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Abstract

The pharmacokinetic parameters of domestic and imported ranitidine hydrochloride tablets
(Ranitiding, formulated and manufactured by Kharazmi-Phamaceuticds, Iran, and Zantac ©
menufactured by Glaxo, UK) were messured in 14 -hedthy subjects following ord
administraion of a single 300-mg dose of each brand and compared for bioequivd ence
evduation.

T he pharmaceuticd equivdency of both formulaions was shown by in vitro characterization
and dissol ution testing. T he comparative bioavalability of the two products was then determined
in a singleblind, sinde dose, randomized,; cross-over study in 14 hedthy voluntesrs. A
sensitive, rapid and precise high performance liquid chromatography (HPLC) method was used
to messure concentrations of ranitidine in plasmasamples collected up to 12 hours following
eaech dose. Pharmacokinetic parametersyinduding Cray, T e AUCo, AUC,.,, diminaion rate
constant (K) and hd f life were determined for both formulations.

Andysis of the datareveded that the vari a@ions in dl pharmacokinetic parameters were not
stetisticaly significant (p> 0.05), and the 90% confidence intervas for the test/reference mean
ratios of the plasma pharmacokinetic variabl es lie within the conventiona bioeguivadence range
of 80-125%. Therefore “both formulaions were comparable based on the in vitro

characterization and were bioequivaent in terms of Cmax and AUC.
T he two formul aions were considered to be bioequiva ent.
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Introdudion

Ranitidine, as a specifically higamine H,-
receptor antagonig, hedls gastric and duodenal
ulcers by reducing gastric acid output as a result
of H,-receptor blockade. This drug is also
indicated for the management of hype secretory
conditions, such as Zollinger — Ellison
syndrome and sygamic madocytoss.

The effeds of fadtors, such as food intake
formulation, age and hepatic diseases, on blood
concatraions of ranitidine have been
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described by several researchers (1-3). High
performance liquid chromaogrgphy (HPLC)
mehod has been extensvely used for the
analyss of ranitidine from biological fluids
(plasma or urine) due to high senstivity and
selectivity (4-9).

The man purpose of this work was to
compare the pharmeacokingic parameers of a
commercially available preparaion (Ranitidine,
formulated and manufacdtured by Kharazmi
Phameceuticals, Iran) with those of an
imported product (Zantac®, manufactured by
Gaxo, UK). In thefirg d4ep, a smple, rgpid
and sendtive HPLC procedure was developed
for the quantification of the drug presat inthe
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plasma. Inthe second step, the pharmacokinetic
parangers of ranitidine (i.e, Cuo Tmao
AUGC,,;, AUGC,., €elimingion rade condant, Kk,
and half life) were compared following the
adminigration of 300-mg single oral doses of
both brands to each of 14 hedthy male
volunteers.

Experimental

Materials

Ranitidinetablets and sandard powder were
supplied by Kharazmi Pharmacetticals (Iran).
Zantac © tablets and dandard meronidazole
powder ( as internal dandard) were kindly
donaed by Glaxo (UK) and Farchemia (Italy),
respedively. HPLC-grade mehanol and
acetonitrile, and all other analytical grade
reagents (ammonium acetae, monobasic
potassum phosphae, phosphoric acid and zinc
aulfate) were oltained from Merck Company
(Germany). Double-digtilled, purified and
filtered water was used throughout the gudy.

Methods

Invitrostudies

Weight variaion, content uniformity; assay
and disolution time teds were all carried out
accordingto USP XXII1l procedures (10).

Instruments and

conditions
A Shimadzu Model LC-6A HPLC sydem

(Japan) equipped with a Rheodyne Model 7125
manual injector valve (with-a 20-ul loop), a
Shimadzu Model LC-6A solvent delivery
pump, and a'Shimadzu SPD-6AV, UV-visble
detector operaing @ 320 nm conneded to a
Shimadzu Model CR6A data integraor were
employed. Chromaographic separaion was
performed on arevesed 3.9 mmx 300 mm i.d.
C.s - pbondapak (5 p paticle size) column.

The mobile phase, composed of acdonitrile
monobasic patassum phospha e buffer solution
with the raio of 1.9 (pH 3.6, adjused with
phoghoric acid), was prepared and degassed
by ultrasonication before use and pumped at a
flowrateof 1.1 ml.min™. All experimentswere
carried ou a 37 °C.

chromatographic

Extraction from plasma

Heparinized blood samples from various
volunteers were centrifuged and plasma was
then colleded and frozen & —20 °C. 900 pl of
thaved plasma, 50 ul of internal standard
(metronidazole) solution (20 pg.ml™) and 50 pl
deionized, double digilled water were mixed.
Afte the addition of 300 ul HPLC grade
methanol and 200 pl zinc sulfae solution
(0.7M), the tube was vortex-mixed for 30
seconds and then centrifuged at 3000 rpm for 5
minutes. A 20-ul aliquot of the supernatant was
injeded into HPLC sydem and quantification
was done by comparing the pesk arearaios of
ranitidine and interal d¢andard.

Calibration curve for plasma

Thawed and drug-free plasma (900 ul) was
pipeted into a digposable teg tube and spiked
with 50 pl of dandard stodk solution of
ranitidine (with increasing concentraion of 2,
6, 10, 15, 20, 30, 40 and 80 pg.ml™) and 50 pl
of.the intemal standard solution (20pg.mi™).
The mixture was assayed as described above.
Peak area raios (ranitidine/internal standard)
were measured and plotted versus plasma
concatraions, in order to consruct the
calibration curve for plasma

In vivo bioequivalence study

A single dose, randomized, two period, two
treatment, two sequence, aossover dudy with
equal doses of the tes and reference products
and a 2-week washou period baween the phase
| and phase Il dosing was designed in this
study.

14 healthy male voluntee's aged from 23 to
37 yeas(mean 31 years) and weighed from 50
to 85 kg (mean 64 kg) were seleded based on
acceptable physica examinaion, medical
history and clinical laboraory teg results. They
were asked to avoid taking any medication for
at leag two weeks before the gudy and until
after the study was compleed. After an
ovemight fag, 300 mg ranitidine and Zantac ®
(2 x150-mg tabletg were given orally with 250
ml of tap wate to each of the subjects. A
sandardized meal was served to eech of the
participating subjects a 3 hrs ater dosing.

Venous blood samples (5 ml) were collected
pre-doseand & 05, 1, 15, 2,25, 3,4,5,6, 7,
8, and 10 hours pog-dose Blood sampleswere
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Figure 1. Dissolution rate profilefor Zantac® (@) and
ranitidine (1)) tebles

centrifuged and plasma samples were separated
promptly and immediaely frozen until assayed.
The second phase of the study began following
a 2-week washout period. The plasma samples
were thawed and then analyzed by a developed
HPL C method, as described.

Pharmaookineticanayss
The maximum plasma concentration and

the time to reach the maximum concentration
for ranitidine were determined directly from
the raw data. The area under the plasma
concetraiontime cuve up to the last
available sampling time (AUGCy,)..was
caculated by the trapezoidal rule. The
eliminaion rae congant (k) wasthen estimated
by the regresson analyss of the terminal
points on the plasma concentraion curve for
each subject. Areas under. the plasma
concatraion-time curve extrgpolaed to
infinity (AUGC,_,) were calculated by adding the
ratio of the last measurable drug concentration
in the decay phase of the curve and the
approprigte rae congant to the corresponding
AUC,,. The apparent half-life for the drug in
plasma was determined , usng t¥2 = 0.693/k
equation. The two one-sided hypotheses at the
o = 0.05 level of dgnificance wastested for all
pharmacokingtic paameeasby condrudingthe
90% , 95% and 99% oonfidence intervals for
the ratio between the ted and refeaence

averages (10).
Reaults and Discussion

Invitro studies
Two tableg formulations were evaluaed

from the phamaceutical point of view and the
results oltained from oontet uniformity,

weight varigion and assay dudies indicated
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Figure 2. Chromatograms from human plaama (g blank
plasma; (b) blank plasma spiked with 1.5 pg.ml*
ranitidine and 1pg.ml™ metronidazole (i ntand standau);
(c) plasma sample taken 2.5 hr after oral adminigretion of
300 Zantac® tablet with 1ug.ml™ metronidazole; (d)
ranitidine solution containing 1.5 pg.ml™ raitidineand
1pg.ml™ metronidazole.
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Tablel Inter- and intra-day pred s ons of ranitidine assay in plaama

Concantration added (ugml™)

Concentraionmeasured (M ean £SD)

Intraday (n=3) Inter-day (n=3)
0.50 0.58 +0.021 (5.55) 0.57 £ 0.018 (4.83)
1.00 0.89 +0.017 (3.08) 1.01+ 0011 (1.80)
2.00 2.18 + 0.065 (4.82) 2.28+0025 (1.61)
Valuesin parenthesesare coeficient of variations
that theted and reference products comply with ~ corregponding  regresson  equation  was

the relevant standards in official compendium.
Compaison of the disolution raes of
ranitidine and Zantac ® tabletsrevealed tha the
release rae was a little faster for ranitidine,
while the percatage release from the two
brands was equivalent after 45 min (Figure 1).

Chromatography

Typical chromaograns are illustraed in
Figure 2. Under the chroma ogrgphic conditions
described, ranitidineand internal gandard pesks
were well resolved and no intefaing peak a
ranitidine peak postion was observed.
Chromat ographic elution was undertaken for 15
minutes, and the average retention times of
ranitidine and internal 4andard were 5.5 and
6.8 minues, respedively.

Calibration aurwe,
detection limits

The calibration curve for the deteminaion
of ranitidine in human plasma<oltained by
plotting the pe&k area raios of ranitidine and
internal standard againg their oomresponding
known concetrations, was foundto be linear

over the range of 05 - 4 pgml™. The

guantification' and

y =0.5617 x + 0.0525 (r = 0.9904), where y is
the pek arearaio and x is the ranitidine
concentraion (ug.ml™) in plasma. The limit of
detection (LOD) and limit of quantification
(LOQ) (dggnal-to-noise ratio greaer than 3)
were 4 ng.ml™ and 40 ngml™, repedively.

Calculation of recovery and predsion

Recovery was defined as the peak aea of
the extracted-samples divided by the pek area
produced for the equivalent amount of drug
injeced directly onto the column from agqueous
solution. T he average recovery wasfoundto be
about 109% a different plasma concentrations.
The precison of the mehod was verified by
evaluating intra- and inter-day variaions (i.e.,
replicde anayss of plasmabased controls
piked with three known concettraions). The
intra- and inter-day precisons of ranitidine
assay are shown in Table 1.

Seledion of internal standard

The choiceof internal $andard was based on
its separation from ranitidine and endogenous
blank plasma pesks and its consistent recovery
during extraction procedure.

T able 2. Mean phamamkingic paranders for ranitidine and Zantac® tablets in healthy
volunteers (n=14) as determined from the plasmaconcentration daa after admini rati on of

300mg ord dose
DFLQ Cr’rax Tmax AUC Ot AUC 0-0 keIim tl/z
(ngm™ () (ughrml™) (ughrmi™ — (hrY)  (hr)
Ranitidine
M ean 1.34 3.21 17.81 18.74 0.27 2.70
+SD 0.38 091 2.04 227 0.01 047
+ SEM 0.10 0.24 0.55 0.61 0.01 0.13
CV %) 28.72 28.43 11.45 12.10 19.09 17.44
Zantac®
M ean 1.21 321 17.66 18.45 0.28 2.56
+SD 0.37 1.01 213 2.20 0.05 044
+ SEM 0.10 0.27 0.57 0.59 0.01 0.12
CV (%) 30.18 3154 12.04 11.92 1938 17.22




Stability

Ranitidine was stable in human plasma
samples for more than one month, dored at
freezer. Soiked plasma samples, extraded
following the described procedure and then
stored at 4°C, ranained sable a leas 24 hrs
without significant degradation.

Pharmaookinetic data and statistica
analyss

Table 2 ligs the mean pharmacokingic
parandgers for both ranitidine and Zantac ®©
tablegs, determined from the plasma
concatraion-time data All subjects showed
double peaks following adminigraion of both
tablets, except one for which a single peak was
observed. However, when the mean
concentrations were plotted as a funcion of
time double peaks disappeared and the curve
exhibited one maimum. Figure 3 shows
average plasma concentraion versus time for
ranitidine and Zantac ® tableésin 14 subjects.

Miller (1984) has showed tha renitidine
produced a blood concentraion curve with ‘a
pronounced secondary peak in the drug
concatraion profile dter oral dosng on a
fasting somach (9). He proposed a:model to
describe this unusual pharmacokineic behavior.
Based on this model, ranitidine accumulaes
mainly from the sygemic circul&ion into a
depot compartment and in response to food
intake, areabsorption phenomenon takes place
and the drug accumulated in depot is
spontaneoudy released into the gut (absorption
compartment). Alkas and:his coworkers (1989)
also reported, in their bioequivalency studies,
the gopeaxrance. of double peaks following
administration of ranitidine (1).
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Figure 3. Average plasma concentration vasustimeplot

for Zantac ® (M) and  ranitidine (J) teblesin 14 hedthy
subjects.

The profile of concetraiontime curves
obtained in this gudy isin good agreement with
those observed by Alkas and Miller (1,9). It
should be noticed that due to the difference
between the time of appearance of C,, inthe
subjects,the coefficients of vaiaion have
relatively increased, while lower coefficients of
varigion:were calculaed for AUC.

The pharmacokingic paameers utilized for
the compaison beween the two formulaions
were Cono T AUC,, AUC,,,, elimination
rate congant (k) and half life. The AUC,; after
oral adminidraion was calculated by the linear
trgpezoidal mehod and the AUGC,, was
determined using the terminal elimination rete
condant calculated by the regression analysis of
the lag six measurable drug concentraions.

Compaison of the data okltained for the
pharmacokingic paramees between the two
formulations revealed that the differences were
not daigicaly dgnificant (p > 0.05). It
should be mentioned tha the highest
concentraion atained was considered to be the
Cox for each subject individually, irrespective
of the fad tha double pesk phenomenon was
observed for ranitidine.

T able3. Therati o of produd averages at different confidenceintervals

Phamacokinetic

Confidenceintervd

parameter
90% 95% 99%
Crax 101.12-119.49 99.28-121.71 95.38 — 125.69
T max 8511-121.93 81.81 -126.84 75.04 — 138.29
AUC 9823 -103.52 97.66 — 104.11 96.44 — 105.44
AUC ., 9840-104.68 97.74 — 105.40 96.29 — 106.28
k 8756 -102.74 86.03 — 104.57 82.78 — 108.67
t., 97.33-114.21 95.63-116.24 92.02 — 120.80
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In this sudy, log transformaion was
employed in the analysis of bioequivalence data
in order to achieve the geneal compaison
based on the raio of the two averages rather
than the difference. When the data are analyzed
on the log transformed basis, FDA Divison of
Bioequivalence uses a range of 80% to 125%
for the raio of product averages asthe sandard
equivalence criterion. In this regard, the 90%,
95% and 9% confidence intervals were then
calculated for the phamacokindgic paranders.
Table 3 indicaes the calculaed ranges for the
ratios of the produd aveages at different
confidence intervals. As seen, the raio of
averages exiss between the sandard
equivalence criterion of 80% to 125% at 99%
(excgt fot T, oonfidence interval. In
concluson, the gudy indicated tha both
formulations are compaable, based on the
in vitro charaderizations, and bioequivalent in
terms of C,, and AUC. It was also found tha
any difference between the two formuldions
was not ddidically sgnificant.
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