
CHAPTER IV

RESULTS AND DISCUSSION

T he concentrations o f  roxithrom ycin in the tablet w ere determ ined  according  
to the m od ified  m ethod  u sin g  h igh  perform ance liquid chrom atography from  that o f  
O liveira , B ergold , and Schanpoval (19 9 6 ). T ypical chrom atogram s o f  internal 
standard (clarithrom ycin) and roxithrom ycin  are show n in F igure 2. T he retention  
tim es o f  internal standard and roxithrom ycin w ere 9 .55  and 11 .63  m inutes, 
resp ectively . T he m ethod  w as validated for the w ithin-run and betw een-run  
p recision s. T he percent coeffic ien t o f  variation ( % c .v .)  in the w ith in -run  and 
betw een-run p recisio n s w ere 0 .63-2 .48%  and 0 .84-7 .51%  as sh ow n  in T ables 2 and 3, 
resp ectively . T he accuracy w as evaluated by calculating the percent recovery o f  
roxithrom ycin . R esu lts as sh ow n  in Table 4 , the percent recovery o f  rox ithrom ycin  
w as in  the range o f  9 9 .3 4  to  100.39% .

A ll three com m ercia l brands o f  150 m g roxithrom ycin tablets w ere  first tested  
for uniform ity o f  d osage  units and content o f  active ingredient. E ach o f  th ese  three 
brands m et the U n ited  States Pharm acopoeia 1995 (U S P  X X III) for content 
uniform ity w ith in  the range o f  85 .0-115 .0%  o f  the labeled c la im  and the percent 
co effic ien t o f  variation  ( % c .v .)  w as less  than 6.0% . A ll products w ere  a ssa yed  for 
content o f  a ctive  ingredient and found that each brand w as w ith in  the lim its  o f  9 0 .0 -  
110.0  percent lab eled  am ount. The percent labeled am ount (% L .A .) o f  the all 
products w ere c lo sed  to  upper lim its o f  the U S P  x x i n  requirem ents. T h e reason  
m ight b e the m anufacturer w o u ld  like to  keep longer o f  the sh e lf-life  and antibacterial 
activ ity  o f  drug. T he d isintegration  testin g o f  all products revealed  that all products  
w ere able to  d isintegrate w ith in  30  m inutes. Brand A  sh ow ed  fastest d isin tegration  
fo llo w e d  by brands B  and c ,  respectively . R esults o f  all test w ere su m m arized  in  
T able 5.

T he d isso lu tio n  testin g  o f  roxithrom ycin tablets w as a crucial factor for 
system ic  drug av a ilab ility  b ecau se the drug w as practically in so lu b le  in  w ater. S in ce

1. In Vitro Studies
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* **  C h r o m a t o g r a m  * **  F i l e n a m e : R . C 2 0  
mAbs

Figure 2 H igh  Perform ance L iquid  Chrom atography o f  R oxith rom ycin  (A ) and  
Internal Standard (C larithrom ycim B ) for In V itro Studies
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Table 2 W ithin-R un P recision  o f  R oxithrom ycin  for In V itro Studies.

Concentration
(jUg/mL)

Peak height ratio 
1 2 3

M ean±S.D . % c.v .

10 0 .2 5 2 8 0 .2 4 3 6 0 .251 8 0 .2 4 9 4 ± 0 .0 0 5 0 2 .02
20 0 .5 0 2 2 0 .4 8 1 0 0 .481 5 0 .4882± 0 .0121 2.48
40 0 .9 7 2 2 0 .9 9 3 0 0 .9 8 3 8 0 .9 8 3 0 ± 0 .0 1 0 4 1.06
50 1 .2560 1 .2709 1 .2569 1 .2613+ 0 .0084 0 .67
60 1 .4904 1.4771 1.4725 1 .4800± 0 .0093 0.63
80 2 .0 0 8 2 2 .0 1 1 2 1.9834 2 .0 0 0 9 + 0 .0 1 5 2 0 .76

100 2 .5 7 1 8 2 .6 7 4 6 2 .6 2 4 2 2 .6 2 3 5 + 0 .0 5 1 4 1.96

ท = 3
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Table 3 B etw een-R un P recision  o f  R oxithrom ycin  for In V itro Studies.

Concentration
(Hg/mL)

Peak height ratio 
1 2 3

M ean±S.D . % c.v .

10 0.2825 0 .2 5 1 0 0 .289 8 0 .2 7 4 4 ± 0 .0 2 0 6 7.51
20 0 .5 2 3 4 0 .574 8 0 .5 4 0 6 0 .5 4 6 3 ± 0 .0 2 6 2 4 .79
40 1.0032 1.1001 1.0610 1 .054 8± 0 .0 48 7 4 .62
50 1.2911 1.3099 1.3103 1 .303 8+ 0 .0 110 0 .84
60 1.5491 1.5859 1 .5456 1 .560 2± 0 .0 22 3 1.43
80 2 .0 1 8 0 2 .039 5 2 .0 9 0 4 2 .0 4 9 3 ± 0 .0 3 7 2 1.81

100 2 .623 5 2 .5 6 1 9 2 .5903 2 .5 9 1 9 ± 0 .0 0 3 0 8 1.19

ท =  3
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T able 4  Percent R ecovery  o f  R oxithrom ycin  for In V itro S tu d ies Estim ated  
U sin g  Linear R eg ressio n 1

Standard
N o.

C oncentration
(p g /m L )

Peak height 
ratio

Inversely estim ated  
concentration1 2 (pg /m L )

% R ecovery3

1 10.00 0 .2517 9 .9336 9 9 .3 4
2 2 0 .0 0 0 .4788 19.9823 99.91
3 4 0 .0 0 0 .934 7 40 .1 5 4 9 100.39
4 5 0 .0 0 1.1564 49 .9 6 4 6 99 .93
5 6 0 .0 0 1.3846 60 .06 19 100 .10
6 80 .00 1.8369 80 .0752 100.09
7 100 .00 2 .2 8 6 4 99 .9 6 4 6 9 9 .9 6

M ean 9 9 .9 6
S .D . 0 .32
% C .V 4 0 .3 2

1. r2 =  0.9999, y =  0.022ÔX + 0.0272
2. Inversely estim ated  concentration =  peak height ratio - 0.0272

0.0226
3. % R ecovery  =  Inversely estim ated concentration X 100

K now n Concentration
4. % c . v . S .D . X 100 

M ean
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T able 5 In V itro S tu d ies o f  Three Brands o f  150 m g R oxith rom ycin  T ablets

Brand C ontent u n iform ity3 Content o f  active D isin tegration
range (% ) % L .A . ingredientb(% L .A .) tim ec(m in )

A 1 0 8 .3 9 -1 1 4 .8 4 110 .55± 1.89 105.85+ 1.98 1.72+ 0.18
B 1 0 1 .4 1 -1 1 3 .2 3 107 .56± 4 .26 109.93+ 1.22 2 .10+ 0 .12
c 1 0 7 .4 7 -1 1 2 .9 7 110 .22± 1.90 107.35+0.95 2 .6 4 + 0 .3 9

A ll va lu es are presented as m ean ± S .D .
a, ท =  10
b, ท =  3
c, ท =  6
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the m ethod o f  d isso lu tion  testin g  for roxithrom ycin  w as not described  elsew here, the 
n ew  procedure w as tried out. The U nited  States Pharm acopoeia paddle m ethod using  
phosphate buffer pH  7 .4 ± 0 .1 , 90 0  m L  w as found to be the m ost reasonable m ean.

Table 6 and F igure 3 illustrated the d isso lu tion  profiles at various sam pling  
tim es o f  all products o f  roxithrom ycin  tablets. The m ean percent d isso lved  o f  
roxithrom ycin  from  all brands w ere greater than 80 percent at 45 m inutes. The 
d issolu tion  rate constants (Kd) w ere calcu lated  from  the slop e o f  the first order plot 
betw een  the am ount o f  u n d isso lved  roxithrom ycin  (B a-B t) versus tim e in sem i-  
logarithm ic sca le and results w ere reported in Table 7. The rank order o f  these  
d isso lu tion  rate constants for all brands w ere brands A > B > C . A ll sam pling tim es, the  
m ean percent d isso lv ed  o f  roxithrom ycin  from  brand A  w as higher than brands B and 
c  (T able 6 and Figure 3), it m ight be due to the d ifference in form ulation and 
m anufacturing process as w e ll as the contribution o f  d isintegration results as seen  by  
the tw o  tests w ere h ig h ly  correlated. Statistical com parison, as presented in Tables 8 
and 9, indicated that w ith  respect to  brand A , d isso lu tion  rate constant o f  brand B w as  
not statistically  sign ifican t d ifferen ce (p > 0 .0 5 ) w h ile  the va lu e o f  brand c  w as  
statistically  low er (p < 0 .0 5 ).

2. In Vivo Studies

2.1 Analysis of Roxithromycin in Plasma

P lasm a R oxith rom ycin  concentrations w ere analyzed  by m icrob io log ica l 
agar d iffu sion  assay. In this study, the procedure o f  Cam pa et al. (1 9 9 0 )  and Barry 
(1 9 8 6 ) w as m od ified  for an alyzing roxithrom ycin  concentrations in  p lasm a sam ples. 
The m ethod in v o lv ed  precip itation  o f  proteins from  p lasm a and the drug w as  
extracted u sin g absolute ethanol.

The assay m ethod  w a s va lidated  by determ ining the w ithin-run and  
betw een-run precision s as w e ll as accuracy. The percent co e ffic ien t o f  variation  
(% c.v.) in  the w ithin-run and betw een-run precision s w ere 0 .2 2 -1 .6 3  % and 0 .76- 
2 .98  % as sh ow n  in T ables 10 and 11, resp ectively . T he percent recovery for accuracy
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T able 6 D isso lu tion  P rofiles o f  Three Brands o f  150 m g R o xith rom ycin  T ablets in  
Phosphate B uffer Solution  (pH 7 .4 ± 0 .1)

T im e

(m in .)

% Drug D isso lv ed

Brand A Brand B Brand c

5 51 .58± 4 .08 37 .96+ 6 .38 2 2 .6 8 + 4 .1 6
10 72 .98± 3 .42 49 .60+ 6 .14 54 .16 + 2 .25
15 85 .41±3 .05 62 .24+ 2 .76 6 4 .4 5 + 1 .9 8
20 93.10+3.11 69 .90+ 2 .02 7 1 .3 8 + 1 .4 7
30 102.47± 3.57 79 .14+ 1 .58 7 9 .42 + 1 .15
45 109.93±2.88 88 .93+ 2 .30 8 6 .6 1 + 1 .5 7
60 113.11+3.31 93 .72+ 3 .62 90 .4 7 + 1 .3 3
90 115.75+ 2.57 99 .90+ 3 .34 96 .41 + 1.18

120 116.30+2.95 103.12+ 3.02 1 0 0 .1 0+ 0 .8 7
150 117.88+ 2.04 103.92+4.81 1 0 2 .0 1+ 0 .9 9
180 117.30+ 2.37 104.79+ 4.17 10 4 .6 0+ 1 .1 7
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Figure 3 D isso lu tio n  P rofiles o f  Three Brands o f  150 m g R oxith rom ycin  T ablets in 
P hosphate B uffer S olution  (pH 7.4±0.1)
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Table 7 D isso lu tion  Rate Constant(Kd) o f  Three Brands o f  150 m g R oxithrom ycin  
Tablets in Phosphate B uffer S olution  (pH 7 .4 ± 0 .1)

Tablet N o. D isso lu tion  rate constant (Kd) (hr'1)

Brand A Brand B Brand c

1 1.57 1.47 1.30
2 1.48 1.68 1.26
3 1.96 1.61 1.43
4 1.90 1.84 1.12
5 2.33 1.69 1.42
6 1.84 2 .06 1.31

M ean 1.85 1.73 1.31
S.D . 0.31 0.20 0.12

X l %%  ใ ©
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Table 8 A n alysis o f  V ariance for D isso lu tion  Rate Constant o f  Three C om m ercial 
Brands o f  150 m g R oxithrom ycin  Tablets in  Phosphate B uffer S olution  
(pH  7 .4+0 .1)

Source o f  variation d .f.a s s b M S C Fd

A m ong group 2 0 .972 8 0 .4 8 6 4 9 .92
W ithin group 15 0 .7 3 5 2 0 .0 4 9 0

Total 17 1 .7080

Fe 0 .0 5 (2 , 15) = 3 .68
a =  D egree o f  freedom
b =  Sum  o f  square
c =  M ean square
d = V ariance ratio
e =  F va lu e obtained from  the table
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Table 9 C om parison  o f  D isso lu tion  Rate Constant o f  E ach Brand o f  150 m g  
R oxithrom ycin  Tablet w ith  that o f  the Innovator’ร Product (Brand A )

Brand X ,-x2a L .S .D b. (calculated) Statistical sign ifican t

B 0.12 0.2012 N S
c 0.54 0.2012 ร

tc (0 .0 5 , 15) = 2.131
ร =  S ignificant d ifference at p <  0 .05

N S  =  N o t significant d ifference at p >  0 .05
a =  D ifferen ce o f  the tw o m eans
b = Least S ignificant D ifference
c = t value obtained from the table
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Table 10 W ithin-R un Precision o f  R oxithrom ycin for In V ivo S tudies

C oncentration The m ean diam eter o f  inhibition zone (m m ) M ean±S.D . % c.v.

((ag/mL) 1 2 3

0.50 15.42 15.93 15.70 15.68±0.26 1.63
1.00 18.13 18.43 18.27 18.28±0.15 0.82
3.00 21.30 22.23 22.23 2 1 ,92±0.54 2.45
5.00 23.40 23.00 23.13 23.18±0.20 0.88
7.00 24.28 24.20 24.30 24.26±0.05 0.22

10.00 25.83 25.77 25.60 25.73+0.12 0.46

ท = 3
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Table 11 B etw een-R un Precision o f  R oxithrom ycin for In V ivo Studies

C oncentration The m ean d iam eter o f  inhibition zone (mm) M ean±S.D . % c.v.

(|ug/mL) 1 2 3

0.50 15.90 15.67 15.73 15.77+0.12 0.76
1.00 18.53 18.00 18.13 18.22±0.28 1.54
3.00 22.40 21.83 21.10 21.78+0.65 2.98
5.00 23.70 23.43 23.20 23.44±0.25 1.07
7.00 25.17 24.13 24.20 24.50±0.58 2.36

10.00 26.73 25.37 25.73 25.94±0.70 2.70

ท = 3
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Table 12 Percent Recovery o f  R oxithrom ycin for In V ivo Studies E stim ated U sing 
Linear R egression1

Standard

No.

C oncentration

(pg/m l)

Logarithm  o f  Inhibition zone

concentration diam eter 
(mm)

Inversely
estim ated

concentration* 2
(pg/m l)

%
R ecovery3

1 0.50 -0.3010 15.74 0.4957 99.14
2 1.00 0 18.13 1.0171 101.71
3 3.00 0.4771 21.81 3.0761 102.54
4 5.00 0.6990 23.22 4.7000 94.00
5 7.00 0.8451 24.48 6.8659 98.08
6 10.00 1.0000 25.85 10.3657 103.66

M ean 99.86
S.D. 3.55
% c .v .4 3.56

1. r2 =  0.9990, log y = 0.130ÔX - 2.3604
: X = Inhibition zone diam eter, y = plasm a roxithrom ycin concentration

2. Inversely estim ated concentration
= antilog [(Inhibition zone diam eter)*0.1306 - 2.3604]

3. %  Recovery = Inversely estim ated concentration X 100
K now n C oncentration

4. % c .v . S.D. X 100 
M ean
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was 99.86 as report in Table 12. The calibration curve o f  the inhibition  zone 
diam eters versus the logarithm  o f  plasm a concentration o f  rox ithrom ycin  w as linear 
up to 10 pg/m L  (A ppendix B, Table 32 and Figure 19).

2.2 Plasma Roxithromycin Concentrations

The plasm a concentration o f  roxithrom ycin at each sam pling tim e interval 
ranging from  0 to 24 hours after oral adm inistration o f  150 m g roxithrom ycin  tablet o f 
brands A ,B and c  are show n in Tables 13 to 15, respectively. Individual plasm a 
roxithrom ycin concentration-tim e profile for each o f  tw elve subjects w ere show n 
graphically from  Figures 4 to 15. Com parison o f  the m ean p lasm a roxithrom ycin  
concentration profile o f  each brand from  tw elve subjects w ere illustrated  in Figure 16.

The p lasm a roxithrom ycin concentration in som e subject o f  all three 
brands show ed irregular absorption phase as seen by occurring  tw o or three peak 
concentrations. This m ight be explained that roxithrom ycin has en terohepatic  cycling 
affecting the reabsorption o f  drug w hich was repeated until it w as to tally  elim inated. 
The m ean plasm a roxithrom ycin concentration o f  brands A and B show ed m ore than 
one peak concentration w hile brand c  did not. This m ight be due to the intersubject 
variations.

3. Bioavailability Evaluation

The pharm acokinetic param eters, Cmax, tmax and A U C  are used  to characterize 
the b ioavailab ility  o f  pharm aceutical form ulation  after adm in istra tion . The 
param eters, Cmax and tmax represented the rate o f  drug reaching  the system ic 
circulation  w hile the A U C  value indicated the extent o f  absorbed drug entering the 
system ic circulation. They are derived from plasm a drug concentration-tim e data. In 
the bioequivalence study, drug products that are pharm aceutically  equivalent are 
accepted to be b ioequivalent i f  no statistically significant d ifference in the rate and the 
extent o f  drug absorption can be observed (Shargel and Yu, 1980) as w ell as the ratios 
o f  individual param eter o f  the test products relatively to the reference product w ere



Table 13 Plasma Roxithromycin Concentration (jag/mL) from 12 Subjects Following Oral Administration of 150 mg Roxithromycin
Tablets of Brand A

Subject N o. _________________________________________________________ T im e (hr.)
0.5 1.0 1.5 2.0 2.5 3.0 4.0 6.0 8.0 12.0 24.0

1 3.4205 4.5813 5.8444 3.8321 4.7325 2.9556 2.5127 1.7298 1.3781 0.6638 0.4876
2 2.8583 3.4310 4.5583 3.1636 3.7974 2.2865 2.8009 1.3768 0.7800 0.3913 0.2217
3 2.7536 3.9676 4.7624 3.5848 2.3890 2.8100 2.1584 1.5288 0.9586 0.7826 0.6012
4 6.8745 8.7698 4.5075 4.0892 3.4205 3.8321 3.3654 2.6813 1.8161 0.9961 0.6531
5 5.2608 5.8417 5.6200 4.9608 4.8604 4.2638 3.6905 2.5124 1.9231 1.2618 0.5807
6 7.5001 4.7817 6.6511 4.8365 6.3072 5.7475 6.0609 4.5864 3.5640 3.1210 0.9081
7 4.3734 3.5320 4.2608 4.4166 3.6698 2.9436 3.4934 1.7769 1.9892 1.7419 0.8100
8 4.9012 8.4463 6.0609 6.5634 5.2375 4.8365 4.1243 2.9206 2.8065 1.4452 0.5200
9 3.6095 4.9680 4.6201 4.3594 3.2137 5.5799 3.4557 2.6609 1.9054 1.0974 0.4526

10 2.8351 3.4241 3.5776 4.6449 4.7818 4.6449 3.0931 2.2150 1.6092 1.1524 0.7564
11 5.9136 8.6260 9.2755 8.5016 8.5016 6.8377 4.2966 3.2137 2.8200 1.6007 0.7202
12 5.1144 4.0541 5.2651 4.7562 7.0392 5.1144 4.1292 4.0541 2.3349 1.6007 0.6139

Mean 4.6179 5.3686 5.4170 4.8091 4.8292 4.3210 3.5984 2.6047 1.9904 1.3212 0.6105
S.E.M. 0.4618 0.6012 0.4306 0.4161 0.5058 0.4029 0.2935 0.2862 0.2312 0.2018 .0.0526

Concentrations in all subjects = 0 at t = 0



T able  14 P lasm a R oxithrom ycin  C oncentration  (fig/m L) from  12 Subjects Follow ing  Oral A dm in istra tion  o f  150 m g R oxithrom ycin
T ablets o f  Brand B

Subject N o. _________________________________________________________T im e (hr.)
0.5 1.0 1.5 2.0 2.5 3.0 4.0 6.0 8.0 12.0 24.0

1 4.8365 8.2250 4.8365 4.9012 4.7098 5.5969 5.3784 4.0700 2.2695 1.5650 0.5783
2 4.0700 6.7400 6.2240 4.5864 6.2240 5.1684 3.7088 2.6614 1.9098 1.1532 0.4931
3 5.9810 6.1400 4.4074 4.1794 5.8243 4.9667 4.4663 2.9596 2.2695 1.4645 0.4931
4 5.8076 5.4346 7.4951 7.4951 8.1165 8.0095 7.3963 6.1419 3.9111 3.1210 0.8386
5 5.2398 6.0585 4.6652 3.5922 3.0178 3.1982 4.8026 2.6099 1.5031 0.8169 0.4986
6 3.6095 4.3594 4.8964 5.5033 5.3421 4.9680 4.9680 2.9886 2.1092 1.7464 0.9770
7 1.9054 3.6095 5.1144 4.4878 3.8254 3.6095 3.7159 1.9333 1.6241 1.1297 0.5709
8 1.5776 4.8258 3.9957 3.2137 3.0767 2.0788 1.7464 1.2874 1.0974 1.0205 0.4526
9 1.9439 4.2891 6.5679 4.6517 5.3617 4.4667 3.5014 1.8291 1.3220 0.6115 0.3913

10 4.6925 5.2542 5.3783 4.3683 4.3283 4.2500 3.8083 2.6742 1.8042 1.2525 0.5250
11 4.3770 6.5679 7.8838 4.4667 2.8583 3.0377 2.6355 2.5307 1.9049 1.0792 0.3395
12 3.3621 5.0450 6.3067 3.9547 3.2946 2.9767 2.5307 2.1083 1.1945 0.8123 0.4158

Mean 3.9502 5.5458 5.6476 4.6167 4.6650 4.3606 4.0549 2.8162 1.9099 1.3144 0.5478
S.E.M. 0.4363 0.3683 0.3576 0.3130 0.4597 0.4532 0.4335 0.3639 0.2149 0.1896 0.0533

Concentrations in all subjects = 0 at t = 0



Table 15 Plasma Roxithromycin Concentration (|j.g/mL) from 12 Subjects Following Oral Administration of 150 mg Roxithromycin
Tablets of Brand c

Subject N o. _________________________________________________________Tim e (hr.)
0.5 1.0 1.5 2.0 2.5 3.0 4.0 6.0 8.0 12.0 24.0

1 2.9886 4.6201 4.2346 4.2346 3.6623 3.1673 3.1217 2.0193 1.2506 0.7858 0.3858
2 6.5142 5.0160 5.7162 5.6337 4.7328 4.1532 4.0341 2.8473 2.5719 1.8417 1.1079
3 2.9886 3.4557 3.7702 5.0406 4.2346 3.5062 2.7393 1.9902 1.5776 1.2148 0.4796
4 1.8779 6.4519 8.2583 7.2466 5.9136 4.0541 3.2137 2.3690 1.5104 1.0355 0.4592
5 3.1842 4.8775 5.4233 5.1667 4.5700 3.9733 3.6583 2.8108 1.8925 1.3708 0.5675
6 4.2894 6.3070 8.2109 7.1237 5.6986 4.5586 5.8154 5.0454 3.0379 1.6195 0.7961
7 3.1000 3.3621 4.1185 3.9547 3.7211 3.3621 2.8009 1.9838 1.2955 0.7960 0.3913
8 3.7974 6.3067 8.0454 6.1800 6.0558 3.5731 3.1000 1.9838 1.0155 0.6906 0.3682
9 ' 3.5170 5.3075 4.2919 3.2049 2.8440 3.3351 2.9596 2.0408 1.7403 0.9576 0.4494

10 2.1460 3.6982 3.4606 5.0856 4.3368 4.2778 4.1125 3.5069 2.3238 1.9298 0.4788
11 0.8386 2.6263 4.5260 4.4074 5.4503 4.1795 4.1795 2.7330 2.2100 1.7174 0.7247
12 6.9213 9.0259 8.0095 6.1449 6.3072 5.0330 4.4663 3.9633 2.4576 2.4576 0.9450

Mean 3.5136 5.0879 5.6721 5.2853 4.7939 3.9311 3.6834 2.7745 1.9070 1.3681 0.5961
S.E.M. 0.5069 0.5103 0.5546 0.3590 0.3165 0.1613 0.2583 0.2790 0.1782 0.1593 0.0701

Concentrations in all subjects = 0 at t = 0



45

PLASMA CONC.

(M ,mL) —♦— Brand A

Figure 4 P lasm a R oxithrom ycin  C oncentration-tim e Profile  o f  Subject N o. 1
Follow ing O ral A dm inistration  o f  Three B rands o f  150 m g R oxithrom ycin  
Tablets
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PLASMA CONC. 

(Hg/mL)

TIME (hr.)

Figure 5 P lasm a R oxithrom ycin  C oncentration-tim e Profile o f  Subject N o .2
Follow ing  O ral A dm inistration  o f  Three Brands o f  150 m g R oxith rom ycin  
tablets
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PLASMA CONC. 

(|_ig/mL)

Brand A

Figure 6 P lasm a R oxithrom ycin  C oncentration-tim e Profile o f  Subject N o .3
Following Oral Administration of Three Brands of 150 mg Roxithromycin
Tablets
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PLASMA CONC. 

(|J.g/mL)

TIME (hr.)

Figure 7 P lasm a R oxithrom ycin  C oncentration-tim e Profile o f  Subject N o.4
Following Oral Administration of Three Brands of 150 mg Roxithromycin
Tablets
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PLASMA CONC.

(fig/mL)

7 ๆ- ♦ Brand A

TIME (hr.)

Figure 8 P lasm a R oxithrom ycin  C oncentration-tim e Profile  o f  Subject N o .5
Following Oral Administration of Three Brands of 150 mg Roxithromycin
Tablets
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PLASMA CONC.

(fJ.g/mL)

9 -  ♦ Brand A

Figure 9 Plasma Roxithromycin Concentration-time Profile of Subject No .6

Following Oral Administration of Three Brands of 150 mg Roxithromycin
Tablets
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PLASMA CONC.

(|ug/mL)

6 —♦— Brand A

TIME (hr.)

Figure 10 Plasma Roxithromycin Concentration-time Profile of Subject No.7
Following Oral Administration of Three Brands of 150 mg Roxithromycin
Tablets
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PLASMA CONC. 

(jig/mL)

9 — Brand A

TIME (hr.)

Figure 11 P lasm a R oxithrom ycin  C oncentration-tim e Profile o f  Subject N o .8
Following Oral Administration of Three Brands of 150 mg Roxithromycin
Tablets
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PLASMA CONC. 

(pg/mL)

7 —♦— Brand A

TIME (hr.)

Figure 12 Plasma Roxithromycin Concentration-time Profile of Subject No.9
Following Oral Administration of Three Brands of 150 mg Roxithromycin
Tablets



54

PLASMA CONC.

(|J.g/mL)

6 -r ♦ Brand A

Figure 13 Plasma Roxithromycin Concentration-time Profile of Subject No. 10
Following Oral Administration of Three Brands of 150 mg Roxithromycin
Tablets
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PLASMA CONC. 

(|ig/mL)

10 ♦ Brand A

Figure 14 Plasma Roxithromycin Concentration-time Profile of Subject No. 11
Following Oral Administration of Three Brands of 150 mg Roxithromycin
Tablets
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PLASMA CONC.

J

(fig/mL) _______________

10 — ♦ Brand A

TIME (hr.)

Figure 15 Plasma Roxithromycin Concentration-time Profile of Subject No. 12
Following Oral Administration of Three Brands of 150 mg Roxithromycin
Tablets
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B ran d  A

B ran d  c
8

0 10 20 30
TIME (hr)

B ran d  B

8

0 10 20 30
TIME (hr.)

Brands A, B and c
6

0 10 20 30
TIME (hr)

Figure 16 C om parison o f  M ean P lasm a R oxithrom ycin  C oncentration-tim e P rofile  
from  12 Subjects F o llo w in g  Oral A dm inistration o f  Three Brands o f  150  
m g R oxithrom ycin  Tablets
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contained  w ith in  80 -1 25 %  o f  90%  con fid en ce  interval (T h e U n ited  States  
P harm acopoeia x x n i ) .

T h e re lev a n t p h arm acok in etic  param eters obtained  for b io a v a ila b ility  
com p arison  are as fo llo w s  ะ

3.1 Peak Plasma Concentration (Cmax)

P reviou s reports indicated that the m ean peak p lasm a concentration  
ach ieved  fo llo w in g  oral adm inistration o f  150 m g roxithrom ycin  w a s about 6 .6 -7 .9  
p g/m L  (K ees  et a l., 1988). In this study, the m ean peak p lasm a roxithrom ycin  
concentration  for brands A , B  and c  w ere 6 .35± 0.52 , 6 .40± 0.33  and 6 .2 6 ± 0 .4 9  pg/m L , 
resp ective ly , as seen  in T able 16. The rank orders o f  these va lu es w ere  B  >  A  >  c .  
T able 17 sh ow ed  that there w ere no statistically significant d ifferen ce  (p > 0 .0 5 )  
b etw een  all three brands, eventhough  the intersubject variations w a s rather large 
(p < 0 .0 5 ). T he ratio o f  c max o f  brands B and c  relatively to brand A  w ere  9 6 -1 0 9  and  
92-111% , resp ective ly .

T he p lasm a profiles obtained show ed  m ore than on e p eak  thus the c max 
w as se lec ted  from  the h ighest peak plasm a concentration. T h ese ob serv ed  Cmax w ere  
less  than th o se  o f  the p revious รณd ies. The reasons m ight be the d ifferen ce  o f  assay  
m ethod as w e ll as race and b io log ica l behavior o f  subjects. In T hais, the drug m ay  be 
m etab olized  rapidly than foreigner.

T he c max o f  brand c  w as sligh tly  low er than those o f  the tw o  brands, these  
m ight be the drug w a s le ss  absorbed than others.

3.2 Time to Peak Plasma Concentration (t max)

T he tim e  to  peak  p lasm a roxithrom ycin  concentration o f  each  individual 
w as presented  in  T able 18. The average tim es w ere 1 .46± 0.18 , 1 .4 2 ± 0 .1 4  and 1.46±  
0 .1 6  hours for brands A , B  and c ,  resp ectively . The rank order o f  th ese  va lu es w ere
B <  A  =  C. T he tmax o f  brand B w as low er than those o f  brands A  and c ,  ind icated  that 
the drug o f  brand B  w as absorbed into the system ic circu lation  rap idly than others.
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Table 1 6  Peak Plasma Concentration (C m ax) of Roxithromycin Following Oral
Administration of Three Brands of 150 mg Roxithromycin Tablets

Subject N o . Cmax (p§/rnL)

Brand A Brand B Brand c

1 5 .84 8.22 4 .62
2 4 .5 6 6 .74 6.51
3 4 .7 6 6 .14 5 .04
4 8 .77 8.12 8 .26
5 5 .84 6 .06 5 .42
6 7 .50 5.50 8.21
7 4.41 5.11 4 .12
8 8.45 4 .82 8.05
9 4 .97 6 .57 5.31

10 4 .78 5.38 5.08
11 9 .28 7.88 5.45
12 7 .04 6.31 9 .03

M ean 6.35 6.40 6 .26
S.E .M . 0 .52 0.33 0 .49
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Table 17 Analysis of Variance for Peak Plasma Concentration of Three Brands of
150 mg Roxithromycin Tablets for Three-Way Crossover Study -

Source o f  variation d.f.a ssb M SC F d Significance
Level

Subjects 9 44.58 4.95 3.46 ร
Groups 2 0.83 0.42 0.29 NS
Subjects/G roup 7 43.75 6.25 4.37 ร

W eeks 2 4.92 2.46 1.72 N S
Treatm ents 2 0.13 0.06 0.04 NS
R esidual 22 31.50 1.43

Total 35 81.13

Fe 0.05(2, 22) =  3.49
Fe 0.05(7, 22) =  2.51
F e 0.05(9, 22) =  2.39

N S = N o t significant difference at p>0.05 
ร =  S ignificant difference at p<0.05
a =  D egree o f  freedom
b = Sum  o f  square
c = M ean square
d =  V ariance ratio
e = F value obtained from  the table
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Table 18 Time to Peak Plasma Concentration (tmax) of Roxithromycin Following Oral
Administration of Three Brands of 150 mg Roxithromycin Tablets

Subject No. tmax (hr)

Brand A Brand B B rand c

1 1.50 1.00 1.00
2 1.50 1.00 0.50
3 1.50 1.00 2.00
4 1.00 2.50 1.50
5 1.00 1.00 1.50
6 0.50 2.00 1.50
7 2.00 1.50 1.50
8 1.00 1.00 1.50
9 1.00 1.50 1.00

10 2.50 1.50 2.00
11 1.50 1.50 2.50
12 2.50 1.50 1.00

M ean 1.46 1.42 1.46
S.E.M. 0.18 0.14 0.16
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There w ere no statistically  significant difference (p>0.05) am ong these  values o f  all 
three brands (T able 19). The ratio o f  tmax o f  brands B and c  re la tively  to brand A 
w ere 85-120 and 82-118%, respectively. The tim e to peak  p lasm a roxithrom ycin  
concentration  in th is study agreed w ell w ith those found by o ther reports, w hich 
ranging from  1.5-1.93 hours (Y oung et al., 1989). The study also indicated  that 
d isso lu tion  process o f  the drug w as not the rate lim iting step o f  drug absorption . As 
seen in T able  9, brand c  had Kd statistically low er than others, it still p roduced  sim ilar 
the tim e to  peak  value like any other brands did.

3.3 Area Under the Plasma versus Time Curve (AUC)

The m ean A U C from  individual plasm a o f  all brands w ere 53.39±4.58, 
52.89±4.64 and 53.18±4.32 pg  hr/m L for brands A, B and c, respectively , as show n in 
T able 20. The rank order o f  these values w ere A > c  > B. A ccord ing  to  T able 21, 
there w ere no statistically  significant difference (p>0.05) betw een all th ree  brands. 
The ratio  o f  A U C  o f  brands B and c  relatively to brand A w ere 88-113 and  87-114% , 
respectively .

For the antibacterial drug such as roxithrom ycin, the A U C  reflected  the 
total am ount o f  active drug that reached to the system ic c ircu lation  and  produced 
clinical efficacy. The values o f  A U C in this study were low er than  those presen ted  by 
Y oung et a l.,1989 (72.6-81.0 pg hr/m L). The difference m ight be caused  by the 
d ifference o f  assay  m ethod as w ell as race and biological behavior o f  subjects as the 
sam e resu lts as the c max.

AUC o f  brand A w as slightly greater than those o f  tw o  brands, although it 
had  low est o f  %L.A.. T hese results indicated that A U C w as no t re la ted  to  % L .A . and
Cmax-

T he principal pharm acokinetic param eters o f  rox ith rom ycin  follow ingoral 
adm inistra tion  o f  three brands w ere sum m arized in T able 22. T he 90%  confidence 
interval based  on ratio  o f  b ioavailability  param eters (Cmax, tmax and  A U C ) w ere frilly
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Table 19 Analysis of Variance for Time to Peak Plasma Concentration of
Roxithromycin of Three Brands of 150 mg Roxithromycin Tablets for
Three-Way Crossover Study

Source o f  variation d.f.a ssb M SC F d Significance
Level

Subjects 9 3.39 0.38 1.41 N S
Groups 2 0.89 0.44 1.63 N S
Subjects/G roup 7 2.50 0.36 1.33 N S

W eeks 2 0.52 0.26 0.96 N S
Treatm ents 2 0.01 0.005 0.02 N S
R esidual 22 5.97 0.27

Total 35 9.89

F e 0.05(2, 22) = 3.49
Fe 0.05(7, 22) =  2.51
Fe 0 .0 5 (9 ,2 2 )  = 2.39

N S =  N o t significant difference at p>0.05 
a =  D egree o f  freedom
b = Sum  o f  square
c = M ean square
d = V ariance ratio
e =  F value obtained from  the table
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Table 20 Area Under the Plasma Concentration-Time Curve(AUC) of Roxithromycin
Following Oral Administration of Three Brands of 150 mg Roxithromycin
Tablets

Subject No. AU C (น.g hr/m L)

Brand A Brand B Brand c

1 37.53 62.46 36.85
2 30.98 50.93 72.88
3 36.88 55.89 42.56
4 51.03 96.50 46.76
5 52.00 44.74 51.38
6 89.50 64.62 72.74
7 56.55 44.81 35.97
8 58.84 39.56 45.01
9 46.81 41.98 40.83

10 49.79 49.76 55.90
11 70.24 43.63 57.08
12 60.58 39.85 80.17

M ean 53.39 52.89 53.18
S.E.M. 4.58 4.64 4.32
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Table 21 Analysis of Variance for AUC of Three Brands of 150 mg Roxithromycin
Tablets for Three-Way Crossover Study

Source o f  variation d.f.a s s b M S C Fd Significance
Level

Subjects 9 3077.70 341.97 1.69 NS
G roups 2 49.70 24.85 0.12 N S
Subjects/G roup 7 3028.00 432.57 2.14 N S

W eeks 2 548.70 274.35 1.36 NS
T reatm ents 2 1.52 0.76 0.004 NS
R esidual 22 4441.90 201.90

Total 35 8069.82

Fe 0.05(2, 22) =  3.49
Fe 0.05(7, 22) = 2.51
Fe 0.05(9, 22) = 2.39

N S = N o t significant difference at p>0.05 
a =  D egree o f  freedom
b =  Sum  o f  square
c =  M ean square
d  =  V ariance ratio
e =  F value obtained from  the table
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Table 22 Principal Pharm acokinetic Param eters (M ean±S.E .M .) o f  R oxithrom ycin  
from  T w elve Subjects Follow ing Oral A dm inistration  o f  T hree .Brands o f  
150 m g R oxithrom ycin  Tablets

Param eter Brand F-test t-test w ith

A B c respect to brand A

Cmax
(pg/m L )

6.35±0.52 6.40+0.33
(96-109)*

6.26+0.49
(92-111)*

0.0269 NS

tmax
(hr)

1.46+0.18 1.42±0.14
(85-120)*

1.46±0.16
(82-118)*

0.0232 N S

A U C
(นg hr/m L)

53.39+4.58 52.89+4.64 
(88-113)

53.18+4.32
(87-114)*

0.0031 N S

N S =  N ot significant difference at p >0.05 
F value obtained from  the table = 3.28

9 0 %  C o n f id e n c e  in te r v a l  o f  p a ra m e te r  r a t io  o f  te s te d  p r o d u c t  an d  
innovato r’s product
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contained w ithin  a practical b ioequivalence range (80-125% ). A ccording to guideline 
for bioequivalence in U SP XXIII, it could be concluded that brands B and c  w ere 
bioequivalent to the innovator’s product (brand A) in term s o f  both the rate (C max and 
tmax) and the extent o f  the drug absorption  (A U C) into system ic circulation.

4. Pharmacokinetics of Roxithromycin Tablets

The pharm acokinetics o f  roxithrom ycin follow ing oral adm inistration  o f  150 
mg roxithrom ycin tablet in healthy Thai male volunteers, w hich the result revealed 
that roxithrom ycin had b iphasic elim ination m anner. The elim ination  phase o f  the 
concentration-tim e profile show ed a fast declining initial phase and a slow ly 
elim ination phase thereafter. It could be explained by a tw o com partm ent m odel w ith 
first-order absorption and first-order elim ination. This finding agreed w ith  the study 
o f  C am pa et al., 1990.

4.1 Absorption Rate Constant (Ka)

The average absorp tion  rate constants for brands A, B and c  w ere 0.58± 
0.10, 0.66±0.07 and 0.54±0.08 hr"1, respectively as shown in Table 23. The rank order 
o f  these values w ere brands B >A >C . Statistical analysis results in T able 24 indicated 
that there w ere no significant d ifference (p >0.05) am ong these values o f  all brands. 
A bsorption o f  drug appeared to be independent o f  drug dissolution. This w as seen by, 
even though brand A  show ed h igher d issolution rate than brand B did, the rate o f  drug 
absorption from  brand B appeared to be greater.

4.2 Elimination Rate Constant (Ke)

The average e lim ination  rate constant obtained from  individual p lasm a 
data o f  brands A , B and c  w ere 0.10±0.005, 0.11±0.004 and 0.10±0.005 hr"1, 
respectively (Table 25). T here w ere no statistical difference am ong these values o f  all 
three brands (p >0.05) as show n in Table 26, indicating that the drug w as e lim inated  
from  the body w ith  the sam e rate  although the drug show ed in tersubject variations.
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Table 23 Absorption Rate Constant (Ka) of Roxithromycin Following Oral
Administration of Three Brands of 150 mg Roxithromycin Tablets

Subject No. K a  (h r '1)

Brand A Brand B Brand c

1 0.25 0.90 0.38
2 0.23 0.64 0.39
'ฯJ 0.29 0.91 0.26
4 0.94 0.74 1.24
5 0.80 0.92 0.82
6 0.58 0.41 0.43
7 0.91 0.47 0.40
8 0.37 0.72 0.39
9 0.32 0.34 0.24

10 0.54 0.85 0.76
11 0.36 0.76 0.57
12 1.33 0.28 0.55

M ean 0.58 0.66 0.54
S.E.M. 0 . 1 0 0.07 0.08
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Table 24 Analysis of Variance for Absorption Rate Constant of Three Brands of 150
mg Roxithromycin Tablets

Source o f  variation d.f.a s s b M S C Fd

A m ong group 2 0.0997 0.0499 0.5862
W ithin group 33 2.8070 0.0851

Total 35 2.9067

Fe 0.05(2, 33) = 3.2849
a =  Degree o f  freedom
b = Sum  o f  square
c = M ean square
d =  V ariance ratio
e = F value obtained from the table
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Table 25 E lim ination  R ate C onstant (Ke) o f  R o x ith rom y cin  F o llo w in g  Oral
A dm inistration  o f  Three Brands o f  150 m g R oxithrom ycin  Tablets

Subject No. K e ( l i r ')

Brand A Brand B Brand c

1 0.11 0.10 0.11
2 0.08 0.11 0.10
3 0.14 0.11 0.08
4 0.10 0.11 0.12
5 0.10 0.11 0.10
6 0.09 0.08 0.10
7 0.07 0.10 0.11
8 0.12 0.09 0.14
9 0.10 0.13 0.10

10 0.08 0.10 0.10
11 0.12 0.12 0.09
12 0.12 0.11 0.09

M ean 0.10 0.11 0.10
S.E .M . 0.005 0 .004 0 .005
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Table 26  A n a lysis o f  V ariance for E lim ination Rate Constant o f  Three Brands o f  150
m g R oxithrom ycin  Tablets

Source o f  variation d.f.a s s b M SC Fd

A m ong group 2 0.00012 0.00006 0.2351
W ithin group 33 0.00820 0.00025

Total 35 0.00832

Fe 0.05(2, 33) =  3.2849
a = D egree o f  freedom
b =  Sum  o f  square
c =  M ean square
d =  V ariance ratio
e =  F value obtained from the table
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4.3 Elimination half-life (ti/2)

The m ean elim ination  half-life o f  roxithrom ycin determ ined for brands A, 
B and c  w ere 7.01±0.38, 6.60±0.23 and 6.78±0.31 hr, respectively  (Table 27). 
Statistical analysis show ed no significant difference am ong these values (Table 28). 
The values disagreed w ith  the results found by other investigators ranging from  8.4-
15.5 hours (T rem blay et a h ,1988). This m ight be due to the m etabolism  o f  drug in 
Thais w ere rapidly than foreigner.

The pharm acokinetic  param eters o f  roxithrom ycin  from  tw elve 
subjects follow ing oral adm inistration  o f  three brands w ere sum m arized in T able 29.
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Table 27 E lim in atio n  H a l f - l i f e  ( t i / 2 ) o f  R o x i th r o m y c in  F o l lo w in g  O ral
A dm inistration o f  Three Brands o f  150 m g R oxithrom ycin  Tablets

Subject No. ti /2 (hr)

Brand A Brand B Brand c

1 6.41 6.59 6.05
2 8.09 6.09 6.89
0
J 5.03 6.32 9.17
4 6.98 6.51 5.54
5 6.76 6.38 6.85
6 7.76 8.53 6.78
7 9.96 7.08 6.27
8 5.97 7.33 5.09
9 6.93 5.34 6.79

10 8.26 6.88 6.64
11 6.01 5.87 7.81
12 5.97 6.26 7.51

M ean 7.01 6.60 6.78
S.E .M . 0.38 0.23 0.31
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Table 28 A n alysis o f  Variance for E lim ination H alf-life  o f  Three Brands o f  150 m g
R oxithrom ycin  Tablets

Source o f  variation d .f.a s s b M S C Fd

A m ong group 2 1.0186 0.5093 0.4284
W ithin group 33 39.2338 1.1889

Total 35 40.2524

Fe 0.05(2, 33) = 3.2849
a =  Degree o f  freedom
b =  Sum o f  square
c =  M ean square
d =  V ariance ratio
e =  F value obtained from the table
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Table 29 E stim ated Pharm acokinetic Param eters (M ean+S.E.M .) o f  R oxithrom ycin  
from  T w elve Subjects Follow ing Oral A dm inistration o f  T hree Brands o f 
150 m g R oxithrom ycin  Tablets

Param eter Brand F-test t-test w ith

A B c respect to brand A

Ka 0.58+0.10 0.66+0.07 0.54+0.08 0.5862 NS
(hr-1)

Ke 0.10+0.005 0.11+0.004 0.10+0.005 0.2351 NS
(hr-1)

tl/2 7.01+0.38 6.60+0.23 6.78+0.31 0.4284 NS
(hr)

N S  =  N o t sign ifican t d ifference at p > 0 .05
F valu e obtained  from  the table =  3.28
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