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The present investigation was an attempt to study the enhancememt effect of L-carnosine (beta alanyl-I-histidine)
on the influence of vaccination on healthy (non-infected) rabbits treated with Schistosoma mansoni egg antigens,
cercariae antigens, and worms antigens as protective agents against infection. This study involved individual
injection of three Schistosoma mansoni antigens: soluble egg antigen (SEA), cercarial antigen preparation (CAP)
and soluble worm antigen preparation (SWAP), in three rabbit groups, respectively. Three other groups each
received the same specific antigen in conjunction with the administration of L-carnosine, biochemical parameters
including DNA, RNA, DNA/RNA ratio concentrations in addition ATPase, and acetyl cholinesterase activities
were measured in liver, heart, kidney and brain in all groups. Elevation in most parameters was observed in the
immunized groups. Carnosine treatment of rabbit groups immunized with SEA, CAP and SWAP in comparison
to the non-carnosine-treated immunized groups resulted in amelioration the changes of DNA, RNA, ATPase and
acetyl cholinesterase activities in most groups. L-carnosine has a beneficial effect in the amelioration of the

changes in biochemical parameters as a result of S. mansoni antigen immunization.

INTRODUCTION

Since the pioneer works that introduced the basis of
immunization as a powerful tool to prevent infectious diseases, the
search of antigens that mediate protective immunity against parasites,
has been a major goal of research in medical parasitology. It is thus
envisioned that the development of effective vaccines could be
relevant to control programs of largely endemic diseases (Tendler,
1987). Mice immunized with soluble worm antigen preparation
(SWAP) and interleukin-12 show a highly statistically significant
increase in resistance when compared with those immunized with
SWAP only (Abdel-Aaty et al., 1999). Laboratory investigations of
mechanisms of mammals' immunological responses have long been
under intensive scrutiny. Leukocytes react directly with SEA and
SWAP, through distinct intracellular signaling pathways, induce
peripheral blood mononuclear cell proliferation (Hilpela et al., 2003).
The products secreted by schistosome eggs captured in the hepatic
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granulomata may promote angiogenesis within its granuloma by
upregulating endothelial cell vascular endothelial growth factor
(Loeffler et al., 2002). L-Carnosine (b-alanyl-L-histidine) is a
naturally occurring dipeptide,that is endogenously synthesized, and
widely found in the brain, muscle, kidney, stomach, and, in large
amounts, in skeletal muscle (Guiotto et al., 2005). Carnosine has
been proved to play a number of biological functions, including
antioxidant activity, as a free radical scavenger, ability to chelate
metal ion, anti-inflammatory and antisenescence properties (Kohen
et al.,1988). In addition, carnosine is an inhibitorof protein
glycosylation and may prevent the formation of the advanced
glycation end-products (AGEs). Carnosine is a naturally-occurring
dipeptide, comprised of the amino acids, beta-alanine and L-
histidine. It is a strong free-radical scavenger capable of blocking
free radical chain reactions, inhibiting cell damage. It is also
essential for DNA and RNA polymerase activity to aid cell damage
that is endogenously synthesized, and widely found in the brain,
muscle, kidney, stomach, and, in large amounts, in skeletal muscle
(Renner et al., 2010). Carnosine has been proved to play a number
of biological functions, including antioxidant activity, asa free
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radical scavenger, ability to chelate metal ion, anti-inflammatory
and antisenescence properties (Guiottoet al.,2005). In addition,
carnosine is an inhibitor of protein glycosylation and may prevent
the formation of the advanced glycation end-products (AGEs) beta
alanyl-L-histidine is present at surprisingly high levels (up to 20
mM) in muscle and nervous tissues in many animals. L-carnosine
inhibits lipid peroxidation and oxidative modification of proteins
in muscle tissue since it acts as a reactive oxygen species (ROS)
scavenger (Hipkiss,1998; Soliman et al., 2006). It has been
demonstrated to play a number of biological roles as an anti-
inflammatory agent, free radical scavenger and protein
glycosylation inhibitor (Alhamdani et al., 2007; Decker et al.,
2000). More recently, it has been suggested that carnosine and
homocarnosine protect neuronal cells against glutamate-induced
toxicity (Boldyrev et al., 2004). In addition, carnosine has been
demonstrated to protect PCI2 cells from Ap42-induced
neurotoxicity via regulation of glutamate release (Fu et al, 2008)
However, no information is yet available on the effect of carnosine
and related compounds on ferritin-mediated DNA damage. In the
current study, we examined the protective effects of carnosine and
homocarnosine on ferritin/ H202 system-mediated DNA damage.
Carnosine has been shown that Fasciola and Schistosoma worm
antigens mixed with or without saponin as well as saponin alone
are successful in protecting mice against S. mansoni infection. The
combinations are more efficacious than saponin and Fasciola
antigens alone (Maghraby et al., 2010a). This protection is
achieved by a reduction in the total number of male and female
worms, as well as in the levels of toxins elaborated by them. The
role of these antigens in eliminating the products of oxidative
stress and assistance in immune-mediated destruction of eggs that
ameliorate the histopathological picture of liver cells and preserve
its function has been demonstrated (Maghraby et al., 2010a). For
example, in liver sections, egg granuloma size was reduced in
animals vaccinated with Fasciola or Schistosoma eggs as well as
Fasciola or Schistosoma eggs with saponin antigens (Maghraby et
al., 2010b). Carnosine has been postulated to act as a buffer to
neutralize lactic acid produced in skeletal muscle that is
undergoing anaerobic glycolysis. One of the most likely places for
oxidative stress is the human brain. The brain uses about 20% of
the oxygen consumed, has the highest rate of oxygen consumption
of any organ, and contains lipids with a high content of easily
oxidized unsaturated fatty acids (Kohen et al., 1988). The present
study was undertaken to evaluate the possible ameliorative effect
of L-carnosine on vaccination induced alterations in DNA, RNA,
DNA/ RNA contents as well as adenosine triphosphatase (ATPase)
and acetyl cholinesterase activities in liver, heart, kidney and brain
in rabbits.

MATERIALS AND METHODS

Chemicals
All fine chemicals and the L-carnosine used
were products of the Sigma Chemical Company, St. Louis, USA.

Animals

Twenty-one male New Zealand white rabbits weighing
approximately 2 kg were obtained in-house from the Research
Institute of Ophthalmology, Cairo. They were routinely inspected
for ecto-and endo-parasites.

Anesthetic procedures complied with the legal ethical
guidelines approved by the Ethical Committee of the Federal
Legislation and National Institutes of Health Guidelines in the
United States, and were approved by the ethical committee of the
National Research Centre in Egypt. An overdose of ether was
given gradually to the rabbits to ensure that the animals did not
suffer at the final stage of the experiment.

Experimental design and immunizations

The rabbits were divided into seven groups of three
rabbits each. Group 1 (G1) was designated the healthy control
group. The six treated groups were divided into two large
collections each comprised of three groups according to treatment.
Batch A was comprised of groups 2, 3 and 4, each of which was
injected with a specific antigen (egg, cercariae or worm antigens of
S. mansoni) as follows: Group 2, SEA-I; Group 3, CAP-I, Group
4: SWAP-I. Batch B was comprised of groups 5, 6 and 7, each of
which was injected with L-carnosine in addition to a specific
antigen as follows: Group 5, SEA-I-C; Group 6, CAP-I-C; Group
7, SWAP-I-C. The six groups of rabbits (groups 2-7) were
subcutaneously injected with 0.5 mg of the specified antigen
formulated with an equal volume of Freund’s complete adjuvant.
A second booster dose of 1 mg in Freund’s incomplete adjuvant
(v/v) was injected on day 21.

A third booster dose of 1 mg in Freund's incomplete
adjuvant (v/v) was injected on day 26. Sera were collected two
days after the last immunization in groups 2 to 4. Groups 5 to 7
were injected with an intramuscular dose of L-carnosine at 100
mg/day for 15 days (Soliman et al., 2003). Blood was collected
from control and injected rabbits after decapitation. Samples were
allowed to clot for two hours at room temperature and overnight at
4°C. After centrifugation at 100 x g for 15 minutes, sera were
separated and stored at -20°C until used.

Preparation of antigen

All antigens used for this research (cercariae, worm and
egg antigens of S. mansoni) were obtained from the Theodore
Bilharz Research Institute, Giza, Egypt. SEA, CAP and SWAP
antigens of S. mansoni were prepared as previously described (Da-
Silva and Ferri ,1968).

Preparation of organs homogenate
Organs homogenate was prepared by homogenization 0.5
gm tissues in 10 ml of 0.25 M sucrose solution.

Quantitative determination of organs DNA and RNA contents
Organs DNA and RNA contents were estimated
according to the method of Sihigko et al., (1967).
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Calculation
DNA and RNA concentration were calculated in mg of
DNA or RNA / gm of wet tissue.

Reading of sample — Reading of blank X Conc. of standard solution X
dilution factor X 1gm wet tissue
Reading of standard solution X Weight of tissue used

Adenosine triphosphatase assay

The measurement of the enzyme was made using the
method described by Chanez et al., (1985).

0.05 ml of supernatant was added to 1.05 ml of 40 mM
Tris Hcl containing 150 mM NaCl, 20 mM KCI and 5 mM MgCL,
with pH 7.4. After preincubation for 5 min. at 37 °C the reaction
was started by the addition of 0.04 ml of 4 mM Tris-ATP and
stopped after 15 min. later by adding 1 ml of ice cold 10 % TCA.
The mixture was centrifuged at 3000 r.p.m for 15 min. Inorganic
phosphorus was determined in the aliquot of the supernatant.

Determination of acetylcholinestrase (AChE)

The procedure used in the present study for the
determination of cholinesterase activity in the samples is a
modification of the method of Ellman et al., (1961) as described
by Gorun et al.,, (1978).The principle of the method is the
measurement of the rate of production of thiocholine as
acetylthiocholine is hydrolyzed.

Acetylthiocholine iodide CL; Acetic acid + Thiocholine iodide.
Statistical analysis

Data are expressed as means + SD, and were analyzed

using analysis of variance (ANOVA) (SPSS, Chicago, IL, USA).

RESULTS

Table (1) & Figure (1) Show that DNA activities in heart
&brain revealed a significant elevation after SEA, CAP and
SWAP immunization with different percentage change, after
treated with carnosine a significant reduction in all DNA activates
with different percent, while SEA immunization in liver and
kidney revealed a significant increase and carnosine treatment
inhibited these elevation with 150% & 70% after 163% & 141%
respectively as shown in table 1 and fig.1. Table (2) & Figure (2)
RNA activity in heart significantly elevated after immunized with
SEA, CAP and SWAP with 105.8%, 128% and 94.4% respectively
and carnosine has a remarkable effect for reduction these
elevations with 104.6%, 82.2% and 61.4% respectively. In brain
SEA and SWAP immunization caused a significant elevation with
195.5% and 208.9% which decreased to 148% and 91.1% with
given carnosine. Table (3) & Figure (3) DNA/RNA ratio carnosine
illustrate a markedly reduction in the elevation caused by SEA
immunization in liver, heart, kidney and brain with different
percentage change. 130, 405, 217 and 243% respectively reduced
to 100, 228.9, 95.7 and 136.8 respectively. In case of CAP-
immunization a significant reduction by carnosine elevated in
brain than the other organs reduced 206.6% to 65.8%. Table (4) &

Figure (4) ATPase activities markedly elevated with SEA
immunization in liver and kidney with percentage 372% and 316%
percent change while significantly decreased in heart and brain
with 30.5% and 52.1% respectively. Carnosine administration
ameliorating these disturbances in the enzyme activities with
different percent change. Table (5) & Figure (5) acetyl-
cholinestrase activity revealed a highly significant elevation in
kidney and brain 398% and 233% after immunized with SEA
antigen, a markedly decrease in these activities levels 279.6% and
209.7% respectively, as a result of given carnosine.
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Fig. 1: Percent change of DNA contents in liver, heart, kidney and brain from
rabbits immunized groups and immunized -treated with L-carnosine groups.
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Fig. 2: Percent change of RNA contents in liver, heart, kidney and brain from
rabbits immunized groups and immunized -treated with L-carnosine groups.
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Fig. 3: Percent change of DNA/RNA ratio in liver, heart, kidney and brain
from rabbits immunized groups and immunized -treated with L-carnosine
groups.
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from rabbits immunized groups and immunized -treated with L-carnosine and brain from rabbits immunized groups and immunized -treated with L-
groups. carnosine groups.
Table. 1: Effect of L-carnosine on DNA in SEA, CAP and SWAP groups.
Control Immunized groups Treatment groups
Organs SEA-I CAP-I SWAP-I SEA-I-C CAP-I-C SWAP-I-C ANOVA
G, G, Gs Gy Gs Gs Gy P<
Liver 0.182+0.037 0.297+0.068 0.373+0.050 0.206+0.014 0.273+0.087 0.376+0.159 0.377+0.096 0.053
(3.6,7) - 1,4) (3.6,7) - 1,4) 1,4)
Heart 0.140+0.007 0.554+0.071 0.285+0.076 0.268+0.056 0.31+0.045 0.193+0.03 0.17+0.004 0.001
(2,3,4,5) (1,345,6,7) (1,2,6,7) 12,7) (1,2,6,7) (2,3,5) (2,3,4,5)
Kidney 0.161+0.031 0.227 +0.05 0.289+0.065 0.468+0.011 0.112+0.033 0.448+0.116 1.022+0.074 0.001
(3.4,6,7) (4,5,6,7) (1,4,56,7) (1,2,357) (2,346,7) (1,2,357) (1,2,3,4,5,6)
Brain 0.119+0.009 0.56+0.118 0.31+0.065 0.224+0.037 0.237+0.056 0.164+0.006 0.182+0.06 0.001
(2,3,5) (1,345,7) (1,2.6,7) 1,2) 1,2) (2,3) (2,3)

. Data are expressed as means + SD of rabbits in each group as follows: | = immunized by antigen; I-C = immunized and L-carnosine- treated
. DNA expressed as pmoles/100mg tissue weight
e Analysis of data was performed by one-way analysis of variance (ANOVA) accompanied by post hoc least significant difference (LSD; SPSS computer

programme, the significance values at P< 0.05. All the values are compared with the control group.
. Number of groups which have a significant correlation between each other.

Table. 2: Effect of L-carnosine on RNA in SEA, CAP and SWAP groups.

Control Immunized groups Treatment groups ANOVA
Organs SEA-I CAP-I SWAP-I SEA-I-C CAP-I-C SWAP-I-C P<
G G, Gs Gy Gs Gs Gy
Liver 0.790 +0.04 0.997+0.23 0.991+0.122 0.589+0.107 1.191+0.10 0.975+0.265 0.886+0.25 0.230
(%) - - (%) (1.4) - -
Heart 0.345+0.031 0.365+0.024 0.443+0.12 0.326+0.032 0.361+0.049 0.294+0.03 0.212+0.129 0.510
(7) (7) (6,7) - 7 (3) (1,2,3,5)
Kidney 0.696+0.073 0.453+0.051 0.421+0.034 0.492+0.072 0.517+0.069 0.429+0.07 0.624+0.217 0.035
(2,3,4,5,6) (1) a7 (1) (1) a7 (3,6)
Brain 0.157+0.049 0.307+0.059 0.207+0.12 0.328+0.059 0.233+.051 0.351+0.177 0.143+0.123 0.135
(6) - - 0] - () (4.6)

. Data are expressed as means + SD of rabbits in each group as follows: | = immunized by antigen; I-C = immunized and L-carnosine- treated
. RNA expressed as pmoles/100mg tissue weight
e Analysis of data was performed by one-way analysis of variance (ANOVA) accompanied by post hoc least significant difference (LSD; SPSS computer

programme), the significance values at P< 0.05. All the values are compared with the control group.
. Number of groups which have a significant correlation between each other.

Table. 3: Effect of L-carnosine on the ratio of DNA/RNA ratio in SEA, CAP and SWAP groups.

Control Immunized groups Treatment groups
Organs SEA-I CAP-I SWAP-I SEA-I-C CAP-I-C SWAP-I-C ANOVA
Gy G Gs Gy Gs Gs Gy P<
Liver 0.23+0.04 0.30+0.05 0.38+0.07 0.29+0.03 0.23+0.12 0.37+0.13 0.45+0.29 0.229
U] - - U] ) - (1.4)
Heart 0.38+0.04 1.54+0.29 0.70+0.37 0.84+0.24 0.87+0.24 0.70+0.13 0.88+0.39 0.007
1,5,7) (1,3,4,5,6,7) 2) 2) 1,2) 2) 1,2)
Kidney 0.23+0.03 0.50+0.12 0.69+0.20 0.96+0.11 0.22+0.03 1.08+0.391 1.81+0.94 0.003
4,6,7) 7) 7) (1,5,7) (4,6,7) (1,5,7) (1,2,3,4,5,6)
Brain 0.76+0.13 1.85+0.35 1.57+1.3 0.69+0.11 1.04+0.30 0.50+0.23 1.79+0.89 0.030
(2,3,7) (1,6) (1,4,6) (3) - (2,3,7) (1,6)

. Data are expressed as means + SD of rabbits in each group as follows: | = immunized by antigen; I-C = immunized and L-carnosine- treated
e Analysis of data was performed by one-way analysis of variance (ANOVA) accompanied by post hoc least significant difference (LSD; SPSS computer

programme), the significance values at P< 0.05. All the values are compared with the control group.
. Number of groups which have a significant correlation between each other.
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Table. 4: Effect of L-carnosine on ATPase in SEA, CAP and SWAP groups.

Control Immunized groups Treatment groups
Organs SEA-I CAP-| SWAP-I SEA-I-C CAP-I-C SWAP-I-C ANOVA
G: G Gs Gs Gs G P<
Liver 0.025+0.004 0.093+0.40 0.041+0.006 0.024+0.006 0.026+0.005 0.042+0.011 0.031+0.023 0200
@) (13456.7) ) ) ) )
Heart 0.092+0.061 0.028+0.004 0.029+0.003 0.038+0.008 0.050£0.011 0.023+0.003 0.026+0.011 0039
(2346.7) 1) 1) - 1) 1)
Kidney 0.043+0.005 0.136+0.023 0.018+0.003 0.058+0.003 0.094+0.014 0.017+0.003 0.057+0.033 0,001
@) (13456.7) (2,45.7) (2,35.6) (1,2,3,46,7) (2,45,7) (2,35.6)
Brain 0.048+0.007 0.025+0.009 0.027+0.002 0.052+0.006 0.043+0.050 0.043+0.004 0.018+0.006 0.001
(5) (5) (5) (1,2,346.7) (5) (5) '

. Data are expressed as means + SD of rabbits in each group as follows: | = immunized by antigen; I-C = immunized and L-carnosine- treated

e  ATPase expressed as pumole/mg tissue weight

e Analysis of data was performed by one-way analysis of variance (ANOVA) accompanied by post hoc least significant difference (LSD; SPSS computer
programme), the significance values at P< 0.05All the values are compared with the control group.

. Number of groups which have a significant correlation between each other.

Table. 5: Effect of L-carnosine on Acetyl cholinesterase in SEA, CAP and SWAP groups.

Control Immunized groups Treatment groups
Organs SEA-I CAP-I SWAP-I SEA-I-C CAP-I-C SWAP-I-C ANOVA
G: G, Gs Gy Gs Gs Gy P<
Liver 0.059+0.008 0.073+0.006 0.188+0.019 0.044+0.005 0.145+0.022 0.147+0.004 0.083+0.029 0.001
(3,5,6) (3,4,5,6) (1,2,4,5,6,7) (2,3,5,6,7) (1,2,34,7) (1,2,34,7) (3456, ’
Heart 0.077+0.047 0.083+0.009 0.099+0.055 0.078+0.011 0.17+0.020 0.123+0.11 0.187+0.005 0.001
(5,7) (5,7) (5,7) (5,7) (1,2,34,7) 7) (1,2,3,4,5,6) ’
Kidney 0.093+0.011 0.37+0.056 0.078+0.011 0.043+0.007 0.26+0.049 0.075+0.006 0.178+0.017 0.001
(2,5,7) (1,3,4,5,6,7) (2,5,7) (2,5,7) (1,2,3,4,6,7) (2,5,7) (1,2,3,4,5,6) ’
Brain 0.359+0.045 0.838+0.167 0.733+0.054 1.123+0.013 0.753+0.148 1.158+0.012 1.636+0.097 0.001
(2,34,5,6,7) (1,34,7) (1,4,6,7) (1,2,35,7) (1,46,7) (1,2,35,7) (1,2,3,4,5,6) )

. Data are expressed as means + SD of rabbits in each group as follows: | = immunized by antigen; I-C = immunized and L-carnosine- treated

e Acetyl cholinesterase expressed as (U/g).

e Analysis of data was performed by one-way analysis of variance (ANOVA) accompanied by post hoc least significant difference (LSD; SPSS computer
programme), the significance values at P< 0.05. All the values are compared with the control group.

e Number of groups which have a significant correlation between each other.

0
H
HoN N\)LOH
N NH

Fig. 6: Chemical structure of Carnosine.

DISCUSSION

In the present study, the treatment of rabbit with
carnosine has been designated as protective mediator from
Schistosoma mansoni egg antigens induced dysfunction of some
enzymes. This finding evidenced by the observed improvement of
most examined biomarkers including DNA and RNA contents
DNA/RNA ratio in addition ATPase and acetyl cholinesterase
activities.

The foregoing immunological results support the relative
actions of the three antigens. However, the authors stated that the
histopathological picture of SWAP-C-treated animals showed a
greater immunological defence in lymph nodes’ cellular reaction,
presented as sinus histiocytosis (Soliman et al., 2002). Nassr et al.
recorded that anti-SWAP IgGl and IgG4 were increased in
schistosomiasis(Nassr et al.,, 2002). However, to potentiate
the SEA vaccine action against schistosomiasis, combined

administration of SEA in conjunction with 28 kDa glutathione-S-
transferase antigens in infected animals was suggested (Lebens et
al., 2003). Nevertheless, the above-mentioned conservation of
hepatic glycogen and phosphorylase by carnosine combating the
high antigen doses could be ascribed to its well-documented
antioxidant action (Soliman et al., 2006; Ali, 2012). This
apparently contradicts its decreasing effect on the tested serum
parameters, which could be ascribed to a pro-oxidant effect. Pro-
oxidant effects were previously recorded for other antioxidant
agents as well as L-carnosine when given in high dosages, for
example vitamin C (Paolini et al., 1999). L-carnosine is a potent
and selective scavenger of alpha, beta-unsaturated aldehydes,
typical by-products of membrane lipid peroxidation (considered
second messengers of the oxidative stress response), and inhibits
aldehyde-induced protein-protein and DNA-protein cross-linking
in neurodegenerative disorders such as Alzheimer's disease
(Guiotto et al., 2005). L-carnosine involvement in the activation of
natural systems of host immune resistance has been reported. It
induced liberation of the immune modulator intermediates,
cytokines and interleukins. It could also bind to immune system
cell receptors that stimulated the liberation of hepatocyte growth
factor and cytokines, causing liver recovery (Soliman and Ali,
2003).

Because RNA is an essential component of protein
synthesis, its concentration in tissue often reflects the rate of
protein synthesis. The RNA: DNA ratio provides an index of
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protein synthetic capacity per cell since the amount of DNA per
cell is assumed not to vary with condition or with growth rate,
Changes in DNA: RNA ratios indicate alterations in transcription
and translation processes. A decrease in transcription and
translation processes will affect overall concentration of structural
and functional proteins (enzymes) (Wanger et al., 1998).
Carnosine protects rabbit hearts from reperfusion injury after
ischemia, also as a physiological activator for myosin ATPase
(Kohen et al., 1988).Natural defense mechanisms vary from one
species to another and within the tissues of the same species.
Skeletal muscle and brain are two of the tissues that have the most
active oxidative metabolism, yet the concentrations of the
antioxidants vitamin E and vitamin C in these tissues are not
particularly high (Kohen et al., 1988). It also promoted liver
regeneration in partially hepatectomized mice, which was shown
in highly significant increases in weight, RNA content, and many
hepatic proteins. The modulation of host immune response against
SEA by L-carnosine could be comparable to the immune
modulation of S. mansoni egg recorded by immunomodulators
(Jakubzicket al., 2004&; Leinonen et al., 2004). Carnosine and
homocarnosine compounds effectively inhibited ferritin/ H202-
mediated hydroxyl radical generation and decreased the
mutagenicity of DNA induced by the ferritin/H202 reaction
(Guiotto et al., 2005). Therefore, carnosine has the potential of
being a drug to prevent and treat senile cataract and to delay
eyesight senescence, which is one of the manifestations of aging.
The pharmacological effects of carnosine seem to due to its
penetration into the lens then boosting the antioxidant ability of the
lens, increasing the activity of Na,K-ATPase (lovine et al.,2012).
The small number of deviated parameters in SEA-I-C, CAP-I-C
and SWAP-I-C in DNA&RNA Liver animals might reflect an
inherited ability of the animal’s body to combat the adult worm.
The decrease of almost parameters in all Schistosoma mansoni
antigens animals, can be attributed to the biological interrelations
between both parasite and host tissues. Also, the high
(experimental) dosages of antigen may not have matched the
corresponding amounts in natural infestation. The natural short
time-span of both developmental stages (i.e., eggs and cercariae
which are transient in the liver) in host tissues support this
explanation. In conclusion, immunological studies should
investigate further the effect of smaller dosages of L-carnosine
combined treatment. The selectivity of L-carnosine proved
favorable DNA, RNA, ATPase, and acetyl cholinesterase. It is
expected that smaller dosages may be able to normalize most
tested parameters.
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