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ABSTARCT

The present study was carried out to develop anl oodon targeted drug delivery system, which cdsscf
Theophylline matrix tablets prepared using guar gamd borax cross linked guar gum as rate contrgllpolymers

in different concentrations. These tablets wereluatad for weight variation, friability, hardnessiiformity of
content and in vitro drug release under specifiezhditions. The dissolution data revealed that thbéldts
containing guar gum and borax cross linked guar gim higher concentrations each (120mg) showed
87.56740.42% and 76.186+0.17% of drug release retipely. And selected tablets of borax cross lingadr gum
were subjected to in vitro drug release study iesg@nce of rat caecal content medium. Results glédicate that
there is an increase in the release of the drug8®30+0.38%.
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INTRODUCTION

Targetting of drugs to specific sites gaining mateention today as we can increase the efficacjuae the
undesirable effects of drugs with the site speitjfidNow a days Colon specific drug delivery is motly used for
the delivery of peptides and proteins which aresptble to degradation in the upper parts of thetrg intestinal
tract but also for the delivery of drugs which aeed to treat the diseases associated with the cééoge intestine
such as ulcerative colitis, diarrhea and colon eanColon drug delivery is usually employed to avki one of the
four objectives, the desired outcomes can be @&pswed delivery to reduce dosing frequency; (bjetay delivery
to the colon to achieve high local concentrationthe treatment of diseases of the distal gutocletay delivery to
a time appropriate to treat acute phases of dise@beonotherapy) (d) to deliver to a region theatess hostile
metabolically e.g. to facilitate absorption of acihd enzymatically labile materials, especially tjukgs.
Approaches used in the colon delivery of drugstidel use of prodrugspH sensitivce polymer coating, time
dependznt formulations, bacterial degradable cgsitirand intestinal luminal pressure controlled cottglivery
capsule

Guar gum is a natural polysaccharide obtained fiteenendosperm of the Cyamopsis tetragonoloba bgltm¢he
family Leguminosae
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EXPERIMENTAL SECTION

2.1 Materials

Theophylline and guar gum were obtained as a gift@e from Natco-Pharma Pvt. Ltd, Hyderabad, InEthanol
and Disodium tetra borate (borax) were procurethf&D. Fine Chemicals Mumbai, India. All other reats used
in the study were of analytical grade.

2.2 Methods

2.2.1 Preparation of borax guar gum

4gms of guar gum was dispersed for 1 hr at roonpéeature in 400 ml of distilled water with the hedp
mechanical stirrer. The dispersion was kept aside thrs for swelling. 80 ml of 1%w/v aqueous sialutof borax
(disodium tetra borate) was added to the guar gismedsion and stirred for 30 min with the help ofahanical
stirrer then kept aside for another 4 hrs withditisg. The formed hydrogel was rinsed with distl water to
remove untreated borax and then the hydrogel wiasl @it room temperature for 3 days. The dried Banass
linked guar gum was triturated in a mortar for sieéuction and passed through sieve no 100.

2.2.2 Estimation of free borax and cross linked borax by titration with 0.05N HCI®:

200 mg of guar gum was taken in conical flasks digppersed in 30 ml of distilled water to make unifo
dispersion. To the dispersion, methyl red was adaed titrated against 0.05M HCI solution. The ggam
dispersion titrate value was taken as blank valferdg of borax cross linked guar gum was takeroimaal flasks
and dispersed in 30 ml of distilled water to maké&arm dispersion. To the dispersion methyl red \added and
titrated against 0.05 M HCI solution. Titrate valas taken as free borax value. In the same wan 299 mg of
borax cross linked guar gum was taken and dispars8@ ml of distilled water to make uniform dispem. The
dispersion was heated at’@0to break the cross linked bonds of borax withrguam and then to the dispersion
methyl red was added and titrated against 0.05 Mdd{@ition and the results are showrtablel.

It is direct titration of strong alkaline borax wistrong acid HCI. One mole of borax reacts witm@es of HCI.
Methyl red is used as an indicator because it tsaffected by weak acid (Boric acid) end point @docir change
from yellow to pinK.

Na,B,O; ——» 2Na+ B,O;?

B,O;% +7TH,O — 5 4BO; + 20H

2HCI + 20H—» 2D + 2CI

NaB,0;10H,O + 2HCH—>» 2NaCl + 4BD; + 5H0

2.2.3 Preparation of Theophylline matrix tablets

Theophylline matrix Tablets were prepared by weingfation technique using PVPK30 as binder in IRAthe
ingredients as mentioned irable2 were passed through sieve No. # 40 mesh exceghesaum stearate and talc
(#80 mesh), powder was thoroughly mixed and graedlantil dough mass formed. Granules were prephyed
passing through sieve no 16 and were lubricateld talt and magnesium stearate then compressedabltis on a
16-station rotary tablet punching machine (M/S. @adh Machinery Co. Pvt. Ltd., India) fitted withn@m round,
standard concave punches with hardness at a rdgeé Kg/cnf.

2.2.4 Rheological studies of Guar gum and Borax cross linked Guar gum

Viscosity of 1%w/v dispersion of Guar gum and Bocagss linked Guar gum in water, 0.1N HCI, pH 7ndl @H
6.8 Phosphate Buffers was measured by using Breldkfiscometer and results are showtainie 3.

2.2.5 Swelling studies of Guar gum and Borax cross linked Guar gum’

Swelling capacity of both Guar gum and Borax cilodsed Guar gum was studied in distilled water,N\OACI, pH
7.4 and pH 6.8 phosphate buffers

1gm of gum was taken in a measuring cylinder te 1l ml of distilled water was added and shakepraigsly for
10min and allowed to stand for 24hrs. Swelling céfyacan be determined by,

Swelling Capacity (%v/v) = [X/X;] X100
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Where X, denotes the final volume occupied by swollen malt@fter 24hrs and @denotes the initial volume of the
powder in graduated measuring cylinder.

Same procedure was repeated to study the swellpgcity of both gums in 0.1N HCI, pH 6.8 and pH 7.4
phosphate buffers and results are showtalihe 4.

2.2.6 Evaluation of tablets

Formulated tablets were evaluated for the followpigsicochemical characteristics like weight vaoiat hardness,
friability, uniformity of drug content and all th@blets followed the official compendial standaedsper the I.P.
specifications, results are showrtable 5.

2.2.7 In vitro dissolution studies™:

Dissolution studies were carried out using USPXXlhe | apparatus (Model: DISSO 2000, M/s. Lab &)ait 100
rpm. The tablets were placed in 900 ml of simulaieadtric fluid (pH 1.2) for 2 hr, simulated intestl fluid (pH
7.4) for 3 hr and simulated colonic fluid (pH 6f8) 19 hr. sampling was done at regular time iratand the same
were estimated for drug content after suitabletidituby using double beam UV-visible spectrophottenand drug
release profiles are shown in figl.

2.2.7.1 Preparation of rat caecal medium®:

In vitro drug release studies were performed inpifessence of rat caecal content after 5 hrs oblligen (first 2 hrs
in 0.1 N HCI and another 3 hrs in pH 7.4 Phosphaiféer). The albino rats weighing between 150-200 \gere
selected and 1 ml of 1% w/v solution of borax crgdsed guar gum was administeretth the help of teflon tubing
directly into the esophagus region via oral cavithe treatment was continued for 6 days to induceyrae
responsible Borax guar gum degradation, animals veacrificed before 30 min of dissolution studies dhe
caecum was exteriorized for content collection. Thecal content (anaerobic) was immediately trarexdfeinto
buffer saline solution of pH.8 and 2%w/v concentration of solution was prepared bwtdig with pH 6.8
phosphate buffer which was bubbled with 40 maintain the anaerobic environment .Dissoluttudies were
carried out using USPXXII type | (basket) dissminottest apparatusAs the caecum is anaerobic in nature, the
experiment was carried out with continuous,C®upplyinto the dissolution apparatus.5 ml of the samplese
with drawn at regular time intervals for about 18 and the volume was replaced with fresh medium

2.2.8 Drug release kinetics
Drug release from the tablets can be explainedvoydifferent methods, Model dependent and modetpeddent
methods.

In model-dependent approach, the dissolution databe fitted in to five popular release models sagkero-order,
first-order, higuchi diffusion, hixson-crowell eios and Korsmeyer-Peppas equatidns

M athematical models for comparison of the dissolution profiles

Model Equation
Zero-order Q,=Q,tk,t
First-order Ith=InQ0 _klt
Higuchi Qt =kH\/¥
Hixon-Crowell Qi/s’_ 1/3=kst

Korsmeyer-Peppas Q,/ Q. =k, t"

Q: amount of drug released in time t: @itial amount of drug in the Tablet,/Q..: fraction of drug released at
time t, k; ki; ku; Ke; ks: release rate constants, n: the release expamdinative of the mechanism of drug release.
The order of drug release from matrix systems described by using zero order kinetics or firstensdkinetics.
The mechanism of drug release from matrix systews studied by using higuchi or erosion equatiohe i value
is obtained as a slope for different batches ofimé#dblets by plotting log percent drug dissohaghinst log time.
If the value of n = 0.45 indicates Fickian (casedlease; 0.45 < n < 0.89 for non-Fickian (anomslaelease;

1054



P. J. Subrahmanyam J. Chem. Pharm. Res., 2012, 4(2):1052-1060

n=0.89 case Il and > 0.89 indicates super casankport. Case Il generally refers to the erosioth® polymeric
chain and non-Fickian diffusion refers to a combora of both diffusion and erosion mechanism frohe t
controlled drug release tablEts

Infrared Spectroscopy Studies:

The IR spectra of pure drug and the optimized fdathon (pure drug with Borax cross linked guar guwgre
recorded using KBr pellet technique (1:100) at heian rate of 4cnt. Spectrum was integrated in transmittance
mode at the wave number range 400-4006cm

RESULTSAND DISCUSSION

3 Tabletting parameters

All the prepared tablets comply with the compendtahdards for uniformity of weight and drug comteniformity
as per the |.P. specifications. Hardness and fitabialues were found to be in the range of 5-7ckg and the
results are shown ihable 5.

3.1 Drug release profiles

Drug release profiles of guar gum and borax crivéetl guar gum are presented in fig 1,2and 3 freenrésults it
was observed that the as the concentration of guar increased from 60 to 140 mg there was declieadeug
release rate which was due to high viscosity ofr guan. When the guar gum was replaced by boraxsdioked
guar gum of same concentration drug release wésefucontrolled which was due to the increase stasity and
less swelling Index of the borax cross linked ggam compared with guar gum. Increase in viscodlogns the
drug to travel along the longer diffusional pathh&M the dissolution of the formulation F10 wasiearin presence
of caecal content maximum amount of drug was rekammpared to dissolution of formulation F10 indmen
with out caecal content indicating the enzyme ddpahdegradation of borax guar gum.

3.2 kinetic analysis of the dissolution data

All the prepared formulations were fit in to popubaodels like zero order, first order,higuchi,eomsiand peppas
equations and the results are shownable 6 results of drug release kinetics showed thatthe formulations

followed zero order release from the higuchi andagigns it was found that F1,F2,F3formulationsdaiéd non

fickian diffusion mechanism while the remainingléebed erosion mechanism.

3.3 IR spectra analysis
From the IR spectra it was concluded that the erag compatible with the all excipients used inftrenulation.

Tableno 1:- Titration of 200 mg of Guar Gum, Borax Crosslinked Guar Gum and Borax Crosslinked Guar
Gum While Heating

S. Contentsin Conical Flask Burettereading Titer Amount of Borax Present in mg
No Vimi V2 Value
ml ml
1 200 mg of Guar Gu + 30 ml Wate 5C 49.¢ 0.2 | e
2 200 mg of Bora:Cross linke: Guar Gun + 30 ml Wate 49.¢ 49.2 04 0.766 mg/200 mg of polymer(Unreact B,O;)
3 200 mg of Borax Cross linked Guar Gum30 ml Water| 49.4 46 34 11.5 mg/200 mg of polymer (Crosslink&®D,?)
While heating

Unreacted BO;? present in 200 mg of Borax crosslinked Guar Gum766 mg
Unreacted BO;? present in 1g of Borax crosslinked Guar Gum iS318&).
Crosslinked BO;? present in 200 mg of Borax crosslinked Guar Gufrlis

Table 2: Formulation of Theophyllinetabletswith guar gum and borax crosslinked guar gum

Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
Theophylline 200 200 200 200 200 200 200 200 200 200
Guar Gum 60 80 100 120 140
Borax Guar Gum ---- --— 60 80 100 120 140
PVP K 30 (3%) 8 8.5 9 9.5 10 8 8.5 9 9.5 10
Magnesium steare 3 3 3 3 3 3 3 3 3 3

Talc 3 3 3 3 3 3 3 3 3 3
Total weight 274 294.5 315 335.5 356 742 294.5 315 335.5 356
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Table 3: Viscosity studies of 1% w/v Dispersions of Guar gum and Borax cross linked guar gum

1%w/v Dispersion Viscosity in Viscosity in 0.1 N Viscosity in pH 6.8 Viscosity in pH 7.4
of Polymer Water (cps) HCl(cps) Phosphate Buffer (cps) Phosphate Buffer (cps)
Guar gum 114.7 110.3 113.1 117.4
Borax guar gut 181.2 177.¢ 179.5 184.¢

Table 4: Swelling index studies of guar gum and borax treated guar gum

Polymer Swelling Index in Swelling Index in 0.1 Swelling Index in pH Swelling Index in pH
Water N HCI 6.8Phosphate Buffer 7.4Phosphate Buffer
Guar gum 8.5 9.1 8.7 8.4
Borax guargum 5.1 5.6 5.3 4.9

Table5: Physical properties of the Theophylline tablets formulated with various polymers.

Formulation | Theoretical weight | Averageweight | % Drug content | Hardnesskg/cm? | % Friability
Fu 274 274.6 101.2+0.98 6.8 0.46
F, 294.5 294.1 98.45+1.01 5.5 0.32
Fs 315 314.2 100.89+0.81 5.9 0.37
Fa 335.5 334.8 99.43+0.53 6.4 0.46
Fs 356 356.7 98.88+0.79 6.6 0.32
Fe 274 275.1 101.26+0.21 7.2 0.38
F 294.5 295.2 98.24+0.43 6.9 0.48
Fe 315 315.7 99.32+0.27 5.8 0.41
Fo 335.5 334.3 98.86+0.29 6.1 0.38
Fic 356 355.2 100.58+0.23 6.5 0.43

Fig 1: Comparative Dissolution Profiles of Theophylline matrix Tablets Formulated with Guar gum (F1to F5):
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Fig 2. Compar ative Dissolution Profiles of Theophylline Tablets Formulated with Borax cross linked guar
gum (F6to F10)
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Fig 3: Comparative Dissolution Profiles of Theophylline For mulations F5 (best formulation with Guar gum) and F10
(best formulation with Borax Crosslinked Guar gum) Without Caecal Content and With Caecal Content
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Fig 4: IR Spectrum of formulation
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Table 6: in vitro drug release kinetics of Theophyllinetablets

correlation coefficient

Formulation Zeroorder | First order | Hixson crowell | Higuchi | Peppas | Exponential coefficient (n)
Fy 0.9449 0.8645 0.9774 0.9841 0.9977 0.6987
F> 0.9524 0.8070 0.9665 0.9828 0.9981 0.6989
Fs 0.9747 0.8243 0.9561 0.9715 0.9990 0.6871
Fs 0.9784 0.9171 0.9735 0.967H 0.9985 0.6906
Fs 0.9802 0.9708 0.9889 0.9621 0.9947 0.6670
Fe 0.9722 0.8688 0.9812 0.9672 0.9986 0.7697
F 0.9714 0.8612 0.9754 0.9732 0.9992 0.7529
Fs 0.9795 0.9051 0.9749 0.9679 0.9990 0.7386
Fo 0.9832 0.9719 0.9933 0.9642 0.9995 0.7500
Fic 0.9907 0.9899 0.9969 0.9528 0.9969 0.7559
FutCaecal | 9935 0.8866 0.9685 0.9490  0.9976 0.8301
Content
DISCUSSION

Guar gum a naturally occurring polymer can be deethe colon targeting of the drugs in the presesearch guar
gum was crosslinked with the borax to enhance fkeosity of the gum there by increasing its efficy as
controlled release polymer. Amount of free borateahe formulation was estimated by titrimetry. \Gisity and
swelling studies were conducted for guar gum as agetrosslinked guar gum form the results it wlaseoved that
crosslinking with borax enhanced the viscosity esdliced the swelling of the polymer. Formulatioresevprepard
as per Table 1 by wet granulation technique andjthaules were compressed using 16 station rotanpoession.
Prepared tablets were evaluated for quality cormamhmeters and results are shown in Table 5.Dissnlstudies
were performed for all the formulations in 0.1N HEH 1.2) for first two hours, simulated intestitfilalid (pH 7.4)
for 3 hr and simulated colonic fluid (pH 6.8) fo® hr. Comparative dissolution profiles of Theopimgl matrix
tablets formulated with guar gum are shown in fegut-3. Dissolution data was fitted in to populiaxekic models
like Higuchi, Hixon-Crowell cube root model,Pepasl values are given in table 6 from the kinetialysis of the
data it was shown that optimized formulation Flllofeed zero order release with non-fickian diffusimechanism
in the absence of caecal content and it followedien mechanism in the presence of caecal comditating the
degradation of polymer in the presence of colonicrofiora . The IR spectra of the pure drug and best formuiatio
indicated that no chemical interaction occurredveen the drug, Theophylline and the carriers used.

CONCLUSION

In this study the influence of cross linking agbatax on drug release characteristics was studieg cross linking
of borax on guar gum can increase the viscosityraddce the swelling index of the polymer so thessrlinking
can retard the drug release efficiently when comgbéo normal guar gum. Cross linked guar gum wtmated for
the determination of any free borate ions by tigtim. Dissolution profiles of formulations formudat with the guar
gum and borax cross linked guar gum were companddesults showed that cross linked guar gum cbedrohe
drug release efficiently than the untreated guam;gthis was further conformed by the swelling stsddf the
formulations. Maximum amount of the drug was redebi the presence of caecal content it can beleded with
the drug release in the colon due to microbial aégtion. From this study it was concluded that harass linked
guar gum a novel polymer can be used as controdledse polymer.

REFERENCES

[1] Michael J.Rathbone, Jonathan, Michael S.RobertgeldaE.Lane, “Part IV Colonic Technologies” Moigifl
Release Drug Deliverysecond Edition, Volume -1, New York: informa hbatare USA, 217-248006)

[2] T.N. Tozeret al, Pharm. Res8 (4), 445-4541991).

[3] L.F. Siew, A.W. Basit, and J.M.NewtoBgur.J. Pharm. Scill (2), 133—-139Z000).

[4]Y. Yoshikawaet al., J. Pharm. Pharmac6il(9) 979-989 (1999).

[5] Sonali Sheorey and Meera Honr&harmaceutical analysis —I (PracticaLareer Publications, 41-42.

[6] Block, Roche, Soine and Wilsomorganic Medicinal and Pharmaceutical Chemisy,1-343

[7] K.Jani Girishet al, “Studies on Formulation and evaluation of newesdfsintegrants for dispersible tabletsit
J Pharma Excip37-43@005).

1059



P. J. Subrahmanyam J. Chem. Pharm. Res., 2012, 4(2):1052-1060

[8] N.K.Jain,Advances in Controlled and Novel Drug Delivér$9-112, New Delhi: CBS publishers& distributors

[9] Y.S.R. Krishnaiah, V. Satyanarayana, B. Dinesh Kuaral R.S. Karthikeyarguropean Journal of Pharmaceutical
Sciencesl6, 185-192002).

[10]R. W. Korsmeyer, R. Gurny, E. Docler, P. Buri,AN.Peppas,Int. J. Pharm, 15, 25 1983).

[L1]N. A. PeppasPharm. Acta Hely 60, 110 1985)

1060



