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Estimation of In Vivo Percutaneous Permeation (Flux) and Cumulative
Amount Input of Metronidazole Formulations in Mini-Pigs’ Dermis
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A dermal microdialysis (dMD) probe placed within the dermis below a topically * Figure 2 depicts a schematic of the data processing for the (Figure 3) (Flgure 7) mee e Siamater = 25
applied formulation can measure the changes in drug concentrations in the development of the IVIVR. b i S ‘ _ : CO N C LU S I 0 N S
dermis over time; however, this does not distinguish absorption from  The CA permeated to the dermis and the input-rate (flux) of/ast i_n\il\::ovs Convzslts it Eva'UZFe ir;t.f.ma' Delivery Area = 4.9 cm? L o
distribution and elimination occurring in the dermis. were calculated by deconvolution of the dermis : | predictability « The retrpdlqu3|s/m|crod|aIyS|s app.ro.ach.allows for the estimation of a

. L . ” . | . . . (Figure 6) (Figure 8) (Crnaxs AUC) formulation independent dermal elimination rate, the volume of

» For systemic administrations, the absorption process can be clarified by concentration profiles with the estimated dUIR (Phoenix® distributi d .l { ’
deconvolution of the plasma concentrations with the unit impulse response deconvolution module; Certara®, Princeton, NJ), where the 17 mm SULSCLISIE an. ¢ garance e e.. _

(UIR), i.e., the plasma concentration resulting from the instantaneous effective dose was calculated based upon the amount I — * The retrodialysis phase (delivery phase) provides a zero-order drug
administration of a unit amount of drug directly in the sampling compartment. applied on the area immediately above the dialysis window _ Deco”",O"’e Area on top of sampling dMD membrane = 0.0068 cm? delivery directly to the dermis, from which the dose administered
Plasma UIR is usually estimated from intravenous administration. (0.0068 cm?) of the dMD probe (i.e., based on an area the EstlFr_nate (ZUlR dcs’fj:igze Figure 3: Schematic representation of the can be accurately calculated.

- We propose a retrodialysis/microdialysis approach to deliver metronidazole size of he probe’s dialysis window, not the entire (wider) el (Figure 5) dosed area (4.9 cm?) comparison with the area + The microdialysis phase allows the estimation of the actual drug

(MTZ) directly to the dermis to estimate the dermis unit impulse response dose application area) as illustrated/explained in Figure 3. immediately above the dMD probe window elimination from the dermis, while the addition of the internal

' ' ition i : 2 standard allows for a direct measurement of the drug concentration
(dUIR). The deR would provide a measure of dermal disposition independent « MTZ IVPT data was provided by Dr. N. Murthy?, the Figure 2: Schematic representation of the development of the IVIVR. The blue circles indicate the in vitro data processing, the orange circles indicate the data from dermal (Oe.?r(r)liitcirr? 1};/\;? i?ri::;?jeia?;?t ;)Igclx/;htilev”z in interstitial fluid J
of the absorption process. University of Mississippi. Note that the in vitro experiments microdialysis (dMD), and the purple circles indicates the intersection of these in vitro and in vivo data sets. P be's d ‘c’; N y ' . o _ ) _

« The in vivo flux into the dermis (input-rate) and the cumulative amount (CA) were conducted with human cadaver skin. fr:(e) de MSD 'sr\;iz “#;‘e ‘Z‘;Vn'zen‘iLgfigleﬁ/f?Zrein thye « Comparison of dermis elimination half-lives at the “formulation-
permeated can be calculated via numerical deconvolution of the dermal - Time scaling (TS) on the in vitro profiles was performed using the Inverse Release Function3 for non-linear time scaling. Then an ‘absorption scaling factor’ was applied by dividing the in-vitro time-scaled CA dermis tissues lateral to the probe are |r?dep.erc1!<.jent sV;Ie. Wfllth trE)eKhaIf-Ilve_s _mﬁafured al tr,],e Tpp.lcallform;:latlon
concentration profiles detected at the topical formulation administration sites permeated by 1.75, which is the ratio between the in-vitro and in vivo data. Finally, the in vitro CA permeated was scaled by the dMD area to derive units of ng (that was needed for convolution with the dUIR). assumed to be in equilibrium since MTZ SN (NN €121 [Pl SIESENIE; UNS ElRRelEins Glilinel [
with the estimated dUIR. - The time-scaled, absorption scaled, in vitro permeability profiles were convoluted with the dUIR to predict in vivo dermis concentration profiles that were then compared with the observed in vivo profiles S T U AEICE BTN Sl reflects the absorption rate, which is the rate-limiting step in the dermal

 The in vivo flux into the dermis and the CA permeated can then be compared ! ! ' cm?) dosed area of the skin surface PK of these topical MTZ products.
with .resullts from an in vitro permea.tion t.est .(IVPT) u_sing gxcised skin mounted . The absolute prediction error was calculated as: Prediction Error = 100 x (|Pobs—Ppred|> e ALIE 2 C e immefjiately above those areas. Th.us, the 2 Remova.l of the ge| p_roducts after the drying period? did not _Change the
on diffusion cells to develop an in vitro - in vivo relationship (IVIVR). obs effective dose used for deconvolution permeation profile, since the metamorphosis of the formulation had

« Statistical analysis was conducted on the log-transformed PK parameters where significance was determined based upon p<0.05. calculations is 510 ng. been completed by then; however, the gel permeation slightly increased
after the 6-hr dose possibly due to an enhancing effect of the wipe-off
procedure that included a small amount of water. Removal of the cream
100 l - . at 6-hr reduced the MTZ flux (compared to 12-hr and 48-hr) because the
P U R POS E . _ “a = ".‘;~\ formulation was not completely dried and the MTZ delivery from the
R ES U LTS E Hiisavene 0 E —— " E TR cream would continue beyond 6-hr.
. . . " . . D 104 A p4 9 10 e o
1. Estimate the dermis disposition function (dUIR) for metronidazole (MTZ) by N .. £ 3 $30 = Ty . Th nvolution of the PK profi Tt i it
utilizing microdialysis and retrodialysis techniques Dermis Disposition Parameters g 23 8 g e -—~\.~:J:'Z'-'!:? ¢ deconvolution of the ’ ofl!es utlllzmg th_e dermal dls_posmon of
| « Dermis concentrations declined mono-exponentially following the delivery phase as the concentrations decreased in a straight line on a semi-log- S S B SlEeloiise st el Sz o) GRS LSl
2. Calculate the MTZ flux and CA permeated in vivo by deconvolution of the scale (Figure 4) E E 3.0 E = Cream (12:4r Doso parameters of flux and CA permeated.
concentration (permeation) profiles in the dermis. A A . . . . L : strodialysis . ' ) oof 1= oot
(P )P ISR . * Dermis elimination half-life was 1.47 hr (19.5) (geometric mean (CV%)), while the half-life of MTZ at the formulation sites for the 6-hr, 12-hr and 48- B . . . 0.14 A R.t i ,Iy — Compgrltsorzl tht.hf] " I\\//:EIE; e 17 V,:YO Cf)A petrhmeated oleE clear(ljytshtcr)]ws
3. Develop an IVIVR to relate IVPT data and dMD data to be able to predict hr doses were 9.01 (30.29), 10.51 (34.06), 10.32 (32.84) hr for the gel and 7.32 (25.95), 10.50 (57.75), 23.86 (86.74) hr for the cream, respectively. 0 6 12 18 24 36 48 2! OIS (e A %112 [PeiiEaliel o G1es) 17 Genijze] e o i
typical pharmacokinetic (PK) parameters (C,,.x, AUCy.35, and AUC,). ) i Time (hr) Time (hr) gel, and the non-linear time scale helped to account for the differences
Dermis Unit ImPUIse Response Parameters _ Figure 4: LEFT: Dermal retrodialysis and microdialysis concentration vs time profiles. The point at which the between the in vitro and in vivo CA permeated.
» The average dose delivered between 5.5-9.5 hr was 3.5 ng + 0.8 (mean + SD; n=6) and the corresponding average AUC; 5 ¢ 5 was 62.81 ng*hr/mL perfusion solution was switched was 10 hr, indicated by the red arrow. Data is presented per single probe; L e earree Teer @ The elheeied] are sredisie] 15 vivie cereeriE i
(4 55) ( eometric mean (CV(V )) RIGHT: Comparison of the MTZ elimination from the dermis both after topical administration and after _ P _ _ p
' 9 A delivery directly into the dermis (n=6). profiles after convolution with the dUIR demonstrates that a reasonable
M ETH O DS « The average volume of distribution was calculated as 0.12 + 0.06 mL (mean + SD) IVIVR was established.
« The average clearance from the dermis was calculated as 0.057 + 0.03 mL/hr (mean + SD) ;E: 0. N :5 0. oo . These results offer a promising starting point for further exploration of

« Three Yucatan mini-pigs were used to evaluate the effect of MTZ gel and Input Rate é} 0.6- S~ = 12-hr Dose % 6.6 —=- 12-hr Dose the microdialysis/retrodialysis approach to study the disposition of drug
cream dose durations on permeation profiles!. The products were wiped off at « There was no significant difference in the AUC or J,,,, between the cream and gel formulations for the 6-hr dose application (Figure 5). £ / A e 48-hr Dose £ —— 48-hr Dose molecules in the dermis, which can be useful for the development of a
selected times post dose: labeled 6-hr Dose, 12-hr Dose, and 48-hr Dose (no « There was a significant difference between the two formulations when comparing AUC and J,,,,, for the 12-hr dose and the 48-hr dose. 2 e ¥/ AN 2 e quantitative IVIVR for topical dermatological products. Additional
wipe off) (Figuret1).  retrodialysis/microdialysi Investigative IVIVR § 0.4- — % 0.4- - research studies are warranted to further evaluate the utility of this

L L R ! . . . . . s s | 7 s approach, its assumptions, and outcomes.

« Two (retrodialysis/microdialysis) ) « Figure 6 presents the Levy plots between observed IVPT data and in vivo CA and between non-linear time-scaled (TS) IVPT data and in vivo CA for : | e e : 0.2
probes were placed in the #hr —_— @Zm both cream and gel. The TS plots clearly shows a linear relationship after the time-scaling between in vitro and in vivo data. Thus, the TS in vitro B o e e e £ 00 Ry
dermis, 3-4 cm away from the . :@ data were used in the following steps of the IVIVR. = 0 6 12 18T_ o (h3;’ oG e dn = 0 6 12 18T_ e h3° 96 el ds
topical dose application sites 12hr - 2cm+ 2em+ « Figure 7 depicts the cumulative permeated MTZ from gel and cream formulations in vitro (from IVPT, which have been time-scaled (TS)) and in vivo. ! el
and perfused with a 40 ng/mL ) :emm — After the TS of the in vitro data, the profiles display a similar permeation profile, and an ‘absorption scaling factor’ (AS) may correct for the Figure 5: Dermis in vivo flux vs. time profiles. The cream profiles are on the left while the gel profiles are on RE F E RE N CES
solution of MTZ at a flow rate of —8 differences in figure 7. The in vitro data were TS and AS time to create the IVIVR. AN S (D12 IS RIRESCERe) 2 M) (e HITis) 5 SIi (Brelele EiReR)f e, - | -
0.5uL/min for 10 hr (retrodialysis 6 hr { 2cm+ 20m+ - Figure 8 presents the observed concentration-time profiles (in the dMD study) and the predicted concentration-time profiles (using IVPT data and 1. Ku?ma_,dB.A.l, etAl. ngeCt 01; fo',rm“:_‘t'lon_w'iigzt"a\me Or: It\‘/ljp'cf[?' blgg;/gllabmty of
phase) and then switched to 20 :? @ IVIVR) for MTZ in both cream and gel formulations. Comparison of the mean profiles yielded the following absolute prediction errors (%): AUC,, (3.4) € 254 = In-Vitro Cream TS Teq > IMVIOGATS \TV(Z\ ;ﬁi?]lg;zno ; ésml\?ovzzrnn;errglgq% lalysis, nnual Vieeting :

. 4 cm+ , ., .
ng/mL So_lu.tlon of Dc_s' MTZ for — oo Retrodialysis/microdialysis AUC36 (5.1), and Cpax (15.1). §a % In-Vivo Cream §a == NS 2. Murthy, N. Characterizing the Critical Quality Attributes and In Vitro Bioavailability
the remalnlng Fiuratllon qf the Figure 1. Schem.atic representation ofdMD.probe = = of Acyclovir and Metronidazole Topical Products FDA Presentation. Oral
experiment (microdialysis 'TOVSZE'S”Sr"’:)“bde;’v\';:rgfflsacczznaiz (edro'csf'leedl\l/JIrI'aZtlf?)l:fri.u tion Before Time-Seailiia é é Presentation at: FDA Workshop on Bioequivalence Testing of Topical Drug
phase). dMD samples were it ;’n'z o robespwere et et et e < S Products: October 2018; Silver Springs, Maryland
collected every hour for 48 hr. ’ E ' 48- o’ e 50 ; Bl % % 3. Cardot, J.M., J.C. Lukas, and P. Muniz, Time Scaling for In Vitro-In Vivo
- - _ao E E Correlation: the Inverse Release Function (IRF) Approach. AAPS J, 2018. 20(6):
The dose administered lculated £ 01 = ® : : 9
. e dose administered was calculated as: = < 3 3 p. 95.
g g 30 - (&) (] T T i r T
2 £ 0 12 24 36 48
X5.5—9.5 = (Cperfusate - Css)>< Vperfused(5.5—9.5) E * E 20 Time (hr) Time (hr)
Where X is the dose administered between 5.5 and 9.5 hr, C,qysate iS the == RZ= 0.972, Int = 0, Slope = 1.169 = A R2=0.9917, Int = 0, Slope = 1.034 Figure 7: Comparison of in vitro and in vivo cumulative amounts of MTZ delivered to the dermis from
concentration in the perfusate, C, is the concentration (ng/ml) in the steady-state 0 . : : . 0 : ; : : : the cream product (left) and the gel product (right). The in vitro data are time-scaled (TS) using an
0 12 24 36 48 0 10 20 30 40 50 i iAo . 3

portion of retrodialysis phase, and V ruseq is the volume of solution perfused for Time invitro (hr) Time in-vitro (hr) L?;’r%rfanée:;j rnucif/tgﬂggr;zgfta LIS Rl (Eai ) ae i Al CeleIEER ACKN OW LE DG E M E NTS

the 5.5-9.5hr duration. After TIme-Scaling « Funding for this project was made possible, in part, by the Food and Drug

e Dermis clearance was calculated as be|OW, where CL is the clearance in the 100 _ 25— _ Administration through award UO1FD005862. The views expressed in this pOSter

) i o . 48— - ot —+— Predicted —#- Predicted d fl & ez s fthe U.S. Food and D Al : h
dermis, X is the dose administered for the 5.5-9.5 hr, AUC is the area under w77 100 2o 100% = g0 o Observed (12-hr) = 5o o Observed (12-hr) o not reflect the official policies of the U.S. Food and Drug Administration or the
the curve for the 5.5-9 5hr duration: = — T 5ol > E g El s U.S. Department of Health and Human Services; nor does any mention of trade

o ' X E 60%73%,” E p 7 £ eod = S £ 15- names, commercial practices, or organization imply endorsement by the United
Claermis = 70— Ak % 5% I 2 P 2 ) States Government.
ssmos % 2] 20 2 oo S 41 SR 3 101 - A great appreciation to Dr. N. Murthy for sharing IVPT data, to the students (Md

« The dermis unit impulse response was calculated as below, where V is the = D — = 7. N e T —— E - . W E ay g h Asif Ali, A.Litovsky, R. Pathak, D. Shah, and M. Sheikhy) who helped with the
dermis volume of distribution, k is the dermis elimination rate constant, and t is o o T = 2 o o X = - /e experiments, as well as, to the Vet Services team, DCM, SUNY Downstate,
the time: _ |n-\l/Jitr_:> 'II'_i.me (hr) ] | o In-ViLtJrc?tTilTe (hr) ] | L g @ = 4 @ +J PR L S S Brooklyn, NY.

1 ® ream -_— nity Line — egression ® e — nity Line - egression . .
dUIR = —e Time (hr) Time (hr)
- Figure 6: TOP: the relationship between time of delivery in vitro and in vivo at which the same fraction of MTZ is permeated for the cream . . - R - :

« The data from 12-hr in vivo study’ was used to develop the IVIVR and evaluate and the gel. BOTTOM: The Levy plot for the MTZ cream and gel after time-scaling the in vitro data with the inverse release function; The left Figure 8: Comparison of the concentration-time profiles for MT from cream (left) and gel (right) LIU prY U.S. FOOD & DRUG
SR . o _ : : \ : -iedaeE _ formulations predicted from in vitro data and the observed in vivo profiles from dMD study. Data are ADMINISTRATION
its internal predictability. side of the plots are the cream and the right side are the gel. The slopes are approximately 1 and intercepts are at 0 indicating an IVIVR with oresented as mean (solid line) + SEM (shaded areas ); where in-vitro is n=6 and in vivo is n=3.

good comparison between in vitro and in vivo.




