DEVELOPMENT OF A FIXED DOSE COMBINATION OF CIPROFLOXACIN AND CELECOXIB AS AN INVESTIGATIONAL
DRUG FOR AMYOTROPHIC LATERAL SCLEROSIS (ALS) PATIENTS
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INTRODUCTION

« NeuroSense Therapeutics’ therapy for ALS, PrimeC,
is a unique ion of a fixed-d inati
drug comprising ciprofloxacin and celecoxib.

« Aims to target multiple disease mechanisms,
including microRNA dysregulation, iron accumulation
and neuroinflammation.

. PP Recipharm for ing a
fixed dose combination of ciprofloxacin and
Celecoxib.

Recipharm developed a controlled release monolithic
tablet dosage form consisting of both the drugs.

« Following successful preciinical studies, PrimeC has
been tested in a multinational Phase 2b clinical trial
in ALS patients, providing promising results.

Das, Jegan J, Ramesh 1, Ullas K, Manoj S and Dineshwar Kumar

Lateral (ALS) is a
disorder by t g and eventual
death of nerve cells (neurons) in the brain, brain stem and spinal
cord. The exact cause of ALS is still unknown, and there is currently
no cure for the disease.
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FDA-approved drugs, Ciprofloxacin and Celecoxib, which aim
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* The drug mitigates the degeneration and inflammatory
response of motor neurons, and has significantly
outperformed conventional treatments.
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The illustration is reproduced from the bornepost.com 2018 (posted on March
14 2018). Source: National Institute of Health (NIH) US/National Health
Services (NHS) UK
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D DISSOLUTIONS

PREFORMULATION

Both ciprofloxacin
and celecoxib are
approved
Independently by
FDA, The target
formulation is a FDC
which is required to
extend the drug
release for a specific
period of time

Different novel
excipients are used
for the single
product.

COMPATIBILITY STUDY

The challenge was
to combine both the
drugs and select a
set of excipients
that needs to be
both compatible and
capable o eliciting
its functionality

DISSOLUTION METHOD DEVELOPMENT - CHALLENGES

Hence a full blown
drug exciplent
compatibllity study dissolution method
was required as part and a HPLC method
of pre-formulation. for the
quantification of a
combination drug
product containing
components of
opposing nature

To develop a
discriminatory

Celecoxib s a Class
11 drug (low
solubility and high
permeability)

The label claim of
Celecoxib s ten
folds less than and
that of Ciprofloxacin
HCl, hence
developing a
quantification
method is
challenging

Ciprofloxacin
Hydrochloride is a
Class IV drug (low
solubility and low

permeability)

SOLUBILITY DATA

FORMULATION AND PROCESS

DEVELOPMENT

COMPOSITION
MATERIAL NAME mg/Tablet % W/W
1 Ciprofloxacin Hydrochloride 377.410 64.28
2 Celecoxib 34.000 5.79
3 Diluent Q.s. Q.s.
4 Binder Q.s. Q.s.
5 Surfactant Q. s. Qs.
6 Polymer Q.s. Q.s.
7 Glidant Q.s. Q.s.
8 Lubricant Q.s. Q.s.
9 Coating Material Q.s. Q.s.
10 Purified Water Q.s. Q.s.
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COATING COMPRESSION
DOE SUMMARY
1 A: Binder -1 0 +1
2 B: Solubilizer -1 0 +1
3 C: Lubricant -1 0 +1
4 D: Polymer -1 0 +1

A multivariate DOE study was performed as per the table above, and its impact on dissolution was evaluated.

Reci pharm
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media over the pH range 1.2
t07.5 without surfactant.

« Ciprofioxacin Hydrochloride.
is a Class IV drug (low
solubility and low
permeability) and is having
good solubilty in acidic pH
media and water without
surfactant, and lower

ility in pH 6.8, 7.5,

12.0 phosphate buffer.

« Based on the solubllty experiments, It is + Girofloxacin has high solu
S Cordoacn Culconestnder observed that Celecoxib was practically insoluble buffer without SLS and 0.1 N Hydrachloric acid
o of ingradnts p— e, e in 0.1 N Hydrochloric acid and had high solubility without 1% SLS, also considerably soluble in pH
e £ in pH 12 phosphate buffer with 1% SLS. 12 phosphate buffer with 1% SLS.
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drugs was enhanced by using
anlonic surfactant (SLS)

+ A pH change approach was
evaluated, wherein in one
instance the dissolution for the
first 2 hours was conducted in
acid and the media was
replaced with pH 6.8 buffer,

DISSOLUTION PARAMETERS

ZED DISSOLUTION CONDITIONS

Dissolution medium
Acid stage
Buffer stage

Dissolution media volume

0.1N Hydrochloric acid, degassed
1.0% SLS in phosphate buffer pH 6.8, degassed
750 mL for Acid stage, 1000 mL for Buffer stage

Temperature 37°C + 0.5°C

Apparatus Paddle apparatus (USP 2)
Baskets Large Square baskets
Speed of rotation 50 rpm

Sample withdrawal volume 10 mL

Sample replacement volume : 10 mL

Sampling intervals
Acid stage
Buffer stage

30 minutes, 1 hour and 2 hours

3,4,5,6,8,10, 12, 14, 16, 24 hours

DOE EVALUATION
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Impact of factors on the 24th hour release of celecoxib and ciprofloxacin

SCALE UP AND CONCLUSION

SCALE UP SUMMARY

Input material attributes | Manufacturing steps | critical Quality Attributes

Granules flow.

Kneading time, Fluid uptake Bulk density T

Binder addition time, BD, TD, PSD,

Grenulation
T Dissolution

Blending and
Blend flow, Bulk densi -
Y > Lubrication

Blend uniformity,
dissolution

Lubrication time.

Appearance, Thickness, Welght,
—»  Hardness, Friability, Content
uniformity, Assay, Dissolution

Blend assay,
Blend uniformity

Tablets hardness, —  Compression

Press speed (dwell time)
Weight gain, Product

temperature, Atomization air

Appearance, Wieight gain,

Physical appearance  —»
Related, substances

Film Coating =

« The planned scale-up of the product was proceeded after evaluating scale-up factors and
finalizing process parameters, based on the factors influencing both process parameters
and, ultimately, product quality.

* The scale-up manufacturing process was robust in maintaining the critical quality
attributes of the drug product, including dissolution, CU results, and physical parameters,

CONCLUSIONS

* The product with the desired QTPP was developed using QbD approach and scale up
successfully.




