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ABSTRACT

Senistosoma mekongi infection is one of the Asian shistosomiasis forms. Not
many studies were done on this infection until 1992 when a focus of shistosomiasis
mekongi was rediscovered in the Northeast of Cambodia.

The first objective of this study was to investigate pathogenesis of experimental
schistosomiasis mekongi in mice given in high (30 cercarias) and low (10 cercarias)
intensity infections at various time interval. The results showed that the longer exposure
time and higher cercarias infection resulted in significant decrease (p < 0.05) in body
weight, increase in hepatosomatic and spleen index, decrease hematological parameters,
increase serum aspartate and alanine aminotransferase and alkaline phosphatase. Total
protein level was unaffected while albumin level increased. The main histopathological
alterations in the liver were the deposition of the eggs and egg granulomas, proliferation
of fibrosis tissues in the portal areas and infiliration of the inflammatory cells. Spleen
showed large numbers of megakaryocytes, thickening of capsule, fibrosis around
splenic arteries, and congestion with marked dilatation of the splenic sinus. These

results revealed that S. mekongi infection might suggest invasion of the mice immunity

Svstem.

The second objective of this study was to investigate the efficacy of praziquantel
and artesunate on tegumental changes in adult S. mekongi in mice were compared using

scanning electron microscopy (SEM). Fortv-five mice infected with S. mekongi for 49
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days were treated intragastrically with either 300 mg/kg praziquantel or 300 mg/kg
artesunate. Mice were sacrificed 1, 3 or 7 days post-treatment. Worms were collected by
perfusion and examined by SEM. One to 7days after administration of artesunate, the
tegument of S. mekongi showed severe swelling, vacuolization, fusion of the tegumental
ridges and loss or shortening of the spines on the trabeculae, collapse and peeling.
Praziquantel induced similar lesions on the tegument as those observed after
administration of artesunate, but were less severe. Seven days post-treatment, there was
evidence of recovery only in the case of praziquantel. The study thus suggested that
artesunate was more effective than praziquantel in causing tegumental damage in aJult
S. mekongi.

The last objective of this study was to investigate the efficacy of praziquantel
and artesunate on adult S. mekongi in vitro were investigated by monitoring worm
motility and compared tegumental alteration using SEM. Fifty mice were infected with
S. mekongi cercaria for 49 days. Adult worms were collected by perfusion method and
prepared for in vitro study. After treatment with 40ug/ml artesunate, contraction and
decrease motor activity were observed as early as 3h incubation. Some of the worms
died 24 h after exposure, and almost died within 48h. The tegument of S. mekongi
showed severe swelling, vacuolization, disruption, fusion of the tegumental ridges,
collapse, and peeling. After treatment with 80ug/ml praziquantel for 3 to 6h, no
apparent effect was seen. After 12 to 48h incubation, lesions on the tegument were
similar to those treated with artesunate, but less severe. The direct observation of the
worm motility and scanning electron microscopic study highly suggested that artesunate

was more etfective than praziquante! treatment for the schistosomiasis infection.
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ABBREVIATION

% = percent

ALT = alanine aminotransferase
AST = aspartase aminotransferase
ALP = alkaline phosphatase

AlLB = albumin

BW = body weight

°C = degree Celsius

cm = centrimeter

DALYs = disability adjusted life years = the sum of years of potential life lost due

to premature mortality and the vears of productive life lost due to disability

EDTA = ethylene diamine tetra acetic acid
g = gram

g/l = gram per liter

h = hour

Hb = hemoglobin

HBSS = hanks’ balanced salt solution
Hct - hematocrit

IU/ml. = International unit per milliliter
kV — kilo voltage

M = mole

L = microliter

um = micrometer
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ABBREVIATION (cont.)

mg/kg = milligram per kilogram

mg/mL = milligram per milliliter
min = minute
mL = milliliter

mL/kg = milliliter per kilogram

mm = millimeter
mm/sec = millimeter per second
mol/L = mole per liter

n = number

nm = nanometer

P1 = post infection

rpm = round per minute
SD. = standard deviation
TP = total protein

U/ = unit per liter
WBC = white blood cell
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CHAPTER 1

INTRODUCTION

Schistosomiasis: It is the second most devastating
parasitic disease in tropical countries, after malaria

and is of great public health and socio-economic

importance in the developing world. in some parts
Figure L. Dr. Theodore Maximillian

of the world. it is also known as bilharzia in honor
Bilharz (1825-1862), German

of Theodore Bilharz. He first identified the
physician (http://www.path.cam.ac.

etiological agent for Schistosoma heamatobium in
uk/~schisto/History/History.html)
Egypt in 1851 (Figure 1).

Infection is widespread with a relatively low mortality rate, but a high morbidity
rate. causing severe debilitating illness in millions of people. It is estimated that at least
200 million people are currently infected with schistosomiasis and another 600 million
are at risk of infection from the five species affecting man. S. haematobium.
S. intercalatum. S. japonicum, S. mansoni and S. mekongi. Estimates suggest that 85%
of all schistosomiasis cases are now in sub-Saharan Africa (Chitsulo et al.. 2000).
Schistosomiasis is still endemic. but at very low levels, in North Africa and several
countries of the Middle East. In Asia. schistosomiasis is also endemic along parts of the
Yangtze River Basin in China. in the middle reaches of the Mekong River in Lao
People’s Democratic Repubilic. Cambodia, and Thailand. and on several islands of the

Philippines. It is also endemic in several eastern states of Brazil. and in several foci in

Venezuela and Suriname.
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Mortality due to schistosomiasis estimated at 11,000 deaths per year and the
burden of disease at 1.7 million DALYSs lost per year (WHO, 1997). These calculations
did not consider late sequelae and indirect morbidity/mortality due to schistosomiasis
infection such as liver disease, portal hypertension, hematemesis, hydronephrosis, non-
functioning kidney, cervical and squamous cell bladder carcinoma. The global

distributions of schistosomiasis are shown in Figures 2 and 3.

5 mangor .
: \
W 5 ercatatum Sty \ -

£
s i v -
Figure 2. Global distribution of schistosomiasis due to S. mansoni and S. intercalatum,

in 1993 (WHO, 1997)
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Figure 3. Global distribution of schistosomiasis due to S, haemc_z;obium. S Japonicum

and S. mekongi, in 1993 (WHO., 1997)
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Mortality/Morbidity:

Acute schistosomiasis: The acute stage, often known as Katayama fever, is
normally found in young children or young adults with no previous exposure to the
disease, and is particularly prevalent in individuals with S. japonicum infections. The
acute reaction is in response to the sudden high level of antigen exposure and is usually
associated with the onset of egg deposition. Clinical symptoms consists of skin rashes,
asthma-like episodes, daily fever, malaise, diarrhea, swollen lymph nodes and aching
joints and a number of other non-specific symptoms.

Chronic schistosomiasis: The patient experiences diarrhea and fevers. In
children the infection can depress their growth rate. The infection also leads to
enlargement of the liver and spleen. Fibrosis of the liver can result in portal
hypertension, hepatosplenomegaly, ascites formation, esophageal varices leading to
fatal hematemesis.

Gastrointestinal_schistosomiasis: The most common complication is periportal
fibrosis. also termed Symmers clay pipestem fibrosis. This leads to portal hypertension
and gastrointestinal hemorrhage. Liver failure is uncommon unless concomitant chronic
hepatitis or cirrhosis is present.

Urinary tract schistosomiasis: This can lead to renal failure due to obstructive

uropathy, pyelonephritis, or bladder carcinoma, occurring usually 10-20 years after the
initial infection.

Cerebral schistosomiasis: Most cases of cerebral schistosomiasis are observed
with S. japonicum, constituting 2-4% of all S. Japonicum infections. However, cerebral
schistosomiasis also can occur with other species. Spinal schistosomiasis usually

presents as transverse myelitis and primarily is due to S. mansoni infection.
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Taxonomy:
Phylum Platyhelminthes

Sub Phylum Euplatyhelminthes

Super Class Rhabditophora
Class Trematoda

Sub Class Digenea
Super order Anepitheliocystida
Order Strigeatida
Suber Family Schistosomatoidea
Family Schistosomatidae
Subfamily Schistosomatinae
Genus Schistosoma
Species Schistosoma mekongi

Life cycle and transmission:

The worms also are called blood flukes because they live in the vascular system
of humans and other vertebrates. S. haematobium lives in the venous plexus near the
urinary bladder and ureters, S. mansoni lives in the inferior mesenteric vein, and
S. japonicum lives in the superior mesenteric vein of both the large and small intestines.

The life cycle involves a sexual stage in the human and an asexual stage in the
fresh water snail host. The adult worms are small, 12-26mm long and 0.3-0.6mm wide,
and vary with the different species. Adult worms mate and lay eggs. The eggs are non-
operculate, possess a spine, and contain a miracidium. The microscopic appearance of
the egg allows diagnostic differentiation of the 5 species. An adult S. haematobium

produces 20-200 round. terminally spined eggs per day; S. mansoni produces 100-300




Introduction 5

ovoid, laterally spined eggs per day; and S. japonicum produces 500-3500 round, small,
laterally spined eggs per day. The eggs of S. intercalatum have prominent terminal
spines, and S. mekongi have small lateral spines.

On reaching water, the eggs excreted by an infected person hatch to release a
tiny parasite (miracidium) that swims actively through the water by means of fine hairs
(cilia) covering its body. The miracidium survives for about 8 - 12 hours, during which
time it must find and penetrate the soft body of a suitable freshwater snail in order to
develop further. Once inside the snail, the miracidium reproduces many times asexually
until thousands of new forms (cercariac) break out of the snail into the water.
Depending on the species of snail and parasite, and on environmental conditions, this
phase of development may take 3 weeks in hot areas, and 4 - 7 weeks or longer
elsewhere. The fork-tailed cercariae can live for up to 48 hours outside the snail. Within
that time they must penetrate the skin of a human being in order to continue their life
cycle. As the cercaria penetrates the skin, it loses its tail. Within 48 hours it penetrates
the skin completely to reach the blood vessels. The illustration of Schistosome’s life
cycle is shown in Figure 4 (CDC, 2003).

This process sometimes causes itching, but most people do not notice it. Within
seven weeks the young parasite matures into an adult male or female worm. Eggs are
produced only by mated females. Male and female adult worms remain joined together
for life. a period of less than five years on average but 20 years has been recorded. The
more slender female is held permanently in a groove in the front of the male’s body.
Once eggs are produced, the cycle starts again. In intestinal schistosomiasis the worms
attach themselves to the blood vessels that line the intestines; in urinary schistosomiasis,

they live in the blood vessels of the bladder. Only about half of the eggs leave the body
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in the feces or urine; the rest remain embedded in the body where they cause damage to

organs.

Cercanae released by snail A= Infective Stage

into water and free-swimnung A, Disgnostic Stage
Sporocysts in snad o

(successve generalons)
Cercariae lose tails dunng
/ \ 0 penetration and become
- schistosomulae
“  « Penetrate

snanl tissue
Migrate to portal blood
n liver and mature
nto adults 0

o \Miracudia penetrate

-

o0, "=

Eggs hatch
releasing miracetha ﬁ

3 Parred adult worms migrate to
r'.t ‘i mesentenc venules of bowel/rectum
W, {laying eggs that circulate 10 the
S mansom liver and shed in stools)

€ venous plexus of bladder

Figure 4. The illustration of Schistosome’s life cycle (CDC, 2003)

Eggs:

The eggs of S. mansoni and S. haematobium are of the same size; aproximately
140 x 60um. Their similarity however, ends there; S. mansoni eggs are laid singly by
the female. they have a lateral spine in addition to their surface being covered in very
small spines of about 0.3um long. S. haematobium eggs have terminal spines and are
laid gregariously. S. japonicum eggs have a very reduced terminal spine in a small
depression of the shell and are rounder and smaller in shape (~80 x 63um) but do share
with S. mansoni the very small spines covering the surface. Of the more minor species

S. mekongi eggs are similar to those of S. japonicum, whereas S. interculatum share the
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terminal spine characteristic of S. haematobium. The schistosome egg, as opposed to
related digenean parasites, is non-operculate and have terminal or lateral spines. The
shells are sclero-proteic with an inside lining of vitelline membrane adhering to the shell
via vacuoles that press on the developing larva. The eggs of S. mansoni enter the
environment via the feces of their definitive host; man. To do this they must pass
through the mesentery and intestinal walls to arrive in the lumen of the gut. This is most
likely achieved through a number of interacting factors: the eggs, with the help of their
spine, anchor themselves into the tissue and the delayed hypersensitivity reaction that
occurs has an inflammatory effect on the host tissue. This results in ulceration at the
affected site and the egg ulcerates into the intestinal lumen allowing it to enter the
environment via the feces. The action on the egg spine by host blood pressure and
peristalsis of the gut also aids this passage. The miracidium itself has been shown to
release proteolytic enzymes and their digestion of host tissue will also play a part. There
is about a six day period from the eggs being laid to the time they are fully embryonated
and leave the host. On entering the water in the feces the eggs hatch according to three
principle factors: temperature (25-30°C), light, and osmotic pressure. The increase in
osmotic pressure inside the egg as water enters the two or more vacuoles that lie under
the vitelline membrane, cause them to swell, and the activation of the leucine amino
peplidase enzyme, splits the egg laterally so releasing a highly motile (2mm/sec)

miracidium larva. Their eggs are shown in Figure 5.
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Figure 5. Eggs of. from left to right; S, mansoni, S. haematobium, S. japonicum and
S. mekongi (http://www.med—chem.comfParafProb%Z00@420M0nth/1’r0b%200f%20

Month%2026%20Feb%2003.htm)

Miracidia:

A miracidium is about 150-180um in length by 70-80um wide with its outer
four epidermal layers covered cilia enabling its movement through water. It has no gut
and is unable to feed until it penetrates an intermediaic snail host, its energy
requirements up to this point are met by glycogen stores. [ts excretory system comprises
of posterior and anterior flame cells. The apex of the parasite consists of gland cells, the
trebratorium - a number of membranous folds. and ciliated sensory organelles, all of
which aid in the penetration of the snail. It also has a nervous system involving a
number of sensory organs allowing it to respond to its environment and so show its host
finding behavior. The miracidium is sex determined: it is either male or female and all
resulting cercariae and subsequent adults will be either all male or all female. It is
infective for 4-6 hours. after which its glycogen stores are depleted, and in that time
must tind an intermediate snail host. which for S. mansoni is the Biomphalaria spp, for
S. haematobium is the Bulinus spp. and for S japonicum is Oncomelania spp. To
increase the chance of the miracidia finding the host it becomes negatively geotrophic -

swimming against gravity. and positively phototrophic - swimming towards the light,
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placing it in the environment of the snail. Chemical attractants produced by the snail
including mucus, fong chain fatty acids and amino acids attract the miracidia until it
makes contact with the snail. After contact the miracidia shows exploratory behaviour
and searches for the prefered site of penetration. Penetration through the foot is the most
common with 70% of miracidia appearing to do so. Penetration is achieved via
mechanical motion of the apical papillae and histolytic secretions from the lateral
glands. After penetration the cilia are lost as are the muscle layers and it becomes a

primary sporocyst, the location of which depends on the species. The miracidium of S.

mansoni is shown in Figure 6.

Figure 6. Miracidium of S. mansoni

(http://www .path.cam.ac.uk/~schisto/SchistoLife/Miracidium.htm1)

Sporocyst;

Within the molluscan host, the primary sporocyst develops as a hollow. fluid
filled germinal sac with a birth pore at its conical anterior from which subsequent
generations emerge. The daughter sporocyst starts inside the mother as a single cell,
totipotent embryo that develops into a germ ball. This germ ball becomes the secondary
sporocyst. 35-600 of which can be produced after 3 weeks of this asexual budding

process. The secondary sporocysts migrate through the host tissues finally coming to
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rest near the digestive diverticulatum and producing the mammal infective stage; the
cercaria. Nutrients at the sporocyst stage are obtained by passage of soluble material
across the tegument. The mean output of cercariae from an infected snail has been
estimated at about 1500 every day lasting for up to about 18 days. The time from
penetration of the snail by the miracidia to the release of cercariae is about 4 weeks.
They are released depending on the time of day their host is most abundant. The
Sporocyst is not seen to cause any pathology in its host but does induce reproductive and
metabolic changes, measures taken in order to preserve the energy of the developing
sporocyst. The growth and development of the sexual organs are reduced. inciting a
reduction in reproductive potential. The parasitised snail's metabolic rate is increased
causing it to eat more but an infected snaii has been found to be smaller and slower than
an uninfected snail. To avoid being attacked by the host's immune system the parasite
has evolved a number of ways; host mimicry, acquisition of host components allowing
the sporocyst to been seen as 'self’ by the snail immune system, and direct interference

with the immune response through chemical secretions. The sporocyst is shown in

Figure 7.

Figure 7. The sporocyst of Schistosome spp

(http://www.cvm_okstate.eduw/~users/jcfox/ htdocs/Disk 1/Images/Img0087d.jpg)
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Intermediate snail host:

The snail host for S. mansoni is of the Biomphalaria spp, but the specific species
involved differs in various countries. In the western hemisphere, the main host is
B. glabrata. In the west countries of Africa, the host is B. pfeifferi. It is B. sudanica in
Cameroon and the Congo. Others include B. alexandrina in Egypt and B. rueppellii in
the Sudan and Tanzania. The intermediate snail species for S. haematobium are of the
Bulinus spp. B. truncatus is the main host of infection in northern Africa, the East and
the Mediterranean. Other important species are B. angolensis, B. guernei, B. natalensis,
B. tropicus and B. rohlfsi. The S. japonicum snail species are of the genus Oncomelania,
and unlike other intermediate snail hosts the males and females are separate and
amphibious. The species that transmit infection are O. nosophora in Japan, O. quadrasi
in the Philippines, O. formosana in Taiwan and O. hupensis in China. Inside the soft
tissue of the snail it takes the miracidium 5-7 weeks to develop into the bifurcate
cercariae via the two stages of sporocysts. The snail host for S. mekongi is Neotricula
aperta (Tricula aperta), consisting of three strains (alpha, beta and gamma). Both the
alpha and gamma strains are commonly found in the main stream of the Mekong from
Khong Island to Kratie province (Yasuraoka ef al., 1994). However, the beta strain is
found only in the Mun River, a tributary of the Mekong River in Northeast Thailand.
Although all the three strains show varied degree of capability of transmitting S,
mekongi, the gamma strain alone is known to be naturally infected and of
epidemiological significance (Kitikoon ez al., 1973). A seasonal cycle is observed,
consisting of a period of transmission in the dry season, from February and April in

Cambodia. and from March to June in Lao People’s Democratic Republic and Thailand.

The intermediate snail hosts are shown in F igure 8.
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Figure 8. Intermediate snail host of, from left to right; 8. mansoni, S. haematobium,

S. japonicum and S. mekongi

(http://www.path.cam.ac.uk/~schisto/SchistoLife/Host.Snails.html}

Cercariae:

Cercariae are very active and survive on glycogen stores that decline

exponentially with time after release. Glycogen reserves can vary greatly and may

depend on the health of the snail, affected by both nutritional state and level of

infection. Once released, the cercariae go in search of their definitive host through

bursts of swimming towards the water surface. They, like the miracidia show behaviour

that gets them closer to their host: they are negatively geotrophic, positively

phototrophic, shadows cause activity and when close the host's chemicals cause the

cercariae to swim continuously and frequently change direction, this is known as

klinokinetic behaviour. Once a suitable host has been located the cercaria must

penetrate its skin, this occurs in three phases:

l.

Q]

Attachment

Exploratory behavior involving creeping over the skin. These two behaviors
are stimulated by chemical and thermal triggers.

Epidermal penetration, in response to chemical stimuli from the skin,
involving physical and secretory mechanisms, can take only a few minutes

to complete the initial phase. Subsequent structural and physiological
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changes transform this free-living infective stage into a parasitic

schistosomulum larva.

The pattern of cercarial shedding from the snail host has been found to be dependent
on the behavior of the primary host. A study in Guadeloupe island where there was both
human and sylvatic primary parasitic hosts, found three different shedding patterns in
three different regions. Early morning shedding was seen in the urban area where
humans were the focus of infection. The remote country area, where animals were the
hosts, shedding occurred in late afternoon. An intermediate pattern of shedding was

found in a rural community where the rodents and humans were parasitized. The

cercariae are shown in Figure 9.

BO™AMK rF™pst

Figure 9. The cercariae of Schistosome spp.

(http://www.path.cam.ac.uk/~schisto/SchistoLife/Cercaria.htmi)

Schistosomula:

For the cercariae to become schistosomula a number of structural and

biochemical changes must occur.
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The structural changes: The tegument, bound by a trilaminate plasma membrane

that has a 1-2um thick glycocalyx, is mostly shed along with the tail at penetration. The
various penetration glands empty. Tegumental cell bodies lying beneath the muscle
layer release membranous vesicles that move into tegumental cytoplasm and replace the
trilaminate membrane with a multilaminate tegumental surface. Esophageal glands
discharge their contents into the esophageal lumen allowing feeding to start. These
structural changes require the physiological triggers of elevated temperatures and iso-
osmotic conditions. The loss of the glycocalyx, thought to control the surface

permeability in water, coincides with osmotic sensitivity.

The biochemical changes: A switch from an aerobic glycogen based metabolism

to a principally anaerobic one causing increased lactate production, over the first 24
hours. Also during this time, and up to 48 hours, there is an extraordinary turnover of
surface molecules. which mask antigenic epitopes causing the schistosomulum to be
‘'unseen’ by the host and unaffected by antibody mediated immune cell cytotoxicity. As
well as making its own 'masking molecules' it can coat itself with host molecules,

absorbing erythrocyte surface glycolipids onto its own surface, hiding it from the host's

defense system.

Migration through the body occurs in three phases:

I. Penctration of the skin and the skin migratory phase

This involves initial attachment to the skin by the cercaria and its subsequent
creeping over it in search of a suitable penetration site, often a hair follicle, resulting in
penetration into the epidermis using proteolytic secretions from the pre- and post-

acetabular glands. and transformation into the schistosomulum. It takes less than 30 min
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to enter the initial epidermal skin layer where they reach the dermis and rest for about
40 hours. Once through the dermis it takes 10 hours locate a venule (or more rarely a
Iymphatic vessel) and a further 8 hours to penetrate its wall, when it is then carried

through the right side of the heart to the first capillary bed in the lungs.

2. Lung stage schistosomulum

In the lungs, over the next 3-8 days, the surface area of the schistosomulum
greatly increases, but not its mass, as it becomes long and slender. At this point the
parasite is feeding on plasma but not the blood cells. To further develop the
schisosomulum migrates to the liver directly through the diaphragm, or via the

circulatory system, through the left side of the heart to the hepatic portal vein

3. Liver stage schistosomulum and immature adult

Now in the liver the parasite grows properly, development of the gut is
completed along with maturation of the gonads. The sexually mature adults pair up and
migrate, in the case of S. mansoni, back along the hepatic portal vein, against the blood
flow, to the mesenteries around the intestine, where egg laying begins. The time taken

from infection of cercaria to the commencement of egg laying is about 25-35 days.

Adults:

When the worms have matured, the pair migrates out of the liver to the blood
vessels their particular species inhabit, and begin egg laying. S. mansoni are most often
found in the small inferior mesenteric blood vessels, which surround the large intestine
and caecal region, while S. japonicum and S. mekongi reside in the superior mesenteries

associated with the ileo-caecal area, and S haematobium inhabit the pelvic blood

vessels of the vesicle plexus around the bladder.
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The adult worms remain in permanent copula with the female lying inside the
male's ventral groove, called the gynacophoric canal, laying eggs and receiving
nutrients trans-membranously from the male. This is very important for if the female
does not mate it fails to mature properly and remains stunted. They utilize hemoglobin
as the main source of amino acids. It is ingested into their blind, bifurcated gut where a
hemoglobinase enzyme digests the globin portion and detoxifies the heme into a
pigment before regurgitating it back into the blood stream. Vitelline glands lie along the

lateral margins of the body and provide material for the production of the egg shell.

The females are generally longer and thinner than the males: S. mansoni is
~l.lcm by 0.2mm, S. haematobium 10-15mm by lmm and S. japonicum 2cm by
0.4mm. The females have a ventral sucker near to the genital pore and an oral sucker by
the esophageal gland, which is much less developed than in the males. The caecal-
Junction position in the female corresponds to the male of the same species but the
number of eggs produce do not relate to the number of testes.

The adult male worms' outer layer is called a tegument and varies among the
species: S. mansoni tegument is covered by finger-like projections called papillae,
§. haematobium have shorter, sparcer projections called tubercles, and S. Japonicum and
S. mekongi have neither, so sport smooth teguments. Males also have a ventral and oral
sucker with which they maintain position and feed in the blood vessel. S mansoni and
S, haematobium are similar in size measuring ~lcm by 1mm, whereas S. japonicum is
longer and thinner at ~1.2-2.8cm by 0.5mm. Reproductive and digestive tracts differ
also: . mansoni has 8-9 testes around a short vas deferens and a caecal-junction in the

anterior half of the body. S. haematobium has 4-5 testes and a posterior caecal-junction,
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and S. japonicum has 6-8 testes and the caecae join in the middle of the body. The adult

male and female are shown in Figure 10 and 11.

Ve deferens

Figure 10. The adult male Schistosome spp.
(http:/‘/www.path.cam.ac.uk/~5chisto/SchistoLife/Adu]t.worm.html)
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Figure | |. The adult female Schistosome spp.

(hrtp://www.path_cam.ac.uk/~schist0/8chistoLife/Adult.worm.html)

Pathophysiolopy:

The pathophysiology of infection correlates with the life cycle of the parasite as
follows:

Cercariae: Skin penetration of cercariae produces an allergic dermatitis at the
site of entry. With prior sensitization, a pruritic papular rash occurs. This also is
observed with nonhuman avian schistosomes.

Schistosomula: These are tailless cercariae that are transported through blood or
lvmphatics to the right side of the heart and lungs. Heavy infection can cause symptoms
such as cough and fever. Eosinophilia may be observed.

Adult worm: They do not multiply inside the human body. In the venous blood.

adult male and temale worms mate. and the female lays eggs 4-6 weeks after cercarial
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penetration. Adult worms rarely are pathogenic. The female adult worm lives for
approximately 3-8 years and lays eggs throughout her life span.
Eggs: They cause Katayama fever and schistosomiasis.

Katayama fever: The exact pathophysiology is not known. It occurs 4-6 weeks

after infection, at the time of the initial egg release. It is reported most commonly with
S. japonicum but also has been reported with S. mansoni. Katayama fever is believed to
be due to the high worm and egg antigen stimuli that result from immune complex
formation and lead to a serum sickness-like illness. This syndrome is not due to
granuloma formation.

Schistosomiasis: It is due to immunological reactions to Schistosoma eggs

trapped in tissues. Antigens released from the egg stimulate a granulomatous reaction
comprised of T cells, macrophages, and eosinophils that results in clinical disease.
Symptoms and signs depend on the number and location of eggs trapped in the tissues.
Initially, the inflammatory reaction is readily reversible. In the latter stages of the
disease, the pathology is associated with collagen deposition and fibrosis resulting in
organ damage that may be only partially reversible.

Schistosomiasis mekongi:

The first case of S. mekongi infection was reported as “S, Japonicum’ infection
in a Laotian immigrant who lived along the middle Mekong River in Lao People’s
Democratic Republic in 1957 (Dupont et al., 1957). Since then, some human cases have
been reported from Thailand in 1959 (C hiyaporn e al., 1959) and from Kratie province,
Cambodia in 1968 (Auteband ef al., 1968). Heavily endemic areas were found in Khong
Island. Lao People’s Democratic Republic, and Kratie province, Cambodia.

Schistosomiasis mekongi was, thus, described as a public health implication in the
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middle Mekong River Basin, with population of more than 150,000. The map of
Mekong River Basin is shown in Figure 12. During the period of civil war and
revolution, clinical and epidemiological surveys were performed among refugees from
Lao People’s Democratic Republic or Cambodia. In 1983, 62 out of 24,619 Cambodian
refugees were diagnosed as Schistosomiasis mekongi by stool examination. Some of the
egg positive ones were the refugees from Battambang province, Cambodia or from
Northern Lao People’s Democratic Republic, where transmission of schistosomiasis had
not been reported, suggesting the presence of new endemic foci in Cambodia and Lao
People’s Democratic Republic. There are habitats of the intermediate snail host in
Northeastern Thailand, and schistosomiasis might become endemic in Thailand by

infected immigrants ({Ohmae et al., 2004).

LADS o7
Vientiane

1.

THAILAND Mekong River
Mun River )
P.akse ,
Khong . i] - :
CAMBODIA StungTreng
® Kratie
Phnom

Penh ® . “MIETNAM

200km

Figure 12. The map of Mekong River Basin (http://www.mekongexpress.com/)
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Treatment:

Treatment of schistosomiasis is targeted to several aspects of the life cycle. The
1980's showed development of effective anti-helminthic chemotherapies for treating
infected people and animals. Although treatment is highly effective and relatively
uncomplicated, it does not lead to a completely immune state, so individuals living in
highly endemic areas run a high risk of re-infection. The chemotherapy of choices are
praziquantel and artesunate.

Praziquantel:

Praziquantel is a drug that has been used for schistosomiasis in 1975. It has high
effecticacy against all schistosome species; lack of serious short- and long-term side
effects; administration as a single oral dose; and competitive cost. It is a member of the
heterocyclic pyrazino-isoquinoline system and its chemical structure is 2-
cyclohexylcarbonyl-1, 2, 3, 6, 7, 11 b-hexahydro-4H-pyrazino (2, 1-a) isoquinolin-4-
one as shown in Figure 13. It is a colorless, odorless, bitter-testing crystalline power
which melts at between 136 and 139°C. The active substance is hydroscopic and soluble

in chloroform and dimethylsulfoxide, but insoluble in water and only soluble with

difficulty in alcohol.

Figure 13. The chemical structure of praziquantel (http://www.infektionsnetz.at/test/

bilder/strukturfonncln/antiparasit/praziq uantel.gif)
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Praziquantel is rapidly absorbed from the intestinal tract, and its metabolites are
excreted in the urine, mainly as glucuronide and sulphate conjugates. It is also rapidly
taken up by all susceptible parasites in vitro but not metabolized, which proves that the
compound itself is effective. The effects of praziquantel on schistosomes are generally
grouped under four heading: (1) tegumental damage; (2) muscular contraction;
(3) metabolic alteration; and (4) exposure of schistosome antigens at the parasite
surface. All of the effects of praziquantel could be attributed either directly or indirectly
to a single cause: an alteration of intracellular Ca?* homeostasis at one or more sites in
the worm. An alternative possibility is that praziquantel may directly interact with
membrane phospholopids and alter the permeability properties of bilayer structures.
Artesunate:

The novel antimalarials - artemether and artesunate are derivatives of
artemisinin from the plant Artemisia annua. Ching-hao refers to the tops of 4. annua
(the species name refers to its growth as an annual). The Chinese name (pinyin:
ginghao) makes reference to the color green (ging); the dark green leaves at the top of
the plant are the most active portion, which might account for this designation. The
latter part of the herb's name, hao, indicates this type of plant, one characteristic being a
tall stalk; the term is used to depict several other Artemisia species as well. Ching-hao is
a common weed in southern China; it is also distributed in temperate regions across the
globe, including in Europe and North America. There are numerous medicinal
Artemisia species used worldwide, several of them having a reputation for dispelling
worms, and hence the group is commonly called "wormwoods." Ching-hao is
sometimes referred to by the English common name "sweet wormwood” the aroma is

sweet. It is in the Asteraceae family, and has yellow flowers
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A. annua is a vigorous weedy annual, a short day plant with a cntical
photoperiod of 13.5hr. The plant is usually single-stemmed reaching about 2m in height
with alternate branches and alternate. deeply dissected, aromatic leaves ranging from
2.5t0 5.0cm in length. Tiny yellow nodding flowers (capitula) only 2 or 3mm across are
displayed in lose panicles containing numerous, greenish or yellowish, bisexual central
(disc) florets containing little nectar and pistiflate marginal (ray) florets (Figure 14). The
involucre is imbricated with several rows of bracts. The central flowers are perfect and
can be either fertile or sterile. Ovaries are inferior and unilocular and each generates one
achene, ca. Imm in length and faintiy nerved. The pistillate marginal florets in the
capitulum produce numerous achenes without pappus. The pollen is tricolpate and
smooth. typical of anemophilous species, and has vestigial or no spines. It has an
internal. complex. columellae-tecta confrguration in the exine, which is common to all
taxa of the tribe Anthemideae and varies from two to three layers in 4. annua. The plant

is naturally cross-pollinated by insects and wind action, which is unusual in the

Asteraceae.
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Dihydroartemisinin is the product of the first step of chemical synthesis starting
with artemisinin. Artesunate and artemether derive from futher synthesis steps and are

rapidly converted in vivo back to dihydroartemisinin (Figure 15).

Figure 15. The chemical structure of., from left to right; artemisinin and derivaties: arteether.

artemether, artesunate (http://www .artesunate.com/)
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CHAPTER 11

OBJECTIVES

The objectives of this study
1. To investigate the pathogenesis of Schistosoma mekongi infection in mice in the
term of :
1. Hematological studies
2. Biochemical studies
3. Light microscope studies
2. To investigate the effect of praziquantel and artesunate on tegument of
Schistosoma mekongi in vivo
3. To investigate the effect of praziquantel and artesunate on tegument of

Schistosoma mekongi in vitro
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CHAPTER III

LITERATURE REVIEW

The need for alternatives to human biomedical studies has increased markedly
during the last decades as a result of increasing ethical standards required in such
studies. One alternative is to use experimental animal models, which have the advantage
of allowing hypothesis testing under strictly controlled condition. According to the
definition of Held (1983), an animal model is a living organism in which normative
biology or behavior can be studied, or in which a spontaneous or induced pathological
process can be the same phenomenon in humans or in other species of animals.

Like in humans, S. japonicum infection in experimental animals reported by
Johansen and colleague (2000) established mainly in the large intestinal veins, with high
fecal egg counts during the acute phase of infection, which varies greatly within and
between days. Clinical signs as eosinophilia and diarrhea with mucus and biood,
hepatomegaly. increased portal diameter, periportal fibrosis and ascites.

Clinical studies have demonstrated that the patients with hepatosplenic
schistosomiasis are prone to develop complex hemostatic abnormalities that may be
linked to the potential risk of bleeding from ruptured esophageal varices in these
patients. The deficit in hemostatic parameters is more pronounced with the advancement
of the disease and is maximal in the patients with experience of hematomesis.
Evidences of enhanced generation of thrombin and plasmin indicate the presence of
low-grade disseminated intravascular coagulation in advanced hepatosplenic

schistosomiasis. which is considered as a principal cause of hemostatic abnormalities in

this endemic disease (Tanabe, 2003).
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In schistosomiasis, granuloma formation to parasite eggs signals the beginning of
a chronic and potentially life-threatening disease. Hepatic granulomata were
experimentally induced in mice, rats and hamsters by injecting viable exogenous eggs
of S. mansoni via the mesenterico-portal system. Histopathological studies of livers of
these animals showed that the lesions were similar to those in infections resulting from
exposure to cercariae as occurs naturally in Mansonian schistosomiasis. Granulomatous
response to schistosome eggs began in the livers of rats as early as 24h following
intravenous injection of eggs. The mean sizes of hepatic granulomata were smallest in
rats, intermediate in hamsters and largest in mice (100.7, 276.4 and 361.6um,
respectively). Comparable observations made of the lungs of animals that had received
egg injections via their tail veins, showed striking differences with respect to timing of
the occurrence of various histopathologic stages, mean size of granulomata, cellular
composition and pathologic manifestations (Edungbola and Schiller. 1979).

Rheinberg and colleague studied the development of five schistosome species in
mice by the recovery of schistosomula from chopped lung tissue and of adult worms by
portal perfusion (Rheinberg et al., 1998). Three development patterns appeared.
(1) S. japonicum was unique in showing an early establishment of schistosomula in and
a rapid departure from the lungs together with the highest worm recovery;
(2} S. haematohium contrasted by establishing later and persisting in the lungs for at
least 2 weeks: and (3) S. intercalatum, S. mansoni. and S. rodhaini had an intermediate
pattern- they resided in the lungs for several days, then disappeared and produced
intermediate numbers of adults. Lung petechiae, known to accompany the migration of

S. Japonicum, were never detected afier infection with the other species. They speculate
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that the three migration patterns of schistosomes are related to the size of the relative
spectra of naturally infected definitive hosts.

Xiao and colleague studied the effect of artemether on S. mansoni infection in mice
(Xiao et al., 2000a; 2002a), S. haematobium infection in hamsters (Xiao et al., 2000b;
2001a), S. japonicum infection in mice (Xiao et al., 2002b). Artemether has been shown
to be active against the juvenile stages of Schistosoma spp. in experimentally infected
animals, while it is less effective on adult worms. The tegument has been identified as a
key target of this drug. They performed a transmission electron microscope examination
to assess the pattern and extent of ultrastructural alterations. Tegumental alterations
were characterized by swelling, fusion of distal cytoplasma, focal lysis of the
tegumental matrix and vacuolisation. Tubercles and sensory organelles frequently
degenerated or collapsed. Typical features of subtegumental alterations, including
muscle fibres, syncytium and parenchyma tissues, were focal or extensive lysis,
vacuolisation and degeneration of mitochondria. Severe alterations were also observed
in gut epithelial cells and vitelline cells of female worms.

Xiao and colleague studied the effect of praziquantel on S. mansoni infection in
mice (Xiao et al., 2000c). Praziquantel has been shown to be active against the adult
worms. They compared effects of racemic praziquantel and its enantiomers, levo-
praziquantel and dextro-praziquantel. The study thus clearly showed that levo-
praziquantel was more active than dextro-praziquantel in causing tegumental damage.

Xiao and colleague studied the effect of praziquantel combine with artemether on
S. juponicum infection in rabbits (Xiao er al., 2000d). The results demonstrated that
when rabbits infected with 7-14 day old schistosomules and 42 day old adult

schistosomes were treated with praziquantel in combination with artermether, the
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effects of the individual drugs could be increased significantly reduction of the mean
total worm burden and female worm burden than was found for the groups treated with
praziquantel or artemether alone.

Utzinger and colleague carried out experiments with mice, infected with juvenile
or adult S. mansoni, and treated with artemether or artesunate at various doses (Utzinger
et al., 2002). Artemether administered to mice with juvenile and adult S. mansoni
resulted in worm reductions of 88-97% and 46-51%, respectively, which was
significantly higher than the 67-77% and 24-33%, respectively, obtained with
artesunate. They conclude that artemether and artesunate are efficacious
antischistosomal agents, with artemether displaying consistently higher activities.

Xiao and colleague conducted experiments in vitro to assess the effected of
artemether in combination with hemin on adult §. japonicum, S. mansoni and
S. haematobium (Xiao et al., 2001b). They reported when schistosomes were
maintained in a medium containing artemether at concentrations of 20ug/mL or less for
72h, no apparent effect on the schistosomes was seen. When the medium contained 50
or 100ug/mL hemin as well as artemether, the schistosomes showed decreased motor
activity 2-24h after exposure, which was followed by the staining of the whole worm
body a reddish-yellow color, dilatation of the intestine, and extensive vesiculation of the
tegument. Some of the schistosomes died 24h after exposure, and almost all died within
48-72h. When schistosomes were exposed to the same concentrations of hemin alone,
they were stained a light yellow color but there was no apparent effect on their survival.
Their findings suggest that artemether interacts with hemin to exert a toxic effect on the

worms, which might be of importance in the further elucidation of the mechanism of

action of artemether on schistosomes.
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CHAPTER IV

MATERIALS AND METHODS

1. Animals and drugs

The freshwater snails. N. aperia. were collected at the Mekong River in Ubon
Rajthani province. Thailand. They were maintained for the life cycle of S. mekongi in
the Malacology Unit, Department ot Biotogy. Faculty of Science, Mahidol University,

Bangkok. Thailand (I'igure 16).

Figure 16. The snails. N. aperta. were maintained in the Malacology 1 nit

i.2 Mice:

ICR male mice were bred at the National Laboratory Animail Center. Nakhon
Pathom, Thailand. Mice, 6 weeks old, weighing 20-30g, were used in this experiment.
The animals were housed in the shoe-box type cages (18x30x13 cm) containing sterile
wood shaving bedding in a strictly hygienic conventional animal room at the Faculty of
Science, Mahidol University bedding (Figure 17). Standard diet (Perfect companion Co.
Ltd., Bangkok, Thailand) and tap water were available ad lLibitum. Room temperature

was kept at 22-25°C with relative humidity of 60-70% and a 12:12 hour light-dark cycle
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was maintained throughout. All experimental animals used in this study were approved
following Guidelines for the Care and Use of Laboratory Animals, Mahidol University,
authorized by the Animal Care and Use Committee, Faculty of Science, Mahidol

University.

Figure 17. The mice were housed in the animal room

1.3 Drugs:

The drugs praziquantei (lot no. 000491) and artesunate (lot no. 040105) were the
products of Atlantic Laboratories Corporation, Bangkok, Thailand. For intragastric
administration. both drugs were suspended in 7% Tween-80 and 3% ethanol and had a

final drug concentration of 30g/L. The volume of drug suspension given to mice was

[0mli.kg.

2. Experimental design
Part 1: Pathogenesis of S, mekongi infection in mice

Mice (n=180) were randomly assigned to three groups as shown in Table 1.
Group | (n=60) was the control group not infection with cercarias S mekongi.
Group 2 (n=60) was the treated group nfection with 10 cercarias S mekongi.

Group 3 (n- 60) was the weated group infection with 30 cercarias §. mekongi.




Materials and Methods 31

Mice were infected individually with cercaria shed from experimentally infected
snails. after exposure to artificial light for at least 4h (Figure 18), by a looping method
(Sormmmani et al., 1973) (Figure 19).

Table |. Pathogenesis of S. mekongi infection in mice

Treated time Mice
(day) Group | Group 2 Group 3
(Control) (10 cercarias) | (30 cercarias)
[ 3 12 12 12
7 12 12 12
21 12 12 12
35 12 12 12
L 49 12 12 1E

Figure 19. Mice were infected by a looping method
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At 3. 7. 21, 35, and 49 days postinfection (Pl). 12 mice from each group were
anesthetized, body weight (Figure 20 A) and sacriticed. Blood wa~ collected from the
heart, centrituged at 12.000rpm for tive minutes and serum was frozen. The organs
(hiver. fung and spleen) were removed. weighed (Figures 20 B, C, D) and fixed in

suitable fixatives for microscopic study.

3. Liver weight

C. Splecen weight D. L.ung weight

Figure 20. Body and organs weight

Part 1I: Comparison effects of praziquantel and artesunate in S. mekongi infected

mice (in vivo)

Mice (n=45) were infected individually with 30cercaria shed from

experimentally infected snails, after exposure to artificial light for at least 4h. by a

looping method (Sornmani er af., 1973). At 49days PI, mice were randomly assigned to

seven groups as shown in Table 2.
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Group | (n=15) was the control group received 7% Tween80+3% ethanol

Group 2 (n=15) was the treated group received 300mg/kg praziquentel

Group 3 (n=15) were the treated group received 300mg/kg artesunate

Table 2. Comparison effects of praziquantel and artesunate in .S, mekongi infected mice

(irnvivo)

fime | Mhsc
(days) ' Group | Group 2 Group 3
| Control 300 me/kg Praziquantel 300 my kg Artersunate
| ' 5 | - s - =
- 3 3 | 3
7 < 3 5

At 1. 3, 7 davs after treatment. 2 mice {rom each vroup were anesthetized and
sacrificed. Blood wa- collected from the heart, centrifuged at 12.000mpm for five
minutes and serum swas {rozen. The organs (I er. lung and spleen) were removed,
weighed and fixed in suitable finatives for microscopic study. Adult worms were
collected from the remain 3 mice from each group by the perfusion method using 0.1M
citrate 1in 0.15M NaCl solution (Sormmani ¢7 af., 1973) (Ficure 21). The worms were

washed several times with normal saline solution and fixed in suitable fixatives for

microscopic study.

Figure 21. Adult worms were collected from the mice by the perfusion method
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Part III: Comparison effects of praziquantel and artesunate in S. mekongi
Tegument (in vifro)

Praziquantel and artesunate (Atlantic Lab., Thailand. lot no. 000491 and 040105,
respectively) were initially prepared as a stock solution 10mg/mL which further diluted
for use. Fresh hemin solution (Fluka, Switzerland, lot no. 448389/1) was prepared by
dissolving 0.5mg of hemin in 0.ImL 0.1M NaOH and adding 0.395mL of Hanks’
balanced sal solution (HBSS) followed by 0.005mL of IM HCI to adjust the pH to 7.2-
7.4. Mice (n=50) were infected individually with 30 cercaria shed from experimentally
infected snails, after exposure to artificial light for at least 4h, by a looping method
(Sornmani er al.. 1973). At 49 days PL. adult worms were collected from the mice by the
perfusion method ustng 0.1M citrate in 0.15M NaCl solution (Sornmani ¢r af., 1973).
After washing worms three times with HBSS containing penicillin 50IU/mL and
streptomycin 50mg/mL. and selecting for the healthy worms with normal structure and
good motility, and keeping in an ice bath at 4°C until incubation experiments began.

Ninety worms were separated into 3 groups with three replicates performed for
each group. Group I (n=30) is the control group: group 1l (n=30) was treated with
80pg/ml praziquantel; and group 111 (n=30) was treated with 40pg/ml artesunate.

The medium was prepared with HBSS supplemented with 10% heat-inactivated
calf serum, 50IU/mL penicillin and 50mg/mL streptomycin. The medium 1.9-2.0mL
was added to 15 of the 24-well Falcon plate. Then the pair of worms was placed in each
well. The plate was incubated at 37°C in 95%air plus 5%CQ, for 20-30min before
addition of praziquentel or artesunate at various concentrations as shown in Table 3 and
4. Control well contained worms and medium only. After worms, in group II1, had been

exposed to artesunate for 2h, 50ug/mL hemin were added in the wells. The total volume
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for calculating the final concentrations in each well was 2.0mL. The plates were
incubated continuously for 48h. At the end of 24h incubation, worms were washed three
times and transferred to new wells with drugs as design.

After 3, 6. 12, 24, and 48h, motile activity, tegumental alterations and parasite
survival were assessed by examination by the Olympus SZ-ST stereomicroscope
(Tokyo. Japan). Worms were defined dead if they remained contracted, no motility
during 2 min observation plus tegumental alteration including blebbing, collapse of
vesicles or peeling.

Table 3. Effects of praziquantel and artesunate in S. mekongi tegument (in vitro)

Incubation time (h) _ Adult worms
Control | 80 pg/ml Praziquantel | 40 pug/ml Artesunate
3 6 6 6
6 6 6 6
12 6 6 6
24 6 6 ) 6
48 6 1 6 | 6

3. Hematological studies

Hematological parameters such as hematocrit. hemoglobin, white blood cell count,
white blood cell differential were determined as follows (Dacie and Lewis, 1991)

3.1 Hematocrit:

Hematocrit (packed cell volume) determination is the volume of erythrocytes ex-
pressed as a percentage of the volume of whole blood in a sample. Dried heparin,

balanced oxalate, or EDTA is satisfactory as an anticoagulant. The microhematocrit

method is as following:

1. Fill the capillary tube two-thirds with well-mixed, EDTA-blood

2. Seal one end of the tube with clay
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Place the filled tube in the microhematocrit centrifuge, with the plugged end away
from the center of the centrifuge

Centrifuge at 10,000 to 12,000rpm for 5 minutes

Place the tube in the microhematocrit reader. Read the hematocrit by following the
manufacturer’s instruction on the microhematocrit reading device.

3.2 Hemoglobin:

Hemoglobin was estimated by Drabkin's cyanmethemoglobin method. Drabkin's

solution containing potassium ferricyanide, potassium cyanide and sodium bicarbonate

was prepared. 20uL of blood was added to SmL of Drabkin's solution. Readings were

taken at 530nm in a spectrophotometer. Hemoglobin values were calculated from a

hemoglobin curve prepared using hemoglobin standard.

3.3 White biood cell count:

The total white cell count determines the number of white celis per cubic millimeter

of blood. The procedures are as following:

1.

Draw well-mixed anticoagulated venous blood to the 0.5mark on the white cell
pipette.

Draw diluting fluid (3% glacial acetic acid) to the 11.0mark on the white cell
pipette. Shake the pipette for 3minutes.

Load in the hemocytometer counting chamber (Precicolor, HBG, Germany) (Figure
22). count the white cells with the low-power lens in each of the four large corner

fields.

When all the cells in the four fields have been counted, multiply the count by 50 for

the total white cell count.
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Figure 22. The hemocytometer counting chamber.

3.4 White blood cell differential count:

Technique for making smears

Touch the drop of blood lightly with a clean, grease-free slide. Place the slide on
a flat surface with the drop of blood up. Hold a second slide between thumb ard
forefinger and place the edge at a 45 degree angle against the top of the slide, holding
the drop of blood. Back the second slide down until it touches the drop of blood. The
blood will distribute itself along the edge of the slide in a formed angle. Push the second
slide along the surface of the other slide, drawing the blood across the surface in a thin,
even smear. If this is done with uniform rapidity and without wobbling the slide, a good
smear will result. Try to keep the blood from reaching the extreme edges of the slides.
Large cells have a tendency to stack up on the perimeter of the smear, and letting the
smear reach the edges of the slide will aggravate this tendency. The smear should show
no wavy lines or blank spots. Let the smear air-dry.
Technique for staining smears

Place the smear on a staining rack. Flood it with about |mL of Wright's stain
and allow it to stand for 2 minutes. Add an equal quantity of buffer. There should be no
run-off of fluid from the slide. Mix the buffer and stain by blowing air through the
rubber pipette tube and directing the current of air about the surface of the slide. Mix

until a metallic (copper looking) film appears. Let stand for 3 minutes. Wash with tap




Wannee Jiraungkoorskul 38

water, provided pH testing has shown the water to be neutral. If the tap water is not
neutral, wash the slide with distilled water. The stain and the metallic film must be
floated off to prevent streaking, so keep the slide flat and horizontal in the stream of
water. If the slide is tilted, the metallic film will settle to the surface of the smear and
remain there. Wipe the stain from the bottom of the slide. Let it air-dry. A good smear
should be thin and evenly distributed, and it must be dry before staining.
Technique for differential count

Place the stained slide on the microscope with a drop of immersion oil and
adjust the ocular lenses. Using the oil immersion lens, scan the fields for areas where
the red cells just touch. In this area the blood smear is thinner, and consequently, the
white cells are easier to identify. Count 100consecutive white cells, pressing the correct

key on the cell counter for each type of white cell identified.

4. Biochemical studies
Serum was determined for the enzyme activity as follows:

4.1 Transaminase: (Reitman and Frankel, 1957)

4.1.1 Aspartate aminotransferase (AST): the enzymatic activity of AST

was measured by the oxaloacetate formed in the reaction:
AST
alpha-ketoglutarate + L-aspartate -------> glutamate + oxaloacetate
Oxaloacetate was measured colorimetrically as its hydrazone after the reaction

with 2.4 - dinitrophenylhydrazine at 505nm.The procedures for the analysis of glutamic

oxaloacetic transaminase activity were as follows:
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1. Aspartate transaminase substrate 0.25mL were pipetted into a 12 x 75mm
cuvette and warmed for 5min in a water bath at 37°C.

2. Serum 0.05mL was added, mixed and covered with parafilm.

3. The mixture was incubated at 37°C for 60min.

4. Color reagent 0.25mL was added and shaken gently.

5. The tube was allowed to stand at room temperature for 20min.

6. The 2.5mL of 0.4mol/L. NaOH was added and mixed.

7. Exactly 5min later, the optical density of the unknown was read with water as
a blank at 505nm.

8. The optical density for the value of oxaloacetic transaminase was referred to

the calibration curve.

4.1.2 Alanine aminotransferase (ALT): the enzymatic activity of ALT
was measured by the pyruvate produced in the reaction:
ALT

alpha-ketoglutarate + L-alanine -------» glutamate + pyruvate

Pyruvate formed was measured colorimetrically as its hydrazone after the
reaction with 2, 4-dinitrophenylhydrazine at 505nm. The procedures for the analysis of
glutamic pyruvic transaminase activity were performed similar to those of oxaloacetic
transaminase, substituting with the alanine transaminase substrate, and incubated at
37°C for 30min.

The procedures for calibration curve were as follows:

1. The solution was pipetted into cuvettes as indicated in Table 4;
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Table 4. The calibration curve of AST and ALT

Tube Calibration Aspartate Water  Sigma-Frankel units
No. standard transaminase (mL) Aspartate | Alanine
substrate (mL) substrate | substrate

1 0.0 1.0 0.2 0 0
2 0.1 0.9 0.2 20 23
3 0.2 0.8 0.2 55 50
4 0.3 0.7 0.2 95 83
5 0.4 0.6 0.2 148 125
6 0.5 0.5 0.2 216 -

2. Color reagent ImL was added to all cuvettes and mixed. The tube was
allowed to stand for 20min at room temperature. Ten mL of 0.4mol/L. NaOH
was added to all cuvettes and mixed.

3. Exactly 5min after adding NaOH, the optical density of all samples in 12 x
75mm cuvettes was read and recorded, using water as a blank at 505nm.

4. A calibration curve of optical density versus the corresponding units of
transminase was plotted.

4.2 Alkaline phosphatase; (McComb and Bowers, 1972) It is the enzyme that

hydrolyzes organic phosphates such as phenolphthalein monophosphate to

phenolphthalein with a intense yellow color under an alkaline condition. The
procedures for the analysis of this enzyme activity are indicated in Table 5.

Table 5.The procedures for alkaline phosphatase analysis

Sample (mL) Blank (mL)
Substrate 1 drop 1 drop
(Phenolphthaline monophosphate)
Dist. water 1.0 1.0
Incubate at 37°C 5 min
Serum | 0.1 -
Incubate at 37°C 20 min
Buffer solution 5.0 5.0
(Na;PO; + NaH>PO,)
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The optical density was read at 550nm, and the value was read from calibration
curve. The procedures for calibration curve: standard phenolphthalein concentrations of
25, 50, 75, and 100IU were used (by using standard 1.0mL + buffer 5.14 mL). The
optical density was read at 550nm with water as a blank. A calibration curve of optical
density and concentration was plotted. The curve was a straight line.

4.3 Total protein: Biuret method (Reinhold, 1953). Proteins form a purple
colored complex with cupric ions in alkaline solution. The intensity of the purple color
was measured at 540nm.

Table 6.The procedures for total protein analysis

Sample (mL) | Standard (mL) Blank (mL)
| Color reagent 2 2 2
Serum 0.05 — —
Standard solution 0.05 —

Mix and mcubataed 37°C 15 min
The optical density was read at 540nm, and the value was calculated by

Total protein (g/dL) = (Abs. Sample / Abs. Stand.) x conc. Stand. (10g/dL).

4.4 Albumin: Bromocresol green method (Doumas ez al., 1971). Serum albumin
binded selectively to the dye bromocresol green at pH 4.2. The increased in absorbance

of the resulting albumin-dye complex, read at 630nm.The procedures for the analysis of
this enzyme activity are indicated in Table 7.

Table 7.The procedures for albumin analysis

L . | Sample(ml) | Standard (mL) | Blank (mL)
Color reagent 2 2 2

Serum ) 0.01 —_
Standard solution -— 0.01
Mix and incubated in room temperature 10 min
" The optical density was read at 630nm, and the value was calculated by

Albumin (g/dL) = (Abs. Sample / Abs. Stand.) x conc. Stand. (5g/dL).
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S. Histopathological studies

5.1 Light microscopy

The organs were fixed in 10% buffered formaldehyde for 24h, washed with 70%
ethanol, dehydrated with a series of ethanol and cleared with xylene solutions. They
were embedded in paraffin, sectioned at Sum thickness using a rotary microtome
(HistoSTAT. Reichert, USA), stained with hematoxylin and eosin. They were examined
for abnomalities using a Nikon E600 light microscope (Figure 23} and photographed by
a Nikon DXM 1200digital camera (Tokyo. Japan) (Gretchen, 1972). The schedules are

presented in Tables 8 and 9.

Figure 23, Nikon E600 light microscope

Lable 8 Schedule tor histological process

Na | Method Duration
Dissection First day: Removal and fixing tissues in 10%
buttered formaldehyde 24 hours.
3 Bouin's Mud | 24 hours
T0% alcohol 24 hours Second day: Washing out the fixative
i R%s alcohol 40 minutes Lbhird dav: Dehydration

Y525 alcohol H) minutes
o alcohaol 40 muinutes

Aisolute alcohal 1 minutes
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8 Absolute alcohol | 40 minutes
Dioxane I hour
10 Dioxane 1 hour
11 Paraffin 40 minutes
12 | Paraffin 40 minutes
i3 Embedding
14 Sectioning 24 hours
15 Staining
Examination

Fourth day: Sectioning, spreading on glass

slides. drying overnight

Fifth day: Staining, mounting. and examination

Table 9. Schedule for staining sections

No J Method Duration

1 Xylene (1) 3 minutes
2 _Xylcm: [ 3 minutes J

3 Xylene (111) [ 3 minutes

4 " Absolute alcohol 3 minutes

5 95% alcohol |3 minutes |
6 70% alcohol 3 minutes
E2 ‘Iiimr‘l_i';lgvi\_ra_fer 3 minutes

8 Hematoxylin 1 minute

9 'Running water 3 minutes

10 | Fosin 11 minute !
i T 70% aleohol 3 minutes |
E 12 f 95% alcohol (1) BE mi_nﬁtc_s-__—:
{13 T 9salcohol (1) 3 minutes |
14 ‘ Abhsolute alcohol "—'———r 3minutes |
l s | Absolute alcohol (11) | 3 minutes 7
: 16 ‘ Xylene (1) : 3 minutes —
[ 17 : Xylene (1D I3 minutes 1

: 4

FFxamination
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5.2 Transmission electron microscopy

Small pieces of tissue were fixed in 4% glutaraldehyde-phosphate buffer
{0.1mol/L, pH 7.4) at 4°C for 24h and postfixed in 1% osmium tetroxide for th. They
were dehydrated through a graded series of alcohol, cleared in propylene oxide and
embedded in polyethylene beam capsule containing Epon 812 resin. Ultrathin sections
were cut on an ultramicrotome, stained with uranyl acetate and lead citrate, and
examined by a Hitachi H-7000 transmission electron microscope (Figure 24) at 75kV

(Gretchen, 1972). The schedule is presented in Table 10.

Figure 24. Hitachi H-7000 transmission electron microscope
5.2.1 Semithin section staining
Semithin sections were cut using glass knives on a LKB ultramicrotome, stained
with 1% toluidine blue in 1% borax for 20min. They were washed in distilled water,
dried. mounted. and examined by a light microscope for orientation (Gretchen, 1972).
5.2.2 Ultrathin section staining
Ultrathin sections were cut using glass knives, collected on naked copper grids
and stained with urany| acetate and lead citrate. They were examined and viewed with

a Hitacht H-7000 electron microscope operated at 75kV (Gretchen, 1972).
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Staining with uranyl acetate and lead citrate: The uranyl acetate was spun for
Smin.Grids on blobs of the stain were stained for 30min in the dark room. Grids were
washed in distilled water five times and blotted dried. Grids were floated on blobs of
lead citrate with a piece of sodium hydroxide for 30min.Grids were washed in boiled-
distilled water five times twice and blotted dried.

Table 10. Schedule for transmission electron microscope procedures

No | Method Dauration

1 | 0.1M cacodylate pH 7.4 Prefix2hat4°C

2 | 1% osmium tetroxide in 0.1M cacodylate Wash 3 times at 4°C

3 | Filtered water (cold) Postfix 1 h at 4°C

4 | 50% alcohol Wash 3 times at 4°C

5 Wash 2 times x 15 min at 4°C
6 | 70% alcohol Wash 2 times x 15 min at 4°C
7 | 80% alcohol Wash 2 times x 15 min at 4°C
8 | 90% alcohol Wash 2 times x 15 min at 4°C
9 | 95% alcohol Wash 2 times x 15 min at 4°C
10 | 100% alcohol Wash 3 times x 15 min at 4°C
11 | 100% alcohol Wash 3 times x 15 min at RT
12 | Propylene oxide Wash 2 times x 15 min at RT
13 | Propylene oxide : plastic (2:1) 1h at room temp

14 | Propylene oxide : plastic (1:2) Ovemight at room temp

15 | Embedding in capsule beam Overnight at room temp

16 | Hot oven 45°C 48h

17 | Hot oven 60°C 48h

18 | Sectioning

19 | Staining

20 | Examination
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5.3 Scanning electron microscopy

Small pieces of tissue were fixed in 4% glutaraldehyde-phosphate buffer
(0.1mol/L, pH 7.4) at 4°C for 24h and postfixed in 1% osmium tetroxide for Th. They
were dehydrated through a graded series of alcohol, dried in a Hitachi HCP-2 critical
point dryer machine using liquid carbon dioxide as a transitional medium. After drying,
they were mounted on aluminium stubs and coated with platinum and paladium in an
ion-sputtering apparatus, Hitachi E-102, at 10-15mA for 6min. They were examined
and photographed in a Hitachi scanning electron microscope S-2500 (Figure 23),

operating at 15kV {(Gretchen, 1972). The schedule is presented in Table 11.

Figure 25. Hitachi scanning electron microscope S-2500
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Table 11. Schedule for scanning electron microscope procedures

No | Method Duration

1 | 4% glutaraldehyde in 0.1M cacodylate pH 7.4 Prefix 2 h at 4°C

2 | 0.1M cacodylate pH 7.4 Wash 3 times at 4°C

3 1% osmium tetroxide in 0.1M cacodylate Postfix 1 h at 4°C

4 | Filtered water (cold) Wash 3 times at 4°C

5 | 50% alcohol Wash 2 times x 15 min at 4°C
6 | 70% aicohol Wash 2 times x 15 min at 4°C
7 | 80% alcohol Wash 2 times x 15 min at 4°C
8 | 90% alcohol Wash 2 times x 15 min at 4°C
9 | 95% alcohol Wash 2 times x 15 min at 4°C
10 | 100% alcohol Wash 3 times x 15 min at 4°C
11 | 100% alcohol Wash 3 times x 15 min at RT
12 | Critical point drying

13 | Mounted and coated

14 | Examination

6. Statistical analysis

Body and organ weight, hematological data, and enzymatic activities were
analyzed using SPSS 12.0 for Windows software (SPSS, Chicago, IL). All data were
expressed as mean values + S.D. A two-way analysis of variance (ANOVA) was
performed separately for each time, and also separately tested in each group. Scheffe
post hoc test for multiple comparisons was used for determination of significant

differences between the control and treated groups. The level of statistical significance

is set at the probability level of 0.05.
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CHAPTER V

RESULTS

Part I: Pathogenesis of Schistosoma mekongi infection in mice
1. Body and organ weights

Changes in body and organ weight in mice infected with S. mekongi cercarias in
each time are presented in Table 12. The lung, liver and spleen indices were calculated
as follows:

organ index = organ weight of mice (g)/body weight of mice (g).

Table 12 shows the mean + S.D. of these measurements for forty-nine days. An
analysis of variance was performed separately for each time, and also separately tested
in each group. The data were tested at an a = 0.05 for growth differences among
experimental groups (Figure 26).

.1 Body weight

The body weight of the control group was significantly decreased from 33.47 g
to 32.07, 31.31, 30.94 g in the infected groups with 10 cercarias (3A, 4A and $SA,
respectively) and to 31.78, 30.92, 29.99, 29.45 g in the infected groups with 30 cercarias
(2B, 3B, 4B and 5B, respectively) (p<0.05).

1.2 Liver weight and liver index

The liver weight of the control group was significantly increased from 1.44 gto
1.65. 2.04 g in the infected groups with 10 cercarias (4A and SA, respectively) and to
1.72, 2.25 g in the infected groups with 30 cercarias (4B and 5B, respectively) (p<0.05).

The liver index of the control group was significantly increased from 4.32% to

5.26, 6.61% in the infected groups with 10 cercarias (4A and 5A, respectively) and to



Results 49

4.96, 5.74, 7.66% in the infected groups with 30 cercarias (3B, 4B and 5B, respectively)
(p<0.05).

1.3 Lung weight and lung index

The lung weight of the control group was significantly increased from 0.217 g to
0.236 g in the infected groups with 10 cercarias (5A) and to 0.253, 0.276 g in the
infected groups with 30 cercarias (4B and 5B, respectively) (p<0.05).

The lung index of the control group was significantly increased from 0.648% to
0.719, 0.762% in the infected groups with 10 cercarias (4A and SA, respectively) and to
0.707, 0.723, 0.843, 0.936% in the infected groups with 30 cercarias (2B, 3B, 4B and
5B, respectively) (p<0.05).

1.4 Spleen weight and spleen index

The spleen weight of the control group was significantly increased from 0.084 g
to 0.169 g in the infected groups with 10 cercarias (5A) and to 0.137, 0.204 g in the
infected groups with 30 cercarias (4B and 5B, respectively) (p<0.05).

The spleen index of the control group was significantly increased from 0.253%
to 0.546% in the infected groups with 10 cercarias (5A) and to 0.456, 0.691% in the

infected groups with 30 cercarias (4B and 5B, respectively) (p<0.05).
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Table 12. Changes in body and organ weights (mean + S.D., n=12) in mice infected

with S. mekongi cercarias in each time

Cont. Infected groups with 10 cercarias Infected groups with 30 cercarias
1A 2A 3A A SA ] B B - 5B

FV 33.47 33.74 3287 | 32.07* | 31.31*| 30.94* 33.58 | 31.78* | 30.92* | 29.99* | 2945*
'2) +1.01 H86 | 1164 +1.03 +0.83 +H0.86 | 147, 0.10 +1.12 | +1.02 +1.13
Liver 144 1.45 1.49 1.49 1.65* 204" 1.44 1.46 1.53 1.72* 2.25%
1] +0.09 +0.10| 10.06 .07 +H.09 | 1023 +0.08 | 30.10 +0.05 +0.11 +0.27
Liver index 432 431 4.53 4.65 526* 6.61* 4.30 4.61 4.96* 5.74* 7.66*

%) 10.29 +0.29 +0.24 027 +0.32 +0.79 +0.25 +0.37 +0.29 +0.49 +1.02

rmu 0217 0.217 0218 0.223 0225 | 0.236* 0.222 0224 0.223 | 0.253* | 0.276*
kg) +0.016 | +0.024 | 0021 | #0012 | +0.012 | +0.030 | #0012 | +0.012 | 10.012 | +0.022 | +0.038
il-ung 0.648 0.643 0.662 0.694 | 0.719* | 0.762* 0.661 | 0.707* | 0.723* | 0.843* | 0.936*
}lndex (%) +0.053 | 40.076 | +0.066 | +0.050 | +0.046 |, +0.100 | 4+0.046 | +0.046 | 10.047 | +0.080 | +0.108
Spleen 0.084 0.080 0.090 0.091 0.101 | 0.169* 0.086 0.090 0089 | 0.137* | 0.204*
(® +0.005 | +0.006 | +0.008 | +0.008 | +0.018 | 1+0.060 | +0.004 | 10.013 | +0.008 | +0.067 | +0.094
Spleen 0.253 0.237 0.275 0.285 0.324 | 0.546* 0.257 0.285 0.289 | 0.456* | 0.691*
Index (%) +0.020 | +0.019 | +0.024 | +0.027 | +0.053 | +0.191 | 10,018 | +0.042 | +0.026 | 10217 | +0.319

Note *The mean difference was significant when compared to the control group at 0.05 level
Control = no infected with cercarias

1A = infected with 10 cercarias in 3 days
2A = infected with 10 cercarias in 7 days
3A = infected with 10 cercarias in 21 days
4A = infected with 10 cercarias in 35 days
5A = infected with 10 cercarias in 49 days
1B = infected with 30 cercarias in 3 days
2B = infected with 30 cercarias in 7 days
3B = infected with 30 cercarias in 21 days
4B = infected with 30 cercarias in 35 days
5B = infected with 30 cercarias in 49 days

i
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C. LUNG WEIGHT (g)
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Figure 26. Changes in body and organ weights (mean + S.D., n=12) in mice infected
with §. mekongi cercarias in each time.

A. Body weight B. Liver weight C. Lung weight D. Spleen weight
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As shown in Table 12, cercarias infection showed a trend of lightening the
mouse body weight. Significant differences increase (p<0.05) in liver, lung and spleen
weight and organ index were observed in the infected groups when compare with the
control group. The results showed that the longer exposure time and higher cercarias
infection resulted in decreased body weight but increased in organs weight and index.

2. Hematological Studies

Changes in hematological measurements in mice infected with S. mekongi
cercarias in each time are presented in Table 13. It shows the mean + S.D. of these
measurements for forty-nine days. An analysis of variance was performed scparately for
each time, and also separately tested in each group. The data were tested at an a = 0.05
for growth differences among experimental groups (Figure 27).

2.1 Hemoglobin

Hemoglobin of the control group was significantly decreased from 13.63 g/L to
12.38, 11.98 g/L in the infected groups with 10 cercarias (4A and 5A, respectively) and
to 12.27, 10.28 g/L in the infected groups with 30 cercarias (4B and 5B, respectively)
(p<0.05).

2.2 Hematocrit

Hematocrit of the control group was significantly decreased from 41.29% to
34.58, 29.96% in the infected groups with 10 cercarias (4A and 5A, respectively) and to
33.96, 26.58% in the infected groups with 30 cercarias (4B and 5B, respectively)
(p=<0.05).
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2.3 White blood cell count

White blood cell count of the control group was significantly increased from

3183 x10%/1 to 3496, 3738 x10°/1 in the infected groups with 10 cercarias (4A and 5A,

respectively) and to 3533, 4029 x10%/1 in the infected groups with 30 cercarias (4B and

5B, respectively) (p<0.05).
Compared with those of control group, the hematological parameters, including

Hb and Hect of the infected group decreased significantly (p< 0.05), whereas white blood

cell count was increased significantly (p< 0.05). These results revealed that the longer

exposure time and higher cercarias infection resuited in hematological parameters.

Table 13. Changes in hematological parameters (mean + S.D., n=12) in mice infected

with S. mekongi cercarias in each time

‘arameters | Control Infected groups with 10 cercarias Infected groups with 30 cercarias

' 1A 2A A A sA 1B m 3B P B
L 13.63 13.53 13.43 13.57 | 12.38*( 11.98* 13.60 13.57 13.30 | 1227* | 10.28*
8/L) 1052 +0.42 +0.32 +H0.43 10.44 0.84 10.50 +0.58 +H0.47 +0.68 +0.87
dct 41.29 40.52 40.13 39.83 | 34.58* | 29.96" 4121 40.04 3954 | 3396* | 26.58*
%) +157 | +174| +168| +1.64 | 212 4322 +164| +1.89| +1.78| +3.37| +2.52
(Whe 3183 3155 3208 3175 3496* 3738* 3196 3213 3350 3533* 4029*
x10°M) +167 +95 9 +108 +210 1322 +92 +i49 +165 237 +630

Note *The mean difference was significant when compared to the control group at 0.05 level
Control = no infected with cercarias

1A = infected with 10 cercarias in 3 days
2A = infected with 10 cercarias in 7 days
3A = infected with 10 cercarias in 21 days
4A = infected with 10 cercarias in 35 days
5A = infected with 10 cercarias in 49 days
1B = infected with 30 cercarias in 3 days
28 =~ infected with 30 cercarias in 7 days
3B = infected with 30 cercarias in 21 days
4B = infected with 30 cercarias in 35 days
5B = infected with 30 cercarias in 49 days
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3. Biochemical Studies

Changes m oensvime dodivity measurements in mice nfected with 8 mekongi
cercarins in each time are presented an Table A-3 10 Appendin. Table 14 shows the
mean + S0 of these medasurements for tortv-nine dass. An analvsis ol variance was
performed separately For cach time. and also separately tested in cach group. The data
were tested at an o 0,05 for growth differences among experimental groups (Figure
28).

3.1 Aspartate aminotransierase activities

AST of the control group was signiticantly increased from 89.67 U/ 1w 122,50,
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111.80, 137.50, 173.20 U/L in the infected groups with 30 cercarias (3B, 4B and 5B,
respectively) (p<0.05).

3.2 Alanine aminotransferase activities

ALT of the control group was significantly increased from 32.75 U/L to 62.08,
64.50 U/L in the infected groups with 10 cercarias (4A and 5A, respectively) and to
65.92, 74.67 U/L in the infected groups with 30 cercarias (4B and 5B, respectively)
(p=<0.05).

3.3 Alkaline phosphatase

ALP of the control group was significantly increased from 25.08 U/L to 37.50,
67.75 U/L in the infected groups with 10 cercarias (4A and 5A, respectively) and to
49.33, 69.83 U/L in the infected groups with 30 cercarias (4B and 5B, respectively)
(p<0.05).

3.4 Albumin

ALB of the control group was significantly increased from 4.00 g% to 4.69, 5.35
£% in the infected groups with 10 cercarias (4A and 5A, respectively) and to 4.77, 4.81,
5.74, 6.08 g% in the infected groups with 30 cercarias (2B, 3B, 4B and 5B,
respectively) (p<0.05).

3.5 Total protein

There were no statistically different between control and infected groups.
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Table 14. Changes in enzyme activity measurements (mean + S.D., n=12) in mice

infected with S. mekongi cercarias in each time

Parame | Control Infected groups with 10 cercarias Infected groups with 30 cercarias
ters 1A 2A 3A aA SA 1B B B 4| sB

"AST 89.67 89.17 96.08 9733 | 122.5* | 153.6* 92.33 100.1 | 111.8*| 137.5* | 173.2*
(U/L) +6.26 +5.36 1595 16.60 +17.3 +142 +4.04 +120 +11.6 +15.4 #33.7
ALT 32.75 30.33 33.75 35.83 | 62.08* | 64.50* 28.92 36.83 36.17 | 65.92* | 74.67T*
(U/L) +3.08 2.7 +4.31 +333 +7.42 18.62 +3.18 +4.55 +622 +8.53 +7.14
ALP 25.08 24.58 24.67 26.25 | 37.50* | 67.75* 23.67 29.92 28.83 | 49.33* | 69.83*
{(U/L) +4.85 +3.09 +2.84 +3.62 +738 +744 +3.26 1+2.35 *1.34 #4.21 16.44
ALB 4.00 4.06 4.12 4.38 4.69* 5.35+ 4.10 4.771 4.81* 5.74% 6.08*
i(g%) 1052 +0.53 +0.60 H+0.56 +0.32 10.60 +0.57 1+0.66 10.66 +0.56 .32
'.TP 6.44 641 6.43 6.46 6.66 6.74 6.41 6.42 6.55 6.73 6.75
E(g%) 1043 +0.36 +0.57 +0.42 +0.36 1+0.36 10.38 .39 10.59 +0.41 +0.32

Note *The mean difference was significant when compared to the controi group at 0.05 level

Control = no infected with cercarias
1A = infected with 10 cercarias in 3 days

2A = jnfected with 10 cercarias in 7 days
3A = infected with 10 cercarias in 21 days
4A = infected with 10 cercarias in 35 days
5A = infected with 10 cercarias in 49 days

1B = infected with 30 cercarias in 3 days

2B = infected with 30 cercarias in 7 days
3B = infected with 30 cercarias in 21 days
4B = infected with 30 cercarias in 35 days
5B = infected with 30 cercarias in 49 days
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E. TP (2%)

Figure 28. Changes in enzyme activity measurements (mean + S.D. n=12) in mice
infected with S. mekongi cercarias in each time.

A AST B. ALT C. ALP D.ALB E.TP

Compared with those of control group. the biochemical parameters. including
aminotransferase activities of aspartate and alanine. and alkaline phosphatase. of the
infected group increased significantly (p< 0.03}). Serum total protein levels were
unalfected while serum albumin levels increased significantly. The results showed that
the longer exposure time and higher cercarias resulted in the higher level of enzyme
activities. In the fortv-nine davs of exposure. mice infected with 30 cercarias had the

highest level of enzyvme activitir.




‘Wannee Jiraungkoorskul 62

4. Histopathological Studies
4.1 Lung

Control group: The lung of control mice revealed typical parenchymatous
appearance (Figure 29).

The respiratory bronchiole branched to form alveolar ducts. These thin-walled,
fibroelastic tubes were lined with a squamous epithelium and possessed alveoli that
appear as out-pocket of the main wall. The main wall of the duct between alveoli
contained smooth muscle. The terminal portion of the respiratory duct gave rise to the
alveolar sacs, composed of a variable number of alveoli that appear as small
compartments opening into the alveolar sac. The alveoli were the smallest and most
numerous subdivisions of the respiratory system. The interalveolar septum often
contained 10 to 15 um openings between neighboring alveoli that function to equalize
air pressure in adjoining alveoli.

The wall of the alveoli was formed by a thin sheet (~2um) of tissue separating
two neighbouring alveoli. This sheet was formed by epithelial cells and intervened
connective tissue. Collagenous, reticular, and elastic fibres were present. Between the
connective tissue fibres, there were found a dense, anastomosing network of pulmonary
capillaries. The walls of the capillaries were in direct contact with the epithelial lining
of the alveoli. The basal laminae of the epithelium and endothelium may actually fuse.
Neighbouring alveoli may be connected to each other by small alveolar pores. The
epithelium of the alveoli was formed by two cell types. Alveolar type I cells (small
alveolar cells or type I pneumocytes) were extremely flattened, as thin as 0.05 pm, and
formed the bulk (95%) of the surface of the alveolar walls. The shape of the cells was

very complex, and they might actually form part of the epithelium on both faces of the
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alveolar wall. Alveolar type II cells (large alveolar cells or type II pneumocytes) were
irregularly or cuboidal shaped. They formed small bulges on the alveolar walls. Type IT
alveolar cells were contained large numbers of granules called cytosomes or
multilamellar bodies, which consisted of precursors to pulmonary surfactant, the
mixture of phospholipids, which keep surface tension in the alveoli low.

Treated groups: Light microscopic study of the lung of mice infected with
S. mekongi cercarias showed several pathological changes, and their frequencies
increased with increasing dose and time of exposure.

Infected with 10 cercarias: At 3 days PI, the lung revealed no pathological
changes. The structure of the lung was essentially well preserved (Figures 30 A-B). At
7-35 days PI, the lungs revealed variable degrees of congestion, thickening of alveolar
sac, and acute inflammation consisting of polymorphonuclear leukocytes that infiltrated
the interstitium around small bronchioles and adjacent alveoli. Blood congestion was
observed in the capillaries (Figures 31 A-B, 32 A-B, and 33 A-B, respectively). At 49
days PL, the lung revealed normal appearance similar as those of control group (Figures
34 A-B).

Infected with 30 cercarias: At 3 days PI, the lung revealed no pathological
changes. The structure of the lung was essentially well preserved (Figures 30 C-D). At
7, 21, 35, and 49 days PI, the lungs revealed similar pathological changes as those of
infected with 10 cercarias but they were more severe. (Figures 31 C-D, 32 C-D, 33 C-D,

and 34 C-D, respectively).
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