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[(ZL&IZ] (INTRODUCTION)

HfG RS (ypophilization & 7 (X freeze drying ; FRIFE LA, BREZ L WEED) (3. RAI A6
fit L. TNEZEZETICES, KL, BHZ@EE D 2 &7 < BEED» B RE~EZ L
EEL T ATHD, ZOT RT3 ODOM Lz, MEF(unique) THOFE A
KIFELH S 7R3 7ebb, Mt (freezing) . — KM (H4E ; sublimation) .
B (Wi ; desorption) MH72 5,

Lyophilization or freeze drying is a process in which water is removed from a product after it is frozen and
placed under a vacuum, allowing the ice to change directly from solid to vapor without passing through a

liquid phase. The process consists of three separate, unique, and interdependent processes; freezing, prima-
ry drying (sublimation), and secondary drying (desorption).

BRI ORRE LT, ROX SR b DD 5,

The advantages of lyophilization include:

RIEDONNT. (processing) WAL & 70 b, Ziuld, BEHIFECI DB ERSIZT
60

Ease of processing a liquid, which simplifies aseptic handling

- HLIR RO EMER R T D,
Enhanced stability of a dry powder

- BAENSE L mRIZRBEINR D 2 e KyzREtks,

Removal of water without excessive heating of the product

- FLERRIE CORBI O EM AR SE L Z Lk D,

Enhanced product stability in a dry state

- B (reconstituted) L 72 WRFORFIOUSMREMED . N OELH 272D,
Rapid and easy dissolution of reconstituted product

WHLDORRE LT, MOEIRbDONRHITHND,

Disadvantages of lyophilization include:

Y R 7R L ON INLERREN R 2D,

Increased handling and processing time
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- AR (reconstitution) (2. EEOFRIKNNEL 725,
Need for sterile diluent upon reconstitution

BRI T, BHETH D,

Cost and complexity of equipment

REC TRIT—fRACS, LUFO &) B 25 AT 5,

The lyophilization process generally includes the following steps:

W I JOMRTEAN 23 24 7287 (AR, SR WED (SR %,

Dissolving the drug and excipients in a suitable solvent, generally water for injection (WFI).

FONNVT R A . LR 022 u mOMIERE 7 q VX —%ET 2 L2 Lo TG
T 5,

Sterilizing the bulk solution by passing it through a 0.22 micron bacteria-retentive filter.

BERBAEERT T C, T Oz A2 DERHAGICOTEL, Bz e s 95,

Filling into individual sterile containers and partially stoppering the containers under aseptic condi-
tions.

A TR LR G 2 O, BEBRERIC L DR T T, Fryon—iin—
T ) I %,

Transporting the partially stoppered containers to the lyophilizer and loading into the chamber under
aseptic conditions.

s LT ¥ N —DHEIMN (cooled shelves) [ ZHFTRRDEEZE S >, B 5 WM IO
F v N =TFTOHME S I TROARZES Z LT X » TURE K S D,
Freezing the solution by placing the partially stoppered containers on cooled shelves in a freeze-drying
chamber or pre-freezing in another chamber.

cTF xRN —mEHEL L, MENMET L ZLI2LY | HEREN DRSS 2 LI
Lo TR ERET S,

Applying a vacuum to the chamber and heating the shelves in order to evaporate the water from the
frozen state.

CHH WIS SN TV AKRERD 2R, 27 Y 2 v BEROfikeEEIC Ko
T, AT ADfifezse T SE 5,

Complete stoppering of the vials usually by hydraulic or screw rod stoppering mechanisms installed in
the lyophilizers.

LA & L TRBE SN D b DIZIE 2 < OB 2 EH Al S 5, ZHUTiE, Hrgdedl,
NAFT 7 ) a =l L58A B0, B MR EENnD, i, 5FETO
BEIC L > T, WA ORGE & A BB L CAM, EEMET L TREMICONT
ORJEDRANC SN TRTND, BEE~OHTA XA LIFHROEMZ By E LT,
HHUFN B S D 8OO TN GIEE T OMBRZ, ZOELEITA R TRIET S,
There are many new parenteral products, including anti-infectives, biotechnology derived products, and
in-vitro diagnostics which are manufactured as lyophilized products. Additionally, inspections have dis-
closed potency, sterility and stability problems associated with the manufacture and control of lyophilized

products. In order to provide guidance and information to investigators, some industry procedures and defi-
ciencies associated with lyophilized products are identified in this Inspection Guide.

WL L 7o B FN o 5 o fdid & HICE L Cid, BMERBINDAET 5 Z L3, A
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<ROLNTNWD, TOERFEOEZELRMUEDOKES)NE LT, ROEIREDNRHITH
b,

It is recognized that there is complex technology associated with the manufacture and control of a lyophi-
lized pharmaceutical dosage form. Some of the important aspects of these operations include:

- IR DT

the formulation of solutions;

A TNOFILE FREBEONY F— g

filling of vials and validation of the filling operation;

» BRHCA O & TRl

sterilization and engineering aspects of the lyophilizer;

CWELA A I NDASr— )L« Ty TN F =g

scale-up and validation of the lyophilization cycle;

* BRSSO BER

testing of the end product.

oD b, Wi LI RGATEORGE & FHICEE T HREOE S 2, 2 2 T
5.

This discussion will address some of the problems associated with the manufacture and control of a lyophi-
lized dosage form.

[%17%, % 75] ( Product Type  Formulation )

IIRIBIZRBIT 2 Z D ARLE S DIZDIZ, HLHMORAIWLFE TRIES D,
BHAN=2 ) o7 7 AR O XS RPUAEWME, BEXO, =) Aevx A2 0D
W, R¥I ¥ A2V (doxyeycline) BLX N/ BT A7 x=a— DX RHiAEY
BbEl, 7o RAZEoTHO b D, ENOITIERETHLT2DIZ, Ny
FRERIF R TIE, TOLTFONA FNR—F RN ERTRS D, LILRDB D,
5l 21X hydorocortison sodium succinate, methylprodnisolone sodium succinate 33 & V%%
KONRAFT 7 ) aP—IC L DHERA Lo To, MOBEHITEOE O, TR
BICBWTHRE I Z A L2,

Products are manufactured in the lyophilized form due to their instability when in solution. Many of the
antibiotics, such as some of the semi-synthetic penicillins, cephalosporins, and also some of the salts of
erythromycin, doxycycline and chloramphenicol are made by the lyophilization process. Because they are
antibiotics, low bioburden of these formulations would be expected at the time of batching. However,
some of the other dosage forms that are lyophilized, such as hydrocortisone sodium succinate, methyl-

prednisolone sodium succinate and many of the biotechnology derived products, have no antibacterial ef-
fect when in solution.

FNHDF A TORBNIK L TIE, N ANR—FT RO ETRETHY, FHIKE
SEHEND DSV T RO NA FN—F 2k WHEANCHET XETh D, BROZ
EIRDB, %h%®@ﬁ®ﬂy?ﬁﬁ B D WIEHE X %®NW7%ﬁ%6ﬁ(ﬁ
H) T2 E TICE Z 20 b A e WA #n I/—«\w@tééj(%:%< L oI B
?A%T%éo@E%V~AwT%ﬁéhé_ki\%ME#i/FF#V/%%k
SEDLFRMERH D Z L Th D, WHHOFHG (compounding) THEID HiLD 71k
3. FFICZE ORIRERAE NS ERFFRFF T 2581013, FEINRE CEHAX V7
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T, Ny TFHERIEEZITO LD bDOTH D,

For these types of products, bioburden should be minimal and the bioburden should be determined prior to
sterilization of these bulk solutions prior to filling. Obviously, the batching or compounding of these bulk
solutions should be controlled in order to prevent any potential increase in microbiological levels that may
occur up to the time that the bulk solutions are filtered (sterilized). The concern with any microbiological
level is the possible increase in endotoxins that may develop. Good practice for the compounding of lyo-
philized products would also include batching in a controlled environment and in sealed tanks, particularly
if the solution is to be held for any length of time prior to sterilization.

LoD T, BEEEFEIT, 7l (F) Ak E . BEAWATO/NV T EERIZOWT
INA FNR—=F VBB EITH-> TN D, ZO XD RIEIEORERIT, WEIZBET 531 4
—F U ICER R OO THIN, =2 K FF T U DOEESCIFEIC OV T OB R
EHZDHOTEHRN, = R XU a2 07 RRORERT 5 LA LIETORBR®
£ 01 mLThY, ZORBRIIENZ D IHENH D03, K7 T ARMEREOIFEIC
DOWT, BIABLENZA 72K TH 100 ml @ VA ROREED A F3—F il
B, ZOTREROFMMICEI Y KEZMMEZ L7-0TTHA 9, HlXIE N7 EERON
A F/3—F T Pseudomonas sp. MFEIET 5D Z &I, I FE LUVRREETIZ AR W L3RRS
NnN5ThHs95,

In some cases, manufacturers have performed bioburden testing on bulk solutions after prefiltration and
prior to final filtration. While the testing of such solutions may be meaningful in determining the biobur-
den for sterilization, it does not provide any information regarding the potential formation or presence of
endotoxins. While the testing of 0.1 ml samples by LAL methods of bulk solution for endotoxins is of
value, testing of at least 100 ml size samples prior to prefiltration, particularly for the presence of gram
negative organisms, would be of greater value in evaluating the process. For example, the presence of
Pseudomonas sp. in the bioburden of a bulk solution has been identified as an objectionable condition.

[#45] ( Filling )

RECT D3 TIASDOIEHIL, KOO, OSMGRRERFEL TV D, 2iF, A
A TIVOTEEBICE L, BASHIS I THE S b, TORRE LT, M7
IVONEMTZN O NEBRITEE SND £ TIE, (GROFTRIEICH IS,

The filling of vials that are to be lyophilized has some problems that are somewhat unique. The stopper is
placed on top of the vial and is ultimately seated in the lyophilizer. As a result the contents of the vial are
subject to contamination until they are actually sealed.

FRHBAEDO Y 7= a T, iR e . 77T 0 7 (@HREED) el
MOEERE L 2ROV T o T aBobRETHD,

Validation of filling operations should include media fills and the sampling of critical surfaces and air
during active filling (dynamic conditions).

FEET & 5 WITEFEBRIEE TORE T, /BB DB 2L 24 5720I, Tk
TEED TG CIEE T 2 AOWAEY L — UL DRl b £/ B 7 0 7T Aics
D HRETH D, BEEREIFEIC X 2 TROMR TEXES 2 ANOFI D —>DFHM 7k
T, FRELG (F7213) FROPFENRERRT=2) 72175 2L ThHD, WK
B3IT, B RIEE TO T 0 A CIER T 5 NAoRE 2 B 7') v 7 %
THRETH D,

Because of the active involvement of people in filling and aseptic manipulations, an environmental pro-
gram should also include an evaluation of microbiological levels on people working in aseptic processing
areas. One method of evaluation of the training of operators working in aseptic processing facilities in-

cludes the surface monitoring of gloves and/or gowns on a daily basis. Manufacturers are actively sam-
pling the surfaces of personnel working in aseptic processing areas.
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ZOMDE=XY 72 BE L TWDHICEKIE, USP22 @ HEEEBRGEROMR O
HThD, [MWEEHERBROMN LETLHIT, KOLIITERTNDS, [----
MAEY T=2 17 FEFIZONWTORE., BEA, FEBIOCEMAOMLS
(garbing practices) A REEH 7 —4% 2, L Ez2— WRBEE  (review con-
sideration) ZfA 9 XX TH D] , BIEEZEDN HOLHEOEEEE=FV) T &1T>
TWRDSTED . HOWVIETFFREHRZWIGRPEC TS Z N T=X U 72k
DILFESNTZD L7et, WMOKED /R ERDRMBEL TV D,
A reference which provides for this type of monitoring is the USP XXII discussion of the Interpretation of
Sterility Test Results. It states under the heading of "Interpretation of Quality Control Tests" that review
consideration should be paid to environmental control data, including...microbial monitoring, records of
operators, gowns, gloves, and garbing practices. In those situations in which manufacturers have failed to

perform some type of personnel monitoring, or monitoring has shown unacceptable levels of contamina-
tion, regulatory situations have resulted.

— AN TREL T D31 T UL, BEIC o TRITRIRBICT 5, Lo L b, »L
OPDIET A NE, H3A TADOTEE~ ez E < TRA2 (EEERFE O TT-
TNLHZEN, ARTRDOLN, BUETIE, ~ R (F) ITLHFMH/EEL R4
T5Z LIE BRG DNy TR0, WD TORDORGZE BET 5 2 L 2BRWT, flax
NWREREE Yy FEHWCE LT, EORRRZ A TOMEEICEN TS, SR
WENZIEL T2 Z LIIRNETHA D, AT ANy RTHRL TS0 <o)
DOREKARZET, B 2 0B L2 X5 RERRDRWOEFIN R O5N D, HIZEE
NDZ Lid, EEEDHROEZENRRARKE L 0> TnDH I LT D, WEERIEEL
(R DHRETRIEETIE, AR ELZLEEETH S Z L0, RSB SN TN D,
BEBIEE COERIZBOTABOEENRELS 2NVXRDI1ZE, BAEWP B S,
HRORERIIREL 2D,

Typically, vials to be lyophilized are partially stoppered by machine. However, some filling lines have
been noted which utilize an operator to place each stopper on top of the vial by hand. At this time, it would
seem that it would be difficult for a manufacturer to justify a hand-stoppering operation, even if sterile
forceps are employed, in any type of operation other than filling a clinical batch or very small number of
units. Significant regulatory situations have resulted when some manufacturers have hand-stoppered vials.
Again, the concern is the immediate avenue of contamination offered by the operator. It is well recognized
that people are the major source of contamination in an aseptic processing filling operation. The longer a

person works in an aseptic operation, the more microorganisms will be shed and the greater the probability
of contamination.

FEHE L, T2 &0 A TV E b, WEEIZr— NS D, Bk
Da—F 4 T DX Pkl RY CTEEZ, BIZIE A T v BHEMTD
NERXT7 = FDE 7, — RNV T =D FTITI 5 & ThDH, TON Y~
TONY T =29 ATONTHERL, HBHAERRICED L XETH D,

Once filled and partially stoppered, vials are transported and loaded into the lyophilizer. The transfer and
handling, such as loading of the lyophilizer, should take place under primary barriers, such as the laminar

flow hoods under which the vials were filled. Validation of this handling should also include the use media
fills.

MEE R O TR T . ES IR B A 7 VAT, BRI A R S A RE S BT 5
N5, ZNE—R3T25E.7rER %20 B3I 21— P LTWAEEIZEZ 523,
B D WS 1L D OIGYE O W A ST LE H, BHiREO B, 207
nt A | AEEE, BIOZTOU AT AOBEBEEORDZFTMM L, E472b 0T
DT EERNFET DI LITH DO T, EEEBAERIZE OWMAED LV — LRSI K o
TR T D AEEMEZFFD Z L3, BB SN D L OTIH eV, HEHFED BAIX, B
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TREOBSEIER (lethality) ZHIE L2V, HFAET D0 H AR WIRAME G~
ft LR EDRRZR BB A2 KT 2 RE LT § 5 2 & TR,

Regarding the filling of sterile media, there are some manufacturers who carry out a partial lyophilization
cycle and freeze the media. While this could seem to greater mimic the process, the freezing of media
could reduce microbial levels of some contaminants. Since the purpose of the media fill is to evaluate and
justify the aseptic capabilities of the process, the people and the system, the possible reduction of microbi-
ological levels after aseptic manipulation by freezing would not be warranted. The purpose of a media fill
is not to determine the lethality of freezing and its effect on any microbial contaminants that might be

present.

FEHEB L OEREBRIELE TORBUSIB DT, (GEDNMRAT 500 b FIV R WREE D& FT &

BT 27ODEHO—oL LT, REREEDESMITILER L 7255 M AR
(expanded media fill) Z4T->TW\W5, T72bb, ZbORIEMEIET, K7 R

ZH U T, #9000 A T EFEL, TOFREE 3 OOEMIZ/E (segmented) L

W5,

In an effort to identify the particular sections of filling and aseptic manipulation that might introduce con-

tamination, several manufacturers have resorted to expanded media fills. That is, they have filled approx-
imately 9000 vials during a media fill and segmented the fill into three stages.

F—DBPETIE, 3000 XA TIEFELTIA U E2FIESED,
One stage has included filling of 3000 vials and stoppering on line;

ROBBETIL 3000 A TV L, BEME~EME L. KOTRR Y 5,
another stage included filling 3000 vials, transportation to the lyophilizer and then stoppering;

et DEEPEIT 3000 B O/ SA TN EFEH L WEL~2—F 7 L, IRVTERT A
7Ty va Ul FTRRE TSV b D TH D,

a third stage included the filling of 3000 vials, loading in the lyophilizer, and exposure to a portion of the
nitrogen flush and then stoppering.

BHLAEDIRE & 7Ny 7 7 4 b (backfill) (T D EAT A - 2 AT LA OWEIT.
IO F =g U ELEETHOT, HlFREICRB LT, E& LT, |k
KOr—7 ¢ 7T D MAREE RO 2N ) T — T RETH D,

Since lyophilizer sterilization and sterilization of the nitrogen system used to backfill require separate va-
lidation, media fills should primarily validate the filling, transportation and loading aseptic operations.

TO7aADRES DY 3000 A AT OO IF O 55 FEIEEUER I 04 B A R D0 T
ORFEIZ, Fri, BRREAIOGEICOWTUIXLITERM EN2FEHAH, HRER-T
BATHD & BMFEEO BIIE, BEERIETICBW T, R d Z L7l R
BYREIC L TNLARER Z 2 RAET 2 2 L Th D, Tz, REINDEFHIS
FOEEEIE b LEDO T mE A3 3000 ARl 2 AEET DO THIUT, kD A
U FHA X LELLTRETHD,

The question of the number of units needed for media fills when the capacity of the process is less than
3000 units is frequently asked, particularly for clinical products. Again, the purpose of the media fill is to
assure that product can be aseptically processed without contamination under operating conditions. It
would seem, therefore, that the maximum number of units of media filled be equivalent to the maximum
batch size if it is less than 3000 units.

FeE% ., WEA OB EGE ., @RI b L —IC X > T~ Sk 5, @,
TN OHRGANE 2 wicbi~r — N L2, b L—DEREZIY RS, £ &K EGA
OB AGE, WO ERE N D, BEEERIZ > T, @ L —7%
WOASF, WEFATOBRMNERNZD FL—RICrn—FanTWnD &9 220RE S
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ZIFons, mEhZ Lz, O (BHE) T, FLr—20ATWE, T,
FEDINy FDEKDIOEGHIE DO BEALRZNZIB N T, KFIZHOWTOREEZAL SH
HIRKRERA D,

After filling, dosage units are transported to the lyophilizer by metal trays. Usually, the bottom of the trays
are removed after the dosage units are loaded into the lyophilizer. Thus, the dosage units lie directly on the
lyophilizer shelf. There have been some situations in which manufacturers have loaded the dosage units on
metal trays which were not removed. Unfortunately, at one manufacturer, the trays warped which caused a
moisture problem in some dosage units in a batch.

W~ TNk T D568, TONA TIVTEE S TWRWO T, (5G]
BEMENR &SN D, BETHAIVIIHLVEREE L a—T 51T, GO ME%
B v—F 4 7T 5XKEMR, RO FIZEWN & HDEWIE RN P—3
WEWS RBEIE, BEOHDIRELE &b, ZNEBET D HIED—DE LT,
& 2 B (AR ClX BE T A VD OB E TONAL T EHRET D201,
7 3IJF— -+ 77—+ F—F (laminar flow cart ; ;R{E 7 I — « 7 o —dEE T OHKE
H, I TIIHEPA — N LRI D) ZBHFE Lo, 8 L VOikdid 2 gk L 7o oo B3
¥ (B 13, RET A A REBICEE ST TES Y, RET A 0 b
FT—R/NY Y —%JET D L O LTz,

In the transport of vials to the lyophilizer, since they are not sealed, there is concern for the potential for
contamination. During inspections and in the review of new facilities, the failure to provide laminar flow
coverage or a primary barrier for the transport and loading areas of a lyophilizer has been regarded as an
objectionable condition. One manufacturer as a means of correction developed a laminar flow cart to
transport the vials from the filling line to the lyophilizer. Other manufacturers building new facilities have
located the filling line close to the lyophilizer and have provided a primary barrier extending from the fill-
ing line to the lyophilizer.

ZOMEDOREZ RIET 57201, BIOREAST, FBH T4 > L WO FICTEE
D7 I)— - 7u—T7—Refzflidiz, LhLESRICEZ o722 &id, @ik
ETOREY R Y Z— 2258505, ez BT D150 Z2 A U S8z, Thvaik
B L7722 SIS KD RZER OIS, KHD Y ANy R (Bkhaiky)) 240, %
AUS Ko THR LI EHERI S 7z, W LTt RERABR e A E—72 - 72 F GR
I I XD KON & fERS 9 HAER) 13, £ DB Z R ORLE 29 5 Rl IE
ZARE L T DD, AWERIEWME G5, —IIZIL, B2 23, Fv
VR—H DA T IVORER S EFE L TV D,

In order to correct this type of problem, another manufacturer installed a vertical laminar flow hood be-
tween the filling line and lyophilizer. Initially, high velocities with inadequate return caused a contamina-
tion problem in a media fill. It was speculated that new air currents resulted in rebound contamination off
the floor. Fortunately, media fills and smoke studies provided enough meaningful information that the

problem could be corrected prior to the manufacture of product. Typically, the lyophilization process in-
cludes the stoppering of vials in the chamber.

FHBETOMO EEH QRS HHIL, TEABORIETH D, SR THDIN, TEHE
PMEL AU, A TADIHIAR R & 72> TEND TH A 9, KT, MR EZITIRIE
DFEE LTS > T, FHOBMENKI Y 7T L TH D31 AHAITIE, WHZIZ
L ARFEEENH RIS SN TH A 9, BRIKIZREZEIED T2 231 7LD iR
JRIT, BAERICHD THERRRIE 22 5,

Another major concern with the filling operation is assurance of fill volumes. Obviously, a low fill would
represent a subpotency in the vial. Unlike a powder or liquid fill, a low fill would not be readily apparent
after lyophilization particularly for a biopharmaceutical drug product where the active ingredient may be
only a milligram. Because of the clinical significance, sub-potency in a vial potentially can be a very se-
rious situation.

TN VY a—a R PR R
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Bl 21X, WEAR D FRHEED AL T, TOMREIIE VT, WEICFEICHOWTORE
M-I LN, FLICEESHONTL, BETA O — b3, FTEMA Y PV LR
EINTELT, RIKOCARTBERFENELCTOTH Tz, RERICFHI NI A
TNDEODD, W IZr — RSN b ELBIEINTWD, Tk - T,
LDy FIIREE 72 o7,

For example, in the inspection of a lyophilization filling operation, it was noted that the firm was having a
filling problem. The gate on the filling line was not coordinated with the filling syringes, and splashing
and partial filling was occurring. It was also observed that some of the partially filled vials were loaded
into the lyophilizer. This resulted in rejection of the batch.

P& LT, RHEEZ =X U 7T H4AEERN, HEEERICOR, TORMEE
ZRLEK L CWDH D& RS D, 18> TR FEEMH & B2 ERAET 1 7T LI
X, REEOE=F Y U7 BT BT 15 o) ZEE2B0LETHAH
7. FEEMHEICITE B (Fidmyy) SEEICER LCSE, BEBEORE
DEZZ TR L TES LI RELZZDHLNETHA D,

On occasion, it has been seen that production operators monitoring fill volumes record these fill volumes
only after adjustments are made. Therefore, good practice and a good quality assurance program would
include the frequent monitoring of the volume of fill, such as every 15 minutes. Good practice would also

include provisions for the isolation of particular sections of filling operations when low or high fills are
encountered.

ZZITHR LT X 9 IR ERIB 2 SEEERE B AL L T %, Bl 2 ITBRRS REIRAS
NATNATFRLS PU—=IC XV REIRETIT O Lo eFplb, Andohnd, [HEH
O EMMAT L) LW O FHAERIC S &0, BEREFNCH LT, ZoHELZIEY
ET 252 LIFRETH S 9,

There are some atypical filling operations which have not been discussed. For example, there have also
been some situations in which lyophilization is performed on trays of solution rather than in vials. Based
on the current technology available, it would seem that for a sterile product, it would be difficult to justify
this procedure.

T aT I Fx o= AT bl BEBEETORRIT, MR ZRB T
KD, HEHIFERBRIL, WFOT ¥ = ~DEOTEE GO L& TH D, [Fkk
(2 ZN AL T AR OFREIRAFHN 2 GO DX ThH D, (RAFAIDOHE N L X3,
AR O FET, FEHFERR L AL O D L > TLE 5, TORRRGA ., 1H%ER
0% HHFEINDLIRETHAD, )

The dual chamber vial also presents additional requirements for aseptic manipulations. Media fills should
include the filling of media in both chambers. Also, the diluent in these vials should contain a preservative.

(Without a preservative, the filling of diluent would be analogous to the filling of media. In such cases, a
0% level of contamination would be expected.)

[z Y1 7 v L& 8]  ( Lypophilization Cycle and Controls )

R OWE & MERIEEICL e —TF 4 V71 PO AT v 71X, RO
Thbd, HDHVA 7 MITENT, MHEBEICHRFZICLEIRE & 72> TWDH N, o
A T NMTBNTIE, #AI 2o — KL, RO Tl 2 BB OB I LB R BREIRE T
T2, a—7 4 7> TlETOHREAIL TWD YA 70 IZB8WTIL, va—7
4 T BT I RNCHNA DR SND Z RN AEEIND, B—T 4 7 %47 D FilHll
KRS D Z Lk, BEINEEZT HHIC A TV OFdledd 0 idefier i
LIRAE 2D, BANRECTHD LD, HDHVITHEETRI N2V E DRITOERT
DT L—IE, ODDONSA TN, WELY A 7 VS 5 INDEN TR 4T
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(preliminary stoppering) % S#L72Z EDBRK TH -7, F=IZ LT, ZORETIT-
TV TIVOREIRAEL, T DORMaNA T V& BN,
After sterilization of the lyophilizer and aseptic loading, the initial step is freezing the solution. In some
cycles, the shelves are at the temperature needed for freezing, while for other cycles, the product is loaded
and then the shelves are taken to the freezing temperature necessary for product freeze. In those cycles in
which the shelves are precooled prior to loading, there is concern for any ice formation on shelves prior to
loading. Ice on shelves prior to loading can cause partial or complete stoppering of vials prior to lyophili-
zation of the product. A recent field complaint of a product in solution and not lyophilized was attributed
to preliminary stoppering of a few vials prior to exposure to the lyophilization cycle. Unfortunately, the
firm's 100% vial inspection failed to identify the defective vial.

— AL, AT A (eutectic point) KV e D T OIEE THAET D,

Typlcally, the product is frozen at a temperature well below the eutectic point.

BAEBAE L B DT A 7 VDA r— b« T v 7B L OEF X, %o RIEIE
HENTWD, FREOHE & 7iEE, HERAOMEICEET L THA D Z &N, %
DOMDOHFETIFES N TN D, BIZITP o< D & LTERi L, RKIEOKEDIEM & E
<o ZAUXLEEGIR E 72%50R (void) Z4AE U &8, ZAUEA-%E (sublimation) KFDK
RO BAET 5, — T, @o< V& LIEHEIL, il OIREZNL (concentration
shifts : FRIE 5 T 2) ZHWRSE D, £ TIES ZOREIL, EYOWELRTE
RE (% VEW7 ; polymorph) (Z5EET 5 2 & NVFES LTV D

The scale-up and change of lyophilization cycles, including the freezing procedures, have presented some
problems. Studies have shown the rate and manner of freezing may affect the quality of the lyophilized
product. For example, slow freezing leads to the formation of larger ice crystals. This results in relatively
large voids, which aid in the escape of water vapor during sublimation. On the other hand, slow freezing

can increase concentration shifts of components. Also, the rate and manner of freezing has been shown to
have an affect on the physical form (polymorph) of the drug substance.

HiER B X O —REBET ORBRIRE GEFlD) Z, HEREID DRI TH4~5"
TTRFEFTDZEDNEE L, BAROZ L7226 RS T AR 25> T
KRETHY, WHNEE DL —MEZIRFET DT DMLEREGR 2R HO>XETH D, [
UERIZ, BREZHRIZ, RETRATA—F 2L e T 5DIT, LERMEE A
ATBLIRETHD, HERTEATA—ZLLT, ROXIBRLONREEND,
- HIEE  (shelf temperature)
- BIKNEEE  (product temperature)
- a7 Y% —iiE (condenser temperature)
« 7% 73— [£J] (chamber pressure)
- a7 % — J£7J) (condenser pressure)
It is desirable after freezing and during primary drying to hold the drying temperature (in the product) at
least 4-5° below the eutectic point. Obviously, the manufacturer should know the eutectic point and have
the necessary instrumentation to assure the uniformity of product temperatures. The lyophilizer should also

have the necessary instrumentation to control and record the key process parameters. These include:
shelf temperature, product temperature, condenser temperature, chamber pressure and condenser pressure.

BUE DKL, BAN OB A 7 WA HLER IR, IBEB L OVEHBRREZ R E T &
Thb, EEFLIIEEROMEOR . FEERM ISR T ENTE - T2 A 7 VTl
BANEEOE=Z U 7%, BICEER2 DD,

The manufacturing directions should provide for time, temperature and pressure limits necessary for a
lyophilization cycle for a product. The monitoring of product temperature is particularly important for

those cycles for which there are atypical operating procedures, such as power failures or equipment
breakdown.
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WY A 7 L O E T HERR A HIENL ﬁAm®V3~% arvbhar—7—%fHLTH
Lo LU s, XV Rl DEE Tl R TRO~ A 7 1 a0 B o — 2 il
Mz BN TWND, I E :—&ﬁilhﬁw DJZX KD RO THAM TR L, 7=
—F ¥ — b ELEIrY I THD,

Electromechanical control of a lyophilization cycle has utilized cam-type recorder-controllers. However,
newer units provide for microcomputer control of the freeze drying process. A very basic requirement for a
computer controlled process is a flow chart or logic.

—RBTIE, 2 — IO A 7 VBT DEERE O SIL, £& LTH
RIFICAES D, TG, ROBDONH2-> TN D,
TN —=Du =7 4T
s BFNDAA T NAA~ORET 7 —7 GRYE IREE =) OffA
c KD X DI A TN RT A= DANT]
a. s OO 72 8 OHIEEE
- R L
c. WAEIREREM] (freezing soak time)
e. —IREZBROMPREE & *vt 4y b IREE
f. fill vacuum DHFENLD 7= 8 O HIHIE
g IRECIEDHLE
TR FL R ]
Typically, operator involvement in a computer controlled lyophilization cycle primarily occurs at the be-
ginning. It consists of loading the chamber, inserting temperature probes in product vials, and entering
cycle parameters such as shelf temperature for freezing, product freeze temperature, freezing soak time,

primary drying shelf temperature and cabinet pressure, product temperature for establishment of fill va-
cuum, secondary drying shelf temperature, and secondary drying time.

s a

H DAL, BRI 53T TV DR YA 7 VT D 72012, T2 Hr
MINC LR T IUE e 7o 7o, ZORZRIRGIE, WEZ7 2 233 57— F S T0
/;ﬁl/\ (E 75*#]0 7:_.0

In some cases, manufacturers have had to continuously make adjustments in cycles as they were being run.
In these situations, the lyophilization process was found to be non-validated.

WD Y 7 by =27 T a7 T AON)TF=aid, o7 et A0z EFET
RIHIERTEIUE > T D, EANZREL EHEE) 13, Y7 Py =T O3, £
B, BLOEX2 VTG EN0D, REETROa V Ea—2 -V AT LORE T
4 R (Guide to Inspection of Computerized Systems in Drug Processing) | (Z{%, =¥

2= H AT AT L TOBERRBEEBIC W TOM@mAE ENTVD [
7 N = T HBIEXEDELE T A K (Guide to the Inspection of Software Development
Activities) | 1L, Y7 RV = TIZOWTOMLEFRAEO LV G L E2—% 52T
WHZEETH D,

Validation of the software program of a lyophilizer follows the same criteria as that for other processes.
Basic concerns include software development, modifications and security. The Guide to Inspection of
Computerized Systems in Drug Processing contains a discussion on potential problem areas relating to
computer systems. A Guide to the Inspection of Software Development Activities is a reference that pro-
vides a more detailed review of software requirements.

REE~D U — 713, B RFRICHERT 2 THAS I, BEF Y N —DEH b D
TiX, V=21, REDOESGENAERA~EERICET 5, oK & LT, W
EREAT O T DIV AT LA THHA L TV A BHAZNBER H D, 2161l Ao
JnE - %\ﬁﬂfﬁ@*ﬂﬂ%ﬁﬁﬁf@?ém@; (thermal fluid) . /3A /8—-=2 5 % — (vapor
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condenser) @, WMEIREANEITHER LEGBAFB IO, BER TV AT L b
o> T< % (migrate back) A A /L« XR—"N—NEHHZA 9,

Leakage into a lyophilizer may originate from various sources. As in any vacuum chamber, leakage can
occur from the atmosphere into the vessel itself. Other sources are media employed within the system to
perform the lyophilizing task. These would be the thermal fluid circulated through the shelves for product
heating and cooling, the refrigerant employed inside the vapor condenser cooling surface and oil vapors
that may migrate back from the vacuum pumping system.

FNHDENDR, HDHNIENOLBPHAEDE 2T, VAT AADRUERLR—/3— D
V=2 FEKRD—>2Led, VAT LAOFERMEMET D702, EWMICY —7 @3
EErE=F—35Z BN ETHL, V—VHENHESNTRELZBITZBIF,
FEEO Y =7 E i, BETL L EMETHA I,

Any one, or a combination of all, can contribute to the leakage of gases and vapors into the system. It is

necessary to monitor the leak rate periodically to maintain the integrity of the system. It is also necessary,
should the leak rate exceed specified limits, to determine the actual leak site for purposes of repair.

TN BEHEDH DR (BE 5, YA 7 )V DBRMGEF R & 2 WITFTHERTIZ) T,

V=2 - TANEATOEPARTHD, V—7 T A M EET HERORRH &SI

HaxTHY HA 7NN T =g PicHpcShle 7—2ICE>TEELTH
5o N T =2 a NIBWTHFARRD Z R L S BRI,
ho FFREN LR Z2RET HTOIHHTXETHA I, bLEEDY —7 MR
WESNT2 72 B, ZOMREE & 2 DRFIZERD NS UE T, BEEICET 2 3CEFEDO W
TN, L TEBIRETH D,

Thus, it would be beneficial to perform a leak test at some time after sterilization, possibly at the beginning
of the cycle or prior to stoppering. The time and frequency for performing the leak test will vary and will
depend on the data developed during the cycle validation. The pressure rise found acceptable at validation

should be used to determine the acceptable pressure rise during production. A limit and what action is to
be taken if excessive leakage is found should be addressed in some type of operating document.

FAN e R=X—DOBEE D LT D7D, BODOWHHAK TITHZER T L (R
HIRE D) T L N—DRINZEIN Y < 325727 A > (tortuous path) Z BV ff1F T\ 5,
Bl 21X, 2 W ELEERF L, Wila o7 o — 2 FF O ©, BAER T LT
¥R =DEDTA N, AN b T T EWMOMITTND, V=T Bboleing
IME, WEHET ¥ o= NOKEE YTV T L, BN DT Ei5
LIk o THERHIRD, b LITRPHIERICT ¥ o A—=TRWES R bIE,
Z ORI F v o — HNO BEFEOBMRGS 2755 L T D Liffamtk s
ThhHo, 7V —=7 (FH) ORI BEOmITIZONWTEREY 7V 72T 5
e, WEATF o N—=D 7 V== T N T = a rO—H# L LTRWHET
H5 9,

In order to minimize oil vapor migration, some lyophilizers are designed with a tortuous path between the
vacuum pump and chamber. For example, one fabricator installed an oil trap in the line between the va-
cuum pump and chamber in a lyophilizer with an internal condenser. Leakage can also be identified by
sampling surfaces in the chamber after lyophilization for contaminants. One could conclude that if conta-
mination is found on a chamber surface after lyophilization, then dosage units in the chamber could also be

contaminated. It is a good practice as part of the validation of cleaning of the lyophilization chamber to
sample the surfaces both before and after cleaning.

EHOEIRFH AR | TORDIZETR A L D720, Wi A 7 )V O D
PRRE R EELITMEZ ML Z L3, BFRETH D, Z ORRZIIEERAPRIAAE T T
WHEEIC, D RSB ERE 2@ Y2 3R L T ~NE TH D, HIEREI
DN TORE Z SCEALT 2 EICINA T, RANC ED X5 722 (B, TErRY
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. BDOVITERIR AN - Ny I PRAET L] I EOFEH ; Bk GO Z S
H ) BEEPOFHE G FEH T ~E TH D, Wic A 7 VRIS Tzl £
OFRBAERNP B AL O RN o7 &0 ) 121 T IR Y O BALEZRO M & R4k
22 LI ITHAS ), BIZIE, F v =D&l SRR T ¥ o=V —7
L7z, W|EENT L—7 L2 3T, ZONyFOREGOHEB L5,

Because of the lengthy cycle runs and strain on machinery, it is not unusual to see equipment malfunction
or fail during a lyophilization cycle. There should be provisions in place for the corrective action to be
taken when these atypical situations occur. In addition to documentation of the malfunction, there should
be an evaluation of the possible effects on the product (e.g., partial or complete meltback. Refer to subse-
quent discussion). Merely testing samples after the lyophilization cycle is concluded may be insufficient to

justify the release of the remaining units. For example, the leakage of chamber shelf fluid into the chamber
or a break in sterility would be cause for rejection of the batch.

[ RO ST E (Quality Assurance Alert Notices)] . [fHi#E s #53 (Discrepancy
Reports)] 35 L O [FAEHEE (Investigation Reports) | & 32, [PR4HEE (Preventive
Maintenance Logs) | @ Lt =2 —%, #EIOEIARE L IIMEENH -T2 HEI, £
DR Z T HMEN Y T ERET DHDIESLOTHA D, TILHOFEKIE, LD
BOEMET, LE2—4252 L2#fEEd 5,

The review of Preventive Maintenance Logs, as well as Quality Assurance Alert Notices, Discrepancy

Reports, and Investigation Reports will help to identify problem batches when there are equipment mal-
functions or power failures. It is recommended that these records be reviewed early in the inspection.

[V1 7)Y F—2 3] (Cycle Validation)

%< DARET, TOWFEOWREY A 7 Vi  (FHEETIC) 77400, ZOHA 70
WCESSHEF A 7V ENYT— LTS, REIZLT, Z2ORRT —ZI1E, B
bDOTHDH L, HOVITERFE RV A 7V EFHLL T DR, 8 EMEA 720, %07
DFEFNZIBNT, BT REZ NS0T, RS R RE ST 501
MBI A TR T A =F 26T LT, RERRDDHWVIERE YA 7 )L O
., BEEAENT L EIIREETH 5,

Many manufacturers file (in applications) their normal lyophilization cycles and validate the lyophilization
process based on these cycles. Unfortunately, such data would be of little value to substantiate shorter or
abnormal cycles. In some cases, manufacturers are unaware of the eutectic point. It would be difficult for a

manufacturer to evaluate partial or abnormal cycles without knowing the eutectic point and the cycle pa-
rameters needed to facilitate primary drying.

HRZRHN DR r—)v « 7 v 73, T ORANEELE RTTTHAH ) %< OEBIRIZD
WTCOHGZVLE LT 5, ZOEEK O D)NTIE, EHREHE S L ONRE FAHEE
EeThHAH, MOBIFITORr—)L T v 7OEAE LR UEEIZ, £DH A 7 LC
BLTo7ntRrtoyy 7 2B L CO BB REENHFETRETHI. BLDH
ADBFILL B2, WA 7 VDA —) « T v A, O THRETH D,

Scale-up for the lyophilized product requires a knowledge of the many variables that may have an effect
on the product. Some of the variables would include freezing rate and temperature ramping rate. As with
the scale-up of other drug products, there should be a development report that discusses the process and
logic for the cycle. Probably more so than any other product, scale-up of the lyophilization cycle is very
difficult.

BEOKHSNTIE., HDH—2>DRANZHSNTLODD IR SA T YA Xa i
TRELTBY, 2L TRy F « A4 X bEx THDH, TNHDO—D—DN, £ H
BRI A I N RTRA—=B o2 LR TREND, F—ORA|D R > 7= F1fli % —
DDV A TNV TITo TWDHEFEIL, 0 GRE D) A 70 ZRT L L&
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L BAAEE L TRV ERBY, S FD bt ALY T — b
éhf“ﬁwtéo TEELELTUL, ZOMHFEEID) 77 ANV ENTHELY A 7
NEBEMTOIREELBLON T —H 2L Ea— TRETH D,

There are some manufacturers that market multiple strengths, vial sizes and have different batch sizes. It is
conceivable and probable that each will have its own cycle parameters. A manufacturer that has one cycle
for multiple strengths of the same product probably has done a poor job of developing the cycle and prob-
ably has not adequately validated their process. Investigators should review the reports and data that sup-
port the filed lyophilization cycle.

[ DOPEE 7% FF]  (Lyophilizer Sterilization,” Design)

R OWE 1T, BRPICEZXEDLNZFHHD H BT, R0 HEEICHEB LR
D—2>Th b, HRXOHTHEDEK S L, MERKIEE T2 5T, WENHED
@@ﬁwﬁw%ﬂ%T%éo%h%ﬁ%%@\ﬁ%ﬂﬁﬁﬁ<\*%K@%%ﬂkb
THEID AV T UV DAL EEA T %@W%ﬁ%ﬁﬁ#é:ﬁﬁﬁw RFEIZLT, Ny 7
T A4V DVFELED D DOEEHELR ARG A (@ i%%ﬁX)mgﬂ%m£
I, LIX LI, Z20RRBREO RE] H D50 m@_ngm@mom%mrmﬁj
WK > TR DT R DT N F— g U ENLGGET A Z b id, BRI IC L 5T,
b CIREER b D EEZ BND,

The sterilization of the lyophilizer is one of the more frequently encountered problems noted during in-
spections. Some of the older lyophilizers cannot tolerate steam under pressure, and sterilization is marginal
at best. These lyophilizers can only have their inside surfaces wiped with a chemical agent that may be a
sterilant but usually has been found to be a sanitizing agent. Unfortunately, piping such as that for the ad-
ministration of inert gas (usually nitrogen) and sterile air for backfill or vacuum break is often inaccessible
to such surface "sterilization" or treatment. It would seem very difficult for a manufacturer to be able to
demonstrate satisfactory validation of sterilization of a lyophilizer by chemical "treatment".

M OPWE T HETEBSINTNDE DT A RROZF L oAV A ROFERARD 5,
flD=F L oA XA N E RERIC, IR S EE L 72 %, HEEAIZE)— 2 &5
HTEF WEETHLZ ENRHBILTVND

Another method of sterilization that has been practiced is the use of gaseous ethylene oxide. As with any
ethylene oxide treatment, humidification is necessary. Providing a method for introducing the sterile
moisture with uniformity has been found to be difficult.

TR DR PR 12, THERHAK] Z2H L WA RERMEL 2T 5, T ¥
VR=MRS TWAIIC, =F LAY A R A ATHEEET 5, LTk L7tk
2. ZOHFEFF v o= IZx LU R DD L b O TH L0, [HET HEEEEIC
LTI R#ES 2 D TH D,

A manufacturer has been observed employing Water For Injection as a final wash or rinse of the lyophiliz-
er. While the chamber was wet, it was then ethylene oxide gas sterilized. As discussed above, this may be
satisfactory for the chamber but inadequate for associated plumbing.

TF L AR YA NICBEET 2 ORMBEIL, Z20REFETHD, HOHRIEEEIT, 0
VAT L ACHHNHNTEEE L T D B EOWEREITH LT, = F Lo AP A Fe=E
AN OHIG T A Lo TV, Tz, Ny 7 7 4 )VDOBEETER T Aia
TA HIZEDDEF LA XY A RBFET D DITENR, |, ZORED R
7Ty L. REUITH D,

Another problem associated with ethylene oxide is the residue. One manufacturer had a common ethylene
oxide/nitrogen supply line to a number of lyophilizers connected in parallel to the system. Thus, there

could be some ethylene oxide in the nitrogen supply line during the backfilling step. Obviously, this type
of system is objectionable.
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R DOIRE T1E L LT RANSRD b, ZITF AN LN TWHIFIEIE, IMETTO
MBAKKOEMRCTH D, WHEFIEL, A— b7 L—TDZN LT RETHY | R
K2V AT DE, 2 OOWSE LIZIBERIN S AT LB~ &E Th o, —2Dt Yy
P 1 TIREE & [ AR, YA 7V OIRE ORI & FEEICHEMN T 250 THD . &9
—oDB Y —IIF vy o NN—Da— )L K+ ARy MIVBEI®ELZ LD THD, 4— b
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A generally recognized acceptable method of sterilizing the lyophilizer is through the use of moist steam
under pressure. Sterilization procedures should parallel that of an autoclave, and a typical system should
include two independent temperature sensing systems. One would be used to control and record tempera-

tures of the cycle as with sterilizers, and the other would be in the cold spot of the chamber. As with au-
toclaves, lyophilizers should have drains with atmospheric breaks to prevent back siphonage.

denm L CE 2L 91, NEET A (F2ER) BLOZEOMAG T A 2 WREH T 2729
DIHE S ETAFETNETH D, BONORIEEIIT, F v N —DHR— MMTBE
TANE—DREERIRLTND, TOR— ME, Fr o —ZWEET 5 & Ik
IZZESIRBE S, IRWT, TOIRE L CTh DWE N 7 4 V2 — 2 BEBREEIC LY T
YN RO AT D, ETMMOREREZIT, T4 VT — & F v LIS TR O
B Z DT E L THET L2 & 2@IR L7, REMRT 4 L2 —DSIP (EE
W) TIE, BRREEESLOI, GRIE: 74402 —0 kit & THiD) Wi
AR EWTZEBREICRDTHH Y, ZOMEDY AT AT, BRFROBRER L O
(E7213) HFHIZOWTOHENKEIZ 2D, F ¥ o=~ 5 EREB L OER
T AN — L RE FIROBREAET, ZHEOELTRBL 2> TnD Z L aili%d
RETHS D,

As discussed, there should also be provisions for sterilizing the inert gas or air and the supply lines. Some
manufacturers have chosen to locate the sterilizing filters in a port of the chamber. The port is steam steri-
lized when the chamber is sterilized, and then the sterilizing filter, previously sterilized, is aseptically con-
nected to the chamber. Some manufacturers have chosen to sterilize the filter and downstream piping to
the chamber in place. Typical sterilization-in-place of filters may require steaming of both to obtain suffi-
cient temperatures. In this type of system, there should be provisions for removing and/or draining con-

densate. The failure to sterilize nitrogen and air filters and the piping downstream leading into the chamber
has been identified as a problem on a number of inspections.

ZNODT 4 N F =, AEET AR (XF) ZROBWEICHERTL50T, £hb
DIEEMEZONTOMENPDRGELZ TRNETH D, BONOELETIT, NEME T2
ARG () EXH 7 4 v Z —OFRVERBRA FEm I TWRWZ & (lack) 238
MZENTND, [N b7 g Z—D5E2MRERE EOMNOBFE TIT> T D
2 E HEBEICERMT RETH D, WIEREPT > TVDHE L OWIE L FRRIC, #
B, TRHDLVEVAT ATE, DL —LD ) A7 PIEEL, THUTRIEEED
HBPPREHKD DO TH S, b LIREH 7 4 L Z =R EEMER L7-%IC, 503
LoDy F A L7k O e aMEBRICER Lo 2 & 23D E, Z AL LA
DRy FIZH L TIE, TO%ERME TR TE D, LLanb, ooy F 20
LTLERICOZRBR L, T TBaERBRAEE &V D 2 LIZ2iE Z LA
LTSNy FOETIZONT, BEMEICREMNET L2 THA D, ZOKRRY A7 %
BNRIZT 25508 LT, %o EH| A (redundant fil-
tration) ZEMH L TV 5,

Since these filters are used to sterilize inert gas and/or air, there should be some assurance of their integrity.
Some inspections have disclosed a lack of integrity testing of the inert gas and/or air filter.
The question is frequently asked how often should the vent filter be tested for integrity? As with many de-
cisions made by manufacturers, there is a level of risk associated with the operation, process or system,
which only the manufacturer can decide. If the sterilizing filter is found to pass the integrity test after sev-
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eral uses or batches, then one could claim its integrity for the previous batches. However, if it is only
tested after several batches have been processed and if found to fail the integrity test, then one could ques-
tion the sterility of all of the previous batches processed. In an effort to minimize this risk, some manufac-
turers have resorted to redundant filtration.

2L OYA 7 TIE, WHEEN TR Thh D, —MAIS, WEEITE S0 2 A
ZOr v K (rod(s);ram) ZFfoTW\W5, T blE, fFIEOR R THEE, Fv o /3—
WHASILD, O&TleUry RInFy o —fASND &, Frv o\ —%iGhd 50
REPENET D, LILR S XA T /MRS TV LD T, T LR R TOF
Y = DA T IAIE RO IAFIE LR, — RIS, &A1 7 1%
WZBETREThDH, LI DIE, MEKXZX D v R(shelf rods)IZi5 %D AIREM: N &
DIOTHD, MAT, "ATVORHL, BEOF Y "—=D7 ) —=v7 Lo
TR IRATEN DGR D L — L AR S 5,

For most cycles, stoppering occurs within the lyophilizer. Typically, the lyophilizer has some type of rod
or rods (ram) which enter the immediate chamber at the time of stoppering. Once the rod enters the cham-
ber, there is the potential for contamination of the chamber. However, since the vials are stoppered, there is
no avenue for contamination of the vials in the chamber which are now stoppered. Generally, lyophilizers
should be sterilized after each cycle because of the potential for contamination of the shelf support rods.

Additionally, the physical act of removing vials and cleaning the chamber can increase levels of contami-
nation.

WS OO KRBOIEETIX, v —F 4 V2R TTHDICEERZIC, HEin &
Dh, YIRIeNH, MEFD BLIZOIZT ¥ /3=~ A5 T A(ram) D53 1E, FE
WHEEIRON O AND LD TH D, HRERVETDHEOORALO—DL LT, 7L4%
0—7 4 7 ANCHEA CHEREZ LTWna, BEMIE E LT, 7 20OMEME Y%
B, BEZ2R 7 OM)E#R (hydraulic fluid) DFE IO\ T OMAEMIFGORER, B X
OZ DO FIIN TN O WTRERE T2 Z ENEEN D, D HEAEDOT AT,
TR HNR—=F 570D, FHMEDOHD [Ah— ] OREEZRERZEL TV 5D,

In some of the larger units, the shelves are collapsed after sterilization to facilitate loading. Obviously, the
portions of the ram entering the chamber to collapse the shelves enters from a non-sterile area. Attempts to
minimize contamination have included wiping the ram with a sanitizing agent prior to loading. Control
aspects have included testing the ram for microbiological contamination, testing it for residues of hydraulic
fluid, and testing the fluid for its bacteriostatic effectiveness. One lyophilizer fabricator has proposed de-
veloping a flexible "skirt" to cover the ram.

B727R 7 Ol (hydraulic fluid) DFAEMTE GO EIZINZ T, RSOGO
HLET-. FET D,

In addition to microbiological concerns with hydraulic fluid, there is also the concern with product conta-
mination.

F v A= DZRKIRE T, 785D HHRIIEZ FTE L 5 720, MR 22237
ETRETHDL, WL OPOREKEIT ZNNERIHTVEENLDE 2D,
ORI AR=H =2 BTN D, MOTEERT, Fv o N—lEz 2D = A
R (BEE) & D ETHRL TV D, mAID T =A Xix, Wz oHE L TWODERC,
FOMDWEEITI b D TH D HE DT = A I MEFVEALT, F ¥ o—&,
EA b ET D,

During steam sterilization of the chamber, there should be space between shelves that permit passage of
free flowing steam. Some manufacturers have placed "spacers" between shelves to prevent their total col-
lapse. Others have resorted to a two phase sterilization of the chamber. The initial phase provides for steri-

lization of the shelves when they are separated. The second phase provides for sterilization of the chamber
and piston with the shelves collapsed.
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— XA, BRECHE CIE, ZRKIRE YA 27 v &) 7 — M 272010, AP fs
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Typically, biological indicators are used in lyophilizers to validate the steam sterilization cycle. One man-
ufacturer of a Biopharmaceutical product was found to have a positive biological indicator after steriliza-
tion at 121°C for 45 minutes. During the chamber sterilization, trays used to transport vials from the filling
line to the chamber were also sterilized. The trays were sterilized in an inverted position on shelves in the

chamber. It is believed that the positive biological indicator is the result of poor steam penetration under
these trays.
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The sterilization of condensers is also a major issue that warrants discussion. Most of the newer units pro-
vide for the capability of sterilization of the condenser along with the chamber, even if the condenser is
external to the chamber. This provides a greater assurance of sterility, particularly in those situations in
which there is some equipment malfunction and the vacuum in the chamber is deeper than in the condens-
er.
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Malfunctions that can occur, which would indicate that sterilization of the condenser is warranted, include
vacuum pump breakdown, refrigeration system failures and the potential for contamination by the large
valve between the condenser and chamber. This is particularly true for those units that have separate va-
cuum pumps for both the condenser and chamber. When there are problems with the systems in the lyo-
philizer, contamination could migrate from the condenser back to the chamber. It is recognized that the
condenser is not able to be sterilized in many of the older units, and this represents a major problem, par-
ticularly in those cycles in which there is some equipment and/or operator failure.

EWR U 7RRICHREC Y A 7 b D U =213, ERBAECTEERITIE, RO =/, 5
WIEHT ATy FH EROIRADIEY B2 %, Bl ZITELRITIBN T, B O 785Kk
FHIZZERD Y — 7 PEEEICH E TWD Z EN R STz, & LK T 24 )
5V =274 501X WETIZERRT v o N —RICRATLREERH 5 TH S ),
As referenced above, leakage during a lyophilization cycle can occur, and the door seal or gasket presents
an avenue of entry for contaminants. For example, in an inspection, it was noted that during steam sterili-

zation of a lyophilizer, steam was leaking from the unit. If steam could leak from a unit during sterilization,
air could possibly enter the chamber during lyophilization.
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Some of the newer lyophilizers have double doors - one for loading and the other for unloading. The typi-
cal single door lyophilizer opens in the clean area only, and contamination between loads would be mi-
nimal. This clean area, previously discussed, represents a critical processing area for a product made by
aseptic processing. In most units, only the piston raising/lowering shelves is the source of contamination.
For a double door system unloading the lyophilizer in a non-sterile environment, other problems may oc-
cur. The non-sterile environment presents a direct avenue of contamination of the chamber when unload-
ing, and door controls similar to double door sterilizers should be in place.
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Obviously, the lyophilizer chamber is to be sterilized between batches because of the direct means of con-
tamination. A problem which may be significant is that of leakage through the door seal. For the single
door unit, leakage prior to stoppering around the door seal is not a major problem from a sterility concern,
because single door units only open into sterile areas. However, leakage from a door gasket or seal from a
non-sterile area would present a significant microbiological problem. In order to minimize the potential for
contamination, it is recommended that the lyophilizers be unloaded in a clean room area to minimize con-
tamination. For example, in an inspection of a new manufacturing facility, it was noted that the unloading

area for double door units was a clean room, with the condenser located below the chamber on a lower
level.
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After steam sterilization, there is often some condensate remaining on the floor of the chamber. Some
manufacturers remove this condensate through the drain line while the chamber is still pressurized after
sterilization. Unfortunately, some manufacturers have allowed the chamber to come to and remain at at-
mospheric pressure with the drain line open. Thus, non-sterile air could contaminate the chamber through

the drain line. Some manufacturers have attempted to dry the chamber by blowing sterile nitrogen gas
through the chamber at a pressure above atmospheric pressure.
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In an inspection of a biopharmaceutical drug product, a Pseudomonas problem probably attributed to con-
densate after sterilization was noted. On a routine surface sample taken from a chamber shelf after sterili-
zation and processing, a high count of Pseudomonas sp. was obtained. After sterilization and cooling when
the chamber door was opened, condensate routinely spilled onto the floor from the door. A surface sample
taken from the floor below the door also revealed Pseudomonas sp. contamination. Since the company be-
lieved the condensate remained in the chamber after sterilization, they repiped the chamber drain and add-
ed a line to a water seal vacuum pump.

[z 8541 oD e & B 3% ] (Finished Product Testing for Lypophilized Product)
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There are several aspects of finished product testing which are of concern to the lyophilized dosage form.
These include dose uniformity testing, moisture and stability testing, and sterility testing.

(a) BEEH—MFER (Dose Uniformity)
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E. ®/E (AD) O — VKR EFEHICOWTOFERE G252 LR THA
IMN, MBEEZMD Z LB RERY I OWTOHRREZED 2 LK
R, BT OB EEL, EENOEONT MMM REAHAICEESELRE
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The USP includes two types of dose uniformity testing: content uniformity and weight variation. It
states that weight variation may be applied to solids, with or without added substances, that have been
prepared from true solutions and freeze-dried in final containers. However, when other excipients or
other additives are present, weight variation may be applied, provided there is correlation with the
sample weight and potency results. For example, in the determination of potency, it is sometimes
common to reconstitute and assay the entire contents of a vial without knowing the weight of the sam-
ple. Performing the assay in this manner will provide information on the label claim of a product, but
without knowing the sample weight will provide no information about dose uniformity. One should
correlate the potency result obtained from the assay with the weight of the sample tested.

(b)) ZEMER (Stability Testing)
BB TOW A RBAREIHE T, A TATETHKSOETH D, BHID
T & ZZEME DM T IZDONT, KBS DML 2 BT HRE R DT — 2 & L
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An obvious concern with the lyophilized product is the amount of moisture present in vials. The man-
ufacturer's data for the establishment of moisture specifications for both product release and stability

should be reviewed. As with other dosage forms, the expiration date and moisture limit
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should be established based on worst case data. That is, a manufacturer should have data that
demonstrates adequate stability at the moisture specification.
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As with immediate release potency testing, stability testing should be performed on vials with a
known weight of sample. For example, testing a vial (sample) which had a higher fill weight (volume)
than the average fill volume of the batch would provide a higher potency results and not represent the
potency of the batch. Also, the expiration date and stability should be based on those batches with the
higher moisture content. Such data should also be considered in the establishment of a moisture speci-
fication.
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For products showing a loss of potency due to aging, there are generally two potency specifications.
There is a higher limit for the dosage form at the time of release. This limit is generally higher than the

official USP or filed specification which is official throughout the entire expiration date period of the
dosage form. The USP points out that compendial standards apply at any time in the life of the article.
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Stability testing should also include provisions for the assay of aged samples and subsequent reconsti-
tution of these aged samples for the maximum amount of time specified in the labeling. On some oc-
casions, manufacturers have established expiration dates without performing label claim reconstitution
potency assays at the various test intervals and particularly the expiration date test interval. Addition-
ally, this stability testing of reconstituted solutions should include the most concentrated and the least
concentrated reconstituted solutions. The most concentrated reconstituted solution will usually exhibit
degradation at a faster rate than less concentrated solutions.

(C) MEERER (Sterility Testing)
L RIA OB RERICET LTI, £ O RA %2 BRI 2 O AT 20
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SNV EBNELTLED,

With respect to sterility testing of lyophilized products, there is concern with the solution used to re-
constitute the lyophilized product. Although products may be labeled for reconstitution with Bacte-
riostatic Water For Injection, Sterile Water For Injection (WFI) should be used to reconstitute prod-
ucts. Because of the potential toxicities associated with Bacteriostatic Water For Injection, many hos-
pitals only utilize WFI. Bacteriostatic Water For Injection may kill some of the vegetative cells if
present as contaminants, and thus mask the true level of contamination in the dosage form.
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As with other sterile products, sterility test results which show contamination on the initial test should
be identified and reviewed.

[Fi&Bif| DAL — ALk » 23> 27 ] (Finished Product Inspection — — Meltback)
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The USP points out that it is good pharmaceutical practice to perform 100% inspection of parenteral prod-

ucts. This includes sterile lyophilized powders. Critical aspects would include the presence of correct vo-

lume of cake and the cake appearance. With regard to cake appearance, one of the major concerns is melt-
back.
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Meltback is a form of cake collapse and is caused by the change from the solid to liquid state. That is,
there is incomplete sublimation (change from the solid to vapor state) in the vial. Associated with this

problem is a change in the physical form of the drug substance and/or a pocket of moisture. These may re-
sult in greater instability and increased product degradation.
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Another problem may be poor solubility. Increased time for reconstitution at the user stage may result in

partial loss of potency if the drug is not completely dissolved, since it is common to use in-line filters dur-
ing administration to the patient.
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Manufacturers should be aware of the stability of lyophilized products which exhibit partial or complete
meltback. Literature shows that for some products, such as the cephalosporins, that the crystalline form is

more stable than the amorphous form of lyophilized product. The amorphous form may exist in the "melt-
back" portion of the cake where there is incomplete sublimation.
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A & M #  (GLOSSARY)

K% (ATOMSPHERE.THE EARTH)

HER 2 SR BOIRITHR O 2B < 2R, AN X0 MIERREENNCH B 52 TWD, £
DORFEIT, BHFRT8%., WeFE21%., 50 DD EODIKFE, REET A, RNEWET A KA
K G B L OBRTH S,

The envelope of gases surrounding the earth, exerting under gravity a pressure at the earth's surface, which

includes by volume 78% nitrogen, 21% oxygen, small quantities of hydrogen, carbon dioxide, noble gases,
water vapor, pollutants and dust.

K5JE (ATOMSHPERIC PRESSURE)
KEIWZ KD  HERF I RITSNDIES), L L THWAHAIT EERSTEIT 760
torr (760 mm Hg) & 5\ X, 760,000 /ny L EFRIILD,

The pressure exerted at the earth's surface by the atmosphere. For reference purposes a standard atmos-
phere is defined as 760 torr or millimeters of mercury, or 760,000 microns.

Ny « A Y —3 7 (BACKSTREAMING)
BH22 AT A D DRALKZRZN ., 8O A> TWDEF ¥ o X—|Z AL LI 7, K
WTF ¥ U N—[ENEAE T IEDL T atE A,

A process that occurs at low chamber pressures where hydrocarbon vapors from the vacuum system can
enter the product chamber.

750 « &7 « 7L v ¥ — (BLANK-OFF PRESSURE)
Ry TEI1L. VAT LADBER R D B2 E S,

This is the ultimate pressure the pump or system can attain.

~7 1 U — (BLOWER ; Mechanical Booster Pump DIt £ )

CORSANE A= TN R T F v RN —DRIHLE LTV D, TR E
THEET 5 2 OO HIWEERY (lobes) (X > TEENT 5, Fv o/ 3—[E% 20 e
y LLFIZ P20 SN,

This pump is positioned between the mechanical pump and the chamber. It operates by means of two lobes
turning at a high rate of speed. It is used to reduce the chamber pressure to less than 20 microns.

Bt/ KRB B2 (BREAKING VACCUM)
BZER T LW SN TWHIRIET, BZREEDTF v o —~, 225 H HVTERE L
T HAZANDZ &, REEMI~ (BAWVIRKIEET) .\ EHE EFSEL-0DIC

S =

1T 9,
Admitting air or a selected gas to an evacuated chamber, while isolated from a vacuum pump, to raise the
pressure towards, or up to, atmospheric.

E¥g A 7 (CIRCULATION PUMP)
B TE ST O DR T,

A pump for conveying the heat transfer fluid.

217 % — (CONDENSER ; Cold Trap)

HRE R 7 m 2 2 TlX, Zhd, 7 b— MOKGEED T, lfEIRETENEZREFT
DR T D, BIERY T DAA NGRS HKRZND, BERN T2 ki#ET 5,
In terms of the lyophilization process, this is the vessel that collects the moisture on plates and holds it in
the frozen state. Protects the vacuum pump from water vapor contaminating the vacuum pump oil.
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a5 Y — 1L 3—s3 (CONDENSER “RECEIVER)
WD TN ID L ZOHREIX, BANGER T A B RIR~Eib L, AT A THAE
ATHZOINE T CENEITFZ 5,

In terms of refrigeration, this unit condenses (changes) the hot refrigerant gas into a liquid and stores it
under pressure to be reused by the system.

% #H) (COOLING)
HAHABEHEDIZBWT, IBENTNALZ L,

The lowering of the temperature in any part of the temperature scale.

a2F v IR axy v a (CONAX CONNECTION)
FIZESEA A~ BVEXT O AZIE L, £ OREZEE 2 R4 72D DYEE,
A device to pass thermocouple wires through and maintain a vacuum tight vessel.

154 (CONTAMINATION)
HIEV AT MIBWTIX, BER T OF A NWIKELRNBAD Z 20D, ERT D
&L R TIRASERF O RAKIE N RET ARE N B Kb A RINIC R B,

In the vacuum system, the introduction of water vapor into the oil in the vacuum pump, which then causes
the pump to lose its ability to attain its ultimate pressure.

ik (DEFROSTING)
Bl 72 13RI I KD, 3T o= bk ERETDH L,

The removal of ice from a condenser by melting or mechanical means.

finik% (DEGREE OF CRYSTALLIZATION)

IKDR CAERDHHE I S0 = xR X =103 5 WIROWE I S5

TRV F— DR,

The ratio of the energy released during the freezing of a solution to that of an equal volume of water.

AL EREOERPHI VIS WD, Ry PSR Y TERE] OERefE L, RIS, R LT T
By HEEREDETLOAL] THY ., Mo ORI LD OHRERT LI THD, ok, Ticoid
FERLOLEOFEF 2L TR, Y H0,

BEARRBEOEIRMFIIL, B, FRETH 50930 MikE GRME) TH20, WIh»rThsrZ L
NE, BiFREBEB LI RSB o 77 ARELIELRERED—DTHS, LL, fimedE
EROFEFIT LT LS BRSO TIIR L, R EIT TROHIBT & b o TR B2 &, PR
Wb b o, E7z, KEmOWRE, WRETE, "EHELE, RAKOBEER SICkY, fdten Z2edsz
ENHBN TR, MESIEOESWEE R FH0T 25 HE & L THRSBILEDOHE WO X5k
STE, ZHUC LY, ERBFIROMEMEMEL, £0b% e, Wik, B, OERREE OREms,
RAMWE) , SEROBES, RARICH > TORERFEEZEDLE ERERTHDL Z ERHALMNIC
INTET,

FERLEORMEE & L, BORXMREHTE (Ruland ¥, Hermans ¥, PIEREEHELR) 2 —MAITH DA, FRAE 1Y
ALy hVIE, BOHTE (DSC ik, BUNRREHE) |, EE CPNMRICK 2FHEE LIRS Sh TV 5, 2ok, KEKR
(USP) 1%, FEEMETHLME I MOHRNEL LT SERIE “Crystallinity”Z HIE L TV 523, FBEMENC X 280
PrOFECILHPNETH Y, FLEEZFMLE 5 & T 20D TRV,

((ESRVALSE SRR ot e Sl T A e 2
1) http://wwwsoc.nii.ac.jp/jscta/j/Jour_J/phlogiston/helpkey-html.files/27-5-2.html

WAHE (DEGREE OF SUPERCOOLING)
KN EANTTERE S 302 AR L 0 & T oiEE,

The number of degrees below the equilibrium freezing temperature where ice first starts to form.

7 v 71 kb (DESICANT)
HEJEA, A drying agent.
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izt (DRY)
RIRB L (£7213) AKGBEY BTV DIREE,

Free from liquid, and/or moisture.

i ({k)  (DRYING)
RIEIC L VARSI OB EZRET D Z L,

The removal of moisture and other liquids by evaporation.

SRS TR S (EQUILIBILIUM FREEZING TEMPERATURE)
BEHNOIRVREE T, KEDTERR SN DI,

The temperature where ice will form in the absence of supercooling.

IR E (EUTECTIC TEMPERATURE)
ATOMHBEELTWAEEA T 75 LD ETH- T, F OO ORI
HH—ODFHDOEERL LTI, BHETLHZ ENHERND,

A point of a phase diagram where all phases are present and the temperature and composition of the liquid
phase cannot be altered without one of the phases disappearing.

g # o~ 7 (EXPANSION TANK)
DR 7IE, RV AT LAPIALE L, REORFFE RNy 77— 7 L LTHER
b,

This tank is located in the circulation system and is used as a holding and expansion tank for the transfer
liquid.

TANE—FlE T4 NVZ—/"RFZA%— (FILTER OR FILTER DRIER)
VAT WEAHBMETIL, AT DI, 20®y17Aﬂ%é i, 18
BREBLOWMHAT AT LA THD, HLWEZATORIAY—F, ZOT 4 LH— ik
74 NE— RITAX—NR—LR>TEBY, B DORZHEFRETH 5,
There are two systems that have their systems filtered or filter/dried. They are the circulation and refrige-

ration systems. In the newer dryers this filter or filter/dryer is the same, and can be replaced with a new
core.

WK (FREE WATER)
BUHFIP OWEREKIZ, BHIOFRBMIZHE L TWHKTHY . EWFEE L OLFEA G
DOEATZIHITH72012, BRELZITIE R B0,

The free water in a product is that water that is absorbed on the surfaces of the product and must be re-
moved to limit further biological and chemical reactions.

#AE (FREEZING)
ZIE, BARRIFIEL WO Z L Th D, HET aAd, BERBEFRES MR S
5 X oz, R oOfE & ILICRANRE OBb 2 EHT 5,

This is the absence of heat. A controlled change of the product temperature as a function of time, during
the freezing process, so as to ensure a completely frozen form.

HA + XF A2 (GAS BALLAST)
BERTOFANFODLEDKSERETDHZDIC, BZER T OEZES AT KT
ERHXNDH D,

Used in the vacuum system on the vacuum pump to decontaminate small amounts of moisture in the va-
cuum pump oil.
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H A « 71 —F (GAS BLEED; Vacuum control)

W7 0 ZEMBT 572D, ZOY A 7 NAFITTF v = NOJEN ZHE+ 5 2
&o BHREFLBRIZBWT, TOEME, RAASNOBMREZRET 570D LD TH D,
To control the pressure in the chamber during the cycle to help the drying process. In freeze-drying the
purpose is to improve heat-transfer to the product.

BcHagit (HEAT EXCHANGER)

ZOBZHIRIT, EERV AT L MAIV AT LORIZAME L, JHER AT A0 bInHl
VAT LNEBESTWT D,

This exchanger is located in the circulation and refrigeration systems and transfers the heat from the circu-
lation system to the refrigeration system.

#At (HEAT EXCHANGER FLUID)

BIZIZHEHEOMB DV Tz T o —t nWolcaR—3x v b2 b (Bo0E= v
N—=F 2 b~ BAZARizET D700, w775t &R 2/ oiil, €D X9
IRRIEDREIL, BRMEBE L TREIND, BEVERE L HIES,

A liquid of suitable vapor pressure and viscosity range for transferring heat to or from a component, for

example, a shelf or condenser in a freeze-dryer. The choice of such a fluid may depend on safety consider-
ations. Diathermic fluid.

K A« XA XA (HOT GAS BYPASS)
I, mH AT LDOOESTH D, WmENEERF O "BIG FOUR" (20~30 Hp) =
L —OWBIEEFIETHTZODH D,

This is a refrigeration system. To control the suction pressure of the BIG FOUR (20-30 Hp) compressors
during the refrigeration operation.

EH Aok (HOT GAS DEFROST)
BHNI AT LDOOE D, WA I NVRET LIEOL, a7 o —-7FL— &R
KB,

This is a refrigeration system. To defrost the condenser plates after the lyophilization cycle is complete.

7K _(ICE)

K, KOG, The solid, crystalline form of water.

AiEPEA A (INERT GAS)

IO TIHEFHNCRNEETH D L BEZA LN TN T A T BRI UOEHREREE D
TN—TDHD I A,

Any gas of a group including helium, radon and nitrogen, formerly considered chemically inactive.

th B¢ (INTERSTAGE)

“EBAoaryTryt—- AT AZBWT, REME SRR T AT, 2
YTy —DEH TR ET HEE TH D, TEREM, P, =L TEEflE L
TR TZE KRS,

In a two stage compressor system, this is the cross over piping on top of the compressor that connects the
low side to the high side. One could also think of it as low side, intermediate, and high side.

A B — « 27—V E S (INTERSTAGE PRESSURE REGULATING VALVE)
ZDOFRIFA U H—c AT —TJETIH, 80~90 PSI (FRix : dlHKL REFEHA > F . pound-force per
square inch®W§, FEItbfnY) ZHIZWEIICHIEZITO O THD, ZDOFRIE. 80~
90 PSI LLEIZA v & — « AT —VENERT DL WM~ ERL,
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This valve controls the interstage pressure from exceeding 80 - 90 PSI. This valve opens to suction as the
interstage pressure rises above 80 - 90 PSIL.

L% Y —/L (LEXSOL)

B (EiEED 7 1) . A heat transfer fluid (high grade kerosene).

FUE Yy Lid, AMOSERSDIOTH D, BEZMHR150~280C, RHFEHKI0~15, #E0. 79~0. 83,
T (YU oREE) KDES, Bk Dy,

IR Y 7 - 7 F —#xc#igs: (LIQUID SUB-COOLER HEAT EXCHANGER)

*7 « 7 —/#K (Sub-cooled Liquid) &M, WMAEAKDOIRET, 27— 1
— RN TITIRIRDOB A . 100 C~ 25 COIREETY 7 « 7 —/b Gix : 5 AL
TizhaE) 15,

The liquid refrigerant leaving the condenser/receiver at cooling water temperature is sub-cooled to a tem-
perature of +150F (-10°C) to -150F (-25°C).

HfG L 3. (LYOPHILIZATION)

FRE SV TR T O AR - ALFRIRIL OEIT 2 I3 5 712, A2 £ 3
BRE L. RO THFIRAED £ £ T, KB L OEEED RO Ky 2 Figk L O &
STHVERS Z &,

A process in which the product is first frozen and then, while still in the frozen state, the major portion of the
water and solvent system is reduced by sublimation and desorption so as to limit biological and chemical reac-
tions at the designated storage temperature,

+EZFH (MAIN VACUUM VALVE) (NRA 28—« LT 5 Vapor Valve h, ZHR)
ZORT, TR/ T LIERICTF v o —barrorith—en) 2 00585 B+
Lol FOMITAIE L TWD, TIUIRKMAIZRET 27T 5,

This valve is between the chamber and external condenser to isolate the two vessels after the process is
finished. This is the valve that protects the finished product.

~ ~U v 27 2 (MATRIX)
HASH R CIE, ~ MU w7 22 0d, BAPIZOMT 2K SR AT AEET,

A matrix, in terms of the lyophilization process, is a system of ice crystals and solids that is distributed
throughout the product.

AH=H)N « T—AH— « 87 (MECHANICAL BOOSTER PUMP)

(71 U—; Blower®IHH &)

ZORE I L TEWEBRIEZFOD, BN/ NS WL —Y R Guesm) %
WO, ME XKoo —% 1 — R T 2o T 8Ee. TOMEEIE. BB omE
ADOB—& U — RN T ORF 7R BEH & AT & ZHRHRT, BWEZEENED
NARRRH D,

A roots pump with a high displacement for its size but a low compression ratio. When backed by an
oil-seal rotary pump the combination is an economical alternative to a two-stage oil-sealed rotary pump,
with the advantage of obtaining a high vacuum.
GRE) AD=ANT=2AL BT EHEN TS, BE TR, RKRUEE TOEM & JERICHIS L TH RN
7o, WEMER L 77 EOMPERAR 7 LA DR THEM S 5 JUEBER DO EZER 7 Th 5,
MERRIE. HEERAR o oM & MERRITIRFT D,
http://www.hakuto-vacuum.jp/pfeiffer vacuum/05.php

AH=H)L « R¥a2—Lh « K7 (MECHANICAL VACCUM PUMP)
HEZIFL72DIT, T o N"—DEE RGJELLFICT D7D A T =T /v R
VT AT AERT,
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The mechanical pumping system that lowers the pressure in the chamber to below atmospheric pressure so
that sublimation can occur.

AT 4 U TIREE L AL - 2Ny 7 (MELTING TEMPERATURE : Melt-back)
HAERICEB W T, AldEhK (mobile water) 23 HIZEI A & 72 AT O,

That temperature where mobile water first becomes evident in a frozen system.

X7 @~ (MICRON)

v (Torr) HZME L, WY AT ATHEMSNDEN DAL, 1 38/= 1 Mtorr
25,400 /ny =1"Hg, 721X 760,0003/n/ =1 KE

A unit of pressure used in the lyophilization process. One micron = one Mtorr or 25,400 microns = 1" Hg.,
or 760,000 microns = one atmosphere.

FEdEAEE (MONOCONDEDESABLES)

EH, KK WEBLORIMKFED X D e ZEDIEEY, T bld, Y AT LD—
MPEETICHDIEE, VI DBHDEVATLNMRIAT D, TNOLBGFEET D &
BHEIEN KT D DT, VAT LAOEENRNBDT 5,

A mixture of gases such as nitrogen, hydrogen, chlorine, and hydrocarbons. They may be drawn into the

system through leaks when part of the system is under a vacuum. Their presence reduces the operating ef-
ficiency of the system by increasing the condensing pressure.

¥4k, (NUCLEATION)
BREFEOKFEOIR. 713K 7 72X —DAEEDORERL L TOKSEDEK,

The formation of ice crystals on foreign surfaces or as a result of the growth of water clusters.

A AV AMHZ 4 /4 — (OIL-MIST FILTER)

BET2Ck, EXoe—42 1) — R 7OPERMANCER D (i bnd 7 4 V2 —%
B L. MO et ER 10 i) ORE D EZIV RS, TNONERE~KEIND
DEPL <,

In vacuum terminology a filter attached to the discharge (exhaust) of an oil-sealed rotary pump to elimi-
nate most of the "smoke" of suspended fine droplets of oil which would be discharged into the environ-
ment.

i e —» 1V — - A7 (OIL SEALED ROTARY PUMP)

B CHER SND A D= HIVELER L T OEERITH > T, HWEMiLE L OR, £
DY A N5 LTI RV ERR GHEE) 2FFo, BRI, TOkkZ 2
DDR T HDHRINEIN R ST T2 b DT, MVWEELELFFOZ EAHRD,
A standard type of mechanical vacuum pump used in freeze-drying with a high compression ratio but hav-

ing a relatively low displacement (speed) for its size. A two-stage pump is effectively two such pumps in
series and can obtain an ultimate vacuum.

15> 5> BfEEE  (OIL SEPARATOR)

ATy P —DPRT ANLMESHEL, AT r— e N Ty T @l THE
SBEL. ALy —Dr Ty = XTRE TELILD,

Separates the oil from the compressor discharge gas and returns the oil through the oil float trap and piping
to the compressor crankcase.

Y7L+ J—2% (REAL LEAK)
YT U—=2F, FroN"—ZBLTIRALTLAZ EIZEDHAZREATAEHDFK T
H D,

A real leak is a source of atmospheric gases resulting from a penetration through the chamber.
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A% (RECONSTITUTE)
HrkE U AN A SRR £ I3 A IRIR IR S T L

The dissolving of the dried product into a solvent or diluent.

L ) —75¢ (RELIEF VALVE)
WREIZ2 = E R LGS, BEEA ST, ZE0BTHERINLD LD,

Used for safety purposes to prevent damage in case excessive pressure is encountered.

g—&1— . ~_X—> ;R 7 (ROTARY VANE PUMP)
AT —E LT, AT ROV REETHA D =A N - R 7
VAT A, HEFERIF2ETHEAIND,

A mechanical pumping system with sliding vanes as the mechanical seal. Can be single or two stages.

W=7 v¥— (SHELF COMPRESSOR : Controlling Compressor)
WIOIREOHIEIAEH SND, BEIHDWTRAZESZ SICHERH S5,

Used for controlling the shelf temperature, either cooling or from overheating.

A EMEAA (SHELF LIQUID HEAT EXCHANGER)

MWL SIRH S AT AABEZ BT 2 b0, 27 Ly — DG Kk % S Ha
T, BlE %18 L TBIET 5,

The transfer of heat from the shelf fluid to the refrigeration system through tubes in the exchanger causing
compressor suction gas to warm.

fi_(SHELVES)

HHZ LR TIX, Fv o =N TOEZHERD —D>DERETH D, o2 @okEd &
IO RS TZRDTENZFi > TWT, ZHUL—TT D AV oiht 5, £ b
I ARV AT AHUSALE L TV D,

In terms of the lyophilization process, they are a form of heat exchanger, within the chamber, that have a

serpentine liquid flow through them, entering one side and flowing to the other side. They are located in
the circulation system.

B2 7L ¥ — (SINGLE STAGE COMPRESSOR)

ZUTHBANICBW T RIER SN2 A T Doa T Ly —Th D, WL TET
1. WHEEOHIE OO SN D, BERESAZERA LT, mAEZLEZY, @\Ek
L2 L WERICHIRE Z RS> L W o lmiZfEH S5,

This is a normal type compressor used in refrigeration. In the lyophilization process it is used to control the
shelf temperature, both for cooling and keeping the shelf temperature from overheating using a temperature
controller.

v =29l (SILICONE OIL)
%:"M;?;o A heat transfer fluid.

JR#E (STERILIZATION)
ORI IERT HME 2T -0, BREIENZFERTHZ &,

The use of steam and pressure to kill any bacteria that may be able to contaminate that environment or ves-
sel.

H3E (SUBLIMATION)
BEFE S, W Z BT 2 L7, BECKMICWE N ERTHZ L, 2T, —
IR IR B CIT E A,
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The conversion of a material from a solid phase directly to a vapor phase, without passing through the lig-
uid phase. This is referred to as the primary drying stage.

Y7 - 7 — Vi (SUB-COLLDED LIQUID)

(Liquid Sub-cooler Heat Exchanger > IH &, 2 Hi)

Z DHRAR DI i\ B Wigs il L CmAT 5, 2L, AR EEKSE D LFH
RFIZ, BaRF R 2 imim 3 D BE. WK DM B SN T ABFEZ W S 5720 T
H 5,

The liquid refrigerant is cooled through an exchanger so that it increases the refrigerating effect as well as
reduces the volume of gas flashed from the liquid refrigerant in passage through the expansion valve.

W1 F A~ + 7F 2 b—4 (SUCTION LINE ACCUMULATOR)

ST Uy =R b WA RBBDIRA T D ORE (RARBED/N)

BT 50060, ZhFarT Ly b —ICBEEEAE ZSEDRERK LR D,

To provide adequate refrigerant liquid slug protection (droplets of liquid refrigerant) from returning to the

compressor, and causing damage to the compressor.

(FUE) EROFTERAHTH S, Ry P TORERFRRELLTICIIMAT 2,
T aslb—&Lid, HEESRICEDN D IEEO—D T, WARDEEFIH LRI T 5 SR
ez T<EEDZ L, HEHLELVI,
THRa2LL—FORIZKKEFHE L TEE, Ro7POEEINTERRIREELER L, 0%, KiK%
PIL TR & T F 2 AL —=F OHFIZ A TOEED, [UEOIZET 5 IC K-> TR ZREL Lo
AR Z RO 9 2 6
FIZRTRENE—F =DV A XE/NSL LY, BREEOMBEI R, WREREDO A Fa )y
JAZ =B — T Fax—FOmElEBRICB T oA T OB SR s D,
http://ja.wikipedia.org/wiki/7 ¥ = L L —F —

TEC
cN)ZuvaonxFLr (UEkoFLy) B

Trichloroethylene - A heat transfer fluid.

i)% (TEMPERATURE)
WWEOENS, 2013572 S DA, The degree of hotness or coldness of a body.

%t (THERMOCOUPLE)
2 “3@5'\:@@ YE a A X VRS (metal-to-metal contact) L72H DT, ZAUZL-T,
DT A Y — Ol & BEY) 5/ NEENAET D,

A metal-to-metal contact between two dissimilar metals that produces a small voltage across the free ends
of the wire.

—F 2% v hAEIESR (THERMOSTATIC EXPNSION VALVE)
WOAR DR EED A Z HE9 2 3 B v 2 B &

An automatic variable device controlling the flow of liquid refrigerant.

kL (TORR) 3wy ; Micronb 2D Z &)
1000370/ DJENEIZHY T HHAL, GREFE: 760 torr = 1 &JE)

A unit of measure equivalent to the amount of pressure in 1000 microns.

GR¥E) FLOFy b TOMEKMRIT, ROBY TH D,
Fv (torr, 5 Torr) 1%, JENDHALTH D, ZD4RINT, 17 HEDOA X2V TORTE, = vy vx
YR« U F = VICRTe,
fﬁ?&?k&béjﬂii@ DT, FOEACL > THZONDMEDHDE S 2L FiERH D, EITE
Aﬁﬁ%@f&bof%ﬁb\z’)\ AKOE DAL ELADEETIE, HOREmSIFIHFFITHES R->TLE
D (IS, KEEERER L2AKFEI U A — b bmmH,0)72 EDRALITH 553, FERKIEZ KFETRT &
10 A= MV EBRDMEICRD) o Lo TEFITBEDOEWRIK, T72ROLKENRELND, HERIE
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http://ja.wikipedia.org/wiki/%E3%83%9D%E3%83%B3%E3%83%97
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http://ja.wikipedia.org/wiki/%E5%86%85%E7%87%83%E6%A9%9F%E9%96%A2
http://ja.wikipedia.org/wiki/%E6%B2%B9%E5%9C%A7
http://ja.wikipedia.org/wiki/%E6%B2%B9%E5%9C%A7
http://ja.wikipedia.org/wiki/%E3%82%B9%E3%82%BF%E3%83%BC%E3%82%BF%E3%83%BC
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134 760 mm DK AKX Z D Z ENTED, T72bbH, FEHERTED 760 5370 113 1 mm DKEEFEZ
ZDHTENTE, ZTOENZ 1 KFFEI U A— Fl(mmHg) & FES, KEFEI U A — FADRIL R L
(Torr) TH 25 (BRHEIZITRR D, #%ib) .
FEEIC LT, 1B F A= FVOKBREEZ XX D2 EDTEBIEHNEKEHEE F A — Fb(emHg), 14
— MVOKBHEEZ X Z DT EDTEDLEZKEIHEA— ML(mHg) & WD, ZALBITITRIA TR,
TRy ik, BARGEORIL LT Thv) THDHH, BRIZEBWTIE Thr) OLIICHEIND Z M
Hb, mmHglE, TIVUKER) RVZAFV—]) LHEENDIZ LD D,
1954 F- 10 [A] [E BRE BEHHRS(CGPM)IIZ B W TER S IVAZEHERKIEOME (101 325/35A 7 /1(Pa)) I
0. 1 FUVIZIEMEIZ(101 325/760) Pa=~133.322368 4 Pal 72 5,
EBSHEARSDIZR WL, JEAOHALIZ RAI N EZRA WD Z &Il >TEY ., MASKFEIEI Y A— b
JATHEREALIZ S 72 5 TRV, BARDFHEEICBW L, MER X OIREDFEIZR > TKEEFEI Y
A— R, EENDOESOFHEICB->TRLBLT 102 ED I Y Fl(mTorr), 100D~ A 7 v kL
(WTorr) D AR 5N TS, F7=, 201349 A 30 H £ TIHAEENDIE S DFHEICIR > TREH: A —
ML s KEEA— FLVOFEARREO LN TS CYHNT 1999 49 H 30 HETTH 7208, MTHIRAMA
ENEHENTWD) , REICEZETHEOSHETIE FANMEA SRS ZENZVR, ZHid 2
~EBEWZ L LRI TS,

http://www.weblio.jp/content/Torr

—B= 7 vy — (TWO STAGE COMPRESSOR)

(FPFSEERE ; Interstage & 2 f)
ZHUEERNZ O v a Ly —Th 5, FOWKRRIE, KE TEiRL AIRelc 7
HT LWL, RRELZERKTEDLIZEICHD, 200a T Ly —%—DICLT
HLDT, AU F— AT =V EMEENTWBAE G & NRITCIREMR & #5e L, SMAIT
A & A CHEERE L TV D,
This is a specially built compressor. Its function is to be able to attain low temperatures by being able to

operate at low pressures. It is two compressors built into one. A low stage connected internally and a high
stage connected externally with piping, called interstage.

7Troua—75 47 « L7 (UNLOADING VALVE)
ZONVTNE, R TEIR, WFDENEZELL T572D, WD A X — - A
TV LTS,

This valve connects the interstage with suction to equalize both pressures during pump-down.

B2 F (VACUUM)
FREIZE 21X, BJENKEE LV KV ZER]

Strictly speaking, a space in which the total pressure is less than atmospheric.

HZZF a2 e —/L (VACUUM CONTROL ; Gas Bleed)
WO ENZHIET 52 ik, FEFREZEEST S,

To assist in the rate of sublimation, by controlling the pressure in the lyophilizer.

B7ER 7 (VACUUM PUMP)

FHENAE UGG, Ban 2 RKQELL T S 28MH) T, BT $ZH)
EA R BERAB= I T—=AE— LD 3DDFA TDRL TR D,

A mechanical way of reducing the pressure in a vessel below atmospheric pressure to where sublimation
can occur. There are three types of pumps, rotary vane, rotary piston and mechanical booster.

XA /X— + /Ny 7)) (VAPOR BAFFLE)
NS T m— I L BRI — A R B Tbi, S i
Bavn s (£2) BE LIk,

A target shaped object placed in the condenser to direct vapor flow and to promote an even distribution of
condensate.
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http://www.weblio.jp/content/%E3%82%BB%E3%83%B3%E3%83%81%E3%83%A1%E3%83%BC%E3%83%88%E3%83%AB
http://www.weblio.jp/content/%E3%83%A1%E3%83%BC%E3%83%88%E3%83%AB
http://www.weblio.jp/content/%E3%83%A1%E3%83%BC%E3%83%88%E3%83%AB
http://www.weblio.jp/content/1954%E5%B9%B4
http://www.weblio.jp/content/%E5%9B%BD%E9%9A%9B%E5%BA%A6%E9%87%8F%E8%A1%A1%E7%B7%8F%E4%BC%9A
http://www.weblio.jp/content/%E6%A8%99%E6%BA%96%E5%A4%A7%E6%B0%97%E5%9C%A7
http://www.weblio.jp/content/%E3%83%91%E3%82%B9%E3%82%AB%E3%83%AB
http://www.weblio.jp/content/%E5%9B%BD%E9%9A%9B%E5%8D%98%E4%BD%8D%E7%B3%BB
http://www.weblio.jp/content/%E8%A1%80%E5%9C%A7
http://www.weblio.jp/content/%E7%9C%BC%E5%9C%A7
http://www.weblio.jp/content/Torr
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H2%55¢ (VACUUM VALVES)

RSN DEZERE, V=7 R LIZEENHRD K018, R Z A TEITT 4 R
J e BATThHD, %h% ITE7-. FL—r R, DEEOT- DI N5,

FARY « AAFIFEZET A -V AT DBV THHA S, HERS T Fy o
\kiUZ/T/% IZHEE S LD,

The vacuum valves used are of a ball or disk type that can seal without leaking. The ball types are used for

services to the chamber and condenser. They are also used for drains and isolation applications. The disk
types are used in the vacuum line system and are connected to the vacuum pump, chamber and condenser.

N A N— « LT (VAPOR VALVE) (FEZZF : Main Vacuum Valve §, )
F ¥ o= a T o —DMIICH D EZEFRT, TONVTEALD E, T
N—3 a7 o —nbplisnsg, FEZERELTHINLLNA TV

The vacuum valve between the chamber and external condenser. When this valve is closed the chamber is
isolated from the external condenser. Also known as the main vapor valve.

XA 7 (VIAL)
VSRR E W EE E RO/ U DR IR D T2 DI TR SNl 7 7 o Uk
£,

A small glass bottle with a flat bottom, short neck and flat flange designed for stoppering.

S—=F )b - V=7 (VIRTUAL LEAK) GRiE : fRA8Y —7)
E%vx%Afﬁ\ﬂ—??w-J~&ﬁ\??/A—@W%K%éﬁiﬁﬂ%\%
Y UN=ATABBATT D ETH D,

In the vacuum system a virtual leak is the passage of gas into the chamber from a source that is located in-
ternally in the chamber.

( 2009.04.19 FHER)
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