
12 of 17 pairs gave results consistent 
with the prediction of retaliation follow- 
ing defection (5) .  One pair gave results in 
contradiction to this prediction, but their 
response was a brief nonaggressive hov- 
er above a model. A sign test showed 
statistically significant differences in re- 
sponses before and after replacement of 
the nestlings (Table 1). Parents that re- 
sponded to the models after the place- 
ment of dead nestlings did not redirect 
their aggression at their mates or at 
neighboring breeding pairs. Parents also 
chased live nonbreeders during the ex- 
periment. But, live nonbreeders were 
ignored if their time of appearance at the 
nest box precluded the possibility of 
their committing the defection. 

Parent tree swallows displayed the 
characteristics of the TIT FOR TAT 
strategy by (i) acting "nice" to the model 
nonbreeders until after the simulated de- 
fection, (ii) being provoked into defect- 
ing, and (iii) appearing "forgiving": a 
significantly larger proportion of encoun- 
ters (27 of 82) ended in parental chases of 
nonbreeders before the simulated defec- 
tion ( z  = 2.58, P < 0.01) than did en- 
counters after the simulated defection 
(18 of 110) at those boxes where parents 
responded to the models after the simu- 
lated defection (25). This result indicates 
a return to normal behavior by the birds 
in the experiment because parental ag- 
gression toward both model and live 
nonbreeders decreased as the breeding 
season progressed at boxes outside the 
experiment (13). 

These results suggest that the TIT 
FOR TAT strategy adequately models 
the restraint shown in the conflict of 
interest between parent and nonbreeder 
tree swallows, and that TIT FOR TAT 
may be fruitfully applied in the analysis 
of other phenomena in which the genetic 
relatedness of interactants is inadequate 
to explain the restraint of conflict dem- 
onstrated by the interactants. 
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Response to Ethanol Reduced by Past Thiamine Deficiency 

Abstract. Ethanol-induced intoxication and hypothermia were studied in rats 
approximately 7 months after severe thiamine dejiciency, when treated rats ap- 
peared to have recovered their physical health. Previously induced thiamine deJi- 
ciency without prior ethanol exposure sign$cantly decreased the area under the 
curve plotted for the concentration of ethanol in blood and also decreased behavioral 
impairment and hypothermia due to ethanol exposure. Pathophysiologic changes 
resulting from thiamine dejiciency may contribute to both the pharmacodynamic and 
pharmacokinetic tolerance to ethanol in chronic alcoholics. 

Alcoholism is characterized by pro- 
gressive increases in consumption of al- 
coholic beverages with concomitant al- 
terations in the metabolism of ethanol 
and its effects on the central nervous 
system (tolerance) ( I ) .  Long-term expo- 
sure to ethanol can also result in physical 
dependence (I) and chronic pathologic 
changes in many organ systems (2). Al- 
coholism is frequently associated with 
thiamine (vitamin B,) deficiency result- 
ing from inadequate nutritional intake, 
decreased absorption, or impaired utili- 
zation (3). The contribution of thiamine 
deficiency to ethanol toxicity and the 
resultant dysfunction in organ systems 
remains controversial (4). 

Wernicke's encephalopathy is an 
acute neuropsychiatric syndrome caused 
by thiamine deficiency most often found 

i n  the nutritionally compromised chronic 
alcoholic (5). Treatment with thiamine 
reverses most of the acute manifesta- 
tions (5), but clinical abnormalities such 
as memory loss. apathy and social indif- 
ference, superficial and labile emotions, 
and lack of goal-oriented spontaneous 
activity (Korsakoffs psychosis) may 
persist together with neurochemical dis- 
turbances (5, 6). Characteristic neuro- 
pathologic findings at autopsy include 
bilaterally symmetrical periventricular 
lesions of the brainstem and diencepha- 
lon (5, 6). 
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Discrete regions of the rat brain show 
alterations in glucose uptake (as mea- 
sured by the I4C-labeled deoxyglucose 
technique) during thiamine deficiency. 
These metabolic changes parallel behav- 
ioral and histologic abnormalities that 
resemble clinical-anatomic findings in 
patients with Wernicke's encephalop- 
athy (7). Serotonergic and cholinergic 
neurotransmission are reported to be 
specifically affected by acute thiamine 
deficiency (8). Furthermore, thiamine 
deprivation has been shown to increase 
voluntary ethanol consumption in the rat 
(9). Many of these abnormalities are re- 
versed quickly after administration of 
thiamine ( lo) ,  but the extent of residual 
dysfunction of the central nervous sys- 
tem has not been elucidated. We postu- 
lated that changes in response to ethanol 
may persist long after recovery from 
severe thiamine deficiency and tested 
this hypothesis by studying ethanol-in- 

duced intoxication and hypothermia in 
rats approximately 7 months after their 
recovery from thiamine deficiency. We 
now report that severe, previously in- 
duced thiamine deficiency without prior 
exposure to ethanol significantly de- 
creased intoxication and hypothermia 
caused by ethanol. 

Sprague-Dawley rats (Taconic Farms) 
weighing 200 to 250 g each were fed on 
freely available thiamine-deficient or 
control diets (BioServ). Thiamine-defi- 
cient rats were injected intraperitoneally 
with 50 mg of thiamine hydrochloride (25 
mg per milliliter of saline) per kilogram 
per day for 3 days; control rats received 
0.9 percent saline (2.0 mllkg) when rats 
in the other group exhibited severe 
symptoms of thiamine deficiency (7, 8, 
10). Thiamine-deficient rats weighed sig- 
nificantly less than controls at the time 
of their first injection (males, 170 ? 4 g 
compared to 447 ? 11 g; females, 

200 r 6 g compared to 261 + 5 g; 
P < 0.001 for both genders); after this 
injection both groups were given a stan- 
dard diet (Ralston Purina). 

After a recovery period of 7 to 8 
months, the mean weights (? standard 
error of the mean) of previously thia- 
mine-deficient rats [males (n = 12), 491 
r 16 g; females (n = lo), 294 ? 6 g] and 
control rats [males (n = lo), 531 -t 17 
g; females (n = 5), 292 -t 10 g] were not 
significantly different (P  > 0.2). All fe- 
male rats were in estrus as determined 
by vaginal smears at the time of ethanol 
administration. The male and female 
groups were studied by the same proto- 
col but on different days. All animals 
were given ethanol (4 g per kilogram, 20 
percent weight by volume) by gavage at 
0800 hours after a 12-hour fast. The 
severity of intoxication was rated blindly 
every 90 minutes thereafter by means of 
a validated observational scale of neuro- 

Time (hours)  

Fig. 1. Blood ethanol concentration (mean * standard error of the mean) in rats recovered from thiamine deficiency (0) and in control rats (0) af- 
ter administration of ethanol (4 glkg) in (a) males ( n  = 12 treated rats and 9 control rats) and (b) females (n = 10 treated rats and 5 control rats). 

0 2 4 6 8 10 0 2 4 6 8 10 

T i m e  (hours)  

Fig. 2. Behavioral rating of intoxication (mean + standard error of the mean) (11) for rats recovered from thiamine deficiency (0) and for control 
rats (a). (a) Males (n = 12 treated rats and 10 control rats). (b) Females (n = 10 treated rats and 5 control rats). (*) P < 0.02 (Bonferroni 
inequalities). 
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T~rne ( h o u r s )  

Fig. 3. Ethanol-induced hypothermia in rats recovered from thiamine deficiency (0) and in control rats (0). (a) Males (n = 12 treated rats and 10 
control rats). (b) Females (n = 10 treated rats and 5 control rats). (*) P < 0.05; (**) P <0.02 (Bonferroni inequalities). 

behavioral impairment (11). Rectal tem- 
peratures were obtained twice before 
administration of ethanol and every 90 
minutes thereafter (YSI Telethermo- 
meter, Yellow Springs Instruments). 
Blood samples were taken from the tail 
veins to 10.5 hours after administration 
of ethanol; blood ethanol concentrations 
(BEC's) in these samples were deter- 
mined by means of a gas chromatograph- 
ic method (12). 

Ascending BEC's (90 and 180 minutes 
after ethanol administration) were not 
significantly different in rats recovered 
from thiamine deficiency and control 
rats (P > 0.05, unpaired t-tests), but 
both treated and control males (Fig. la) 
had higher BEC's than the respective 
female groups (Fig. lb) (P < 0.025, un- 
paired t-tests). The area under the BEC 
curve (milligrams per milliliter per hour) 
from 0 to 10.5 hours was reduced by 
approximately 30 percent in the treated 
groups (males, 1451 + 131 ; females, 907 
i 92) compared to the control groups 
(males, 1976 It 221; females, 1326 i 
128; P < 0.05, unpaired t-tests) (Fig. 1). 

Baseline behavioral ratings (11) and 
rectal temperatures were essentially 
identical in rats recovered from thiamine 
deficiency and control rats (both males 
and females) (Figs. 2 and 3). However, 
the treated groups appeared to be signifi- 
cantly less intoxicated than controls 
[F(1, 33) = 6.68; P < 0.021, and male 
rats (Fig. 2a) appeared to be more im- 
paired overall than the females (Fig. 2b) 
[F(l, 33) = 8.87; P < 0.011. Four of ten 
control male rats, but none of those 
recovered from thiamine deficiency, lost 
their righting reflexes (x2 = 5.87, 
P < 0.02); three of five control females 
and one of ten treated females lost their 
righting reflexes (xZ = 4.26, P < 0.05). 
Male rats recovered from thiamine defi- 
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ciency were significantly less behavioral- 
ly impaired than controls at 1.5 and 3 
hours after administration of ethanol 
(P < 0.02, unpaired t-tests). An analysis 
of covariance with BEC as a covariant 
showed that male rats recovered from 
thiamine deficiency were significantly 
less impaired at the time of peak effect 
(1.5 hours) than controls (adjusted group 
means, 3.5 i 0.2 versus 4.2 + 0.2; 
P < 0.02). The behavioral impairment of 
treated females was not significantly dif- 
ferent from that of controls at either 1.5 
or 3 hours. Although rates of recovery 
were similar for treated and control 
groups, female rats recovered earlier, a 
finding consistent with the reduced area 
under the BEC curve. 

Ethanol-induced hypothermia was sig- 
nificantly less severe [F(l, 33) = 11.1, 
P < 0.0051 in both male and female rats 
recovered from thiamine deficiency, 
with a significantly greater effect in fe- 
males [F(l, 33) = 6.12, P < 0.021 (Fig. 
3). The mean maximum decrease in body 
temperature in treated rats (males, 
1.1" ? 0.17"C; females, 1.1" i 0.21°C) 
and control rats (males, 1.3" i 0.20°C; 
females, 2.0" i 0.46"C) was not signifi- 
cantly different. Rectal temperatures 
were higher in the females overall [F(1, 
33) = 11 1, P < 0.00011. In males, body 
temperature was significantly higher 
(P < 0.02) in rats recovered from thia- 
mine deficiency (36.1" + 0.l0C) than in 
control rats (35.4" + O.l°C) by 6 hours 
after administration of ethanol; this was 
because the temperatures of more of the 
treated rats (9 of 12 compared to 1 of 10 
controls) had returned to baseline by this 
time (X2 = 9.29, P < 0.01) (Fig. 3a). In 
females, body temperature was signifi- 
cantly higher (P < 0.05) in those recov- 
ered from thiamine deficiency (37.6" -C 

0.2"C) than in controls (36.5" i 02°C) 

by 6 hours after administration of etha- 
nol (Fig. 3b). 

Our findings show that the pharmaco- 
logic response to ethanol as measured by 
a behavioral intoxication scale (11) and 
hypothermia was significantly dimin- 
ished in rats approximately 7 months 
after severe thiamine deficiency, a time 
at which they appeared to have recov- 
ered their physical health. Consistent 
with earlier reports (13), we found that 
ethanol was more rapidly metabolized in 
female rats. Previously induced thiamine 
deficiency reduced the area under the 
BEC curves after administration of etha- 
nol by approximately 30 percent for both 
male and female rats. The similar shapes 
of the BEC curves for treated and con- 
trol rats suggest that there are no major 
differences in absorption and that the 
major changes from past thiamine defi- 
ciency are due to increased volume of 
distribution or metabolism (or both) of 
ethanol. Rats recovered from thiamine 
deficiency and control rats were indistin- 
guishable in terms of overall appearance 
and body weight at the time of ethanol 
administration, suggesting that increased 
metabolism is more likely to be the case. 
There is evidence that acute thiamine 
deficiency stimulates microsomal drug 
metabolism by the liver (14). Increased 
microsomal enzyme activity has been 
shown to augment ethanol metabolism 
(1, 15). Our results demonstrate a pro- 
longed alteration in ethanol disposition 
after thiamine deficiency in the rat. 

There also appear to be important be- 
havioral changes in response to ethanol 
during the ascending BEC curve that are 
not explicable by differences in BEC 
between the groups recovered from thia- 
mine deficiency and the control groups. 
Significantly fewer recovered animals of 
both sexes lost their righting reflexes 



after administration of ethanol compared 
to controls. These observations suggest 
alterations in sensitivity of the central 
nervous system to ethanol, perhaps as a 
result of residual brain dysfunction from 
past thiamine deficiency. 

Characteristic neuropathological find- 
ings of Wernicke-Korsakoff syndrome 
were found in 1 to 2 percent of all human 
brain specimens at autopsy in recent 
general hospital surveys; most cases oc- 
curred in alcoholics, only a small propor- 
tion of whom had been diagnosed during 
life (5, 16). Randomly selected alcoholics 
showed microscopic and biochemical ev- 
idence of demyelinization in the mam- 
millary bodies, a brain region known to 
be damaged in Wernicke-Korsakoff syn- 
drome (1 7). Certain memory abnormali- 
ties and other neuropsychologic deficits 
of chronic alcoholics are qualitatively 
similar to those of Korsakoff patients (6, 
18). Behavioral manifestations and brain 
neuropathologic changes similar to those 
in Wernicke-Korsakoff syndrome have 
been reported in normally nourished rats 
exposed to ethanol over long periods as 
well as in thiamine-deficient animals not 
exposed to ethanol (4). Therefore, in the 
animal model, long-term consumption of 
ethanol, even with an adequate diet, may 
result in functional thiamine deficiency 
sufficient to cause damage to the central 
nervous system. These findings should 
only be extrapolated to humans with 
caution. However, it is possible that 
reported abnormalities in neurotrans- 
mitter function of the central nervous 
system in alcoholism and related psycho- 
pathological syndromes (19) as well as 
protracted withdrawal signs in abstinent 
alcoholics (20) may be related to endur- 
ing brain dysfunction sustained during 
cumulative subclinical episodes of thia- 
mine deficiency throughout a course of 
extended alcohol abuse (16). 

PETER R. MARTIN* 
Laboratory of Clinical Studies, 
National Institute on Alcohol 
Abuse and Alcoholism, Bethesda, 
Maryland 20205 

EDWARD MAJCHROWICZ 
EWA TAMBORSKA 

CHERYL MARIETTA 
Laboratory of Preclinical Studies, 
National Institute on Alcohol Abuse 
and Alcoholism 

ANIL B. MUKHEWEE 
Human Genetics Branch, 
National Institute of Child 
Health and Human Development, 
Bethesda, Maryland 20205 

MICHAEL J. ECKARDT 
Laboratory of Clinical Studies, 
National Institute on Alcohol Abuse 
and Alcoholism 

1368 

References and Notes 

1. R. D. Hawkins and H. Kalant, Pharmacol. Rev. 
24, 67 (1972); H. Kalant, A. E. LeBlanc, R. J. 
Gibbins, ibid. 23, 135 (1971). 

2. M. J. Eckardt et al., J .  Am. Med. Assoc. 246, 
648 (1981): D. H. Van Thiel. in Medical and 

~~ -..- ~- -~~ - .. ... 
~ o c i i l  ~ s y e c t s  of Alcohol ~ b ; s e ,  B. Tabakoff, 
P. B. Sutker, C. L. Randall, Eds. (Plenum, New 
York, 1983), pp. 79-132. 

3.  A. M. Hoyumpa, Jr.,Am. J. Clin. Nutr. 33,2750 
(1980); C. M. Leevy, Ann. N .  Y.  Acad. Sci. 378, 
?I& 10117 _.", .,--. 

4. G. Freund, Annu. Rev. Pharmacol. 13, 217 
(1973); E. Irle and H. J. Markowitsch, Behav. 
Brain Res. 9, 277 (1983); J .  G. McLeod, Med. J. 
Aust. 2,273 (1982); S. Shaw, B, D. Gorkin, C. S. 
Lleber, Am. J. Clin. Nutr. 34, 856 (1981); S. 
Sherlock, Lancet 1984.1, 436 (1984); A. D. 
Thomson. P. R. Rvle. G. K. Shaw. Alcohol 
Alcohol. 18, 27 (1983); C. V. Vorhees, R. J. 
Barrett, S. Schenker, Life Sci. 16, 1187 (1975); 
D. W. Walker. B. E. Hunter. W. C. Abraham. 
Alcohol Clin. Exp. Res. 5, 267 (1981). 

5. H. Cravioto, J .  Korein, J. Silberman, Arch. 
Neurology 4, 510 (1961); A. Torvik, C. F. Lind- 
boe, S. Rogde, J. Neurol. Sci. 56,233 (1982); M. 
Victor, R. D. Adams, G. H. Collins, The Wer- 
nicke-Korsakoff Syndrome (Davis, Philadelphia, 
1971). 

6. N.  utters and L. S. Cermak, Alcoholic Korsa- 
k o f f s  Syndrome (Academic Press, New York, 
1980); W. G. P. Mair, E. K. Warrington, L. 
Weiskrantz, Brain 102, 749 (1979); P. R. Martin 
et al., Neurology 34, 966 (1984); P. R. Martin et 
al., Ann. Neurol. 15, 184 (1984); W. J. McEntee 
and R. G. Mair, Science 202, 905 (1978). 

7. A. M. Hakim and H. M. Pappius, Ann. Neurol. 
9, 334 (1981); ibid. 13, 365 (1983). 

8. J. P. Blass, in Aging of the Brain and Dementia, 
L. Amaducci et al., Eds. (Raven, New York, 
19801, pp. 261-270; V. Chan-Palay, J. Comp. 
Neurol. 176,467 (1977); K. Onodera, Y. Ogura, 
K. Kisara, Physiol. Behav. 27, 847 (1981); A. 
Plaitakis, S. Berl, H. Tarnir, Brain Res. 217,416 
(1981); A. Plaitakis, W. J. Nicklas, S. Berl, 
Neurology 28, 691 (1978). 

9. K. Eriksson, L. Pekkanen, M. Rusi, Br. J. Nutr. 
43, 1 (1980); J. Mardones, Q. J. Stud. Alcohol 
12, 563 (1951); L. Pekkanen, Znt. J. Vit. Nutr. 
Res. 49, 386 (1979). 

10. F. Crespi and M. Jouvet, Brain Res. 248, 275 
(1982); F. R. Sharp, K. Evans, E.  Bolger, Neu- 
rology 32, 808 (1982). 

11. E. Majchrowicz, Psychopharmacologia 43, 245 
(1975). The observational scale of neurobeha- 

vioral impairment was as follows: 0, no impair- 
ment; 1, sedation; 2,3, and 4, increasing degrees 
of ataxia; 5, loss of righting reflex; and 6, 
comatose. 

12. E. Majchrowicz and J. H. Mendelson, J. Phar- 
macol. Exp. Ther. 179, 293 (1971). 

13. T. J. Cicero, J. D. Bernard, K. Newman, ibid. 
215,317 (1980); G. Rachamin et al,, Biochem, J .  
1R6 AR? (1011n) +"", .-. ,.,-",. 

14. N. R. Galdhar and S. S. Pawar, J. Vit. Nutr. 
Res. 46. 14 (1975): W. Grosse and A. E. Wade. 
J.  Pharmacol.  EX^. Ther. 176, 758 (1971); S. T: 
Omaye, M. D. Green, M. H. Dong, J. Toxicol. 
Env. Health 7, 317 (1981); M. Ruchlrawat, A. 
Aramphongphan, V. Tanphaichitr, W. Bandit- 
tanukool, Biochem. Pharmacol. 30, 1901 (1981); 
A. E. Wade and J. S. Evans, Steroids 30, 275 
(1977). 

15. C. s.' Lieber and L. M. DeCarli, Science 162, 
917 (1968); J. Biol. Chem. 245, 2505 (1970). 

16. C. Harper, J. Neurol. Neurosurg. Psychiat. 42, 
226 (1979); Med. J. Aust. 2, 277 (1982). 

17. C. Alling and K. Bostrom, Acta Neurophathol. 
50, 77 (1980). 

18. 0 .  A. Parsons and W. R. Leber, Alcohol Clin. 
Exp. Res. 5, 326 (1981); C. Ryan and N. Butters, 
ibid. 4, 190 (1980); R. S. Ryback, Q. J. Stud. 
Alcohol. 32, 995 (1971); D. A. Wilkinson and P. 
L. Carlen, in Research Advances in Alcohol and 
Drug Problems, Y. Israel et a[ . ,  Eds. (Plenum, 
New York, 1981), vol. 6, pp. 107-145. 

19. J. C. Ballenger, F. K. Goodwin, L. F. Major, G. 
L. Brown, Arch. Gen. Psychiatry 36,224 (1979); 
G. L. Brown et a[., Am. J .  Psychiatry 139, 741 
(1982); M. T. Tsuang, Dis. Nerv. Syst. 38, 498 
(1977); N. E.  Rosenthal, Y. Davenport, R. W. 
Cowdry, M. H. Webster, F. K. Goodwin, Psy- 
chiatry Res. 2, 113 (1980). 

20. B. Kissin, J. Stud. Alcohol. 8, 146,(1979); B. 
Kissin, M. M. Gross, I. Schutz, In Alcohol 
Zntoxication and Withdrawal; Experimental 
Studies, M. M. Gross, Ed. (Plenum, New York, 
1973), vol. 35, pp. 281-289; J. H. Mendelson, S. 
Stein, M. T. McGuire, Psychosom. Med. 28, 1 
(1966); B. Porjesz and H. Begleiter, Alcohol 
Clin. Exp. Res. 5,304 (1981); H. L. Williams and 
0. H. Rundell, Jr., ibid., p. 318. 

21. We thank E. A. Lane, M. Linnoila, and R. R. 
Rawlings for critical comments on the manu- 
script. * To whom requests for reprints should be ad- 
dressed at the National Institutes of Health, 
Building 10, Room 3B-19, 9000 Rockville Pike, 
Bethesda, Md. 20205. 

13 August 1984; accepted 19 November 1984 

Suppression of Gamma Interferon Production by 
Inactivated Feline Leukemia Virus 

Abstract. Supernatants from cultures of normal feline lymphocytes stimulated 
with Staphylococcus enterotoxin A showed antiviral activity, characterized as a 
gamma-like interferon. With the addition of inactivated feline leukemia virus, 
markedly less interferon was produced. The reduction in interferon production was 
not attributable to lowered lymphocyte viability or reduced mitogenic properties of 
Staphylococcus enterotoxin A and appears to be a direct retroviral effect. This 
finding may reflect clinically relevant events that may contribute to the development 
of the feline or human states of acquired immunodejiciency. 

Feline leukemia virus (FeLV), a con- 
tagious retrovirus transmitted primarily 
through salivary secretions, causes neo- 
plastic or nonneoplastic diseases in the 
infected cat, including a state of immu- 
nodeficiency characterized by diminu- 
tion of cellular and humoral immunity. 
Retrovirus-induced immunosuppression, 
the most frequent sequela of persistent 
FeLV viremia, predisposes the animal to 
secondary illness of infectious or autoim- 
mune origin and accounts for most 
FeLV-related deaths (I). Viremic cats 
have suppressed blastogenic responses 

to T-cell mitogens, reduced mobility of 
lymphocyte membrane concanavalin A 
(Con A) receptors, suppressed antibody 
responses to synthetic polypeptides, 
prolonged allograft rejection times, and 
various degrees of hypocomplement- 
emia, thymic atrophy, and depletion of 
the paracortical zones of lymph nodes 
(2). In addition, peripheral blood and 
splenic lymphocytes from FeLV-infect- 
ed cats, when stimulated with T-cell mi- 
togens, cannot be induced to produce 
interferon, or when induced produce 
only low titers thereof (3). Although little 
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