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Abstract. The crus ta cean ner vous system is an im por tant sour ce of sub -
stan ces with di ver se bio lo gi cal ac ti vi ties, par ti cu larly af fec ting in ver te bra te
car dio cir cu la tory physio logy. Ho we ver, the ef fects of the se sub stan ces on the
car dio vas cu lar system of hig her ver te bra tes are not very well do cu men ted. The 
pur po se of this study was to eva lua te the ef fects of a car dioex ci ta tory sub stan -
ce (CES) iso la ted from the eyes talk of the shrimp Pe neaus va na meii on rat
car dio vas cu lar func tion. The ad mi nis tra tion of a pu ri fied frac tion of this sub -
stan ce rai sed mean ar te rial pres su re by 37.33 ± 5.00 mm Hg, pul se pres su re
35.00 ± 4.93 mm Hg and heart rate 80.00 ± 12.83 beats/min over ba sal va -
lues (p < 0.01). Eva lua tion of the pos si ble un derl ying me cha nisms of this
hyper ten si ve and tach ycar dic ef fect re ve led that dihy droer go ta mi ne pre treat -
ment (20 µg/0.2 mL) re du ced the ef fect of CES on mean blood pres su re, but not 
on heart rate. Pro pra no lol pre treat ment (4 µg/0.2 mL) re du ced the tach ycar dia,
but not the hyper ten si ve res pon se. Ena la pril pre treat ment (5 µg/0.2 mL) did not
mo dify the ef fects in du ced by CES on heart rate or blood pres su re, and the ve -
ra pa mil pre treat ment (1 µg/0.2 mL) re du ced both car dio vas cu lar chan ges by
85% (p < 0.01). The se re sults in di ca te that CES iso la ted from the shrimp
eyes talk pro du ces hyper ten sion and tach ycar dia me dia ted by adre ner gic re -
cep tors in as so cia tion to cal cium chan nels ac ti va tion.
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Efec to car dio vas cu lar ex ci ta to rio en la rata, de una frac ción
ais la da del ta llo óp ti co del ca ma rón: Pe neaus va na meii.
Invest Clín 2006: 47(2): 133 - 141

Palabras clave: Peneaus vanameii; fracción peptídica, presión ar te rial, frecuencia
cardiaca.

Re su men. El sis te ma ner vio so de crus tá ceos es una fuen te im por tan te de 
sus tan cias con ac ti vi dad bio ló gi ca di ver sa, par ti cu lar men te la que afec ta la fi -
sio lo gía car dio cir cu la to ria de los in ver te bra dos. Sin em bar go, los efec tos de
es tas sus tan cias so bre el sis te ma car dio vas cu lar de ma mí fe ros no es tán bien
do cu men ta dos. El ob je ti vo de este es tu dio, fue eva luar los efec tos de una sus -
tan cia car dioex ci ta to ria (SCE) ais la da del ta llo óp ti co del ca ma rón Pe neaus
va na meii so bre la fun ción car dio vas cu lar de la rata. La ad mi nis tra ción de una
frac ción pu ri fi ca da de esta sus tan cia in cre men tó la pre sión ar te rial me dia en
37,33 ± 5,0 mm de Hg, la pre sión ar te rial di fe ren cial en 35,00 ± 4,93 mm de 
Hg, así como la fre cuen cia car dia ca 80,00 ± 12,83 lat/min so bre los va lo res
ba sa les (p < 0,01). La eva lua ción del me ca nis mo por el cual este efec to hi per -
ten sor y ta qui car di zan te se pro du jo in di có que el tra ta mien to con dihi droer -
go ta mi na (20 µg/0,2 mL) re du jo los efec tos del SCE so bre la pre sión ar te rial
me dia, pero no so bre la fre cuen cia car dia ca. El pre tra ta mien to con pro pra no -
lol (4 µg/0,2 mL) re du jo la ta qui car dia pero no la res pues ta hi per ten si va. El
pre tra ta mien to con ena la pril (5 µg/0,2 mL) no mo di fi có los efec tos in du ci dos 
por SCE so bre el co ra zón o los va sos san guí neos, el pre tra ta mien to con ve ra -
pa mil (1 µg/0,2 mL) re du jo am bos cam bios car dio vas cu la res en un 85%
(p < 0,01). Estos re sul ta dos in di can que el SCE ais la do del ta llo óp ti co del ca -
ma rón pro du ce hi per ten sión y ta qui car dia me dia da a tra vés de re cep to res
adre nér gi cos, en aso cia ción con una ac ti va ción de los ca na les de cal cio.

Recceived: 31-03-2005. Ac cepted: 12-01-2006.

INTRO DUC TION

The crus ta cean ner vous sys tem is an
im por tant source of neurohormones,
neurotransmitters and neuromodulators
with di verse bi o log i cal ac tiv i ties, ex hib it ing
im por tant ef fects on the cardiocirculatory
phys i ol ogy of both ver te brates and in ver te -
brates. The neuronal groups and neuro -
secretory cells re spon sive to these sub -
stances have been iden ti fied in ver te brates
and in ver te brates by autoradiographic,
immuno cytochemical and histochemical
tech niques, which have al lowed to es tab lish

their bio chem i cal homology in dif fer ent an -
i mal spe cies (1-7).

Ex ten sive re search on crus ta cean
neuropeptides con firmed the phys i o log i cal
role of these sub stances; how ever their ef -
fects as neurohormones or neuro -
transmitters in ver te brate and in ver te brate
spe cies raised the pos si bil ity of some phylo -
gen etic re la tion ship be tween re lated spe -
cies, and their role in neuroendocrine in te -
gra tion (8-14).

Among the pep tides iden ti fied in in ver -
te brates, par tic u larly in crus ta ceans, are
wor thy of men tion: the hyperglycemic hor -
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mone, some pep tides as so ci ated to cir ca -
dian rhythm con trol, sev eral hor mones re -
lated to wa ter-min eral bal ance, and a group 
of sub stances with im por tant stim u lat ing
ac tions on the car dio vas cu lar sys tem (15-21).

These cardioexcitatory sub stances ex -
ert im por tant ef fects on the heart func tion
of sev eral an i mal spe cies, par tic u larly re -
lated to en vi ron men tal ad ap ta tion and the
cir ca dian rhythm. Pre lim i nary stud ies car -
ried out with sub stances iso lated from mol -
lusks and crus ta ceans sug gest their co ex is -
tence with other biogenic amines such as
cate chol amines, se ro to nin and octopamin,
in the same nerve ter mi nal. Bio chem i cal
stud ies and pu ri fi ca tion tech niques al lowed
the iso la tion and char ac ter iza tion of dif fer -
ent peptidic com pounds with spe cific bi o -
log i cal ac tiv i ties, such as the pep tide
FMRFamide, which has the prop erty of
stim u lat ing car diac ac tiv ity in mol lusks and 
crus ta ceans (22-24). Fur ther more, an ad di -
tional group of low mo lec u lar weight pep -
tides were iden ti fied in crus ta ceans, ex hib -
it ing re mark able chem i cal homology, and
phys i o log i cal ef fects sim i lar to the ones
found in mam ma lian neuropeptides.
Autoradiographic and immunocytochemical 
stud ies have shown the pres ence of spe cific
re cep tors for these pep tides in the rat dor -
sal root and pri mary af fer ent fi bers of the
spi nal cord. The pres ence of these pep tides
was also es tab lished in au to nomic fi bers
innervating car diac mus cle, pericardium
and gan gli onic tis sue in crus ta ceans, gas -
tro pods and higher ver te brates (25-32).

Ex per i men tal ev i dence in di cates that
these neuropeptide fam i lies are as so ci ated
to cardiocirculatory con trol in in ver te -
brates; and their chem i cal re sem blance to
the ones pres ent in ver te brate car diac and
neu ral tis sues sug gests that they rep re sent
an evo lu tion ary step in ver te brate car dio -
vas cu lar reg u la tion. Be cause the car dio vas -
cu lar ac tiv ity of neuropeptides pres ent in
the eyestalk of the shrimp Peneaus

vanameii has not been ex plored, the ob jec -
tive of this study was to eval u ate the car dio -
vas cu lar ac tiv ity of a pu ri fied pep tide frac -
tion from the eyestalk of Peneaus vanameii
on blood pres sure and heart rate of an es -
the tized rats.

MA TE RI ALS AND METH ODS

Penaeus vanameii shrimps (n = 1900) 
100 g av er age weight were pro vided by
Siem bramar, C.A., Bar ce lona, Anzoátegui
State, Ven e zuela.

Car dio vas cu lar tests were per formed
on 60 male Sprague-Dawley rats, 300 g av -
er age weight, from the Ven e zue lan In sti -
tute of Sci en tific Re search (IVIC). These
an i mals were kept in the an i mal room of
the Health Sci ences School of the
Universidad de Oriente Ven e zuela, main -
tained with ad li bi tum ac cess to wa ter and
food pel lets (Ratarina®, Purina C.A.).

Prep a ra tion and frac tion ation of crude
 eyestalk frac tion

Out from 1900 crude shrimps, 300 g
of crus ta cean eyestalks were ob tained by a
cut at the point of at tach ment to the
shrimp cephalothorax. The eyestalks were
main tained in re agent grade ac e tone at
12°C and later ho mog e nized in a Sorvall®

ho mog e nizer at 3500 rpm for 15 min; af ter -
wards, ac e tone was evap o rated at room
tem per a ture. The re sult ing 300 mg pow der
was treated with chlo ro form un der the
same con di tion as above, and dried. The
eyestalk pow der ob tained was then ex -
tracted with 400 mL of dis tilled wa ter. The
yel low supernatant was de canted af ter cen -
tri fug ing at 4°C at 12000 rpm for 10 min,
and dried un der re duced pres sure at 40°C,
yield ing a 180 mg res i due and was termed
“crude ex tract”, which was then frac tion -
ated on Sephadex G-25 (Pharmacia Fine
Chem i cals) col umn, us ing meth a nol as
eluent to give five frac tions termed I-V.
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Bioassay with the pu ri fied frac tions
Bioassays on mo tor neu rons from the

third ab dom i nal gan glion of Penaeus
vanameii were per formed to each of the five 
ob tained frac tions, in or der to es tab lish its
bi o log i cal ac tiv ity, ac cord ing to meth ods
pub lished else where which briefly, con sists
of re cord ing the spon ta ne ous ac tiv ity of the 
su per fi cial branch oh the third root of this
gan glion with a suc tion elec trode. The mea -
sure ment of fir ing rate cor re sponds to the
ac tiv ity of motoneuron f-5) (32). The high -
est ac tiv ity level was ob served in frac tion V.
All car dio vas cu lar as says, made on rats,
were per formed with this par tic u lar frac -
tion. The pu ri fied frac tion V cor re sponds to 
ex tracted peptidic com pound (CES) ac -
cord ing to al ready pub lished pro ce dures
car ried out in sam ples of in ver te brate
nervous tis sues The per cent age of re cov ery at 
the end of this pro ce dure was (w/w = 0.06%)
(1, 2, 11, 34).

Eval u a tion of Frac tion V Cardioexcitatory
sub stance (CES) on blood pres sure 
and heart rate

In or der to test the car dio vas cu lar ac -
tiv ity of CES, 50 rats were an es the tized
with so dium pentobarbital (35 mg/Kg i.p.)
and its fem o ral vein catheterized with an
Intramedic® PE 50 poly eth yl ene cath e ter;
this ve nous line was used to ad min is ter CES 
or its ve hi cle; the fem o ral ar tery was
catheterized, for blood pres sure re cord ing
with a Statham® Strain-Gauge trans ducer,
con nected to a Grass® 7E Poly graph via a
7DA1 preamplifier. Heart rate was mon i -
tored from the elec tro car di og ra phy re cord -
ings ob tained from four sub cu ta ne ous plat i -
num elec trodes placed on the an i mal’s
limbs, and con nected to the Poly graph EKG 
leads I and II preamplifier.

Bolues of 0.2 mL in tra ve nous in jec -
tions con tain ing in creas ing doses of CES,
with a range of 10-800 µg were ad min is -
tered to rats in or der to es tab lish the dose

evok ing the max i mal re sponse. Blood pres -
sure and heart rate were con tin u ously re -
corded; the max i mal ef fect was achieved at
the 800 µg dose. This dose was used in all
sub se quent ex per i ments be fore and af ter
phar ma co log i cal block ade. The con trol
group con sisted of 10 rats in tra ve nously in -
jected with a 0.2 mL bolus of 0.9% NaCl,
un der the same ex per i men tal con di tions.
Mean ar te rial pres sure was cal cu lated as di -
a stolic blood pres sure + 1/3 [sys tolic
(SBP)-di a stolic blood pres sure (DBP)].

Eval u a tion of phar ma co log i cal block ade 
on CES car dio vas cu lar re sponses

In or der to es tab lish the role of
a-adrenergic re cep tors on the re sponse, a
group of 10 rats re ceived 20 µg/0.2 mL
dose of in tra ve nous dihydroergotamine.
b-adrenoceptor car dio vas cu lar stim u la tion
was eval u ated through 4 µg/0.2 mL
propranolol pre treat ment. Pre treat ment
with enalapril (5 µg/0.2 mL) and verapamil
(1 µg/0.2 mL) was also eval u ated to rule
out the role of the renin-an gio ten sin sys tem 
and cal cium chan nels, re spec tively, on CES
car dio vas cu lar in duced changes. In all
cases, af ter 15 min utes of drug pre treat -
ment, 800 µg of CES was in jected, with con -
tin u ous blood pres sure and heart rate re -
cord ings.

Sta tis ti cal anal y sis
All re sults are ex pressed as mean ±

stan dard er ror of the mean. Sta tis ti cal sig -
nif i cance was tested by non-paired t tests
for in ter group mean com par i sons. All other 
com par i sons were made with two-way
ANOVA. Sta tis ti cal sig nif i cance was con sid -
ered when p < 0.05. Data was com puted
with SPSS pro gram ver sion 11.0.

RE SULTS

In tra ve nous ad min is tra tion of 800µg of 
CES in creased mean ar te rial pres sure by
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37.33 ± 5.00 mmHg (41%), and pulse pres -
sure (SBP mi nus DBP) by 35.00 ± 4.93
mmHg (113%). Val ues were sig nif i cantly
higher than the ones ob served af ter ve hi cle in -
jec tion. F(19) = 38.30, p < 0.0001 for mean
ar te rial pres sure, F(13) = 23.46, p = 0.0004
for pulse pres sure (Figs. 1 and 2).

CES in creased heart rate by 80.00 ±
12.83 beats/min, rep re sent ing an in crease
of 27. 46% over basal val ues F (19) = 21.97, 
p = 0.0002 (Fig. 3). Ef fects on blood pres -
sure be gan ap prox i mately 10 sec onds af ter
CES in jec tion and lasted for 15-20 min utes, 
af ter which all pa ram e ters re turned to their 
orig i nal lev els. The in jec tion of 0.2 mL ve hi -
cle did not change heart rate.

Ef fect of phar ma co log i cal pre treat ment
on CES ef fect

Dihydroergotamine (DHE) pre treat -
ment pro duced a mild 10.0 mm Hg ini tial
re duc tion of both SBP and DBP basal blood
pres sure. Af ter in jec tion of DHE, there was
a 26.13 ± 1.26 mmHg re duc tion of con trol
re sponse in duced by CES on blood pres sure 
(Fig. 4). How ever, DHE did not sig nif i cantly 
mod ify the CES- in duced tachy car dia by
CES. F (14) = 40.52, p < 0.0001 (Fig. 5).

In tra ve nous pre treat ment with
propranolol pro duced a 60 beats/min
(–17%) heart rate de crease be low base line,
which was con sid ered ev i dence of b- -
adrenergic block ade. Propranolol did not
sig nif i cantly re duce the changes in blood
pres sure in duced by CES (p > 0.05) (Fig. 4).
How ever, propranolol re duced the CES in -
duced tachy car dia by 46.25 ± 3.39 beats/min
(–66%) F (13) = 79.89, p < 0.0001 (Fig. 5).
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Fig. 1. Effect of eyes talk CES on Mean Blood
Pres su re. Bars re pre sent the mean of 10 
ex pe ri ments and ver ti cal li nes the stan -
dard error of the mean. ** = p < 0.01
vs Vehi cle.
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Fig. 2. Effect of eyes talk CES on pul se blood
pres su re. Bars re pre sent the mean of 10 
ex pe ri ments and ver ti cal li nes the stan -
dard error of the mean. ** = p < 0.01
vs Vehi cle.
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Fig. 3. Effect of the eyes talk CES on heart rate. 
Bars re pre sent the mean of 10 ex pe ri -
ments and ver ti cal li nes the stan dard
error of the mean. ** = p < 0.01 vs
Vehi cle.



Enalapril pre treat ment did not mod ify
the car dio vas cu lar changes in duced by CES
on blood pres sure or heart rate (p > 0.05)
(Figs. 4 and 5).

Verapamil sig nif i cantly re duced the
car dio vas cu lar re sponses to CES in both
mean blood pres sure and heart rate by 28.7 
± 2.10 mmHg and 68.5 ± 2.50 beats/min,
re spec tively, this verapamil block ade was
highly sig nif i cant F (13) = 38.02, p < 0.0001)
(Figs. 4 and 5).

DIS CUS SION

Ex per i men tal ev i dence in di cates that
neuropeptides of the crus ta cean ner vous
sys tem, in clud ing the eyestalk, have bi o log i -
cal ac tiv ity on many or gans from di verse an -
i mal spe cies; as it was dem on strated on
neu ral and car dio vas cu lar tis sues from in -
ver te brates and ver te brates (1, 10, 11, 29,
36). On the other hand bio chem i cal ex per i -
ments in di cate that some sub stances iso -
lated from crus ta ceans ner vous sys tem
show a struc tural homology with other
cardioexcitatory pep tides ob tained from
mol lusks, gas tro pods and in sects; and the
pres ence of both, neu ral cir cuits and spe -
cific re cep tors for these pep tides have also
been found in mam ma lian car dio vas cu lar
tis sues (2, 37, 38).

The em ployed ex trac tion pro ce dure
elim i nated pro teins, low mo lec u lar weight
sub stances and lipids: al low ing iso la tion of
pep tides into the CES. In tra ve nous ad min is -
tra tion of CES in all our ex per i men tal an i -
mals pro duced a sig nif i cant in crease in sys -
tolic and di a stolic blood pres sure, with a
con com i tant in crease in heart rate, which
in di cates an im por tant stim u la tion of the
rat car dio vas cu lar sys tem. This ef fect had
an av er age du ra tion of 20 min utes, which
means there is some de ac ti vat ing mech a -
nism which could be op er at ing at plasma
such as peptidases, kid ney ex cre tion or liver 
biotransformation into in ac tive com pounds.
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There is no pre vi ous ex per i men tal re -
port about the ef fect of car dio vas cu lar ex -
cit atory shrimp neu ral ex tracted CES on
the rat car dio vas cu lar sys tem of the ef fect
of these neuropeptides enzimatic deactiv -
ationat car dio vas cu lar ac tiv ity.ood pres.
Pre vi ous in vi tro stud ies per formed in our
lab o ra tory showed CES con tains pep tides
hav ing a pos i tive inotropic and chrono -
tropic ef fects on iso lated rat atria and sig -
nif i cant vasopressor ef fects on iso lated tho -
racic aor tic rings, which means CES con -
tains sub stances hav ing a stimulatory ac -
tion on these or gans.

Our re sults co in cide with other re -
searcher’s find ings that have dem on -
strated a cardioaccelerating ef fect on
mol lusks and snails hearts in duced by
cardioactive neuropeptides ob tained from
crus ta cean and in sect ner vous sys tems,
and bio chem i cal stud ies have sug gested
some de gree of struc tural homology be -
tween them (36-38).

Dihydroergotamine pro duced an im -
por tant re duc tion of the hy per ten sive re -
sponse to CES, in jec tion but did not change 
the tachy car dia in duced by as sayed CES.
These find ings sug gest a role of vasopressor 
a-adrenergic re cep tors in the hy per ten sive
re sponse in duced by CES. How ever, this ex -
per i ment does not ruled out some
facilitatory ef fect of CES on noradrenaline
re lease from sym pa thetic nerve ter mi nals.
Dihydroergotamine is not a se lec tive á
adrenergic blocker, it can an tag o nize se ro -
to nin at 5HT1A, 5HT2B and 5HT2C re cep tors;
so, we can not dis re gard a se ro to nin ag o nist 
ef fect of CES. Pre vi ous ad min is tra tion of
propranolol sig nif i cantly re duced the tachy -
car dia in duced by CES with out any mod i fi -
ca tion on blood pres sure, sug gest ing the b
adrenergic re cep tors me di ate this
tachycardic re sponse. The ef fects of CES
are sim i lar to those pro duced by cate chol -
amines such as adren a line but the pres ence 
of this catecholamine can be ruled out be -

cause it is not found in the eyestalk of
Peneaus vanameii.

Pre treat ment with enalapril did not
mod ify CES-in duced car dio vas cu lar changes,
sug gest ing that an gio ten sin II syn the sis
does not play a role in the car dio vas cu lar
re sponse pro duced by this neu ral frac tion.

Pre vi ous ad min is tra tion of verapamil
pro duced a highly sig nif i cant de crease of
both the hy per ten sive and tachycardic re -
sponse to CES, in di cat ing an im por tant role
of cal cium chan nels in the car dio vas cu lar re -
sponse to this sub stance. These find ings
have not been pre vi ously re ported, but are
con sis tent with for mer re sults ob tained;
show ing “in vi tro” that verapamil sig nif i -
cantly re duces the ef fects of CES on iso lated 
atrial con trac tion strength and aor tic con -
trac tile re sponse. There is a re port in in ver -
te brates show ing that ex po sure of heart cells 
of Lymnaea snail to these cardioactive pep -
tides changes the open ing and clos ing ki net -
ics of cal cium chan nels (6).

In con clu sion, CES ex tracted from
shrimp eyestalk Peneaus vanameii con tains
a cardioaccelerating and pressor sub stance
of peptidic na ture, and whose ef fects were
an tag o nized by verapamil and dihydro -
ergotamine, sug gest ing an á-adrenergic,
cal cium-ediated ac tion; with out any in volve -
ment of an gio ten sin II re cep tors be cause
enalapril did not in tro duce any change on
its ac tions.
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