








Oct. 26, 2004

PART A: MOLECULAR & INTEGRATIVE PHYSIOLOGY

Dear Dr. Mommsen,

Enclosed is a manuscript entitled " THE PHYSIOLOGICAL AND BEHAVIORAL EFFECTS OF CARBON DIOXIDE ON DROSOPHILA LARVAE " that we are submitting for consideration of publication as a regular article in Comparative Biochemistry & Physiology.


In this study, we present novel discoveries concerning the mechanisms by which CO2 acts in anesthetizing Drosophila larva. Why this study is of importance for general physiology is that we show there are direct actions of CO2 on the myogenic heart of the animal as well as direct actions in blocking glutamate receptors at the neuromuscular junction (NMJ) of skeletal muscles. We also demonstrate that the effects are not due to lowered pH by the presence of CO2. The lack in the ability of protons to block the evoked glutamate response at the Drosophila NMJ is not surprising given that the glutamate receptors at the NMJ are not of the NMDA subtype, but rather of the quisqualate type as reported for other insect models of skeletal NMJs (Anderson et al. 1976; Gration et al., 1981; Cull-Candy and Parker, 1983; Patlak et al., 1979).
The results of the presented study are clinically relevant since CO2 is used as an anesthetic in rodent models which for some experimental design purposes do not allow classical anesthetics to be used.  In addition, CO2 produced within the human body may well influence how glutamate receptors function in the CNS. This has yet to be addressed as far as we are aware.

In our study, we show that  larval Drosophila rapidly (<1 minute) respond to the presence of high CO2 in their environment. The spiracles need to be intact and functional for the rapid response to occur. Behaviorally the animals twist and become flaccid within 1 to 2 minutes of exposure of CO2 which is not observed for N2, thus this rapid behavior is not elicited by an hypoxic response. In intact larvae the heart parallels the whole body response as it also rapidly responds and stops. To directly examine if the reduction in HR is centrally driven by CO2 or if CO2 sensitive sensory neurons are driving a central response to dampen HR or if there is a direct response of the heart to CO2, the larval brain was removed prior to exposing the animal to CO2. The effects on the heart appear to be directly mediated by CO2. Since the physiological saline with CO2 results in a reduction of the pH to 5.0 the effects of saline at pH 5 were also directly assessed. An acidic saline increases the HR in contrast to saline containing CO2. Surprising to us was that CO2 rapidly blocks synaptic transmission at the skeletal NMJ which was not observed within the same time period for saline adjusted to pH 5. The loss of evoked synaptic responsiveness appears to be due to a decrease in the postsynaptic glutamate receptors responding to the endogenously released glutamate, since NMJ exposed to CO2 were not responsive to exogenously applied glutamate. In contrast to the NMJ, the central nervous system did not shut down synaptic transmission that drives the intrinsic drive of the motor nerves when exposed to CO2 containing saline.  Low pH saline decreased intrinsic central activity within the same time period that responsiveness for CO2 was observed in relation to behavior, heart rate, and NMJ actions. In summary, the effects of CO2 are directly mediated on the heart to stop it and at skeletal NMJs by a reduced sensitivity to released neurotransmitter from the motor nerve terminals. The rapid behavioral and physiological effects can not be accounted for by action on the central nervous system within the larvae.

This work introduces a new avenue to investigating mechanisms of the actions of CO2.
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Dr. Robin L. Cooper
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