
Functional Bases of Venom Injection

It is widely recognized that venom delivery
systems have played a significant role in 
the evolutionary and ecological 
diversification of snakes. Despite this 
recognition — and decades of valuable 
research on the chemical, toxicological, 
and molecular aspects of venom — less is 
known about the underlying biophysics of 
venom injection. 

In addition to the obvious safety issues, 
there are significant challenges to studying 
the functional bases of venom delivery. 
Venom expulsion typically lasts 
approximately 1/30th of a second, and the 
expulsion of one mass of venom changes 
the dynamics for subsequent expulsions.

My initial work centered on the 
anatomical bases of venom expulsion in 
rattlesnakes (Crotalus), and possible 
internal and external influences on venom 
flow. I have argued that there is little 
opportunity for fine internal control (or 
metering) of venom, but that the physical 
interaction between the viper and the 
target tissue will have a profound impact 
on the venom delivery system.

The emphasis on physical interaction 
between the snake and its prey, led me to 
explore venom expulsion in spitting 
cobras, since in these species venom 
expulsion occurs without direct physical 
contact. I was able to show that these 
elapids have a very similar control system 
for venom flow, but they have evolved a 
unique “release mechanism” that 
effectively replicates contact with the prey.

More recently I have been exploring the 
nature of venom delivery in snakes (and 
other reptiles) that have grooved teeth, 
rather than enclosed fangs. My colleagues 
and I have found that venom delivery in 
this system is dominated by the surface 
tension of the venom. The groove in the 
tooth decreases the surface tension 
energy, thereby promoting venom flow. 
The “chewing” behavior that is prevalent 
in rear-fanged snakes (which have grooved 
teeth) is a way of increasing the exposed 
surface area of the prey’s tissue creating a 
physical attraction that literally pulls the 
venom into the prey’s tissue.  

If you would like additional information, I invite you to contact me at 
byoung@atsu.edu, or to explore some of my published work in this area:
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