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Pharmaceutical Quality

A quality product of any kind consistently meets the expectations of the
user - Drugs are no different.

] e @

Patients expect safe and effective medicine with every dose they take.

Pharmaceutical quality is assuring every dose is safe and effective, free of
contamination and defects.

It is what gives patients confidence in their nextdose of medicine.



The Purpose of Studying Drug Release (IVRT)

e Estimate the bioavailability (rate and extent) of drug

* Product development (formulation screening, product understanding)
e Quality control (batch-to-batch consistency)

* Bioequivalence (sameness)

* Inlieu of in vivo test (IVIVC, Post-approval changes)

IVRT is not the goal, but a means to an end.



How do we Normally study IVRT?
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The Problem: Drug Release from Ophthalmic Emulsions

~ THE ANATOMY OF DRY EYE

| The tear film has three main components:
lipid, aqueous and mucin.

OUTER §81x|»]

The lipid layer's most important function

is to prevent the evaporation of tears. The
Meibomian Glands manufacture the lipid layer.

Lulls)o] R4 AQUEOUS

The largest portion of the tear film is made
up of aqueous with different types and
concentrations of mucins (sticky proteins)
throughout. Most tear film components are
dissolved in this layer, including the oxygen
supply to the comea. The Lacrimal Gland
creates most of the aqueous layer.

=34 MUCIN

The thickest concentration of mucins is at
the eye's surface. This layer heips to spread
tears and stabilize the tear film, which works
to prolong the tear break-up time. Goblet cells

produce the mucin.
OCULAR SURFACE
(conjunctiva)

Two fundamental problems:
» Transfer kinetics
» Particle separation







Thinking inside a box:

Solution

How to measure distance?

How to measure weight?

How to measure volume?

How to measure concentration?
How to perform dissolution for IR
tablet?

Problem

Most of the time, we can do well by just thinking inside the box (the purpose of
training, education)



Solution

How to measure drug release
from emulsions?

Problem




Thinking outside a box: New vs. Old

Problem 1t

New

Old

Novel
application
. Innovative
Routine .
Improvement
Old New

> Solution

10



The Problems: Study drug release from nanoemulsions

FOUA

| The tear film has three main components:
lipid, aqueous and mucin.

OUTER §81x|»]

The lipid layer's most important function

is to prevent the evaporation of tears. The
Meibomian Glands manufacture the lipid layer.

Lulls)o] R4 AQUEOUS

The largest portion of the tear film is made
up of aqueous with different types and
concentrations of mucins (sticky proteins)
throughout. Most tear film components are
dissolved in this layer, including the oxygen
supply to the comea. The Lacrimal Gland
creates most of the aqueous layer.

=34 MUCIN

The thickest concentration of mucins is at
the eye's surface. This layer heips to spread
tears and stabilize the tear film, which works
to prolong the tear break-up time. Goblet cells
produce the mucin.

OCULAR SURFACE
(conjunctiva)

Two fundamental problems:
* Transfer kinetics  (old problem, new solution)
» Particle separation (new problem, old solution)

~ THE ANATOMY OF DRY EYE

11



First (old) problem: transfer kinetics

12



Problem: transfer kinetics in emulsions

d,>30nm Aqueous

d,<30nm

[
e
N

Micellar phase
solubilized drug

(slow)

v

2

NG Micelles

C Aqgueous phase solubilized drug
2 (equilibrium Solubility)

Possible trigger conditions:
* Dilution and/or mechanical agitation
4 * Solvent Release Aqueous (tear or release medium)
e Surfactant
* Electrolyte and other additives
* Temperature

Y. Dong et al. Journal of Controlled Release (2020), 327, 360-370 13



Connecting the dots: relating GSD to drug distribution

Example below: 4% castor oil and 3% Tween 80 (we can easily switch the numbers with actual formulation composition)

Oil globule

Micelle

Surfactant

/ % Surfactant on the globule surface

16 T 0%

N % Surfactant in the bulk
e
0,
ff i o ' 5%
0o 8
£ /
=
2
-
|

Diameter (nm)

3%

!

160

300

Fraction covering the (globule) surface

o0 .Y
Bt ¢ B g #ey
2 E
ogd g 0
= = — =
Yo ¢ ¢u I p M

Fraction forming the micelles

"0

o O 0

Smaller the globules, larger surface area, less micelles, and less drug in micelle fraction.

~

Y. Dong, et al. J of Controlled Release (2019), 313, pp 96-105 Q: Which one is more important for release (kinetics vs. equilibrium)?
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A New Solution to An Old Problem: Determine Drug Diffusion (Distribution) | g®JA\

For a simplified scenario of drug diffusion between A (oil phase) and B (aqg. phase)

oil
A k12
A A ——k B
k12 21
Qo ., £ .
Kz1 —, Qz0 Q zo
¥ B ,QHO . . i i i i
Q6 .. .. Assumption: one directional diffusion at time zero
Aqueous 00 Qzo0 Q=20
B to A (aqueous to oil phase) A to B (oil to aqueous phase)
Qo6 . . . Qo6 . . .
a5 Qzo Q zo At t=0, e Qzo0 Q zo At t=0,
Qo Q 28 Qo6 .
R - — O zQ
,Q b 3 ’Q (‘) Q ° 5.0
5 N ¢0 ¢ 0FQ0 %j by UV fiber optics 5 0 # ¢ 0fQO %;‘;‘;‘
: 3]
. L g 2 N B a0 by UV fiber optics
6 6 Q ¢6 ¢o ] 6 Q ¢0 ¢o 5 ]
o 0 300 600 900 1200 3:; ‘ ‘ : i ‘
k. «.+= % Time (min) k. «-=|I' h 0 20 40 600 800 1000 1200
Time (min)

Y. Dong et al. Journal of Pharmaceutical Sciences (2019) 108, pp 2002-2011 15



A New Method to Determine Drug Diffusion (Distribution)

UV probe

[] Organic phase (2 mL)

o Drug

Connected to a water bath
(temperature control)

[] Aqueous phase (20 mL)
Work station

Stir bar

Diffusion direction: Diffusion direction:
aqueous to organic organic to aqueous

Blank

Y. Dong et al. Journal of Pharmaceutical Sciences (2019) 108, pp 2002-2011 16



Effect of Surfactant on Rate and Extent of Diffusion (cont.)

Difluprednate
1.5x104 : 2.0x107
@D k (a-0) . @B k(o-a)
L -7
1.5x10 oil
1.0x1044
-~ K
ok T
L |
-1.0<107
s = Drug
N ~
e N—

5.0x105

50410 Koa Q Q g Q g Q g g
- I

Aqueous
0 0.000 0.004 0.010 0.025 0.040 0.100 0.250 0.400 | 0.000 0.004 0.010 0.025 0.040 0.100 0.250 0.400 -0 ;’}S\Sf\/é:
ZIN
Tween 80(%)
Micelles
As Tween 80 conc. increased:
« Aqueous-to-oil phase transfer (k,.,) decreased (slower)
+ Oil-to-aqueous phase transfer (k,_,) increased (faster)
L. Q

» Ratio of the rate constants, i.e. | | C;Q— , decreased from 3.61 to 2.38 (more in agueous AND micelle phase)

Y. Dong, et al. Journal of Controlled Release (2019), 313, pp 96-105 17



Effect of Surface (Interfacial) Area

Diffusion direction: oil to aqueous

|

[
7 6

Stir bar

In-situ UV fiber optic probe
[] Oil phase (40 mL)

[0 Aqueous phase (400 mL)

Interface area controller
(insert)

Multi-points
stirring plate

34° C il _ il

\
T

Blank Diffusion direction: aqueous to oil

Y. Dong, et al. Journal of Controlled Release (2019), 313, pp 96-105

e Drug

2.51 cm?

In-house fabricated
interface area controller

—-—

Insert Top

Area controller
83.00 cm?

|

8.23 cm? 26.10 cm?

18



Effect of Surface (Interfacial) Area

A . s . .
oo " oo Increase in rate, but not in extent.
20310} Cyclosporine “’,— 9.0810
6.0810° { —’__—"/’ /% 7:0310 However,
Tﬁ’, 4.0%10°f /,—"”‘ e ] 5.0310 % A B r C
X~ 3_0310'5-E¢’ “—§‘_,—" 3:0110 ~ ‘ [ ‘
2.0810°f %_,—" -l kg, ~ K l
1.05105-0‘ =0 Ky 10910 Oil t t t t ‘ ‘ ‘ c
0 T ° Adg.
0.00 0.05 0.10 0.15 0.20 0.25 q l 1 1 l ' ‘ " “
B 8.0%10° 4.5%10 ' ‘
L ye10e] Difluprednate 40310 Zero curvature Large radius, small curvature Small radius, large curvature
5:0310'5- ”':::::% ore k12 = 10-9 S-l
£ oo o s If we scale based on the actual globule surface area (1.5 m?), the
ooy % B T predicted transfer rate (from oil globule to aqueous) becomes:
2.0310° ,’:: -7 m ke 1.0310
1.0810 %+ c.;::é:‘ ) 0 ka 5.0310 K12 é. -f @1

. . 2
Interfacial area to aqueous volume ratio (cm“/mL)

H = .
47 & a

and 12 min

Release from oil globule is slow (relative to <2 min ocular retention time)

Y. Dong, et al. Journal of Controlled Release (2019), 313, pp 96-105 19



Value of LogP,,, (Predicting Drug Distribution and Drug Release) FDA

Table 2

Apparent partition coefficient values of cyclosporine and difluprednate with
respect to polysorbate B0 concentration determined by kinetic method and
equilibrium concentration method (n=3).

Drug Concentration of log Py

Polysorbate 80 (%,

W/W)

Cyclosporine 0
0.005
0.01
0.1
1.0

Difluprednate 0
0.004
0.01
0.025
0.04
0.1
0.25
0.4
4.0

T —

Kinetic method = Equilibrium
log (koy/ky0) concentration

Journal of Controlled Release 327 (2020) 360-370

changes in several environmental variables as determined by the kinetic

Table 3

kar (s log Py,
Apparent partition coefficient values of cyclosporine and difluprednate with
respect to changes in several formulation variables as determined by the kinetic JO2E-04 + 216E-06 4764 = 0.109
1.10E-05 + 1.73E-06 1.704 + 0.188
method (n=3). 9.04E07 + 3.07E-07 0417 + 0315
Drug Formulation variable Tested condition Log Popp Ry [E06 = 4.36K-07 0.476 + 0.309
3.80E-06 + 9.02E-07 0.943 = 0.268
Cyclosporine Glycerin (w/w) in 0% 4660 = 0.043 DSEE.05 + 225E.-06 4660 + 0.043
polysorbate 80 (0.1%, 0.2% 4691 = 0.133 9.43E-05 4.488
w/wW) 1.0% 4.881 + 0.269 8.08E-05 = 8.27E-06 3.013 = 0.128
2.0% 5.006 + 0.164 5.67E-05 + 1.40E-05 3.268 = 0.262
Carbomer (w/w) 0% 4764 + 0.109 0.38E-05 + 2.25E-06 4.669 + 0.043
0.005% 4354 + 0.111 0.78E-05 + 1.83E-06 4.801 = 0.111
0.05% 2.808 + (.258 1.09E-04 + 1.05E-05 4.923 + 0.151
0.005% In 4987 + 0.170 7.82E-05 + 1.64E-06 4.498 + 0.088
polysorbate 80 9.38E-05 + 2.25E-06 4,669 = 0.043
1.50E-04 + 7.82E-06 N/A
(0-1%, w/w) 1.17E-04 + 5.83E-06 3.545 + 0.078
Interfaclal area to 0.006 4.414 = 0.265 5.64E-05 + 4.94E-06 2.385 + 0.007
aqueous volume ratio 0.020 4774 = 0.330 1.84E-05 + 2.69E-06 1.380 =+ 0.152
(cm®/mL) 0.065 4.658 = 0.207 6.58E-06 + 0.75E-07 0.936 = 0.160
0.207 4764 + 0.180 2.31E-05 + 4.08E-06 1.442 + 0.198
Difluprednate  Glycerin (w/w) in 0% 3.205 + 0.042
polysorbate 80 (0.4%,  0.2% 3.137  0.072 j G1E-05 + 231E-06 3205 = 0.042
w/W) 1.0% 2.145 + 0.076 :—?gg'g: * i-;gi'x ;-32; * g-‘l’;“:
J10E-05 + 4.79E- . + 0.
2.0% 3.236 + 0.057 3.78E-05 + 8.67E-06 1.004 + 0.314
Interfaclal area to 0.006 2004 + 0.392 L176-04 + 5.83F-06 3608 + 0.074
agqueous volume ratio 0.020 3.246 = 0.310 1.536-04 + 3.76E-06 3.695 + 0.055
(em?/mL) 0.065 3.137 = 0.212 1.18E-04 + 2.53E-05 3.232 = 0.306
0.207 3.216 = 0.131 1.25E-04 + 1.37E-06 3.317 + 0.097
1.21E-04 + 1.38E-05 3.215 + 0.171
T v * 4 8.71E-05 + 6.51E-06 3.204 = 0.108
80 (0.04%, W/W) 34°C 5.00E-08 = 2.09E-09 9.61E-05 + 2.31E-06 3.205 = 0.042
43°C 8.07E-08 = 1.27E-09 1.17E-04 * 5.09E-06 3.160 = 0.046

Over 50 LogP,,, values :
1. Formulation (composition)
2. Release (medium, temperature)

Y. Dong et al. Journal of Controlled Release (2019), 313, 96-105
Y. Dong et al. Journal of Controlled Release (2020), 327, 360-370
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Now, the second problem...

21



The problem: particle separation that triggers release HR&

Cross section

A l”;"’v\
A Y

Liposome

Methoxypolyethylene
glycol (MPEG)

DepoFoam’

Doxil (80-90 nm) Ambisome (<80 nm) Abraxane (~130 nm) (non-concentric) Nanoemulsion (~100 nm)
10-30pm

Membrane :
Separation!

@ ®

The first step towards analysis drug release from dispersed systems, such as liposomes, suspensions, micelles
and emulsions, is the “separation of free drug”. Common approach uses dialysis membrane, which can
become rate-limiting and severely impact IVRT method’s discriminatory power. 29




Drug release of nanoparticle: usual way

(@ &
2V
Lo

~

Membrane

Time >

@ I

el © ©
%% =
& &

Membrane

- Driven by concentration

gradient: High to Low

- Membrane transfer may

become a rate-limiting step

23



IVRT by (Reverse) Dialysis: A Typical Example

100 &
USP 2 with Reverse Dialysis \ —&— Small GSD - Inside dialysis device
20 1 \\ —@— Large GSD - Inside dialysis device
Alternate sampling followed by 80 A \\\ =@ Small GSD - Remaining in bulk media
/ UPLCanalysis (200 L) o =@ Large GSD - Remaining in bulk media
/ ’\? 70 . \§ -
= -~ -
(] \1 ~§ -
§ 60 l - .8.~§-~§ = o
he] e - o
[ - g - - o
[ [ R Degradation Rl S
S 40 -
If 30 - l
2 No-discrimination
2 mL of nanoemulsion +
was added directly _— 10
into the vessel 200 mL of release media (10 mM pH . : . .
e oot butten) at 07 . .NO qurmaﬂqn on mlultlphalsm | | |
A |l 4 0 24 48 72 96 120 144 168 192
Time (hours) Too slow

D. Patel et al. Adaptive Perfusion: An In Vitro Release Test (IVRT) for Complex Drug Products. Journal of Controlled Release (2021), 333, pp.65-75. 24



How can we solve it?

25



Filtration, Instead of Diffusion

@ O
ol © ©
%% 5

Filtration

> Pressure

Tangential Flow Filtration

[ 3 Pressure
Feedflow Hp
=e e o
- =) OB o -

& @ gura N Y et 224 Tid KX i

o & _______
il e -
k / Filtrate \
Permeate
Membrane - Pressure driven * Tangential flow, thus avoiding build up
at the membrane surface (swept away
- Controllable flow by filtration by flow)

- Separation based on membrane size 26



TFF: old solution to old problem

* TFFis not a new technique. Widely used since 1960s in various industrial
processes, e.g., de-salting, solvent-exchange, concentration.

= THE WALL STREET JOURNAL. SiGN
— S \\
P
HEALTH ‘\.\
.
mRNA Covid-19 ¢ s
.
Vaccines Are Fast to lis] \
. Make
before
Complex S;er'c: © Then the solutioniis purified. The process,
known as tangential flow filtration, is like
panning for gold but removes various . ¥
particles, stray lipids and the alcohol. At the K R ~i1)
LLLLLLLL e end emerges the final lipid-encased mRNA —— —
The before (right) and after (left) of 4,000 gallons of a cold-stabilized product

Sauvignon Blanc completed in just four hours in a single pass and bottle ready.




Different Focus in Adaptive Perfusion

Common use:
— Only focus on retentate OR permeate
— Only focus on the extent (% recovery, purity)

In Adaptive Perfusion, goal is to obtain “Drug Release”:
— Retentate(drug remain) and permeate(drug remove)
— Rate AND Extent (how fast AND how much)

28



Schematic Diagram of Adaptive Perfusion

‘ﬂf @

(Ol s
WWWW

FILTER MEMBRANMNE

Permeate

Fresh media pump 1\

Initial Sample
COIVO

®

I__—IX Particulate
> Filtering

Device

{/ Stir Plate 4/

Fresh Media
Reservoir

D. Patel et al. Adaptive Perfusion: An In Vitro Release Test (IVRT) for Complex Drug Products. Journal of Controlled Release (2021), 333, pp.65-75.

Tubing

Backpressure
Controlling Valve

Inlet Pressure

] Sensor

Retentate

Pressure Sensor\

Magnetic

Retentate

/ Reservoir

/

TFF Filter

— Permeate
/Pressure Sensor

U s Flow-meter

v Permeate
Reservoir

\ Data Acquisition

System

29



J1V3IINY3d

SAMPLE/
RETENTATE BOTTLE

FRESH MEDIA
BOTTLE

b LLLLLLLE L o T b e onnog

LRE 142 LAS f02)




Key Challenges (Solved)

* Reproducibility:
— Fiber to fiber (critical for switching fibers)
— Run to run

* Fouling:

— Performance degradation, lead to low flux -> can’t see the difference
between different GSD formulation

* Discriminatory capability

31



Solution: Membrane Conditioning

Both Medium and Configuration are important!!

FLUSH W/O RECIRCULATION — —> - —

FLUSH W RECIRCULATION — —> I
— -«— -
— —
! o
| It
LOOP W RECIRCULATION | — — )
[ < o
— —
T — L
T
\ l <+

Conditioning

32



FOUA

In-house Formulation with Intentionally Varied GSD

Product outlet tube
=

Pressure Release Valve
(Safety Valve)

Cap fo Pdct
Inlet reservoir

|P oduct Inlet reservoir

Emergency Stop Button |

Touch Screen Interface |

Outlet Temperature Sensor |

(Auxiliary Processing

(Interaction Cha(r::::'l;:: ;—Tvpe IXC setup) MOdUIesf::uz;;rvpe e Larg e G S D 1 5 2 4 + 1 3 0 18 1 + 0 0 14

Medium GSD 121.9+0.9 0.203 £ 0.010
Small GSD 78.5+0.6 0.206 + 0.008

| Intensifier Pump Head

Cooling coil
(heat exchanger)

33



Difluprednate (%)

Frash MediaPump b N .
= Fenmaalea low e le BF Adjust ? Permecte F
A 4
A Permsate flaw
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90
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70

60

50

40

30

20

Inffial Sample
Cy. Wy

Retentate P

Permeate
Inlet P vesssl

Feed pump A

Retentate Concentration Prefile (n=3)

Discrimination

Permeate Conceniration Profile (n=3)

—4—Small GSD - AP (Retentate) \O‘-
~#—Medium GSD - AP (Retentate) 80 -
—8—Large GSD - AP (Retentate) 70 4
S
< 60 -
g
£ 50 -
o
2 40 -
= —#—Pure Drug Solution
o 30 —4—Drug Loaded Micelle Solution
20 —4—Small GSD - Adaptive Perfusion
~—Medium GSD - Adaptive Perfusion
10 —8—Large GSD - Adaptive Perfusion
1 1 1 1 1 1 1 1 1 O T T T T
1 2 3 4 5 6 7 8 9 10 0.0 0.3 0.5 0.8 1.0 1.3 15
Time (mm) \ / Time (hours)
Fast
34

D. Patel et al. Adaptive Perfusion: An In Vitro Release Test (IVRT) for Complex Drug Products. Journal of Controlled Release (2021), 333, pp.65-75.



Surfactant Distribution Directly Influence the Rate of FUA
Drug Release

Particle Size Distribution Retentate Concentration Profile (n=3)

- 100
18

90 A —A—Small GSD - AP (Retentate)

80 - —m—Medium GSD - AP (Retentate)

70 -
—8—Large GSD - AP (Retentate)

60 -

50 -

Total surface area (m2)
Difluprednate (%)

40 -

30 A

20

0o 1 2 3 4 5 & 1 8 9 10
Time (min)

Smaller GSD, less surfactant, slower first phase release

Larger GSD, more surfactant, faster first phase release

D. Patel et al. Adaptive Perfusion: An In Vitro Release Test (IVRT) for Complex Drug Products. Journal of Controlled Release (2021), 333, pp.65-75. 35



Difluprednate (%)

New vs. Old

Pure Drug Solution (n = 3)

100
90 -
80 -
70 - —8—Pure Drug Solution - Adaptive Perfusion
60 == Pure Drug Solution - Reverse Dialysis

O 1 1 1 1 1 1 1 1 1 1 1

00 03 05 08 10 13 15 18 20 23 25 28 3.0

Time (hours)

Difluprednate (%)

Small and Large GSD nanoemulsions (n = 3)

100
90
80
70
60
50
40
30
20
10

7
l"
d

—o—Small GSD - Adaptive Perfusion (Permeate)
—o—Large GSD - Adaptive Perfusion (Permeate)
—=—Small GSD - Reverse Dialysis (inside dialysis device)

—o—Large GSD - Reverse Dialysis (inside dialysis device)

e—

—F
2 3 4 5 6 7 8 9
Time (hours)

D. Patel et al. Adaptive Perfusion: An In Vitro Release Test (IVRT) for Complex Drug Products. Journal of Controlled Release (2021), 333, pp.65-75.
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. A Turnkey Solution

PERMEATE
BOTTLE

FRESH
MEDIA
BOTTLE

Motivation 6
30 prnted

o

AUTO SAMPLER

Custom Designed Control Interface

Experimental

Pre-Condition

Re-conditioning

Pressure Reading Flow Meter Reading Backpressure Setting
Inlet Retentate Permeate TMP
i 1t e vty
— g0 s MRLREING vy Time Dely . 456 )
*6. R %% 6 LR 25° = . -
0
s Gs-\* 0. s @ ! Ds‘\’0 0= 2- 8
o B, e =, o 5, e = Flow Rate 0 mU/min ‘o,' e
10
0 psi 0 psi 0 psi 0 psi
Valve Control
Valve 1 I | | 4-ways switch Valve 2 I ‘ | 3-ways switch
Valve 3 I | | 3-ways switch Valve 4 I | | 2-ways switch
Valve5 | ] | 3-ways switch Valve6 | ] ‘ 3-ways switch
Balance Control Pump Control and Calibration
Pump 1 Pump 2

Balance 1

0.000 g
0.000 g

Initialization: OK
Direction:
Flow rate: 100 mL/min

Tubing size: 16 VW

Calibration: StartCal.

Initialization: OK
Direction:
Flow rate: 5.0 mL/min

Tubing size: 165 W

Calibration: Start Cal.
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The Problems: Study drug release from

nanoemulsions

FOUA

~ THE ANATOMY OF DRY EYE

| The tear film has three main components:
lipid, aqueous and mucin.

OUTER §81x|»]

The lipid layer's most important function

is to prevent the evaporation of tears. The
Meibomian Glands manufacture the lipid layer.

Lulls)o] R4 AQUEOUS

The largest portion of the tear film is made
up of aqueous with different types and
concentrations of mucins (sticky proteins)
throughout. Most tear film components are
dissolved in this layer, including the oxygen
supply to the comea. The Lacrimal Gland
creates most of the aqueous layer.

=34 MUCIN

The thickest concentration of mucins is at
the eye's surface. This layer heips to spread
tears and stabilize the tear film, which works
to prolong the tear break-up time. Goblet cells
produce the mucin.

OCULAR SURFACE
(conjunctiva)

Two fundamental problems:
Transfer kinetics
» Particle separation (new problem, old solution)

(old problem, new solution)

38



Summary

Thinking critically
— Old problem, new solutions;
— New problem, old solutions;
— It’s all about perspectives (expand your boxes).

39
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Thinking outside a box: Perspectives

Biologist Mathematician

Engineer

Pharm. Sci

40
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Office of Testing and Research: Who we
are....

The Office of Testing and Research (OTR) conducts mission relevant research
to support the OPQ mission to assure quality medicines are available to the

American public by answering and anticipating pharmaceutical quality-related
regulatory challenges through scientific approaches.
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Office Locations

Branch 1 Analytical Science White Oak Campus, MD

Branch 2 Formulation Science

Ammendale Facility, MD
New Facility

Branch 3 Manufacturing/Data Science
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Building 64 Firét Floor




DPQR Research Areas

Analytical Science

Chromatography (e.g.,
HPLC and UPLC core
facility)

Mass spectrometry (e.g.,
high throughput
RapidFire)

Nuclear magnetic
resonance (NMR)
spectroscopy

Advanced separation (e.g.,
field flow fractionation)
Product performance
(e.g., dissolution, in vitro
release test, IVRT)
Bioanalytics

Shelf -life Extension
Program (SLEP)

Formulation Science

Oral solids (e.g., tablets,
capsules)

Topicals and transdermal
Ophthalmic

Injectables (e.g.,
liposomes, lipid -
nanoparticles,
suspensions, emulsions,
long -acting)
Implantable (e.qg.,
intravaginal, intrauterine,
intramuscular)
Biopharmaceutics (e.g.,
IVIVC, BCS, biowaivers,
bioequivalence)
Nanotechnology

All other complex

Adv. Manufacturing

Continuous
manufacturing (drug
substances, solid oral
dosage forms, complex
formulations)

3D printing

Process analytical
technology (PAT)
Biomanufacturing (e.g.,
upstream/downstream
processing,
lyophilization)

Digital twins

In vitro in vivo
correlation (IVIVC)
Modeling, e.g., CFD,
MD, DEM, RTD
System/Process design
(e.g., LabVIEW)

Data science, e.g.,
Al/ML, chemometrics
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