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o May 1997, FDA issued a guidance document 1o reduce the
regulatory burden when a company wishes 1o make limited
chiznges and sl retain the approved status of existing semi-

The authors developed an in vitro release solid products. The docoment discusses scale-up and post-

test for a gel formulation containing a - approval changes for semisolids (SUPAC-55) and defines the
topical microbicidal peptide. Polysulfone © achons 3 sponsor must take o maintain product certification
membranes and normal saline were used after quantitative changes have been made. One of the tests

recomumended in SUPAC-53 for certain levels of changes is in
vitro release testing of the semisolid dosage form. In vitro re-
lease testing 15 routinely used during product developrment 1o
fing-tune a formulation. However, the suggested uses of the

as the support membrane and receiving
medium, respectively. Membranes with
various pore sizes were tested to ensure

no back-diffusion occurred and to identify test to establish batch-to-batch uniformity, product certifica
asupport medium that provided the least tion, and possible bioequivalence are firdy new and have heen
resistance to drug diffusion. The effects of the subject of much debate (1-4), The in vitro release test

(I KT T represents the diffesion of the drug out 5T thie forme =
lation and involves a synthetic membrane that should not be
a rate-limiting barrier. Tt is important w properly validate a re-

peptide concentration, polymer concentra-
tion, and the addition of a cosolvent on the

peptide rEIeas'_E Wf-_'n_z dli_"tElmln@d.Th-E lease tect before using it for product qualification. Abusdant
degree of peptide binding to the support literature exists about in vitro release of 2 drug present in a
membranes was evaluated. The release suspension semisolid fommulation, However, there exists lim-
profile of a solution containing the same ited information about in vitro release of a drug in a solution
peptide concentration was evaluated to formulation.

This article describes an IVET for a peptide gel formulation

show that the su b
FROrEMAmMEane nas nota in which the peptide is highly soluble. The method was vali

Fata-Roniting sl.'l.‘.p Results show that the dated by determining the effect of changing drug concentra-
test can be modified to ensure product tion, palymer (gelling agent) concentration, gel loading, and
sameness after a scale-up and postapproval cosolvent addition on the release rte. Drug releass from water
change. was evaluated to establish that the membrane was not the rate-

limiting step during the release process, Several polysulfone
membranes of variows pore sizes were tested 2s support media,

'p".j"'a: B'wlﬁia”@mww_ and any potential binding of the drug to the membrine was es-
S i S et e Y tablished. A microbicidal peptide (D2AZ1, Deypegen, Inc. Fitts-
Bchaol of Pharmacy, amer University, 3001 b‘ngho PA} wirs wsed as the model dn.l.g_

Adercer Unbversay Drive, Allanta, Gif 30341, tel. Topical microbicides are chemicals that one can uss intra-
(770) S86-3243, fax (T70) S85-3425, e-wmal vaginally {or intrarectally) before sexual intercourse to block the
(Beriga. AR¥ra h !Ir:wwi-iﬁl:. R Ef’]g';s* transmisdon of HIV and other agents that cause sexually trans-
mixcal Sclncas, Sehoal of Pharmacy, Auburn milted diseases (5TDs) (5). The development of topical micro-
Linfversity {Aubuem, ALY, Seini Terjern & bicides it a glubal priority and a central focus of the 5TD), re-
project manager for Serquest (Birmingham, search effort of the Mational Institute of Allerpy and Infectious
AL} .Josse Jaynees i vico-president of [Miseases (Bethesda, MD). The D2A21 peptide has heen shown
research for Demegen, in, (Fittsbungh, FA). to prevenst Trckomonas vagelis nfection in 2 mouse model
T whom nll comegendenon may ba sdoimsed, and is being tested extensively in various laboratories for its ac-

tivity against other pathogens and for its spermicidal effect (8],
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Figure 1: Effect of the molecular weight cutof! of e mtﬂne on
e relesse profile of D2A2T paptide (0.1%) from the gel (# = 0.95).

Materials and methods
Materials. The D2A2] peptide was a gift from Demegen, Inc. The
poltymer, hydroayethyloetlulose (HEC) (Matrozol HEC-250H),

was 2 gifl from Heronales, Inc. (Wilmington, DE). Polvialiang

disk membranes were obtained from Millipore Corp. (Biomax
5, 10, 30, 50, 100, and ¥M 500, Bedford, MA). Propylene phyool
(PG) was from Fisher Scientific (Fair Lawn, NT).

Methods. Preparation of gel. The ged was made by dissalving the
peptide in normal saline and then adding HEC slowly during
coenstant stirring. The dispersion then was refrigesated for a
few minutes to allow it to gel and for any air bubbles or foam
to subside, The gel was of the same consistency as K-Y Jelly
{Advanced Care Produets, Raritan, NJ). A typical formulation
consisted of 0.1% peptide and 3.25% HEC unless otherwise
sprecified.

Thee IVRT wias carried out using Franz diffusion cells. The re-
ceplor compariment was filled with 5 ml of normeal saline and
was maintained at 37 *C. The polysulfone membranes used as
support membranes for the release studies have a low binding
capacity (Millipore Corp. Product Information Sheet). Most
of the studies used a membrane with a molecular weight (MW}
cutofl of 500 k1a although other membranes also were wsed.
The membrane was soaked in the receptor phase before mount-
ing on the Frane cell. The gel was carefully transferred to the
donor compartment over the membrane, Gel loading was
500 mg unless otherwise specified. Samples were taken from
the receptor every hour for 8 h unless otherwise specified. Fae.
tors investigated included peptide concentration (0.1, 0.5, and
1.0%), polymer concentration (2.0, 3.0, and 3.25%), and co-
solvent addition (40% PG). All statistical comparisons were
performed using single-factor analysis of variance {ANOVA)
(p=-01). All experiments were done in triplicate.
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Figure 2 Binding of D2A21 peplide to the palysulfons support
membrane.

Assay. Samples were analyzed for the peptide using a high-
performandce liguid chromatography (HPLC) assay with 2 C1E

. . column [Varkan, Inc,, Walnut Creek, CA) and an HPLC device

[(Waters, Milford, MA). The mobile phase consisted of 46.5%
acetonitrile, 52.6% distilled water, and 0.9% riflsoroacetic acid,
The wavelength of detection was 215 nm and retention time
wils 0.8 min.

Results and discussion
Peptide release profiles were expressed interms of the amount

TrefeaseT a5 @ tunction of e Snd the square oot olTmE

Higuchi's equation, which describes a square root of time rela-
tignship, was used to calculate the diffusion coefficient. The
amount of drug released from the vehicle in which the drug is
uniformly dissolved is

we
0= 11':,‘ i ] 0
"

where (s the amount of drug released in time & C i the initial
concentration of the drug in the vehide, and D is the diffusion
coefficient of the drug in the vehide. The equation i valid when
cnly the drug is able 1o diffuse out of the vehide — that is, the
components of the vehicle canpot diffuse out (7). To select an
appropriate membrane for the test, the authors evaluated mem-
branes with various MW catoffs (5, 10, 30, 50, 100, and 500 kDa).
Figre 1 shows the comulative amount of peptide relensed as a
function of the square root of time. A linear relationship was ob-
served for O versus 7, but there was no statistical difference
amang peptide release sates from the various membranes, The
Cr2AZ1 pepride has a MW of 2776 Da, which is smaller than the
membrane with the lowest MW cutoff. The rationale for using
membranes with various MW catodffs was to determine whether
there wis any difference in potential back-diffusion of the re-
ceptor media into the ged, which may solubilize the gel and in-
crease the release rate. Results suggest that back-diffusion was
not & sgnificant problem in this case. All subsequent studies were
performed with the 500 kDa—cutoff membrane.

Another criterion for membrane selection is to ensure that
the drug does not bind to it. To test this, the 500 kDA—cutofl
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membriane was soaked in a peptide solution {19 D2AZ1) o
& h, and the amount of peptide remadning in the solution was
analyzed each hour Figure 2 shows that no significant
prptide-membrans binding ocourred. To desonstrate that the
membrane was net a mate-limiting barrier to diffusion of the
DAzl pepipde, results of IVRT: for solution and gel formu-
Iations were compared at three concentrations {0.1, 0.5, and
1.0%). Figures 3a--c show that the amount of drug released
froven the solution formulations was greater in all cases, ap-
proximately thres times the amount released from the gel for
nolations. This suggests that pegtade diffusion across the mem-
brane is not a rate-limiting step for these mermbranes. The fact

& Solulion
B Gel =

Gead
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T my Gel lomded
Regrezsion line

Fligure 4: The effect of the amaint of gel loaded on the membrane an
e release profile of D2A21 peptide {r® = 0.97-0.53),

45 mwﬂmm

that release from the solution formulation oocurred during
#h and not instantancowsly {as & result of gl dissolution by
back-diffusion of receptor media) further supports the obser-
vition that the membrane was suitable for the IVRT

The relationship between the amount of pel loaded an the
mermbeane and the release rate of the peptide also was investi-
gated. Peptide rebease was observed for thnes loacimg levels (150,
300, and 500 rmg). Fignire 4 shows the cumulatire amount trans-
pocted versus the square root of time. The difference in slopes
for each loading level was statistically insignificant { p=2.01 ).
This suggests that infimite dosng probably was achieved at the
lowest loading dose (150 mg) and thus Hignchi kinetics applies.

Sohddion

Figure 5: Total percontage of 02421 peptide released over 36 h.
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Figure &: Eftect of change of HEC concentration on the releass rate of
02821 pepdide from gef (r° = 0.87),
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Figure 7: Effect of PG sddition on U relesss of D242 peptide from gel
{F = 0.am.

i the gel over the rangg in
vestipated (2-3.25%) (sec
Figure 6}. Similarly, the @d-

(Pi3) had no effect on the in
vtz rebese rate (see Fiyure
7). This result may indicate
the structure aof the gel was
nedt affected to any sipnifi-

cant extent by changes in
HEC concentration or by
the addition of P, in which
case the resistance barrier to

curvee of flux versus concentration.

Similar observations have been reported in the literature (2),
Approxinately 6% of the peptide was released from the gel
during 36 h. A typical study was carried out for —8 b, at which
time —50% of the peptide was released. Figure 5 shows a lin-
ear relationship for the first -8 h between the percentage of
peptide released and the square root of time, The release per-
centage was rather high, maost likely resulting from a very hydro-
philic drug in 2 water-soluble gel.

The release rate was not significantly affected { p<01) by
changing the concentration of structure-forming agent (HEC)
50 FPiamsrartical Tephavhogy Jusearsy o0

Figure 8: (3} EMect of change In D2AZ1 peptice concentration in gel on release rates. () The corespanding

drag diffusion remained
mrore or bess the same, This
could be because there was
na appreciable change in the
nomber, dimensions, and
the micrascopic viscosity of
the fluid channeds in the el
matrix, which would have
no effect on the solubdlity of
the peptide in the matrix.
Also, during diffusion through the gel, the solute travels pri-
marily through the Nuid phase, The microscopic viscosity and
the resistance offered by these fluid channels determine the
diffusivity (5}

The IVET did respond to changes in the peptide concentra-
tion in the gel. The cumulative amount of peptide released in-
creased as the peptide concentration in the gel increased (see
Figure a). A linear relationship (F = 0.99) was observed for

the release flux and peptide concentration in the gel (see Figure- § :

2b}. The diffusion coeflicient [ was calculated for each of the
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three initial concentrations (0.1, 0.5, and 1.006) ustng: Equation
1. The values, 0.012, 0,012, and 00113 cm¥/h, respectively, ane
statistically identical. Thus, 12 was observed 1o be independent
of . This is expected if the concentration is less than the solu-
bility of the drug in the vehide. In this case, even the highest ini-
tial concentration of the peptide {1%) is much lower than the
| solubility of the peptide in the velinde. The authors were able to
dissolve 10% peptide in the vehicle but did not check higher
concentrations because of o limited supply of peptide. The ac-
tual selubility i expected to be much higher. The diffusion co-
eflicient i related to frictional resistance experienced boy the drug
when moving through the medium. This resistance is constant
for differing concentrations if the overall gel strueture is the
=ame, that is, if the microscopic viscosity of the fluid channels
has not changed.

Condusions

The authors developed a method to test the in vitro release of
D2A21 peptide from HEC gel using polysulfone membranes.
The peptide did not bind to the membrane, and there was no
significant back-diffusion of receptor media into the formula
tion. The percentage of peptide release from solution formula-
tions was higher than that from gel formulations, SUggesting
that the membrane was not a rate-limiting step. The test failed
to detect any changes in release rate when the HEC concentra-
tion was changed or when 2 cosolvent was added, The test did
respond to changes in peptide concentration in the pel. Owver-
| all it seems the method could be refined into a differentiating
st W ensure product sameness following changes in the for-
mulation or manufacturing process or manufcturing site.

References

1. 8 Temjaria, "Waorkshop Summarny and Views” prescnted at the
AAPETDA Workshop on Asssasment of Value and Applications of In
Vitro Testing of Topical Dermatological Ty Products, Arlingron,
Virginia, 8—10 September 1597,

2. M. Corbo et al, "Dheveloprent and Validathon of In Vitm Brlise Fest-
ing Methods for Semisolid Formulations.” Pharm. Tecknal, 17 (9],
112-128 (1993},

3. PN Parab, "Limiations of In YWitro Belcase Testing — Case Stadies”
preseted at the AAPSFDA Workshap an Assciament of Valae and
Applications of I Visro Testing of Topical Dermatilogical Drug Prod-
ucts, Arfingtomn, Virginiz, S—-10 Sepicmber 1597,

4 VR Shah ctal, "In Viees Rebawse of Hidmdoortisone from Topical Prepa-
rations and Antomated Procsdure,” Phgrm, Res. B, S5-55 (1591,

5. 5L Rosenthal, 5.5 Cohen, 2ud L F_ Stanberry, “Topical Microhicides:
Cierrent Statws and Research Considerations for Adalescent Girls"
Ser. Trampm. s 25, 368-377 (1998),

6. W.Lushbaugh et al.. “Intravaginal Microbicides Frevent Acquisition
aof Trichemgras vaginalis Infection in a Mowse Modd,” submined fos
puablication.

7. WL Figuchi, “Analysic of Dars oo Use Medicament Belise from Ofns
ments,” L Pharm Sci, 51, S02-804 [ 1962).

% G Fyno, 3 H, Yalkowsky, and T.], Roscoman, “Mass Tranapoet Phe-
nomena and Maodels: Theoretical Concepts” [ Pharsr, 57, 63, 479514
[1ar4). 08

Al

www.pharmaporial.com



