TOLERANCE AND WITHDRAWAL IN GOLDFISH 

EXPOSED TO ETHANOL

Larry I. Crawshaw1,2

Helen L. Wallace1

Candace S. O’Connor1

Tamae Yoda1

John C. Crabbe2

1Department of Biology, Portland State University

P.O. Box 751, Portland, OR 97207

Phone: (503) 725-4209     Fax: (503) 725-3888    Email: crawshl@pdx.edu

2Department of Behavioral Neuroscience and

Portland Alcohol Research Center

Oregon Health and Science University and

VA Medical Center, Portland, OR 97201

EXTENDED ABSTRACT ONLY: DO NOT CITE

Animals typically respond to chronic drug or toxin exposure by developing tolerance.  Continued exposure often leads to a dependent state, which is revealed by the withdrawal symptoms which occur when the drug or toxin is removed.   Tolerance and withdrawal are usually studied in mammals, although it is likely that similar processes occur in fish as well.  In this study we investigate these processes in the goldfish, Carassius auratus.  We utilize ethanol as the drug and selected temperature (Tsel) as the response.  

Tolerance  is studied in one of three administration regimes.  Acute tolerance effects occur within one exposure, rapid tolerance is measured as reduced response to a second dose about 8 - 24 hours after the first, and chronic tolerance obtains following many exposures over a longer period of time [4].   Acute tolerance is the least understood, since in mammals assessing the time course for its development is difficult because the standard protocol involves a single injection.  Responses are compared, at the same concentration, for the rising and falling concentration of drug in the body.  However, drug levels are constantly in flux and change at different rates in the various compartments of the body.  Thus, while it is straightforward to demonstrate the phenomenon of acute tolerance, estimating the rate at which it develops can require many groups of animals and complicated protocols.   The development of acute tolerance can be estimated by procedures involving continuous monitoring and arterial infusion, but this procedure is not applicable in all situations.    In this experiment we take advantage of the thin gill epithelium of fish which permits rapid entry of many waterborne chemicals into the blood.  When goldfish are placed in water containing ethanol,  steady state brain concentrations that are directly related to the concentration of ethanol in the water are soon attained [3].  This provides a method for evaluating response changes under constant blood ethanol levels .

To study the development of acute tolerance, we monitored Tsel of goldfish (Carassius auratus) for 9 h while they were exposed to one of three doses of ethanol (v/v). After initial exposure, Tsel was:  Control: 24.1 ±0.07 (C; 0.4% ethanol: 21.9 ±0.09 (C; 0.8% ethanol: 21.3 ±0.05 (C; 1.1% ethanol: 18.4 ±0.10 (C.  The difference between control and experimental Tsel decreased by the following amounts for the final 1.5 h in the gradient:  0.4% ethanol: 2.60 ±0.12 (C; 0.8% ethanol: 1.58 ±0.09 (C; 1.1% ethanol: 4.08 ±0.12 (C.  At all 3 doses, tolerance proceeded in a stepwise manner rather than continuously.

In most cases, responses seen during withdrawal are of opposite sign to the initial effects of drug or toxin administration.  Thus, in the case of ethanol (a sedative), withdrawal signs reflect stimulation and are thought to represent a rebound response, i.e., an overcompensation for the organism’s adjustment to the presence of ethanol.  In humans, withdrawal signs include anxiety, tremor, insomnia, and tachycardia.  There is disagreement about the presence of a rebound effect on the regulated body temperature during withdrawal.   

We studied the effects of withdrawal from chronic ethanol exposure on the regulated temperature by maintaining goldfish in a 0.8 %  ethanol solution for three days and subsequently measuring changes in Tsel after the goldfish were transferred to an ethanol free temperature gradient for 36 h.  The process of withdrawal appeared to have no effect on Tsel, since values for experimental and control groups were similar for the entire 36 h period in the gradient.   Activity during withdrawal appeared  slightly lower for withdrawing animals (as compared to controls) for the first 16h of withdrawal.

The most important result of this study was the delineation of a continuous function representing the development of acute tolerance to the effects of ethanol on the regulated body temperature .  Particularly noteworthy was the discontinuous nature of the function, with all three doses eliciting a relatively similar pattern.  At about 160 min and 300 min there was a rapid increase in the rate of tolerance development, while at other times tolerance developed at a much slower rate.  There were no obvious alterations in activity during these periods of rapid tolerance development.  

The initial decrease in Tsel in the current experiments confirmed the regulated decrease in body temperature that is caused by ethanol.  While it is still generally held that the major effects of ethanol on body temperature derive from influences on peripheral blood flow and a derangement of the central nervous system thermoregulatory areas, previous experiments on  mice and goldfish, as well as the current work,  indicate that low and moderate blood ethanol concentrations decrease the regulated body temperature .

Responses that occur when ethanol is withdrawn from a dependent organism are normally opposite to the initial reaction.  This is postulated to occur because the affected systems have adapted to function in the presence of ethanol and thus rebound in the opposite direction when the ethanol is no longer present.  Body temperature often changes during withdrawal, and the direction of change can vary; humans typically are hyperthermic, while small rodents are often hypothermic.  While it is clear that the regulated body temperature is decreased by ethanol [2], there is evidence that a rebound increase in the regulated body temperature  does not occur during withdrawal [1].  The observed changes in the body temperature of mammals have been postulated to be due to a combination of a rebound basal hypermetabolism and a blunted metabolic scope which compromises the ability of the organism to respond to large metabolic demands.  Thus, when mice were allowed to select their thermal environment, withdrawing individuals chose cooler temperatures than controls but maintained their body temperature  at the same level [1].  A similar result was obtained in the current study:  Goldfish removed from a 3 day exposure to ethanol exhibited a Tsel that was nearly identical to that of control fish.  Thus, in goldfish as well as mice, the regulated body temperature  is not altered during the period following continuous ethanol exposure.  

In conclusion, we have shown that tolerance develops to the acute hypothermic effect of ethanol on Tsel  and that this tolerance develops in a step-wise manner.  Following a long-term residence in ethanol, removal from this environment does not alter Tsel .  The lack of change in the regulated body temperature during withdrawal corroborates a similar finding in mice.  
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