


addition. on the basis of histoclemistry he described the distribution of

sodium, potassium and calcium in the body wall. This study was to inves.

tigate the way in which internal concentrations of iong in M. hiTudinaceus
vary with changes in the external jons. T

:IETHODS AND FATERIALS

Specimens of M. hirudinaceus were collected from the small intestine of
swine at lunter PaEk1nv fbwnaﬁY Tlast 5t. Louis. Illinnis. Worms were
dissected free from the intestine in such a fashion that the proboscis
renained embedded in a small portion of the calcesus nodule. These sneci-
mens designated for later in vitre cxperiments were nlaced immediatelv into

a pre-warmed Dewar flask partially filled with intestinal juice. The con-
tents of the flasks were then sealed from direct atmostheric centact by
means of a thick cork stopper. Anproximately four hours clansed between
the collection of the specimens and the beginnine of the in vitro experi-
ments.

Samples of pseudocoelomic fluid for ienic and osmotic apalysis were col -
lected immediately after worms were removed fror the intestine. Worms re-
moved from the intestine were wined clean of adherins intestinal juice with
clean tissue paper. The anterior-most portion of the praesoma was scc-
tioned and the pseudocoelomic fluid gently "milked" into small sample vials.
Approximately 1.0-1.5 ml of pseudecoelomic fluid was collected ner worr.

No distinction was made betwecen male and female worms. but females beins
larger probably contributed more fluid than males, In all cases not maore
than two worms were taken from the same intestine. The total number of
worms collected was about 100, In the majority of exnmeriments a commos-
ite sample of pseudecoelomie fluid from three to five worms was used. In
a few cases individual samples were used in order to determine the tanre
of individual variations. No sicnificant differences were notod hetween
osmolarities or sodium concentrations of pooled samples dnd individual sam
nles.

Fresh samples of pseudococlomic fluid sealed in zlass vials were immedi-
ately tested for pH with Hydrion maper. Individual and cowposite samples
were then centrifured at 3000 x ¢ for 15 minutes to separate the repro-
ductive cells from the pseudocoelomic fluid. The sumernatants of the sar-
ples were then placed in clean sample vials and frozen until the time for
analysis. The osmolar concentrations of various samples of pseudscoelomic
fluid were determined on an Oswette Precision Ireezing-point Osmometer.
This instrument was calibrated with 100 and 500 mismol standards rurchased
from the Precision Instrurent Corporation, The osmolarity of each samnle
was determined three times and the mean reported. The concentration of
sodium and calciunm in the samnles of nseudocoelomic fluid were determined
by atomic absorption spectrophotometTy on a Beckman Model 979 Atomic Al-
sorption Spectronhometer. The methods of analvsis fallowed those of Willis
{(1960a and 1960b). Potassium was deternined bw flame emission spectronho-
tometry on an ILS flame spectronhotometer. The methods of analvsis con-
formed to standard cliniecal preocedures for the determiration of motassium
in human serwi, The concentration of cliloride in nacudnenelormic fluid was
determined by Whitehorn's modification of the Veollhard methad (Furman. 1963).

To test the effect of chanres in the eoxternal ionic and csrolar concen-
tration on the comnesition of the nsecudocrelomic fluid. twentv-five larpe
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ferale worms were Jivided into [Five orours of five worms cach and incubated
for three hours in a series of Jdilutions of artificinl sea water. The so-
lutions ewploved were: distilled water (1) mOsmols); 20% sea water (212
mlsmols); 30% sea water (300 m0smols). The various solutions of sea water
were prepared by volume dilution of 100% sea water with doubly distilled
and delonized water. Artificial sea water was obtained from Aqueriur Sys-
tens Inc,. 1450 E. 29th Strect, Wickliffe, Mhio, 44092, Durine the three
hour ircubation all selutions were raintained at 399C in a water hath and
reriodically gassed with nitrogen and carbon dioxide to reduce pt; to a
level more nearly reserbling that of the host intestine. Followine the
veriod of incubation, the pseudeocoelorie fluid of cach proup of worms was
collected and analyzed with respect to its ienic and esmelar concentrations.

In order te deterrine toe ability of MU Rirndinacevs to repulate its vol-
une. erouns of three laree female worms were incubated at 3090 in each of
the followine Jdijutions: 10%. 3n%. 50%, and 10% sea water fortificd with
sucros=e to 342 ni'swols. At ome hour intervals eack rroum of worms was Te-
noved and weiphed on a Mettler “odel P162 halance and then replaced in the
salution. After each weiphing the solutions were rassed with nitroren and
carben diexide and resealted with Parafilm,  After three hours of incubation
sodiwn fluoride was added to each proun to a final concentratien of 0,054
After onc hour one final weighine was taken. Simultaneously. the above
experiment was repeated exactly with the exception that all solutions were
maintained at 1070,

RESULTS

The pii range of all samples was in the #.4 - £.8 ranpe and the osmolar
concentration of tlie pseudocoeloric fluid was found to he 3480 mNsmols
+ 3.2 (S.BE.M). Sodium and
potassium concentrations in

a T these composite samnles were
3 soo+ 89.5 and 10.0 mea/liter re-

f spectively., and the calcium

O 800+ concentration was 2.5 meg/li-
s ter. The chloride concentra-
o "%t tion was found to be 101.0

d 6004 meg/liter.+ 6.0 (S.E.M.).

L,

C zo04 Firure 1 shows the offect

8 of incukation in a series of
D 40071 artificial sea water dilutions
ﬁ 300+ on the osmolarity of the

o nseudeocoelomic fluid., After
i 200:- four hours in distilled water,
g the osmolarity of the pseudo-
a 10071 coelomic fluid of the groun

% T R was 232 mlsrols, As the ex-
= 100 300 500 700 500 ternal osrolar concentration

inecreased hetween N oand 50%
mOsmels EXTERNAL ENVIRONMENT sea water [300 mtseols). the

Fimure 1. {lsrolar concentration of the asmolar concentration of the
pseudococlenic fluid of specinens of M. nsoudocoelemic fluid of each
hirudinaceus incubated in increasine con- proun was ahove that of the
cehtrations of artificial sea water. external environment. At 50
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mOsmols the pseudocoelomic fluid was iseoswotic with the external medium.
Beyond this point the osmolar concentration of the nsewdoenclomic fluid was
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meq NaCl/L IN PSEUDOCOELOMIC FLUID

Ficure 2. Sodium ion concentvation of the
pseudocoelomic fluid of specimens of M.
hirudinaceus incubated in inereasing concen-

trations of artificial sea water.

ahserved to hecome more di-
lute than the external en-
vironrent .

Firure 2 illustrates the
effects of chanpes in the
external sea water concen-
tration on the sodiurm con-
centration of the pseudo-
coelomic fluid. The
nseudecoelomic sodium con-
centration of groups incu-
hating in 19, 200 and 30%
sed water rem2ined rela-
tively stable at 26.0 reo/
liter between external con-
centrations of that ion in
Ti-40t% (44 . 0-176.0 meas1i-
ter) sca water. In concen-
tratiors of sea water ahove
40% the internal sodiur
concentration was nronoT-
tional (x4} tn the external
concentration.

In 3N% sea water there
wis 4 sodiur concentration
of 86,2 men/liter in the
nseudecoelom as onposed to
an cxternal concentration
af 132 meo sodium/liter

(Takle 1). ‘The concentra-
TABLL 1. Ien concentration of nseudococlomic fluid of acanthocenhalan in
10% and 30% sea water solution.

e e 0T 5w I

Inside Qutside Inside futside

na* 54,2 rea/l 44,0 rea/l BG.N meafl 1320 mea/l
K 15.0 0.9 0.0 2.76
catt 1.30 0.46 2.5 1.35
cL” 15,0 53,0 e1.n 15800

tion of citloride in the pseudocoelom was lower than the concentration of

that ion in 30% sea water.

Potassium concentration in

the nsendocoeloric

fluid was foumd teo be 16 meq/liter, sowewhat higpher than that ion's concen-

tration in the external environment.

The ¢alcium concentration raintained

internally in 30% sea water was 2.5 meg/liter as omposed to an external

concentration of 1.35 mea/liter.

When acanthocephalans were incubated in 10% sen water. differences in ion
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distribution from those
maintained in 30% sea wa-
ter were noted. Sodium ion
was maintained at approxi-
mately the same level as in
3% sea water. althouph the
external concentration of
this ion was almost one-
third the concentration in
30% sea water, The internal
chloride concentration main-
tained in 10% sea water of
15 mea/liter was still lower
than that of the external
environment (53 meq/liter).
The potassium ion gradient
maintaired was 15.0 mea/li-
ter internal vs. 0,02 meq/
liter external. Calcium

ior concentration of the
nseudocoelom was 1.3 meq/
liter vs., 0,46 meq/liter

HOURS CF INCUBATION

Figure 3. Percent chance in body weight
with time of grouns of acanthocephalans in-
cubated in 10% sea water at 109 and 39"C.
Fluoride was added after three hours of in-
cubation,

noted. In 10% sea water (Figure 3] at 10°C

external concentration.

Lhen the pereentayes of
body weisht eains were cal-
culated for specimens incu-
vated for four hours in sev-
eral dilutions of artificial
sea water, a certain degree
of volume Tepulation was

an increase of more than 50%

bady weirht within the first hour of incubatien was noted while those incu-

batine in 10% sea water at 39°C in¢reascd o

304 39°C
25+
204

154

1 2 3 4

HOURS OF INCUBATION

Figpure 4. Percent chanre in hody weight
of proups of M. hirudinaceus incuhated

in 30% sca water at 10" and 390C. Fluo-
ride added after three hours incubation.

% CHANGE BODY WEIGHT
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nly 15% during the same period.
By the second hour both grouns
had increased in weicht anproxi-
nately the same amount.

Acanthocerhalans incubated in
30% sca water at 30°C (Fioure 4)
reached enuilibrium in swelling
after two hours at +15% hedy
welrht, These specimens incu-
hated in 301 sea water at 10°C
reached the sare {inal couilil-
rium noint bhut one hour later
than the rroup at 30°C,  Vhen
sogdivr Fluoride was added to the
rediurm after three hours of in-
cubation, no effect was noted
on the vrour at 10°9C. but those
incubatine at 39°C heran to
swell ranidly doubling their
body weiesht within the next hour.


















