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INTRODUCT IO W

SisS AwD wUCILAGLES

Plant gums and mucilages have been known to ana
used by the menkind siuce very early times, References to
gums have becn made in the sSible and they seem to heve been
commercisl commodities in India, Asis, Africa, Austrslia
and Chins for many years‘. Gums in the form of naturally
oceurring polysaccherides or modified polysaccharides gare
consumed in tremendous volume by cosmetics, foods,
adhesives, metallurgical, peper, textile and confectionaries1.
In phermacevtical industry gums are gencrally used as
suspending, thickening, emulsifying, binding, disintegrating

and gel forming agents1'2.

Gums are hydrophilic mecro-molecules, usually with
colloidal properties, snd in an appropriate solvent or
swelling agent produce gels, highly viscous dispersions or
Solutions at low ary substance contentz. The term gum as
techniceliy employed in industry refers to plent polysac-
cnarides or their derivatives which are dispersible in
either col@ or hot weter and produce viscous dispersions
or solutiong. The terms gum and mucilsge have often been
uysed interchangeably, glthough in phermacy & mucilage is
decmed to be & 8olution or dispersion of a gum. Gums are
slso Sometimes referred as polyssccharidic hydrocolloids

or polysacollolds. GSometimes the term gums are restricted
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to those complex polysaccharides which sre exuded from
plants either spontaneously or after mechanical injuryj.
A lerge nuwoer of plent families such &8s uLeguminoseae,
Anacgrdiacege, Combreteceae, seclisceae, Hosaceae,
Rutaceae, Jtercuiirceze and rPlanteginaceae, etc,, &re

known to produce or secrete gJums and mucilages"“.

CLASSIFICATION OF GUMS AU MUCILAGES

At a certain point of time gums were classified
into two main groupsB; (a) Resl gums that is plant products
which formed clear solutions in water, and {b) Vegetable
muci lages which swelled but did not dissolve completely in
water. This classificstion was partielly useful and not
very satisfactory since there were many exceptions. Thus
gum Tragacanth, a tree exudste and a true plant gum, is

5

only partially soluble in water”, and exhibits characteris.

tics normelly attributed to mucilages.

Recently attempts have been made to classify gums

2 ;
'b. (p) physico-chemical

éccording top their (a) origin
properties® (suych as solubilities, viscosity, feel and
adhesiveness) or (¢) chemical characteriatics1’2'7'8.
However, the most logical classification seecms to be one

pased on their cheyicel composition and structure,

Origin Wiﬂe2 gums may be classified into the

following categories,
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{(s) Exudate Gums: such as Acacis, Tragacanth, Mesquite,

etc.

(b) Sea \eed Gums; e.g., Irisumoss, Alginates, Agsr,

Carragecnin, etc,
(c) Seed Gums: e,g., Guar, Locust bean, Psyllium gum, etc,

(d) Synthetic or Modified Gums: e.g. Derivatives of Starch

and Cellulose, Dextrans, Dextrins, etc.

According to chemical properties following three

cotegories have been sugrested by Smith and Montgomery‘:

Group I: Acidic gums containing
{i) Acid components: e.g. L-guluronic acid,
D-glucuronic acid, D-gslacturonic acid,
Sulphate groups, phosphate groups, or

ethers of any of these, &nd
(1i) Neutrsl components: such &s hexoses,

pPentoses, O-Deoxyhexoses, Sugar alcohols,

etc.,

Group II: Neutrsl gums containing only neutral Ccomponents
such as Hexoses, 0-Deoxyhexose, Pentoses, Sugar

alcohols, etc,

Group III: Besic gums containing (4) Bssic components:
such &8s Amino sugers, Amino alkyl ethers,
Amino acida, pPolypeptides, etc., ang

(11) Neutral components: Such as Pentoses,



{4)

hexoses, 6-Deoxyhexoses, Sugsr alcohols, or

ethers of any of these,

This classification accommodates ali tne n-tural
gums and mucilages. Although no basic guns and mucilages
have been encountered sg far in nature, synthetic gums
containing baesic group wil. most certeainly be synthesjized
anG hence the category of vasic gums., Although the sStruc-
ture of individuasl gums is highly complex yet they may be
fitted into the above classification, on the bssis of the
suger residues which co.prise the interior chain of the
molecular structure., In this way polyseccharidic gums of
diverse origin may be considered together, and the struc-
tural relstionship of the exudate gnd seed gums with other

groups of plant polyseccharldes may be stressedg.

MODIFIED GUMS

In general modification of the structure of poly-
Baccharides brings about a significant change in their
physical properties. JSometimes modification of a low
priced polysaccharides introduces qualities that makes it
a valuable supstitute for a more expensive gum. Some gums
such 8s gum Ksrayg, gum Iragacanth, Locust beam gum disperse
slowly in water o give highly viscous dispersions, This
is & particular disadvantage where an aqueous solution of
such gums is desired at s short notice. It has been
reported that cérboxyl alkyl ethers &8nd specially alkali

metal 8slts of the carboxy slkyl ethers of these gums are
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rradily dispersible and form solutions of excellent
clarity as compared to untreated gum10. Simil-rly, the
properties of cellulose snd stesrch molecules can be
tailored to make them useful under a variety of circum-
stances11'13. Hence evolution of modified zums has become
a stimulating challerge and indications are that gum
derivatives are sometimes more useful than the parent
materials. In genergl, the properties of neutral poly-
sacchprides are altered tc a remarkable degree by the
introduction ot smaii amounts of neutral or ionic

substituent group.

Modified gum derivatives may be prepared2 by the
introduction of (sa) neutral groups, e.gz., methyl, ethyl,
hydroxy ethyl, etc., (b) acidic groups, e.g. carboxyl,
sulphate, phosphate, etc., or (c) besic groups e.g., smino

groups.

4 4
Acetates'a, nitrates's, sulphates and xanthates of

pPolysaccharide gums have been prepared using acid anhydrides

acid chlorides, ketenes, isocyanates, betalactones etc,

8s esterifying agents. Acetate derivatives of guar16,

18 9

locust bean gum!? » Laminarin'?, cellu-

20, 21

alginic acid

lose y @nd araganogalaCtanzz have been reported.

similsrly sulphated derivatives oi guar, locust bean gum,
agsr, leminerin, celilulose and starch have been reported
to be blood anti-coagulants and possible substitutes for

Heparin23.
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Gums may be oxidized, under controlled condition,

with hydrogen peroxide in the presence of Sod, hydroxide,

nitrogen dioxide, chromic scid or periodic acid23. Gum

xargyrzh, Tregscanth“k, Agar25, Carrageenan:5, Guar end

£
locust bean gum?‘ have been oxid!zed by these techniques,

Water soluble methyl celiulose can be prepared by
8 one step ctherification provided that the ratio of alknli

to water in tne alkali cellulose is meintesined at & high

28 20

Level". sethyl aerivaetives of starch™ and celiulose

have been reported., Hydroxy ethyl derivatives of locust

beanzg, guarz’, laminarinzg, starch30’31, Cwllu103320’32

have been prepsred using ethylenc oxide or chlorohydrin

as the etherifyin; agent. Similerly carboxy methyl deri-

p33

.
vatives of acacia33, tragacant , guar-“, locust bean

um33 c:llulosegs'Bh and starch’®*37 nave been reported,

£

PHY SICAL CHARACTERISTICS OF GUMS AND MUCILAGES

The solution of gums in water are colloidal in
nature, exhibit swelling pressures and form gel structure
at very low concentrations and over 3 wide renge of concen-
trations. They have low surface tensions, do not crystal-
lize, 8nd act ag protective colloids and solubilizing
agents. In effect they prevent the agglomeration and
settling of finely djvided particles of precipitates.

These properties of the sums meke theu vailuable in so many

manufacturing procesges1-0.
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CHEZ'ICAL NATURE OF GUMS AND MUCILAGT

The plant gums are smorphous, contain cerbon,
hydrogen &nd oxygen_and sre members of the carbohydrate
sroup. I1n many ceses sm&ll amounts of nitrogen are
detectab1e3, but it mey be traced to proteinaceous
jmpurities arisin  from the enzymes responsiole for the
formation of tne gums or from other protein material of

the tree,

The plent exudate gums sre neutral salts of comple x
polysaccheridic acids, and sre composed ol hexose residues,
uronic acid residues, pentose residues, ana methyl pentose
residues, which are joined together in the most diverse
manner within the same molecule. With the exception of
gun tragacanth, all exudate gums such s »lmond, arabic,
cherry, cholla, mesquite, etc., are distinguished by the
fact that D-glucuronic acid is the acid component present
in them. Closely related to these plant exudate gums are
the mucilages conteining complex acidic polysaccherides,
extractable from the endosperms of the seeds such as flax,
quince, lucerne, guar, etc. The acidic reactions of these
mucilages is dye to vhe presence of D-galacturonic acid
residues in the moleculeB. The acidity of some merine gums
ig due to D-mannuronic acid, 2-keto-U-gluConic acid or

sylphate ester residues.

The present state of knowledge of plent gums
jndicates that the uronic acid component ( D-glucuronic acid)

is present in the pyranose form. The hexoses encountered
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in plant gums 2re D-galactose and D-monnose and they too
have the pyrancse form. Glucose has not been found in any
of th- plant gum examined so far1. The pentose arsbinose
is elways found in the furanose form and is & member of the
L-series of sugsers, while xylose, which occurs in the
pyranose modification, belongs to the D-series, Thc methyl
pentose fouwnd in plant gums are L-rhemnose and L-fucosa ang

these two assume the pyrancse structure,’}.

The determination of the structure of & gum involves
the esteblishment of its homogeneity, equivslent weight,
opticel rotation, asnd uronic acid and Pentosan contents
followed by determinstions of the nature of the constituent
sugars and the uronic acids (if present), Although the
chemistry of gums has been reviewed1’3’38'h3 from time to
time, very few gums have been tested for their homogeneity
or exsmined from the view point of mode or order of union
of the component sugars, In spite of the use of tremendous
quantities of gums a clear insight into their chemistry is
not avajlable so far. It is, therefore, not surprising
thét even at the present time the use of zums is more of an
art than a 8cience, although certain empiricsl scientific

controls have pee, employed in the industrial use of GHE.

Gums &8nd mucjilsges rarely consist oi pure molecular
specles and one of the most importent and difficult Steps
in thelir investigation is their fractionation into individual
component polysaccharides, Many gums sre mucilages such as

gum tragacanthhh, barley gumhs, linseed mucilagehﬁ,



(3)

L) 50 51

LV,L>' alginates™ ", tam rind gum”", laminarin

carrageenan

and cereal gum352 have been reported to be mixture of two

or more polysaccharides,

GUM FRU.1 SLEDS

Seeds are ancient sources of gums. These gums are
often referred to as mucilages because they form & S1limy
mucilagenous mass upon aacition of water“. The gum is
found as a herd vitreous layer on the inside of the seed
Coat. Like other natural water soluble gums, the seed gums
from quince, psyllium, flax seed, locust bean, guar seeds
are mectinz stiff competition from synthetic derivatives

of starch and cellulose"g.

PLANTAGU OVATA {ISPAGHULA) SEED GUM

The genus Plantago belongs to the femily
Planteginacese, which comprises of over 200 minor species
of acaulescent or short stemmed herbs, havin: very small
greenish flowers in close bracketed spikes., Commonly used
Plsntsgo species are P. ovata, P. indica, P, srensria,

P. lanceolsva, p, major, P. rugelii, P. rhodosperma,

P. psyllium and p, amplexicaulis. Seeds from Plantago

genus h&éve éttajned coansiderable importance in tne past

few years &8s laxatives, emollients, demulcents, and
astringents in medicine; and as sizing, printing andg
thickening azents in industrial processesSB‘Ss. Mithal ang

Khasgiwa1’6 recently reviewed literature on P. ovata and
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sllied species., Plantego ovats Forsk - popularly known as

tIspaghuls' 1s &n snnual herb. It is meinly cultivated in

India and is known by the following vernscular nemes?”? - *,

Persisn : Isabghul, Ispsrzsh, Ispoghul

Arabic : Bazrekatims, Bazr:quatuna
Sanskrit : Ishabgols, Snighsbjs

Hindi 1 Isepgol, Ispeghula, Isabghul
Bengali : Ishopgol, Isabghul, Ispsghul

Gujerati : Isafghol, Isepghol

Punjaodl ¢+ DBartang, Isapghol
Tamil ¢ Ishappukol, Iskol
Malayalem : Karkstasringi

The dried coats of the seeds of P, ovata Forsk,
obtained by crushing the seeds and sepserating the husk by
winnowing57'5e are marketed as JIspaghula husk, According
to B.P.C. (1968) the husk contains a greater proportion of
mucilage then the seeds and is more effective in lower

doses®?, (ryshing of the seeds is done with emer y

grinders or flet stone grinding mills which may be hand or
power driven, The seeds after thorough clesning are passed
throuzh these pills 6 or 7 times for complete removal of
the husk. The husk obteined (Totsl yield - 20 to 274)

from different millings vary in quality. The husk of the
seeds contein all the mucilaginous matier and is sometime
prescribed instead of the whole Seedsss. Husk is thin,
boat shaped (<=3 mm x Q,5-1.0 mu) white transluscent,

odorless, and having mucilagenous taste. According to
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I.P.57 it should contain Foreign organic matter > 2%,

Ash » 2.9% and Acid insoluble ash b 0.45%.

More than 800,000 Kz of Ispaghuls seeds and more
than 3 million K7 of husk are estimasted to be exported
annually’® (Actusl figures for 1966-67 : &8k,053 Kz
P. ovate seeds, and 3,580,389 Kz of Ispeghuls huskss).

Physico-Chemical Properties of P. ovats Seeds

(A) Mucilage content and swelling properties:

P. ovata seeds have been reportedbo tc contain
30.9» mucilage, while the mucilage content of P. inflexa,

P. rhodospermsé and P. helleri is reportedoi to De Slightly

-

less, Greenbergcé studied the mucilage content of P, ovatg

end other species and describec the method of 1ts quanti-

tative expression from the seeds. Since the laxative

properties of the mucilage are related to its Swellinz

capscity, appreciable amount of work has been done on 1its
01-04

Swelling characteristics . Swelling factor of P. ovats

seed husy®> hes be n reported to be 90,

(B) Rheology:

66-08 reported the effect of concen-

Bavels et al,
trations, Storage condition, effect of electrolytes, non-
aqueous solvents anid stirring on the flow properties of
P. ovats secd husk mucilage. A fresh dispersion of B
ovata 8eed husk in water haes been reported to pOS gess

negstive thixotropy.
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Chemistry ol P. ovata Seeds_and_ Husk

P, ovats seeds contain proteins, a fixed oil,
muci lage, some cellulose and trasces of starch. A glycoside
nemed sucubin (013H1908H20) was isolated from the plant
and reported to be phermacologicslly inactive, A non-
reducing trisaccharide plsntiose was isolated by French et

al.09

which on hydrolysis gsve glucose, fructose and
galactose. Fixed oll is present to the extent of 11.42%
end conteins saturated and unsaturated fatiy acids. Atsl
et 31.70 while studying the oil of P, ovata emoryo reported
that the ssme mé&y be used &8s common source oi linoleic acid.

RF P. ovata seed gum acid obteined by

The acid equivalent
direct titration with 0.1IN Sodium hydroxide has been found

to be about 10,000.

The seeds of the P, ovata upon extraction with hot
and cold water yield polysaccharide which differ in Cchemical
compositionz’B. Extraction of the seeds with cold water
gives a product with & uronic acid content of 20% end e
pentose content of 52/, whereas polysaccharides extracted
with hot water at 90-95° give 2 product with a uronic acigd

content of 3% and pentecse content of 90%.

The seed mucilegzes of Plentago genus have been

studied widely but so far no account of their chemical

structure is availaple.



(13)

Pharmeceuticel Applications of P, ovata Seed Husk

Mithal and Knsid72 studied the emulsifyin - capacity
of Ispaghul2 husk 8snd its cold water soluble mucilage
(CwsM) and reported that 1,0% w/v CWSM of Ispsghula husk
produces stapble emulsion with Light Liquid Paraffin and
Arachis oil. The HL3 values of Ispaghula husk and its
1.00 Ww/v CW3M have been reported to oe %.34 &nd 93.54

respectively?B.

Mithsl and Gupta’“’vD

observed tnst a 0.8p w/v
dispersions of the husk 1s good Suspending media for
different materisls and reported the effect of homogeni-
zatvion, heet, pH, &ging and added substances on the
viscosity of 0.8% w/v Ispsghule husk mucilsge, Baveja
et 31.76 reported the rheology of various suspensions
prepared with P. ovate seed husk and made an attempt to
correlate rheological psrameters to the sedimentation
rates, Mithal and Gupt877 reported the compatibility of
P. ovsta seed husk with a selected range of inorganic and
orgenic materials, Out of the total of 31 substances
tested only Lead subacetste was found to be incompatible

with husk mucilage.

The possibility of the use of husk as a disinteg-
rant for compressed tablets was studied oy Mithsl and

78 .
Bhutieni =, They reported that tne husk powder when

included to the extent of 1,0 to 2.0% W/w of the total

weight of the tebletting material disintegrates tablets
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rapidly. Kamath and Srivastavavj reported the possibility
of use of husk powder as & sustained release faoctor in

tablet formuletion.

}ithal end Bhutisni”' reported a 2.0x w/v mucilsge
of husk in cold water to compare favoursbly with starch

mucilage (10~ w/v) in its binding properties.

Papral et 31.91 indicated that a mixture of 1.25 to
1.5% Ispeghuls husk witn 0.25-0.5~ Agar (mixture known as
Isphagar) could oe substituted for agar in preparing cuiture
medis for microbiclogicel mgnipulations, Gel formin,
properties oi Ispsghule husk have been studied by
Zachariass and Mithalaz. A 2,00 w/w husk powder with 30
parts of glycerol and 68p parts of water hss beecn reported
tc be an idesl water soluble ointment base, Addition of
surfactant (HLB-8,0) was found to decrease its yield value

and antithi{xotropy83.

R e i »
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STULY - ENVISAGED

Plantago ovata seed husk is now a commercial articie

of scme repute, Large quantities of this commodity are
being consumed at home and sizeable quantities exported
every year., But in spite of the medicinal sttributes and
pharmaceutical potentislities of Ispaghuls husk the

chemicsl nature of this meterisl is very poorly understood.
Generally gums are known to be mixtures of different species
of polysaccharides. Hence as a first step towards the
delineation of its chemical composition the Separation of
the naturally occurring material into its component poly-

saccharides and their characterisation wss undertaken,

The substitution of some groups on the polysaccha.
ride molecules is known to impart changed physicel
characteristics to them. This manipulation hes yielded many
commercially importent materisls. For iustance derivatives
of celiulose and starch find wide appliceations in s réngs
of industries. Hence it was considered worthwhile preparing
certain derijvstives of the Ispaghula husk ang studyine
their physico-chemical characteristics and pharmaceutical]
applications in comparison to those of the naturally

occurring husk,

444 14y
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FRACTIONATION Qs PLANTAGO OVATA SE_D HUSK PULYSACLHARIDES

THE MATERIAL

Twenty five packets (100 z. each) of Plantago ovata
( Ispaghula) seed husk (3.G. Telephone Brand, Sidnpur, Sast-
Isabgol Factory, Sidhpur - Gujarat, Indis) were procured
and combined into a single lot by proper mixing., The
material consisted of while, trenslucent, thin bost shaped
Structures, heaving no odour but possessing 8 mucilaginous
teste. The mixed lot of Ispeghula husk was dried in a hot
air oven at 50° for 24 hours ana then powdered. The
fraction passing through sieve No. 100 mesh (aperture
0.152 mm) was collected and stored in tightly closed

container. 7This materisl henceforth referred as 'the husk!

was uysed for the following work.

PURIFICATION OF THL HUSK POLYSACCHARIDES
PURIF1CATION OF

The natursally occurring &nd commercially processed
gums often contain veriable amounts of foreign matter,
Hence for any scientific work it is essential that they are
obtained in @ pure form. Most often the purification of
water soluble gums is achieved by precipitating them from
their squeous solutions/dispersions by alcohol or acetone.
The Ispsghule husk gum wes purified by precipitatin: it

from its aqueous dispersion with alcohol as discussed below

The husk (10 g.) was extrscted with sodium hydroxide
solution (1.00 w/v, 1 lit.) for 24 hours by stirring with
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mechanical stirrer (4,000 r.,p.m.) at room temperature (30 ),
since alkaline scolutions generslly give oetter extraction
of gum polysacchariaes1. After passing through 8 muslin
cloth, the filtrate was centrifuged at 2,000 r.p.m. for

20 mts. The supernstant liquid was dialysea against
running water for two deys and then ethénol conteining 1.
v/v Hydrochloric @cid was added to it, The precipitate,
thus obtazined, wes recovered by centrifugation. It was
8gsin dispersed in small emount of distilled water and
reprecipitated with acidified ethanol. This process was
repeated twice, the precipitate being repeatedly washed
with absolute alcohol-methanol mixture, till the filtrate
was free from chloride ions. The precipitate was finally
dried at 40° under vecuum, powdered and stored in & vacuum
desicevor. The final product (7.5 g.) was a white powder
corresponding to 75% w/w yield (Semple-I). 10 g, and 50 2.
portions of the husk were again processed in a similsr
menner giving 7.8 g. (78% w/w - Sample-II) and 37.5 g,

(75% w/w ~ Semple-IIlI) of the purified product respectively,
Hence aversge yield of the purified product (purified husk)

was reckoned to be 76.0p w/w,

CHMATION 0F PURIFIED HUSK

The purified husk was charscterised in comparison

with the husk in the following respects,
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(1) Infrared Spectra

Infrared spectroscopy is & rgpid means of the
identitication of specific polyaacchariccsub. It can alsgo
be vsed as & criterion of the purity, and in the quanti.
tative determinstion and identification of functional

groups in chemical Compoundses-E*.

Experimental

Small amounts of Samples I, II and III were
thoroughly mixed with Potassium bromide {Anslar grade)
previouvsly dried under vacuum., The mixture was placed in
a die end a very thin film (pressed disc) was prepared by
applying pressure with the help of a8 mechanicsl press
(Fabricated in B.I.T.S. Workshop). The IR spectra of this
disc was recorded (Fiz. 1), in 2.5-15.5n (4000-650 cm™?)
region, using Perkin-Elmer Infreared Spectrophotometer
(5can speed 1 slow, Slit : normal). The IR Spectre or tpe

husk was @lso recorded (Fig. 2).

Resylts and Discussion

It was found that Infrered spectra (Fig. 1) of
purified husk, ssmple I, II and ITI, were identical (super-
imposable) indicsting that sbove mentioned procedyre fop
purification was sujitable &nd reproducible givineg purifieq

product of same chemical composition.
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(11) Ash Velue®’

Weighed amounts of the husk and the purified husk
(semple I, II and IIIl) were taken in tarea silics crucioles
enc incinerated by graduslly increasing the heat. The
heating was continuved until samples were free from carbon.
Crucibles were cooled anc weighed to constant weights.

The percentsge of ash was calculated with reference to air

dried hu3k87. Results sre recorded in Tsbile-1.,

TABLE-1

Ash Content of the Husk and Purified Husk

Sample Weight Weight of Ash Averace
token ash content value
(g.) (g.) (%) (%)
Husk 1.0300 0.0220 2.12
1.0266 0.0208 2.0,
1.0200 0.0212 2.07 2.08
Sample-I 1.0425 0. OLbo G.63
1. 0450 0.0070 0.67 0.65
Sample-1] 1.0580 0.0068 0.64
1.0490 0. 0004 0.61 0,625
Sample-III 1.0280 0.0062 0.60

1.0220 0.0061 0.60 0.60
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(iii) Chemicel Tests

Reactions of the purified husk (Ssmple I, II snd
II1) witn different chemical reagents were carriea out as
88

recommended by Smith et al.I ana Jacoo Similer tests

were also carried ou. simultezneqously on unpurifiea husk,

Experimental

0.5 g. samples of purified husk were dispersed in
water (100 ml) and the resulting mucilege centrifuged at
2,000 r.p.m. for 20 minutes, To 5.0 ml of this test
solution, 5.0 ml of chemical reagents (listed in Table-2)

were added, Observations are recorded in Table-2,

(iv) Test for Halogens, Sulphate and Nitrogen

Teats for chloride, sulphate and nitrogen were

carried out on the purified husk as be1°w39:90.

Experimental

A smali smount of purified husk (Ssmple I, Il and
III) was fused separately with metallic sodium in a fusion
tube, which was plunged, while still hot, in & chine dish
containing water, The admiXxture was heated and filtered,
and the filtrate tested for the presence of chlorine,

sulphur and nitrogen. The natural husk was worked wp

similarly.

For_Chloride. 1.0 ml of the filtrste was scidified

with dil. svlphuric scid, diluted with distilled water
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TA3LE - 2

Purified husk

S. Chemical Unpurified
No. Reegents husk Sample Samp le Ssmple
I IT J1Y
1. Stokes Acid No ppt. No ppt. No ppt. No ppt.
Mercuric
Nitrate
Reagent
24 Neutrel Lead Flocculent Floccu- Floccu- Floccu-
acetate ( 205/ pale lent lent lent
w/v) Sol. yellow ppt. pale pale pale
yellow yellow yellow
3. Basic lead Curdy ppt. Curdy Curdy Curdy
acetate (AUAC) ppt. ppt. pPpL.
L. Neutra)l Ferric No ppt. No ppt. No ppt. No ppt,
Chloride
5. Pot. Hydroxide No ppt. No ppt. No ppt. No ppt.
(10% w/v)
6. Millon's No ppt. No ppt. No ppt. No ppt,
Reagent
7. Borax (4% No ppt. No ppt. No ppt. No ppt.
w/v)
8. Jodine Sol, No reac- No reac. No reac- No reac.
tion tion tion tion
9.  Absolute White White White White
alcohol fibrous fibrous fibrous fibroys
ppt. ppt. ppt. Ppt.
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(30 ml) and then boiled down to 4 ml in a dish. After
cooling, 1.0 ml of dil. nitric escid and 1.0 ml of silver
nitrate solution was added. Since no ppt, was obtsined

4n any c&sc absence of chlorides was indicated,

For Sulphsate. To 1.0 ml of the filtrate, freshly

prepsred solution of sodium nitroprusside waes added.
Absencs of purple color in any of the tested ssmples,

indicated absence of sulphur {sulphete) in eil of them,

For Nitrogen. To 1.0 ml of the filtrate, few

crystals of ferrous sulphate were added, ana after shaking
3 drops of Sod. hyoroxide solution (5.0 w/v) was incor-
porated, Boiled the solution for half z minute ana cooled,
Acidified with ail. hydrochloric acid. Absence ol blue

ppt. or greenish blu€ color in sall of the samples, indi-

cated absence of nitrogen.

Result

chlorine, sulphete and nitrogen were found to be
absent in the husk and in all the three samples (I, IT and

III) of purified husk.

89

(v) Test for Cerbohydrates

Aqueous dispersions (0.5% w/v) of husk and purified
husk (Sample I, II and III) were prepared and tested as

below,
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For Carbohydrates. To 2.0 ml of aqueous disper-
89

sion 2.0 ml of tlolisch's resgent was added and 2.0 ml

of conc. sulphuric acid added slong the side of the tube to
form 8 lsyer under the aqueous solution, A red-violet ring
developed a8t the junction of tho two layers and on shaking
gave dull violet precipitate, indicating presence of cerbo-

hydrates in all the samples,

For Free Reducing Sugers. Equal amouvnts of Fehling

solutions A and B (B.D.H.) were mixed, To 1.0 ml each of
the dispersions Fehling solution wés added and the mixture

heated. Since there was no reduction, free reducing sugars

were assumed to be &bsent,

FRACTIONATION

In the study of polysaccharide gums one of thie first
requirements is thet the material be chemically homogeneous
i.e. it should consist of only one type of moleculesh1, To
establish homogeneity or otherwise various methods of
fractionation have been uvsed from time to time which were
reviewed recently by Mithal and Khasgiwsl?', Methods
Ccommonly used are Fraectionsl precipitstion with organic
Solvents, Fractional precipitation with complexing agents,
Graded extraction method, Electrophoresis, Column chromato-
grephy, yltrefiltration, uel filtration and Ultra centri-
figation. These technlques ultimately depend on assessment

of the homogenelity of the products by messurements of the
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specific rotation, viscosity, molecular weight, electro-
phoresis and on the component sugars in each fraction.

Additionsl proof of the homogeneity of a2 polysaccharide

££,92,93
fraction msy be obtained by I,R, studies "' "',

96.97.

and X-Ray crystallo-

graphic examin-~tions

Various complexing agents such ss metallic aaltsgg,

borax and quaternary emmonium compounds99 have been widely
used for fractionation of polysaccharide mixtures,

Frequent use of Fehling SOlution100'1O1'102, cupriethylene

diamine103’10h'105. cupric chloride106 107

, cupric sulphate
and cupric acetate’ob"‘o is on record. The insoluble
polysaccharide-copper complex formed by treatment of poly-
saccharides with cupric lons ere decomposed by acidic-
alcohol (e.g. ethanol containing 5.0% v/v conc. Hydrow
chloric acid) and the free polysaccharides wsashed until

washing gives negative test for chloride ions,

ELECTROPHORETIC SEPARATION

Ele ctrophoresis has been used for establishing the

homogeneity of polyseccharide materials ' 1s112 end for
assessing minimum number of constituent polyseccharides in
a given materialii3-11b- Acidic polysaccherides can be
readily separated from the neutral ones by electrophoresis

in non-complexing bufifers such ss acetate, phosphste op
11

veronai bufiers - Borate bufier forms complexes with

neutral polyhydroxy Compounds of certain atructural
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configuration, The complex thus formed has & negative

charge and migrates towards the anode, but on strip

support énd on the glass column at pH 9,3, electro

endosmosis is grest and may result in s net movement

towards the cathode117. Use of other complexng ions such

as sulphonsted benzeneboronic acid, germasnates, stennates,
asrsenite, vanadste, tellurate, etc, have 8lso been reported"e.
Electrophoresis using glass powder columns has been

reported for fractionation of polysaccharide mixtures on

1y,120_ Theoretical aspects and general

marcoscale1
procedure of zone electrophoresis have been reviewed111'112'1£ﬂ
The electrophoretic behaviour ot purified Ispeghuls husk

was studied using borate buffer (complex forming) and

acetate bufrer (non-complexing) to assess its homogeneity.

(A) Zone Electrophoresis using Borate Buffer (pH 9,2)

Zone electrophoretic studies of the purified husk
were carried out using Thomas Electrophoresis Cabinet
(Model.20, Cat. No. 4937-V-20) snd Thomas Electrophoresis
power supply unit (Model-20, Cet. No. 4937-V-30). Whatman
chromatographic paper (No. 1) was used as paper strip
support Tor the material. The positions of the polysacc-
harides were detected by the method of elution and the
colorimetric estimation using o«-nsphthol in conc, sulphuric

acid!17:122

Experimental

1.0 litre Borate bufter (0.05 M, pH 9.2) was
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123
prepared

and its pH determined using Beckmann pH meter
(llodel H-2). Whetmen No. 1 chromatogrephy pasper strip

(28 cm length) wss used sa support., Psper strip was dipped
in borate buffer, dried and the sample (0.1% w/v purified
husk in water) was introduced by using micropipette onto
the strip as compact zone alonz the origin line (which wss
at right angle to the length of the paper). The strip
support was suspended horizontally in the electrophoresis
chamber. Voltage (from anode to cathode was 300 mV, 40 mA)
was applied for &4 hours. The paper was removed thereafter
and dried. It was then cut into 2 cm segments which were
numbered consecutively from the anode ena and the poly-
saccharides on each segment were eluted, by distilied
water, into correspondingly numbered tubes. The eluates
were made up to 5.0 ml in each case and 3.0 ml of
«-naphthol-conc, sulphuric acid reagent12“ added (The
reagent was stored for 8t least 8 hours in the derk befgre
use12h)_ The tubes were then heated in a water bath for
ten minutes, their contents cooled and absorptions deter.
mined at 550 mp using spectronic-20 (Bsusch and Lomb).

A blenk was carried out sSimultaneously using 2.0 c¢m segment
from the same paper strip. Results are recorded in

Table-3 and graphically represented in Fig.-3.

(B) Electrophoresis using Acetate Buffer

The zone electrophoresis was conducted in the manner
deacrived above, using Acetate obuffer (pH 4.0, ionic

strength 4 = 0.1) of the following composition:
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TASLE -

Electrophoresis of purified husk in Borate buffer (pH 9.2)

Absorbance at 550 mu

Tube Distance from
No. ?2;?‘3 ¢ 11 Average
1 Blank 0.0 0.0 0.0
2 0.0 to 2.0 0.0 0.0 0,0
3 2,0 to 4.0 0.0 0.0 0.0
4 L.0 to 6.0 0.0 0.0 0.0
5 6.0 to 8.0 0.36 0.36 0.36
© 6.0 to 10,0 0.17 0,17 0.17
n 10.0 to 12.0 0.0 0.0 0.0
8 12.0 to 14.0 0.0 0.0 0.0
9 14.0 to 16.0 0.0 0.0 0.0
10 16.0 to 18.0 0.07 0.07 0.07
11 18.0 to 20.0 0.07 0.07 0.07
12 18.0 to 22.0 0.01 C.01 0.0%
13 22,0 to 24.0 0.0 0.0 0.0
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Glacial mcetic acid cwwbnie 25,89 ml
Sodium acetate 5§ 13.61 g.

Distilled water -~ 8d ... Q.S. 1.0 1lit.

Qoservations ere recorded in Table-4 &na tne

histogram is shown in Fig. 4.

TASLE = &

Electrophoresis of Purified husk in Acetate buffer (pH 4.0)

Tube No. Distance from snode Absorbance’ gt 550 mu
(cm) (Eggq mm)

1 Blank 0.0

2 0.0 to 2.0 0.0

3 2,0 to 4.0 0.0

I L.0 to 6.0 0.025

5 6,0 to 8.0 .21

6 8.0 to 10.0 0.01

7 10.0 to 12.0 .05

8 12.0 to 14.0 0.05

? 14.0 to 16.0 0.01

10 16.0 to 18.0 0.0

1" 18.0 to 20.0 0.0

12 20.0 to 22.0 0.0

13 22.0 to 24.0 0.0

*Average of two reasdings



)

O

ABSORBANCE (Ecc

O
b

&

Q
N

O

O

FIG. 4

ELECTROPHCRESIS 1IN ACETATE

BUFFE K

e NAI - ...0:.1.», J

STARTING LINE

|

L

O 2 4 6 8 10 12 14 16 18 20 22 24

DISTANCE FRTN ANCDE (em)




(29)

Results and Discussion

It is evident from Figs. 3 and 4 that purified
Ispaghula husk is heterogeneous in nature and consists of
at least two polyssccharide components. With Borate buffer
(complexing agent) it gives two major peaks, one on the
ancde end the other on the cathode side. With acetate
pbuffer (pH 4.0) it gives one major peak on snoae side and
another on the starting line itself, indicating non-
migration in an electrical fiela, Since acetate buffer is
Nlon-complexing the stationery peak may possibly correspond
to neutral polysaccharide, Hence it was concluded that
P. ovata seed husk consists of 8t least two polysaccharidic

components one acidic and one neutrsal,

FRACTIONATION WITH COPPER(II) ACETATE

Fractionation of purified husk polysaccharides was

attempted 8t using cupric¢ acetste - ethanol &8s the preci-

pitant, according to the zeneral procedure recommended by

Jones et 31.125. The psrameters used to assess whether

fractionation has beén ef fected were: optical rotation,

equivalent weights, IR, and paper chromstographic exami-
nstions of the sugar components produced on complete

hydrolysis of the fractions,

Experimental
Purified husk (1.0 g,) wes dissolved in 200 ml of
sodium hydroxide solution125 {0.5% w/v) and filtered. 10 m}
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each of the filtrate was transferred to serially numnbered
tubes (1 to 10) and copper acetate sclution ( 10k w/v)
added to each tube in incresasing volumes (Table-5). The
blue gelatinows precipitate ootained in each case was

removed by centrifugetion at 10,000 r.p.m. for 15 mts,

TASLE -

Weight percentage of Copper Complex obt&ained with
difierent volumes of copper acetate solutions

S. Mucilage Copper acetate Weight fraction Yield

No. 0,5% w/v (10% w/v) solu- after decompo- w/w
tion sition of copper
complex

(ml) {ml) (g.) (%)

1 10.0 O.1 No ppt. -

2 10.0 0.2 No ppt. -

3 10.0 0.3 No ppt. =

L 10.0 O.4 No ppt. "

> 10.0 0.5 No ppt., -
6 10.0 1.0 0,020 LO%
7 10.0 2.0 0.025 50%
8 10.0 3.0 0.035 70%
9 10.0 4.0 0.035 70%
10 10.0 5.0 0.035 70%

(JANETZKI Laboratory Centrifuge, Model T-24). To regenerate
the polysaccharide, the insoluble copper complex was mixed
with absolute alcohol containing 5% v/v of conc, hydrochloric

acid end filtered, The polysaccharide was washed with
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ethanol until the washings gave s negative test for chle-
rides. Copper (ic) chloride dissolves in acetone to give

a intense yellow color, hence small amount of &acetone wés
adged during washings to ensure the complete removal ol
copper (ic) chloride, The precipitate was initially driea
under suction pump and finaliy under vacuua 8% 40, The
dried meterisl was powdered and weighed, The process wes
repeated twice with similar results. The welght percentage

obtezined from each tube is shown in Table-5.

Resultas and Discussion

1t is evident from above observations that a 100%
recovery of purified husk polysaccheride wss not obtained
when copper acetate sol. i3 used as a precipitsting agent.
Part of polyaaccharide either gets decomposed or does not
precipitate out with copper acetate, probably forming &

water spluble copper-polysaccharide complex,

Fractionstion was tried using copper{IIl) acetate

solution and ethyl alcohol as precipitants, as below:

Experimentsl

purified husk (1.0 g.) was dissolved in sodium hydro-
xide aolution125 (0.5% w/v, 200 ml) end filtered. 10.0 ml
each of the filtrate wss then transferred to seriaslly

numbered tubes (1 to 10) and copper{II) acetate solution
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(10% w/v) added in incressing smounts to each tuoe 8s shown
in Table-6. The precipitate was removed by centrifugation
at 10,000 r.p.m, for 15 mts and filtrate removed. To the
filtrate, douule its volume of ethanol was adcea, The
precipitate formel was again recovered by centrifugation.
The precipitstes obtasined in each Case were then regenerated
as descrivced in the soove section, dried and weighed.

Observations are shown in Table-0.

TASLE -6

Weight percentage (yield) of precipitate after
fractionstion with copper acevaie and ethyl alcohol

Wweight frection Weight fraction

. ecompo- after

bl g, SRSETD SRR R
3plukiof weight Yield Weight Yiei; e

(ml) (ml) (g.) (%) (g.) (%) %

L 10.0 0.1 - - - > g

< 10.0 0.2 - - - - .

3 10.0 0.3 ” % - - .

b 10.0 Qe - - . - .

> 10,0 0.5 < - - « .
o 10.0 1.0 0.020  40p 0.013 0% 66k
7 10.0 2.0 0.025 50 0.013 26% 6%
8 10.0 3.0 0.035 70% 0.013 26% 96%
9 10.0 4.0 0.035 70% 0.013 26% 96%
10 10.0 5.0 0.035 70% 0.013 26% 96%

(-) indicates no precipitation
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Results end Discussion

From the above observations it may be concluded thet
copper acetate forms two types of complexes with Ispesghula
husk polysaccharides, one vein. water insoluble and the
other wster soluble wnich is ultimately recovered by preci-
pitation with ethyl alcohol. The yield ootsined by this
method is yomx. It may be presumed from these oovservations
that P, ovata husk consists of at least two polysacchsridic
components, one forming water insoluble polysaccharide-

copper complex &nd the other weter soluble polysaccharide-

copper complex.

Graded Fractionation with copper acetate and ethyl elcohol
s _precipitents

In order to confirm whether fractions obtsined in
the previous experiment (from S1, No. &6 to 10, Table.6) were
of similar neture or not, graded fractionstion using copper
acetate and ethyil alcohol was carried out. Various fractions
recovered were subjected to determinations of optical
rotation, equivalent welght, IR 8spectra and chromstographic

seperstion of component Sugérs after hydrolysis,

Experimental

purified husk (5.0 g.) wass dissolved in sodium
hydroxide solution (0.5% w/v) and precipitation carried out
with copper acetate solution (10% w/v). The resultent ppt.
was recovered by centrifugation (10,000 r.p.m, for 15 mts)

and is referred as Fraction.A, To the filtrote further
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quantity of copper acetate solution was saaed znd the ppt
(Fraction-8) recoverea in the same menner, Like this with
repeated adaition of copper acetate solution &na recovery
of resultant ppt, in all four fractions (A, B, C snd D)
were obtained (Table-7). Further addition of copper acetate
solution did not result in any precipitation. To this
clear liquid ethyl-alcohol (three times the total volume)
was added, a further precipitate was ootsined (Fraction-E)
which was also recovered by centrifugation. All the
fractiona (A to E) were decomposed as discussed before,

The weight of each fraction end the percentage of the total

is shown in Table-7.

TABLE - 7

Gr aded fractionation with copper acetate-ethanol

J——

weight of fraction after decomposition Average

Fraction yield of
E 11 ¥ean total
amounts

%

A 0.5 &- 0.5 8. 0.5 g 10%

B 0.8 e 0.8 B 0,8 & 16%

C 0.8 g. 0.8 g. 0.8 &. 16%

) 1.2 & 1,2 ge 1.2 e 2‘.%

E 1.6 &. 1.6 g. 1.6 g. 324

Total yleld 98% w/w

e ——— - -
—m—
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CHARACTERISATION OF FRACTIONS A _TO E

(1) Optical Rotation

The optical rotation of fractions (A to E) were
determined following tne procedure recommended by Findley126
and using Sodium lamp (D-line) as the light source, 3peci-
fic rotations were calculsted using the foliowing formuls:

* 100
* €

30 4
Specific rotation = Bx]n = =7

0
[qﬂa = specific rotstion using sodium light at 30°C
D

g = corrected observed rotation in degrees

1 = length of the polarimeter tube in decimeter
{dm.)

¢ = concentration of the solution expressed as
the number of g. of the substance in 100 ml
of solution

Experimentsl

The polarimeter tube (2 dm.) was filled with sodium
hydroxjide (O.1N) and the analyzer rotated so that two halves
of eye piece were matching126- Suitaole amounts (0.5% w/v)
of different fractlons (A to E) were dissolved in 0.1N Sodium
hydroxide (solvent), filtered, transferred to polarimeter

tube and rotation determined. Specific rotations of

different fractions are snown in Table-8.
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TABLE - &

Specific optical rotations of Fractions
(0.54 w/v) 4in 0.1N sodium hydroxide

Fractions Specific optical rotation®™

Ex]ﬂo (C, Oa5%)

A -60.0
B -59.0
C -00.0
D -60.0
E +38.0

*hiverage values of three readings (in 0. 1N NagQH)

(1i) Equivalent weights

Equivalent weights of different fractions were deter-
mined by direct titratlon with sodium hydroxide (0.01N)
solution71’127.

Experimental

Weight emounts of fractions A to E were titrated with

0.01N sodium hydroxide solution {Normality 0.0122N) using

phenplphtnalein &s the indicatar, The equivelent weights

are shown in Tsole-J,

(411) IL.R.

I.R. spectra of fractions A to E were recorded in
2,5 1 to 15.5 v regions using Potassium bromide according
toc the procedure discussed earlier. The IR Spectra of

fractions A to D were found to be superimpossble
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TABLE- 9

Equivalent weights of different fractions

Fraction Weight taken Vol. of NaCH Equivalent

- (nl) weight
A 0.1120 6.0 1530
B 0.1028 5.8 1453
& 0. 1200 6.2 1586
D 0.1110 6.0 1517
E 0. 1250 2.1 L767

(representative spectra shown in Fig.-5) wheress IR

spectra of Fraction-E was entirely different (Fiz.-6).
Since the IR of A to D were similar it was assumed that all
the fractions are chemically similar in nature and consti-

tute a gingle component, wherees Fraction-E was a different

materis],

atographic Sepsrations of Sugar

(iv) Hydrolysis and_Chrom
Components

The sugar components of the Sulphuric acid (2N)
hydrolysate of fractioms A t0 E (after neutralising with

barium carbonate) were identified by descending paper

146=130

chromstographic technigue using Whetman (No, 1)

chromatographic paper as support.

Experimental
(A) Acid hydrolysis of the fractions:

Fractions {A to E) were hydrolysed with Sulphuric
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acid (2N, 100 ml) on a boiling wster bath for 30 hrs. The
resultinz solutions, after complete hydrolysis, were neutra-
1ised with Beriun carbonate (using Litmus paper) =sna
filtered. The ppt. was washed with water, The filtreste and
washings were combined, and pessed through cationic exchange
resin column {Dowex 50w, H' form) for the remov&l of barium
ions. The eluates were concentrsted under reduced pressure

at 40° to & syrupy mess, end usea for chrométogrephic work,

(B) Paper chromatogrsphy of the hydrolysates:

Deacending paper chromatography was employed for the
1
detection of component sugars 31. whatmsn (No. 1) chromato-
graphic pspers were cut according to the chamber size

(20"x6"), Followlng solvent systems were tried for the
separstions:

(a) Ethyl acetste Acetic scid : Water (9:2:2)
(b) Butanol : Pyridine : Water (9:2:2)

(¢) BEthyl scetate : Methanol : Acetic acid : Water
(60:15:15:10)

(d) Butgnol s EthanOI. s Weter (421:5’ organic phBSE)

Ethvl acetate & Pyridine : Acetic acid : Water

. (5:53183 Dby volume)

Among; these solvent Systewms No. {a) ana No. (e} were
found to be the best, giving distinct separations. p-Anisidine
hydrochloride was used as the detecting reagent132, The
chamber was first saturated with the solvent systems by
£111ing the solvent at the bottom and allowing it to stand

undisturbed overnight. Samples (nevtraslized hydrolysate)
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and authentic sugars were spotted by micropipette on the
paper strips, by alternate 8spotting and drying, using hair
dryer. After the spots were dried, the paper strips were
positioned in the chamber and ths solvents were zllowed to
traverse in the mschine directions of tne paper. The chro-
matogram were developed by spraying with p-anisidine hydro-
chloride reagent and heatin, at 110°C for 15 mts, The Rf
values of the component sugars and that of authentic samples
are recorded in Teble-10 snd Table-11 for solvent (s) and

(e) respectively.

TABLE-10

Ry Values of sugér Components obtained after hydrolysis
of fractions A to E using Ethyl acetate : Acetic scid :
Water (9:2;2) as solvent system

No. of He values

apibe ereuied, 2 3 L 5
Fraction-A 5 C.28 0.35 O.48 0.21 0.40
Fraction-8 5 0.28 0.35 O.48 0.21 Q.40
Fraction.C 5 0.28  0.35 0.48 (.21  0.40
Bhackilonell 5 0.28  0.35 0.6  0.21 G40
Fraction-E 3 - 0.35 0.4 = 040
D-Galactose 1 0.28 = - - -
L-Arsbinose 1 - 035 - - &
L-Rhsmnose 1 . - 0.48 5 .
p-Galacturonic 1 - - - 0. 21 -

acid

D-xy lose 1 - - - - 0.40
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TASLE-11

Ry velues of sugar components obtained after hydrolysis
o1 fractions A to E using Ethyl acetate : Pyricine @
hAcetic acid : Water (5:5:1:3) as solvent system

No, of Ry values
Samples Spots
detected 9 2 3 b b
Fraction-A 5 0.74 0.60 0.54 0.46 0.20
Fraction-B 5 0.74 0.6C 0.54% 0.46 0.20
Fraction-C p) 0.7 0.60 0.5 0.6 0,20
Fraction-D 5 0.7 0.60 0.5, 0.46 0.20
Fraction-g 3 0.7 0.60 0.5b - -
L-Rhamnose 1 0. 7% ~ - - .
D-Xylose 1 - 0.60 - - -
L-Arabingse 1 - - 0. 54 - -
D-Galactose 1 . = - 0.46 -
D-Galacturonie 1 - - - - 0.20
acid

_———
——

Resylts and piscussion

Fractions A to D gave five spots corresponding to
L-rhamnose, D-xylose, L-arsoinose, D-galectose and
D-galacturonic acid, whereas fraction E gave only three

spots corresponding to L-rhsmnose, D-xylose and L-arabinose,

From the above 8Studies it is evident that fractions
A to D are of similsr characteristics. I.R, spectrs of A to
D ere superimposable, hence these fractions (A to D) corres.

ponding to water insoluble polysaccharide.copper complex sre
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of single entity, whereas Fraction-E corresponding to water

soluble complex is entirely difierent. Hence it was

concluded that Plantagzo ovata seed husk polysaccharice
consists of a8t least two polyseccharides, one forming water
insoluble complex (Frsctions A to D) and the other water

soluble complex (Fraction-E).

For further chsracterisation larger quantities of
fractions were prepared. Fractions A to D were combined
together to constitute one polysaccharide component
(Fraction-I), whereas Fraction-E wes reckoned to be another

component (Fraction-II),

Verious physico-chemiceél characteristics of both
fractions I end Il were studied 8nd are discussed in

ensuring chapter,

+ et



CHAPTER 1V
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CHARACTERISATION Or FRiACTIONS

The two fractions of purified husk (Fraction I

and II) were cherscterised in the following respects.

(I) SUGAR _CONTENTS

Accurate methods for quantitative determinstion of
sugars by chrometographic techniques involve dissection of
paper chromatogrem into segments, elution of the sugar with
the help of a suiteble solvent, followed by microanslysis

133'13h. Many colorimetric133'13h'139

of the eluate and
volumetr1c135'13° methode have been suggested. Colorimetric
method using Phenol-Sulphuric acid Pe&sent13h is sensitive,
simple, rapid and reproducible. Suger components oi
fractions I and 11 and purified husk were determined as

follows,

Experimental

Weighed quantities of Fraction I, Fraction II and
the purified husk (0.5 8. each) were hydrolysed using 2N
8ulphuric acid, neutralised with barium carbonste, filtered
erd passed through cetionic exchange resin column (Dowex
501, H* form) for removeél of barium tons 128, The eluvates
were concentrated to & Syrupy mass end volume of each was
made upto 25 ml., Descending paper chromatography of hydro.
lysates were carried out using Ethyl acetate : Pyridine :

Acetic acid : Water (5:5:1:3) &s solvent system and
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p-anisidine hydrochloride as detecting agent 8s discussed

earlier. Components detected are given in Table-12.

TABLE-12

Sugar components detected in the S2mple using Ethyl =acetate:
Pyridine 1 Acetic acid : Water (5:5:1:3) solvent system

— . — —

Hydrolysste L-Arabi- D-Xylose D-Galac- L-Rhamn- D-Gslac-

nose tose nose turocnic
acid
1. Purified + + + + +
Husk
2. Fraction-I1 + + + + %
3. Fraction-Il - * - + =
Rf Values 005‘& 0.60 UO".b 0.71{. 0.20

(+) indicates presence, {-) indicates absence.

Quantitative Estimation

Two spots (kO ®l) each of hydrolysate of Fraction I,
IT anq purified husk were spotted on sepasrste chromstographic
papers (6"x20", Whatman No. 1) using Lembda pipette. Chro-
metograms were irrigated with Ethyl acetate : Pyridine :
Acetic acid : Weter (5:5:1:3) solvent system for 30 hours,
S0 that it could traverse whole length of the paper and then
drip down. The bottom edge of the chromatographic paper was
serrated previously for uniform solvent flow. The solvent
sy stem was allowed to drip off for 30 hrs. The wet chromato-

grams were then removed from the Chsmber, driec at room
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temperature, and cut into two parts along long exis. On
one portion p-anisidine hydrochloride was sprayed followed
by heating at 110°C for 10 mts. This trestment revealed
the positions of the sugsr components, by reference to
which, areas corresponding to e2ch Sugar component (on the

second half of the same paper) were excised as segments.

The segments were placed in test tubes containing
20 ml of distilled water., After a 30 mts. wait and
oCcasional swirling oi the solution, the liquia was

filtered through glass wool and volume made upto 25 ml,

2.0 ml1 each of above sclutions were transferred to
a tube and 1.0 ml of 5.0% w/v solution of Phenol (Anslar
grede, BDH) in water wes adaed. 5.0 ml of conc. sulphuric
acid (Anplar grede, 95.5%, sp. gr, 1.84) wes then added
from a faat delivery pipet137. The streem of acid was
directeg ageinst the liquid surface for proper mixing137,
The absorbance of yellow-orange color was then determined
using spectronic-20 at 500 mp for L-Rhsmnose snd D-Galactose;
530 my: for L-Arasbinose, D-Xylose and D-Galscturonic acid.
Values are shown in Table-13. A blank was also run simul-
taneously using 2.0 ml of water instead of ssmple. The
amount of Sugar in hydrolysete sample (Fraction I, II and
purified husk) were then determined with reference to a
stondard absorténce curves (Fig,-7, Table-13). The

percentages of sugar components of Fraction I, II ana

purified husk are shown in Table- ik,



(L5)

220°0 §t0°0 gL°0 g20°0 gl0*0 - XsnH PaT; TJInd 8
= 10°0 62°0 €0°0 - = II-uoti108ay L
z0*0 200 81 °0 200 g10°0 - I-uot3oeay °
€9°0 0zZL*0 8z 0 60°0 90°0 09 G ~pJIBPURIS g
8z 0 0R0°0 ¢aL *0 90°0 %0°0 oY f-riepuels "
710 ¢Y0°0 60°0 £0°0 020°0 0z ¢ ~pJi8puels ¢
L0°0 620°0 600 G100 ZIN°0 01 2 -pJepuels P4
G200 10°0 200 10°0 10°0 G | =-paepuels l
pToe. (mea®
asou STUOINY  -0JOTW)
asojoeTEI=( asouueyy -1 280TAY-(1 -1QBaY~7 -oeTen-q *2u0) sYdwes /paepuels °*oON°S

SUOT3NTOES J8ENS pJepliels J0J IVURQJICEQY

EL-ZTEYL



ABSORBANCE.

O-5

0-4

0-3

o-2

O-l

—y FIG.-7
STANDARD ABSORPTION CURVES
\f\u.
- n\&WQ‘
yol
Q .\\\ﬁ. b= ety
N~ e D Oy
—~ = : — =
O

o W
OCALACT OSE

5 WYLOSE

A RHAMNCSE

L ARABINDSE

—= GALACTURONIC ACID

1
40
CONCENT RATION (microGRAM)

1
S0

60 70




(46)

ThHSLE- e

Calculated percenteges of suger components

—_—

Fraction-1 Fraction-II Purified Husk

Sugers
Amount calcu- Amount cal- Amount ¢8l-
lated in culeted in culated in
hydrolysate hydrolysate hydrolysate
(g.) (%) (g.) (%) (g.) ()
1. L-Arsbinose 0.075 15.0 0. 125 25,0 0.10 20.0
2. D-Xylose 0.250 50,0 0.325 65.0 0.25 50.0
3. D-Galactose 0.02C L.0 “ - 0,025 5.0
l"l L-Rhamnose 0. th 8.5 0.025 5.0 0-0100 8.0
5. D-Galgectu- 0. 100 2,0 - - 0.075 15.0
ronic acid
Total % 97.5 5.0 98.0

Results and Discussion

Fraction I was founa to contain L-Arabinose (15p),
D-Xylose (50n), D-Galactose (&), L-Rhemnose (8,5%) and
D-Galacturonic acid (20x), whereas Fraction-II consisted of

L-Arabinose (25%), D-Xylose (65%) snd L-Rhamnose (5,0%).

(I1) pENTOSAN AND PENTOSE CONTENTS

pentosans and pentoses cen be estimated by determining
the smount of furfurael which they yleld on distillation with
12% nydrochloric scid, The furfural cen then be precipitated
as furfural phloroglucide and from its weight the Pentosan

and Pentose contents méy be calculated using the following
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formulae1h0'1h1.

Pentosang = (8 + 0,0052) X £

a8 = weight of furfural phloroglucide

f = 0.895 if 'a' 1s less then 0.03 g., oF
« 0.887 4f 'a' is between 0.03 &nd 0.3 g., OF
= 0,882 4f 'a' is sbove 0.3 8.

Pentose - (8 ¢ 0/0052) % %

a = Bame &8s gbove
{f = 1.017 if 'a' is less than 0.03 g., or
- 1.0075 i1 ta' is between 0.03 @na 0.3 g., or

- 1.0026 if 'a' is above 0.3 8.

The factor 0.0052 represents the amount of phloro-
glucide remaining dissolved in the hydrochloric acid 42,
The pentossn 8nd pentose contents of Fraction I, Fraction II
and Purjyfied Ispsghuls husk were determined as discussed

below,

Experimental

weighed smount of samples (Fraction I, II and
purified husk) were plsced in a three neck distillation
flask, 100 ml of 12% Hydrochloric acid was then added and
the mixture distilled., The distillate was collaected 8t
the rete of 30,0 ml in 10 mts, As soon as 30.0 ml of the
disctiliate were collected, another 30.0 ml of 12% Hydro-
chloric acid was added to the flask. Uistillation was

continued until the distillate was free from furfural when
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tested with aniline reagent‘ho. To the distiliate 40,0 ml

of Phloroglucin solution1“0 (Riedel, free from Diresorcinol)
wes added and the liquid made upto 400 ml with 12% hydro-
chloric acid. The precipitate of furfural phloroglucide was
allowed to stand undisturbed for 16 hrs, then filtered
through tared gooch crucible, washed with water snd finally
dried at 105° to constant weight. The crucible wss then
placed in a narrow beaker and 20,0 ml of alcohol (95% v/v)
added, The besker and contents were heated for 10 mts on
water bath (600). Alcohol was removed by suction and the
crucible dried &t 105° to constant weight, From the weight
of furfuray phloroglucide (Table-15) Pentosan and Pentose
contents of ssmples were calculated. Pentose contents
found to be 63.05%, 81.70%, and 80.90% respectively for
Fraction I, II and purified husk.

TABLE~-15

Pentosans and Pentose contents

Sa;ple Weight Weight of Pentosan Pentose—
taken furfursl content content
Phloro-
glucide
(g.) (2.} (%) (%)
1. Purified Husk 0«2 0. 1460 68.60 80.90
2. Fraction-l 0.2 0. 1250 57.70 69.65

3, Frsction=-I1 0.2 0. 1475 67.70 81.70
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(III) URCNIC ACID CONTENT

Uronic acids in hydrochloric acid undergo decerboxy-
lation and the amownt of carbon-dioxide evolved can be
stoichiometrically correlated with the amount of uronic acid

11‘-' O"’1‘l-3

present in the materia . Pentose or hexoses do not

interfere in the estimation. Colorimetric methods heve also

been suggested for determinstion of uronic acid contents 144,

Experimental

Weighed emounts of materiasl (Taple-16) were taken
in flask with & inlet tube for air stream &nd & vertical
condenser, 100 ml of hydrochloric acid (12%) wee added and
stream of air (free from 002) was passed for some time, The
other end of condenser was connected to &n absorption train,
which inciuyded in succession 4,0% Aniline-hydrochlorice (to
remove fyrfurel, if cerried over), Dil, sulphuric acid (to
remove HCl) with copper sulphate; sulphuric scid {(72%, to
remove water) and calcium chloride tower. Ultimstely it
Was connected to 8 pbsorption tube conteining standard
Barium hydroxide solution {C.0810N). The contents of the
flask were heated to bolling for 3 hrs and carbon dioxide
a cerried to the absorption tube with the help of air

evolve
current. At the end of the experiment excess of Barium
hydroxide (0.0810N) solution was titrated with hydrochloric
scig standard solution {(0,0928N}, using phenolphthalein as
the indicator. From the amount of Barium hydroxide
consumed, liberated carbon dioxide was calculs ted™’. Carbon

dioxide percentége multiplied by 4 gave the uronic ecid
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content of the samples calculsted as uronic acid

anhydride1h6 (Table-16).

TA3LE-16

Uronic acid anhydride content of Fractions

Sample Weight Volume of Yield Uronic acid
taken Sarium of CO, anhydride
hydroxide content
conaumed
(5.) (ml) (7) (%)
t. Fraction-1 0.2 5.2 L.63 18.52
0.3 7.2 o3 16.92
2. Fraction.II 0.2 0.7 0,623 2.49
0.3 1.1 0.646 2.58
Ave = 2.53%
3. Purified Husk 0.2 6.1 5446 21.8L
0.3 8.5 L.99 19.96

Ave = 20, 90%

Resylts &nd Diacussion

Uronic acid anhydride contents of Frection I, I1 and

pur

jf ied husk were found to be 17.22%, 2.53% snd 20.90x

respectively. Fraction-II contained very small smount of

uronic scid snhydride in compe#rison to Frection-I, Hence

Fraction-I could possibly be acidic polysasccheride.
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(Iv) METHOXYL CONT™NT

On the micro and semimicro scales modified Zeisel
method 1is used for Methoxyl group determinption1hs'1h8.
In this method methoxyl group are reduced to alkyl iodide,
which 18 converted into silver iodide and determined gravi-
metrically1ho. The distilled alkyl iodide csn also be
absorbed in bromine solution &nd the resulting lodic scid
is determined iodometrically by titration with sodium
thiosulphate. Methoxyl content of Frections were deter-

U6, 149-151

mined using modified Zeisel method ana csalcu-

lated by the following formula:

(A = B) = N » 0.00517
W

7# Methoxyl content = x 100

where A . ml of Sod, thiosulphate required for the
semple

B = ml of Sod. thiosulphate required for the
blenk

N = Normelity of Sod. thiosulphate solution

0.00517 = Factor for methoxyl group determination
(31.0/6000)

W = Weight of the ssmple taken,

Experimentsl

weighed amount of sample was transferred to the
reaction flask. 8lurry of red phosphorous (0.00 g./100 ml
of water) wes filled up in side trap @nd in the receiver
promine solution w&s kept, 2.0 ml of Phenol and 6.0 ml
of hydriodic acid (Anslar grade, BDH, 57%, sp. gr. 1.70)

were added to the reaction flesk and it was connected to
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the receiver. 3Side tube of the flesk was connected to
carbon dioxide source which was allowed to pess 8t the
rate of two bubbles per second. The flask was heated in
0oil bath 8t 140-145° for 1 hr, Thereafter contents of the
receiver were transferred to a flask conteining 10,0 ml of
sodium acetste solution and diluted with water (25 ml).
Formic acld wes added drop oy drop, till brown color of
bromine wes dischsrged, and L4L-5 drops were in excess,
Potassium iodide (3.0 g.) and 15 ml of sulphuric acid (1:10)
were then added and titration carried out with standard
sod. thiosulphate (0.1012K) solution, The blank was run in

similar magnner. Observations are recorded in Table-17.

TASLE-17

Methoxy contents of thz fractions

Sample weight Vol. of Methoxyl  Averasge
taken Thiosvl- content velue
(W) phate
( A-B)
(g.) {ml) (%) {%e)
Fraction-I
0.6018 3.9 0.338 0.343
. 0,8170 2.3 0, 147
resction.
A-11 0.8110 1.9 0.122 0. 1l
0.6010 h.0 0,348

Purified Husk
N 0.6000 3.9 0.339 0. 3k
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(V) SPECIFIC QPTICAL ROTATION

Specific rotations of rraction I, II end purified
husk (C = 0.5, in 0.1 Sod. Hydroxide) were found to be
-60°, +39° and +51° respectively.

(VI) EQUIVALENT WEIGHTS

Equivalent weights of Fraction I, IT were determined
by direct titration with 0.1N Sodium hydroxide {0.0122N)
using phenolphthalein 8s the indicator. Results are shown

in Table-18.

TASLE-18

Equivalent welight of Fraction I and II

Weight Volume of  Equivalent  Averaze

Ssmple taken Sodium weight value
Hydroxi de
(g-) (ml)
0. 1038 5.8 1067
Fraction-1 0.1032 5.7 1484 1479
0. 1015 5.6 1486
0. 1024 1.8 L662
Fraction-II 0. 1020 1.7 L776 4706

0. 1028 1.8 4680
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(VIII) pH VALUES

0.1% w/v end 0.5% w/v solutions of Fraction I and
Fraction II were prepared and their pH values recorded

using Beckmann pH meter (Model H-2) and are given in

Tgble-19.
TASLE-1
pH values of samples
Sample Concentration pH

O.1p 6.2

Fragction-I
0. 5 6.3
0. 1% 6.7

Fraction-II
0. 5% 6.7
0. 1% 6.7

purified Husk
0.5 6.6

(VIII) TOTAL REDUCING SUGAR CONTTNTS

Weighed amount of Fraction 1 and Fraction 1I were
hydrolysed with sulphuric acia (2N) by heating on boiling
water beth for 30 hrs, The hydrolysate was neutralised
with barium cérbonate, filtered and washed with water,
Filtrate and washings were concentrated under reduced

pressure to & Syrupy mess snd volume made upto 100 ml.
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0.2 ml of this was transferred to a tube snd 2.0 ml of
glksline copper solution reagent152‘153 added. Contents
were hested for 8 minutes on boiling water bath and cooled,
To each tube 2.0 ml of phosphomolybdic acid reagent152'15h
was sdded. After stending for 2 mts, the absorbance
(Table-20) was determined at 420 mu using spectronic-20,
Blank was run usinz water instead of ssmple and with this
zero readin; wes adjusted., A stendard curve (Fig.-8) wes
prepared using glucose &s reference materisl. From the

standard curve (Fig.-8) the total reducing sugars were

calculated with reference to glucose equivalents,

TASLE-20

Acsorbance at 420 mp

S.No. Sample Mean
I II

1 Glucose - 0.2 mg 0.06 0.06 0.06
2 Glucose - Q.4 mg 0.12 0.12 0.12
3 Glucose - 0.6 mg - Q.18 0.18 0. 18
L, Glucose . 0,8 mg 0.25 0.25 0.25
5 Glucose - 1,0 mg 0.31 0.31 0.31
6 Fraction.I 0.18 0.18 0.18
7 Fraction.JII 0, 24 0. 24 0.24

kesults

Reducing sugar contents of Fraction I and Fraction I

were found to be 60 end 784 respectively calculsted as
glucose,
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(IX) ELECTROPHORESIS

Polysaccherides as such cannot be detected directly
on the cellulose chrumatographic paper and hence use of
Glaess fibre paper122’155'156 and bleached pure silk122 has
been recommended as supports. Electrophoretic behasviour

of Fraction I and II were studied as below:

Experimental

2.0 1it. each of Borate buffer (pH-12) and Acetste
buf fer (pH 4.0) were prepared. The Glass fibre paper158
(Whetman Chromatographic Glass Fibre paper, Cat., No. GF-81,
Thickness Q,25 mn, basic weight 53 g/mz. supplied by

H. Reeve Angle and Co., London) were cut in strips

(6 x28 cm), Ssmples (Fraction I and II, 0.1% w/v in wster)
were appljed as 2 line not greater than 2 ¢m in length.
S3trip support was then suspended horizontslly in the
Electrophoresis chember (Thomas Electrophoresis Unit).

250 V(50 mA) was applied for both the buffer systems for

3 hrs!59

oven at 60°. The spots of polysaccharides were developed
122

Strips were taken out carefully and dried in

with modified p-anisidine resgent and dried at 105° for
10 mts. The mobilities were celculated ss a ratio of
distance travelled by detected zone and sctual distence
travelled by Glucose (RG values) end are shown in Tgble- 29

Duplicate tests were run for each sample,
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TABLE-21

Electrophoretic behsviour of Fractions on Glass Fibre paper

Ssmple Buf fer Movement Disteance from RG
system cantre line valie®
{cm)
Borste Anode 560 0.68
Fraction-1
Acetate Anode 3.0 0.60
Borate Cathode -3.0 -0.39

Fraction-IT
Acetate Stationary - -

#«Distence travelled by glucose (Borate - 7 ¢m, and
Acetate - 5 cm)

Results_anz Discussion

Fraction I migretes towaras Anode in both the bufier
systams wheress Fraction II was stationary in acetate buffer,
Since acetate buffer is non-complexing buffer this fraction

may be neutral one.

(X) VISCOSITY AND RHEOQLOGICAL BRHAVIOUR

Fisher improved MacMichesl viscometer (Fisher
Scientific Co., USA, Cat. No. 15-346-500) e rotationsl
covette type viscometer with veriable shear rete settings
was employed for the rheoclogical studies of both the
fractions snd the purified husk. The r.p.m. of rotating
hot-plate, corresponding to the different regular divisions

were determined (Table-22) to begin with,
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TASLE-22

R.P.M. corresponding to regular divisions of viscometer

Regular divisions R.P.M *

of speed control Ll
1 7.86
& 8.53
3 9.13
b 9.94
s 10. 59
6 10.97
? 12.00
8 13.54
7 10,83
10 20.46
11 24.00
12 29.52

*pversge of three readings

The uncertified wire (B and S Gauge - 30) was cslibrsted
against certified wire (B and S Gauge - 30, Resistance -
0.01305 G.cm/®M. piv.) using liguid paraffin as the
standard. The values of Instrument constant (K) wers

determined (Table-23) using the following formula1°2

21 x H x N
0.,
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where K Instrumenc constant

viscosity in centipoises

h
]

H = depth of immersion ol the plunger

=
]

Nunber of revolution of the cup per minute

Oy

disl readin; in degree MackMicheal,

TABLE-23

Instrument constant (X) at different r.p.,m. of cup

S.No, R. P.M, M Instrume?;)constant
1 7.86 6 1.3
2 8.53 6 153.3
3 9,13 7 140.7
L 9. 7 149.5
5 10. 59 8 142.0
6 10, 97 8 148.0
? 12,00 9 143.9
8 13. 54 10 146.1
9 16,83 14 142.2
10 20,46 16 147.2
11 24 .00 18 143.8
12 29.52 22 144.9

0.5% w/v dispersions of Fraction I, II and purifieqd

husk were prepared and transferred to the big size sample

cup (6.98 em I.D,). A cylindricel plunger of standerd
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dimensions (4.0 cm Dis.), Suspended by & torsion wire
(Gouge - 30) wes immersed to 3.0 cm in the semple cup,
which was then revolved st & constant speed of 20.46 r.p.m,
on & rotating hot plate, The plunger and the sSupporting
spindle turned because of the dreg of the liquid, until
the restoring force in the wire just balanced it, The
spindle turn indicated by & pointer on 8 aisc grsdusted in

Degrees macMicheal (Table-24), wes noted and the viscosities

computea using the following equanion1°‘

K x °h
H N

H e

TASLE-2k

Viscosities (centipoise) of 0.5% w/v dispersions

Disc Reading (M) Average
Ssmple viscosity
I IT IIT IV Mean (cps.,)
1, Purified Husk 85 8L 84 34 84,25 202,0
2. Fraction-I 71 73 M 71 72.00 172.7
3. Fraction-II L8 LB 4B A8 48.00 115.1

Rheological Characteristics

In order to study the rheological characteristics
of fractions the sample cup (6.98 cm 1.D,) was filled with
0.5% dispersions and left undisturbed for half an hour.
The cup was rotated to begin with &t the lowest rate of

shear (7,86 r.p.m.} and the reading on the rotéting disc
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recorded. The rate of shear was then gradually increased
to 29.52 r.p.m. and reading noted at each increase,

Thereafter the rate was decreased at the same rate to the
lowest shear rate (Tables 25, 26 and 27)., The upwerd &nd

downward curves of semples are shown graphicslly in

Figs. 9, 10 and 11,

TABLE-2

Rheological behsviour of 0.5» w/v Puriiied husk

3.No. R. 2.0, Disc Resding (M)
Upcurve Down curve
1 7.86 38 25
2 8.53 40 26
3 9.13 L5 29
b 9.94 L9 33
5 10.59 50 3
6 10.97 52 35
7 12.00 51 39
8 13.5h 58 L
9 16.83 72 58
10 0. 46 85 74
1 24,00 90 88
12 29.52 95 95
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TABLE-26

Rheological behaviour of 0,5% w/v Fraction-I

Disc Readings (M)

S.No, R.P.M,
Upcurve Down curve
1 7.86 L0 25
2 8.53 L2 28
3 2.13 L5 31
4 9.9 48 34
5 10. 59 5 38
6 10.97 55 43
7 12.00 59 47
8 13.54 62 52
9 16.83 67 5%
10 20.46 71 6L
11 24.00 19 71

12 29.52 81 81
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TASL:- 27

Rheological behsviour of 0.5 w/v Fraction-I1

Disc Readings (°M)

S.No, R. P,
Upcurve Down curve
1 7.86 16 11
2 8.53 20 12
3 9.13 22 13
4 9.94 2, 16
5 10. 59 27 18
6 10.97 30 21
7 12.00 36 25
8 13.54 38 29
9 16.83 L2 35
10 20.46 48 41
11 24.00 55 L8
12 29.52 63 63

)3}
Results and_Discussion

viscosities of both fractions were found to be less
than that of purified husk for 0.5% w/v concentration,
shear rate vs shear stress (OM) curve shows all the samples

to be non-Newtonisn (Pseudoplsstic),

41043444444
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CARBOXY METHYL DERIVATIVE (SODIWM SALT) Ok P.OVATA HUSK

Chemical modification of polysaccharides alters their
physicael properties and some times their derivatives are
more valuable than th originel polysacchsrides, Modifi-
cation of polysaccharides may be achieved by the introduc-
tion of (a) neutral groups - e.g. methyl, ethyl, hydroxy-
ethyl, etc., (b) acidic groups - e.g. carboxyl, sulphate,
phosphate, etc., or (c) basic groups - e.g. amino acids,
Introduction of certein ether groups into the polysaccharide
molecule generally enhances its hydrophilic properties.
Methyl, hydroXy ethyl and carboxymethyl group when present
in the proper amounts make the polysaccherice more water
soluble. Celiulose and starch have been structurslly
modified DYy substitution of methyl, ethyl, carboxy methyl,
hydroxy ethyl groups and some of their derivatives are
potgntial substitutes for the many nstursl gums in the

pharmaceutical industry.

very few carbohydrate derivatives have enjoyed such
widaﬁpread populsrity @s the carboxy methyl derivatives,
carboxy methyl derivatives of acacia10'33, tragacanth1o’33,
guar gum10'33, locust beéen gum10’33, celluloseBh'35'163 and
star0h36'37 have been reported to be of value as additives
for pharmaceuticel formulations. Hence it was considered
worthwhile to prepere carboxy methyl derivative of Ispaghula
husk and study its properties with a view to ascertein

possibilities of its use in formulations,
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Carboxy methyl derivatives (sod. sslt) can be
prepared according to the method suggested by M0e10. The
gum is treated with & cold aqueous solution of an alkali
(NaOH) and then with sn etherifying agent such as sodium
chlorcoacetate or Monochloro acetic acid, at sn elevated
tempersture. The slksli is neutralized with dilute acetic
acid and the 8alts removed by washing with hot &queous
alcohol or ethanol-methanol mixture. This method has been
used for the preparation of carboxy methyl derivatives of

acacis, tragecanth, guar and locust bean gums
and Tinsley'°“ suggested yet another method, in which a
non-aqueous solvent such as 2-propsnol is used for

maints ining the &@lkaline-swol len gun 8nd the VisScous proauct

ih dispersed form during the react’ion105,100.

The procedure involves the following variables:

1. Concentration of alkali,
2. Temperature and duration of heeting, and

3. Amount of etherifying agent.

These variables were standardized as follows:

SELECTION OF ALKALI COMCUNTRATION

Treatment of the carbohydrate gum with a cold

solution of alkasli serves to di sperse the gum in water

withovt formetion of lumps'®"+1°8,  1ncorooration of slxers

is slso warranted for tue ease of penetration of e

etherifying agent and uniformity of etherification. The

effect of elksli concentration on the preparation of cargoxy
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methyl derivative (sodium s&lt) ol Ispsghules were studiad
8na the products characterised on the basis of their
sodium contents, The carboxy methyl derivative (sodium
salt) of Ispaghula is henceforth referred to as Sod. CMD
Ispaghula.

(a) Preparation of Sod. CQMD Ispsghuls

Sodiun hydroxide solutions (5% to 50% w/v) were
prepsred and kept in Refrigerator. 2,0 g. of Ispaghuls husk
were dispersed 1n cold sodium hydroxide solution (200 ml)
by stirring 8t 4,000 r.p.m, for 30 mts. Dispersions were
8llowed to stand for another helf an hour and then heated
to h5° for 30 mts &8nd cooled. To this mixture sodium chloro
acetate (2% w/v sol., 100 ml) was adaed slowly in small
quantities at & time ana stirring continued for 5-10 mts.
The reaction mixture was again heated to 50° for 30 mts,
copled, end diluted with water. Excess of alkall was then
neytralised with dil. acetic acid. The Sed. MD Ispsghula
was then precipitasted with 4 times the volume of Ethyl
alcohol (90% v/v) end filtered. The precipitste wes washed
with slcohol and then with alcohol-methanol mixture to
remove 381t impurities, dried under suction snd finally in
yvacuum oven, powdered and weighed, Results are recorded in

(b) Determination of Spdium Content

For compounds of this type the degree of substitution

may be sssgessed by determining the sodium content169’1?1, A
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non-aqueous titration method for the determination of

sodium content of carboxy methyl cellulose has be n

reported’vo and is now official in U.S.P.172. Other

methods suggested for the determination of carboxy methyl
group are (a) conversion to free a8cid by decomposition of
sodium salt, followed by the determination of the neutrsl
175,17,

equivalent , 8nd (b) conductometric titration of the

175. Sodium

@lkaline sodium carooxy methyl cellulose
content of Sod. ClD Ispszhule were determined by non-agueous
titration with 0. 1N Perchloric acid (Normality O.0710N) in
glacisl acetic acid media'’%, Results are recorded in

Table-28,

TABLE-28

Cffect of Sodium hydroxide concentrations

S.No. Concentration Weight of !1;ld Scdium
0% i (&e] (8) i

1 5.0 2.0 1.2 6.039

2 10.0 2.0 1.4 6.366

3 20.0 2.0 1.8 6.692

L 30.0 2,0 2.1 7.345

5 4,0.0 2.0 2.1 ?7.345

6 50.0 2.0 1.9 7.183

Results

Sodium hydroxide concentration when used aboye 30% w/v

gives meximum Sod. content, but at 50% w/v Sedium content
falls,
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TEMPERATURT OF ETHERIFICATION

Suitabl3 temperature and duration of etherification
were worked out, keeping other variaoles such »s8 conc, of

alks ll and amounts of Sod. chlorcacetate ; husk constant,

2.0 g. of Ispaghula husk were dispersed in sodium
hydroxide solution (200 ml, 30% w/v). To this sodium
chlioroacetate solution (2% w/v, 100 ml) was gdded gradually
with stirring. The resction mixture was heated &t aifierent
temperatures (0%, 50°, 60°% and 70°) for difierent periods
of time (15, 30 &8nd 60 mts,). Excess of 8lkali was then
neutrsalised with dil, acetic acid, and precipitated with
ethyl slcohol (90#% v/v). The final products were weighed
out and the sodium content determined. Results sare

recorded in Table-29.

Results

It was observed that meximum etherification was
obtainesd when the reaction mixtures were heated at 50° for

3C mts duration. At 40° and at 70° yields were less,

EFFECT_OF SODIW CHiOROACETATE

Carboxy methyl derivatives (Sod. salt) were prepared
using difierent amounts of Sodium chloroacetate and their

sodium contents determined,

Experimental

2.0 g. Ispaghula husk were dispersed in cold sodium
hydroxide solution (200 ml, 30% w/v). To this different
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TABLE-29

Effect of Temp. and duration of heating on Etherification

S.No. Temperature Time Yield of Sodium
Sod. CMD content
& Ispaghuls

(7€) {mts., ) (g. ) (%)
1 40 15 1. 50 2.285
2 L0 30 1. 50 2.939
3 4L0 60 .42 5¢ 714
L 50 15 1.85 6.855
50 30 1.98 7.509
6 50 60 1.98 7.428
7 60 15 1.71 7.020
8 60 30 1.78 7.020
G 60 60 1.60 6.855
10 70 15 1.62 6.530
11 70 30 1.62 5,714

12 70 60 1.60 5.714
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amounts of Sod. chloroacetate (Table-30) were added with
stirring. Reaction mixtures were heated to 50° for 30 mts,
cooled and diluted., Sod. CMD Ispaghula were recovered as
discussed earlier and tien subjected to determination of

sodium content, Results are shown in Table-30.

TABLE~

Etherification with varying amounts of Sod. chlorocacetate

S.No. Amount Amount of Sod. Yield Sodium
of husk chloroacetate/ content
100 ml,
1 2.0 0. 25 1.80 1.796
2 2.0 0.50 1.82 2.285
3 2.0 1.00 1.90 "0571
L 2,0 1.50 1.95 5.714
g 2,0 2.00 2.05 7.428
6 2.0 3.00 2.05 7.428
7 2.0 4,00 2,051 7.345
8 2-0 5'00 2.05 7.#28

e ey
e e £ D G .

EEEPARATIQN AND CHARACTERISATION OF SODIWi Cub ISPAGHULA

Having worked out optimum conditions, three different

ssmples (A, B and C) of Sod., CMD Ispasghula were prepered
»

starting with 4.0 g. of husk every time. Yields of 4.2, 4,18
[ 3 . L ]

end 4.2 g, were obteined for samples A, B and ¢ respectively
The three sgmples of Sodium CMD Ispaghula were characterised
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with respect to their sodium content, IR spectrs sand

viscosity.

(1) Sodium Content

Weighed amounts of samples A, B and C were taken in
flasks, glecial acetic acid added to them snd heating done
for a few minutes. After cooling the mixture were titrated
potentiometrically 8gainst O.1N Perchloric acla ( 0.0710N)
using Beckmann PH meter (Model H-2)., Csalomel electrode was
dipped in KC1 (ssturated) solution ana Glass electrode in
the sample. Both the electrodes were connected by a salv
orige 76 consisting of an Agar-KCl gel. Results are
recorded in Table-31 and titration curves shown in Figs.
12, 13 and 14. Sodium contents of all ssmples were also
determined by direct titrestion with stendard Perchloric
scid in glacial scetic ecid media using methyl rosaniline
chloride (crystal violet in Glascial acetic acid) as the
1ndicator177'178- Both the results sre compared in Table-31,
gimilar direct titration was conducted on Ispaghula husk

which served as the blank,

Results

The sodium contents of three samples (A,B,C) were
found to De similar and hence it was concluded that method
wed for the preparation of Sod. CMD Ispaghula gives
reproducible substitution in the husk polysaccharides,
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Sodiun contents of Sod. CMD Ispaghula

Direct titracion Potentiometri;_;itrat

Sample : - t?ﬂf_____
comsumed comtem: ololmS Sodtua
_ (m1) () (m1) fr
Ispaghula husk 0.2 C.32 - -
Ssmple - A 4,65 7.59 4.6 7.50
Sample - B 4.60 7.50 4.6 7. 50
Semple - C 4.60 7. 50 4.6 7. 50

(1i) I.R., Spectrs

I.R, spectrs of the samples were Fecorded 1n Perkin
Zlmer Infrared Spectrophotometer usin, Kpr disc technique

and compeared with the spectrs of husk,

1650-1550 cm~! and 1450-1400 cm™

1
for carboxylic 881t179 180
(Cou™ 3cretch1ng, Sod. salt) and in reglons 1150. 1025 cp~

17
1250 cam” ! for alkyl ether linkage 7,180 (C~U—() were

observed, giving proof that carboxy methyl ethep Eroup have
been introduced in the molecule. IR spectrs of sampjes i

shown in Fig.-15 for Sod. QMD Ispsghula ang for husyk in

Fig,—-z.

(§11) Viscoaity

viscosity of asmples A. B end C (0,54 ong 0.754 w/v)

os determi"ed using Fisher improved MacMiches] Viscometer
W
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TABLE-33

Rheological behaviour of Sod. CMD Isptghula

s.No.  R.P.u. G U, 56w Conc. 0.75% w/v
Lpcurve Uown Upcurve Down

curve curve

1 7. 86 55 50 70 65
2 8.53 58 56 72 68
3 9.13 60 58 76 72
L 9.9% 73 69 81 78
5 10.59 76 73 85 83
6 10.97 80 78 88 85
7 12.00 83 81 95 92
8 13. 5k 86 82 99 96
9 16.83 90 87 109 107
10 20,46 96 93 120 116
11 24 .00 105 160 132 130
12 29.52 115 115 156 150
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TA3LEL 34
Rheologica) behaviour of e -

S.No.  mpu,  _onC: 0.5 wfi——ﬂ—EEEEEE:§ZEE%T:;2:~_
Upcurve E:gfe Upcurve Eﬁ:&;~-
e =N
1 7.86 39 23 sg -
2 8.53 40 26 62 58
3 9.13 45 30 68 63
4 9. 4 48 36 75 7o
5 10. 59 50 43 81 79
6 10,97 52 48 90 85
7 12.00 S 50 96 93
8 13. 54 58 52 100 9
9 16.83 (£ 66 103 98
10 20.46 86 75 110 105
11 24.00 90 86 125 120
12 29.52 98 98 138 138

Results and Discussions
The sbove study indicates that gpgq, CMD Ispeghu1n

possesses greater viscosity 83 compared to Ispaghuls -

of similer concentrations. Further the plo¢ of rate of
shear vs shear stress (Fig.-16) shows that goq. du N

s gesses non-Newtonian characteristics ljye Thpeuhiise -
poss

(Fig.-17).
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On the basis of sodium contents, rp 8pectrs apng
< nd
viscosities it is evident thet e1] the t

hr("’ 5"0"’ ‘)l(,
(A,

B and C) of Sod, CMD Ispazhuta POSsesges g

characteristics, Hence follow! =~ the above maney
Eamit L B0 g Kat'e

imil-»

procedure bulk Quentitiss of 959, CVD Isprghuls was pr
: €p red

for further Studies,

EEFECT OF PHYSICO-CHEWICAL VARTZGLES ON Ti: 3
OF _S0D, CMD _ISPAGRULA === IHE VIScosiTy

Viscosities ana stabilities of the mucilage g5 Gid
ére known to oe iniluenced to appreciasple extents py factors

such as conceatrations, temparatures Prolonged heating |

added substances, ultrasonic vibrations, 4Bve jo ang
.
GuptaUG -08,70 have reported the effect of Various varigh].s

etc,

on the rheology of Plsntago ovate ssed husk mucilage

74,75

Mithal and Gupta reported the effect of pH, heat,

aging, adcded substances such as alcohol, surfactant, humec.

tants and ionic substances. Study of the effects op above
mentioned veriables on the viscosity of Sod, c¢mp Ispsghula

muci 1age wes undertaken end is discussed below,

(i) Effect of Concentrations

yiscosity 1s a function of concentrstion &nd hence

t various concentration of Sod
iscositics @ « CMD
chenge in Vv

were 38 a be W,
! ulés e tUQiOLA S 1o
il

Ispus;

Exgerimfﬂ§2£

254, 05k, 0754, 1.0% 804 1.4 w/v dispersyigng
0. p V0
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of Sod. CMD Ispsghula were prepared snd viscosities g .
; ' eter.
mined using 30 geuge torsion wire angd cylindrical p
unger
(4.0 cm die.) &s discussed esrlier. Results A
orded

in Teble-35 and a rheogram of concentration Vs viscositg
es

shown #n Fig,k-18,

TABLE-35

Viscosities at different concentrations

S.No. Concentrations Disc Reading (QM) ;iscoait;—
(% w/v)_~ I II I1I jesn (cps )
1 0.25 93 91 92 92 220.7
2 0. 50 % 96 96 96 230.2
3 0.75 116 116 116 116 278,.2
L 1.00 145 W6 L 145 47,7
5 1925 190 190 190 190 455.7

(11) Effect of pH
pH 1s known to 8ffect the viscosity end stability

of hydrophilic and semi-synthetic gums to &8 considerable

pH values at which the viscosity is meximum differs

extent.
The effect of pH on the viscosity of Sod.

from gun to gum.
CMD Ispaghula was therefore studied.

Experimental
Buf fer solutions ranging from 2.6 to 11 pH were

prep8r0d181. 0.5%w/v dispersions of Sod. CMD Ispaghula
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were prepared using buffer solutions snd viscosities

determined as ususl., Values are given in Table-36 ang

graphically represented in Fiz.-19,

TABLE-36

Effect of pH velues on the viscosity

8 Mo o Disc Reading () pr—

I II III (M)

1 Control 96 96 96 96.0

2 2.6 7h 73 72 72,0

3 3.0 77 77 77 77.0
b 4.0 82 8l 83 83.0

5 5.0 95 95 95 95.0

6 6.0 95 95 95 95.0

7 7.0 95 95 95 95.0

8 8.0 95 97 9% 96.0
9 9.0 95 95 95 95.0
10 10.0 93 94 92 93.0
11 11.0 90 89 90 89.6

Results

CMD Ispaghula remains almost

Viscosity of Sod.
0, but get reduced below pH 5

constent from pH 5.0 vo pH 9.

and above pH 7.0.
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(414) Effect of Tempersature

studies of the effect of heat on mucilage of

ums have revealed that while limited amounts of

naturasl g
rease in their viscosities, the

heat mey cause an inc
viscosities decrease at higher temperstures due to degra-
dation of the gum molecules or due to rupture of hydrogen

Effect of temperature on the viscosity of Sod. C!'D

bonds.
Ispeghule were studied as follows.
Experjmentsd
e 27 S
om temperature (269).

as recorded at ro

Op) w
and disc readinz (T
and the sample allowed

ai
The temperature W&o then ¥
Thereafter cu

to stand for 30 mts: Le.37)
scorded (Table=20J¢

disc r-@ ding T
and © gnd resdings

sed toO 300
p was rotated at 20. 46

In this manner

r.pomo
Resuylts are

temperatur® wes
ted in Fig.-20.

cally represen

aphi
shown in Table-37 and &°
Results Egﬂ.gliggagigg diec reading on
11 increose # 7
There was g su ] 26° 0 30°, thereafter @
e rom

raising the v°T - ooserved:
-
ii In WAEEO

steady 1@



(80)

TABLE-37

Effect of temp. on the viscosity of Sod. cup Ispaghul
o« LU pagnula

——
S

S. No. Temperature Disc Reading ()

(%0} I II T et
k & % %% % 9.0
¢ Ao % 95 %  95.6
3 35 82 81 80 81.0
4 40 68 67 o7 67,3
5 45 56 56 56 56.0
6 50 47 46 46 46.3
7 25 38 38 38 38.0
8 60 36 36 36 36.0

IV. Effect of Prglonged Heating at High Temperature

100 ml of 0.5% w/v Sod. CMD Ispaghuls dispersion

was taken in a tared beaker 2nd heated on a water bath
It was then cooled to room
ded and mixed

m. (Table-38),

(98011) for 15 minutes.
temperature and water lost by evaporation ad

The disc readings were noted at 20,46 T.p.

up.
Tn the same way three samples were heated for 30, 45 and
Results are

60 minutes, and the disc readings determined.
recorded in Table-38 and represented in Fig.-21.
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TASLC-38

Eff
ect of hestinz ot High Temperature (98°t1)

s. No. Time of Disc Resding (M)
Heating - —

. 11 III (OM)

1 Control 96 96 i Ny

2 15 mts. 73 72 i "

3 30 mbs- 60 60 s .

h 45 mts. 42 43 i 2

2 60 mts. 33 33 ” .

S —

(v) Bffect ol

7o study et fect of ayrfectants, sodium 1ruryl

sulphate ( SL3) representing anionic, cetyl trimethyl
TAB) representing cstionic snd Tween 80

onium promide (C
sorbi

awmm
esenting non-

(PolyoXy ethylene ten mono oleate) repr

were selected qn different concentrations

ionic type

Experimented
0.5%, 1.0%, 1.5%, w/v solutions of

2,0% and 2.5%

prepared separately and uvsed

sLs, CTAB and Tween g0 were
8s splvents for preparing Sod. Wb Ispagnula (0. 5% w/v)
The disC regsalingd ol each swmple 8re shown

diapersiono.
s ly without any

g run aimultaneo

reaented grapnicalxy in

in Table"'39¢

gurfectant. Results are rep

Fig."zzo
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TABLE-39

Effect of Surfactants on the Viscosity

Disc Reading (°i) Mezn

Surfactant C?;f- i
1 II  III fon
Blank > 96 96 96 96.0
Qe 99 99 99 99.0
1.0 103 103 103 103.0
SLS 1.5 111 112 111 111.3
2.0 114 114, 114 114..0
2.5 117 117 17 117.0
CeS 98 98 98 96.0
1.0 100 100 10Q 100,0
CTAB 1.5 105 105 102 104.0
2.0 109 110 110 103.6
25 113 114 113 113.3
0.5 103 105 104 104.0
1.0 g2z 123 123 122,6
Tween 80 1.5 130 130 130 130,0
2.0 138 138 138 138.0
2.5 145 15 105 145.0
(VI) MWM
carla 2ucca 2 gtudied the effect of ?V irradiation
sity of gum mucilsges. Effect ol UV rays on the
Op TR WISE hule was studied &s follows,

viscosity of Sod. CMD Ispeg
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Experimental

0.5+ w/v dispersion oi Sod. CMD Ispaghule was
prepared and its initisl disc reading at 20.46 r.p.m,
recorded. The dispersion was then divided in three parts.
First was exposed to W rays for 15 mts., second for 3p

mts. and the third for 45 mts. and then their disc readings

determined &t the same r.p.m. Results are recorded in

Table-40 and shown graphically in Fig.-23.

TABLE-40

Effect of Ultraviolet Irradiation

i g;ggsgie Disc Resding (°M) ) Mgan
I 11 6 ( %m)
1 Control 9 95 96 95,6
2 15 mts, 88 88 89 88.3
3 30 mts. 75 75 75 75.0
L 45 mts. 67 67 67 ©7.0

Results and Discussions

Viscosities of Sod. CMD Ispsghula decrease when

The decrease in viscosity may bc due
de molecule.

exposed to UV rays,
to structural breakdown of the polysacchari

(vii) nffect of Ultrasonic Vibrations
183,184 on the viscosity

gffect of ultrasonic waves
of Sod. CMD Ispsghuls dispersion was studied as follows.
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Experimental

0.5+ w/v dispersions of Sod. CMD Ispaghula was

pPrepared and its initisl disc reading recorded This we
. 3

then dividea in 4 parts. one portion was sudbjected to

ultrasonic vibrations (Frequency - 90 Kes) for 5 minutes
(using Systronic Ultrasonic Lnit), the second for 1o minut
€S,

third for 15 minutes and fourth was given 30 minuces treat
ment with ultrasonic vibrations. Thercafter disc readings
for each semple were determined. Results are recorded in

Table-41 and shown in Fig.-24.

TABLE=b 1
Effect of Ultrasonic waves on viscosity
gy Tiie &f Disc Reading (°M) ey
PR exposure
I II ITI (°MJ
1 Control 95 95 95 95.0
2 5 mts. 76 75 76 75.6
3 10 mts. 65 64 64 64.3
4 15 mts. 56 56 56 56.0
Egsults

The viscosity of Sod. CMD Ispaghule falls
ted to ultrasonic vibracions,

considerably when subjec

prai a4+



CHAPTER V1



(85)

BINDING PROPERTIES OF CARBOXYMETHYL
DERIVATIVE OF TYSPAGHULA (SoD, SALf?

Many natural snd semisynthetic hydrocolloids such

@3 acecis, gelatin, Sstarch, methyl cellulose, °3Pb0xymethy1

cellulose, etc. are used as binding sgents for the wet

granulation of medicaments. Miths1l and Bhutianiso reported

Ispaghule husk to be a good binding agent,
of employing Sod. CMD Ispaghula &8s binding sgent for wet

The {easibility

granulstion was therefore investigated,

PRELIMINARY EVALUATION OF BINDING CAPACITY

In order to 8ssess the binding capacity of Sed, Cip

Ispaghula, Lactose and calcium carbonste granules of follow-

ing compositions were prepared:

¢es s oponuew 30'0 g‘ cal' carbonate 0 00 3000 g

1.5 g‘

So ub LA B BN ] . g.

Seluble starch ...
Binding sgent ,,.... Q-S. Binding agent .,,,. -

Three lots each of Lactose and Cal. Carbonate wepg
weighed and mixed homogeneously with soluble starch ang
granulated with O,5» snd 1.0% w/v Sod. CMD Ispaghula, Third
1ot of gréanules was prepared with water aione for control .

The granules were passed through sleve No. 16 and drjed,
ntage fines of powder were then determined by arrenging

pPerce
22, b0, 60 mesh In order &nd putting granules on

sieve No.
Fractiona of (a) material PBBSing ‘l,',hrough

sieve No. 22.
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Sieve No, 22 but retsined oy sieve No., 40 mesh, (b) POBL L
through sieve No. 40, but reteined by sieve No. 60, and |
(c) passing through sieve No. 60 mesh, were recovereg and
weighed. Percentage fines above 60 mesh and sbove 40 mesh

were then cslculated using the following formuls, Results

are shown in Table-42.

B+ € _ . 400
+ B+

% Fines above L0 mesh « - S

x 100

Wiy @i+

% Fines above 60 mesh =
A ¢ G

*

welght of granules which ere reteined by
sleve No. 40.

where A

weight of granules which passed throuzh sieve
No. 40, but retained by sieve No. 60 mesh,

waight of fines passed through sieve No, 60,

TABLE=2

Percentage fines of granules using Sod. CML Ispsghula

Percentage fines

Conc.
Haveriel Above 40 mesh Above 60 mesh
(% w/v) () (%)
Control 56 .46 39.87
Lactose 0.5% 34,43 11,48
1. 0% 12.90 3.22
Control 5573 36.07
Cal., cerbonste 0.5% 33.65 1h. 24
6.05

1.0% 16. 11
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3ince the preliminary work showed Sod. CMD Ispa_huls
aispersion to possess good binding cepacity the foliowing

further studies were carriea out on icis binding propertie
S.

SELECTION OF SUITABLE CONCENTRATION

— T

For conversion into grenules, powders have to be

moistened with water or a wesk adhesive or s strongly

15
adhesive mixture ', Hence tablets with different smounts

of Sod. CMD Ispaghule (0.2% to 1.5% w/v) were prepsred in
order to arrive at a concentration giving best results,

Control granules were &lso prepsred for easch series using

water as the granulsting agent,

Three sets of tablets using calcium gluconate
(500 gm/Tab), sodium bicerbonate (300 mg/Tab) and lactose
(350 mg/Tab), all of pharmaceuticel grade, were prepared
usin, water and 0.2s, O.bpg, 0.0m, 0.8k, 1.0k, 1,254 and
1.50% w/v Sod. CMD Ispsghuls dispersions &8s binding agents,

In all eight lots of granules were preparea for each

materisl. Soluble starch was used 8s disinteygration agent

and talc &8s the lubricant.

preparation of granules

wet granulasting method was employed for the prepé-

186'187. In each lot half the amount of

ration of granules
ble starch was incorporated prior to granulstion

the solu
Wweighed

1f before the compression.

and the remaining ha
rated thoroughly and

quantities of materials were tritu
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bindin: azents adaed gradually to convert the powder mgss
intc damp state., This was then passeaq Lhrough sieve No, 16
Uranules were dried ang the # fines above 40 ang » fines |
above 60 mesh sieve were determined as discussea earlier,
Observations on percentage fines for all the three types of
granules are shown in Taole-43. The relationship of

concentration and the percentsge fines are shown graphically

in Figs. 25, 26 and 27,

TABLE-L3

Percentage fines of grsnules prepared with
different concentration of Sod. CMD Ispsghula

Concen- Soda., bi-Cerb, Lactose Tablets Cal, gluconsate

tration Tablets. Tablets

(# w/v) —
A B A B A B

64,868 LUO.55% 58.49% 30,16z

49.18% 32.78% 55.420 32.43% W5.18s  24.39%
25.40% 41.920 R21.92» 31.000  11.43%

34,256 16.43p 27,116 9.61%

21.92% 8.21% 20.1%% 4. 80%
4. 1#% 17. 135:'{‘ L. 03%

L. 1% 17.660 3.83%
17.L7% 3.83%

Control O4.49% A45.08x
O.24
O blbi.bhOjk
0.64 33.65+ 10.90%
0.8% 14.73%  4.80%
1.0% 1. 19% 3.55% 16.58%
1.25% 13.07% 3.27% 16.58%

1.50% 12.94% 3.15% 15.83% 3.61%

sicve

A = Percentege fines above 4O mesh
sieve

B = Percentsge fines 8bove 60 mesh



o ] 1 1 1 3 1 l
@) 02 04 06 O 1-O .25 i:§

o CONCENTRATION
(%W/V) |




FiG=26

_ACTOSE TAB.

e ———

601 ~__o FINES ABOVE 40
FINES ABOVE 60O

W%

“a \
50 \




0 FINEg ABOVE 40
. “——x FINES ABoyge 60

et

! ! ! I I =
02 04 06 O8 |0 1-25 |5 /
—  » CONCENTRATION J
(7% WV) |




(89)

Prepsration of Tablets

Granules passing through sieve No. 16 but retained

o1 sieve No. 60 mesh (16/60) were compressed using DIAF (H)

Single Stroke Tablet Compression machine. Lactose end Sod

bicarbonate tablets were compressed with 9.5 mm dismeter

die and punches, wheress for Csl. gluconate tablets 12 mm

diameter die and punches were used., The capecity of die

was adjusted to 385 mg for Lactose, 330 mg for Sodium

bicarbonate, The compression pressure and tne speed of the

machines wes kept constant for each lot,

Evaluation of Compressed Tsblets

Tablets were evaluated in the following respects:

(1) Aversge weight snd weight devistion:

Ten tablets in each lot were weighed and aversge

The tablets were then weighed indivi-

weicht calculsted,
188,189 .

duslly and percentage deviation calculated
on are shown in Tables-bkk, 45

averesge weights and devisti

and 46.

(11) Hardness:
etermined DYy Campbell

Hardness of tablets wés d
kg/cm2). Average

(Thermonik) Taolet herdness tester (in
and siiown

values are recorded in Taples bk, 45 ana 40,

graphically in Fig.-<8.
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(111) Disintegration time:
Disintegration time of tablets were determined
using Campbell Tgblet Disintegration Test meschine at 37% 1.
The tablets were regarded as completely disintegrated when
whole of the tablet broke down and granules passed through
Average values of disintegration time are

the gauge,
recorded in Tables 44 to 46 and represented graphically inp

Fig'-zgo
TABLE-4
Average weights, weight deviation, hardness and
disintegration time of Sod. bicarbonate tablets
5 Percentage devia- Hard-__ Disint —:
s. Concen- Averagg tien ol =Y ragigheg
tration weight -
No. Upper  Lower Ang e
limit limit 2
(% w/v) (g.) (%) (%) (kg/em®)  (sec,)
1 Control 0.33% +3.337 -2,680 s 34.6
2 0-2 0.3325 +2c 256 "3""58 1'8 38-0
3 Ol 0.3346 +1.908 -3.161 2.6 L1.0
L 0.6 0.3328 +2.704 -3.846 2,9 51.0
5 008 003312 +20657 -30080 3!8 52-0
6 1.0 033312 4'1-#1&9 ‘-Ov9661 L'a 52-O
7 1- 25 003322 +0-?827 "Oo 8128 5.0 54.6
g 1.50 0.3302  +0.8484 =-1.515 5. 55.3

#Average of ten taplets

wspverage of five values
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TABLE-45

Average weight, weight deviation, hardness

and disintegration time of Lactose tablets

Percentage devia.  Hard. Disinteg-
9. Concen- Average
Upper Lower
limit 1imit >
(%) (g.) (%) () (kg/cm<) (sec,)
1 Contreol 00,3892 +4,130 =-3.525 1.6 47.6
2 002 003871 +3-6‘f1 -2.?12 2.2 51.3
3 0-10 003862 +3-31h -2.329 2-6 57-6
b 0.6 0.3861 +2.,642 -2,072 2.7 62.3
5 008 0038105 +1-h73 -1.0’07 301‘ 67-3
6 1.0 0.3855 +1lh‘f5 "0-7%3 4.6 7000
7 1.25 0.3851 +1.462 -0.5712 4.8 73.0
? a
8 1.50 0.3861 +1.036 =0.5180 5.0 3.3

*Average of ten tablets

*»Average of five values
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TABLE-46

Averagge weight, wei
. ght deviation, ha
disintegration time of Cal. glucénatgdgggie::d

Vo tration weieES T ien T HAG Distnteg.
| S e e
(o w/v)  (g.) (o) (#)  (kg/em®) (sec.)
1 Control 0.5462 +4.430 -3,843 2.4 80.6
2 0.2 0.5486  +3.918 -3.609 3.8 91,3
3 0.4 0. 5488 +3.287 -2,278 4.0 95.3
4 0.6 0.54,88 +1,859 -1.785 4,2 98.0
5 0.8 0.5514 +1.451 -1.541 5.0 102.3
5 1.0 0.5512  +1.223 -1.161 5.0 103.6
7 1.25  0.5508  +1.089 -1.089 5.8 105.0
8 1. 50 0.5509 +1.125 -1.180 6.0 105.6

spvergge of ten tablets
w#Average of five values

Results and Discussion

As the concentration of Sod. CMD Ispsghuls dispersion
tage fines values decreesse up to & conc,

increases, the percen

of 0.8%, beyond which there is 1itt
Weight deviation of tablets,

i8 less compared to lower

le change in velues of
prepared

percentage fines.
concen-

with 0.8% and ebove conc.

trations. So it was concluded that 0.8% Sod. CMD Ispsghula
onc, above which it has good

is probably the minimum ¢
So, for further studies only two

binding ection.
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e r

binding action compsred with some Commonly used bindin
g

agents,

COMPARATIVE STUDY OF BINDING PROPERTIES

Binding capacity of Sod. CMD Ispaghula was compared
with Acacia mucilage (15%), Methyl Cellulose mucilage (2,0
w/v), Starch paste {10% w/v) and Ispeghule husk {(1.0% w/v),
Thismine hydrochioride (10 mg), Acetyl salicylic &acid
(300 mz) and compound Sodium bicarbonate (320 mg) tablets

heving following compositions were compressed,

(a) Thiamine hydrochloride Tablets 190, 191,
Thismine HCl (B.P./U.S.P. Grede) ... 5.0 g.
Lactose ... 133.0 g.
Soluble starch oiss . 7.5 8.
Talc S 4.5 g.

190,

(b) Acetyl salicylic acid (Aspirin) Tablets ~
Acetyl salicylic acid (I.P.) .. 150.0 g.
Soluble starch o 7.5 &.
Talc .o 5-0 gc

190,
(c) Comp. sodius bicarbonate Tablets “ 2
Sod. bicarbonat® ... 160.0 8-
.0 ml
mentha oil cae 2.0
s ® 5.0 8+

Telc
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ALl these tabl
ets were pre
pared accordi
ng to

I.p, 90
. proce
dure. Granules were prepared by wet
grahny.

lation method a
nd tablets c¢o
mpressed in DIAF (
H) Tablet

pus 5

330 mg.

Evaluation of Tablets

Tablets were then evalugted!?0» 192,193 ¢ .. average
weight, weight devietion, hardness, disi.tegration time,
drug content and coampression ratioc. For determination of
compression r‘at::t.o”‘""5 each tsgblet was weighed (in g,.)
and its thickness determined (in cm) along the axis of.
rotation by vernier calliper. The ratio of weight by the

thickness of teblets gave the compression ratio (g./cm).

The observétions are given in Tables 47, 48, 49 &nd 50.

Results and Discussion

Table-47 indicates thet tablets prepared with Sod.
uls and other binding agents did not deviate

90

CMD Ispegh
rescribed in the Pharmacopoeia' i

beyond the limits p
hat deviations 1in every lot were

it was noticed ¥
84 w/v) was the binding

However,
n Sod. CMD 1speghula (0.

higher whe
one lot of gcacia where it

ggent, except for was less.
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TABLE~47
Aversge weight and weight deviation ol tablets
. Binding Conc, Thismine Aspirin Comp. <nn
No. agent (% w/v) HCL tablets bﬁgf-bboa'
teblets tablets
1 Sod. CMD 0.8% 0.3050 0.
Ispaghuls A0l 0.3251
+1.690 +1, 150 +3.353
"10&0 "3.087 _5.261
2 Sod. CMD 1.0% 0.3031 0.3270 0.3324
Ispaghula
+1'617 +0.h58 +1.68"-
~-1.020 -0.306 ~-1.323
3 Acacia 15,04 0.3080 0.3300 0.3351
Mucilage
1’1.623 +0-36‘) +1|761
-1.689 -0,605 -1. 523
& Methyl 2.0 0.3038 0.3210 0. 3382
llulose
gzcifage +0. 230 1’00 199 1'0- 828
-0.990 -0.436 -1.832
g Sterch 10. 0% 0.3061 0.3320  0.3410
Paste +0. 620 +1.265 +2,052
-0.620  -1.205  -1.173
i 0.3321 0.3391
6 Iapaghuls 1.0% 0.3064
hUSR +O. 261 +1.77 +0.86b
~0.4L56 -3.61 -0.855
- rage weight (g.)
2 e S e et ()

B = Weight

C = weight deviation lower
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TASLE-48

Hardness of taolets prepared with different binding agentsg

S. Binding sagent
No. & 88 8 e Thismine Aspirin ¢ =
(% w/v) omp,
HC1 Tablets so4d.
Tablets
1. Sod. CMD Ispeghula n.8 2.7 2.8 3,2
2, Sod. CMD Ispaghule 1.0 3.6 3.2 3.6
3. Acecip Mucilage 15.0 3.8 2.9 3.8
4. Methyl cellulose
Mucilage 200 h.O 1&.0 3.8
5. Starch paate 10.0 3.6 bk Je2
6. Ispaghula husk 1.0 3.8 2.8 3.9
#Average of five values
TABLE-49

Disintegration of tablets prepared
with different binding agents

Disintegrstion time* (sec,)
Goric, Thiemine Aspirin Comp.

Sé' Pindine Resrt kil HCl Tablets Sod.
replete Tavlets
1. Sod. CMD Ispaghulsa 0.8 L7 191 65.0
2, Sod, CMD Ispaghula 1.0 b4 219 75.5
3, Acacia mucilage 15.0 121 212 g97.6
4. Methyl cellulose 2.0 72 160 81.6
5. Stsrch paste 10.0 55 221 75.0
1.0 81 210 79.2

6. Ispaghuls Husk

—

wpverage of five values
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The results in Table-50 show that the teblets witp
Soc. CMD Ispeghula as a binding agent have comparstive

compression ratios, except for tazblets prepared with methyl

cellulose, where it is slichtly leas,

From weight variation and herdness data it may be

concluded that Sod. Ispaghula (1.0 w/v) compares
favoursbly with acacia (15#), starch paste (10#), Ispaghula

husk (1.0%) end methyl celiulose (2.0#) &s binding sgents,

ANALYSIS FOR ACTIVE INGREDIENTS

In order to ascertsin that Sod, CMD Ispaghula did
not have any deleterious effects on the active ingredients,

tablets of Thiemine HCl, Aspirin snd Comp. Sod. bicarbonste

were assayed for the active ingredients.

(a) Thismine HCl Tablets
Fluorometric'’'+ 190,197 4p4 gravimetric methods190

are of ficial in U,S,P., XVIII and I.P, 1966 regpectively.
The I.P, Gravimetric method was used for the determination

of Thismine HCl. The results sre recorded in Table-51.

(b) Acetyl sglie 1lic meid (Aspirin) Tablets

ot Acetyl salicylic acid ( Aspirin)

Aspirin content

Tablets were assayed according

are recorded in Table-51.
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(c) Comp. Sodium bicarbonste Tablets

The weight of total carbonate in Comp. Sodium

bicarbonste Tabl
ablets, calculsted as NaHCO3 in each tablet

of average wecight were estimated according to I,P,

190
procedure 1?7 + The results sre recorded in Tsble.51,

TABLE-51

Calculated amount of active
ingredients (Average value) in
each tablet of average welghtx

Binding agents
Thiamine Aspirin Comp. Seod,
HC1 tabletses bicarbonate
tablets, taéoletss
(mg) (mg) (mg)
1. Sod., CMD Ispaghula 9.70 295.6 310.0
(0.8%)
2., Sod, CMD Ispaghula 9,87 298.65 315.5
(1.0%)
3. Acacis mucilage .86 297.,6 316.0
(15%) 7
4. Methyl cellulose 00. 31h.4
mucilage (2,0%) 967 i
5. Starch paste 9.78 ”. 315.2
(Tos) 297.0
6. Ispaghule Husk 9.79 299, 5 315.8
(1.0%)

+ = Amount added : Thismine hydrochloride (10 mg/tab.),
Aspirin (300 mg/tab.) 8nd Comp. Soa. bicarbonste

(320 mg/teb.).
ismine Hydrochloride Tablets -

I.P, requirements s Th

(Not less than 93% anc not more than 107.04 of the
stated smount); Aspirin Tablets (Not less than 954
and not more than 1054 of the stated #mount)y CLoap.
Sod. bicarbonate Tsblets (tot&l carpongte calculated
as Sodiun bicerbonate in each tablet ol aversge
weight is equivalent to not less then 0.30 g. &na
not more than 0.35 g. of NaHCO;.
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Results
F
rom Table-51 it 4s evident that on the basis of
dr cont i
Ug content anslysis Sod. CMD Ispaghula (1.0%) dispersi
. rsion

upper and lower 1
imits specified in the Pharmacopoeia190

LFFECT OF AGING

One of the requirements for the stability of com

pressed tablets 1s that their qualities should not change

when stored under verying environmental conditions. With

this end in view teoliets prepared with Sod. CMD Ispaghuls
were tested for any chen.es in appearance, herdness ang
disintegration time as compared to tablets prepared with

acacia, methyl cellulose, starch and Ispsghuls husk &s

binding agents,
Tablets were transferred to smell ssmple tubes and

kept on shelf at room tempersture (vsrying from 26° to 34°)

for 12 weeks. Another lot of tablets was trensferred to
smell semple tuvbe, plugged and kept at 50°¢2 in & hot air
At regular intervals of 2, &, 6, 8

oven for 12 weeks,
and 12 weeks, teblets were evaluated for chenge in color,

The hardness of tablets

hardness and disintegration time.
n time at different storage periods

and the ir disintegratio
No appreciable change

are recorded in Tables 52, 53 and 5h.

herdness end disintegration time of ¢
that aging of tablets under these condition

agbleta wer:

in color,

noticed showing
did not afif'ect their qualities.
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SUMMARY AND CUNCLUSIG.

Earlier sy
udies of the pharmaceut.ical Potentialivy
of Pla £ a o
Plantago ovata (Ispsghula) geeq husk have gpg i
Wh 1t to be

a8 valuable emulaiffiﬂﬂn

Suspendinyg, binding,

disintegra
8na gel forming agent grating

The present Study was undertaken t
0
Y é&nd prepare and test 1Ts coarsg
P % o
methyl derivative ( Sodium Salt})., ’

determine itg homogeneit

Electrophoretic studies of purified husk indicated
it to be heterogeneous and to consist of at leest two
polysaccharide components. Fracticnstion with copper
acetate gave two types of complexes, one wsater insoluble
and the other water soluble. The two fractions were

characterised on the basis of their optical rotation, equi-

valent weights, I.R. and constituents sugars. Weter

insoluble complex wes found to consists of L-rhamnose (8.5%),

D-xylose (50x), L-arabinose (154}, D-gaLlactose (4.0x) and

sponding
D-galacturonic acid (20s), whereas fraction corresp s

mplex consisted of L-
The fractions were

X)'103e ‘ 657") )
to water soluble copper co

L-arabinose {25%) and L-rhamnose {%).
d Pento8an

further characterised on the basia oi ganiatys = i

lectrophoredis

contents, uvronic acid and methoxyl contents, -

sugar contents, viscosity

n ass fibre paper, reducing
on gl paper, . ¢hase fractions were

and rheological cheracteristics. Bot

ct.
found to differ from each other in every respe
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