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Amprove intestinal absorption of digoxin, ... "
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“+ - Increased extent ‘and rate of bsorption for Lanoxicans when cimpared
- .with those for Lanoxin tablets was demonstrated in single dose studies

in either fast condition (#1, #3, #4,

condition (#2) on normal human subjects.
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and #5) or in postprandial

There were no statistically signifiéant differences of minimum digoxin

plasma concentration in steady-state

for 0.2 mg capsule or 0.25 mg

~ -~ digoxin tablet in study l-a. However, the steady-state digoxin -
~~ concentration for 0.2 mg capsule is approximately 10% and 14% lower

. than that of 0.25 mg UK. digoxin tablets (dissolution rate of ome i

+ D) In nearvmal suhiects (#6) and cardiac patients (#9) respectively.

_ The mechanism for enhanced bioavailability of digo. in capsule was not
~ ‘Clear. Studies #8 and #7 demonstrated that neither the presence nor
~ the physical properties of capsule wall affected the biocavailability

of digoxin when it was given in filli

ng solution. However, it was

~ ~conflicting with the observation from study #2 which suggested digoxin

capsule was more bioavailable

than di
- The studies suggested that inter-and

goxin elixier.

intra-subject variations in

bioavailability parameters might be reduced for capsule as compared

with tablet formulation. A reduced 1

ntersubject variation in single

dose study for capsule was observed for study #4, however,

approximately the same variation for capsule and tablet was observed

in study #1, #2, #3, and #5. The intersubject variation of steady
state digoxin levels for capsule in multiple dose study #6 was less
than those for tablets, however, approximately equal intersubject

- variation was observed in study #9. A less day-to-day variation or.
intrasubject variation was observed for study #9 but equal variation

was observed in study #6.
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S The safety issue of higher peak digoxin level should be reviewed by
- the medical officer. R

1.%Because of the sssdy limitation at the time when the study was

conducted, plasma samples were collected and estimated for less than

_one half-1ife, from pharmacokinetics point of view, bioavailability

“"“can hbt'be‘accuratély‘aCCessed.',HowéveI; the trend of the relative
‘bioavailability 1s demonstrated. ', - .
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7" 2. “The submission may suggest a reduced inter and intra-subject
' - variation for digoxin capsules as compared to digoxin tablets,
---L. however, it.is not conclusive; since .some of the studies demonstrated
- .reduced inter and intra-subject variation and some donot . A =
~ possible explanation for the discrepancy is the assay methodology. -
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The purpose of the study was to determine the
bioavailability of soft gelatin capsule, tablet and
solution under steady-state conditions in normal subjects.
Three studies were performed by Dr. J. Lindenbaum, Columbia
University, N.Y. '



were fnvolved.

;' -~ I.-‘.:—ﬁ?_‘:’;%f :.-"‘;f% ..
ght- volunteers:

Seeegybject rece

f§§:357'ears old)

.....
oh

Bl .A two-wéeks washout period was ‘allowed between the

treatments. Each was administered as follows:

ST T

Day 1: Two tablets or capsules at 8:00 a.m. in the fasting

state and at 4:00 p.m. and 12 midnight.

Day 2: de tabiefsAof capsules at 8:00 a.m. in the fasting
.. state. .o . . . ‘

7bay 3-9:W‘bﬁé.iabléf—df'éépsule at ld.a.m,_and at 5:00

T P.m., 2 to 4 hours after meals.

Serum was obtained on Day 1 at o, 0.5, 1, 1.5, 2, 3and &

hours after dosing and on days 2, 8, 9, and 10 at 9:00

a.m. Twenty-four hour urine collections were obtained on
~~--- Day 1, and on Day 9 for most of the subjects. -~ - - -
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'”'evels and bioavailability parameters ~are shovln in. the -
=$011owing table :

=

" tablet j‘ tablet -
0.25 g uozm
C. D

1 18 (98) 0.64 (102)

1. 81 (127) 0.7& (157)
P S ~.74'(38)""1 20 (773-7.-2.05-(70)- 1.55 (62),
D ~;..;;;.-?_.4:..;,.-.g.;—;_,';1‘,5‘:-,;";: :"2*1& (62)¢:1.59:€46)-.c13,82-(37) . -1.62 (38) .

: e e 2.0 1:55-(38) 1.37-(22) - -1.78-{27) 1.42 (20)
3T 1.9 (31) 0.86 () 1.34(33) 1.18 (40)
i 056 (21)-- 0,45 (38) —. 0,62 (23)--0.63 (22) -
LTI L5l 03,54 (46) 0 2.39.(48) - 3.10 (34) 2,37 (35) .

Cmax ng/ml . 3.34 (45) 2.08 (28) 2.68 (32) 2.12 (24)
Tmax -hr : 1.25 (64) 1.50 (60) 1.68 (54) 1.75 (49):
AUC (0-6 hr) 7.52 (19) 5.18 (15). 7.47 (16) 6.27 (11)
fe (day 1) mg = 273. (22) 206 (16) 248  (15) 260  (28)
Opss(days 8-10)ng/ml 1.08 (17) 0.91 (22) . 1.02 (37) 1.17 (29)
Ae (day 9) mcg 255 (20) 203 (16) 242 (18) 240 (22)



fgllhéfgniéie:SignificantAdifferences in AUC (0-6 hrs)
:between treatments A and D, and between treatments B

T L Compar
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== R possible significant differences (p 0.08) were observed
“For "steady state seriilevels of digoxin €or-thet - R

_Yreatments. = LSS hAT AL L o TTir

stinent. 8 conpared with treatnent A, C and D,

WAk

i-722-has greater-bioavailability than tablet of equivalent dose.
. Comments: .

1. The study suggésted that digoxin capsule was absorbed
_faster and more than tablets.

»

, ‘2. There were no significant differences in the
=fz . coefficient of variation for biocavailability
- ' parameters and digoxin plasma levels between
treatments. -

3. From pharmacokinetics point of view, the
- bioavailability derived from AUC of plasma levels 0-6
hours (less than one half-life) is not accurate,
however, it does reveal the relative trend of
bioavailability for formulations tested.

-4, Theoretically, amount of digoxin exreted in 24 hour
- urine in steady state is a good estimate for
biocavailability, however, because of the greater
intersubject variations (partly may due to be cross
B . reactivity of the assay method) and small number of
T subjects used, the study does not have the power
T em=e= - (0.8) of detecting 20% significant differences between
the treatment.

Tumulated urinary .excretion and serum-levels of-digoxin - T

_This is a prelininary study- suggesting thet digoxin capsule - . ...
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cribed for study a.

There were
~ - for steady state serum 1

i{%tgss ng/mi -
Ae (day 1) A 216
Ae (day 9) . 255 - - (20) 206

Study a

1 re1;hvpf;éami3f;ffﬁgaaﬁiiéd;crossovér e ;jj:
subjéct recefved treatment A and treatment g R
tu - ‘.“: ,'_ ‘\-.»\_ o N ) ."_ . -

S g e

)T 0% (28 1.05 (o

(31) 249 (27)
(33) 230 (27)

B (0.2 mg capsule)
Stu

| | dy b  a&be

' Cpss ng/ml 0.91 (22) 0.89 (17) 0.90 (19)
Re (day 1) 206 (16) 198 (17) 203 (17)
Re (day 9) 203 (16) 161 (33) 183  (25)

*pooled data of study a and b.

no statistical significant

evels and urinary
between capsule and tablet in study bi_”‘

When paired t-test was performed on’
and b

digoxin serum levels and urinary
0.2 mg capsule angd 0.2 mg tablet.

The study suggested t

differences (ANOVA)
excretion of digoxin

S Reéomnendation: T eec e

hat digoxin capsule might have greater
- bioavailability than tab}et, however,

it is not conclusive,

SN
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A. 0.2 mg soft
‘CT™ #1746)

number .of subj
1nconclusive.:
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Paired t<

_the following formulati

WA Y e
PN,

E: Digoxin solution a
Capsule in A, - :

F: Lanoxin R brand Elixier Peadiatric.

w Results:

~

7 design since 1t‘19n°:?§:Qerlqd_effbcts,*f

"~ Because 0 the intersubject variations and small
ts used 4

n this study, the study ;s

- Ten volunteers were given a single oral dose of 0.4 mg of
e ) ons following & high fat meal, serum -
... . samples were obtained from 0 to 6 hour.and a 24 hour urine

e T T T NAS co]_lected ‘““ T T e

_gelatih digoxin capsule (Lot 919-I,

prepared for soft gelatin

Mean and coefficient of variations of serum levels and

Serum levels ,
ng/ml at 0.5 . .

0.5

1.5

r NN

Omax ng/ml

Tmax hr

AUC (0-6 hr)
ng/ml hr.

Re (24 hrs) meg

bioavailability parameters of digoxin:

'Cabsule Elixir
2.3 (83) . 2.1 (62)
2,2 (55) - 1.8 (28)
1.9 (37) 1.3 (23)
1.3 (31) 0.9 (22)
0.9 (33) 0.6 (33)
0.6 (100) 0.4 (25)
3.1 (39) 2.4 (46)
0.8 (50) 0.7 (43)
6.8 (38) 5.2 (29)

100.3 (22) 90.9 (17)

Solution

2.0 (65)
2.0 (s5)

. There were statistically significant differences in
AU (0-6 hr) among capsule,
differences in urinary exc

elixier and solutions, no

tion for 24 hours.
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L The study suggests that digoxin capsule'has possibly :
: greater bioavailabilit -than digoxin elixir and digoxin _
5 1u5£:ﬂmtion inpost prandial. subjects. e I

igoxin capsu appeared toehave greater L
T »‘bloavailability as judged from AUC (0-6 hrs).
== - . However, the absolute bloavailability can.not be .
Al o “phtained from AUC (0-6 hr), neither frouLurinary o <
L excretion data for 24 hours. . S

To examine the absorpiton characteristics and
bioavailability of an encapsulated digoxin solution in
postprandial noraml subjects.

- Study Design: . . - L

Twelve healthy subjects were 1nvolved in the 3-way
crossover study each subject received a single oral dose of
0.4 mg of the following forwulations-

A’two-week washout period ﬁas allowed between the
treatments.

- Each of the formulations was ingested with 250 ml of
water immediately after breakfast. Blood was .
collected at O, 0.5, 1, 1.5, 2, 3, 4, and 6 hour. e
Urine samples were collected over 6 days.



¥i67§;ru6'éhé’ﬁ&iﬁe ﬁere determined - -

method of Hayes 5T "

_ Plasma levels -
2 -pg/ml at 0.5 hr--
% 225 (22.7) " 1.19°(23.5) ") 1.03 (19.5)
-0.90 (29.5) ~~-0.96'(35.1) -~ " 0.82 (19.7) -~ -~
4 0.64 (24.9) - 0.71 {30.9) 0.70 (31.5)
N T 0.50 (20.9) 0.48 (31.4) 0.48 (29.9)
Cmax  ng/ml - 2.69 (34.5) 1.58 (20.6) ~ 1.61 (40.4)
Tmax hr 0.83 (55.2)  1.22 (56.2) 1.13 (27.6)
AUC (0-6 hrs) ‘ '
ng/ml x hr =~ 6.37 (20.0)  5.40 (20.2) 5.07 (21.6)
Re (6 days) meg 239  (12.1) 209  (10.9) 219  (11.2)
There were statistically significant differences for
Cmax, AUC and 6-day urinary excretion between

capsules and solution and tablet. -

Recommendation:

The study demonstrated that digoxin capsule had greater
bioavailability than solution and tablets of equivalent
Corrmdoses o o e

‘Comments: .

1. Earlier and higher peaks were observed for digoxin
- o capsule than tablet and solution.
2, Greater bioavailability of digoxin capsule was
- . observed when bioavailability was measured by AUC (18

- 27% larger than solution and tablet, respectively)
than when measured by 6-day cummulative urinary
excretion, CUE, (16 and 10%, respectively). The
discrepancy was possibly from the estimation of
bioavailability from incomplete plasma profiles and
crossreactivity of radioimmunoassay. -

i e et e ok ——" - e ¢ s ma Ao e e e o e emm o




: qrigtions Jor serun digoxin level or. bioavailability - =
v sters between the treatu,\entsu '

' Jective gf this study was to determine the absolute g
*bioavailability ‘of -Lanoxicaps. Three studies which were -

. ‘conducted by Dr. P. Binnion (Pennsylvania Hospital, Pa.),

__Dr, 3. Doherty A {V. -A. Hospital, Arkansas) and OR.- fj,_blarws S

"_{Arizona Medical Center, Arizona) were included and the - o
m»,data were.podled fbr‘statistical analysis. - j~*-—*f~~;--u-~s<-

h Y

Study Desigv

l;"fEach clinical center enlisted six healthy subjects for
_the study .

_ 2;_ Subjects were receiving the following fOrmulations-

A. jEight of 0. 05 mg Lanoxicaps brand digoxin capsules

t

. Four of 0. 10 mg Lanoxicaps brand digoxin capsules

B
C. Two of‘ 0. ZJ mg. Lanoxicaps brand- digoxin capsules:
D

. An intravenous infusion of O. 4 mg inJectable |
Adigoxin in 10 ml saline. R

F. USP digoxin reference solution~containing 0.4 mg
digoxin in 200 ml of water o




‘The study conducted‘by‘nm. Marcus was a six-way ' e
‘erossover design.: Jhe other two studies by Dr. Binnon I
= —-and ‘Dr..‘Doherty were. carried out as a balanced .
ncomplete block design, each subject received 5
reatments ‘in changeover random sequence. At least 2
:weeks were elapsed betueen_eech treatment.-~ -

- ...,.-.; .-

%

_h';"5;”.':'!.3*17:58"‘3%1135 were"'taken"at o, o5, 1, 1. 5, 2,30
: - and 6 hours and-urine was collected for 6 consecutive
o '“”Rédioimmunoassay‘method waé'used for assayi' o T
Results:
‘ 1. Mean and coefficient of variation (%) of serum digoxin
T level and bioavailability parameters: s
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- . Solution
3,01 (29)

. 2.73 (41)
2,06 (33).
- ~1.45 (38)"

1.22 (34)
0.93 (38)
0.67 (28)

.0.70 (39)
3,13 (27)
8.28 (31)
88

s

(6.9). 20

Capsule

. 8X 0.05
4.13 (24)
3.93 (19)
2,49 (18)

N
(4

e e e e e L g e et oo -

Tablet
2X 0.2
1.24 (40)
1.92 (31)



13 0
:’ !
Binnon: |
0.5 C o 3,74 (27) 2.33 (29) 1.67 (109)
1 © . 6,00 (31) L. 2,16 (27 3.29 (25)
1.5 C 2,13 (20) T lua4 (27 2.05 (26)
2 Lo 1,27 (24) 0.97 (29) 1,29 (31)
3 0,73 (26) 0.71 (39) 0.75 (39)
4 0.50 (23) 0.56 (17) 0.55 (43)
6 . 0,29 (26) 0.31 (33) 0.27 (53)
~ Tmax 0,90 (25) - 0.7 (39) 0.9 (25)
Cmax 6.0 (31) | 2,44 (25) 3.46 (29)
AUC 1 8,67 (21) 5.55.(22) 6.32 (29)
i Ae 2719 (0.9) ' 239:(10) 255 (2.3)
‘? .
. : , ‘ o v’i§y
' Popled Pharmacokinetic parameters from 3 centers:
Lo ' o K { ‘;r.'
g S U IWVL 7 Solution Capsule
T R S P 8X 0.05
i % No, of Sub- i Dk b
;o Jeets 1500 ot 16 R 16
b 410,83 (30) 0,69 :( 36) 0.75 (34)
1. .7+ 5.41 (30) 2.67:(30) 3.88 (23)
8.95 (24) 6.39 :(33) 7.54 (27) -

SRS ER v} 233 (12)

e iy
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3.14 (40)
2,93 (30)
1.61 (28)
1.00 (32)
0.64 (34) .
0.52 (26)
0.26 (46)
0.70 (39)
3.70 (25)
6.27 (23)
279 (4.3)
Capsule
4X 0.1
16 :
0.72 (36)
3.79 (30)
7.40 (31)

237 (18)”;§

53 (33)
.21 (26)
.04 (31)
.33 (38)
.78 (29)

61 (37)
.29 (28)
.9 (25)
.47 (14)
88 (21)
258 (3.1)

Capsule
2X 0.2
16

0.72 (36)
3.76 (17)
7,55 (23)
237 (15)

4

|

i

{

0.97 (18)
1.31 (30)
1.19 (35)
0.87 (23)
0.61 (20)
0.45 (22)
0.20 (35)
0.9 (46)
1.38 (24)
3.87 (18)
209 (7.1)
Tablet
2X 0.2
16
1.0 (41)
1.76 (25)
5.11 (25)

199 (15)



iﬁJ;I:;ff;ﬁﬁgﬁéf‘ﬁéa *édﬁééhgfsiibaéhéh&Aéteétéf”éUCs were observed
2. SemsUPor 1.V, dosing. “Tablets were the least bioavailable - ... .
+7=7" - dosage forn as judged from AUC and urinary excretion data. =

Ayt T

dy demonstrated that capsule formulations iIs
-gvai;gble.tban_tablgt4and solution dosage

“w}§9fﬂs‘¥? R s e i T et S e

IuThélsféfié{icél;analysi§ ’f;bobled data from 3 - .

“elinical centers is acceptable {see attached reviews =~ °
by Division:of Biqmetrics).[_. _ R

. No indication of reduced inter-or intra-subject -— -

- #%ariation"In bioavailability parameters, was observed
- : for capsule dosage form as.compared to tablet or . '
v solution,

Recommendatidnﬁ

The study is acceptable.

Stggx-a’- By Johnson et. al. at Wellcome Research Lab.
Beckenham, England.

ObjeCtive: _

The objective of the study was to compare the absorption of
~ digoxin from two capsules of differing volume of solvent,
' aqueous digqxip_solution and a reference tablet.

Study Design: - et < :
Eight healthy volunteers were used. Seven finished the
study. Each subject received 4 treatments in a randomized
crossover design. Subjects were fasted overnight before
administration of the drug and continued fasting for
another 3 hours. Urine were collected in 24 hour period

for 6 days and blood were collected at 0.5, 0.75, 1, 1.25,
1.5, 1.75, 2, 4, 7 and 24 hours after dosing.



e ﬁz'fif -- ;- “ _\)
N ' _ The_follq@ihg Qg ei?he 4 treatments given to the subjects:
e e - £ 190 RTINS : ' e

- Digox ‘ng administered orally as 2'0f United - -

‘Digoxin 0.4 mg administered orally as two exp
- capsules of 7.5 minims solvent content SEEGNE

c.

~ -

RN S —

T b._ Digoxin 0.4 mo odgipistered orally as to.
c2 A o eemmrete s CBpSUles ..‘ B '. ] . - .,_,.‘_'- -7\ '\-»- e RC I A

Analytical Methods: .
' Determination of'digoxin'voncentration in blasma and urine
" was carried out by radioimmunoassay. (J. Clin. Lab.
Invest. 29, suppl. No. 126, 1972). e
Results: e T
1. Mean and éoéfficient of variation for plasma digoxin
levels (ng/ml) and bioayailability parameters are:
Solution  Tablet Capsule (7.5) Capsule (4)
0 . 0.07 (60) 0.04 (54)  0.05 (46) 0.05 (46)
0.5 2.36 (19) 1.25 (64) 2.26 (58) 1.96 (100)
0.75 . ©2.78 (21)  1.79 (39) 4,15 (14) 2.88 (46)
R - 2.49 (20) 1.84 (27) 3.78 (14) 3.40 (28)
1.25 .2.15 (25) 1.82 (28) 3.20 (12) 3.10 (14)
1.5 1.95 (26) 1.62 (31) 2.58 (14) 2.79 (18)
1.75 1.60 (33) 1.54 (33) 2.19 (15) 2.45 (25)
2 1.40 (19)  1.40 (29) 1.87 (20) 2.29 (29)
—~- - 4 - - 0.67 (23) 0.73 (34) 0.72 (17) 0.78 (14)
7 0.39 (27) 0.45 (32) 0.48 (16) 0.47 (18)
, 28 . 0.34 (29) - 0.31 (24) 0.33 (17) 0.34 (20)
Cmax 2.91 (16) 2.07 (24)  4.42 (13) 3.97 (17)
AUC (0-24) 13.67 (15) 12.61 (27) 16.40 (13) 16.40 (13)
Ae (6 days)mcg 212.2 (12) 219.6 (21) 239.9 (11) 238.1 (14)
%-of dose 53 44 60 60



‘mu”gnlflcant differences (ANDVA) in cmax, AUC and -
anount excreted in 1 the urlne ‘between the treatments. e

)n«- x‘-. Rt e b2 R BIG - SFECLREIN

were_ less coefficient of- variations for
1s and” bloavailaﬁllity parameterers for

Dreater, ‘bloavailabluty “.f°1' digoxin capsules 'were evldenced“' o
byzgrester NUC-0-24.hr and greater urinary excreted d digodn .. -

EEIE s - o‘IK

. S l,: ‘Faster absorotion rate and greater bioavailability

B }Qtablets and solution.-~“g;t;;;ﬁu i

2.- Possibly less intersubject varratxons in plasma levels
were observed for capsules than those for tablets and
solution as reflected by less coefflcient of
variations in the data.

Sturiy 5

. The Pharmacokinetics of beta-methyl digoxln compared with
digoxin tablets and capsules by B.F. Johnson et. al.

ObJectlve' : _ . -

The obJectlves of this study were to compare the percentage
intestinal absorption of digoxin from capsules and tablets
~ and beta-methyl digoxin from tablets. The study was
carried out in Wellcome Research Laboratories, Beckenham,
".‘;;f:_“,".i ... Kent, England. =" - -

R TR Is R

Study Design-

1. Twelve healthy volunteers (9 males and 3 females) were
- used -

S St s SR AT L i " Ppaa Y e e v 4 A R .

~weré observed for tapsule- formalatlen than those for e o



ed. the following 5 treatments in
, each treatment separated by at

0 8 mg of dlgoxin as two experimental soft
gelating capsules ﬁanoxicaps) each ofl

3. Subjects were faster overnight before medication and -
fasting continued for a further 3 hours after
medlcatlon. -
L ,”4,__“Urine was collected in 24 hours periods for 10 days,
e after each treatment IR T

Assaz-

Dlgoxln and methyl digoxin in the urine were determined by
77" radioimmunoassay method using Lanoxitest-gamma kit
.- = - (Wellcome Reagents LTD). The antibody binds equally with
_ digoxin and analogues in which the genln component of the
. molecule is intact. '

e e SR Im S ey o (N SRRV T T - .
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1

Results: ;
Mean and coefficient of variation (%) for bioavailability
parameterss: - , | .
e Digoxin : MO . Digoxin + BMD Digoxin
R ) £ : I.V. tablets tablets capsules
Ae (10-days) o 387.3(13,2)"352.6(12.8) 289.8(16.9) 303.8(13.1) 299.3(14.6)
% absorbed* 5100 ¢ 100 75.1(14.3)  86.9(13.5) 96.9(11.6)
, urinary t 1/2 (hr) - 34,9(6.3)°  39.8(5.5) 35.4(5.3) 39.4(7.2) 35.6(5.9)
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ans compared with 1.V. dose. "

‘There were significant differences in the amount of .° °
. digoxin excreted in 10 days between the treatment. R

jaéaibiﬁﬁddbééséy"méfhbdr(ﬁiA) is not'Specific for
-digoxin, it also measures the cardioactive metabolites.

R B Enﬁaﬁééargﬁ?érﬁ??éﬁﬁﬁ?i&ibﬁgihiffbmfdigoxin.capsule :
- =z - was demonstrated. .. oo o .

A < ~

7 tablet was 15% and 17% respectively, therefore the
significance of the improvement-of intersubject:-_--.
variation between tablet and capsule is limited.

4, 'Théfé ﬁére 58% and 75% of the dose was excreted as
digoxin in urine in 10 days for digoxin tablet and
digoxin capsules respectively.

Study 6: IR

The Cbmparability of Dosage Regimens of Lanoxinqtablets and
Lanoxicaps by B. F. Johnson in Wellcome Research
Laboratories, England.

Objective: E; ) )
o The objective of this study was to compare the absorption
of digoxin from soft gelatin capsules and tablets in the
non-fasting state and over several days.
|
i -
I |
i - .

—tHE CoerPiStent of varlstfon for digoxin cepsule and



o | Plasma-samples'for determihation of digoxin

iéiuhféersﬁéged,ls‘fﬁ'éé1yéérs were used. Each =" -
/thg'rp;}gy;ng_trgatments in a randomized-sequence: s

e

=Yool

Each treatment was ‘ingested §€;d§uﬁi3olhih. and 21 hr
3Dvmin;;qailyjfor 14 days.

concentration were obtained at 09.00 hour on each of
the last three days of both periods of treatment. And
on one day the subjects fasted overnight and during
the following. morning, additional plasma samples were
collected at 0.5, 0.75, 1., 1.25, 1.5, 2, &4, and 7
hour after the morning dose. All urine passed during
the last two days of each treatment period was
collected in 4 dosage intervals.

Assay:

'Digoxin in the samples was determined by radioimmunoassay
~ method using Lanoxitestgamma kit. (Wellcome Reagents LTD).
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SRR R

_1evel and bioavailab

B it Mo -
~ Omin (ng/ml) 0.09
cmax {ng/ml) 0.09
: Tmax (hr) 0.05
* AUC (0-7 hr) N.S.
Ae (12 hr) mcg 143.6 (12) 0.05

v el e A T TR

‘P value* was 6btained by ANOVA

paired t-test was performed, there wgperno‘statistical
significant differences for AUC, Cmin, Cmax between-the

. treatments. There were significant differences in amount

excreted and Tmax between the treatment (p 0.05). The
same results were obtained from ANOVA.

~ There were no differences in the averéged day to day
variations (14%) for the minimum plasma levels of
digoxin at steady state. - :

fhé éoefficients of variation for bioavailability
parameters is slightly greater for Lanoxin tablet than
those for Lanoxicap.

At steady-state, 57 and 65% of the dose were excreted
in the urine as digoxin for tanoxin tablet and
Lanoxicap respectively.

o —t €= £ - S " e Ry T e g 7 T O Y T - . e e i

Mean and coefficient of wvariation for plasma digoxin - :



steédy'éstate, piaéina ‘level (Cmin) for

£

89% of that for Lanoxin tablet and the *

“Jhe. averaged,
Y anoxicap 1s

L&

1% of that for _;anoxin.tablets." o

There were fo dif fere?éﬂe{;‘
Dlasna steady-state level between the treatments.

o statistically, there were r 5 differences in AUC (0-7
" hr) between Lanoxicap ‘and ‘Lanexin. ~ However, auc (0-7

e LR

i ~~hty tends to underestimate the Teal bioavailability == — =TT

Lozelos - o EFTer Lanoxin tablets than for Lanoxicap since the - ..
plasma digoxin levels for Lanoxin tablets at 7 hour is

: - higher than Lanoxicaps. -

Study 7: 7 7
Effects of storage upon in-vitro and in-vivo
characteristics of soft gelatin capsules containing digoxin

B. F. Johnson, Wellcome Research Laboratories,

Beckenham, England.

Objective: = - o |
The objective of the study was to determine that whether
storage at different conditions would change the
bioavailability of digoxin capsules. - SR

‘in day to ‘day" variations for

veraged amount of digoxin excreted in 12 hours for ... .
! A es for o




-r ' Stggg Desim"' = S e
B -Six“healthy subjects aged 27 to 34 were used.‘

1 acﬁvgupject received a slngle “dose of 0.6 mg of BT
"digoxin as the following treatments in a randomized R

»tatin-square design._r
. l2 capsules of fresh made soft gelatin capsules.

B 7. 12 of soft gelatin capsules stored at 5° c for

-‘ ”szof soft’gelatin capsules stored at 370 C for T
*10 months:- rcml,c g .

» .'3.7 Capsules were administered to the subject after an
‘ overnight fast'and fast continued for another 3 hours
v after the medication.. Two weeks were elapsed between

the treatments.

4. Blood samples were collected at 0.5, 0.75, 1, 1.25,
1.5, 2, 3, 5 and 7 hours and urine collected in 24

hours perlod for 6 days after the medication.

Assay:

Digoxin was determined in the samples by radioimmunoassay
method using Lanoxitestgamma Kit (Wellcome Reagents LTD)

Results:

D ﬁ;rvl.;f Dlssolution proflles for capsules presented as ¥ '
dissolved:



2 mg
mon, )
103

0
370(12
104

fresh

mon. )
68
106

0.1 mg
370(12

108
-y

fresh

10
© 64 .,
92

379(10 mon.)

rate was detefmined by the method

?Dlssolutioh

addendum to the British

1975

the
ia 1973,

described in

Pharmacopoc

T e i e v v e

S e s e

e e




e s e

D W el L

t;é; ;_jhe;bioavailabiiifyLb;fémétéig (Mean and coefficeint

.

fresh S°C (1o mon.) 379C(10 mon, )

e

4.8(19) S
10,7 (1g) E e
S 262.0 (111 T

o ‘25 £ 1' {
0.73

- No significant differences (ANOVA) in Pea plasma
7§]fﬂ1evels;“nuc,and;urinary?reCDVery]amOng the three

e s e

atisticél -

slowest dissolution rate,

2.  The number of subjects used can not detect 20%
~ differences in peak plasma concentration with a power
of 0.8 and at significance level of 0.05. However,

Study 8 - Influence of soft gelatin on digoxin absorption: N
=2tudy 6 g
T ~ B. F. Johnson, et. al. ‘ ' ’

Tmeeee—eee L

The objective of the study was to investigate the effect of
the presence of soft gelatin on absorption of digoxin from

solution,

e e v e, s e —— L an

-
-
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'tos:over‘ ign..--Each subject received 0’6 g _digoxin in..

3 intact soft gelatin capsules each containing 0. 2 mg

Adigoxin followed by 100 ml of water. j_‘_

e nﬁ-&.ﬁ‘ﬁ&_ F e A i i ,1~ B T

-3, soft gelatin capsules each containing 0 2 mg digoxin

L cut‘in.half ‘immediately - before administration and
oo fﬁIlowed'hy 00 ml of T

= C. A solution of digoxin containing 0 6 mg digoxin,'
:gfﬁ;""f"‘113:1‘fbllowed by 100 ml of water. .

v D. 3 soft gelatin capsules each containing 0.2 mg
' digoxin, dissolved in 100 ml of water by heating to
: 370C for a 5 minute period immediately prior to
D administration

14 days were. separated between treatments.

Plasma and urine samples were collected. Treatments
were administered after an overnight fast and nothing
else were allowed by mouth for a further 3 hours.

- A_ss_ax:- .;.,_ : a i ;.._1_....'.'.-_...'..;.._, -
= Radioimmunoassay (RIA) me'zhod employing Lanoxitest gamma

kit was used. —

T T T e e ——y T T R v e < 2o a1 e amae e e e an e
\ . : Sl B

"\’ht healthy volunteers aged between 19 to 53 years and - _ -
eth between. 57 and 99 kg were used in a randomized 4 way . ...

.\f

~

s ekl DT



B e

and bioavailebilit arameters are: .

F
-0
: , — = - 6 6.92 (25)
I , 0.75 N 5.65 {68) - 6.00 (31) . . 6.31 (27) 5.99 (21)
et e L T B 75 (82) 5,03 {30) - 4,93 (24) 4,90 (18)
=0 125 0 4,18 (33) - 3.98 (30)1u;v:4.08 (27) 4,09 (22)
e 15 3,63 (36) 1 . 3.67(32) _ 3.40 (20)
L2 T 2.56 135) 270 2.59 (31).
e T3 1,62 (82)5 T, Y ; 0 1.75 (29)
5 0.97 (37) 0.94 (32) - 0.93 (43) 0.84 (42)
- -7 - 0.84 (33) 0.71 {33) - 0.78 (38) 0.77 (38)
> Cmax ng/ml 6.56 (36) 6.89 (30) 6.78 (28) 7.10 (24)
Tmax hr 0.78 (43) 0.56 (21) 0.59 (13) 0.56 (12)
AUC (0-7 hr) 14.02 (28) 14.23 (28) 14.67 (29) 14.61 (24)
Ae (6 days) 278.1 (20) 295.6 (20) 309.3 (14) 290.5 (26)
There were no statistical significant differences -
(ANOVA) in the bioavallablllty parameters between the
treatments. - - )

an:and coefficient of variation of plasma digoxln level _




> ged from 46 to 52% of the dose for the
Lreatments. "It appeared to be lower than study #4.

e iee Xoweie w

e g Al e gt r e Vabeiad b Tl e e el i

t bh}opriggxiﬁicap§y1§§"§nﬁ patieh@s S

- The objective of the study was to compare the clinical
- effect and digoxin plasma levels of digoxin capsule and
K ~ digoxin tablets in the patients.

Stugz'd3519955§917r"'”‘.*'
1 f&ént}IBétiéhfs‘(9.males, 11 females, with creatinine
. clearnace 37-to 120 ml/min) on maintenance therapy
were used in a crossover design. ‘

2. Each patient received either four weeks of digoxin
. tablets (Lanoxin, U.K., 0.125, 0.1875, 0.25, 0.375 or
. 0.5 mg) or of capsules (0.1, 0.15, 0.2, 0.3, or 0.4
mg) at 10.00 hour each day. At the end of the 4 weeks
period, patient crossover to the alternate treatment.
3. . The dose of the tablet was equal to the total
previously received in a day, the capsule dose being
80% of this. '

= o~ - 4, - puring the fourth week, the following investigations-
cemreewlie e Were carried out: . 1) clinical assessment, 2) £.C.G., -
3) serum creatinine and electrolyte concentrations and
. routine liver function tests. : A
5. Blood samples for digoxin assay were collected just
before a dose, one during the third week and a third
... during the fourth week on each formulation,

e e P

e ik e e
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" Results:
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level following treatments:

SEas

;,lfabléf'f?'ij"f*' Capsule
L 0,27 (48) 0.22 (44)

- Al

fourt ‘week for patientsgpf,eaph dqsagg fbrm;“.

_ e . D N:”, R 7‘ R »A . .F...,.;-.,.Capsule-.._,_.-- SO
LR, Mean = TRO.28 AN 002
. . - S.D. - ~ ;_.» « A -v.‘ B . . 0. 12
eV ® . Th 100
I 3.  Linear regression of serum digoxin concentrations for
the 3rd week and the 4th week:
1 S g2 ao al
Tablet (n=20) - 0.67 -0.064 1.07
Capsule (n-19) ~ 0.78 0.236 0.82

4. There was a better correlation for tablets of
' creatinine clearance and dose required to maintain
1.30 n mole/1 digoxin level.

-~ -Comments: e

| 1. A slightly better correlation of serum digoxin level
o for capsule was observed. The mean of the

- intrasubject differences between the third and the
fourth week was smaller for capsule, however, the

coefficient of the variation for capsule was greater.
— ceeee. . It suggests that intrasubject variation was reduced

fgr capsule.

:-;\Nbré'Chiang,rPh; D
Pharmacokinetics Branch

Al
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NCHIANG/cp/7/9/79 (5069A)

- RD INITIALED BY EDPURICH
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‘Mean andacoeffiéieﬁf dff;;fiéiion for serum digoxin

AVEi . 130032 .. L1229

Mean and coefficient of variation for serum digoxin -
~-concentration determined between the third and the .~ -

.y HFD-150, HFD-525 (Dr.Chiang), Chron.,‘Review,‘
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