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Novel Method for Monitoring of Free Drug Concentration In
Presence of Nano-sized Formulations or Dynamically
Formed Colloidal Nanoparticles
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Monitoring of Dynamic Changes in Colloidal Nanoparticles after

PURPOSE RESULT(S)

Spectra of Nanoparticles or Amorphous Liquid Liquid-Liquid Phase Transformation (LLPS)

The presence of nanoscale particles in suspensions Phase Both FLD and ABZ formed LLPS at the_lr amorphous solubility conc_entratlon.
could Increase flux through biological membranes for The steps of reconstructing the spectral characteristics of newly formin ~xample for ine evolution o' FL0 collom!al patticies are snown o oure
poorly soluble compounds [1] and as a result improve their Amorphous or Nanocrystalline Solubility by ZIM A b'p - g IOI N e ¥ e The spectrum of the newly formed colloidal phase was characterized (red
oral absorption and bioavailability. Hence, there is a . absorbing phase (e.g., nanoparticles) are illustrated on Figure Tthlﬂsmg spectrum on the Figure 9, b) and then the spectrum of FLD emulsion was
need for in vitro method that aid in the understanding of £ Aliquots of the concentrated solution in organic solvent NPX as an example. The procedure is automated in the AUPRO monitored over a period of 16 hours (Figure 9, a). Interestingly, precipitation
dynamic nanosuspension behavior. This is challenging as - (stock solution) or crystalline hanosuspension are software version 6.0. of FLD to Its Cry_sta_lllne S(_)Iublllty \_/alue (~1 pg/mL, blu_e_dots on Figure 9, a)
nanoparticles both scatter and absorb light, obscuring in added to the media of interest and 2"? derivative of the . o Reconstructing direct aiter 4 hours coincided with the disappearance of additional spectral |
situ fiber optic UV measurements. That can lead to wrong UV spectra are monitored. . —Stdat 12 ug/ml it bectrum = Influence from nanoparticles (red dots on Figure 9, a) indicating the formation
interpretations of UV absorbance data and as a resullt Figures 3 — 4 demonstrate changes in the shape of the 035 Scaled to 19.3 pg/mL nanoparticles: NPX spectrum at of larger scale particles that only scatter light without absorbing it.
erroneous concentration estimates. The goal of this study 2"d derivative of the absorbance spectra due to 0.30 Nanosuspension 30 g/mL 12 ug/mL (blue) is scaled up to its
was to continue developing a method of de-convoluting appearance of the extra absorbing component, e.g. 2 T Hano Reconstrcted 10 g/t saturated concentration of 19.3 %, e b) pops e e P SR P R ™ | Figure 9. Concentration of
the UV-Vis spectra measured in situ to obtain the g| | nanocrystalline naproxen (Fig. 3) or drug-rich colloidal o Hg/mL (orange) and subtracted S 0 1 R T free FLD (blue dots, a) and
concentration of free drug in the presence of light > (@] o, phase of felodipine (Fig. 4). 010 frem 112 FEnesuspension nanodroplets [3] of APl rich

bsorbing nanoparticles. & — - spectcrum at 30 pug/mL (grey) to pha'se (.red dots, a). 2"
a g P .= 0.00 \f\_/——\ ] obtain the spectrum of : . . . derivative spectra (b): FLD

k ] Figure 3. Schematic of the serial addition with simultaneous monitoring 250 275 300 325 350 375 400 nanoparticles at 10.7 pg/mL : FLD In solution | standard (blue curve),

nits

Wavelength, nm (red).

of the UV spectra using fiber optic UV probe in the solution reconstructed nanoparticles

standard (red curve), model

0.002

Conc [pgimL]

Absorbance

FLD colloidal phase

M ETH 0 D(S) 3 concentration (i.e. superposition of
0,035 _ N ) oo standards, dashed line) and
.. - ) : a) 0.06 b) e Dissolved C) ° °
(1) Determining the solubility nanoparticles or LLPS 0.030 0.05- x Multl-component Regressmn | . sample (black curve)
concentration by Zero Intercept Method (ZIM [2]); 00259 NPX Nanoparticles load 12 ug/mL 0044} Npx N ticles load 30 pg/mL %005 - measured at a selected time
on oy P eM e, o] beow sl sty oon]| Semncparies oz 20 Theoretical Background o point
(2) Subtracting the absorbance spectrum of free drug at its o 0.000- | 3 | -
solubility value from the combined spectrum of free 0.010- | 00051 The method is based on modified classical least squares (CLS) T T | e m e m e
. ) 0.005- . . . . time hr Wavelength, nm
drug+nanoparticles to obtain the absorbance spectrum iy 0010] - vedshanonartic technlqu_e to determine a}_contrlbutlon of known spectra (Q.k.a. standard
of nanoparticles; L | e s o e POVl o O spectra) in the superposition of these spectra by minimizing the
. . . 260 280 300 320 340 360 " .
(3) Building a standard curve for nanoparticles. | o | | difference: . CONCLUSlON(S)
(4) Performina multicomponent rearession analvsis to Figure 4. 2" derivative of the absorbance spectra of fully dissolved naproxen (a), dissolved naproxen A N
J . P J . y in the presence of nanoparticles (b) and their superposition illustrating spectral change (c). 2 — _ _ _ _ _
X A .
extract the concentration of free drug and quantify X easared i 7%t A novel method enabled simultaneous concentration monitoring of
amount of nanoparticles present in the suspension. I | R % =1 dissolved drug and nanoparticles that could be present during
|\ Felodipineat58ug/mL @) ooed | Felodiphine at 133 pg/mL B) U] ‘) dissolution/precipitation processes.
0.006 below its amorphous solubility or : ; 0.0064 |} issolved .
ol s B oooelllt  2DOveits LLPS Dissolve where Ay .asureg(M) 1S @bsorbance at wavelength A of a sample
| 5 - - - The method was implemented in the AUPRO™ software and expanded
0.002- containing N absorbing component, A (1) Is absorbance of a standard et N | |
o] for component i and x is a coefficient to be determined by the capabilities of In situ fiber optic technique.
-0.002 : : :
regression procedure that shows the contribution of each standard
~
-0.004+ . . .
L e b eman N ™osescomis | component into their mixture. REFERENCES
IR sk e R i e e L s 250 300 350 400 450 250 300 350 400 450 Implementation of the method in the AUPRO Advanced (Ver. 6.0) L s AM N Cof D ~ich Colloids of It | ;
Nanosuspension - . war .Im rug-Rich Colloids of Itraconazole an
(Water+HPC+SDS) Figure 5. 2" derivative of the absorbance spectra of fully dissolved felodipine (a), spectrum of software was used in the study. HJ[F?M?:/Z\S ! el\t/la b pac Fcl) . Q\J/ 4 Oral Bi 1ability in Rat
Figure 1. uDISS Profiler used Figure 2. Electron microscopy pictures of felodipine at concentration above its LLPS (b) and their superposition illustrating spectral change (c). Evaluation - Naproxen Nanoparticles on Membrane Flux in Vitro an ral bloavallability In ~ats.
for in situ UV measurements. 10% w/v naproxen nanosuspension used in Evaluation of the method was performed usina NPX nanosusbension of MC_)I Pharm. 2(_)17 Jul 3;14_(7):2437_49'
this work [2]. ZIM points, i.e. wavelengths where 2" derivative of fully dissolved API spectra . P Using osusp 2. Tsinman K, Tsinman O, Riebesehl B, Grandeury A and Juhnke M. In
- - - 100 pg/mL load in the pH 2.0 buffer and it is shown on Figure 8. Situ Method for Monitoring Free Drug Concentration Released from
The uDISS Profiler™ instrument run by AUPRO™ crosses the zero absorbance line, were determined using AUPRO™ software. | g g _
' ' ' _ Concentration where Signal beginS to build up at these pOintS determine the a Dissolution CH1 (20) Spectra and Model Plot CH1(20,20) , 11:36:06, 30 Mar 12 . _ NanOpartICIeS' Poster presented at AAPS Annual Meetlng and
software version 6.0 (Pion Inc.) was used to monitor UV ot solubility of h Hed f ) b).Spectesnd el it o Figure 8. Multi-component Exposition. November 10 - 14, 2013, San Antonio, TX
VIS spectra in situ. ZIM implemented in the AuPRO™ Inetic solubility of the studied AP form. e et | | [ e - - m ' T er e A
softwgre determined the ccr))ncentration when the second Nanoparticles: ' Ziftreisrf nct)onoclssz(r;r’:'g: I:)F:O 3. llevbare GA, Taylor LS. Liquid—Liquid Phase Separation In Highly
2 000 W : I -
. . . 2) Naproxen in pH 2.0 buffer b) - ¢) _Felodepine in pH 6.5 buffer »[ " Expected 81:7 yig/mi . Supersaturated Agueous Solutions of Poorly Water-Soluble Drugs:
Albendazole in FaSSIF ) d 81.4+ components versus time (a) on
absorbing component (i.e. nanoparticles) appeared along 0.14 | ¢ | |, om 287 e /L e 0.005 e | Measured 81.4£0.4 pug/mL p imolicati tor Solubilitv Enhancing F it C G h D
Wlth dissolved API ‘20.12 : 19.3 Hg/mL e -'g 0.10 : -/ U8 L ® ‘2 0.004 : 7.5 ug/n‘)k . ° . thelr Corresponding Standard mp ICatlonS Or O u I Ity n anCIng Ormu atlons- rySt rOWt eS.
Nanosuspension O.f crystalline naproxen (NPX) was S oo | A s 0% 1 S 0.003 T 7% : spectra (b). Black spectrum (b) is 2013 Apr 3;13(4):149/7-5009.
= . o N by S ! / < 5 :
. : . N 0-06 : e = 004 4 N 0.002 L b 8 o measured suspension sample
reCEIVed frOm NOvartIS AG (Basel, SWItzerIand) and Used :gg; : ‘/,/ 50.02 :,/ : 0.001 : /4‘ } E;epee:::)d(:lggug/ml- (Superposition of nanopartic'es . %
I =2 ! o = 1 & . . . 8 ;
to evaluate the meth_od using aqueous pH 2.0 and pH 5.0 - o ol ;‘ L coeeeef 2o cesece | Measured 18.6:0.6 pg/mL and free API) at a particular time ___\_ /
i I e e e S S ) 0.500 i
buffers. A solvent shift method was used to form Aided Amouns ug/mL Added Amount, pg/mL Added Ameunt. pa/m point. f
gmﬁorphogs Il:geCIdpItatllon(igfzge_mdlzlpggII(:FLD) In pH 6.5 Figure 6. Solubility of nanocrystals of NPX (a) as well as amorphous solubility of ABZ (b) and FLD | |
U er an a en aZO e In a . (C) determ|ned by ZIM methOd. % 20 2 6 e ﬂ:ﬂoss 120 140 160 180 200 080 20 280 3oowave|zigm,ﬂm34o 360 380 400 l O n
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