
CHAPTER III

MATERIALS AND METHODS

Materials

A. Test Products

Three com m ercial brands o f  roxithrom ycin  tab lets w ere bought from  
various drugstores. O ne w as the innovator’s product that w a s a ssign ed  as the 
reference standard against the other tw o local m anufactured brands.

The letters A , B and c w ere g iven  to represent the brand nam es o f  each  
product. O ther inform ations o f  these products w ere all acce ss ib le  in  A p p en d ix  A .

B. Reagents

1. W orking standard rox ith rom ycin  p ow d er (S ia m  P harm aceutical 
C o.,L td .) potency: 97.74% , Lot N o . R O X -47

2. W orking standard clarithrom ycin  p ow d er (S ia m  P harm aceutical 
C o.,L td .) potency: 98.75% , Lot N o . C L A -05

3. A ceton itrile  HPLC grade (J.T. and Baker, E ngland)
Lot N o . 1648

4. M ethanol H PLC grade (Lab-Scan, Thailand)
Lot N o . 9 7 0 7 0 0 6 8

5. M on ob asic  p otassium  phosphate A R . (E -M erck , G erm any)
Lot N o . K 23 775 57 3

6 . Phosphoric acid  (E-M erck, Germ any)
Lot N o . 8 1 6K 10 10 89 73
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7. H eparin injection  B P  (Porcine m ucous, D enm ark) 5 ,0 0 0  i.u ./m L  
L ot N o . 2 4 3 7 6 1 2

8 . S od iu m  hydroxide (E-M erck, Germany)
L ot N o . B 6 9 5 9 9 8

9. A b so lu te  ethanol (Lab-Scan, Thailand)
L ot N o . 9 7 0 9 0 0 5 9

10. A n tib io tic  m edium  N o . 1 (D ifco  Laboratories, U S A )
Lot N o . 1 10782JB

c . Apparatus

1. A n a lytica l balance (Sartorius, 1615M P; S /N  3 2 0 9 0 2 6 , G erm any)
2. D ig ita l pH  m eter (O rion, Germany)
3. H igh  perform ance liquid  chrom atography(L C -10A D , Shim adzu,Japan)
4. Son icator (B ransonic 22 1 , U S A )
5. D isso lu tio n  apparatus (V K  7000 , V ankel Industries, Inc., U S A )
6 . V ortex  m ixer (V ortex-G enie, Scientific Industries, Inc., U S A )
7. C entrifuge (S igm a 302K , S igm a Lab, C entrifuge G m btt, G erm any)
8 . Incubator
9. D ig ita l com puter

10. M icrop ip et (S ocorex , Sw itzerland)
11. D isintegrator Tester (Erw eka ZT 31, Germ any)
12. G lassw are

m



15

Methods

A. In Vitro Studies

Three com m ercial brands o f  150 m g roxithrom ycin  tablets, w ere  
evaluated fo llo w in g  the tests as stated in  the pharm acopoeia. The tests were:

1. Uniformity of Dosage Units (The U nited States Pharm acopoeia 1995)

Ten tablets o f  150 m g roxithrom ycin  tablets from  each  brand w ere  
ind ividually assayed  for the percent labeled  am ount o f  roxithrom ycin  in each  tablet by  
HPLC m ethod. The m ean and standard deviation  o f  percent labeled  am ount w ere  
calculated.

2. Content of Active Ingredient

The am ount o f  roxithrom ycin  in  tablet w as determ ined accord ing to the  
m ethod m od ified  from  that o f  O liveira , Bergold , and Schanpoval (1 9 9 6 ). It w as  
described as fo llow .

Standard preparation: 100, 20 0 , 40 0 , 500 , 60 0 , 80 0 , and 1000 pL o f  
roxithrom ycin stock  so lu tion  (1 m g/m L  in m ethanol) w ere pipetted and transferred to 
individual 10 m L vo lu m etric flask s and 1 m L o f  clarithrom ycin stock  so lu tion  (1 
m g/m L  in m ethanol) w as then added to all flasks, d iluted w ith  m ob ile  phase to 
vo lu m e and m ix . The final concentrations o f  roxithrom ycin in standard so lu tion s  
w ere 10, 20 , 40 , 50 , 60 , 80 and 100 pg/m L , respectively and the internal standard 
(clarithrom ycin) concentration  w as 100 pg/m L . The standard so lu tio n s w ere injected  
into the H PLC system .

Assay preparation: T he contents o f  20  tablets o f  each  brand w ere  
carefully ground and m ix ed  un iform ly. A  w eigh ted  am ount o f  this pow der, 
equivalent to 50  m g o f  roxithrom ycin  w as transferred to 50 m L vo lu m etric flask  w ith  
20 m L o f  m ethanol and shaken for 15 m inutes. The mark w as com p leted  w ith  the 
sam e so lven t. A fter filtration, p ipetted  0.5 m L o f  solution  accurately to a 10 m L
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volum etric flask  and added 1 mL o f  clarithrom ycin solution  (internal standard, 1 
m g/m L in m ethanol), d iluted w ith  m ob ile  phase to vo lu m e and m ix . The final 
concentration o f  roxithrom ycin  w as about 50 pg/m L  and the internal standard 
(clarithrom ycin) concentration  w as 100 pg/m L  (R epeat for three sets o f  preparation o f  
each brand).

Chromatographic condition

Apparatus : Shim adzu® L C -10A  HPLC pum p, equipped w ith
Spectro M onitor 4 1 0 0  variable w avelen gth  uv detector and Shim adzu® C -R 1A  File  
N o .2 integrator.

C olum n : p-B ondapak® (C is), sta in less steel co lu m n, 3 .9 x 3 0 0
m m , 125 A  10 pm  o f  d im eth y loctad ecy lsily l bond am orphous silica . (W aters 
A sso cia tes Pty-Ltd., M ilford , M A , U S A )

U V  detector : 2 1 0  nm
F lo w ra te  :1 .7 m L /m in .
Chart speed  : 2 m m /m in.
Pressure : 1 2 0 k g /c m 2
A ttenuation : 24 m v/fu ll sca le
O perating temperature: 50°c 
Injection volum e: 50 pL

3. Assay Validation

The m od ified  O liveira et al. m ethod w as validated under the fo llo w in g
conditions

3.1 Within-run precision

T his p recision  w as determ ined by analyzing the three sets o f  the  
calibration curves at the sam e day. Peak height ratio o f  roxithrom ycin  to 
clarithrom ycin w as com pared and the percent coeffic ien t o f  variation (%c.v.) for 
each  concentration w as determ ined (T able 2 ).
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3.2 Between-run precision

T his precision  w as determ ined by com paring the three "sets o f  the 
calibration curves on  three different days and the percent co e ffic ien t o f  variation  
(%c.v.) for each  concentration w as calculated (Table 3).

3.3 Accuracy

A ccuracy in term o f  percent recovery w as d on e by com puting the 
ratio o f  in versely  estim ated  concentration obtained u sin g linear regression  equation o f  
a calibration curve and know n concentration o f  each concentration  (T able 4).

Calibration Curve

S tock  solutions o f  roxithrom ycin (1 m g/m L ) and clarithrom ycin  (1 
m g/m L ) w ere prepared in m ethanol. 100, 2 0 0 , 4 0 0 , 5 0 0 , 6 0 0 , 80 0 , and 1000 pL o f  
roxithrom ycin  stock  so lu tion  w ere pipetted and transferred to ind iv idual 10 mL  
volum etric flasks and 1 m L o f  clarithrom ycin stock  so lu tion  w as then  added to all 
flasks, d iluted  w ith  m ob ile  phase to vo lu m e and m ix . The final concentrations o f  
roxithrom ycin  in standard solutions w ere 10, 20 , 40 , 50 , 60 , 80  and 100 pg/m L , 
resp ectively  and the internal standard (clarithrom ycin) concentration  w as 100 pg/m L . 
The standard solu tion s w ere injected into the HPLC system  (A p p en d ix  B  : Table 31 , 
Figure 17).

4. Disintegration Test

T he disintegration test o f  roxithrom ycin  tab lets w ere determ ined  
according to  the U nited  States Pharm acopoeia X X III m ethod. T he procedure w as  
described  as fo llow :

A  tablet w as introduced into each  o f  the s ix  tubes o f  the basket. A  d isk  
w as then added to each  tube and the apparatus w as operated u sin g  w ater m aintained at 
37±1 °c as im m ersion  fluid. The tim e that the apparatus started to m o v e  until all o f  
the tab let h ave disintegrated and passed  through the b askets w as the d isintegration
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tim e. The average and standard d eviation  o f  d isintegration tim e o f  each  brand w ere  
calculated.

5. Dissolution Test

T he d isso lu tion  test m ethod for roxithrom ycin  tab let w as not available  
in any pharm acopoeias. The d isso lu tion  test w as in itiated u sin g  varied  pH  o f  various  
types o f  buffer so lu tion  (900  mL) w ith  the U SP  d isso lu tion  apparatus type II (paddle 
m ethod). The purpose o f  the procedure w as to ach ieve a p lateau lev e l o f  percent 
roxithrom ycin  d isso lv ed  w ith in  one hour. The test w as tried out and found that 
phosphate buffer pH 7.4±0.1 w as the m ost appropriate d isso lu tio n  m edium . The  
procedure w as described  as follow :

N in e  hundred m illilitres o f  phosphate buffer pH  7 .4± 0 .1  w as p laced  in 
the v esse l and equilibrated at 37±0 .5  ๐c .  A  tablet w as introduced into each  o f  six  
v esse ls , the apparatus w as then im m ediately operated and the paddle m aintained  
stirring at speed  o f  50 rpm. Three m illilitres o f  d isso lu tion  m ed iu m  w as taken from  
each  v esse l at appropriate tim e intervals and the sam e quantity o f  the m ed iu m  w as  
added im m ed iately  after each sam pling to keep the vo lu m e o f  d isso lu tio n  m edium  
constant during the period o f  the test. The sam pling m edium  w as then added w ith  1 
m L o f  clarithrom ycin  solution  (internal standard, 1 m g/m L  in m ethan ol) and diluted  
w ith  the d isso lu tio n  m edium  to 10 mL o f  volum etric flask  and a 50  pL w as injected  
into the H PLC system . The am ount o f  the drug d isso lved  at various tim e intervals  
w as quantified  u sin g the calibration curve.

Calibration Curve

S tock  solutions o f  roxithrom ycin (1 m g/m L ) and clarithrom ycin  
(1 m g/m L ) w ere prepared in m ethanol. 100, 20 0 , 4 0 0 , 500 , 6 0 0 , 8 0 0 , and 1000 pL o f  
roxithrom ycin  stock  so lu tion  w ere pipetted to individual 10 m L  vo lu m etric  flask s and  
1 m L o f  clarithrom ycin  stock  solution  w as added to all flask s, d ilu ted  w ith  the 
d isso lu tion  m edium  to vo lu m e and m ix . The final concentrations o f  rox ithrom ycin  in 
standard so lu tion s w ere 10, 20 , 40 , 50 , 60 , 80 and 100 p g/m L , resp ective ly  and the
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internal standard (clarithrom ycin) concentration w as 100 |ig /m L . A ll sam p les w ere  
analyzed fo llo w in g  the sam e procedure as p rev iou sly  described. The ratio o f  the peak  

- height o f  rox ithrom ycin  to  the internal standard versus the kn ow n  roxithrom ycin  
concentrations w ere fitted  to  the straight line using linear regression  (A p p end ix  B : 
T able 32, F igure 18).

6. In Vitro Evaluation

The p h ysica l characteristics o f  all three brands o f  rox ithrom ycin  tablets 
w ere exam ined  and evaluated  to  determ ine w hether each  brand p assed  the general 
standard o f  USP x x m  requirem ents. A  one w ay  analysis o f  variance (A N O V A )  
and/or least sign ifican t d ifferent (L.S.D.) w ere perform ed to  assess the d ifferen ce o f  
the d isso lu tion  rate constants b etw een  the va lu es o f  the innovator’s product and those  
o f  the other m anufactured brands.

B. In Vivo Studies

1. Test Products

A il three com m ercia l brands o f  150 m g roxithrom ycin  tab lets, w ere  
used  in this study.

2. Subjects

T w elv e  healthy T hai m ale vo lunteers w ith  the ages ranged from  20  to  
4 0  years participated in  th is รณdy. D em ographic data are presented in  A p p en d ix  D . 
Prior to study, all subjects m ust p ass the p h ysica l exam ination  and c lin ica l laboratory  
tests. T he m ethod s o f  the รณdy w ere clearly  explained  to all subjects. T h ey  gave  
written inform ed con sen ts before participating the รณdy and th ey  w ere asked  to  take  
n o m edication , a lcoh o lic  preparations and cigarettes for at least on e w ee k  p receed in g  
the รณdy and during the experim ental period.



20

3. Dose and Drug Administration

O ne tablet o f  150 m g roxithrom ycin w as g iven  orally w ith  20 0  mL o f  
water in a sin g le  dose. A ll subjects received  each d ose  in the m orning after overnight 
fast. N o  food  or drink (other than water) w as perm itted until 2 hours after dosing.

4. Experimental Design

The study w as conducted in a random ized com p lete  crossover design. 
Each subject received  the drug in a random ized order w ith  1 w eek  w ashout period  
b etw een  each  adm inistration as sh ow ed  in Table 1.

5. Sample Collection

F ive m illilitres o f  b lood  sam ples w ere co llected  from  a forearm  vein  
u sin g a d isposable syringe. T hey w ere im m ediately transferred into heparinized tubes. 
B lood  sam ple w as co llected  before drug adm inistration and at 0 .5 , 1, 1.5, 2, 2 .5 , 3, 4, 
6 , 8 , 12, and 24  hours after dosing. The blood w as im m ediately  centrifuged  at 2 ,5 0 0  
rpm ., for 10 m inutes and the p lasm a w as separated and kept at -20°c until subsequent 
analysis.

6. Determination of Roxithromycin in Plasma

Plasm a roxithrom ycin  concentrations w ere determ ined by m icrob io-  
-log ica l agar d iffu sion  assay using a m ethod m od ified  from  those described  in the 
C ode o f  Federal R egulations (C FR  2 1 ,1 9 9 4 ) and by C am pa et a l.(1 9 9 0 )  and Barry 
(1 9 8 6 ), w h ich  w as good  correlated to the high-perform ance liquid  chrom atography  
m ethod (Puri and Lassm an, 1987). The procedure w as described  as fo llow s:

6.1 Preparation of sample and standard

A  0.5 m L absolute ethanol w as added to 50 0  p.L p lasm a sam ple and 
the m ixture w as left overnight at 4°c. Each sam ple w as centrifuged  at 30 00  rpm for 
15 m in  and the clear supernatants w ere collected . The p elle ts w ere extracted tw ice
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Table 1 D o sin g  Schedule

Subject w eek

N o . 1 2 3

1 A B c
2 B c A
3 c A B
4 A B c
5 B c A
6 c A B
7 A B c
8 B c A
9 c A B
10 A B c
11 B c A
12 c A B

A, B, c  : represent the brand nam e o f  150 m g roxithrom ycin  tablets.
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w ith  absolute ethanol (1 :4  v /v ). The supernatants w ere p oo led  and evaporated to 
dryness by w arm ing sam p les at 40°c with Rotary evaporator. T he residue w as 
reconstituted in 500  J4.L o f  phosphate buffer (pH 8 ) and 50 pL aliquot w as filled  into 
the inoculated plates.

Standard roxithrom ycin  w as added to 500 pL o f  p oo led  drug free 
plasm a to m ake the final concentrations o f  0 .50 , 1.00, 3 .00 , 5 .00 , 7 .0 0 , and 10.00  
pg/m L. T hen, they w ere treated like sam ple (A ppendix B : Table 33 , F igure 19).

6.2 Preparation of inoculum

A  s in g le  co lo n y  from  freshly grow n overn ight culture o f  
Micrococcus luteus A T C C  9341 w as inoculated on the surface o f  A n tib io tic  m edium  
N o .l  agar slant and incubated at 37°c for 24  hours. The surface grow th  culture w as  
co llected  in 5 m L o f  sterile saline. In this study, a 13 mm  diam eter absorption cell 
w ill g ive  25 percent light transm ission  at a w avelength  o f  580  nm.

6.3 Preparation of inoculated plates

Preparation o f  base layer w as done by pipetting a 21 m L  o f  m olten  
agar into each  Petri dish. D istribute the agar even ly  in each d ish  on  a flat, level 
surface. A fter the agar hardens, p lace a cover on each plate. To prepare the seed  layer, 
add the inoculum  o f  the test organism  suspension  (.Micrococcus luteus A T C C  9341) 
about 2% to a su ffic ien t am ount o f  agar, w hich  has been m elted and co o led  to 48-50° 
c . Sw irl the flask  to obtain  a h om ogen eou s suspension , and add 4 m L o f  the 
inoculated m ed ia  to each  o f  the plates containing the uninoculated  base agar. Spread  
even ly  over the agar surface, cover, and a llow  to harden on a flat, lev e l surface. A fter  
the agar had hardened, 6 cy linders w ere placed on the inoculated agar surface so  that 
they w ere at approxim ately  6 0 °  intervals on a 2.8  cm  radius.
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6.4 Procedure for assay

A ll standard and test sam ples w ere assayed trip licately by fillin g  
the cylinders w ith  50  pL  o f  the extract and incubating for 18 hours at 37°c in 
incubator. The inhib ition  zon e diam eters w ere m easured using vernier caliper.

6.5 Estimation of potency

P o ten cy  o f  rox ith rom ycin  in sam p le  w as estim ated  from  
calibration curve p lo ttin g  the concentrations o f  roxithrom ycin  in p lasm a in 
logarithm ic scale versus inh ib ition  zon e diam eters (m m ) in ordinary scale.

7. Assay Validation

The m od ified  m ethod o f  Cam pa, et ah, and Barry w as va lidated  under 
the fo llow in g  con d ition s :

7.1 Within-run precision

T his p recision  w as determ ined by analyzing the three sets o f  the 
calibration curves at the sam e day. The inhibition zon e diam eters w ere com pared  and 
the percent coeffic ien t o f  variation (%c.v.) for each concentration w as determ ined  
(Table 10). The accepted  percent co e ffic ien t o f  variation should be le ss  than 15.

7.2 Between-run precision

T his p recision  w as determ ined by com paring the three sets o f  the  
calibration curves on  three d ifferent days and the percent co e ffic ien t o f  variation  
(%c.v.) for each  concentration  w as calculated (Table 11). The accepted  percent 
co effic ien t o f  variation shou ld  be le ss  than 15.
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7.3 Accuracy

A ccuracy in term o f  percent recovery w as done by com puting the 
ratio o f  inversely estim ated concentration obtained u sin g linear regression  equation o f  
a calibration curve and know n concentration o f  each concentration (T able 12).

8. Pharmacokinetic Analysis

The pharm acokinetic analysis o f  ind ividual p lasm a roxithrom ycin  
concentrations from  each treatment w as estab lished  usin g graphical m ethod.

The peak p lasm a concentration  (C max), and the tim e to reach the peak  
plasm a concentration (tmax) o f  roxithrom ycin  w ere directly obtained from  the data, 
m eanw hile, the area under the concentration-tim e curve (A U C ) w as calcu lated  using  
the trapezoidal rule. Other pharm acokinetic param eters, the absorption rate constant 
(K a) w as obtained by calcu lation  fo llo w in g  the W agner-N elson  m ethod, the 
elim ination  rate constant (Ke) w as obtained from  slop e o f  the concentration-tim e  
curve in sem ilog  scale, and the e lim ination  h a lf-life  (ti/2) w as calcu lated  usin g an 
equation, ti/2 =  0 .6 9 3 / Ke.

9. Evaluation of Bioequivalence

The b ioequ ivalen ce o f  all three brands o f  150 m g roxithrom ycin  tablets 
w ere evaluated using the three relevant pharm acokinetic param eters, Cmax, tmax and 
A U C .

9.1 Statistical test

The d ifferen ces o f  these three pharm acokinetic param eters am ong  
the three brands w ere determ ined by on e w ay  analysis o f  variance (A N O V A ) at the 
significant lev el o f  a = 0 .0 5 . I f  the test w as statistically  sign ifican t d ifferen ce, t-test 
w ill be utilized  to test w h ich  pair (test product v s  reference product) w as sign ificant 
difference.
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9.2 Construction of 90% confidence interval

A  90%  con fid en ce interval o f  individual param eter ratio w as  
constructed usin g an equation

M-T.obs - M-R,obs ±  t 0.95,V s(2 /n ) 1/2

w here Pr.obs =

M-R,obs — 

V =

t 0.95,V =

ร =

ท =

observed m ean for the test treatment
observed m ean for the reference product
the degree o f  freedom  associated  w ith  the “error” m ean square
the point that iso lates probability o f  0 .05  in the upper tail o f  the
S tu d e n t’s t d is tr ib u tio n  w ith  V d e g r e e s  o f  freed o m
the square root o f  the “error” m ean square from  the crossover
d esign  analysis o f  variance
the total num ber o f  subjects participating in the crossover  
design

The upper and the low er lim its o f  the con fid en ce  interval w ere 
d iv id ed  by the average value o f  the reference product and 1 w as then added to each  
lim it to obtained the ratio o f  90%  con fid en ce interval.

The tested brands w ere considered  to be b ioeq u iva len t to the 
innovator’s product, w h en  the corresponding pharm acokinetic param eters sh ow ed  no 
sta tistically  sign ifican t d ifference from  those o f  the innovator’s product and the ratios 
o f  individual parameter o f  tested products relative to reference product w ere w ith in  
80-125%  o f  90%  con fid en ce interval.
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