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ABSTRACT

Objective: Formulations were developed for targeted controlled delivery of
5-fluorouracil at the colonic site. Methods: Probable dose for drug loading
in the tablets and duration of drug release at the colon was determined.
Core tablets were formulated with an aim to deliver the drug at a constant
rate following zero order kinetics throughout the duration of release.
Hydroxypropyl methylcellulose E15 and potassium chloride were incorporated
as hydrophilic agents in the core matrix for drug release at the desired level
and the formulation with the best release profile was chosen for coating
with a coating solution containing Eudragit S100, polyethylene glycol 400
and talc. The amounts of Eudragit S100 and weight gain of the tablet were
optimized using sequential simplex optimization method. Results: The
optimized coated formulation (0.6875 g of Eudragit S100; 7.5% weight
gain) was able to provide minimum drug release in the 5 hr lag time (5.9%
of cumulative release) and an average release rate of 19.8% per hr there-
after. Conclusion: The optimized formulation for 5-Fluorouracil delivery at
the colonic site was able to achieve a sufficient lag time and controlled drug

INTRODUCTION

Colon cancer starts as a polyp in the innermost lining of the colon and
gradually spreads beyond the inner wall into the muscle layer and reaches
the adjacent lymph node of the colon and finally to the other organs
(metastatis). Treatment includes surgical removal of tumors, radiation
therapy and chemotherapy with antineoplastic agents like 5-fluorouracil,
leucovarin, oxaliplatin, capecitabine, etc.!

5-Fluorouracil (5-FU) is an analogue of uracil and is used for the treat-
ment of gastrointestinal cancers, including colorectal cancers, breast,
gynaecological as well as head and neck tumors.” The drug shows rapid
elimination with a half-life of only 11 min.* Further, the drug is admin-
istered intravenously (IV) because of its poor absorption and variable
first-pass hepatic catabolism.*

Administered as IV infusion, the drug spreads to the whole body. Even-
tually, the major amount of drug gets wasted resulting in severe toxicity.
Leukopenia, diarrhoea, stomatitis, and nausea are common manifesta-
tions, while life threatening cardiac toxicity is reported occasionally. The
drug undergoes high (>80%) first pass metabolism which makes the
drug unsuitable for conventional oral delivery However, targeted delivery
into tumour bearing colon can minimize these side effects and is thought
to be a strategic approach to make the drug orally deliverable. Tumour
vasculature in cancerous cells is leaky and absorbs rapidly.® If the drug is
present in sufficient concentration in colon, it will come into direct
contact with the projected parts of the inner layer and get absorbed
through the tissues, which may be also be affected in later stages of the
cancer. Therefore, preferential absorption into the cancerous tissue rather
than normal cells is a strong possibility.

release and can be highly beneficial for optimum therapeutic activity and
negligible side effects when administered orally.
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Thus, the present study was undertaken with the objective of developing
a biphasic tablet that would supress the drug release in stomach and
intestine and shows a burst release at colon.

Now, it leads to three questions. 1) How to suppress the drug release
in the upper parts of the gastrointestinal tract? 2) What should be that
concentration in the colonic fluid to generate proper local and systemic
action? 3) What should be mechanism of drug release from the formulation?

The answer to the first question may be delayed drug delivery through
coating, which may help to avoid drug release in the stomach and small
intestine and release the drug in the colon. Enteric coated dosage forms
for the drug, like matrix tablets, microspheres or nanoparticles using
polymers like Eudragit S100 or ethylcellulose have been used for such
purposes.®® Besides, novel drug delivery systems like modified pulsincap
delivery, polyelectrolyte complexes, osmotic devices, etc were also tried
Out‘IO-IZ
The answer to the second question may be determined by analysing
available literature of drug dosing and pharmacokinetic data.
IV infusion of 5-FU is given at a constant rate (40 drops/min for a total
duration of 4 h) such that the concentration of drug in blood remains
constant. Therefore, the answer to the third question may be maintaining
a constant drug concentration in the colonic fluid given through an oral
dosage form, releasing drug through zero order mechanics. Thus, the
present study was undertaken with the following objectives.
a) To determine the drug concentration to be maintained in the colonic
fluid and the drug dosing for the tablet.
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b) To maintain a sufficient lag time for drug release by enteric coating
and thereafter to maintain a constant drug release rate throughout
the release period.

¢) To optimize the coating parameters to achieve the desired release.

MATERIALS AND METHODS

Materials

5-Fluorouracil was purchased from Tokyo Chemical Industry Co. Ltd.
Microcrystalline cellulose (MP Biomedicals); Hydroxypropyl methylcel-
lulose E15 LV, Magnesium stearate, Sodium hydroxide, Polyethylene
glycol (Loba Chemie); Polyvinylpyrrolidone (CDH Labs); Eudragit S100
(Yarrow Chemicals Pvt. Ltd., Mumbai); Talc (New Bengal Drug House);
Acetone, Iso-propanol (Nice Chemicals Pvt. Ltd.); Potassium chloride,
Potassium dihydrogen phosphate, Hydrochloric acid (Merck Specialities
Pvt. Ltd.) were obtained commercially. Double distilled water was used
throughout the study.

Methods
Determination of drug concentration using pharmacokinetic data

The required drug concentration at the colonic site was determined from
available literature and pharmacokinetic data of the drug. Thereafter, the
drug loading of the tablet was calculated.

Formulation development

The tablets were developed in two stages. First, formulation of the core
tablets (uncoated) and second, coating. The core tablets were developed
by trial error method to achieve a minimum hardness of 5 kg/cm?but
rapid dissolution when placed in pH 7.4 phosphate buffer. However, the
composition of the coating solution was optimized by sequential simplex
method.

Preparation of the core tablets

Core tablets were developed by conventional wet granulation method.
Calculated amounts of the drug and excipients were thoroughly mixed
and passed through a sieve (#40). Next, the sifted mixture was granulated
with aqueous PVP-K 30. The prepared granules were dried, sifted through
#20, mixed with magnesium stearate and compressed in a tableting
machine (16 station Cadmach compression machine). The compositions
of the core tablets are outlined in Table 1.

Evaluation of the core tablets

The core tablets were tested for hardness, weight variation, content
uniformity and in-vitro dissolution by standard procedure."® Hardness was
tested with Monsanto hardness tester on a batch of six tablets. Weight
variation was done for tablets of the optimized formulation. For content
uniformity, tablets were crushed, extracted with HCI buffer (pH 1.2) and
absorbances noted at 242.9 nm, after suitable dilution.

The drug release was tested in USP Dissolution apparatus 2 using 500 ml
of phosphate buffer (pH 7.4, 37+0.5°C and 75 rpm). Samples were taken
from the dissolution flask at regular intervals and the media was replen-
ished with fresh buffer. Core tablets showing the desirable release char-
acteristics were forwarded to the stage of coating.

Determination of drug release mechanism based on study of release
kinetic models

The drug release data were fitted into the equations for zero order, first
order, higuchi model and korsemeyer-peppas model. For zero order
plotting, cumulative percentage drug release was plotted vs time. For
first order plotting, log of cumulative percentage drug release was plotted
vs time. For higuchi model plot, cumulative percentage drug release was
plotted vs square root of time. For korsmeyer-peppas plot, first 60% of
drug release was considered and log cumulative percentage drug release
versus log time was plotted.'*'
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Coated tablet formulation, evaluation and optimization
Procedure for coating

For coating, the tablets were dipped into a polymer solution followed by
air drying. The coating solution consisted of a mixture of Eudragit S100
(polymer), Polyethylene glycol 400 (plasticizer) and talc. A mixture of
isopropanol (IPA) and acetone (1:1) served as the solvent.'®

Briefly, Polyethylene glycol (PEG) at 20% w/w of polymer was dissolved
in IPA-acetone mixture to obtain a clear solution. Next, Eudragit S100
(ES) was added in small amounts so as to dissolve the polymer. Finally,
talc (10% w/w of polymer) was added to reduce tackiness and stickiness
of Eudragit films.”” The mixture was stirred for 2 hr for plasticization of
the polymer. The coating mixture was filtered through Whatman filter
paper and used for coating.

Evaluation of the coated tablets

Coated tablets were evaluated for drug release in three different
media. USP Dissolution apparatus 2 was used. The dissolution test started
with pH 1.2 HCI buffer. After 2 hr in the HCI buffer, the tablets were
withdrawn from the media and dissolution was carried out in pH 6.8
phosphate buffer for two more hours. At the end of 2 hr, this media was
replaced by pH 7.4 phosphate buffer and dissolution continued for five
more hours. The total duration of the study was 9 hr.

Optimization of coating formulation by sequential simplex method

Sequential simplex optimization is a simple process of optimization
by which the desirable formulation would be achieved. Through this
process, an optimized formula was obtained with lesser number of
experiments and less wastage of drugs and excipients. In the present
study, the process was started with three initial coating formulations
(Table 2), designed according to the method of half factorial. The factors
that were considered for the optimization were: 1. concentration of
polymer, ES (F1); 2. Percentage weight gain of the tablets (F2). The rest of
the factors were kept constant. Suitable drug release tests were conducted
and the responses of the formulations were calculated by evaluating the
response parameters, namely, cumulative drug release within the first
5 hr (P1); average release rate from 6" hr onwards (P2). The response
data generated from the dissolution experiments were normalized with
the following equations (Eq 1 and 2). The normalized responses were
then fitted into a final equation (Eq 3) to obtain the overall response of
the formulations.'

Rl:wxloo (1)

(H-M)

Equation 1 was used to normalize the values for the cumulative drug
release within the first 5 hr (P1). Here, H and M were the maximum
(10% cumulative release) and minimum (0% cumulative release) values
set for P1 and X was the value of P1 obtained through the dissolution
experiment. R1 was the normalized response for P1.

X-M
S /%100 (2)
H-M

Similarly, Equation 2 was used to normalize the values for the average
rate of drug release after 5 hr of dissolution (P2).

Rt =0.5 x (R1+R2) (3)
Equation 3 was used to obtain the overall normalized response, Rt. In
this equation, equal weightage was given to both P1 and P2, for optimi-
zation of the formulation. Rt was used to compare the efficiency of the
formulations as to achieve the set targets.
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New formulations were developed based on the overall response,
obtained through equations 1, 2 and 3, according to the rules of sequential
optimization. In this process, the three initial formulations (CF1, CF2
and CF3) were evaluated as described in the previous section and the
best and worst formulation was noted. The worst formulation was then
to be discarded and the rest were retained. The next formula to be devel-
oped was then deduced from Rule 1.

Rule 1: P+P-W; where P was the average value of a given factor in the
retained formulations and W represented the value of factor in the worst
formulation.

The formulation such devised was again subjected to dissolution test and
the overall response was evaluated in similar way. If the response of this
formulation was better than the other two retained formulations, then it
would be considered the best and in such case, the next formula would
be devised by Rule 2.

Rule 2: P+ [2x(P-W)]

However, if the response was the worst among the formulations, then
Rule 3 was applied to get the next formula.

Rule 3: P+ [0.5%(P—W)]

But, if the response was in between the worst and the best, then Rule 4
was applied to derive the next formula. Rule 4 was also applied in case of
an impossible formulation. An impossible formulation would be derived
with values of F1 and F2 in the negative range or such a formulation
would be inappropriate to develop.

Rule 4: P-[0.5x(P-W)]
The sequence of optimization was continued until the best response
(closest to the target response of 100) was achieved."”

Drug-excipients compatibility studies

Drug-excipient compatibility was studied by FTIR spectroscopy. Studies
were conducted on both pure drug and samples of coated tablets by KBr
pellet method using a Bruker Alpha T spectrophotometer.

RESULTS

Determination of drug loading into tablets

When 5-FU was administered through IV infusion, the dose was around
15 mg/kg body weight. Considering an average body weight of around
60 kg, around 900 mg was administered. The maximum dose that could
be given was 1 g. The infusion was given by dissolving the required
amount of drug in 500 ml solvent and administered at a rate of 40 drops/
min for a total duration of 4 hr. Therefore, about 4 mg drug/min entered
blood circulation.”

The average perfusion rate of an adult body is 5000 ml/min. The average
perfusion rate through the colonic tissues is 70 ml/min.?'

Taking these parameters into consideration, the amount of drug delivered
to the colonic tissues by infusion = 70x4/5000 = 0.056 mg/min = 3.36 mg/hr.
The reported bioavailability was 28%. So, the amount delivered per hour
=3.36/0.28 = 12 mg. Therefore, 12 mg/hr might be required to be deliv-
ered to the lumen.

When 5-FU was tested on cancer cell lines, EC50 value of 106.8 uM
was reported. When we multiplied the value with molecular weight of
the drug, 13.78 pg of the drug was observed to inhibit 50% of the cell
population.?

From these observations we could conclude that 12 mg/hr delivery
would be sufficient to produce local as well as systemic effect. Considering
incomplete absorption, protein binding or first pass effect, an overage
of 3 mg was taken, and the drug to be supplied per hour to the colonic
tissues was fixed to be 15 mg /hr. The drug would be supplied from the
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tablet upto 4 hr (considering 4 hours given through IV infusion). There-
fore the total drug loading into the tablet = 15x4= 60 mg/tablet.

Therefore, the formulation to be prepared would consist of a core tablet
to achieve constant drug release rate, with a coating to achieve sufficient
lag time of around 5 hr. 15 mg/hr release would be 25% cumulative drug
release/hr. Therefore, for optimization a range of 15-25% cumulative
release/hr was chosen.

Core tablet formulation, evaluation and optimization

The developed core tablets had a smooth surface, with hardness ranging
from 1.1 kp (250 mg tablet) to 3.1 kp (300 mg tablet). It was observed
that as the amount of PVP was increased, the hardness of the core tablets
increased. Further, the hardness increased with increase in amount of
HPMC and tablet weight. However, after a certain amount was reached
(15 mg of PVP; 90 mg of HPMC), the hardness did not increase further.
Therefore, formulation FL3 was optimized with respect to hardness.
The content uniformity of all the batches was near to 100% (Table 1).
Tablets of FL3 were weighed individually and the average weight was
296.49+6.72 (Figure 1). Drug release from the core tablets was plotted
(Figure 2). More than 90% release was completed within 3 hours of dis-
solution. The release kinetics was determined by fitting the release data
into model equations (zero order, first order, higuchi and korsmeyer-
peppas models) and the R? values of the respective plots were obtained
to determine the best fitting model for drug release (Table 3). Formu-
lation FL3 which had acceptable hardness and also produced desirable
release profile following zero order kinetics, was chosen as the optimized
formulation.

Coated tablet formulation, evaluation and optimization

Non-sticky coating formulations were prepared to obtain error free coating
and smooth coats. The coated tablets were then evaluated by dissolution
tests and the formulation with minimum release during the lag time of
5 hr and with an average release in the range of 15-25% cumulative
release/hr thereafter, was chosen as the optimum formulation. CF5
released only 5.92% drug in the first 5 hr (lag time) and maintained an
average release rate of 19.856% (20%, approximately) was chosen as the
optimum formulation (Figure 2). The formulation was optimized with
the help of sequential simplex optimization method.

Table 1: Compositions of the core tablets

Material (mg) FL-1 FL-2 FL-3 FL-4
Drug 60 60 60 60
HPMC E15M 50 50 90 120
KCl 50 50 50 50
MCC 80 77.50 80 47
PVP 7.50 10 15 20
Magnesium Stearate 2.50 23 5 3
Total weight of tablet 250 250 300 300
Hardness (kp) 1.10+£0.14 1.70£042 3.10+0.14 2.85+0.49
Content uniformity (%) 96.67 99.63 100.32 102.50
Table 2: Compositions of the coating formulations
Factors CF1 CF2 CF3 CF4 CF5 CFé6
Eudragit S100 (g) 0.75 0.50 0.75 050 0.68 1.15
PEG 400 (% w/w on ES) 20 20 20 20 20 20
PEG 400: Talc ratio 2:1 2:1 2:1 2:1 2:1 2:1
Weight gain (%) 9 9 6 12 7.50 6.75
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Figure 3: FTIR of drug and formulation.
Table 3: Linearity coefficients for different kinetic models
Release kinetic models R? values
FL1 FL2 FL3 FL4
Zero order 0.948 0.932 0.997 0.989
First order 0.738 0.727 0.880 0.844
Higuchi 0.934 0.904 0.990 0.970
Korsmeyer-peppas 0.999 0.996 0.997 0.991
‘n’ value 0.873 0.755 0.851 0.789
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Determination of drug- excipients compatibility by FTIR studies

Matches between the spectra of 5-FU and formulation (CF5) were found
for different functional groups. Symmetric C-H stretch bands at 2899.36
cm’! and 2891.29 cm” for 5-FU and CF-5, respectively; asymmetric
C-H stretch bands at 2933.729 cm™and 2929. 87 cm for 5-FU and
CE-5, respectively; C=C stretch bands at 1535.33 cm™ for 5-FU and
CEF-5; C-N stretch bands at 1041.56 cm™ and 1043.48 cm™ for 5-FU and
CE-5, respectively; C-C stretch bands at 1278.805 cm™, N-H stretch
bands at 3138.18 cm and C-H bending bands at 1348.24 cm'for 5-FU
and CF-5; C-N stretch bands at 1118.71 cm™ and 1101.35 cm™! for 5-FU
and CF-5, respectively, were observed.?? The comparable FTIR for the
drug 5-FU and 5-FU tablet (CF5) was recorded (Figure 3). From, the
studies, it could be concluded that 5-FU was compatible with the excipients
used in the study.

DISCUSSION

A constant drug release rate was desired for the duration of drug release.
Therefore, a hydrophilic polymer, HPMC E15 was used in the core as it
has been used in matrix tablets producing linear release profile.”? KCI
was introduced in the matrix because it was highly water soluble and
would facilitate in the uptake of water in the core once the eudragit coating
started to dissolve. It would facilitate to form water channels within the
tablet for slow erosion of the polymer and release of the drug. Often
super-disintegrants were added in the core tablets to facilitate disintegra-
tion of the granules and faster release after coating dissolved.® This might
result in certain amount of burst release rather than controlled release
at a constant rate. Therefore, KCl was tried out alongwith HPMC E15 in
the present study.

As drug release was hindered to some extent on application of coating,
the target was to achieve about 90% drug release within three hours,
which was achieved by all the formulations. Release kinetics of the core
tablets was determined by fitting the dissolution data into zero order,
first order, higuchi and korsmeyer-peppas models and finding out the
respective R*values (linearity coefficients). The value of ‘n’ in korsmeyer-
peppas equation was dependent on the geometry of the delivery system
as well as the mechanism of release. The values of ‘n’ for a cylindrical
shaped device were < 0.43 or 0.43 for Fickian release and 0.85 for case II
or zero-order release. For systems exhibiting case II transport, the dominant
mechanism for drug transport was due to polymer matrix relaxation.
The value of n > 0.43 but < 0.85 was considered as anomalous transport
(non-Fickian) and referred to the coupling of Fickian diffusion and
polymer matrix relaxation. The value of n>0.85 was considered as
super case II transport.'” In the present study all the formulations had
the highest R? values for zero order plots. Further, korsemeyer-peppas
plots for all the formulations had good linearity (>0.99). FL1 and FL3
had ‘0’ values of 0.873 and 0.851, respectively, which were representative
of case II transport mechanism or zero order release. FL2 and FL4 had
‘0’ values of 0.755 and 0.789, respectively. Therefore, these formulations
would be having anomalous transport (non-Fickian) and referred to the
coupling of Fickian diffusion and polymer matrix relaxation. Therefore,
it was confirmed that FL3 followed zero order release kinetics and would
give constant drug release, independent of drug concentration.

From observations of release profiles, release kinetics and hardness test,
FL3 was chosen as the optimum core formulation. FL3 had an average
hardness of 3.1 kp. Further, it had the best linearity among zero order
plots (R*= 0.997) and ‘n’ value of 0.851, which confirmed the kinetics of
drug release to be linear."”

Coated tablet formulation, evaluation and optimization

PEG 400 has been used as a plasticizer in ES coating solutions in amounts
of 10% w/w on dry polymer. However, in the present study, 20% w/w of
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Table 4: Overall Responses (Rt) of the coating formulations

Response CF1 CF2 CF3 CF4 CF5 CFé6
R1 -10.85 69.18 -175.83 87.16 40.79 -27.39
R2 60.61 -30.70 36.90 -86.85 48.56 52.67
Rt 24.88 19.24 -69.47 0.15 44.67 12.63

PEG was used. The water uptake and permeation rates of the Eudragit
film would be much higher at this concentration, which would facilitate
the dissolution of the coating within 5 hr of lag time.* Talc was added in
the coating solution in half the amount of plasticizer.”

The initial three formulations were subjected to dissolution tests and
values of P1 and P2 were recorded. The responses of the parameters were
then normalized and overall responses were calculated. Among the
initial formulations, CF3 was the worst and CF1 was the best. Therefore,
CF1 and CF2 were retained and CF3 was omitted and the next formula-
tion CF4 (with 0.5 g ES and 12% weight gain) was derived with Rule 1.
Thus, the next set of formulations to be evaluated consisted of CF1, CF2
and CF4. From the response calculations CF4 was found to be the worst
in the set. Therefore, Rule 3 was applied for the next formulation. CF-5
was formulated with 0.6875 g ES and 7.5% weight gain. Thus, the next set
of formulations to be evaluated consisted of CF1, CF2 and CF5. The new
formulation CF5 had the best response and CF2 had the worst response.
Therefore, Rule 2 was applied for the next formulation, CF6, which was
formulated with 1.15625 g ES and 6.75% weight gain. Among the
formulations, CF1, CF5 and CF6, CF5 was the best (44.67) and CF 6 had
the worst response (12.63). Therefore, Rule 3 was applied and the next
formulation was derived with 0.5 g ES and 9% weight gain. But such
a formulation already existed (CF2). Therefore the sequence was being
repeated. Thus, the optimization was stopped at this point and batch CF5
(0.6875 ES/7.5% wt gain) with the highest response of 44.67 was termed
the optimized batch. The overall responses (Rt) of the various formula-
tions were recorded (Table 4).

CONCLUSION

5-FU delayed release tablet with linear release profile was developed and
characterized with respect to release kinetics and average drug release
rate. Drug loading of 60 mg was calculated and a suitable release rate in
the range of 15-25% release per hour was desired. Sequential simplex
optimization method helped to determine the optimum formulation
with 5.9% release in the initial lag time of 5 hr and an average release rate
of 19.8% per hr during the entire release period. The optimized formula-
tion would be beneficial for targeting and controlled release of 5-FU for
colon cancer management.
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ABBREVIATION USED

5- FU: 5- Fluorouracil; IV: Intravenous; FL-1: Formulation 1; FL-2:
Formulation 2; FL-3: Formulation 3; FL-4: Formulation 4; HPMC: Hy-
droxypropylmethylcellulose; KCI: Potassium chloride; PVP: Polyvinyl-

pyrrolidone; IPA: Isopropyl alcohol; PEG: Polyethylene glycol; HCI: Hy-
drochloric acid; ES: Eudragit S100; USP: United States Pharmacopoeia;
CF-1: Coating formulation 1; CF-2: Coating formulation 2; CF-3: Coat-
ing formulation 3; CF-4: Coating formulation 4; CF-5: Coating formula-
tion 5; CF-6: Coating formulation 6.
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