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ABSTRACT

Attention-deficit/hyperactivity disorder (ADHD) & common neurological disease affecting 5-8 peroérgchool
going children with symptoms persuading into achdtth in about 60 percent of cases. ADHD severityatates
positively with circadian delay i.e. retarded sleéming and day time sleepiness, suggesting thedttnent
interventions focussed at advancing circadian phasey make better day time sleepiness. Hence, thsepr
research work aimed to formulate circadian rhythaséd press-coated tablets of atomoxetine hydroickdoin
morning hours by increasing adrenal hormones inkitan. The core tablets formulated by direct coegsion and
press coated with HPMC K100M and MCC and the redeasmpared with natural polymers Guar gum (6000 cps
and Xanthan gum (1800 cps). The three level twioffiat design and one-way Anova employed to evaltizd
effect of natural and synthetic polymers on druigase and lag time. IR spectrophotometer study sbaat all
the excipients were compatible with the drug. Thabibty study carried out for the desired optimdzarmulation
for a period of 3 months and showed insignificaffedence.

Keywords: ADHD, Atomoxetine hydrochloride, Pulsatile, Cidtan rhythm, Factorial design

INTRODUCTION

The physiological process such as heart rate, lppoessure, plasma concentration of hormones, plagsatains and
enzymes display steadiness over time, drug delisgsyems with constant release profiles have tees fiavored.
The wide research into circadian rhythms and thfluence on biological systems has given rise ttal of
chronobiology and later chronotherapy, study ofiveeng drugs in synchrony with biological rhythros precisely
timed drug delivery systemsrequiredto correlaterugd delivery with circadian rhythms to
provide maximum therapeutic efficacy for chrono#tpautic diseases when most needed [1].

Attention-deficit/hyperactivity disorder (AD/HD) ia common neurobiological condition affecting 5-&qent of
school age children with symptoms persisting irdalhood in as many as 60 percent of cases (igroapnately
4% of adults)[2]. Circadian rhythm sleep disordecurs in 70% of patients with ADHD and can negdyivepact
work, behavioral disorder and social performancettes chemical messengers do not work properly gse¢h
patients. ADHD severity correlates positively witircadian delay with delayed sleep timing and diyet
sleepiness, suggesting that treatment interventifoms advancing circadian phase may improve day time
sleepiness[3].

The present research work aimed to formulate pldsaiease tablets of atomoxetine hydrochloriderdset the
circadian clock by ameliorating delayed circaditaep disorders of ADHD by releasing the drug in therning
hours to improve the attention and decrease therhgfivity by increasing the dopamine and nor-guimime in the
brain.
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In this work, 3 full factorial statistical experimental design nt@l composite design (CCD)was employed to
investigate the effect of two factors viz., swelafsynthetic / natural ) and rupturable (synthétioatural )
polymers on lag time and 90% drug release of thieatg system .Further CCD design was evaluatedimrway
ANOVA, multiple regression analysis(MRA), RSM andor@our plots[4]. In this work synthetic polymers
compared with natural polymers as the synthetigrpels are toxic, expensive, have environmentatedléssue,
requires long development time for synthesis in parnson to naturally occurring polymers. Howeveg tise of
natural polymers for drug delivery is tremendougttssy are economical, readily available, non-tadpable of
chemical changes, biodegradable ,biocompatiblenaiidfew exceptions[5]. Hence, with the proposediveey
system, a new therapeutic dimensi@s been given to treat ADHD.

MATERIALS AND METHODS

Atomoxetine hydrochloride received from Swapnrooprugd & Pharmaceuticals, Maharashtra, India.
Hydroxy propyl methyl cellulose HPMC K100M procurgdm Ozone International, Mumbai. Avicel PH-102,
Mannitol, Sorbitol and Magnesium Stearate obtaifieth Loba chemicals, Mumbai. Polyvinylpyrollidone\(P K
30), Lactose and Isopropyl alcohol obtained from HBe Chemicals, Mumbai. Xanthan gum 1800 cps andrG
gum 6000 cps were of Himedia Laboratories, Pvt IMdimbai. All other chemicals were of analytical geat
grade.

Development of Circadian Rhythm Based FormulationTimed Drug Delivery Of Atomoxetine Hydrochloride
Drug- excipient Interaction

The IR spectrum of the mixture of excipients withrugl recorded and compared with that of
Atomoxetine Hydrochloride to confirm the physicontfieal compatibility of the drug with the formulatio
excipients used in the study. The powdered mixiaken in a diffuse reflectance sampler and thetspeecorded
by scanning in the wavelength of 400 to 4000cmalFTIR spectrophotometer- 430 (Jasco, Japan) rgiywand

2)

Development of core tablets

The coretablets formulated by direct compressionthote As shown in Table 1 powder mixtures of
atomoxetine hydrochloride, Avicel, polyvinylpyrabne, Magnesium stearate, sucrose/ lactose and
Mannitol/Sorbital were dry blended for 20 min andmpressed by rotator tablet machine (Rimitek-mizggsr
MT),Karnavati Engineering Ltd, Ahmedabad, Indiahnét 6mm punch and die to get the core tablet [6].

Table 1: Formulation of Atomoxetine Hydrochloride wre tablets

Drug and

Excipients(mg) F1 F2 F3 | F4| F5| F6| F7| F8
Atomoxetine hydrochloridg 40 40 4( 40 40 40 40 WO
Mannitol 83.5| 83.5| 82.5 - - - - -
Sorbitol - - - 83| 83| 84 84 84
PVP 4 4 4.5 4 4 4 4 4
Magnesium Stearate 2.5 2.b 25 25 25 PS5 - 25
Lactose 3.5 35 3.5 - - - - -
Sucrose 3.5 3.5 3 3p 355 35 35 B5
Avicel 6.5 6.5 7 75 79 8 8 8

Development of Circadian Rhythm based press coatethblets

Formulation of barrier layer granules for Circadian Rhythm Based press coated tablet of Atomoxetine
Hydrochloride

A wet granulation process was used to preparedsdayer granules. HPMC K100M and MCC were acclyate
weighed as per Table 2. 7.5 % PVP solution (hydirorelic mixture of iso-propyl alcohol and waterthre ratio of
70:30) was used to wet mass the HPMC K100M and MCen the wet mass was passed through a sievedafrv1
aperture size. It was dried for 2 h a@5n a hot air oven. Then the dried mass was setkéirough a sieve
number of 50Qum aperture size[7].

Preparation of press-coated tablets

The core tablets were press coated with 300mg widbdayer granules.150mg of barrier layer grasuleighed
and transferred into a 8mm die then the core talilated manually at the centre. The remaining 156frifpe
barrier layer granules added into the die andctireompressed to prepare press coated pulsablets (S1/N1-
S10/N10) [8].
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The formulations prepared in different ratios afpturable/erodible MCC and swellable HPMC such as
3:0,0:3,1.5:1.5, 1:2,2:1,0.75:2.25, 2.25:0.75 ant206 with a total polymer weight of 300mg and thigove
procedure repeated for the natural polymers shlell@uar gum (6000 cps) and erodible/rupturabletian gum
(1800 cps). The formulations are given in Table@ &able 3.

Table 2: Formulation of Atomoxetine Hydrochloride press coated tablets (Synthetic Polymers)

Excipients

Synthetic S1| S2 | S3 | S4| S5 | s6 | S7 | S8
MCC 300 - 150 100 200 7§ 226 4D
HPMC K100M - 300] 150, 200 100 225 7p 260
Hydroalcoholic 7.5% solution of PVP  g.5  q|s .S 1.99.s | 9.s| q.s| 0.5

Table 3: Formulation of Atomoxetine Hydrochloride press coated tablets (Natural Polymers)

Excipients
Natural N1 | N2 | N3 | N4 | N5 | N6 | N7 | N8
Xanthan Gum (1800 cps) 300 E 150 1p0 200 |75 R25 |40
Guar Gum (6000 cps) - 300 150 200 100 225 [7/5 P60

Hydroalcoholic 7.5% solution of PVP  g.5  q|s .S 1.99.s | 9.s| g.s| d.5

Evaluation of Pulsatile Tablets (Table 4)
The pulsatile tablets of atomoxetine hydrochloficen each formulation made of synthetic polymers subjected
to weight variation, hardness, thickness, friapilind drug content uniformity tests

Weight Variation
Weight variation test was performed according ®dfficial method as per USP.

Hardness test
The hardness of formulated atomoxetine hydrochéonilsatile time release tablets are measured merPf
hardness tester.

Thickness
The thickness of each tablet measured with the b&lmicrometer, which provides information aboutigion
between tablets.

Friability test
Friability test is conducted to measure the stiedtablet and measured using Roche friabilator.

Drug content uniformity test

Ten tablets are finely powdered and quantity edeitao 40mg of atomoxetine hydrochloride transdrito a
100ml volumetric flask and dissolved in a 100mDoIN HCI. From this 10ml of the solution was withdmn and
further diluted to100ml by 0.1N HCI. The absorbarmeasured at 270nm by UV spectrophotometer (Stimad
UV/Vis 160).

In vitro Dissolution Studies using Synthetic and Natural Hgmers

The drug release of the core tablets of formulatibh-F7 were unsatisfactory but the core tabl€&8s§howed 95%
of drug release within 1h upon contact with dissolumedium. The core tablet got ruptured and sddahe drug
as given in Figure 3. All press coated tablets $8)-made with different ratios of swellable HPMCM and
rupturable/erodible MCC in simulated gastric fluidH 1.4 acid buffer for initial 2h) followed by sirtated
intestinal fluid (pH 6.8 phosphate buffer) till 18. The samples were withdrawn at a regular interita
is analyzed by UV spectrophotometer (Shimadzu U¥/160) at 270nm to find existence of the drug. Clative
percentage drug release was calculated using tredastd curve. The above procedure repeated usingaha
polymers, swellable Guar gum (6000 cps) and ereffilghturable Xanthan gum (1800 cps).(N1-N8) Tlsailte are
given in Figure 4 and 5.

Experimental Statistical Design

Optimization of inner coating layer for pulsatikdease tablets done using face centered ceotngbosite design
(CCD). A set of 9 runs proposed by factorial design by CCD. With help of this it wasitable to check the
guadratic response surfaces and construction a@nseorder polynomial equation by using Minitab Iffisare .
Selection of independent variables (swellable amdiible/rupturable polymers) and dependent vargallg, (lag
time) and doe(90% drug release )based on preliminary experimérabkle 5 summarizes the independent variables
along with their levels. Response surface anabaised out to check whether current study fitsrindel. The
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effects of independent variables on dependent biagaobserved from 3D response surface and coptots. The
polynomial equation generated for each responsegusiultiple linear regression analysis also shofvfsce of
interaction of each factor on dependent variablég effects of different factors on regression fioehts studied
using one way analysis of variance (ANOVA) by Gragad Prism software version 6 and the differemess than
the probability level 0.05 was considered statgljcsignificant. Thus the polymer concentratiord aating level
optimized using CCD[9].

Stability studies

The stability study of the optimized batches in athihe tablets monitored upto 3 months as per |Gidegjines at
room temperature and relative humidity {€%2-C, RH75 +5%). The tablets analysed for appearameight,
thickness, hardness, drug content, drug releage [10

RESULTS AND DISCUSSION

Formulation of Circadian Based press coated tabletssing synthetic and natural polymers

As Circadian Rhythm sleep disorder causes day sil@epiness and inattention in most of ADHD paterihe

present work was designed to improve the aboveitons by releasing the drug in morning hours véthag time

of 8h as a time specific pulsatile delivery systém.a first step, drug-excipients compatibilitydyuvas carried out
using IR spectroscopy and showed no possible ictierss between mixture of excipients and drug.

This circadian rhythm based drug formulation caesisof inner core tablet containing drug resenasid outer
coating layer with combination of rupturable/erddibmicrocrystalline cellulose(MCC, Avicel PH-102nhda
swellable hydroxy propyl methyl cellulose (HPMC KIM). MCC was chosen for its rupturable and fomwitsking
effect. HPMC K100M was selected for its swellindhbeiour. These two polymers were individually telster their
influence ovett;osand $o0. S1 did not show any significant lag time and eded rupturable/erodible polymer
alone cannot provide desired pulsatile releaseepatSo Formulations S2 was formulated only wittswaellable
polymer so as to see its effect on responses. &88Swere formulated with both rupturable and &t
polymers. Among these formulations, S8 was havirggdesired lag time and 90% drug release (Figurehése
synthetic polymer combination was substituted byurs swellable polymer Guar gum 6000 cps and @atur
rupturable/erodible polymer Xanthan gum 1800 cps$ fannd equivalent. Both synthetic and natural pays in
the ratio of 0.4:2.6 of rupturable and swellabléypw@r combination were considered as the optimummédation as
both had a lag time of 8h and 90% drug releaskdr " hour and revealed that natural polymers arevedgrit to
synthetic polymers in releasing the drug in pulsatianner.

Central Composite Design and its Statistical Validaon

The dissolution study performed for all the runsl d@ime results shown in Table 6 & Figure6.All theswshowed
t1000r lag time ranging from 5.5 h-8h ang490% drug release )between 9.5-12.5h. In caserdhstic polymers
the desired lag time of 8h ang,tin R1was 12.5 h andgt,was 7.5 h andyge,was 11.5hin R1 in case of natural
polymers.

The slow release of the drug from HPMC is due tonfation of viscous gel layer. The ability of hyghilic
polymer HPMC &Guar Gum to retard drug release wathe order of HPMC>Guar Gum and the burst reledse
drug sustained in the order of Xanthan Gum > MCC.Qvbeing a non swelling wicking agent dispersedughout
the matrix along with HPMC and creates channelsnfcoming aqueous fluid and thus enhances the@rvapture
of the coating layer of the polymer.

A statistical model incorporating interactive andlymomial terms used to evaluate the responsesg utsie
following polynomial equation:

Y = b + biXy + bpXo+ biaXoXo + byyXa®+ Xy 1)

Incorporating interactive and polynomial terms dise evaluate the responses, where Y is the depéendégable,
The main effects (X1 and X2) represent the averagalt of changing one factor at a time from ita/ ltw high
value. The interaction terms (X1 and X2) show héw tesponse changes when two factors are simulialyeo
changed. The polynomial terms;p@nd XJ)included to investigate nonlinearity [11].

One way ANOVA (analysis of variance) used for statal analysis of targeted response at 5% sigmific
level using GraphPad Prism Version 6. In above #&gualy, is the intercept representing the arithmetic ayeseaof
all 9 runs and h by, by, by and b, are the coefficients computed from the observeceemental values of
responses Y1 and Y2 and X1 and X2 stand for maipamse of independent variables. The terms X1XZ,axt
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X2? represent interaction and quadratic terms of irddpnt variables respectively. In table 7 factdeat$
involved in CCD model and associated p-valuesHerresponses Y1 and Y2 are given. The p-valuedsfpaendent
variables of synthetic and natural polymers fothiihe responses implies both the factors signiflgaaffect both
the responses.

After eliminating insignificant terms the last eqion of the responses are given below for symthat natural
rupturable and swellable polymers

Lag time (h) = -20.87 - 0.0417 A: MCC + 0.247HBMC (2)
90 % drug release (h) =-3.4-0.094 A: MCC + 0.BBHPMC 3)
Lag time (h) =-1.25 - 0.0018 A:Xanthan Gum + GO®:Guar Gum 4)
90 % drug release (h) = -45.6 - 0.128 A : XanthammG- 0.515 B: Guar Gum (5)

Positive sign in front of the factors indicates exgistic effect and negative sign indicates antigicreffect of the
factors on responses Y1 and Y2.The value DivRs >0. 9 which show a highly significant andehin relationship
between X1, and X2 factors and excellent goodnéd#.orhe relationship between the dependent aadous
independent variables was further elucidated u3igresponse plot and Contour plots at one timguifei 7-14).

Stability Study
There was no significant difference in the stapitudy of atomoxetine hydrochloride tablets befor after 3
months of storage either in its physical charasties or in its dissolution profile.

Table 4. Hardness, Thickness, Friability, Weight veation and Drug content test of press-coated tabts corresponding to F1-F8

. Weight variation(mg) | Hardness(kg/cn®) | Thickness(mm) | Friability(%6) Drug content(%)
S. No.| Formulation +SD +SD +SD +SD +SD
1 S1 443+1.70 4.45+0.24 4.28+0.03 0.25+0.09 98®+0.
2 S2 443+1.20 4.43+0.25 4.23+0.04 0.28+0.08 980120.
3 S3 444+1.70 4.43+0.35 4.22+0.05 0.30+0.12 98@3-0.
4 S4 441+1.50 4.44+0.40 4.22+0.02 0.28+0.1% 98(53-0.
5 S5 442+1.50 4.48+0.35 4.25+0.04 0.23+0.09 98(30.
6 S6 442+1.70 4.40+0.25 4.24+0.05 0.20+0.12 99(3:0.
7 S7 441+1.70 4.44+0.28 4.26+0.03 0.25+0.09 9835-0.
8 S8 442+1.70 4.41+0.40 4.20+0.04 0.25+0.1% 99(20.
n=3, Mean ¥SD

Table 5 :Two factors 3 levels full factorial expemnental design; factor selected and responses measur

Factors(Independent variables) X Le\(/)els 1 Responses(Dependent variables)
MCC / Xanthan gum (rupturable/erodible polymer)40 | 60 | 100 | Y1=tqlag time)
HPMC/Guar gum(swellable polymer) 200 | 220 | 260 | Y2= tyx (90%Release of drug )

Table6: Dissolution studies as per CCD full factoal experimental design

Factorl Factor2 Responsel Response2
Run | Block A:Mcc (Mg) B:Hpmc100km Lag Time (h) 90% Drug Release (h)

) (Mg) Synthetic | Natural | Synthetic | Natural
1 Blockl 40 260 8+0.23 7.540.37 12.5#0.832 11.540}32
2 Block1l 100 220 6+0.05 6.0+0.12  10+0.2]7 11+0.26
3 Block1 40 200 7+0.12 6.5+0.18 10.5+0.46  10+0.03
4 Blockl 60 260 7+0.35 6.5+0.18 11+0.3p  10.5+0/21
5 Block1 100 200 7+0.12 6+0.25 1140.29 9.5+0.47
6 Blockl 40 220 7.540.35 7+0.37 12.540.85  12+0.22
7 Block1 60 200 6+0.25 6+0.28 10+0.08 9.5+0.41
8 Block1 60 220 7+0.35 6.5+0.4p 10.5+0.21  10+0.36
9 Blockl 100 260 6+0.18 5.5+0.37  11+0.3B 10+0.18
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Figure 1: IR spectrum of pure atomoxetine HCI
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Figure 2: IR spectrum of atomoxetine HCl and mixture of excipients
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Figure 3: Invitro dissolution Profile of core tablet of formulationF8
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Figure 4: Invitro dissolution Profile of formulations S1-S8 using yithetic polymers
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Table 7: The results of the ANOVA which was used tgenerate statistical models

Response model Sum of squares  Degrees of freedgnMean Square | F value| pvalue | R

t10%(synthetic polymer combination” | 13.09 26 1.56073 24.70 p<0.001 0.9165
toov(synthetic polymer combination | 22.77 26 2.72306 26.77 p<0.001  0.92p5
t10%(natural polymer combination) 10.28 26 1.17269 26.77 p<0.001  0.9430
to09s9s(natural polymer combination) | 20.30 26 2.42349 25.79 p<0.001  0.9197

Figure.5 Invitro dissolution profile of pulsatile tablets of formuktions N1-N8 using Natural Polymers
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Figure.6 Invitro Dissolution studies as per CCD full factorial expeémental design
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Figure 7:

Contour Plot of Lag time vs B:HPMC, A: MCC
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Figure 11:

Surface Plot of LAG TIME (hr) vs B: guar, A: xanthan
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Figure 13:
Surface Plot of 90 % DRUG RELEASE (hr) vs B: guar, A: xanthan
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Surface Plot of Lag time vs BBHPMC, A: MCC
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Figure 10:

Surface Plot of 90 % drug release vs B:HPMC, A: MCC

12.0

11.0

105

Figure 12:

Contour Plot of LAG TIME (hr) vs B: guar, A: xanthan
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Figure 14:

Contour Plot of 90 % DRUG RELEASE (hr) vs B: guar, A: xanthan
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CONCLUSION

Oral drug delivery is the largest, oldest, and nmustferred route of drug delivery. Universally siised and
controlled-release products offer a desired theripeffect, but fall for diseases following biologl rhythms like
ADHD. As there is an evidence that ADHD might bsasated with misalignment of the circadian clockhvthe
environment. The present research work in a nevedgional approach can effectively crack this pnobées it will
modulate according to body's circadian clock giviatpase of drug after a specified lag time whigrely assure a
bright and promising future for ADHD patients.

The central composite design was successfully teedevelop time-lagged coating formulation withttbo
rupturable and swellable polymers. From responséce methodology, it is easy to understand thengheof
responses with independent variable.

From the present study it could be concluded thaMB100KM/Guar Gum serves as a potential candidate i
formulating a time controlled release or circadiagthm based drug delivery systems with a defitagdtime.
Additionally, HPMC 100KM /Guar Gum shall be usedral with MCC/Xanthan Gum to meet reproducible regsul
since HPMCK100M /Guar Gum individually can offegléime of 10h which is a higher value than desiaed
there was no 90% drug release within the desiged. The amount and composition of HPMC 100KM /G@am
and MCC/Xanthan Gum used shall be in right propartb get preferred t10%and t90%. Polymers in atib may
not yield the required result. Quantity of MCC/Xaah Gum used decides the overall lag time, as em@unt of
MCC/Xanthan Gum might increase permeation of tlesgicoat, thereby shortening lag time. HPMCK100MatG
Gum forms a swellable gel layer to enhance lag timeroviding necessary strength and supportectiter press
coat layer.

The current research work used natural polymersfaumd equal to synthetic polymers and their useadiractive
because they are economical, readily available,taric, capable of chemical changes, potentialydbgradable
and biocompatible. The conclusion about the validitcircadian based formulation of Atomoxetine H@keds to
be confirmed with reproduciblavitro andinvivo studies.
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