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Abstract--Properties of forskolin activation of adenylate cyclase in the liver fluke Fasciola hepatica are 
described. Forskolin stimulated adenylate cyclase activity in cell-free fluke particles to levels more than 
30-fold above the basal rate. This activation was not dependent on guanine nucleotides and, upon 
washing of the particles, was rapidly reversed. Forskolin potentiated the activation of adenylate cyclase 
by serotonin (5-HT) and lysergic acid diethylamide (LSD), resulting in both an increase in the maximal 
level of enzyme activity and a decrease in the apparent activation constant (KA). The 5-HT antagonist 
2-bromo-LSD did not inhibit enzyme activation by forskolin. Furthermore, forskolin had no effect on 
specific [3H]LSD binding to fluke particles. Activation of adenylate cyclase by sodium fluoride or guanine 
nucleotides was modified in a complex manner by forskolin with both stimulatory and inhibitory effects 
present. The results suggest that forskolin does not interact directly with the 5-HT receptor coupled to 
adenylate cyclase. Instead, it appears that forskolin effects are, at least in part, due to its ability to alter 
the interaction between the regulatory and catalytic components of adenylate cyclase. Incubation of 
intact flukes with forskolin increased their cAMP levels 2- to 3-fold. The concentration dependence of 
this response was similar to that for forskolin activation of adenylate cyclase in fluke particles, with 
300 #M forskolin giving the maximum response. Forskolin and other agents that increased fluke cAMP 
levels also stimulated fluke motility. 

A serotonin (5-HT~:) sensitive adenylate cyclase has 
been described previously in the liver fluke Faseiola 
hepatica [1-3]. This system is thought to have an 
important regulatory function in both the carbo- 
hydrate metabolism [4] and the motility [2, 5] of the 
organism. Because of this role, the fluke adenylate 
cyclase system represents a potentially useful target 
for chemotherapeutic agents acting against these 
parasites. Recently, forskolin, a diterpene from the 
plant Coleus forskohlii, was found to be an activator 
of mammalian adenylate cyclases [6]. We have stud- 
ied forskolin activation of fluke adenylate cyclase to 
learn more about the nature of this system and how 
it relates to what is known about mammalian 
systems. In this report we describe the properties of 
forskolin activation of adenylate cyclase in cell-free 
fluke particles and the ability of forskolin to increase 
cAMP levels in intact flukes. We also examine the 
relationship between fluke motility and increased 
cAMP levels due to forskolin and other agents that 
stimulate motility. 

METHODS AND MATERIALS 

Liver fluke particle preparation. Fresh liver flukes 
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~: Abbreviations: 5-HT, 5-hydroxytryptamine, sero- 

tonin; LSD, d-lysergic acid diethylamide; Ka, activation 
constant; EGTA, ethyleneglycolbis(amino-ethylether) 
tetra-acetate; GTPyS, guanosine-5'-O-(3-thio)-triphos- 
phate: and Gpp(NH)p, 5'-guanylyl imidophosphate. 

were obtained from bovine liver at a local slaugh- 
terhouse and treated as previously described [2]. 
Cell-free particles were prepared by adding 6 vol. 
(w/v) of homogenization buffer A (0.33 M sucrose, 
5 mM dithiothreitol and 1 mM EDTA) to the flukes 
and homogenizing the mixture by brief exposure to 
a "Tekmar Tissumizer". The homogenized sus- 
pension was spun at 5000 g for 17 min, and the pellet 
was resuspended in homogenization buffer B (0.25 M 
sucrose, 5 mM dithiothreitol, and l m M  EDTA). 
The suspension was again spun at 5000 g for 17 rain. 
The final pellet was suspended in homogenization 
buffer B and used directly, or stored at - 70  ° until 
just prior to use. 

Adenylate cyclase assay. Adenylate cyclase activity 
in the fluke particles was determined, unless other- 
wise indicated, by the incubation for 8 min at 30 ° 
of a reaction mix containing (final concentrations) 
0.1 M sucrose, 50 mM glycylglycine, pH 7.5, 5 mM 
phosphocreatine, 2mM MgC12, 0.1mM Na-ATP 
with 0.75 to 1.5/aCi [a'-32p]ATP, 5 units creatine 
phosphokinase, 0.5 mM 3-isobutyl-l-methylxanthine 
(IBMX) 20/aM EGTA, 5 mM dithiothreitol, and 
other compounds as indicated in a final volume of 
0.25 ml. The reaction was stopped by the addition of 
0.25 ml of a stop solution containing (final con- 
centrations) 2% sodium dodecyl sulfate, pH7.4, 
10 mM EDTA, 10 mM Na-ATP, and 1 mM cAMP. 
cAMP content was determined by modification of 
the procedure of Salomon et al. [7] as previously 
described [3]. All values given are the average of 
duplicate samples. 

Measurement of cAMP levels, cAMP levels in 
intact flukes were determined by a slight modification 
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of the radioimmunoassay procedure described by 
Brooker  et al. [8]. Intact flukes were incubated at 
37 ° under  the indicated conditions after which they 
were rinsed once with fresh medium and then quickly 
frozen in Wol lenberger  clamps chilled in dry ice. The 
f lozen flukes were homogenized  in 0.1 N HCI using 
a motor-dr iven Teflon pestle. The homogenate  was 
spun at 12,000g for 20 min, and the supernatant  
fraction was used to determine c A M P  content.  All 
samples and c A M P  standards were acetylated by 
adding 10 #1 of t rk thy lamine  followed by 5 #1 of 
acetic anhydride to 0.5 ml of sample. Fifty microlitres 
of [125I]-ScAMP (-~10,000cpm/sample)  and 200!d 
of c A M P  antiserum were added,  and the samples 
were incubated for 12-16hr  at ,~,°. Af te r  the incu- 
bation, 2 ml of isopropyl alcohol was added, and the 
samples were spun at maximal speed for 20 min in a 
Beckman TJ-6 table- top centrifuge. The supernatant  
fractions were aspirated off, and the pellets were 
counted for 125I-activity in a Beckman Gamma 5500 
counter,  c A M P  values of the fluke samples were 
determined by graphical extrapolat ion from a stan- 
dard curve obtained for each experiment .  The value~ 
given are the means of duplicate samples. 

[3H]LSD binding assay. [3H]LSD binding to the 
fluke particles was de termined  using a filtration assay 
previously described [9]. The incubation conditions 
were for 5 min at 37 °. Specific [3H]LSD binding was 
determined by subtracting from the amount  of [3HI 
LSD bound in a test sample the amount  of [3H]I_,SD 
bound from an identical sample containing an excess 
of unlabeled LSD (10(I HM). All experiments  were 
done in triplicate. 

Measurement of.fluke motility. The extent of fluke 
motility was de termined  by eye on a subjective basis 
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Fig. 1. Forskolin activation of fluke adenylate cyclase. 
Fluke particles were assayed for adenylate cyclase activity 
as described in Methods and Materials in the presence of 
the indicated concentrations of forskolin (0). A Stock 
solution of 0.01 M forskolin was prepared in 95% ethanol. 
In diluting forskolin to the indicated concentrations, cor- 
responding carryover concentrations of ethanol were 
obtained in the tinal reaction mixture (e.g. 0.095% in the 
case of 10 " M forskolin). The amount of ethanol in the 
forskolin samples was added alonc in the ethanol control 
(A) to determine its effect on enzyme activity. The values 
given are means from duplicate samples of a representative 

experiment. 

as previously described [2~. The subjective scale 
ranged from 1+ (little or no movement)  to 4+ (very 
marked undulations and constant hyperactive 
movement) .  

Protein concentrat ions were determined by the 
method  of Bradford [10] using bovine serum albumin 
as a standard. 

Forskolin stock solution. A stock soiution of for- 
skolin (0.01 M) was prepared in 95';{- ethanol.  Conse- 
quently,  forskolin solutions in reaction mixtures or 
media used contained a carryover  amount  of ethanol 
corresponding to the dilution factor (e,g. (].095~:~ in 
the case of 10 -5 M forskolin). 

Materials. Forskolin was purchased from Cal- 
Biochem. D-Lysergic acid diethylamide was a prod- 
uct of Sandoz, obtained through the National Insti- 
tute of Mental  Health.  [qq]Adenos ine  3' ,5 '-cyclic 
monophosphate  (37Ci /mmole )  and [a-sZP]ATP 
(400 C i /mmole )  were purchased from Amersham.  
[SH]LSD (45-60 C i /mmole )  was a product of New 
England Nuclear.  ATP  and guanosine-5'-,O-(3-thio)- 
t r iphosphate (GTP?6)  were from Boehringer-  
Mannheim.  5 ' -Guanyl  imidophosphate  (Gpp(NH)  
p) was from ICN. Adenosine  3' ,5 '-cyclic mono- 
phosphate,  rabbit skeletal muscle creatine phos- 
phokinase,  phosphocreat ine,  and 5-HT were 
obtained from Sigma. [~251]-Succinyl c A M P  was pro- 
vided by Jolanda Schreurs, Stanford. cAMP anti- 
body was a gift from Dr. Gary Brooker .  University 
of Virginia. All other  materials were of at least 
reagent  grade and were obtained from various com- 
mercial sources. 

R E S U L T S  

Forskolin activation ol adenylate cyclase in cell- 
freeflukeparticles. Adenyla te  cyclase activity in fluke 
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Fig. 2. Synergism ot forskolin and 5-HT activation of flukc 
adenylate cyclase. Fluke particles were assayed for adenvl- 
ate cyclase activity as described in Methods and Materials 
in the presence of the indicated concentrations of forskolin 
with no additions (O) or with 1 !*M 5-HT + 100 HM GTP 
(O1, The dashed line ( • )  represents the synergistic activity 
and is the amount of activity that is greater than the activity 
due to the sum of 5-HT and forskolin activation alone. The 
values given are mean values from duplicate samples of a 

representative experiment. 
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Fig. 3. Effect of forskolin on 5-HT activation of adenylate 
cyclase. Fluke particles were assayed for adenylate cyclase 
activity as described in Methods and Materials in the pres- 
ence of the indicated concentrations of 5-HT and 100 uM 
GTP with no additions (©) or with 100 uM forskolin (O). 
The values given are means from duplicate samples of a 

representative experiment. 

particles was markedly  activated upon the addition 
of forskolin. Figure 1 shows that forskolin activated 
adenylate cyclase was concentrat ion dependent .  At  
the maximum concentra t ion that was tested, 300 gM, 
forskolin st imulated adenylate cyclase to over  thirty- 
five times the basal enzyme level. Since forskolin was 
dissolved in 95% ethanol ,  an ethanol  control was run 
to ensure that the activation was due to forskolin. 
Concentra t ion of forskolin of 10 .3 M (with a carry- 
over  of ethanol to give a concentrat ion of 9 .5%) 
activated adenylate cyclase to a lesser extent than 
did 300/tM forskolin (Fig. 1). This was probably a 
result of the higher ethanol  concentrat ions which 
were found to inhibit basal, 5-HT-st imulated,  and 
NaF-st imulated enzyme activity. Forskolin acti- 
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Fig. 4. Effect of forskolin on LSD activation of adenylate 
cyclase. Fluke particles were assayed for adenylate cyclase 
activity as described in Methods and Materials in the pres- 
ence of the indicated concentrations of LSD plus 100 #M 
GTP with no additions (~) or with 100 gM forskolin (0). 
The values given are means from duplicate samples of a 
representative experiment. In the same preparation, 
i00 #M 5-HT activated adenylate cyclase to a level of 
1040 pmoles/mg.min and 100 uM 5-HT + 100 aM for- 

skolin activated the enzyme to 1540 pmoles/mg, min. 
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vation of adenylate cyclase was not dependent  on 
the addit ion of GTP and the activation could be 
rapidly reversed by washing of the particles to 
remove  the forskolin. 

The effect of forskolin on 5-HT activation of 
adenylate cyclase is shown in Fig. 2. It was found that 
forskolin and 5-HT acted together  in a synergistic 
manner  to activate adenylate cyclase to a much 
greater  extent than the sum of the activation of the 
two compounds  alone. Fur thermore ,  as shown in 
Fig. 3, in the presence of 100/LM forskolin the ability 
of 5-HT to activate the enzyme increased with a 
change in the apparent  activation constant (KA) from 
1.2 X 10 -6 M to 3.2 x 10 -7 M. The synergistic effect 
of forskolin on activation of adenylate cyclase was 
even more pronounced when LSD was tested (Fig. 
4). LSD,  which is a partial agonist in this system, 
activated adenylate cyclase to 13% of the maximal 
level obtained with 5-HT activation. However ,  in the 
presence of LSD and forskolin the enzyme activity 
reached 60% of the maximal level obtained with 5- 
H T  and forskolin. 

The effects of forskolin on 5-HT- and LSD-st imu- 
lated adenylate cyclase activity made it of interest to 
determine if forskolin was directly interacting at the 
hormone  receptor  site. Figure 5 shows that 2-bromo- 
LSD,  a 5-HT antagonist,  inhibited both 5-HT-stimu- 
lated adenylate cyclase activity and the synergistic 
response of forskolin plus 5-HT; however ,  it had no 
effect in the presence of forskolin alone. The inability 
of forskolin to interact with the 5-HT receptor  was 
also indicated by binding studies. Previous studies 
[11] indicated that [3H]LSD can be used to label 
these receptors.  Forskolin at concentrat ions up to 
100 #M had no effect on the amount  of [3H]LSD 
specifically bound to the fluke particles. Forskolin 
also had no effect on the ability of 5-HT to compete  
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Fig. 5. Effect of 2-bromo-LSD on forskolin activation of 
adenylate cyclase. Fluke particles were assayed for adenyl- 
ate cyclase activity as described in Methods and Materials 
in the presence of the indicated concentrations of 2-bromo- 
LSD with 1/aM 5-HT and 100 #M GTP (©), with 100 uM 
forskolin ( I ) ,  or with 1 uM 5-HT and 100 uM GTP plus 
100/~M forskolin (~). The values given are means from 
duplicate samples of a representative experiment. The basal 
adenylate cyclase activity in this experiment was 6 pmoles/ 

mg. rain. 
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Fig. 6. Effect of forskolin on NaF activation of fluke adenyl- 
ate cyclase. Fluke particles were assayed for adenylate 
cvclase activity as described in Methods and Materials in 
the presence of the indicated concentration of NaF with no 
additions (D) or with 100 ~M forskolin (O). The values 
given are means from duplicate samples of a representative 

cxpcriment. 
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Fig. 7. Effect of forskolin on cAMP levels in intact 11ukcs. 
Liver flukes were incubated at 37 ° in media containing no 
additions (A),  100#M forskolin ( I ) ,  or l mM 5-HT (C,). 
At the indicated incubation times, the cAMP content from 
an aliquot of flukes was determined by radioimmunoassay 
as described in Methods and Materials. The results are 
mean values from duplicate samples of a single experiment. 

for [3H]LSD binding  sites (da ta  no t  shown) .  Thus ,  
bo th  the adenyla te  cyclase activity data  and  the  [3H]- 
LSD b ind ing  data  indicate  tha t  forskolin ac t iva t ion  
of adenyla te  cyclase was not  med ia t ed  by any direct  
in te rac t ion  with fluke 5 -HT receptors .  

The  effect of forskol in  on adenyla te  cyclase acti- 
va t ion med ia t ed  th rough  the regula tory  c o m p o n e n t  
of the system is complex.  Figure 6 shows the effect of 
forskol in  on sodium fluoride act ivat ion of adenyla te  
cyclase. A t  low sodium fluoride concen t ra t ions ,  the 
addi t ion of forskol in  increased  adenyla te  cyclase 
activity to levels which were slightly more  than  addi- 
tive. At  high sodium fluoride concen t ra t ions ,  
however ,  addi t ion of forskol in  decreased  enzyme 
activity. Forskol in  also affected the act ivat ion of 
adenyla tc  cvclase by guan ine  nucleot ides .  Table  1 
shows tha t  ac t ivat ion of adenyla te  cyclase by 

G p p ( N H ) p  and  forskol in  was near ly  addit ive,  t tow-  
ever ,  ac t iva t ion  by GTPTS was inhib i ted  by forskolin.  
These  results  suppor t  previous  exper imen t s  [12]. 

Effect of  forskolin on cAMP levels in intact flukes. 
Incuba t ion  of intact  flukes with 100 ~tM forskolin 
increased the i r  c A M P  level to more  than twice the 
level found  in control  flukes. Figure 7 shows that  the 
c A M P  level in the fo rsko l in - t rea ted  flukes remained  
e levated  t h r o u g h o u t  the  45-rain incuba t ion  period.  
This is in cont ras t  to the previously descr ibed effect 
of 5 -HT incuba t ion  on c A M P  levels which af ter  rising 
sharply quickly decreased  back towards  control  
values [2]. The  increased  c A M P  levels in forskolin- 
t r ea ted  flukes was concen t ra t ion  dependen t .  Table  2 
shows tha t  incuba t ion  with 300/~M forskolin gave 
the m a x i m u m  increase  in cAMP.  This  concen t ra t ion  
d e p e n d e n c e  was similar to tha t  found  for forskolin 
ac t ivat ion of adenyla te  cyclase in fluke particles (Fig. 

Table 1. Effect of forskolin on activation of fluke adenylate cyclase by 
Gpp(NH)p and GTPgS* 

Assay conditions 

Adenylate cyclase 
activity Expected activity 

( pmoles/mg .min) if additive 

Fluke particles were assayed for adenylate cyclase activity as described in 
Methods and Materials under the assay conditions indicated. The concentration 
ol forskolin used was i00 uM. The values given are means from duplicate 
bamples of a representative experiment. 

No additions {basal conditions) 6.5 
Forskolin 12() 
1 HM Gpp(NH)p 45 
1 uM Gpp(NH)p + forskolin 170 165 
1() ~LM Gpp(NH)p 110 
10 #M Gpp(NH)p + forskolin 220 230 
100 uM Gpp(NH)p 130 
100 I*M Gpp(NH)p + forskolin 220 250 
100 nM GTPyS 450 
100 nM GTPyS + forskolin 360 570 
1 HM GTPyS 1000 
1 #M GTPgS + forskolin 720 112t) 
10 tiM GTPTS 1100 
10 !*M GTP'yS + forskolin 890 122(I 
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Table 2. Effect of forskolin on cAMP levels in intact flukes 

[cAMP] in intact flukes 
(pmoles/mg protein) 

Forskolin 
(M) Expt. 1 Expt. 2 

None 43.9 26.4 
10 5 66.7 26.4 
10 4 69.7 37.1 
3 x 10 4 128.6 43.5 
10 3 106.0 40.0 

* Liver flukes were incubated at 37 ° in media containing 
the indicated concentrations of forskolin. A stock solution 
of 0.01 M forskolin in 95% ethanol was used to prepare the 
indicated concentrations. Thus, the final concentration of 
forskolin in media contained a carryover amount of ethanol 
(e.g. 0.095% in the case of 10 -5 M forskolin). After incu- 
bation for 5 min in Expt. 1 or 15 min in Expt. 2, the cAMP 
content of the flukes was determined by radioimmunoassay 
as described in Methods and Materials. The results given 
are mean values from duplicate samples. 

1). Also similar was the finding that LSD and for- 
skolin acted together  synergistically to increase 
c A M P  levels in the intact flukes (Table 3, Expt.  2). 
These findings suggest that the increases in c A M P  
levels due to forskolin are the direct result of forsko- 
lin's activation of adenylate  cyclase. 

cAMP and fluke motility. During the course of  
these studies, it was found that the incubation of 
intact flukes with forskolin at concentrat ions above 
50 ~M markedly  st imulated their  rhythmical move-  
ment.  Previous reports  [2] from our laboratory sug- 
gested a correlat ion be tween increased c A M P  levels 
caused by serotonin and increased fluke motility. 
This is consistent with the present  finding shown 
in Table 3 indicating that increased fluke motility 
occurred at forskolin concentrat ions where increased 
c A M P  levels were  found. Fur thermore ,  it can be 
seen in Table  3 that incubation of  flukes with 5-HT 
or with 3- isobutyl- l -methylxanthine,  a phospho- 
diesterase inhibitor,  also increased both c A M P  levels 

and fluke motil i ty [13]. An  increase in c A M P  levels 
was not observed after incubation with LSD at con- 
centrat ions which markedly enhanced fluke motility. 
However ,  in the presence of 3-isobutyl- l-methyl-  
xanthine or forskolin, fluke c A M P  levels were 
increased by the addition of LSD. 

DISCUSSION 

The liver fluke Fasciola hepatica contains a very 
active adenylate cyclase that is controlled by at least 
two membranous  components ,  serotonin receptors 
and GTP-prote ins  [1-3, 14]. Enzyme activity is acti- 
vated by serotonin and its agonists through the recep- 
tors, and by the hydrolysis-resistant GTP  analogues 
through the GTP-prote in .  The di terpene,  forskolin, 
was shown to activate adenylate cyclases from many 
sources and to potent iate  receptor-mediated acti- 
vat ion of the enzyme [15]. The results presented 
here clearly show that forskolin activated adenylate 
cyclase in membrane  particles from the liver fluke, 
and that it raised the level of cyclic A M P  in intact 
organisms. Nei ther  effect appears to be receptor-  
mediated since activation was not blocked by bromo- 
LSD,  a potent  antagonist  of the serotonin receptors 
in this system [2, 3]. Fur thermore ,  forskolin showed 
no effect on the binding of [3H]LSD to the serotonin 
receptors in the fluke particles. The di terpene,  how- 
ever,  was shown to potent iate  receptor-mediated 
activation of  the enzyme by serotonin or by LSD. 
Forskolin increased maximal  serotonin response and 
lowered the apparent  KA for activation by the in- 
doleamine.  Forskolin,  therefore  does not seem to 
require the serotonin receptors for its action but 
could modula te  the regulation of the cyclase by the 
indoleamine.  The effect on the fluke cyclase system 
here  appears to be similar to what was reported on 
receptor-act ivated adenylate cyclase from mam- 
malian cells. The exact locus of forskolin action in 
all these enzyme systems remains to be elucidated. 
The  discovery by Seamon and Daly [16] that a normal 
GTP-pro te in  is not required for forskolin activation 
of adenylate cyclase in the cyc-  mutant  of $49 mouse 

Table 3. Effects of forskolin and other agents on cAMP levels and motility in 
intact flukes* 

[cAMP] 
Expt. Incubation conditions (pmoles/mg protein) Motility 

1 Control 34 1 + 
1 mM 5-HT 650 4+ 
100/aM Forskolin 91 3+ 

2 Control 45 1 + 
100 #M Forskolin 68 3+ 
1/aM LSD 47 4+ 
1/aM LSD + 100/aM forskolin 93 4+ 

3 Control 41 1 + 
2 mM IBMX 64 3+ 
2 mM IBMX + 1/aM LSD 76 4+ 

* Liver flukes were incubated at 37 ° for 5 min under the specified conditions. 
Following incubation, the flukes were analyzed for motility using a subjective scale 
ranging from 1+ (little or no movement) to 4+ (very marked undulations and 
constant hyperactive movement) as we described previously [2, 13]. The cAMP 
content of the flukes was determined by radioimmunoassay as described in Methods 
and Materials. The results given are the means of duplicate samples. 
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l y m p h o m a  while guan ine  nucleot ides  modify for- 
skol in-ac t iva ted  cyclase f rom the same cells [17] 
i n t roduced  unce r t a in ty  abou t  the  site of action of the 
d i te rpene .  More  recent ly ,  G p p ( N H ) p  was shown to 
inhibi t  the  forskol in-ac t iva ted  cyclase in rat  adipo- 
cyte m e m b r a n e s  [18], giving the nucleot ide  an inhibi-  
tory effect as well as an act ivat ing one.  In the fluke 
cyclase system, s t imula t ion  by G p p ( N H ) p  and by 
forskol in  was a lmost  addit ive.  The  inhib i tory  com- 
p o n e n t  for G p p ( N H ) p  on  forskol in  ac t ivat ion 
appears  to be missing in the  fluke enzyme system. 
Howeve r ,  this conclus ion must  be cons idered  ten-  
tat ive in view of the f inding tha t  ac t ivat ion of adenyl-  
ate cyclase by forskolin and  GTPgS was less than  
act ivat ion by GTPyS a lone.  This  finding, when  added  
to the  results  r epo r t ed  in Fig. 6 tha t  at high fluoride 
concen t r a t i on  forskol in  decreased  act ivat ion of the 
enzyme,  suggests tha t  the effect of forskolin may be 
due,  at least  in par t ,  to its ability to modify the  
in te rac t ion  be tween  the regula tory  and the catalytic 
c o m p o n e n t s  of the m e m b r a n o u s  enzyme complex.  
Ka tada  et al. [19] r epo r t ed  that  bo th  NaF  and  GTPyS  
are less effect ive act ivators  in the presence  of high 
concen t r a t ions  of forskol in ,  using h u m a n  plate le t  
m e m b r a n e s .  

The  ability of forskol in  to elevate  fluke c A M P  
levels and  increase  fluke motil i ty provides  new evi- 
dence  that  c A M P  may have a role in the regula t ion 
of fluke motil i ty.  Previous  studies [2, 51 indica ted  
that  5-HT,  LSD,  and  o ther  agents  which ac t ivated  
adenyla te  cyclase also increased fluke motili ty.  Fur-  
t h e r m o r e ,  2 -b romo- L SD  inh ib i ted  5 - t iT- s t imula ted  
adenyla te  cyclase and para lyzed the flukes. Since all 
these  agents  acted th rough  the 5- l IT  receptor ,  it 
could have been  argued that  the effect on motil i ty 
was a recep tor  funct ion  that  was not  med ia t ed  by 
cAMP.  The  ability of forskol in  to e levate  fluke 
c A M P  levels and increase fluke moti l i ty  provides  a 
new example  of a cor re la t ion  be tween  the two 
effects. The  significance of the effect of forskolin in 
this respect  is tha t  it appears  to increase  c A M P  levels 
by a non- se ro ton in  recep tor  med ia t ed  mechan i sm.  

The  dual effect of forskolin on motility and c A M P  
leveis in the flukes may fur ther  implicate the cyclic 
nucteot ide  in the n e u r o m u s c u h n  funct ion of these  
parasites.  
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