Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/20/12

For personal use only.

DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 6(3), 255-278 (1980)

MEDICAMENT RELEASE FROM SUPPOSITORY BASES: [II. NAPROXEN
PHYSICOCHEMICAL CHARACTERISTICS AND BUOAVAILABILITY IN RASBITS.
GARNPIMOL CHONGSATUIEN AND FOT10S M. PLAKOGIANN1S
Division of Pharmacsutics, Armold & Marie Sclwartz
College of Pharmacy and llealth Sciences, L.1.U.,

75 DeKalb Avenue, Brooklyn, New York 11201,

Abstract - Suppositories containing 25mg naproxen were prepared by
the fusion method with tehobroma oil, PEG 1000, and witepsol H-15.
The liquefaction point and the time for complete liquefaction at
temperatures from 37°C to 47°C were determined. By utllizing the
SBT (Erweka) apparatus it was determined that the witepsol H-15
formed suppositories which were more brittle.

The in vitro release rates were determined by using the USP
method and by 4 modified one with diaslyzing cellophane tubing.
Samples withdrawn at definite time interval for up to 6 hours,

and vere analyzed by the spectrofluorometric method. The Iun vivo
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256 CUONGSATHIEN AND PLAKOGIANNIS

drug celease was studled in rabbits. Ten blood samples wara
collectud over a4 24 hour period folluwing adwinistration of
a 25mg dose of each suppository and of oral suspansion. Plasma
samples wure ausayed by spectrofluorometric wethod. A atudent
“t” test was couducted on all data from the four differeat form-
ulations and Indicated significant difference between cheobroma
oll and oral suspensioa.

Sigunificant correlation was obtained becween the in vivo
absorption and ita vitro releasa when the suppository was placed

ln a dlalyzing cullophane membrana.

In @ previous paper wa invescigaced the in vitro aad in vive
relevsa of indomethacin by suppository bases (1). This paper
reports the release of naproxen from suppositocy bases.

Naproxun is & new nua-steroidal anciinflammacory agent for
use in rheuwsacoid archritis, degensdrative joint disease, and
ankylosing spondylitis. The drug has low toxicity, and its side
effecty ace mild and mostly appear in che upper GI tract. Howaver,
in cases where patients cannot swallow, have GI ulcerations and/or
are uucooperacive, the use of a temporary or permunent alternute
route tu oral administracion is advisable or convenienc. Ractal
sdminiscration as an alternacte mode of treatmunt is of value.
Therafora, the purpode of this study was to formulate naproxen
suppositories with three diffurent bases (theobroma oil, witepsol
=15 and PEG 1000) and determine their weight variatiouns, content

uniformity, bresking point, melcing range, in vitro drug ralease
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from the three bases, in vivo biocavailability of the naproxen
suppositories and naproxen suspension in vabbits. Furthermore

in the light of some previous studies indicating that the in vitro
drug relesse caunot be correlated to the in vivo drug absorption
(2,3), an sttempt wvas made to correlate the in vitro release of

naproxen from the suppository bases with its in vivo biocavailability.
EXPERIMENTAL

Chemicals and Materials ~ Naproxcnl. thecbrowma oilz, 0.1N sodium
2

hydroxidcz, 1IN hydrochloric lcidz, benegzene, isonmyl alcol|012.
certified buffered solu:tonz. pii 8, PEG 1000, acaclia U.S.P.3, and
witepsol H-IS". were used as received.

Equipment - Dynac centritug-’. U.S.P. tablet dissolution applrutus6.-
U.S.P. tablet disintegration lppaut\u7, fracture point testing
apparar.un7 (SBT), suppository melting tester’ (saP), recirculat-

ing therlo-nt7. and lpcctrophotoflnoro-etora.

Preparation of suppositories -~ Suppositories containiug 25mg of

naproxen were prepared by fusion method with three different bases:
theobroma oil, witepsol H-15, and PEG 1000. Twenty-five mg of the

drug was mixed with wmelted suppository base, und the mixture was

1 Syntex Laboratories, Inc., Palo Alto, California
Fisher Scientific Co., Fairlawm, N..J.

Amwend Dtug and Chemical Co., Irvington, N.J. 07111
Kay-Fries Chemicals, Inc., Moantvale, N.J.

Kay Adams, Division of Becton, Dickinson and Co.,
Parsippany, N.J. 07054

Amecrican Optical Cocporatlion, New York, N.Y.

Erweka Chemical and Pharmaceutical Co., New York, N.Y,
American Instrument Co., Silver Spring, Maryland 20910

4
5
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poured intu 3 mold. The sume base was carefully filled inco this
mold. The cvoled suppositories were weighed. The average waight
of the prepared suppositories were: 1.3840 t 0.023 gms, 1,4271 :
0.024 ygma and 1,79818 t 0.029 for theobruma uvil, witepsol H-1S5 and
PEC 1000 respectively. The displacument (D.V.) value was then

calculated by uslung the following equacion (4)

D.v. = Yeight of drug e
weight of suppository - welght of suppository
without drug Eq. 1

The displucement value for theobroma oil was 0.9470, witepsol
#-15 waas 0.9030 and PEGC 1000 was 0.8528. Afctur calculacing the
displacesent value of naproxen, the weight of each bagse used in the

preparatioa was calculaced.

Woight variation - Tweuty suppositories of each base were individ-
ually waeigiwd by using Mettler weighing apparatus. The percentayge
vuriation was calculated for each suppository. The weight should
be within the range of 95.0 ~ 105.02 of che average weighc (5).

Contunt unifuvvmity - Each suppository was placed in a 100 ml

volumutric flask which concained 90 ml of 0.IN NaOH solution. The
£lask wus shaken for 10 minutes on a modified reciprocating shaker
and one ml of the vater phase was pipetted inco a 100 ml volumetric
flusk, and wus diluted with O0.1N NaOH to 100 ml. The fluorescent
intensity of 4 represencative sample was measured in a spectrofluoro-
metur at the excitacion and emission sexima of 1330 and 355 nm, re-
spectively (5). The concuncracion of naproxen in 0.1N NaOM solucion
way duturmined from a calibracioa cucve previcusly constructed.
Breaking point - Each suppository, stocred ativast 24 hours at rooa

tempuratuce, wuas placed in the tescing chamber of a fracture point
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testing apparatus, as shown in Schem: 1 which was connected with a
recirculating thermostat to control each temperature of the testing
chamber. The temperatures used in this experiment was 25°C - 32°C.
The chamber was then closed and the time was measured by using a

atopwatch. The initial losd, which vas given by the weight of the

entire suspension block, was 600 grams. After a full minute, a

disk weight of 200 grams was added, and after another minute, the next

weight and s0 on until the suppository collapsed under the load of

the weight. If the breaking occurted within the first 20 seconds
after application of the last weight, the latter was not considered
in the total sum of the weight. If it occurred between 20-40
secounds, only the one held of the last weight was considered. If
the breaking occurred after 40 seconds, thes total weight wvas
considered.
Melting range - a) Theobroms oil and witepsol H-15 suppositories by
using U.S.P. tablet disintegration apparatus.
The apparatus vwas set os required in U.S.P, XIX, using water
as the i{mmersion fluid. A suppository, stored st least 24 hours at
room temperature, was placed in each tube of the basket and each
tube was covered with a disk. The vater temperature was maintained
between 32°C - 40°C for theobroma oil, and between 34°C - 42°C for
witepsol H-15. The time required for each suppository to completely
welt wvas messured. b) PEG 1000 by using suppasitory melting tester
(SSP) - Each suppository, stored st least 24 hours at room tempera-
ture, wvas inserted in the spiral shaped glass of the testing tube of
the suppository melting tester as shown in Scheme 2. The testing

tube was closed by a rubber stopper with a glass tube. This glass
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Sclume 1: Practure point tasting apparatus for suppository
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tube was suspunded [n a cylinder gladss which was filled with water.
The warter of 2ach cunstant temperatuce wus regulated by a recircul-

acing thurmostac and Flowed inco the inuer space of the testing tube

The tumperatucu rauge used in this experiment was 17°C - 47°C,
The tim: was wmeasured as soon as cthe water level in the testing
tube reached the water lavel in the ocuter cylinder uncil the sup-
pository multed completely.

Huleuse Rute ~ Procedure 1 - using a tablet dissolution apparacus.

A 900 m] of cercified buffered solution pi 8 was put in a vesgel
which wag imsersed in a constant temperacure water bach. This solu-
tion wus used a3 a melting medium, and was allowed to coae to a
temperatuce of 27.0 t 0.5°C. A suppository was put in each baakat
which was then Lmmersed into the vessel with a distance of 2.0 & 0.2
batween the basket and the bottom of the vessel. The baskets were
rotated at the rate of 68 rpm. A ssmple of 0.9 al was pipetted to a
tubu at diffecenc time intervals for up to 3 hours for theobrowma oll
and witepyol H-15, and up to 16 minuces for PEG 1000. The volume of
vessel was maintained constantly be replacing tha samples with the
melting medium. Each sample was diluted to 10 ml with 0.1N NaOH and
vas analyzed immcdiately spectrofluoromecricly if not, stored ac
roum Cemperdtufe.

Procuduce (1, wuing a tablet dissolution apparatus - The same as

procedure [, only each suppository was placed in a cellophane tubing.

Boch emds of the tubing were tightened with white thread before puc-
ting it in the basket. The collecction times were avery 15 ainutes
for the ficrst Wwour, every 20 ainuces for the sacond hour, and every

hour fuc the next four hours for sach suppository base.
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Procedure III -~ A 300 nml of melting medium was put in a vessel which
was immersed in the constant temperature of 7.0 : 0.5°C water bath.
The melting medium was allowed to come to this temperature. A sup-
pository was put in s cellophane tube which contained 15 m1 of melting
medium. Both ends of this tube were closed by clippers before putting
it lato the vessel. The melting medium in the vessel was constantly
stirred. A sample of 0.9 ml was withdrawn at the same time Intervals
as in procedure II. Each sample was diluted and snalyzed in the same
ags in procedure II. The cellophane tubing was soaked in water over-

night before using in both procedures II and 1I1.

In-vivo Studies - Health adult, white male, New Zealand rabbits were

used as the test animals. Each rabbit weighed between 3.0-4.5 kg.

1f a rabbit was reused a one-week washout period was observed between
dosing of the formulation under test. A 1.5 ml of blood was initially
withdrawn by cardiac puncture as a control sample before any
administration.

A suppository vas administered to a rabbit rectally. The animal
was observed not to have a rectal leakage or an expulaion of the
suppository. To a group of animals, a naproxen suspension prepared
by mixing 0.02 mg of acacia with 25 mg of naproxen in 5 ml of puri-
fied vater was orally administered by using a tube syringe. A blood
sample of 1.5 ml was withdrawn by cardiac puncture. The samples
were collected at the time %, L, 1%, 2, 3, 4, 6, 8, and 24 hours
after rectal administration. Blood samples were allowed to clot
for 10 minutes and vere then centrifuged at 2500 rpm for 15 minutes.

A 0.1 m1 of each serum sample was pipetted into a tube for onalysis

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/20/12

For personal use only.

264 CHONGSATHIEN AND PLAKODGIANNIS

immudiately or the serum samplus were frozen at tempetatuce - 20°C.

Plasmu Samples Analysis by Usiog Spectrofluoromstric Method -

Hoproxen in plasma sumple were extracted into organic phase by adding
a 0.1 ml of plassa sumple to a 1.0 al of IN hydrochloric acid and a
$.0 ml uf benzene cuvataining 1.52 of lsoamyl alcohol, before shaking
for 10 minutes oa a reciprocating shauker and centrifuged for 5 winut
at 2000 rpm. The anaproxen in the organic phuse was chen recxtracted
by uddiung & ml of organic phase tu a 3.0 ml of O.IN NaGl before shak
ing and centrifuging. A 1.0 ml of water phase of each sample was
diluted to 10 ml by 0.IN NaOH. The fluorescent samples wure measure
lumudiately or stored at room tumperature. The measurements were'
sade with a gpectrofluoromater at excitation and emmission maxima of
330 amd 355 nm, respuccively. The sample concentrations were deter-
wmined from a calibration curve obtained by assaying blood plasma
cuntulniug known amounts of caproxen and plotting the relative fluo-
rescent intenslity agalnst known cuacentration of naproxen. A linear
relacivnship was obtainwl ovar the tange .1 - 7 ug/ml of naproxen

ln plasma.

RESULTS AND DISCUSSION
In vitro studies ~ The U.S.P. does not specify the weighct vari-
acion ‘;t ractal suppositories. Ouly the Garmaa and Rusgian
Pharmacopueias state individual weight variation of rectal suppos-
fturies ac & 5.0X of the average weight, whereas the Pharmacopeia
Nordlca allows t 10.0Z of the average weight for 90.0% of the
suppasitoriea, but these deviations must not excead t 20.0%. How-

ever, the weights of the suppositaries should fall within ¢t 5.0%
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of the average weight, generally applied to other solid Josage

forms (5,7,8). The percentage deviations of theobroma oil, witepol
-15, and PEGC 1000 are 0.023, : 0.024, snd t 0.029 reapectively,
vwhich indicates that all suppositories are within the control limits
of the average weights.

As in the weight variation, the U.S.P. does not specify the
content uniformity, but as in other solid dosage forms, the content
of each of 10 suppositories should be within limits of 85.0Z and
115.0% of the spacified dose (9). [t was found that the content of
each of 10 suppositories from three different bases is within the
limits of 85.02 and 115.0% of the dose of 25 mg of naproxen.

The breaking point of a suppository is important since the
suppository must wvithstand the focces caused by production, packing,
shipping and patient use in handling. The breaking points of nap-
roxen suppositories from thiree bases are presented in Figure I.
Between the temperatures 26°C - 32°C, witepsol li-15 supposit-
ories require higher forces than theobroma oil and PEG 1000
suppositories, and PEG 1000 suppositories require greater forces
than theobroma oll suppositories. From the curves of three
bases, witepsol H-15 curve has a greater slope indicating that
this base is wore brittle than the other two bases. Thcobroma
oil and PEG 1000 appear more elastic than witepsol (i-15. The PEG
1000 curve is flacter than theobroma oil curve indicating that
PEGC 1000 is more elastic and requires a longer softening luterval.

The melting ranges of theobroma oll suppositories and witepsol

-15 suppositories were performed by using the U.S,P. tablet dis-
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Figure 1: Comparison of breaking point of
niproxen suppusitocies
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integration apparatus and the melting range of PEG 1000 suppositories
wore partocmed by usiug a suppository melcting tester. The comparison
of the melting rangus of naproxen suppositories with blank supposic-

ories and the comparison of the melting range between three bases
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are presented in Figure 2.

267

It is apparent that as the temperature

increased, the time required for melting the entire suppository de-

creased.

The theobroma oil with naproxen and witepsol H-15 with

naproxen curves are higher than their blank suppositories curves,
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Figure 2: Comparison of melting range of naproxen
suppositories
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whureus PEC 1000 wich naproxen curve is lower than its blaak
suppositocies curve. This is possible due to the formation of
eutectic mixture of nuproxen and PEG 1000 becususe naproxen lowers
the malting rauge temparacture of the base, it may facilitate the
ruleuse rate of the suppositories and increase the absorption of the
medicument (10-12). Furthermore, at any temsparature, PEC 1000
suppositorius require more time to melt than the other two bases,
and at body tesperature, 4.3, 7.3, 22.3, minutes are required to
welt theuvbroma oil, witepsol ~i115, and PEG 1000 reapectively.

The mean of the uncorrected released conceantratioans of
naproxen from the bases were subjected to a cumulative correction
for the previously removed samples in determining the total amount

released by using the following equution (13):

( ) 0.9 - ca(mn.)

- D+ .

Cn = Cp (mess.) + G2 (Eq. 2)
where C,(p,0g,)1i8 the concentracion meusured through the spectro-

fluorometer and C, is the concentraciom of the a®h

sample expected

o the medium Lf previous sumples has not been removed. The factor
%3% reprusents 4 0.9 ml from a 900 ml total volume in procadure I

snd 1f. This diluciou factor is 0.9 in procedura III. The

=l C, (mesd.) rapresencs the su.sgg the uncorrected concentration
o? all praevious sumples but not including the nth gample. The log

of the unrwleased concentration vergus time are shown in Figure 3.

The slupes and the Y-intercapts were obtalned from the least squarte

lines of best fit. The Y-intercepts, representing the amount of the
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Figure }: In-vitro release of naproxen suppositorles
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unreleased doug o time O, are theoretlcally 0.40 oc log of the
fuitial concentcation 2.5 ug/ml  Lln procedure I and (I, and 0.88 nc
lug of the inltial concentration of 7.5 ug/ml in procadure III.
They vary slighcly from these numbers since this mathod lu designed
to find the "line of the best fit" which may not intercept exactly
the same in the theory. The rate constants were calculated from
the slopes (Table ).

Thesc data indlcate that naproxen was released much more
readily Lrom PEC 1000 than from the other two bases because PEG 1000
Is a watur-soluble base and naproxen is freely soluble in the medium
of pit 8. Furthermoce, an increase in reiease rate of PEGC 1000 ia
due tu the formacion of soluble complex with the drug (14), and may
be due to the lower melting temperature of eutectic mixture formacion
through coustruction of cheir scructuces (19). Naproxen wus released
sore teudily from theobcoms oil than from witepsol H-15. However,
during the first 15 minutes of the expuriment, naproxen was released
from witepuol i-15 faster than from theobroma oil. This occurs
because witepsol Hi=15 possess emulsifying and water absorpcive
propurtieas (16).

The teluaye rate from proceducre 11, indicate that the rate
constant from PEGC 1000 is 7.34x1077 ug/ml-min from theobroma oil
fs 1.11x10"3 ug/mi-min and from vitepuwol H-15 1s 0.9x10~3 ug/al-min.
This is duc to the sume reasons as in procedure I. Naproxen was
released from theobrowa oil more readily than witepwol H-15 through-

out this procedure because thera is no melting medium inside the
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TABLE 1

271

FIRST ORDER VALUES OBTAINED FROM IN-VITRO RELEASE STUDLES

Suppository Slope Release Rate

Base (x10~3) Y-Intercept Constant
(x20"3ug/m1-nin)

PROCEDURE 1

Theobroms 01l -2.68 0.43 6.17

Witepsol H-15 -1.26 0.39 2.90

PEG 1000 -59.24 0.45 136.43

PROCEDURE I1

Theobroma 01l -0.48 0.37 1.11

Witepsol H-15 -0.39 0.38 0.89

PEG 1000 -3.19 0.31 7.34

PROCEDURE I11

Theobroma 011 -0.59 0.83 1.35

Witepsol H-15 -1.00 0.86 2.30

PEG 1000 -1.35 0.91 3.11
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cellophane membrane, the esulsifying sud water absorptive propertiesy
of witepsol U-15 do not disperse the drug the membrane.

The rate coustaat obtained from PEG 1000, in procedure II,
1s 3.11, from wicepsol H-15 is 2.30, and from thecbroma oil is
1.35. 1t is apparant that the vate constant from PEG 1000 is
greater than trom ocher bases. Howaver, the release rate from
witepuol U-15 {n the first 3 hours {s greater than from the other
two basss, because of its emulsifying and water absorptive proper-
ties, disperaing the drug throughout the mediua in the inner sur-
facs of the sembrane. The releuse race from theobroma oil in the
firac U hours i3 more than from PEGC 1000 because it melts within
a fow minutes, spreading itself wichin the membrane, setting up
conditious favorable for anaproxen to undergo partition between
the buse and the sedium, whereas PEG 1000, although watar-soluble,
do not hove a solubilicty greut enough to complete wich the abilitcy
of theobroma oil to rapidly set up conditions favorable for partition
of the drug to the medium. After thae first 3} hours of the experiment,
the relessa rate from PEG 1000 is greater than from the other bases
because PEC 1000 dissolved itself in the sedium within the membrane
and disperses cthe drug through the medtum. It is posaible that PEG
1000 forms a soluble complex with naproxen.

The ssetum conceatration levels time profile obtained after the
administracions of theobroma oil, witapsol U-15, PEG 1000 supposit-
ories and naproxen oral mpeulouv in rabbits are presented in
Pigure 4, aud Table II. Naproxen suspension produces the highestc

peak of the curve which is 1.38 ug/ml, from PEG 1000 is 1.323
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ug/ml, from witepsol H-15 1s 1.355 ug/ml, and from theobroma oil is
1.238 ug/ml. The time of the peak serum concentration is believed

to be closely releated to the rate of absorption of the drug from

a foriulntion (17). The times of the peak from suspension and
witepsol =15 are 30 minutes after administration while from PEG 1000
and theobroma oil are 60 minuces. The area under the curve, repre-
senting the amount of the drug absorbed  after the administration (17),
of the suspension, PEG 1000, witepsol H-15, and theobroma oil, which
measured mathematically by ctrapezoidal technique, are 293.3, 261.1,
260.3, and 234.2 ug/ml-min, respectively. The areas under the curves
of PEG 1000, witepsol H-15, and theobroma oil are 89.02%, 88.76%, and
79.852 of the oral suspension, respectively.

A student "t" test was conducted on all data from the four
different formulations (Table III). As can be seen there is no
difference in the pesk concentration between each suppository form-
ulation and oral suspension. For the time of the peak, there is no
difference between witepscl H-15 and the oral suspension, while
there are significant differences between thenbroms oil and oral
suspension. For the area under the curve, there are no differences
between witepsol H-15 and suspension, and between PEG 1000 and
suspension. In this investigation, based on the in vivo data,
witepsol H-15 suppository appears to deliver the drug at the same
rate as in oral suspension, but at a faster rate than the other
bases. The ressons are that even though PEG suppasitory shows a
more rapid release rate than witepsol U-15 in in vitro disintegra-

tion, it dissolves ratlier slowly in the small amount of rectal
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fluid (18), and theobroma oil tends to form barrier between the
drug and the rectal membrane due to its fatty character (2). The
total amounts of naproxen absorbed from witespol l-15, PEGC 1000,
and suspension, are almost the same, and are greater thon from
theobroma oil. This may be due to the interaction of naproxen to
theobroma oll and its lack of interaction to other bases, or
naproxen may Form complex witli theobroma oll.

A review of bloavallabflity profile fu Figure 4 and in vitro
release in Figure 2 indicate thaot there is a correlation betwcen
the In vivo absorptions frum three suppository formulations and the
dissolution release of procedure 111, a phenomenon which has heen
previously rasported (3). The in vitro testing shows that naproxen
was relessed from witepsol H-15 wure readily than from PEG 1000 and
theobroma oil. The in vivo investigation Indicates that naproxen
wvas absorbed from witepsol H-15 faster than the vther two bases.
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