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HIGHLIGHTS: D-mannitol, a naturally occurring sugar isolated from the leaves Ixora undulata Roxb., and a linear chain pectin homogalacturonan
(HG) polysaccharide isolated from the leaves of Linum grandiflorum Desf. (scarlet flax) were evaluated for their therapeutic effect against schistosomiasis
with biochemical and histochemical evaluations, and compared with the reference drug praziquantel, to assess the antioxidant and antischistosomal effects
of D-mannitol and pectin.

ABSTRACT: In this paper, we investigate the role of two active constituents isolated from the leaves of Egyptian medicinal plants. D-mannitol a naturally
occurring sugar isolated from the leaves Ixora undulata Roxb., and the pectin a linear chain homogalacturonan (HG) polysaccharide isolated from the leaves of
Linum grandiflorum Desf. (scarlet flax). Both are evaluated for their therapeutic effect against schistosomiasis with biochemical and histochemical evaluations
and compared with praziquantel, a reference drug. Biochemical studies of hepatic glucose, the glycogen content, and total serum protein were carried out, and
histochemical evaluations through serum protein fractions separated by polyacrylamide gel electrophoresis with different molecular weights (260-10 kDa)
were made in all groups, in addition to liver and body weight. D-mannitol and pectin show a remarkable effect in enhancing liver and kidney functions through
enhancing most protein fractions in the serum of mice infected with Schistosoma mansoni. Also, the glucose and glycogen content in injured liver tissues
improved, in addition liver and body weight in the infected groups. Thus they may be of therapeutic potential in the treatment hepatoxicity and nephrotoxicity.
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Introduction

Schistosomiasis is caused by trematode worms, which infect
humans and some other mammals (about 600 million).1? It
is estimated that 600,000 people are currently exposed to
schistosomiasis, and 200,000 people are infected in about
76 countries.? The acute phase of schistosomiasis occurs at
6—8 weeks after infection, which coincides with the onset of
egg-lying by the adult worms. The eggs are excreted through
urine and faces, half of which is lodged in the liver micro-
vasculature, inducing a strong immune response that leads
to granulomatous lesion development.* The chronic phase
occurs at about 4-5 years or more post infection, present-
ing with severe granulomatous lesions in the liver, intestine,
spleen, lungs, brain, and male and female pelvic organs. It
has been often observed that the chemotherapeutic arma-
mentarium against such an important disease as schisto-
somiasis consists of just one drug, praziquantel.” Thus, the
common occurrence of reinfection after treatment due to the
increased resistance of the larval stages of Schistosoma man-
soni to schistosomicide drugs is an impending danger, with
serious implications for the health protection of many mil-
lions of people, including, eg, hemorrhage in the lung tissue,
abdominal pain, and diarrhea.®” This rational and legiti-
mate concern might now begin to be relieved by the recent

proposal of a new class of compounds that could represent
a novel source of drugs against schistosomiasis.” The trend
nowadays is to use natural plant extracts as safe and effec-
tive drugs.® Parts of some native Egyptian plants, such as
the latex from the stem of C. procera and flowers of C. proc-
era, have demonstrated promising anti-schistosomal activity,
which could be due to the antioxidant or anti-inflammatory
activity of their constituent cysteine proteases, tannins, fla-
vonoids, sterols, and terpenes.’

This study was designed to investigate the anti-
schistosomal effect and mechanism(s) of D-mannitol, a natu-
rally occurring sugar isolated from the leaves of the Egyptian
medicinal plant Ixora undulata Roxb. In addition, we study
pectin, a linear chain homogalacturonan (HG) polysaccharide
that contains 1, 4-linked o-p-galactosyluronic (GalpA) resi-
dues, isolated from the leaves of the Egyptian medicinal plant
Linum grandiflorum Desf. (scarlet flax),'® against S. mansoni-
induced liver fibrosis and compare it with the currently avail-
able anti-schistosomal drug praziquantel (PZQ).

It is well known that the liver, which plays the crucial role
of maintaining the energy potentials in the body, is one of the
major target organs affected by schistosomiasis, and therefore
infection with schistosomes may result in hepatic disorders and
metabolic disturbances.! Also, differences in the localization
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and concentration of some enzyme systems, serving as marker
enzymes for different cell organelles, and any defect in them
will be reflected to the enzyme activity itself. Hence, study-
ing changes in these enzymatic activities would be helpful in
evaluating the possible side effects or improvements due to dif-
ferent treatments on different cell organelles after S. mansoni
infection.®

'The electrophoretic protein banding pattern of an organ-
ism can be used to elucidate reliable biochemical genetic
markers of the organism. It can also provide information
about the structural genes and their regulatory systems that
control the biosynthetic pathways of that protein banding pat-
tern. Gel electrophoresis is a widely used tool in studies of
genetic variability. The electrophoretic differences reflect the
allelic variations of S. mansoni enzymes, which might be due
to mutational events occurring in the shistosoma under stress
and affecting the loci controlling the synthesis of isozymes.!?
Screening and utilizing novel dominant antigens could be one
of the key points to develop immunologic methods for the
early diagnosis of schistosome infections.!?

Currently, schistosomiasis control strategy is mainly
based on the treatment of infected individuals by chemother-
apy with safe and effective drugs. However, the large exten-
sion of endemic areas and constant reinfection of individuals,
together with poor sanitary conditions in tropical countries,
make standard treatment with drugs inefficient. The develop-
ment of drug resistance by the parasite is also a concern that
has to be considered. Therefore, vaccination combined with
therapy as a way to control schistosomiasis would contribute
enormously to disease control.'* The aim of this study was to
assess the antioxidant and anti-schistosomal effects of D-man-
nitol and pectin.

Materials and Methods

Chemicals. All chemicals used in the present study were
of high analytical grade from Sigma, Merck, BDH, Riedel de
Haen, and Fluka. Kits used for the quantitative determination
of different parameters were purchased from Quimica Clinica
Aplicada (QCA) and Stanbio.

Plant materials. The leaves of I. undulata were collected
in May 2006 from the El-Orman Botanical Garden, Giza
Governorate, Egypt. The plant samples were identified by
Tressa Labib, the Head Taxonomist at the garden. A voucher
specimen (No. 23) of the plant has been kept at the Herbar-
ium of the National Research Center (HNRC). The secondary
metabolite D-mannitol, as the active constituent, was isolated
trom I undulata Roxb. leaves by Dr. Magdy M. D. Moham-
med, Pharmacognosy Department, Pharmaceutical and
Drug Industries Research Division, National Research Cen-
ter (Mohammed, 2008). D-mannitol (Fig. 1) is a naturally
occurring sugar, which was isolated from the leaves of the
Egyptian medicinal plant I undulata Roxb. using reversed-
phase high-performance liquid chromatography (RP-HPLC),

and its structure was elucidated.!®

Figure 1. Structure of D-mannitol.

D-mannitol is an acyclic sugar alcohol (polyol), which,
unlike its optical isomer L-mannitol, is naturally produced by
several plants and animals (Fig. 1). The lower caloric value
of polyols (compared to regular sugars) and their ability to
be metabolized without an appreciable increase in the blood
sugar concentration make them attractive to the food indus-
try, especially for use in products meant for diabetic patients.
D-mannitol is also used as an osmotic diuretic to reduce
cerebral edema and to treat renal failure. Widespread use
of D-mannitol occurs in the pharmaceutical industry as an
excipient in products prepared by freeze-drying, given that
D-mannitol distinguishes itself from other polyols by a strong
tendency to crystallize from frozen aqueous solutions.'

Pectin belongs to a family of complex polysaccharides
that contain 1,4-linked o-p-galactosyluronic (GalpA) residues
(Fig. 2). Three pectic polysaccharides, namely homogalactu-
ronan, rhamnogalacturonan-I, and substituted galacturonans,
have been isolated from primary plant cell walls and structur-
ally characterized. Homogalacturonan (HG) is a linear chain
of 1,4-linked a-p-galactosyluronic residues, in which some of
the carboxyl groups are methyl esterified. They may, depending
on the plant source, also be partially O-acetylated at the C-2
and C-3 positions. 1,4-Linked o-p-galactosyluronic (GalpA)
residues (Fig. 2) were isolated from the leaves of the Egyptian
medicinal plant Linum grandiflorum Desf. (scarlet flax) using
RP-HPLC and its structure was elucidated.!®
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Figure 2. Structure of pectin.
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In a whole plant such as L. grandiflorum Desf. (scarlet
flax), the composition of the polysaccharides in the matrix of
the cell walls depends on the state of growth and their location
in the tissue.'

Animals. Ninety-six male Swiss albino mice of CDI
strain (25-30 g) were obtained from the animal house of the
National Research Center (Dokki, Giza, Egypt) and main-
tained on water and a stock commercial pellet diet ad libitum
(El-Kahira Company for Oil and Soap).

Ethics. Handling and aesthetic and sacrificial proce-
dures followed the ethical guidelines approved by the Ethical
Committee of the Federal Legislation, the National Institutes
of Health Guidelines, USA, and the Medical Ethical Com-
mittee of the National Research Centre, Egypt (No. 10 030).

Experimental design. The 96 mice were divided into
three main groups. The first main group consisted of four sub-
groups, each of eight animals normal control, control treated
orally with praziquantel (500 mg/kg only in two successive
doses and scarified 1 week after treatment),!” control admin-
istered with D-mannitol for 4 weeks (500 mg/kg intraperi-
toneally),'® and control administered with pectin for 4 weeks
(500 mg/kg intraperitoneally).’” The second main group was
infected with the Egyptian strain of §. mansoni by direct
skin contact through exposure to 80 £ 10 cercariae/mouse
according to the method of Ref. 20 and divided into three
subgroups of eight mice each (6, 10, and 14 weeks infected
subgroups). The third main group consisted of five subgroups
of eight mice each (two infected treated with D-mannitol for
4 and 8 weeks, two infected treated with pectin for 4 and
8 weeks, and the third treated with praziquantel twice only).
After each experimental period of different groups, all mice
were sacrificed.

Tissue homogenates. Liver tissues were homogenized in
0.9 M NaCl (5%, 10%, and 20% w/v) according to the param-
eter measured. The homogenate (4°C) was centrifuged at
3,000 rpm for five minutes, and the supernatant was used for
measuring the total protein and glucose. Other liver tissues
were homogenized in 30% KOH for measuring glycogen.

Serum sample. The sub-tongual vein was punctured in each
animal, and blood was collected in a clean, dry test tube, left
for 10 minutes to clot, and then centrifuged at 3,000 rpm for
serum separation. The separated serum was stored at —80°C
for later analyses of serum parameters.

Parameter assays.

Determination of glucose level. This was done according to
the procedure of Trinder?! as glucose is oxidized in the pres-
ence of glucose oxidase. The H,O, formed reacts, under the
influence of peroxidase, with p-hydroxybenzene sulfonate
and 4-aminoantipyrine to form a red-violet quinone complex
whose intensity is proportional to the glucose concentration.

Determination of glycogen content. This was done according
to the procedure of Nicholas et al.??

Determination of body and relative liver weight. Body and
liver weights of all groups were recorded in grams, as well as

the ratio of liver weight to the body eight (relative liver weight),
were calculated.

Determination of total protein. The total protein was reacted
with the Bradford reagent to give a blue complex, which was
measured calorimetrically at the wavelength 595 nm.?

Electrophoresis profile of serum proteins (SDS-PAGE). 'The
method of staining and determination of serum proteins for
the preparation of the gel is presented by Laemmli.?* The gel
plate was put in 12.5% trichloroacetic acid (TCA) (Alderich)
for half an hour and then rinsed with destaining solution;
after that, staining was done with comassie Brilliant Blue
R250 (CBB R250). The Laemmli system is regarded as the
gold standard for sodium dodecyl sulfate gel electrophoresis
(SDS-PAGE) due to its ability to resolve complex samples
from a wide variety of sources with different buffer back-
grounds. The separation for all groups of experimental ani-
mals was done in addition standard protein of known proteins
for comparing.

Statistical analysis. The results of the biochemical anal-
ysis were analyzed using the Statistical Package for Social
Sciences (SPSS for Windows, version 8.0). Comparisons were
made between the experimental groups. Analysis of data was
carried out by one-way analysis of variance (ANOVA) with
the Costat computer program. p-Values <0.05 were regarded
as statistically significant.

Results

Schistosomes are facultative anaerobes deriving energy primarily
through the degradation of glucose and glycogen, whose levels
are listed in Table 1. Our data revealed that glucose and glycogen
levels are highly significantly decreased in S. mansoni-infected
groups (at 6, 10, and 14 weeks) compared to the noninfected
control group with percentage changes of 33.28%, 42.99%, and
50.44% for glucose and 34.58%, 47.38%, and 51.35% for glyco-
gen, respectively.

The obtained results (Table 1 and Fig. 3) show the
improvement in these levels after D-mannitol and pectin treat-
ment for 4 and 8 weeks as the elevation in glucose level (14.49%
and 21.82% for D-mannitol and 8.44% and 11.62% for pectin),
while PZQ_treatment significantly increased the level of glu-
cose compared with the 6-week-infected group with a highly
significant improvement percentage 24.20% and glycogen level
(14.21 and 21.39% for 4 and 8 weeks of D-mannitol treatment
and +8.28% and +11.40% for 4 and 8 weeks of pectin treat-
ment), while PZQ_treatment significantly increased the level
of glycogen compared with the 6-week-infected group with an
improvement percentage 23.37%.

Table 2 and Figure 4 show the changes in the body
weight, liver weight, and relative liver weight due to
schistosomiasis infection. The body weight is highly sig-
nificantly decreased in the infected groups (6, 10, 14 weeks)
compared to the noninfected control group with percentage
change 12.09%, 18.18%, and 27.68%, respectively, while the
liver weight and relative liver weight are highly significantly
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Figure 3. The percentage change in total protein, glucose, and glycogen in mice liver of D-mannitol- and pectin-treated groups as compared to control group.

percentages of 68.44% and 85.15%, of the 72 kDa fraction
with improvement percentages 248.27% and 164.43%, and of
the 52 kDa faction of 35% and 29.04% after 4 and 8 weeks
of treatment, respectively, while significantly reduced the
levels of the 260 kDa fraction with improvement percentage
of 67.38% for 8 weeks treatment and of the 10 kDa fraction
with improvement percentages 78.73% and 58.96% for 4 and
8 weeks treatment, respectively.

Treatment with pectin of the 6-week-infected group in
comparison with 6-week-infected group significantly elevated
the 135 kDa fraction with improvement percentage 18.56%
after 4 weeks treatment, while significantly reduced levels of the
260 kDa faction with improvement percentage of 49.70%, of
42 kDa with improvement percentages of 94.34 and 80.17%, and
of 10 kDa with improvement percentages 110.70, 76.55% after 4,
8 weeks treatment, respectively.

Thus, treatment with PZQ_significantly elevated the
135 kDa fraction with an improvement of 50.90%, while it
significantly reduced the levels of the 95 and 42 kDa fractions
compared with the 6-week-infected group, with improve-
ments of 35.70% and 66.07%, respectively.

However, ingestion of D-mannitol, pectin, or PZQ_in
normal mice showed nonsignificant deviations in most of the
measured protein fractions with variable percentage changes,
as shown in Figures 5-7.

The percentage changes in high molecular weight (260,
135, 95, 72, 52, and 42 kDa) and low molecular weight (42,
34, 26, and 10 kDa) protein fraction levels for D-mannitol,
pectin, and PZQ_treated groups in relation to noninfected
control group are illustrated in Figures 8-10.

Discussion

Schistosomes are facultative anaerobes deriving energy pri-
marily through the degradation of glucose and glycogen.
Cellular glycogen level, a major source of glucose moieties, is

important in providing glucose for glucuronidation.?®

Another important consequence of liver injury is stimu-
lated glycolysis, which is manifested by a marked reduction
in the levels of plasma glucose, liver glucose, and glycogen.
Glycogen degradation and replenishment occur through the
body of the parasite, confirming inhibition of aerobic respira-
tion and stimulation of anaerobic glycolysis through hexoki-
nase, a rate-limiting enzyme of glycolysis.!! This metabolism
of glucose “through glycogen” should help in maintaining a
low internal free glucose concentration level and thus promote
sufficient glucose diffusion to deeper tissues.?® Such stimu-
lated glycolysis has also been observed for mice with §. man-
soni infection for 49 days.?” However, we further observed
a significant decrease of the hepatic glucose for the infected
mice at week 6 post infection. This is probably due to the active
manipulation and adaptation of parasites to the host rather than
consequences of host injuries.® Riad et al?® recorded that hepatic
tissue destruction results in the inability of liver to metabolize
proteins and fats or to utilize glucose and store glycogen. Col-
lectively, these lead to anemia and loss of body weight.

Therapeutic treatment with either D-mannitol or
pectin significantly upregulated the levels of hepatic glu-
cose and glycogen in §. mansoni-infected mice compared
with infected and PZQ-treated groups, in agreement with
Metwally?® and EL-Ansary.°

'The present study showed a significant reduction in the
mean body weightand a significantincrease in the liver weight
and in relative liver weight due to schistosoma infection with
respect to controls, as shown by El-Banhawey et al.3!

These changes may occur because of the presence of the
developing parasite worms and the initiation of egg deposi-
tion, and also due to the several metabolites released by the
parasite, which affect the host hepatic tissue.??

Schistosoma eggs are known to produce several tissue-
reactive substances including lipids, antigens, and enzymes,
as well as reticuloendothelial cell infiltration and fibro
granulomatous tissue, which lead to liver enlargement.3
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Figure 4. The percentage change in body weight, liver weight, and relative liver weight of D-mannitol- and pectin-treated groups as compared to control
group.

Bands of >120 and <65 kDa were considered nonspe- immunity, suggesting that Sm10 or other minor compo-
cific, as they were also present in some control serum samples, nents in these fractions might contribute to the induction
so bands <65 kDa were poorly specific and could not be used of protection.*
for diagnosis.’® In contrast to these findings, we found that Therefore, some electrophoretic bands disappeared as
most protein fractions showed significant deviations after a result of the deletion of their corresponding bands. Dis-
infection, with significant decrease in the 17 and 72 kDa appearance of some bands could also be explained on the
fractions after 6, 10, and 14 weeks infection, 34 kDa fraction basis of a mutational event at the regulatory genes, which
after 10 and 14 weeks infection, and 26, 42 and 52 kDa are suppressed at the transcription level. Meanwhile, the
fractions after 14 weeks infection, while significant increase in appearance of new bands could be explained on the basis of
42 and 10 kDa fractions after 6 weeks infection and 260 kDa a mutational event at the regulatory system of unexpressed
fraction after 10 weeks infection. Thus, bands corresponding gene(s) that activate them. Several factors may be considered
to >120 and <65 kDa are considered specific and diagnostic as primary determinants of the number of bands observed
tor Schistosoma infection. on a gel, including the number of coding genes, their allelic

It is shown that sera of most §. mansoni-infected mice states (homozygous or heterozygous), and the quaternary of

exhibit the 260 kDa band, which represents IgG antibodies the protein products.'?
against the alkaline phosphatase of adult worms.*’
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D-mannitol and pectin against Schistosoma mansoni
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Figure 5. Lane1, Marker; Lane2, control; Lane3, Infected 6 weeks; Lane4, Infected 10 weeks; Lane5, Infected 14 weeks; Lane6, Control D-mannitol;
Lane7, D-mannitol 4 weeks; Lane8, D-mannitol 8 weeks; Lane9, D-mannitol 4 weeks; Lane10, D-mannitol 8 weeks.

260 kDa
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Figure 6. Lane1, Marker; Lane2, control; Lane3, Infected 6 weeks; Lane4, Infected 10 weeks; Lane5, Infected 14 weeks; Lane6, Control pectin; Lane7,
Pectin 4 weeks; Lane8, Pectin 8 weeks; Lane9, Pectin 4 weeks; Lane10, Pectin 8 weeks.
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Figure 7. Lane1, Marker; Lane2, control; Lane3, Infected 6 weeks; Lane4, Infected 10 weeks; Lane5, Infected 14 weeks; Lane6, Control PZQ; Lane7,

treated PZQ; Lane8, treated PZQ.
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Figure 8. The percentage change in high MW protein fractions (260, 135, and 95 kDa) in mice serum of D-mannitol- and pectin-treated groups as

compared to control group.
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Figure 9. The percentage change in high MW protein fractions (72, 52, and 42 kDa) in mice serum of D-mannitol- and pectin-treated groups as

compared to control group.
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Figure 10. The percentage change in high MW protein fractions (34, 26, 17, and 10 kDa) in mice serum of D-mannitol- and pectin-treated groups as
compared to control group.
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