EFFECTS OFANCYLOSTOMA CEYLANICUM INFECTION ON LACTATE
DEHYDROGENASE ACTIVITY IN TISSUES OF MESOCRICETUS AURATUS

ABSTRACT

Aim: The present research aims to study the effects of Ancylostomaceylanicum infection on
lactate dehydrogenase activity in the tissues of Mesocricetus auratus.

Methodology: In the current investigation, Ancylostoma ceylanicum, a hookworm was
infected in the host, a hamster Mesocricetus auratus experimentally in laboratory.conditions
in Hyderabad from 1992 to 1996. The infected host was then studied using the parametersof
Lactate Dehydrogenase activity in various tissues. The Lactate Dehydrogenase content in M.
auratus was investigated biochemically in both the infected and control samples. Results:The
results revealed increased levels of Lactate dehydrogenase in'the intestinal and muscle tissue
of the infected host. Decreased LDH content in the liver,‘kidney, spleen, lungs, brain and
serum was found in the infected host. Discussion:Lower levels of Lactate Dehydrogenase in
certain tissues could indicate lesser synthesis of Lactate Dehydrogenase as the anaerobic
conditions prevail in the intestinal region of the host infected with hookworm
infection.Conclusion:The present paper reveals the Lactate dehydrogenase content in
Mesocricetus auratusinfected with Ancylostomaceylanicumas compared to control and its
significance.
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INTRODUCTION

The helminthic infection that affects tropical and subtropical regions is an endoparasitic
hookworm infection characteristic of an intestinal region of the host. One of the main causes
of human suffering is ancylostomiasis, also known as hookworm sickness (Miller, 1979). An
estimate from the WHO states that there are over 800 million hookworm-infested persons
worldwide and that the annual global mortality and morbidity are around 55,000 and 1.5
million, respectively (Schofield, 1985). Common clinical symptoms associated with
hookworm infection include intestinal malabsorption of nutrients (Sheehy et al.,1962; Tandon
et al.,1969), hypoalbuminemia (Roche and Layrisse, 1966), and significant intestinal blood
loss resulting in iron deficiency anaemia. In golden hamsters(Mesocricetus
auratus), the hookworm parasite Ancylostomaceylanicum of cats, dogs, and humans has been
effectively maintained. This model system has been suitably investigated to know the
pathogenesis of the disease (Visen et al., 1984). Gross pathological progression is observed in
hookworm infection.

One key component of the glycolytic pathway is the enzyme lactate dehydrogenase (LDH).
An important energy source for all living things is LDH. Lactate Dehydrogenase isoenzymes
differ at the level of quaternary structures. The oligomeric lactate dehydrogenase



molecule(MW 130,00) consists of 4 protomers of 2 types, H and M. The isoforms called
isozymes are named LDH-1 through LDH-5, each having differential expression in different
tissues. (Drent et al.,1996). The human sera contains these isoenzymes significantly in certain
pathogenic conditions. Hence, it is important from the clinical point of view to assess the
functional impairment and damage to the tissue under study. In the final reversible step of
glycolysis, it converts lactate to pyruvate or pyruvate to lactate. It is essential to the
conversion of lactic acid and pyruvic acid. Reactions mediated by lactate dehydrogenase are
reversible. All cells that can glycolyse have lactate dehydrogenase, which is NAD-specific.

Changes in lactate dehydrogenase enzyme patterns in Chinese Hamster cells infected with
Simian Virus 40 were studied by Caltrider and Leyman(1975). Lactate Dehydrogenase
isoenzymes in Hamster Lung Lavage Fluid after Lung Injury were studied by Beck et
al.(1983). When A.ceylanicumwas experimentally injected into hamsters, Khan et al. (1988)
examined the blood/serum parameters of the animals and changes in the quantities of cellular
components and the release of enzymes into the bloodstream.Quinnell(1988). investigated the
host age and the growth and fecundity of Hymenolepicdiminuta in the rat. Thonsri et al.
(2016) worked on the overexpression of LDH in infected and control tissues. An essential
metabolic enzyme called lactate dehydrogenase A {LDHA) is involved in the last stage of
anaerobic glycolysis. Many human cancers exhibit overexpression of LDHA in correlation
with the growth of the tumour. Kapczuk et al (2018) worked on the Selected Molecular
Mechanisms Involved in the Parasite—Host System, Hymenolepisdiminuta—Rattus norvegicus.
Klein et al.(2020)studied the importance of Lactate Dehydrogenase and Its Isoenzymes in
animals. Studies on the infection ‘of Hymenolepisdiminuta with rat's intestinal helminth
showed effects on exploratory behaviour and cognitive processes (Blecharz-Klin, 2022). The
literature review suggests that information regarding the influence of helminth infections in
the alimentary canal on the lactate dehydrogenase of various tissues of the host Mesocricetus
auratus is inadequate.  In the present study, the author has attempted to study the lactate
dehydrogenase content in the tissues of hamsters (Mesocricetus auratus) infected with
hookworm (Aneylostomaceylanicum).

MATERIALS AND METHODS

Adult Syrian.golden hamsters Mesocricetus auratus weighing between 40-50gms were used
for the study. They were obtained from Animal House- National Institute of Nutrition(NIN),
Hyderabad. They were housed in cages and fed with rodent food pellets and water. Faecal
pellets from infected hamsters were collected from the Parasitology Department, IDPL
Research Centre, Hyderabad. Ancylostomaceylanicum infective third stage larvae(L3) were
harvested according to the method of Ray et al.(1972). The infective larvae were collected
from the cultures using the Baermann technique (Beane and Hubbs,1983) and counted using
Scott's dilution method (1928).The hamsters were administered orally
withAncylostomaceylanicum infective larvae and distilled water. After infection, hamsters
were  maintained under proper diet and environment. Confirmation of
Ancylostomaceylanicum infection was made by examining the ova in thefaecal pellets. The
strain was maintained by regular passage in hamsters once a month. Hamsters were



anaesthetised with ether and dissected and Ancylostomaceylanicum worms were traced and
observed in the small intestine. Fresh tissues such asthe liver, intestine, spleen, Kidneys,
lungs, muscle and brain were collected. Excess moisture was removed by placing the tissue in
Whatmann’s No.1 filter paper. Fresh tissues were weighted separately and transferred
immediately to a homogenising medium. The homogenisation was done using an ice-jacketed
glass homogeniser with a motor-driven Teflon-coated pestle. It was used for the biochemical
estimations of Lactate Dehydrogenase.

The Lactate dehydrogenase content was determined byNachlas et al.method(1960). The
sample size of the number of animals used for each tissue is 6, n=6. The tissue was
homogenised in ice-cold 0.25M sucrose solution in approximately 3 % homogenate. The
homogenate was centrifuged at 2.500 rpm for 15 min. 0.5ml homogenate with 0.4ml sodium
potassium phosphate buffer(7.4), 0.5ml sodium lactate(7.4), 0.5mIINT “and 0.Iml NAD
constituted the Incubation mixture. After Incubation for 30min at 37 +1°C, the reaction was
stopped by adding 4ml of glacial acetic acid. The formazan formed was extracted by shaking
with 4ml of toluene and then keeping it overnight in the refrigerator. The intensity of the
colour of formazan developed was read at 495nm after setting:the spekol to zero using
toluene as blank. The enzyme activity was calculated with reference to the standard formazan
graph and was expressed as p moles of formazan mg protein/hr.
RESULTS

The total Lactate Dehydrogenase content was estimated in various tissues and serum of
hamsters infected with hookworm and- in the control. The results are given in tables 1and?2
and are represented through histogram 1, graph 1. The lactate dehydrogenase content was
found to be highest in the kidney and least in the spleen. It was observed that there was a
decrease in the lactate dehydrogenase content in the liver, spleen, lung, serum and brain of
the infected host while increased lactate dehydrogenase content in the intestine, muscle and
kidneys. ‘t’ values werecalculated for different tissues and serum for lactate dehydrogenase
content in Mesocricetus auratus induced with Ancylostomaceylanicum infection (table no. 2)
at p value of 0.05 % statistically significant.



Table 1. Lactate Dehydrogenase Content in the different tissues and serum of Mesocricetus

auratus induced with Ancylostomaceylanicum infection

S.N | Tissues | Group Probability Units % Change

0.

1 Liver Control | 5.609 +0.375 mg/ g (30.112 %)
Liver Infected | 3.920 +0.144 ma/g

2 Intestine | Control | 4.816 +0.224 ma/g (27.637%)
Intestine | Infected | 6.147 +0.076 mg/g

3 Muscle Control | 3.557 +0.108 ma/g (37.925 %)
Muscle Infected | 4.906 .+ 0.378 ma/g

4 Kidney | Control | 4.570 £ 0.371 ma/g (56.369%)
Kidney | Infected | 7.146 % 0.391 ma/g

5 Spleen Control | 1.550 £ 0.052 ma/g (17.613%)
Spleen Infected }:1.277 £ 0.091 mag/g

6 Lung Control. | 4.390 £ 0.357 mag/g (29.066 %)
Lung Infected | 3.114 +0.053 ma/g

7 Brain Control | 5.510 £ 0.259 ma/g (23.811 %)
Brain Infected | 4.198 +0.098 ma/g

8 Serum Control | 5.216 + 0.442 p /ml (45.618 %)
Serum Infected | 2.836 £0.111 p /ml

Size of the sample of the number of animals used for each tissue is 6, n=6
For tissues, values are expressed as mg lactate / g wet weight of tissue

For serum, values are expressed as p glucose/ml of serum
xindicates the standard deviation for control and experimental

Figures in parenthesis is percent change over control.




Table 2 . “t’ values calculated for different tissues and serum for lactate
dehydrogenase content in  Mesocricetus auratus induced with
Ancylostomaceylanicum infection

S.No. Tissues t-value Values
1 Liver 9.383 mg/ g
2. Intestine 12.676 mg/g
3. Muscle 7.709 mg/g
4. Kidney 10.689 mg/g
5. Spleen 5.809 mg/g
6. Lung 7.925 mg/g
7. Brain 10.581 mg/g
8. Serum 11.719 p/ml

Size of the sample of the number of animals used for each tissue is 6, n=6

For tissues, values are expressed as mg:lactate / g wet weight of tissue
For serum, values are expressed as p glucose/ml of serum



Histogram 1Lactate Dehydrogenase Content in the different tissues and serum of
Mesocricetus auratus induced with Ancylostomaceylanicum infection
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DISCUSSION

The results of the present study suggest thatorgans differ in the LDH enzyme activity during
hookworm, Ancylostomaceylanicum infection in Mesocricetus auratus. It was observed that
there wasa decrease in the level of lactate dehydrogenase content in the liver, spleen, lung,
brain and serum of the infected host.Iltmay be presumed that the decreased LDH content
is due to parasitic stress.

The increased LDH content was found in kidneys in the present study. Thus,lactic acid
through gluconeogenesis i.e. kidney synthesises glucose which is then available for use by
the glycolytic tissues, thus completing the cycle.



The increase in lactate dehydrogenase content in the intestine and muscle tissue in the present
study suggests that the rapid conversion of pyruvate to lactate indicates rapid degradation of
polysaccharides. A fairly high concentration of lactate dehydrogenase content means that
more carbohydrate is channelled towards lactateproduction.

Infection with Ancylostomaceylanicum resulted in significant biochemical and histological
abnormalities in golden hamsters (Mesocricetus auratus) (Mukherjee et al.,1988). In contrast
to the liver, the major site of infection, the jejunum, exhibited substantial changes due to
hookworm infection. In the jejunal tissues, there was an increase in the levels of lactate
dehydrogenasesuggesting that the glycolytic machinery was activated during hookworm
infection (Mukherjee et al.,1988). The results of the present study conform with the studies
carried out by Mukherjee et al(1988).

In some helminths under aerobic conditions, lactate is converted to pyruvate, which is
incorporated into the tricarboxylic acid cycle to generate energy and under anaerobic
conditions, the reoxidation of NADH to NAD occurs by the production of lactate by lactate
dehydrogenase thus ensuring uninterrupted glycolysis even in-the absence of oxygen by
generation of NAD. Parasitic helminths seem able to fix carbon dioxide and produce lactate.

In the present study, quantitative estimation of lactate is.carried out in golden hamsters
induced with Ancylostomaceylanicum infection and increased LDH contentwas found in
intestine, muscles and kidneys.The Lactate. dehydrogenase activity in Mesocricetus
auratuswas altered due to infection by Ancylostomaceylanicum.Ancylostomaceylanicus also
inflicted structural, functional and<pathological changes in the various tissues of golden
hamsters ( Mesocricetus auratus).:Many researchers have investigated the pathogenicity in
the hamsters under helminth infection. (Bannon and Friedell(1966),; Tuetz(1976);(1982);
Schmidt et al.(1982); Maxwell et al.(1985); Khan et al.(1988); Srivastava et al.(1988);
Mukerjee et al.(1988;1992) .

CONCLUSION

Endoparasitic helminths of vertebrates host especially those living in the alimentary canal
affect the host directly by absorbing the readily available digested food and injuring the
alimentary canal's.wall: 'As the host is deprived of its digested food, the absorption of other
nutrient molecules is interfered with due to the presence of the parasites. The role of lactate
dehydrogenase in parasite metabolism is studied in the present investigation revealing its
relevance to the host's metabolism during the parasitic infection.
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