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ABSTRACT

Psyllium, the Ispaghula (Isabgol) husk is very well known and widely used from the times of Ayurveda as Laxative to relive constipation. With the
advancement in the technology and research, it is found to be effective to cure some other aliments including colon cancer. Not only that, the scientists have
worked upon the use of this biocompatible, inert, easily available and cheap drug as a carrier to control the delivery of other chemicals/drugs. Several studies
have been done and reported in the last decade favoring its use as a novel drug delivery carrier. The presented review summarizes the available research
studies which were aimed at exploring the use of Psyllium as an excepient in one way or another for the development of novel drug delivery systems.
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INTRODUCTION

Because of its geographical and environmental position India
has been a very good source of plats and plant products
having medicinal values. The ancient medicinal therapies
based on Ayurveda are solely based on the medicines and
extracts obtained from the natural sources. Not only the
therapeutically active part of the plants are being used from
the ancient time, but in the recent years the plant derived
polymers have also enjoying the tremendous interest due to
their diverse pharmaceutical applications such as diluents,
binder, disintegrants in tablets, thickners in oral liquids,
protective colloids in suspensions, gelling agents in gels and
bases in suppositories'. These plant derived polymers such as
natural gums and mucillages are enjoying their incorporation
into the pharmaceutical products because of being
biocompatible, cheap and easily available. Moreover they are
preferred over semi synthetic and synthetic excepient because
of their non toxicity, low cost, non irritant nature, soothing
action, easy availability and widely acceptance.”

With the advancements in technology these natural products
now can also be modified in different ways and can also be
incorporated in the final formulations in order to control the
release of the drug. Recent trends in the pharmaceutical
manufacturing are inclining towards the use of plant based
natural products in place of synthetic additives wherever
possible due to the above stated properties. Not only in the
formulation of the conventional dosage forms, these plant
based natural materials are studied and are being explored for
their role in the novel drug delivery systems. The most
extensively used category of the plant based excepients are
polysaccharides and gums (Tamarind Gum, Hibiscus
rosasinensis, Okra gum, Guar gum, Locust bean gum,
Isapgulla husk (Psyllium), Sterculia foetida, Aloe Mucilage,
Albizia gum, Fenugreek,), resins(Gum Copal, Gum Damar)
and tannins (Bhara Gum). Among the above listed plant
derived excepients, the present review is mainly aimed at the
study of Ispaghula husk, briefly as a pharmacologically active
agent but largely as an excepient for the development of
novel drug delivery.

PSYLLIUM: ROLE AS A DRUG

Although Psyllium is used interchangeably with the term
Isapaghula husk, it is the common name used for several
members of the plants belonging to the genus Plantago.
Psyllium and Isabgol are having similar uses but they differ

in their source and doses. Where Psyllium is derived from
dried ripe seeds of Plantago psyllium and P. indica, the
Isapgol husk is derived from the ripe seeds of Plantago
ovata.® The seed and seed coats of P. ovata have been studied
extensively for its chemical composition and gelling nature
and have been reported in the literatures.”” It is a very well
known, widely accepted and worldly used medicinally active
natural polysaccharide used for the treatment of
constipation'”'" and diarrhea.'” Different studies by Kumar
et. al. and Quitzau et. al. have shown that Psyllium has the
paradoxical properties of both improving the constipation by
increasing the stool weight "’ and ameliorating chronic
diarrhea." Various studies on the use of Psyllium for the
treatment of diarrhea have been done and reported on various
animals including calf, leopard and dog.””"'” Research on
humans has also been carried out by Belknap et. al. and the
studies suggested that Psyllium increases the number of
normal stool and decreases the number of liquid stools.'®
Other well studied and reported pharmacological applications
of Psyllium include its use for the treatment of Crohn’s
disease (inflammatory Bowel-Ulcerative colitis disease),'**
Irritable Bowel’s syndrome (IBS) *'** with an optimal dose
of 20mg/day,” colon cancer,”® obesity in children and
adolescents,”™** diabetes **** and hypercholesterolemia.***¢
PSYLLIUM: ROLE AS A NOVEL DRUG DELIVERY
CARRIER

Biologically Isabgol is Plantago ovata (family-
Plantaginaceae). The seed and husk of the Isabgol are widely
used in pharmaceutical industry as demulcent, emollient,
laxative, as an adjunct to dietary and drug therapy on lipid
and glucose levels *” and in other above mentioned diseases.
The seed and husk of Isabgol contains mucilage which is
present in the epidermis of the seed. It is official in IP, BP,
and USP. It is used in food and pharmaceuticals at a dose
level of 5-6 g twice a day.*® The mucilage of isabgol consists
of pentosan and aldobionic acid, which on hydrolysis yield
arabinose, galactose, galactouronic acid and rhamnose.*’ The
Isabgol mucilage has the property to swell upto 10-14 times
of its original volume.

It is just a decade back when some modifications were tried
to carry out to the physical and chemical properties of the
husk. One such attempt was carried out by Mishra A and
coworkers. They synthesized a graft copolymer of Psyllium
mucilage and polyacrylamide using ceric—ion induced redox
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polymerization. The grafted copolymer was found to dissolve
faster than Psyllium mucilage in water and had a higher
intrinsic viscosity than the mucilage.” It’s only eight years
back when Psyllium was reportedly used as a polymer for a
sustained release formulation. After that several attempts
have been made to explore the potentials of Psyllium to
control the drug release rate in one way or another. Some of
the available appreciated works have been reviewed and
briefly described under the use of Psyllium as

= Hydrogels

= Sustained release agent/Release retardant

= Qastroretentive agent

= Superdisintegrant

= Microparticals
As Hydrogels
In order to of utilize the Psyllium husk for the development
of a novel hydrogel system for the controlled drug delivery
devices, Baljeet Singh et al. synthesized Psyllium and N-
hydroxymethylacrylamide based polymeric networks by
using N, N methylenebisacrylamide (N,N'MBAAm) as
crosslinker and ammonium persulfate (APS) as initiator. °'
The polymeric network thus formed was characterized by
various sophisticated analytical methods like SEM, FT-IR
and TGA. In order to study the drug release mechanism and
diffusion coefficient from the prepared hydrogel, two model
drugs, Salicylic acid and Tetracyclin HCl were chosen. The
drug release pattern has also been studied at varying pH and
in the solution of pH 7.4 buffer, the rate of polymer chain
reaction was found out to be more as compared to the rate of
drug diffusion from the synthesized hydrogel and also that
the rate of drug release followed Fick’s Law of diffusion.
In another attempt, Singh B and team also prepared the
Psyllium  2-hydroxylethylmethacrylate (HEMA) and
acrylamide (AAm)-based polymeric networks by using the
same crosslinker and initiator.”> The polymeric network thus
formed was called psy-cl-poly(HEMA-co-AAm). To evaluate
the swelling and drug release mechanism from the hydrogel,
the swelling kinetics of the gel and the in vitro release
dynamics of Tetracyclin HCI has been studied. The value of
diffusion exponent ‘n’ for both swelling kinetics and drug
release dynamics was found out to be 0.5 which showed that
Fickian type mechanism has occurred. Also the study
concluded that from the drug loaded sample, the rate of
release of the drug from hydrogel was slow and the rate of
the diffusion of the drug increased with time.
The same team also attempted to explore the double potential
of the psyllium for novel drug delivery systems.”> They
prepared Psyllium and acrylic acid based pH sensitive
hydrogel by wusing N,N'-methylenebisacrylamide (N,N-
MBAAm) as crosslinker and ammonium persulfate (APS) as
initiator; this time for the use in colon specific drug delivery.
They selected three model drugs-Tetracyclin HCI, Insulin and
Tyrosine to target the colon and to study the swelling kinetics
of the hydrogel and the release dynamics of the active drug
from the drug loaded hydrogel for the evaluation of swelling
and drug release mechanism from the polymeric network at
varying pH. It was observed that swelling and release of
drugs from the hydrogels occurred through non-Fickian or
anomalous diffusion mechanism in distilled water and pH 7.4
buffer, which showed that the rate of polymer chain
relaxation and the rate of drug diffusion from the prepared
hydrogels were comparable.
Singh B and Sharma V in 2010 reported their combined
efforts to develop a Psyllium based hydrogel through graft
polymerization technique.’ They first evaluated the optimum

conditions for the synthesis of Psyllium-poly(vinyl alcohol)
(PVA)-poly(acrylic acid) blended hydrogel which have been
obtained as 1% v/v acrylic acid; 2% w/v PVA and 1 g of
Psyllium and then they characterize the same by SEM, FTIR
and swelling studies. Antibiotic Tetracycline HCI was chosen
as model drug and its release from the hydrogel was observed
more in pH 2.2 buffer than in 7.4 buffer or in distilled water,
thus favoring the suitability for peptic ulcer caused by
Halicobacter pylori. Also, Psyllium has been reported to cure
ulcerative colitis, hence the designed system was supposed to
have double potential to cure ulcer.

The In vitro release profile of anti-ulcer drug rabeprazole has
also been studied from biocompatible Psyllium-PVA
hydrogels by Singh B and coworkers.” In this study they first
synthesized Psyllium-PVA hydrogels by chemical method in
the presence of N,N'-methylenebisacrylamide. Then they
characterized the same by Fourier Transform infrared
spectroscopy, thermo gravimetric analysis, swelling and drug
release  studies, and finally they evaluated the
haemocompatibility behavior by studying the blood
interactions with hydrogels with reference to thrombogenicity
and haemolytic potential. Thrombogenicity results indicated
that hydrogels were non-thrombogenic. The haemolytic index
was found out to be <5%, on the basis of which they
concluded that the synthesized hydrogels were haemo-
compatible and hence could be used for oral administration of
antiulcer drugs.

In a quite different research work from already reported one,
in the search of an effective and economical material to be
used as an effective stimulus sensitive drug delivery device,
Parashar D et al.”® synthesized a Psyllium based polymer
using free radical polymerization mechanism. Psy-cl-
poly(AA) thus formed was characterized by scanning
electron microscopy (SEM) and the hydrogel was studied for
its electrical stimulus sensitive responsive behavior using 5V
AC/DC current source at 37°C using artificial biological
fluid. Maximum swelling found in artificial biological fluid
was 524% under AC and 448% under DC source showing the
excellent electrical responsive behavior. From their studies,
Prashar D and team suggested that the Psy-cl-poly(AA) may
be used for stimulus sensitive drug delivery system as an
effective and alternate drug carrier in comparison to synthetic
backbone based polymers.

Sustained release agent/Release retardant

The sustained release properties of the psyllium husk has also
been explored and evaluated by Desai A et al.”’ They
formulated the sustained release granules of amoxicillin
trihydrate using various combinations of psyllium husk and
HPMC K4M. They observed a faster release of amoxicillin
from the granules containing only psyllium husk while the
use of a combination of psyllium husk and HPMC K4M
provided a sustained release of the drug. The combination
showed this behavior due to the reduction of the immediate
swelling of the Psyllium matrix by incorporation of HPMC
K4aM

Lalwani and Parikh worked upon the preparation and
evaluation of an Isabgol based additive to be used as matrix
for directly compressible tablets of Acetaminophen using
agglomeration technique.”® The agglomerates were prepared
using varying proportions of Lactose, Calcium hydrogen
phosphate dehydrate and Avicel along with Isabgol and
Hydroxy methyl propyl cellulose and evaluated for their flow
properties. Tablets were directly compressed in different
batches using 30% Acetaminophen and 70% of different
agglomerates and studied for their controlled release
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characteristics of the drug. The findings favored the use of
Lactose and Calcium hydrogen phosphate dehydrates in the
ratio of 1:2 to get the controlled release up to 12 hours.
Panchal VM successfully formulated the extended release
Acetaminophen-Psyllium husk matrix tablets and studied the
influence of excepients on the drug release kinetics.” He
used Psyllium husk as matricing agent in drug:polymer ratio
of 50:1 and the time taken to release 70% of the drug was
found to be 11.6 hrs. He also observed that the increase in the
polymer level decreased the drug release from the matrix due
to the ability of Psyllium to form a thick gel layer at higher
concentration. The addition of the soluble additives in the
formulation were reported to increase the drug dissolution
rate while the addition of insoluble additives decreased it.
The release profile produced a good fit into the first order
plot. From his studies, Panchal VM concluded that one can
alter the release of Acetaminophen from Psyllium husk
matrix by addition of soluble or insoluble additives in relative
proportions without altering the amount of Psyllium Husk.

An investigational study was performed by Siahi-Shadbad
MR and coworkers to find out the release behavior of
Propranolol hydrochloride from Psyllium matrix in the
presence of other hydrophilic matrix forming polymers.®
Psyllium was used alone and in combination firstly with
HPMC, then with Alginate and with Sodium carboxy methyl
cellulose. Effects of the addition of different matrix former
were studied on the dissolution profiles at pH 1.2 and pH 6.8.
The addition of HPMC in increasing concentration was
reported to cause a significant decrease in the release rate of
Propranolol. On the other hand, Psyllium-Alginate matrices
produced lower drug release as compared to the alginate
matrix alone and Psyllium with Sodium CMC in the ratio 1:1
was found to slow down the drug release significantly as
compared to the matrix formed from only Psyllium or with
only Sodium CMC as retardant. From their studies, Siahi
revealed that the Psyllium powder has the ability in
combination with other hydrophilic polymers to produce the
controlled release profile when prepared with good care and
consideration.

As Gastroretentive agent

Chavanpatil M et al. in 2005 proposed a new strategy based
on sustained release formulation for the development of
Gastroretentive dosage form of Ofloxacin for once daily
dosing.®' Different polymers such as Psyllium husk, HPMC
K100M and crosspovidon alone and in combination were
tried to get the floatable and swellable formulation in order to
increase the Gastric residence time and to get the desired
sustained release profile over a period of 24 hrs. Effect of
different concentrations of the above polymers were studied
on the buoyancy lag time, duration of buoyancy, dimensional
stability, drug content and invitro release profile of
Ofloxacin. They observed that as the concentration of
Psyllium husk was increased from 75 mg to 100mg, the
formulation was capable to retain its integrity upto 24hrs and
the drug release was also reduced. It was thought to be due to
the gelling property of the husk as it forms thick gel at higher
concentration. Also the formulations containing 100 mg of
the Psyllium husk showed similar pattern of the drug release
as compared to the marketed formulation. The optimized
formulation with composition- Ofloxacin (400mg), Psyllium
husk (100mg), HPMC K100M (40mg), Sodium bicarbonate
(70mg), crosspovidon (200mg), PVP K30 (20mg) and
Betacyclodextrin (100mg) was subjected to stability studies
as per the ICH guidelines and in vivo studies in 24 healthy
volunteers .The formulation was found to be stable at all the

stability conditions and based on the in vivo performance in a
parallel study design in healthy subjects, the developed
formulation showed promise to be bioequivalent to the
marketed product (Zanocin) with the relative bioavailability
0f 97.55%.

The same team in 2006 prepared a new gastroretentive
sustained release delivery system of Ofloxacin with floating,
swellable and bioadhesive properties using crosspovidone as
swelling agent and psyllium husk, HPMC K100M to perform
dual role as release retarding polymers as well as the
mucoadhesive agent to get the release profile for 24 h.®
Formulations were evaluated for in vitro drug release profile,
swelling characteristics and in vitro bioadhesion property In
vitro tablet bioadhesion studies were done using rabbit
stomach tissue The bioadhesive property of the developed
formulation was found to be significant (P < 0.005) in
combination as compared to HPMC K100M and psyllium
husk alone. Effect of different concentrations of psyllium
husk on in vitro release of ofloxacin were also studied and
they found that as the concentration of psyllium husk
increased from 75 mg to 125 mg per tablet, initial drug
release as well as drug release in the latter hours was
decreased as compared to the marketed formulation. The
percent cumulative drug release after 2 h was reported to be
31.2341.32 (75 mg of husk), 28.98+1.08%. (100 mg husk)
and 24.84+1.68%, (125 mg husk) The higher initial drug
release at lower concentrations of the polymer might be due
to the erosion of the outer surface of the tablet at initial hours
while the gelling properties of psyllium husk could have
contributed to the slow release at latter hours. The developed
optimized formulation with composition Ofloxacin (400 mg)
Psyllium husk (100mg) HPMC KI100M (40mg)
Crosspovidone (200mg) Sodium bicarbonate (70mg)
Betacyclodextrin (100mg) per tablet was found to have
almost similar in vitro release profile as of the marketed
formulation The similarity factor f2 was found to be 91.12 for
the developed formulation and the marketed formulation,
indicating the release was almost similar to that of the
marketed formulation (Zanocin). From their studies, they
concluded that psyllium husk and HPMC KI100M in
combination can be promising polymers for gastroretentive
drug delivery systems. The optimized formulation followed
Higuchi kinetics while the drug release mechanism was
found to be anomalous type, controlled by diffusion through
the swollen matrix.

Garg R and Gupta GD Prepared and evaluated the
gastroretentive floating effervescent as well as non-
effervescent tablets of Acyclovir® and Silymarin® as model
drugs for prolongation of gastric residence time.

Floating effervescent tablets were formulated by using
hydroxypropyl methylcellulose K 4M, K 15M, psyllium husk
as different polymers, crospovidone and microcrystalline
cellulose as swelling agents and gas generating agent like
sodium bicarbonate and citric acid. Floating non-effervescent
tablets were prepared by polypropylene foam powder and
different matrix forming polymers like HPMC K 4M,
Carbopol 934P, xanthan gum and sodium alginate. All the
formulations were evaluated for floating properties, swelling
characteristics and in vitro drug release studies. The drug
release kinetics were evaluated using the linear regression
method and was found to follow both the Higuchi and the
Korsmeyer and Peppas equation. The drug release
mechanism was found fickian type in most of the
formulations. According to the author The developed floating
tablets of Silymarin and acyclovir may be used in clinic for
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prolonged drug release for at least 24 h, thereby improving
the bioavailability and patient compliance.

A new gastroretentive sustained release delivery system of
Atenolol with floating, swellable, and bioadhesive properties
was developed by VS Belgamwar and SJ Surana using the
novel effervescent agents such as citroglycine and disodium
glycine carbonate.” They tried and optimized various release
retarding polymers like psyllium husk, HPMC K15M, and a
swelling agent crosspovidone in different combinations to get
the release profile for 12hours. The formulations were
evaluated for physicochemical characteristics, in vitro drug
release profile, swelling characteristics, floating capacity, and
in vitro bioadhesive property. The in vitro drug release
followed the Higuchi kinetics and the release mechanism was
found to be of a non-Fickian type thus favoring the use of
psyllium husk, HPMC KI15M, and a swelling agent
crosspovidone in combination, for getting sustained release
of the model drug. The studies also revealed the potential for
the use of citroglycine and disodium glycine carbonate as
novel effervescent agents to be used in the floating drug
delivery system as an alternative to commonly used
effervescent agents like sodium bicarbonate and citric acid.
Liquorice along with its antitussive property has the potential
for the treatment of Helicobacter pylori infection and gastric
ulcers. Floating tablets containing aqueous extract of
liquorice as drug in order to prolong the gastric residence
time of drugs, to improve bioavailability, and to facilitate
local drug delivery to the stomach was formulated and
evaluated by HN Aswatha Ram et al.®® Tablets of liquorice
extract using psyllium husk, HPMC K100M, talc, sodium
bicarbonate, and magnesium stearate were prepared,
physicochemically evaluated and optimized on the basis of
buoyancy time and in vitro drug release. In vitro dissolution
studies for the floating tablets were carried out in 0.1N HCI at
37 °C. About 93-99% of the drug was released in 8 h. The
optimized formulation released 98.3% of drug in 8 h in vitro
with the buoyancy lag time of 3.5 min. Formulated floating
tablets were found to be best fitted to Korsmeyer-Peppas
model and zero-order kinetics. From their studies, Aswatha
Ram et al concluded that formulations containing Psyllium
husk, sodium bicarbonate and HPMC K100M in combination
can be the promising polymers for gastroretentive drug
delivery systems. Also that the floating tablets of aqueous
extract of liquorice can be formulated as an approach to
increase gastric residence time, thereby improving its
bioavailability.

In their study, Asnaashari S and coworkers used
metronidazole for preparing floating dosage forms that are
designed to retain in the stomach for a long time for better
eradication of Helicobacter Pylori in peptic ulcer diseases.”’
They designed various formulations using multi-factorial
design. HPMC, psyllium and carbopol in different
concentrations alone and in combinations were used as
floating agents, and sodium bicarbonate was added as
effervescent agent. The tablets were assessed for hardness,
friability, drug loading; floating ability and release profiles as
well as kinetics of drug release. Formulations containing
HPMC alone showed prolonged lag times for buoyancy.
Adding psyllium to these formulations had significantly
reduced relative lag times. The developed formulations were
able to float immediately and showed buoyancy for at least
8h. The sustained profiles of the 10 models were assessed and
the kinetics of the release pattern of metronidazole from the
tablets fitted best to Power law, Weibull model and Higuchi
models in respect overall to mean percentage error values of

3.8, 4.73 and 5.77, respectively for calcium carbonate-based
tablets and 2.95, 6.39 and 3.9 respectively, for calcium
silicate-based tablets. The author suggested that these
systems of metronidazol were able to float in the gastric
condition and could control the drug release from the tablets.
Kharia AA et al. designed and optimized floating drug
delivery systems of acyclovir using psyllium husk and
hydroxypropylmethylcellulose K4M as the polymers and
sodium bicarbonate as a gas generating agent in order to
deliver the drug at a controlled rate to its absorption site so
that its oral bioavailability can be enhanced.”® The designed
floating drug delivery systems were optimized using 3* full
factorial design and the tablets from nine different batches
were evaluated for all Pharmacopoeial tests and also for
swelling index, floating lag time, in vitro buoyancy behavior
and drug-polymer interaction. The effect of two independent
variables i.e. the amount of Psyllium husk and
hydroxypropylmethylcellulose K4M were studied on the
times required for 50% (t (50%)) and 70% (t (70%)) drug
dissolution. Validity of the developed polynomial equation
was verified by designing two check point formulations. The
predicted and observed values for t (so0;) and t (705, were found
to be very close which indicated the validity of derived
equations for the dependent wvariables. The optimized
formulations followed Higuchi's kinetics while the drug
release mechanism was found to be anomalous type,
controlled by diffusion through the swollen matrix. Thus the
studies revealed that the hydrophilic polymers such as HPMC
K4M and Psyllium husk plays an important role in
formulation of FDDS. As the amount of the polymers in the
formulation increases, the drug release rate decreases. The
proper balance between the concentrations of two polymers
can produce a drug dissolution profile similar to the predicted
one.

As Disintegrant

The disintegrating property of Plantago ovata mucilage was
evaluated by Prajapati et al.¥ They prepared dispersible
tablet of Nimesulide with wet granulation technique. They
found that the mucilage was effective at low concentration as
superdisintegrant.  Further, the results revealed that
disintegrant property of isabgol mucilage was equivalent to
Ac-Di-Sol and superior to sodium starch glycolate.
Chakraborty S et al. carried out a comparative study of
natural superdisintegrant over the synthetic counterpart and
obtained the similar results.”” They prepared fast dissolving
tablets of acelofenac by direct compression method
employing microcrystalline cellulose as a diluent and isabgol
or Ac-Di-Sol or sodium starch glycolate as the disintegrant.
The study arributed the better disintegrating property of
isabgol mucilage over the Ac-Di-Sol and sodium starch
glycolate and also to the higher swelling index of isabgol
mucilage as compared to the Ac-Di-Sol and sodium starch
glycolate.

The reduction in the disintegration time of conventional
tablets from 10 minutes to a minimum of 23 seconds was
observed and reported by Tahir MA et al after addition of just
2-5% of dried isabgol extract in their formulation of
Diclofenac Sodium tablets.”' Tablets were formulated by
both wet granulation method and direct compression method.
Superdisintegrant features of isbagol were further optimized
by water absorption and in vitro dispersion time. Dissolution
profiles suggested that the superdisintegrants action of the
dried Isabgol mucilage enhanced the release of the drug from
tablets with respect to conventional marketed. Also the
studies suggested that directly compressed tablets released
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drug more rapidly as compared to those prepared by wet
granulation process.

Gokul Ghenge et al. also attempted to developed and
characterize Fast Disintegrating Tablet of Amlodipine
besylate using mucilage of Plantago ovata as a natural
Superdisintegrant by direct compression method using
different concentrations of Psyllium mucilage.”” The
optimized formulations showed very less in vitro
disintegration time of only 11.69sec with rapid in vitro
dissolution within 16 mins. Also they found that In vitro
disintegration time decreases with increase in concentration
of Psyllium mucillage. From the results of their study, they
suggested the use of Plantago ovata mucilege as a natural
superdisintegrant.

As Microparticals

Unique microparticals of Isoniazid with the walls formed
from alkaline extracted Ispaghula husk were prepared by
Maurya DP et al. and reported in 2011.” The team optimized
the formulation after studying the effect of four independent
variables (viz. Sodium alginate concentration, concentration
of alkaline extract of Ispaghula husk, concentration of cross
linking agent and stirring speed) on the particle size and
entrapment efficiency. The optimized formulation at
conditions — Sodium alginate (3.55% w/v), Alkaline extracted
Ispaghula Husk (3.60% w/v), cross linker concentration
(7.82% w/v) and at stirring speed of 1200rpm was found to
exhibit 83.43% of total drug entrapment with validity of
97.80% in the particles of size 51.53um (validity = 96.37%)).
The drug release profile of the formulated micropaticles was
studied following Higuchi kinetics and the optimized
formulation showed the controlled release of the Isoniazid for
more than 12 hrs via non-Fickian diffusion. The In vivo
gamma scintigraphy study was also performed on Wister rats
and the presence of the microparticals was observed in the
intestinal lumen after 1 hr and were retained in the intestine
upto 12 hrs. showing decreased radioactivity % age.
CONCLUSION

After reviewing and summarizing the above reported research
studies, it can be concluded that the Psyllium possesses the
dual potential in pharmaceuticals. Initially its use was limited
as a natural drug. But with the need of replacing the synthetic
excepients with more economical, renewable, biocompatible
and easily available counterparts, Psyllium seems to be
promising to modulate drug release in required manner either
in the form of hydrogel or microparticals. On one hand it is
capable to retard the release rate of the active agent while at
the other hand it possesses the superdisintegrant property.
Hence its varying potentials can be exploited to design so
called tailor made formulations.
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