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Characterization of Frozen Aqueous Solution for Formulation and

Process Design of Freeze-dried Pharmaceuticals
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Freezing of aqueous solutions concentrates solutes into highly viscose phases surrounding
ice crystals. Various solutes have different tendencies to crystallize or remain amorphous in the
frozen solutions. Thermal analysis of the frozen solutions shows highest critical product temperatures
(Ty', Te, Teu) required to retain the products from physical collapse or melt-back phenomena during
the primary drying process. Hydrogen-bondings and electrostatic interactions between multiple
solutes affect the eutectic crystallization and the transition temperatures of frozen solutions.
Application of the thermal analysis to formulation and process design of freeze-dried pharmaceuticals

was discussed.
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Fig.1 Thermograms of aqueous frozen sucrose solutions

(0~70 %, wiw).
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Fig.2 Effect of scanning speed (0.5~20 Cmin-!) on Fig.3 Shelf and product temperatures during freeze-
thermograms of frozen 20 % sucrose solutions. drying.

Arrows indicate Ty'.

2.3 FFEBEEADRERIE

RAEAH IR A BUIRTE & DRI 2 SRS 2 M U0 B2 5
5 &, ZAEOIFEMEEEDFOND o RSB BRI
(ZHARBEN AR L & DI, AESF2DDS ¥ v U T
DHFEHIE LRI BT DR U EH 2R 2 & h 5,
FERRERFI CORHDIEINL T 5,89 ¥ afie hLb
— A ASTRGHC IR EAR & & b SR IR R R AR D IRAE IS
BWT, KEREEN Lom K ERGE OFERER)
SR F IR S AL B O (59 2 L) 1 Fig.4 Appearance of collapsed and cake-structure freeze-
5V, 5 Ra LS 2RI L Coe e dried solids.
FNIL S VSN G, ZIUIHT L Ty R0 T HME < B Y) 2 3G
ISR B 72 B, B2 R DAL R g I T D %Y, IRMEAHOR S A O e (27 T ABE) A

4 L ETCAEOFINIZR S, #2Z 5 (Fig.d)o T4, TWETICB 2 HUEER O ER
RN KB OB, A% FEE S8 5 — Rz, THI 2 PP TR S 2 608 (BRASHZRNINET | FDM) Off
B L UREERD 5K E B RO 3 B> b %25, T EVEEY, 27 7ABLOMBRE (37 7 ARE (T.))
SN 75 GRS R )8R UL EE BN TT B 22 SRz A T L DEHMEN TR E > TWh, 35 7 ABGIIEE
% —2575—40 CF THEARERLS (~0.5 C min 1 FEEE) IRFE 7 EDOEL Z T B 12O TAL T, &6 U2 BeC R il
VO LTI 3RS S 71212, I N TR Rz TR SN D Z LD\, 10
D Do —RECHRIS IR 7 REFR O = A OV F — {17 37 T AIHIEEROINB E B SR B 72T TR, R
TULATHDE LB, FOLUIIEIRERDNE %2/ FFEEE VR T IR 70 L UAIRRAE 12 b Ak 4 2 BB % T
HT B EDS, RO E b 3R R % ] TIENDL, WREREYEBITAIREEEZ LN TS, —
HEL T AR, S A R oW eI ED % J5 KD FHLRFELFRATT C LT HHIZ10 % L3N
B TAERIEDSRO ST b, —BlE LT—20 THTIET, THIEDE, ML —REZEIEMRE T L) bTh
R REO R Z SRS A0, MNEEERRE & milZsH) o WIRWREEIC T > PO — L5 2 EATRO 55,10
T % Fig.3 IR L7z, HIIZIG 7 WNHFIZ LD, Ty & TASILICHGEEZERC
TEAEAH SIS RUIRTE & T 2 SURS R O — KRR T I, HHZEMRE 7250 T ENHODSC #gs % Fv T2
TR & BRI LR D O OIR DO A FE A D B & AT SOHIENREZ: 2 & A, IRIIFNEIR 2 AR A
EEND, HASEROME (Wi) & T UTFICREL C— ThabHEEHIZ, T O TOMBEZHRTHZEIZEDaT
REIER D B &, BIRH &AM IR ZIVED (r— T A F IR L 7SRRI & 7 s — T T
FAR) IR EEURAE SN2 DITH L, T b CTldaiibis FEAB L2 T v b O — Vi, RS & B R
HEAIDOREEE AR & ART 9 2 72 0 B 15 O PRI R 3 & Uy MAYKE WA TAR A M) 5685 5,

114 Netsu Sokutei 36 (2) 2009



ORI D BAMIE & HUREHEAR B O BT

—RECSRERE O aniilE, BB X OO OB & 5
FEICLDEDNIBONT 2L E 5,12 HERIA
B HAERIC L0 FRAMK T3 5 7260, WRERE 2 MiRo H
BB L ) &Ll 2 2 8¢, HERIIET AEE 34
TGS %o TEM 2 BASHZ IV 5 B RAEE &
TIE, &N TV ORENAE S & ) O EE R AL
WIRR D720, KEDALE PP LI EPEL S,
JHH OUAEVZIETIIIKFE ORI L) SRR T < £
TLA LRI, WEREY R RoEEE LA s
B, FAIEBIZILANTHIA S OBMER L VAR, K
AEANAIET BRI 2 T REERIZI) TR L 7235
WEAERAST, & ERY, NA TOVEERIZH 7% 3 5 T ADS
AT Do TIFE T LML BHEZR TR —ih
INA T IVANOE T AATREE I 70— 7 (FEExs, il
HRPUE) 2HWATHRE= YY) v 72479 L b1, &
BB ORI RIR R A 2 Fifz e 5 2 & C, WL
DXL T 5 FEIHENTE, S5 5T
ORI & BT E OGRS C, IR OREE - K
Sl E RO SRR DB IE % ER72 B PAT (704 A
THE)TF 4 AT ad—) Hil e A7 EEE 7 TR
HASED BN T 5,

3. HEDMR & FERERDEIE

3.1 FEESRRICE T BAEOHEI &R

— OB ISR OGN F 7213 F iR T H 2
L, FHRBEOLSERRE (F 72138 URE | Toy)
TRRYE -7 P IND, ORI & iR 13
FICE W R, ST50mEGAIENES T Tl
GELEBRR OBGEE D B T AL FE TOMIRERIC I F IR ATE
o S LIEE OFESIKEDTER 0 R G AR OZ
HEHITIE, IS TRAEE ORI D IRGIRREE
PR L2 F $EBHMAET L, PRI E IR RS T
D, FICHIEZ D B LG O/E GhSRTRE |
Te) WX DWEYE — 27 DN, To DEVEFEAETTIX S
DY — 7 HOREhEE & BT 26 0%\ . —RRICHRHA
RO BLE TIEFHMEDO R WA TRLEFE OGRS EHR S D
A%, EEIER ORI T HERE D2 L b EE A ERE %
5o FBRFEOLRIM & BRI ELIIO K & 241
L7725 FTIEN0, FEEEROWEHIC TRE=5 Y
YITFEE LT TIVNOESUHIE D H  pbIER S
T&7

SRR B B IR E R S OKROFERAL Ok
) &E iz, WHEORFERLOTEMN) 74— 3
VEMEHEN D M DIHBRE— 2 ZEL L, Fik
I DK TR I T 1S PR T % B aG L 7zalklole 2
B0 L, EEEBIERERRTOHBESNL R LD

Netsu Sokutei 36 (2) 2009

115

Cooling Process
Glycolic Acid

L-Glutamine

NaCl '

PEG 3000

Glycine

Heat Flow, endotherm

Mannitol ¥

g

-70 -60

Heating Process
_—

Glycolic Acid
v

L-Glutamine

NaCl

PEG 3000 \

Glycine

Heat Flow, endotherm

Mannitol

Mannitol (Heat-treated, 2nd

-70 -60 -50 -40 -30

T/°C

-20

Fig.5 Thermograms of frozen solutions containing

crystallizing excipients during cooling and heating
scans (5 C min—'). Arrows indicate exotherm

peaks.
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Fig.6 Effect of sucrose on eutectic crystallization of

NaCl in frozen solutions. Some solutions were
heat-treated for 5 min at —30 C. Arrows indicate
T,
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Fig.7 Glass transition temperatures of maximally freeze-

concentrated solute (7,') in frozen solutions
containing an amino acid and an organic acid
at varied concentration ratios (total 200 mM,
average = SD, n = 3).
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Fig.8 Glass transition temperatures of freeze-dried

binary solids. Each symbol denotes transition
of solids containing L-arginine and citric acid
(O), L-arginine and tartaric acid (&), L-histidine
and citric acid (@), L-glutamine and citric acid
(a), or glycine and citric acid (H) (total: 200
mM, average = SD, n = 3).
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Fig.9 Thermograms of frozen solutions containing

sucrose, PVP, and dextran. Arrows indicate 7'
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