
Pan crea tic to xi city in mice eli cited 
by Tit yus zu lia nus and Tit yus dis cre pans
scor pion venoms

Adol fo Bor ges1, Ernes to Tre jo1, Alba Mar le ne Var gas2, Ghis lei ne Cés pe des3, 
Ali pio Her nán dez3 and Mar ce lo J. Alfon zo1 

1Sec ción de Bio mem bra nas, Insti tu to de Me di ci na Expe ri men tal, Fa cul tad de Me di ci na,
2Insti tu to de Inves ti ga cio nes Far ma céu ti cas, Fa cul tad de Far ma cia, and 
3Insti tu to Ana to mo pa to ló gi co, Fa cul tad de Me di ci na, Uni ver si dad Central de Venezuela,
Caracas, Venezuela

Key words: Scor pion venom, Tityus, pan cre ati tis, am y lase.

Ab stract. En ven om ing by Tityus discrepans (TD) scor pi ons in
northcentral Ven e zuela mainly causes pan cre atic and gas tro in tes ti nal com pli -
ca tions whereas the sting by Tityus zulianus (TZ) (west ern Ven e zuela) of ten
pro duces re spi ra tory ar rest and death by pul mo nary oe dema. Since TZ pan cre -
atic tox ic ity may have been over looked, a study was car ried out to eval u ate TZ
venom ef fect on mice pan creas. BALB/c mice were in jected intraperitoneally
with 0.5 mg pro tein/kg of ei ther TD or TZ ven oms. A sig nif i cant in crease in
se rum-am y lase ac tiv ity (IU/mL) was ob tained af ter 3 h (20.6 ± 3.0, p < 0.05) 
and 6 h (60.4 ± 3.0, p < 0.001) of TZ venom in jec tion com pared to sa line-in -
oc u lated mice. In creased am y lase lev els were also elic ited by TD venom, al -
though these were sig nif i cantly lower than those in duced by TZ. Light mi cros -
copy of pan creas from TZ-en ven omed mice re vealed in ter sti tial oe dema and
vac u ol iza tion of acinar cells as soon as 1 h af ter in jec tion. Dif fer ences in the
time course of the pan cre atic oe dema (wet pan creas weight/body weight ra -
tio) elic ited by TD and TZ ven oms sug gest the ex is tence of spe cies-spe cific
mech a nisms for oe dema for ma tion. Taken to gether, these data sug gest that
the TZ venom con tains com po nents highly toxic to the mam ma lian pan creas,
which may play a role in de vel op ing TZ-re lated pul mo nary com pli ca tions.
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Acción del veneno de los escorpiones Tityus zulianus y Tityus
discrepans sobre el páncreas murino.
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Re su men. El en ve ne na mien to por es cor pio nes Tit yus dis cre pans (TD)
(cen tro-nor te de Ve ne zue la) cau sa prin ci pal men te com pli ca cio nes gas troin -
tes ti na les y pan creá ti cas mien tras que el en ve ne na mien to por Tit yus zu lia nus
(TZ) (Sur del Lago de Ma ra cai bo) pue de pro du cir paro res pi ra to rio y la muer -
te por ede ma agu do de pul món. En vis ta que la to xi ci dad car dio rres pi ra to ria
pue de te ner su ori gen en el daño pan creá ti co, este es tu dio tuvo como ob je ti vo 
eva luar la pan crea to to xi ci dad in du ci da por TZ en ra to nes BALB/c. Los ani ma -
les fue ron ino cu la dos in tra pe ri to neal men te con 0.5 mg de pro teí na/kg de los
ve ne nos de TD o TZ. Se re gis tró un in cre men to sig ni fi ca ti vo en la ami la sa sé ri -
ca (IU/mL) lue go de efec tua da la ino cu la ción de TZ a las 3 ho ras (20,6 ± 3,0, 
p < 0,05) y 6 ho ras (60,4 ± 3.0, p < 0,05) en re la ción a con tro les ino cu la dos
con so lu ción sa li na. Los ni ve les sé ri cos de ami la sa en ra to nes ino cu la dos con
TD igual men te re sul ta ron in cre men ta dos, aun que és tos fue ron sig ni fi ca ti va -
men te in fe rio res a los ob te ni dos para TZ. Se ob ser vó me dian te mi cros co pía de 
luz, ede ma in ters ti cial y va cuo li za ción en pán creas de ra to nes 1 h lue go de
efec tua do el inócu lo con TZ. Las di fe ren cias ob ser va das en el cur so tem po ral
del ede ma pan creá ti co (re la ción peso hú me do del pán creas/peso cor po ral) in -
du ci do por TD y TZ su gie re la exis ten cia de me ca nis mos es pe cie-es pe cí fi cos
de ge ne ra ción de ede ma. To ma dos en con jun to, es tos da tos su gie ren la pre -
sen cia en el ve ne no de TZ de com po nen tes con ele va da to xi ci dad a ni vel del
pán creas de ma mí fe ros, los cua les pue den es tar re la cio na dos con las com pli -
ca cio nes res pi ra to rias aso cia das al cua dro clinico del envenenamiento por TZ.
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INTRODUCTION

En ven om ing in hu mans by scor pi ons
be long ing to the fam ily Buthidae leads to
the de vel op ment of a va ri ety of symp toms
such as ab dom i nal dis tress (epigastric pain, 
nau sea, and vom it ing) and cardio -
respiratory man i fes ta tions (for a re view see
1). Amongst the ab dom i nal ef fects, the de -
vel op ment of acute oedematous pan cre ati -
tis is prom i nent, es pe cially af ter stings by
some spe cies of the Neo tropi cal ge nus
Tityus (2-4). This ge nus is ac counted for
most deaths by scor pion sting in South

Amer ica and the Ca rib bean (5, 6). Acute
pan cre ati tis has been di ag nosed by el e vated 
se rum am y lase (2) and by immunoreactive
trypsin (7). At least in the case of Tityus
trinitatis (range Trin i dad and To bago, West
In dies), venom-in duced pan cre ati tis ap -
pears to be the re sult of muscarinic
hyperstimulation of pan cre atic acini and
con stric tion of the ampullary mech a nism
(8). How ever, the clin i cal con se quences (in -
clud ing de vel op ment of pan cre ati tis) fol low -
ing Tityus en ven om ing in hu mans seem to
de pend on the scor pion spe cies in volved.
Thus, sting by T. trinitatis pro duces
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myocarditis and pan cre ati tis as ma jor com -
pli ca tions (9) whereas pul mo nary oe dema is 
the most fre quent find ing fol low ing en ven -
om ing by the Bra zil ian scor pion, Tityus
serrulatus (10). Sim i larly, pan cre ati tis is a
com mon com pli ca tion in chil dren af ter
sting by Tityus discrepans, from north -
central Ven e zuela (3, 11, 12), whereas ac ci -
dents in volv ing Tityus zulianus, a highly
toxic spe cies in hab it ing the rain for est ar -
eas south of Lake Maracaibo, west ern Ven e -
zuela (13-15), pro duce cardiorespiratory
com pli ca tions (16). Av er age mor tal ity rate
due to scor pion sting in Mérida State,
where T. zulianus is prev a lent, rank high est 
among Ven e zue lan en demic re gions (2.50
cases per mil lion in hab it ants for
1996-2000; L. De Sousa and A.B., un pub -
lished re sults). How ever, pan cre atic func -
tion in T. zulianus-en ven omed pa tients has
not been eval u ated due to the lack of tech -
ni cal re sources (Dr J Arandia, Mérida
Health Com mis sion, per sonal com mu ni ca -
tion). It is well es tab lished that se vere
acute pan cre ati tis is fre quently as so ci ated
with dis tant or gan fail ure, in clud ing lung
in jury that may pres ent clin i cally as adult
re spi ra tory dis tress syn drome (17, 18).
Given the pos si bil ity that the lung in jury
de rived from T. zulianus en ven om ing could
have its or i gin in an over looked acute pan -
cre ati tis, as men tioned pre vi ously, a study
was car ried out to as sess the pan cre atic
tox ic ity of T. zulianus venom in a mouse
model.

MA TE RI ALS AND METH ODS

Ven oms
Adult Tityus zulianus scor pi ons were

col lected near Mesa Bolívar, Mérida State,
west ern Ven e zuela. Tityus discrepans scor -
pi ons were cap tured near San An to nio de
los Al tos, Miranda State, northcentral Ven e -
zuela. Scor pi ons were clas si fied ac cord ing
to the cri te ria of González-Sponga (19).

Ven oms were ob tained by man ual stim u la -
tion of the telson (the scor pion´s last cau -
dal seg ment) (20), and im me di ately
lyophilized at –50°C and 35 mBar of pres -
sure. Lyophilized venom from 50-60 scor pi -
ons was pooled and re con sti tuted in 0.9%
NaCl, cen tri fuged at 12,000 g to elim i nate
in sol u ble mat ter, and pro tein con cen tra -
tion de ter mined in the supernatant ac cord -
ing to Low ry et al. (21) us ing bo vine se rum
al bu min as stan dard.

An i mals
All ex per i ments were per formed ac -

cord ing to pro to cols ap proved by the In sti -
tu tional An i mal Care. Male BALB/c mice
(20-22 g) were used through out which were 
bred and housed in stan dard cages in a
room with an am bi ent tem per a ture of 23°C
± 2°C and 12-hour light-dark cy cle. They
were fed stan dard lab o ra tory chow and had
ac cess to tap wa ter ad li bi tum. Mice were
ran domly as signed to con trol or ex per i men -
tal groups.

Prep a ra tion of se rum and tis sue sam ples
Mice were in jected intraperitoneally

(i.p.) with Tityus zulianus or Tityus
discrepans ven oms at a dose (in 0.2 mL) of
0.5 mg pro tein/kg body weight. Such
venom con cen tra tion is known to pro duce
pan creas struc tural al ter ations in the case
of T. discrepans (12) and is be low the me -
dium le thal dose for T. discrepans (2.51
mg/kg) (22) and T. zulianus (1.54 mg/kg)
(15) ven oms. Con trol an i mals were in jected 
i.p. with 0.9% (w/v) NaCl. Venom-
 innoculated mice were di vided into five
groups (n = 5 per group) and blood (by
car diac punc ture) and pan cre atic tis sue
with drawn at 0, 1, 3, 6, and 24 hours af ter
in jec tion. Whole blood was cen tri fuged at
4°C, and se rum re moved to de ter mine
α-am y lase ac tiv ity (in In ter na tional Units
(IU)/mL) at 37°C us ing 2-chloro-4-nitro -
phenyl -al pha-D-maltotrioside as a sub strate
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(Ea gle Di ag nos tics, DeSoto TX) ac cord ing
to Gella et al. (23). Tis sue was re moved on
ice, weighed, and im me di ately fixed in 125
mM phos phate buffer (pH 7.4) con tain ing
2% form al de hyde and pro cessed for par af fin 
his tol ogy. Sec tions were stained with
hematoxylin and eosine and ex am ined by
light mi cros copy by two in de pend ent ob -
serv ers who were not aware of the ex per i -
men tal con di tions to avoid bias. The in -
crease in pan cre atic wa ter con tent (mea -
sured as rel a tive pan cre atic weight, mg pan -
creas wet weight/g to tal mouse body
weight) was de ter mined to in di cate the de -
gree of pan cre atic oe dema (24). Data are
shown as mean ± stan dard er ror of the
mean. Sta tis ti cal anal y sis was per formed us -
ing paired Stu dent´s t test to de ter mine
sta tis ti cal sig nif i cance.

RE SULTS

Se rum am y lase ac tiv ity and in ter sti tial 
oe dema in mice in jected with
Tityus scor pion ven oms

Both scor pion ven oms were able to sig -
nif i cantly in crease se rum α-am y lase lev els
with re spect to con trol an i mals, with a max -
i mum at 6 hours af ter venom in jec tion
(Fig. 1A). How ever, el e vated (14.8 ± 2.4,
p < 0.05) ac tiv ity ap peared as early as 1
hour in the case of T. zulianus and the ac -
tiv ity mea sured at the peak of T. zulianus
hyperamylasemia at 6 hours (60.4 ± 3.0),
was 3-fold higher than the ac tiv ity elic ited
by T. discrepans venom (21.6 ± 2.6). Ac tiv -
ity in T. zulianus-en ven omed mice re -
mained el e vated (4-fold higher than con -
trol) af ter 24 hours. En zy matic ac tiv ity in
con trol an i mals re mained un changed at lev -
els com pa ra ble to other stud ies (24, 25). 

A fur ther pa ram e ter of pan cre atic
dam age in clin i cal as well as in ex per i men -
tal pan cre ati tis is the for ma tion of
intercellular fluid col lec tions termed pan -
cre atic oe dema (24). As shown in Fig. 1B,

de vel op ment of oe dema reached sig nif i cant
lev els at 3 hours of the T. discrepans pan -
cre ati tis evo lu tion, and re mained at ap prox -
i mately the same level up un til 24 h of
venom ad min is tra tion. In the case of T.
zulianus, oe dema started to de velop at 6 h
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Fig. 1. Pan cre atic dam age elic ited by Tityus
zulianus and Tityus discrepans scor pion 
ven oms. The time course over 24 hours
is shown for (A) se rum µ-am y lase ac tiv -
ity and (B) pan cre atic oe dema. En zyme
ac tiv ity was mea sured as in di cated in
Ma te ri als and Meth ods, and the in -
crease in pan cre atic wa ter con tent was
de ter mined in di rectly as the in crease in 
pan cre atic weight. Data points rep re -
sent the means of five an i mals at each
in ter val ± stan dard er ror of the mean.
*Sig nif i cant dif fer ences (p < 0.05) be -
tween en ven omed and con trol mice.
**Sig nif i cant dif fer ences (p < 0.001)
be tween en ven omed and con trol mice.
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Fig. 2. Pan creas his tol ogy at var i ous times af ter T. zulianus (left pan els) or T. discrepans (right pan -
els) venom in jec tion. Tis sue was stained with hematoxylin and eosin. Tis sue from three mice
in each group was ex am ined and rep re sen ta tive re sults are shown (orig i nal mag ni fi ca tion,
x312).





af ter in oc u la tion and in creased to the high -
est level elic ited in this study (2-fold vs con -
trol, p < 0.001) at 24 h of evo lu tion. 

Signs de vel oped within 10-20 min utes
af ter in oc u la tion were (in T. zulianus)
sialorrhea, apnea, diaphoresis, and
spasticity of rear limbs. Di ar rhea,
sialorrhea, and diaphoresis were ob served in 
T. discrepans-en ven omed mice. No deaths
were re corded as a re sult of venom ad min is -
tra tion dur ing the ex per i ments.

Light Mi cros copy of Pan creas from
En ven omed Mice

Fig. 2 shows pan cre atic tis sue ob -
tained from T. zulianus and T. discrepans
en ven omed mice at var i ous times. For ma -
tion of cy to plas mic vac u oles and in ter lob u -
lar oe dema is ev i dent in T. zulianus-en ven -
omed an i mals as early as 1 hour af ter
venom in jec tion; the num ber and size of
vac u oles roughly in creased from this time
up to 6 hours post-in jec tion. Tis sue col -
lected from T. discrepans-en ven omed mice
only showed mod er ate in ter sti tial oe dema
and smaller cy to plas mic vac u oles start ing
at 3 hours post-in jec tion. Vac u ol iza tion was 
neg li gi ble af ter 24 hours for both T.
discrepans and T. zulianus, with acini show -
ing nu clei in a pe riph eral lo ca tion through -
out the exocrine pan creas. Nei ther venom
had any ef fect on the is lets of Langerhans
at the mag ni fi ca tion used. Lym pho cyte in -
fil tra tion was only ob served in pancreata
from T. zulianus-en ven omed mice as early
as 1 hour af ter in jec tion (data not shown).

DIS CUS SION

This work pro vides for the first time
bio chem i cal and histological ev i dence in di -
cat ing that the venom pro duced by Tityus
zulianus is highly toxic to the mam ma lian
pan creas. The par al lel in crease in se rum
am y lase lev els and the acinar mi cro scopic
changes are signs of dam age com pa ra ble to 

con ven tional mod els of secretagogue-in -
duced pan cre ati tis (26, 27).

Also ev i dent from our data is the more
po tent secretagogue ef fect of T. zulianus
venom over T. discrepans (4-fold higher T.
zulianus-elic ited am y lase ac tiv ity at the
peak of hyperamylasemia) which is in dic a -
tive of the pres ence in the for mer of spe -
cies-spe cific com po nents with greater pan -
cre atic tox ic ity and/or shared tox ins found
in T. zulianus venom at higher con cen tra -
tion. Con tri bu tion of in di vid ual vari a tions
to these dif fer ences (28) should be con sid -
ered min i mal given that the ven oms used
were pooled from at least 50 scor pi ons.
Interspecific dif fer ences in the pan cre atic
ef fect of Tityus ven oms had al ready been
no ticed by Fletcher et al. (4), whom com -
pared the re lease of newly syn the sized se -
cre tory pro teins by the Bra zil ian Tityus
serrulatus, Tityus bahiensis and Tityus
stigmurus, with T. serrulatus be ing the
most po tent secretagogue. Muscarinic
hyperstimulation of the exocrine pan creas
as so ci ated with pre ma ture en zyme ac ti va -
tion, as de ter mined for T. trinitatis (8) and
T. serrulatus (29), is prob a bly in volved in
the case of TZ and TD.

The dif fer ences in the on set and evo lu -
tion of pan cre atic oe dema be tween TD- and 
TZ-en ven omed mice (Fig. 1B) also im ply
the ex is tence of dif fer ences in com po si tion
and/or mech a nism of ac tion be tween these
ven oms. In the rat model of caerulein-in -
duced pan cre ati tis, oe dema for ma tion is
ini ti ated by tis sue kallikrein (t-KK), a
kininogenase cat a lyz ing pro duc tion of the
en dog e nous kinins, bradykinin and kallidin, 
which have po tent vasodilator and per me -
abil ity-en hanc ing prop er ties (30). The en su -
ing plasma pro tein extravasation sup plies
fur ther kininogen and ac tive plasma
kallikrein to the tis sue. Con com i tantly, en -
dog e nous kallikrein in hib i tors sup plied by
the in flam ma tory oe dema can in hibit up to
99% of the ac tiv ity of t-KK. There fore, pan -
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cre atic oe dema for ma tion is the re sult of
neg a tive and pos i tive feed back mech a nisms 
con trol ling pan cre atic kinin ac tion and
kinin gen er a tion (31). Re cent ev i dence sug -
gests that the kallikrein-kinin sys tem is in -
volved in the pathogenesis of en ven om ation
by Tityus serrulatus in hu mans (32). TD- and 
TZ-spe cific mech a nisms of pan cre atic oe -
dema gen er a tion and de vel op ment could be
in voked to ex plain, at least in part, the dif -
fer ences in time course be tween TD and
TZ-in duced oe dema. For in stance, a dis sim i -
lar ity in kallikrein ac ti va tion/in hi bi tion as a
re sult of struc tural and/or func tional dif fer -
ences be tween TD and TZ ven oms might be
in volved. In this sense, the pres ence of novel 
venom kallikrein in hib i tors, as re ported for
T. serrulatus (33), should be ex plored.

It is known that the adult re spi ra tory
dis tress syn drome, among other dis tant or -
gan fail ures, can be pro duced by pro- and
anti-in flam ma tory me di a tors re leased from
the pan creas dur ing the course of acute
pan cre ati tis (34, 35). In the light of the
acute pan cre atic tox ic ity of T. zulianus
venom re vealed in this work and the lung
oe dema de vel oped in en ven omed chil dren,
an in ves ti ga tion is now jus ti fied to de ter -
mine (i) the role of the pan creas in flam ma -
tion in T. zulianus-de rived cardiorespiratory 
com pli ca tions and (ii) eval u ate whether a
sig nif i cant pan cre atic dam age can be pro -
duced in mild en ven om ing cases with out a
rel e vant lung com pro mise. The mag ni tude
of the cardiopulmonary ar rest af ter en ven -
om ation by Tityus zulianus (16), has pos si -
bly con trib uted to over look ing pe riph eral
ef fects (in clud ing pan cre ati tis) in chil dren
stung by this spe cies.

We have re ported else where (36) that
T. zulianus venom (but not T. discrepans)
con tains com po nents ca pa ble of sen si tiz ing
the re sponse of the bo vine trachealis
smooth mus cle to muscarinic agonists in at 
least an or der of mag ni tude, in a sim i lar
fash ion to iberiotoxin, a known blocker of

cal cium-gated po tas sium chan nels (37).
Taken to gether, the dif fer ences in pan cre -
atic and tra cheal ef fects of T. zulianus and
T. discrepans sug gest that the scor pion en -
ven om ing syn drome, at least within the ge -
nus Tityus, is spe cies-spe cific. Such po ten -
tial di ver sity in venom ac tion and com po si -
tion should con sti tute a warn ing for cli ni -
cians con fronted with Tityus en ven om ing in 
en demic ar eas.
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