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Abstract. In order to establish reference haematological
and blood chemistry parameters, blood samples were
obtained from 50 healthy specimens ofBothrops
ammodytoideskept in captivity. The haematological
parameters determined were: red blood cell count
(RBC); total leucocyte (WBC) and differential leucocyte
cell count; thrombocyte count; haematocrit (PCV);
haemoglobin concentration; mean corpuscular volume
(MCV); mean corpuscular haemoglobin (MCH) and
mean corpuscular haemoglobin concentration (MCHC).
Blood chemistry parameters measured were: total
protein; albumin; globulins; glucose; urea; uric acid;
triglycerides; cholesterol; calcium; phosphorus; magne-
sium; sodium; potassium and chloride concentrations
and the activities of aspartate amino transferase (AST)
and alanine amino transferase (ALT). Compared to the
values published for other ophidian species, RBC count,
PCV and WBC count inBothrops ammodytoidesare
lower than in most of the crotalids. Total protein and
glucose concentrations are lower, whereas uric acid
concentration, AST and ALT levels are higher than the
values reported for other species.
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Introduction

Bothrops ammodytoides, the smallest representative of
the Bothropsgenus is found only in Argentina. It is one
of the species of widest distribution in the country from
the northwest, pre-Andean region to Patagonia in the
south. It inhabits forests, mountains (up to 2000 m) and
arid regions where temperature may oscillate between
408C during the day and 08C during the night. Most
studies have focused on other, larger sizedBothrops
species which appear to be more important as a public
health problem. Therefore, no data on the biology of this
widely distributed species have been, to our knowledge,
previously published. In the present paper we report
some haematological and blood chemistry parameters of
specimens ofB. ammodytoideskept in captivity.

Materials and Methods

A total 50 healthy specimens ofB. ammodytoidesof
different ages and sex captured in Argentina (depar-
asitised on arrival at the snake farm and quarantined for
one month) were kept in individual boxes in an
environment of 22–288C and 40–60% humidity with
natural light/dark periods as occur in the different
seasons of the year. All the specimens fed spontaneously
on living prey. Snakes were given one adult mouse (20–
25 g) a week and received filtered waterad libitum. In
order to take the blood samples, the snakes were
removed from the boxes by means of a metallic hook,
the head and the rest of the body was firmly restrained by
two operators. The use of anaesthetics or sedative agents,
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which areknown to inducesignificantalterationsin the
haematologicalparameters(CusterandBush1980)was
avoided. Blood (3.0 ml) was obtained by a third
operator, by venepunctureof the caudal vein (Bush
and Smeller,1978) using disposable21G-needlesfitted
to sterile3 ml syringes.All the sampleswere obtained
during 1997.

Immediately after collection of the sample, three
bloodsmearswereprepared,air driedandstainedwith a
mixtureof May–GrünwaldandGiemsastainsin absolute
methanol (Rosenfeld 1947). Part of the sample was
transferredto a cleanglasscontainingheparin(Sodium
salt,20ml/ml of blood)asanticoagulantandwasusedto
determinethe haematologicalparameters.Haematocrit
(PCV) wasdeterminedby themicrohaematocritmethod.
Haemoglobinwas measuredby mixing 20 ml of blood
with 2.5 ml of Drabkin solution (Wiener Laboratories,
Argentina). Formation of cyanmethaemoglobinwas
determined from the absorbanceat 540 nm and
comparedto that of a haemoglobinstandard(Wiener
Laboratories,Argentina). Red blood cells, total leuco-
cyte andthrombocytecountswereperformedin a 1:200
dilution of blood in a solution as describedby Otis
(1973), which allow erythrocytes, leucocytes and
thrombocytes to be counted in the same standard
Neubauer haemocytometer. Haematimetric indexes
were calculated according to the original Wintrobe
(1933)formulae.

For thedifferential leucocytecounts,thestainedblood
smearswereexaminedwith a optical microscopewith a
oil-immersion lens. At least200 cells were countedin
eachslide. The leucocytetypesaredescribedaccording
to themorphologicalnomenclatureproposedby Hawkey
andDennet(1994),i.e. mononuclearcells(lymphocytes,
monocytesand azurophiles)or granulocytes(hetero-
phils, basophilsandeosinophils).

Theotherpartof thebloodsamplewastransferredto a
clean glass tube without anticoagulant and after
coagulation, the serum was removed. In this serum
sample, total protein was determined spectrophoto-
metrically at 540 nm by the biuret method.Albumin
wasmeasuredat 600 nm after complexformation with
bromocresolpurple. Globuin concentrationwas calcu-
lated as total protein concentration minus albumin
concentration.

Uric acid was determinedafter deproteinisationwith
tungstic acid and calcium carbonateby treatmentwith
uricaseand peroxidase,which results in quinoneimine
dye.Glucosewasmeasuredby theenzymaticmethodof
hexoquinase/glucose6-phosphatedehydrogenase.Urea
wasdeterminedspectrophotometricallyat 505 nm after
reaction with indophenol blue. Triglycerides were
measuredat 540 nm after reactionwith quinoneimine
dye.Cholesterolwasdeterminedspectrophotometrically
by the 4p-benzoquinonereaction. Phosphoruswas
determinedat 630 nm after formation of phosphomo-
lybdate;calciumwasmeasuredat 570nm after reaction
with cresophthalein-complexone;chloridewasmeasured
at 460 nm after complexformationwith sulphocyanide;
magnesiumwas measuredat 520 nm after complex

formation with magon. Potassiumand sodium were
measured in plasma by flame spectrophotometry.
Alanine aminotransferase(ALT) and asparateamino-
transferase(AST) activitiesweredeterminedkinetically
by the decreasein absorbanceat 340 nm resultingfrom
oxidation of NADH by the coupling reactioncatalysed
by lactatedehydrogenase.The reactiveswere provided
by WienerLaboratories(Argentina).All parametersare
expressedin SI Units (Doxey 1977).

Results

Haematologicalparametersin B. ammodytoides(mean
(x) + standarddeviation(SD)) arepresentedin Table1.

Blood chemistry parameters(mean (x) + SD) are
presentedin Table2.

Discussion and Conclusions

The red blood cell count in B. ammodytoidesis within
the range describedfor two other crotalids Bothrops
jararaca (Valle and Leal Prado 1947; Sans-Martins
1978) and Agkistrodonpiscivorus (Hutton 1958); the
colubrid Heterodoncontortix (Wintrobe 1933) and one
AustralianelapidNotechisscutatus(Boardet al. 1977).
On the otherhand,the RBC countfor B. ammodytoides
is significantly lower than those describedwith other
speciesof crotalidssuchasCrotalusdurisssusterrificus
(Troiano et al. 1997a),Crotalus horridus (Carmichael
and Pretcher1945),Crotalus cerastes(MacMahonand
Hammer1975), Cerastesvipera and Cerastescerastes
(Al-Badry andNuzhy,1983);colubridslike Waglerophis
merremii(Sano-Martins1978),Pituophissayii (Ryerson
1949),Natrix natrix (Wintrobe1933;Binyon andTwigg
1965) and Lampropeltis gettulus (Hutton 1958), the
Australian elapids Pseudonaja nuchalis, Pseudechis

Table 1. Haematologicalvaluesof Bothropsammodytoides(n = 50)

Determination Values(x) + SD

RBC count (109/l) 489.4+14.8
WBC count (109/l) 9.42+5.30
Haemoglobin (g/dl) 8.2+1.2
Haematocrit(%) 19.11+1.7
MCV (fl) .391+32
MCH (pg) 169.5+22
MCHC (%) 43.22+2.7
Lymphcoytes(%) 52.20+6.87
Monocytes(%) 8.20+0.91
Azurophils (%) 9.80+1.21
Heterophils(%) 12.20+1.34
Eosinophils(%) 16.30+1.85
Basophils(%) .1+0.3
Thrombocytes(109/l) 4.60+0.53

RBC, red blood cells; WBC, white blood cells; MCV, mean
corpuscularvolume; MCH, meancorpuscularhaemoglobin;MHCH,
meancorpuscular haemoglobinconcentration.
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porphyriacus and Austerelapssuperbus(Board et al.
1977) and boids like Boa constrictor constrictor and
Python regius (Rosskopf et al. 1982). In addition,
preliminary results(Troiano et al. 1997b) indicate that
RBC for B. ammodytoidesis 30–40%lower than those
obtainedwith otherBothropsspecies(i.e. B. alternatus,
B. jararacussuandB. neuwiedii) from Argentina.

The haemoglobinconcentrationof Bothropsammo-
dytoidesis higher than thosereportedwith Heterodon
contortix, Natrix natrix andThammophissirtalis (Wint-
robe1933).However,it is within therangedescribedfor
crotalids like Bothropsjararaca (Valle and Leal Prado
1947; Sano-Martins1978); Crotalus cerastes(MacMa-
hon andHammer1975);Crotalushorridus (Carmichael
and Pretcher 1945); Crotalus durisssus terrificus
(Troiano et al. 1997a), viperids like Cerastesvipera
and Cerastescerastes (Al-Badry and Nuzhy 1983);
colubrids like Waglerophis merremii (Sano-Martins
1978), Pituophis sayii (Ryerson 1949) and elapids
Naja haje haje (Al-Badry et al. 1992), Noetechis
scutatus, Pseudonajanuchalis, Pseudechisporphyriacus
and Austerelapssuperbus(Board et al. 1977). Haemo-
globin concentrationin B. ammodytoidesis 15%–20%
lower thanthevaluesobtainedin otherBothropsspecies
(Troianoet al. 1997b).

The PCV valuesin Bothropsammodytoidesis higher
than that reported for Heterodoncontortix (Wintrobe
1933); within the range of those described for
Agkistrodonpiscivorus(Hutton1958);Crotalusdurissus
terrificus (Troiano et al. 1997a) and Bitis arietans
(Hattings and Willemse 1976), but lower than those
reported for other crotalid speciessuch as Bothrops
jararaca (Valle andLeal Prado1947),Crotaluscerastes
(MacMahon and Hammer 1975), Crotalus horridus

(Carmichael and Pretcher 1945); Australian elapids
like Notechisscutatus, Pseudonajanuchalis, Pseudechis
porphyriacusand Austerelapssuperbus(Board et al.
1977);colubridssuchasThammophissirtalis (Wintrobe
1933), Natrix natrix (Hutton 1958), Pituophis sayii
(Ryerson 1949) and in boids like Boa constrictor
constrictorandPythonregius (Rosskopf1982),

The WBC count(9.42+ 5.306 109/l) is within the
range reported with Boa constrictor constrictor and
Phytonregius(Rosskopfet al. 1982),but is significantly
lower than thosereportedin Bitis arietans(Otis 1973),
Crotaluscerastes(Boardet al. 1977);Crotalusdurissus
terrificus (Troiano et al. 1997a)and Eunectesmurinus
(Calle et al. 1994).

In agreementwith results reportedin Bitis arietans
(Otis 1973);crotaluscerastes(MacMahonandHammer
1975); Crotalus durissus terrificus (Troiano et al.
1997a), Boa constrictor constrictor (Rosskopf et al.
1982),Pythonregius(Rosskopfet al. 1982),Ablabophis
rufulus, Crotaphopeltishotamboeia(Pienaar1962) and
Naja haje haje (Al-Badry et al. 1992), the differential
leucocytecountshowsa high percentageof lymphocytes
(52.5%). However, this percentageis higher than that
reportedin Bothropsjararaca (Sano-Martins1978). In
this regard,someauthorsreportedthatthemostcommon
leucocytetype in the rat snakeis theazurophil,whereas
in other snakesit is the heterophil(Dotsonet al. 1994;
Bounouset al. 1996).

The lower percentageof basophilsin the differential
leucocyte count is in accordancewith reports in
Bothropsjararaca (Sano-Martins1978), Bitis arietans
(Otis 1973), Eunectesmurinus (Calle et al. 1994) and
Crotalus durissusterrificus (Troiano et al. 1997a).On
theotherhand,highpercentagesof this typeof leucocyte
were reportedin South African snakesas Ablabophis
rufulus, Causus rombheatus, Crotaphopeltis hotam-
boeia, Psammophissubtaenitussubtaenitusand Naja
nigricollis, with a maximum of 22.3% in Psammophis
subtaenitussubtaenitus(Pienaar1962).

The concentrationof total proteins, albumin and
globulins in B. ammodytoidesare within the rangeof
variation describedfor Agkistrodon intermedius, Bo-
throps schlegeliiand Trimeresurusarbolaris (De Smet
1978a),higherthanthosedescribedfor Vipera lebetina,
Vipera ruselli, Xenodonspp. and Baedonfuliginossus
(De Smet1978b)andlower thanthosereportedin Ptyas
mucosus, Echis carinatus, Vipera ammodytes, Vipera
berus, Najahaje, Najanigricollis (DeSmet1982a),Bitis
arietans (Otis 1973), Boa constrictor constrictor
(Chiodini and Sundberg,1982; Rosskopfet al., 1982),
Pythonregius(Rosskopfet al. 1982),Eunectesmurinus
(Calle et al. 1994)andEunectesnotaeus(Troianoet al.
1995).

Serum glucose concentrations(1.78 mmol/l) are
similar than those described in Bitis arietans (Otis
1973), Boa constrictor constrictor (Chiodini and
Sundberg1982) and Python regius (Rosskopf et al.
1982), but lower than those reported in Agkistrodon
piscivorus, Coluber constrictor, Lampropeltisgettulus,

Table 2. Blood chemicalvaluesof Bothropsammodytoides(n = 50)

Determination Values(x) + SD

Total proteins(g/l) 40.84+2.82
Albumin (g/l)a 29.69+4.04
Globulin (g/dl) 11.15+3.42
Albumin/Globulin 2.66
Glucose(mmol/l) 1.78+0.26
Uric acid (mmol/l) .490+111.80
Urea(mmol/l) 1.78+0.18
Cholesterol(mmol/l) 4.49+0.16
Triglycerides(mmol/l) 1.73+0.19
Phosphorus(mmol/l) 1.88+0.25
Magnesium(mmol/l) 2.58+0.32
Calcium(mmol/l) 5.23+0.28
Sodium(mmol/l) 149.12+8.69
Potassium(mmol/l) 5.46+0.36
Chloride (mmol/l) 112.12+4.42
AST–GOT(IU/l) 33.34+3.21
ALT–GPT (IU/l) 16.84+1.71

AST–GOT, aspartate aminotransferase– glutamic oxaloacetic
transaminase;ALT–GPT, alanine aminotransferase– glutamic
pyruvic transaminase.
agramsof bovinealbumin.
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Natrix natrix (Hutton 1958),Bothropsjararaca, Phylo-
drias olfersii (Leal Prado1946) and Eunectesmurinus
(Calle et al. 1994).

The urea concentrationfound in Bothropsammody-
toides is within the rangedescribedfor otherophidians
such as Agkistrodon piscivorus, Coluber constrictor
(Hutton 1958), Crotalus horridus (Carmichael and
Pretcher1945), Vipera aspis (Izard et al. 1961), Boa
constrictor constrictor and Python regius (Rosskopfet
al. 1982);higherthanthoseobservedin Eunectsnotaeus
(Troiano et al. 1995) as well as in some Crocodylia
(Dessauer1982),The uric acid concentrationis a more
interesting parameter, since in ophidians, nitrogen
metabolismis directedto purine biosynthesisresulting
in uric acid,andthis metabolicpathwayappearsto have
a critical function in water balance. In addition,
measurementof uric acid concentrationallows early
detection of hyperuricaemia,a metabolic disorder to
which somecrotalid speciesareparticularlysusceptible
(e.g. Crotalus durissus terrificus, Machado 1964). In
fact, whenassociatedwith dehydration,hyperuricaemia
promotesuratecrystaldepositionin kidneys(renalgout).
This decreasesuric acid excretionand resultsin urate
crystals depositsin the pericardial sac, liver, spleen,
lungs,subcutaneousandothersoft tissues(visceralgout)
andeventuallydeath.

Uric acid concentrationin Bothropsammodytoidesis
significantlyhigher thanthosedescribedin Agkistrodon
piscivorus, Coluber constrictor, Lampropeltisgettulus
and Natrix natrix (Hutton 1958), Crotalus horridus
(Carmichaeland Pretcher1945),Vipera aspis(Izard et
al. 1961), Boa constrictor constrictor (Chiodini and
Sundberg1982;Roskopfet al. 1982),Eunectesnotaeus
(Troiano et al. 1995), Eunectes murinus (Calle et
al.1994), Python regius (Rosskopf et al. 1982) and
otherBothropsspecies(Troianoet al. 1997b).

Interestingly,a similarly high uric acid concentration
wasreportedfor CerastescerastesandCerastesvipera
(Al-Badry andNuzhy 1983),two viperid specieswhich
also inhabit dry regionswith a high daily temperature
oscillation.However,a high uric acidconcentrationmay
not representan adaptiveresponseto a ‘dry habitat’,
sincethe B. ammodytoidesspecimensusedin this study
werekept in an environmentof controlledtemperature,
receivedfood monthly andhadfree accessto waterfor,
at least 6 months.Furthermore,as indicated by RBC
count, PCV values and ion compositon,no apparent
signsof haemoconcentrationwereobservedin anyof the
specimensstudied.

Cholesteroland triglyceridesare within the rangeof
variation describedfor other crotalids such as Agkis-
trodon piscivorus (Hutton 1958), Crotalus horridus
(Carmichael and Pretcher 1945) and some colubrids
such as Coluber constrictor and Natrix natrix (Hutton
1958).However,cholesterollevels in B. ammodytoides
were 10%–30% higher than those in other Bothrops
species(Troianoet al. 1997b).

Phosphorusvalues are similar to thse reported for
Agkistrodon piscivorus, Natrix natrix (Hutton 1958),
Crotalus horridus (Carmichael and Pretcher, 1945),

Eunectesmurinus(Calle et al. 1994),Eunectesnotaeus
(Troiano et al. 1995) and lower than those in
Lampropeltis gettulus, Coluber constrictor (Hutton
1958), Vipera aspis (Izard et al. 1961) and Boa
constrictorconstrictor (Chiodini andSundberg1982).

The concentrationof magnesiumin serumappearsto
be similar to that reported in Notechis scutatus,
Pseudonaja nuchalis, Pseudechis porphyriacus and
Austerelapssuperbus(Board et al. 1977) and higher
thanthat in Agkistrodonpiscivorus,Coluberconstrictor,
Lampropeltis gettulus, Natrix natrix (Hutton 1958),
Crotalus horridus (Carmichael and Pretcher 1945),
Vipera aspis (Izard et al. 1961), Cerastescerastes,
Cerastes vipera (Al-Badry and Nuzhy 1983) and
Eunectes notaeus (Troiano et al. 1995). Calcium
concentrationis in the same range as reported for
AustralianelapidssuchasNotechisscutatus, Pseudonaja
nuchalis, Pseudechisprophyriacus and Austerelaps
superbus(Board et al. 1958) and Crotalus horridus
(Carmichaeland Pretcher1945) and higher than those
reportedfor Agkistrodonpiscivorus, Coluberconstrictor,
Lampropeltisgettulusand Natrix natrix (Hutton 1958),
Vipera aspis (Izard et al. 1961), Boa constrictor
constrictor (Chiodini and Sundberg,1982; Rosskopfet
al. 1982),Pythonregius(Rosskopfetal. 1982),Eunectes
murinus (Calle et al. 1994) and Eunectes notaeus
(Troianoet al. 1995).

With the exception of Lampropeltis gettulus and
Natrix natrix (Hutton 1958),the serumconcentrationof
sodiumis similar to thosereportedin free-rangingand
captive boids (Calle et al. 1994; Troiano et al. 1995),
colubrids such as Natrix natrix (Binyon and Twigg
1965), the Australian elapids Notechis scutatus,
Pseudonaja nuchalis, Pseudechis porphyriacus and
Austerelapssuperbus (Board et al. 1958), Cerastes
cerastes, Cerastesvipera (Al-Badry and Nuzhy 1983),
Vipera aspis (Izard et al. 1961), Bitis arietans (Otis
1973) and Crotalus horridus and Crotalus atrox
(Carmichaeland Pretcher1945). Potassiumconcentra-
tion is within therangedescribedfor Viperaaspis(Izard
et al. 1961), Cerastescerastes, Cerastesvipera (Al-
Badry and Nuzhy 1983), Boa constrictor constrictor
(Chiodini and Sundberg1982; Roskopf et al. 1982),
Eunectesmurinus(Calle et al. 1994),Eunectesnotaeus
(Troiano et al. 1995), Python regius (Rosskopfet al.
1982)andsomeAustralianelapidsasNotechisscutatus
andPseudonajanuchalis(Boardet al. 1977).

Chloride concentrationis within the rangedescribed
in Vipera aspis (Izard et al. 1961), Eunectesmurinus
(Calle et al. 1994)andEunectesnotaeus(Troianoet al.
1995), but slightly higher that those reported from
Agkistrodon piscivorus, Coluber constrictor, Lampro-
peltis gettulusandNatrix natrix (Hutton 1958).

Finally, theconcentrationsof theserumenzymesAST
andALT in B. ammodytoidesappearto be3-fold higher
than those reported in Bitis arietans (Otis 1973) and
Eunectesmurinus(Calleet al. 1994).On theotherhand,
thesevaluescannotbe comparedto thoseobtainedwith
Boa constrictor constrictor (Chiodini and Sundberg
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1982;Rosskopfetal. 1982)andPythonregius(Rosskopf
etal. 1982)becauseof thewiderangesof variationof the
reportedvalues.

Further studies are required in order to ascertain
whether factors like age and sex as well as seasonal
variationsproducestatistically significant variations in
the haematologicalparameters,particularly RBC count,
PCV, haemoglobinconcentration,WBC and thrombo-
cyte countsaswell as in the chemicalparameters(uric
acid, cholesterolconcentration,etc.) in this autoctonous
crotalid.
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