- Characterizing Release Mechanisms of Leuprolide-Loaded PLGA Microparticles
I for IVIVC Development

~OLLEGE OF K. Hirotal2, A. Doty!?, R. Ackermann'?, K. Olsen1?, M. Feng!, Y. Wang3, S. Choi3, W. Qu3, A. Schwendeman##4, S. Schwendeman.%>

1 Department of Pharmaceutical Sciences, University of Michigan, Ann Arbor, MI USA , 2 The Biointerfaces Institute, North Campus Research Complex, University of Michigan, Ann Arbor, MI USA, B l O I N I E R]: ACE S
3 Office of Generic Drugs, Food and Drug Administration, Silver Spring, MD USA, 4 Department of Medicinal Chemistry, University of Michigan, Ann Arbor, MI USA, _ J | .

UNIVERSITY OF MICHIGAN 5 Department of Biomedical Engineering, University of Michigan, Ann Arbor, MI USA l N S T I T U T E

Background Results and Discussion

De_velopment of in vitro-in 47 correlations (IYI\_/CS) for Ipng acting release _— . - Wm yp— PBSE.5 m PBStC rpm—
microspheres are always challenging. To date, majority of the literature reports on @, . |GLUP LUP SM . ; s | meeoe T sl | esod | 2250
IVIVCs for microspheres are based on empirical studies!.?. This is largely due to the &S ' — Sl el ey} e e B = B
complexity of in vivo environment including microsphere-induced foreign body 82w GLUP 50, mass loss (Day) 37.7£9.5 322+4.1 269+£21 21.6+£13 33.2+£2.6
responses and the presence of various endogenous components34. All these factors 93 . . . 50, retease /' t50, mass loss 0.68 0.72 0.68 0.49 0.68
may contribute to very different release kinetics in vivo relative to that observed in ‘—E a% & rasres reres e Lzp, release (Day) 24.5+04 21.3+0.2 194+0.2 143+0.1 23.0+0.2
vitro, particularly for PLGA microspheres. e < orese |7 - pose Nod L0, mass loss (Day) 42,9+12.3 32.5+4.3 247+1.7 229+19 33.0+3.6
= ' . HBST7.4 . , : : . . - HE:ST7.4 !
© Oo 10 20 30 40 50 60 O 10 20 30 40 50 60 0 10 20 30 40 50 60 t50, release / t50, mass loss 0.57 0.66 0.79 0.62 0.70
Objective _ _ ~ Day Data represent mean & SEM (=3). tso. release (Day) 37.0+0.2 326+02 29+0.1 223+0.1 33.0+0.1
Figure 1. Cumulative amount of leuprolide released from PLGA microspheres. s 43.2+0.6 403+09 384+09 30.7+2.0 385+1.0
The effect of various incubati di | kinetics of | lide-loaded PLGA . ikt - - - >0 mass oss (5ay)
1€ €lfect or various Incubation media on reiease Kinetics of leuprolide-loade - PBStc accelerated release by shifting the initiation point of the active releasing o roronce / oo, mace lose 0.86 0.81 0.76 0.73 0.86
microspheres in vitro was determined in order to simulate accelerated in vivo release phase by approx. 14 days earlier than the standard condition buffer, PBST7.4. ' ' Data represent mean + SEM (n=3).
rates. Key mechanistic factors governing leuprolide release from PLGA microspheres . Acidic conditions showed faster release than the neutral PBST and those rates Table 1. Calculation of &5 (eease AN L5 mass loss:
were also investigated to develop rational mechanism-based IVIVCs. were in between those observed in PBStc and PBST7.4. - The presence of TC exhibited lower numbers in t5g reease / 50 mass 1ossr While differences in pH
- and buffer salt had little effect on it.
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Methods =) GLUP LUP SM « Release of leuprolide from PLGA microspheres under different pH conditions proceeded with
£ 20000 RN\ Qe |- o e |0 O rosTra erosion of PLGA and followed water-mediated release acceleration.
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1. Preparation of PLGA microspheres loaded with leuprolide ‘U <> Pest T rPesTss o hesTes
Leuprolide PLGA microspheres were prepared by two methods, double emulsion solvent evaporation method (A) and our newly < 200001 O st 200001 S rese 300001 -®- HBST7. A. GLUP B. LUP C. SM
developed self-healing microencapsulation method (B)>. Prepared particles were screened to 63-90 um and then freeze-dried. = oo PBStc HBST7 .4
Formulations prepared by the double emulsion method with and without gelatin and by self-encapsulation method are referred as S 10000- 10000 i_”CUbated BT PBSTO o JEBOloo e e macmaelt PBSIOS PBOToo.  PBStC  HBSTZ 4
GLUP, LUP, and SM, respectively. 9 100004 N Ime - B O . | -
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PLGA A0 : Day Data represent mean + SEM (n=3).
A. Double emulsion solvent homogenize i . . .
evaporation > Figure 2. Kinetics of Mw decline of PLGA. 7 day
« TC accelerated degradation of PLGA regardless of terminal properties of PLGA as
Methylene Chioride compar_ed to PBST7.4. N | 12 day |
Ester end-capped Trehalose PVA/H,0 « Regarding the effect of acidity of the buffer on the degradation, GLUP and LUP
PLGA Znco, n PBS were more susceptible than ester end-capped SM.
_ o loading 21 day
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2. Release kinetics of leuprolide form PLGA microspheres s g = ‘ _ _ o _ _
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uffered saline with 0.02% Tween at pH 7. 4), m at pH 6. .5), m at pH 5. ] : : - : :
(PBST5.5), 10 mM PBS with 1.0 % (w/w) triethyl citrate (TC) (PBStc) and 10 mM HEPES-buffered saline (HBS) with 0.02% Tween S . 2 » In PBStc and PBSTS.5, the microspheres showed significant decrease in porosity and the
80 (HBST) at pH 7.4 . Whole mec_jia were collgcted and r_eplaced with 1 mL of the same solutions at days 1, 3, 7 and every week up 0 Lo 20 30 40 0 Lo 20 30 40 o L0 20 30 40 50 heavy dye upta ke indicated equ”ibration of the more permeab|e polymer phase iNn these cases.
to week 8. The amount of leuprolide released in the media was determined by UPLC with UV detection at 280 nm. Day Data represent mean + SEM (n=3). . The dye diffused into the microspheres much faster in the presence of TC
3. Determination of Mw decline o | | Figure 3. Kinetics of water uptake into microspheres.
The microspheres were incubated in the same manner including replacement of media performed in release study. Then, the :
microspheres were dissolved with tetrahydrofuran and subjected to gel permeation chromatography with refractive index detection. « TC had little effeCt on water Upta ke. GLUP LUP [ pay 0 SM
4. Quantification of water uptake and mass l0ss « Acidic buffer condition strongly decreased water uptake. i [ . cowtoty 3.0M10027 g o '
Incubated microspheres were collected by weight-known nylon membrane filters under vacuum and washed salt ingredients off with « Faster deg radation resulted in lower water upta ke. B Day 1 * BN pay 1 * Bl Day7
ddH,0O. Then, the surface water was removed and the wet weight of the microspheres was immediately measured. The samples 1.5910 11~ = 1.5910 %!~ = « Day 14
were then dried at room temperature under vacuum to a constant weight and the dry weight was recorded. A correction to inter- bay 7 Day 7 2.0910 %%~ ST Dav 21 .
particle water was used®. JGLuP JLop . Ism © om10-ii- Day 14 L oxLo-ii- Day 14 ay )
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5. Analysis of diffusion coefficient of PLGA microspheres

Incubated microspheres were further incubated in BODIPY FL solution. The probe distribution in PLGA microspheres was imaged by
confocal laser scanning microscopy. Consecutive pixel intensities of BODIPY from the edge of the microspheres to the center of the
microspheres were extracted using Imagel software and were fit to the equation of Fick’s second law of diffusion using DataFit
software to calculate diffusion coefficient”.
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— :c/ylfigh)t — @ — D ° 10 2030 40 50010 2°Day3° %0 0 to 20 30 4080 Figure 7. Diffusion coefficient of BODIPY dye in GLUP, LUP, and SM.
lneers r'ying at room . iy . . . . .
l tamperature l _ o Data represent mean + SEM (n=3). « TC significantly increased diffusion coefficient as compared to others after 7 days of
Adc / and swell | — Figure 4. Kinetics of mass loss. | | incubation for GLUP and LUP and 1 day of incubation for SM.
ave " —e = » From the onset of active releasing phase, mass loss preceded in a proportional manner. . QOther medium conditions had little effect on diffusion coefficient after 14 days of incubation
i Dye difused Extract pixel » TC and acidic buffer conditions accelerated mass loss. o for all three groups of microspheres.
\ IensItes e rson coofficiont « A trend of susceptibility to acid-induced increase in mass loss was similar to that
E C%gg > according to Fick’s second law of b d I M d | t d
. ceorc observed in Mw decline study. C :
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BODIPY containing . . Lowering pH and addition of a plasticizer in the release media accelerated in vitro release of
SRR leuprolide from PLGA microspheres. Drug release during days 1 to 14 following the initial burst
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