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Abstract 
Herbal medicine derived from natural raw materials is widely used in pharmaceutical preparations. Our 

study concerns the radiation decontamination of ispaghula husk (IH). Due to the high polysaccharide content of 
IH, it gels over wide range of concentrations. During the course of IH intake by patients, it experiences different 
degradation conditions such as acidic, alkaline and colonic microflora. Our study was designed to mimic this 
behaviour by carrying out controlled degradation steps using ionizing radiation and to study the effects on the 
molecular weight distribution in different solvents. Gel permeation chromatography coupled on line to a multi 
angle laser light detector (GPC-MALLS) was used in this study. We have shown that the water-soluble extract of 
the IH was increased from 21% to 47% with increasing degradation of the molecular structure whereas the 
alkaline solubility increased from 60 to 80%). The weight average molecular weight of the soluble control 
polysaccharide was higher in the water extract (2.3×106) than the material extracted in alkali (1.6×106), but 
following degradation as a results of irradiation, the material extracted into the two systems showed similar 
molecular weight profiles . 
 

1. INTRODUCTION 

 
Ispaghula Husk (IH), Plantago ovata or P. espaghua (Plantaginaceae) is widely used as a 

prophylatic in the treatment of large-bowel disorders. IH is native to the Canary Islands and the 
Mediterranean regions of Southern Europe and is also indigenous to the Indo-Pak subcontinent. 

 
Ispaghula husk seed is a rich source of effective polysaccharide (dietary) fibre for promoting the 

healthy functioning of the colon [1]. A factor in its physiological fibre behaviour is its high viscosity 
and gel-like character in water. This in turn is related to the molecular parameters associated with this 
extremely high molecular weight polysaccharide. 

 
In this study we have fully investigated the molecular parameters associated with the 

polysaccharide. Its behaviour in water is unusual. On suspension in water, fine whiskers grow out of 
the solid within one minute. This behaviour continues and the fibres grow with time until the solid has 
been converted, first into a soft solid and then into a stiff gel. It is this interaction with water which 
controls the rheological behaviour of this polysaccharide which in turn is partly responsible for its 
effectiveness in increasing stool bulk and decreasing stool transit time. There are, however, in vivo 
changes and modifications, which occur after exposure to the fermentation activity of the colonic 
microflora. To mimic this behaviour we have carried out controlled degradation using ionizing 
radiation and have studied the effect on molecular structure which in turn will determine its 
physiological effectiveness. Our objective was to follow the breakdown of the tertiary matrix via the 
gel into the water soluble state and evaluate how this progression might relate to its functionality 
within the colon and lead to the various physiological benefits which have been reported.  

 

2. EXPERIMENTAL 

2.1. Materials 

The Ispaghula husk used in the investigation was supplied by Mr M.Havler (Reckitt & 
Bencksier). The sample were labelled and irradiated using the gamma irradiation source at Isotron 
(Swindon, UK) (Lot 234) for 6.5, 8.2, 10.2, 12.1, 53.4 and 100.8kGy and at NEWI ( Lot 2694) using 
the Cs137 source for 2, 4, 6, 8, 14 and 22 kGy. 
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2.2. Effect of irradiation on the soluble fraction  

 
0.2gm of the respective sample was weighed out accurately in a vial of known weight (W1). 20 

ml of H2O was added and the sample was left to hydrate. The vials were shaken for several time and 
left at room temperature. The sample was centrifuged for 30min at 500rpm and the soluble fraction 
was removed. The vial was then placed in an oven at 50C until complete water evaporation was 
completed leaving a solid residue (insoluble material). The tube was then left at room temperature for 
2-3 days and the weight measured again (W2). The % of the soluble fraction was calculated according 
to the relationship below and the average (1st wash) of three separate determinations is tabulated in 
Table I: 

 
% soluble fraction = (W1-W2 ) / W1×100 

 
Another 20ml H2O was added to the same tubes and treated as described above. The weight of 

the dry IH was determined again (W3) and the % soluble fraction (2nd wash) was calculated according 
to  

 
% soluble fraction = (W1-W3) / W1×100 

TABLE I. EFFECT OF RADIATION ON THE SOLUBLE WATER EXTRACT OF 
IRRADIATED IH IN THE SOLID STATE. 

Sample % Soluble fraction 
1st 

Average 
1st 

Average 
2nd 

Control 22.5 
22.0 
21.1 

 
21.8 

 
26.7 

6.5 kGy 25.3 
24.1 
23.6 

 
24.3 

 
28.9 

8.2 kGy 24.5 
25.6 
26.0 

 
25.3 

 
30.7 

10.2 kGy 25.7 
25.3 
25.5 

 
25.5 

 
31.5 

12.1 kGy 25.3 
24.6 
24.8 

 
24.9 

 
31.1 

53.4 kGy 39.4 
34.6 
31.7 

 
35.3 

 
53.1 

100 kGy 43.9 
45.4 
52.4 

 
47.2 

 
64.7 

 
From Table I, it can be seen that the effect of radiation at high doses, resulted in an increase in 

the % soluble fraction to 47% after irradiation to 100kGy. This value was increased to 65% after the 
second washing with water.  

 
It can be concluded, therefore, that irradiation increases the amount of the water soluble fraction 

and can be used to control the amount of this fraction.  
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In a separate series of experiments to follow changes in molecular weight distribution, samples 

of IH (Lot 2694) were irradiated, in the solid state, for 2, 4, 6, 8, 14 and 22kGy. The samples were 
dissolved in either water or in 0.1M NaOH. .For comparison with the above soluble fraction 
experiments, 60% of the IH sample was found to be soluble in 0.1M NaOH. This value increased to 
~80% upon irradiation to 22kGy.  

 

2.3. Molecular weight measurements 

 
Multi angle laser light scattering (MALLS) is one of the few absolute methods available for the 

determination of molecular weight and size over broad ranges. It utilizes the principle that the intensity 
of light scattered elastically by a molecule (Raleigh scattering) is directly proportional to the product 
of the weight average molecular weight and concentration of the polymer according to the expression:  
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The term given between two brackets represents P(θ ) which is a general form of a scattering 

function. K is an optical constant given by: 
 

K=4π 2 n0 (dn/dc)2 / λ 4  NA); 
 
C is the concentration, Rθ  is the excess Rayleigh ratio which is the measured quantity, θ  is the 

scattering angle, Mw is the weight average molecular weight, A2 is the second virial coefficient, no is 
the refractive index of the solvent, dn/dc the refractive index increment of the polymer in solution,λ  
is the wavelength of light, NA is Avogadro’s number. 

 
When size exclusion chromatography is coupled to an on-line absolute molecular weight 

determining device (such as MALLS) and a concentration sensitive detector (refractive index or 
photometric) it is possible to measure the excess Rayleigh ratio, Rθ , of the light scattered intensity 
and sample concentration (ci) for each slice (fraction) in the fractionated peak. The values of ci and 
Rθ  are then used to construct a Debye plot of Rθ /Kc against sin2(θ /2) for each slice using first order 
fit. The value of MI is then determined from the intercept of the plot. Thus information about the 
weight average molecular weight (Mw), number average molecular weight (Mn), molecular weight 
distribution, polydispersity index (Mw/Mn) and radius of gyration can be obtained, using Astra 
Software 4.5 utilizing the equations below (Wyatt Technology, SB, USA). 
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The quantities ci, Mi and <r2>i in the above equations are respectively the concentration, 
molecular weight and mean square radius of the ith slice as described above. 

 

2.4. GPC-MALLS system 

 
The molecular weight and molecular weight distribution of Ispaghula husk samples were 

measured using GPC-MALLS system shown in Fig. 1. The GPC-MALLS system utilized a Waters 
(Division of Millipore, USA) Solvent Delivery System Model 6000A connected to a stainless steel 
column- Hemabio linear (10�m) packed with hydrophilic modified HEMA gel (hydroxyethyl 
methacrylate copolymer), manual Rheodyne Model 7125 syringe loading sample injector equipped 
with 250 µl sample loop. Changes in concentration of the polysaccharide, along the elution profile, 
were followed using a concentration dependent detector Wyatt OptilabDSP interferometric 
refractometer operated at 633nm (Wyatt Technology Corporation, USA) . The DAWN DSP multi 
angle laser light scattering photometer was used to determine changes in molecular weight and 
distribution and was operated using a He-Ne laser at 633 nm fitted with a K5 flow cell (Wyatt 
Technology Corporation, USA). The molecular weight of each fraction, as it eluted out of the GPC 
column, was thus determined using the associated software (Astra V4.5 Wyatt Technology 
Corporation, USA). For these measurements, a value of 0.1136 and 0.1192 was used for the refractive 
index increment (dn/dc) in 0.1M NaOH and H2O respectively.  

 
1% IH samples were prepared by dissolving 0.2gm in 20ml of 0.1M NaOH or H2O. The soluble 

fraction (50 µl or 250 µl) was filtered through a 1.0 µm filter and injected into GPC column (Hemabio 
linear, PSS).  
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FIG. 1. Schematic diagram of the GPC system coupled to a multi-angle laser light-scattering (DAWN). 

2.5. Results 

 
The IH sample Lot 2694 was irradiated in the solid state at g-irradiation doses of 0-22KGy. The 

irradiated solid samples were subsequently dissolved in either water or 0.1M NaOH. Table II gives the 
results of the soluble fraction when the irradiated solid was dissolved in 0.1M NaOH (Figs 2 and 3) 
and Table III when the same samples were dissolved in water (Figs 4 and 5). In both cases the mobile 
phase was 0.1M NaOH. The degradation is pronounced for both systems investigated as demonstrated 
by the molecular weight distribution and cumulative plots.  
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TABLE II. IH LOT 2694 IRRADIATED (SOLID STATE) AND THEN DISSOLVED IN 0.1M 
NAOH. (MOBILE PHASE 0.1M NAOH). FLOW RATE 1ML/MIN, 250ML INJECTED VOLUME 
OF 2% SOLUBLE FRACTION. P IS THE POLYDISPERSITY (P = MW/MN). MN IS THE 
NUMBER AVERAGE MOLECULAR WEIGHT. 

Dose /kGy Molecular weight (Mw) P 
Control 
Control (2nd run) 

1.62 ± 0.06 x 106 

1.62 ± 0.07 x 106 
1.45 
1.40 

2 1.54 ± 0.06 x 106 1.42 
4 1.25 ± 0.04×106 1.82 
6 1.18 ± 0.04×106 2.00 
8 1.12 ± 0.03×106 2.01 
14 0.95 ± 0.04×106 2.22 
22 0.73 ± 0.02×106 2.00 

 

TABLE III. LOT 2694 IRRADIATED (SOLID STATE) AND THEN DISSOLVED IN WATER. 
(MOBILE PHASE 0.1M NAOH). FLOW RATE 1ML/MIN, 50µL INJECTED VOLUME OF 2% 
SOLUBLE FRACTION. P IS THE POLYDISPERSITY (P = MW/MN). MN IS THE NUMBER 
AVERAGE MOLECULAR WEIGHT. 

Dose / kGy Molecular weight P 
Control  2.36 ± 0.04×106 1.57 
2 1.77 ± 0.03×106 2.04 
4 1.57 ± 0.04×106 2.06 
6 1.35 ± 0.02×106 2.06 
8 1.01 ± 0.02×106 2.12 
14 0.81 ± 0.04×106 2.11 
22 0.65 ± 0.02×106 2.20 

 

3. DISCUSSION 

3.1. Nature of radiation action 

 
The processes by which high energy radiation and particles interacts with polysaccharides and 

related carbohydrates in the solid state have been described in detail [2–4]. Whether the radiation is 
electromagnetic (X rays and �rays) or corpuscular (�rays and �rays), the final transfer of energy 
occurs via charged particles. With electromagnetic radiation, the interaction of high energy quanta 
with atoms of the medium through which they pass leads to ionization, since the energy of the quanta 
is substantially greater than the binding energy of the electron. 

 
This behaviour may be considered as a sequence of energy transfer processes. First the energy is 

transferred from the charged particles to the electronic system of the molecules of the medium and for 
the condensed systems it is probable that the energy deposition first extends over a domain. Ionization 
and excitation occur during this primary physical act. The ionization and excitation produced at this 
stage involve the electrons of a considerable volume of the medium, possible 10-22 cm3 or more and 
last in their initial form for an extremely short period of time (~10-15 sec).  

There is subsequent localization of energy by way of series of further energy transfer processes 
to individual molecules which undergo chemical change. 
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Continuous polysaccharide matrices contain relatively few trapping sites for the electrons 
formed by these processes. Thus, although electrons may possess considerable mobility in such media, 
the chemical change will depend in large measure on the charge-neutralization processes, which lead 
either to free radicals or to excited states. The net effect is to form excited states at a considerable 
distance of the primary site of ionization. The subsequent migration of energy from the excited states 
formed has a considerable bearing on the chemical effects of radiation and has been shown to be 
dependent on the state of aggregation in the condensed phase. This behaviour exerts a marked 
influence on the extent of degradation of hydrogen-bonded carbohydrates. 

 
In the presence of water the species formed following the initial ionization of the solvent are: 
 

H2O ----> eaq
- + •H + ·•OH+ H2O2 + H2 + H3O+ 

 
The free radicals and the hydrated electron are the reactive species which can initiate chemical 

change by either abstraction processes or electron capture. The overall yield of these species is ~ 6 per 
100 eV. In a series of papers, Phillips et al and von Sonntag et al [2–4] have described the chemical 
changes in carbohydrates as a result of these processes. 

 
Energy transport following γ−irradiation in the solid state was demonstrated in polysaccharides 

consisting of hydrogen bonded matrices. The free radicals which are formed following the excitation 
and ionization processes induced by irradiation have been identified [3]. For example, hyaluronan 
γ−irradiated systems have been studied in the solid state [5] and in aqueous solutions [6]. For solid 
state hyaluronan systems G (radical) was found to be 3.0, but by introduction of an energy and radical 
scavenger, cetyl pyridinium chloride, radiation protection could be achieved and G (radical) was 
reduced to 0.3 [5]. Transient intermediates in aqueous irradiated systems have also been identified 
using pulse radiolysis [7,8]. 

 
As a general rule for a given dose, it can be taken that more degradation occurs in aqueous 

solution than in the solid state. Even the presence of water however within the solid matrix can 
accelerate the radiation effects.  

 
From the point of view of polysaccharides, our research group has produced a variety of 

investigations to demonstrate that linear chain polysaccharides break down more readily to lower 
molecular weight than branched or cross-linked systems [9].  

 
Irradiation of cotton straight chain cellulose, on the other hand, as fibre or yarns causes a 

decrease in the tensile strength, elongation, elasticity and tenacity. The major effects observed are 
chain cleavage and the formation of reducing groups and acid groups. Generally for carbohydrates, the 
formation of reducing groups is the chemical change most readily apparent. For gum arabic, on the 
other hand, a bulbous and highly branched structure, a sterilization dose of 25kGy in the solid state, 
which excluded oxygen does not induce any significant chemical change. The same type of difference 
in stability to molecular weight change was found between hyaluronan and its cross-linked derivative 
of hylan which is 3 times more stable [9]. 

3.2. Effect of irradiation on the molecular weight parameters of Ispaghula husk 

 
When the mobile phase is 0.1M NaOH, the molecular weight for the unirradiated sample 

dissolved in 0.1M NaOH is 1.6×106 (average) and when dissolved in water with 0.1M NaOH as the 
mobile phase is 2.3×106. The difference in the molecular weight between the two conditions could be 
attributed to the alkaline degradation when the sample is dissolved in 0.1M NaOH. However in both 
conditions there is a clear degradation pattern. For quantitative evaluation, the water extract is deemed 
to be more appropriate given it has not undergone any degradation in the solvent system.  

Fig. 1 shows the % change in Mw with radiation dose. Thus it is possible to evaluate the extent 
of degradation at any radiation dose used. 
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FIG. 2. Molecular weight distribution of IH following irradiation in the solid state and dissolved 
subsequently in 0.1M NaOH. Mobile phased is 0.1M NaOH. 

The effect of radiation is quite evident from Figs 2 and 3. The high Mw component of 5×106 
decreases to less than 2×106 after 22 KGy. The polydispersity increases from 1.57 to 2.20 (1.24–2.00 
in NaOH) as indicated by the broadening of the molecular weight distribution and loss of high 
molecular weight components. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 3. Cumulative molecular weight plot of control and IH samples irradiated in the solid state and 
dissolved subsequently in 0.1M NaOH. Mobile phased is 0.1M NaOH. 
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In conclusion, irradiation of IH in the solid state results in the degradation of the polysaccharide 

and the production of lower molecular weigh components that contributes to an increase in the soluble 
fraction. The data contained in this report may have implications for the development of better, more 
palatable IH products. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 4. Molecular weight distribution of control and IH samples irradiated in the solid state. The 
samples subsequently dissolved in water. Mobile phase is 0.1M NaOH. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 5. Cumulative molecular weight plot of control and IH samples irradiated in the solid state. The 
samples subsequently dissolved in water. Mobile phase is 0.1M NaOH. 
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