
MOLECrIA U PlIARMAC0iLOGY, 9, 311-319

Copyright � 1973 by Academic Press, Inc.

All rights of reproduction in any form reserved.

Uptake of 5-Hyd roxytrypta mine by Schistosoma mansoni

.JAMES L. BENNETT’ ANt) ERXE5T BuEl)lxG

Department of Pathobiology, School of Hygiene and Public Health, and I)epartmon t of Pharmacology and

Experimental Therapeutics, School of Medicine, Tue .Johns Hopkins f nirersity,
Baltimore, Mar ylancl 21205

(Received 1)ecember 12, 1972)

ST.Jit iIARY

BENNETT, ,JA iIES L., AND BIJEDING, ERNEST: Uptake of 5-hydroxytryptamine by

Sc/i istosoma ma nson i. IlIol. P/i armacol. 9, 31 1-319 (1973).

In spite of the presence of high concentrations of 5-hydroxytryptamine (5-Hi’) in �Sc/nSto-

soma mansoni, synthesis of this amine by the parasite could not be demonstrated. The
worm has a high- and a low-affinity uptake mechanism (below arid above 2 pin, respectively)

for 5-Hi’. The high-affinity uptake mechanism provides the parasite with a means to obtain
3-HT, even at the low concentrations of this amine prevailing in the physiological environ-
ment of th(- \\��Ifl

I NTROI)UCTION

Biochemical, lust ocho-mical, arid pharma-
cological evidence suggesting that 5-hydroxy-
tryptamme is a putative excitatory nleuroi-

transmitter ir� Sc/iisto.soma inansoni has been

reported (1-3). Tile evidence from tiies-
investigations met two of seven postulated
criteria (4) for the identification of a neuro-

transmitter: (a) 5-HT2 was present in nueu-
ronal structuro-s of tiie- schistosome, as deter-
mined by a relatively specific histochemical

method (combined with microspect rofluor-

ometry) (3), and (b) cholinergic blockade
unmasked the presence of an excitatory
substance whose stimulatory effects were

blocked by 2-bromolysergic acid diethyl-
amide, and which were no longer demonstra-
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ble after the 5-HT stores of the worm had

b(-eni depleted.3 Two of th(- remaining five
criteria are iierewitii examined. One of them
is the o(-eurrence of a biosynthetic j)athway

for 5-HT mu S. inansani; the so-cond is the
presence of a mechanism by which the

effect of tile neurotransmitter is terminated
through reuptake into the nerve terminal
from which it. has been relea.sed.

MATERIALS ANI) METHODS

Adult schistoisomes (8. manson i, Puerto
Ricanu strain) (average fresh weight of a male
worm, 0.6 mg; of a female, 0.2 mg) were ob-
tainu(-d from the mouse huost as in previous
studies (5). Immediately after tlleir removal

from the host, the worms were placed in 73 %
horse serum.

Blood from hamsters anesthetized with so-
dium penitobarhital (60 mg kg administered
mt ra pent oneally) was oht anied by heart
puncture, and from unanuesthetized mice by

J. L. Bennett amid E. Bueding, unpublished

observat ions.
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draining the suborl)ital sinius �vith a iu-j)-

arinliz(-(lcapillar�’ tube (6).

J)eterin iiiation of J/ioqe’n ic _l in iii(’.S

Schuist � )SO ifll(5 \��( -ne- r-ni ived fri nii 75 �

hors(- s(-rum, blotted, frozen in liquid nitro-
g-ni, tunnel either stored at - 60#{176}on immo-(h-

ately homogeniz-d in a so)lution of p(-rchlo)ric
acid (0.4 N). The fluorom-tnic niethoid of

Snyder et at. (7) was used for tho- do-t-rmina-
tion of unlabeled 5-HT, with the following
modifications. (a) The perchloric acid solu-

tioni containied 0.02 � ascorbic acid arid 0.2 �
EDTA to prevo-nt destruction oif 5-HT by
fenric ion (8). (This solutioini must be pre-
pared freshly every 24 hun.) (h) rflTh vohinw

of the perchlonic acid solution us(-d for the

extraction was never less than 2.2 ml. (c) The
perciulonic acid extract was neutralized at.

2-4#{176}with 0.25 ml (if 0.5 in borate buffer (pH
9.3), followed by enough 2 N KOH to bring
the pH oif tile -xtract toi 9.0; no significant

reduction c1ccurred in tile recovery of added
known amounts of 3-HT when the extract

was neutralized in this manner.
Xorepinephrinue arid dopamimie were deter-

mined by the methods of either Taylor and
Lav-rty (9) or of Anton and Sayre (10).
Standard deviations are indicated in Tables

1-3.

Incubation of &histosomes in Vitro

All incubations of less than 6-hr duration
were carried out in 73 % horse serum at 37#{176}.

Tue number of worm pairs did not exceed
10, ml of horse serum for an mcubatiori
period of 2 hr, or 5/mi for 3-6 hr. All incu-
hations lasting more than 6 hun were carried
out in a medium whose composition (per 100

ml) was as follows: Earle’s base (199-lOX)
(11), 6.0 ml; pellicillin and streptomycili,

10,000 units each; glucose, 123 mg; sodium

glycylglycinie buffer, 0.03 ii (pH 7.8); and

horse serum, 20.0 ml. The Ilumber of worm
pairs never exceeded 2/mi of this medium
for incubations of 24 hr or less, or 1 �ml for

incubationis longer than 24 hr. Tile worms

were transferred to fresh medium every 48
hr. All incubations (regardless of the typo of
medium) were carrh-d oiut mu a tempo-rature-

controlled incubator with a rotating shaker

(40 rpm).

1)eterin ination o�/ .9-11 7’ 1

incubation ui//i lionlal)(’Ie(/ ‘5-11 7’. 1�rjoir to
(-xposure to 5-Hi’ tl�- sohistosoniies �vo-ro- in-

ctibated with on� without added drugs at :17#{176}
for 15 n�ini in 75 � horse s-run�u. 1’ollowiiug
ilietll)IitiO)Ii with 5-lIT tho- �vornis were

washu-d in a s(-l)arate dish with the I11(JdifiOd

l’;�1nl(�’s m(-diunu to) r(-n)oive any 5-Hi’ adher-
nig to tlu-ir surface-. i’hio-nu the wornus wo-r-
bit it ted, frozen, arid �veighied.

In cubal lOFtS it’it/i I’a(lioa(.t ice (�O11l/)OUfl(I5.

‘i’hu- schuistosonl(-s were incubated for I S miii
I)efor(- a s(iluti(iIi of a labeled conij�ounid was

added. After thu Rj)j)�( tjiriate incubatn n

time th(- worms were removed from the in-

o-ubationi dish (by means of a Pasteur pipette
with an enlarged opeiuinig) and transferred to

a small polyethylene cuj� (1 X 1 cm). The
bottom (if the (Inj) \\��5 covered with a fine

nyloni net whmcii trappo-d the worms as tho-v

were relo-ased from the- pipette-. Tin- medium

described abovo- (7.5 ml) was used toi washi

()ff labeled mato-nial adhering to the strrface

oif the worms. The latter were theni removed

from the CUp, blotted, frozenu, weighed, and
homogemiized in a glass homogenizer (kept at

4#{176})containing 2.2 ml of 0.4 N perchiorie acid.
The homogenate was centrifuged for 10 nun
at 8000 X g. For the determination (if 5-Hi’
in the incubation medium, 1 ml of the latt-r

was placed in a 15-mi centrifuge tube con-

taming 1.2 ml of 0.72 x perchloric ac-id.
After cemitrifugationu for 10 mini at 8000 X �j,
2.0 ml of the schistosome supernatants amud

1.7 ml of the medium supernatanits were
placed in vials containiinig 15 nih of scinutilla-

tioni fluid (0.55 #{182}�2, 5-diphenyloxazole and
0.125 % 1,4 - bis{2 - (4 - methyl - S - phenyl-

oxazoiyl)Jbenzc-mie in a 2: 1 mixture of toltr-

erie-Triton X) for counting in a Packard

scmntmllationi spectrometer (m idel 3,200). All
samples were counted for a minimum of

10,000 counts. Tissue-to-medium ratios and
uptake velocities were calculated according

to Shaskan and Snyder (12).

.lluorescence II iStO)(’/iC)li iStr!J

A previously described modification (3) of

t hue fluorescence histochemical met ho id of

1”alck and Owmani (13) ��‘as nrsed for the
loicalization of catecholamino-s and of 5-HT



hr �‘ , (wet wt)

6 3.05 ± 0.68 (4)’-

6 3.31 ± 0.90 (2)

6 3.45 ± 0.68 (4)

6 3.36 ± 0.5 (3)

48 2.60 ± 0.3 (3

48 2.91 ± 0.56 (2)

48 2.78 ± 0.5 (2)

48 2.93 (1)

theses.

S-ni’ UITAKE BY S(’IIIST()S(iMES :11:3

in whole mounts and (-ross-seotio)ns of 8’.

inanson 1.

lIES!’ LTS
Ti preseIuco- of S-Hi’ and oil norepinio-pii-

rine in S. manson 1 (2) raises the questioni

whether thue worm can synitho-sizo- these two

amities from their pro-cursor anunio acids,

tryptophuan and tyrosmne. The pathway for

tile synthesis of these twoi amities de iioi’o in

mammaliani nervous tissue has been well (js-

tablished (14, 13).

Several approachues have been used to do--

termine the existenco- oil thues- pathways iii

S. mansoni. There is evidence for the do--
carboxvlationu of 5-hvdroxvt rvpt ophan arid

of L-dihydroxyphuenylalanune. Incubation oif
scluistosomes in 5-hydroxytryptopliani (1 mu)
for 2 hr gave rise toi 5-HT levels 10 times
higher than those (if nonexposed controls

(3). Furthermore, after incubation in L-dopa
(1 mm) for 2 hr, the conucentratiomi of do-

pamine was 6.7 pg g, wet weight. This amine

was not found iii worms incubated without

L-dopa (Table 1).
No evidence could b)e found indicating that

adult 8. niansoni can hydroxylate trypto-
phan. For example, incubation of the worms
in modified Earle’s m(-dium containing tryp-
tophani failed to produce a significant in-

crease in the concenitrationi of 3-HT or mi
the nuotor activity of the worms. By con-
trast, stimulation of the motor activity of

schistosomes is readily observable when tile
worms are incubated in a medium containing

a low concentration of S-HT (1). Since
monoamine oxidase could have dest roved
the newly synthesized S-Hi’ (16), inhibitors

TABLE 1

Dopamine and norepinephrine levels of S. mansoni

before and after incubation with L-dOpa (2 m.ri)
and nialamide (1 sn.rf)

Period of Norepinephrine Dopamine
incui)ation

hr �g/g (wet wi)

Control 0.58 ± 0.2 (3)0 0.0 (3)
2 0.68 ± 0.2 (6) 6.6 ± 0.3 (6)

4 0.44 (1) 6.4 (1)

Numbers of experiments are shown in paren

T.�nnz 2

5-HI’ lore/s of sch istosomes follou’ing incubation at

.97#{176}in modified Eo ,‘le ‘s me(li urn u’it/i 0))’ ui t1out

/ i’yptophan Iiyd roxylase (10 o/ 11101(0(1??) 1(10, 0)X i(l(lse

inhibitors

Tire concent rat 0)115 of t rvptophan arid of nioiio-

amnine oxidase anti trvptophan hydrox lase iIillii)i-

tors were 0.1, 1, and 0.1 IBM, respectively.

Additions Incu- 5-Hi’
hation

time

N one

‘I’rypt opha a

‘I’ryptophan -I- iIiI()-

niaz id

Trvptophan + nial-

amide

None

“I’ryptophan -I- ipro-

flittZi(i

p-Chlorophenylala-

nine

ct-Propvldopacet a-

mide

Numbers of experiments are shown in paren.
theses.

(nialamide and iproniazid) of the activity

of this enzyme were added to the in-

cubationi medium. This had no signifi-

cant o-ffo ct on 5-HT levels or muscular ac-
tivity of the worms (Table 2). The rate-limit-
inig (-nzyme in the synthesis of S-HT in niam-

malian tissues is t ryptophan hydroxylase,
whose activity is inhibited by a-propyldop-

acetamide arid by p-chlorophenylalaninie (17,

18). Incubation of the worms in tile pres-
enuce of either of these inhibitors (0.1 mu) for
2 days produced no change in the concenutra-
tiomu of 5-Hi’ in the parasite (Table 2). How-
ever, this does riot necessarily rule out the
pro-senuce in schistosomes of a hydroxylase
whose activity is not inhlibited by highi (OIl-

cent rations of these two compounds.

In two experiments 100-130 paired sehis-

tosomes ��‘ere incubated with DL-[2-’4Cjtryp-

tophani (0.1 mit; specific activity, 10 pCi/

pmole) for 4 days. After tue schistosomes
had been homogenized in tile perciuloric acid
solution, determmnlation of the radioactivity
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of this mixture revo�aled that the number of

counts per gram of worms was 4.5 times
greater than tile niumber of counts per milli-
liter of medium arid that 0.9 pmole of try�)-
tophianu �er gram of tissue had been takeni

up. One-fourth of the total radioactivity was
present in the supernatant fluid. Onie-fiftil oif

tue latter was used to determine the endoge-
n(ius (-(imico-nitrationi of 5-HT. Toi th(- ro--

mainuder, 1 pg of unlabeled S-HT was added.

Fohloiwinig extractioni by the nu-thioid of

Snyder ci at. (7) arid fractionation by column
chro imat ographiy, as described by Anden and
Magnutrssoni (8), tile eluate contained 3.6 � �if

tile radioactivity of the tnnufractionated su-

po-rnatanut. i’he eiuate was lyophihized, ex-

tracted with methanol, anud then co-euro-

matographied with a known amount of S-Hi’

(1 pg) and tryptamine (1 pg) by two-dimenu-

sional t hiin-layer churomatography (silica go-h

GI”; thickness, 2S0 p). A mixture of ethyl
act-tat t-, 2-propamuol, and 38 % ammoni um

hydroixide (4:3:1) was used in one dimen-

sion, and chiloroform, methanol, arid S8 #{182}‘

anlnu(iniium hydroxide (12:7: 1) in tiio- other.
The- plate was thueni placed in a beaker con-
taming fornualdehyde arid heated ftir 1 hr at
90#{176} (19). The yellow spot on the plate,

ido-nitified as S-HT, contained only 0.36% of
tiut�- radioactivity of the perchloric acid ex-

tract. Tryptamine accounuto-d for 1 %, while

tue rt-niainder of the counts were hot identi-

fied. The specific activity of DL-tryptophan
in flu- incuh)ati(in medium was 10 pCi/pniole,
while that of tue S-HT isolated from the

worms was only 0.06 pCi/pmole. I’heref ore,
at the most, 1 .2 #{182}�of the L-tryptophan could

have been converted to S-Hi’ in 96 hr. This
is a maximum figure, i)ecause the chnomato-

graph-d mat-rial may not have been identi-
cal with S-HT, but merely have had the

sam(- chromat ographuic properties. Incuba-
tion of the worms for 2 hr in L-dopa resulted
in flit- appearance of dopamine w’huile there

w’as 110 significant increase (p > 0.S) in the
nor-pmnuephrme levels (Table 1). I’luores-
cence histochemical oI)servatiolis indicated

that do ipammnie was entering t he nonepinueph-
rifle storage sites, since there was an increase

in flue intensity of the green fluorescence in
these sites. If the parasitt- dept-rids upon its
host for a supply �f S-Hi’, its lo-vels silould

‘I’AItLE 3

5-HT concentrations in hamster and iiiouse blood

an(l of schistosoines removed froni these hosts

Host 5-HT concentration

Blood Schistosomes

lAg g

Mouse 2.98 ± 0.46 (6)” 2.88 ± 0.58 (6)

hamster 0.75 ± 0.2 (8) 1.3 ± 0.3 (5)

a Numbers of experiments are shown in paren-

theses.

reflect the conicemutrations of this amine iii its

habitat. i’his is comisistent wltil the following
observation. Whole blood of the hianusten
eonitains less S-HT than mouse blood (p <

0.01). Similarly, file S-HT levels of S. man-

son i infecting ilamsters were lower (p <
0.01) than those of worms from rnice
(Table 3).

(plake of 5-lIT by S. mansoni

One of the mechanisms responsible for the
inactivationu of a neurotransmitter (e.g.,

S-HT or norepinuephnine) is its reirptake into

the nerve terminal from which it has been
released (20). In tin- mammalian central

amid peripheral nervous systems this reuptake
operates against a concentration gradient,
it-., at tissue-to-medium ratios greater than

1.0. Thus has been demonstrated by incubat-
ing brain slices or perfusn.ng intact oingans

with various biogenuic amines which are

thought to function as Iieurotransmitters in
these tissues (11, 20, 21). This reuptake is
slowed by a decrease in temperature-, it is

saturable, and it is depenudo-nit on metabolic

energy and 011 the presence of sodium ions

in the incubation or perftnsmon meditrm. In
addition, reuptake is inhibited by certain

drtrgs, such as amphetamine, imipraminie,

amid protniptylinie (21).

In an attempt to explore flue prt-senco- of a

specific uptake mechanism for S-Hi’ in S.
inansoni, sciiistosomes were incubated in

vitro at 37#{176}in 75 % horse serum containing

various concenitrationis of S-HT (1-SO pun).
It w’as found that this parasite has tile
ability to accumulafo- S-Hi’ against a con-

ct-nitration gradit-nt (l’ig. 1). The tissue-to-
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Fin. 1. Uptake of 5-HT by S. mansoni exposed to

various concentrations of 5-HI’
The tissue-to-medium rat ios after 120 mimi ��‘ere

13.8 at 1 5M, 7 at 5JhM, 3.5 at 20j�ir, and 2.3 at 505ui.

TABLE 4

Effect of temperature on 5-HT uptake by S. mansoni

Incubation Net amount of 5-HT taken up
in 5-HT - � --
(20 �M) 4 17 3i

mm j.tg/g i.tg/g �g/g

10 0.0 (1)’ 1.0 (3) 3.2 (5)

60 0.9 (1) 3.4 (3) 7.7 (3)

Numbers of experiments are shown in parenu-

theses.

medium ratios were 2.3 or greater, depenid-
ing on the 5-HT concentration in thl(- me-
dium. A marked reduction of the uptake
rate occurred at lower temperatures (Table

4). 5-HT uptake w’as inhibited whueni the
worms w’ere incubated with a derivative of

imipramine, chlorimipramine (5 pin). Re-
serpine proved to be a less potent inhibitor,

and only a very slight inhuibition of uptake
was observed with ouabain (0.1 mum) (Table
5).

2-Bromolysergic acid diethylamide, a po-

tent blocking agent of S-HT receptors of
schistosome muscle, had virtually no in-
hibitory effect on 5-HT uptake, while an-

other 5-HT-blocking agenut, S�3[(carbobenz-

oxyamino)methyl]- 1, 6-dimethyl- lOa- ergo-
line (22), exerted an inhibitory effect on

5-HT uptake. The specificity of the uptake
mechanism of the worms was tested by

inicinbatinig them w’ithu [2-’�C] 5-Hi’ for 5

full alid conuj)aring the anutiunit (if ltli)t1

taken up �vitiu thiat oif �vornus which were

inicubat t (l in ‘4C-labeled .)-hydroxyt rvt o-

i)llmiIi, t ryptaminue, and (/l-nuor(-pmmuepiir’inue.
i’iie r-suits are sunumariz(-d mu Tablt- 6.

The pr(-senu(-e (if the carboxyl group on tin-
inidole-et hylamine molecule (5-huvdroxvt nvp-
tophani) nuarkedly decreased tile rate of

t.ijjtake. l’tirthuo-rmo)r(-, tue absenuce oif the
5-hydroixyl grotlj) (tryptaminie vs. 5_HT)

decro-ased tue rate oif uptake, althioughi to) a

much less(-r degree. The titiit-r amiiu- (nor-
o-pinephuri mu-) sto ired by tin- nervous system

of the schiistosome was taken up, but n(it as
rapidly as S-Hi’.

When schiistoisomes ivt-re incubated iii a

5-HT-conutainimig medium, the S-Hi’ con-

centrations in flit- worms reached a coIl-

stanut level after 60 nun, except at the highest

concentration (SO pun) (F’ig. 1). Therefore the
uptake of 5-HT might be mediated by a

saturable nuembranit- tranlsport process sim-

ilar to) that described by I)engler c/ al.

(23) for the uptake of miorepinephininie by

brain slit-c-s and by cat heart. Iversonu (21)

measured flue initial rates of niorepiniephinine

uptake and found thuat they followc-d the
classical \ I ichaehs - �\ I ent en et iuat ioni for

saturable t-nizvnue-sui)strate inuteractionis. In
an attempt to determihue the presenuce of a

similar uptake mechanism, schi.stosomes
were incubated in various concentrati(ins of

2-’4C-laheled S-HT (Table 7). Tue velocity
of the 5-HT uptake between 1 amid S mini
was hot proportionual; i.e., it declined with
time. Even during a 2-mini period, the ve-

locity of uptake was not constant (Table 7).
A linear uptake rate was obtained whien the
temperature of the incubation medium wa-s

lowered to 27#{176}.At this temperature flue up-

take velocity remained constant wit iiinu 2
mini (i’able 7). i’hue amount of nonuspecific
binding of 5-Hi’ u� determined by incu-

hation of the worms at 4#{176}.i’he values re-

corded at this temperature (less than 4-S %
of those recorded at 27#{176})were substracted

from those obtained at 27#{176}.Between SO hUE

ahld 1 put the uptake velocity was nearly

proportional to tue 5-HT concentration in

the nuedium (Fig. 2). This trend beganu to

decline at concenutrationis above 1 put. Whuen



mm �g ‘g 1,�

Chlorimiiiiiramiiie (15 min)#{176} 0 60 20 7.7 (4)’

5 60 20 3.9 (2) 50

10 60 20 2.7 (2) 65

30 60 20 1.6 (2) 79

Heserpimie (60 mimi) 0

10

30

100

60

60

60

60

20

20

20

20

7.0

7.5

3.0

2.1

(2)

(1)

(2)

(2)

0

57

70

Ouabain (30 mimi) 0

10

50

100

20

20

20

20

50

50

50

50

18.7

18.3

17.8

16.8

(2)

(1)

(1)

(2)

2

5

15

BOLC (60 nlin) 0

10

60

60

20

20

8.3

7.7

(2)

(2) 7

MCE� (120 mnin) 0

2

10

100

60

60
60

60

50

50
50

50

17.0

18.0
7.7

0.2

(1)

(1)
(1)

(2)

0
60

99

Compound

cpm/ml cpm/g (wet wt) c/no c/no #{176}�

5-lIT 1.11 x 10 2.8 X 10� (3)’- 2.58 100
5-liydroxytryptophan 1.11 X 10� 6.65 X 10� (2) 0.059 2

Trvptamine 1.12 X 10� 1.16 X 10� (2) 1.03 40

dl-Norepineplirine 1.11 X 10� 4.5 X 10� (3) 0.41 17
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T11r.E 5

inhibition of 5-Hq’ uptake by S. mansoni

Drug Concentration Incubation 5-H’l’
time

Yet uptake Inhibition of

uptake

Prelimninary incubation times.

I Numbers of experiments are shown in parentheses.

The abbreviations used are: BOL, 2-bromolvsergic acid diethylamnitle; MCE, 8/3-[(carbobenzoxy-

amino)methyl]-1,6-dimethyl-lOa-ergoline.

TABLE 6

Uptake of ‘4C-labeled 5-HT, 5-hydroxytryptophan, norepinephrine, and tr�/ptamine by S. niansoni

during a 5-mm incubation at 37#{176}

The amines amid 5-hydroxytryptophan were each l)resent at I �n.

Radioactivity in Uptake
medium

#{176}Numbers of experiments are shown in l)arentheses.

the data reproduced in Fig. 2 were plotted
according to Lineweaver and Burk (24), two

slopes were obtained (Fig. 3), one at con-
centrations below and the other above 2 pit.
This indicates the presence of two uptake
mechianisms for 5-HT, one of which has a
high affinity for this amine, while the other
has a low affinity.

In a limited number of experiments it

Tissue to Label taken up
medium ratio compared with

5-H’r

was found that Schistosoma japonicum re-
moves S-Hi’ from the medium at rates at

least as high as those found for 8. nianson 1.

Since no S-HT storage sites could be lo-
calized by fluorescence histochemistry in S.

japonicum, the physiological role of 5-Hi’
in this schistosome species may be different
from that of S. niansoni (1, 3).

i’he ability of the worms to retain S-HT
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TABLE 7

Telocit!J of 5-HT uptake by S. munson i at two

tempera lures do iinq lh ).(�e Ii mc periods

Incubation Rate of uptake of 5-Hf
time � - -

3i 27

him ng Jizul, g sc/iisloso,nes

1 160 (4)’ 98.9 (3)

2 109 (1) 95.5 (3)

5 70.2 (4)

a Numnbers of expo-ri mirent s are sin own i mi paren -

.151 2 3 4 5

Mji MOLES 5-HT/ML OF MEDIUM

FiG. 2. Velocity of 5-H7’ uptake at 27#{176}by S. iii�n.

SOili at various 5-HT coiicen trations

was determined by measuring tile rate at

which they lost 3-HT following incubation
with this amine. Worms were incubate-cl at

37#{176}for 2 hr in 20 and SO pu S-HT. Tiuey
we-re then t.ransferr-d to an inucubation me-

dium containing no 3-Hi’ for 20, 60, and 180
mini (Fig. 4). 5-HT relt-ase was to-mperature-

dependent, since the decay rate was slower
when the temperature of the medium was

lowered to 4#{176}.The loss of S-HT was also
monitored by the fluorescence- histochemical

method. The intensity of the diffuse fluores-

cence, generated by the parenchymal cells,

progressively decreased with time-; the rate

of decay was slower in those cells which
store S-HT. After 180 mm, increased thrones-
cence of the 5-HT storage sites was clearly
distinguishable, w-hereas the fluore-scemice in-
temisity of the parenchymal cells nt-f urrued to

that of cohitrol uvorms which had not heemu
exposed previously to 5-HT. i’his indicated

X IO5moIar

Fmu. 3. Double-reciprocal plot of 5-117’ concentra-

tions in the medium and in S. niansoni

Ineuhatiomi was carried out at 27#{176}for 2 main.

that a measurable amount of S-Hi’ uvi� re-

tained in the nervous tissue.

DISCUSSION

A recent paper by White and Patoni (2S)

emphasizes the need to determine initial

uptake velocities umider conditions such that
the uptake rates are linear with time. In

determining flue kinuetics of S-HT uptake by
8. mansoni we found it nuecessary to reduce

the temperature by 10#{176}and to shorten tue
incubation period to 2 mm; under these

conditions the rates of S-Hi’ uptake were

linear with time. The affiuuity of schistosonues
for S-HT was found to be 100 times greater
thami that reported by Woodward arid Read
(26) for the uptake oif hiistidinut- by the- ees-
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toide flyinenolepis diniinuta, tumid by Haynes

(27) for the uptake of tyrosine by Taenia

ciassiceps. i’iie affinity of S. mansoni for

5-HT is closer to tue Km (0.5 pun) obtained
1)\’ Shasknuni amid Smiyder (12) froni brain

shc(-s knuownu to conutain S-HT terminals.
i’iiese authors also foumid a second, low-

affinity uptake mechanism for S-HT.
Omue of the characteristics associated with

flue presence of a mieurofransmitter mu a given
no-uronal tissue is tue occurrence of �-nuzynu�-s

u��huich catalyze flit- svnitilesis arid degrada-

tit)Ii of the transmitter. Enzymes catalyzing
the degradation of 5-HT and norepimieph-

rine (monoamiiue oxidase) and of acetvl-
choline (acefylcholinuesterase) as well as the

synthesis of acetylchiol inie (ciloline acetyla.se)

ilave- been demonstrafe-d mi S. inansom (15,
28). On the other hlalu(l, the results reported
in this paper have failed to indicate the
prest-nce of pathways de novo ft)r S-HT and
muorepino’phnimic mi s. inansont. i’hiis negative

evidence does Ilot exclude this possibility.
The lack of ant incrt-a.se in S-HT after pro-

longed incubation uvithi f ryptophan and
with a monoamine oxida.se inhibitor might

merely nt-fit-ct saturation of the tryptophan
hiydroxylase with endogenious tryptophan.
Furthermore, the lack of a decrease in S-HT

levels during inucubationi with tnyptophani
hvdroxylase inuhibitors ahud the ext rt-melv

low rate of incorporation of {‘4C]tryptophan
into S-HT could be accounted for by a simi-

larly low funnuover of 3-HT. On the other
hand, f lie dependence of schistosomes on
thieir host has been demonstrated for several

essential corusfituehits of the worm; for ex-
ample, adeninut-, steroids, and fatty acids

are niot synthesized de novo by these para-
sites (29-31).

The only major site for the synthesis of
5-HT outside the central nervous system of
mammals is the enterchromaffln cell (32).
Part of the 3-HT secreted by these cells
reaches the mesenteric veins. Approximately

90 % of the 5-HT released into the blood is
taken up by platelets (33), while the rest re-

mains in the pla-sma. Erspamer and Testini
(32) found that the concentration of plasma
5-HT is highest in the hepatic veins, i.e.,

the veins which receive the blood from the

mesenitenic veins. Thus it appears that the-re

is a gradient of 5-Hi’ witiiini flue veins of the

host and that flue conct-nutration of S-HT in-
creases as the source of S-HT is approached.

Therefore the establishumenit of adult schisto-
somes in the nu-senutenic-pontal venioins 5ys
tem, where flue S-HT corucenutrationl is rela-

tively high, could be ascribed to the de-

pendence of flue wornu upon this amine.
Hist chuemical evido-nce indicates that

nieuron-hike structures ant- capablo- of storing

S-HT. Event at the low ctilucenifratiohls of unu-
i)oumud (platelet-free) 5-HT in blood plasma

of flue nuouse (estimated to be approximately
1 pun) (32), flue high-affinuity S-Hi’ uptake

mechanism of S. manson i can provide an
effective means of supplying the worm with
a neurofransmitter whichi it nuav not be able

to) synithesize. Since schuistosomes ingi-st

blood cells of their hosts, the S-HT stored
in the platelets represemits an adclifiomual
source of this amine for the parasite.
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