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BB 1R oMEChTEN LI, A¥ ) -~ XD 3 EDHXIE, American Foun-
dation for Biological Research [z ANTEERTIE > HEBREOHECTH- T, BEHEH
RPDWTCNETRARONT & MERS OFFERICETIHRAO-RELTOOTHD,
HoMEROEBRAFCELUREDE S VDNLD glucose DEABFEEBIH LS &%
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WD EBILNEDICEBEBEINTHRDTHD,
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eI 4 Mmsgic 5%, 10%, 20% 2135 £ 5 glucose 2z b D TH B, Bfkd —50°C
B U —150°C GfF15- 2,
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glucose BiiDEH& & 13T T, glucose BWEMBIL, BREREMRINLZIZYE, 524
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crystallization unit 7p & SR ICE 2 FEIRB O IZFESIR @ pattern ¢, 9T irregular
dendrite T#% %5, 5% glucose THLNIBNE U DOEWERO S DAY D 151, center {437
DIEFIRE F OIR T unit OFLTICHTIROS DDA T 2 OMH A5, EHIGIL perio-
dicity DA LNB T EMEL,
2) MR & BERR
=30°C kB LEETRENLHEIVEMEA LD O DT, HEKLSE-2 2D L
1EABA L NS, BIBIERRE T OMIPUARICL D, $ic periodicity @ C-zone PIA D
A, B, Dzone I8 7185, BIRBEMNR LS &, fB4LAKE LT rough ELIKZYD, opacity
L9, C OEIZIE initial pattern FZFEA EDL DS LB, Biclir &, &4 E L THET
WHEbN, ENBRBCRELRE (G2 T, —10°C TRPFS M KEREERRT 5., FETIE
¥ IZEAI D periodicity D B D 3D hbN B,
B. —150°C ToO#ERK
1) GO pattern
3TEIR @ irregular dendrite ©&H 353, —50°C HFEDOS DX D T T/ &, TEFFREH
DKV crystallization unit O FIPIKTHOLOBEAEL TS, ZOHTHOLDE
E¥ T unit OWIEER, FBXETEDEO XHALN,
2) IRIC X 5 ERR
—30°C @, % unit @ border line /» 5 XK center |Tfi]> THEL L DY B ¢ &ML
BEHRTEIL DD, COWLRBEHIREENCRTROLDOBH2/12& AT, REBILHK
REMT5E5ThHs, —25°C hE —20°C Totht LTHEMAL, RHETH i3+ initial
pattern % & L DEEL 35, PHATHRF—HICHNTHELN, —10°C TEEN T IRESEKR
LHAS T2 2 DK &85,
2. 10% glucose fnmm#E
A. —50°C TR
1) #ifED pattern
5% D H D3 L'a"wv‘: £ B 1 TERE O irregular dendrite T 5, periodicity $ X { & &
5P, RFHROS DRI,
2) IR & B ERE
BRERORBHIZIZE5% OBALAKTH S, —30°C £ 5\ T, &EIHEIE T D initial pattern
@ contrast OETN, &4k & LT O opacity O8N, H&LAA LN, BIZEEME S &, initial
pattern 23473 N, opacity BERICEL B REXBRILL, BNTFHBRAIBD B, KT
4 DRBITE THRET S,
B. —150°C <&k
1) FE#D pattern
—50°C FH#D S DX D H1EDI/NE T crystallization unit TH 5, HENROEOH» S S
v, irregular dendrite & coarse spherulite & DR S VDOFEETH 5,
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2) MR X5 EER

INETHA DL RABORBENS, BB ~30°C TH@EN i k5 pattern DB
1t, Z D% D opacity O3Em, &k, initial pattern O, W FHOEBL, XKBORE
WHEDEBRERSVEROEETHTT L2 CBEbNS,
3. 20% glucose i

A, —50°C TOERE

1) o pattern

% { DB D coarse spherulite ¢, {EYe T3 Maltese cross 78 L, WERICE 2 LG
K HZB, HiBETIE border line BENICAZZRET, HELOBERBAEDLLL TN,

2) MR & B ERR

—40°C T¥i@¥ T border line FiE-> &V RZ, —35°C THRMMAZ, %4 opacity
P89, —30°C T opacity (158 KICEL, & L, initial pattern % ¢F Maltese cross D42
BHY, PHTROKBREOBRBICHTT S,

B. —150°C T

1) %50 pattern

I TS evanescent spherulite T, @Y% Tl 212 border line 739 bl 3 RE T,
T S A Z 120 H, RBYE T3 Maltese cross 2823 %, 20% glucose D4 & Rk, 20~50 u
KON 100~200 4 @ size D 2 DO group H»H D C EMNBIRD L,

2) MR X5 ERER

—35°C ¢, 3% T& opacity 384 L, @5k <t border line p3BEREIZ7E 1, fHl & D crystal-
lization unit & center MOHEE L LY, TNIMREWAT 5, BICBENESD &, REFa@R
% < B2 rough iz 1, Maltese cross (i3 T < %, T opacity BEARIZIED, Th%E
BEDEFUBHMLEY, BEFHHZIHBLT, RBORERET 2,
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BLCRA I XD 3WIRESRERI, MIEILE2OEKEOD glucose 2N KBS, €0
EBHRET D ELEDL DS pattern ZE LD, FRENOEMBLEBACEDLSIEN, D
FOER/BEEBCTRERTTACEZANE LT b,

FDlpi, MERNIL glucose D 2N EFNHMOD b OH, REROMEE L THHEIN
tebhF T, ChoSLREHOMEBSEHBRRE T2 EBMLETH S, AERDO LS ILE
HHRBEAFE2LbOTE, ZRSEOTERNTHI 0L, BEELZUTRTIINER
MERIE#ETH D, Lbd, TOREBHES—-EOERNLRBELSDOTHNIET, LR
RBEEGNES THHY, KEBOBSEETR, 20EMSEMARKL>TERY, —dHOEMl
DEREEICH> DVED, BEDHiCoverlap 5D THo 00, —BEBMUEEHESEETH
%5, UL, e OREZER LD DOAREGHEECRIEER S 20,



166 HHNEB

1. EEIC L DKRAD pattern

Bfiz Luyet® 23k~ TWA XD, ARk IsRBEOBBEOLE, Rehicdihsy
O & BRI OGN o TRELSLEFEING, HikFE, BEBBESEL, B HEE
BMTIEE, BARBEEDI LT IEBAREINLD, 2, XDRELUEHELE
HHMTI D LD, RERTHLNIHERD S B 56 AANEREAEHINIL, M
5% glucose VATE D & b 12 M7z & 5 7% irregular dendrite % fE % 53, glucose MILE AT 1T
Y, coarse spherulite 7» 5 3|z evanescent spherulite & REICRERAMBICAL T, MiEL
glucose & DRAHIMNT L REET, glucose BEOBINE &1, pattern > THL,
M4 & 5% glucose JAH & ORJIC S, BHIE A TEH DO pattern DIHERH 5,

2. BERERARE

PDEDL S BHA2DEMGERT D%, RBEEEZLFTV L, TNENORIE
U ZE LA, PROOEEHEMICES THWANARETHLNS,

A, Mm#EL 5% glucose AH I initial pattern (IO UTHE DS, FHEEEROBE LI
HREBHEENLS, BiFER —15°C HETHBIDHBY B DI, #EFRF —30°C OER T
CEMMBBETOBZDTH 5,

B. Luyet |3 X %Iz opacity ¥ LT, 4 D#ED recrystallization temperature
2L, 2M glucose T3 —406°C ©H % L8 LU 1, % fo recrystallization temperature
WHBEOHTRICE>TEID, TORBICERVEEENZ LSBTV DHH, KRB TH

EXNITHRENEL DD A B D T, glucose DIBE AL, FABRTEEAME 2513 L,
BETE, FEASMBICIVCLORE, BREMOERIBEE TS X OCRA K, Tnid
DR IGD DO REPEA opacity ZRTHORERLELEHPTICL THEK L L BE
DCETHD,

C. M3 glucose ZMA & DT, ENENHBPODOOHMIES DI LI LD B,
U A glucose BIld & DI WIRE P TEENIZE L ERT,

D. BEFFICI> TEBEAF/RBEVIFRIC OV TIE, Luyet BThiE 2 o0BREI
SUTEZTVS, EIBHE 1 o irruptive recrystallization 13, REAER D O RELEREADE
&, PEVHFREOET, THREERMEVGVEEEIATEHCECSbDEEL LN,
% 2 @ migratory recrystallization |3, SE2EREEZ ONBXE (F& LT hexagonal form
oKD BIOREIRETH EET, chizBBEWLVREEGHTTEILDh s & X
nit,

RN AERTHONBHRE LTE, HIAE, 20% glucose EH D —150°C BkETT
% /- evanescent spherulite {3, JRELRTED —45°C J3%E —40°C ¢ irruptive recrystallization
BrhEHrbDEEDbNS, RENE LB ICH- T opacity A5t L Maltese cross 34z b
% T &1, evanescent spherulite /3 hexagonal form iz, METHIREALRIEARRIT
%Mbi5t?6ﬁﬁ%f?%®&mbﬂé opacity D RICET 5 &, RICERIREE T CrE

BTEL XK BOERIFEOEICH B, TP migratory recrystallization T 5 & &
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ZoN%, COWMBHOBTEER> SV LEET I LRIRHETH B,

DI E® X 3 155%5813 coarse spherulite T, 1ZIZEBIC 4 & ¥ 5 N5 A8, irregular dendrite
A bRV 513 Y, opacity ONG & ¥ » FHFTH L, irruptive recrystal-
lization & Z 5N 5 BEBBAMWICIE>TL 3, TULAKBHFORKRL OB THTE,
ZNDPERELUTRENAKRBICE S D ER, HdD» 5 migratory recrystallization IZA % %
DTHAD b, e U irregular dendrite T3 MEEBMMDEATL &3, irruptive recrystal-
lization &E 2 LN BRREBALEALNT, L2rLBEFOHRGAZDTHUHELT R
D, % initial pattern O 2 D column OGH & NI BRI FBERE/LEND T LRI
%, TDXA1H DD migratory recrystallization DHHIC AN D XX TH S H H,

BB, VDA LBRBED, BFEREBIBEVOBEMO pattern i &> THAWNS
DRFEEMD,

E. B4oaoEREGEABREZHECHETCLE, TNENENICEL > o@EE &
BEMEVDT, ERNCINETH LD, RLORMCELNBREL EEZFEHEICL TH
RID2CLRBOTLOATHTEDE TV, ZOEKRT, WE—FE, XBOHER, RE, &
# O pattern L EDED S FHRE L TAHK, TORBERE L XRORK IX, X, XL ZiRshik
BYTH5,
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HiFE D patterm

2min | 7% DB PO I BRELB R |\ EF HE o LIEWHETL|BEHESL
-30°C| 5 — 8 B PO avrSAMET B E S 2 5 | F b L | BEEL
10 i - S {7 :wazb{ﬁ?ﬁﬁﬂ%iﬁmﬁﬂz' s L
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OB ANE, RUBEMEERE TR, glucose BEOE N DIRE, E{oBRbDNT
BEY, FRRUBE TR, MESHDLO K OOHEBRPLLENED THB, L UIMEHEMK
Ot oiclhETNE, BB 5 glucose 20H DIV, IRV AZIE, MEER
glucose 2Nz HC LD, TOHERBARICKELEELSTZLVSEBTESD,

F 72 U glucose (R T & BAEEE HE S 72 D I H A D pattern A& S 2, LRI L%
R RBRICENTEDDEI NERKLTAS L, AEARBICEVE MMELosbh
ZEEMMEND, RVIBEBECHELDNIZ L ICELNE, LLLERBICEZOERTHRA ETHE
BTEHRLSNIRNAZINVESTH B,

—7, glucose WEEDEAIL, BU XD XHEMD pattern Z7R L T T (B2 20% O
—50°C #ifg & 10% @ —150°C HiEDEA), BEOBVWABEMIELEDLND LD Th 3,
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LHDECAIREL, WHORE D EFMD pattern OFEND EB L MX D i < HEESEH
BIcEBET 5 DRHEENITD,

F. evanescent spherulite {ZH# L T, coarse spherulite g{\ i irregular dendrite ©3,
LSRR O opacity DMOEE IREFRTFLNESE, T LTD, TNETNOLEREDS
b ¢ opacity DEARLBI2ABHIETH 5, BEMBECIBZHENTRZITzhEms C
CRREETH B, BHFTEEBORZ I E2REBANCHELLECAILS E, opacity
RERTEER, BHORMCI-TELENZL UL, BRUNENHECOR DOV EE &
SETLT, ZEAMRICALY pattern 2R DR EF/EMCTNDE LS TH 5B,

7535, Luyet |3 opacity O RIZET 2 REZNEL T, 1A 2Mglucose Tid —40.6°C
EHELTVD, HERT —35C 5t vid —30°C T opacity MSERICET 5 LEL#MLIEC
ABH2H, TNEHEBRO glucose REAES T D TEL, MROHELBHEO TR
nHCEiLLDbDTHAD,

G. migratory recrystallization O 82 CRERZET 5 KR OHKAMEIX, T @ migratory re-
crystallization LRIfFEDEZNENDOBC HMELHHMOLRENTEELZ D LB DL ZY,
—BBEESENSDIZE, ZUTRRMNFREBRRZVEISLEDLNS, CNEBETORE
FRETCEEOEIR X BO D, BHiED pattern D 3% ic & 3 FEHESEEOE, 17 initial pattern
D% column PEHE ST 2HORE SOEIL LD DPEHBL TR,

AEBRORR, S BB GO ICHE ORI &> T, SEARKR DL AELMRICE 54
DOERBEDOKENTEZC L, LEdZDHED pattern 35, [MEE TIZ —15°C < 51, glucose
Tld —30°C Jy% —40°C T, TRRE(ET 5 C EAEDENL DI T, ChbDEEND b
glucose MIM¥ER 3 glucose M DHALHR B HIERERS 2 HA, HHOREZ0M
WAL LEREET A L8R3,

% L3

1. HI2HERBDH T, glucose MLEDHIEEALBET 5 &, glucose B, Fi
RE IR U C irregular dendrite 2> 5 evanescent spherulite & TDW AN AT BRED K EHH
EHohi,

2. IS DRBOFEZRATER glucose BIFHMMDO B DI O LULFREEZZ LI,

3. IMm#E, glucose P FNF BN, KU glucose MIMEED 3FEHW L TA B &, 1
BEIZ, BRSO pattern H52AHRESR ICHERIT L irregular dendrite ThH VD, BERERE(LHIZIE
—150°C T8 %533, i glucése M 5 &, 1312 glucose HIRIARIZI WV BIF D pattern
ZRL, BREBELD —30°~—40°C T2, Elb glucose MM¥EIIMEE & glucose FEi O
H&En> LD bL U A glucose HRICEWHEE AR,

AE AL BT Y- TEIIME 255 2% 1 American Foundation for Biological Research
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(Madison, Wisconsin, US.A.) iKW THIEICHEFT 5 & %25 L0, RHICAKBROZRTICE
RORERZH D> 7iiE Dr. B. Luyet ORRICEEO#ELELT S, BB HEELE
#1752 7z Dr. G. Rapatz % 45% Drs. P. M. Gehenio, L. Menz and A. P. MacKenzie # D {1
FTR—RIL» 5 a5,

MEABBLTE, Luyet CRFTHLTHREINDETH B, FIRAIC K 2&TW
XOFERPERI NI,
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Summary

Mixtures of bovine plasma and 5%, 10% and 20% glucose, placed between two cover
glasses, were rapidly frozen by abrupt immersion in alcohol or isopentane cooled to —50°
or —150°C, respectively, and rewarmed to predetermined temperatures between —50°C and
the melting point. Microscopic study both of patterns of ice formed in the initial freezing
and of the recrystallization process, taking place upon rewarming, has been made. Five %,
10% and 209 glucose solutions alone and plasma, chosen as control materials, were com-
pared to mixtures of plasma and glucose.

Patterns of ice formation in the initial freezing exhibited irregular dendrites in the
specimen with 5% glucose, frozen at —50°C, and evanescent spherulites in that with 20%
glucose, frozen at —150°C. As intermediate patterns between those conditions, various
kinds of configuration of irrugular dendrites and spherulites were observed, corresponding
to the concentration of glucose and the cooling temperature.

The process of recrystallization upon rewarming showed different changes depending
on the initial patterns; as the temperature was raised, irregular dendrites underwent slight
changes in opacity and growth of characterized ice particles, i.e., dominantly migratory
recrystallization, but, evanescent spherulites underwent definite changes in opacity, followed
by growth of ice particles, i.e., definitely identified irruptive and migratory recrystallization.
Irregular dendrites in plasma showed maximum opacity at about —15°C, those in 5%
glucose solution at about —30°C and evanescent spherulites in 20% glucose solution at
about —40°C. Opacity in irregular dendrites was very weak as compared to that in
spherulites. Dendrites or spherulites in mixtures of plasma and 5%, 10% or 20% glucose
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showed maximum opacity at temperatures by few degrees higher than those in respective
glucose solutions.

In conclusion, plasma is extremely affected by the addition of glucose. Therefore, it
can be said that glucose plays a dominant role in mixtures of plasma and glucose. Patterns
of ice formation in the initial freezing depend upon the concentration of glucose and the
cooling temperature. The recrystallization process upon rewarming takes place in different

forms, depending upon the initial patterns.
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5% glucose fum#E, —50°C BHFE, i@ —50°C, FEEiRE D crystallization unit @
center #» & REU - FFEARL pattern € periodicity 284 & »Sh B, center CE»
BACEL oRTFRObOBALND

5% glucose fnmfE, —50°C Hifkh, i —50°C
RE —25°C, £fk& LTH % opacity H L, ML 3
Al —10°C, A4 DXkFEd & AZ B, periodicity HERE->TW» 3

5% glucose sk, —150°C Bikk, —50°C WK, FEBFEOEMRER M
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10% glucose jnimsE, —150°C Bk, @ —50°C, #HiEko irregular dendrite
& coarse spherulite @A d pattern

Mk —30°C, opacity #43

Al E —20°C, opacity HEfE% P P#id, initial pattern BFHA ERbI B

FE —15°C, BT Bs2, PPBERKEK S

W-5 6 Lk ~10°C Be ~5°C, KRBRBKFCREMAL, PHCEBMBNEE S
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20% glucose fnin#E, —50°C BKs, X —50°C, coarse spherulite T, Maltese
cross RH LN B

Ak —35°C, ¥@EHT border line RRURNTIMMBEESAZTL 3

Ak —30°C, @fkickigicis » Maltese cross $§3< 75 %

20% glucose fnimsE, —150°C ks, XHH —50°C, &hi>7 Maltese cross 784
5h3d, KIN2DD V-7 BRS

FlL —35°C, 24, @iz opacity L, % crystallization unit @ center KU
border line B%¢ 73 %2, Maltese cross A %

FE —35°C, 545, #ORELET
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M IX, X, XI
KR E LA —HE TR LEZEST, Ihs —150°C Tt B (1) 13 —50°C ¢
O, TEB (2 113 —35°C B LELbDTHS

B ki 1X
BB VI-1 20% glucose ¥, —150°C EifH, XM —50°C, evanescent spherulite
VI-2 [k —35°C, 24y, 750 opacity L, Maltese cross REEEHE 75 %
B W-1 20% glucose fnin#fE, —150°C &S, xfH#8 —50°C, evanescent spherulite
-2 FE —35°C, 245, EhickER%5

B X
HE IX-1 10% glucose ¥, —150°C BHHE, W —50°C, intermediate type
X-2 [k —35°C, 54, pattern REERIE 723
2Bl X-1 10% glucose Ini#E, —150°C ®@i%kh, Xfi@ —50°C, intermediate type, H{lliZH
Bl G0 ¢, coarse spherulite A3% 1>
X~2 fdk —35°C, 5 4}, intermediate type D& DR FEA EFH 530, AL D coarse
spherulite ® & DEIEEL 5

B R X1
HE XI-1 5% glucose ¥, —150°C Hif:i, X4#d —50°C, irregular dendrite
XI-2 FE —35°C, 105, Ericay b5 R YT
B XT-1 5% glucose fnfnsfE, —150°C Hi&E, N —50°C, irregular dendrite
X1-2 [FE -35°C, 1057, HEBAEEDDRL



—50°C B

A



EU

II

5%

glucose Jnm#E, —50°C Hiks

—50°C

.




B # el

5% glucose fnim4gE, —150°C ik

.
o
-

o g%

o










SUNAYS 20% glucose Mg, —50°C B

—50°C

o
.




VL

20% glucose Jiiifn

, —150°C Bligh

—50°C

X

B

VII




Kz VIIL B4

—35°C, 5min




Mg IX

Y 9soon[8 9407

TIA

. .

.

.

-

asoonid %072

A R



10% glucose Jnin %%

10% glucose

IX.




!
i

5% glucose JIfL

XII.

B

XI




