
values )\hen gamma globulin and other 
serum protein measurements arc ~ n a d r .  
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Green Crabs and the 
Redistribution of Quahogs 

In  a recrnt report, DOIV and M7allace 
commented on the effects of winter 
storms in rcdistributing populations of 
the quahog, Venus  mercennrin L. ( I ) .  
T h r  probable cffcct of water currents in 
accumulating masses of young quahogs 
has been indicated elsewhere ( 2 ) .  Rc-
cently it has come to light that crabs also 
constitute a factor in the rrdistribution 
of a quahog population. 

The  -green crab. Carcinides nznenns 
( L . ) ,  is a voracious predator upon clam 
and quahog populations in northern New 
England lvaters (3, 4 ) .  Although othrr 
factors are also involved, its progressive 
increase in the Gulf of Maine has roughly 
paralleled a srrious depletion of the 
soft-shrllcd clam, M y n  nrennria L. (51, 
and the crab is an important factor in 
the reduction of srrdbrds of thr quahog 
( 4 ) .  Data obtained during the fall of 
1955 indicate that, in addition to its im- 
portance as a shellfish prrdator, the green 
crab plays a minor but appreciable rolr 
in rcdistributing quahogs in an area 
nhcrc crabs and quahog.; occur together. 

O n  16 Sept. 1955, ~vhilc repairing a 
frnce impeding the entrance of crabs into 
Brickyard Cove, Scbascodegan Island, 
Me., we collected a grcrn crab that i tas 
rno\ring about mith a 1-in quahog 
pinched onto the tip of one of its m~llc- 

ing lrgs. When thr crab was lifted from 
the water, the quahog pinched down 
more tightly on the crab's leg, thus rc-
moving the tip of the terminal srgmcnt. 
T h r  same action left a small circular 
nick, marking thr  t ~ v o  valvrs symmetri- 
cally, at the edge of the quahog shell. I t  
was thrn notrd that se\rcral quahogs lay 
exposed on scrrening that had bren 
placrd on the bottom behind the frncr 
to reduce tidal erosion and on which the 
crab with the attached quahog had been 
collrctcd. Of a sarnplc of 32 of thrsc rx- 
posrd quahogs, 2G wrrc living, and in 24 
of thcsr the edges of thr valves lvcrc 
scarred by nicks similar to that described. 
In  the othrr t ~ v o  living spccimrns, growth 
had continued aftrr scarring so that rach 
valve was marlird near thr  rdgc by a 
semicircular scar, and its concal' ' ~ t) was 
filled in by new growth. 

I t  is assumed that the quahogs found 
on the flat screening 111d been transportrd 
there by the mo\rcnlcnts of crabs and that 
once olrcr thr scrcrning thr  quahogs had 
either been shaltcn off or had amputated 
the tips of the crab legs, thus freeing 
themsrlvcs. I t  is further assumed that a 
quahog bccomes attachrd to a crab's leg 
when a crab inadvertently places a leg 
tip b r t ~ v r r n  the open valvcs of a quahog 
in the region of the pallial sinus as the 
latter rests upright in the mud. 

Thcse assumptions arc strrngthcned by 
the follolving observations. Small qua- 
hogsa rc  frcqucntl; collected about the 
pcriphrry of Quahog Bay, of ~vhich 
Brickyard CO\T is an arm, each ~v i th  a 
small circular nick in the rdgc of the 
shcll in the rcgion of the pallial sinus. 
When a quahog is opened immediately 
aftrr  it has pinchrd off the tip of a crab 
leg, it is found that the tip lirs between 
the valvcs nrar a circular nick at the 
rdge of thr shcll. Grern crabs with miss-. 
ing leg tips occur frrqucntly in thr area. 
Robert L. Dolv aud Dana E. Wallacr of 
the Drpartment of Sea and Shore 
Fishrrics havr observed a horsrshoe crab, 
Linzulus polyphe?nz~s L., a t  the moment 
that it picked up a quahog passenger in 
the manner poitulatrd for the green 
crab; they have photographed the speci- 
mens involvrd. 

Aftrr the observations of 1G Scpt., we 
collected a random sample of 1000 qua- 
hogs, all under 5 cm and more than 1.5 
cm, in Brickyard CO\T. Of thcsc sprci- 
mcns, 29, or 2.9 pcrcent, dcmonstratrd 
a circular nick at the edge of the shcll, 
or a shell bilaterally marlied by scniicir-
cular scars that had been fillrd in bv 
subsequrnt growth. Of the spccimrns thus 
far examined, the smallest in which thr 
nicli, eithcr pcriphrral or rlsclvhcre, has 
bren dctected has h c t ~ ~  2 cm in length; 
the largest, 3.7 cm. 

T h e  role of the grecn crab in rcdistrib- 
iiting thr quahog may not be especially 

important to thr  ~vholc ecology of eithcr, 
but it may be that something of a benrfi- 
cia1 cffcct is introducrd by the grecn 
crab in thinning cromdrd populations, 
since it would br in such areas that the 
malkirig legs ~vould seen1 most lilccly to 
rnter the valvrs. O n  the othrr hand, the 
brcaks introduced may allow rntrancc to 
forciqn invaders or to thr action of qrecn 
crab pincers, thus increasing the susccp- 
tibility of the quahog to destruction. 
However, a sarnplc of se\rcral rmpty 
scarrrd valves that lverr collrctcd sho~vcd 
that the nick was in a peripheral posi- 
tion in but one case. 

One value of the observations rrportcd 
herr rriay lip in a possible correlation be- 
tween frequency of the scar rcportrd and 
the relati1.e populations of grren crabs 
and quahogs. O n  the other hand, thr frc- 
qucncy of missing leg tips of thr grecn 
crab in a quahog area might rrasonably 
1)r presumed to be rclstcd to thr density 
of small quahogs in thr  feeding zone. 
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Serotonin-Releasing Activity 
Limited to Rauwolfia Alkaloids 
with Tranquilizing Action 

Previous findings (1, 2)  ha\?  led us 
to postulate that the clinical cffccts 
of reserpine are mediated through sero-
tonin (5-hydroxytryptamine), a sub-
stance that is normally prcsrnt in thr 
brain, and that scrotonin may halve a 
role in brain function. This conccpt is 
based in part on the observation that 
rcsrrpinc liberates serotonin from its 
body depots. The  evidence presrnted in 
this paper strengthrns the conccpt by 
shelving that of a nurnbrr of centrally 
acting drugs only Rauwolfia alkaloids ex-
erting a tranquilizing action effect the 
librration of brain scrotonin. 

Rabbits rrceivcd the various drugs 
intravenously and werr killed 4 hours 
latrr. Their brains wrrr  removed as 
rapidly as possible, and scrotonin was 
determined fluoromctrically (3) .  

I n  Table 1 is sholvn the effect of a 
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Table 1. Serotonin concentration in rabbit brain 4 hours after administration of various 
Rauwolfia alkaloids. Rabbits received 2 mg/kg of alkaloid intravenously (25 mg of each 
compound was dissolved in a few drops of glacial acetic acid and diluted with 0.7 ml 
ethanol, 0.7 ml propylene glycol, and 3.6 ml water.) 

Allialoid 

Kone 
Reserpine 
Dcserpidine (recanescine) 
Rescinnaminc 
Isoreserpine 
Methyl reserpate 
Reserpic acid 
Rcserpininc 
Serpentine 
Ajmaline 
Ajmalacinc 
p-Toluene sulfonyl methyl reserpate 
Yohimbinc 

No. of 
animals 

Sedative 
action 

Active 
Active 
Active 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 

Serotonin 
content 
(wg/g) 

Table 2. Serotonin concentration in rabbit brain 4 hours after intravenous administration 
of various drugs that act on the central nervous system. 

Serotonin content Drug Dose (mg/kg ) Central effect 
( wg/g 

Kone 0.57 (avg.) 
Phenobarbital 100 Hypnosis 0.5 1 
Barbital 200 (divided doses) Hypnosis 0.5 1, 0.48 
Morphine 2 0 Sedation 0.43, 0.57 
Scopolamine 
D-Amphetamine 

50 
70 (divided doses) 

Light sedation 
Convulsions 

0.50 
0.55 

Diphenhydramine 35 (divided doses) Convulsions 0.54 
Cortisone 26 (divided doses) Convulsions 0.49 

'Table 3. Serotonin concentration in rabbit brain 4 hours after intravenous administration 
of various hallucinogenic and psychotherapeutic drugs. 

Serotonin content 
Drug Dose (mg/kg) Central effect 

( wg/g 

None 0.57 (avg.) 
LSD 0.12 Excitement 0.47, 0.49 
Mescaline 75 Excitement 0.46, 0.50 
Chlorpromazine 10 Sedation 0.52, 0.49 
Frenquel 7 5 Convulsions 0.53, 0.59 

(divided doses) 

number of Rauwolf ia alkaloids on brain 
serotonin. Only reserpine, rescinnamine, 
and deserpidine (recanescine) induced 
scdation and caused a significant altera- 
tion in brain-serotonin levels. Methyl 
reserpate, an  inactive hydrolytic product 
of reserpine, did not release serotonin. 
Other alkaloids that are structurally re-
lated to reserpine had neither a seda-
ting action nor an  effect on brain sero-
tonin. T h e  failure of isoreserpine to 
release serotonin or to produce an  ob-

servable sedative effect was of particular 
interest, since this compound differs from 
reserpine only in steric configuration (4 ) .  

Table 2 shows the effect on brain 
serotonin of other centrally acting drugs 
that are structurally unrelated to reser-
pine. I t  can be seen that a variety of 
hypnotics, narcotic analgesics, and cen-
tral nervous system stimulants had no 
effect on brain serotonin. 

The  effect of a number of hallucino- 
genic agents and synthetic psychothera- 

pcutic drugs is s h o ~ r n  in Table 3. Xone 
of the compounds studied changed sig- 
nificantly the serotonin content of brain 
tissue. Since prckious studies hake sholvn 
that the hallucinogenic agent, lysergic 
acid diethylamide ( L S D ) ,  antagonizes a 
central action of reserpine ( I ) ,it seemed 
possible that pretreatment with L S D  
\vould prevent the release of serotonin by 
rescrpinc. I t  was found, holvever, that 
LSD did not block this release,which in- 
dicates that LSD inhibits reserpine cen-
trally by blocking the action of liberated 
serotonin, as previously suggested (5 ) .  

Of soecial interest was the inabilitv of 
chlorpromazine to release serotonin, 
since, like reserpine, chlorpromazine ex- 
erts tranquilizing effects, potentiates hyp- 
notics, and is useful in the treatment of 
psychiatric disorders. Presumably, there- 
fore, the central actions of chlorpro-
rnazine are not mediated through the re- 
lease of serotonin. This is in accord with 
our observation that LSD blocks the re- 
serpine-induced potentiation of hypnotics 
but not that induced by chlorpromazine 
( 6 ) .  I t  thus seems likely that chlorpro- 
mazine acts directly on receptor sites in 
the brain. This is in contrast to reser-
pine, which acts through serotonin. 
Frenquel, a new drug that is currently 
under investigation for the treatment of 
psychiatric disorders, also failed to re-
lease serotonin in brain tissue. 

The  experiments described here show 
that, of a wide variety of drugs that act  
on the central nervous system, only the 
Rauwolf ia alkaloids that cause sedation 
can affect brain serotonin. They offer 
further evidence that the beneficial clini- 
cal efi'ects of these drugs are mrdiated 
through the action of serotonin. 

BERNARDA. BRODIF. 
PARKHURST'4. S H O R ~  

'4. PLETSCHER" 
Laboratory of Chemica l  Pharmacolog>, 
National  Hear t  Inst i tute ,  National  
Institutes of Heal th ,  C7.S.Public H e a l t h  
Service, Rethesda, Mary land  

References and Notes 

1. 	 P. A. Shore, S. L. Silver, B. B. Brodie. Science 

122, 284 (1955). 


2. 	 A. Pletscher, P. A. Shore, B. B. Brodie. ibid. 
122. 374 (1955) and J .  Pharmacol. Erp t l .  
l 'herae. 116, 84 (1956): B. B. Brodie, A. 
Pletscher, P. .4. Shore, Science 122, 968 (1955). 

3. 	 D. Bogdanski et al., J. Pharmncol. Erpt l .  

Thurap., in press. 


4. 	 C. F. Huehner et  al . ,  Experiuntia 11, 303 
(1955). 

5. 	 P. .4. Shore. S. L. Silver. B. B. Brodie. ib id .  

11, 272 (1955). 


6. 	 P. A. Shore and B. B. Brodie. unpublished 

observation.
* Guest worker from HofFmann-La Roche, Iuc., 
Basel. Switzerland. 

2 Decemher 1955 

Chemist ly  has been telmerl by  the physicist the messy part of phjsics, but that is no reason 
why  the physicists should be pelmitterl to  make a mess of chemzs t~y  when they inuncle zt.- 
FREDERICKSODDY. 


