
Introduction

Cul tu res of pa ra si tes in vi tro are a ve ry va lu able
re se arch me thod ap plied in pa ra si to lo gy. They ena -
ble the elu ci da tion of a num ber of is su es re fer ring to
the phy sio lo gy, de ve lop ment and func tion of a pa ra -
si te–host sys tem. They are al so of spe cial si gni fi -
can ce in im mu no lo gi cal and an ti pa ra si tic drug exa -
mi na tions. Con duc ting a cul tu re of la rvae or ma tu re
in di vi du als re qu ires as su ring con di tions si mi lar to
tho se the pa ra si te has in an in ter me dia te or fi nal
host. To this end, an ap pro pria te nu trient -rich cul tu -
re me dium as well as an ap pro pria te tem pe ra tu re
and ga se ous pha se sho uld be pro vi ded. The cul tu red
la rvae may be iso la ted from tis su es of in ter me dia te
ho sts or ob ta ined by hat ching or by re le ase from
eggs un der ar ti fi cial con di tions often with the use of

an ad di tio nal me cha ni cal or phy si co che mi cal sti mu -
la tion [1–3]. The col lec tion of eggs from ma tu re fe -
ma les may pro ce ed with va rio us me thods, which are
li ke ly to af fect the em bry onic de ve lop ment and the
num ber of la rvae hat ched. 

The most phy sio lo gi cal me thod of egg iso la tion
from ne ma to des, pro tec ting aga inst con tact with the
al ler gi zing flu id of the bo dy ca vi ty, is in vi tro cul tu -
re of ma tu re fe ma les. This me thod was al so ap plied
for the pro duc tion of eggs of Asca ris su um, Hy ste -
ro thy la cium adun cum and Ani sa kis sim plex [4–8].

A ve ry ra pid me thod of egg iso la tion is the ho -
mo ge ni za tion of who le ma tu re fe ma les or – in the
ca se of lar ger ne ma to des – of pre vio usly -iso la ted
ute ru ses [9,10]. Højga ard [11] was the first to ap ply
this me thod to iso la te the so -cal led  “thin -shell”
eggs of A. sim plex. 
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A mo re la bo ur -con su ming me thod which po ses a
risk of con tact with a stron gly al ler gi zing flu id fil -
ling the bo dy ca vi ty, is the me cha ni cal pres sing of
eggs from who le ma tu re fe ma les or from the ter mi -
nal sec tions of ear lier -iso la ted ute ru ses. In the ca se
of small ne ma to des, it is not po ssi ble and pro du ces
lar ge amo unts of unwan ted tis sue de tri tus. This me -
thod is ve ry com mon ly ap plied in the ca se of such
ne ma to des as: A. su um [12], Asca ri dia gal li [13]
Syn cu aria squ ama ta [14], and Pseu do ter ra no va de -
ci piens [15]. In ad di tion, it was the on ly me thod
used to iso la te eggs from ne ma to de Con tra ca ecum
ru dol phii [16–19].

The ob jec ti ve of the re por ted re se arch was to
iden ti fy the po ssi bi li ties of iso la ting eggs of C. ru -
dol phii with va rio us me thods and to de ter mi ne the
ef fect of tho se me thods on the em bry oge ne sis and
num ber of hat ched la rvae. 

Ma te rial and me thods

Ma tu re fe ma les of C. ru dol phii we re iso la ted
from sto machs of cor mo rants shot in the area of La -
ke Sel ment Wiel ki and trans por ted to a la bo ra to ry in
ther mos fla sks with warm phy sio lo gi cal sa li ne (PS)
with the ad di tion of in te sti nal di ge sta of the cor mo -
rants. In the la bo ra to ry, the fe ma les we re rin sed se -
ve ral ti mes with PS con ta ining 100 U pe ni cil lin/ml
(Po lfa, Tar cho min), 100 ml strep to my cin/ml (Po lfa,
Tar cho min) and 100 U ny sta tin/ml (Pli va RX). Eggs
we re iso la ted from the ma tu re fe ma les with the fol -
lo wing me thods: pres sing the pre vio usly -iso la ted
ute ru ses, in cu ba tion of ne ma to des in a cul tu re me -
dium and ho mo ge ni za tion. In ad di tion, an at tempt
was un der ta ken to ob ta in eggs by me ans of sub jec -
ting who le ma tu re fe ma les to di ge stion with pep sin
and tryp sin. Fi ve fe ma les with si mi lar leng ths we re
used in each me thod, and ana ly ses em ploy ing the
me thods of fe ma les in cu ba tion and di ge stion we re
con duc ted in tri pli ca te. The pres sing of eggs from
the ear lier -iso la ted ute ru ses was con duc ted on Pe tri
di shes with the use of a bent pre pa ra to ry ne edles,
and the eggs ob ta ined in this way se rved as a con trol
cul tu re. In the se cond me thod, the fe ma les we re in -
cu ba ted for three days at 40°C in 10-ml pla stic fla -
sks. Eage’s me dium (BIO MED, Lu blin) with the
ad di tion of 1% pep sin (1:100, Za kład En zy mów i
Pep to nów, Łódź) (pH 2) and 20% he at -in ac ti va ted
fo etal bo vi ne se rum (BIO MED, Lu blin) was used as
an in cu ba tion flu id. The pre sen ce of eggs on the bot -
tom of a flask was chec ked eve ry day. In the third
me thod, the su spen sion of fe ma les ho mo ge ni zed

with a blen der (Pol -Eko -Apa ra tu ra H 500, 10 000
rpm for 2 mi nu tes)  was cen tri fu ged for 3 mi nu tes at
1000 rpm (MPW -340) and the su per na tant was then
re mo ved and the se di ment was rin sed with a PS.
The pro ce du re was re pe ated 3 ti mes. In the fo urth
me thod, an at tempt was un der ta ken to col lect eggs
by di ge stion of ma tu re fe ma les with pro te ases. Fi -
nal ly, the fe ma les we re in cu ba ted at 37°C in 0.1%
and 1% aqu eous so lu tions of pep sin (1:100, Za kład
En zy mów i Pep to nów, Łódź) ad ju sted to pH 2.0
with 1N HCl, as well as in 0.1% and 1% so lu tions
of tryp sin (274 j./g, Wy twór nia Su ro wic i Szcze pio -
nek, War sza wa) pre pa red in a Sören sen’s buf fer (pH
7.6). The de gree of fe ma le di ge stion was chec ked
un der a bi no cu lar eve ry 5 ho urs. The su spen sion ob -
ta ined after com ple te di ge stion and con ta ining eggs
was pu ri fied from pro te ases by wa shing se ve ral ti -
mes with PS. 

The eggs iso la ted by me ans of va rio us me thods
we re su spen ded in PS and in cu ba ted at 20°C. Each
day, 3 drops we re ta ken from each cul tu re and the
per cen ta ge of eggs in a spe ci fied de ve lop men tal sta -
ge was de ter mi ned un der a mi cro sco pe (Bio lar, ma -
gni fi ca tion 12.5×20). On the last day of in cu ba tion,
the per cen ta ge of hat ched la rvae was co un ted ba sed
on the num ber of emp ty egg shells. The fol lo wing
sta ges we re iden ti fied in the mi cro sco pic pic tu re:
cle ava ge (C), ga stru la tion (G), im mo bi le la rva (L1),
mo bi le la rva (L2), la rva new ly hat ched from egg
shells (L). Non -fer ti li zed eggs we re not con si de red
in the cal cu la tions. 

Re sults

The me thod of egg iso la tion con si sting in the in -
cu ba tion of ma tu re fe ma les in Eagle’s me dium with
the ad di tion of bo vi ne se rum and pep sin ap pe ared to
be in ef fec ti ve. After 3 days of in cu ba tion, no eggs
we re fo und. Li ke wi se, no eggs we re ob ta ined thro -
ugh the in cu ba tion of the fe ma les in pep sin so lu -
tions. No di ge stion of the ne ma to des was ob se rved
after 3 days of in cu ba tion. 

The re sults sho wing a de ve lop ment ra te of eggs
ob ta ined by the pres sing me thod (I), ho mo ge ni za -
tion (II) and di ge stion with so lu tions of tryp sin (III
and IV), and tho se re fer ring to the num ber of hat -
ched la rvae of C. ru dol phii are pre sen ted in Ta ble 1.

In the cul tu res in which the eggs we re iso la ted,
either with the me thod of pres sing (cul tu re I) or ho -
mo ge ni za tion (cul tu re II), on the first day of cul tu re
the per cen ta ge of eggs at the sta ge of cle ava ge ac co -
un ted for ca. 2%. In both cul tu res, the ra te of em -
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bryo de ve lop ment was si mi lar. In the cul tu re in
which the eggs we re ob ta ined with the me thod of
pres sing, a sub stan tial ly hi gher per cen ta ge of eggs
achie ved suc ces si ve de ve lop men tal sta ges com pa -
red to cul tu re II – the mi cro sco pic pic tu re sho wed
that ca. 50% of eggs we re da ma ged, de mon stra ting
tan gi ble chan ges in either sha pe or si ze. Eggs who -
se de ve lop ment stop ped at the sta ge of cle ava ge or
ga stru la tion we re ob se rved re la ti ve ly fre qu en tly va -
cu oli zed in sub se qu ent days. In turn, the un da ma ged
eggs we re de ve lo ping ap pro pria te ly and achie ved
suc ces si ve sta ges in a si mi lar ti me span as the eggs
iso la ted by me ans of pres sing. On day 9 of in cu ba -
tion, in cul tu re II, the la rvae left 38% of eggs shells.
On the sa me day, in cul tu re I, 53% of la rvae left the -
ir egg shells, whi le va cu oli sa tion of em bry os at va -
rio us de ve lop men tal sta ges was ob se rved in the re -
ma ining eggs. 

The best me thod of iso la ting eggs of C. ru dol phii
tur ned out to be the di ge stion of ne ma to des with a
0.1% tryp sin so lu tion (cul tu re III). Com ple te di ge -
stion of the ne ma to des was re ached after three days
of in cu ba tion. On the first day of the cul tu re, 15% of
the eggs we re at the sta ge of cle ava ge. Tho se eggs
we re ob se rved to re ach the suc ces si ve de ve lop men -
tal sta ges con si de ra bly ear lier than the eggs iso la ted
with the other me thods. On day 7 of in cu ba tion,
82% of the eggs we re fo und to con ta in a mo bi le la -
rva and on day 8 over 50% of the la rvae had left the
egg shells.

Using a 1% of tryp sin so lu tion, com ple te di ge -
stion of the fe ma les was achie ved after 24 ho urs. On
the first day of the cul tu re, 10% of the eggs we re at
the sta ge of cle ava ge. In the sub se qu ent days of cul -
tu re, it was ob se rved that in a num ber of eggs the
pro cess of de ve lop ment was stop ped at the sta ge of
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Table 1. The development of C. rudolphii eggs obtained with the pressing method (I), homogenization (II), digestion
with 0.1% (III) and 1% solutions of trypsin (IV) 

Explanations: C–cleavage; G–gastrula; L1–first stage larva; L2–second stage larva; L–larvae hatched from the egg shell

* Mean % and standard deviation

Day of incubation
The stage of
development

Method

I II III IV

1 C 2 ± 2.0* 2 ± 2.6 15 ± 3.5 10 ± 2.5

2 C 5 ± 1.5 8 ± 1.5 24 ± 5.0 15 ± 2.3

3
C 31 ± 4.6 26 ± 1.5 43 ± 3.5 37 ± 6.8

G 12 ± 3.5 15 ± 3.6

4

C 57 ± 4.7 43 ± 5.7 15 ± 3.8 16 ± 3.5

G 12 ± 2.0 4 ± 1.7 42 ± 2.3 33 ± 4.7

L1 18 ± 5.9 13 ± 4.6

5

C 49 ± 5.9 36 ± 6.7 8 ± 4.0 12 ± 3.5

G 29 ± 4.5 17 ± 4.2 53 ± 4.5 37 ± 3.8

L1 26 ± 7.0 28 ± 5.5

6

C 15 ± 2.1 18 ± 2.6 10 ± 2.5

G 44 ± 5.1 35 ± 3.8 2 ± 2.5 7 ± 2.0

L1 15 ± 2.0 3 ± 0.6 64 ± 7.6 41 ± 7.2

L2 22 ± 4.0 13 ± 3.6

7

C 3 ± 1.5 7 ± 4.4 7 ± 4.7

G 18 ± 3.2 13 ± 6.1 10 ± 4.0

L1 57 ± 3.8 37 ± 3.2 5 ± 5.0 4 ± 3.8

L2 82 ± 6.1 57 ± 3.2

8

L1 5 ± 3.0 3 ± 3.1

L2 77 ± 2.3 47 ± 2.9 28 ± 5.5 15 ± 2.1

L 7 ± 2.0 4 ± 1.7 52 ± 3.8 30 ± 4.2

9 L 53 ± 4.0 38 ± 1.5 53 ± 3.5 31 ± 3.2



cle ava ge or ga stru la tion. On day 7 of the cul tu re,
57% of the eggs we re fo und to con ta in a mo bi le la -
rva, and in the sub se qu ent days ca. 31% of the la -
rvae hat ched from the egg shells. The em bry os who -
se de ve lop ment had be en ar re sted va cu oli zed. 

Di scus sion 

In this stu dy, no eggs we re iso la ted with the me -
thod of in cu ba ting ma tu re fe ma les in a cul tu re me -
dium with the ad di tion of pep sin – which has a sti -
mu la ting ef fect on the ma tu ra tion and egg lay ing by
fe ma les [6]. It is the most phy sio lo gi cal me thod that
was explo ited to iso la te eggs of va rio us ne ma to des
[4–8]. Je ska and Ca ru so [4] de scri bed of con di tions
that sho uld be as su red in or der to ob ta in fer ti li zed
eggs from fe ma les of A. su um. Ac cor ding to the se
au thors, ne ma to des sho uld be trans por ted to a la bo -
ra to ry wi thin 3 ho urs fol lo wing the col lec tion in a
buf fe red phy sio lo gi cal sa li ne (PBS) with the ad di -
tion of in te sti nal di ge sta. In cu ba tion sho uld be con -
duc ted at 37°C using a PBS pH 7.3 with the ad di tion
of 0.0015N so dium hy dro xi de, 11mM of glu co se
and 125 mg/l of gen ta my cin -sul fa te as a cul tu re me -
dium. In an expe ri ment by Køie [5], ma tu re fe ma les
of H. adun cum ob ta ined from vi vi pa ro us eel pots
(Zo ar ces vi vi pa rus) we re in cu ba ted in Pe tri di shes
at a tem pe ra tu re of 5oC, in ste ri le salt wa ter (10‰).
In turn, Igle sias et al. [6,7] and Ad ro her et al. [8] in -
cu ba ted ma tu re fe ma les of H. adun cum and A. sim -
plex at an at mo sphe re of 5% CO2 using va rio us cul -
tu re me dia (RPMI, GLIT) ad di tio nal ly sup ple men -
ted with se rum and pep sin. The re ason for the fa ilu -
re of that me thod in this stu dy mi ght ha ve be en an
exces si ve ly long pe riod from the sho oting of the
cor mo rants to col lec ting fe ma les and fi xing them in
warm phy sio lo gi cal sa li ne. 

The me thod ba sed on the ho mo ge ni za tion of
who le ma tu re fe ma les used in this stu dy, cau sed da -
ma ge to egg shells. The first -ever ap pli ca tion of this
me thod to iso la te the so -cal led “thin -shell” eggs of
A. sim plex was tho ro ugh ly de scri bed by Højga ard
[11]. Ho mo ge ni za tion with an A 518–519 elec tro nic
blen der by Ken wo od (at ma xi mum spe ed for 4 mi -
nu tes) was ap plied to who le ne ma to des with a me an
length of ca. 4 cm. A ho mo ge na te con ta ining eggs
was pu ri fied by 3-fold rin sing in sea wa ter, fol lo wed
by cen tri fu ga tion and fil tra tion. Pu re eggs ob ta ined
in this way we re then in cu ba ted in sea wa ter. Ac cor -
ding to this au thor, the me thod do es not da ma ge
eggs and has no ne ga ti ve ef fect on em bry oge ne sis.
In the re por ted stu dy, the eggs we re iso la ted fol lo -
wing the pro ce du re de scri bed by the abo ve -men tio -

ned au thor, ne ver the less, a hi gher num ber of da ma -
ged eggs was ob se rved, with a chan ged sha pe that
did not un der ta ke de ve lop ment. The sta ge of la rva
was re ached by ca. 40% of the eggs, which is a go -
od re sult ta king in to ac co unt the vast num ber of
eggs pro du ced by the fe ma le. 

The de scri bed me thod has be en ap plied con si de -
ra bly mo re often to iso la te eggs of the so -cal led geo -
hel min ths, who se egg shells ha ve 4 lay ers: a mu co -
po ly sac cha ri de lay er pro du ced by the ute rus and
three lay ers pro du ced by the egg cell, i.e.: vi tel li ne,
chi tin and a li pid lay er. The se shells ma ke an egg
ve ry re si stant to a va rie ty of envi ron men tal fac tors,
in c lu ding me cha ni cal ones. For the ho mo ge ni za tion
of A. su um, Co stel lo [9] re com mends using a hand -
-ope ra ted ho mo ge ni zer which, do es not cau se da ma -
ge to eggs. In turn, Cle ve land and Lau ren ce [10] iso -
la ted eggs from ute ru ses of A. su um with the use of
a low -re vo lu tion me cha ni cal ho mo ge ni zer. Eggs of
C. ru dol phii, li ke tho se of other ne ma to des be lon -
ging to the Ani sa ki dae, are so -cal led “thin -shell”
eggs and the ir shells con ta in an outer pro te in lay er
and an in ner vi tel li ne lay er [16]. A lack of a chi tin
lay er ma kes the eggs less re si stant to such fac tors as
fre ezing, long -term sto ra ge, dry ing out or to che mi -
cal or me cha ni cal fac tors [16,19]. 

The pre sen ted stu dy de mon stra ted that out of the
me thods ap plied, di ge stion of ma tu re fe ma les with a
0.1% tryp sin so lu tion ap pe ared the best me thod for
the iso la tion of C. ru dol phii eggs. The ra te of the de -
ve lop ment of the se eggs was ra pid, and the sta ge of
mo bi le la rva was re ached by ca. 82% of the eggs. A
si mi lar num ber of la rvae was achie ved from the
eggs iso la ted with the me thod of pres sing from ute -
ru ses of ma tu re fe ma les. Ho we ver, as com pa red to
the me thod of di ge stion, this me thod is far mo re la -
bo rio us. In the ca se of small ne ma to des, e.g. C. ru -
dol phii (me an fe ma le bo dy length – ca. 3 cm), the
pre pa ra tion of a ute rus and the pres sing of eggs re -
qu ires high pre ci sion and ta kes much ti me, whe re as
tis sue re si du es re ma ining in the cul tu re en han ce the
de ve lop ment of pro to zoa and fun gi. The ap pli ca tion
of a 1% so lu tion of tryp sin shor te ned that ti me to a
con si de ra ble extent, but had a ne ga ti ve ef fect on the
de ve lop ment of em bry os. The ar re st ment of em bry -
oge ne sis oc cur red at va rio us sta ges, and in sub se qu -
ent days the em bry os va cu oli zed and de gra ded. The
sta ge of mo bi le la rva was re ached by 57% of the
eggs, whe re as la rvae we re hat ched from as lit tle as
31% of the eggs and others lost mo bi li ty and va cu -
oli zed after a few days. This pro cess was li ke ly to be
due to the da ma ging ac tion of tryp sin pe ne tra ting
the egg shells. 
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The re sults ob ta ined may be com pa red with the
fin dings of Ochęc ka [20]. Whi le in cu ba ting eggs of
A. su um in so lu tions of ani mal pro te ases (chy mo -
tryp sin, tryp sin and ma xa ta se P), this au thor did not
ob se rve the ir ne ga ti ve ef fect on the de ve lop ment of
em bry os. In turn, the ar re st ment of em bry oge ne sis
oc cur red in so lu tions of plant pro te ases (bro me la in,
fi cin, pa pa in). Ac cor ding to this au thor, pro te ase in -
hi bi tors con ta ined in the eggs ha ve a pro tec ti ve ef -
fect on the em bryo. The excess of ani mal pro te ases,
as well as plant pro te ina se, that may not be bo und
by an in hi bi tor con ta ined in eggs are to xic to the em -
bry os. The hi ghest con cen tra tions of tryp sin and
chy mo tryp sin in hi bi tor we re fo und in un de ve lo ped
eggs of A. su um, and in eggs fre sh ly pres sed out of
ute ru ses, whe re as smal ler ones we re in eggs at the
sta ge of cle ava ge and ga stru la tion [21]. A ra pid de -
cre ase in the con cen tra tion of the in hi bi tor oc cur red
at the II la rval sta ge when the “pul mo na ry” la rvae
we re pre pa ring for co lo ni zing the ga stro in te sti nal
tract. No pep sin in hi bi tor was fo und in any sta ges of
the em bry oge ne sis. 

One of the pro tec ti ve me cha ni sms of pa ra si tes of
the ga stro in te sti nal tract aga inst di ge stion is the pro -
duc tion of en zy me in hi bi tors. The pre sen ce of in hi -
bi tors of tryp sin, chy mo tryp sin, pep sin and ela sta se
was sta ted in bo dies of A. su um, A. gal li and A. sim -
plex [22–24]. The ava ila ble li te ra tu re lacks re ports
on the oc cur ren ce of pro te ase in hi bi tors in C. ru dol -
phii. This ne ma to de in ha bits the sto mach of the fi -
nal host, thus it pro ba bly pro du ces a pep sin in hi bi -
tor to avo id di ge stion. This may be con fir med by the
di ge stion of fe ma les in cu ba ted in so lu tions of this
en zy me. Li ke wi se, re si stan ce to the ac tion of pep sin
and the in hi bi ting ef fect on its ac ti vi ty we re ob se -
rved in the ca se of A. sim plex la rvae, which un der
na tu ral con di tions in ha bits the sto mach of ma ri ne
mam mals [25,26]. The com ple te di ge stion of fe -
males in cu ba ted in tryp sin so lu tions is li ke ly to in -
di ca te a lack of tryp sin in hi bi tor. 

In the ca se of pa ra si tic ne ma to des, the eggs are
the most re si stant to the ac tion of va rio us fac tors, in -
c lu ding di ge sti ve en zy mes, hen ce the me thod of di -
ge stion used for the first ti me in this stu dy may be
ap plied to ob ta in eggs of pa ra si tes.
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