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SUMMARY

I. Subject

Studies on the Bioequivalence Test of Drugs (IL).

II. Objectives and Justification
1. Justification

It has been known through the poisoning accidents of
phenytoin (Austria) and digoxin (England) in 1970's that the
clinical effects of different preparations which have the same
amounts of the same ingredients were not equal even if they
were administered to the same patients., Tt was also recognized
that chemically equivalent two preparations may have different
clinical and side effects because of their variance of bio-
avallability.

In 1977, FDA developed guidelines about bicavailability
and bioequivalence of new drugs and new formulations. The
guidelines were also developed in Japan in 1980Q.

Bioequivalence tests are especially requested in Korea
because there are many "me-too drugs'! for one "generic drug"
on the market. These tests have not been in force by the

Korean government because the equipments needed for the tests



and the understanding of bioequivalence were net established
yet by the pharmaceutical industries, National Institute of
Safety Research, however, notified the Korean Standard of
Bioequivalence Test on 28th, Oct. 1988 at last.

In this study, several model studies were performed to
establish standard operation processes for the bicequivalence

test.

2. Objectives

The drugs those must be biocequivalent to the reference
preparation fall into the following categories: 1} the drugs
which have the narrow therapeutic index such as antileptics
and antiarrhythmic drugs, and 2) the drugs of which blood
concentration need to be maintained for a certain period such
4s antibiotics. Generally, bioequivalence is needed for all
drugs that have the absorption process before it reaches the
systemic circulation.

Bioequivalence data have been requested by the government
of U.S.A. and Japan from ten years ago before the approval of
the new preparations is considered. This study was performed
in order to develop the guidelines for bioequivalence test of

drugs.



IIT, Methods and Results

.Bioequivalent preparations are defined as the preparations
that are Statistically identical to the reference preparations
in respect to absorption rate and extent. The test should be
performed under the similar experimental conditions for the two
chemically equivalent preparations, i.e, the reference and the
test preparations.

Four drugs were selected as test drugs; propranclol
(antihypertensive agent), norfloxacin (antibacterial agent),
cephradine (breoad spectrum antibiotics) and praziquantel (anti-
parasitic agent)., The tests were Performed on healthy male
volunteers; plasma and/or urine samples were collected periodi-
cally from each volunteer and the drug concentrations in them-
were analysed by the appropriate methods. From these data,
bicavailability parameters (the area under the blood level-
time curve (AUC), the time of peak serum concentration (Tmax),
the peak concentration (Cp. max).). were calculated and the
equivalence of these parameters of the two Preparations, test
preparation and reference Preparation was tested statistically,
The in vitro dissolution of these drugs was also tested and
compared between referemce and test preparations. In case of
propranolol, cephradine and praziquantel, the 7m vitro dis-

solution of test preparations did not differ significantly from



that of respective reference preparations. But in case of
norfloxacin, the dissolution rate of the reference preparation
was faster than that of test preparation in pH 1.2 buffer
solution and vice versg in PH 6.8 buffer solution. In wvipo
test showed that test pPreparations of propranolol, norfloxacin,
cephradine and praziquantel are statistically equivalent in
the extent (AUC) of biocavailability to the reference prepara-
tions. But for the other parameters such as Cmax and Tmax,
the number of volunteers participated in this study was found
not to be sufficient to verify the "bioequivalence"” of the
test preparations to the reference preparations. Through the
statistical analysis of the data obtained in these studies,
various factors that make this test difficult became clear.
These factors were discussed in detail for the respective test
preparations, Especially, the number of volunteers needed to
verify the bioequivalence of the test preparations was caicu-
lated for the respective test preparations. Variance of the
bioavailability data of the drugs tested will afford very
convenient guidelines to figure out the overall protocol of
the bioequivalence test including the number of volunteers,
time and menes needed i cunreiude rhe "Bioequivalence" of the

test preparation to the respective reference Preparations.
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Table 1, A4 T EAs 9= oF A

Isoproterencl HC1
. Isoproterenol HC1 & Phenylephrine
bitartrate

- Isoproterenol sulfate

——-——__k-___h________n___.-_.._-_<_.__.__4_.‘_.___.___..—1—___....__

A RS A - Acetazolamide caps

Chlorpheniramine maleate tabg
Chlorpromazine caps

Corticotropin zinc hydroxide dqueous susp.

Cyanoeobalamine oleaginous Susp. I.M, or

subcutaneous

Desoxycorticosterone dcetate oleaginousg

solutions or Pellets, I.M. or subcutaneoug

implantation

Desoxycorticosterone Pivalate aqueous
susp. for I,M. repository administration

Diethylpropion HC1 tabs

. Diethylstilbestrol solution in o0i] &

ethyl oleate, I1.M.

» Dimercapro] solution in oil, I,M.
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Table 1, (A &)

. Estradiol valerate oleaginous solution

» Fluphenazine HC1 tabs
Globin zinc insulin Susp., subcutaneous
Hexocyelium methylsulfate tabs

- Insulin zinec extended susp., subcutaneous
Insulin gzinc (prompt) susp., subcutaneous

« Insulin zinc Susp., subcutaneous

+ Isophane insulin susp., I.M. & subcutaneous

+ Meprobamate caps
Methylprednisolone caps

. Perphenazine taps

- Phenformin HC1 caps

« Phenmetrazine HCl tabs

. Prochlerperazine caps

- Pyridostigmine bromide tabs
Quinidine sulfate tabs
Sulfaethidole susp.
Sulfaethidole tabs

+« Testosterone cnanthate solution in oil,
I.M,
Testosterone pellets, subcutaneous
implantation

. Testosterone propionate solution in oil,
L.M.

« Testosterone phenylacetate susp., I.M.

respository
« Tridihexethyl chloride caps

« Trimeprazine caps
+ Tripelennamine HC1 tabs
» Vasopressin tannate in 0il oleaginous

susp., I.M,
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Table 1., (#A&)

TEA A . Aminophylline
. Aminosalicylic acid
. Diethylstilbestrol
. Diethylstilbestrol dipropionate
. Diphenhydramine HC1

. Sodium sulfoxone

HFARA ok E oA ay . Cyanocobalamin cobalt 60 caps, oral
Cyanocobalamin cobalt 60 sterile solution,
T.V.

Gold AU198 sterile colloidal for intra-

cavity injection

« Sodium chromate Cr 5] sterile solution,
I.V.

- Sodium phosphare P32 sterile solution,

I.V.

&} ) - Aminophylline with benzocaine

. Chlorpromazine

. Dimenthydrinate

- Ergotamine tartrate plus caffeine
Isoproterenol H(C1

. Perphenazine

» Prochlorperazine

. Promethazine HC1

. Sodium thiopental

Theophylline Na glycinate

Susp. = suspensions

caps = capsules tabs = tablets
I.M. = intramuscular

I.V. = intravenous
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Table 2. MBS S50 ZAAN 3ol in sivo

AW cle2NY Azst Wea oA

FFHuek A » Procainamide HC1 caps

Quinidine polygalacturonate

& & 3 A - Bishydroxycoumarin (& caps)

» Warfarin, sodium & potassiun

ook
29
r:i
=

+ Diphenylhydantoin susp.
Ethosuximide

. Ethotoin

. Mephenytoin

. Methsuximide
Paramethadione

. Phenacemide

- Phensuximide caps & susp.
Primidone (& susp.)

Trimethadione caps

- Nitrofurantoin (& susp.)
Sulfadiazine Na bicarbonate Susp.

» Sulfadiazine, sulfamethazine, & sulfa-
merazine (triple sulfa) (& susp.)

» Sulfadimethoxine drops (& susp.)
Sulfamethoxypyridazine acetyl susp.
Sulfaphenazole susp.

- Sulfisoxazole acetyl susp.

4 # A g8 7 . Aminosalicylic acid & isoniazide
- Aminosalicylic acid (& powder & resin)
- Aminosalicylic Ca granules (& caps)

« Aminosalicylic K (& caps & granules)

20



Table 2., (A%)

Benzoylpas Ca (& powder)
. Para-aminosalicylate Na & isoniazid

Phenylaminosalicylate (& powder)

713k2] & Al . Aminophylline
. Dyphylline
Oxtriphylline
Theophylline Na glycinate

4 A A Acetyldigitoxin

et Al et F 4 A 3 A . Acetazolamide

g stA . Tolbutamide

T A A . Cortisone acetate sterile aqueous SuSp.,
I.M.

. Diphenylhydantoin, Na powder

. Estrone sterile aqueous susp.
flydrocortisone acetate sterile aqueocus
susp.

. Hydrocortison butylacetate sterile
aqueous susp.

. Prednisolone butylacetate sterile susp.
(I.M. & intra-articular)
Triamcinolone acetonide sterile susp.

. Triamcinolone diacetate sterile susp.

A A48k . Chlorpromazine

71 EL . Imipramine HCL
. Probenecid

. Sodium sulfoxone

cap =74 A, susp —FHA] &
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Table 3. A &334

o

e o = A 7} Ao} in vilyo

4
AMEAaet dag A

4ol = oA

537 tol A

Alseroxylon
Bendroflumethiazide
Benzthiazide

Chlorothiazide

. Deserpidine

. Hydrochlorothiazide

. Hydroflumethiazide

Methyclothiazide
Polyvthiazide
Quinethazone
Rauwolfia serpentina
Reserpine
Rescinnamine

Trichlormethiazide

Chlorothiazide & reserpine

Hydralazine & reserpine

Hydralazine HCl & hydrochlorothiazide
Hydrochlorothiazide '& deserpidine
Hydrochlorothiazide & reserpine
Methyclothiazide & deserpidine

Reserpine, hydralazine HCl & hydrochloro-
thiazide

Spironolactone & hydrochloromethiazide

Trichloromethiazide & reserpine

Salicylazosulfapyridine

Sulfadiazine
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Table 3, (A4 &)

. Sulfadimethoxine

- Sulfamerazine

» Sulfamethoxypyridazine acetyl
Sulfapyridine
Sulfisomidine

. Sulfisoxzole

« Pyrimethamine

. Chlorambucil
. Methotrexate
. Iriethylene melamine

. Uracil mustard

. Propylthiouracil

. Dichlorphenamide
. Ethoxyzolamide

. Metazolamide

. Betamethasone
Cortisone acetate

. Dexamethasone

. Fluorocortisone acetate

« Fluprednisolone

. Hydrocortisone acetate (& powder)

. Hydrocortisone

. Methylprednisoclone

. Paramethasone acetate
Prednisolone

. Prednisone

. Triamcinolone
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Table 3, (A%)

WA T EE A A - Dienestrol
Diethylstibestrol diphosphate
Diethylstilbestrol
. Ethinyl estradiol

g gk . Liothyronine Na

F A Al g o . Chlordiazepoxide HCl caps

Fluphenazine HC1
Perphenazine

. Prochlorperazine
Promazine

. Promethazine

. Thioridazine

. Trifluoperazine

. Triflupromazine

Trimeprazine
Bl ERT K A A . Phytonadione
- . Menadione
7] E} » Desoxycorticosterone acetate

. Ethisterone
. Isoproterenol sublingual

. Methyltestosterone

=E AL 5¥F AFe] gies A= e caps =T A AL
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Table 4., Az}

533 EA7 Sls o

g7

FZ A A

Chorionic gonadotropin lyophilize, forms,
I.M. after reconstitution

. Conjugated estrogen powder, I1.M. or 1I.V.
Corticotropin aqueous solution, gel, or
lyophilized powder, .M., I.V. or sub-
cutaneous

. Insulin solution, I.M., L.V., or sub-
cutaneous
Oxytocin, nasal spray
Sodium heparin aqueous or gelatin solution,
I.M., T.V., or subcutaneous
Thyrotropin lyophilized powder for recopn-

stitution, T.M. or subcutaneous

Dibucain HCl with dextrose sterile in-
jectable solutions, spinal anesthesia

. Hexylcaine HCl with dextrose sterile
injectable solutions, spinal anesthesia

- Isophendylate solutions, intraspinal
administration Lidocaine HC1 5% & dextrose
sterile injection solutions, spinal
anesthesia
Lidocaine HC1 0.5%, 1.0%, 2.0% with and
without epinephrine injection sterile
injectable solutions for caudal or
epidural block by the intraspinal route

. Mepivacaine HC1l 1% and 2% sterile solu-
tions for local anesthesia by infiltra-

tion injection, nerve block, caudal or

25



Table 4, (4

Jpr

other epidural blocks
« Procaine HC1 sterile injectable solu-

tions for parenteral administration

°f 2A7 FmE o)z *Yd ARIAR Jigymz 4
#3el A Y & guz yzngy M kA, AAY o)gs
AelZt gigm se x gy AL e #as =45 A9
7l WEl sldwels Fpa MDA, 718 ojorgn o g & 9
A=Al doluxg mon

FDA= o w3t gat HEE Wol Zol, w e ZAE F
., BEE A999 ( Code of Federal Regulations ) Title 21
§320¢ ¥ Ay NE& /A EYA moa AR 27 e T AIQH )
(1977.1.7 ) & W4 SRR o] ZAoME g AR Ay
ClE&Ron NEHY By G7PE AdEFFoETN wagy T
ST I3 gy Ay °lE& (§320.2)3 wEaxy EaRae:!
(§320.3)848 9y 2, Zlestn g o) yoa u] = off A]
VESY T54 g7z HEEA g mz w ges s
HG2. olAy® gay ogg AL Aol F£a  oj:om
AL g5 gepayop A SJsixs] mwgm CRIESI B
4 AF AN WEolqy o 23, AT S9E9 NpaAg w
7HAL A1gel Mzl zgmoem B2 X7 maael Amg
FA Wate ygex TEAH ANEAEN g 7gy g Zojg
CFR Title 21 § 320 ol & 3y lEEXNYE Ast Basgy 2

26



°]

.

L

o] 2 of A

ST

<)

A

A
D

Table 51) o

d2EE

o A

44

q o Oﬁ — ol —

o8 S g FOWoT e B wl
o N W S = %o -~ m.@.e T ¥ T T N K
B T o X T : I w o B

R T w2 - s N
pe -— o 9 o F F ok oK - e
28 -~ o0 w5t = W o= e A
= e oy o 22T T & ® o T w oy Z w
O_E = — o ~ 3 O_ = __ =0 o ﬂ.o —_ 3 _.._M.
5 > = g T ® T S e
3 N T o' 7o ol — = a X oo
Wog IR ) bz ®oom T F 4
Lo el v Mo do & _ =
(ST ® T 2% R o 5 il = Ty
d g AR S Now owow ® %
. ; X ; Ko
w5 o= o 7 L T W 7 oz "
Njo c 5 ™ .- = E_ u_ =3 % o o do < — EP
oy ol % _ (=3 o kD T w9 NH - M 0 %
e o P R ok oo T g W
of — 44 T = B e =0 : NN oo e
iy B dr o 0% < S _ <~ =
Hozo B g b Yoor o~ X c3 o b o
o] o 0 T ® W M H o9 o x
o 1Ko o oo = —_ o s oH Eo)
W oy o " T ) P A
R = M N o : _— < ~ < RS
XK = F o ®w 2 wm X 5T al ) - o -
ST R~ ol S T o 9 &l do MR we M
e N ol " < W R T
™~ b —~ g B — =< U oS B
T ™ = 9 ! o o ASSC o o = o ’
e o oF < ~ o o o oy — o 3 ) — %
TR w w o~ 9% o~ = F PE o L o < =
T B R T U T R S = S
- - T o W -
ﬂl = = ™ oG X E._ o 3 —_ 0 -y ~
= % wwooo o 5O T mw =~
% = M S W@ o W H o w oK i "< A
7 % T L% r R i T Mo w o= o
T o~ N T X =4 wﬂu Mo FY o o - = = P
W oo P T sl ) b ToRe M < .
o et = T M T OB o E
) HO \mi \w_l\_ =~ E ﬁ [s) I_ = o _ .Ir.._ .l 0 H.MO Oml — ﬂA.l. m_I _]rO ﬁd
< B’ ...#W B ol e 1: B ._..A o ,_._w * £ 3 K .M... s
e =W BT R W W Rl =y o~ =
T S ° T Gl T T OB " X
™ o M TR N X N T o u = R N
rIO _.AO m-.. .ﬂ .I_K - —_
LIS R G



hoATHE BRY Fuz RIo feud, 9B @ uae

BEXRN FFY ANWNEES SAAYTL (RS, 2, 3)

O.

= d¥e Sde 4283 BS54 AEsEE A4 , 5, 6%
1€ dg #2E BYAYNE 4= o onum ol 71&ol
e oldE F7 98 SEve, dR 2 mzg AE7IE A

89 3 ¥ EEE Table 69 A}

28



Table 5, CFR Title 21 § 32001977,1,7) of A]
A olgg Ay HAANGNA A2l bz 1)
ANDROGENS Polythiazide tablets.

Methyltéstosterone tablets.

ANTI-ARRHYTHMICS
Procainamide hydrochloride capsules.
Quinidine polygalacturonate tablets,

ANTI-CHOLINERGIC
Diphemanil methylsuifate tablets.

ANTI-COAGULANTS

tablets and
and potassium

Bishydroxycoumarin
Warfarin, sodium

capsules.
tablets.

ANTI-CONVULSANTS

Ethosuximide capsules,

Ethotoin tablets,

Mephenytoin tablets,

Methsuximide capsules,
Paramethadione capsules,
Phenacemide tablets.

Phensuximide capsules and suspension.
Phenytoin suspension .

Primidone tablets and suspension.
Trimethadione capsules.

ANTI-DEPRESSANTS
Imipramine hydrochloride tablets.

ANTI-EMETIC

Trimethobenzamide capsules.

ANTI-HYPERTENSIVE/DIURETICS

Alseroxylon tablets.
Bendroflumethiazide tablets.
Benzthiazide tablets.
Chlorthalidone tablets.
Chlorothiazide tablets.
Deserpidine tablets.
Guanethidine sulfate tablets,
Hydrochlorothiazide tablets.
Hydroflumethiazide tablets.
Methyclothiazide tabiets.

Quinethazorne tablets.
Rauwolfia serpentina tablets.
Rescinnamine tablets,
Reserpine tablets,
Spironolactone tablets,
Trichlormethiazide tablets,

ANTI-HYPERTENSIVE/DIURETICS IN
COMBINATION

Chlorothiazide and reserpine tablets,
Hydralazine and reserpine tablets,
Hydralazine hydrochloride and hydrochlor-
othiazide tablets.
Hydrochlorothiazide
lets,
Hydrochlorothiazide and reserpine tablets,
Hydroflumethiazide and reserpine tablets.
Methyclothiazide and deserpidine tabiets.
Reserpine, hydralazine hydrochloride and
hydrochlorothiazide tablets.
Spironolactone and hydrochlorothiazide tab-
lets.
Trichloromethiazide and

and  deserpidine fab-

reserpine tablets.

ANTI-INFECTIVES

Nitrofurantoin tablets and suspension.

Sodium sulfoxone tablets.

Sulfadiazine sodium bicarbonate suspension.

Sulfasalazine tablets.

Sulfadiazine, sulfamethazine, and sulfamer-
azine (triple sulfa) tablets and suspension.

Sulfadiazine tablets.

Sulfadimethoxine tablets,
pension.

Sulfamerazine tablets.

Sulfamethoxypyridazine acetyl tablets and
suspension.

Sulfaphenazole suspension,

Sulfapyridine tablets.

Sulfasalazine iabiets,

Sulfisomidine tablets.

Sulifisoxazole acetyl suspension.

Sulfisoxazole tablets.

drops, and sus-
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Table 5. (A2 )

ANTI-MALARIALS

Pyrimethamine tablets.

ANTI-NEOPLASTICS

Chlorambucil tablets,
Cyclophosphamide tablets.
Methotrexate tablets.
Triethylene melamine tablets.
Uracil mustard tablets,

ANTI-PRURITIC
Methdilazine tablets.

ANTELRHEUMATIC

Oxyphenbutazone tablets.
Phenylbutazone tabliets.

ANTI-THYROID
Propyithiouracil tablets.

ANTI-TUBERCULAR

Aminosalicylic acid and isoniazid tablets.
Aminosalicylic acid powder, tablets, and
resin,

Aminosalicylic calcium granules, tablets, and
capsules.

Aminosalicylic potassium tablets, capsules,
and powder.

Aminosalicylic sodium powder, tablets, and
granuies.

Benzoylpas- calcium tablets and powder.

Para-aminosalicylate sodium and isoniazid
tablets.

Phenylaminosalicylate powder and tablets.

BRONCHIAL DILATORS

Aminophylline tablets.

Dyphylline tabiets.

Oxtriphylline tablets.

Theophylline sodium glycinate tablets,

CARBONIC ANHYDRASE INHIBITORS

- Acetazolamide tablets.
Dichlorphenamide tablets.
Ethoxzolamide tablets.
Methazolamide tablets.

CARDIAC GLYCOSIDES
Acetyldigitoxin tablets.

CORTICOIDS

Betamethasone tablets.
Cortisone acetate tablets.
Dexamethasone tablets.
Fludrocortisone acetate tablets.
Fluprednisolone tabiets.
Hydrocortisone acetate tablets and powder.
Hydrocortisone tablets.
Methylprednisolone tablets,
Paramethasone acetate tablets.
Prednisolone tablets.

Prednisone tablets.
Triamcinolone tablets,

ESTROGENS

Conjugated estrogens with meprobamate
tabiets.

Dienestrol tablets.

Diethylstilbestrol diphosphate tablets.

Diethyistibestrol tablets.

Ethinyl estradiol tablets.

HYPOGLYCEMICS

Chlorpropamide tablets,
Tolbutamide tablets.

SEDATIVES
Butaibital; aspirin, phenacetin, and caffeine
tablets and capsules
SKELETAL MUSCLE RELAXANTS

Carisoprodol in combination with phenace-
tin and caffeine (with or without codeine
phcvsphat:s).l

Methocarbamol with aspirin tablets.l

SYMPATHOMIMETICS

[soproterenol sublingual tablets.

THYROID SUPPLEMENT

Liothyronine, sodium tablets.
Thyroglobulin tablets.




Table 5. (A %)

TRANQUILIZERS

Chlordiazepoxide hydrochloride capsules.
Chlorpromazine tablets.

Fluphenazine hydrochloride tablets.
Hydroxyzine hydrochloride tablets.1

URICOSURICS

Probenecid tablets.
Sulfinpyrazone tablets and capsules.

. VITAMIN K
Hydroxyzine pamoate capsules and oral
Suspension. Menadjone tablets
Perphenazine tablets. Phytonadione tablets.
Prochlorperazine tablets. 2
Promazine tablets, PARENTERAL DRUGS
Promethazine tablets. A drug in suspension form. Phenytoin
Thioridazine tablets. sodium powder for injection.
Trifluoperazine tablets.
Triflupromazine tablets,
Trimeprazine tablets.
Lo A zA9 wawa mae EEANEAR ATz 9z xw %
FollRt  in ovive R Ay TEEANEE Halor s erm
2. 2& A9sne= B5 T8 E A A 9
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Table 6, (A&)

o
2
4
dg

THR A CFR Title 21 HARSEE S 718 554
AATA15(88.10.98 )| Part 320 (77.1.7 )| (BB 55 4 5 A208)

ARG | D49 49484 | ool 4 950z Aze
o 9] ) 0T EAY AN <) 9] )
I Bgsn o ig:;i?é_:;%; cHBAN et ol
UAF AT 8| gag 7} 2Py 4
A CEEAYANIL 2| suc Ae e
2. sgAgEAs | NGRS gw|
WiAgane g ISR EL o e
2%
B89 A& AL o4 vitroAlgdzm | °l U= A%, g2
Y AYEE | 7l g ans| Ay

3. Lo A | ALTAN 9= A
% in vitro A]9

©in vitroAlg A
7b IAAE Azie)

PRTEERACl | juen gis 4
AAN WFRe & | 2 i vitro Ay
a7t e A (BEE&A4%)

AR [ Ese2gon g | yaz AEREHE EI2ex 2x
o

A ol gg 2z E WA 2oz |nwsuete o &3
71ete] A wru | WAy oje g VE M A wEma

SUAE W NEEA | g telgge 2y a2
EHE 715, b5 EEANYo wmg
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THEAMH AR 9| CFR Title 21 A SESE 718 588
A5 (88.10.98) Part 320 (77.1.7) (FERI55 45 A 20 H)
NBAA | 1) A8k P L) Aok 2ieke] 123 gax s
22 ATMAAA | A9, dps A
TR AAgRY | B4y (1Np) =
71l AYg e A& AA. 7)g
2) R ASVME | o Ae 2 g
71T R AR | ol Al staa
AEE AE sle wWd= INnD =
A &3t}
2) WZR [ in sitro

AN | dREoe el 18 ARG gy [dudsas qan
: 5

=
I!g 7}- _Od';:c"] 'Z:I.‘E-i AUC -”‘giﬂl—ﬂ 0]%% AUC: Cmax, Tmax
Cmaxa Tmax H]E
THER | ANARE AR 2R | AR vz A
109 T HA 2nd
A B8 Ardge B waoag N2 “ggEY B

A ESAH A pw Q2D A FARSY Qomz A

FHR2U, 2 2 EANzRye T RANYM AHgy s



HE Ad Sed agn

i) A A gy

A2 TE AAY BAW olgge WAMEE (Avc, ¢
Tax ) Abelell A B0z fog sl gra
= 7HEAAME wel olgdy 249 mRmygw

o}
¢ 5 7HAtn su moas g1 gy

A5 74 ( Hy ) & By = #y, 6 =001,

q‘]%ﬂ'@(}[})% HFi1 = fy 5#0°]Q(Fig_4)

Ho Hi

—

T—-a
a
2 ‘(j/
<
_,_._Arf}:é:._ ..__.._M__.__,.___,_._“__wﬁJ [ _, LT B —
e I
Fig. 1, Relation between accepted Hy (1—a) and power (1—58)

in the two-tajiled test .

AT BERH o8 Fol Brduw AToius wep =

A dvE ARN¥E Azan dE7MES HYsA @
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21} Table 7 ANAY ATy e 71Ztetn wolsy w o=
XE T el AATA A (0)7 Qo BEeUr AR us
1A% E 288 A1E 93 ( type | error, a )2t a7
A A(5)7 UEdHE FARpxe BolEole QFE A2z o
A ( type [ error, 8 )& @ttt GATEE  AAta Gz gaer
A XY g g7 =g

Table 7. Alpha and Beta probabilities in hypo thesis testing
( errors when accepting or rejecting Hy )

Hy 1s true H, 1s true
Hy 1is rejected Alpha ( a ) 1 — beta
H;, is accepted 1 — alpha beta ( )

Ho Dty =y, d =
Hy Doy xp,, 6 x

0

0
PEARRA ARIIMel AnHA g

ot A"AY wolst yaAY waae Th EBE¥Ele AE

7bdel Z1Zt9 A o= A9 e 2 o

= Bedrl Adde FFAA wvn @ on prr gAu =
AAZY g A= g 11— avdd sy oz
el NIHe ABHo HEE = 98 Folu

FPAS 0.05 (@) HeAgeln mmAADl 20% o)4e 1

(A)E A28 %+ 9= 03 oldel H2zHd (1-8)% HAxe
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FE WU oy 9w rddem: Ar9 s2g gus o
A SE2 2 Agdde wards ggamn wapae
TE BEE AADY AooiAw A g ez 42387
AHAE TEA 22 2009), 409 980 ges geag
B7L AS 2RRMdA4E e AAE 2o guged mes
= AE T AE oA (YA oA)E wad ARy o
EE VI g o gu A= A9 2z Hlmgto gx o)z
THOEE 2(rad)e v A9 ve suszdde z(re
AEAD S RN 3300 RARNES g8 guue Table 8
3 2y
Table 8. cCalculation method of mean square and F value of
various factors
Factor Mean square (MS)— F-value
Sum of square (8S) /d . £,
Group (G) (ZGi/N—-C,F,)/(g-—l):MSG MS, /MSs,¢
Subject/ (SSs - 884 ) / (N—g)=MSs,¢

Group ($8/6G)

Subject (g)

(Lsi/d—C.F.) / (N— 1) = msq

Period (P) (wa/N—c,F,)/(p—l):Msw MSp /MSg
Drug (D) (IDY/N—C.F.)/(d—1 )=MSp MSp/MSg
Error (E) (SS:o:a:_SSs—SSPﬁSSD)/

(N=—2) (d-—1)=mMs,
Total 2X!—~c.F, = SS totar

X I data, n

. no,

of subject/no. of group, g9 : no,

of group, N :

no, of subject (: n-g), P:no. of period, d : no. of drug, G :
sum of dgroup, W ! sum of period, D : sum of drug, C.F,; correcting
factor =(x,) */N.d,, d.f = degree of freedom.
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Table 9. HEB3a zco

o,

AR NE

WOAEER dzerde ynm 55y mas ga L
e UR¥02 gAclgs AWl o9 szw wzw.
THERRERAY (Avc), ARWEEE (o) w g

% oluolofsl g}
9 BAEHA ¢ dFe d9mem a (fo4z) -0
SIE SR, ade A% (ME)e - (gau) -
PER A(HsdEd ) 022 Ho wpdsns oo
o OFR mE HadAe vz nmw wen gy
GOER S AAY AALE A NguAEs rao e
239 ¥H gyrlug

M3® MBaXy ssy AME oHalol & sp= SEAMBHA  ME

7l &

BEEE 54 Ade dhmoz gpe ma S 3
A, AR A gayue mgo ¢ AY, 239 nay
]

THE WAH}E wo

_—

A dozy WES ==

ITF'
N
2
o
_?_{:
g ¢

2
>
ud
Lo
&
r
e
h
¥C
Il
Ju

& 7} 8} a1 New ( Table 1§ ), )
71# &  Table 113 2o
o T o] A = FDAZY  in vitre APy ooz BESE =y

AR = A A ( Table 3,5), ¥Y9 A3 A} A Azxgyy g
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Table 10, ( A< )

W) H4A, FASA, F2A, FERA, AATAA, 24 o
BAZA AAF BhEol 1% uwe A4 Awe
w7

2) AZIFAZL JM5d AorA dEe wn

B AYA, TAA, BEA 2 284, 424 ANz des
J WEHO 5% wud WA @, A 4™ so o
Astel 7 REARY A ddolge Fo my  aa
MBS VA wgel wHA Ye B4 aw
9 Wz ey
() 284, 3si7, 294, ag4e geny e xo

=5
24 [ AR, A 5 VE W By, 34 2o 2re
A% AEE Rolsr] fe Asuuge Auwe w
£¢ THom s Hoa
A [ S¥E AA RRHAL 9 GG w=o oqd geln
BUdor RAAY 4A ¥ BHezm s Moy
HEA | A 2 gANZ ws @ Zae punch, dye, 3=
nozzleo] RA#L wm HPgPe AL 4 g
BHEA, ¥2 28 £AY BRoz s Woix
24| A4, F4A 5 AR FA woeq, Ba, 4w,

— Y2 %X AAFNF BA 82.5.31
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Table 11. MEDd F54 AY gald s EEAEYd @

(1) JP 10, AHAYEY 44, £2A48 9 A1y = A
2ol meo ©, ¥-SEE 1000 rpm o= 3o}

(2) &&de 37T, 900 ol pH= U o] slg
© HHE A 1.2,6.5, 7.2 3=

@ 7 B 1.2, 4.0, 6.5

Q@ AEHAM 6.5, 7.2 27

(BE) PH 1.2=0p 10 ZEaHygy A1 e
PH 4.0 = 0.1 M ZA4g3

PH 6.5 B 7.2=10,05M olitgzo

A % BY % zzae o RBEAI = AL o] 1o
Hgdte Aoz 3o yEgno= T8 Aoz EAHa
124

Ao HOIE 17bA pngE Aol bzete 1., (mAw
ARTLY) Y WEAS 608 nwa A

B. oW 8292 2 ANgANY wARE 08 F sy
A% A
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Table 11.( A< )

© Wz T, o HIAT 20~602d AL, O=
% R AW ZAzel T, BEFAY s} 102y
RolRdA 2zt T AR Az t,,  FEH+

10 % vgte] Soj7lz Aol 7734 o T 158 u

)
D60E HIAe A4 10% (=

(H) Ty 'EARY FEA¥e 8§23 Az

D60 : 60 AlHelA £%3 $7ano0 % (%)

M4 D2z

B — Adrenergic blocking agent 1 propranoclol ( 1 —[ 1 — meth-
yl-ethyl ) amino 13— (1 — naphthalenyloxy ) — 2 — propanol )
(Fig. 2 )& u¥FY A2, YAZ o, 2 gulo 22l A &= o
2t propranclol & #F¥AF F wEsb 20 ng/meo) ™, ¥t
Ageds 40mes 19 23 Sy 3 sz A= = Fotd
160 ~ 480 m / U7 =], FHZFole 40 ~ 320 my/ Q7bx] B Aol 3

H7E 3~ AE2AN ATEGY propranoclol & A oo

ERE AR Z FHHY 1~2ARW Huxe wan o o
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OH

|
OCH,CHCH,NHCH (CH ) ,

AU RoE oBe) gL@ol Peld xTERN ZAE wel i
U7 Fold el 1/34Evel ANeBAE BTt propran-
olol o] F+ ZIAlE 4 — hydroxypropranolol oo o] sz
propranclol o A @ &= B — adrenergic blocking effect & 7}37]
ToAe AoE gyEAd Yt I2v 4 —hydroxy propranolol
< W7 wg @el AASlE BA A4F2E propranclol

o AuEdelt FLe HHA %

o

Tf 3%  propranclol & he-
patic elimination AXe] wat Axzte] oyt oo Ax 7
& ¥el propranolol & FAPe ALew HAZE il 20 uf
7hA ez ve A wWEo wle & ooy d)

= AFeME 23EDEFHL AN AR ge BB pro-

pranolol o] st HEetz FEA ABL HAsE gzokm A
Xr
[s]

detol AEgHow



MM L=ZEAA

Nalidixic acid 7} 19634 312 AR o=z Abg-E o 2 M5
quinolone 3L el Azl AlztE =y 9 4 — oxoquinol-
ine — 3 — carboxylic acid o] $% ZAR(A1AN = nalidi-
xic acid,cinoxacin,oxolinic acid) A A= F o g ~"9EY
2 AYTFY it AFFAT P9 EAZe] = A &

=
°f wWl§ #WE @FHoz: s Hupg= AR el e MIC of4g

o
H
Jo
;Y
J
i
e
ol
o
&
e
2
b
ku
0y
a2
ofX
)
T
2

il"

=
dd 2¥MEHAGE {3 A 249  quinolone T4 F  (pipemidic
acid flumequine) 7} s g ot ¥ 712 gy v s T3 el
Aol AlAwe vlariAz w2792 gz AtEE AT e
U A 2HNE fluorinated quinolone ¢! flumequine o] 1 o]
staphylococci ¥ enterobacteria o et FFHe A3 My fl-
uorinated quinolone % &) S 43 AH o Al 2 3 A
™ quinolone A|A S <& AR EF ABABAY s oF = 2 g} &)
54% AYx: 9o JEY S lactam A THe] A s
T8 ANELEEZ gPTE 9o o] = 3lrt

Norfloxacin (Fig.3) & A2 At quinolone o piperazine 2
I EALE HAFe=Ha gdgEe iy A3 AAg g F=
A dad & 5 duh = Neissepia gomorrhea S H ¥ 3= enteric

gram-negative bacilli ¢} cocci o] & FFaQ Holn P aerugi-

nosa,Aeromonas kydraph:'la,Haemopkilus influenze Q}Legz‘onella pneumophr‘ta%—
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o g AT e gae Heigp ey P aeruginose A

${ 8  pseudomonas T F ol 8} A o ¥}

- o

IR R

Mol E.coli spp ~Shiegella spp ,Yersinia enterocolitz‘ca’Campylobacter

jejunioy Vibrio spp | o = FoTdE g Hog Norfloxacin &

H oG TFS g4y Aol I MICs o} Staphy lococcus saprop-
FEL MET HH =F wux
2 4 Ut Fluoroquinolone ]
e BWY YT ~adEd @ ooy
B RTAe Qv mAuge welx ) Aol dA AL
D Staphy-

lococcus aupens =18 8 — lactamase = A ASks N, gonorrhea o tf 3 =

flo

BAE Hel® ddden AUddwd warielde] qye wu

[o]

o] enterobacter o Wk dFgneg o o3 At

i [+

COOH
O

Fig.3 The structure of norfloxacin

45



#2 A 3MY  fluoroquinolone Fg @z Ele sgzde 3 o] 2}
DA AolE Holx olfi= zZtzte] okEER SAZ 2L 9
EFost & F vk Z2EBG Laudale A 3 At} quinolone

AR JFAHe g del oUW, Tz w27 EZ, ou T

ng

T BAAM #HrziE Barh ey

dAANMe ZAF, &7 7

norfloxacin & wZZtEFo] wste AwAo = 80% o)A g 3]

ok

N

h
ng
olN
2
>
rlr

TE8& Boly FHIFAH w2gds g4 xx d
Norfloxacin 8] R 282 ®yd wat LAWNEodE IHo|r} 9o
HoHEAH Re dENE (10 %0ld) S Holm YuNoz Ane
TAHEOl WEEor H¥wA, o4, TE, SGOT/SGPT 9 e, =
7+4d (Candida 7+¥, Pseudomembraneous colitis) o] A7 =t}
5489 Y48 230470 0e 2HEoE ot ganma -
amino butyric acid (GABA) 2] <= £.4) AZS AdAE7] grgdA
L2 FAHRL gew 4Y A AN, Uy A Suws
TR itk

o]9 dHer Fag ARy ge Jmx A "Hem

Aol Ad3a 8oz, Hodygs Eous $tAto A quinolone 2
Bl
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o 23 FEYBG L caffeine warfarin Y WAy v}
B 4 g a A ik

ortlomein Fel £ AN 5Ang wgwmes 400w
5

ut

= 1A~ 1.8u2/m 2 Ay
3.3~ 55 Azlo = HiHo gl wal &3 total clearancedj
HE 2Eg e glon U715 3 o 2} o A HE2e =an °F 2 )
oA sl7e =e =W 50 % o]atol AEE E3 WAy &
BEY o 30 g S 58, a9z 8%tz Als 4w s
He] Al e HALEI oL 1 gl a9y norfloxacin 2. B 3z} o
w2t A A o) g g o MEE] 35~ 70 g2 4=

°l=  norfloxacin g CHATA LA Ho]  go BEI gHyolgsg

A W gAo szl & g yog. 3e 3
SEANE AGY Folg umw 2 qon F2E0, 299 o
SREEE AT de AR mgag go. ARG H o] o
A EE 22 M4 9ye wumy o 9% Azza
2 R vy g mag norfloxacin o Mgz x

TEE Mave © Azad A 9x nasa 4E Avg

47



AE #A7MEE 5 Ay FaFd A € F Uu
ole] E AFoAE norfloxacin & HzEZ T4 Axd &
HAF AFE 100m HAA W wl AlaFie A4EE4 FFAS

va dE sy
Mé6&d M = 2t &

Cephradine, 7 — [ D - 2-amino-2-(1,4-cyclohexadien-1-v1)
acetamido ] -3-methyl-8-oxo-5-thia-1-azabicyclo (4,2,0] oct-2

-ene-2-carboxylic acid monohydrate (Fig.4) & A1 MW ceph-

-

alosporin ¢ 2 A IS¢y 2F 3T 80 %ojAbd HHEI 2

e
-4
El
[-'0
s}
—{LJ
2
b
el
r_J'M:
I
ol
i
Jo
>
b

TEHE Yetle] Xm47, ¥
Klebsiella & tj& 7 )
2371AHES, HF B AxALEF T dFd FPd A=A
24 AbgEz g

cephradine & 7 7E oAl &3 (FFW47) 1 10~ 178 ) 85~

i

100 %7t F4 105s g3ngrles F45~60 R0 1) dgchuA
FES 6~20% Ho7h Yuki® 3 FEo3 g~ 1242 A
of Foje]l <90 %yl vEAEAN Loz wjddudzm w3
g ojgith 12~ 14)  cephradine 8] A FEAE AAE 250,500 mg
A 126 mp / Sme, 250my/ Smee] HEFo] don Ao AlgFe
F1REFdE 19 1¢, 349274932 ¢ #HEdq
S 2~4 3o FH3r} 10

a9d  cephradine & HEFo uwE fFo Fgw opgel A
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T oWe ZFasttzm sgn oo WFo 2 o Egs sxan
H H
: L8
CHCONH p— ' N
l
9 CH
3
COOH

Fig.4 The structure of cephradine

T TY9¥ EFdE A4l gXdE oHE N2 aate = T A
d

AY d7H ge wggs

AR =gol gastnz HZ A9 TLABEANE Hrlge

A S5 4AA Y (Bicequivalence test) & cephrad-
st Ao @s A | Al cephalosporin 7] &
HEde e AAGsie Ee YAST Begd 54 AE

o NzAZE AEsuzp s
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HM7d =Zatx|atd

Praziquantel { ©]3} PZQ) & Zd9o Merck A9} Bayer A}
o] FFAFA Yo AMuy FYEY FEAZAN AT
A Al REE oFEoltt pzQ 9 33 F&LE  Pyrazinoisoquinol-

ine = ABA Fig 5% 2t}

T

O=C

Fig.,5, The structure of praziquantel

nEel 2z F3 pgze AnEe Aot ) wa Au
o 2¥d SFEBAE EAFHAN H@vE3g Ao Pzo S
Age Fe RS AATIW P09 AEAME WE wxof

Ae HEste 714%F AEY FA4e wBHzZ dod THL 4
FAFIR BAA wElE deH, 2o FmAME 4E9  teg-

mentum o F X3} (vacuolization) & Fx A (Vesiculation) & &
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PZQ L ZAF FAF 44 EFFdIY xIFH A e AA
GAEY WEeEsl vdARe ¥EFsmel usd Holw 100 W)
o4} Eomz PzQ 9 EEXEE AAY AN =ZY: BIH

Gth1® I} Pzoo] HE MERE FIAH AP HANE B

A7 R e gtk

¢ A¢ zde 273

)

gebd Pzl WE ABAN FFH A

s, J@A5E 2R/ Astel B 4P LAY

et
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H2&d 82 M8H

M1y zzoplss

RN R R

D+ =WAl#® propranclol 40 m%

F

G

§Z A8 7] ; Fine Scientic Instruments

UWWAHERZEUE ;| LKB 2

&N pH 1.2 P Eo (usPxxI )
PH 4.0 243D ZF o ( JpxT )

PH 7.2 JA4rer5 o) ( USPXXI )

S
>
ot
ol
122

z}

HEE =

ol
e
PN
2

GEAE 900m AT L= 37+ 0.5 (o4

ol
Qlt
i)
2
A

208F Z AAE gFde "oy v el wel 100 rpm
SE2 HAANA £2A¥L gayn 283 2, 5, 10, 15, 20, 30

= &Ed 5s5we Hn Ny S2a SmeE& HA HEs g
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AR HEE waFd 290 nmoly FoEs =4tk
PH1.2, PH 4.0, pH 6.8 014 2 Aalo] ot 384 ks
2B

(38) Alg4dsn
TERAEE AAY 28RN Table 12 ~ 14 9 Fpig,
6~8e° Yelugr
T A =R gEde W T A7 me & & o
B OHOA gt = pyi.9 EFAolME 108 83 % ol
A

L, PH 4.0 SFdoME (5 E 85 % o],

Table 12. Dissolution test of propranolol tablet in pH 1.2
buffer solution : 8z ¢

A A
A B C D E F G
Time (min)

2 56 26 28 32.6 29 87.3 63.7
5 88 a3 39 48.9 52 98.3 80.7
10 99 99 83 99.3 81.7 98.6 90.7

15 99.1 99 96 99.6 96.2 098.9 94
20 100 100 99 99.6 99 99 97.9

30 100 100 160 100 100 100 100
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Table 13. Dissolution test of propranolol tablet in pH 4.0
buffer solution : 8% %

A Al
A B C D E F G
Time (min)
2 19 27.4 25.8 47.7 25.0 40 62
5 38.8 60.9 49.0 4.1 35.4 94.5 79.6
10 85.4 96 .8 80.4 97.6 66.9 96.3 85.7
15 99.4 97.3 94.2 98.4 85.3 97.5 97.6
20 99.9 97.8 99.7 99.6 93.0 98.7 99.5
30 100 100 100 100 100 100 100

Table 14. Dissolution test of propranolol tablet in pH 7.2
buffer solution : £ &%

A A
A B C D E F G
Time (min)
2 30.8 26 32 50.9 28.2 96 97.2
5 66.4 56.3 60 85.7 49 98.8 98.3
10 97.7 99.4 84.7 88.5 82.5 98.98  98.6
15 99.1 99.7 98.3 99.6 96.3 99.3 98.9
20 9.7 100 99.2 99.6 96.3 99.7 98.9
30 100 100 100 100 100 100 100
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Conc.,
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} + b
T T
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Time (min)
Dissolution curves of propranolol tablet in pH 1.2
buffer solution

Fig. 6.

100 -

I
—f

i ]
1 ]

20 25 30

i
T
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15
Time (min)

Dissolution curves of propranolol tablet in pH 4.0

buffer solution

Fig, 7.
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IOOI' " _%_,_____ m—— e |

* - 0xpn
Ommuaoms

| 1
T 1 i 4 { —_—

5 10 15 20 25 30
Time (min)

Fig. 8. Dissolution curves of propranolol tablet in pH 7.2
buffer solution

H2E wa2g2AMM

(1) Alef g &

EEZAA; &S [ Baceidal ®2§ ( Norfloxacin 100 mg |
A A Kyolin Co,, Japan ))

AlBeF [ S Al Norfloxacin 100 mg  AA ]
€Z&A18 7 ; Hp 89026 A dissolution testing systen

UWAHEZEEUEH ;| Hewlett Packard 8451 A ( Diode Array
Spectrophotometer )

€EY ; pH 1.2 QakgrZol ( kpy )

PH 6.8 RI4F35 N (uspxx1)



(o]

PR o2 4EAYS YPsiaa 18z 5. 10, 15, 30, 45, 60, 90
el 8&d 52 Hayp MF HFA 5= A By

H3 Hde UV 3 273 nm o 4 FEEE z24sigy

B Ag4an
PH1.2¢MEe = A3 go EE4H o) $tou, pug g

Axs Agete BE8&o fzey EEEHET =90

PH 1.2 g&gdon D Al Y epo BT 8E wrz) (50
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Fig. 9. Dissolution curves of norfloxacin (NFX) tablet at
PH 1.2 (n=6)
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Fig. 10. Dissolution curves of norfloxacin (NFX) tablet at

pH 6.8
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1) Aok 2 gy

AlTerd oA tHEot ! velogef ®i}f§_j,] ( Cephradine 500 mg ;
) A Squibb, England )]

BLAFY gy TEA Al APEa Ay e
i t

Q)
—

Alg ek - = Ul ) g Cephradine 5 mg A A

E

FEAY 7 Hanson Research Northridge K ca ( dissolution
tester )

UWAHER ¥ En) B ; Hewletrt Packard 8451 A (Diode Array
Spectrophotometer)
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Bayer, W. Germany ))
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N HCl &

(2) Algy

ud
T

29 £&d 900 we AT 2Ex 37C geom 3t

Som, vhagy (50 rpn ) o= Adst g Nz gzad 7H A

. 10, 15, 20, 25, 302 3o zz7 Ao, A48 Aas
Uv it 263 nm ola FEze 53889 f2d =

& Taan

L
2
L
s
1o
o]
2}

(3) A¥dn
SEENEAAN A g yzan Adete BEgn gy
el A gs Agy pe HAe FA =g

129 Zo] = Ang Trg (EAZF 75 %) EEE w7z

dEE Az)e mEx 3pxm Ao ER Agety) T e I

A7 208 ultolw] | o = of o Twng HIEAZ 308

+  HRtolm

61



’HU
oX
i1
1o
)
o
kU
offt
ol
ek
pork
lo
[
A
o,
ful
22
L

IZO-r

100 L '
;,\" 80 +
§ 60 |
: o , Reference Drug
—
8 w0l ® | Test Drug
b
(]

204

00 } ) t '
: 10 15 20 25 30

Time (min)

1g. 12. Dissolution test of Praziquantel Tablet (600mg)

62



H 3& o M Al 8 o

LE2ITgEE A [ ™ &2k Pranol ®7§3 ( Propranolol 400 mg )]
A |
B [ A&k T U A Propranolol 400 mg A )

HPLC | SP-8810 Liquid Chromatograph ( Spectra Physics A} )

TR AGAALY, ¢ Ao

o
=
2
10
oL 2 op

N EE AREA 8 GARH goln 22~30 4, HEA

Haematology ! Haemoglobin, Haematocrit, WBC, ESR.
Biochemistry : BUN, Creatinine, Alkaline phosphatase, sGoT,
SGPT, Total bilirubin, Total pProtein, Albumin,
Glucose fasting,
- Urinalysis @ Sugar, Protein, pH, Sediment, Uric acid.

Hepatitis Test
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AdAF ZddA 2o usag Pl AbEel 2 ®ol 9lol A9 Al

AW AEA A4 Profile &  Table 159 o 22 w5y

Table 15, Profiles of volunteers

Subject No. volunter age height (cm) weight (kg)

1 K.D.O. 22 175 66

2 K.5.J 24 168 68

3 K.J.M, 24 170 60

4 P.J K. 22 165 67

i) I.85.J. 24 170 60

6 I .N.K, 22 165 70

7 S.J.M, 30 172 71

8 N.I.S 22 167 58

9 K.S.I. 29 178 69

10 I K.H, 27 164 63

11 N.H.K. 31 174 70

12 K.0,C, 27 172 68
Mean 25.3 170 65.8
1 S.D. T 3.34 1 4,39 + 4.47
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blank RPN T Yz L pPropranolol 4= 200

MA ¥R Sgdss gyan e, AEAZE Wagy 5uy

-
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Fig. 13. Calibration curve of propranclol,

2) @FAge Ay
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{a)

(b)

-

Fig, 14. Chromatogram of Propranolol in plasma. ( 70 n%/m¢)

la} | propranolol b): plasma
cholzeln S2wre dd F 438 2y AAdd  raae

Atk ol & 50 ¢ 2  HPLC o TUst At ( scheme )

AEZE A)EE  spectra physics Al2] ol gp §8190 liquid
chromatograph & M 4] fluorescence detector 2 excitation

205 nm, emisson 340 nm o 4  Haksl g}
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lplasma Iml

Ascorbic acid ( 100 mg/mp ) 50 pe
carbonate buffer ( pH 9.5 ) ¢ 5 i
diethylether 8 py

.
vortexing

centrifuge

organic layer ( ether )’?m{]

0.01 M phosphoric acid 100 pe

l/

vortexing

centrifuge

freeze in dry ice
S

[aqueous layef}

HPLC

Analytical procedure of pPropranolol in plasma

=

Scheme | .
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AHPHLE waters #-Bondapak C-18 column < Algstgm, o] A&
acetonitrile : (.9 mM Hy80, (1 26:74 v /v ) & AL &3 gl &

< 1.5m¢/ min o] 31}

6 2
1) auc o fat ZAs4 RLEy

92F FE-AL dolB (rable 17 )2y guygz =

S olgatd sy Azt TLY "WHFE mx gz =M &} ™ A
(AUC )& AXEg = HEgae Hzwn oAz I EE pig
15 ~26¢ Yelyyg = A3 AAAY BAYY =z AUC =

Z+7h 144,94, 128.74 n#-hr/ m A3, B A g AUC &= A AAY

88.83 %24 T AAg AUCA = 20%5 ¥z foua A& 5}

1
oft
off!
oX,

A 7IEd AAzae TEAIZY Table 18 = Apg
HE THez Asw avce Belg diolgt Mmoo a

2 2%E  Table 19 g ANOVA R E A4 o zAn= ulel o =

FAFE=0.0518 4gh o =g HAARsdn
ANOVA Eoll A Fzbel B4 Fg (1, 10 )= | g4y 2 A o]

Be FEEF g 4.96 Bt} eoly fojAe] g Hnow
27 @ ) Y cross-over dg o] Agsziges Eig-ig=s og&o g

HAEE Table 209 241) & AtEste] A2k gic

Ala, 1=8, 2(n—1)) =y 6%/
(0,05 08, 10)=y§. ( 144.94 % 0.2 ) / 301.7313

= 4.0878
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Time (hr)
Fig. 15, Plasma-cencentratibn of propranolol in K.D.0.

a0

40

Time (hr)

Fig. 16. Plasma concentration of Propranolel in K,S,J.
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17. Plasma toncentration of propranolol in 1.5.7,

Fig,

1 2 3 4 5 6 R
Time (hr)
18. Plasma concentration of propranolol in I.N.K.
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Fig., 19, Plasma concentration of propranolol in N.H.K.
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Fig. 20. Plasma concentration of Proprancolol in X.0,C.
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Fig. 21. Plasma concentration of propranclol in K.J.M.
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Fig. 22. Plasma concentration of propranolel in P,.J.K.
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Plasma concentration of propranolol in S.J.M.

Fig, 24,
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Plasma concentration of propranolol in N.I.S.
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Fig. 25. Plasma concentration of Propranolol in K.S.T1.
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Fig. 26. Plasma concentration of propranolol in I.K.H.
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Table 18, AvcC ( n#.hr/m¢) of each volunteer in each period

Group Subject Period ] Period Sum

K.D.O, 251.7193 265_3265 517.0458
K.S.J. 177.2504 126.7319 303,9823

1 I.5.J. 74,2447 90.98371 165,2284
T.N.K. 123.9595 147.7898 271,7493
N H.K. 92,1565 126.4411 218.5976
K.0.C. 149,9929 176.6112 326.6041
Total 869.3233 933.8842 1803.208
K.J.M._ 114,9763 172.3479 287,3242
P.J.K. 112,151 162,1338 274.2848

2 5.J.M. 77.7956 125.5844 203.38
N.I.S, 122 .9922 1743921 297.3843
K,S.1. 96,3613 109,3966 205.7579
I.K.H, 86,7678 126.1097 212.8775
Total 611.,0442 869, 9645 1481.009

Sum period 1480,367 1803.849 3284.216
drug 1739.288 1544.,929
(a) (B)
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Table 19, ANOVA Table for AuC

V source dr S8 MS F
Between Subjects 11 4587325 4170,296 13.82122
Between Groups 1 4325 .469 4325 ,469 1.041088
Subject/Group 10 41547.76 4154,778 13.7696

Intra Subject variation

Period 1 4359 969 4359969 14, 44984
Drug 1 1573.969 1573.969 5.216459
Residual 10 3017 313 301,7313

Total variation 23 54824.5

a, 1-8 2 Asgx v=2(n—1)% waxege A 2 2 E)
4=0.05, v=10, 1=4,0878 ¢ el HEdE 1 -5 SISl
2ol Axsigo BAEEERE 2ex 10ddiel 1 — 89 wy

< Uiy Powmzm

A 18
3.110 0.8
3.604 0.9
4,013 0.95
4,782 0.99

HOHezr 1-82 Axsy
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Table 20, WAE, HA2PEA 2 NATpe Tay gw

1} Noncentrality

vn -4

=

A{a, 1—8, 2(n—1))=

2 ) Least Significant Difference

s 2/ pu

s
A= T X 100

3 ) Confidence Level

IAY
b—ta -5/ VA <0< dtta-s/ v

4 I ¥ A %X ( noncentrality )

PP
H
57)
£l
1o
ol
o,
B

te I FAFE @, AKE polry
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1 —8=0.95+ ( 4.0878 — 4,013 } / ¢ 4.782 — 4,013 )

X 0.1 = 0.9597

B 1—-87 0.88y At xde wmEzAzng e} A

Table 208 H2) & A dgn o ArAzas Assqo

s-A(a, 1—-8, v)

4 = ( as / #s ) X 100
v . 9
= 301.7313 - 4,0878/144 94 Y X 100

vE
= 17877 %

< BH 4=0.1788 24 AEgx TEH BAYNEA s4=<0.9
g 2AL dE:AG

ol HAAL BId T - Table 99 MEFHzx ssuy
BH71E A1 %, Mg w= UHFAHopg =
S FHA "W AW olgge el A T8 Zez mugy

o

3—t(a,u)XWvT§BAﬂ ASitt (@, v ) xs /o5

O] £ B I H el =005, v=10U® =2 2980]m=

19.4359 — 2,228 X v 301.7313 / VB =319 4359
+2.228 X/ 301.7313 / V&

0.3969 < ¢ < 31.996
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°IE Wz ya %2 ey

0.2738 < s % < 22.0754

ol gic} B3 A = L 20% olulofo} gt zpse 2FZF Wojyt o
L Propranolol o] x3 % E#H7L AN A7 A A L€}
= ¢Eojngm UHRAL 20 = U2t "Holux TEs EBEx

7F 20 % ool g AEe T 54 B JEe Az
A H G ¢ ANOVA § of) A Fg (1, 10 )= 2.2485 & FEY
#el gk 4.9g Brh golag 2] el R Hozm YHEIY Cross-

over Yol Mystag a=0.194 maxe 3.1999 o] 31 o] 2 X

H d2ds jguy 0.818 0] = o L=87b 0.800 so} s
e zas UEARAG Hagaax 19.7138 %2 gerax 5

d By Aze D.28e =zng TEAA ek o) are 1XE 5

e

A F A c,, o Aelrl Mestxow T or guw
H2Y dH9Ae z=me “e B nastqe a=10.05 of A

Tl tga 2o mys < Ak
—4.8508 <4 < 7 2794

°lE W% ga %2 FgAE@
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o9tk ufetA
A8 AT uehgo

— 11,1374 %= 3 %< 16,7128 %

AAW ol & &9

A7 £ 20 %

O] H o]

S0  wlg

Table 21, Cpae ( n#/mg) of each volunteer in each period.
Group Subject Period | Period | Sum
K.D.O, 72.64 61.1 133.74
K.8.J, 42.91 41.4 84.31
1 I.s.J, 27.3 34.7 61
I.N.K. 75.8 65.9 141.7
N.H.K 39 29.6 68.6
K,0.C 37 b4 .7 91.7
Total 294 .65 287.4 582.0501
K.J.M 29.46 41.1 70.56
P,J K 35.2 38.4 73.60001
2 S.J.M 34.2 31.9 66,1
N I.S 50.42 50.3 100,72
K.S.I 43.1 35.4 78.5
I.K.H 28.3 30.9 59.2
Total 220.68 228 448 .68
Sum Period 515.3301 515,4001 1030,73
drug 522 .6501 508.08
(a) (B)
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Table 22, ANOVA table for ¢,
V source dr 58 Ms F

Between Subjects 11 4037.453 367.0412 8.255364
Between Groupg 1 741,1563 41,1563 2.248451
Subject/Group 10 3296.297 329.6297 7.413917
Intra Subject Variation

Period 1 LLITI8T5E-02 1171875k - 2.835M1E-(
Drug 1 8 .855469 8.855469 .1991711
Residual 10 444 6094 44, 46094

Total Variation 23 4490.93

3) Twax o Ol ¥AEH NLE- ¢
A AW elggo Hepeletel T, o o

3ted  Auc Yy oy e WHem 4 AESY 2z 4o A

hr
o
lo
i
=2

AH3 AT Table 23 & Tmas o 3 ®o g TAH, Table 24 =
Lol g ANova E o) At 1,..9 BExe t&2ko) 87,
18%24 2 27 20%2 4x BN HEagd zoay g
T HdAzZAL wENEg ¢ =0.0508 FARPAR Fg -

3.1071 X 19072 = FEXEY g 4.96 g} ot Cross-over

T

°of & AHgs: o= HERT a=0,05 o HASE Ax

ek

A1 HAr= 2.7239 1 o g HA g ol 2

14

3
I—88 Axstdg xax v=10dg 29 1 — Briej= 12

oo
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Table 23. Tp,. ( hr ) of each volunteer in each period
Group Subject Period | Period | Sum
K.D.o, 1 2.5 2,5 5
K.S.J, 2 1.5 1.5 3
1.8.J. 3 2 2 4
I.N K. 4 1.5 1.5 3
N_H.K. 5 1.5 2.5 4
K.0.C, 6 1 1 2

Total 10 11 2t
K.J.M, 1 2 1.5 3.5
P.J.K. 2 1.5 1.5 3
S.J.M, 3 2 2 4
N.I.s. 4 2 1 3
K.S.I, 5 2 2 4
I.K.H, 6 1.5 1.5 3

Total 11 9.5 20.5
Sum period 21 20.5 41.5

drug 19.5 22

(a) (B)
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p| 1—5
2.452 0.6
2.1755 0.7
3.110 0.8

I —B8=0.6+(2.7239—2.452 ) / ( 2.756— 2,452 ) X 0.1 =0.69

Table 24, ANOVA table for T,,,

V source dF SS MS F
Between Subjects 11 3.364566 3058714 3.580977
Between Group 1 1.042175E-02 1.042175e-02 3.107109E-02
Subject/Group 10 3,354164 .3354164 3.926873

Intra Subject variation

Period 1 1.042075E-02 1.042175E-02  .1220122
Drug 1 2604218 2604218 3048877
Residual 10 .8541565 8.541564E-02

Total Variation 23 4.489586
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AAT cl= RAEE 0.058 HAFA 20% oluo) oAE

o

BY 7 oglE H8ol 0.692: AL vy mey gaws
0.82% aA &7 daldt 129 #2 Udnz mojor s mr)

=2

T e 2ol Aasdyg

n=6YU wW 2=27239¢0n0=% 1—8% (.82 nA3w A
dE ghel WMAEEY ZFrr AA: s o

L8 n AfFZv A2sgi o Axxe
0.8 7 12 2.9420 < 3.053

~

0.8 8 14 3.1452 > 3.013

n=8<¢ m HIxH A 2z BlAERe i1gwu =g s

T ddn @M HzeEe 08nu 4 871 HA M 12

EAE ALY 4 A=0.3711 24 o= =
ol WE %2 UehdwW 21.2%2 20%= o Weoldd Ax
0.28 237 g n2x= a=0.05, 1—-8=10.8, Haznzxn
g 0.2 F =39 HEL 20%, 2 1.3029 x 0.0 & sk o

Be Zel Aibstao

A=+ X (11,3929 X 0.2 ) /7 R.5416 E-02

ng RHANIEAN Axd ge] wax M 2o gug A

88



Pedls (n) Agx () AT Ag vz ge g

7 12 2.5219 < 3053

8 14 2.6961 < 3.03t

9 16 2.8596 < 2 985

10 18 3.0142 > 2.963
A AAZRE =10 olyeloer Hagama 0wy &
TEE U8R ndmx Aade 9RAe aes way 2

—5.7499 =< 5 < (.4749

Rdew olg wzekd gy gz FE A5k

T 3.5384 %= %< 29 1794 9

=M E20% oldel Ex msy weysx A oo 1,

o E %4 BEZ2HA 1,9 @z Atels M2 m@zx goy
CAER A3 gadHe gy BT JHBAE 20 %s 3o it
129 94 48 109 oldez aq THAE S stodop g
Aoz B ry

I8y folz a=0.1°1x4 ZHPY Ho uayx 2.7239 ol
= 2E YYo=z Aay o Hed 1 —-f=0.81, Ha4d &3
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(A)E 0.196 o2 HyEstn zoiy AAANEE wE2NHo
HOoHERSFE dE 90% MNFeA= — 0.486 <5 %< 0.261 o
24 20%E i Wolwdeu  propranolol o] Z3 508 7o)
= °FEolmR oE ZUdg uw T, 9 FAA FoAANE =z

% Aoz AzEg

M2 22814

Mz [Baccidal®7§ (Norfloxacin 100mg) : Kyo-
A A lin Co., Japan]

Mg Fd Az Norfloxacin 100 m3 )

HPLC © Waters Model 510, Waters 490 Programmable Multiwa-
velength Detector

(20 AFAe] My 2 gy

Aol NG ¥el Qe ARE 1299 SAHER B oAy
A Fdstan vole 25~35 M (FF 29.54 ) AFTL 52~ 83 kg
(BF 66kg)olx s 162~ 17Tcn( Y7 T0em ) It nE 3
HBAeA = B 499 =3, 4y 2 2A22 33d T o] of A
ol et AaMaE dustn Eagas T =3 WA A
ARAE ANRT e wEa gas A @A EEE
WA (G AN, AR, YAHGHA, w2 g s
AAMNATE e Zel A4 4Yol HFAES sm s m

ek ) BEe YHA 2eA sm

=2
i
djo
¥
e
12
it
e
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norfloxacin
Group Subject Age(yr) welght(kg) Height(cm)
“ﬁm

B 35 74 167
C 30 66 172

1 D 29 77 175
E 30 83 177
F 29 68 168
G 32 60 165
H 26 65 172
I 31 63 172

2 J 27 o7 169
K 28 61 169
L 25 52 162

Mean 2 T_ﬂ_ 16

.9 9
I S.D. + 2, *+ 8.3 + 4,
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@ AlEdAE 2w gAHrg
2A71 2AFS  Latin M AW we BAAFHo g Eop

ARE AL 1299 HYAE uM Pagz pwemgn

= -
A71 2ol NEFEBL Eogarn dE 2= 179 deom o

AE T8t (Table 26).

Table 26, Dosing schedule for the cross-over study by Latin square

method,
Period
Group Volunteer e —
I 2
A, B, C Reference Test
1
D, E, F Drug Drug
G, H, 1 Test Reference
2
J, K , L Drug Drug

@) EAAZ Az

Blank § 8 3sm HERESE Aoy 0.5, 1, 1.5, 2

-

2.5,3,4,6,8 10, 1278 13 dSm¥ AE Yk AHY P
= 3,000rpm ol A 14 & 25} o TEE EHe RaNzx —20 Tl

HER B Ak
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RECR|
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s
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e
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A

—

—_—
S
iy

Pipemidic acid& WRgzxeasm ol&3 WEoz g1~
Sug/ml &% E 9 oA 3} e HPLC R AH o peak-area ratio&

=
T 7849 ¥%HZ  norfloxacin Txe AFgHE AP (Fig

27).
o
o
3
1]
%
103
o}
]
<
LY
[4+1
0
o,
Conc, (pg/me)
Fig,27, calibration curve of norfloxacin in serum
2) EHARY Ha

d%8%9 norfloxacin Gl Scheme I o el EAMsigc
5082 1mE NEBY 2717 BERTEE (pipemidic acid) &
l,ug7}f§_l$, 0.09M NaOH 100p¢ & o Af-C. }_@”}_}1' 0.5M Sodium

phosphate &R oF (pH 7.5)500p¢ 2 ¥e ge methylene chlor-
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Serum(lml)]

I.5,(1pg,pipenidic acid)
0.05M NaoH

Methylene chloride
0.5M sod. Phosphate(pH 7.5)

JShake 10min, SOOrme

JCentrifuge 3000 rpm, IOminJ

lMethylene chloride layer,

Repeat twice the step of extraction
Back extraction with 0.3M NaoH

‘Centrifuge 16000r pm, 3min,l

ngﬂé injection into HPLC]

Column; g Bondapak-cC,
Detector ;UV/280nm

MP;Acetonitrile :DMF: (. (05M Phosphate
__ (pH 7.5, TBA 0.005M) = 15:15:70

Scheme [[, Analytical Procedure of norfloxacin
in serum
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ide 8§ s 49 Queue Orbital shaker 4} ollA] 300rpmogz 10%
3t shake st F 3.000rpm oA 10 &7} Al HAEE3td methy-
o -

lene chloride &S #az, 479 Faznzxs 93 Bt 7}

7o} methylene chloride &<

]
9_1‘
ra
o

%, 0.3M NaOH 250pug 2 o=
shElth  Pasteur Pipette S ol &3l NaoHZS s & 16,000
rpmo A 3R A2 s 5 AT 25p¢ F HPLC(Vaters) ¢

T 43t

3) HPLC BA

Column ; # — Bondapak C,,

Mobile phase ; Acetonitrile > Dimethylformide
. 0.05M Phosphate(pH 7.5, tetrabutyl
ammonium (,005M)
=15:15: 70

Flow rate ; 1 mf /uin

Detector ; UV/280nm

o] fg

1o

£HdAM ZHF mPLC mEvlEgd e Fig,28 2 7
S, ©ERE  norfloxacin ¥ o] 7.9] peak-area ratio & &) 1)

AAAE HIHoZ FH YHF norfloxacin o %S A sloin

6 2 3
Norfloxacine] g MNEs&= oA APL AXNZHoE §
=9 norfloxacin ¥& 2o F HZH o889 wA el



=1
e
of¥
off
H

EF¥E AgT A4 (avc) HILEFTFE (Crax), 3

ZEAL (Ther) & A2std wugozy = AAMZE BEHFHo=
TS 7E WISt Norfloxacin FAE Z A7 glolA 7}

HEAY Azl @E ¥HZFE BEE Table 27,08 9 row 7
AA deted Az ‘w2 7 YRS A2 wrggz 9 g

FAA 2R P

i

TSl ZH=E  Fig.29~ 4] o HEF RigE o]

g HESH o8 MURES S Table 29,30,31 3} g

\'A
i . .\"'\-‘L
\-—w«.’—.——#‘} “‘“"-—---u.‘-m
'
[atal =

]

==
13
o)

F1g,28, HPLC chromatogram of norfloxacin(NFX)
and internal standard(I.s., [ug, pipemidic
acid)in serum
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10..

conc, (pg/ml)

0.1

(.01d

* . Test Drug

° - Reference Drug

0

Fig

1.6 7
1.4 &

1.2 4

1.0 %

(zg/ml)

0.8 +

0.6 +

Conc.

0.4 ¢

2 4 6 8 10 12
Time(hr,)
.29, Time courses of mean serum concentration of norflo-
xacin(n = §)

* ! Test Drug
° . Reference Drug

9 4 6 8 10 12
Time(hr}

Fig. 30. Time courses of Seérum concentration of norfloxacin

in subject A.°
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Conc, (ug/ml)

2.5 ¢+

* . Test Drug
2 1 © : Reference Drug
1.51

0 MKL : ' : ‘ ' —
0 2 4 6 8 10 12
Time (hr)

Fig., 31. Time courses of serum concentration of norfloxacin
in subject B.

1.4 -
[
1.2 + )
1.0 + /7\ * ! Test Drug
o . © . Reference Drug
w 0.8+
S

Conc,

9 4 6 8 10 12
Time(hr)

Fig. 32. Time courses of serum concentration of norfloxacin
in subject C.
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2.0 T
1.8 +
1.
- 14k * ! Test Drug
~ ) . © ! Reference Drug
< .t I/
3
S ol \\
S 0.8l \
S g6l S
0.4“(/7 \'/
O.ZQ?
0 4 : : } : —
0 P 4 6 8 10 12
Time (hr)

Conec.

Fig. 33. Time courses of serum concentration of norfloxacin
in subject D.

2.0*r
1.8 4
1.6 4 . ‘
1 * . Test Drug
- A4+ o I Reference Drug
E 1,2 %
&0
N 104
0.8+
0.6+
0.44
0,24
0 ; 4 t ¢ : !
0 5 4 6 8 10 12
Time (hr)

Fig. 34. Time courses of serum concentration of norfloxacin
in subject E.
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(#g/m1)

Conc.

(pg/ml)

Conc.

1.8 r

1.4 ¢

L.21 ' . ITest-Drug
1.0+ © ! Reference Drug

0.8-
0.6 +
0.4 +

0.24

0 2 4 6 8 10 12
Time (hr)

Fig. 35. Time courses of Serum concentration of norfloxacin
in subject F.

¢ | Test Drug

° ! Reference Drug

0 2 4 6 8 10 12
Time (hr)

Fig. 36. Time courses of serum concentration of norfloxacin
in subject G.
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1.6 1
1.4 +

Lz r *  Test Drug

1.0+ o ! Reference Drug

0.8+

Conc. (ug/ml)

0.6+

0.4+

0 } 4 t 4 + 4
0 2 4 6 8 10 12
Time{hr}
Fig. 37. Time courses of Serum concentration of norfloxacin
in subject H.

1.4 T

1.2 +
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S
3 0.6 4
o
Q
it 0.4 1
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Lo
oo
-
oy
oo 4
—
]
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2

Time(hr)
Fig. 38, Time courses of serum concentration of norfloxacin
~ in subject I.

o1



(eg/ml)

Conec.

Fig,

(pg/ml)

Conc.

Fig.

0.8 1
0.7 -

* . Test Drug
0.6 1

© ! Reference Drug
0.5 1
0.4 4
0.3 -

0.2

6 8 10
Time(hr)

12

39. Time courses of serum concentration of norfloxacin
in subject J.

1.4 ¢
1.2 ¢
s [ Test Drug

1.0 1 ° | Reference Drug
0.8 4

0.6 +

0.4 4

0.2 1

0 4 . 6 g 10 12
Time (hr)

40. Time courses of serum concentration of norfloxacin
in subject K.
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G.Q-r

0.8 1
0.7 +
0.6 ¢+

s | Test Drug

o , Reference Drug

(pg/ml)

Conec.

L

e

Lo
3
L]

O L ] 4 'Y
T T 13 r T -

0 2 4 6 8 10 12

Time (hr)
Fig. 41. Time courses of serum concentration of norfloxacin
in subject L.
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Table 29, Comparison of AUC(gg-hr/ml) for the bicequivalence test
of norfloxacin

Group Subject Reference Drug Test Drug
A 4.861 4,224
B 4.542 6.139
1 C 5.235 5.082
D 9.460 11.051
E 5.233 9.227
F 2.728 2,547
G 8.699 6.04%
H 4.512 4.855
2 I 4.312 5.581
J 3.290 5.013
K 4.582 5.5648
L 3.576 3.415
Mean 5.086 5.644
& S.D. F 1.920 T 2.282

Table 30, Comparison of Cmar(pg/ml) for the bicequivalence test
of norfloxacin

Group Subject Reference Drug Test Drug
A 1,295 1.431
B 2.978 2,794
1 C 1.304 1.201
D 1.842 1.310
E 1.486 1.908
F I.671 0.905
G 1.710 1.710
H 1.197 1.197
T 1.154 1.154
2 J (0.698 0.698
K 1.357 1.357
L 0.863 0.863
Mean 1.463 1,355
+ 8.D, T 0.550 + 0.527
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Table 3], Comparison of Tmaz(hr) for the bicequivalence test of

norfloxacin
Group Subject Reference Drug Test Drug
____?____*ﬁ__‘___ﬁ____i_____4_*_1__4ﬁ__*_‘4_____k__“_kﬁ___ﬁ__gﬁ_
A 2.0 1.5
B 2.0 2.0
1 C 1.5 1.5
D 1.5 1.5
E 1.5 2.0
F 2.0 1.5
G 3.0 2.0
H 2.0 2.0
2 I 1.5 0.5
J 1.5 3.0
K 2.5 2.0
L 2.0 2.0
e 1058
4 s.p. *0.448 1 0.431
_—

1) Avcedl et ZAaam g
d32r - AlIZETA 3 ®3F (area under the curve,auc) 23
%gﬁ%}gz—}\]a%ﬁgz-‘?—a &5 A (rising phase) 7} 2] 3= linear

trapezoidal rule o] w}g Al A st 31 A% (declining phase) of A

['¥

1% A 77 = logarithmic trapezoidal rule of utel Al 2 s
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BeM HE 2YAE AW % mawang s #4e a4

c}
RUEI Aldete mg AUC = 22 5086 x) 9,644

Hg-hr/mi2 A A4 ek AUCE  wWxzete] 110,079 = 5 A A o]

AICHTE W WA wun £ Aae wz auvce A7 &

Q

AdHoz goaze A7 A8 Bauzge WAL Table
§e Avwoz yupugs A48T (Table 32),

norfloxacin(AUC)
Sum of square Mean square

Factor d.f, (ss) (3) F-value
Group(G) 1 4,95 4,95 0.578

Subject/GrOUp(S/G) 10 85.59 8. 56 6.253
Subject(g) 11 90.53 8.23

6.01
Period(p) 1 0.93 0.93 0.679
Drug(D) 1 2.47 2,47 1.805

Error(E) 10 13.69 1.37

FUERZERH 2,00 % AMY 2pus rpzge F (1
D& 4GB A a=0.05 posrzdy 2 Ay ) A

Tl RP e (g3) 3 Uk
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AR (H,) o) Yy = W ot Asx v =2(n-1) 9 ¥

—

o WEY #H®, BgAA (H,) o 4HE 49 Afx o, wmag
£ Mide 230 oEd og i yarw g QA7 mg

el A (37) o wmet wEsnz s o ynos ol 7
Hse gozM gom po

Noncentrality(i : u] Ax)

6*
o/

Aa,1-8,v) =

e A1Fx, 1-8, A4, v 1A FE2n-1)

0% I BE = oloby & 4orm )

¢ RG] FEHI, mag FHANZM oxe Haruuwy
(MSe) & AFZd 3z

n I 1dY gYPzS

ol MARRE @, 1-8, v pAAN m=z GEYE &es

MY 27F Table 10 9 MAEGHRT 2 u Table 209 4 ]

& USse dze(1-54) 58 T 4 dn

= > 2 - N-1)) e Al 4
P o = (&, 1-8, 2(n-1)) =

2 VARE PHE 44288 4, 1-4, 2(n-1)8 uw=
Shed Med ¥ wWed +g Taw Q59 pg

_ - 2,2
{3(“.1(5*25:2(“1)}6 ................................. A 5

3
%
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Least significant difference( A : HAPDZE )

6-A(a,1-8,
A= (ﬁ £.v) SHA e A 6

o HHEGE H7g

A4E olB3ld AUCEHAZRE HARE Tag

b RAEHBAN UMSTolmE  2(0.1, 0.8, 10) = v i
2,120 o} Yt I8lZ  Table 33 9 BIdE Az R pwzde o]
A4 Ty
1—ﬂ=0£+{@4w—2ﬂwwmﬁm~2ﬁ%nx0J:0ﬁ33zw a
= 0.1 FFFANN 20%9] olg Hey 4 J= g Ego] 63
7 ©°lEZ, 0.8HMT Fopsl: zz.o TEAFZ] AHA a=
S VRS LEVE 2 10,1, 0.5, 2(e-1)) & mEse

< O9EH Zu

1~ 4 n v SATY g Ang iz
0.8 7 12 2,640 = 2.302
0.8 8 14 2.616 > 2.461
0.8 g9 16 2,599 < 2.610

9 Az XAz wus Haw 80% oldozm  Azsly)
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£OAGLETH HAadE(A)E Avegr w2sa sy

10) =2.6740]ma A=¥1.37X2.674

75 /5.086

EE2FH 20,1, 0.8,

=0.35 ol gt
TS RAAS KR 0T H4HRD BEL o= sels] u
sl AAZA Sl=HE A 9EAE @ AsdE Anags

FA%E Aol g

Confidence intervals (A7)

~ g ~ [
0-t = § <

(u,a)\/_ﬁ = _5+t(u,a)ﬁ
DR S ZAHA (] pta — ps | )

EEXRAM a=0.1, v = 10y t=1.8120ln&
a%&mmzl%%<w<ammuﬁm¥%zwugﬂ§ SECTI
T %2 UEHWE -6.05%< 6 %< 28% ol qut

e FEIW APorzmo AUCTZF thEeFgel (1097 %2 =

AA  Avc 27F tjzoke) 0% YA Yomzm ETAY  AA

A& WEFded a=01 §94%F08 n=6o02 g8 gz

PTAE08% AZ029 2Ag wEAAS HaME |z ow
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= P = ) {Cmaz ) & compartment 44 & curve fitting

o & F¥ Ao A7t Adsnz 7 Az A F A 7Eo)) A 2)
HLEF5=S Yeye ALE Crer 2 51500
4840 oz ATgekel ®FE c,,, = 2 1,463 7 1,355

HI/me2 A Agete c,,, = Wzt gl 9260 %= TAA L Cpas
g A7t dhzery 9y gs SAR A avco Al pe THe =

d3t 9t} (Table 33)

- norfloxacin(Cmes )

Factor d.f. Sum ofsz?uare Mean(;g;iare F-value

Group(G) 1 1.66 1.66 3.56
Subject/Group(s/G) 10 4.67 0.47 1.07

Subject(s) 11 6.33 0.58 3.73

e
>
e
Jx
F
i
2

S

Period(F) 1 0,032 0,032 0.486

Drug(D) 1 0.058 0.058 0.875

Error(E) 10 0.66 0.066
W

wAENdn a=0, 05 FAFEAN 2 (44) A7 R kA g

.463 X 0.2
o FAT R gon geceny uyyo 1= LEDE

= 2790 ¢y B9 T2 F 2 XE 2(m,03,mhwﬁMﬂ5§
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=2.790 dwe] HaE (1-g)e 085 T Y O g wy
A 1-87 0.8 BT FHorsg i ZHE wtEXNFHG
H60ZRH HAazgzx(A)= A HE 259 FAFT B

Bl 4 (0.1, 0.8, 10) =2.674 o] m g A = ~V0.006 X 2,674 /1.463 = 0.1917

e T OAAL Cra® HUF (4E a=0.104 @2E 0.3
2 AW AT HE 10.17%9 YEaHoles R g
b @ThE AmaEM A=0.29 ZAL wEaApm

39l

5
ox

FOZ2 F AAE Cuer ol Yol AESHoa Eos

A

lo
f

A}

il
i
aul

8 F O AAL Cues ol 0% AHFZE  Table 209 2430

G ?ﬂﬁo¢m+m2L%%§<a<am&ﬂﬁwx%%iagg

olE R ¥ gz LHEF Y oy
6% <0%<20% o]git}
o = - R 1 g T 20 ZolHelolel = z=Ax TS Al FH ok

3) Tmeso] @ SAGR uz
HiYT 5 EZAIXE (Twex) & curve fitting €10] Cpys

gy
L

-
!

BHe Axzez o

2% tzofn AgEee wE T, #z 191794 1,958
AlZto 2 Algete] 1,,,= o zolo 102.1%2 5 AA 71,
o A7 WER%e] 0%E Yzl TS AAzAL =g

Table 34 = % AAMe T,, 0 wist TAHE A # o))
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Table 34, ANOVA table for the crossover bioequivalence test of
norfloxacin(Tmaes )

Sum of square Mean square

Factor d.f. (ss) (M) F-value
Group(G) 1 0.51 0.51 1.64
Subject/Group(s/G) 10 3.10 0.31 1,23
Subject(s) 11 3.61 0,33 1.30
Period(F) 1 0.010 0.010 0.041
Drug(D) I 0.094 0.094 0.372
Error(E) 10 2.52 0.25
Total 23 6.24

THENAH  a=0.05 FAFEANN F(e4), 47 L E

o #o3 271 glone Cross-over o] & HAUZE oz LrEbst ok

) 1917 X 0.2 X6
Table 202} 2 1 Zwg HIAEE Alxst Z ld zz_m—:l.m

=59 HMAE $£xmE Ry mays o] il Haw

[=8 = 0.5+ {(1.881 — 1.764)/(2.038 — L764)} X 0.1 =054 24 a=
0.1 #FelsTolM 20 %9 g gze = o= Eol u%=zx
N2ED A 87 AsdE 129 43 guz Belel 3=
7PE BE3 o AXSAL 1-48 .82 TS AaE

°f HMAdE £XF9 grg AXe ng Fauw
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0.8 10 18 2.585 = 2.426
0.8 11 20 2.575 > 2.544
0.8 17 27 2.967 < 2.657

PELEH AGY agel vAE $xEYd igwg =) B
SR AN BEHL 0.8uY ZA 8y o Lo
s k2% elgez we ¥e % 4 9y = 26 o2 A

HE AEA(L)E ALRY RE59 pamz wo g0

& %= Jeluom B.O0%E 20%S  Holyrt

FOAAL Th., 29 0% ANHFHE 430 zHE Tato

OﬂmHL&%<%£<5<ﬂﬁM+L&%%%£ME§ olg i

el WE %z Jeuyw 1706 % <60 % < 21,44 %2+ 99 9
oidlel A s waFax xahdch
o149 Theeol Wa £ HAAS F AAY  Th,, o S|

S deetel 0%% WA @gou savgan gzae =
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B 3E M=eio

(Al 2 73

AMiEzd s oa [P 0e) \/elosef@).i_}“‘éI (Cephradine 500 mg, Squibb ,
A A England) )

BLAEYG T A=< Cephradine 500mg 7+l
AT 1% ]

HPLC | Waters Model 501 pump, Model ugk universal injec-

tor, Model 440 fixed wavelength absorbance detec-
tor, Model 840 data module

48l HBad FJPggr gorsa 48e dider oa

I

H2 24~ 38 429 FALAZAN Hxeo O 67.92k2 Tz
T 10%ygem (Table 35) penicillin °]*} cephalosporin
Al gAAe gaz RbEoly 7lgl mazrg L2 gl ol 9
A A¥Y 2o 2xd 3 AP nEe FERLES Fago
B ol alcohol ¥ xanthine L = B~ B =R = UE FoA

BATEL T3 Ak o} gy A 100 ARy mge 3

Helld die @ss9dg
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%4 ]
ESH 554 A¢
1. 58 0] AFe =l st Axmad el 7|&e AT
AWM FF Ex o 293 AznidE dgus o
£ Belstixt dle BHer 2714 Agzmag gades AT
g gag AzZad H2E Ard " 2Fske A
APy
2. AA  haied
1) B AAds Mazsaxdd gaszr Z1HA G, dEH Q279G S
AtE-she A A YU
2) = kg Fugolad dEl AlmEe o3 e AHolud gy
Bz, @7, 3Ny 9y daAS FESo uevds 94surt
3. A8 24
1) A& Aol g8 Vs ¥ AFsS Axe sE g
3 AAE A
2) AEAGAE Tzl ﬂw# HAALE FE 2 Ao HAS: ke
2AES waler
r} & 07:00 7] &+
07:00--- 07 : 03 BLANK el |3
07:30--FEEE& (200MLS] E3 T =2g)
BAIZFERY 103 @AAH
03:30
3) 2) 8 Zo] YFUZT ZUdA A
4. F)Ag
1) A"d 259 ¢ NYn% 9 2578 Alsln COFFEE,
COLAL At7hsielol &1n) g} ofBo] E8 ma ZAug
2) Ager E83d obe FAstdor g,
S. ABAA AF Ad AdAxlel APE AsE Azsd Ay
=13 Ho g et
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AT, HEHy 54 Ay & o A

BERA EFH NY o

=} - <
HE

el Fa

43
Hol )2 NYYE (Cephradine AAL) el HeEsr zeag x
Ul ool NHEYAZRE WA dwAdl o Aqgmm, 2 gges
84, AFe g, AF oA == 994, Fag, 290y E ;7o)
HalA  FEE Ngg Wem, Eelol Ago galay HEE Bk

( )2 B dgAe JAm s @ a7 Abgke
olsfatir, Eeolo] B X&) #A7tetd 9@} He AHo
A oxlel o8l Eogsn
- 5-]_ 7] —
L. Ahats Agggate =) a0 wek AlES wx gowm otmn
2. APt st @As Algze 3

de H2E g 2 ez

3.2 A¥e #Haxlg B9y malgso LAY ARol= gds
2 w7x BHAM Frz A8 we 4 gn

1. 208 & NgeR dAg A4S A3l TASA kg 3ol
M, ol EE Axd Aedn g

5. AdAE d¢ Fdgolr oy olfeaw TAE HAaT e
T RIL YU xd Zelsdust ARSAE ojEd nos yog
EA gen o

SR EWAele] ol o

NE Hoy 409 o
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Table 35. Physical profiles of volunteers

Name Age Height{cm) Weight (kg)
K.D.S, 27 175 63
L.D.w, 25 173 65
C,58.7, 27 173 67
L.E.G, 24 168 68
K.S.G. 29 163 67
K.H.J, «8 165 68
L.J.8, 29 168 68
P,S.wW, 28 167 67
J.8.C. 25 170 68
K.D.J, 38 170 72
K.M.S, 24 175 70
K.M.G, 26 178 72

2 2
O

(3} AlgAg 2 g

Latin W2 o ¥ two-way cross-over 1o g Eoly o
THES FHd od 12w IYAE Table 28 gol T g
FH A2 UFRAG A7) oge 1o Algers, 2 ZoAE o

FOHE 20008 B A S8HA H¥ew A2 AdE T w
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W2 e Rq8apo s B F ﬂﬂw%W%@ﬂ)§-1%@ﬂ

B g A7y

Table 36, Dosing schedule for the cross-over study by a 2 x 2
Latin square method

\R
Group Volunteer Period

1 K.D.S L.D.W C.5.J
A B
L.E.G. K.8.G, K. H.J, _
2 L.J.S, P.S.W, J.3.C.
K.D.J K.M.8 K.M.G B A

A 1 Test Drug

B ! Reference Drug

(1) BaNge 3

ARAZAA S8 AW ez Qo) 2 2o mae Al

SHREE EHZ 9T ¥ALTE Yx a9 g FAHE 85

B (01U/m) o2 Ay m=qu Blank @ 48 % 82 mxoy
cephrodine 1¢AME 200 e =am BLEZ sag

TR AN YET ALRALY wedE Ane wan

A Spgom ero HEERAAY ARdEe Aw sgya

B dAde EAMAE gaqy Flad) FHe whjo] wmaz
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ia)

AZEdel 7 A4S Asm =) ﬁlﬁ}ﬂ(5om/m€)o.5mg
E A9 R0 gaage HE2ELY, fRG .25, 0.5, 0.75,

1, 1.5, 2, 4, 6, 8 AlZbel Al zsl e 3000rpm o A} 10 221 A2 g

6) EAs gzade mo
dd & Ccephradine g] B Ao HPLC o 943}93\:][
D) Aga =z

Cephradine g &= (Squibb, England) & A 83 gol =

Tl % 2mp e &d  stock solution & w sy R EsE

e

AEAE= cephradine 3} TFHo = A} 81 caffeine & A8 5o
3069/ me)  stock solution & TSR cephradine stock solution
T UAHem 3] 4 5} of 0.1, ¢.2, 0.3, 0.4, 1, 2 mg /[ mg2) Ed42 o
SO A 10peHe Hetd  prank serum 40ug ol ¥m yYrngzm
AL stock solution ug / me& 10pe ( Hojax 3.0mg ) Hs}of Al
gl HANHDG  9e 2° Mag gye 9) % L "yas
HEY gad zma & HPLC 2 HIFsdu 2 an Fig. 42
9} zto) cephradine & ER9.3 B9 HPLc chromatoqram-g—~ L el
T cephradine ETHFOREH 2y3q HEHAE Fig, 4337 2

kch

121



o b
i 3 ; l \ -
N i I .'f'\ ' ‘\
_j hd \f ;\
‘--—--..__._;Jfl Nt - —— ey
I ! !
0.00 6,00 12,00

Fig, 42. Chromatogram of cephradine in serunm
a} Cephradine 40ug/ne
b) Caffeine(Internal Standard)3, Qug
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Peak Area Ratio

} 1 ]

10 20 30 40

Conc. (p9/ me)

Fig. 43. cCalibration curve of cephradine in serum

2) ANz Aa

g

0.

)

AEE scheme Mol 700] 900pg = #Heted Yngm

TEA (caffeine) o stock solution(30ug/ m¢) 40 mé®t 10 % Trichloro-

—

=R

il

CeTLe acid &9 50u0E sbelo] wwMEe YPAAZ ol

2

el ¥ 459 e HPLC o] F9l3lgy

3) HPLC %A
e A3 HPLC System Waters Model 510 HpLC Pump, Model
U6 K universal injector, Model 440 fixed wavelength absorbance
detector, Model 840 date module ©]J™  cojumn & 3.9 X 300mm &

stainless steel ® reverse phase C18§ column & AF 83}l ) Mobile
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Phase = Methanol : Water ! 3.86 % (w/v ) sod, acetate - 4 %(v
/V) acetic acid = 250 173011532 flow rate [, 0Ops /min 2 iso-

cratic mode = ol g Fen yy detector @ 254nm ol A] HESH )

Serum{200u¢)

Internal Standard

10% (w/v) trichloroacetic acid

Centrifuge (3000rpm, 5 min)

Supernatant (50u¢)

o Column ; p — Bondapak-C,,
¢ Mobile phase :
Methanol ! water - 3.86 % (W/V) sod.
acetate ! 4 % (v/v) acetic acid
=250 : 730 : 15 : 3
© Flow rate ; 1.0ml/min
© Detector ; UV/254nm

Scheme JI, Analytical procedure of cephradine in
plasma
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Z7h T8 83 wEEYE F Auck: A 73 zte],

AUC 1ote1 = AUC™** 4 AUC I AUCT, -rvrermreriieeaniennenn.. 27

rising phase ( AlZF 0 A twmes (peak time) 7}A] ) oA 2]  AucC
(AUC,/™**)9}  declining phase ( A]Z}  tmeax of A ulA| 2 gampling

time 7} A ) ol 2]  AucC(AuC t:,:x )ek 1 el®Ee auc (AUCYE,) =

AUC,'™* = linear trapezoidal rule | elated A g) 9 b

aucirex - {CPs szz)(tz ") A 8

declining phase & Auck: 43) 3 #Zo] logarithmic trapezo-

idal ruled] ¢J3le sz,

(Cpy; ~ sz)(tz - t,)
UCimas = —— 1 TF27 072 & F0 ) g
: Fme In(Cp, /Cp,) 4

vhAl "}t sampling time o] 39 aAuc & 2110 2} o] extrapolat-

ion method o] 9o&f 3¢}

CpPax

n

AUCTY, =

71X Cpa & vhAE A YADo|M EEFreln 2, & terminal
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phase o} 4] 2] raax ATEd B A48 4] cephradine o] ¥z
H2 Fig.3 o)A HXo] l-compartment model of =
GiRonz B4l g, 2 terminal phase Axe]  sase

AT (a) 2 39 o) 4 @ Ao oslo
lnCP‘——-hat-F-kat—FC ................................. 211

Cp ! blood concentratioen at time t
& ! elimination rate constant
Ks ! absorption rate constant

C ! constant

semi-log plot ¥ YWxwerxp THZe]  terminal phase o] g 71 &7z
FE 73
Wl o Azte] me

gk

T FE (Table 37) 9} drug B ( A} g ek)

a o

rok

Al mE HE¥ T (Table 38) EXEH  Al7kof 2 oy
FEES semi-log Plot3dl® Fig 44 o Fig 45~56 3 2+ pro-
file g B I ~compartment modej FHE oo o|ZHE o
A rMEs wuel o AUCE A&23l9T 2 A% Table 29 ol A
HXol Algas gzety wmg AUC=  Zhzb 25,69, 25.67pg-hr/
mela A 123 geo Ta T OAAY Avc xe i Eeke] 0,091
2 20%% WA ool PESH F54 A9 BE71E9 A

21¢ wRARG
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Difference of parameter to reference (%)

(Mean of test-Mean of reference)

mean of reference

webAl Table 40 of  ANOVAEE A AEa o] AWNE uwEHoz &

0.05 ol A1 b gt o] EARMIZE AT ANOVA E oA

o
Y
A
=
I

wRhel  RAH] FL(1.10) & 07957 241 o] FL FRIFY zk

4,96 B} Zpelr] fFojMol gomE  cross-over Ad o] HUHD

¢ grek
100
® | Drug A
~ 0 , Drug B
£ i0
5 <
=
g
=
")
&
1 4
0 + t ¢ + + —
0 1 2 3 4 5 6

Time (hr)
Fig. 44. Time courses of mean plasma concentration of

cephradine after oral administration (500mg) of
drug A and drug B. (n=6)
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Table 37, Individual serum concentration{ug/ml) of cephradine
after single oral administration(500 mg )} of reference

drug(A)
Subiect Time Time{hr) T
Phase  0.25 0.5 0.75 1.0 1.5 2 4 6 8
K.D.S. 1 N.D.* 11.37 20.99 1862 12.26_7.04 179 0,25 np.*
L.D.W, i N.D.* 5,08 12,59 17.75 12.04 11.41 1.74 0.22 N,D*
C.s.J, 1 4.96 14.31 16.98 15.41 14.74 7.5 1.17 N.D.* N.D*

L.E.G, 1 23.46 32,69 22.01 14.66 6.45 3.49 0.5 N.D.* N.D.¥
K.S.G, 1 30.48 34.88 27.52 17.26 7.99 5.6 1.44 N.D.* N.D.*
K.H,J, 1 19.65 23.34 16.25 10,46 4.27 2.14 0.2 N.D.* N.D.*
L.J.S, 2 4.97 18.21 24.27 19,91 9.23 4.67 0.76 n_D.* N.D,*
P.S.W, 2 N.D.¥  1.32 11.36 18.56 18.53 12.62 1.8 0.27 N.p.*
J.S.cC, 2 2.72 14,02 18.83 16,74 11.36 5.26 0.66 0.89 N.D.*
K.D.J, 2 0.71 5,48 14.59 21.95 13.54 §.69 0.92 0.31 N.D.*
K.M.S, 2 N.D.*2.62 6,93 15.23 12.76 10.15 2.53 (.33 0.2

K.M, G, 2 20,02 32.14 24.33 15.08 7.55 4.2 0.72 N.D.*¥ N,D.*

Mean 8.91 16,37 17.72 16.82 10.98 6.73 1.19 0.19

IS.D, 110.68 H1.62 +5.99 +2 69 +3.8 F3.08 40,64 +0,25

* . not detected
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Table 38. Individual serum concentration(pg/ml) of cephradine
after single oral administration(BOOﬁn) of test

drug(B).
;ubject Time Time (hr) ‘

___E?}éffi_ _ 0.25 0.5 0.75 1.0 W¥:5 2 4 6 8
K.D.S. 1 9 02 5.50 7.1215.06 10,91 7.23 2.46 0.64 N,D.*
L.D W, 1 3 85 12.56 15.57 14,20 14.61 8.92 1,19 0.23 0.29
C.8,J 1 6.05 26.17 30.38 21.51 8.89 3.92 0,73 0.99 (.14
L.E.G. | 16.28 21.61 16,50 13,63 9.67 5.00 (.65 0.15 N.D.*
K.S,G. 1 17.66  37.90 30.57 20.74 9.9 489 0.91 N.D.* N.D.*
K.H,J. 1 11.78 923.47 18.45 14,14 13.34 6.00 0.50 N.D.* N.D.*
L.J.S. 2 0.55 4.26 4.96 9.0l 19,46 11,07 1,05 0.16 N.D.*
P.S W. 2 N.D.* 10.51 23.67 16.75 15.7214.03 1.16 N.D.* N.D.*
J.s.C. 2 1.12 10.82 15,92 18,69 13,52 6.80 (.69 N.D.* N.D,*
K.D, J. 2 N.D.* 7.99 23.0922.53 12.66 5.88 0.5 0.01 N.D.*
K.M S, 2 4.61 21,47 26.85 25,88 11.89 5.78 0.68 N.D.* N,D.*
K.M G, 2 13.82 28.96 28.09 18.81 9.25 4.97 0.58 N.D.* N.D.*
Mean 6.48 17.60 20.11 17.58 12,49 7.04 0,93 0.18
+ 8.,D + 6.33 10,08 1+8.14 14,48 492,098 +2.82 +H).51 0.3

* - not detected
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Table 39, Comparison of
between drug A and dr

paramet

ars for the biocequivalence study
ug B,

AUC(pg-hr/ml)

a)

—_—

{order) A B A B A B

K.H,S, 22.60 27.31 15,06 20.99 1.0 0.75
L.H W, 28.70 24.49 15,57 1775 .75 1.0
I C.H.J. 28,69 27,22 30.38  16.98 0.75 1.25
(AB) L.H.G. 24,94 25.25 21,61 32,69 95 0.5
K.H.G. 31.58 33.75  37.9 4.8 05 0.5

K.H.J. 26.06 18.17 23,47 24.34 0.5 0.5

1 Ss.D, 12,92 +4.61 807 +46.04 +0.19+0,18
L.HS, 23.82 20,30 19,46 24 27 1.5 0.75
P.HW, 26.22 32.00 23,67 18,56 0.75 1.0
I J.H,G, 24,94 19.87  18.69 18.83 1.0 0.75
(BA) K.H,J, 20,04 22.67 23,09 21,25 0.75 1.0
K. HS, 23.89 28.21  26.85 15,23 0.75 1.0
K.H.G, 26.81 28.77 28,96 32.14 0.5 0.5
Mean 24.29 25.30  23.45 21,71 0.88 0.83
* s.n, 1= 2.20 F4.60 +3.67 +5.4] *0.34+0.31
Total 25.69 25,67 23,73 23.18 0.77 0.79
Mean * s D, T 2,9 4,62 £6,27 6,39 +0.28:50.2%
-—_
a) o order at administration between drug A and drug B

*AUC: Area under the time-concentration curve
Cmaz . Peak concentration
Time to peak

Tmax
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(zg/m1)

Conc.

(pg/ml)

Cone,

257
* | Test drug
20 1 . -
O ; Reference drug
15 4
=]
10,
5 4
0 ' ' 1 '
0 1 2 3 4 5 6
Time (hr)
Fig. 45. Time courses of plasma concentration of cephradine
in K.D.S,
18 (
16 ¢ , Test drug
14 o , Reference drug

0 1 2 3 1 5 5 7

[ ]

Time (hr)

Fig. 46. Time courses of pPlasma concentration of cephradine
in L.D.W.
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Conc. (pg/ml)

Conc. (ug/ml)

3BT
. Test drug
o) Refefence drug
—e .
5 6 T 8
Time (hr)
Fig. 47. Time courses of plasma concentration of cephradine
in C.S.J.
35 1
30
. Test drug
B 7 o Reference drug
Time (hr)
Fig. 48. Time courses of plasma concentration of cephradine

in L.E.G,
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40 [
35 4
3 30 4
a0 ; dru
g o5 | ¢ | Test g
St
o , Reference drug
Y 20 ¢
Q
O
15 ¢
10
)
0 +
0 1 2 3 4 5 6
Time (hr)
Fig. 49. Time courses of plasma concentration of cephradine
in K.S.G.
29 T
o
'Ta* o | s , Test drug
S
oy o ,; Reference drug
g
0
a
Q
&)
Time (hr)
Fig. 50. Time courses of plasma concentration of cephradine

in K.H.J.
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25 '|‘ b
. Test drug
20 4
- a Reference drug
~
E
® 15
¥ 4
Q0
5 104
&)
54
0 ' . . > >
0 1 2 3 4 5 6
. . Time (hr)
Fig. 51. Time courses of Plasma cuncentration of cephradine
in L.J.S.
25 71
- _
E 20 4 . Test drug
> a Reference drug
&
. 15 4
U
=
0
o
10 ¢
)
0 1 2 3 4 5 b
Time (hr)
Fig. 52. Time courses of plasma concentration of cephradine

in P.S.W.
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18 ¢ ¢ . Test drug

16 S, Reference drug

Conc. (pg/ml)

Time (hr)

Fig. 53. Time courses of plasma concentration of cephradine
in J.S.C.

25

20

® | Test drug

1 0 ; Reference drug
5

Conc. (ug/m1)

Time (hr)
Fig. 54. Time courses of plasma concentration of cephradlne
in K.D.J.
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30 T
25
—~ ® | Test drug
E 20 . .
B 0 | Reference drug
20
=
~ 15
g
3 10 |

Conc, (#g/m1)

Time (hr)

Fig. 55. Time courses of plasma concentration of cephradine.

in K.M. 5.

35 T

30

e | Test drug

25 o , Reference dfug

20

I5 ¢

10 -

in K.M,G.
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Table 40, ANovA table for the Cross-over bioequivalence study
of cephradine(AUC).

(ss) (MS) F-value
Group(G) I 18,76 18.76 0.796
SubjECt/Group(S/G) 10 235.78 23.58 2.393
Subject(g) 11 254.54 23.14 2,348
Period(p) I 6.49 6.49 0.659
Drug(D) 1 0.00293 0.00293 0.0003

Error(g) 10 98.53 9.85
oz HAd= (1) s H13) o) sty Al A2 3F A
3*. /h

2(“,1‘5,0)27“ .......................................... /L]]S

4 1ElAe (Noncentrality)

a 1 $£FE R A9 0.05



9 v
K
A = __"5 ................................................... )_\11 14
251
N FHAE2BER
o*  HA4A gAA
pr . reference drug ( iZF ) e HE
olZRE HAAAA (5¥)E Told RAE(A)E TFII a, 1-8,
I AFE veol uwAaAxge AERE HEH(1-8)E TI}EG
2 7) o 93]

2 {0.05, 0.8, 10) = 3.110012 &

=
T,

o d*eum 8 X WD
A= ST = 3,110 ojc}

HakAA (6%) &= 3.9854 o) I A4 & HAA

ol2HH
22 (A) =

_8* X 100 3.9854 B

A% ) = —— = 5t 67 X 100 = 15.212(%)
UR

2 2Zso] o AFPM a=0.052 F AN AesdH oF
g 9 Fo% AHE A2y 0.82A4 HEIZ HMAs Had

Z2Ug wEEA

15.212 %9 &7t "Haside gujEA A=0.29
ct
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HEASH (AL 0,29 wel WA (1) 25y Asa (1-45)
& TE7 datel 94 WAz (1) = T3k
1 (0.05, 0.8, 10) = ”/Eixii;i;;:( 0.2) 1.0059
b AdEEHY a1 2 en v=2(n=1) 3 ¥HA=(2) 2o
B A Z 5 E *=0.05, v=10, 1=4.0059 Ywjo] HAzzm |-z= H] 4]
=% FELERE BYd st Fagugy
2 1-8
3.604 0.9
4,013 .95
4.782 0,99
I-F= 0.9491 24 1-p=0.80la}= zAL RES AT o}
olde FAomrd % AAE Avce gojy azgzes =
THEHS ¥ F ¥
oldel AAHLe Foxte g¥o e FAAd Boe Fr= oA
°17] wiEol A A7ho] o] BE AT dEAs 97 A A 5=
VEAFTE ZHstE 310 Pasig
WU (confidence interval) & 4 [5 o 9] 3l
-t (v, a) g < 5_£_3+t(u’o:) e, A 15
AT n
O RHF FHA (| rererence — pront | )
[5 ERdel 21, o718 Parameter 3 o] 3}
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FEHAAN a=1005 =109 t=229228e]lnF

9.85

o)
I

9
0,02 = 2.228 X "0 < 5= ¢
S = 0= 0.02+2.228 %

- 2.832 =d=2878 012

ol& WX (drug A ) o W BEE Uy

— 11,033 =< 8 (%) to reference =< 11.215
A 9% QTR wAHAl oz (drug A) MU A Eek (drug
B)& =~ 11,033 %~ 11.215% 13 HETHoZ o)g"m £ k=

AL ool
2) Crnax ol O EATH 12
ﬁi@ %—%E (Cmax) ‘E’ compartment gzé ;'c'z curve fitting

o] 93 g A 3 Aot Asmz 7 AR AFARE 7

-

Jgr

Hir
olf

EF Cm: B 39t

o
—

) —

AEd7 AMFof(drug B) 7 thzo (drug A) 2] HF  Cpl., =
Az 23733 23,18 pg/mk A AHUY Chey = timebel 97,56
2 T AALY Cmer AL 20 %E BA Gtk AUCOIMY o
= CTARHNEE A A (Table 41),

A HH a=0.059 RFAFEN T (A, A7 Qe
Mzl #FoF Aol gYom2 B AL cross-over A Fol
AYEs syt

HBoRRE pAR(21)8 iy,

(23,18 X 0.2) X &6

e
v 26,477

= 2.205 <] 3}
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Table 41, ANoOvVA table for the Cross-over bioequivalence s tudy
of cephradine (Crmaz).

_—— = —— = e e ——— e

Factor d.f. Sum ?gs)square Mea?Msg‘;uare Fevalue
Subject/C—rouP(S/G) 10 671,775 67.177 2.537
Period(p} 1 8.261 8.261 0.312
Drug(p) 1 1,927 1.927 0.073
Error(g) 10 264.768 26.477
\

el a=0.05 o A BEE (1-8) & 0.513 o) A%}
S, a=10,05 9 releEda = HAZZA 20 %9 spol= 2E

2 F Jde ggeo l3%RA 08w Aokdt= zAS REE A

lIA

A (0.05, 0.8, 2{n=1)) il 21 16

168 wEso 2% 9¥A%5:(n) 2 B 3lojor s

ot

(23.16 X 0.2) vT
z. 2-_————________ = Q. = . . -
= = W = 0.900 + 71 2(0.05, ¢ 8,2(n~1))

tlo
i
I
Olr

e ng ben po yag
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o n b Aol 1g FAEL] 2@ (@=0.05)

0.8 10 18 2.846 < 2.963

0.8 11 20 2.985 > 2.945

°f A3 AR 0%E P&™W § %olyom HAE87] el A

Lael dole 1138 Fasige xe ¢ % g9y me

iy

HALHAEAE Adsigiy 8.8 %= 0% HEdew 959% A
AT70E dzdEd dist = Y EIH

~ 1176 % < 0 % < 22.66 %2 A C,,, &l A7 20 % £ H

°14E FRsH AP FEBo] hmote Crmex 2] 97T % B2A XJ3%
el AAZzAUE BEFPAL a=0,059 fo LA 13e Hg
A FE 602 WE APg= 458, ArAzx 2 Ag7
Bl EAN gomzm a=10.051-8=083 A=028 =RHS u

TOESAAI 48 Baw 129 Hgh L= Haw wely

1

BR ANE WMYR (A 22050 gt fo5F a— 0
M HEF(1-8)¢ HYE $NE 22538y asmauy 0,657
24 RAFE 0.1 oA
de @

=
1 datel Bad 129 S¥AS ()=

A 20 %9 oz Azm 4

4

= 65. 7%tk AEH (1-8) =0.89 =S wE A

142



1-8 n u AlZkkel 4 FaRe 2 (a=0.1)

0.8 8 14 2.546 < 2.616
0.8 9 16 2.700 > 2.599
0.8 10 18 2.846 > 2,585

216) o ol 9w olFoE AEZHUSLH Cumsd HE W% A
HTeAd dzdEd died %2 vehud

~ 16.33% =0* (%) = 16.54 % =Z A +20 %olol Sle] npetzs

G749 EZWelAa AHE W Cus

T JAFAsTSE F289 Z9WolA  cephradined A o &

a8 9ulg sxER 19 HA@AFE 9wez sle Fr4E

3. Tmer (HIEZFFTE EZAZH) o] Uigt EA8Ed 13
HLEFFE (Cpox) & compartment A4 F  curve fitting

ofgl g A I Holst Aslm=z 7 AR AHANAM Y H

FEZEFEE UElUE ADS Tee: (H12¥EZ2E Do A7H) 2 3}
Eie=y
Al ZE o E W5 TR BH HIEFEE EG A (Twe) & F

st w (Table 39) Al <QF (drug B) ¥z (drug a) 9] 12 2}

b HT 0,77, 0.79 AJZrO. B A A ere rfzekel wFe  97.47 %

Rong, FALY Ae WRE AR HAARALE WFHIG
o ZAEM B (Table 42) fo)£F () = 0.0514 e B
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AEF (1.10) = 1.354 22X F-BIZTT 7 4.95 Htl ol mx
Algel HegEe selstgn
HI3 o 2R ¥Ax (1) = T5F RS

Table 42, ANOVA table for the cross-over bioequivalence
study of cephradine(Tm,),

Factor d.f. Sum ?;?quare Mear(lMZ?uare F-value

Subject /Group(s/G) 10 0.943 0.094 1.661
Subject(s) 11 1.070 0.097 1.714
Period(P) 1 0.023 0,023 0.413
Drug(D) | 0.0026 0.0026 0.0459
Error(E) 10 0.568 0.057

Total - 23 1.664

(0.792 X 0.2) /5
~ 0,057

4= =1.628 ol g oy

AN

TEHLY MAE sxgauyg AEH(1-8)& 0.314 o] 9T}

FATE(@)= 00509 SorAzol 20%9 Aelz pey + o

fr

FEL 31.4%= A 0.8 BT} ¢l =de T AlF7] 9 E}

A= A10) ol 93ty MlAE(2) &
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(0.792 X 0.2) v
A= = = i _
0057 0,663 1 = (0.05, 0.8, 2(n-1 )

24 12% JgA5 (n) e Pald um

1-2 n v AlArArel A gk 4 {0.05, 0.8, 2(n-)
0.8 18 34 2.813 < 2.884
0.8 19 36 2.890 > 2.879

AR 19 Hola
£ HEFEAE ANSIUY 40.335 %= 20%8 Yo 95
% AATHE UzAE (drug A) of e %2 Jeywg
— 2474 % <6 %< 30.01 % oIzt
THAL #ate] Alg et (drug B) & HZF (drug A) & Te. 9 97 %
= AERd $549 AANzFL wEzaxu o +F (a)= 0.05
A 179 JHA42E ooz BT A¥IME Hzd, a7
22 B AFH TR yEg TER W JIE R ® oy
Boa=0.05 1-8= 083 A<(.9 2HE B &S] 9sty

9]
LT AAAFE Dedolge]l Waye ¥ + gan

rr

SEShel el AME WAR (1) A 16280 mae goa
Toa=0.1eMe AFE(1-8)2 WAE 447 225z we

THAAY 0.45008M [-g= 0.3 9 2UE WEAAI s =



2% 1% IAFAF(n) e 109 ooz

2

E5%eH,

1—-48 n v AlALAFe] 4 FAE 2 (a=0.1)
0.8 14 26 2.481 < 2.554
0.8 15 28 2.568 > 2.549

Tmwaz &l HE 90% HNHFLoNA dhZAFE s %2 vegud
Bl of

- 1893%=0% (%) =2558%2AM F20%° WHAS %7

E’L.IIIJ-I T"”Gx E. E}% UH 7H%#‘0“ H] 3.H %%01 ﬂﬂ, E’E Cmax 94'

<
°
B 2 48sE $34 A¥ E# aAvcel Ao
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M4E =mEtx|

(1) Ak 8 7]
¢ [ Biltricide ®?§j (Praziguantel 6090 mg,
Bayer W.Germany) )
AMEel =Wl &4 Mz, AJmE< Prazi-
quantel 600 mgA A ]

GC: Hewlett Packard 5890A Gas Chromatograph K 3390A
Integrator

2 HPA Hdd ©W g

2w Jigge] Yy dZ% 18%Y dAd g¥asn = o4

>

ol sttt deol= 22 ~ 40 4 (Fd 29.74), A=2 58

~ 80k (HTE 68.14) = 167 ~ 180 em ( HTF 172

oh (Table43) RE HPzPo A= B AP EHF 0w oo nx
[w]

& E@ste] Eo kAol wmate] s HPsm oA (in-

formed consent) & Wgich HPAojA= NAFAE Yalsm A7

o

37l ke AE AR 13 Aol "elsle 44l (BuN
Z#otd, total protein @7, FEHe, WMy NSHEA W
total cholesterol, Al-Phosphatase,S-GOT S-GPT, &%), & HA (CBC,
WBC, dlm e, Wd Ry srEadE, @ang),
(VDRL,HBS—Ag,HBS—Ab,Clonor skin test,Parago skin test), ¥ 7 A}
(U/a, M2, pi, 9%, @99, B)5 445 22 A7 g 2

Fol @shel dYel FAEZ Hu GE Faman ¥ g o

= (dues T3 ) s ga 2gax s

-

Al sl AHole 10 A)7r



o

Hysle 48 9o o} 3] o EAEANS  Pzo (600 mg 24) 34

T 200me) EBE Egargm 42 Ad 3 Haa om

g

AN

Ao Y ZxAx Yol EEe FaA stug

Table 43, Profiles of volunteers in the bioequivalence test
of Praziquantel

Group Subjects Age(Yr) Weight (k9) Height em)
A 30 65 172
B 35 74 167
C 29 77 175
D 29 68 168
1 E 26 65 172
F 28 65 170
G 34 65 170
H 32 78 180
1 29 58 169
J 27 64 180
K 28 68 172
L 27 80 180
2 N 22 78 180
M 32 68 170
o 40 63 168
P 30 61 167
Q 30 63 171
R 27 65 170
Mean 29.7 68.1 172.3
+ s.D, + 3.8 + 6.3 + 4.5
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8) AEAE 9 d4=d
N7l 2AE Latin FATH A 98 cross-over Wo =
THAAE AEL 1899 HUAE 9wH vasz gmew o

TR OLTE Yok Rosu 939d geips £ o=

7l 29 gres FHSAT 2FdE = HEog s =
o 8 9 o}

7boE® 3,000 rpm oy dHEFst 2es "xe T 4 A7k A

20 Tl W¥E nasngy

6 ¥4% zasgyg zm
FA
Quinine & WY EZEA2 Algel= wwos 84F pzo

FE O 10-2500 mimlH AN HABHL G A (Fig. 57), e

L

) 8 Wiez de ¢ AE2mEIRFT Pz ¥oj=9  peak-

area ratio & Fgozx Py
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144

10+

Peak
Area 6+
Ratio

0 500 1000 1500 2000 2500

Fig.57 Calibration curve of praziquantel in serun

2) @A A8 A3
X% P20 ¥EE  Scheme [ et 24

O ¥A 1mwE ANgBd 2771 WHEFE AL (quinine
5 ppm) 50mE AH % 15 2F<  vortex mixer @ E3 A A
ol Alg=z Alggu

@ AgF9 pzo 9 THFAE 9std  sep-Pak ( C,4 cart-
ridge) & A}&3}4c} Sep-Pak & & A3 277 A3t  methanol
(100 %) 5ms BANIE 33 ST 10m=z AFsdo

@ A& 1mE Sep-pak o TAMAE THRS 2mE 5
ANA A H A9 5 methanol(100 % ) 22 elution A2 ok

D AHF ANEE 60TY TESANA Aartzz  Zwaz
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3

o

7 ethylacetate 500 w2 T} A I A - 2 A) 71 ok

® #9 ARE  ethyacetate 20 meo) B A7
GC ol st gt

’jerum {1 m¢)

I.8.(250 p## Quinine)

Vortex mixing for 15 sec

[:Sep—Pak (Cy Cartridge)

Washing 2 m/ of H,0

2 mé of methanol (100 % )

Dryness (N, gas, Heating at 60 O )

Ethylacetate 50 nl

Dryness

Disslove with ethylacetate 2( rl

Injection to G.C,

Scheme [V, Analytical procedure of praziquantel in serum

3) 6Ccg A

Detector : NPD
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column . HP-1 (methylsilicone gum 100 % )

Solvent . ethylacetate
petector  temperature . 300 T
Injector temperature: 280 T
Column temperature |

+ Initial temperature @ 215 T

« Initial time @ 1,8 min

« Rate : 20 T/ min

. Final temperature : 230 T

. Final time @ 4.5 min
Carrier gas flow rate : He 30 m¢/ min
Air gas flow rate @ 100 m¢ / min
H, gas flow rate . 3.5 m¢/ min

Injection volumn : 1 gl

zAA 2P st ABRUNEIHE

1) aucel Wg FASH ¥

Fig, 58 7+ % T}

gzoks Al@cte] od A WE Y5 e 2HH

wx = P3le] semi-log plot &4 Fig, 59 ¢ #-&
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GC OF PRAZIQUANTEL IN SERUM{SAMPLL)

e i T —
=iy

., LT

o3

.
i

-

)
N
L]

=

| f’L,M L \\ /%\"““) "

. } ! ¥ ! + . ) + t

0 2 4 6 B 10 12
RUN TIME (MIN)

Fig,58, Chromatogram of serum spiked with 2 5 uf/gs PZQ

and 5x¢ /mf internal standard ( Q )

PZQ:!Praziquantel Q:Quinine

1000-

-

100~

Serum conc, (ng/ml)
J(

o ! Reference Drug
® [ Test Drug

10

—

0 1 2 3 4
Time (hr)
Fig, k59, Time- courses of serum concentration of prazigquantel
after oral administration (600 mg X 3 Tab,)
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trapezoidal rule o

(Table 44)

q FAAMY Avucaol=

= dx

20 %
W& A7 o

ohielm g

ata  Auc & A&} I Al eral o) ok o)
Bd AUCE  zHz) 1683.1 ng-hr/me 2}
weh A A g e}

SESSA

1825.4 ng-hr/me o] 91t}

kol Bldtd 92 2 9% 8l 3}

VETH %

Table 44, Comparison of AUC (ng-hr/mf)for the bioequivalence

test of praziquantel

Group Subject Reference Drug Test Drug

A 2825 3438

B 1191 1061

C 2095 1397

D 1076 1205

1 E 1853 1125
F 1025 880

G 1096 1261

H 2043 1315

I 1241 1109

J 2587 2859

K 2560 3052

L 2297 1241

M 2731 1536

2 N 1116 2196
0 1263 1822

P 955 875

Q 2145 1895

R 2758 1930
Mean 1825 .4 1683.1
I 164.8 + 180.1

+ S.E,
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F oA
Bsl7 ek 2
A i E

gy I 5 =

Ael garu s}

4,49 BT ot

et

A

1

ML

T

A

& a9t Table

2+ A5k ( Table 45 ) BARMEgaRE 22

A7 g2 A Az

Ach tHEe® MAE (2)E A (17) 4

Noncentrality { 2

A a

a A 1EL

, 1—8,

v ) =

P H N E )

570
YNaN

SR B olory  HaokAH

o
nlladg HaRE

L—8, v A A

"5‘-}1

FEEHY a=0.00 Hd5F94 1 (1,16)
Felgt Zeol (dek) s 9

S e I T B R

E2 dEuE wEs

Table 45, Analysis of variance table for the cross-over
bioequivalance test (AUC)

Factor d.f. Sum of square(Ss)|Mean square (MS) F value
Group (G) 1 2003808 2093808 2.6360
Subject/Group(8/G) 16 12708980 794311.5 3.7153
Subject (S) 17 14802790 870752.5 4.0729
Period (P) 1 15544 15544 0.0727
Drug (D) 1 182040 182040 0,8515
Error (E) 16 3420680 213792.5

Total 35 18421060
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#A X 0,2
o " =2 4 {0.1,0.8,2(n-1) } e 2118
Ttz WFg o HadEA(A)E 8 K/ ou om
2 o3 #Zog
HAZH E3 (least significant difference , A )
IxX2A(a,1-f,0) , 2
A = Waa / #a 19

AUC ZA4AZREH MAEE 4172 olgstd Faw oo =
AN PAENEAN VST olmz

4(0.1,0.8,16) = v/%,?é.tlSX/U«'/z_g_ = 2.369 o]t}

RE59 WMAE SALZRY 4%

leddg 1—89% 29 @
Ae s gomz

—

1—-5 2
0.7 2.2606
0.8 2,599

Hiws o&std H2"d (1—-8)8 Axsw

1—8=0.7+(2.369 — 2.266)/(2.599 — 2.266) X 0.1
=(,731 o] 9t}
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et a=0,19 {I95F0M F AAe avcel dold 20 %

o AolE H&¥® £ Ae FEel T1%EAM 80%ETH o

T E2AE 9EAII 8 4 18 ZRE

3 = 18254 % 0.2 0.79 VA= 2 (0.1,0.8,2(n-1)) &  wEsp=
v 213792.5

ng g o FEg

1—8 n v FXHEe Ag A ig
0.8 10 18 2.585 > 2.498
0.8 11 20 2.575 < 2,620
kA ofAz 20 %S HEE 0.8o4oy HEEy] dsM= 1
ol Holm 113e gedde 2L ¢ = U T H2rdE3
= 19 2%E F3W RE52HEE 1(0.1,0.8,16) = 2.599 o]
ng
A =— zigigj;g_x 2.599 / 1825.4 = 0,2194 o) ¥k kA
A=0.29 =d& BF37] Y3} nFEE a=0.1,1—8=10.8 ¢
7oA g Zol Asd
~ 2137925 X 2 (0.1,0.8,2(n-1)) < 0.9
v 1 X 1825.4 -
TELY ¥AHARE FAFAM ne] wWE Age] & gowz
n AHE (o) 2
10 18 2.585
11 20 2.575
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TEINEE 83347 020 Yorme agn mog

AEAIA(L) =028 WIANE 129 Pume(n)s

B Ol Rez AEdY w9 £ Ane guguosse o
7

g4 09 9% dmTIe gea

t—ZEXZF AN a=0.1,» =16 dq ¢t — 1.746 oo 2

142.3 — 1,746 v/_glgzggég_

—126.8 ¢ < 411.4 9] L2l
Wazekel oed %z yguw

6.95% = o < 22.54 % o) 9it}

A
=]
fIA

142.3 + 1,746 s/-2—1—93-12—-§

o]

i

VdE FFIA Avce) g0y AdgEe] dxemy g2 9 gy
AEhE FE49d dryzne TEIRAT a=0.19 foszoa
FlZ0.8% Fazan(A)=o2 u AEZ T+ 20

% oo 2AL wEa gy AAANE Haa Wi 11Eel g
A
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dHAS dxBy NHURe ug Cmax = 7z} 4598 ng/
mfek  336.3 ng/miR A A PR  Cpgp = HzxetE o] st 73,

14 %o #igsl Ao (Table 46)

Table 46.Comparison of Cmax {(ng/mf) for the bioequivalence test

of praziquantel

Group Subject Reference Drug Test Drug

A 590,3 400.. 2

B 106.6 166.6

C 911.6 326.3

D 128.5 239.2

1 E 571.,7 254 .7
F 170.0 207.6

G 162.2 321.8

H 308.6 204.2

I 298.4 176.3

J 766.5 788.8

K 780.7 545.6

L 681.1 101.4

M 1301.6 293.5

2 N 60.0 96.8
0 170.2 630.9

P 193.6 111.6

Q 446, 1 704.8

R 928.6 522.2

Mean 459,8 363,3
+ S.E, I 82.4 1 51.1
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Table 8§ ¢

3 4st ook

Aol olgel Fobg

(Table 47)

Cmax 9

g3 2

gtk
Shd
iz
=5
f

Table 47,Analysis of variance table for the cross-over bio-

equivalence test (Cpayx)

Factor d.f., Sumof square(38) Meansquare(MS) F value
Group (G) 1 291455 291455 3.0193
Subject/Group (S/G) 186 1544488 96530.5 1.4884
Subject (8) 17 1835943 107996.6 1.6652
Period (P) 1 2875.5 2875.5 0.0443
Drug (D) 1 137368 137368 2.1180
Error (E) 16 1037679 64854.9

Total 35 3013865

e A% a=0.069 HAFEAM o, A H A

F9€ A7t g% AN A s ANd A% HPE (1) e
1.08 012tk $S59 W4E FAFLEH BIPS ool A
A¢ AEF(1—F)e 02824 1-=2089 =Zdo usy
Ak = HALAERE a=0.19 KT 430 daa A
A AT A=0.4T982H AZ0.29 EAL VDIANA KA
tool4Y ZWME Bl Cmex ol UM F AAE QEAE %
54 Al wgsgich
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T

X
=

ki

3) Tmax o] W& Ex 8
HILETE TUAZ (Tmer) & curve fitting glol Cmexr & o
BE Ao r sao d¥840 dzden Agdzy ga
Tmax = ZVZF 131 A3k | .63 A 7to e MNAFEY Tuey = o
ZokFe) 3y 124 %2 A, (Table 9) = AL Tgy 27} =
2 20 BEY oA ZA 5o} ste AESY ZE4 Ay way

ZITe] AAze wEA R Z 3k

Table 48.Comparison of Tmex (hr) for the bioequivalence test

of praziquantel

Group Subject Reference Drug Test Drug
A 1,50 1,25
B 1.50 2.00
C 1.00 1.50
D 4.00 1,50
1 E 1.25 0,75
F 0.50 1.00
G 0.50 2.00
H 2,00 1.00
I 0.50 2.00
J 1.00 1.50
K 1.00 4.00
L 1.25 4,00
M 1.25 0.50
2 N 2,00 1,25
0 0.75 1.50
P 2.00 2.00
Q 1.00 1.00
R 0.50 0,50
Mean 1,31 1.63
+ s E, * 0.20 + 0.23




Table 89 Aitwel st F A Twmexo] hat RAEA

8 A4std  (Table 49) BARHAN a=0.052 S5

Table 49 .Analysis of variance table for the cross-over

bioequivalence test (Tmax)

Factor d,f, |Sum of square(SS)|Mean square{MS) ¥ value
Group 1 0.0434 0.0434 0.0498
Subject/Group(S/G) | 16 13.9444 0,8715 0.9980
Subject(s) 17 13,9879 0.8228 0.9422
Period(P) 1 0.7656 0.7656 0.8767
Drug(D) 1 0.9184 0.9184 1.0517
Error(E) 16 13.9722 0.8733
Total 35 12.6441

A, A7 R FAGY f% Rolsh g Aoz ey

WetA cross-over 4@ ol AHUIHULSS Lduk A 179 st A
A8 AT AR (2)E 0.841 09 HE 59 HAR ZxEe
FH O OEBEIEES offdlo AMNIT AEH(1-8)e  0.21 2 A

1-£20.89 2 vgs = Ha2H4E3A(A)E a=0.19

A OF AAde 42dd 554 1z uoedd
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Haz & =

ZRxuEs oW AFAA (Table 50) 5 7714 AA ] whsho
PH 1.2,4.0,7.2°14 &&A¥E& AAsdd 4 pHe 432 Ta-
ble 119 dEolx AMIHD Q= “AEFH £54 A8 g
ol #eles SSAPEA #/I EV A g HAF Re oYz

A, A g HelA et AR AR A AUEE pH 1.2

bRE pHeA A% 102olWE uBEyonz, £3APAURS

Table 50. =W &rtd =ZzZelmg A

A) = =2 7 3] A =z 3 A}
21H = (INDENOL.) 7 A F % oA %
d|Z A ollejzbal (INDERAL LA) | A ( A&AA A ) W A e
{192 ( INDERAL ) + A} A | o & A ¢
Ul &4 (INDESOL) 3 Al 3 F oA <
W 244 (INBERA) %3 ] B % A = T
F 2= 4 (PRODERAL) 2 A Q¢ o X
ZztE (PRANOL) &3 A i & Al ¢
Ze|'g% (PRENAL ) 4 A a0 F A ¢
E A& (TOSYTON) & P I Y SPT BPS BEY
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A9% 4 94 129e Bol 2724 Latin wawo o
= e

B2 A AL Bob ANFoem S - K
& B Pro-

pranoclol ¢ <& pyp

-
o
f
I
o
_9]_5
2
v

2] ‘f o4 I z_] = ﬁ [} II} B Al j\q @ ‘El 1. A[IC C Or 7ﬂ L+]
174-, 0; b C] 1 };] S —_ L B L e | L s —FHAX C T

_cI_DI_
=081, HaxHEx ()= 0.196 22 Mauolggas #AG7E

o

HEANROH e "0.486 <8 %< 0.261 A 20%= o
= 7

ZF L}
& Holxkou  propranolol ol 2854 s = dEolo g o

Quinoline carboxylic acid 7l g w9 g7l nor-
floxacin A o cjgh VE%A FrANEe A Atk Norflox-
acin AAe  Fuam d&2  Table 5] gow, = AE oA A}
T8 F AA:= xzas AL 4R wasy TSR (z

E L
el )4’ %L}]A]g_} norfloxacin 100 my ;zéz{]giq AMES R ==y A
B e B | Q o g

i-é A A] = ™ o)
HAl Ao v Wzt 2 Zyaw norfloxacin 100 m¢ A
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In vityo X &3} 7

T AHEs o,
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1

Ao =
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2 X 2 Latin

2 Yo

o}

} 9tk Norfloxacin 100 my

5]

WA &

e

E
T

0

Adsle HPLCZ & Fnor-

ANHog

12 AJZ 7} 2)

floxacin 2

<
o
o
=

Wo

=<
iz

29 of 4

& F

PH 1.2

=Ll

In vitro & A3

L.

9z

Fol, pH 6,8

R=1
JL

17.6

8.9 &3

P 1.2 =

27.6 o2 A

92.8 3

#7217k 2z

PH 6.8 of 4]

°l,

=
=
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2. AUCI 9loja HEFE Aoz g T AUC (+ s.D))

I

22y 5086 +1.92049 hr/ng, 5.644 =+ 2 2go #9g . hr/ne
EA AEYEY Auck gzorze 110,97 %24 % A4
4 AUCAA wzete 20 %z ux A BAg g
T=0.1 FeEo N HEEL 0.63 9 shsber AwE g
N Haded 220%s wzegr e T I fe

9% ool

3. Cmaxoll 1ol HZ k& v} AlgerE 9o m 3t Cmax (= 8.D.)
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Title 21 — Food and Drugs

Chapter 1 — Food and Drug Administration

PART 320 - BIOAVAILABILITY AND BIOEQUIVALENCE
REQUIREMENTS

Subpart A — General Provisions

Sec.

320.1 Definitions.

Subpart B — Procedures for Determining the Bioavailability
of Drug Products

320.21 Requirements for submission of in vivo bioavailability
data.

320.22 Criteria for wailver of evidence of ip vivo biocavaila-
bility,

320.23 Basis for demonstrating bioavailability.

320.24 General approaches for determining bioavailability,

320.25 Guidelines for the conduct of an in vivo bioavailability
study.

320.26 Guidelines on the design of a single~dose in vivo
bioavailability study.

320.27 Guidelines on the design of a multiple-dose in vivo
bioavailability study,

320.28 Correlation of bioavailability with an acute pharmaco-
logical effect or clinical evidence,

320.29 ,Aﬁalytical methods for an in vivo bioavailability study.

320.30 Inquiries regarding bioavailability requirements and

review of protocols by the Food and Drug Administration,
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320.31 Applicability of requirements regarding a "Notice of

Claimed Investigational Exemption for a New Drug".

Subpart C — Bioequivalence Requirements

320.50  Purpose.

320.51 Procedures for establishing or amending a bioequivalence
requirement.

320.52 Criteria and evidence to establish a bioequivalence
requirement.

320.53 Type of biocequivalence requirements.

320.54 Contents of a petition to establish a bioequivalence
requirement.

320.55 Requirements for batch testing and certification by
the Food and Drug Administration.

320.56 Requirements for in vitro testing of each batch.

320.57 Requirements for the conduct of in vivo bioequivalence
testing in humans.

320.58 Requirements for marketing a drug product subject to
a bioequivalence requirement.

320.59 Bioequivalence requirements based on data voluntarily
submitted.

320.60 Bioequivalence requirements for a drug product subject

to an old drug monograph.

Sec.

320.61 Requirements for in vivo testing of a drug proddct
not meeting an in vitro bicequivalence standard.

320.62 Requirements for maintenance of records of biloequiva-

lence testing.
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Subpart A — General Provisions

§320.1 Definitions.

(a) '"Bioavailability" means the rate and extent to which
the active drug ingredient or therapeutic moiety is absorbed
from a drug product and becomes available at the site of drug
action.

(b) "Drug product' means a finished dosage form, e.g.,
tablet, capsule, or solution, that contains the active drug
ingredient, generally, but not necessarily, in association
with inactive ingredients.

(c) "Pharmaceutical equivalents'" means drug products that
contain identical amounts of the identical active drug ingre-
dient, i.e., the same*s&%*sf'esfef-of'tﬁe-same*ﬁﬁerapeutib
moiety, in identical dosage forms, but not necessarily contain-
ing the same inactive ingredients, and that meet the idéntical
compendial or other applicable standard of identity, strength,
quality, and purity, including potency and, where applicable,

stirtegration times and/or dissolution

P

content uniformity, d
rates.

(d) "Pharmaceutical alternatives" means drug products that
contain the identical therapeutic moiety, or its pPrecursor, but
not necessarily in the same amount or dosage form or as the
same salt or ester. Each such drug product individually meets
either the identical or its own respective compendial or other
applicable standard of identity, strength, quality, and purity,
including potency and, where applicable, content uniformity,
disintegration times and/or dissolution rates.

(e) "Bioequivalent drug products' means pharmaceutical

equivalents or pharmaceutical alternatives whose rate and
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extent of absorption do not show a significant difference when
administered at the same molar dose of the therapeutic moiety
under similar experimental conditions, either single dose or
multiple dose. Some pharmaceutical equivalents or pharmaceu-~
tical alternatives may be equivalent in the extent of their
absorption but not in their rate of absorption and yet may be
considered bioequivalent because such differences in the rate
of absorption are intentional and are reflected in the labeling,
are not essential to the attainment of effective body drug con-
céntrations on chronic use, or are considered medically in-
significant for the particular drug product studied,

(f) "Bioequivalence Yequirement" means a requirement
imposed by the Food and Drug Administration for in vitro and/or
in vivo testing of specified drug products which must be satis—

fied as a condition of marketing.

(Sec. 201(p), 501, 202, 505, /01(a), 52 Stat, 1041-1042 as
amended, 1049-1053 as amended, 1055 (21 U.S.C. 320(p), 351, 352,
355, 371(a)).)

(42 FR 1634, Jan. 7, 1977, as amended at 42 FR 1648, Jan. 7,
1977)

Subpart B — Procedures for Determining the Bioavailability
of Drug Products

Authority: Secs. 201(p), 501, 502, 505, 701(a), 52 Stat.
1041-1042 as amended, 1049-1053 as amended, 1055 (21 U.S.C.
320(p), 351, 352, 355, 371(a)), unless otherwise noted.

Source: 42 FR 1648, Jan. 7, 1977, unless otherwise noted.
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§320.21 Requirements for submission of in vivo bioavailability data.

(a) Any person submitting a full or abbreviated new drug
application to the Food and Drug Administration after July 7,
1977, shall include in the application either:

(1) Evidence demonstrating the in vivo bioavailability of
the drug product that is the subject of the application; or,

(2) Information to permit the Food and Drug Administration
to waive demonstration of in vivo bicavailability.

(b) Any person submitting a supplemental application to
the Food and Drug Administration after July 7, 1977, shall
include in the supplemental application the evidence or infor-
mation set forth in paragraph (a) of this section if the
supplemental application proposes any of the following changes:

(1) A change in the manufacturing process, including a
change in product formulation or dosage strength, beyong the
variations provided for in the approved application.

(2) A change in the labeling to provide for a new indica-
tion for use of the drug product, if clinical studies are re-
quired to support the new indication for use.

(3) A change in the labeling to provide for a new dosage
regimen or for an additional dosage regimen for a special
patient population, e.g., infants, if clinical studies are
required to support the new or additional dosage regimen.

(c} The Food and Drug Administration may approve a full
or abbreviated new drug application, or a supplemental applica-
tion proposing any of the changes set forth in paragraph (b)
of this section, that does not contain evidence of in vivo
bioavailability or information to permit waiver of the requi-

rement for in vivo biocavailability data, if all of the follow-
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ing conditions are met:

(1) The application is under review by the Food and Drug
Administration on July 7, 1977.

(2) The application is otherwise approvable.

(3) The applicant agrees to submit, within the time spe-~
cified by the Food and Drug Administration, either:

(i) Evidence demonstrating the in vivo bioavailability
of the drug product that is the subject of the application; or,

(ii) Information to permit the Food and Drug Administration
Lo waive demonstration of in vivo bioavailability.

(d) Evidence demonstrating the in vivo bicavailability of
a drug product shall be obtained using one of the approaches
for determining bioavailability set forth in § 320.24.

(e) Information to permit the Food and Drug Administration
to waive demonstration of in vivo bioavailability shall meet
the criteria set forth in § 320.22,

(f) Any person holding an approved full or abbreviated new
drug application shall submit to the Food and Drug Administra-
tion a supplemental application containing new evidence demon—
strating the in vivo bioavailability of the drug product that
is the subject of the application if notified by the Food and
Drug Administration that:

(1) There are data demonstrating that the dosage regimen
in the labeling is based on incorrect assumptions or facts
regarding the pharmacokinetics of the drug product and follow-
ing this dosage regimen could potentially result in subthera-
Peutic or toxic levels; or,

(2) There are data demonstrating significant intra-batch
and batch-to-batch variability, e.g., plus or minus 25 percent,

in the bioavailability of the drug product.
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(g8) The requirements of this section regarding the sub-
mission of evidence demonstrating in vivo biocavailability apply
only to a full or abbreviated new drug application or a supple-

mental application for a finished dosage formulation.

§320.22 Criteria for waiver of evidence of in viyo- bioavailability.

(a) Any person submitting a full or abbreviated new drug
application, or a supplemental application proposing any of the
changes set forth in § 320.21(b), may request the Food and Drug
Administration to waive the requiremeni for the submission of
evidence demonstrating the in vivo bioavailability of the drug
product that is the subject of the application. A request for
waiver shall be submitted with the application. The Food and
Drug Administration shall waive the requirement for the sub-
mission of evidence of in vivo bioavailability if the drug
product meets any of the provisions of paragraph (b), (c¢), or
(d) of this Section.

(b) For certain drug products the in vivo bioavailability
of the drug produet may be self evident or nor necessary for
the product to achieve any of its intended purposes. The Food
and Drug Administration shall waive the requirement for the
submission of evidence obtained in vivo demonstrating the
bioavailability of the drug product if the product meets one
of the following criteria:

(1) The drug product meeiw botk of the following conditions:

(1) It is a solution intended solely for intravenous
administration.

(ii) It contains an active drug ingredient or therapeutic

moiety in the same solvent and toncentration as an intravenous
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application.

(2) The drug product is a topically applied Preparation,
€<8:, a cream, ointment, or gel, intended for local therapeutic
effect,

(3) The drug product is an oral dosage form that is not
intended to be absorbed, €.8., an antacid or g radiopaque
medium.

(4) The drug product meets both of the following condi-
tions:

(1) It is administered by inhalation ag & gas or vapor,
€-2., a medicinal or anp inhalation anesthetic,

(ii) It contains an active drﬁg ingredient or therapeutic
moiety in the same dosage form ag a drug product that is the
subject of an approved full new drug application,

(5) The drug product meets all of the following condi-
tions:

(i) Tt is an oral solution, elixir, syrup, tincture, or
similar other solubilized fornp.

(ii) 1t contains an active drug ingredient or therapeutic
moiety in the same concentration as g drug product that is the
subject of an approved full new drug application.

(1ii) It contains no inactive ingredient that is known to
significantly affect absorption of the active drug ingredient
or therapeutic moiety.

(c) (1) The Food and Drug Administratiop shall waive the

requirement for the submission of evidence dEmonstrating the
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in a Drug Efficacy Study Implementation notice or which 1is
identical, related, or similar to such a drug product under
§310.6 of this chapter if the drug product is neither one of
the following nor an identical, related, or similar drug

product under §310.6 of this chapter:

ANDROGENS

Methyltestosterone tablets.

ANTI-ARRHYTHMICS

Procainamide hydrochloride capsules,

Quinidine polygalacturonate tablets.

ANTI~CHOLINERGIC

Diphemanil methylsulfate tablets.

ANTI-COAGULANTS

Bishydroxycoumarin tablets and capsules,

Warfarin, sodium and potassium tablets.

ANTI-CONVULSANTS

Ethosuximide capsules.

Ethotoin tablets.

Mephenytoin tablets.

Methsuximide capsules,

Paramethadione capsules,

Phenacemide tablets.

Phensuximide capsules and suspension,
Phenytoin suspension.

Primidone tablets and suspension,

Trimethadione capsules,
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ANTI-DEPRESSANTS

Imipramine hydrochloride tablets.

ANTI-EMETIC

Trimethobenzamide capsules.

ANTI-HYPERTENSIVE/DIURETICS

Alseroxylon tablets.
Bendroflumethiazide tablets.
Benzthiazide tablets.
Chlorthalidone tablerts.
Chlorothiazide tablets.
Deserpidine tablets.
Guanethidine sulfate tablets.
Hydrochlorothiazide tablets.
Hydroflumethiazide tablets.
Methyclothiazide tablets.
Polythiazide tablets.
Quinethazone tablets.
Rauwolfia serpentina tablets,
Rescinamine tablets,
Reserpine tablets.
Spironolactone tablets.,

Trichlormethiazide tablets.

ANTI-HYPERTENSIVE/DIURETICS IN
COMBINATION

Chlorothiazide and rYeserpine tablets,
Hydralazine and reserpine tablets.

Hydralazine hydrochloride and hydrochlorothiazide
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Hydrochlorothiazide and deserpidine tablets,

Hydrochlorothiazide and reserpine tablets,

Hydroflumethiazide and reserpine tablets.

Methyclothiazide and deserpidine tablets,

Respine, hydralazine hydrochloride and hydrochlorothiazide
tablets.

Spironolactone and hydrochlorothiazide tablets.

Trichloromettiazide and reserpine tablets,

ANTI-INFECTIVES

Nitrofurantoin tablets and suspension.

Sodium sulfoxone tablets.

Sulfadiazine sodium bicarbonate suspension.

Sulfasalazine tablets.

Sulfadiazine, sulfamethazine, and sulfamerazine (triple sulfa)
tablets and suspension.

Sulfadiazine tablets,

Sulfadimethoxine tablets, drops, and suspension,

Sulfamerazine tablets.

Sulfamethoxypyridazine acetyl tablets and Suspension.

Sulfaphenazole suspension.

Sulfapyridine tablets.

Sulfasalazine tablets.

Sulfisomidine tablets,

Sulfisoxazole acetyl suspension.

Sulfisoxazole tablets.

ANTI-MALARTALS

Pyrimethamine tablets,
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ANTI-NEOPLASTICS

Chlorambucil tablets,
Cyclophosphamide tablets,
Methotrexate tablets.
Triethylene melamine tablets.

Uracil mustard tablets,

ANTI-PRURITIC

Methdilazine tablets.

ANTI-RHEUMATIC

Oxyphenbutazone tablets,

Phenylbutazone tablets,

ANTI-THYROID

Propylthiouracil tablets.

ANTI-TUBERCULAR

Aminosalicylic acid and isoniazid tablets.
Aminosalicylic acid powder, tablets, and resin.
Aminosalicylic calcium granules, tablets, and capsules,
Aminosalicylic potassium tablets, capsules, and powder.
Aminosalicylic sodium powder, tablets, and granules.
Benzoylpas calecium tablets and powder.
Para—aminosalicylate sodium and isoniazid tablets.

Phenylaminosalicylate powder and tablets.

BRONCHIAL DILATORS

Aminophylline tablets.
Dyphylline tabletsg.
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Oxtriphylline tablets,
Theophylline sodium glycinate tablets,

CARBONIC ANHYDRASE INHTIBITORS

Acetazolamide tablets,
Dichlorphenamide tablets,
Ethoxzolamide tablets,

Methazolamide tablets.

CARDIAC GLYCOSIDES

Acetyldigitoxin tablets,.

CORTICOIDS

Betamethasone tablets,
Cortisone acetate tablets,
Dexamethasone tablets,
Fludrocortisone aCetate tablets,
Fluprednisolone tablets,
Hydrocortisone acetate tablets and powder.
Hydrocortisone tablets.
Methylprednisolone tablets.
Paramethasone acetate tablets,
Prednisolone tablets,

Prednisone tablets,

Triamcinolone tablets,

ESTROGENS

Conjugated estrogens with meprobamate tablets.1
Dienestrol tablets,

Diethylstilbestrol disphosphate tablets,
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Diethylstilbestrol tablets,

Ethinyl estradiol tablets.

HYPOGLYCEMICS

Chlorpropamide tablets.
Tolbutamide tablets.

SEDATIVES

Butalbital, aspirin, phenacetin, and caffeine tablets and

capsulesl

SKELETAL MUSCLE RELAXANTS

Carisoprodol in combination with phenacetin and caffeine (with
or without codeine phosphate).l

Methocarbamol with aspirin tablets.l

SYMPATHOMIMETICS

Isoproterenol sublingual tablets.

THYROID SUPPLEMENT
Liothyronine, sodium. tablets.
Thyroglobulin tablets,

TRANQUILIZERS

Chlordinzepoxide hydrochloride capsules,

Chlorpromazine tablets,

In vivo bioavailability must be demonstrated only if
product fails to achieve adequate dissolution when compared

to the test drug product.
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Fluphenazine hydrochloride tablets,
Hydroxyzine hydrochloride tablets.l

Hydroxyzine bPamoate capsules and oral suspension.
Perphenazine tablets,

Prochlorperazine tablets,

Promazine tablets,

Promethazine tablets.

Thioridazine tablets,

Trifluoperazine tablets.

Triflupromazine tablets,

Trimeprazine tablets,

URICOSURICS

Probenecid tablets,

Sulfinpyrazone tablets and capsules.

VITAMIN K

Menadione tablets,

Phytonaddione tablets,

(2) The Food and Drug Administration shall waive the
requirement for the submission of evidence dmonstrating the
in vivo bioavailability of a parentera]l drug product that is
determined to pe effective for at least one indication in a
Drug Efficacy Study Implementation notice or that, upon sub-
mission of evidence, is shown to be identical ip both active
and inactive ingredient formulation to that drug as currently
approved in a new drug application, if the drug product is

not one of the following.
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Parenteral Drugs

A drug in suspension form. Phenytoin sodium powder for

injection.

(3) A waiver shall not be granted for a drug product for
which an initial determination that the drug product is effec-
tive for one or more indications is published after Nanuary
/7, 1977, in a Drug Efficacy Study Implementation notice stating
that the drug is subject to a bicavailability requirement.

(d) For certain drug products biocavailability may be
demonstrated by evidence obtained in vitro in lieu of in vivo
data. The Food and Drug Administration shall waive the require-
ment for the submission of evidence obtained in vivo demonstra-
ting the biocavailability of the drug product if the drug pro-
duct meets one of the following critiera:

(1) The drug product is subject to a biocequivalence re-
quirement established by the Food and Drug Administration under
Subpart C of this Part that specifies only an in vitro testing
requirement.

(2) The drug product is in the same dosage form, but in a
different strength, and is proportionally similar in its active
and inactive ingredients to another drug product made by the
same manufacturer and the following conditions are met:

(i) The biocavailability of this other drug product has
been demonstrated.

(ii) Both drug products meet an appropriate in vitro test
approved by the Food and Drug Administration.

(iii) The applicant submits evidence showing that both drug
products are Proportionally similar in their active and in-

active ingredients.
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(3) The drug product is, on the basisg of scientific
evidence submitted in the application, shown to meet an in
Vitro test that assures bioaVailability, i.e., an in vitro
test that has been correlated with in vivo data,

(4) The drug product is a reformulated product that is
identical, except for color, flavor, or Preservative, to
another drug product made by the same manufacturer and both
of the following conditions are met:

(i) The bioavailability of the other product has been
demonstrated.

(ii) Both drug products meet an appropriate in vitro test
approved by the Food and Drug Administration.

(5) The drug product contains the same active drug ingre-
dient or therapeutic moiety and is in the same strength and
dosage form as a drug product that is the subject of an approved
full or abbreviated new drug application, and both drug products
meet an appropriate in vitro test that has been approved by the
Food and Drug Administration,

(e) The Food and Drug Administration, for good cause, may
defer or waive a requirement for the submission of evidence of
in vivo bioavailability if deferral or waiver 1s compatible

with the protection of the public health.

(42 FR 1648, Jan. 7, 1977, as amended at 41 FR 42311, Aug. 23,
1977; 46 FR 36130. July 14, 1981)

§320.23 Basis for demonstrating bioavailability.

(a) The in vivo bioavailability of a drug product is
demonstrated if the Product's rate and extent of absorption,
as determined by comparison of measured parameters, e.g.,

concentration of the active drug ingredient in the blood,
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urinary excretion rates, or pharmacological effects, do not
indicate a significant difference from the reference material's
rate and extent of absorption.

(b) Statistical techniques used shall be of sufficient
sensitivity to detect differences in rate and extent of absorp-
tion that are not attributable to subject variability.

(c) A drug product that differs from the reference material
in its rate of absorption, but not in its extent of absorption,
may be considered to be biocavailable if:

(1) The difference in the rate of absorption is inten-
tional and appropriately reflected in the labeling; and/or

(2) The rate of absorption is not detrimental to the safety

and effectiveness of the drug product.

§320.24 General approaches for determining bioavailability .

(a) Bicavailability is usually determined by measurement
of:

(1) The concentration of the active drug ingredient-or
therapeutic moiety, or its metabolite(s), in bioclogical fluids
as a function of time; or

(2) The urinary excretion of the therapeutic moiety or
its metabolite(s) as a function of time; or

(3) An appropriate acute pharmacological effect.

(b) Bioavailability may be determined by several direct
or indirect in vivo methods, generally involving testing in
humans. The selection of the method depends upon the purbose
of the study, the analytical method available, and the nature
of the drug product. These limitations affect the degree to
which precise pharmacokinetic studies can be applied and, in

Some cases, necessitate the use of other methods. Bioavail-
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ability testing shall be conducted using the most accurate,
sensitive, and reproducible approach available among those set
forth in paragraph (c) of this section.

{(c) The following in vivo apprecaches, in descending order
of accuracy, sensitivity, and reproducibility, are acceptable
for determining the biocavailability of a drug product.

(1) In vivo testing in humans in which the concentration
of the active drug ingredient or therapeutic moiety of its
metabolite(s), in whole blood, plasma, serum, or other appro-
priate biological fluid is measured as a function of time, or
in which the urinary excretion of the therapeutic meiety, or
its metabolite(s), is measured as a function of time. This
approach is particularly applicable to dosage forms intended
to deliver the active drug ingredient or therapeutic moiety,
or to the blood stream for systemic distribution within the
body, i.e., injectable drugs, most oral dosage forms, most
suppositories, certain drugs administered by inhalation, and
some drugs administered by local application to mucous mem-—
branes.

(2) 1In viveo testing in humans in which an appropriate
acute pharmacological effect of the active drug ingredient
or therapeutic moiety, or metabolite(s), is measured as a func-
tion of time if such effect can be measured with sufficient
accuracy, sensitivity, and reproducibility. This approach is
applicable when appropriate methods are not available for
measurement of the concentration of the active drug ingredient
or therapeutic active drug ingredient or therapeutic moiety,
or its metabolite(s), in biological fluids or excretory products
but a method is available for the measurement of an appropriate
dcute pharmacological effect, This approach is applicable to

the same dosage forms listed in paragraph (c)(1l) of this section.
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(3) Well-controlled clinical trials in humans that
establish the safety and effectiveness of the drug product.

This approach is the least dccurate, sensitive, and reproducible
of the general approaches for determining in vivo biocavailabi~
lity in humans. For dosage forms intended to deliver the active
drug ingredient or therapeutic moiety to the bloodstream for
systemic distribution within the body, this approach shall be
considered as providing a sufficiently accurate estimate of in
vivo bioavailability only when analytical methods are not
available to permit use of one of the approaches outlined in
paragraphs (c)(1l) and (2) of this section. This approach shall
also be considered as sufficiently accurate for determining the
biocavailability of dosage forms inténded to deliver the thera-
peutic moiety locally, e.g., topical preparations for the

skin, eye, ear, mucous membranes; oral dosage forms not intended
to be absorbed, e.g., an antacid or a radiopaque medium; and
bronchodilators administered by inhalation if the onset and
duration of pharmacological activity are defined.

(4) Any other in vivo approach approved by the Food and
Drug Administration. This provision is intended for special
situations and to include those circumstances where the in
vivo biocavailability of a drug product might be determined in
a suitable animal model rather than in humans or by using a
radioactive or nonradiocactive isotopically labeled drug pro-

duct.

§320.25 Guidelines for the conduct of an in vivo bioavailability study.

(a) Guiding princeiples. (1) The basic principle in an in

vivo bioavailability study is that no unnecessary human
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research should be done,

(2) An in vivo bioavailability study shall not be con-
ducted in humans if an appropriate animal model exists and
correlation of results in animals and humans has been demon-
strated. If an appropriate animal model does not exist, how-
ever, an in vivo biocavailability study shall ordinarily be
done in normal adults under standardized conditions.

(3) In some situations, an in vivo bicavailability study
in humans~m&y:pveferabfy'and‘more properly be done in suitable
patients. Critically ill patients shall not be included in an
in vivo bicavailability study unless the attending physician
determiires ihat there is a potential benefit to the patient.

(b) DBasic design. The basic design of an in vivo bio-
availability study is determined by the following:

(1) The scientific questions to be answered.

(2) The nature of the reference material and the dosage
form to be tested.

(3) The availability of analytical methods.

(4) Benefit-risk considerations in regard to testing in
humans,

(c) Comparison to a reference material., In vivo bio-
availability testing of a drug product shall be in comparison
Lo an appropriate reference material unless some other approach
is more appropriate for valid scientific reasons.

(d) Previously wwmarketed actipe drug ingredients op
therapeutic moieties. (1) The purpose of an in vivo bioavail-
ability study involving a drug product containing an active
drug ingredient or therapeutic moiety that has not heen approved
for marketing is to determine:

(1) The bioavailability of the formulation proposed for

marketing; and
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(i1 The essential pharmacokinetic characteristics af the
active drug ingredient or therapeutic moiety, such as the rate
of absorption, the extent of absorption, the half-life of the
therapeutic moiety in vivo, and the rate of excretion and/or
metabolism. Dose proportionality of the active drug ingredient
or the therapeutic moiety needs to be established after single-
dose administration and in certain instances after multiple-
dose administration. This characterization is a necessary
part of the investigation of the drug to support drug labeling.

(2) The reference material in such a bioavailability study
should be a solution or suspension containing the same quantity
of the active drug ingredient or therapeutic moiety as the for-
mulation proposed for marketing. |

(3) The reference material should be administered by the
same route as the formulation proposed for marketing unless an
alternative or additionmal route is necessary to answer the
scientific question under study. For example, in the case of
an active drug ingredient or therapeutic moiety that is poorly
absorbed after oral administration, it may be necessary to com-
pare the oral dosage form proposed for marketing with the
active drug ingredient or therapeutic moiety administred in
solution both orally and intravenously.

(e) New formulations of active drug ingrediente or
therapeutic moieties approved for marketing. (1) The purpose
of an in vivo bioavailability study involving a drug product
that is a new formulation, a new dosage form, or a new salt or
ester of an active drug ingredient or therapeutic moiety that
has been approved for marketing is to:

(i) Determine the biocavailability of the new formulation,
new dosage form, or new salt or ester relative to an appropriate

reference material; and
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(ii) Define the Pharmacokinetic parameters of the new
formulation, new dosage form, or new salt or ester to establish
dosage recommendation,

(2) The selection of the reference material(s) in such a
bioavailability study depends upon the scientific questions to
be answered, the data needed to establish comparability to a
currently marketed drug product, and the data needed to establish
dosage recommendations.

(3) The reference materig] should be taken from a current
batch of a drug product that is the subject of an approved new
drug application and that contains the same active drug ingre-
dient or therapeutic moiety, if the new formulation, new dosage
form, or new salt Or ester is intended to be comparable to or
to meet any comparative labeling claims made in relation to the
drug product that is the subject of an dpproved new drug appli-
cation,

(£) Controlled release formulations. (1) The purpose of
an in vivo bioavailability study involving a drug product for
which a controlled release claim is made is to determine if all
of the following conditions are met:

(1) The drug product meets the controlled release claims
made for 1it.

(i1} The bioavailability profile established for the drug
bProduct rules out the occurrence of any dose dumping.,

(iii) The drug product's steady-state performance is equiva-
lent to a currently marketed noncontroelled release or controlled
release drug product that contains the same active drug in-
gredient or therapeutic moiety and that is subject to an ap-

Proved full new drug application.
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(iv) The drug product's formulation provides consistent
pharmacekinetic performance between individual dosage units,

(2} The reference material(s) for such a bioavailability
study shall be chosen to permit an appropriate scientific
evaluation of the controlled release claims made for the drug
product. The reference material shall be one of the follow-
ing or any combination thereof:

(1) A solution or suspension of the active drug ingredient
Oor therapeutic moiety.

(ii) A currently marketed noncontrolled release drug
product containing the same active drug ingredient or thera-
peutic moiety and administered according to the dosage recom-
mendations in the labeling of the noncontrolled release drug
product.

(iii) A currently marketed controlled release drug producic
subject to an approved full new drug application containing
the same active drug ingredient or therapeutic moiety and
administered according to the dosage recommendations in the
labeling proposed for the controlled release drug product.

(iv) A reference material other than one set forth in
paragraph (£)(2) (i), (ii) or (iii) of this section that is
appropriate for valid scientific reasons. .

(g) Combination drug products. (1) Generally, the purpose
of an in vivo bicavailability study involving a combination
drug product is to determine if the rate and extent of absorption
of each active drug ingredient or therapeutic moiety in the
combination drug product is equivalent to the rate and extent
of absorption of each active drug ingredient or therapeutic
molety administered concu-rently in separate single-ingredient

preparations.,
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(2) The reference material in such a bioavailability study
should be two or more currently marketed, single~ingredient drug
products each of which containg one of the active drug ingre-
dients or therapeutic moieties in the combination drug product.
The Food and Drug Administration may, for valid scientific
reasons, specify that the reference material shall be g combi-
nation drug pProduct that is the subject of an approved new drug

application.

ingredients or therapeutic meities, o.g,, ampicillin in ap
-ampicillin-probenecid combination drug product.

() Use of o placebo as the reference materiql, Where
appropriate or where necessary to demonstrate the sensitivity

of the test, the reference material in a bioavailability study

(1) The study measures the therapeutic or dacute pharmaco-~

(2) The study is g c¢linical trial to establish the safety

and effectiveness of the drug product.
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if it is another drug product, shall pe shown to meet all com-
pendial or other applicable standards of identity, strength,
quality, and purity, including potency and, where applicable,
content uniformity, disintegration times, and dissolution
rates.

(2) Samples of the drug product to be tested shall be
manufactured using the same equipment and under the same con-

ditions as those used for full~-scale production.

§320.26 Guidelines on the design of a single-dose in vivo
bioavailability study.

(a) Basic principles. (1) An in vivo bioavailability
study should be a single~dose comparison of the drug product
to be tested and the appropriate reference material conducted
in normal adults.

(2) The test product and the reference materiat should be
administered to subjects in the fasting state, unless some
other approach is more appropriate for valid scientific reasons.

(b)  Study design. (1) A single-dose study should be
Crossover in design, unless a parallel design or other design
is more appropriate for valid scientific reasons, and should
provide for a drug elimination period.

(2) Unless some other approach is appropriate for valid
scientific reasons, the drug elimination period should be
either:

(1) At least three times the half-life of the active drug
ingredient or therapeutic moiety, or its metabolite(s), measured
in the blood or urine; or

(ii) At least three times the half-life of decay of the

acute pharmacological effect.
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(¢) Collection of bleod samples. (1) When comparison of
the test product and the reference material is to be based on
blood concentration tipe curves, unless some other approach is
more appropriate for valid scientific reasons, blood samples

should be taken with sufficient frequency to permit an estimate

(i) The peak concentration in the blood of the active drug
ingredient or therapeutic moiety, or its metabolite(s), measured;
and

(i1i) The total area under the curve for a time period at
least three times the half-life of the active drug ingredient
Oor therapeutic moiety, or its metabolite(s), measured.

(2) In a study comparing oral dosage forms, the sampling
times should be identical.

(3) In a study comparing an intravenous dosage form and an
oral dosage form, the sampling times should be those needed
to describe both:

(1) The distribution and elimination phase of the intra-
venous dosage form; and

(i1) The absorption and elimination phase of the oral dosage
form.

(4) In a study comparing drug delivery systems other than
oral or intravenous dosage forms with an appropriate reference
standard, the sampling times should be based on valid scientife
reasons.

(d) Collection of urine samples. When comparison of the
test product and the reference material is to be based on
cumulative urinary excretion-time curves, unless some other
approach is more appropriate for valid scientific reasons,

samples of the urine should be collected with sufficient fre-
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quency to permit an estimate of the rate and extent of urinary
excretion of the active drug ingredient or therapeutic moiety,
or its metabolite(s), measured.

(e) Measuremeni of an acute pharmacological effeet. (1)
When comparison of the test product and the reference material
is to be based on acute pharmacological effect-time curves,
measurements of this effect should be made with sufficient
frequency to permit a reasonable estimate of the total area
under the curve for a time period at least three times the
half-life of decay of the pharmacclogical effect, unless some
other approach is more appropriate for valid scientific reasons.

(2) The use of an acute pharmacological effect to deter-
mine bioavailability may further reqﬁire demonstration of dose—
related response. In such a case, bicavailability may be deter-
mined by comparison of the dose-response curves as well as the
total area under the acute pharmacological effect-time curves

for any given dose.

§320.27 Guidelines on the design of a multiple-dose in vivo

bioavailability study.

(a) Bagic principles. (1) Inselected circumstances it
may be necessary for the test product and the reference material
to be compared after repeated administration to determine
steady-state levels of the active drug ingredient or therapeu-
tic moiety in the body.

(2) The test product and the reference material shoul&
be administered to subjects in the fasting or nonfasting state,
depending upon the conditions reflected in the proposed labeling

of the test product.
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not in the extent of absorption.
(ii) There isg excessive variability in bioavailability from
Ssubject to subject,

(111) The concentration of the active drug ingredient or
therapeutic moiety, or itg metabolite(s), in the blood Yesulting
from a single dose is too low for accurate determination by the
analytical method.

(iv) The drug product ig a controlled releage dosage form,
(b) Study design. (1) A multiple-doge Study should be
Crossover in design, unless a parallel design or other design
is more dppropriate for valid scientific reasons, and should
Provide for g drug eliminatiop period if Steady-state condi-
tions are not achieved,

(2) A multiple-dose study is not required to be of crogs-

(3) 1f a drug elimination period is required, unless sope
other approach is mere appropriate for valid scientifie
reasons, the drug elimination period should be either:

(1) At least five times rhe half-life of the active drug
ingredient or therapeuric moiety, or its metabolite(s), meas-
ured in the blood Or urine; or

(1i) At least five times the half-1ife of decay of the
acute pharmacological effect,

(c) Adehievement of steady-ctate condiiions. Whenever a

multiple-dose sStudy is conducted, unless Some other study is
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conducted, unless some other approach is more appropriate for
valid scientific reasons, sufficient doses of the test product
and reference material should be administered in accordance
with, the labeling to achieve steady~state conditions.

(d) Collection of blood or urine samples. (1) Whenever
comparison of the test product and the reference material is to
be based on blood concentration-time curves at steady-state,
sufficient samples of blood should be taken to define adequately
the maximum (Cmax) and minimum (Cmin) blood concentrations on
2 or more consecutive days to establish that steady~state con-
ditions are achieved.

(2) Whenever comparison of the test product and the re-
tference material is to be based on’cumulative urinary excretion-
time curves at steady-state, sufficient samples of urine should
be taken to define the rate and extent of urinary excretion on
2 or more consecutive days to establish that steady-state con-
ditions are achieved.

(3) A more complete characterization of the blood concen-
tration or urinary excretion rate during the absorption and
elimination phases of a single dose administered at steady—
state is encouraged to permit estimation of the total area
under concentration-time curves or cumulative urinary excretion-
time curves and to obtain pharmacokinetic information, e.g.,
half-1life or blood clearance, that is essential in preparing
adequate labeling for the drug product.

(e) Steady-state parameters, (1) Tn certain instances,
€.8., in a study involving a new drug entity, blood clearances
at steady-state obtained in a multiple-dose study should be
compared to blood clearances obtained in a single-dose study

to support adequate dosage recommendations.
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(2) In a linear System, the area under the blood concen-
tration-time curve during a dosing interval in 4 multiple-dosge
steady-state study is directly Proporticnal to the fraction of
the dose absorbed and is equal to the corresponding "zero to
infinity" area under the curve for a single-dose study. There-

fore, when Steady-state conditions are achieved, a comparison

(3) Other methods based on valid scientific rYeasons should
be used to determine the bioavailability of a drug product
having dose-dependent kinetics (non-linear system).

(f) Measuvement of an acute pharmacological effect. When
comparison of the test product and the reference material is
to be based on acute pharmacological effect-time curves, meas-
urements of this effect should be made with sufficient frequency
to demonstrate a maximum effect and g lack of significant dif-

ference between the test product and the reference material.

§320.28 Correlation of bioavailability with an acute pharmacological

effect or clinical evidence.

Correlation of in vivo bioavailability data with an acute
pharmacologica] effect or clinical evidence of safety and
effectiveness may be required if needed to establish the clini-
cal significance of a special claim, €.8., in the case of a3

controlled release Preparation,

§320.29 Analytical methods for an in vivo bioavai]ability study.

(a) The analytical method used in an in wvivo bioavailability
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study to measure the concentration of the active drug ingredient
or therapeutic moiety, or its metabolite(s), in body fluids or
excretory products, or the method used to measure an acute
pharmacological effect shall be demonstrated to be accurate
and of sufficient sensitivity to measure, with appropriate
precision, the actual concentration of the active drug ingredi-
ent or therapeutic moiety, oY its metabolite(s), achieved in
the body.

(b) When the analytical method is not sensitive enough
to measure accurately the concentration of the active drug
ingredient or therapeutic moiety, or its metaboli te(s), in
body fluids or excretory products produced by a single dose of
the test product, two Oor more singie doses may be given toge-
ther to produce higher concentration if the requirements of

§320.31 are met.

§320.30 Inquiries regarding bioavailability requirements and review of

protocols by the Food and Drug Administration.

(a) The Commissioner of Food and Drugs strongly recommends
that, to avoid the conduct of an improper study and unnecessary
human research, any person planning to conduct a bioavailability
study submit the proposed protocol for the study to the Food
and Drug Administration for review prior to the initiation of
the study.

(b} The Food and Drug Administration shall review a pro-
posed protocol for a bioavailability study and determine'if
all of the following conditions are met:

(1) The design of the proposed bioavailability study is
appropriate.

(2) The reference material to be used in the bioavailability
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study is appropriate.

(3) The propbsed chemical and statistical anal&tical methods
are adequate.

(c) General inquiries relating to in vivo bicavailability
requirements and methodology shall be submitted to the Food
and Drug Administration, Bureau of Drugs, Division of Biophar-

maceutics (HFD-520), 5600 Fishers Lane, Rockville, MD 20857.

§320.31 Applicability of requirements regarding a “Notice of Claimed
- Investigational Exemption for a New Drug.”

(a) Any person planning to conduct an in vivo biocavailabi-
lity study in humans shall submit a "Notice of Claimed Investi-
gational Exemption for a New Drug" if either:

(1) The test product contains a new chemical entity that
is not the subject of an approved new drug application; or

(2) The study involves a radioactively labeled drug product.

(b) Any person planning to conduct a bicavailability study
in humans using a-currently commercially available drug product
that is the subject of an approved new drug application, or is
identical, similar, or related to such a drug product shall
submit an IND if the study is one of the following:

(1) A single-dose study in normal subjects or patients
where the dose exceeds that specified in the labeling of the
drug product that is the subject of an approved new drug appli-
cation,

(2) A multiple-dose study in patients wiere the dose
exceeds that specified in the labeling of the drug product
that is the subject of an approved new drug application.

(3) A multiple-dose study in normal subjects whether

or not the dose exceeds that specified in the labeling of the
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drug product that is the subject of an approved new drug appli-
cation.

(c) The provisions of §312.1 of this chapter are appli-
cable to any biocavailability study conducted under a "Notice
of Claimed Investigational Exemption for a New Drug."

(d) The consent of all human subjects (or their represen-
tatives) who participate in a bioavailability study (regardless
of whether the study is conducted under a "Notice of Claimed
Investigational Exemption for a New Drug") shall be obtained
in writing under §310.102 of this chapter.

{e} (Reserved)

(f) An in vivo biocavailability study in humans shall be
conducted in compliance with the requirements for institutional
review set forth in Part 56 of this chapter, and informed con-
sent set forth in Part 50 of this chapter, regardless of whether
the study is conducted under a "Notice of Claimed Investiga-

tional Exemption for a New Drug."

(42 FR 1648, Jan. 7, 1977, as amended at 46 FR 8954, Jan. 27,
1981)

Subpart C — Bioequivalence Requirements

Authority: Secs. 201(p), 502, 505, 701(a), 52 Stat. 1041-
1042 as amended, 1050-1053 as amended, 1055 (21 U.S.C. 321(p),
352, 355, 371(a)), unless otherwise noted.

Source: 42 FR 1635, Jan. 7, 1977, unless otherwise noted.

§320.50 Purpose..

This subpart establishes criteria and procedures for:
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{(a) Identifying pharmaceutical equivalents and pharmaceu-
tical alternatives that are intended to be used interchangeably
for the same therapeutic effect and that are not bicequivalent
drug products; and

(b) Establishing a bioequivalence requirement for these

drug products.

§320.51 Procedures for establishing or amending a bioequivalence

requirement.

(a) The Commissioner of Food and Drugs, on his own initia-
tive or in response to a petition by an interested perscn, may
propose and promulgate a regulation to establish a bioequivalence
requirement if he finds there is well-documented evidence that
specific pharmaceutical equivalents or pharmaceutical alter-—
natives intended to be used interchangeably for the same
therapeutic effect:

(1) Are not biocequivalent drug products; or

(2) May not be bioequivalent drug products based on the
criteria set forth in §320.52; or

(3) May not be biocequivalent drug products because they
are members of a class of drug products that have close structural
similarity and similar physicochemical or pharmacokinetic pro-
perties to other drug products in the same class that the
Commissioner finds are not biocequivalent drug products.

(b) Any person submitting a petition to the Commissioner
to propose a regulation to establish or amend a bicequivalence
requirement shall submit the petition under 3310.20 and 10.30
of this chapter, and include in the petition the applicable

information set forth in 8320.54.
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rulemaking to establish a bicequivalence requirement the evi-
dence and criteria set forth in §320.52 that are to be con-
sidered in determining whether to issue the Proposal. 1If the
rulemaking is proposed in response to a petition, the Com-
missioner shall include in the proposal a summary and analysis
of the relevant information that was submitted in the petition
as well as other available information Lo support the establish-
ment of a bicequivalence requirement.

(d) The Commissioner, on his own initiative or in response
to a petition by an interested person, may propose and Pro-
mulgate an amendment to 4 bicequivalence requirement established

under this subpart.

(42 FR 1635, Jan. 7, 1977, as amended atr 42 FR 15674, Mar. 22,
1977)

§320.52 Criteria and evidence to establish a bioequivalence

requirement.

The Commissioner shall consider the following factors, when
supported by well-documented evidence, to identify specific
pharmaceutical equivalents and pharmaceutical’alternatives that
are not or may not be bicequivalent drug products and to de-
termine whether to Propose or promulgate a regulation to
establish a bioequivalence requirement for thege products:

(a) Evidence from well-controlled clinical trials or
controlled observations in patients that such drug products do
not give comparable therapeutic effects.

(b) Evidence from well-controlled bioequivalence studies

that such products are not bicequivalent drug products.



(c) Evidence that the drug products exhibit a narrow
therapeutic ratio, e.g., there is less than a 2~fold difference
in median lethal doge (LDSO) and median effective dose (ED50)
values, or have less than a 2~fold difference in the minimum
toxic concentrations and minimum effective concentrations in
the blood, and safe and effective use of the drug products
requires careful dosage titration and patient monitoring.

(d) Competent medical deiermination that a lack of
bicequivalence would have a serious adverse etfect in the
treatment or prevention of a serious disease or condition.

(e) Physicochemical evidence that:

(1) The active drug ingredient has g low solubility in
water, e.g., less than 5 milligrams per 1 milliliter, or, if
dissolution in the stomach is critical to absorption, the
volume of gastric fluids required to dissolve the recommend ed
dose far exceeds the volume of filuids Present in the stomach
(taken to be 100 milliliters for adults and prorated for
infants and children),

(2) The dissolution rate of one or more such products is
slow, e.g., less than 50 percent in 30 minutes when tested
using either a general method specified in an official com-
pendium or a paddle method at 50 revolutions per minute in
900 milliliters of distilled or deionized water at 370C, or
differs significantly from that of an appropriate reference
material such as an identical drug product that is the subject
of an approved full new drug application.

(3) The particle size and/or surface area 0of the active
drug ingredient is critical in determining its bioavailability.

(4) Certain physical structural characteristics of the

active drug ingredient, €.8., polymorphic forms, conforns,
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solvates, complexes, and crystal modifications, dissolve poorly
and this poor dissolution may affect absorption.

(5) Such drug products have a high ratio of excipients to
active’ ingredients, e.g., greater than 5 to 1.

(6) Specific inactive ingredients, e.g., hydrophilic or
hydrophobic excipients and lubricants, either may be required
for absorption of the active drug ingredient or therapeutic
molety or, alternatively, if present, may interfere with such
absorption.

(f} Pharmacokinetic evidence that:

(1) The active drug ingredient, therapeutic molety, or
its precursor is absorbed in large part in a particular seg-
ment of the gastrointestinal tract or is absorbed from a
localized site.

(2) The degree of absorption of the active drug ingredient,
therapeutic molety, or its precursor is poor, e.g., less than
50 percent, ordinarily in comparison to an intravenous dose,
even when it is administered in pure form, e.g., i solurion.

(3) There is rapid metabolism of the therapeutic molety
in the intestinal wall or liver during the process of absorption
(first-class metabolism) so the therapeutic effect and/or
toxicity of such drug product is determined by the rate as
well as the degree of absorption.

(4) The therapeutic molety is rapidly metabolized or
excreted so that rapid dissolution and absorption are required
for effectiveness.

(5} The active drug ingredient or therapeutic molety is
unstable in specific portions of the gastrointestinal tract
and requires special coatings or formulations, e.g., buffers,
enteric coatings, and film coatings, to assure adequate

absorption.
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(6) The drug product is subject to doge dependent kinetics
in or near the therapeutic range, and the rare and extent of

absorption are important to bioequivalence.

§320.53 Types of bioequivalence requirements.

the following, as specified by the Foog and Drug Administration:

(1) An in vivo test in humans,

in vivo bioavailability data,

(b)  In vivo testing in humans shall Ordinarily he required
if there is well-documented evidence that Pharmaceutical
equivalents or pharmaceutical alternatives intended to pe
used interchangeably for the same therapeutic effect meet one
of the following conditions:

(1} They do nor give comparable therapeutic effects,

(2) They are not bioequivalent drug products,

(3) They exhibit a narroy therapeutic ratio, e.g., there
is less than g 2-fold difference in LD50 and ED50 values, or

there is legg than a 2-folqg difference 1in the minimum toxic
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blood, and safe and effective use of the product requires care-

ful dosage titration and patient monitoring.

§320.54 Contents of a petition to establish a bioequivalence

requirement.

(a) Each person submitting a petition to establish a bio-
equivalence requirement under this subpart shall include in
the petition each of the following three types of information
to justify this action:

(1) A statement summarizing the bioequivalence problem.

(2) Well~-documented evidence that the drug products for
which a biocequivalence requirement should be established are
pharmaceutical equivalents or pharmaceutical alternatives that
are labeled to be administered at the same dose of the same
therapeutic molety for the same therapeutic effect,

(3) Well-documented evidence and data in the categories
listed in this paragraph, as applicable, to Support the con-
tention that a documented or potential bicequivalence problem
exists,

(1) Well-documented evidence that the subject pharmaceu-
tical equivalents or pPharmaceutical alternatives do not give
comparable therapeutic effects, together with a citation of
supporting well-controlled observations or clinical trials in
patients and a summary of their contents,

(i) Wetl-documented evidence that the subject pharmaceu—
tical equivalents or pharmaceutical alternatives are not bio-
equivalent drug products, together with appropriate data
and/or citations of supporting well-controlled biocequivalence

studies and a summary of their contents.
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(i) Well-documented evidence that the subject pharmaceyu-
tical equivalents Or pharmaceutical alternatives exhibit g
narrow therapeutic ratio, e.g., there is less than a 2-fold
difference 1ip LD50 or ED50 values, or have a lesg than 2-fo1d
difference in the minimum toxic concentration and minimum
effective concentrations in the blood, and safe and effective
use of the drug product requires careful dosage titration and
patient monitoring.

(IV) Competent medical determination that lack of bio-
equivalence would have 2 serious adverse effect in the treat-
ment of a serious disease or condition.

(v) Well—dOCumented-evi&ence that the subject pharmacey-
tical equivélents or pharmaceutical-aiternatiVes, because of
the Physicochemical and/or pharmacokinetic characteristics set
forth in §320.52(e) and (f), may not be bioequivalent drug

products.

are members of a clags of drug products that have close
structural similarity and physicochemical or pharmacokinetic
Properties similar to other drug products that have been
specifically shown to lack therapeutic equivalence or hio-
equivalence,

(b) Each person submitting a petition to establish g
biocequivalence requirement under this subpart is requested,
but is not required, to include in the petition a description
of a proposed biloequivalence test as followg:

(1) a description of dny proposed current ip vitro test
to be used pending the development of g definitive in vitro

biocequivalence standard together with the evidence described
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in paragraph (c) of this section that this current in vitro
test is suitable for comparing the subject pharmaceutical
equivalents or pharmaceutical alternatives to a reference
material.

(2) A description of any proposed in vitro bioequivalence
standard, including a citation of in vivo data and other
evidence described in paragraph (¢) of this section which
support the applicability of the proposed in vitro biocequi-
valence standard.

(3) A description of any proposed in vivo biocequivalence
test, including the reference material to be used and other
technical specification needed to assure uniform testing of
the subject pharmaceutical equivalents or pharmaceutical alter=
natives together with a citation of supporting evidence de-
scribed in paragraph (¢) of this section and a summary of dits
contents.

(c) Scientific evidence cited in the petition shall in-
clude specific, precise information such as:

(1) The product names, batch numbers, labeling, and the
identity of the manufacturer, packer, or distributor of the
batches of the subject pharmaceutical equivalents or pharma-
ceutical alternatives included in the studies on which the
evidence is based.

(2) The results of all in vitro physical and chemical tests
conducted on the batches of the subject pharmaceutical equi-
valents or pharmaceutical alternatives to determine whether
they meet compendial or other applicable standards of identity,
strength, quality, and purity, including potency and, where
applicable, content uniformity, disimregration rates, and

dissolution rates.
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(3) The results of any in vitro physicochemical tests
conducted on the batches of the subject pharmaceutical equi-
valents or pharmaceutical altermatives studied other than
those specified in the compendial or other applicable standard,
e.g., particle size.

(4) The results of any in vivo biocequivalence test or in
vitro bioequivalence test conducted on the batches of the
subject pharmaceutical equivalents or pharmaceutical alter-—
natives studied. These results shall present a validation of
the analytical methodology, including the standard curve used
and a description of the method of calculation of results, and
a description of the pharmacokinetic model and/or statistical
model used in analyzing the data.

(5) A full description of the analytical procedures and
equipment used in conducting an in vivo or in vitro test on
the subject pharmaceutical equivalents or pharmaceutical
alternatives.

(d) Each person submitting a petition to establish a bio-
equivalence requirement under this subpart shall include in
the petition copies of published reports in the scientific
literature and unpublished material that support the establish-
ment of a bioequivalence requirement for the subject pharma-
ceutical equivalents or pharmaceutical alternatives.

(e} Each person submitting a petition to establish a
bicequivalence requirement under this subpart shall include
in the petition information as to the availability of suffi-
cient samples of the subject pharmaceutical equivalents or
pharmaceutical altornatives studied to permit confirmatory

testing by the Food and Drug Administration.
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§320.55 Requirements for batch testing and certification by the Food

and Drug Administration.

(é) If the Commissioner determines that individual batch
testing by the Food and Drug Administration is necessary to
assure that all batches of the same drug product meet an appro-
priate in vitro test, he shall include in the bicequivalence
requirement a requirement for manufacturers to submit samples
of each batch to the Food and Drug Administration and to with-
hold distribution of the batch until notified by the Food and
Drug Administration that the batch may be introduced into
interstate commerce.

(b) The Commissioner will ordinarily terminate a require-
ment for a manufacturer to submit samples for batch testing
on a finding that the manufacturer has produced four consecu-
tive batches that were tested by the Food and Drug Administra-
tion and found to meet the bioequivalence requirement, unless
the public health requires that batch testing be extended to

additional batches.

§320.56 Requirements for in vitro testing of each batch.

I1f a bioequivalence requirement specifies a currently
available in vitro test or an in vitre bioequivalence standard
comparing the drug product to a reference standard, the manu=-
facturer shall conduct the test on a sample of each batch of

the drug product to assure batch-to-batch uniformity.
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§320.57 Requirements for the conduct of in vivo bioequivalence

test in humans.

(a) If a bioequivalence requirement provides for in vivo
testing in humans, a manufacturer shall conduct this testing
according to the procedures in §320.24, using the most accurate,
sensitive, and reproducible method available, and using the
reference material specified in the bioequivalence require-
ment.

(b) Clinical trials demonstrating safety and effective—
ness shall be used to establish bicequivalence only if other
methods are not available.

(¢) If a bioequivalence requirement provides for in vivo
testing in humans using a method other than clinical trials,

a manufacturer shall conduct this testing to assure that his
product meets the biocequivalence requirement even though his
product is the subject of an approved full new drug application
containing clinical evidence of safety and effectiveness.

(d) (Reserved)

(e) 1If a biocequivalence requirement provides for in vivo
testing in humans, any person- conducting such testing shall

comply with the requirements of §320.31.

(42 FR 1635, Jan. 7, 1977, as amended at 40 FR 8954, Jan. 27,
1981)

§320.58 Requirements for marketing a drug product subject

to a bioequivalence requirment.

(a) If a bioequivalence requirement is established for a

drug product subject to a new drug application that became
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effective before October 10, 1962, or for an identical, related,
or similar drug product under 8310.6 of this chapter, the pro-
duct may lawfully be introduced into interstate commerce as
follows:

(1) Any manufacturer who holds an approved full or
abbreviated new drug application for the drug product on the
date the bicequivalence requirement becomes effective shall
submit and obtain approval by the Food and Drug Administration
of a supplemental application that provides evidence that the
drug product meets the bioequivalence requirement. If a
supplemental application is submitted within the time frame
specified in the regulation establishing the bivequivalence
requirement, the manufacturer may continue to market the drug
product unless and until the supplemental application is
disapproved and approval of the new drug application is with-
drawn.

(2) Any manufacturer who does not hold an approved full or
abbreviated new drug application for the drug product on the
effective date of the biloequivalence requirement shall, before
introducing the drug product into interstate commerce submit
and obtain approval by the Food and Drug Administration of
a full or abbreviated new drug application, as applicable, that
provides evidence that the drug product meets the biocequivalence
requirement.

(b) If a bicequivalence requirement is established for a
drug product subject to a new drug application that was approved
on or after October 10, 1962, the product may lawfully be in-
troduced into interstate commerce as follows:

(1) Any manufacturer who holds an approved full new drug

application for the drug product on the effective date of the
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bioequivalence requirement shal] submit and obtain approval

by the Food and Drug Administration of a supplemental appli-
cation is submitted within the time frame specified inp the
regulation establishing the bioequivalence Yequirement, the
manufacturer may continue to introduce the drug product into
interstate commerce unless and until the supplementa] appli-
cation is disapproved and approval of the pew drug application
is withdrawn.

(2) Any manufacturer who does not hold an approved fult
new drug application for the drug product on the effective
date of the bicequivalence requirement shall, hefore intro-
ducing the drug product into interstate commerce, submit and
obtain approval by the Food and Drug Administration of a full
new drug application that provides evidence that the drug
product meets the bioequivalence requirement,

(¢} 1f a biocequivalence requirement 4ig established for g
drug product that is not subject to the new drug provisions
of the act, the product may lawfully be introduced into
interstate commerce as follows:

() The manufacturer records and maintains evidence that
the drug product meets the bicequivalence requirement. Upon
Written request or notice in the Federal Register, the manu-
facturer shall bPromptly submit this evidence to the Food and
Drug Administration.

(2) The drug product is manufactured in accordance with
current good manufacturing Practice, as determined by the re-
quirements in Part 211 of this chapter.

(3) The drug product is labeled in compliance with the
act and this chapter,

(d) A manufacturer may introduce into interstate commerce

a drug product for which a bicequivalence requirement is
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established only if he complies with this section. Introduction
of the drug product into interstate commerce not in compliance
with this section is illegal and subject to regulatory action.

(e) Upon disapproval of a full or abbreviated new drug
application or supplemental application, the procedures for
disapproval of any new drug application under section 205(d)
of the act apply. Introduction of the drug product involved
into interstate commerce is illegal unless the Commissioner,
in his discretion, determines to stay this disapproval for a
particular drug product on a finding that all of the following
conditions are met:

(1) The drug product was being lawfully marketed on the
effective date of the biocequivalence requirement, i.e., if a
new drug, it was already subject to an approved full or abbre-
viated new drug application.

(2) The drug product is medically necessary, e.g., it
is used in treatment of a serious disease or condition for
which no alternative therapy is available.

(3) There is not an adequate supply of identical or similar
drug products subject to an approved full or abbreviated new
drug application containing bioequivalence data to fulfill
medical needs.

(4) The manufacturer submits a full or abbreviated new
drug application or supplemental application, as applicable,
containing an acceptable protocol for the conduct of bicequi-
valence studies and initiates action to conduct and complete
the necessary studies within the fime frame set forth in the

biocequivalence requirement.
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§320.59 Bioequivalence requirements based on data
voluntarily submitted,

(a) A bicequivalence requirement established under this
subpart may specify an analytical method, e.g., a current in
vitro test, an in vitro biocequivalence Standard, or an in vivo
bicequivalence test, that is based on datg and information
voluntarily submitted to the Food and Drug Administration,
even though these data and information are exempt from public
disclosure under 520.61 of this chapter.

(b) A summ&?y'uf‘cﬁE'voihntarily submitted data and in-
formation on which the bioequivalence requirement ig based,
Prepared in one of the following two alternative ways, shall
be publicly released when the bicequivalence Yequirement is
proposed:

(1) The Foed and Drug Administration may at an appropriate
time before Propesing the biocequivalence requirement require
the person who voluntarily submitted the data and information
to prepare a summary of these data and information, that wil]
be reviewed and, where appropriate, revised by the agency.

(2) The Food and Drug Administration may prepare its own
summary of these data and information.

(¢) A bicequivalence requirement may specify an andlytical
method contained in a petition or approved new drug application,
or based on data and information voluntarily submitted to the
Food and Drug Administration, unless the method serves no
regulatory or compliance purpose and is shown to be exempt

from public disclosure under §20.61 of thig chapter.

(42 FR 1635, Jan. 7, 1977, as amended at 42 FR 15674, Mar. 22,
1977)
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§320.60 Bioequivalence requirements for a drug product subject

to an old drug monograph.

If the Commissionar establishes an old drug monograph for
a drug product for which a biocequivalence requirement has been
established under this subpart, the provisions of this subpart

as they relate to that drug product are thereby revoked.

§320.61 Requirements for in vivo testing of a drug product

not meeting an in vitro bioequivalence standard.

(a) 1If a drug product fails to meet an in vitro bioequi-
valence standard established under this subpart and a nanu-
facturer nevertheless wishes to market the product without
reformulation, the manufacturer may do so if he demonstrates
the bioequivalence of the drug product by in vivo testing in
humans of three consecutive batches of the drug product and
develops an in vitro test that assures the biocequivalence of
his product from batch-to-batch.

(b) The reference material to be used by a manufacturer
in conducting in vivo testing in humans under this section
shall be a drug product that meets the in vitro biocequivalence

standard.

§320.62 Requirements for maintenance of records of

bioequivalence testing.

All records of in vivo or in vitro tests conducted on any
marketed batch of a drug product to assure that the product
meets a bioequivalence requirement shall be maintained by the
manufacturer for at least 2 years after the expiration date of
the batch and submitted to the Food and Drug Administration on

request,
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49 4.038 3.187 2,794 2.561 2.404 2.290 2,203 2.134 2.077
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60 4001 3.1580 2.758 2.525 2,368 2.254 2.167 2.097 2.040
80 3.960 2111 2,719 2.486 2.379 2,214 2.216 2.056 1.999
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10 12 15 20 24 30 40 60 120

241082 £43.906 245950 248.013 248.052 250.095 251.143 252198 253.253 254.314
19396 19413 19428 19446 19454 19.462 19.471 19.479 19.487 10.496
8.786 8745 7.703 8.660 8.639 88617 8594 8572 8.549 8.526
5.964 5912 5.858 5.803 5774 5.748 5.717 5.688 5.685 5.628
4.735 4678 4619 4.5658 4 527 4.496 4.464 4.431 4.398 4.365

4.060 4.000 3.938 3.874 3.841 3.808 3.774 3.740 3.705 3.669
3.637 3575 3.511% 3.445 3.410 3.376 3.340 3.304 3.267 3.230
3.347 3.284 3.218 3.180 3.1156 3.079 3.043 3.005 2.867. 2.928.
3.137 3073 3.006 2936 2.900 2.864 2.826 2.787 2.748 2.707
2.978 2813 2.845 2774 2737 2,700 2.661 2621 2.580 2.538

2854 2.788 2718 2.646 2.609 2570 -2.531 2.480 2448 2404
2.753 2.687 2617 2544 2.505 2.466 2.426 2.384 234 2.296
2.67 2.604 2.533 2459 2.420 2.380 2.339 2.297 2.262 2.206
2.601 2534 2.463 2.388 2.349 2.308 2.266 2.223 2178 213
2544 2475 2.403 2328 2.288 2.247 2.204 2.160 2114  2.066

2494 2.425 2.352 2.276 2.235 2.194 2151 2106 2.059 2.010
2450 2.381 2.308 2230 2.190 2.148 2104 2058 2.011 1.860
2412 2342 2.269 2.191 2.150 2107 2.063 2.017 1.968 1.817
2378 2.308 2234 2.165 2.114 2.07 2.026 1.980. 1.930. 1.878.
2.348 2278 2.203 2124 2.082 2.039 1.994 1.846 1.896 1.843

2.321 2.250 2.176 2.096 2.054 2.010 1.965 1.916 1.866 1.812
2.297 2.226 2151 2.071 2.028 1.084 1.938 1.889 1.838 1.783
2.275 2.204 2.128 2.048 2.005 1.961 1.914 1.865 1.813 1.757
2.255 2.183 2.108 2,027 1.984 1.839 1.892 1.842 1.790 1.733
2.236 2.165 2.089 2.007 1.964 1.919 1.872 1.822 1.768 1.711

2.220 2148 2072 1.930 1.946 1.901 1.853 1.803 1.749 1.6
2.204 2.132 2.056 1.974 1.930 1.884 1.836 1.785 1.731 1.672
2.180 2118 2041 1.859 1.915 1.869 1.820 1.768 1.714 1.654
2177 2.104 2.027 1.945 1.901 1.854 1.806 1.754 1.698 1.638
2,165 20982 2.015 1.832 1.887 1.841 1.792 1.740 1.683 1.622

2,153 2080 2.003 1.920 1.875 1.828 1.779 1.726 1.670 1.608"
2.142 2070 1.992 1.808 1.864 1.817 1.767 1.714 1.657 1.594
2133 2.060 1.982 1.898 1.853 1.806 1.756 1.702 1.645 1.581
2123 2.050 1.972 1.888 1.843 1.795 1.745 691 1.833 1.569
2114 2.041 1.963 1.878 1.833 1.786 1.735 .681 1.623 1.588

2.1086 2.033 1.954 1.870 1.824 1.776 1.726 671 1.612 1.647
2.098 2.025 1.946 1.861 1.816 1.768 1.717 662 1.603 1.537
2.081 207 1938 1.853 1.808 1.760° 1,708 .6b3 1.5894 1.527
2.084 2.010 1.931 1.846 1.800 1.752 1.700 .645 1.685 1.518
2077 2.003 1.824 1.839 1.793 1.744 1.683 637 1.577 1.509

1

1

1

1

1

1

1
207 1.997 1.918 1.832 1.786 1.737 1.686 1.630 1.569 1.600
2.065 1.991 1.912 1.826 1.780 1.731 1.879 1.623 1.561 1.492
2.059 1.985 1.908 1.820 1.773 1.724 1.672 1.616 1.554 1.485
2.054 1.980 1.900 1.814 1.767 1.718 1.666 1.609 1.547 1.477

1

1

1

1

1

1

1

1

i

1

1

PO == b emk —dk d ok e
CEDODEND AW~ QOW~od MbwN_,

2049 1.974 1.885 1.808 1.762 1.713 1.660 603 1.541 1.470
2.044 1.869 1.890 1.803 1.756 1.707 1.654 597 1.534 1.453
2039 1.965 1.885 1.7988 1.761 1.702 1.649 .601 1.528 1.457

.686 1.522 1.450
.581 1517 1.444
576 1.511 1.438

534 1.467 1.389 60
.482 1411 1.325 80
4290 382 1253 12D

2035 1.960 1.880 1.793 1.746 1.697 1.844
2030 1.956 1876 1.789 1.742 1.682 1.639
2.026 1.852 1.871 1.784 1.737 1.687 1.634

1.983 1.917 1.836 1.748 1.700 1.649 1.594
1851 1.875 1.793 1.703 1.654 1.602 1.545
1.810 1.834 1.760 1.659 1.608 1.664- 1495

O T R - - - . N . N KW XY 48] v
CEONG b= SN FREUKY BRRNE RENRN

1.870 1.793 1.708 1.614 1.563 1.507 1.44%5 375 1.290 1.170 240
1.831 1.762 1.666 1.571 1.817 1.459 1.384 318 1.221 1.000 ea
B2 1 a=0.05,2=20,0,=150 o] tisjr= 2, =120 2} 240 2 Alolo|A] B 7+sFC}
(15 ~715)
P= ——I0" =0
190 ~247°)

Fo.os (20, 150) =pFy 45 (20,120) + (1=P)F, .45 (20,240) = 0.6X1.659+0.4%1.614=1.6
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Fafie) HAE

- 1 -; ;! _-; -1 -u;n
F.(n, I!';)'. SF-'EP';—_:Z)_.Vl L] F (V]’FV]F) dF ma
2" 2
a = 0_ 1 0 Fuelviva)
Vl )
1 2 3 4 5 6 7 8 9
&)

1 39.863 49,500 53.593 55.833 57,240 58.204 58,906 53,439 58,858
2 8.526 9.000 9.162 9.243 ©.293 9,328 9.349 9.367 9.381
3 5,538 5,462 5.391 5,343 5.309 5,285 5.266 5,252 5,240
4 4545 43256 4,191 4,107 4,051 4010 3.979 3.955 3.936
5 4.060 3.780 3.619 3,620 3.453 3.405 3,368 3.339 3.316
6 3.776 3.463 3.289 3.181% 3.108 3.085 3.014 2.983 2.958
7 3,688 3.257 3.074 2.961 2,883 2,827 2.785 2,792 2,725
8 3.458 3.113 2,924 2.806 2.726 2.668 2.624 2,588 2.561
9 3.360 3.006 2.813 2.693 2,611 2.5561 2505 2,469 2.440
10 3.285 25824 2,728 2,605 2522 2.461 2.414 2.377 2,347
11 3.225 23860 2.660 2.536 2,451 2.389 2342 2.304 2.274
12 3177 2.807 2.606 2.480 2.394 2.331 2.283 2,245 z2.214
13 3.136 2.763 2.560 2.434 2.347 2,283 2234 2.195 2.164
14 3.012 2,726 2.522 2.395 2.307 2.243 2.193 2.154 2,122
15 3.073 2,695 2,490 2.361 2,273 2.208 2.158 2119 2.086
16 3.048 2.668 2.462 2,333 2,244 2.178 2,128 2,088 2,055
17 3.026 2,645 2.437 2,308 2,218 2,152 2.102 2.061 2.028
18 3.007 2.624 2,416 2,286 2.196 2,130 2.079 2.038 2.005
19 2.990 2.606 2,397 2,266 2,176 2.109 2,058 2.017 1.884
20 2975 2.589 2.380 2,249 2,168 2.091 2.040 1.999 1.965
21 2.961 2575 2.365 2.233 2,142 2.075 2.023 1.982 1.948
22 12948 2561 2.351 2.219 2.128 2.080 2.008 1967 1.933
23 2.937 2548 2.339 2.207 2,115 2.047 1,895 1.8583 1919
24 2927 2.538 2.327 2.195 2.103 2,035 1.983 1.841 1.906
25 2918 2.628 2.317 2.184 2.092 2.024 1.871 1.929 1.895
26 2.909 2519 2,307 2,174 2,082 2,014 1,961 1.918 1.884
27 2901 25N 2.299 2,165 2.073 2,005 1.952 1,900 1.874
28 2.894 2.503 2,29 2.187 2,064 1.996 1.943 1,900 1.865
29 2.887 2,495 2.283 2,149 2.057 1.088 1935 1.892 1.8%7
30 2.881 2.489 2.276 2,142 2.049 1,980 1.927 1,884 1.849
31 2.875 2.482 2,270 2136 2,042 1973 1.820 1.877 1842
32 2869 2477 2.263 2,129 2.036 1.967 1913 1.87C 1.835
33 2.864 2.47% 2.258 2,123 2.030 1.961 1.907 1.864 1.828
34 2,859 2.466 2.252 2.118 2,024 1.9556 1.90% 1.858 1,822
35 2.855 2.461 2.247 2.113 2,019 1.950 1.886 1,852 1.817
36 2.850 2.456 2.243 2.108 2.104 1.045 1.891 1.847 1.81
37 2.846 2,452 2.238 2.103 2.009 1.840 1.886 1.842 1.806
38 2.842 2.448 2.234 2.099 2.005 1835 1.881 1.838 1.802
3¢ 2.838 2.444 2,230 2,085 2,001 193 1877 1.833 1.797
40 2.835 2.440 2,226 2.091 1.997 1,927 1.873 1,829 1.793
41 2.832 2.437 2222 2.087 1.993 1,923 1.869 1.82% 1.789
42 2.829 2.434 2219 2.084 1,989 1,919 1.865 1.821 1.785
43 2,826 2.430 2,216 2,080 1.986 1816 1.861 1.817 1.781
44 2823 2.427 2.213 2077 1.983 1,913 1.858 1.814 1,778
45 2.820 2.475 2.210 2.074 1.880 1.909 1.8565 1.811 1.774
48 2.818 2,422 2.207 2.0M 1.877 1.906 1.852 1.808 .71
47 2,815 2.418 2.204 2.068 1.974 1.9003 1.848 1.805 1.768
48 2813 2.417 2.202 2.086 1.071 1.801 1.846 1.802 1.765
49 2.811 2.414 2.199 2.063 1,068 1.898 1.843 1,799 1.763
50 2.809 2.412 2.197 2.061 1.966 1.895 1.840 1.796 1.760
60 2.7 2,393 2477 204 1,946 1875 1.819 1,775 1,738
80 2,769 2,370 2.1564 2,016 1.821 1,849 1.793 1.748 1.711
120 2.748 2.347 2,130 1.992 1.896 1,824 1.767 1722 1.684
240 2,727 2,325 2.107 1.968 1.871 1,799 1.742 1.686 1.658
o 2.708 2.303 2.084 1.945 1.847 1.774 1.717 1.670 1.632

-EREE ag 0.1,0.05,0.025,0.01,0.005 & paas u, deistAl GHER (0,
v,) of gk Fafe] 100a JAE FE &9 olAL Falv,v,) & B4, v,=0d
o, Fa(y, ,00)=%,(y)/v & '

@1 a=0.1, vi=4, v,=30 of ef3}od Fn.1(4,30):2.142 o] "t}
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10 12 15 20 24 30 40 60 120 w ¥ v,
60.195  60.705 61.220 61.740 62002 62265 62529 62.794 63.061 6£3.328 1
9.392 9408 9425 9441 9450 9.458  9.466 9475 9483 9491 3
5230 5216 5200 5184 5176 5168 5160 5151 5143 5124 3
3920 2896 3870 3844 5831 3817  3.804 3.790 3775 3761 4
3297 3268 3238 3207 3101 3174 3157 3140 3123 3105 5
2937 2905 2871 2836 2818 2800 2781 2762 2742 2722 6
2703 2668 2632 2595 2575 2556  2.635 2514 2493 2471 7
2538 2502 2484 2425 2404 2383 2361 2339 2316 2203 8
2416 2379 2340 2208 29277 2255 2232 2208 2184 2159 g
2323 2284 2244 2201 2178 2156 2137 2107 2082 2085 10
2248 2209 2167 2123  2.100 2076  2.052 2026 2000 1872 11
2.188 2147 2105 2060 2036 2011 1,988 1960 1932 1804 12
2138 2097 2053 2007 1983 1.958 1931 1904 1.876 1.846 13
2095 2084 2010 1962 1938 1912 1.885 1867 1828 1797 124
2058 2017 1972 19824 1.890 1.873  1.845 1817 1787 1755 1%
2028 1985 1940 1.891 1866 1839 1.811 1782 1751 1718 16
2001 1958 1912 1.862 1836 1.809  1.781 1.751 1719 1688 17
1977 1933 1887 1837 1810 1.783  1.754 1.723 1691 1657 18
1956 1912 1865 1814 1787 1.759  1.730 1699 1666 1631 19
1937 1892 1845 1794 1767 1738  1.708 1677 1643 1607 20
1920 1875 1827 1776 1.748 1.719  1.689 1.657 1623 1586 27
1904 1859 1811 1758 1731 1.702 1671 1638 1604 1567 22
1890 1846 1796 1.744 1718 1.686  1.655 1622 1587 1549 23
1877 1832 1783 1730 1.702 1672 1.641 1607 1571 1533 23
1866 1820 1771  1.718 1689 1659 1627 1.593  1.857 1518 25
1855 1809 1.760 1.706 1677 1647  1.615 1.581 1544 1504 28
1845 1799 1749 1695 1666 1636  1.603 1.568 1531 1491 =27
1836 1790 1740 1685 1656 1.625 1592 1.558 1520 1.478 28
1827 1781 1731 1676 1647 1.616  1.583 1.547 1509 1467 29
1819 1773 1722 1667 1638 1606 1.573 15638  1.499  1.4856 30
1812 1765 1714 1658 1630 1.598  1.585 1.520 1489  1.446 31
1805 1758 1707 1652 1622 1680  1.556 1620 1481 1437 32
1799 1751 1700 1645 1615 1583  1.549 1512 1472 1428 33
1703 1745 1694 1638 1608 1576  1.541 1505 1.464 1.419 31
1787 1739 1688 1632 1601 1.569  1.535 1497 1457 1411  3s
1781 1734 1682 1626 1595 1.563 1528 1491 1450  1.404 36
1776 1729 1677 1620 1590 1.557  1.522 1484 1443 1397 37
1772 1724 1672 1615 1584 1.561 1516 1478 1437 1390 38
1.767 1719 1667 1810 1579 1.546  1.511 1473 1431 1383 39
1763 1715 1662 1605 1574 1541 1506 1.467  1.425 1377  ap
1758 1710 1658 = 1.601  1.569 1.536  1.501 1.462 1418 1371 4
1765 1706 165 1598 18565 1.532  1.496 1457 1414 1365 42
1751 1703 1650 1592 1561 1.527  1.491 1452 1,409 1360 43
1747 1699 1646 1588 1557 1523  1.487 1.448 1404 1354 42
1744 1605 1643 1685 1653 1519  1.483 1.443 1399  1.348 45
1741 1692 1639 1.581 1.549 1515  1.479 1439 1395 1344 45
1738 1689 1636 1578 1548 1512  1.475 1435 1391  1.340 47
1735 1686 1.633 1574 1642 1.508  1.472 1431 1387 1335 48
1732 1883 1630 1571 1539 1.505  1.468 1428 1383 1.331 49
1729 1680 1627 1568 1638 1502  1.465 1424 1379 1327 &0
1707 1657 1603 1543 1511 1.476  1.437 18395 1348 1291 &0
1680 1629 1574 1513 1479 1.443  1.403 1.368  1.307 1245 gg
1652 1601 1845 1382 1447 1.409  1.388 1320 1.265 1193 120
1626 18673 1516 1451 1418 1376 1.332 1.281 1219 1130 240
1.599 1846 1487 1421 1383 1342 1.205 1.240  1.169 1000 oo
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(225)u) -t LYK
SO B
Wil ¢ el e FELHE

ia, 1=8;): P (v, D> ta)=1-8

a=1(.10
1-f
Y .20 .30 A0 50 .60 .70 .80 90 .95 .89
1 1.567 2.458 3.362 4,312 5.380 6.625 8192 10616 12.629 16.466
2 1.113 1.626 2.066 2.487 2922 3.401 3.879 4.809 5.516 6.882
3 985 1.423 1.789 2.132 2.479 2.854 3.298 3928 4.456 5.466
4 926 1.334 1.671 1.985 2.301 2.640 3.040 3.600 4.067 4,955
5 .893 1.284 1.806 1.806 2,205 2,827 2.905 3.432 3.870 4,699
6 871 1.252 1.666 1.856 2.146 2.457 2.822 3.330 3.752 4.547
7 .857 1.230 1.538 1.822 2106 240 273767 3.262 3673 4,447
8 846 1.214 1.517 1.798 2.077 2.376 2727 3.214 3.617 4,376
9 837 1.202 1.602 1.779 2.055 2.351 2.8697 3.178 3.575 4.323
10 83 1.193 1.480 1.764 2.038 2.331 2674 3.149 3.543 4.283
1 © .B26 1.185 1.480 1.752 2.024 2.315 2.655 3.127 3617 4.251
12 .821 1.178 1.472 1.743 2.013 2.302 2640 3.109 3.496 4,224
13 817 1.173 1.455 1.738 2.003 2291 2.627 3.003 3.479 4.203
14 B14 1.168 1.458 1.728 1.995 . 2.281 2.616 3.080 3.464 4.184
15 B12 1.165 1.454 1.722 1.989 2273 2.607 3.069 3.451 4,169
16 .809 1.161 1.450 1.717 1.983° 2.266 2.599 3.080 3.440 4,155
17 807 7.158 1.446 1.712 1.977 2.260 2892 3.051 3.431 4.144
18 .805 1,185 1.443 1.708 1973 2.255 2.585 3.044 3.422 4133
19 .804 1.163 1.440 1.705 1.968 2.250 2.580 3.037 3.415 4.124
20 .802 1.151 1.437 1.702 1.965 2.246 2.575 3.031 3.408 4116
21 .801 1.149 1.435 1.699 1.861 2.242 2.571 3.026 3.402 4.108
22 .800 1.147 1.433 1.696 1958 . 2239 2.587 3.021 3.397 4.102
23 .789 1.146 1.431 1.684 1.956 2.236 2.563 3.017 3.392 4.096
24 .798 1.144 1.429 1.892 1.953 2,233 2.560 3.013 3.387 4.090
25 787 1.143 1.427 1.690 1.951 2.230 2.557 3.009 3.383 4.085
26 796 1.142 1.426 1.688 1.949 2.228 2.554 3.006 3.380 4.081
27 .79% 1.14) 1.424 1.686 1.947 2.225 2.5%1 3.003 3.376 4,076
28 .794 1.140- 1428 1.684. 1945 2223 2.549 3.000 3.373 4.072
29 794 1.139 1.422 1.683 1.943 222 2.547 2.997 3370 46y
30 793 1.138 1.420 1.682 1.942 2.220 2544 2.995 3.367 4,065
32 792 1.136 1.418 1.679 1.939 2.216 2.541 2.991 3.362 4.069
34 A9 1.135 1.417 1677 1.936 2.213 2,637 2.987 3.358 4.054
35 790 1.133 1.4156 1.675 1.834 2.2 2,535 2.983 3.354 4.049
38 789 1.132 1.414 1.873 1.832 2.209 2,532 2.980 3.350 4.045
40 .788 1.131 1.412 1.672 1.830 2.207 2.530 2.977 3.347 4,041
42 .788 1.330 1.411 1.67M 1.929 2.205 2.527 2975 3.344 4.037
44 .87 1.129 1.410 1.669 1.927 2,203 2526 2.973 3.342 4.034
46 .787 1.129 1.409 1.668 1.926 2,202 2,524 2,97 3.339 4,031
48 .786 1.128 1.408 1.667 1926 2.200 2,522 2.969 3.337 4.029
50 .786 1.127 1.407 1.666 1.924 2,199 2.521 2.967 3.335 4027
52 785 1.127 1.407 1.665 1.923 2,198 2.519 2.965 3.334 4.024
54 .785 1.126 1.406 1.664 1.922 2.197 2518 2.964 3.332 4.022
56 786 1.125 1.4056 1.664 1.921 2.196 2517 2962 3.330 4.020
58 .784 1.125 1.405 1.663 1.920 2.195 2516 2.961 3.329 4.019
60 .784 1.125 1.404 1.662 1.919 2194 2.515 2.960 3.328 4.017
70 783 1.123 1.402 §.660 1.916 2.190 2511 2.955 3.322 4.010
80 782 1.122 1.400 1.668 1914 2.188 2.508 2.951 3.318 4.005
90 781 1.120 1.398 1.656 1.912 2.186 2.505 2,949 3.316 4.002
100 780 1.120 1.398 1.6565 1.911 2184 1.503 1.946 3.312 3.998
110 780 1.119 1.397 1.654 1.8909 2.183 2.502 2,945 3.310 3.996
120 780 1.118 1.3986. 1.653 1.908 2.181 2.501 2943 3.308 3.994
o 775 1.112 1.388 1.844 1.898 2.189 2.486 7926 3290 3971

27} wag 15, WA ATEE, Y/o'sb L8 SyHoE A
© ve FREE wEW, T(v,2)=2]V]» & Ay, H4= e
w4 ¢ egel wed me 539 a,p % vol sk PriT(v-2)

tyl=1-870 A 219 % vhepdi T,
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Noncentral Distributions and Powers of Tests

Noncentratities for Specified o and B in the Two-sided ¢ Test

a=10,05
13
’ .10 .20 .30 40 .50 .60 .70 .80 80 95 .99
7 1549 3229 4911 6684 8597 10727 13210 16.334 20.964 24981 32.820
2 11053 1878 2503 3070 3629 4212 4863 5653 6796 7.772 9665
3 903 1570 2050 2468 2868 3277 3723 425 5014 5654 6.885
a4 833 1437 1864 2231 2579 2930 3310 3781 4396 4928 5043
5 794 1364 1.763 2106 2428 2752 3101 3514 4092 4574 6489
6 788 1.317 1701 3028 2335 2644 2976  3.387 3913 4367 522
7 750 1285 1658 1976 2273 2572 2893 3270 3795 4231 5085
8 737 1262 1627 1838 2229 2521 2834 3201 3712 4137 4038
9 727 1.244 1603 1909 2195 2482 2789 3150 3.651 4.066 4.849
10 719 1.230 1585  1.887 2169 2452 2755 3110 3.604 4.013 4782
1 713 1219 1570 1869 2148 2428 2727 3078 3566 3970 4729
12 707 1210 1558 1854 2131 2408 2705 3053 3.636 3935 4687
13 703 1.202 1.548 1842 2117 2392 2686 3031 3510 3907 4.651

14 .699 1.185 1,539 1.832 2105 2378 2.671 3.013 3.489 3.883 4.622
15 .696 190 1.532 1.823 2095 2.366 2.657 2.998 3.471 3.862 4.597

1
16 693 1185 1526 1.815 2086 2356 2.646 2.985 3485 3.844 4.575
17 691 1.180 1.520 1.808 2078 2347 2.635 2,973 3.441 3829 4.556
18 .688 1177 1.515 1.802 2071 2339 2.626 2,963 3.429 2815 4.540
19 .686 1173 1511 1.797 2.085 2332 2.618 2.954 3.419 3.803 4.525

20 685 1.170  1.607 1.792 2059 2326 261 2.945- 3409 3792 4517
21 .683 1.167 1.503 1.788 2054 2320 25805 2938 3401 3783 amD0
22 .682 11656 1.500 1.784 20680 2315 2.599 2.932 3.383 3774 4.490
23 .680 1163 1,497 1.781 2046 2310 2.694 2.926 3.386 3.766 4.480
24 679 1.161 1,494 1.777 2.042 2306 2.589 2.920 3.380 3759 4.471
25 .678 1159  1.492 1.774 2.038 2302 2.585 2915 3374 2782 4.463
26 877 1.167  1.489 1.772 2.035 2299 2.581 2.911 3.368 3.746 4.456
27 676 1155 1.487 1.769 2032 2295 2577 2.906 3363 374 4.449
28 675 1154 1.485 1.767 2030 2292 2.573 2802 3359 3738 4.443
29 674 1.182 1.484 1.765 2027 22900 2.570 2.899 3355 373 4,438
30 874 1.151 1.482 1.763 2025 2.287 2567 2.895 3.381 3727 4.432
32 872 1.149 1479 1.759 2021 2282 2.562 2.889 3.343 3719 4.423
34 871 1.147 1.478 1.756 2017 2278 2.557 2.884 3.337 3.712 4.414
36 B70 1.145 1474 1.753 2014 2274 2.563 2.879 3.332 3705 4.407
38 .669 1.143 1472 1.751 201 227 2,549 2.875 3.327 3700, 4400.
40 668 1142 1.470- 1748 2008 Z.768 2.546 2.87 3.322 3685 4.394
42 668 1.141  1.468 1.746 20068 2265 2.543 2.868 3.318 3.690 4.389
44 667 1.139  1.467 1.744 2.004 2263 254g- 2.865 3315 J6B6  4.384
46 .666 1138 1.465 1.743 2002 2.261 2.538 2.862 3.311 3.683 4.379
48 .6686 1.137 1.464 1.741 2000 2288 2535 2.859 3308 3.679 4.375
50 665 1.136 1.463 1.740 1.098 2257 2.533 2.857 3.306 3.676 4.372
52 665 1135 1.462- 1738 1997 Z755 2,531 2.855 3.303 3673 4.368
54 664 1.135 1.461 1.737 1.995 2253 2.530 2.853 3301 3867 4.365
656 .664 1.134 1.460 1.736 1994 22852 2.528 2.851 3.209 3.668 4,362
58 .663 1.133 1459 1.735 1983 2257 2.526 2,849 3.297 13.666 4.360
60 .663 1.133 1.458 1.734 1.992 2249 2525 2.847 3.205 3.664 4.357
70 661 1.130 1.455 1.730 1.987 2244 2.5619 2.841 3.287 3.66% 4.347
80 .660 1128 1.452 1.727 1.984 2240 2515 2,836 3.281 3849 4.339
S0 659 1127 1.480 1.725 1.981 2237 2511 2.832 3.277 3644 4.333
100 659 1126 1448 1.723 1.979 2235 2.509 2.829 3.273 3.640 4.328
110 .658 1124 1.447 1.721 1.977 2233 2.506 2.826 3.270 3637 4.324
120 .658 1.124 1446 1.720 1.876 2231 2.504 2.824 3,268 2.634 4.321
oo 652 1.115  1.435 1.706 1960 2213 .484 - 2.802 3.242 3605 4.286
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a
2a .
.250 .200 .160 .100 050 .025 .010 005 .0005
{.500) {.400} {(.300) {.200) {.100) (.050) {.020) {.010) {.0010)
1 1.000 1.378 1.963 3.078 6.314 12.706 31.821 63.657 636.619
2 B16 1.061 1,386 1.888 2.920 4.303 6.965 9.925 31.599
3 765 .78 1.250 1.638 2.353 3.182 4.541 5.841 12.924
4 741 841 1.180 1,533 2,132 2.776 3.747 4.604 B8.610
5 721 820 1.156 1.476 2.015 2.571 3.385 4,032 6.869
& .781 806 1.134 1.440 1.943 2.447 3.143 3.707 5.959
7 AR 896 1.119 1.415 1.895 2.365 2.598 3.499 5.408
8 706 .889 1.108 ¥.397 1.860 2.308 2.856 3.355 5.041
9 703 .883 1.100 1.383 1.833 2,262 2.821 3.250 4.781
10 700 .B79 1.093 1.372 1.812 2.228 2,764 3.169 4587
11 697 876 1.088 1.363 1.796 2.201 278 3.106 4.437
12 695 873 1.082- 1.358 1.782- 2179 2:881 3.055 4:318°
13 694 870 1.079 1.350 1.771 2.160 2.650 3.012 4.221
ia 692 .868 1.076 1.345 t.761 2.145 2.624 2977 4.140
15 631 .866 1.074 1.341 1.753 213 2.602 2.547 4.073
16 .690 865 1.071 1.337 1.746 2.120 2.583 2.921 4.015
17 689 863 1.069 1.333 1.740. 2110 2.567 2.898 3.965
18 .688 862 1.067 1.330 1.734 210 2.552 2.878 3.922
19 688 861 1.0668 1.328 1.728 2093 2.539 2.861 3.883
20 .687 860 1.064 1.325 1.725 2.086 2.528 2.845 3.850
21 686 .859 1.063 1.323 1.72% 2.080 2518 2.831 3.819
22 .686 .B58 1.061 1.321 .77 2.074 2.508 2819 3.792
23 685 .858 1.080 1.319 1714 2.069 2,500 2.807 3.768
24 .685 .857 1.059 1.318 1.711 3.064 2492 2,797 3.745
25 684 .856 1.058 1.316 1.708 2.060 2.485 2.787 3.72%
26 .684 .BEB 1.058 1.315 1.706 2.055 2.479 2779 3.707
27 684 .B55 1.057 1.314 1.703 2.052 2.473 2.771 3.680
28 683 .855 1.056 1.313 1.701 2.048 2.467 2,763 3674
29 683 854 1.055 1.31 1.699 2.045 2.462 2,758 3.659
30 683 .854 1.055 1.310 1.697 2.042 2.457 2.750 3.646
31 .682 853 1.054 1.309 1.696 2.040 2,453 2744 3.633
32 .68% .B53 1.054 1.309 1.694 2.037 2.449 2.738 3.622
33 682 8583 1.053 1.308 1.692 2.035 2.445 2733 361
34 882 .B52 1.052 1.307 1.691 2.032 2.4 2.728 3.607
35 .682 .B52 1.052 1.3086 1.690 2.030 2.438 2724 3.597
36 681 .852 1.082 1.306 1.688 2.028 2434 2.719 3.582
37 681 .B51 1.051 1.305 1.687 2,028 243 2715 3.574
38 .681 851 1.051 1.304 1.686 2.024 2.429 2,712 3.566
39 681 851 1.050 1.304 1.685 2.023 2.426 2.708 3.558
40 681 .851 10505 1.303 1.684 32.021 2.423 2.704 3.551
a1 .681 .850 1.050 1.303 1.683 2.020 2.421 270 3.544
42 .680 .BBO 1.045- 1:302- 1.682- 2018 2478 2698 3538
43 .680 .850 1.049 1.032 1.681 2.017 2416 2,695 3.532
44 .680 850 1.049 1.301 1.68C 2.015 2.414 2.692 3.526
45 .B80 .850 1.049 1.301 1.679 2.014 2412 2.690 3.520
46 680 .850 1.048 1.300 1.679 2013 2410 2.687 3.515
47 680 .B49 1.048 1.300 1.678 2.012 2.408 2.685 3.510
48 .680 .849 1.048 1.299 1.677 2.011 2,407 2.682 3.506
49 .680 .B4g 1.048 1.299 1.677 2.010 2.405 2.680 3.500
50 879 849 1.047 1.299 1.676 2.009 2.403 2.678 3.496
&0 679 .B48 1.045 1.296 1.671 2.000 2.390 2.660 S 460
80 678 846 1.043 1.292 1.664 1.99¢ 2374 2639 3 416
120 .B77 .845 1.041 1.289 1.658 +.980 2.358 2.617 3.373
240 6786 843 1.039 1.285 1.651 1.970 2.342 2.696 3.221
oo 674 842 1.036 1.282 1.645 1.960 2.326 2576 3.291
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