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ABSTRACT

Disease producing organisms require a highly specialized environment for their growth and propagation,
usually found only in the tissues of man or other animals. Although the morbidity and mortality due to
such infections is not alarming, they adversely affect the general health and productivity of adults, mental
and physical growth of children, especially those suffering from malnutrition. Hymenolepis nana (dwarf
tapeworm) is one such common cosmopolitan intestinal parasite of man and mouse, which can persist in a
single host for many years, leading to even crowding effect, traumatizing the host further. As a cestode
helminth, the hallmark of its infection is eosinophilia, a common biomarker of helminthiasis. But
succinate dehydrogenase, a key enzyme of the energy generating kreb’s cycle, at the succinate-fumarate
junction is also a potential biomarker, since; kreb’s cycle is bi-directional in helminthes and uni-
directional in the host. The excess of succinate is released by the parasite into the host, later to be
absorbed by the host. In the present investigation, a quantitative increase in eosinophils and a qualitative
increase in succinate dehydrogenase activity (demonstrated histochemically), have been observed. Thus,
any deviations at this junction of this energy cycle, mediated by succinate dehydrogenase can be
successfully interpreted for combating the parasitic attack. Hence eosinophils and succinate
dehydrogenase levels in a traumatized host can be used as effective biomarkers, and utilized for the
development of specific chemotherapy and vaccines.
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INTRODUCTION

Parasitic diseases seldom appear in the shape of explosive epidemics and as such do not dramatically
shoot-up to the banner headlines of newspapers. But, this is more than compensated by the relentlessly
corrosive design of many a parasitic disease which though not Killing, inflicts mass morbidity in a vast
segment of human population, exacting a devastating economic toll in endemic areas. It is only obvious
that research on parasitic disease has not received until 1980’s, its legitimate share of importance,
empbhasis and patronage from the scientific world, national and international (Chowdhary, 1978).

The probability that two organisms will establish a host-parasite relationship depends largely on various
factors. It is necessary to examine the nature of responsiveness in the components when host and parasite
exist as a single biological entity (Owen, 1972).

Helminthiasis is caused by the invasion of human and animal body by the parasitic worms belonging to
the class nematoda (roundworms), cestoda (tapeworms) and trematoda (flukes). Hymenolepis nana, the
Dwarf tapeworm, is a cosmopolitan intestinal cestode common to man and mouse, especially in the
tropics and the subtropics (Belding, 1965). This is the only known cestode transmitted directly (Cheng,
1964) from one definitive host to another.

The invasion of a host by a helminth is usually accompanied by some mechanical damage to the tissues
(Parvathi and Aruna, 2010). The amount of trauma is often dependent upon the tissue invaded and on the
number of parasites involved by the following means: mechanical trauma; obstruction of hollow viscera
and circulatory channels; utilization of substances normally destined for body nutrition; depletion of the
blood; chemical intoxication; and occupation of space and displacement of tissues (Sumner, 1988).
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Haematological studies help in evaluating the response of different types of blood cells in conditions of
physiological stress, especially due to parasitism. The primary pathological consequence of
hymenolepiasis, like any other helminthiasis is eosinophilia. The dynamics of this response have been
particularly well studied in murine hosts. Eosinophil and plasma cells are also predominant in the infected
tissues of mice infected with tapeworms such as Hymenolepis microstoma (Lumsden, 1975b).

In helminthiasis not only the histology and haematolgy of the host gets traumatized, but marked
histochemical alterations too have been reported by various authors including the tissue substrates like the
carbohydrates, proteins and lipids and various enzymes related to their metabolism(Parvathi, and Aruna,
2011b). Succinate dehydrogenase is one such key enzyme of the energy generating Kreb’s cycle
mediating the interconversion of fumarate«>succinate. Succinate dehydrogenase(SDH) activity has been
studied in rat liver infected with A.ceylanicum and N.braziliensis (Singh et al., 1992). The most important
activity of SDH is its ability to transfer electrons to the respiratory chain by the formation of fumarate by
removal of one hydrogen atom from each a-carbon of succinate. SDH in mammalian tissues has high
affinity for succinate oxidation and a low affinity for fumarate reduction (Schiebell, and Saz, 1966). In
contrast, SDH in parasitic helminths has high affinity for furmarate than succinate (Barrett, 1981a, b).
Moreover, since Kreb’s cycle in bidirectional in helminthes, the excess succinate generated by the
parasite is absorbed by the host to produce more energy to cope-up the trauma.

Hence, Eosoninophil count and succinate dehydrogenase activity can be successfully used as Biomarkers
for assessment of the extent of parasitism. This can open new vistas for further research in more effective
targeted chemotherapy with the application of biotechnology.

MATERIALS AND METHODS

Adult healthy male Swiss albino mice, Mus musculus about 4-5 weeks old, weighing 20-25 grams,
maintained under good laboratory practices (GLP) conditions (Bodil, 1994), were divided into two
batches. One batch was the uninfected control batch. The other batch was orally infected with about 100
viable eggs of Hymenolepis nana per mouse, and maintained as the infected batch. These infected mice
were thus maintained until the 16™ day of infection to complete the life cycle of the parasite. These two
batches were sacrificed at appropriate times, by decapitation. Blood was analyzed for eosinophils.

5u thick unfixed cryostat sections of the host intestine were stained with nitroblue tetrazolium method for
the histochemical localization of succinate dehydrogenase activity and microphotographed, at 40x
magnification. The dehydrogenases of the tricarboxylic cycle are redemonstrable histochemically by the
tetrazolium-formazan reduction reaction (Lillie, 1965). The reduction of the colourless tetrazolium salt,
by the hydrogen of the substrate, produces an intensely coloured water-insoluble formazan deposit, which
can be seen at the site of enzyme activity (Pearse, 1954; Roberts, and Lucchese, 1955; Tsou et al., 1956).
The procedure followed in this study is the general histochemical staining method for dehydrogenases
(Bancroft, 1966).

Some part of the intestine was processed for scanning electron microscopy (Bozzola, and Russell, 1999),
to elucidate the mechanical trauma in the traumatized murine host, at Ruska laboratories, Rajendranagar,
Hyderabad.

RESULTS AND DISCUSSION

The scanning electron micrographs of mouse intestine infected with Hymenolepis nana are shown in
Figures 1 (A to C). Large number of worms in the intestinal wall disrupting more than one site of the host
is shown in A. A magnified image of the worm penetrating the host villus has been shown in B. Many
perforations in the intestinal wall are seen in C.

The histochemical localization of succinate dehydrogenase enzyme activity in host tissues is depicted in
Figures 2A and B. In the uninfected mice is shown in A. The same in Hymenolepis nana infected host is
localized in B, which clearly shows an increased intensity in the colored formazan deposits. The increased
color is directly proportional to the increased enzyme activity.
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Eosinophil count (E): The variations in control and Hymenolepis nana infected Mus musculus are

Control  :0%

Infected : 4%

The eosinophils have made their appearance in the infected host blood indicating increased immune
response in the host. These results are statistically tabulated in Table 1.

Table 1: Comparison of Eosinophil count during Hymenolepis nanai infection with the uninfected
control host Mus musculus.

Parameter Batch Mean + S.D. ‘> Value % Change
Eosinophils Control = e eeee- x
(E) Infected 4 +0.707 A

The values are mean of five individual observations.

+ indicates standard deviation.

The values show statistical significance, *, at p < 0.05; non-significant (NS) at p > 0.05.
# non- parametric mann-whitney rank sum test applied.

Figure 1: Scannlng Electron Mlcrographs of Hymenolepls nana Infected Intestine of Host Mus
musculus. A - Many worms perforating the host intestine. B - A single worm penetrating intestinal villus.
C - Perforations seen in the host intestine.
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Figure 2: Nitroblue tetrazolium stained Mus musculus intestine sections for histochemical
demonstration of succinate dehydrogenase enzyme activity during hymenolepiasis. A - Uninfected
control host intestine section showing succinate dehydrogenase activity. B - Intestine section of the host
infected with Hymenolepis nana, showing increased succinate dehydrogenase activity proportional to the
increased colour intensity. H.nana can also be seen as a ladder like structure.

Hymenolepis nana inhabits the ileum part of host’s small intestine and it is in this region that the actual
extent of damage that the worm can inflict mechanically is visualized clearly through the scanning
electron micrographs. The infected host tissue investigated, reveals the mechanical injury at the site of the
habitat of this cestode. The host’s tissue is disrupted, the worm bores into the intestine leading to the
leakage of various host’s substrates, enzymes and blood and also a lot of tissue debris into the lumen of
the intestine (Innes, 1967). The crowding effect (Heyneman, 1953) due to recurrent auto-infections in the
immuno-compromised hosts leads to many more complications in the host like pronounced intestinal
disturbances, retarded growth and weight loss and chronic inflammation (Simmons et al., 1967). In the
warmer countries in populations with poor sanitation, this crowding effect could prove to be a major
health problem and even hazardous, especially among children (Chero et al., 2007).

Blood is one of the most important specimens studied in various sections of the laboratory in search of
blood related alterations during infections and diseases. Accordingly, haematology can be used as clinical
tool for the investigations of physiological and metabolic alterations. Eosinophils count of an animal has
close relationship with many disorders and diseases. Increased eosinophil count is often associated with
parasitic infection; allergic reaction, and certain leukemias. It is also the hallmark of helminth infection
(Murrell, 1982). The studies on murine haematology due to helminthiasis also causes drastic alterations in
the white blood cells in general and specifically in its various components like neutrophils, lymphocytes
etc. All these various imbalances caused by helminthiasis demonstrate the extent of damage that a
particular helminth worm can incur in its host (Parvathi, and Aruna, 2011a). In the present investigation,
the appearance of eosinophils in the infected host blood depicts the increased antibody-dependent
cytotoxic defence of the host against H.nana infection.

In all the animal tissues, energy is produced in the form of adenosine triphosphate through the major
metabolic pathway of the Tricarboxylic acid (TCA) cycle or citric acid cycle or Kreb’s cycle. Many
infected helminths are facultative aerobes. All the Kreb’s cycle enzymes are found in helminths. Kreb’s
cycle provides a source of mitochondrial power for the reduction of fumarate to succinate.
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In the present work; it is found that the host infected intestine showed an increase in color intensity when
stained for SDH activity. Intestine being the habitat of the parasite Hymenolepis nana, it is an established
fact in helminths in general that succinate formation is bi-directional (Kreb’s cycle and reverse Kreb’s
cycle) which is then excreted by the worm into its surroundings. This excreted helminth succinate could
then be absorbed and utilized by the host (Chappell, 1980). The absorbed succinate would then be
converted to fumarate to ultimately complete the Kreb’s cycle via malate and regeneration of oxaloacetate
to yield the increased energy demands of the traumatized host intestinal tissue in combating pathogenesis.
Hence either of the increased interconversions of succinate and fumarate would result in an increased
succinate dehydrogenase activity.

Hence during Hymenolepis nana infection of any helminth infection in general, Eosinophil count and
Succinate dehydrogenase enzyme activity can be effectively used as Biomarkers to assess the severity of
infection. The quantitative assay of these two can be effectively extrapolated for the development of
targeted chemotherapy and vaccines. This is more advantageous in the developing countries where there
is need for low-cost, single-dosage drugs administered orally without specific diet requirements.
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