONEE L L THWOLIL 57K

FARKDOEWMPIRIZE- 2 DB HOWTHLNIT L Z &2 A E LT,

2. MEEE
= F5I0
ERICIT, FEUBE Y2 —[EHEE ) HEA S, S K% T-PARC Ei

WCTHEHBINTWS 8~18 » Ao AL 7k —2F (MBline) M., HH
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IZERE - HOKTE LR —12 T, 14 RERIBAM, 10 R 1 oo BRBR S T
THIE Ilc, ZRINZRIT 5720, Hil 1 AN TEEZ1To 70, FiRlE
BEDOFANBEHR~ vy P —IEIC LV ERL, BIRL 7R EZ 1mL >~
v (TT-01T, 7/E (BR) , D) ZHWT, A XADOIFFREHHIZK 50 uL 7o
A LTz, BORSIZZREINT 1 B 1R 1REICERIFL . B HIZ 15CORT
YU (MIR-154, PHC (#%) , Hn0) PIZPRAF L7, ZEBRICIE, IR 1~7 H
DZAGINZAEH L7z,

AWFZEIE, FE R FEY ERI RIS | UK FEMEREES

HKER GKEE S - 21-435) A TCHEM LT,

BRIk

SHEIZEH LN LA F aX—F— (P-008, KR W77 %, HE)
(2T, IREE 37.8°C. FHAHEE 7T0% CHIFFE 21T o7z, £5#& 3 HH. IE2% HH-15
~16 1T/ 272 b, IRD 3 DDERIFITENERITIR Y 431 TEBRZ MK L7,
Trmt-1 : BEERARITIE, AR T LB LUK ENMZTIZ, 3HED

mEaBL., BEair-oT,
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Trmt-2 : BB AT, 25 mL OEBKOLZMZ T2%, 3 HADOKWERE L,
B AT o1,

Trmt-3 : E5B A ZRIZ, 250 mg DO FLEE LT o L 5 KFn#) (Cat #:031-00675,
B LAV AREHEE () , KR & 25mL OB KEMZ %, 3HED
Wa L, BELIToT,

IC : ZHEINOFHRITEI LTI, TOFEEA U FaX—F—T, HJE37.8C,
KL 70% Tl HHRUN 24TV 72 23 BEGER 2t i) 72,

Trmt-1, 2, 3122\ TCiE, KR ¢SLCS 121t » THi#& A #ikft L 7= (Tahara
and Obara. 2014; Figure 2-1) ., 1%%& 17 H HIZ, WROSERBEZ 0403 2 & 0> 5
#0.5mL DIk Z BB L, im0y i Koo TS & ovEE U, B PR A iR Ak
AL E (DRI-CHEM V4000, &+ 7 A v (BR) , B ZHWT, LR
KFEWESHE (LDH) | vy v (Ca) , HHEY > (IP) |, Zba—=

(GLU) . TARTGXUERT I ) F T 2727 —F (AST) . alL AT o
—/L (TCHO) BLU KU Z7VEZA4 K (TG) WEZRE L, HiMk, Kz
10% FPERE T A L~ U ViR (Catt: 062-01661, &+ 7 A /L A FISGHSE

(k) . KBr) (2 THEE LT,

Micro-CT f##HT
E:#e 17 A B OROEER, IE 280 1L, 3-D X-ray microscopic CT
scanner (TDM-1000, ¥~ KRB (BK) , HE0) ZHW T, 60kV 70 pA OFLE

T 21T o T2, i L7 — 1L, segmentation threshold (109 mg/cm3) %

17



FRE L CHRERR &2 B0 BR& | Micro-CT fi##T >~ 7 k7 =7 TRI/3D-BON (7
I VAT LA Y=7 Vrr (KR, ) 2HWTEILORE & E &1L
L. B BV, mmd) | F##ER (T, mmd) | S biiEsskmfE (BS,
mm?) | EEE (BV.TV, %) . BEEEH-Y oFbiEEmnsE (BS/BY,

1/mm) | (KFEEHEE (vBMD, mg/cmd) ZK&7z,

BRI LB

K TR O AEAFZRIT, Tukey ORREZ W T 21T > 72, ALY
Micro-CT f#HT OFEaHENTIZ. R Version 3.4.1  (The R Foundation for Statistical
Computing, Vienna, Austria) O 2777 4 v 7 a—HY—( L Z—T ==X Thd
EZR Version 1.37  (Saitama Medical Center, Jichi Medical University, Japan) %
WTATo 72 (Kanda, 2013) . AEZEREIX. —JthlES M (one-way
ANOVA) 2L Y ZEIEZITV, Tukey ORREZ AW TIT 21T o7, AEE

X P<0.05 & L7,

3. AR

MOAELFHRIT, Trmt-3 1238\ C, #5348 6~7 H H OB THEICHED Lo
(P<0.05) | Trmt-2 TiL, DFNIIWPTLDA T, AEZEITHD Lo
77 F£7=. IC, Trmt-1, 2. 3 DR 17 H HIZB T 2AEFRIL, 2T h

95.2%, 84.1%, 60.6%. 26.0%7Z~>7- (Figure 2-2) .

18



Trmt-1, 2, 3B L WIC OIEF Ca DR EIX, T E4h 9.7, 9.5,
12.1, 12.7mg/dl 7257z, Trmt-3 & IC DMNITA E TR D LR > T2,
Trmt-1 & 2 Tk, Tmt-3 B X OVIC LR THEIZEL 72 - 7= (P <0.05; Figure
2-3A) . Trmt-1, 2, 3 BLVVIC OIMBEF IP OFHRE L, ZhZ i 11.0,
9.1, 88, 10.1mg/dl 7=~7=, Trmt-1 Tix, Trmt-2, 3 KV L AFEICEL 2o T

(P<0.05) 23, Trmt-2, 3, IC Tix, ABEIFRO N7 (P>0.05;
Figure 2-3B) , Trmt-1, 2. 3 B X OVIC DIiEd LDH OB AL, FhFh
521.5, 609.5, 830.2, 685.3U/l 72~>7-, Trmt-3 Ti&, Trmt-1, 2 LV b HFEI
w7z (P<0.05) 2%, Trmt-3 & IC ORI TiX, AEEITRD LN ho Tz

(P >0.05; Figure 2-3C) , Trmt-1, 2, 3 B X WIC DIAEF GLU O R E
X, £ 2214, 233.8, 235.6, 209.6 mg/dl 7=~ 7=, FFEBRXMEIAHEAEIT
D B~ 7= (P >0.05; Figure 2-3D) , Trmt-1, 2, 3B LV IC DI #E
AST O 1T, T Fh 325, 364, 40.0, 9.0U/N 72 ~7-, Trmt-1 Tid,
BEIEL 72o72 (P<0.05) 2%, Trmt-2, 3B LIC TIHAEEITRD LN
7o 7= (P>0.05; Figure 2-3E) , Trmt-1, 2, 3B X VIC O i TG D)
BEEL, £ Fh 2523, 266.3, 322.8, 360.4mg/dl 7= ~7-, KFERXBIHE
TR BN 7= (P >0.05; Figure 2-3F) ., Trmt-1, 2. 3 B X OV IC i ffE
H TCHO O E¥IREEIT, £ 4 238.9, 249.1, 238.8, 248.6 mg/dl 72~ 7=, 4%
EBRXMICHEEZEITRD e -7= (P >0.05; Figure 2-3G)

Micro-CT (Z X 2T Tl #FEBRX & BIROICFIZ, OV e L DOk

B2 BT b oo 7= (Figure 2-4) , Trmt-3 TlE, I X7 VILERED
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EWVEEIEAS Trmt-1, 2 St TE Doz, F72. 2RITED X % 7 LIk A5 B
%% Bz 3IRTTHENT T, Trmt-3 T 2 % 7 VIR AE IR O @ W GEIS N L T
Y

Trmt-1, 2, 3B LVIC DIEEORE SOFEIZ, FNZFh 193 £ 0.3, 186
+ 05, 183 £ 1.1, 243 = 0.3mm 7= o7, IC DEFORE ZI1X, Trmt-1,

2, 3LERTHEICEN -7 (P<0.05; Figure 2-5A)

Trmt-1 & 2 T, EEFREMEmOKE2, IC LEXTHEIZHM 2o T
7z78 (P<0.05) | Trmt-3 & IC Tl AEETHEO bes-7- (P> 0.05
Figure 2-5B) .

Trmt-1, 2, 3 Ti&, TV, BV, BS DfEN IC LN THEIELS o7z (P<
0.05) 73, Trmt-1, 2, 3 DI TIL, AEEITRD LNZ2h -7 (P >0.05; Figure
2-5C) . BS/IBV L, IC L HEENEN>T-OFX, TImt-3 7210 ThHh-7= (P>
0.05) , £7=. BVITVIE, IC LEEARTTmt-2 IZBWTAEITEL 2oz (P<
0.05; Figure 2-5C) , VBMD %, IC &R THEZENED > 7O Trmt-3 O F
T (P>0.05; Figure 2-5C) . 17 H H OEDIEE D vBMD 1%, FLER LV D A%

BIN9 %2 & THEISHEM L7,

IS
I
P

HHEO=U NV ROFAEBIETIEL, IPN DDA T AL E TR DOWIY
DK EI2DDIX, BAELT HERIZR THD EHEINL TS (Tuan, 1983;

Torres and Korver, 2018) . £7=. cSLCS 2BV T, 5% 21 H T STk
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HT2OIZIE, MORKEIZH: 5 MR EOHN (Zhang and Burggren, 2012) (2%}t
T 570, BE 17T H MO MREORMMNLETH 5 (Tahara and Obara,
2014) . T Z T, AWFFETIEL, BV /LT T L ERBRIMOHRAELERIZ
BARET D720, cSLCSIZHRWT, Fe /LT A0 17 H H £ TORED
AER - TERE IR RIE T A A R LT,

CSLCSIZBWT, =V M MRAIEFICHAESEH7-OIIE, RBKEHLBED
T LOW T ERINT A0 ENH 5 L@y STy 5 (Tahara and Obara,
2014) . cSLCS (T THARHKZMATIT, IRV T LD IHZ IR LIz Tk
BRCIX. 24 RFELLINICIZ & A EDIED A ZAF LT 5 Z LR Sz UM
RFER) . ZOZ b, BRIV T L ERBKODRIL, BEHNREMT 2
WENBD D LB X BT,

FEBROFER, Trmt-2 & 3Tk, BEIHHENS 9 HHORIZ, AEICAELRR
PMETF L7 (P<0.05) A3, Trmt-1 Ti, RBIEICA B2 EFREOMR T LR
SN0l ZORERMNS, BRI NS T L EREKRNS, WHEH=U K
MOBAWNCHETH D Z 2R LTS, L, ZOfHEIE, cSLCS
IRITHEEEIAAND 9 HH X TOROEROAEFRDOBAITHTINTH -7
&I RESED AT (Taharaand Obara, 2014) & FJELTCW5, ZD X HIT, #E
BN LARAWEAITRHATH LR, N 5O 5 EREI2 (=
U NURE, JIORE S, REROMEBRIREE, BNV T LDOA—H—RE) B
RpH70THLERDND, TTH, HIFOHKIL, cSLCSIZBITS Zh

O OHFEDH T, MOEFRPRLRDRERERNTH L LEZ B, BIZIT,
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Tahara and Obara (2014) . Taharaetal. (2021) DEHFETIE, MHIROZFEIFN
MAWBRNTE, ABFETIE, FRUR T 7 — e 65 A Lz MB &t
DRI L D RINAME I S vz,

Trmt-3 Tid, K& 13 A B OMROAEFERMET LIZ T O, Trmt-2 & 3
DOFNZ, AEZIFRD N o7z (P>0.05) , EFENMET L7 B H I3
TH DM, BRI V2T DO KOEIEC K DA L2 iz
MTH->ThH, Zib IV ZITFTEEDRAITRRITHE LI ATREMES, 72
AN T DRRFR IR DR OIEFE T & 2 DFEF D E U aTREME, HEA RO
A AR 53 i VE DN IRFR-CHNGR I & Je 70 5 2 LIS HR T 2 e ElC X
D JEEAR IR & A S TERTREMEDN B Z BT, ARERIT, AMFIEIZISIT D cSLCS D
FEREMED . MBEAEOHEEREMETH L Z OFRFICITEY) TIZ R o2 & %
RIBLTWAD, LAL, ¢SLCS TiE, BT ORMLICIZILEE I Vo T KON
VEIAAIR T (Tahara and Obara, 2014) | TliiFERRE LT, BT U L%
BIETIZ1 7 R AU SRR A L2 a, 13 20~21 H HICE TR
MFEAEEIE & T o7 UNERFER)

WIZ, HBEAN 2T DORMA, =T bR SIET AR 2R B 2 %
2, B 17 B EICRO EE MR 204 Lc, CafRlElx, Trmt-3 & IC
ORINCHEZAITRO bivkes-7- (P>0.05) 23, Trmt-1 & 2 T, IC XV A
BIZIERVMEE 72572 (P<0.05) , ZORERIL, HBE V2 ™ L3 ¢SLCS IR
WIS N2 e Z2RLTEY, BOB LT T LOEREIZOWTHIZE L7-1Ek o

A (Tuan, 1980; Tuan and Ono, 1986) & & —F L CW5, £7-. U XT TOHE
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IRhi& (QSLC) TO=AR v U X7 OIMiRH IP IREL, GINREZ O E Y
LW ERMEZIN TS (Tuan and Ono, 1986) 73, AHFZETIL, IC,
Trmt-2, 3 T, MEF IPIREICAEAETRO b o7z (P>0.05) ., Cak

PiE., LBITMDEFREBFIINLHEADIRXTINTHDLHIED, ZD2ODIFT
IVOFHEAERIZOWTIE, S ORDIMEBLETH 5,

Trmt-3 & IC Difith LDH REICITAEEITFEO bd (P>0.05) | FLEEY
VT DOEMBIED LDH FEPEICET 5 Z LR S iz, —J. vy
U L&A LTV ¢SLCS Tik, RO LDH IEMA IC L0 & @V MEAICH 5
ZENHE I TS (Tuanand Ono, 1986) . Z D XK 912, WO & %t
DFERE 2o HBIX, SBHALNCT 20 ENH D, LDH I, LB E
DIZDDOEIE LRIZ, & D WO D T & F /L CoA (LW D it i
FTHY, KDIZEAETXTOMIIZ/FTET S (Nelson and Cox, 1993; kT,
1997) , FLEEH LT AOUINIE, cSLC D LDH JEMEZ RIS 2 sk b A 7

— NICBL BT rH 5 LIRET 22 0N TE 5, ik ORI
FFIBIZBNWT 7 a =7 U CHER SN 2 Enb, Tlaie LTICK X
OV eSLC (BT 21558 17 H A OO ATIROAMERE PRI 21T > 7223, FLlg Al v
TULIHERT D EMETE L X0 R RIFSE LR o 72 (Figure 2-6)

BErh AST JEFE 1L, Trmt-1 TiX IC ICH~FRICIK2 o 72 (P<0.05) , —fi%
I AST IREIIHEE R H D & LA L, B M TIEFEIIFEEOREIES L THWS

NTW5, LarL, ASTEIZ —MRAVRIEFRFPHN & & 2 b7z, BRI
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BHRIZ2 W EB 272, GLU, TCHO, TGIREIZOWTIE, FFEBRXME THatm
WCHEBZATZBO bien-7- (P>0.05)

CSLC \ZHIT DHBE I VT T DI OF R A~D B L FH 3 5 72Ol 5
# 17 B BIZB T 2B DOEREE Micro-CT I T L=, ZOFEHE, Trmt-3 T
X, WEMICEFRRRETHDHZ ENMR I, 512, Micro-CT fi#HT D
F. Trmt-3 13 IC & vBMD IZHEZEIT ) ->725 (P>0.05) |, Trmt-1 & Trmt-
21T 1C LR L CTHEIEWEEZ R L7 (P<0.05) . =Y hUMEOFIRT
MBI, A4 BES 17 HEOMIZORVBESND Z & RE ST
% (Yairetal., 2012) , —7J7, c¢SLCS TN DDA 0 AEFER 72N T2
O, M AT T DMREDOIKTIC D ROEERENRESHL TS
(Jourdeuil etal., 2015) , L7=28-> 7T, AKMFIEIZIIT D cSLC ~DHE I LT
LOPNIE, 552 17 H BICB W TEEBMICIEE R IEE ORAEIZHF LS L TWD
EEZ LT,

—J5, ¢SLC LTI, IKEE. TV, BV, BS &\ o - BHFRIEN IC & ik
LCIRTHERHED LW (P<005) , qgSLCIETH, OHA XN LD
INENZ ERHE SN TVWD (Kamihiraetal.,, 1998) . ¢SLC TIXMOFEA N
NHZEN, MOREIDNNSLSRLEHO—DEEZHNTWS (Onoand
Tuan, 1986) . ML CAMNAIKTH D7 = / /L E X — L& ERINCER G5
& WM OBIECE I 2 7 b0l 25l i Z L, MEORENE 2
HZENEHESHTWS (Yanetal, 2016) . L7=23»> T, ABFFECTHRIZER SN

R EEZAT DIEE OREDN, BIRREICBWTRAFETHLZ L
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IZ. cSLCS (ZH1F 2 #k B MK AR 63 5 RFE DO FLE K+ DR BRI 5
AREMEDRHDH EEZ B,

BT, CSLCIZHBWT, RBANT T LE N T LRE LTRSS Z L
T, EFZe TNl Ev o HwiEN SN (Taharaetal., 2021) . FLEED
W LERBANT T LEND 2ODRRD N T LRI K DT
U LPRESDRB, cSLCIZBIT 5 I 1 T /AR B TR A~ D BIZ SN T
X, AH%OWE TS BIZFHET 2 LR H 5,

INHDZEND, SLC TIHE DL U LEZTINT D&, BEFTO=U K

U RO Z EFIEDT 20, FIlHZE 5~7 H A OIROAAFRIZHERS

i

w525 LRI ENT,
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BES

Figure 2-1. Outlook of chick shell-less culture system (cSLCS).
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Figure 2-3. Concentrations of representative plasma components at day 17 of

incubation.

Abbreviations. Ca, calcium; IP, inorganic phosphate; LDH, lactic acid

dehydrogenase; GLU, glucose; AST, aspartate aminotransferase; TG,

triglyceride; TCHO, total cholesterol.
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Figure 2-5. Quantification of physical properties of tibia at day 17 using micro-
CT analysis.
A, Tibia length; B, Tibia thickness at the midpoint of long axis.
Abbreviations. TV, tissue volume; BV, bone volume; BS, bone surface
area;
BS/BV, bone surface area per bone volume; BV/TV, bone volume per

tissue volume; vBMD, volumetric bone mineral density.
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B 3FE cSLCSIZRIF HHE%E 17 A H UABOMBMRINNAHE 19 HHETO=
7 R RICRIETHE
1. HAHY

CSLC Tt &ML S E 272D, MRALIRINTOILERHD BB
cOVE, BRAZTRINETICERE LB I E S 3, WEHEFRIC R E X
ZERDEDLIBIRFENRDO LN ENDTholz (RERT—¥) . £
HIC=U b U RZ KRR BRE TR T 5 &0 lENENZY | JEERD LHT
B EHmEEIN TS (Lourens et al., 2007; Zhang and Burggren, 2012) , & 51Z
ISR IR FLER R O B R IR 2 KF T L HE ST D

(Wilkinson et al., 2015) , L7>L. cSLC MRODFEANT K 5 BRE RN 0D FL 2
T, TRETRHMIi SN TI o7, £ I T, ABFFETIE, ¢SLC IZHW\TH;

Z 17 HANSBRT DBANMOR B A RGRET 5 Z L & LT,

2. MEtE Hik
= FE N
FERZIX, F2ELREEOAGBL A —FE (MBline) %MV, D4

. FEIN AR TORAF L. SEBRICEEN Lo, AR, SUBORFEEY IR

=iy
il

<
BRI IS E | ST BMERERROKR CKRE S : 21-435) &7

TS L7,
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BRRMT, B2EBECTHOWONERSRER—ObLO % AV, AlEIZE T 5
FEZ2cm ORNS, BEE2MM DO T T AF v 7 F2—7 (7 KN LAZHEF =
—7, T REAT 40 (BR) , W) ZFHAL CTBREMGEEZIT-7- (Tahara

and Obara, 2014) .

NG

i, A Fa—F— (P-008, k) HHfIZ 7%, HE) 2T, i€
kot & FIFRIZ, HH15~16 =7 kU JR%, PMPF IZHRALEE I L2 T A

(Cat #:031-00675, & L7 A /L AFOLMEE (BR) , KFx) 250 mg & JREE7Z&EE K

(25mL) ZINZ -8RI L T4 L7z (Taharaand Obara, 2014) ., 5%
# 17T ARIZ, BZRD 2 DO FEBRIKITIAELITIR Y 41Tz,

Trmt-1 : K&JE FD ¢SLC

AT

S

Trmt-2 : Tahara and Obara (2014) Z#E . #J 500 mL/h i & CHAZE Ak
9 cSLC
IC : kA O FTITEF OFM (R 37.8°C, MHXHRE 70%) THE L%
FEOH
E5# 19 A HIZ, MOHERBICH D KW IIE D 54 0.5 mL O ik z £H L T

1.

=

Z43BfE L. Ca, IP, LDH. GLU, AST. TG ¥ XX TCHO & % &K 4
{bF AT EE (DRI-CHEM V4000, &+H7 A4/ 4 (BF) , HX) THIEL

779
—o
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06 B2 BB R L 1 S B R BE D I GE
B 17T HEB L U9 HHIC, IREZMIERISEY, Rt o — S @iy

AV AA X A—%— (Ani-Pal, (k) ¥AL7 A F, HE) ZHWT, ©

DO HE ) B AEIRIN SR AT A (SpO2) A HIE L7- (Figure 3-1)

T3 PR A R AT

B ZIT o722, FEBRXICOE, 3EEROM A HEIERIZEO, 10% T MH4E
B L~V R (Cat #:062-01661, &=+ 7 A /L AFEHIEE (BR) , KBK) 12T
EE Lz, EER. BligZ X7 7 0 T L, 5um ORI T 2 ERL, ~~
Y v 2Vt To 7o, WA, JEFBMEE (Nikon Eclipse Ni,
() ==y, HOR) TR LTz, SR OBRMEREIL. ZMELZBIR
HIEOEE (PRTD) 2LV, ROX I ITHELT-,

71— K1 (#%E) :pRTD<25%

7 L— K2 (FEHE) : 25% < pRTD <49 %

7 L— K3 (@) :50%<pRTD

R e

BRI 74w v —DIEMEMERBE 2 IO TR Lc, %7 — 21
Bartlett fi iE & W T AT LTz, MAERDH L O Sp0, 7 — & T4y
BEO®H 2 b O, —IoBLE S BITISHEN T Tukey ORREZ FV, S50y Btk

DN DT/ 3T A U 7 E Tod % Kruskal-Wallis #2 7E 2 IV THERH
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AT 24T o7z, Fio, MAEF IPIRE L TCHO IREDOH O BT Y - OIHEREL

PEH L, AEZEIT P<005 & LT,

3. FER

&R 17T HE CAEFLTWERD 95, #5438 19 H BIZAEF L TV IR
Trmt-1 © 81.0%, Trmt-2 T 94.3 %72~ 7, KEBRXENZAEZEITRO LR
>7= (P>0.05) ,

Be#% 17 H HIZEIT 5 cSLC R & IC DY SpO2 1XFZ 4 76.6% & 93.4%.,
F48 19 H BICB T 5 Sp02 ik, Trmt-1, 2, IC TZHZEh 87.8%. 90.2%.
96.0%7-~>7- (Figure3-2) , Trmt-1 & 2 DA EEITBDO LN -72 (P
>0.05) ,

4% 19 H BIZRIT D Trmt-1, 2 B L OVIC OF¥MmME Ca X, ZhEh
10.9, 10.5, 128 mg/dL ThH-o7=. Trmt-1 B L O Trmt-2 (2851 5 Ca 21X
CIlTH~NHEFEITILD - 7= (P <0.05; Figure 3-3A) , Trmt-1, 2 B L NIC D
M 1P I, £ 12.0, 135, 6.0mg/dL T, WEBRXIXIC L~ H
BlZm o7 (P<0.05; Figure 3-3B) . Trmt-1, 2 B X OVIC (281F 2 ) M4
LDH R I1X, £ 7716, 7445, 528.3 U/L, “F¥IM4E GLU JREIX, &
21 229.0, 268.3, 206.2 mg/dL, ‘F¥IMmAE AST L, £ < 53.6, 51.8,
43.7 U/L, “FHIMAE TG IR IX, £ E4 2809, 262.4, 217.0 mg/dL 72~ 7=,
EEImAE LDH, GLU, AST. TG EEIZOW T, KEBRXM THEZEITRD

Lo 7e (27T P>0.05; Figure 3-3C-F) ., Trmt-1, 2 B L WNIC IZRIT 5 F
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Py TCHO #0813, ZFh 5149, 531.9, 261.5mg/dL T, Trmt-1 35 L2
ZEITH TCHO EEIX, IC LW AEIZE2 -7 (P <0.05; Figure 3-3G) .

Figure 3-4 TlE, BIRAME DIRE & K FEBRXIZEBIT WL OREE % pRTD T
L7z, IC Tl ERRMEIRZITRD g7 (Figure 3-4Aa) , £
7o, JRAE bR AlAE Tk, D ZERa b (Figure 3-4Ab, REH) 23R LTz
. IEFEHANTH L LSz, —77, Trmt-1 B X Trmt-2 T, SRAE
NIEEDdLE (Figure 3-4Ac, 7 AZ U 2 7)) | HIFWE AN OEERIZAL (Figure 3-
4Ad, FHD) | BRHE (Figure 3-4Ae, KHI) MWD bz, KFEERXIZHITS 3
OSOMREFEHZRGI NG, Trmt-1, 2 Tk, IC 12, pRTD 23 EVMEANIZ 72 5
Z M BINE 2572 (Figure 3-4B)

Figure 3-5 (2, MAEH IP JREE & TCHO IREDRfREZ /R L7z, IC @ 6 {HIKDIR

MAEH 1P B LN TCHO REEIX, =24, 7.8 mg/dL LA T, 394 mg/dL LA F
Tdh-o7= (Figure3-5C) ., ZNHDHEAZEFIBICEHIT S EREERE L,
Figure 3-5 (/582 TR L7z, Trmt-1, 2 B X VICICEIT 5 IP 2 & TCHO #)E
OFHBIREIL,. TN EH0.741, 0.829, -0.26 72 -7z, Trmt-1 BL V2 28BIF 5
IP & TCHO IR X, AREICHBEL T\ (P<0.05) 2%, IC Tk, A&7

RO ootz (P>0.05) .

-
2
3

CSLC 2B W T, EFRE T T 5720121, ¥53 17 B B2 BEEIN

AT 9 MELN S A (Taharaand Obara, 2014) . L2 L. cSLC IR IT AERETIMN
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. TOBOWHRAEIZKIETHEICONTUL, TRETRIESN T 2o
foo 2T, 853 17 HEMN O LZERFEEIND, cSLC IZBIT 5F D%k DR
FEANT BT TR & Mt LT,

ZOFER, Trmt-1 & 2 TIE, 552 17 BA & 19 A BICBT 2458 & ik
LFREOKMERIC, AEETRD N2> (P>0.05) , LAL, ICE
g LC, Trmt-1 B L V2 Tik, i IP B L OV TCHO IBESFRZICHEML (P
<0.05) . MAECaiREITARICHA Lz (P<0.05) . 52 ETiE, IC LiG#E
17 H BIZ8IF 5 cSLC KOROHC, 1ME Ca, IP, TCHO IREEIZAE AT
LR Tz, - T, Trmt-1 B2 TiE, 17 HES 19 H BT/ F Tl
BEh o IP, Ca, TCHO IRENZE L L= O LHEER STz,

b hCIk, BHREREFICL Y, Mo IPRENEMNT S L, miEF o Ca &
AT DO, KDV T AJEE 7225 2 ENHBILTWS  (Lumeij, 2008)
Fo, mAa L AT e —)VfEIL, BEEREEZIICO, Rx RWETIZBNT
RBoBND (Vaziri, 2016) . FAENFIDHIRY . BHEHOBARPICH HIMIZE N
T, BHEZ T 2 FIEITHNL STV, 207D, MRAE B &
T3 PR RO MRAT IZ B DU C eSLC RO EHERERHI AT © Z & S EERAI R T
bole, —MIT, BEFERZIT, EHEBRIRME ICRE L, BRERZHETMERM
B BEAE Hypoxic acute tubular necrosis 5| & # 29, £z, FIFFICEEERZIX
DEEREIRTIZ XL D 9 ol AEZ s EEZ T, 22X, ODEHEITET
L. SORDRMEELNEZ 5, 2D, BIROFHEFAFHIIL, BBEX

ZORELLTHWAZENTEXE EEXT,
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ER72=0U FUMTIE, W34 12 A BICEES A Lind, T8I 15 HH
2Bk L 5 (Narbaitz and Kacew, 1978; Bolon and Burggren, 2013) , & Z
T, ¥53E 17 A BIZBAMA L 2B RN RO BRI RIET 8%, #1990 F
RO DFFRAEA 2 /ERL U CRHMI L 72, £ DOFEHE, ¢SLC @ Trmt-1 (Figure
3-4Bf-h) . Trmt-2 (Figure 3-4Bi-k) O FERRX & & 154% 19 H H CEIRAE O
ZMEDNRD HAL, BREDKR TR SN, JHEIZBIT 5 BHEREREEFR O M
BEIP & CalREDORRIZE S o TV, L, b MBI AMEF O
N o ORI & BREERE OB Z BEHOZNICHTIH L Z L TEN
X, HE 17T ARG 19 AHOMO IP & CalREDE b BT 5 BFkRE
fEE A L TV D RTREMEDR & 5,

HEHT_R&E L LT, Trmt-1 (Figure 3-5A) & 2 (Figure 3-5B) i 5T, IfiL
P IP R & TCHO IRIEDRICA BERMBEMERRO b2 L TH S, ICD
BRIPEEEERTCHOREAZHWT, ICEZHEIZRBICTay T 5 L&
(Figure 3-5C) . Trmt-1 (Figure 3-5A) TlX, 56% (5/9) . Trmt-2 (Figure 3-
5B) Ti&. 73% (8/11) DOIENE L RIRIZ/HT b D Z EBRW LN E R oT,

HHEBRIXONREN R 3 HODOED 5B, Trmt-1 @ 2 ik (Figure 3-4Bh, g) |
Trmt-2 @ 1 {E{& (Figure 3-4Bk) DMt IP x OX TCHO JREEIFEE 1 RIRTH D |
TS OO FIFHRIX 7 L — K3 & &= (Figure 3-4B) . F7=. Trmt-
202 o0k (Figure 3-4Bi, j) (X, FAZRRICHY . Zh b DOIROFMIRFHIRE
flit, 7L — K3 L¥@Eshiz (Figure3-4B) , b kv, MfEd IPjEE &

TCHO EE X, BERTO=U M) RIZBIT 5 BHREREEOFE L L CHWS
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U RO AEFRZA7IREE & DRIREZIT T 5 LENHDTEH D,

E5#% 17 H H ® ¢SLC IR TIZ, SpO2 2% IC IZHE~MEVMEFIZH VD . AT TIZ
WA R ZIKRETH D Z LAVRIR S iz, MRsAHEREBRALA 3.5 Bl #1213, JEIRIK
(2T D MAE DEERL R AR & 720 | IBORMEKP O~ 7 1 BB L
TWA Z &R sivie (Figure 3-6)

K635 19 H AR SpO, DIFEHfEIL, Trmt-2 T 7o 7223, FfElciE s &
N, FEREFRZE (SE; Figure 3-2) DR E L eo7e, ZeBIEHL IR REL
STEDNEARRATH 27, BEEZROIRO DT 0058 PMPF D/hS 72
B, BRABHFENOROMEOME, O A XDENR L FRx RJRRIIC X
V. EFNENOROEEFEWIEN L2 5O TV RS, 7k, B
FIMEATDORD -7 Trmt-1 128\ T, 5% 19 HH O SpO2i%, 17 HH D
SpO. L W L EWHEICH 7=, LAL, H:# 19 HH D SpO2 1%, AfFLTW5D
ROHTHE LTz, AREIOFRIT, 552 17 HA 226 19 H HIZH )T SpO2
PRVIEDFE AL E 2D | BRESNTEZEZMMLTND EEZX L,

SETIE, BRI O~ AZHOBAT, Tb b, MMl ~DBAT
(I, BHERTORD K BIZ LSRR Z 22 &MY | [REICENZE L2 & Z M E

—07 . BAEOHINZO=T FURTIE, FFR~OBATIIEE 19 H A
Aif&1246E 5 (Rahn et al.,1979; Burton and Tullett, 1985) , ¢SLC T, ik
~DOATERMATOREE 17 B BRI GIROALFEIMET Lig® %5 (Tahara and

Obara, 2014) . AHFFETIE, MO SpO, DFIfED SE 1L, 1C 25538 17 H
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HDcSLC TREL o7z, Fiz, H#E 19 HRIZEBIT S Trmt-1, 2 & IC OfH
THREOZ ERBREINT, b0z &b, B 17 H BIZEBWT Spo;
MEOIRITEEE 19 B H £ CTAEFTE 508, H57% 17 A H O ¢SLC T Sp02 AMEK
WIRIE, BIRMIE IR Z 1 O IR FRIE 2 FIAET D L UE LTz, T ORGEH & FERE
FTH72DITIE, cSLC A BIRZER Y Hd Z L7 < | BB ok L 72 £ % SpO2 &
WEST D HEOEZERPLETH S,

1%, cSLC TOMDAELFR L bR A2 LT 5 72O2id, BRI

DI A X2 TRWINTTiE, IR Z @b T 212D OFENLETH %,
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BES

Figure 3-1. SpO2 measurement of an embryo cultured in a cSLC using a pulse

oximeter on day 19 of culture.
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Figure 3-2. SpO; of cSLC embryos.
Two different methods were used to describe the SpO> values for each
treatment group: box plots (left) and the mean + standard error (right). In
the box plots, the top and bottom of the box indicate the 75th and 25th
percentiles, respectively; the horizontal bar in the box denotes the

median value; and the top and bottom whiskers are the maximum and

minimum values, respectively.
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Figure 3-3. Plasma biochemical concentrations.
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The average plasma concentrations of Ca, IP, LDH, GLU, AST, TG, and

TCHO at day 19 of culture, respectively. Abbreviations: SLC, shell-less

culture; IC, intact control; Trmt-1, SLC without oxygen supply after day

17 of culture (D17); Trmt-2, SLC with oxygen supply after D17; Ca,

calcium; IP, inorganic phosphorus; LDH, lactate dehydrogenase; GLU,

glucose; AST, aspartate aminotransferase; TG, triglyceride; TCHO, total

cholesterol
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Figure 3-4. Histopathological images of chick embryonic kidneys at day 19.
A. a) Normal tubular structures in the intact control; b) vacuolated renal
tubular epithelial cells (arrowheads); c) dilated tubular lumens
(asterisk); d) formation of cytoplasmic granules (black arrow); e)
pyknotic nuclei (white arrow). Scale bar =50 pum.

B. Kidney sections of three representative samples for the Trmt-1 (f-h),
Trmt-2 (i—k), and IC (I-n) groups. Pathological grades are shown at the
bottom left. Scale bar = 50 pum.
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Figure 3-5. Relationship between the plasma IP and TCHO concentrations
The plasma IP and TCHO concentrations of representative embryos
from the Trmt-1 (f-h), Trmt-2 (i-Kk), and IC (I-n) groups associated with
metanephros pathological grade 1 (o), 2 (A), and 3 (5¥). Linear
regression lines are shown. Maximum IP (7.8 mg/dL) and TCHO (394
mg/dL) concentrations observed in the IC are shown as a vertical and

horizontal dotted lines, respectively.
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Figure 3-6. Color of the blood vessel network in the chorioallantoic membrane in

embryos on day 17 before and after oxygen gas injection.
Left, Trmt-1 (cSLC without oxygen gas injection; OGI); right, Trmt-2

(cSLC with OGI). These images were taken immediately after the lids
were removed. The RGB values indicate the color of blood vessels in the
area shown by the arrowheads. The RGB values are the average of a 5 x
5 pixel area. Image analysis was performed on Adobe Photoshop
Elements 14 (Adobe Systems, San Jose, CA, USA). Scale bar =1 cm.
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1. DIk M ORI DRERE & N LA 7 D EAfR

SHEINDOIRIX, REEH NV T DEERyELTEY, IO HLT T LD
AR & 72 D130, MRA AR~ I BR SR 7> b Ot U R L 72 2t T OIS
AL FRBICT D7D OEBEREEM TH L, £z, IRITIL, [ILEFETND
[EEE 10~30 um DD 72 RDBFANTE Y | Ky FBLOH A TEHTE 57
D, MOELFIZLERMR A RE L+ 2 (INEE, 1998)

—J5, IEEONENIE, ESK 70 um O X o7 B OfHEE TRk E T DN
G52 BOYRENED B D | WROBEIRIE Z I U T2 T AR, K DIRFRIZBS- L
TWbEEZLNTWS (I, 1998) .

CSLCS Tl&, MERFEARIIBE LR DB, I QWP SR ZE S 4
5o T, WRAEZED HT-OIZIE, MEOEEZRETOILERH S,

AIFFRIZFBNTIEL, WICEET 29RO & L THROEH AR Y A F L
N TFUBRRAT 7 (PMPW) Z RIS EIEE L TN L2 7 4 L A
(PMPF) Z MW, ZOPMPW X, o iiilkZ v 7 (R =F L HRORY
Hiee =7 H®) L L CTEHZBRMEICENL TS E W) FHREH T 5
(8.0 x 10'1° mol/m? SPa; Tahara and Obara, 2014)

ABFFEIZ IV TR, WROF 3 HIRZEFIGI L, INNAEW A PMPF IZB L, IR
EINE 2RI 2 BIEFRIZT TE D Z &I X b, IIEEAH-> TS 1) %
XADHT &, 2) WINDFDH I L 3) HALZHAITH Z & &) 3 RIkAE

LT,
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—J7. E O INERIN 2R Uiz S A IR IRk Aol L IR IC A £ h T
DN ARRITHERS D DIZH L, ¢SLCS 123 Tid PMPF A8 L 72
TN 7 LORAG R HENTZ D TN T N NAERIZHHGT 2 0LERH H, S
BT, ARBFFETHWZ eSLCS IZB W TIE, A b E 5 72oiTid, H53& 17
H B UM SR ORI Z1T 9 A& 5 (Tahara and Obara, 2014)

LIEDi@y | cSLCSIZRB W TIEA IR I 1T % IRk ds KL Ok O RE 2
EDLDITRBET 20N EHEL D, —RITHINKIIZIEIN L 72 5a . B
13 90%LL ETZE L TWDHDIIKR L, AWFFETHNZ cSLCS THRIF 3 H L4 55
FBULEA ., AINGRINZIIN L7254 & e CHEBA 3 A AN OIRSET (Al
W) REIOWHETEBATOKE B OEL (BB L) RBEN, T0
72, BIED cSLCS Tlx, MOFEEITLE 22PNk & IIFRIEOMREN + /I R
STV WATREMEDS @V,

Z 2T, ARBFEIZEB W TIE, cSLCS IR A ko m L& B L7250
—BR L LT, AIIRIET B L OBBIE IS BT 2 H AW TR T2 L %

HEOE L=,

2. CSLCSIZBIF DA N T LR =T N IROKERICE % 578

=

h

%2 FETIiL, BIED cSLCS IZB T DRI TIZES 5 L WA ATEEMR & 5
FLER T v T DNTINO B OV TR LTz, AWFE THUW 2 ¢SLCS (2380 T
IZ. PMPF DEERIZ/AK & BRIV D D& L7211 2050F 3 B IROIIN A

% PMPF 2B LB X 7o, ARSI 2908 v 0 ML, RO BRI
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BIEABICFIH SN D Z BB TS (Tuan and Ono, 1986) . #iE-> T, Ak
T &AL cSLCS IZHWNT b EFERFAATR OB RN v o 0 W E TINS5 D
WEIRTH 508, BT ORI THE TH D . DT O ZAGITHBUEIZ RS
L CRAEZREILT S, - T, RBFEIZIIT 5 cSLCS 1233 Tl Tahara and
Obara (2014) (Z¥#EU, U8 3 HIROWNEM Z K E AR I N> U LEEIM LT
PMPF (2% LI X 2 7R 2R L1z, AWFEORERN O Z8HIKE L ORI
T AOFRINIME LI L7 DIHETH D DD, AL LT ZHN
SHAHERIS>TWAZ EDRHLNI T, o, AWFZEIZEBWT, &%
IKSIRD AAFHRIT B % B Z 1= A 1 = R W TBHMETIT R WA, ZREEKICK D,
I DR AR S, B E DRIORGEALEMREENEL, AFRITHE
RN E R bND, LonL, F2E TR EBY, AEKEMZ
FTICHEER I N> T ADOBEMZTGEIL, B HER TREEIHNCTIR DN AEE 1
222D 2 LD, AHEKIEIEA~DOEFEEDNH D —T7 T, LBANLY T LDFEMEE
BT DR D 2 L NRE ST,

—Ji T, AN T LRI S DR, WIS - H LT
DA HIRT B FER F 7213 ORI DRI BAFE T B OV T H 22Tl 7p
W, AIRRIICTOMINDGE ., MIFHREIC L 0 | I &I L TNk o 0
N T RERIR LTS, £, AT LORINE, SRR ET 5 HEI0
10 HHEOIHED EHESN TS (M, 2014) . LorL, cSLCSIZRW
Tid, BERIEDEE LTV D PMPF IZBRZ D ER D TH D RERI N2 T WNTE &

NTEHT ., PMPF OIMANZ ©IFRIZEL Y T DMED T L T\, 207z
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D I ARRO TN T DRI E TR DFEIZE Y DT DRI S
VR H 5, ¢SLCS Tk, RAB N T LEMET 272 DICHBB I LY T L%
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INENDDH, MUZHEE I > T L Z T AR ET D2 ONEAHTH
Do Elo, MIZBINSN=HEB I LT U JMZHKRTHAMICBNTH, 20
H. HRHZOWTIEARHI TH D, ZiHiE, cSLCS 2R DR kR I 2T

LERE L TABRBEENLETHDL EEZBND,

3. CSLCSIZBITF HMBIRMB =0 M ROKEIZ G 3 D2

CSLCS IZBWTIRZ EHIZHE S H7-DI2IE, K54 17 H B b E <
DO, NP DR ZWIN LT D LERH D Z EBE ST D (Tahara
and Obara, 2014) . FEFE (L. BERBDO T T AF v 7 H v FICERIT TR G,
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Mz iRFE L, PMPF Z i L CHROMI OHEIRIEIZ LV | £721%. PMPF _E#IC
BT BT/ S Al kL O BRI 0A0 LR, o Bfc /A4 5 4%
PRIBIC X0 I S 4u, PP B AR TR IR, FPEIRIC L0 EEERICIR D JAE
20

ABFFE T, SFFRAAE HIERT (55 17 HAZ225 19 A R) 1281 D8~
DORIEEFRIIMN OB A WEE LT, £ OFER, K38 19 HIRIZIB T 5 SpO, DE

BRSO BTz, LL, AWFZEDORER, MBIz LA 5R55% 17 A H O
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N, MORRIZHEE G2 TV ENFRRNTH L RERH D, 4%,

o1
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Figure 4-1. Chick embryo up to 56 hours of incubation.
A: Immediately after oviposition (Blastoderm stage). B: 20 hours of incubation (HH-5). C: 45
hours of incubation (HH-11). D: 56 hours of incubation (HH-16). Scale bar = 1 cm.
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REKEZWINS Tz PMPW EICRE) L 7ot B538 2 Mkt L 7o, 1548 17 AR
(D17 &) £ CTOEFRLE . DI7T MOMEIERE L OISE ORI, BBER X
W3 RICIRNT 24T o T, ZORER, KPR = L A7 12—/ (TCHO) | 7
Ja—2 (GLU) BLOHMEIEN (TG) IZoW Tk, R TOERKXHE THEZ

IRDHNRD o7 (P>0.05) , £z, V¥ (IP) Tix, AIFERRX (IC
X) EFFERXOMICAEZITR D)o (P>0.05) . FLEEN/KFEREFR
(LDH) %, Ca-L ERMNX (CaL(-)X) IZBW\T, KL A DM
Tro TANGEUEET I FF7 02725 —F (AST) 1E. CaL(-)XiZFH\
T, ABIELS 2072 (P<0.05) 23, —MxAYRIEH EEFHMANTH O . BIKRH
REREWIZRWEZE X bivlc, —J T, Ca-L iNX (CaL(+)X) (28T 5
O CalgfElX, CaL(-)R LW AEICHEL (P<0.05) . ICKEDMIZHEZE
IERO N7 (P>0.05) . F7=, BEEIL, CaL(H)X T, ICKE D
WICAEZITRD LN -7 (P>0.05) 25, Cal ()X TlEAEITE -7
(P<0.05) . —J7. IEHDOBRITHEERKIZEBNTREITRD SR> 70
N, BEORSIE, CaL#)XB LI CaL(-)XKIZB W T IC KL W AEIZHENL<
(P<0.05 . BEKROKEEH, Cal(+)XB L CaL(-)XKICBWTIC XK LY

INEL IpoTte, MOEFZFRL, CaL(-)X & IC X & DORICHEZITRD Hiv/en

58
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Summary

Factors affecting the growth of the chick embryo under a shell-less culture system

Katsuya Obara

The poultry industry is one of the major agricultural production sectors that supply
highly nutritious meat, eggs, and other poultry products for human. According to the
FAOSTAT (FAO 2022), there are approximately 33 billion chickens in the world, among
which approximately 320 million chickens are in Japan. In the livestock unit basis, the
number of chickens, both in the world and in Japan, are larger than any other major
commodity livestock species.

One of the key technologies that contributed to rapid growth of the industry is attributed
to the invention of electric incubator which enabled a constantly hatch of healthy chicks
with hatching-rate almost equivalent to eggs in the nest incubated by molting hen.
Furthermore, the invention of electric incubator has played a pivotal role in the
pharmaceutical areas, such as toxicity testing and vaccine production, and also in the areas
of developmental/experimental biology. Nevertheless, the temporal phenotypic change of
developing chick embryo in ovo, and also processes of pipping to hatching at 215 days of
incubation remains unexplored primarily due to the inability to observe through
untransparent eggshell.

After extensive efforts, a complete chick shell-less culture system (cSLCS), which uses

transparent polymethylpentene wrap (PMPW) as an artificial shell membrane, was
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reported by Tahara and Obara (2014). However, in the current cSLCS, the viability of
embryos were observed to decrease during the early culture period (ECP) and the late
culture period (LCP). The aim of this study, therefore, was to clarify the factors that cause
ECP and LCP.

In Experiment 1, the effect of calcium lactate (Ca-L) supplementation on ECP was
investigated. White Leghorn embryos at day 3 of culture (D3 embryos) were used in this
study. Embryos were carefully transferred onto PMPWs to which Ca-L and distilled
water had been added previously. Viability to day 17 embryos in culture (D17 embryos)
and blood components and tibia shape, bone density and 3D analysis of D17 embryos
were measured. No significant differences in total cholesterol (TCHO), glucose (GLU),
and triglycerides (TG) in plasma between all experimental groups (P > 0.05). In addition,
no significant differences were observed in phosphorus (IP) between the shelled egg (IC)
and each experimental group (P > 0.05). Lactate dehydrogenase (LDH) was slightly lower
in the Ca-L-less (CaL(-)) group. Event though Aspartate aminotransferase (AST) was
significantly lower in the CaL(-) group (P < 0.05), the results were within the normal
range and considered to be no clinical significance. On the other hand, plasma Ca
concentration in the Ca-L-supplemented (CaL (+)) group was significantly higher than
CaL (-) group (P < 0.05), but not significantly different with 1C group (P > 0.05). Bone
mineral density was also significantly lower in the CaL (+) group than in the IC group (P
< 0.05), but not significantly different between the CaL (-) group and the IC group (P >
0.05). No abnormalities in tibia shape were observed in each experimental group,

however, tibia length was significantly shorter (P < 0.05) in the CaL (+) and CaL (-)
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groups than in the IC group, and whole embryo size was also smaller in the CaL (+) and
CaL (-) groups than in the IC group. The viability of embryos was not significantly
different between the CaL(-) and IC groups (P > 0.05), however, the CaL(+) group was
significantly lower in ECP than in IC (P < 0.05). These results showed that Ca-L is
absorbed by the embryo, circulates in the blood and support bone formation with normal
bone density. However, embryo body size in cSLCS were significantly smaller than IC
(P < 0.05) and also reduction of embryo viability was observe during ECP.

In Experiment 2, the effect of oxygen supplementation on LCP was investigated. In this
study, the same method was used as in the CaL(+) group in Experiment 1, and from day
17 of culture, the oxygenated (O(+)) and non-oxygenated (O(-)) groups were established
and embryo viability, blood components (Ca, IP, LDH, GLU, AST, TG, TCHO),
percutaneous arterial blood oxygen saturation (SpO2) and histological analysis of the
metanephros were conducted on day 19 of culture embryos (D19 embryos). As a result,
there were no significant differences in embryo viability and blood component in the O(+)
and O(-) groups (P > 0.05), whereas IP and TCHO were significantly higher (P < 0.05)
and Ca was significantly lower (P < 0.05) in the CaL(+) and CaL(-) groups when
compared to the IC groups. On the other hand, SpO2 was significantly lower (P < 0.05)
compared to IC groups already at D17 embryos before the start of the oxygen
supplementation. Furthermore, SpO, in D19 embryos in the O(-) group was significantly
lower than in the IC group (P < 0.05). On the other hand, SpO2 generally increased in the
O(+) group, but the extent of the increase varied widely among individuals. Histological

analysis of the metanephros revealed severe tubular lesions, findings suggestive of
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hypoxia, in both the O(+) and O(-) groups. These results suggest that the supplementation
of oxygen from D17 to cSLCS improves SpO: in D19 embryos, but the timing and
method of starting oxygen supplementation require to be improved.

In conclusion, it was revealed that external supply of Ca and O in cSLCS elevated blood
Ca and SpO: concentration onto physiologically normal levels, respectively, but these are
both insufficient to support normal embryo growth.

Future study should be directed toward hatching normal chick by culturing newly laid

fertilized embryos at blastodermal stage.
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