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Objective: To determine the activity of superoxide dismutase (SOD) in the male and female
haematophagous caprine worms, Haemonchus contortus infecting Capra hircus, and their E/S
products and also to analyse the effect of Haemonchus infection on the level of host SOD.
Methods: The SOD activity was analysed by using the pyrogallol autoxidation assay and
non—denaturing polyacrylamide gel electrophoresis followed by specific enzyme staining by
riboflavin—nitroblue tetrazolium method.

Results: The adult females were found to have higher enzyme activity than the male worms.
Appreciable amount of SOD activity was also detected in the worm culture medium and female
worms secreted more SOD in comparison to the male parasites. The SOD activity was negatively
correlated to the worm burden. Statistically significant decrease in SOD activity (P<0.05) was
observed in the heavily infected host tissue in comparison to the control non—infected host tissue.
SOD profile of the crude extracts of both the sexes revealed polymorphism and a fast migrating
activity band being characteristic of E/S products. The SOD activities were found highly sensitive
to potassium cyanide indicating the Cu/Zn form of SOD.

Conclusions: Haemonchus contortus is a key model parasite for drug and vaccine discovery.
The presences of SOD activity in appreciable amount in the parasite as well as its E/S products
indicate that it has a well-developed active antioxidant system to protect itself from the host
immune attack. SOD could be the target for vaccine development which is the need of the hour
as mass drug administration for parasite control has resulted in anthelmintic resistance across
the globe and threatens the viability of sheep and goat industry in many regions of the world.
The infection with Haemonchus causes a drastic reduction in SOD activity of the host tissue thus
effecting its protective potential. One characteristic SOD band was found in the females which
was not present in any other preparations and thus could be exploited for further studies on
diagnostic/control measures.

1. Introduction

feeding behaviour. Both adult and fourth stage larvae

are haematophagous and thereby responsible for severe

Haemonchus contortus (H. contortus), a highly pathogenic
gastrointestinal nematode parasite of sheep and goat causes

great production losses in these animals due to its blood
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anaemia, loss in weight, milk, meat and wool production
and frequent death particularly in young animals|!-3].
Average blood loss due to H. contortus infection has been
reported to be 0.03 mL per day per worm(3l. The adult
parasites cause oedema and hemorhages to abomasal
mucosa due to continuous attachmentl4l.

Parasites are exposed to the reactive oxygen species (ROS)

such as superoxide anion (0,), hydroxyl radicals (OH) and
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hydrogen peroxide (H,0,), produced during normal cellular
metabolic processesls.6l. The production of ROS generated
by macrophagous, neutrophils and eosinophils increases
considerably in response to parasitic infection, which is
thought to play a role in killing or expulsion of parasite
from the host and thereby prevent the establishment of
infectionl7-101. ROS are deleterious and can damage various
biomolecules by oxidation of protein, lipid peroxidation,
depolymerization of polysaccharide and nucleic acidsi6.11].
To counter these destructive processes, parasites have
developed several protective mechanisms, including
the production of antioxidant enzymes which are used
to neutralize the free radicals generated by the host and
repair the ROS derived damagel6l. In addition to this, some
parasites induce alteration in host metabolism in such a
way that reduces the production of ROS particularly in their
microhabitat(6. 9.12].

Superoxide dismutases (SODs, E.C 1.15.1.1) are most
prominent and widely distributed antioxidant enzymes,
which play an important role in controlling the level of
superoxide radicals. Tt protects the parasite from free
radicals by catalysing the dismutation of superoxide anion
(0,) to hydrogen peroxide and molecular oxygenl6l. Based
upon the metal co—factors, copper—zine (Cu/Zn), and
manganese (Mn) SOD have been reported in eukaryotes. Mn
SOD is predominantly present in the mitochond rial matrix.
The Cu/Zn soDs have been subdivided into extracellular (EC)
and cytosolic componentl!13], both of these forms have been
reported in parasites(14.151. Cu/Zn SOD is sensitive to cyanide
and hydrogen peroxide while, is insensitive to cyanide and
hydrogen peroxide but it is sensitive to sodium dodecyl sulfo
nate[16].

The SOD activity has been detected in many parasitic
nematodes species such as Trichinella spiralis (T. spiralis),
Trichinella pseudospiralis and Trichinella nelsonill7l,
Trichostrongylus colubriformis, Trichostrongylus vitrinus,
Nematodirus battus, Nippostrongylus brasiliensis
(N. brasiliensis), Teladorsagia circumcincta and H.
contortusl18.191, Dirofilaria immitisi20, Litomosoides carinii
and Setaria cervi (S. cervi)2ll, Dictyocaulus viviparousi22l, N.
brasiliensis and Nematospiroides dubius!7). In these studies
the sex of the parasite was not taken into consideration,
however, few studies have been carried out on male and
female worms of Brugia malayi (B. malayi)14l, S. cervi and
Ascarts suumli23.24], but there is paucity of information on SOD
activity of male and female H. contortus. Furthermore, there
is no study of SOD available in H. contortus in the Asian
continent as Yin et al.l[4 have found high level of genetic

differentiation among H. contortus from different continents.
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The present study was, therefore, undertaken to characterize
the SOD in male and female H. contortus, its excretory/
secretory (E/S) forms and in the host tissue. The effect of
H. contortus on the level of host SOD which may be helpful
in understanding the host parasite relationship was also

investigated.

2. Materials and methods

2.1. Collection and preparation of parasite host tissues

extracts

In the present study, male and female H. contortus,
(ovigerous and non—ovigerous mature), uninfected, low (<100
worms), mild (100-500 worms) and heavily (>1000 worms)
infected host tissue (abomasum) and E/S products of parasites
were used for the estimation of SOD activity. All specimens
were collected from the naturally infected goats (Capra
hircus), slaughtered at the local abattoir (Aligarh, India),
washed several times with Hanks balanced salt solution
premaintained at (37+2) °C to remove all the debris. Isolated
parasites and small pieces of host tissues were blotted and
homogenized separately in a Potter Elvehjm homogenizer
in 0.1 mol/L ice cold phosphate buffer (pH 7.4) at 4 °C. The
homogenate were sonicated (Ultrasonic processor—5 mm
probe) on an ice bath for 3x1 min with 30 seconds interval
and then centrifuged at 10000 r/min for 15 min at 4 °C
in microfuge (Hitachi, Japan). After centrifugation, the
supernatants were collected and stored at =20 °C in the form

of aliquots for further use.
2.2. Collection of E/S products

In order to obtain E/S products, equal numbers (150) of
males and females were incubated separately in 5 mL RPMI—
1640 medium (Hi media, AT028) in water bath premaintained
at 37x2) °C for 6 h. After incubation, the worms were removed
and medium was centrifuged at 10000 r/min for 5 min
and then concentrated by dialysis, using cellulose tubing
(Sigma—Aldrich, D9777).

2.3. Enzyme assay

The activity of SOD was measured by the inhibition
of pyrogallol autoxidation procedure of Marklund and
Marklundi25], with minor modifications. A total of 0.05 mL
sample solution was added to 2.85 mL of 50 mmol/L tris—

cacodylate buffer (pH 8.5), containing 1 mmol/L diethylene—
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triaminepentaacetic acid and 1 mmol/L ethylene diamine
tetraacetic acid, thoroughly mixed and incubated at 25 °C for
10 min. Purified bovine liver Cu/Zn S0OD (Sigma Chemical Co.,
USA) preparation was also run simultaneously to standardize
the assay. After incubation, the reaction was initiated by the
addition of 0.1 mL of freshly prepared 2.6 mmol/L pyrogallol
solution to attain a final concentration of 0.13 mmol/L in the
assay mixture. The assay mixture was transferred to a 3.5
mL cuvette and the rate of increase in the absorbance at 420
nm was recorded for 3 min after an initial lag period of 30
seconds in a UV/Vis spectrophotometer (Systronics, India).
The lag period of 30 seconds was allowed for steady state of
autoxidation of pyrogallol to be attained which is important
for reproducibility of results. The activity of SOD was
presented as unit/mg protein. One unit of SOD is described
as the amount of enzyme required to cause 50% inhibition
of pyrogallol autoxidation under specified assay condition.
Protein concentration in the samples was determined by
the dye binding method of Spectori26l, using bovine serum

albumin standard.
2.4. Determination of metallic cofactor of SOD

To determine the types of SOD, crude homogenates of male
and female parasite, their E/S products and host tissues (both
infected and non—infected) were separately mixed with 0.5,
1.0, 3.0 and 5.0 mmol/L concentration of potassium cyanide
(KCN), 1, 3, 5 and 10 mmol/L concentration of sodium azide
(NaN,), and hydrogen peroxide (H,0,) and incubated at 37 °C for 10
min. After incubation, the SOD activity in each sample was
measured as described above. Based on per cent inhibition,
the presence of metallic cofactor in the active site of SOD was
identified. Inhibition studies in the gels were also performed
by using only the final concentrations of above mentioned

inhibitors.
2.5. Electrophoretic fractionation of SOD

The parasites and host SODs were fractionationated on
12.5% polyacrylamide gel under native conditions by using
discontinuous buffer system of Laemmlil27], without sodium
dodecyl sulfonate and 2 mercaptoethanol. The sample
solutions and purified Cu/zn SOD from bovine liver Sigma
Chemical Co., USA) were separately incubated in Laemmli’s
sample buffer (without sodium dodecyl sulfonate) in 3:1 ratio
(v/v) for 15 min at room temperature and then loaded onto
the gel. After loading 40 pg protein samples and 2 ug purified
SoD, the electrophoresis was carried out at 100 V for 2 h

in refrigerator, using Mini Protean dual slab 3 cell system
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Biorad Ltd., USA). After electrophoresis, the staining of the
gels for SOD activity was performed according to the methods
of Beauchamp and Fridovichi2sl. In brief, the gels were
soaked in a solution containing 0.2% nitroblue tetrazolium,
0.028 mol/L. N,N,N” ,N”—tetramethylenediamine and 2.8x10~
mol/L riboflavin in 50 mmol/L. potassium phosphate buffer
(pH 7.8) for 1 h at room temperature in the dark and shaken
at constant intervals. After incubation, the gel was rinsed
thoroughly with double distilled water and placed under
a fluorescent light until achromatic zones indicating SOD
activity were clearly visible in the blue background. For
inhibition studies, inhibitors were added in incubation
medium at a final concentration of 5 mmol/L in case of KCN
and 10 mmol/L for NaN, and H,0,.

2.6. Documentation and gel analysts

Stained gels were scanned on all in one HP Deskjet (F2235)
computer assembly and densitogram was then prepared
using Image J (1.46 1) software (National Institute of Health,
USA).

2.7. Statistical analysis

Statistical analysis was performed by using One way
ANOVA followed by the post hoc Tukeys HSD multiple
comparisons test using the statistical software R (2.15.1 version,
Austria)29]. Confidence level was held at 95% and P<0.05 was

considered as significant.

3. Results
3.1. SOD activity in parasites and host tissues

Specific SOD activity measured in soluble extracts of
parasites and host tissues and E/S products of parasites are
presented in Table 1. Ovigerous females showed significantly
higher values than non ovigerous adult females and males,
whereas, the differences between male and non ovigerous
adult female were insignificant (Figure la). Maximum
specific SOD activity was observed in the non—infected host
tissue which declined in the infected tissue and was related
to the worm burdens (Table 1). Statistical analysis revealed
that heavily infected host tissue had significantly low level
of sOD than low, mild and non—infected tissues. However,
differences between low and mild as well as between low
and non—infected host tissues were insignificant (Figure

1b). The amount of SOD secreted by adult females was



Sadia Rashid and Malik Irshadullah/Asian Pac J Trop Biomed 2014; 4(9): 718-724 721

significantly higher than males (Figure la). The worms
secrete approximately 6 times more SOD to the specific
activity determined in their respective homogenates and the
female worms secrete comparatively higher level of SOD than

their male counterparts.
Table 1
Specfic activity of SOD in crude homogenates of H. contortus, E/S products

and host tissues.

Samples Enzyme activity
Ovigerous females 8.87+0.78
Non ovigerous females 5.03+0.20
Males 3.78+0.30
E/S products of female 32.45%1.01
E/S products of males 26.26+0.93
Non infected tissue 21.66£1.06
Low infected tissue 18.85+0.56
Mild infected tissue 16.43%0.59
Heavily infected tissue 9.140.51

All values are expressed as units per mg of soluble protein extracts (mean+SE

of 3 independent samples with 3 replicates each).
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Figure 1. Post hoc Tukey tests for group wise comparisons of significant
SOD activity.

Each horizontal bar represents the differences between two groups with
959, confidence interval. If the interval excludes 0 then the difference is
considered as significant for that pair wise comparison.

a) 0: Ovigerous female, F: Non ovigerous adult female, M: Male, ESF: E/S
products of female , ESM: E/S products of male.

b) N: Non—infected tissue, L: Low infected tissue, M: Mild infected tissue, H:

Heavily infected tissue.

3.2. Electrophoretic analysis of SOD

Analysis of SOD activity as determined in worm extracts
by native polyacrylamide gel electrophoresis followed by
specific enzyme staining by riboflavin—nitro blue tetrazolium
method revealed 3 and 4 activity bands in male and female
worms respectively, while, infected and non—infected host
tissue presented only one activity band (Figure 2). The
2nd and 3rd activity bands of male and female parasites
respectively on the gels (Figure 2, lanes 2 and 3) were present
at the same level of host tissue (Figure 2, lanes 5 and 6),
indicating that these bands may be of host origin. The E/
S products of adult worms also presented one activity band
at the same level of fastest migrating band of the somatic

extracts of parasites (Figure 2a). The 3D densitograms

prepared from gel scans also demonstrate noticeable
differences in the SOD activity bands in the parasite and host

tissue (Figure 2b).

- ilil

Figure 2. SOD isozyme proﬁle from different H. contortus extracts and host

tissue.

a: The original gel; b: 3-D densitogram prepared using Image J. Lane 1:
Purified bovine liver Cu/Zn SOD; Lane 2: Extracts of males; Lane 3: Non—
ovigerous adult female; Lane 4: Ovigerous female; Lane 5: Infected host
tissue; Lane 6: Non—infected tissue; Lane 7: E/S products of both male and
female H. contortus. Lanes were fractionated on 12.59, polyacrylamide gel
electrophoresis and zones of SOD activity visualized as described in the

Materials and methods section.

3.3. Characterization of SOD

Appreciable amount of enzyme activity was inhibited by
KCN which is a known inhibitor for Cu/Zn SoD, but not by
H,0, and NaN, (Figure 3). Similarly, no activity band of SOD
was detected following treatment of gels with 5 mmol/L KCN,
whereas other inhibitors didn’t abolish the enzyme activity
but only reduced the enzyme activity (data not shown). It
demonstrates the noticeable effect of KCN, which reveals that
KCN is the most potent inhibitor of SOD.

100

60
50
40
20
10
h| ‘ i| | i l‘
0.5 3.0 1 3 5 10 1 3 5 10

KCN H,0, NaN,

Different inhibitors in mmol/L concentration

9 Inhibition of SOD activity

® Male ® Femle ® 1/S products “ Infected tissue

Note: The inhibition rate in infected and non—infected tissue was almost same therefore

only infected tissue results are incorporated in the figure.
Figure 3. Effect of inhibitors on the SOD activity of male and female H.
contortus, their E/S products and infected tissue.
The SOD activity was assayed in the presence or absence of inhibitors
and inhibition was presented as percentage of inhibition of the total SOD
activity. KCN: Potassium cyanide, NaN;: Sodium azide, H,0,: Hydrogen

peroxide.
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4. Discussion

The presence of appreciable amount of SOD in adult
H. contortus and its E/S products indicate that an active
antioxidant system for evasion of host generated free radical
attack is evident, which would ensure survival of parasite.
Comparatively, higher SOD activity was found in female than
male H. contortus in our study. Contrarily, Ou et al.14] and
Sharma and Rathauri23| reported higher SOD activity in males
than females of B. malayi and S. cervi respectively. Female
H. contortus expressed higher SOD levels than males and
therefore may survive for prolonged period, as the survival of
parasite in the host has been shown to be dependent on the
level of free radical scavenging enzymesl8.10l. Furthermore,
we recovered higher numbers of female than male parasite
from infected abomasums which also provided support
for prolonged survival of females. The high level of SOD in
females as compared to males could be attributed to the
greater need for protection of eggs and offspring from free
radicals generated within the parasite. Tt has been pointed
out that due to higher metabolic rate during reproductive
phase of female, there is greater consumption of oxygen
accompanied by liberation of superoxide anion radicals
which could be lethal to the eggs if they are not neutralized
by appropriate level of S0DI241. Liddell and KnoxI30l, reported
high SoD activity in the uterine region of adult H. contortus
females by indirect immuno fluorescent staining and
suggested that SOD may be required at some stage of egg
production. The female H. contortus may be more exposed to
oxyhaemoglobin derived oxygen radicals because of sucking
more blood than males for egg productionl31], therefore they
increase the induction of SOD to neutralize {ree radicals
as suggested by Kotzel32l, for higher catalase activity in
the female parasites. Thus, females as compared to males
may detoxify free radicals more effectively by increasing
the production of SOD and may, therefore, offer more
resistance to killing by free radicals, as also suggested for
Heligmosomoides polygyrus by Ben Smith et ali8l. Therefore,
differential level of SOD in male and female H. contortus
in the present study could also be correlated with the
susceptibility and resistance to highly reactive free radicals.

High level of SOD activity was detected in the culture
medium as compared to somatic extract of H. contortus,
indicating that the enzyme is actively secreted by the
parasite. The SOD activity in E/S products of male and female
H. contortus was about 6 times higher than their respective
somatic extracts. Ou et al.[14/found 10 and 13 times more SOD
activity in the E/S products of male and female B. malayi,
respectively, than their somatic extracts. Several fold higher

SOD activity in E/S products of adult Fasciola hepatica
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and Paragonimus westermani has also been reported as
compared to their respective somatic extracts|33.341. The E/S
SOD may provide protection against free radicals generated
at host—parasite interface and play an offensive role by
causing damage to the inflammatory cells(!1]. Protection
of new born larvae of T. spiralis from killing by in vitro
generated oxidant have been demonstrated by co culturing
the larvae with adult T. spiralisi35]. Thus the importance
of antioxidant enzymes in E/S is quite significant for the
successful establishment of parasites since they may provide
a protective barrier against the host immune responses.
Therefore, SOD is rightly called as the immune defense
protein.

The decline of SOD activity in infected abomasums
was found to be dependent on worm burden similar to
those reported earlier for infected sheep red blood cell
with Theilaria sp. and Babesia ovisl36371. Contrary to this,
Luszczak et al.381 and Assady et al.[39 reported an increase
in SOD level in infected bovine muscles and ovine liver with
Taenia saginata and Fasciola spp. respectively. Significantly
lower SOD activities in the infected abomasums in the
present study indicate a decline in the antioxidant defence
and enhance oxidative damage to the animals. Similar
phenomenon has also been reported to occur in the ovine
liver infected with Fasciola sp. and Dicrocoelum dentriticum
and also in ovine skin infested with Psorptes ovisl40.41].
The fall of SOD activity in the infected host tissue could be
explained by the superoxide anion dismutation to hydrogen
peroxide caused by the overproduction of the superoxide
anion linked to oxidative stressl42l. The superoxide anion
also causes inactivation of Cu/Zn SODI43]. The decrease
in host SOD activity may also be due to the leakage of the
cell content into the gut due to constant piercing activity
by Haemonchus during its haematophagous mode of
feeding. Hypoproteinemia is an important consequence
of haemonchosis, which is responsible for protein loosing
enteropathy. Infected animals loose large quantities of
serum protein into the gut and it was reported that mean
daily faecal clearance of plasma from Haemonchus infected
animal was 210—340 mL/dayl31.

The fractionation of SOD isozymes by polyacrylamide gel
electrophoresis revealed in the present study 4 and 3 SOD
activity band in adult female and male worms respectively.
The extra band in females may be an adaptive response to
host generated free radicals attack and could be exploited
for further studies. The infected and non—-infected host
tissue showed one activity band at the same level to that
of the parasite SOD. The common activity band between
parasite and the host tissue homogenates indicate that one

SOD activity band of parasite may be of host origin, since
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active exchange of materials between host and the parasite
has been reportedi44l. Similarly by IEF analysis, Hong et
al.144] reported that SOD activity band of adult Schistosomes
and hamster red blood cell had the same pl value and
suggested that the schistosomes may acquire host SOD
during the intravascular life cycle. The sensitivity of SODs
to KCN, suggests the presence of Cu/zn form of SOD in the
parasites, their E/S products and host tissue. Similarly,
many workers have suggested the presence of Cu/zn SOD in
different helminth parasites including H. contoriuson the
basis of inhibition of SOD activity with KCNI[19.44-46].

It is now clear from above discussion that SOD is a
fundamental enzyme needed for the establishment and
persistence of H. contortus within the host. The possibility
of interfering or blocking this enzyme could be the target of
further investigations to weaken parasitic strategies which is
the need of the hour as mass drug administration for parasite
control has resulted in anthelmintic resistance across the
globe and threatens the viability of sheep and goat industry
in many regions of the world. Drug induced depression in
the level of antioxidant enzymes of the parasite has been
held responsible for elimination of N. brasiliensisi471. SOD is,

therefore, been recommend as a valuable vaccine candidate.
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