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ABSTRACT

The present study dealt mainly with the separation,
characterization and biological significance of some of the

lipid fractions of Echinococcus granulosus granulosus scolices,

The total lipids of E. g. granulosus scclices were extracted

and separated into different fractions {Bands} by the use of
thin-layer chromatography (TLC). From these fractions, choles-
terol, farnesol (esterified), farnesal and squalene were
detected while other fractions remained unidentified. Experi-

ments with the larval stages of two other helminths (Trichinella

spiralis and Fasciola hepatica) indicated a similarity in the

general pattern of their lipid constituents with those of

E. g. granulosus scolices.

Using 2}40ﬂmevalonate, we have shown that scolices did
not incorporate the label into cholesterol, farnesol, farnesal
and squalene; however, the saponifiable lipids were found to
be relatively highly labelled. Cholesterol was obtained from
the host in the esterified form and subsequently hydrolyzed
into free cholesterol by a possible enzyme system present in
the scolices. Cholesterol was also shown to be exogenously
supplied by the host in the case of T. spiralis larvae.

The above findings, together with the fact that

B. g. granulosus scolices incorporated radiocactive mevalonate

into lipid fractions which showed relatively strong biological
activity, suggested the possibility of finding an endocrine
system in the parasite, perhaps similar to that controlling
ecdysis in insects.

iv



TABLE Or CONTENTS

Page
CKNOJ“LEDGEL&EI.\ITS & 8 * a8 # & Py s Tk LN B N I A R A LR S iii
ABSTRACII‘ PR R R R R R R R R R I 2 B R I IR B CEE I RN B B B A A iV
LIST OF TABLES 4.veiiereriesrnconaanas teecesrreena vii

LIST OF ILLUSTRATIONS ..iveeveseocacntonacosnanenaas viii

INTRODUCTION  svvecveeeroannans ettt ee e eea .o 1
1l. General review ....eeeceves crerecessesrresnan 1
2. Scope of the current investigation .ieseesa.e. 7
MATERIALS AND MBTHODS ... cevenieecncencnonnes ces i 8
1. Parasite material .......... Checesesavaaanan. 8
2. Extraction of lipids .ecvevinecericinnneannn, 8

3, Thin-layer chromatography (TLC) ..civevevenen 10
4o Saponification of esters ............ e 11
5. Radicactivity measurements ....e.evvvecerese. 12

6. Infrared spectra (IR) ...vvvrrereerievanennnns 12

7. Melting point determinations «...ececevcces.. 13
8., Biological activity tests .eccevececenn P 13
9. Solutions, solvents and chemicals ........... 13
RESULTS R I I I I I IR TN IR TR Y I B N I I G L L * ® o s 0 F a8 T ) 15

1. The isolation and characterization of
cholesterol, and the detection of
farnesol, farnesal and squalene in
scolices of E. g. ZranulosSus «.cevessacsscacs 15




Page

Band I ..... G eeeceneaana et s s e s ceen 15
Band II LI N N B B K I B N BN R R B B B RN R R I N N RN R R B R R R 18
Bar]d II]- * # 8 8 8 8 ¢ 0 6 * 4 & 9 F 2 &% 0 W N E s 18

2. Cholesterol esters in E. g. granulosus
C}rst fluid [ I B B I B B B BN BN BN B O I RN B B RN N R R R N R Y 19

3. Hydrolytic action of homogenates from
E. g. grapulosus scolices on choles-
teryl acetate ...iciieivirenencrasnnns treseree 16

4, Lipid extracts of Irichinella spiralis
(Nematoda: Trichinellidae) larvae and
miracidia of Fasciola hepatica
(Trematoda: IFasClolid@e)] ....eeeeceseesseceas 21

5. Biological activities of the different
lipid fractions of E. g. granulosus

Scolices LR D I O 2 B R D R I R I B B R I IR I N R R R IR ] 22
6. Incorporation of ZEAC-mevalolactone

into E. g. granulosus scoliCes e.eecevcnee ‘e 24
7. The in vivo incorporation of Ath-

cholestercl into Trichinella
SPIralis Larvae ....e.vieeerecenrnsscnnavonns 29

DISCUSSIOI\T # ® 0 F 2 04 2 oer e LR BN I AN B NN BN R RE I NN B BN I I I I R I Y 30
COKCLUSIONS ...... et eecena tetreneaanscacana ceresee 35
REFERENCES ......... terec sttt reresrve L6

vi



LIST OF TABLES
Table Page

I. Identification of cholesterol, and compa-
rison of Rf values of Band I subfractions
from different sources .......... oo s i ey 17

II, Approximate Rf values of compounds detected
by TLC from the lipids of E. g. granulosus
scolices ...... Ceseers s s teavans et sra st aants 20

III. Biological activities of various lipid
fractions from scolices of E. g. granulosus
on cysticercoids of H. diminuta in in
vitro culture {expt. 1) +.veceevervrreovnonnes 23

IV, Biological activities of various lipid
fractions from scolices of E. g. granulosus
on cysticeroids of H. diminuta in in
vitro culture (expte 2] ..sevscesrraciconoenes 25

V. Incorporation of 2lAC_DL-mevalolactone
into various lipid fractions of E. g.
granulesus scolices .s.veeeenen trerecbevssieaany 28

vii



LIST OF ILLUSTRATIONS

Figure Page

1. Comparison of the infrared spectrum (IR)
of pure cholesterol with that of Band I ...... 37

2. TLC of Band I in solvent & (12) chee e 37
3. JR of Band Id s.eceesececnnroonvrsasunsernonnas 38
L. IR of farnesal ...veeeicecnorovenevencnnannnnse 38
5. TLC of the total lipids of E. g. granulosus

scolices in solvent 1 (I») with cholesterol
and farnesal as reference standards ......... . 39

6. TLC of Band II and ecdysone in solvent 10
(AS) -------------------- L A N R B N B B A B R ) 39

7. TLC of Band III {prior to saponification)
with reference standards in solvent 2
(AS) R EEEEE RN I I I NN R T R I N TN N IR S R I IR ) lI.O

8. TLC of the unsaponifiable fraction of
Band II1I with reference standards in
solventz(AS) LI I I DN I D I N I I I R B B B S I IR Y IR RN B R B A N hl

9. TLC of the unsaponifiable fraction of Band
IIT with reference standards in solvent
3 (A3) cveencrneccrnonas teressececrarrenne L2

10. TLC of the unsaponifiable fraction of Band
ITI with reference standards in solvent
L‘,(AS) ? e s s e PR I ER IR T EYPO LS PEE s T s r s T e TP T LTRSS l|-3

11. TLC of the unsaponifiable fraction of Band
IIT with squalene in solvent 5 {(AS) .......... L

12. TLC of the total lipids of T. spiralis
larvae in solvent 6 (I2) ..cvecvevronvenrsonns L5

13, TLC of the total lipids of F. hepatica
mil"aCidia il’l SOlvent6 (12) LR I BN A A N AN I L I B B l[—5

viii



INTRODUCTION

1. General review

The work on the lipid chemistry of cestodes has
progressed significantly in the last few decades. In his
summary on the work of many authors, von Brand (1966)
presented the variable amounts of the different classes
of lipids present in the larval and adult stages of
various cestodes. More recently, the work of Meyer et

al, (1966) on both larval and adult Spirometra mansonoides

indicated the presence of relatively large amounts of
neutral and phospholipids. Ginger and Fairbairn (1966)
demonstrated the presence of neutral and polar lipids in
adult Hymenolepis diminuta; triglycerides were found to
be the major component of the neutral lipids and choles-
terol was the only sterol present.,

Early studies on the lipids of the hydatid cyst

(Echinococcus granulosus) were performed by Cameron and

Fitzpatrick (1925) who reported the presence of choles-
terol in the scolices, fluid, and cyst wall. Lemaire and
Ribére (1935) reported the presence of creatinine and
lecithin in the cyst fluid. In 1952, Cmelik found that
cholesterol constituted 75% of the unsaponifiable material
isolated from hydatid cyst membranes (both laminated
cuticle and germinal membrane), More recently, Agosin

et al. (1957) reported that the total lipid content of

1



E. granulosus scolices was 13.6% of their dry weight.

This was compzrable to the lipid content of other helminth
parasites. By infrared spectroscopy, Kilejian et zl.
(1962) reported large amounts of lecithin and a variable

amount of cholesterol in crude extracts »f E. granulosus

scolices and laminated membrane.

Alshough studiss on the lipid (particularly choles-
terol) content of several parasitic helminths have been
performed, the exact biological significance of the
findings has remained obscure. With this in mind, it
will be interesting to note the biosynthetic pathway of
cholesterol in other classes of animals.

In vertebrates, cholesterol is biosynthesized
from acetate or mevalonate (reviswed by Staple, 1963).
In —wany insects, however, radioactive acetate or
mevalonate do not incorporate into cholesterol; it has
been shown that some insects do not sven synthesize
squalene, the noncyclic rrecursor of sterols (Clark
and Bloch, 195%9a; Robbins et al., 1960). In insects,
the biosynthetic pathwav of acetate or mevalonate appa-
rently is directed towards the synthesis of specific
hormones. 10 clarify the lines of thought pursued in
this study, a brief review of the endocrinological sys-
tem of insects will be presented, with emphasis on the
chemistry of the two important hormones, the juvenile

hormone and ecdysone,



Insect development takes place through different
molts. Feriodic molting appears to be under endocrino-
logical control, the main endocrine centers being the
brain and glands associated with it, namely the corpora
allata and prothoracic gland. Neurosecretory cells in
the brain produce the brain hormone which stimulates the
release of the prothoracic gland horwmone, ecdysone, which

in turn initiates molting. The corpora allata, however,

produce the juvenile hormone which is essential for larval
molting and whose effects are opposite to that of the
molting hormone. The relative concentrations of ecdysone
and juvenile hormone control the metamorphosis of insects,
from immature stages to the adult.

In 1954, Butenandt and Karlson first isolated
25 mg of ecdysone from 500 Kg of silkworm (Bombyx) pupae.
This compound was effective in quantities below 0.0075 mg,
when injected into ligated fly abdomens. The hormone was
shown to be a steroid (Horn et al., 1966}, the correct

structural formula of which was presented as

OH
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The above formula was recently confirmed by synthesis,
independently accomplished in three laboratories
(Harrison et al., 1966; Kerb et al., 1966; Furlenmeier
et al., 1966}, In 1963, Karlson and Hoffmeister demons-
trated the incorporation of radiocactivity from tritium
labelled cholesterol into ecdysone in Calliphora larvae,
indicating that cholesterol is a precursor to ecdysone,
Clark and Bloch (1959b) and Clayton (1960} showed that
95% of the dietary cholesterol in the beetle Dermestes
vulpinus could be replaced by sitosterol but 5% of it
remained essential. According to Karlson (1963), it

may be assumed that a small part of the cholesterol in-
jected into insects would be converted to ecdysone, the
majority still fulfilling cellular functions.

More recently, Hoffmeister (1966) isolated another
molting hormone, ecdysterone, from silkworm pupae, which
was chromatographically more polar and had stronger
biological activity than ecdysone. Horn et al. (1966)
isclated crustecdysone from crayfish which was biologi-
cally active and proved to be chemically similar to
ecdysone, with a hydroxyl group at the C-20 position,
Carlisle (1965) demonstrated the biological activity of
extracts from crabs, copepods and locusts on the immature

shore crab Carcinus maenas, indicating the presence of

a common set of interactive ecdysones in crustaceans and

insects.
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The juvenile hormone which has an effect opposite
to that of ecdysone on the molting stages of insects, was
first isolated as a yvellow oil from the abdomens of Cecropia
males by Williams (1956). Its biological activity was
tested by applying it on the pupal cuticle and noting the
adult cuticle produced. Karlson and 3Schmialek (1959)
injected extracts of the excretions of the beetle Tenebrio
molitor into mature larvae and noted the retardation of
pupation in 88% of the tested larvae. Later, Gilbert and
Schneiderman (1960) developed a bioassay for the activity
of the juvenile hormone of insects. In 1961, Schmialek
isolated 60 mg of an oil from 80 Kg of Tenebrio feces,
which was identified as farnesol and its oxidation product,
farnesal. Later, Schmialek (1963) showed that given
labelled mevalonic acid, insects can synthesize labelled
farnesol and farnesal. Using the farnesol isolated by
Schmialek (1961), as well as commercial farnesol,
Wigglesworth {1961, 1962) showed that it reproduces all
the effects of the juvenile hormone when applied to the
surface of the cuticle of the insect Rhodnius. The main
effects were retention of larval character and partial
reversal of metamorphosis in the molting adult,.

Schneiderman and Gilbert (1964 ) showed that many
other compounds such as phytol, farnesyl acetate, farnesi-
nic acid and farnesyl methyl ether also exhibit juvenile

hormone activity. Other active compounds have also been



isolated from protozoa and invertebrates (Schneiderman
et al., 1960; Fisher and Sanborn, 1962), and even from
the balsam fir tree (Bowers et al., 1966). Wigglesworth
(in Schmialek, 1961) suggested the possibility of a
number of chemicals mimicking the true juvenile hormone.
According to Gilbert (1964), it is probable that a few or
all of these compounds are precursors or metabolites
which could be converted to the true hormone within the
animal's body. It seems clear that in insects, the
pathway of mevalonate is directed towards the synthesis
of specific hormones, whereas in vertebrates, mevalonate
biosynthesizes cholesterol. The fate of mevalonate in
cestodes, yet another group of organisms, 1s an intriguing
problem.

The work on cholesterol biosynthesis in cestodes
is still in its infancy., Ginger and Fairbairn (1966)
demonstrated the incorporation of lth—acetate (5.9% of
the total neutral lipid incorporation) into the choles-

terol fraction of Hymenolepis djiminuta., However, Meyer

et al. (1966} reported no de novo synthesis of sterols in

Spirometra mansonoides, and Frayha (1964) observed that

1¥C_acetate did not incorporate into the cholesterol
fraction of &. granulgsus scolices, whereas when 26}40-
cholestercl was fed to mice infected with the scolices,
the label did appear in the cholesterol isolated from the

scolices. The bioclogical activity observed on the nema-



tode Trichinella spirzlis larvae by Meerovitch (1965)

revealed that farnesol inhibited development of the larvae

whereas ecdysone promoted moltinge.

Scope of the current investigation

In this study, the main parasite used was Echino-

coccus pranulosus granulosus (Dailey and Sweatman, 1965).

Lipid fractions of E. g. granulosus scolices were isola-

ted and compared with those cobtained from a nematode

(Trichinella spiralis) and a trematode (Fasciola hepatica).

Experiments were also performed to show the chemical state

of cholesterol in the cyst fluid of E. g. granulosus, as

well as its in vitro transformation in the scolex. Since
mevalonate was shown to be a precursor of the juvenile
hormone in insects (Schmialek, 1963), an attempt was made
to correlate the biological activity of the different
lipid fractions of E. g. granulosus scolices with their
biosynthesis from mevalonate. The possible existence of
a comparable endocrinological system in helminths, parti-
cularly E. g. granulosus, was the prevailing objective of

the current investigation.



MATERIALS AND METHOD3

1. Parasite material

Livers and lungs of sheep and cattle infected with

cysts of B. g. granulosus were obtained within a few hours

after slaughter of the host. The hydatid fluid and scoli-
ces* were withdrawn from the cysts aseptically by a needle
and syringe according to the method of Agosin et al. (1957).
The scolices were allowed to settle in a conical flask,
removed with a Pasteur pipette and washed 3 to 4 times

with distilled water. They were then separated by low
speed centrifugation, transferred into 125 ml beakers and
lyophilized in a Virtis Llyophilizer.

For the biosynthetic experiments, the live scoli-
ces were washed 3 to 4 times with disodium monohydrogen
phosphate and potassium dihydrogen phosphate buffer of
pH 7.4 (Clark, 1920), and then separated by decantation.

Hydatid fluid was filtered through Whatman No., 3

filter paper and lyophilized.

2. Extraction of lipids

The total lipids of the scolices were extracted

by a procedure similar to that of Folech et al. (1957).

#The term scolices is used both for the scolices and
brood capsules all through the text.

-8 -
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The lyophilized scolices were mixed with 100 ml of chloro-
form:methanol (2:1, v/v) and agitated on a shaker for
6 hours. The mixture was then centrifuged and the super-
natant was filtered through Whatman No. 3 filter paper.
This procedure was repeated three times. The combined
extracts were evaporated under reduced pressure at 40°¢C
to a volume of 10 ml. This was washed with an equal
volume of water (Beames, 1965). After standing for 1 to
2 hours, the chloroform layer was separated and washed
with a 0.5 volume of 1% KC1 solution. The aqueous layer
was mixed with an equal volume of chloroform:methanocl (2:1)
and the chloroform layer was collected after the clear
separation of the interphase. The chloroform extracts
were combined and stored overnight at -20°%¢, They were
then filtered in the cold. The filtrate was dried over
Nazsoh and evaporated to dryness under reduced pressure
at hOOC. The residue was weighed, dissolved in a minimum
amount of chloroform and spotted on thin-layer chromato-
graphy (TLC) plates to obtain fractionation of the total
lipids. The completeness of the extraction was tested by
extracting the scolices with chloroform:methanol (2:1,
v/v) in a Soxhlet apparatus for 24 hours.

Lipid extraction of the lyophilized cyst fluid was
performed in a Soxhlet apparatus for 24 hours. The solvent
was evaporated to dryness under reduced pressure at hOOC

and the residue was spotted directly on TLC plates.
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A1l separatory funnels were equipped with Teflon
stop cocks. All stoppers were covered with aluminum foil.
Evaporation of solvents was carried out under an atmos-
phere of nitrogen from a nitrogen tank. All samples were
stored in chloroform at -20°C in an atmosphere of

nitrogen. Exposure to light was avoided whenever possible.

3. Thin-laver chromatography (TLC)

Thin layer plates, 0.25 mm thick, were prepared
from Silica Gel G (Merck according to Stahl). The plates
were spread and subseguently dried at 110°C for 30 minutes.
They were reactivated for 10 minutes at 110°C each time
before use. The solvent was allowed to run 12 to 13 cm
from the point of sample application in preequilibrated
chambers away from light. The solvents were renewed after
the development of one or two plates. In special cases,
the "Chromagram” (Eastman Kodak) plates (0.1 mm thick,
type K 301 R 2, Silica Gel) were used.

After development, the plates were air dried,
examined under a long wave length lamp {ca 350 mpy), and
the spots visualized by either exposing the TLC plates
to iodine fumes for a few minutes or by spraying with an
appropriate reagent followed by activation at 110°C for
10 minutes.

The solvents used for TLC development were:

(1) methylene chloride:acetone (92:8, v/v); (2} methylene
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chloride; (3) benzin (50-70°C):ethyl acetate (85:15, v/v);
(4) hexane:ethyl acetate (92:8, v/v): (5) hexane; (6)
chloroform:acetone (90:10, v/v); (7) chloroform:ethyl
acetate (80:20, v/v); (8) chloroform; ($) chloroform:
acetone (80:20, v/v); {10} chloroform:methanol (85:15,
v/v).

The spray reagents used were Lieberman-Burchard
reagent according to Waldi (1965), and Anisaldehyde-sul-
furic acid reagent {Waldi, 1965). LB or A4S in the results
indicates the reagent used as a spray indicator. 12 indi~
cates exposure to iodine fumes.

Bands and spots were located by spraying each end
of a TLC plate with an appropriate reagent; the remainder
of the band was scraped off and extracted with chloroform.
Bands located by exposure to iodine fumes were extracted
with chloroform after the iodine was allowed to sublime

in an oven at lOOOC.

4. Saponification of esters

Lipid esters were hydrolyzed by refluxing them in
3 to 5 ml of 5% ethanolic KOH for 24 hours under an atmos-
phere of nitrogen. At the end of the saponification time,
5 ml of distilled water was added to the mixture and the
ethanol evaporated by immersing the flask into a water
bath at 45°C and bubbling nitrogen into it. The solution

was then extracted three times with 5 ml ether portions;



- 12 -

The extracts were dried over NaQSOh and the sclvent eva-
porated under nitrogen. The residue was taken up in a
minimal amount of chleroform and directly utilized for

the various experiments.

Radicactivity measurements

All radioactivity measurements were performed in
a Packard triearb scintillation spectrometer (Model 3003),
with an efficiency of 70% and a background count of 8 cpm.
The samples were counted in liquid scintillation glass
vials (20 ml capacity), with 18 ml of liquid scintillation
Moocktail! containing 4 g of 2,5-diphenyloxazol ("PPOY)
as primary scintillator and 50 mg of dimethyl-1,4-bis
/Z{5-phenyloxazol )benzene/ ("Dimethyl-POPOP") as secon-
dary scintillator per liter of toluene. Samples which
were insoluble in the "cocktzil™ were first solubilized
in 3 ml of dioxane and to them 15 ml of the "cocktzil" was
added. In the case of samples which were too small to be
eluted from the TLC plates, the 3ilica Gel was scraped
off, mixed with the "cocktail" and counted according to

the method of Snyder and Stephens (1962).

Infrared spectrz (IR)

All infrared spectra were recorded with a Perkin-
Elmer infrared spectrophotometer (Model 237), in solution

form (CHCl3) at a concentration of 10% (w/v).
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7. Melting point determinations

All melting points were determined with a Thomas

Hoover capillary wmelting point apparatus.

8. Biological activity tests

The evaluation of the biological activity of the

different 1lipid fractions of E. g. granulosus scolices

was performed by Mr. A. Berntzen of the Department of
Biology, Portland State College, Portland, Oregon, accnr-
ding to his published procedure, Berntzen and Mueller
(1964 ). Essentially, the method involved the inoculation
of the various lipid fractions with scolices obtained from

cysticercoids of Hymeneolepis diminuta which he dissected

from infected Tribolium confusum beetles, according to the

method of Rothman (1959). The inocula were maintaired at
3700, and the general appearance, growth and mortality of

the worms were observed after a period of 4 to 6 days.

9. Solutions, solvents and chemicals

The antibiotic solution was prepared by diluting

with distilled water 200,00C units of penicillin and 200 mg

of streptomycin to a final volume of 400 ml. All solvents
and substances used as reference standards were reagent
grade. Farnesol, farnesal and squalene, produced by
Light Co., London, England, were kindly supplied by

Dr. Ibrshim Durr and exhibited single peaks in gas-liquid
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chromatography. Ecdysone was kindly supplied by Syntex
Research Co., Palo Alto, California. 2:#C_DL-mevalolactone
and hlAC-cholesterol were purchased from the Radiochemical
Centre, Amersham, England. Radicactive cholesteryl
acetate {synthesized from hlAC—cholesterol) with a
specific activity of 1.55)(1(3"+ cpm/mg, was kindly provided
by Dr. George Digenis. The ester was shown to be pure

by TLC in solvent 2(4S) and subsequent radicautography of

the chromatogram.



RESULTS

1. The isolation and characterization of cholestercl, and

the detection of fernesocl, farnesal and squalene in

scolices of E. g. granulosus

When duplicate samples of lyophilized scolices,
0.495 g in weight, were extracted with chloroform:imethanol
(2:1, v/v), 0.067 g of total lipids were obtained. Thus,
the total lipid content of the lyophilized scolices was
13.56% of the dry weight, a figure consistent with that
reported by Agosin et al., (1957). In order to isolate
and identify the lipid constituents of E. g. granulosus
scolices, thin-layer chromatography (TLC) separation tech-
nigues were used. The total lipid residue with preparative
TLC in solvent 1 {LB) produced three main zones which were
named Bands I (having the same mobility as cholesterol),

II (origin and 1 cm above), and III (at the solvent front).

Band 1

BElution of Band 1 with chloroform yielded 0.022 g
of a slightly yellowish-white crystalline product, the
infrared spectrum of which showed minor differences in
the "finger-print" region (Fig. 1) from that of pure
cholesterol. Recrystallization of this compound from
dilute ethanol yielded €.015 g of white plates (m.p.

lh?-thOC), which were identified as cholesterol

- 15 -
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following mixed melting point determinations., These
results showed that cholesterol amounted to 3.03% of

the dry weight of E. g. granulosus scolices (0.21% wet

weight, since one gram of lyophilized scolices was
equivalent to 14.5 g of wet fresh scolices). A compa-
rison of the total weight residue from Band I (0.022 g)
with that of cholesterol (0.015 g) revealed that Band I
contained more than one compound. Therefore, a more
refined subfractionation of Band 1 was undertaken with
the "Chromagram" (Eastman Kodak) TLC technique, using
four solvents 6-9 (Iz), with known cholesterol as
reference. At least two additional compounds became
recognizable. Subfractionation of a new Band 1 residue
{0.064 g) in solvent 6 (12) produced four zones (Fig. 2)
which were designated Ia (0.001 g), Ib (0.003 g), Ic
(0.038 g) and Ia (0.014 g). The Rf values of Band Ic
(Table I) proved Ic to be the source of cholesterol
previously observed by infrared spectrum and mixed
melting point determinations, in the original Band I.
Band Id (Fig. 2) exhibited peaks in its infrared
spectrum (Fig. 3} which were similar to, but not iden-
tical with, those of farnesal (Fig, 4). Farnesal also
appeared at the upper edge of Band I (Fig. 5), when
Band I was developed in solvent 1 (I,). Since farnesal
was detected in Band III {seec below), it was possible

that Band Id contained farnesal as a contaminant from
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TABLE I

IDENTIFICATION OF CHOLESTEROL, AND COMPARISON OF

Rf VALUES OF BAND I SUBFRACTIONS FROM

DIFFERENT SOURCES

Source Solvent®* 1Ia Ib Ic id Cholesterol

6 0 0.4y 0,73 Fx# 0.7,

E. g. granulosus 7 0O 0.43 0.74 F 0.75

scolices 8 0 0.26 0.46 F 0.45

9 0 c.61 0.80 F 0.80
T. spiralis 3} O C.4,8 0.8 F
larvae 7 O C.45 ©.81 F
8 O 0.36 0.57 F
miracidia 7 O .41 0.80 F
8 0 0.35 0.52 F

#See Materials and Methods for solvent formulation.

##F = Solvent front.
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Band III. However, judging from the infrared spectra
of farnesal and Band Id, it was also possible that

Band Id was a compound chemically similar to farnesal.

Band IT

Considering the possibility of ecdysone {a
relatively polar compound with a low Rf in low polarity
solvents) being a constituent of Band 1I, it was chro-
matographed with the residue from Band II in solvent 10
(AS). No ecdysone was detected (Fig. 6}, Possibly,
Band II contained esterified ecdysone; however, when
it was subjected to alkaline hydrolysis and the un-
saponifiable fraction isolated, no ecdysone could be
detected by TLC in solvent 10 (AS). Therefore, the

Band II residue remained unidentified.

Band ITI
Elution of Band III with chloroform yielded
0.020 g of aviscous liquid, the infrared spectrum of

which showed a peak at 1740 cm™t

, indicating the
presence of esters. When a small amount of the oil was
submitted to TLC in solvent 2 (AS), farnesal and cho-
lesterol were identified {#fig. 7). The remaining resi-
due from Band III was subsequently subjected to alkaline

hydrolysis and the unsaponifiable matter (0.007 g) was

chromatographed with TLC in solvent 2 (A3). Choles-
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terol, farnesal and farnesol were detected by compa-
ring the migration of the spots in solvents 2-4 (AS)
together with those of pure samples of the above com-
pounds (Figs. 8-10). The spot at the solvent front

in Figs. 8-10 was shown to be squalene by TLC using
solvent 5 (AS) as in Fig. 11. Table II summarizes

the approximate Rf values of the above compounds.

With the TLC technique, therefore, cholesterol, farnesol,
farnesal and squalene were identified in the scolex

lipids.

2. Cholesterol esters in E. g. granulosus cyst fluid

Lipid extraction of 0.500 g of lyophilized fertile
cyst fluid yielded 0,110 g of a semisolid residue. In
order to determine the chemical state of cholesterol,
this residue was dissolved in 0.5 ml of chloroform. An
aliquot from it (10-204) was spotted on TLC in solvent 1
(LB), but no cholesterol was observed. Upon saponifica-
tion of the remaining residue, however, and subsequent
TLC of the unsaponifiable matter, cholesterol was detec-
ted, indicating that this sterol was found completely

esterified in the cyst fluid of E. g. granulosus.

3. Hydrolytic action of homogenates from E. g. granulosus

scolices on cholesteryl acetate

To detect the presence of a hydrolytic enzyme
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TABLE Il

APPROXIVATE Rf VALUES OF COMPOUNDS DETxCTED BY TLC FROM

THE LIPID3 OF E. G. GRANULOSUS SCOLICES

Solvent

Compound

Cholesterol 0.83 0.28 0.26 0.11 0

Farnesal 0.94 0.72 0.71 0.45 0
Farnesol e Cu k42 0.34 0.15 )
Squalene F F F F C.32

#F = Solvent front.
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system in the scolices, one gram of live scolices was
homogenized in a Potter-Elvehjem homogenizer. The homo-
genates were incubated with 1 ml of antibiotic¢ solution,

4 ml of phosphate buffer and 0.006 g of radioactive choles-
teryl acetate in a water bath at 3700 for 24 hours with
rigorous continucus shaking. As a control, radioactive
cholesteryl acetate was incubated under identical condi-
tions with 1 ml of antibiotic solution and 4 ml of phosphate
buffer. At the end of the incubation period, the experi-
mental mixture was extracted with chloroform for its 1li-
pids. The cholesterol fraction, isolated by developing
the lipid extract in solvent 2 (AS) was counted and found
to contain 156 ¢pm. However, no radiocactive cholesterol
was obtained from the control. The results indicated the

hydrolysis of the cholesterol ester into free cholesterol.

Lipid extracts of Trichinella spiralis {(Nematoda: Trichi-

nellidae) larvae and miracidia of Fasciola hepatica

(Irematoda: Fasciolidae)

The TLC technigue was used to compare the general
lipid patterns of IT. spiralis larvae and miracidia of F.

hepatica with those of E. g. granulosus scolices. For

this study, T. spiralis larvae were obtained by pepsin-
HC1 digestion of the muscles of two mice infected two
months previously. These were then washed and lyophiligzed

to a dry weight of 0.100 g. Miracidia were collected
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daily from £, hepatica eggs, released by the adults in
tap water at room temperature, over a period of 5 weeks.
These were pooled, washed and lyophilized to a dry weight
of 0.047 g. Lipid extraction was performed as described

for E. g. granulecsus scolices. when the total lipids

from these species were separated by TLO in solvent 1

(LB), the fractions obtained appeared analogous to

Bands I, I1 and III., Further subfractionation of Band I
residues into Bands Ia, Ib, Ic and Id on TLC in solvents
6-8 (IZ) yielded chromatograms for the larvae and miracidia
similar to those of the tapeworm (Figs. 12 and 13).

Table I shows the comperative similarity of the R values

of Bands Ia, Ib, Ic and Id from the three sources.

Biclogical activities of the different lipid fractions of

E. g. granulosus scolices

In order to determine the effect of scolex lipids
as a growth factor, freshly isolated samples of Bands I,
II and IIl, as well as samples of Bands la, Ib, Ic, Id,
IT and II1 from a second source, were tested for their
effect on the development of the unrelated cestode

Hymenolepis diminuta by Mr. A. Berntzen. Table III shows

that the addition of Bands I and II but not of III, to
the culture medium of H., diminute resulted in shorter
worms, suggesting growth supressicne. Among the subfrac-

tions of Band I, Band Ic¢ (in high concentrations)
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supressed worm growth, whereas Band Id enhanced it. Bands
Ia, Ib, II and III exhibited no marked changes (Table IV),
Interestingly enough, the combined extracts of Bands Ia,
Ib, Ic and Id, and of Bands Ia, Ib and Id, produced
marked supression of growth. The results indicated incon-
sistent effects on the development of H. diminuta by the

different fractions of scolex lipids.

Incorporation of 2}h0-mevalolactone into E. g. granulosus

scolices

An experiment was performed to trace the pathway
of mevalonate in the different lipid fractions obtained
from E. g. granulosus scolices. In a 50 ml Erlenmeyer
flask, 3.0 g of live scolices were incubated with 4 ml
of phosphate buffer, 1 ml of antibiotic solution and 1 ml
of 2t*C_mevalolactone (specific activity 3.11x10° cpm/
0.0L xM/ml) in a water bath at 37°C with continuous
shaking for 5 hours. At the end of the incubation period,
2 ml of 3N HZSOA was added to the flask. The scolices
were separated by low speed centrifugation, washed several
times with distilled water, and then transferred to a
125 ml Erlenmeyer flask; their lipids were extracted and
fractionated on TLC into Bands I, II, II1, Ia, Ib, Ic and
Id. To show the presence of ecdysone (undetectable by
TLC)}, Band II was developed in solvent 10 (A3} as pre-

viously described, and the adsorbent on the TLC plate
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TABLE IV

BIOLOGICAL ACTIVITIES OF VARIOUS LIPID FRACTIONS FROM
SCOLICES OF E. G. GRANULOSUS ON CYSTICEROIDS OF

H. DIMINUTA IN IN VITRC CULTURE (EXPT. 2)

Tentative . Mean lengthi :
Band  identifi- Cigceitrizigg/ {mm} after Mortgllty
cation mLom 4 days ”
Ia 0.0009 1.90
Unknown 0.009 1.93 5
0.09 1.G62
Ib 0.0026 1.8C
Steroid(s) C.G26 1.85 50
C.26 1.87
Ie Cholesterol 0.382 1.94 5C
Other com- 3.82 C.453
pounds
Id 0.0140 4.18
Farnesal(?) C.140 L4.,5C 5
II 0.0036 1.92
Unknown 0.036 1.93 5
0.36 1.92
IiI Cholesterol 0.0126 1.93
Farnesol 0.126 1.91 5
(esterified) 1.26 1.88
Farnesal

Squalene
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TABLE IV (continued}

Tentative

Mean length

. i C ati Mortalit
Band  identifi- boncentrdﬁ}on/ () after : Y
cation 10 ml medium L days o
1.92 5=6
1.91
Ia,b,ec,d
a = 0.09 50
b= 0.26
Cc = 3 -82
d = 1.40 0.1%6 vs 2.00 {control)
i a,b,d
a = 0,09 50
b = Q.26
d = 1.40 0.191 vs 2.00 (control)

#Random measurements on 15

of 5C cultured cysticercoilds.



was subdivided into 2.5 ¢m wide bands which were designa-
ted Bands Ila, IIb {ecdysone level), Ilec, 1Id and Ile
Fig. 6); each was scraped off separately and eluted.

All the isolated fractions were counted in the scintilla.
tion counter (Table V).

The radiocactivity in Band IIb (ecdysone level)
was negligible; thus, no biosynthesized ecdysone could
be detected in Band 1I.

Band Ic¢, containing the free cholesterol band,
had a specific activity of 30 cpm/mg as calculated from
a duplicate sample. To show if the label was incorporated
into cholesterol or not, 0.046 g of pure unlabelled
cholesterol was added to 0,004 g of Ic, and the whole
recrystallized from 95% ethanol. The specific activity
of Ic dropred to 7 cpm/mg after the first recrystalliza-
tion. Two more recrystallizations from acetone:absolute
ethanol (1:1, v/v) yielded a final specific activity of
2 cpm/mg. These results indicated that Band Ic, pre-
viously identified as cholesterol, contained one or more
compounds besides cholesterol, to which the label was
incorporated.

Band III was saponified and the different fractions
in solvent 2 (AS) were counted. Nearly all the incorpora-
ted radicactivity of Band I1I resided in its saponifiable
fraction. Clearly, mevalonate incorporated mostly into

the saponifiable fraction of scolex lipids with some
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TABLE V

LNCORPURATLION OF 21%C_DL_i&VALOLACTONE INTO VARIOUS

LIPID FRACTIONS OF E. G. GRANULOSU3 SCOLICES

%
Band c¢pm Incorporation
I 1096 C.82
Ia 5 negligible
Ib 115 .08
Ie 148 C.2C
Ig 502 C.37
pt 171 0.13
I1a negligible negligible
I1b (Eedy- g 0.01
sone level}
Iic 34 0.0
1Id 93 C.C7
I1le 9 0.01
11X 826 0.62
Origin 81 0.06
Unsaponi- C?oiziterol L negligible
fiable frac- €
. farnesol 35 0.C2
tion of level
Band III Farnesal 11 0.01
level
Squalene 6 negligible
level
Saponifiable 827 0.62

fraction of
Bang III
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incorporation into traces of unidentified compounds pre-

sent in Band Ic.

7. The in vivo incorporation of Q%AC-cholesterol into

Trichinella spiralis larvae

In this experiment, the transfer of cholesterol
from the host to I. spiralis larvae was examined. Two
mice, infected with the larvae for four months, were fed
for a week on food pellets soaked with hth-cholesterol

(3 uc equivalent to 4.66x106

cpm)., The lipids were
extracted from larvae collected from the mice as pre-
viously described. Upon isolation and counting'of the
Band I residue, 310 cpm were ifound to be incorporated
inte it. The above residue was saponified, and to the
unsaponifiable fraction {0.013 g), carrier cholesterol
(0.037 g) was added and the whole mixture recrystallized
twice from 95% ethanol and twice from ether:absolute
ethanol (1:1, v/v) to a constant specific activity of
38, 31, 31 and 26 cpm/mg. A specific activity of

25 cpm/mg would be expected if all the label resided in
the unsaponifiable fraction of the Band I residue.

Clearly, cholesterol became incorporated into the larvae

by transfer from the host.



DISCUSSION

The total lipid content of E. g. granulosus scolices

(13.6% dry weight) was identical with the results obtained
by Agosin et al. (1957). McMahon (1961) reported a total
lipid content of 6.9% (dry weight) for larval Taenia

taeniaeformis, whereas Meyer et al. (1966) reported a

value of 16% for larval Spirometra mansonoides. Broad

differences are apparent in the lipid content of different
species of cestodes.

Cholesterol seems to be the major sterol in helminths.
Fairbairn and Jones (1956} showed that 75% of the unsaturated

sterols of Ascaris lumbricoides was cholesterol., Thompson

and coworkers (1960) reported that 98% and 85% were the
respective amounts of cholesterol present in the unsaponi-

fiable matter of adult Tzenia taeniaeformis and Moniezila sp.

The current study showed that in H. g. granulosus scolices

from cysts, free cholesterol constituted 3.03% of the dry
weight. The above figure showed an even higher cholesterol

content compared to that of Taenia taenigeformis, for which

von Brand and coworkers {1965) reported a value of 1l.4%
{dry weight).

In the fertile cyst fluid, however, chclesterol was
shown to be completely in the esterified form. This observa-
tion completed the information obtained from the results of

Cameron and Fitzpatrick (1925) whose methods could not

- 30 -
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distinguish between free cholesterol and its esters in the
cyst fluid.

The detection of farnesal before and after saponifi-
cation of Band III, proved that it was not an artifact of
saponification. Since farnesol was detected only after
saponification, it was assumed to be present as esterified.
The presence of cholesterol in Band III could be attributed
to contamination (due to elution) from Band I.

Although farnesal, [arnesol and squalene were detected
by TLC, the negligible incorporation of 2 _mevalolactone
into these compounds and cholesterol suggested that the
terpenic pathway was directed towards the biosynthesis of
compounds other than cholesterol or its direct precursors.
The above suggestion was also supported by the fact that the
incorporated radioactivity into Band lc¢ was found to reside
in the compounds accompanying cholesterol. Our results were
consistent with those of Frayha (1964) using 11h0-acetate.
Due to the limited availability of the parasitic material, it
was not possible to chemically characterize such important
Bands as Id, Ic (containing compounds in trace amounts) and
the subfractions of Band I1. However, further tests are
being performed at the present, in an attempt to characterize
some of the above bands.

The relatively high incorporation into the saponifiatle
fraction of Band III (62% of total incorporation) indicated

the efficient biosynthesis of glycerides from mevalolactone,
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Mever et al. (1566) reported that the cestode Spirometra

mansonoides lacked mechanisms required for the de novo

synthesis of stercls, but was able to synthesize triglycerides
and sterol esters with exogenously supplied sterols and fatty
acids., Our observations seemedto agree with the results of
the above wcrkers.

The fact that radiocactive cholesterol was isolated
from the scolices upon incubation with radicactive cholesteryl
acetate, indicated the presence of an enzyme system respon-
sible for the hydrolysis of the cholesterol ester. The
above was consistent with the results of Lee and coworkers
(1963) who reported the presence of nonspecific esterases
in various tapeworms. Frayha (1964 ) demonstrated the passage
of 26 4C-cholesterol from the host (infected mice) to the

scolices of E. g. granulosus. Considering the above findings,

it seemed reasonable to assume that in E. g. granulosus

scolices, cholesterol was obtained from the host esterified,
and was subsequently hydrolyzed to free cholesterol by the
scolicess

The data concerning the biological activity of the
different lipid fractions indicated the greatest activity in
BandsI and II (Table III) of which Bands Ic and Id showed
striking activities (Table IV}. It is interesting to note
that Band Ic which was found to contazin mainly cholesterol,
was active only in high concentrations. The activity could

be attributed to either cholesterol acting in relatively
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high concentrations with toxic effects, or to the traces of
e

compounds present in this fraction to which 2} mevalonate
was incorporated. Since Band Id was suspected to be a
compound chemically similar to farnesal {or a contaminant
from farnesal}, its biological activity was not surprising,

in view of the fact that farnesol was previously shown to

have juvenile hormone activity on molting Trichinella

spiralis larvae (Meerovitch, 1965). It was interesting to
note that the overall effect of the combined extracts of
Bands Ia, Ib, Ic and Id, and of Bands Ia, Ib and Id was that
of striking growth supression. This could be due to the
synergistic effect of the bands acting together. However,
no conclusions could be drawn on the nature of activity
(stimulatory or inhibitory) of the above lipid fractions,
due to the lack of additional information concerning the

morphology of the developing Hymenolepis diminuta used in

the testing system. Moreover, an improvement on the biolo-

gical activity tests would be to use E. g. granulosus

scolices instead of H. diminuta cysticercoids for the testing
system. In this way, data resulting from any possible toxie
effects on the parasite would be eliminated.

The crude separation of 1lipid fractions from larval

stages of Trichinella spiralis and Fasciola hepatica, and

their similarity to those of E. g. granulosus scolices,

suggested the presence of a similar pattern of lipids in the

three classes of helminths (Cestoda, Nematoda and Trematoda).
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The isolation of labelled cholestercl from T. spiralis
larvae collected from mice infected for four months and fed
on radiocactive cholesterol, suggested that the larvae
obtained their cnolesterol from the host, even at a well
encapsulated stage. The above was consistent with the work
oi' Prayha {1964} who isolated 26th-cholesterol from E. g.
granulosus scolices with similar experiments. However,

using ALA

C-cholesterol was advantageous, since loss of
radioactivity due to any possible breakage of the side chain
would be eliminated.

B. g. granulosus scolices, tnerefore, rely on an
exogenous source of cholesterol {(from the host), and incor-
porate EEAC-mevalonate into lipid fractions which show
relatively strong biological activity. The above suggests
the probability of finding an endocrine system in the

parasite which could conceivably be similar to that controll-

ing ecdysis in insects.



7.

CONCLUSIONS

The totel lipid content of E. g. granulosus scolices was

13.6% of their dry weight.

Cholesterol proved to be the main constituent of one band
derived from the scolices and separated by TLC (designated
Band Ic). The amount of cholesterol proved to be 3.03% of

the dry weight.

Farnesol (esterified}, farnesal and squalene were detected

by TLC in the lipids of the scolices but ecdysone was not.

There was a similarity in the general pattern of lipids

of E. g. granulosus scolices, F. hepatica miracidia and

T. spiralis larvae.

The hydatid cyst fluid was shown to contain chclesterol
in the esterified form; this was found to be hydrolyzed

to free cholesterol by hydrolytic enzymes in the scolices.

E. g. granulosus scolices incorporated radieactive mevalo-

nate mainly into the saponifiable fraction of their lipids,
but not into cholesterol, farnesol, farnesal and sqﬁalene.
The label in the cholesterol fraction (Band Ic) was due to
traces of other compound(s)} present in addition to choles-

terol.

T. spirealis larvae were also shown to obtain cholesterol

- 35 -
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from their host.

8. The effect of the different lipid fractions from E. g.

grenulosus scolices on the in vitro growth of H. diminuta

revealed a relatively consistent correlation between
the fractions exhibiting biological activity and those

incorporating radiocactivity.
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reference standards in solvent 2 (a3), 1-farnesal;
3 and 6-farnesol; 2,4,5,7,8,9,10 and 1l-unsaponifiable
fraction of Band III. (Farnesol appearing in Band
ill, although clear on the original plate, is not well
defined in the picture.)
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TLC of the unsaponifiable fraction of Band III
with squalene in solvent 5 (43). 1, 3 and 5-

squalene; 2 and L-unsaponifiable fraction of
Band III.
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Fig. 12. TLC of the total lipids of I. spiralis larvae in
slovent 6 (12}. 1.Ia; 2-Tb; 3-Ic; 4-1d.

Fig. 13. TLC of the total lipi pati i i
' pids of F, hepatica i
in solvent 6 (12). 1-Ia; 2-Ib; 3-Ic;ml£§§é?la
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