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ABSTRACT

The main aim of the present study was to developbast and stable immediate release tablet fornmmaof
Hydralazine hydrochloride using quality by desig@bD) approach. Critical material attributes and tcal
process parameters were identified and linked te ttritical quality attributes (CQA’s) of the drug
product/formulation. Experimental trials were deségl using factorial design technique with considgrcritical
material attributes (CMA’s) and critical processtritutes (CPP’s). Physicochemical characterizatiand drug
excipient compatibility studies were performed.wloharacteristics and compressibility of blend mialewere
tested before tablets were compressed by directpassion method. Weight variation, diameter, théde
hardness, %friability, disintegration time of corepsed tablets were evaluated for physical charaagon.
Design space was identified and risk factors mtégaafter the implementation of control strategy.
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INTRODUCTION

In the 2£' century, FDA initiated Quality by design (QbD) aRdocess analytical technology (PAT) principles in
2003 with the aim of building quality of the drugoguct right from the initial development stage.THle main
objective of pharmaceutical development is to desigjuality product and its manufacturing processansistently
deliver the intended performance of the drug prod2k In past decade, the traditional Quality by testi@ipT)
approach was used to ensure the quality of drudyats by checking it against the regulatory speaiions. It is
necessary to recognize that quality cannot bedeste drug products but it should be built in sstyn [3] QbD is
described in ICH Q8, Q9 and Q10 guidance documé&pir® principles promote systematic, scientific kieage
based development and continuous improvement ofnpd@eutical drug products. Application of thesedguice
documents to pharmaceutical product developmendeigicted in Figure 1. By gaining the product/praces
knowledge, risk assessment and its managementityquaanagement system along with the use of process
analytical technology (PAT) tools for successfidguict development [4]

The real time release (RTR) testing concept wamel@éfin USFDA PAT guidance document which offersneo
advantage i.e. increased process control and guedgurance, low analytical and material cost, tejgction and
high yield [5]. The purpose of this study was t@lexe the design space during the development afdadiate
release tablets of Hydralazine hydrochloride, ugtegments of QbD and risk management. The disiategand
lubricant level plays an important role and shduédconsider during the development of Hydralaziydrdchloride
IR tablets.
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Figure 1 Quality by design, risk assessment and qglity management in formulation development
EXPERIMENTAL SECTION

Materials

Hydralazine Hydrochloride API was gifted from IPQ4boratory, India. Lactose anhydrous and monottgdra
maize starch, microcrystalline cellulose, dicalciptmsphate dehydrate, mannitol, pregelatinizedcistesodium
starch glycolate, hydroxypropyl cellulose, crospovie, cross carmellose sodium, colloidal silicooxitle, talc,
magnesium stearate, stearic acid was availableeirSthool of Pharmacy, DAVV, Indore. All other chieah and
solvent were of analytical grade.

Methods

QTPP (Quality Target Product Profile) and CriticaQuality Attributes (CQA’s)The USFDA guidance document
provides the QTPP template, which describes thmeiés of QTPP for new drug applications and CQApiate,
identification of quality attributes of the drugogiuct with proper justification [6]. QTPP elemeatsd TPQP targets
for IR hydralazine tablets are listed in Table Id @hlinternational conference of harmonization (ICBI3R2
guidance document describe the quality propettiasa drug product should possess in order to eehéget set in
QTPP elements are enlisted in target product gqupliofile (TPQP) as quantitative and qualitativeriltites [7].
Quality target product profile (QTPP) should omyglude patient relevant drug product performanaradteristics
i.e. % friability, disintegration time, assay, digion, impurities etc.

Table 1. Preparation of QTPP

QTPP Elements Target Product Quality Profile (TPQP) Justification
Dosage form Immediate release tablet Pharmaceetigavalence requirement
g(;)rl\jwti(relistration of Oral Same route of administration as Reference product
Dosage strength 100 mg Pharmaceutical equivalengerement
Appearance Uncoated tablet Similar to RLD.
% Friability NMT 1.0% Pharmaceutical quality stardleequirements
Dissolution NLT 75% Q in 45 min Dissolution prof##ould match with RLD in OGD media
Assay 90-110% Pharmaceutical quality standard reogints
Impurities ﬁllhr/llgrl%.zglzxmum unknown - impurity: cl?lﬁ]siggl (;r;fre(i;erence product evaluation and ICH reménts. Needed foy
Total impurities: NMT 0.50%
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Table 2. Identification of Critical Quality Attribu tes (CQA's)

Quality Attributes of the CQA

Drug product (Yes/No) Justification
Appearance No Appearange is not directly linked to safety andceffy. The target is set to ensure patient
acceptability and to match reference product
Size No For patient acceptance and compliance with themmegs. The tablet dimensions are set close to

reference product dimensions

Friability is critical and directly linked to thategrity during packaging and transport of the d
Friability Yes product. Drug product is uncoated tablets. Thuability will be monitored throughout produg
and process development

- C
«Q

Identification is critical for safety and efficatyt it will be effectively controlled by the qualit
Identification Yes* management system. Formulation and process vasidbl@ot impact on Identity. Therefore, this
CQA will not be discussed during formulation andgess development

Variability in assay will affect safety and effigadHence, process variables may affect the agsay

Assay Yes of the drug product. Thus, assay will be evalugitedughout product and process developmen

Variability in disintegration time will affect drugelease and finally bioavailability of formulation

Disintegration Time Yes Formulation and process variables can affect DIs this critical and will be evaluated

Failure to meet the dissolution specification aapact bioavailability of the drug product. Bot
Dissolution Yes formulation as well as process variables affects dissolution profile. Hence, dissolution |fis
critical and will be evaluated during formulationdaprocess development

2

Impurities/Degradation Yes The degradation product is critical for drug pradsafety. Hence, this CQA will be investigated
product throughout formulation and process development

Drug-excipients compatibility studyThe various excipients were studied with the drubgssance at accelerated
temperatures and humidity condition to assess tbmpatibility of the excipients with the Hydralazine
hydrochloride drug. The drug- excipients ratios evetudied as similar to that which would be foundhe final
formulation. The drug excipient compatibility studsas carried out for 1M at 40/75% RH condition. Banples
were further analysed for impurities of drug substs using developed HPLC method.

Initial risk assessment, manufacturing design anéwklopment of tabletsAn initial risk assessment for API and
drug product/formulation are carried out to idgnpibtential interaction between drug substanceipés, various
unit operations and key attributes [8].The quatigk management (QRM) concept was discussed in (CH2]
guidance document for identification, controllirmpmmunicating and continuous monitoring the quaditlyibutes
of the drugs across product life cycle. ApplicatmmQRM process during development process of Hgdize IR
tablets is discussed here. CQAs are derived fronPR)Tprior knowledge and based on previous experienc
Criticality of CQAs which is also known as risk,rggally identified and rated(as high, medium, Id&sed on the
potential of risk to the product. CQAs are physichlemical, biological or microbiological propethat should be
addressed to ensure product quality, safety andaeff [7-9].Direct compression is the easiest teqpn and was
used for the preparation of Hydralazine IR tabldte excipients were used similar to those usedhénnbarketed
formulation and quantities were based on the liteeasurvey, previous experience and knowledge.

Experimental design:The design of experiment (DoE) is mathematical wetfor systematically planning and
conducting experiments so that the data obtainedbeaanalyzed to yield valid and objective condosi The
components of experimental design are factorsprts) levels and responses. Some commonly empktggdtical
techniques for design of experiments are factodesign, fractional factorial design, Placket — Barm10].
Taguchi design, response surface design (Box- lerhakd central composite design), mixture designp{ex —
lattice and simplex — centroid design), combinedigle Out of all of experimental designs, factodaad central
composite designs have extensively been used tmiaptpharmaceutical drug delivery systems [11fh& present
study, three level two factor factorial designs evemployed to know the interaction of all levelsaofiven factor
with all levels of other factor studied [11]. FolMlimg study has been adopted to identify the desjggce of the
investigated Hydralazine hydrochloride IR tablets.

The following physicochemical parameters were fiXed in process characterization of compressedetalile.
Tablet weight- 500 mg + 5%, diameter-11.0 £ 0.1 rtinickness- 5.0 + 0.2 mm, hardness range- 90 to\L20

Study 1Effect of disintegrant and lubricant conceation on disintegration time and dissolution pradi: Sodium

starch glycolate is direct compressible grade pesudlisintegrant which swell to 5-10 times withi@s3[12]. Two
factors factorial design at three levels consistihgine runs was performed to study the impadisihtegrant and
lubricant concentration on disintegration time aiigdsolution profile. The drug Hydralazine hydroaide and
various excipients were weighed in separate indafigholybags as per the table 3 and sifted thraugable mesh
size. The drug (100mg/tablet) and various excigienich as mannitol, sodium starch glycolate (S8@ljoidal

silicon dioxide, magnesium stearate was mixed asthpe table 3, in the suitable capacity blendercpancy
between 40-70 %) for the sufficient time perioctsure the homogenization and uniformity of thedle
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Table 3 Experimental trials

Ingredients (mg) F1 F2 F3 F4 F5 F6 F7 F8 F9
Hydralazine Hydrochloride 100 100 10 100 100 100 00 1] 100 100
Mannitol 3775| 3775 377% 377p5 3775 3775 37r%75| 3775
FD&C yellow aluminium lake 5 5 5 5 5 5 5 5 5
Colloidal silicon dioxide (Aerosil 200 2.5 2.5 25 25 2.5 2.5 2.5 2.5 2.5
Sodium Starch Glycolate 5 5 5 10 10 10 16 15 15
Magnesium stearate 2.9 5 7.% 2.6 g 715 2.5 5 7.5

Study 2 Effect of blending time on blend uniformitylending time was identified as the most importardcess
parameter that may affect tablet content uniformitiye blender speed was kept constant during caenpiéxing
process. The sample for blend homogeneity werentakdriplicate from different ten locations (i.faur samples
from top layer, two samples from middle layer aodrfsamples from bottom layer) as detailed in t&bl& blender
using sampling thief. The samples were furtheryamaal for blend uniformity/assay by HPLC method.

Study 3: Effect of lubrication time on disintegrath time and dissolution profileThe effect of lubrication time on
the disintegration time and dissolution profile vesluated using one variable at a time (OVAT) téghe. The
optimized formulation was lubricated for 1 to 4 min

RESULT AND DISCUSSION

Drug- excipients compatibility studyNo interaction was observed in any of the excigesglected for the study. A
compatibility study of drug substance with excipgeis an early risk reduction strategy.

Studyl. Effect of disintegrant and lubricant conctation on friability, disintegration time and diggution
profile: The disintegrant and lubricant concentrations vegrémized using two factor three level factoriabams.
The disintegrant and lubricant concentration wetalied i.e. 1.0 %, 2.0%, 3.0% and 1.0 %, 1.5%, 2\0A&
respectively, of tablet to study its impact on Didadissolution of the drug product. The followingaks were
conducted to optimize the lubricant concentratiod &s impact on physical parameter discussedaite t4 and 5.

o Friability was found to be less than 0.5% for h# formulation studied and hence was not considasealcritical
quality attribute.

o In experiments F1, F4 and F7- sticking and pickabgerved in tablets due to insufficient lubricatmiblend.
Hence, these trials were not further analyzed isalution and chemical impurities.

o In experiment F2- capping issue observed in tablish was overcome by applying pre-compressiong@nd
tablet compressed. The tablets were not furthdyaee for dissolution and impurities.

o In experimentsF8 and F9- higher level of disinteiraoncentration with optimum and higher level of
concentration both was not having significant infpat disintegration time and dissolution profild€eltablets were
not further analyzed for chemical impurities anccéodegradation studies.

o In experiments F3, and F6- higher level of lubrtcaancentration with low and medium level of disigtant both
was retarding DT and release profile of tabletse Tdblets were further analyzed for chemical intmgiand force
degradation studies.

Table 4. Various experimental trials (F1, F2, F4 ad F7) with CQA’s and physical observation

CQA’s F1 F2 F4 F7
Hardness (N) 90 - 112 91-114 90 - 115 93-118
% Friability 0.21 0.15 0.27 0.19
DT (minutes) 1 min 20s to 1 min 40s 1 min 25s tifh 50s 1 min 04s to 1 min 20s 55s to 1min 10s
Observation | Sticking and picking observegd Capping issue 8tigk&and picking observed  Sticking & picking @bpged
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Table 5: Various experimental trials (F3, F5, F6, B and F7) with CQA’s and physical observation

CQA’s F3 F5 F6 F8 F9
Hardness (N) 90 - 112 89-113 91-111 92-114 - BB
% Friability 0.19 0.20 0.27 0.11 0.23
DT (minutes) 1 min 27s to 1 min 58sl min 05s to 1 min 23 1 mr:]riwnlggsto 1 57sto 1 min 20s 1min to 1 min 35s
Time .
(min) Media: 0.01N HCI, 900 ml, USP Type | apparatus,rpf0
Dissolution™ £ 84.5 98.1 91.4 98.3 96.2
45* 94.7 101.2 97.8 1015 100.6
L . Satisfactory No significant impact| No significant impact
Observation Slow disintegration physicochemical DT prolong and on DT and Dissolution| on DT and Dissolution

and dissolution profilg dissolution retard

parameters profile profile
*Q point = 45 minutes

Study 2. Effect of blending time on blend uniforrgit The average drug content in the blend was 96.53%D(R
4.73), 100.94% (RSD = 2.63), and 96.26% (RSD = yr88pectively at 10, 20 and 30 min time inter4atreasing
the mixing time from 10 min to 20 min had a postinfluence on blend uniformity {(blend assay 98GR SD=
4.73) to (blend assay 100.94%; RSD= 2.63)}.Thehtrrincreasing the mixing time from 20 min to 3nthe %
RSD was 4.39.Based on the following results, % R$R0 minutes blending time is less than 3.0%. g0
minutes dry mixing time is sufficient for efficiemixing of drug with different excipients.

Table 6: Optimization of blending time

. . % Assay

S.No. | Sampling location 10 minutes | 20 minutes| 30 minutes
1. Top left (TL) 89.5 100.3 94.3
2. Top right (TR) 95.2 98.9 97.1
3. Top front 98.7 99.4 91.4
4. Top back 95.3 103.5 102.3
5. Middle left 102.4 97.7 89.7
6. Middle right 99.6 105.1 97.2
7. Bottom left 100.9 101.7 99.8
8. Bottom right 89.7 100.6 100.5
9. Bottom front 93.8 104.4 92.0
10. Bottom back 100.2 97.8 98.3
Average 96.53 100.94 96.26
% RSD 4.73 2.63 4.39

Study 3. Effect of lubrication time on disintegratn time and dissolution profileBased on the following results as
shown in table 4,DT of tablets was 1 min 7s to hr&ls, 1 min 5s to 1 min 23s and 1 min 3s to 1 28a
respectively at after lubricating the blend for2land 4 min. Hence, there is no significant impacDT of tablets
which was compressed at hardness range of 90-14/dN6 drug release with lower and higher lubricatime of
the lubricated blend. The pre-lubricated blend Wdmicated using magnesium stearate before coniprese
reduce the friction in die cavity during ejectiohtablets from the die cavity. Magnesium stearata hydrophobic
lubricant which coats the granules [13].

Table 7. Optimization of lubrication time

Trial F10 F5 F11
Lubrication time (min) 1 2 4
Hardness (N) 90 -110 89 -113 90 -110
DT (minutes) 1 min07sto 1 min24s 1 min 05s tift 23s| 1 min 03s to 1 min 28s
Dissolution* | Time (min) Media: 0.01N HCI, 900 mISP Type | apparatus, 100rpm
15 min 98.0 98.1 97.5
Q point; 45 min 100.7 101.2 99.6

Design space and control strategythe solubility, identification, particle size digttion, polymorphic form,
related substance, residual solvent, residue otidgnheavy metal contents are critical drug sabsé attributes.
Thus, initial risk assessment of APl is necessauny ib this study all the attributes were well cofied by
predefined specification.

CQAs of the drug product were identified by thetiatirisk assessment analysis and their relatignghicritical
material attributes/unit processes was establishleel.quality of the drug product was built withms space known
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as “Design Space”. Design space should be wider niore robust and flexible process development to
accommodate the variations. The design space wasdeand listed out the methodology for describitegign
space for new processes where limited informatiaas vavailable. Design space boundaries are the loésis
validation acceptance criteria [14]. The succesd@uelopment and performance of drug product waelderally
depend on the execution of the plan, including dstrategy and process monitoring [3].

The CQA's derived from QTPP were linked to CMA'sdai€PP’s. Compliance to disintegration time and
dissolution profile is assured by using super-désinrant amount (sodium starch glycolate), lubricamount,
blending time and lubrication time within desigraep.

CONCLUSION

Quality by design approach is a systematic tool f@nufacturing and continuous improvement of quadit

Hydralazine IR Tablets. Various other approachesh sas six-sigma, lean manufacturing program andtga®
capability measurement can also be adopted. Digigté¢ and lubricant concentrations were identifisdthe two
critical materials attributes for achieving goads & TPQP. Similarly, blending and lubrication érnvere selected
as critical process attributes to achieve the bleochogeneity. Operating within the design spaceviged the

robustness, flexibility in manufacturing, manufaetu confidence and quality drug products to thdepatand

society.
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