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To investigate the influence of quantitative (Q2) changes in 
carbomer homopolymer Type B (Carbopol® 974P) on the 

physicochemical and structural attributes (Q3), in vitro release 
test (IVRT) and in vitro permeation test (IVPT) of diclofenac 

sodium (DS) topical gels

Topical 
gel

Establishing Bioequivalence (BE)

Localized treatment 
Reduces systemic 

exposure 

Inactive ingredient 
type/source/grade

Inactive ingredient 
Concentration

Systemic exposure may be low and 
typically does not reflect local 

concentrations
Expensive and time consuming

Comparative clinical endpoint BE study BE study with pharmacokinetic 
endpoints

PermeationRelease

Options for Establishing BE:
Microstructure of 

formulation 

In Vitro Performance

• Instrument: IKA RW 20 Digital 
stirrer

• Temperature: room temperature 
Dispersing speed: 600 rpm

• Dispersing technique: 30-40° tilt 
to create vortex

• Duration of shaking: 45 
minutes

• pH adjusting agent: 4.5 M 
NaOH solution (q.s.)

• Duration of mixing: 30 
minutes

• Mixing speed: 300 rpm
DS and PP were 
solubilized in PG

pH of the gel was 
adjusted to ~ 7.3

Carbopol 974P and 
MP were dispersed 

in water 

PREPARATION OF 
GEL

PROCESSING PARAMETERS

• Duration of mixing: 30 mins
• Mixing speed: 250 rpm

DS-PP-PG solution 
was added to 

Carbopol mixture

Formulation
Carbopol 
974P (% 

w/w)

DS (% 
w/w)

PG (% 
w/w)

MP (% 
w/w)

PP (% 
w/w)

NaOH
Water (% 

w/w)

G2 0.375 (-25%) 0.5 15 0.1 0.03 q.s. q.s. to 100

G3 0.45 (-10%) 0.5 15 0.1 0.03 q.s. q.s. to 100

G1
0.5 

(Reference)
0.5 15 0.1 0.03 q.s. q.s. to 100

G4 0.55 (+10%) 0.5 15 0.1 0.03 q.s. q.s. to 100

G5 0.625 (+25%) 0.5 15 0.1 0.03 q.s. q.s. to 100

Q2-Changes to Formulation Q3 Attributes Studied

Study conditions IVRT IVPT

Membrane/Skin

Versapor 0.45 µm 
(6 cells per 

formulation)

Dermatomed 
human skin 

(3 donors x 4 
replicates)

Receptor 
solution PBS pH 7.4 PBS pH 7.4 

Dose 500 mg/cm2 15 mg/cm2

Sampling 200 μL Full Receptor
Sampling 
intervals

45 min, 1.5, 2.25, 
3, 3.75 and 4.5 h

0, 0.5, 1, 2, 4, 6, 8, 
12, 20, and 24 h

Analytical 
method

Developed and 
optimized HPLC

Developed and 
optimized HPLC

Analytical 
accuracy/ 
precision

LOD: 0.01 µg/mL
LOQ: 0.02 µg/mL

LOD: 0.01 µg/mL
LOQ: 0.02 µg/mL

Appearance/ 
Microscopy

pH

Specific 
Gravity 

Texture 
Analysis

Rheology

Q3 Characterization
Appearance/ 
Microscopy pH Specific Gravity Texture Analysis Rheology

In Vitro Permeation Testing

Visual and microscopic 
images showed clear, 
transparent gels free of 
crystals

Formulation
pH measured in 

triplicate

Day 1 Day 7

G2 (-25%) 7.20 ± 
0.00

7.26 ± 
0.00

G3 (-10%) 7.22 ± 
0.00

7.19 ± 
0.00

G1 (Ref) 7.21 ± 
0.00

7.24 ± 
0.00

G4 (+10%) 7.22 ± 
0.00

7.21 ± 
0.00

G5 (+25%) 7.24 ± 
0.00

7.10 ± 
0.00

The shift in pH over 7 
days was minimal - net 
change less than ±0.15 

All pH values remained 
within the target range

Formulation Specific 
Gravity 

G2 (-25%) 0.98 ± 0.22

G3 (-10%) 0.96 ± 0.13

G1 (Ref) 1.00 ± 0.14

G4 (+10%) 0.91 ± 0.55

G5 (+25%) 0.80 ± 0.13

No significant 
differences in specific 
gravity across all gels

Concentration 
differences in 
Carbopol® 974P did 
not significantly alter 
gel density or internal 
air entrapment 

Formulation Adhesiveness 
(g)

Hardness (g) Cohesiveness 
(g)

G2 (-25%) 1.05 ± 1.48 1.1 ± 0.00 1.28 ± 0.28

G3 (-10%) 1.67 ± 0.42 1.13 ± 0.06 0.89 ± 0.05

G1 (Ref) -1.1 ± 0.26 1.23 ± 0.06 0.84 ± 0.02

G4 (+10%) -5.9 ± 0.71 1.55 ± 0.07 0.84 ± 0.00

G5 (+25%) -6.77 ± 1.34 1.87 ± 0.15 0.85 ± 0.01

Increasing carbomer 
concentration showed 
higher gel hardness and 
lower adhesiveness

G1 G2 G3 G4 G5

Yield Stress 
(Pa)

G2 (-25%) G3 (-10%) G1 (Ref) G4 (+10%) G5 (+25%)

2.73 ± 
1.14

4.02 ± 
0.08

8.49 ± 
0.31

15.59 ± 
0.91 

13.25 ± 
0.61

G1
G2
G3
G4
G5

Shear Rate 
(s-1)

Viscosity (Pa.s)

G2 G3 G1 G4 G5

Low shear 2 2.26 ± 
0.86

3.25 ± 
0.01

6.39 ± 
0.22

11.27 ± 
0.48 

9.68 ± 
0.43

Medium shear 45 0.29 ± 
0.09

0.39 ± 
0.00 

0.68 ± 
0.22

1.09 ± 
0.05 

0.98 ± 
0.04 

High shear 90 0.20 ± 
0.06

0.26 ± 
0.00

0.44 ± 
0.01

0.70 ± 
0.03 

0.63 ± 
0.02 

Higher concentrations resulted in denser gel                         
networks; all exhibit shear-thinning behavior

All gels were physically stable (appearance, pH, 
specific gravity) and free of crystals for 7 days

Manufacturing and processing conditions 
yielded reproducible, robust gels

Q2 changes in Carbopol® 974P at or 
greater than ±10% relative to the 
reference (0.5% w/w) may impact Q3 
attributes of DS topical gels such as 
rheology and texture

Q2 increase in Carbopol® 974P concentration at 
+25% may associated with relatively higher 
release rate and permeation of diclofenac from 
the gels

Cohesiveness values 
remained stable suggesting 
consistent internal bonding.

Q3 and in vitro Performance Relationship

 Broaden the scope to include additional carbomer 
types and concentration ranges to establish 
generalized predictive relationships 

 Investigate alternative gelling agents (i.e., poloxamer, 
hydroxyethylcellulose)

 Critically evaluate how microstructural attributes 
translate to drug release and permeation performance• Appearance, pH, specific gravity

Following Q3 attributes were not influenced by 
changes in Carbopol concentration 

•The yield stress increased with increase in 
carbomer concentration across the 5 gels
•The G4 and G5 gels were less adhering compared 
to the reference gel, G3 and G2
•It is currently unclear if the higher release and 
permeation of diclofenac observed for the G5 gel 
could be related to the change in rheological and 
textural properties compared to the reference gel
•Based on the limited preliminary data, drug 
release and permeation appear to be sensitive to 
carbomer concentration variations in gels 
formulated with lower-viscosity carbomer (i.e., 
carbomer homopolymer type B) compared to gels 
containing higher-viscosity carbomer grade (i.e., 
carbomer homopolymer type C)  (see poster 
W1030-09-56).

Following Q3 attributes were affected by 
changes in Carbopol concentration and may also 
impact drug in vitro performance 

Figure 5: IVPT profiles for DS topical gels (G1,G2 and G5, Mean±SE, 3 donors, 4 replicates); (A,C) Cumulative 
permeation profiles and (B,D) flux profiles

Table 1: pH measurements on day 1 and 7 
after manufacturing  (Mean ± SD, n = 3)

Table 2: Specific gravity of DS topical 
gels (Mean ± SD, n = 3)

Figure 3: Texture profile of DS topical gels (Mean ± SD, n =3)
Table 3: Texture analysis of DS topical gels (Mean ± SD, n =3)

Figure 4: (A,C) Representative flow curves showing shear rate vs. shear 
stress/viscosity; (B,D) Tables showing yield stress and viscosity values 
at different shear rates (Mean ± SD, n = 3) 

G1 G2 G3

G4 G5

FUTURE WORK

A

B

C

D

Figure 2: Pictures and microscopic images of DS 
topical gels 

Figure 1: Manufacturing process of DS topical gels (G1-G5) 

ACKNOWLEDGEMENTS*Propylene glycol: PG; Methylparaben: MP; Propylparaben: PP; quantum sufficit: q.s. 
**Drug strength was selected based on the solubility of diclofenac in PG and water. 
The 0.5% concentration ensured that DS was completely dissolved in the gels.
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In Vitro Release Testing

Figure 6: IVRT release profiles for DS topical gels (G1,G2,G3,G4, 
and G5, Mean±SD, 6 replicates)

IVRT method was validated for interday and 
intraday precision, showing optimal linearity (R2 > 
0.95); receptor selection, membrane screening, 
and study duration and sampling intervals were 
established prior to pivotal study

Relatively higher release rates were observed 
for denser polymer networks (i.e., +10% and 
+25%) compared to the reference

G5, +25% appears to have increased flux and 
cumulative permeation compared to the 
reference in the small IVPT dataset; G1 and G2 
depicted comparable permeation

Further IVPT validation 
studies are in progress

Comparison
90% Confidence Interval

Pass or Fail8th T/R Ratio 29th T/R Ratio

-25% vs Ref 0.8191 1.1355 Pass
-10% vs Ref 0.9929 1.2414 Pass
+10% vs Ref 1.3188 1.6665 Fail
+25% vs Ref 0.9841 1.3882 Fail

High performance liquid chromatography: HPLC; Limit of Detection: LOD; 
Limit of Quantitation: LOQ; Phosphate-buffered saline: PBS  

IVRT and IVPT Parameters
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