
INTRODUCTION 

Fresh water pulmonate snails of the genus Biomplalaria are
best known for their role as intermediate hosts of the widely
distributed parasite, Schistosoma mansoni [1]. This parasite, one
of the causal agents of the debilitating disease (intestinal schis-
tosomiasis), infects 207 million people worldwide and puts an
estimate of 779 million people at risk of acquiring infection [2].
One of the keys to understand the present and future of Schis-
tosoma mansoni infection in Egypt is to understand more about
the snails that play an indispensable role in its transmission [3].

Parasitic helminths have an absolute dependency on carbo-
hydrates for their energy source, and one of the key features of
carbohydrate catabolism is the excretion of a wide range of car-
boxylic acids. However, most of them have low molecular ab-
sorptivity and thus are poorly detectable compounds by pho-
tometric detection [4].

The depletion of energy sources and alterations in the carbo-

hydrate metabolism caused by the trematode larvae on their
snail intermediate host was thought to be similar to that obser-
ved during estivation in which food uptake ceases, water loss
occurs, and gas exchange may also be affected. All of these alter-
ations exert an influence on the snail’s metabolism which may
be reflected in the concentration of metabolites resembling
consumption of host metabolites by the developing parasites
[5]. Becker [5] stated that starvation of Biomphalaria glabrata for
6 days was equivalent to 30 days’ infection by S. mansoni. Several
studies have demonstrated that infected schistosome vectors
grow faster and have a greater soft tissue mass than their unpar-
asitized counterparts [6]. This appears inconsistent with the
starvation hypothesis. Moreover, it was recently reported that
the adenylate energy charge of the digestive gland-gonad tissue
complex (DGG), unlike in estivation, is affected very little by
infection. Thus, the infected snail appears to undergo some
degree of physiological adaptation to the parasitized state. The
finding that snail hosts have the potential for regulating hemo-
lymph carbohydrate level indicates that host metabolic respons-
es to infection are compensatory and aimed at maintaining
blood glucose in response to continuous utilization by devel-
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oping parasite [7].
Biomarkers of diseases refer to cellular, biochemical, or mol-

ecular alterations that occur during diseases and could be mea-
sured in biological matrices, such as tissue, cells, or fluids [8,9].
Over the last several years, researchers have started to explore
the new array based technologies to map biomarkers of dis-
eases and to identify targets for drug design that promise to
provide signatures that are characteristics for each disease state
by taking snap shot of metabolism [10]. Enhancement of our
current understanding of a host’s metabolic response to a para-
sitic infection is a promising approach for biomarker identifica-
tion, yet its potential for diagnosis and disease surveillance has
been under used [11]. 

Combining several biomarkers has been shown to improve
the discriminatory capability considerably. Recent developments
in the field of metabolomics now provide the tools to go one
step further; identify profiles of metabolites that together serve
as a biomarker [12]. The present study was initiated from this
assumption and designed to identify a biomarker profile that
could distinguish uninfected from infected snails and poten-
tially to differentiate between the stages of infection. A profile
of selected carboxylic acids was done using the malic, pyruvic,
and fumaric acids as representatives of carbohydrate intermedi-
ary metabolism of both aerobic and anaerobic pathways which
are directly linked to energy production and facultative meta-
bolic ways in both the snail and the parasite [13-15]. Whereas,
acetic and oxalic acids represent the end product of carbohy-
drate metabolism [14,15]. 

Studies on such acids as biomarkers in Biomphalaria snails
after infection with S. mansoni may be important in developing
rational methods to diagnose infection, control, and even erad-
icate medically important snails that transmit parasitic diseases
to humans and animals [16].

MATERIALS AND METHODS

Biological materials were achieved from the Medical Mala-
cology Laboratory, Theodor Bilharz Research Institute, Imbaba,
Egypt, using Egyptian strains. A total of 300 snails were used in
this study; 150 cases and 150 controls.

Snail maintenance
Snails were maintained in plastic trays each containing 10

snails and 1 liter of aerated tap water 26 ± 2℃, replaced twice
a week and fed boiled fresh lettuce and blue green algae [17].

Aquaria were cleaned weekly for removal of feces and dead
snails [18]. Laboratory-reared Biomphalaria alexandrina reaching
6-7 mm in shell diameter was exposed to S. mansoni miracidial
infection according to a previous study [18]. Harvesting the
snails was done as follows: 50 snails at 2 weeks after infection
(G1), 50 snails at the time of patency development (G2), and
50 snails at 2 weeks after patency (G3). Uninfected cohort snails
of the same shell diameter were maintained in the same man-
ner and harvested at corresponding intervals.

Sample preparation
The hemolymph samples were collected from each snail after

cleaned with a paper towel by a pasteur pipette inserted through
a tiny hole made in the pericardial region then centrifuged at
120 g for 5 min to separate the supernatant from hemocytes
and cell debris, then the supernatant was kept at -20℃ till the
time of extraction [19].

The DGG tissue extract samples were prepared by its dissec-
tion free from the snail body then carboxylic acid extraction was
done using 50% Ringer’s solution (Carolina Biological Supply,
North Carolina, USA). Centrifugation of the extract was done
at 250 g for 15 min to collect the supernatants which were stored
at -20℃ until use [16].

High performance liquid chromatographic analysis (HPLC)
Synthetic standards of acetic, fumaric, oxalic, malic, and pyru-

vic acids (Sigma-Aldrich, St. Louis, Missouri, USA) in the high-
est purity grade available were determined by C18 ion-suppres-
sion reversed-phase HPLC according to the procedure previously
reported [20]. Using adjusted HPLC graded water as the mobile
phase, isocratic elution was done at a flow rate of 1 ml/min,
and the ultraviolet diode array detector at 210 nm with a sensi-
tivity of 0.02 absorbance units was used to obtain chromato-
grams of the carboxylic acid standards studied in order to deter-
mine the retention time of each acid. Then, calibration curves
of each standard separately were done by plotting the peak area
of each standard against its concentration then pooling of stud-
ied carboxylic acid standards was done to obtain calibration
curves of the studied acids mixture.

Identification of carboxylic acids in studied samples was made
by matching the peak area retention times between standards
and studied samples chromatograms. Validation was made by
comparing the standards and samples ultra violet spectra col-
lected by the detector during the separation. Quantitative analy-
ses of the identified acids were done by generating graphs that
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relates the standard concentrations of the acids to their peak
areas. Results were achieved by intrapolation within the calibra-
tion curve. 

Pooling of each 10 snails was used throughout the study and
the mean of 10 trails for each HPLC analysis was done for each
sample. The conversions to part per million concentrations
(ppm) were done according to the previous report [20].The
concentration (ppm) of each acid in snail DGGs was calculat-
ed by multiplication of the sample solution concentration in-
terpolated from calibration curve (I, ppm) by the original sam-

ple volume (V, ml), and division of the product by the mass of
the snail DGG (M, g) and for hemolymph, carboxylic acid con-
centration (mg/dl) was calculated by multiplying I times V times
100, and division of the product by the hemolymph volume
(HV, ml) according to the method of a previous report [19].

RESULTS

The carboxylic acids, including acetic, fumaric, oxalic, malic,
and pyruvic acids, were separated and quantified in both the
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Fig. 1. Intergroup differences of various kinds of acid concentrations (ppm) in the hemolymph (H) and tissues (T) of Biomphalaria alexan-
drina snails. *Significantly different from controls.



hemolymph (H) and DGG samples (T) of B. alexandrina snails
(Fig. 1; Tables 1-4). Each acid in the hemolymph and DGG sam-
ples revealed the results of statistical comparisons as shown in Fig.
1 and Tables 1-4. The Z-scores were high in malic acid in both
hemolymph and tissue samples (G1), in oxalic acid in hemolym-
ph and acetic acid in tissue samples (G2), and in malic acid in
hemolymph samples and the acetic acid in tissue samples (G3).

DISCUSSION

The major physiological and metabolic mechanisms of snail-
schistosome relationships that are crucial for survival, growth,
and efficient transmission of parasites remain partially known
[21]. In our study, separation and quantitative determination
of the 5 carboxylic acids were done by the ion-suppression re-
versed-phase HPLC which has 2 significant features; the use of
extremely diluted perchloric acid in water as the mobile phase
decreases the total analysis time and provides good separation
of the samples that facilitates simultaneous determination of

all the acids of interest.
The separation technique was successfully adapted to be used

on hemolymph and tissue samples. Also on applying the used
technique on the acetic and pyruvic acids, which was not tested
previously [20], separation was achieved successfully, and it was
possible to separate and quantify the 5 acids at the same time
in 1 sample of hemolymph and in 1 sample of tissue extract
with lesser retention time than those in other papers [19,22,23].
Without need for solid phase extraction before HPLC analysis,
the used technique was a convenient, easier, faster, more accu-
rate, and economical method of carboxylic acid separation. It is
also recommended to test this technique for separating other
carbohydrate intermediary metabolites not indexed in this study.

The order of concentration of the carboxylic acids in the he-
molymph of both control and G1 snails was oxalic > malic >
pyruvic > fumaric > acetic, and was oxalic > malic > pyruvic >
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Mean Minimum Maximum

Oxalic acid (H) 
Oxalic acid (T) 
Malic acid (H)
Malic acid (T)
Acetic acid (H)
Acetic acid (T)
Pyruvic acid (H)
Pyruvic acid (T)
Fumaric acid (H) 
Fumaric acid (T) 

-1.38209
-1.05023
-1.44444
-1.60305
-0.75891
0.171911

-0.51723
-1.20499
-0.28897
0.296951 

-1.41515
-1.20331
-1.52463
-1.78053
-0.78918
-0.56902
-0.54323
-1.34686
-0.34896
-1.91227 

-1.33735
-0.87253
-1.3168
-1.16057
-0.70681
0.538298

-0.48306
-0.82859
-0.11288
-1.20785

Table 1. Z-scores of the studied acid concentrations at week 2
post-exposure in relation to the control concentrations in hemo-
lymph (H) and tissue samples (T) of Biomphalaria snails

Mean Minimum Maximum

Oxalic acid (H)
Oxalic acid (T)
Malic acid (H)
Malic acid (T)
Acetic acid (H)
Acetic acid (T)
Pyruvic acid (H)
Pyruvic acid (T)
Fumaric acid (H)
Fumaric acid (T)

-1.19261
0.084426

-0.65083
0.442156

-0.44183
4.468984

-0.1552
-0.94749
-0.34875
0.360514

-1.37694
-1.00877
-1.17064
-0.38032
-0.52201
0.496846

-0.46588
-1.37815
-0.34989
-1.86626

-0.8284
1.117237

-0.30521
1.856615

-0.33172
10.49204
0.129541

-0.29245
-0.34638
-1.39219

Table 2. Z-scores of the studied acid concentrations in the shed-
ding group in relation to the control concentrations in hemolymph
(H) and tissue samples (T) of Biomphalaria snails

F P a Significance

Oxalic acid (H) 5.801 0.004 HS
Oxalic acid (T) 11.549 0.001 HS
Malic acid (H) 31.208 0.001 HS
Malic acid (T) 4.469 0.012 S
Acetic acid (H) 3.696 0.024 S
Acetic acid (T) 18.118 0.001 HS
Pyruvic acid (H) 4.025 0.018 S
Pyruvic acid (T) 4.793 0.009 HS
Fumaric acid (H) 0.415 0.744 NS
Fumaric acid (T) 18.71 0.001 HS

Table 4. F-ratios of the studied acids in hemolymph (H) and tissue
(T) samples of Biomphalaria snails 

aP value > 0.05, non-significant (NS); P value < 0.05, significant (S); P
value < 0.001, highly significant (HS).
Analysis of variance (ANOVA): The significance of the ratio of the varia-
tion of each acid hemolymph concentration between the studied groups
to the variation of each acid hemolymph concentration within the same
group.

Mean Minimum Maximum

Oxalic acid (H) 
Oxalic acid (T) 
Malic acid (H)
Malic acid (T)
Acetic acid (H)
Acetic acid (T)
Pyruvic acid (H)
Pyruvic acid (T)
Fumaric acid (H) 
Fumaric acid (T)

-0.52772
2.252059
3.708717
0.502933
0.976976
8.205403
1.154511

-0.95452
-0.24024
0.377234

-0.88576
0.723009
2.538604

-1.0303
-0.32665
3.394261
0.194036

-1.13838
-0.29796
0.689586

0.224254
3.819674
5.96211
2.822573
2.781462

11.75678
2.042517

-0.80444
-0.19232
2.158821

Table 3. Z-scores of the studied acid concentrations at week 2
post-shedding in relation to the control concentrations in hemo-
lymph (H) and tissue (T) samples of Biomphalaria snails



acetic > fumaric in both G2 and G3. This order is different from
that found in a previous study [23] in the hemolymph of the
albino strain of B. glabrata and from another study [19] in the
hemolymph samples of B. glabrata. Also the order of concen-
tration of the carboxylic acids in DGG was different from those
in the above studies [19,23], as the order was oxalic > malic >
pyruvic > fumaric > acetic for control snails hemolymph and
oxalic > malic > pyruvic > fumaric > acetic for G1,G2, and G3
tissue samples. Differences in concentrations of these acids in
the snails probably reflect differences between the B. alexandri-

na and B. glabrata species used. These biochemical differences
between the African and South American pulmonate anails are
not surprising when it is considered that they have been geo-
graphically separated since the Jurassic or Cretaceous period. 

Regarding the change in the acid concentrations during the
studied course of infection, the following was reported. Reduc-
tion in the acid concentrations from that of the controls in G1
and G2 is explained by their possible use as metabolites by the
developing schistosome sporocysts and cercariae [24]. These
larval stages inhabit the intertubular spaces of the DGG and
cause mechanical and lytic damage to the digestive gland cells
of the hepatopancreas [24]. The damage probably results in a
leakage of the acids, which are in turn utilized by the larval schis-
tosomes. Moreover, increased metabolic activity associated with
the presence of larval trematodes may accelerate the use of the
acids by host cells in the digestive gland as well [24], the site of
active intermediary metabolism in these snails is associated with
the mitochondria of the digestive gland cells [19]. 

Along the studied course of infection, the increase of acid
concentrations in between the stages of infection in both hemo-
lymph and tissues might be explained by that the course of in-
fection in snails is well regulated. The rhythmic nature of para-
site development and cercarial release strongly suggests that the
host undergoes a cyclic pattern of metabolic exhaustion follow-
ed by a period of recovery, thereby ensuring optimal and long-
term utilization of host resources for parasite success. The suc-
cess of both the parasite’s penetration of the snail’s skin [25,26]
and the establishment of an infection [27] are generally corre-
lated with the hemolymph composition [5]. The changes of
metabolite levels may be due to drastically different causes; activ-
ities of membrane transport proteins may have been altered,
and rates of metabolic reactions may have shifted, or branch
point enzyme activities might have changed. Even if metabolite
levels are found unchanged between different experimental sit-
uations, the underlying flux differences and enzymatic activi-

ties might still have changed [28].
Infection rates in field populations of snails are routinely de-

termined by cercarial shedding neglecting prepatent snail infec-
tions, which can constitute a significant proportion of infected
snails because of lack of a suitable method for diagnosis. Several
studies were done to find methods for diagnosis of prepatant
infection, such as monoclonal antibodies and PCR techniques
[29]. The trial to test the carboxylic acids as a potential diagnos-
tic biomarker was one of the aims of this study. HPLC analysis,
which is less expensive and more rapid than the previously men-
tioned techniques, succeeded in stating that these acids could
be used as diagnostic biomarkers to detect whether the snail is
infected or not and what is the stage of infection. In addition,
all of the studied acids in both the hemolymph and tissue sam-
ples could be used as a potential diagnostic biomarker except
for the fumaric acid in hemolymph. 

The most sensitive acid that could discriminate the 4 groups
from each other was malic acid in hemolymph samples as it
showed the highest F- ratio. Therefore, further assessment is re-
commended on their validity for usage on field studies to diag-
nose schistosomal infection of B. alexandrina snails and to state
the stage of infection, and assessment of these acids in earlier
prepatency diagnosis is required to be investigated.

The key challenges in the antiparasitic drug discovery are tar-
get selection and identification of appropriate small molecules
as potential ligands for these targets. The search for biomarkers
that might be useful in the drug discovery and development is
an active area of research, and the complexity of disease and
drug effects means that biomarker combinations will be more
accurate [28].

In conclusion, consistent differences in both the hemolymph
and tissue carbohydrate metabolites profiles of B. alexandrina
infected with S. mansoni and size-matched uninfected control
snails were identified with a HPLC strategy which allowed the
prediction of infected and uninfected snails and possibly deter-
mination of the stage of infection. These findings highlight the
potential of metabolomics as a novel approach for fundamen-
tal investigations of host-pathogen interactions as well as dis-
ease surveillance and control. 
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