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Abstract: In this work, hydrogels based on different ratios of acrylic acid (AAc) and 4-hydroxy
quinaline 2 (1H)–one (BDHQ) monomers; were prepared by copolymerization using ã-rays of Co60

gamma cell as source. The hydrogels were characterized by versatile techniques. The effect of time
absorption, pHs level, temperature, and ionic strength on the absorbency (%) of P(AAc/BDHQ)
hydrogels were studied. In the application the prepared hydrogel samples to murine schistosomiasis
mansoni field. The results revealed that the percentage of worm’s reduction was 56,82% in case of
PAAc or comp. I and 69.38% in case of  P(AAc/BDHQ) or comp. II. The dead ova were recorded
in comp. I and in comp. II were 45.5±1.11 and 50.25± 1.17, respectively comparing to the control
group. Also, It was observed that the Oogram patterns, curative dose of PZQ had Lethal effect on the
mature eggs with 100% reduction
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INTRODUCTION

Polymer gels have attracted attention as intelligent materials due to their Peculiar forms. Hydrogels are
one of the most promising types of polymer being used for the development of such materials and are
polymeric materials that do not dissolve in water at physiological temperatures or pHs. But swell considerably
in aqueous media Güven  and Sen (1991) Hydrogel transitions (volume changes) occur in response to changing
environment of conditions such as temperature, pH, solvent composition and electrical stimuli Tumturk et al

(1999 a & b). These materials have been attraction much attention in the fields of medical device industry as
contact lenses, artificial corneas, catheters, electrode sensors and drug delivery system and in solving ecological
some problems (Hirasa 1993, Peppas 1986, Anderson  et al 2000 , Rosiak and Yoshi 1999. Dybek et al 1992
and Stasica et al 2000). Such a wide range of uses requires the easy manipulation physical properties, which
are attainable with hydrogels by changing the monomers and/or the polymerization conditions Benamer et al

(2006).The application of hydrogels could be affected significantly by their swelling properties as basic
requirements of any application. A lot of polymeric materials were used in schistosomiasis mansoni domain
poly(lactidecoglycolide) (PLG), poly(carbolactume) Baras et al (1999) Chemotherapy with praziquantel (PZQ)
provides the mainstay for morbidity control of schistosomiasis by preventing chronic liver disease or bladder
cancer WHO (2002). There has been recent discussion about the possibility of development and spread of
schistosome strains that are resistant to PZQ, but to date this has not yet occurred to any evident level of
public health significance (Cioli 2000, Gryseels et al  2001, Danso-Appiah and De VIas  2002 and Doenhoff
(2002). Praziquantel is currently the drug of choice for the treatment of all kinds of schistosomiasis (Kamel
et al ,2000 and  Metwally et al 1997) and it is effective in treating advanced hepatosplenic schistosomiasis
with a few side effects. Moreover, praziquantel administration may sometimes be associated with undesirable
side effects such as skin rash, abdominal disturbances including vomiting and bloody diarrhea. This may reduce
drug compliance in primary health carebased population chemotherapy Berhe et al (1999) .The aggressive use
of PZQ to combat schistosomiasis in Egypt raises concerns about the possible emergence of resistance. In an
effect to minimize the variability of the host factors, parasites are isolated from patients not cured by anti-
schistosomal drugs, have been use to establish experimental infection in less variable laboratory animal hosts
to study true resistant strains Ismail et al 1996). The last possibility of treatment failure is emerging for true
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resistant strains, as recent evidence suggests that resistance to PZQ may be developing. This would not be
surprising in countries like Egypt where the drug has been used aggressively for more than 10 years Ismail
et al 1999). 

The aim of this work was to synthesis a novel polymeric compound PAAc (comp. I) and P(AAc/BDHQ)
(comp II) by using ionizing radiation of ã-rays and possible potentiating activity of two newly  prepared
copolymeric compounds against infection with S. mnsoni (Egyptian strain) and their effect on different stages
of growth in the vertebrate host. 
  

MATERIALS AND METHODS

Materials: 

Monomers of acrylic acid were purchased from Sigma chemical Company, and BDHQ Abass  and Mostafa
(2005),All other reagents were analytical grade and used without further purification. Double distilled water
is used for the preparation of hydrogel samples.

Animals:

A group of 40 swiss albino mice of CD strain, each weighing 18-20g, were infected with an Egyptian
strain of schistosoma mansoni cercariae. The strain used originated from the Nile Delta, and has been bred
through mice and biomphalaria Alexandria for six years. Animals were bred and supplied by the schistsoma
Biological Supply Program Theodor Bilharz Research Institute, imbaba, Cairo (Egypt). The experimental
animals were kept for 6 weeks in air conditioned rooms at 21°C with food containing 24% protein content.
The animal experiments were carried out according to the internationally valid guidelines in an institution
responsiblie for animal's ethics (Theodor Bilharz Research Institute) Nessim et al (2000). Mice were divided
randomly into 4 subgroups. Subgroup I received 80 schistosoma mansoni cercariae subcutaneously, and served
as control infected untreated mice.

Drug: 

The drug was administered orally in a dose of 30mg/kg body weight, was given two consecutive doses.
Praziquantel was used as freshly prepared suspension in cremopher EL, 500mg/kg body weight was given
orally on two successive days.

Experimental design:

Mice were divided into 4 groups, 10 animals each. Group I represented infected untreated controls. Group
II infected and treated with PZQ (500mg/kg) 2 consecutive doses. Group III infected and treated with
compound I (30mg/kg) 2 consecutive doses. Group IV infected and treated with compound II (30mg/kg) 2
consecutive doses. All the animals (Gp II, Gp III, Gp IV) were treated after 45 days infection. All groups were
sacrificed 2 weeks after treatment. Animals were perfused, intestine and liver were segregated, and part of the
liver was reserved for histopathology and EM studies on worms. 

Different parasitological parameters were studied namely number of adult worms Smithers and Terry
(1995); Oogram changes in the small intestine of mice (Pellegrino et al., 1962); the number of ova per gram
liver and intestine was assessed following digestion in 5% KOH solution (Cheever, 1968). Counting and
measuring the diameter of granulomas in liver sections were performed Botros et al (1986).

Specimen Preparation via ã-rays:

The hydrogels were prepared by dissolving separately different ratio of AAc/BDHQ in distilled water. The
dissolved AAc/BDHQ solutions were then mixed with continuous stirring until complete miscibility was
achieved. The feeding comonomer compositions of AAc/BDHQ in the soluble mixtures were 70:30, 50:50, and
30:70 mol%, respectively. The mixtures were then poured into test tubes and exposed to ã-rays irradiation of

Co gamma cell at a dose rate of 2.88 kGy/h. The contents were removed from the tubes washed with water60

to get ride of the unreacted monomers and the reaction mechanism as in Fig. I.
      
Determination of Gel Fraction:

The samples were extracted by water in Soxhlet apparatus at 80ºC for 24 h. Then dried to constant weight
in vacuum. The gel fraction then calculated gravimetrically by using the following formula:
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Fig. 1: Schematic diagram for the reaction of 3-octyl-1-butyl-4-hydroxy quinoline 2-(1 H)-one with acrylic
acid to form copolymer.

Where Gel is the gel fraction (%), Wg and Wo the weight of sample after and before extraction, respectively.

Determination of Absorbency:

The prepared hydrogels were cut into disks and then immersed into buffer solution of different pH levels
ranged from 1 to 8 at 37ºC. Absorbency continued to reach a constant weight of gel. Before weighing the
sample, any surface water was removed with filter paper. The swollen gel was slowly dried to the constant
weight. The previous procedures were repeated for each. The absorbency was determined from the following
model:

Where Ws and Wo are the weights of swollen and dry state of hydrogels, respectively.

Fourier Transform Infrared (FTIR):

The function groups of prepared hydrogel specimens were studied using Mattason 1000 FTIR
spectrophotometer product of Unicam Ltd., England.

Electron Microscopic Examination:

Worms and sections of the livers were fixed in 4% glutaraldehyde with sodium cacodylate for electron
microscopic examination. The collected samples were transferred after 2 hours from glutaraldehyde and sodium
cacodylate to be fixed in 2% osmium tetraoxide, dehydrated with increasing concentrations of alcohol and
embedded in epoxy resin according to the technique of Grimaud et al (1980). Semi-thin and ultra-thin sections
were cut with Leika ultramicrotome. Ultra-thin sections were contrasted with uranyl acetate and lead citrate
stains and were then examined by Phillips EM-208 electron microscope.

Histopathological Study:

Liver specimens were fixed in 10% buffered formalin and processed to prepare paraffin blocks. Paraffin
sections 4 ìm thick were stained with haematoxylin-eosin and trichrome stains. The size of schistosoma
granulomas at x 10 was measured per section using ocular micrometer. Only lobular granulomas containg egg
in the center and confluent were measured. The mean diameter of granuloma per group was calculated
according to von LICHTENBERG (1962).

Statistics: 

Comparison was done between the treated groups and untreated control. The percentage change between
each two groups to be compared was assessed using the formula: 
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(Mean value of the first group – Mean value of the second group)X100
Mean value of first group

Difference between the mean scores of any of the two groups to be compared were tested for significance,
using an unpaired two-tailed student's T-test. The data were considered significant if P values were less than
0.05.

RESULTS AND DISCUSSION

Effect of Composition on Gel Fraction:

Fig. 2 shows the gel fraction of the hydrogels based on AAc/BDHQ binary monomers (100:0, 70:30,
50:50, 30:70, 0:100 mol%) at a constant dose of 20 kGy of ã-rays of ionizing radiation. It was observed that
the gel fraction of P(AAc/BDHQ) hydrogel specimens decrease slightly with increasing the feeding PBDHQ
content into matrices of hydrogels. The gel fraction of P(AAc/BDHQ) hydrogel was decreased from 95% with
increasing the ratio of BDHQ to reach to 82% of pure BDHQ. The decrement of the gel fraction into the
prepared hydrogel specimens are due to the relatively lower sensitivity of BDHQ towards ã- rays irradiation
compared to AAc monomer. This lower sensitivity was emerging from the benzene rings Spink and Woods
1976.

Fig. 2: Shows the effect of commoner ratio on gel fraction for hydrogels formed by ã-rays radiation at dose
20 kGy and doserate 2.8 kGy/h.

Effect of Composition on Absorbency (%): 

Fig. 3 shows the effect of irradiation dose on the absorbency (%) of P(AAc/BDHQ) hydrogels of different
compositions. It was seen that the absorbency (%) of the prepared hydrogel increases by increasing the
irradiation dose. This increment of absorbency (%) is due to the gradual formation of networks, which become
loose and its laxity is relatively big Razzak et al (2001). This is enabling the crosslinked chains to absorb more
and more of water quantity.

Hydrogel Characteristics:

FTIR:

FTIR spectroscopic analysis was used to illustrate the structure and nature of bonding of prepared
hydrogels based on pure PAAc, PBDHQ based on monomer and PAAc/PBDHQ based on copolymer the
hydrogels at exposed irradiation dose of 20 KGy. The spectrum of pure PAAc hydrogels showed an absorption
peak around 2923 cm  arising from C-H stretching. The characteristic absorption peaks due to the C=O-1

stretching of the carboxylic groups can be seen at 1738 cm . Characterictsic peaks of PBDHQ hydrogel; OH-1

3at 3433 cm , CH  and (Bu.) at2919, 2860 cm  ,respectively. It was observed in the FTIR spectrum of-1 -1

3P(AAc/BDHQ) copolymer hydogels show OH groups at 3128 cm . The alkyl groups (CH ) (Bu.), appear at-1

2950, 2919, 2860, 1640 cm , and C=O at 1522 cm  and C=C at 1494 cm-1 -1 -1
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Fig. 3: Shows the effect of irradiation dose (kGy) on the swelling behavior of P (AAc/BDHQ) hydrogel at
dose rate 2.8 kGy/h.

Ionic Strength:

Fig. 4 shows the relation between the absorbency (%) of PAAc and P(AAc/BDHQ) hydrogels, and ionic
strength. It was observed that the increment in the ionic strength of the reaction medium drags down the
absorbency (%) of prepared hydrogel down either PAAc or P(AAc/BDHQ) hydrogels. But, the absorbency
decrement in case of PAAc is lower than P(AAc/BDHQ) hydrogel specimens. Such a decrement of the
absorbency in case of PAAc hydrogels (%) may be due to the charge screening effect of the dissociated
carboxylic group, which decrease the repulsion forces between the repulsive carboxylate groups that
consequently reduces the free spaces available for absorption Takano Motoyoshi et al (1998). Regarding to
the P(AAc/ BDHQ) hydrogels in which its absorbency (%) its absorbency(%) is lower than PAAc hydrogels.
This may be assignable to the repulsion between (OH, C=O) groups of carboxylate for PAAc hydrogels and
(OH, C=O) groups of PBDHQ hydrogel. Consequently, the reduction in absorbency occurs.

Fig. 4: Shows the effect of ionic strength on the swelling (%) of P(AAc) and P(AAc/BDHQ) hydrogels.
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Effect of pH: 

Fig.5 shows the effect of pH level of the reaction medium on the absorbency (%) of p(AAc/BDHQ)
hydrogels. it was observed that the absorbency (%) increases as long as the pH level increases. This increment
continues until reach pH 7, but afterwards the absorbency (%) at pH 8 decreases. This is due to the
dissociation of ionic groups (i.e. carboxylic acid) in case of increment Liu  et al (2002). While, in case of
dercrement of absorbency (%) at pH 8 may be due to the repulsion among disassociated OH groups of
prepared hydrogels and OH ions of absorption medium.

Fig. 5: Shows the effect of pH level of medium on the swelling equilibrium of P (AAc/BDHQ) hydrogels.

Application of Prepared Hydrogel Specimens:

Worm Load: 

It is clear from comp II and comp I (Table 1) that the decrement the mean number of mature worms when
compared with the control group (infected with S. mansoni and cercariae). As regards the mean number of
adult worms recovered by perfusion of liver and portomesentric vessel, the percentage of worm's reduction was
57.82% and 69.38 respectively where the percentage of parasite in case of praziquantel treatment was 95.20%.
These data, when compared to the infected untreated control group (18.78 ± 1.78), were statistically significant
P < 0.001 (table 1).

Table 1: M ean number of worm burden and distribution in Schistosoma mansoni infected mice (80 cercariae) treated with PZQ , com p.
I and II. 

Groups Total no. Worm distribution Total no. % Reduction
of mature ------------------------------------------------------------------ of couples in worms
worm s Hepatic Portomesentric

---------------------------- ----------------------------
M F M F

I- Infected (control group) 18.78± 1.78 2.1±0.3 7.0±0.3 2.43±0.4 4.23±0.5 4.5±0.8 -
II- Inf. + PZQ 0.9±0.2 0.4±0.2 0.5±0.1 0 0 0 95.20
III- Inf. + Comp. I 5.75±0.5 1.62±0.3 1.13±0.3 0 1.2±0.2 1.3±0.3 69.38
IV- Inf. + Comp. II 7.92±0.5 1.12±0.7 2.5±0.5 1.4±0.1 0.5±0.1 1.5±0.1 57.82

The efficacy of PZQ against schistosomes is partially dependent on the dose of the drug, only oral
treatment of mice with curative dose was lethal for the parasites, whereas worms treated with sub curative dose
leads to the development of high degree of resistance to the drug in animals subjected to successive murine
infections Fallon  and  doenhoff (1994). 

Percentage Egg Developmental Changes:

It was observed that in the Oogram pattern, there was highly significant reduction of immature stages
(eggs) following oral administration of comp. I and comp (Table2). II as compared to their percentage in the
corresponding control group. Only mature and dead ova were recorded in the infected PQZ treated group
(3.3±0.47and 96.7±0.47, respectively). Only the numbers of dead ova were recorded in comp. I and II
(45.5±1.11&50.25±1.17) respectively when compared to their percentage in the corresponding control group.
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The results showed that the Oogram patterns , curative dose of PQZ had lethal effect on the mature eggs with
100% reduction and subsequently increased dead eggs in tissues , with a highly significant different (P<0.001).
these finding are in agreement with those of Morcos  et al (1985) who found that viable eggs were not
detected in tissues ten weeks after PQZ treated animals showed progressively increased dead eggs in the host
tissue up to 96.7% indicating that PQZ is lethal to mature eggs. At the same time, the Oogram pattern was
greatly changed in mice given two different comp. dose 30mg/kg bodyweight. This was evidenced by the
decrease of mature, increase dead ova as well as various developmental stages.

Table 2: Percentage egg developmental stages of Schistosoma mansoni infected m ice (80 cercariae) and treated with PZQ (500mg/kg
for two days) and treated with comp. I and II.

Animal groups Oogram Patterns M ature ova Dead ova
----------------------------------------------------------------------------------------

Immature stages
----------------------------------------------------------------------------------------
I II III IV Total No.

I- Infected (control group) 14.50±0.13 18.90±0.38 39.0±0.67 8.70±0.29 81.61±0.4 11.46±0.42 6.92±0.36
II- Inf. + PZQ - - - - 0 3.3±0.47 96.7±0.47
III- Inf. + Comp. I 0 0 4.62±0.84 8.5±0.32 13.12±1.04 42.0±0.80 45.5±1.11
IV- Inf. + Comp. II 0 1.25±0.45 3.62±0.31 6.63±0.36 11.0±0.70 42.77±1.25 46.55±1.17

Tissue Egg Load: 

 A marked diminution in the mean total tissue egg load (liver and intestine) was noted reduced and the
percentage reduction in number per gram liver being 74.38% and 78.23% after oral administration of comp.
I and comp. II (Table 3).Moreover, the reduction of the number ova/gm intestine was 90.80% and 91.95% as
compared to their percentage in the corresponding control group. Also the percentage reduction in number per
gram liver being 75.23% and the reduction of the number ova/gm intestine was 97.16% in case of PZQ
treatment.

Table 3: M ean number of ova/gm tissue in Schistosoma mansoni infected mice (80 cercariae) and treated with PZQ, comp. I and II.  

Animal groups No. of ova/gm tissue % Reduction % Reduction in 
----------------------------------------------------------------- in ova (Liver) ova (Intestine)
Liver tissue Intestine tissue 

I- Infected (control group) 18667.6±144 29597.7±858.92 - -
II- Inf. + PZQ 4675.0±236.17 806.6±44.21 75.23 97.16
III- Inf. + Comp. I 4781.12±117.90 2720.87±113.12 74.38 90.80
IV- Inf. + Comp. II 4062.2±114.82 2380.12±133.12 78.23 91.95

Results of the present work agree with those of Metwally  and Hadi (1997) who found that 20mg/kg body
weight of R015-5458 when given to mice infected with S. mansoni yielded better results compared to 15mg/kg.
Moreover, the present results obtained with PQZ are agreement with those reported by Andrews and Thomas
(1983) , Davis et al (1979) and Archer (1085) who showed that PQZ was effective orally when used for
treatment of infection caused by various schistosoma spp.strains.

Percentage Granuloma Size:

The granulomatos response is dependant on lymphokines produced by T-cell subsets in response to soluble
egg antigen. (S.E.A). these lymphokines include: macrophage migration inhibitory factor (MIF) & eosinophil
stimulating promoter (ESP) Gryseels et al (2001). These in their turn attract macrophages around the eggs and
mediate recruitment and mobilization of blood monocytes, eosinophils and other scavenger cells. In spite of
the diminished tissue egg load, and hepatic granuloma size recorded in the infected group given the comp. II
regimen, yet this group retained the highest score of percent (30.30%). The level when compared to the group
given PZQ alone (22.70%) was statistically significant at P<0.001. 

The studies on hepatic granulomas from thr PQZ and/or comp. I and II treated groups, revealed several
eosinophils located among the parenchymal cells. This matches with the previous findings of colley, who
revealed an increased capacity of the esosiniopil to kill schistosoma mansoni schistosomules. In more recent
studies, eosphils from interleukin (IL)-5 transgenic mice where shown to have antibody dependant killing
activity against the larvae of schistosoma japonica.

Electron Microscopic Examination:

The using of electron microscope is a very pivotal tool to examine development stages of drug in the
mouse body. So it is easy to know where we are. In this study, the mice were infected with Schistosoma
mansoni as parasite and treated with different compounds (compI & II). The electron micrographs were taken.
The observations showed that infected untreated mouse spine was intact and in a good shape (Fig 6a) (X 500).
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Schistosoma mansoni infected mouse treated with compound (I) showing completely implanted spines in
severally degenerated tegument especially the lower layer .It could be observed that the extend of the
degeneration to the muscle layer (X 3500) (Fig. 6b). Schistosoma mansoni infected mouse treated with
compound (II) showing the completely absence of the spines and the tegument is severally degenerated (X
3500) (Fig.6 c). The spines are completely degenerated in the severally degenerated tegument (X 4200) (Fig.

6d). liver of  Schistosoma mansoni  infected mouse treated with compound (I) showing activated lymphocyte
with eccentric nucleus, dilated endoplasmic reticulum and the increase of mitochondria   (X 2800) (Fig. 6e).
liver of Schistosoma mansoni infected mouse treated with compound (II) showing activated macrophage with
extended pseudopodia (P).The cytoplasm is filled with many phagolysosomes (arrow) (X 2800) (Fig. 6 f). liver
of Schistosoma mansoni infected mouse treated with compound (I) showing the interaction between the
activated inflammatory cells (macrophage, lymphocyte and eosinophi) (X 2800) (Fig. 6 g). liver of Schistosoma

mansoni infected mouse treated with compound (II) showing the interaction between the activated inflammatory
cells (macrophage, lymphocyte and eosinophi) (X 2800) (Fig. 6 h). 

Fig. 6(a-h): Different Electron micrographs of mouse spine infected  with Schistosoma mansoni : (a) infected
untreated mouse; (b) infected treated mouse with comp.I; (c) infected treated mouse with comp
II; (d) degenerated spine; (e) infected mouse liver and treated via comp I; (f) infected mouse liver
and treated via comp II; (g) interaction between the activated inflammatory cells in case of
treating with comp I and (h) interaction between the activated inflammatory cells in case of
treating with comp II.
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Conclusion:

In this study, the some novel enaminones derived from Poly [4-Hydroxy quinoline 2 (1H)–one Co Acrylic
acid] and PAAC were prepared by ionzing irradiation as polymeric hydrogels. The prepared hydrogel
specimens were characterized to be used against murine schistosomiasis mansoni. The results showed that the
two different comp. I and II treatment of S. mansoni infected mice was effective in reducing the severity of
infection and in attenuating hepatic fibrosis, and diminished morbid hepatic pathology. This finding  the comp.
I and II showed an increased concentration of the basic protein in the eosinophils, activated lymphocyte, dilated
endoplasmic reticulum and increase of mitochondria, macrophage, and the recruitment of cellular defense
devastating schistosoma worms.
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