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Summary: When isolated muscle segments from the parasite Ascaris suum were 
perfused with varying concentrations of serotonin (5-hydroxytryptami~),  the 
level of cycl ic AMP increased three-fold.  Maximal levels of cycl ic AMP were 
produced by the muscle at serotonin concentrations of 50 ~M. Perfusion of 
saturating levels of serotonin through isolated muscle segments for various 
time periods resulted in an inact ivat ion of glycogen synthase and an activa- 
tion of phosphorylase with a concomitant r ise in cycl ic AMP values. Collec- 
t i ve ly ,  the results support the concept that serotonin may be functioning as 
a regulatory hormone of carbohydrate metabolism in this worm. 

During the past few years there has been a considerable e f fo r t  to eluci-  

date the control mechanism of glycogenolysis in the muscle of the porcine 

parasi t ic roundworm, Ascaris suum ( I -5 ) .  Since this muscle contains up to 

20% glycogen by wet weight (2), the regulatory enzymes for glycogen synthesis, 

glycogen synthase (E.C. 2.4.1.11), and mobi l izat ion, glycogen phosphorylase 

(E.C. 2.4.1.1) appeared to be logical control steps. While these enzymes in 

the parasite have been ident i f ied and impl icated' in this regulation (2-4), no 

control hormone has been found in this worm nor has any been shown to regulate 

these enzymes in v i t ro  ( I ) .  RecentlY, a muscle perfusion system has been 

developed for the parasite (4) and this system is now available for study of 

possible regulatory substances. 
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In mammalian skeletal muscle systems, control of the glycogen metaboli- 

zing enzymes has been d i rec t ly  l inked to epinephrine via cycl ic AMP (6,7) .  

Circulating levels of epinephrine cause increased muscle cyclic AMP levels 

which in i t ia te  a cascade of reactions that activates phosphorylase and inacti- 

vates glycogen synthase. This report concerns the identi f icat ion of a puta- 

tive hormone in Ascaris suum which functions by raising cyclic AMP levels, 

activating phosphorylase and inactivating glycogen synthase in perfused muscle 

segments. 

METHODS 

The maintenance and in vi tro perfusion systems were essentially the same 
as that described previously by Donahue et al. (4). Brief ly, the worms were 
cut posterior to the genital pore and anterior to the intestinal attachment 
to the muscle wall. The intestinal and reproductive tracts were dissected 
from the worms leaving a hollow muscle preparation, approximately liO cm long. 
This lO cm long segment of muscle was cut in half generating two 5 cm hollow 
tubes. One tube served as the experimental tissue and the other as the control. 
The muscle preparation was cannulated and ligated to polyethylene tips which 
were mounted on glass tubes inserted through rubber in let  and outlet stoppers 
in the perfusion apparatus. The system was continually gassed with 95% N 2 and 
5% CO 2 to maintain a saturated anaerobic system. The perfusion system was 
maintained in a water bath at 37 C. Each muscle preparation was connected by 
a surgical thread to a muscle transducer (myograph B-4178) in which the con- 
tractions were recorded on a Narco Bio-systems physiograph modellFour-A. The 
muscle segments were freeze-clamped and stored in l iquid n~trogen until analy- 
sis could be carried out (4). Glycogen synthase was assayed in homogenates 
of the muscle by the method of Thomas et al. (8). Apparent Ka values of glyco- 
gen synthase for glucose 6-phosphate (GTcL-66-P) were obtained from Hill plots 
(7,9). The act iv i ty  of glycogen phosphorylase was determined according to 
Gilboe et al. (lO). The phosphorylase act iv i ty  ratio was expressed as the ratio 
of the act iv i ty  in the absence of AMP to that in i ts presence. Cyclic AMP was 
assayed by the radioimmunoassay of Brooker et al. ( l l )  and protein was assayed 
by the Bradford method (12). 

RESULTS AND DISCUSSION 

Isolated segments of obliquely-striated ascarid muscle were perfused 

with biogenic amines to establish i f  any were functioning as a regulator of 

glycogenolysis in Ascaris muscle. Of the compounds tested, none e l i c i ted  

muscle contraction. In muscle segments perfused with 50 ~M epinephrine 

no signif icant increase in the Ka value of glycogen synthase for Glc-6-P was 

observed, nor was there any change in the phosphorylase act iv i ty ratio (Table 

I) .  Several other biogenic amines which have been found to have some effect 

on glycogenolysis in either vertebrates or invertebrates (13) were also per- 
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TABLE I 
Effect of Perfusing Some Biogenic Amines on Glycogen Synthase and 

Phosphorylase in Muscle Segments of Ascaris suum, 

Drug Glycogen Synthase Phosphorylase Activity 
Ka(mM) Ratio 

Control Exptlo Control Exptl. 

Epinephrine 0.46 0,65 0.47 0.48 

Norepinephrine 0.58 0.54 0.49 0.43 

Synephrine 0.58 0.56 0.48 0.45 

Octopamine 0.54 0.55 0.48 0.43 

Dopamine 0.54 0.40 0.54 0.40 

Histamine 0,58 0.52 0.42 0,47 

Serotonin 0.50 1.51 0.40 0.79 

Muscle segments were perfused for 10 min with Ascaris saline plus 50 ~M drug 
(Exptl,) or saline alone (Control). All values are averages (N~3) and stand- 
ard deviation is ( 10%. 

fused through these muscle segments, None of  these s ign i f i can t l y  ef fected 

the Ka values or phosphorylase a c t i v i t y  ra t io  except serotonin (5-hydroxy- 

tryptamine). Perfusion of serotonin evoked a marked increase in Ka value from 

a control of  0.5 mM to 1.51 mM (Table I ) .  There was also a s ign i f i can t  

increase in the phosphorylase a c t i v i t y  ra t io  from 0.40 to 0.79 in those seg- 

ments perfused with serotonin. 

Isolated segments of muscle were perfused with varying concentrations of 

serotonin for  I0 minutes and assayed for  cyc l ic  AMP levels (Figure I ) .  The 

i n i t i a l  levels of cyc l ic  AMP were approximately 0.71 C 0.05 nmoles/g muscle 

and this level increased to 2.61 ~ 0.I nmoles/g a f te r  perfusion with increased 

levels of serotonin. No fur ther  increase in cyc l ic  AMP accumulation was ob- 

served with concentrations greater than 50 ~M serotonin in the muscle perfusion. 

Muscle segments were perfused for various time periods with saturat ing 

levels of serotonin and the muscle was assayed for phosphorylase and glycogen 

synthase a c t i v i t y  and cyc l ic  AMP accumulation. At zero time the glycogen syn- 
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Figure 1. Cyclic AMP accumulation in muscle segments perfused with serotonin. 
Muscle segments were perfused for 10 minutes with various concentrations of 
serotonin. The muscle was freeze-clamped in l iquid nitrogen, homogenized in 
10% trichloroacetic acid, and assayed for cyclic AMP as described in Methods. 
Each value is N > 3 and standard deviation was < 10%. Control values remained 
unchanged at 0 . ~ +  0.05 nmoles/g muscle. 

thase Ka value for  GIc-6-P was 0.5 mM and th is  value increased to 1.72 mM 

a f te r  perfusion of  50 ~M serotonin for 20 minutes (Figure 2A). During th is  

time period there was an increased phosphorylase a c t i v i t y  ra t io  from control 

values of  0.50 to 0.77 (Figure 2B). Levels of cyc l ic  AMP (Figure 2C) increased 

to approximately 3.0 nmoles/g muscle in these same muscle segments. Perfusion 

for  longer periods of  time did not s i gn i f i can t l y  increase the cyc l ic  AMP levels .  

Serotonin ( I ) ,  as well as other biogenic amines, including synephrine 

and octopamine, have been i den t i f i ed  as neurotransmitters which mediate con- 

t rac t ion in other invertebrate muscle. No change in the rate of  muscle con- 

t rac t ion or re laxat ion was observed in Ascaris muscle preparations perfused 

with serotonin concentrations ranging from 1 to 50 uM. 

Co l lec t i ve ly ,  the data support the concept that serotonin may be funct ion- 

ing as a hormonal regulator of  glycogenolysis. In Ascaris suum muscle sero- 

tonin appeared to funct ion s im i la r l y  to the manner in which epinephrine func- 

t ions in mammalian skeletal  muscle by increasing the cyc l ic  AMP leve ls .  The 

cor re la t ion between cyc l ic  AMP accumulation in serotonin-perfused muscle seg- 

ments and act ivat ion of phosphorylase and inact ivat ion of glycogen synthase 

strongly supports the evidence that glycogenolysis is regulated, at least  in 

part,  by a hormone-mediated cascade mechanism involving protein phosphoryla- 
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Figure 2. Effects of serotonin perfusion on glycogen synthase, phosphorylase 
and cAMP levels in Ascaris muscle. (A) Apparent Ka of glycogen synthase 
for GIc-6-P. Muscle segments were perfused for various time periods with 
saline plus 50 ~M serotonin (e) or saline alone (o). The tissues were freeze- 
clamped in l iquid nitrogen, homogenized and assayed for glycogen synthase 
act iv i ty  as described in Methods. Each value is N > 3 and standard deviation 
was < 10%. (B) Phosphorylase act iv i ty  ratio in musc-le segments perfused with 
sero~onin. Saline + 50 ~M serotonin (e); saline alone (o). Phosphorylase 
act iv i ty  ratio was calculated as described in Methods. (C) Cyclic AMP levels 
in muscle segments perfused for various times with serotonin. Saline ÷ 50 uM 
serotonin (e); saline (o). Tissues were homogenized and assayed as in Figure 1. 

t ion.  This is fur ther  supported by the observation that th is muscle contains 

a cyc l ic  AMP-dependent protein kinase which is s imi la r  to that found in mam- 

malian muscle (5). Hormonal regulat ion of various mammalian systems is well 

documented (6,7).  However, basic knowledge concerning many aspects of hor- 

monal regulat ion of glycogen metabolism in invertebrate systems is s t i l l  

fragmentary and inadequate. Some of the natura l ly  occurring biogenic amines 

(Table I) have been shown to ex is t  as neurotransmitters but the i r  ro le ,  i f  

any, as hormones is not established in invertebrates (13). Evidence is pre- 

sented here that serotonin may be functioning as a hormone which regulates 

glycogen metabolism in the parasite muscle. 

ACKNOWLEDGMENTS 

We g ra te fu l l y  acknowledge the expert technical assistance of Sue Tu. 
M.J.D. is a ~lational I ns t i t u te  of Health postdoctoral fe l low (F32- 
GM06603). These studies were supported in part by NIH grant AI-12331 
"(B.G.H.), North Texas State Univers i ty  Organized Research Funds, and 
TCOM Faculty Research Funds (R.A.M.). B.G.H. is the rec ip ient  of a 
Research Career Development Award from NIH (AI-00057). 

116 



Vol. 101, No. 1,1981 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

REFERENCES 

I .  Mansour, T. E. (1979) Science 205:462-469. 
2. Donahue, M. J., Yacoub, N. J.,  Kae~ni, M. R., Masaracchia, R. A., 

and Harris, B. G. (1981) J. Parasitol .  In Press. 
3. Donahue, M. J.,  Yacoub, N. J.,  and Harris, B. G. (1980) Fed. Prod. 

39:1938. 
4. Donahue~ M. J.,  Yacoub, N. J.,  Kaeini, M. R. and Harris, B. G. (1981) 

J. Parasitol .  In Press. 
5. Donahue, M. J., de la Houssaye, B. A., Harris, B. G., and Masaracchia, 

R.A. (1981) Comp. Biochem. Physiol. In Press. 
6. Fisher, E. H., Heilmeyer, L. M. G., J r . ,  and Hosche, R. H. (1971) Curr. 

Top. Cell .  Regul. 4:211-251. 
7. Dietz, M. R., Chiasson, J. L., Soderling, T. R., and Exton, J. H. (1980) 

J. Biol .  Chem. 255:2301-2307. 
8. Thomas, J. A., Schelender, K. K., and Larner, J. (1968) Anal. Biochem. 

25:486-499. 
9. Kaslow,---H. R., Eichner, R. D., and Mayer, S. E. (1979) J. Biol .  Chem. 

254:4674-4677. 
I0. Gilboe, D. P., Larson, K. L., and Nuthall ,  F. Q. (1972) Anal. Biochem. 

47:20-27. 
I I .  Brooker-~, G., Harper, J. ,  Terasaki, W., and Moylan, R. (1979) Adv. 

Cyclic Nuc. Res. 10:1-33. 
12. Bradford, M. M. (1976)-~Anal. Biochem. 72:248-259. 
13. Gerschonfeld, H. M. (1973) Physiol. Rev__ 53:1-93. 

117 


