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In the present research work sustained release matrix formulation of Sco-
polamine targeted to colon by using various polymers developed. To 
achieve pH-independent drug release of meloxicam, pH-modifying agents 
(buffering agents) were used. Colon targeted tablets were preparedin two 
steps. Initially core tablets were prepared and then the tablets were coated 
by using different pH dependent polymers. Ethyl cellulose, Eudragit L100 
and S100 were used as enteric coating polymers. The precompression 
blend of all formulations was subjected to various flow property tests and 
all the formulations were passed the tests. The tablets were coated by us-
ing polymers and the coated tablets were subjected to various evaluation 
techniques. The tablets were passed all the tests.Among all the formula-
tions F3 formulation was found to be optimized as it was retarded the 
drug release up to 12 hours and showed maximum of 98.69% drug re-
lease. It followed zero order kinetics mechanism. 

 

INTRODUCTION: 

The oral route is considered to be most 
convenient for administration of drugs to pa-
tients. Oral administration of conventional dos-
age forms normally dissolves in the stomach 
fluid or intestinal fluid and gets absorbed from 
these regions of the gastrointestinal tract (GIT) 
depending upon the physicochemical properties 
of the drug. The rectal route has traditionally 
been used to administer medicaments in the 
form of suppositories and enemas to the distal 
gut, although such formulations rarely succeed 
in spreading beyond the descending colon. 
Also, the rectal route is not convenient or ac-
ceptable for most patients and hence the oral 
route is the preferred route of drug administra-
tion. However, colonic drug delivery via the 
oral route is not without its challenges.  

 

 

 

The colon constitutes the most distal 
segment of the gastrointestinal tract and so an 
orally administered formulation must retard 
drug release in the upper gastrointestinal re-
gions but release the drug promptly on entry 
into the colon. Numerous drug entities based on 
oral delivery have been successfully commer-
cialized, but many others are not readily availa-
ble by oral administration, which are incompat-
ible with the physical and/or chemical environ-
ments of the upper gastrointestinal tract (GIT) 
and/or demonstrate poor uptake in the upper 
GIT. Due to the lack of digestive enzymes, co-
lon is considered as suitable site for the absorp-
tion of various +-drugs. Over the past two dec-
ades the major challenge for scientist is to target 
the drugs specifically to the colonic region of 
GIT. Previously colon was considered as an 
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innocuous organ solely responsible for absorp-
tion of water, electrolytes and temporary storage 
of stools. But now it is accepted as important 
site for drug delivery. 

Colon targeting is used to treat: 

Seriousness from constipation and diar-
rhea to the debilitating inflammatory bowel dis-
eases(Ulcerative colitis and Crohn’s disease) 
through to colon carcinoma which is two third 
cause of cancer in both man and women. Colon 
can be utilized as portal for the entry of drugs 
into the blood stream for the systemic therapy. 
Colon having the lower level of luminal and 
mucosal digestive enzymes as compared with 
the small intestine reduces the chances of drug 
degradation. E.g.to facilitate absorption of acid 
and enzymatically labile materials especially 
proteins and peptides. Colon delivery also a 
mean of achieving chronotherapy of disease that 
is sensitive to circadian rhythm such as asthma 
and arthritis Targeted delivery ensures the direct 
treatment at the disease site, lower dosing, and 
reduction in side effects. Colonic drug delivery 
is also found useful for improving systemic ab-
sorption of drugs like nitr-endipine (calcium 
channel blocker), metoprolol (anti-
hypertensive), iso-sorbide mononitrate (anti-
anginal). The rectal route has traditionally been 
used to administer medicaments in the form of 
suppositories and enemas to the distal gut, alt-
hough such formulations rarely succeed in 
spreading beyond the descending colon. Also, 
the rectal route is not convenient or acceptable 
for most patients and hence the oral route is the 
preferred route of drug administration. Howev-
er, colonic drug delivery via the oral route is not 
without its challenges. The colon constitutes the 
most distal segment of the gastrointestinal tract 
and so an orally administered formulation must 
retard drug release in the upper gastrointestinal 
regions but release the drug promptly on entry 
into the colon. Retardation of drug release in the 
diverse and hostile conditions of the stomach 
and small intestine is not easily achieved, since 
the dosage form will be subjected to a physical 
and chemical assault that is designed to break 
down ingested materials. While in the colon, the 
low fluid environment and viscous nature of 
luminal contents may hinder the dissolution and 
release of the drug from the formulation. More-
over, the resident colonic microflora may im-
pact on the stability of the released drug via 
metabolic degradation. In spite of these poten-

tial difficulties, a variety of approaches have 
been used and systems have been developed for 
the purpose of achieving colonic targeting. Tar-
geted drug delivery is reliant on the identifica-
tion and exploitation of a characteristic that is 
specific to the target organ. In the context of 
colonic targeting, the exploitable gastrointesti-
nal features include pH, transit time, pressure, 
bacteria and prodrug approach. 

Factors to be considered in the design of co-
lon specific drug delivery system 

To reach the colon and to be able to specifi-
cally deliver and absorb the drug there, the dos-
age forms must be formulated taking into ac-
count the obstacles of the gastrointestinal tract. 
The various strategies developed to achieve this 
goal have used the specific character istics of 
this organ, i.e. transit time, pH, microflora, en-
zymes disease and the colonic environment. 
Nevertheless, these parameters can vary from 
one individual to the next and also according to 
the pathological condition and diet documented 
that gastric emptying varies with different types 
of dosage forms. 

Drugs Suitable For Colonic Drug Delivery 

        Drug delivery selectively to the colon 
through the oral route is becoming increasingly 
popular for the treatment of large intestinal dis-
eases and for systemic absorption of protein and 
peptide drugs. There has been an increasing in-
terest in utilizing the colon as a site for systemic 
absorption of these drugs in view of the less 
hostile environment prevailing in the colon. A 
variety of protein and peptide drugs like calci-
tonin, interferon, interleukins, erythropoietin 
and even insulin are being investigated for their 
absorption using colon specific drug delivery. 
Inflammatory bowel disease (IBD) such as ul-
cerative colitis and Crohn’s disease require se-
lective local delivery of drugs to the colon. Sul-
fasalazine is the most commonly prescribed 
drug for such diseases. Selective delivery of the 
drug to the colon is required for therapeutic ef-
ficacy with less or no side effects. The other 
drugs used in IBD are steroids, such as dexame-
thasone, prednisolone, and hydrocortisone. In 
colonic cancer, anticancer drugs like 5-
flurouracil, doxorubicin, and nimustine are to be 
delivered specifically to the colon. The site spe-
cific delivery of drugs like, metronidazole, 
mebendazole, albendazole is used in the treat-
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ment of infectious diseases, such as amoebiasis 
and helmenthiasis. Besides peptide and protein 
drugs, the colon is also a good site for the ab-
sorption of drugs that are not stable in the acidic 
environment of the stomach, cause gastric irrita-
tion (e.g. aspirin, iron supplements) or those 
degraded by small intestinal enzymes. A num-
ber of drugs available as sustained release or 
delayed release or timed release tablets or cap-
sules for oral administration are anti-
inflammatory drugs, anti-hypertensive drugs, 
etc. Unless these drugs have good absorption 
characteristics in the colon, their intended use in 
the management of respective disorder s 
through sustained release or timed release for-
mulations will be in question. The drugs that are 
having good absorption properties from the co-
lon include theophylline, glibenclamide and 
oxeprenolol. Diclofenac, ibuprofen, nitreni-
dipine, isosorbide, metoprolol (anti-
hypertensive), nifedipine etc. and hence can be 
investigated for better bioavailability through 
colon specific drug delivery. 

Approaches to colon-specific drug delivery 

     In recent years, a large number of solid for-
mulations targeting the lower parts of the Gastro 
Intestinal Tract, especially the colon, have been 
reported. These formulations may be broadly 
divided into four types, which are: 

1. pH- dependent system designed to re-
lease a drug in response to change in 
pH 

2. Time controlled (or Time-dependent) 
system designed to release a drug after 
a predetermined time. 

3. Microbially-controlled system making 
use of the abundant entero-bacteria in 
the colon. 

4. Enzyme- based system. Prodrug. 
5. Pressure-dependent system making use 

of luminal pressure of the colon. 
Among these, first three are most widespread 
formulation technologies being developed for 
pharmaceutical market. 

pH-Dependent Systems: 

    Solid formulations for colonic delivery that 
are based on pH-dependent drug release mecha-
nism are similar to conventional enteric-coated 
formulations but they differ in target site for 
delivery and therefore type of enteric polymers. 

In contrast to conventional enteric-coated for-
mulations, colonic formulations are designed to 
deliver drugs to the distal (terminal) ileum and 
colon, and utilize enteric polymers that have 
relatively higher threshold pH for dissolution 
most commonly used polymers (Table 1) are 
derivatives of acrylic acid and cellulose. These 
polymers have ability to withstand an environ-
ment ranging from low pH (~1.2) to neutral pH 
(~7.5) for sever al hour s. Apparently, it is high-
ly desirable for pH- dependent colonic formula-
tions to maintain their physical and chemical 
integrity during passage through the stomach 
and small intestine and reach the large intestine 
where the coat should disintegrate to release the 
drug locally.  

        It should be however noted that Gastro In-
testinal fluids might pass through the coat while 
the dosage form transits through the small intes-
tine. This could lead to premature drug release 
in the upper parts of Gastro Intestinal tract and 
as a result loss of therapeutic efficacy may oc-
cur. One approach to overcome this problem is 
to apply higher coating levels of enteric poly-
mers; however, this also allows influx of Gastro 
Intestinal fluids through the coat, and the thicker 
coats often rupture under the influence of con-
tractile activity in the stomach. In general, the 
amount of coating required depends upon the 
solubility characteristics (solubility, 
dose/solubility ratio) of the drug, desired release 
profile and surface area of the formulation, and 
composition of the coating solution/dispersion.   
Widely used polymers are methacrylic resins 
(Eudragit S), which are available in water solu-
ble and water-insoluble forms. Eudragit L and S 
are copolymers of methacrylic acid and methyl 
methacrylate. To overcome the problem of 
premature drug release, a copolymer of meth-
acrylic acid, methyl methacrylate and ethyl 
acrylate (Eudragit FS), which dissolves at a 
slower rate and at a higher threshold pH (7–7.5), 
has been developed recently colon targeted drug 
delivery systems based on methacrylic resins 
has described for insulin, prednisolone, quin-
olones, salsalazine, cyclospore beclomethasone 
dipropionate, and naproxane, pH-sensitive de-
livery systems are commercially available for 
mesalazine, (5-aminosalicylic acid) and 
budesonide for the treatment of ulcerative colitis 
and Crohn’s disease respectively. 
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Time-controlled (or time-dependent)  
Systems: 

      Time-controlled systems are useful for syn-
chronous delivery of a drug either at pre-
selected times such that patient receives the 
drug when needed or at a pre-selected site of the 
GIT. These systems are therefore particularly 
useful in the therapy of diseases, which depend 
on circadian rhythms. Time-controlled formula-
tions for colonic delivery are also delayed-
release formulations in which the delay in de-
livery of the drug is time- based. In these sys-
tems, it has been suggested that colonic target-
ing can be achieved by incorporating a lag time 
into the formulation equivalent to the mouth to 
colon transit time. Ideally, formulations are de-
signed such that the site of delivery (i.e. colon) 
is not affected by the individual differences in 
the gastric emptying time, pH of the stomach 
and small intestine or presence of anaerobic 
bacteria in the colon. A nominal lag time of 5 
hours is usually considered sufficient, since 
small intestinal transit has been considered rela-
tively constant at 3 to 4 hours. In principle, 
time-controlled systems rely on this consistent 
small intestinal transit time. The drug release 
from these systems therefore occurs after a pre-
determined lag phase, which is precisely pro-
grammed by selecting a suitable combination of 
controlled-release mechanisms. 

Available technologies based on the time con-
trolled systems are: 

1. Codes system: comprises a series of 
polymer s that are combined to protect 
the drug core until the formulation ar-
rives in the colon. 

2. Colon-Targeted Delivery System - us-
es lag time to achieve colon delivery. 
The system is comprised of three parts: 
an outer enteric coat, an inner semiper-
meable polymer membrane, and a cen-
tral core comprising swelling excipients 
and an active component. 

3. Oros-CT: is a technology developed by 
Alza Corporation and consists of an en-
teric coating, a semiper meable mem-
brane, a layer to delay drug release, and 
a core consisting of two compartments. 

4. Time Clock - delivery device: devel-
oped by Pozzi and colleagues is pulsed 
delivery system based on a coated solid 
dosage form. 

METHODOLOGY 

Analytical method development: 

a) Determination of absorption maxima: 

        A solution of containing the concentration 
10 µg/ ml was prepared in 0.1N HCl , 7.4 pH & 
phosphate buffer 6.8pH respectively, UV spec-
trum was taken using Double beam UV/VIS 
spectrophotometer. The solution was scanned in 
the range of 200 – 400. 

b) Preparation calibration curve: 

       10mg of  drug was accurately weighed and 
dissolved in 10ml of 0.1N HCl, 7.4 PH, and 6.8 
PH in 10 ml volumetric flask, to make (1000 
µg/ml) standard stock solution (1). Then 1 ml 
stock solution (1) was taken in another 10 ml 
volumetric flask to make (100 µg/ml) standard 
stock solution (2), then again 1 ml of stock solu-
tion (2) was taken in another 10 ml volumetric 
flask and then final concentrations were pre-
pared 2, 4,6, 8, 10, 12, 14, 16, 18 ,and 20µg/ml 
with 0.1N HCl, 7.4 pH, and 6.8 pH. The ab-
sorbance of standard solution was determined 
using UV/ VIS spectrophotometer at 273nm. 
Linearity of standard curve was assessed from 
the square of correlation coefficient (r2) which 
determined by least-square linear regression 
analysis. 

Drug – Excipient compatibility studies 

FTIR Studies: The physical properties of the 
physical mixture were compared with those of 
plain drug. Samples was mixed thoroughly with 
100mg potassium bromide IR powder and com-
pacted under vacuum at a pressure of about 12 
psi for 3 minutes. The resultant disc was mount-
ed in a suitable holder in Perkin Elmer IR spec-
trophotometer and the IR spectrum was record-
ed from 3500 cm to 500 cm. The resultant spec-
trum was compared for any spectrum changes. 

Preformulation parameters 

The quality of tablet, once formulated 
by rule, is generally dictated by the quality of 
physicochemical properties of blends. There are 
many formulations and process variables in-
volved in mixing and all these can affect the 
characteristics of blends produced. The various 
characteristics of blends tested as per Pharma-
copoeia. 
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Angle of repose: 

The frictional force in a loose powder 
can be measured by the angle of repose. It is 
defined as, the maximum angle possible be-
tween the surface of the pile of the powder and 
the horizontal plane. If more powder is added to 
the pile, it slides down the sides of the pile until 
the mutual friction of the particles producing a 
surface angle, is in equilibrium with the gravita-
tional force. The fixed funnel method was em-
ployed to measure the angle of repose. A funnel 
was secured with its tip at a given height (h), 
above a graph paper that is placed on a flat hori-
zontal surface. The blend was carefully pored 
through the funnel until the apex of the conical 
pile just touches the tip of the funnel.  

Bulk density: 

Density is defined as weight per unit 
volume. Bulk density, is defined as the mass of 
the powder divided by the bulk volume and is 
expressed as gm/cm3. The bulk density of a 
powder primarily depends on particle size dis-
tribution, particle shape and the tendency of 
particles to adhere together. Bulk density is very 
important in the size of containers needed for 
handling, shipping, and storage of raw material 
and blend. It is also important in size blending 
equipment. 10 gm powder blend was sieved and 
introduced into a dry 20 ml cylinder, without 
compacting.  

Tapped density: 

After carrying out the procedure as giv-
en in the measurement of bulk density the cyl-
inder containing the sample was tapped using a 
suitable mechanical tapped density tester that 
provides 100 drops per minute and this was re-
peated until difference between succeeding 
measurement is less than 2 % and then tapped 
volume, V measured, to the nearest graduated 
unit.  

Measures of powder compressibility: 

The Compressibility Index (Carr’s In-
dex) is a measure of the propensity of a powder 
to be compressed. It is determined from the bulk 
and tapped densities. In theory, the less com-
pressible a material the more flowable it is. As 
such, it is measures of the relative importance of 
interparticulate interactions. In a free- flowing 
powder, such interactions are generally less sig-

nificant, and the bulk and tapped densities will 
be closer in value. 

Formulation development of Tablets: 

       Scopalamine  colon targeted tablets were 
prepared by using compression coating tech-
nology. Initially internal core tablet containing 
drug and super disintegrate was formulated. For 
the prepared core tablet compression coating is 
done by using various compositions of poly-
mers. Ethyl cellulose, Polymethacrylate poly-
mers such as Eudragit L100 and Eudragit S100 
are used as polymers for compression coating. 
Tablets are developed in two stages like Prepa-
ration of core tablet containing drug and super 
disintegrate and Compression coating of pre-
pared core tablets. 

Formulation of core tablet: 

        The core tablets are formulated by using 
20 mg of drug molecule, sodium starch glycol-
late as super disintegrate, microcrystalline cel-
lulose as diluent, talc and magnesium stearate 
as Glidant and Lubricant respectively. The 
composition of core tablet was given in table. 
Total weight of core tablet was fixed as 60 mg. 
The tablets are prepared by using 5mm flat 
punch. Then the prepared core tablets are sub-
jected to compression coating by using various 
compositions of polymers. 

Formulation of compression coated tablets: 

     The prepared core tablets were subjected to 
compression coating by using various composi-
tions of polymers such as Ethyl cellulose, Eu-
dragit L 100 and Eudragit S 100 as coating ma-
terials.the composition of coating layer is given 
in table. Compression coating layer was divided 
into two equal portions i.e., 120mg of each 
quantity .Half of the quantity of powder blend 
was placed in the die cavity, core tablet was 
placed exactly in the middle of die cavity and 
then remaining quantity of powder blend was 
placed over the core tablet so that the powder 
blend should cover all the sides and top side of 
core tablet uniformly. Then the tablets are com-
pressed by using 9mm flat surfaced punch using 
8 station tablet punching machine with the 
hardness of 4-4.5 kg/cm2.Then the prepared 
compression coted tablets are evaluated for var-
ious post compression parameters as per stand-
ard specifications. 
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Evaluation of   post compression parameters 
for prepared Tablets 

      The designed formulation compression 
coated   tablets were studied for their physico-
chemical properties like weight variation, hard-
ness, thickness, friability and drug content. 

Weight variation test: 

To study the weight variation, twenty 
tablets were taken and their weight was deter-
mined individually and collectively on a digital 
weighing balance. The average weight of one 
tablet was determined from the collective 
weight. The weight variation test would be a 
satisfactory method of deter mining the drug 
content uniformity. Not more than two of the 
individual weights deviate from the average 
weight by more than the percentage shown in 
the following table and none deviate by more 
than twice the percentage. 

Hardness: 

Hardness of tablet is defined as the 
force applied across the diameter of the tablet in 
order to break the tablet. The resistance of the 
tablet to chipping, abrasion or breakage under 
condition of storage transformation and han-
dling before usage depends on its hardness. For 
each formulation, the hardness of three tablets 
was determined using Monsanto hardness tester 
and the average is calculated and presented with 
deviation. 

Thickness: 

          Tablet thickness is an important charac-
teristic in reproducing appearance. Tablet thick-
ness is an important characteristic in reproduc-
ing appearance. Average thickness for core and 
coated tablets is calculated and presented with 
deviation. 

Friability:  

         It is measured of mechanical strength of 
tablets. Roche friabilator was used to determine 
the friability by following procedure. Pre-
weighed tablets were placed in the friabilator. 
The tablets were rotated at 25 rpm for 4 minutes 
(100 rotations). 

Determination of drug content: Both com-
pression-coated tablets of   were tested for their 

drug content. Ten tablets were finely powdered 
quantities of the powder equivalent to one tablet 
weight of Scopalamine   were accurately 
weighed, transferred to a 100 ml volumetric 
flask containing 50 ml water and were allowed 
to stand to ensure complete solubility of the 
drug. The mixture was made up to volume with 
water. The solution was suitably diluted and the 
absorption was determined by UV –Visible 
spectrophotometer. The drug concentration was 
calculated from the calibration curve. 

In vitro drug release studies 

Drug release studies of Scopalamine   core 
tablets: 

The core tablets containing 15mg Sco-
palamine   of were tested in (pH 6.8), for their 
dissolution rates. Dissolution studies were per-
formed using USP paddle type sample of 5 ml 
was withdrawn and replaced with equal volume 
of fresh medium. The samples were analyzed 
spectrophotometrically at respective 270 nm. 

Drug release studies ofCompression  coated 
Scopalamine   tablets: 

The release of Scopalamine   from coat-
ed tablets was carried out using USP paddle-
type dissolution apparatus at a rotation speed of 
50 rpm, and a temperature of 37±0.5 °C. For 
tablets, simulation of gastrointestinal transit 
conditions was achieved by using different dis-
solution media. Thus, drug release studies were 
conducted in simulated gastric fluid (SGF, pH 
1.2) for the first 2 hours as the average gastric 
emptying time is about 2 hours. 

 Then, the dissolution medium was re-
placed with enzyme- free simulated intestinal 
fluid ( SIF, pH 7.4 ) and tested for drug release 
for 3 hours, as the average small intestinal trans-
it time is about 3 hours, and finally enzyme- 
free simulated intestinal fluid ( SIF, pH 6.8 ) 
was used upto 12 hours to mimic colonic pH 
conditions. Drug release was measured from 
compression  coated Scopalamine   tablets, add-
ed to 900 ml of dissolution medium. 5 ml of 
sample was withdrawn every time and replaced 
with fresh medium, samples withdrawn at vari-
ous time intervals were analyzed spectrophoto-
metrically at 275 nm and 270 nm respectively. 
All dissolution runs were performed for six 
batches. The results were given with deviation. 
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Table 1: Composition of core tablet 

Ingredient Name Quantity (mg) 
Scopalamine    20 
Sodium starch glycollate 15 
Talc 2 
Magnesium stearate 2 
MCC pH102 28 
Total weight 60 

 

Table 2: Composition of coating layer 

Ingredient name F1 F2 F3 F4 F5 F6 F7 F8 F9 
Ethyl cellulose (mg) 50 100 150       
Eudragit S100 (mg)    50 100 150    
Eudragit L100 (mg)       50 100 150 
Magnesium stearate (mg) 3 3 3 3 3 3 3 3 3 
Talc (mg) 3 3 3 3 3 3 3 3 3 
MCC pH 102 (mg) q.s q.s q.s q.s q.s q.s q.s q.s q.s 
Total weight  240 240 240 240 240 240 240 240 240 

 

Table 3: Pre formulation parameters of core material 

Formulation 
Code 

Angle of 
Repose 

Bulk density 
(gm/ml) 

Tapped density 
(gm/ml) 

Carr’s index 

(%) 
Hausner’s 

Ratio 
F1 36.01 0.55 0.645 14.72 0.85 
F2 34.8 0.57 0.66 13.63 0.86 
F3 32.74 0.53 0.606 14.19 0.858 
F4 35.33 0.531 0.613 13.37 0.866 
F5 36.24 0.549 0.641 14.35 0.856 
F6 36.12 0.564 0.666 15.31 0.846 
F7 37.08 0.581 0.671 13.41 0.865 
F8 35.12 0.567 0.654 13.12 0.845 
F9 35.45 0.571 0.689 13.28 0.855 

 

Table 4: In vitro quality control parameters for compression coated tablets 

Formulation 
codes 

Weight 
 variation(mg) 

Hard-
ness(kg/cm2) 

Friability 
(%loss) 

Thickness 
(mm) 

Drug content 
(%) 

 
F1 312.5 4.5 0.52 4.8 99.76 
F2 305.4 4.2 0.54 4.9 99.45 
F3 298.6 4.4 0.51 4.9 99.34 
F4 310.6 4.5 0.55 4.9 99.87 
F5 309.4 4.4 0.56 4.7 99.14 
F6 310.7 4.2 0.45 4.5 98.56 
F7 302.3 4.1 0.51 4.4 98.42 
F8 301.2 4.3 0.49 4.7 99.65 
F9 298.3 4.5 0.55 4.6 99.12 
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Table 5: In-vitro Drug Release profile for coated formulations (F1-F9) 

Time 
(hrs) F1 F2 F3 F4 F5 F6 F7 F8 F9 

1 5.42 0.26 0.34 2.39 1.11 1.44 8.06 2.65 1.32 
2 12.65 0.44 0.54 17.88 1.29 12.30 20.94 7.23 2.14 
3 23.56 4.65 1.26 30.45 11.71 24.44 30.26 18.19 2.90 
4 66.8 17.87 2.22 40.59 30.22 36.61 45.44 30.27 8.11 
5 86.9 29.18 3.05 55.01 40.18 47.30 63.86 42.06 17.72 
6 98.35 35.45 18.41 73.85 54.53 55.68 72.93 51.40 30.40 
7  61.04 30.05 91.92 63.88 67.53 90.23 69.13 51.64 
8  74.24 48.69  80.53 78.72  78.45 61.59 
9  88.13 55.38  95.06 83.34  85.67 74.97 
10  96.39 72.34  95.18 90.67  98.45 84.18 
11  96.45 87.56   98.12  98.12 96.87 
12   98.69      96.45 

 

 

Fig : Dissolution of formulations F1-F3 

 

Fig : Dissolution of formulations F4-F6 
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Fig: Dissolution of formulations F7-F9 

Application of Release Rate Kinetics to 

 Dissolution Data: 

Various models were tested for explain-
ing the kinetics of drug release. To analyze the 
mechanism of the drug release rate kinetics of 
the dosage form, the obtained data were fitted 
into zero-order, first order, Higuchi, and 
Korsmeyer-Peppas release model. 

Zero order release rate kinetics: 

To study the zero–order release kinetics 
the release rate data ar e fitted to the following 
equation. 

F = Ko t 

Where, ‘F’ is the drug release at time‘t’, and 
‘Ko’ is the zero order release rate constant. The 
plot of % drug release versus time is linear. 

First order release rate kinetics: The release 
rate data are fitted to the following equation 

Log (100-F) = kt 

A plot of log cumulative percent of drug re-
maining to be released vs. time is plotted then it 
gives first order release. 

Higuchi release model: To study the Higuchi 
release kinetics, the release rate data were fitted 
to the following equation. 

F = k t1/2 

Where, ‘k’ is the Higuchi constant. 

In higuchi model, a plot of % drug release ver-
sus square root of time is linear. 

Korsmeyer and Peppas release model: 

The mechanism of drug release was 
evaluated by plotting the log percentage of drug 
released versus log time according to Korsmey-
er- Peppas equation. The exponent ‘n’ indicates 

the mechanism of drug release calculated 
through the slope of the straight Line. 

             Mt/ M∞ = K tn 

Where, Mt/ M∞ is fraction of drug released at 
time ‘t’, k represents a constant, and ‘n’ is the 
diffusional exponent, which characterizes the 
type of release mechanism during the dissolu-
tion process. For non-Fickian release, the value 
of n falls between 0.5 and 1.0; while in case of 
Fickian diffusion, n = 0.5; for zero-order release 
(case I I transport), n=1; and for supercase II 
transport, n > 1. In this model, a plot of log (Mt/ 
M∞) versus log (time) is linear. 

Hixson-Crowell release model: 

(100-Qt)1/3
 = 1001/3– KHC.t 

Where, k is the Hixson-Crowell rate constant. 
Hixson-Crowell model describes the release of 
drugs from an insoluble matrix through mainly 
erosion. (Where there is a change in surface 
area and diameter of particles or tablets). 

RESULTS AND DISCUSSION 

The present study was aimed to devel-
oping compression coated Scopalamine   formu-
lations for colon targeting using ethyl cellulose 
and enteric coating polymers like Eudragit L100 
and Eudragit S 100. All the formulations were 
evaluated for physicochemical properties and in 
vitro drug release studies. 
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Analytical Method 

 Graphs of Scopalamine  was taken in 
Simulated Gastric fluid (pH 1.2) and Simulated 
Intestinal Fluid (pH 6.8 and 7.4) Scopalamine   
blend was subjected to various pre-formulation 
parameters. The apparent bulk density and 
tapped bulk density values ranged from 0.52 to 
0.581 and 0.606 to 0.671 respectively. Accord-
ing to Tables 7.4, the results of angle of repose 
and compressibility index (%) ranged from 
32.74±0.12 to 37.08±0.96 and 13.37±0.38 to 
14.72±0.62 respectively. The results of angle of 
repose (<35) and compressibility index (<23) 
indicates fair to passable flow properties of the 
powder mixture. These results show that the 
powder mixture has good flow properties. The 
formulation blend was directly compressed to 
tablets and in-vitro drug release studies were 
performed. 

Quality Control Parameters For compression 
coted tablets: 

Tablet quality control tests such as 
weight variation, hardness, and friability, thick-
ness, and drug release studies in different media 
were performed on the compression coated tab-
let. Total weight of tablet including core is 300 
mg. All the parameters such as weight variation, 
friability, hardness, thickness and drug content 
were found to be within limits. 

In-Vitro Drug Release Studies 

The compression coated tablets contain-
ing 15mg of Scopalamine   were tested in 6.8 
pH phosphate buffer solution for their dissolu-
tion rates. The release of Scopalamine   from 
compression coated tablets was carried out us-
ing USP paddle-type dissolution apparatus at a 
rotation speed of 50 rpm, and a temperature of 
37±0.5 °C. For tablets, simulation of gastroin-
testinal transit conditions was achieved by using 
different dissolution media.  

Thus, drug release studies were con-
ducted in simulated gastric fluid (SGF, pH 1.2) 
for the first 2 hours as the average gastric emp-
tying time is about 2 hours. Then, the dissolu-
tion medium was replaced with enzyme- free 
simulated intestinal fluid ( SIF, pH 7.4 ) and 
tested for drug release for 3 hours, as the aver-
age small intestinal transit time is about 3 hours, 
and finally enzyme- free simulated intestinal 
fluid ( SIF, pH 6.8 ) was used upto 12 hours to 

mimic colonic pH conditions. Drug release was 
measured from compression   coated Scopala-
mine     tablets, added to 900 ml of dissolution 
medium. 5 ml of sample was withdrawn every 
time and replaced with fresh medium, samples 
withdrawn at various time intervals were ana-
lyzed spectrophotometrically at 275 nm ,319 
and 320 nm respectively. All dissolution runs 
were performed for six batches.  

From the dissolution values it was evi-
dent that the formulations F3 & F9 were retard-
ed the drug release up to 12 hours, they shown 
drug release of 98.69 and 96.45 % respectively. 
Formulations F1 –F3 contains ethyl cellulose 
alone. As the concentration of ethyl cellulose 
increases retardation nature was increased.F3 
formulation containing 150 mg of ethyl cellu-
lose was show almost negligible amount of 
drug release in first 3 hours from the 5 th hour 
onwards it shown drug release as the time pro-
ceeds slowly the polymer was undergone ero-
sion and allowed the drug to come out from the 
dosage form. The formulation was retarded 
drug release up to 12 hours and it showed max-
imum drug release in 12 hours  i,e., in colon 
region. Similarly the formulation F9 containing 
Eudragit L 100 in the concentration of 150 mg 
also showed similar drug release pattern. 

CONCLUSION  

In the present research work sustained release 
matrix formulation of Scopalamine     targeted 
to colon by using various polymers developed. 
To achieve pH-independent drug release of 
Scopalamine  , pH modifying agents (buffering 
agents) were used.  

Colon targeted tablets were prepared in two 
steps. Initially core tablets were prepared and 
then the tablets were coated by using different 
pH dependent polymers. Ethyl cellulose, Eu-
dragit L100 and S100 were used as enteric 
coating polymers. The precompression blend of 
all formulations was subjected to various flow 
property tests and all the formulations were 
passed the tests. The tablets were coated by 
using polymers and the coated tablets were sub-
jected to various evaluation techniques. The 
tablets were passed all the tests.Among all the 
formulations F3 formulation was found to be 
optimized as it was retarded the drug release up 
to 12 hours and showed maximum of 98.69% 
drug release. It followed zero order kinetics  
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