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YORK. J. [.. luc r¢'~ls~'¢l r¢'~l~,~lt~il'¢'lt¢'~s t,J ¢'th~ulol with udvtmciu.t., a~tc' itt rut.~. PHARMACO[. BICHEM BEHAV 
19(4) 687-691, 1983.--Male CD strain rats of three different ages (young--5 months; middle--15 months; old--27 months) 
were tested for their responsiveness to doses of ethanol sufficient to produce hypothermia or hypnosis. Comparison 
dosages of ethanol across age groups were based UlXm the estimated equivalent dilution of the drug into the body water 
compartments of subjects. In the hypnosis study, there were no statistically significant differences among the groups with 
regard to the time elapsed until the righting reflex was lost or in total sleep time. However, old animals recovered the 
righting reflex in the presence of lower blood ethanol concentrations than those observed for young and middle animals, 
suggesting a greater sensitivity of target tissues to the hypnotic effects of ethanol in old rats. The responsiveness of old rats 
to the hypothermic effect of ethanol was greater than that of younger rats only when the experiment was conducted at an 
ambient room temperature of 10'C. 

Ethanol Age Rats Bod~,. water Hypothermia Hypnosis 

P H Y S I ( ) I . O G I C A L  changes accompanying  the aging proc- 
ess may result in an altered responsiveness  of  subjects to the 
pharmacological  actions of  drugs such as ethanol.  Studies in 
man and in laboratory ;,nimals indicate that older  subjects 
are. in general,  more responsive to the disruptive effects  
of  ethanol than are younger  subjects,  particularly when 
compar isons  are made among subjects of  different ages by 
giving doses of  ethanol  based upon the total body weight (g 
ethanol,'kg body weight) of  subjects I1, 6, 16, 17, 181. When 
such a procedure  is employed ,  higher peak blood levels of  
ethanol arc often achieved in order  subjects,  owing to 
changes in bod~ composi t ion with age 123}. Thus,  age-related 
changes in resp, unsiveness  to drugs such as ethanol can,  in 
some instances,  be attributed to al terat ions in drug disposi- 
tion with age. However ,  significant age-related differences in 
the response to ethanol have been reported in cases where  
no significant differences were  observed  in blood ethanol 
con ten t  rat ions 1201. 

An important current  issue in aging research concerns  
whether  the responsiveness  of  the critical target tissue 
mediating the response to ethanol is also ahered with aging. 
One method of  obtaining meaningful information on this 
issue is to measure  the responsiveness  of  subjects (of differ- 
ent ages) to the effects  of  ethanol when target tissues are 
presumably exposed to similar concent ra t ions  of  drug across 
age groups.  Inasmuch as ethanol appears to be distributed 
almost exclus ively  into the body water  compar tments  [9, I I ], 
an est imate o f  total body water  also serves  as an es t imate  o f  
the volume of  distribution for ethanol  in rats of  different 
ages. Dosages calculated to produce similar peak concentra-  
tions of  ethanol in body water  compar tments  (including 
blood) across age groups allows for the assessment  of  age- 
related differences in tissue or  organ system sensit ivit ies to 

the effects of  that drug, providing that differences in other  
pharmacokinet ic  parameters  do not exist among the age 
groups.  Indeed,  no significant differences in the hypothermic  
or  ataxic effects of  ethanol were observed  between young 
and old rats when ethanol was administered in such a manner  
its to produce similar blood ethanol disappearance curves  in 
female rats of  different ages I 1,22]. One goal of  the present 
investigation was to assess  age-related responsiveness  of  
rats to the hypnotic effects of  ethanol ,  using body water  
es t imat ions to determine doses across age groups.  

Another  goal of  the present study was to determine if 
exposure  of  animals to cool room temperatures  during 
ethanol  intoxication could precipitate age-related differences 
in responsiveness  to ethanol hypothermia.  The risk of  acci- 
dental hylx~thermia appears to increase with advancing age 
in man 12,31 and may also be increased by pharmacological  
agents,  including ethanol  110,13]. Although heahhy rats of  
different ages may be capable of  maintaining normal body 
temperatures  when the ambient room temperature  fluc- 
tuates, older animals may display a greater  loss in the ability 
to adapt to temperature  ex t remes  when chal lenged with 
pharmacological  agents 14,15 I. 

M I - T t I O I )  

SM~ie~'t.~ 

Male CD strain rats (22 each,  3 months  and 12 months of  
age) were obtained from the Carwor th  Division of  Charles  
River  breeding farms, Wilmington,  MA. Those  two groups 
comprised  the groups hereafter  referred to as " ' young"  and 
" 'midd le . "  The "'old'" group (24 months of  age) was com- 
prised of  retired breeders  that had been obtained 12 months 
earl ier  from the supplier and had been housed in the animal 
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FIG. 1. Body water content of individual rats of different ages. Bod~, 
water content was determined by lyophilizalion in male CD strain 
rats of three different ages (N = I I each) Isee the Method ,,eclion). 
Abscb, sa: the weight of the rat immediately after sacrificing with a 
lethal dose of sodium pcntobarbital. Ordinate: the ratio: body water 
removed by lyophilization/initial body weight. l h c  linear regression 
was determined b~, the "'least squares" method. 

care  filcilities of  the Resea rch  Ins t i tu te  on  Alcohol ism.  Al l  
animals were housed ind iv idua l l y  in po lycarbonate  cages (23 
cm h × 25 cm w × 46 cm I) under a 12-hour l ight-darkness 
cycle (21-23°C) and were a l lowed free access to d r ink ing  
w a t e r  and Teklad  rat and mouse  diet .  

I:'stimati, m.~ q/'Body Water ( ' o n t c n / a n d  l)o.~a.~,c~ o/Et lmnol  

The  p rocedure  used to es t imate  body wa te r  compos i t i on  
was similar  to that  previous ly  desc r ibed  tbr  s tudies  on  female  
CD stra in  rats  [22]. E leven  subjec ts ,  se lec ted  at r a n d o m  from 
each  of  the three  age g roups ,  were  sacr i f iced with in ject ions  
of  sodium pen tobarb i t a l ,  f iozcn ,  and then  cut into four sec- 
t ions  of  roughly equ iva len t  weight ,  cons i s t ing  of  head and 
neck,  shoulders ,  midsec t ion ,  and h indquar t e r s .  These  sec- 
t ions were  subjec ted  to lyophi l iza t ion for 12 days ,  and serial 
weighings  were  made  to e n s u r e  that  the removal  of  bod,,. 
wa te r  was comple te .  A l inear  regress ion  pe r fo rmed  on lhe 
re la t ionsh ip  be tween  initial body weight  and the con t r ibu t ion  
of  total body wa te r  to hod}  weight (C;;body water)  for ;ill age 
groups  yielded a good straight  hnc fit (least squares  me thod)  
to the data  from which  es t ima t ions  o f  the body  wa te r  con ten t  
of  live an imals  could be ob ta ined ,  using body weight  as the 
predic t ive  var iable .  C o m p a r i s o n  dosages  of  e thanol  for all 
an imals  were  e s t ima tcd  to p roduce  an " ' i dea l "  pcak di lut ion 
of  e thanol  in bod~ wa te r  of i.53, 3.(76, 4.59. or  6.12 mg 
e thanol /ml  body water .  (In an " ' idea l"  sys t em,  comple te  ab- 
sorb t ion  and d is t r ibu t ion  occu r  rapidly m the absence  of  
e l iminat ion . )  Since we obse rved  no d i f fe rence  in the r a t e  of  
e l imina t ion  of  e thanol  a m o n g  age g roups  in a p rev ious  stud} 
]22]. b lood levels of  e thanol  were expec t ed  to bc c o m p a r a b l e  
a m o n g  age g roups  t h roughou t  the t ime course  of  drug act ion.  
All doses  of  e thanol  were admin i s t e red  in t raper i lonea l ly .  
using 10~;~ w/v e thanol  in saline solut ion.  

l-thanol tlyl~othcrmia 

Rectal  t e m p e r a t u r e  was d e t e r m i n e d  with the aid of  a 
Yellow Springs  I n s t r u m e n t  ( 'o .  Model 49TA T e l e t h e r m o m e -  
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FIG. 2. Blood ethanol disappearance in }oung. middle, and old rat', 
IN 10 each). At lime zero, all animab, were given an intraperiloneal 
rejection of ethanol (1([,: w v in ",aline) in a dose cr, timatcd to 
produce ,~ peak ideal body water concentration of ethanol of 1.53 
mg. ml (scc the Method section), lail-tip blood sample ' ,  were  ob- 
lained ,d 30-minute', intervals tip It) 150 minute~, po~,linjection 
(abscissa) and prepared for gas chromatographic analysis of blood 
ethanol conccntratkm iordinate). Bracket', indicate po,,itive or 
n e g a t i v e  a s p e c t  o f  t h e  s l a n d a r d  e r r o r  o f  t h e  m e a n .  

ter  fitted with a small  animal  t he rmi s to r  p robe  (Model  No. 
423) which  was inser ted  6 cm into the rectal  orifice for ap- 
p rox imate ly  40 seconds  to ob ta in  readings.  M e a s u r e m e n t s  of  
e thanol  hypo the rmia  were made  at ambien t  room tempera-  
lures  of  22~C, the usual room tempera tu re  in the ra t ' s  home- 
room,  and at lff'C in a large walk-in cold room available in our 
research facility. Animals  were re turned to their  usual posi- 
tion on the she lv ing  rack af ter  inject ion and be tween  tem- 
pera tu re  m c a s u r e m e n t s ,  as we have obse rved  thai  hod). 
t e m p e r a t u r e  ma',. increase  if animal  cages  arc al lowed to re- 
main upon the c o u n t e r t o p s  1241. In the case  of  co ld- room 
m e a s u r e m e n t s ,  an imals  were  given a 60-minute  accl imit iza-  
lion before  in ject ions  were  made.  

t:thamd llvlmo.~i~ 

Hypnos i s  (loss of  the r ighting reflex7 was induced  b~ an 
in ject ion of  e thano l  es t imated  to p roduce  a peak ideal dilu- 
l ion of  e thanol  in body wa te r  of  6.13 mg:ml, roughl,,, equiv-  
alent  to a conven t iona l  dose  of  4.0 g:kg. l i m e s  to loss of the 
r ighting reflex and to reco, ,ery of  the r ighting reflex were 
recorded .  The  r ighting reflex was cons ide red  to be intact  if. 
on two success ive  trials,  the animal  succeeded  in re turn ing  
to all four  feet within 10 seconds  af ter  being placed upon its 
back.  Immedia te ly  lifter recover , ,  of  the r ighting reflex, tail- 
tip blood samples  were taken and were prepared  fi~r gas 
c h r o m a t o g r a p h i c  analys is  of  blood e thanol  c o n c e n t r a t i o n  ac- 
cord ing  to the p rocedure  out l ined  by York 1221. Propanol  
l in ternal  s t andard ,  2(7 /.zl, 1(7(7 mg.dl) was added to a 21) #J 
sample  of  tail-tip blood con ta ined  in a I ml sample  tube.  Zinc 
',ulfilte 110/,zl, 5(~ solution) lind bar ium hydroxide  (10/.tl, satu- 
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T A B L E  1 

R E S P O N S E  1 O  E'I H A N O I .  H Y P N O S I S  IN M A I . E  R A T S  O F  I ) I F F E R E N T  A G E S  D O S E D  O N  T H E  BASIS  O F  I . ~ s r I M A T E D  B() I )Y 
W A T I R  C O N T E N T  

Estimated Blood Ethanol 
Weight Body Water I.RR Sleep l"ime at Waking 

Age N (g -'_ SEM) lml = SEM) lMin • SEM~ lMin , SEM) (rag 100ml) 

Y o u n g  9 550  , 19 3,-15 - 8 3 .83  - I.).16 483 - 19 286 - 12 

15 months) 

Middle I0 611 ~ 26 368 : 9 3.60 * 0.14 503 -'. 21 264 : 9 
( 15 months) 

Old 6 845 - 51 431) .= 9 4.12 ':_ I).34 486 _'. 31) 215 -" 24"I 
127 months) 

M,de CD strain rats were injected (IPI with a dose of ethanol estimated to produce ,m ideal body water concentration of 
ethanol ot"613 mg:100 ml. I,RR indicates time to toss of the righting reflex. Sleep time refers to time between the loss and 
the recovery of the righting reflex. Immediately after recovery of the righting reflex, tail-tip blood samples were taken and 
analyzed for ethanol concentrations. Note that less ethanol in the blood ix required to maintain loss of the righting reflex in 
old rat,,. 

~p q).025 as compared to middle; .i-p .:,0.003 as compared to young; Students t-texts. 

ra ted solut ion)  were  added to prec ip i ta te  protein.  The  sample  
was then vor t exed  and cen t r i fuged  at 3,000 g for 15 minutes .  
The  supe rna t an t  was subjec ted  to gas c h r o m a t o g r a p h i c  
analys is  by direct  in ject ion,  in dupl ica te .  

R I ' S t J I . I S  

Body Wdlcr Amll.v,~i~ am/ I: ' lhallo/ l)o.~a.t. ,c~ 

The re la t ionsh ip  be t w een  body weight and bod' ,  wa te r  
con ten t  for young,  middle ,  and old male rats is i l lustrated in 
Fig. 1. Mean  body wmer  content  (¢; of  total body weight) was 
found 1o be 65.60,-(}.41%: for young,  62.85 , 0.63%: for mid- 
dle, and 50.52_~- 1.18r.; - for old rats,  N - 1 1  each.  The re  was 
virtually no over l ap  in the body weights  for the three  groups.  
The  data  were  nicely desc r ibed  by a straight line ( l inear  re- 
gress, ion, least ,~quares me thod) ,  with the equa t ion :  
y - 8 4 . 2 5 + ( - 0 . 0 4 )  × rat weight  ~g), and r~=0.89 (it should  be 
no ted  that  within any age group,  par t icular ly  the young  and 
the middle  g roups ,  the cor re la t ion  of  body weight  It) body  
wa te r  is much  reduced .  Thus ,  the high cor re la t ion  ac ross  all 
three  age g roups  would a p p e a r  to rece ive  a large con t r ibu t ion  
from body changes  that lake place ove r  per iods  of  several  
mon ths ,  i.e.. primari ly the depos i t ion  of  hod} fat.) Weight  
d i f fe rences  within the g roup  of  old z, nimals  arc s izeable ,  and 
body weight  is more  highly cor reh , t cd  to body wa te r  con ten t .  

(.)wing to the goodnes s  of  fit of  the data  to the straight  
line. thal re la t ionship  was used to predict  body wa te r  con ten t  
in living an imals  t aken  from the same popula t ion ,  using body 
weight  as the predic t ive  var iable .  Body wa te r  con ten t  esti- 
mated  in this m a n n e r  p roved  to provide  a good es t ima te  of  
the volume of  d i s t r ibu t ion  for e thanol  in an imals  of  different  
ages,  as the data  in Fig. 2 suggest .  "I here  were  no s tat is t icalb.  
s ignificant  difference,;  in blood e thanol  c o n c e n t r a t i o n s  
a m o n g  the three  groups .  

Re.v~on.~c to l'.lhanol llypothcrmia 

There  were  no stat is t ical ly s ignif icant  d i f fe rences  a m o n g  
the three  g roups  with regard to t ime to loss of  the r ight ing 
reflex or  s leep t ime (Table  1). Young  and middle an imals  also 
did not differ  with regard to blood e thanol  at waking.  Old 

animals ,  howeve r ,  r ecovercd  the r ight ing reflex in the pres-  
ence  of  s ignif icant ly lower  blood e thanol  levels  than those  
o b s e r v e d  for young  and middle  an imals  (p<0.01 A N O V A .  
followed by post hoc t- tests) .  Rectal  t e m p e r a t u r e s  at 600 
minu tes  pos t in jec t ion  were 36.53_+0.27 (young) ,  36.46" 0.20 
(middle) .  and 36.20_+0.20 (old) and were  not s ignif icant ly 
different .  

The re  was an unusua l  amoun t  of  variabi l i ty  in the re- 
s p o n s i v e n e s s  to e thanol  hypo the rmia  in this s tudy.  When  
tes ted at the usual h o m c r o o m  e n v i r o n m e n t a l  t empera tu re  
122"C), middle-age an imals  d isplayed a s ignif icant  t rend in 
the d i rec t ion  of  least  r e spons ivenes s  to e thanol  hypo the rmia ,  
and young  an imal s  d isp layed  the grea tes t  resF~mse to e thanol  
h y p o t h e r m i a  for  the two highest  doses  of  e thanol  tes ted  (Fig. 
3A). W h e n  tes ted  at an e n v i r o n m e n t a l  t e m p e r a t u r e  of  IOC,  
an increased  responsi ,veness  to e thanol  hypo the rmia  was 
not iced in all groups .  The  r e s p o n s i v e n e s s  of  the young and 
middle groups  did not differ  from each  o t h e r  for any o f  the 
three  doses  tes ted .  Old an imals  were  signif icantly more  af- 
fected by e thanol  hypo the rmia  for all th ree  doses  of  drug 
tes ted  at the 10°C ambien t  t e m p e r a t u r e  q~-:0.01 A N O V A ,  
repea ted  measu re s ,  Fig. 3B). In con t ras t  to the f indings of  
F inch  and co -worke r s  [7], we found no signif icant  in t luence  
o f  exposu re  to cold a lone on  the body  t e m p e r a t u r e  of  any of  
the three  groups  of  an imals  studied.  

DISCCSSION 

Body wa te r  ana lyses  pe r fo rmed  on male C1) s train rats  
ranging from 4 to 25 m o n t h s  of  age have  yielded a fairly 
l inear  re la t ionship  be tween  body  weight  (which increases  
with  advanc ing  age) and the  con t r i bu t ion  (percentage)  ot" 
body wa te r  to total  body weight .  A s imilar  relat ionship has 
been previous ly  d e m o n s t r a t e d  in female CD strain rats  .5-26 
m o n t h s  of  age [221. Inc reased  adiposi ty  with age would ap- 
pear  to play a p r edominan t  role in the expres s ion  of  the 
dec rea sed  con t r i bu t i on  of  body wa te r  to total  body weight  as 
age and body  weight  advance .  In man,  in con t ras t ,  the per- 
ccn tage  con t r i bu t ion  of  total body  wa te r  to body weight  also 
dec rea se s  with age ( ,approximately a 7¢, ~ d i f ference  be tween  
subjec t s  17-34 and  .57-86 years  of  ageL but marked  increases  
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FIG. 3. Ethanol hypothermia in rats of different ages at two different 
ambient room temperatures (A--22~C - B--Iff'C). Subjects were in- 
jected intraperitoneally at time zero with ethanol (10r);w:v in saline} 
in doses estimated to produce peak body water concentrations of 
1.53 (I ×j, 3.06 (2×), or 4.59 (3×) mg;ml of ethanol. Values along the 
abscissa indicate minutes elapsed since drug injection. The change 
in rectal temperature was calculated with reference to the tempera- 
ture reading obtained immediately prior to injection ttime 0). Repre- 
sentative Temperatures at time zero were 37.61 '_0.09 (young), 
37.45±0.10 (middle), and 37.40_~0.08 (old) for Fig. 3A and 
37.29.-_0.11 (youngJ, 37.26+0.13 (middleL and 36.80_-0.14 (old) for 
Fig. 3B. Brackets indicate positive or negative aspect of the standard 
error of the mean. N 10 young. 9 middle. 6 old. 

The use of  the linear regression 1~ body water  vs. body 
weight) to predict the volume of distribution for ethanol in 
live animals resulted in roughly similar blood ethanol disap- 
pearance curves  in all three age groups. Blood alcohol levels 
for old animals were  slightly, but consistently,  lower 
throughout  the entire e thanol-disappearance phase, suggest- 
ing that the vo lume of  distribution for ethanol was slightly 
underest imated in that group. A similar finding in female CD 
strain rats has been reported 123]. 

The observat ion  that old animals recovered  the righting 
reflex in the presence of  lower blood ethanol levels than 
those observed | o r  young and middle rats suggests a greater  
sensitivity of  target tissue to the hypnotic effects of  ethanol 
in old rats, or al ternat ively,  a less rapid deve lopment  of  acute 
tolerance in old rats, or  a combinat ion of  those influences. ()f 
course,  this reasoning der ives  from the assumption that the 
concentra t ion of  ethanol in important brain tissues closely 
parallels the concentra t ion of  ethanol in the blood after the 
absorpt ive phase [11,121. l .ower  blood levels of  ethanol at 
waking in old rats suggest that blood ethanol  values through- 
out the entire course  of  the sleep time study may have been 
lower  in old rats than in young or  middle rats, owing ei ther to 
a systematic error  in the est imation of  body water  content  or  
to unequal c learances  of  ethanol at high doses,  lrregardless 
of  these eventuali t ies ,  the interpretation f iom the sleep time 
studies of  greater  sensitivity to ethanol in old rats is still 
reasonable.  The suggestion of  greater  sensitivity to the hyp- 
notic effects of  ethanol with age in male CD rats is consistent  
with an earl ier  finding in female CD rats I 11 and observat ions  
in mice 114,191. 

Other  measures  of  ethanol impairment  have not unani- 
mously demonst ra ted  age-related differences.  No differ- 
ences  in the effects  of  ethanol on rotarod performance I I ] or 
hylx)thermia 1221 have been reported when similar blood 
alcohol levels are achieved in different age groups at the time 
of  testing. Earlier reports of  age-related differences in re- 
sponsiveness  It) ethanol have not always controlled for blood 
ethanol levels 1241. We believe the present study demon- 
strates that old male rats are more responsive to ethanol 
hypothermia  than young and middle-age rats when tested at 
a below-normal ambient room temperature.  Even through 
blood concentrat ions of  ethanol or ethanol clearances may not 
have been perfectly equal in all compar ison groups, the same 
methods  for administer ing doses  were employed in the cold- 
room study (Fig. 3B) as in the normal room temperature  
observation (Fig. 3A). Yet only the cold-room study revealed a 
clear tendency for older animals to be more affected by ethanol 
hypothermia.  

in body weight with age are not observed  [51. In contrast  to 
the CD strain rat, the Fischer  344 rat. which the National 
Institute on Aging r ecommends  tor aging Studies,  does not 
display marked changes in body weight with age and is con- 
sidered the preferred rat for many kinds of  aging studies 18]. 
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