
Aδ fibres, which are part of specific thermo-
sensor neurons present in nearly all vertebrates, 
but are especially important in mammals 
(Fig. 1a). These classic studies showed that 
neurons containing cold receptors (C and Aδ 
fibres) or warm receptors (mainly C fibres) 
exhibit a static discharge frequency of action 
potentials. In neurons containing warm recep-
tors, the discharge frequency increases steeply 
when the temperature rises from 30 oC to 
43 oC and then falls off at higher temperatures; 
in those with cold receptors, the discharge 
frequency rises as temperature drops from 
40 oC to around 25 oC, and then decreases to a 
stationary frequency (Fig. 1c). 

Based on the input from both cold and warm 
fibres, the central nervous system somehow 
identifies temperatures below the thermo-
neutral skin temperature of about 33 oC as cold, 
and temperatures above this as warm. An out-
standing question is how the static discharge 
pattern relates to the activity of TRPM8 and 
other temperature-sensitive TRPs. Bautista 
and colleagues6 provide some insights from 
recordings of cutaneous C and Aδ fibres. 

Usually, gradual cooling of cold-sensitive 
C fibres from 35 oC to 2 oC activates a burst 
of action potentials, with the fibres eventually 
adopting a residual firing rate. In mice with-
out TRPM8, the activation phase is absent, but 
the residual firing is preserved. This indicates 
that cold-induced activation and subsequent 
de sensitization of TRPM8 underlie the trans-
ient discharge pattern that occurs on cooling. 

The instantaneous responses of warm and 
cold receptors to temperature are mirror images 
of one another. Warm receptors exhibit an on-
response (increase in discharge frequency) on 
heating, and an off-response on cooling; the 
opposite is true for cold receptors (Fig. 1b). This 
implies that cooling evokes a dual message to 
the brain: an increased activity of cold-sensi-
tive fibres and a decreased activity of warm-
sensitive fibres. It might also explain the 
classical psychophysiological observations 
in Ernst Weber’s ‘three-bowl experiment’, 
also called Weber’s illusion12: coming from 
a bowl with cold water, water at neutral tem-
perature feels warm; coming from a bowl with 
warm water, the same neutral temperature is 
perceived as cold. 

Through single nerve-fibre recordings, 
Bautista et al.6 found that part of the on-
response of cold receptors to a cold stimulus is 
due to TRPM8 activation. However, whether 
the off-response of these TRPM8-expressing 
cold fibres contributes to warm perception, or 
whether the closing of heat-activated thermo-
TRPs contributes to a cold response, remains 
unclear. 

A further crucial difference between 
cold and warm sensations is illustrated 
by another warm receptor — TRPV3. This 
receptor is expressed in the keratinocyte 
cells of  the skin, which pass the signal to the 
sensory neurons through an unidentified 
mess enger system13. Can such an indirect 
mechanism of nerve-fibre activation in 

response to cold also be relevant to TRPM8? 
Aristotle appreciated the basic importance 

of thermosensation for survival. It is curious, 
however, that these studies4–6 did not look into 
the consequences of loss of cold sensitivity 
on thermoregulation and core temperature. 
A lower core temperature may even increase 
the lifespan14, so the cold-indifferent TRPM8-
deficient mice might live longer than their 
cold-fearing normal mates. Nonetheless, these 
studies re-ignite the excitement about TRPs 
once again. ■ 
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Visit websites selling homeopathic 
remedies, and sooner or later you 
will find the virtues of extracts of 
Aristolochia clematitis extolled. The 
dark side of this plant’s biochemical 
products is examined by Arthur 
Grollman, Bojan Jelaković and 
colleagues in Proceedings of the 
National Academy of Sciences 
(A. P. Grollman et al. Proc. Natl 
Acad. Sci. USA doi:10.1073/
pnas.0701248104). They provide 
a strong case that the aristolochic 
acid produced by A. clematitis is 
the cause of endemic (Balkan) 
nephropathy. 

This disease results in kidney 
failure and is associated with cancer 
of the upper urinary tract. Its name 
stems from its incidence in farming 
communities along tributaries of the 
Danube. Here, as Grollman 
et al. confirmed in their early work 
done in Croatia, the plant grows 
in wheat fields and its seeds 
become mixed with wheat grains 

during harvesting — and so can 
contaminate the flour that is 
subsequently baked into bread.  

The authors’ investigations were 
prompted by similarities between 
endemic nephropathy and a 
condition called aristolochic acid 
nephropathy, which was identified 
in a group of women in Belgium 
and attributed to their use of 
herbal products as part of a 
slimming regime. Aristolochic 
acid reacts with DNA, and forms 
tell-tale biomarkers that can be 
used as indicators of exposure to 
the substance. 

These biomarkers indeed turned 
out to be present in Croatian 
patients with endemic nephropathy, 
and malignancies of the upper 
urinary tract, who had long inhabited 
villages likely to be subject to dietary 
contamination. They were not 
seen in patients with other 
types of kidney disease.

Grollman et al. then went further, 

delving into the mutational 
background of the cancers. 
They focused on the tumour-
suppressor protein p53, which 
helps protect the genome 
against damage. Here they 
identified a large proportion of 
switches of the adenine–thymine 
nucleotide coupling in DNA 
to thymine–adenine. This 
mutational ‘fingerprint’ is 
also seen in cultured cells 
and in rodents treated with 
aristolochic acid. All in all, 
the authors’ detective work 
provides enough evidence to put 
A. clematitis in the dock, if not to 
allow an outright conviction.  

Other causes of endemic 
nephropathy have been 
considered over the years, including 
one that echoes the notorious case 
of ergotism. This disorder was 
eventually attributed to the action 
of toxins produced by fungal 
infection of cereals. A fungal toxin, 
ochratoxin A, has likewise been 
proposed as the agent behind 
endemic nephropathy, but the 
authors find the case for that 

to be weak. However, they estimate 
that only about 1 in 20 people 
exposed to high levels of 
aristolochic acid develop overt 
disease. They conclude, then, 
that there must be a large genetic 
component to susceptibility, and 
investigations of that aspect will 
shortly be under way. 
Tim Lincoln
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