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CHAPTER-1
INTROIUCTION.



oo

The damaging effect of the metacercariae (the temporary
parasites in the sense that they are gn route to another
host, in many cases the definitive host) have upon their
hoat 18 largely dependent on whether or not they encyst,
Some metacercariae do not encyst within the second intermediate
hosts and contime inigztiva state, feeding on tissues
of their host and thus prove to be pathogenic., The study
of such metacercariae is important not only because they
are pathogenic in their transitional stage and lead a
parasitic way of life in aquatic animals (which are closely
linked to the feeding pattern of the final hosts) but
also because in doing 8o they cause enormous losses to
our edible aquatic fauna, mostly fishes, before being
transmitted to the final host. There are numerous reports
on the occurrence and pathogenecity of metacercariae in or
on the edible aquatic fauna mestly fishes and so it is not
possible to enlist them, The clinostomatid metacercariae
alone have been reported from various species of fishes

and are known as “yellow grub”™,

Studies on the physiological aspects of trematodes
in general and lipid metabolism in particular have made &
late begining due to the fact tjmé the modern techuiques



1like column, thin layer and gas lignid chromatography for
the identification of lipids were applied to these parasites
only during the last one decade., The literature available
on the physiology e¢f parasites in general and metacercariae
in particulad concerning lipid distribution, leakage,
utilization, synthesis etc., is sparse. (This may be due

to the infrequent awvailibilty of the metacercariae as

they inhadbit poorly understeod habitats. They are difficult
to culture in vitre , and comprise a challenging group of
organisms to work with), Theugh morphological and taxo-
nomical studles on metacercariae have been a popular branch
of research with the Indian parasitologists, a great deal
remains to be done in relation to the physiological and
biochenmical aspects 9f the metacercariae.



CHAPTER=-II
HISTORICAL REVIEW



The lipid metabolism of trematodes has remained
more or less a neglected subject. Whatever little work
has been done, concerns mainly a few adult trematodes (von
Brand, 1973 ; Fiied & Pucci, 1976 ; Yusufi & Siddiqi, 1979 ;
Fried & Appel, 1977 ; YTusufi & Siddiqi, 1977 ;3 Fried &
Butler, 1977 ; Fried & Boddorff, 1978 ; Fried & Shapiro, 3979)
and relatively less work has been done on the larval
trematodes., The lipids are known to be present as reserve
food in miracidia although not in as large a quantity as
glycogen (Axmann, 1947 ; von Brand, 1973). KNo information
is yet available whether the stored lipids are employed
as energy source duriinflarval stages. Ginetsinskaia ( 96)),
who studied the lipid composition in eight species of
trematodes, reported that the amount of lipids present
in sporocyst walls was directly correlated with the sites
which they occupied within the molluscan host. Those
located on the surface of the host’s intestine were
completely deveid of lipids as were those situated
between organs; however, the sporocyst of Cotylumus brevig
and Cargamia spimsiess , which were embedded in the hest’s
hepade-pancreas, wers rich in 1ipid content. Cheng & Sayder
(1962) have aiso found fatty acids adhering %o, and



the interior of, the sporocyst wall of §lypthelmins penne
sylvani . James & Bowers (1967) have reported lipids

in the daughter sporocyst of Cercaria bucephalopsig. Pascoe
& Richards (1970) have obmerved lipids and lipid oxidation

in sporocysts of Cerearia dichotoma. Recently,phospholipids
and neutral lipids have been reported from the daughter
sporocysts of Microphalus gimilis (McManus et al., 1975).
There are only two evidences of the presence of lipids in
rediae: one is that reported by Ginetsinakaia (1961) in the
rediae of members of the Echinostomatidae and Notocotylidae
which were embedded in the hepato-pancreas of their molluscan
hosts and the other is by Hoskin, Cheng & Shapiro (1974) who
have shown aterols, free fatty acids, triglycerides and sterol
ester in the rediae of Himagthala sp. The lipids are present
in the bodies of certain cercariae where they are limited to
the excretory system and to the parenchyma (Lutta, 1939;
Ginetsinkaia & Dobrovolskii, 1962 ; Cheng, 1965). Cheng &
Snyder (1962) by employing histochemical techniques, pointed
out that the fats found in the body parenchyma of Glypthelmins
psnnsylvaniensis cercariae were not neutral fats but unsatue
rated fatty acids, Similar reports have alsc been given by
Faust & Tallqvist (1907), von Brand (1928) and Smorodintsev &
Bsbeshin (1939) from three flat-worms, Dibothrioecephalus latus,
E. hepatica and Taeniarhynchus saginatus respectively. The
cercaria of 3., mansqpji contains about 19% dry weight lipid
aceording to Kent (1963) and include seven lipid classes
consisting of 26 fatty acids accerding to Smith et gl. (1966),



From the information available, it seems that the presence

and maintenance of lipids in metacercariae appear to be
influenced by the sites of encystment within the second
intermediate host. Ginetsinskaia (1961) reported that in

the metacercariae of Sphaerostoma which were embedded between
the organs of its second intermediate hosts and those of
Opisthioglyphae ranag which were encysted in the foot tiasues
and in the mantle of Ijmnea stagnalis, the stored lipids
gradually decreased, completely disappearing in one to tws
months, On the other hand the amount of stored lipids increa=
sed in the metacercariae of Cercaria spinulosa and Cotylurug
brevis five days after the cercarlae penetrated their inter
mediate hosts. XLipids have been demonstrated in the tissues
of some metacercariae (CGinetsinskaia, 19613 Erasmus & Ohman,
1963; Jddrsk4, 1964), Brasmus (1967) has localized 1lipids

in the excretory as well as cytoplasmie lining of the reaserve
bladder system in the metacercariae of Cyathocotyle bushinensis.
Recently, accumulation and excretion of neutral lipids have
been reported from the metacercariae of Leucochloridiomorphs
constantiae (Harris & Cheng, 1973; Fried & Shapiro, 1975),
Echinostoma revolytum(Butler & Fried, 1977) and Cotylupus sp.,
(Fried & Butler, 1977). Although oxidative degradation of
fats is a universal phenomenon among all living organisms, as
yet no adult parasitic helminth has been shown to possess a
complete sequence of ﬁ-oxidation pathway, whereas the develop-

ing eggs of Apcayis lugbrigoides and free-living larvae amd
fraceliving sdults of $ivepgyloides ratti have a functional



ﬁmidatim sequences (Ward & Fairbairn, 1970; Korting &
Fairbairn, 1971),

Lipases have been reported in the intestinal canal

of some helmintha, e.g., A« Jumbricoides; Strongylus edentatus,
Leidynema appendiculata (Rogers, 1941; Carpenter, 1952;

Lee, 1958) and in the alimentary canal of F. hepatica (Pennoit-
De Cooman & van Grembergen, 1942), Tiesue lipases of unknown
significance, presumably assisting in Jipid movement within
tissues rather than preparing lipids for absorption from the
intestinal ¢ract, have been reported from the tissues of
filariform larvae of S, ratti and Nippostrongylus muris and
less pronounced in cercariae of 8. mansoni (Mandlowits

et al., 1960), The lipase has also been registered from

the surface of the developing cercariae of Bucephalus sp.,
(Cheng, 1965). Recently, lipase has been deménsirated histo-
chemically in various organs of the metacercariae of

C. gomplanatum (Alam & Kizami, personal communication),

Some physiological work has also been done on the
metacercariae of C. gomplanatum e.g., 002 fixation,
ineorporation of “002 into different amino acids and into
intermediates of TCA cycle (Thomas & Gallicchie, 1967a)
and incorporation of “e-glucose in vive (Thomas &
Gallicchio, 1967b). The clinostomatid metacercarise also
produce marked pathogenic effects on their intermediate
hosts as reported by Rai (1968) and may even cause sterlity
as shown by Nasei (1976). Singh & Virmani (1978) observed



the disledging of the scales and deerease of haemoglebin
content, PCV and increass in erythrecyte sedimentation
rate (ESR) in the fishes which were infected with the

metacercariae of C. pipeidium.



CHAPTERaIII
STATEMENT OF PROBLEM
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Since very little is known teo-date concerning
the physiology and biochemistry of lipids in the larval
forms, the author shose to study the physioclegieal and
biochemieal asoects of lipids in the metacercarial ferm of
g. somplanptum, It is of very common eccurrsnce in the
body cavity of a fresh water fish, Tréchogsster fasciatus.
The metacercaria is metabolically active (Thomas &
Galliechio, 1967a,b; Siddiqui & Nisami, in press) and
morphologically comparable to its adult excspt that egg
production is lacdking., Hence, it was decided to dctom:\uo;
whether the transformation of the metacercaria into an
sdult, which is accompanied by profound physiee-chemioal
changes, resulis in any change in the 1lipid biochemistry.
Practieally, it is either the cercarial or the metassrearial
stags whieh is actively or passively infeetive, haneo;
cenplete infermation of these larval stages are obviously
needied,

An attempt has bDesn made to dntermine the total
1ipid content as well as its fmetions in the metacerearise
¢f C. esmplamatus. Similarly, & aumber ¢f seme selected
howmonss and chamioais woarw testsd for their imhihitory eor
simiatiry offest on the 1ipese activiiy in the netacer-
wviav,



CHAPTERS-IV
MATERIALS AND METHODS



() Blelogical
The metacercariae of C. complanatum were obtained

from the body cavity of a fresh water fish, Trichoguster
fanciatus which were collected from the mear-by ponds and
ditches of Aligarh and maintained in the laboratory im
glasg aquaria. The metacercarise were kept in the modified
Ringer's saline (Forster & Taggart, 1950, containing NaCl
100mM; KC1 2.5mMp CaCl, ¥.5xMjp HgCl, tuM; NaH,PO, O.SeM
and NeHCO- 5mli} at room temperature,

(B) Extraction of lipids

Prior to the 1ipid extraction, the active metacer—
cariae were quickly damp dried on a Whatman filter paper
and weighed on a single pan balance. The total lipids were
extracted By the method of Folch gt al. (1957) as modified
by Misra (1968). The metacercariae were transferred to
10-20 volumes of chloroform-methanol in the ratio of 2%
(v/v) and allowed to stand overnight with cccasional shaking
at room temperature. They were homogenized in the same
solvent and the homogenate was centrifuged. The supernatant
was separated and the residue was re-extracted twice

with 10 more volumes of chloroferm-methanol fer two hours

13
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at Teen temperature and again centrifuged and the superna-
tants wers pooled and evaporated te dryness in vacuyw at
40-50°C in a rotary flask evaporator,

) The dried residue was dissolved in chloroform-
methanol containing 4% distilled water (v/v). It was
evaporated to dryness in vacum at 45-50°C, This step was
repeated twice to separate protein~bound lipids, This £18g3)
dried residue was again dissolved in chloroform-methanol and
washed with 0,88% KC1 in a separatory funnel, gently mixed
and allowed to stand at room temperature until the two
phases separated clearly. Thaulower schlorofiim-methanol
layer was collected and the upper layer was washed twiwe with
chloroform-nethanol and the chloroform-methanol layers were
pooled and evaporated to dryness in vacug at the same
tenperature mentioned earlier., This final dried residue was
dissolved in a known volume of pure chloroform for lipid
analysis.

(C) Bstimation of total 1ipids
The total 1lipid of the extracted sample was deteormi-

ned by the method of Zdllner & Krimch (1962), One ml of
1ipid extract was taken in a test tube and 4 ml of cencen~
trated Hy30, was added into it and boiled for 10 min, cesled
and shaken. Suitable aliquots were transferred inte seven
tost tubes except ome in which equal ameunt of cone. mzso4
was added in place of the aliquot which served as s rTeagemt
blank, T each tube including the blank 4 =l of Léliner



reagent was added (Zéllner reagent was prepared by adding
13mM vanillin in 14mM oxrthoephesphorie acid) and after seme
time the developed coler was read against the reagent dlank,
The total 1ipids were caleulated frem a ealibration wurve
previcusly prepared by using a standard total lipid of
known strenght,

(D) Estimetion of the fractions of lipids

(1) Zotal cholesterecl
Total cholesterol was estimated by the methods of

Zlatkis, Zak & Boyle (1953) and Sackett (1925). In the first
mothod; sulitable aliquots were transferred into seven test
tubes except one in which equal quantity of chloroform was
added in place of aliquot as control,} ml of glaclal acetic
acid was added to sach tube including the blank, and mixed
thorougp%gnd then 2 ml of FeCl, reagent (freshly prepared by
taking one ml of 10% FeCl, (v/v) in glacial acetic acid,
diluted to 100 ml with conc. H,80, acid) was carefully added
fom the side of the test tube to allow the formation of a
brown ring. The tubes were shaken thoroughly, coeled

and color densities were read againgt a reagent blank,

Thia total cholesierol was calculated fswm a calibration
curve previeusly prepared by using a cholesterel solution
of known molavity prepared in glacial acetic acid. In the
second methéd, suitable aliquots of 1ipid exiraet ~: were
trensferred inte seven test tubes except ene in which equal
amsunt of echioreform was agdded in place of the aliquot as



oontrel, PFive nl shlofeform was added in sach tube and
shaken vigorvously for sons time; later 2 ml of 1oe-00ld
asstic cnhpride uﬂ consentrated H, 80, in the ratio of 207
was added, mpmumﬁnumm
(v25°C). After 15 min the developed green coler was read
against the reagent dlank, The total cholesterol was
caloulated from a calidration wmurve previously prepared by
using a chwlesterol solution of known stremght in
chloreforn,

(44) Zotn) phosphollnids

Thiy » total phospholipids were deteruined by the
method of Dartlett (1950) as modified by larinetts (1962).
suituble aliguots of 1ipid extract were transferred nto
severn test tubes except one in which egual amount of chlow
roform was added in pluce of equal aliquots, The contents
of the tubes were evaporated to dryness and the dry contents
of the tudbes were digested on an nmokﬁiozxm 0.8 ml
0% PCA for 25«30 min (23 glass beads were added in each
tude to aveid bumping). On cooling, 7 ml distilled water
was added into sach tube followed by 1,5 ml 2,5 ammonium
molyddate (w/v), After thorough mixing of the contents,
0.2 m) of {~anino p=bydroxy naphtbalens S-sulfonic aeid
(prepared by adding 2.5 g sediun bi-sulphite, 0.5 g sedium
sulphite and 0,042 g ANSA in 250 ml distilled water) ws
added in each tube, Thay were them capped and heated ia

boiling water-bath for exactly sevem min, cooled undey

16
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tap water and the develpped bdlue color was read against
the reagent blank, Total phosphorus was calculated from
a calibration wsurve previously prepared by using a m2P04
selution of knéwh molarity as standard, The phospholipid
values were obtained after multiplying the phosphelipid
phosphorus by a factor of 25 (Subrahmanyam & Venkatesan,
1968) .

(411) ZTotal triglycerides

Total triglycerides were determined by the method
of van Handel & Zilversmit (1957). Four g of Zeocarb-225,
placed in a glass stoppered 100 ml conical flask, was moistened
with 2 m1 chloroform, After adding a suitable amount of lipiad
extract, 10«20 ml chioroform was added. The contents were
allowed to atand for one hour at room temperature, with inter-
mittent shaking., Thay were filtered through a Whatman fllter
paper No. 1. Suitable aliquots were tranasferred into seven
test tubes except the blank in which equal amount of chloro-
form was added in place of aliqubts and then the solvents
were allowed to evaporate. The tubes were kept at 60-70%C
for 15 min after adding 0.5 ml eof 0.4% alcoholic KOH (w/v)
Tollowed by 0.5 ml of 0.2N H,S0, acid. Alcohel was P¥uoved
by immersing the tubes for 15 min in a gently boiling water-
bath., After coelimg, triglyceride contents were determined
by periodate oxidation. To the tubes 0.1 ml of 0.5M sodium
periodate solution was added and the oxidation was stdpped
oxactly after 10 min by the addition of 0.% ml of 0.5M sodium
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arsenite, A yellow color of iodine appeared whieh disappeared
within few minutes, then 9 ml ofv0.24% (w/¥) chrometropic

acid reagent (in 32504 and H0, 2:1, v/v) was added and heated
for exactly 30 min in a boiling water-bath., The developed
color was read against a reagent blank., The quantity of
triglycexrides is represented in terms of weight of mustard

0il which has been used to prepare a calibration curve as a

standard.

(iv) FEree fatty acids
Free fatty acids (FFA) were determined by the method

of Itaya & Ui (1965). Suitable aliquots of 1lipid extract were
added to seven stoppered pyrex test tubes, containing 6 ml
chloroform and 2 ml of phosphate buffer of pH 7, except blank
in which equal amount of chloroform was added in place of
aliquot and the tubes were shaken for 90 sec. After a setting
period of 15 min, the upper layer was aspirated with PVC
capillary, and 3 ml of copper»trieﬁ%nolamine solution was
added (1M triethanolamine : 1N acetic acid : 6.45% Cu(NOs), SHJO,
9:4:10, v/v/¥). The tubes were shaken for 10 min and after

15 min the copper-triethanolamine layer was aspirated. The
residue chloroform layer was filtered and two drops of 1%
sodium diethyle«thiccarbamate solution was added. The yellow
brown color, developed immediately, was measured against a
reagent blank. Free fatty acids were calculated from a
calibration curve prepared by using palmitic acid standard
solution in chlorofoim,
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(B) Fractionation and estimation of phopholipid

Phopholipids were further fractionated on scrupul-

. oumlf§ clean thin layer chromatographic glass-plates of

20x20 em (Griffin & George, Great Britain) which were

coated with a slurry of adsorbent Silica Gel G, containing.

13% CaSO 4 88 binder (from Centron Research laboratories, Bombay)
of uniform layer (about 0.5 mm thick) prepared by vigorously
shaking &a. speclfic amount of Silica Gel G with approximate-

ly a double amount of water in a. 250 ml ground glass Erlenme-
yer flask., The plates were left to dry at room temperature

for 2 hours, They were activated before use in an oven at
110%C for one hour. Definite amount of concentrated lipids.
were applied on the plates as spots, J=4 mm in dlameter,
2-4 om from the bottom edge of the plates. The solvent was
allowed to evaporate, The chromatoplate was placed in a.
developing tank of 23x23x7.5 cm (Griffin & George, Great
Britain) containing chloroform-methanol~water (65:25:4,
v/v/v) as the solvent system, after the method of Skipski,
Peterson & Barclay (1964), The chromatogram was developed
until the solvent front reached the designated distance

from within 10 em of the origin to the lenght of the plates.
The platevwas removed and air dried at room temperature for
20 min . The spots were encircled after visualizing them
with iodine vapour in another tank., A drop of water was
Placed on each of the encircled areas, which were removed
for analysis by scrapping off with & razor blade, The
scrapped Siliea Gel was transferred into the centrifuge
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tube by a thin knife spatula. The aress in which there

were no spois, were also removed to be used as blank. Each
spot was eluted from the Silica Gel by suspending the powder
in the chlorvform and centrifageé.‘ The supernatants were
.taken and their concentrations., were determined as described
aboved, The various fractions were identified by comparing
the Rf (Retardation factor) values with standard phospholipids
(obtained from V.P. Chest Institute, Delhi) applied on the
same plate.

(F) Enaymatic studjes
(a) Biological

Prior to the homogenate preparation the active meta-
cercariae were quickly damp dried on a Whatman filter paper
and weighed. The homogenate (5-10%, w/v) of the metacercariae
was prepared in ice-cold distilled water, using a glass
Potter~-Elvehjenm thssue homogeniser at 4°C, The pamples were
centrifuged at 1500 x g for 510 min <o remove cell debris
and the supernatant was used for enzyme assay.

(b) BEstimation of lipase activity
The lipase (E.C.3.1.1.3) activity was determined

colorimetrically by the method of Schmidt, Sterk & Dahl

(1974) using olive o0il as a substrate at pH 8.5. Suitable
aliquots of hemogenate were transferred in seven test tubes
except one (for blank) in which equal amount of chloroform
was added. One ml of ineudation mixture (olive oil suspension
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58ali: sodium deoxychelate 10mM: triethanolamine~ECl

buffer 1M, 50:5:4%, v/v/v) was added to each tube and

inewbated at 371 2°C for 10 min in a water-bath, The

reaction was styppped by putting the tubes in boiling
waterstath for -2 min., Five ml of chloreform followed

by 2.5 ml of copper reagent (prepared by dissolving 18.5 g
triethanolamine-HC]l in 70 ml distilled water and 6.45 g
Cn(NOS)ajﬁép in 100 ml distilled water, both the solutions

were mixed and pH 7.5 was adjusted with 5N NaOH and diluted

to 200 ml with distilled water) were added to the tubes, which
were then stoppered and shaken for approximately 20 min

and centrifuged. The upper layer was aspirated by polyvinyl
chloride capillary (PVC) pump and the lower layer was filtered
and 2 ml of filtrates were taken and 0,25 ml color reagent
(sodium di-ethyl di=thiocarbamate, 11mM ) was added to each
tube and the developed coloxr was read agalinst a reagent

blank, Free fatty acids, separated in the form of their copper
salts, were cakdculated from a calibration curve previously
prepared by using palmitic acid standard solution in chloroform,
The amount of FFAs liberated per unit time under optimal condition
is a measure of the lipase activity and the specific activity
was expressed as Mg FFA liberated per mg protein per hour,

(e) ect hormones/chemicals on 1i activit
In order to examine the effect of different kinds of
hormones and chemicals on lipase activity, the following were
used in the concentration mentioned against each in the optimal



reaction mixture: epinephrine 1/ug; insulin 40 nU;
testosterons50 mg; sodium fluoride 2x10“2} 2-propancl 1%
and iodoacetate (Na~salt) 107™°M and the lipase activities
were determined as described above.

in
(d) Rstimation of proteinéhomogenatos

The protein content of the homogenates was determined
by the metho# of Lowry, Rosebrough, Farr & Randall (195%)
using bovine serum albumin (Koch-Light, England) as a standard,



CHAPTER==Y
RESULTS



The total lipid content of the metacercariae of
C. gomplanatum is quite high and gccounts for 8.60% and 35.77T%
on wet and dry weight bases respectively. Analyses of the
lipid fractions reveal that the fat of the metacercariae
consists of 41.85% triglycerides, 26.16% phospholipids,
12.44% free fatty acids, 11.62% cholesterol and 7.94% unident-
ified 1lipids (Table=%).

Among the phospholipid fractions (Table-2), phosphatidyl
choline and phosphatidylethanolamine accounted for the major
polar lipids and are made up of 40,62% and 25% respectively;
whereas, lysophosphatidylethanolamine and lysophssphatidyl
choline are the minor polar lipids and comprise 15.62% and
12.50% respectively. Besides, there is about 8,64% unidentif-
ied polar lipids,

The amount of neutral lipids is higher than that ef
polar lipids in the metacercariae and are in the ratio of
5¢2. Among the other fractions, triglycerides and phospho-
lipids account for higher values and are in the ratio of
T:5 whereas, the free fatty acids and cholesterol are present
in equal ammounts,

Lipase is seen to be Quite active in the metacercariae
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having & speeific activity of 150.80 pe FFA liberated

per mg protein per hour. Further, the enzyme is sensitive

t0 hormones and various chemicals cause inhibition and
stimulation of the ensyme activity es shown in Table-3 ,
Surprisingly, all the hormones, which were used, stimulated
the lipase activity. The maximum stimilation was seen with
epinephrine, next with insulin and the least with testosterone.
In case of chemicals, sodium fluoride and iodoacetate

(Nawsalt) stimlated the lipase activity, whereas, propanol
inhibited the lipase activity completely.
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DISCUSSION
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(A) Composition

Our analysis of the lipid content (Table-1) indicates
that the metacercariae possess gquite high amount of lipia,
which is approximately about 8.6% and 35.77T% of the wet and
dry tissue welghts respectively. Cain & French (1975) have
classified adult trematodes into three categories on the basis
of the total 1ipid content, low (1-5% of dry tissue wnight);
high (about 34% of dry tissue weight) and intermediate (12-
13% of dry tissue weight). The high concentration of lipids
suggests that this metacercaria falls in the high 1ipid content
category of adult trematodes mentioned above, However,
this high 1lipid content in the metacercaria is not surprising
since the metacercaria closely resembles the adult except
that the reproduction is lacking. This may also be one of the
reasons for high lipid content in the metacercariae becaumse
it has been reported that helminths store lipids to produce
eggs and it has been observed that the decreased amount of
fat has been recovered from the explled eggs (von Brand, 1941;
a#il, 1958),

The total lipid content of the metacercariae are
comparable, both on the wet and dry weight bases, with the
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ZABLE=1
Tosal lipid and lipid fractions of the metacercariae of
Clinostomum complanatum
Content n % Wet wt % Dry wt % of Total lipids
M:SEM M:SEM
Total lipids 4 8,6:0,14 35.77+0.58 ——————
Triglycerides 5 3.6:0.18 14.931:0.80 41.85
Phospholipids 6 2,310.29 09.3910,51 26.16
Free fatty aclds 5 1.020.11 04.4610.47 12.44
Cholesterol 4 1,020,09 04.21+0.39 11.62
Tadentified 5 0.710.03  02.82:0.04  07.94

lipids
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adulis of @ptylophsyon eotylephorum, Fascjolopsip bupki,
Gigantocotyle ezplangtum and Echinoptoms malsyapup (Pusufi

& Siddiqi, 1976) and with the adults of Sghistopons mensoni
(Smith & Brooks, 19693 Smith, Brooks & White, 1963),

E- malavanup and Ipoparorchis hypselobagri (Tusufi & Siddsqd,
1976) respectively. The reason for the high lipid content
may be due to the prolonged survival of the metacercariaa;
which store and ytilize lipids primarily as energy substrate
(Engelbrecht & Palm, 1964)., But the total 1ipid of Fasciola

gigantica (Weinland & von Brand, 19§6); F. gigantica, Gastrothylsx

grumenifer and Paramphistomum explanatum (Goil, 1958) have
been reported low and are not compa¥ able with our observations

neither on dry nor on the wet weight basis. This disparity
nay be due to the different techniques employed, Further,
our results of total l1lipid contents are not in accordance

with those of G, crumenifer and Gastrodiscoides hominis
(Yusufi & Siddiqd, 1976, 1977).

However, the total lipid content of this metacercaris
is comparablecwith other helminths (Warren & Daugherty, 1937;
Robert{ 1961; Goodchild & Vilar-Alvarez,1§62; Beames &
Pisher, 1964) on wet weight basis and with other helminths
on dry weight basis (for reviews see von Brand, 1973 and
Vysotskaya & Sidorey, 1973). Fractionation of the lipids
showed that triglycerides account for a high percentage of the
total lipids in the metacercariae but the tr;glyetridc content
of the trematodes studidl Ly Bmith & Brooks (1963), Meyer,
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Meyer & Bueding (1970) and Yusufi & Siddiqi (1976, 1977) are
low and are not compar Able with our observations neither content
on the wet nor on the dry weight basis. The high triglyceridc/(

in the metacercariae may be due to the fact that they inhabit

the body savity of the fish Irichogaster fascigtug and the

body cavity of the fish is supposed to be blologically oxygen-
«rich environment (Smyth, 1956) and oxygen 4is known to be

required for the biosynthesis of unsaturated fatty acids in

other animals (Goldfine & Blech, 1963).

Cholesterol and free fatty acids are present in
approximately similar amounts and are in accordance with those
of Dugesia dorotocephala (Meyer et al., 1970), F. busks,

1. hypselobagri, G. hominis (Yusufi & Siddiqi, 1976, 1977)
and with those of §. mapsoni (Cicchni, Belli, HMesseri &
Passi, 1976), C. gotylophorum, G. grumenifer,,i. explanatum,

L. hypselobagri, G. hominis (Yusufi & Siddiqi, 1976, 1977)
respectively. It has been reported that trematodes do not

synthesize cholesterol and long chain fatty acids (Smith,
Brooks & Lockard, 1970; Meyer ot al., 1970), obvigsly

the presence of cholestercl and fatty acids may be of dietary
origin and which have been absorbed from the habitat in a
#inilar manner to that shown for Hymenolepis dimimmta (Frayha
& Fairbgirn, 1968) and also suggested for S, mansoni

(Smith et gl., 1970). Hence the nature of the habitat may
deeply influence its relative abundance in parasites (Barrett,
Cain & Fairbaiwm, 1970; Meyer ot al., 1970).

The study of phospholipid content and its fractions
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in trematodes is very meagre. Cephalin (which also includes
phosphatidyl ethanolamine, phosphatidyl serine and phosphatidyl
inesitol) which aecount for 25% of the total phospholipids

and is compar able with those of D. dorotocephals (Meyer

et al., 1970), F. hepatica (Oldgnborg, Vugt & Golde, 1975).
Lecithin, the major polar phospholipid, accounts for 40,.62%
and 18 in accordance with those of D. dorotocephala (Meyer

et al,, 1970); E. hepatica (Oldenborg et al., 1975);.G. hominis
(Yusufi & Siddiqi, 1977). Lysolecithin accounts for 12.50%
and is compar able with those trematodes studied by Yusufi

& Siddiqi, 11976, 1977).

The present investigation clearly indicates that the
total lipids as well as lipid fractions of the metacercariae
are similar to other trematodes inhabiting different habitats,
This suggests that the habitat of the metacercariae, 1f
playing any role in the lipid metabolism, has more or leas
#imilar influence as reported in adults.

There is no information available on thé lipid content
of metacercariae except few qualitative reports on neutral
lipids. However, the neutral lipids of the metacercarise of
C. gomplanatyn (Table-t) are identical to the metacercariae of

Leucochloridimorphs eonpiantise (Fried & Shapire, 1975);

Echipostomg revolujum (Butler & Fried, 1977);.Cotylurus sp
(Fried & Butley, 1377) and to the adults of L. gonstantise

(Fried & Pucel, 1976); B. yevolutum (Fried & Appel, 1977;
Fried & Bodderff, 1978); DP. deretogsphals (Fried & Grige, 1977).
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Phospholipid fractions of the metacercariae of
Clinostomum complanatum

Content n % Wet wt % Dry wt % of
phospholipid
MM MASEM

Tecithin & 0.93+0,0% 3090110 02 40,62
Cephalin 4 0.5810,01% 2.4010.,20 25.00
Lysolecithin 4 0.3610,01 1.5330,05 12.%0
Lysocephalin 4 0. 2910,05% 1.20:0,10 15.62
Unidentified 4 0.19+0.,01 08.64

lipids

0.81£0,05




These similapities lead us to suggest that the qualitative
nature of the neutral lipids in the metacercariae énd in
adult trematodea remains the same,

(B) Enzymatic ptudies

The lipase activity, which is about 150.81 ug FFA/
ng protein/h indicates that the breakdown of triglycerides
occur in the metacercariae, Lipase has also been localized
histochemically in the tegument and intestine (Alam & Nigami,
unpublished) which might be hydrolysing the triglycerides,
at or near the body surfaces and in the intestine respectively,
ultimately liberating glycerol and free fatty acids which
are being absorbed by simple diffusion for re-synthesis of
triglycerides probably by means of an O(-glycerophoaphate
pathway in the same manner as has been suggested for S. mansiénd
(Meyer et al., 1970)., Further, 2-propanol completely inhibite
this lipase activitiy and such inhibition has been reported
from other animals (Murray, 1929). Surprisingly, howuvor;
sodiun fluoride and ilodoacetate (Na~salt) stimulated the
lipase activity. The reason for this is not clear but Mattson
& Beck (1955) have also observed the same phenomenon in the
presence of sodium chloride, ammonium chloride and ammonium
sulfate and suggested that either it might be due to an effect
on the enzyme itself or be due to binding of the liberated
fatty acids as soaps. Insulin, epinephrine and teatosterome
have been found to increase the lipase activity of metacercariae,
a similar effect of epinephrine (Gordon & Cherkes, 1958;
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IABLE=3

Bffect of hormones/chemicals on lipase activity of the
netacercaria of Clipostomym gomplanatum

Chensoats Concentration . Milvity® * Stimdssien
MiSEM

Normal o—— 4 150,811:10.86 -—
Epinephrine 1 jug/ml & 545.,41129.38 -261 .66
Testosterone 50 ug/ml 4& 420,80+64,91 -101,93
Insulin 40 mU/ml 4 304.53115,98 -179.70
Sodium fluoride 2x10™2 4 446.4%112,92 ~101 .54
Sodium iodoacetate 10~ 4 317.48108,40 ~-196,01
2-Propanol 14 4 Ni1 -100,00

*Values are expressed as g FFA liberated/mg protein/hour



White & Engel, 1958; Engel & White, 1960; Rizack, 1961) and
insulin (Gordon & Cherkes, 1958) has been reported for rat
adipose tissue. The stimulatory effects caused by hormones

on lipase indicate that the lipase of metacercariae is hormone .
sensitive like that of rat adipose tissue (Chmelar & Chmelafova,
1970).

In the light of thevpresent study and with the help
of available literature, the following conclusions concerning
availability, absorption and possible speculative ensymatic
pathways which might be operating in the 1ipid metabolism
of the metacercariae, may be drawn, The metacercariae might
be synthesizing freely the water-soluble components of
complex lipids such as glycerol, choline, or inositol and
forming complex lipids from various precursers. As choleaterol
and long chain fatty acids are not synthesiged by trematodes
80 they might have heen absorbed from the habitat by simple
diffusion., Glycerol and FFA, the hydrolysed products of
triglycerides by lipase and fatty acids absorbed in the free
form may enter a common pool. From this pool, the triglycerides
of distinctive composition may be re-synthesigzed by means
of an (K -glycerophosphate pathway with the help of phosphatidic
acid precursor. It has been shown that the absence of a
functional /3-oxidation sequence in the helminths could be
related eithexr to the relative unimportance of the TCA cycle
to which [-oxidation is iightly coupled or to the low
environmental poz. The metacercaria understudy lives in the
body cavity of a fish which is partially oxygenerich environment.



Previous studies of the incorporation of 14’0—51ucozt and
fixation of ‘4002 by this metacercaria indicated that this
metacercaria has a functional TCA cycle. It would be of

- —— —Anterest to determine whether this metacercaria possesses -
a functional/non functional ﬁ -oxidation sequence or it is

absent,

As lipids are known to be synthesized in the parasite's
body and stored at various regions to meet the energy requirements
of their needs., Hence the high amount of lipids present in
this metacercaria may be correlated with the utilization of
this stored lipids for the production of energy for thim
unusual long surviving progenetic metacercaria, which dwells
for longer time span in the body cavity of a fresh water fish,
In addition, the capacity of the body to store carbohydrates
is rather limlited and as the metacercaria has attained full
growth so 1t cannot atore surplus proteins from the environment
to be utilized in the egg production which is lacking (may
be due to some physice-chemical factors or due to some trigger
stimuli which are not available in the intermediate host,
the fish). So perhaps the metacercaria might have actively
stored lipids to be needed to produce eggs because the average
metabolic energy derived from lipid is much higher, compared
to carbohydrates or proteins due to the oxidation of Ohigh.lz
reduced hydrecarbon radisal attached to carboxyl (-(’:’-m)
group of fatty acids. Thus, lipids may qualitatively and
quantitatively be an important source for energy requirements
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in this metacercaria of . complanatum,

A number of hormones/chemicals affect the mobilization
of fats, So the chemical factors which may'bo'o;jﬁziniiicanet
in the chemical physiology of larval trematodes, the hormones
of the host could be one of them, The actual mechanism of
their action is not completely understood as yet but the
following possibilities may be considered. Iirstly, the
host hormones may increase lipolysia of triglycerides by the
lipase. Secondly, it may increase the release of free fatty
acida, Thirdly, it may alter membrane permeability of the
parasitea to glucose and carbohydrate intermediates gnd thus
may increase triglyceride synﬁ?sis in the parasites, Several
hormones like epinephrine, testosteroncand insulin have been
tested and found to have stimulated lipolysis and caused
release of free fatty acids in the metacercaria of C. lanatum
in the present study. Similarly several chemicals like sodium
fluoride,. ilodoacetate and propanol have been tested in
dhich sodium fluoride and iodoacetate have stimulated, whereas

propanol has completely inhibited, the lipase activity,.



CHAPTER VII
SUMMARY AND CONCLUSION



The present dissertation is based on the "studies
on the 1lipid metabolism of the metacercariae of Clinostomum
complanatun®, The metacercariae possessed considerable
amount of lipids (about 35.77% Ary weigh¥)}. Fractionation
of the lipids showed triglycerides (about 41.857% of total
lipids) and phospholipids (about 26,.16% of total 1lipids) as
the major components, whereas cholesterol (about 11.62% of
total lipids) and free fatty acids (about 12.44% of total
lipids) were found to be minor components. Besides, there
is about 7.94% unidentified ligdds of total lipids. Furthsr;
phospholipid fractions by thin layer chromatography (TLC)
revealed lecithin (40.62% of total phospholipids) and
cephalin (25% of total phospholipids) as the major polar
1ipids, whereas lysolecithin (12,504 of total phospholipids)
and lysocephalin (15.62% of total phospholipids) were present
in small fractions., There is about 8.64% unidentified polar
lipids of total phospholipids, The amount of neutral lipids
is higher than that of polarvlipids and are in the ratie ef
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5¢2 respectively. The specific activity of lipase (3.0.3.1.1.3)
was found to be 150.31 Mg free fatty acids liberated/mg protein/

h. Different conceni¥rations of epinephrine, testosterone,
insulin, sodium fluoride, and iodoacetate stimulated the
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lipase activity, while 2-propanol inhibited the lipase
activity completely.

In econclusion, it is suggested that further studies
onr the identification of unknown lipids and atudy of other
ensymes of lipid metabolism like /g-oxidation will lead to
a better understanding of the lipid metabolism of the

metacercariae of . gomplanstum,
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Fig. 1. Thin layer chromatogram of phospholipid of the
netacercaria of G, complanatum
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