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W. K. HAYES, P. LAvfN-MURCIO and K. V. KARDONG. Delivery of Duvernoy's 
secretion into prey by the brown tree snake, Boiga irregularis 
(Serpentes: Colubridae). Toxicon 31, 881-887, 1993.-Many colubrid snakes, 
like the more venomous elapid and viperid snakes, can produce and inject an 
oral secretion that is toxic and may present a human health risk. However, 
colubrid oral toxins are produced in a Duvernoy's gland and delivered not 
through a hollow fang, but instead by long, often grooved teeth under low 
pressure. The possible role of Duvernoy's secretion in functions other than 
rapid killing of prey make it important to know how and where this secretion 
is delivered during a feeding strike. We used ELISA analysis to determine the 
quantity and proportional distribution of Duvernoy's secretion delivered into 
the integument compared to the viscera during a feeding strike by the colubrid 
snake Boiga irregularis. We detennined that only about 54% (1-5 mg) of the 
secretion actually reached the viscera and that the rest remained in the 
integument. The amount reaching the viscera is about three to eight times the 
i.p. LDso for mice, but these snakes depend more on constriction than toxins to 
kill their prey. Consequently, delivery of Duvemoy's secretion by B. irregularis 
is hypothesized to be part of a digestive function and its toxic properties a by
product of this role. 

INTRODUcrION 

SoME colubrid snakes produce oral secretions that exhibit mild (VEST, 1981a.b) to even 
alarming toxicity (McKINSTRY, 1983; SAKAI et al., 1984), with reports of human deaths 
following bites by some of these colubrid species (MITTLEMAN and GoRIS, 1974; MINTON, 

1990). Yet colubrid snakes lack a venom gland. Instead many possess a Duvernoy's gland 
(TAUB, :1966, 1967), evolutionarily' homologous to the venom glands of elapids and 
viperids (KOCHVA, 1965; KOCHVA and WOLLBERG 1970), but surprisingly distinct from a 
true venom gland. For example, Duvernoy's gland does not empty into a hollow fang. 
Instead, its duct opens into the oral cavity near posterior maxillary teeth that mayor may 
not be grooved. Posterior maxillary teeth are often engaged during prey capture and 
swallowing (e.g. KAROONG, 1980, 1986). But an open-grooved or non-grooved tooth 
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offers no protected, enclosed channel passing through the integument and into the prey. 
Consequently, the pliable skin of the prey can obstruct the tooth or its groove, making it 
less effective as an instrument for introduction of secretion from oral glands (KARDONG 

and YOUNG, 1991). Further, such teeth of colubrids cannot hold a pressure head generated 
by Duvernoy's gland in the same way that the hollow fang of elapids and viperids allows 
high-pressure delivery of a shot of venom (KARDONG and LAViN-MuRCIO, 1993). Finally, 
Duvernoy's secretion may tranquilize prey or even lead to a protracted death. However, if 
surgically deprived of secretion from Duvernoy's gland during prey capture, some snakes 
nevertheless can and do kill prey by constriction as rapidly as when the secretion is 
available (ROCHELLE and KARDONG, 1993). For these reasons and for reasons related to 
the evolution of the venom apparatus, it has been argued that the function of the secretion 
from Duvernoy's gland should be evaluated separately from the venom of elapids and 
viperids (KARDONG, 1982a). To clarify the role of secretion from Duvernoy's gland in 
feeding and to assess its medical implications in cases of human envenoming, the question 
also arises as to just how much Duvernoy's secretion actually enters the prey. Our purpose 
then was to detennine the quantity of Duvernoy's secretion delivered during a feeding 
strike, and to compare how much remained in the integument with how much actually 
reached the viscera. 

We used the colubrid species Boiga irreguJaris, the brown tree snake. Because of its 
ecological and economic impact (FRrrrs, 1988), the brown tree snake has received special 
attention, giving us information on its basic feeding ecology (SAVIDGE, 1986, 1987, 1988). 
Recent studies of the secretion of Boiga (Vest et a/., 1991; Weinstein et al., 1991) and the 
morphology of its venom apparatus (Zalisko and Kardong, 1992; Kardong and Young, 
1991) provide further details which relate to the quantity of venom released during 
feeding. 

MATERIALS AND METHODS 

Subjects 
Nine adult brown tree snakes (122-184cm in snout-vent length), collected on the island of Guam. were 

maintained in glass aquaria in a room with temperature (28CC ±2°) and humidity (70%) controlled. The captive 
snakes were fed every 2 weeks on laboratory mice (Mus musculw) for 9 months prior to experiments. 

Experiment I 
Each snake was permitted to strike and constrict an adult Swiss-Webster mouse (20.1-24.0 g) introduced into 

its home cage. Their feeding behavior was recorded until the mouse appeared to be dead (exhibited no reflexes). 
Then9 the rodent was quickly retrieved, placed into a plastic bag, and frozen ( - 20°e); another mouse sacrificed 
earlier was offered to the snake for consumption. 

The quantity of Duvernoy's secretion expended (dry mass) on each prey animal was measured to the nearest 
milJigram by enzyme-linked immunosorbent assay (ELISA) of whole-mouse homogenates. After thawing, the 
mice were homogenized 3-4 min in a 14-speed Osterizer blender with 150 ml buffer (0.05% Tween-20 in 
phosphate-buffered saline (PBS); see HAYES et 01., 1992). Several 1.5 mJ aliquots of homogenate were centrifuged 
5 min in an IEC Oinical Centrifuge. The supernatant was frozen at - 200 e until ELISAs were performed. 

The ELISA methods are described elsewhere in detail (HAYES et al., 1992). Briefty t venom extracted by 
micropipet (e.g. VEST,1981b), but without aspiration from the Boiga specimens (4 months prior to study). was 
injected into two rabbits using the modified method of induced granuloma. This method (HILUM et al' 9 1914) 
takes advantage of a granuloma fonned within a perforated. plastic golf ball surgically implanted under the skin 
ofa rabbit. Fifteen days post-implementation, 200 pg of Duvernoy's secretion (antigen) in I mI PBS was injected 
directly into the lumen of the implanted ball; 2 weeks later a booster injection of another 200 pg was injected into 
the ball. Twenty-one days after tlJe booster, up to 21 ml of clear. yeJlow fluid was directly withdrawn from the 
lumen of the ball using a two needle system. A sterile 22 gauge filter needle allowed air to pass into the lumen of 
the ball as ftuid was being withdrawn through a second 22 gauge needle attached to a syringe. Polyclonal 
antibodies (IgG) were isolated from the hyperimmune fluid by protein A-Sepharose affinity chromatography. A 
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portion of the immune IgG was conjugated to horseradish peroxidase (HPO: Sigma type VI. P 8375. RZ = 2.9) 
by the pcriodate method. After evaluation by ELISA. purification of the conjugate was deemed unnecessary. 

Triplicate samples of homogenate from the nine struck mice were assayed on a single Dynatech Immulon I 
microtitre plate. The plate also contained triplicate samples of homogenate from nine control mice (20-24 g) 
injected with 0-4 mg venom in 0.5 mg increments. The venom. dissolved in 0.25-1.0 ml PBS, was delivered via 
tuberculin syringe (25 g needle) just below the skin of the right mid-dorsal region. These control mice. which were 
nccessary for preparing a standard curve. were treated otherwise in an identical manner as the experimental mice. 

To assay venom in the mouse homogenates. wells of the plate were coated overnight at 4°C with IgG in a 
10 pg/ml PBS solution (99 pi/well). The wells were emptied (by slapping plate onto paper towels) and washed 
three times with Tween-20/PBS buffer (130 pl;well). Next (since a blocking step was found to be unnecessary: cf. 
HAYES et al., 1992), the samples of mouse homogenate (I : 1000 dilution in PBS) were added (99 pl,:well) and 
incubated for I hr at room temperature. After the wells were emptied and washed as before, IgG-HPO conjugate 
was added (99 pi/well) and incubated another hour at room temperature. Finally, after wells were emptied and 
washed again, substrate solution [0.1 mt of 0.50/0 hydrogen peroxide added to 9.9 ml of 5-AS substrate (from 
Sigma) in I mg/ml 0.1 M sodium phosphate/EDTA buffer, pH 5.95] was added (99 pi/well). As the plate was 
agitated manually during the next hour, color development (absorbance) was read by an automatic microplate 
reader (Titertek Multiscan MCC/340) at 450 and 620 nm (dual wavelength mode). 

To develop a standard curve, absorbance values for control homogenates were plotted against the concentra
tion of venom and a regression equation was fitted using the program Quattro Pro (version 3.0). The regression 
equation was used to estimate the mass of venom expended (nearest mg) for each mouse based on the mean 
absorbance of the three homogenate samples from each carcass. 

Experiment 2 
Three months later, seven snakes (of the nine from experiment 1) were observed as before as each struck and 

constricted an adult male mouse (17-24 g) in its home cage. Immediately after death, the mouse was removed 
from the snake's mouth, stored within a plastic bag, and frozen at - 20Ge. Two months later, the mice were 
thawed, quickly and carefuJIy skinned, and skin and viscera (skeleton, musculature, internal organs) placed in 
separate bags. As in experiment I, each was homogenized with 150 m1 wash buffer, centrifuged, and the 
supernatant frozen until ready for ELISA. Then, triplicate samples from three sets of homogenate (control, 
viscera, skin) were assayed on a single microtitre plate to detennine concentrations of venom in both the viscera 
and the skin. 

Validity of ELISA 
The coefficients of determination (r) for our regression equations indicate the amount of variation in 

absorbance explained by the independent variable, quantity of venom present. The coefficients for the two 
experiments were, respectively, 0.81 and 0.84 (explaining more than 800/0 of the variance). which indicated that 
absorbance was a good indicator of the Duvernoy's secretion present in the samples. 

Since the snakes deposited considerable quantities of saliva on the mice, we were concerned that our assay 
might have measured saliva in addition to venom. To confirm that the antibodies were not cross-reactive with 
Boiga saliva, we obtained saliva samples via microAipets as before from the oral epithelium of three of the live 
snakes. These samples were lyophilized. weighed, reconstituted in PBS. and assayed together with Duvernoy's 
secretion and venom from the midget-faded rattlesnake. Crotalus viridis concolor (as another control). In this 
ELISA. the wells were coated and washed as before. Duplicate samples of saliva and venom (I mg/ml PBS) were 
then added and serially diluted in ten-fold dilutions (I : 10) of PBS to 0.1 ng/mt. The wells were incubated 1.5 hr 
at room temperature and then washed. IgG-peroxidase conjugate was added next and incubated 2 hr at room 
temperature. After washing, substrate solution was added and color developm~nt was read as before. 

Detectability, a useful indicator of cross-reactivity, is defined as the minimum concentration of venom (10") 
that can be detccted by the ELISA (MINTON el al., 1984; KAISER. el al., 1986; BoBER et al., 1988). The level of 
detectability of Boiga Duvernoy's secretion was OJ)OI pgfml. Detectability for Boiga saliva was 1000 JJg/mI. a 
difference of six orders of magnitude. C. v. concolor venom was not detectable. Thus, the antibodies appeared to 
be very specific for Duvernoy's secretion. 

RESULTS AND DISCUSSION 

The quantities of Duvernoy's secretion expended by brown tree snakes when striking 
mice and the survival times of prey are summarized in Table 1. The snakes expended 
similar total quantities of venom in the two experim~nts (means of 3.6 mg and 3.3 mg, 
respectively). These amounts of Duvernoy's secretion are less than but within an order of 
magnitude of those amounts of venom injected into mice by elapid and viperid snakes of 
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TABLE 1. DRY MASS OF DUVUNOY'S SECREIlON (VENOM) EXPENDED BY TIlE BROWN TREE SNAKE (Boiga irregularu)
 
DURING FEEDING AND TIME TO DEATH OF THEIR PREY, LIVE ADULT MICE (Mus museu/us)
 

Experiment 1 (n = 9) Experiment 2 (n = 7) 
Dependent measures Mean S.E. Range Mean S.E. Range 

Total venom expended (mg) 3.6 0.3 2-5 3.3 0.1 1.4-4.7 
In viscera 1.8 0.2 1.0-2.7 
In skin 1.5 0.2 0.5-2.2 

Time to prey death (sec) 113 48 37-484 65 7.8 36-101 

comparable size (HAYES et aI., 1992). However, the flow of Duvernoy's secretion in 
colubrid snakes is very slow compared to venom release by elapid and viperid snakes 
(CmszAR et al., 1992; HAYES, 1992; KAROONG and LAvlN-MURCIO, 1993), and may have 
been continuous during the several minutes that the teeth engaged prey tissues. 

Considering the minimum of 6.7 mg venom available in the Duvernoy's glands of adult 
B. irregularis (WEINSTEIN et al., 1991; CmszAR et al., 1992; VEST et al., 1991), the snakes of 
the first experiment expended approximately 54.5% of their available venom by the time 
their prey was dead. This value is equal to the highest percentage of available venom 
expended by any elapid or viperid snake for which comparable data are available (HAYES 
et al., 1992); however, the venom is not released instantaneously as in other venomous 
snakes. An additional quantity of venom would likely have been secreted during the 
swallowing process had we permitted the snakes to do so. Unlike the venom glands of 
most elapids and viperids (KocHVA, 1978), the Duvernoy's gland of B. irregularis lacks an 
extensive extracellular storage reservoir (ZALISKO and KARooNG, 1992). Therefore, this 
high percentage expended is a likely consequence of the low volume of ready venom 
within the lumen of the gland. 

Results of experiment 2 indicate that approximately 54.5% of the total venom released 
was delivered into the viscera of prey, while 45.50/0 remained embedded in the skin (Table 
I). The fact that total venom expenditure did not differ significantly between the two 
experiments gives us confidence that the separation of mouse skin from viscera in the 
second experiment did not confound our results. The value of 54.5% for envenoming 
efficiency is considerably below that of elapid and viperid snakes (MORRISON et al., 1982, 
1983; HAYES et al., 1992). However, prior studies of envenoming considered only that 
venom on the surface of the integument which could be washed from it; these values for 
Boiga include venom embedded in the skin of prey, so comparisons must be treated 
cautiously. 

The mean of 3.6 mg venom expended (experiment 1) when adjusted for mice averaging 
21 g represents a dose of 171.4 mg/kg. The Lp. LD50 for B. irregularis is reported to vary 
between 10.5 and 34.1 mg/kg (VEST et al., 1991; WEINSTEIN et al., 1991, 1993). Thus, the 
amount of Duvernoy's secretion delivered during a feeding strike is well above the lethal 
dose (50%) necessary to kill mice. If only the portion of the secretion that entered the 
viscera (experiment 2) is considered (1.8 mg ±0.2), this still gives an adjusted value of 
90±4 mg/kg, three to eight times the lethal dose (500/0) depending upon which value is 
compared (34.1 or 10.5 mg/kg). 

This success in getting a lethal dose of DuvernoY,s secretion through the integument 
and into the viscera is particularly noteworthy for two reasons. First, delivery of 
Duvernoy's secretion during prey capture does not significantly contribute to rapid death 
of the prey. Where prey death was compared for B. irreguJaris with and without use of 
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Duvemoy's secretion, it was found that no difference occurred in the rate of prey death 
(ROCHELLE and KARDONG, 1993). The brown tree snake uses jaw pressure (ROCHELLE and 
KARDONG, 1993) and most prominently constriction (CHISZAR, 1991; ROCHELLE and 
KARDONG, 1993) to kill prey quickly. On occasions where prey escape or are removed 
before constriction brings death, they may become sluggish and even eventually die after 
many minutes or several hours (McCarn, personal communication). This suggests that 
Duvernoy's secretion can tranquilize prey or even produce a protracted death. However, 
there is no published evidence that Boiga Duvernoy's secretion alone can equal the rapid 
prey death characteristic of the true venoms used during feeding by elapid and viperid 
snakes. 

Second, the posterior maxillary teeth of Boiga, associated with the single duct from 
Duvernoy"s gland (ZALISKO and KARDONG, 1992), bear an open groove. Thus, unlike the 
hollow teeth of elapids and viperids that form an enclosed venom channel within the fang, 
these grooved teeth of Boiga are an open channel and cannot sustain a pressure head to 
deliver a pulse of secretion deep into tissues (KARDONG and LAViN-MuRCIO, 1993). Our 
results suggest that as a consequence, a significant portion (45.5%) of the delivered 
secretion remains lodged in the integument until the prey is dead. 

Taken together, these results support the view that Duvernoy's secretion in most 
colubrids does not playa primary role in rapidly killing prey as do the venoms of elapids 
and viperids (KARDONG, 1982b). Further, the biological role of Duvernoy's secretions in 
most colubrids is most likely related to some other primary function, such as digestion 
(KARDONG, 1982a). The presence of proteolytic enzymes in Duvernoy's secretion from 
Boiga (WEINSTEIN et aI., 1992) supports this suggestion. The experimental evidence in 
other colubrid species of a digestion-promoting effect of Duvernoy's secretion (JANSEN, 
1983; RODRiGUEZ-RoBLES and THOMAS, 1992) further supports this hypothesis. Thus, 
toxicity of Boiga Duvernoy's secretion may be a simple by-product of this primary 
digestive role. 

The digestive action of Duvernoy's secretion can act directly upon prey tissues to 
promote chemical digestion. We hypothesize that Duvernoy's secretion may additionally 
serve to open holes chemically in the tough integument of the swallowed prey to pennit 
later entry of digestive enzymes released by the snake's digestive tract. Although we 
removed mice before swallowing began, the location of the grooved teeth results in their 
regular engagement with the integument of the prey as the jaws ~walk' over it, as in other 
colubrids (KARDONG, 1986). Consequently, during swallowing cycles, further quantities of 
Duvernoy's secretion from the gland could be introduced into the skin. Because the prey is 
dead when such swallowing begins, no active spread of the secretion by the circulatory 
system would occur, and for the most part the secretion would remain at the sites in the 
integument where the teeth initially deposited it. 

If one biological role for Duvernoy's secretion is to open chemically the integument of 
the prey for entry of digestive tract enzymes, then this would help to account for why 
during prey capture such a large portion (45.5%) of the secretion remained embedded in 
the skin and why even further secretion is likely introduced during swallowing. 
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