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COMMISSARIS, R L AND R H RECH Tolerance and cross-tolerance to central nervous system depressants after 
chromc pentobarbttal or chromc methaqualone admmlstratton PHARMACOL BIOCHEM BEHAV 18(3) 327-331, 
1983 - -This  study reports on tolerance and cross-tolerance to the rotarod (RR)-d~sruptmg effects of various central nervous 
system (CNS) depressants Female rats trmned on the RR were fed ground chow containing pentobarbltal (PB, 2 0 mg/g 
chow) or methaqualone (MQ, 1 0 mg/g chow) and were reJected twice dady (PB) or daffy MQ) with 30 mg/kg IP for 6 days 
Control rats recetved ground chow and saline injections On day 7 the subjects were tested w~th various doses of PB, MQ, 
dmzepam (DZ), or ethanol (ET) for disruption of RR performance over the time-course of the drug effect (up to 12 hours) 
Control ammals demonstrated a dose-dependent duration of impairment for all 4 agents Both groups receiving chromc 
drug showed a prominent decrease m duration of RR impairment after PB, a less marked decrease after MQ, and even less 
of a decrease after DZ However, neither chronic drug group showed an apprecmble tolerance to the RR disruption of ET, 
relative to the control group Based on the time of 50% recovery (RR performance recovenng to 90 seconds or more), both 
chronic treatments resulted in a significant shift of the dose-response curves for PB, MQ and DZ to the right Therefore, the 
degree of tolerance and cross-tolerance m rats chromcally treated with PB or MQ was dramatic for PB and MQ, was 
slgmficant for DZ, but was not demonstrable for ET 

Tolerance Cross-tolerance Dmzepam Methaqualone Pentobarbltal Ethanol Depressants 
Rotarod 

T O L E R A N C E  Is def ined as a dec rea se  in the  effects  
p r o d u c e d  by  a drug,  re la t ive  to the  init ial  ac t ions ,  a f te r  re- 
pea t ed  admin i s t r a t i on  Chr on i c  admin i s t r a t i on  o f  d rugs  of  
the  genera l  cen t ra l  n e r v o u s  s y s t e m  (CNS)  d e p r e s s a n t  class  
of ten  resu l t s  in t o l e rance  to the i r  ef fects  and  c ros s - to l e r ance  
to the  effects  o f  o t h e r  C N S  d e p r e s s a n t s  o f  this  type  (see 
r ev i ews  [6, 7, 9]) This  t o l e rance  can  be  e i the r  d ispos l t iona l  
or  func t iona l  in na tu re  The  f o r m e r  IS cha rac t e r i zed  by  
changes  in the  abso rp t ion ,  d i s t r ibu t ion ,  me tabo l i sm or  
exc re t i on  o f  the  drug  wh ich  resu l t  in a d e c r e a s e d  c o n c e n t r a -  
Uon of  the  drug at the  neu rona l  s y s t e m  Involved  in the  drug  
effect  FuncUona l ,  or  cel lular  t o l e rance ,  is cha rac t e r i zed  by  
an  adap ta t i on  by  wh ich  the  n e u r o n a l  s y s t e m  invo lved  in the  
drug effect  b e c o m e s  less sens i t ive  to a g iven  c o n c e n t r a t i o n  of  
d rug  [11 A n u m b e r  of  agents  of  the  genera l  C N S  d e p r e s s a n t  
class  h a v e  b e e n  r epo r t ed  to e n h a n c e  hepa t ic  m l c r o s o m a l  
me tabo l i c  capac i ty  [8, 12, 15] Ch r on i c  admin i s t r a t i on  of  
these  agents  would  be  l ikely to resu l t  in d ispos i t iona l  
to l e rance  and  c ros s - to l e r ance  to the  effects  o f  o the r  agents  
w h o s e  effects  are t e r m i n a t e d  by  the se  hepa t ic  mlc rosoma l  

ox ida t ion  reac t ions  Past  r e sea r ch  has  Indicated t ha t  dis- 
pos i t iona l  t o l e rance  to ba rb i tu r a t e s  can  occu r  wi th in  a few 
days  [6], bu t  m e t h a q u a l o n e  has  b e e n  little s tudied  in this  
regard  F u r t h e r m o r e ,  few expe r imen ta l  s tudies  have  at- 
t e m p t e d  to assess  c ross - to l e rance  to o the r  types  of  CNS  de- 
p r e s s a n t s  dur ing  this  ear ly  per iod  of  ch ron ic  t r e a t m e n t  [7, 9, 
1 l] The  major i ty  of  repor t s  on  c ros s - to l e r ance  a m o n g  mem-  
be r s  of  this  drug class  a p p e a r  to be  based  on  clinical  
anecdo ta l  i n fo rma t ion  

The  p r e sen t  s tudy  e x a m i n e d  the  effects  of  one  week  of  
chron ic  pen toba rb l t a l  (PB) and  chron ic  m e t h a q u a l o n e  (MQ) 
t r e a t m e n t  on  to l e rance  and  c ros s - to l e r ance  to the  ro ta rod  
(RR)-d ls rupt lng  effects  of  PB,  MQ,  d l a z e p a m  (DZ) and  
e thano l  (ET) In ra ts  P rev ious  s tudies  indica ted  tha t  this  level  
o f  ch ron ic  PB dosing p roduced ,  for  h y p o t h e r m l c  effects  o f  
PB,  a d lspos l t iona l  bu t  no t  func t iona l  t o l e rance  [3] Fu r the r -  
more ,  a s imilar  r eg imen  of  ch ron ic  PB t r e a t m e n t  for  more  
than  th ree  weeks  yielded only  marg ina l  ev idence  for  devel-  
o p m e n t  of  func t iona l  t o l e rance  to the  ro ta rod- lmpa i r ing  ef- 
fects  of  PB and  ET [2] 

~Thls work was supported m part by Contract ADM-45-74-146 from NIDA and NIH Training Grant GM07392 
2Present address Department of Psychiatry, Yale University School of Medicine, 34 Park S t ,  New Haven, CT 06508 
3To whom requests for repnnts should be addressed 
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T A B L E  1 

CHRONIC PENTOBARBITAL AND CHRONIC METHAQUALONE 
TREATMENT REGIMENS 

Day 

Chronic PB ~ Chronic MQ ~ 

IP Injection IP Inject|on 
(mg/kg) tmg/kg) 

Drug m Food Drug in Food 
(mg/g) a m p rn (mg/g) d m only 

1 
2-5 
6 
7 

2 0 +0 - -  1 0 30 
2 0 ~0 30 I 0 30 
0 0 30 - -  0 0 ~0 
0 0 Test Drug - -  0 0 ~Iest Drug 

RR RR 

*PB=pentobarb~tal, MQ=methaqualone RR=rotarod test 

METHOD 

A m m a l ~  

The subjects were drug-naive female Sprague-Dawley 
rats (Spartan Farms,  Haslet t ,  MI) weighing 200-225 grams at 
the start of  the exper iment  Subjects  were  housed three per  
cage in a room with a 12 hr light-dark cycle (lights on 0700- 
1900 hr) wlth water  supplied ad lib and fed from ceramic food 
cups containing ei ther ground chow alone or  chow contain- 
lng a drug supplement  (see below) 

R o t a r o d  (RR) Pro~ edut  e 

All subjects were trained to walk the RR before the start 
of  the exper iment  RR training and testing consis ted of  plac- 
ing the subject on a narrow rotating cylinder (18 cm wide 
10 5 cm diameter ,  9 rpm) and measuring the time (180 sec- 
onds maximum) until the animal fell onto a padded platform 
three feet below [13] SubJects were  considered trained or  
fully recovered  when they could maintain themselves  on the 
RR for 180 seconds on two consecut ive  trials Following 
training, the subjects were  randomly assigned to one of  the 
three t reatment  condit ions descr ibed below Following 
chronic t reatments ,  subgroups of  each t reatment  category 
received a test dose ot one of  the 4 drugs studied and were 
then examined for duration o f  RR disruption RR perform- 
ance was determined at 5, 10, 15 and 30 minutes post- 
inJection following a test agent and every  30 minutes thereaf- 
ter until r ecovery  to determine the durat ion o f  drug-induced 
disruption Each animal was tested with only one drug dose 

In addition to plotting the magnitude of  RR disruption for 
various doses of  the agents used, we also determined re- 
covery  from drug-induced disruption on the basis of  the time 
required for the return to the 50% level  of  control  perform- 
ance [13] This value was defined as the time of  the first trial 
post-drug during which the subject remained on the RR for 
90 sec or  more This measure  was found to be less variable 
than other  cri teria and al lowed us to bet ter  establish dose- 
response curves  for RR disruption induced by these drugs 
The dose levels inJected for each test drug were  chosen on 
the basis of  pilot studies, to achieve the best compromise  for 
the lowest  dose of  each agent that induced mild ataxxa and 
the highest dose that was still sub-anesthetic,  being estab- 
hshed at the t ime of  peak drug effect 

( t t tont~ Dtu~,, Admin i s t ra t ion  Pro( edure 

Protocols  for administrat ion of  chronic PB or  MQ are 
shown in Table 1 Control rats received ground chow without 
drug and saline injections The doses of  chronic drug treat- 
ments as descr ibed in Table 1 were based on drug effects in 
pilot studies The chronic PB regimen with twice-daily injec- 
tions and the chronic  MQ regimen with once-dal ly lnjection~, 
plus the amounts  in the food, initially produced a near- 
anesthetic level of  depression of  about  the same duration 
The t reatment  regimen combining injections with oral dosing 
in the food was also considered to bet ter  simulate the clinical 
situation usually character ized by long-term intake of  main- 
tenance doses with intermittent  bouts of  exposure  to larger 
doses super imposed Nei ther  chronic drug t reatment  re- 
suited in subject lethality as great as five percent  

The non-parametr ic  Mann-Whitney U-test was used to 
compare  the data from two groups at each of  the different 
t ime intervals Dose-response  curves  were compared  by 
analysis of  var iance In all statistical evaluat ions p <0  05 was 
chosen as the cr l tenon for statistical significance [10] 

Drlt ~, s 

Pentobarbital  sodium (PB) was purchased from Sigma 
Chemical  Co (St Louis ,  MO) both IP test doses and drug 
concentra t ions  in the food refer to the salt Methaqualone  
(MQ) was purchased from William Rorer ,  Inc (Fort  Wash- 
ington, PA), both IP test doses and drug concentrat ions in the 
food refer  to the free base Dlazepam (DZ) was generously 
supplied by Hof fmann-LaRoche  (Nutley,  N J), test doses 
refer to the free base suspended in 0 5% methylcel lulose 
solution (also the vehicle for methaqualone  inJections) 
Ethanol (ET) was administered at a 10% solution (v/v) in 
saline 

RESULTS 

Both chronic PB and chronic MQ administrat ion signifi- 
cantly reduced the duration of  RR disruption following ad- 
ministration of  various test doses o f  PB (Fig 1) Similarly,  
the durat ion of  RR impairment  produced by various test 
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FIG 2 The dose-response effect of PB on rotarod performance in 
j j i ~ J control, chronic PB-treated and chronic MQ-treated rats The times 

(mm) to 50% recovery of rotarod performance (90 sec or greater) 
produced by various doses of PB are plotted for control (A), chronic 
PB-treated ((3) and chronic MQ-treated (1-]) subjects Each point and 
vertical bar represents the mean_+S E M from at least four subjects 
Points without vertical bars indicate that the S E M is smaller than 
the diameter of the symbol Both chronic treatments significantly 
attenuated the effects of PB as indicated by the marked shift to the 
right in the dose-response curves 

HOURS AFTER INJECTION 

FIG I The time-course for the effects of PB on rotarod perform- 
ance in control chronic PB-treated and chronic MQ-treated rats 
The duration (sec) which control (A) chronic PB-treated (©) and 
chronic MQ-treated ([]) subjects walked on the rotarod at various 
intervals after injection of 10 (top panel) 20 (middle panel) and 40 
(bottom panel) mg/kg PB are plotted Each point represents the 
mean from at least four subjects Both chronic treatments signifi- 
cantly attenuated the duration of rotarod impairment produced by all 
three doses of PB 
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1 4 3  2 4  4 0  

doses  of  MQ and DZ was also significantly a t tenuated  by 
both  ch romc  PB and chronic  MQ adminis t ra t ion (not illus- 
t rated) Howeve r ,  there  was no stgmficant  effect  of  e i ther  
chronic  PB or chronic  MQ t rea tment  on the durat ion of  ET- 
induced RR lmpawment  for any of  the test  doses  examined  

Using the t ime to 50% recovery  cri ter ion,  both  chronic  PB 
and chronic  MQ t rea tments  resul ted m a marked shift to the 
right in the dose- response  curves for PB (Fig 2) There was no 
dif ference as to the ex ten t  o f  to lerance  deve lopmen t  to the 
PB test  dose  be tween  the chronic  PB and chronic  MQ 
groups  When  MQ test  doses  were  adminis te red  ~fig 3), the 
to lerance  induced to MQ in the chronic  PB animals did not  
differ from that in the ch romc  MQ subjects  Howev e r ,  the 
shor tened  durat ion o f  rotarod disrupt ion after  the MQ tes t  
doses  was  less marked  than for the PB tes t  doses ,  for  both  
the chronic  PB and ch romc  MQ groups  When  DZ was tes ted  

m g / k g  M E T H A Q U A L O N E  

FIG 3 The dose-response effect of MQ on rotarod performance in 
control, chrome PB-treated and chronic MQ-treated rats The times 
(mm) to 50% recovery of rotarod performance produced by various 
doses of MQ are plotted for control (A), chromc PB-treated (©) and 
chromc MQ-treated (E]) subjects Both chromc treatments signifi- 
cantly attenuated the effects of MQ, as indicated by the shift to the 
right m the dose-response curves See Fig 2 legend for other details 

(Fig 4), the degree  o f  to lerance  mamfes t ed  in the ch romc  
drug- t reated subjects  was  less p rominen t  stdl There  was a 
t rend for the DZ effects  to be o f  shor te r  duraUon m the 
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FIG 4 The dose-response effect of DZ on rotarod performance m 
control chronic PB-treated and chronic MQ-treated rats The times 
(mln) to 50% recovery of rotarod performance produced by various 
doses of DZ are plotted for control (/x), chronic PB-treated ((3) and 
chronic MQ-treated (IS]) subjects Both chronic treatments s~gmfi- 
cantly attenuated the effects of DZ as indicated by the shift to the 
right in the dose-response curves See Fig 2 legend for other details 

cmon lc  PB rats as compared  to the chronic  MQ animals,  but 
this did not  reach significance 

The ET test  doses  (Fig 5) tended to have a decreased  
durat ion of  effect  m chronic  PB rats and an mcreased  dura- 
tton in the chronic MQ group,  especial ly at the highest  dose  
of  ET However ,  none of  the doses  of  ET showed  a stgmfi- 
cant difference m the pat tern  of  rotarod disruption after the 
chrontc  drug t rea tments ,  relative to the effects  m the control  
group 

The levels o f  the injected doses  of  each test drug were 
chosen  to produce  comparable  mtenst t tes  o f  drug depres-  
ston Unfor tunate ly ,  at these  dose  levels the agents differed 
prominent ly  with regard to the durat ion of  RR impairment ,  
comphcat lng  the analysis o f  to lerance deve lopment  To 
offset  this d tsadvantage ,  we de te rmined  the relative 
to lerance levels achieved by calculating the ratto of  the du- 
ration of  RR impairment  in control  subjects  to that  in chronic 
PB-or  chronic  MQ-t rea ted  rats for  each  test  dose  injected 
(Table 2) The values obta ined agam mdtcate  that  PB and 
MQ exhtblt  p rominen t  to lerance and c ross - to le rance  with 
et ther  chronic t rea tment  Cross - to le rance  to DZ ~s less dra- 
mattc after e i ther  chrontc  t rea tment  Howeve r ,  ET failed to 
show a clear pat tern  of  c ross - to le rance  after ch romc  PB or 
chronic  MQ t rea tment  F rom the data o f  Table 2 it is obvious  
that  the largest  dose  of  ET tes ted ,  2 7 g/kg, showed  no evi- 
dence  for c ross - to le rance  as a funct ion of  chronic PB. or 
chronic  MQ t rea tments  Never the le s s ,  the durat ion of  effect  
o f  thts test  dose  of  ET was similar to those  of  the lowest  test  
doses  of  PB and MQ m control  rats (approximately  150 rain), 
al though these  latter doses  admlnts te red  to rats receiving 
chronic  drug t rea tments  exhlbt ted a marked c ross - to le rance  
(10- to 20-fold decrease  in durat ion of  effect) 
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FIG 5 The dose-response effect of ET on rotarod performance in 
control chronic PB-treated and chronic MQ-treated rats The times 
(rain) to 50% recovery of rotarod performance produced by various 
doses of ET are plotted for control (A) chronic PB-treated/©) and 
chronic MQ-treated (Vl) subjects Each point and vertical bar repre- 
sent the mean+S E M from at least six subjects Neither chronic 
treatment significantly altered the dose-response curve for the effect 
of ET See Fig 2 legend for other details 

T A B L E  2 

RELATIVE TOLERANCE LEVELS TO RR IMPAIRMENT BY PB MQ 
DZ AND ET IN CHRONIC PB- AND CHRONIC MQ-TREATED RATS* 

Ratio of Eflectv 

Test Drug Control/ Control/ 
and Dose Chromc PB Chronic MQ 

PB 10 mg/kg 22 0 19 9 
20 mg/kg 9 4 5 5 
40 mg/kg 5 2 5 7 

MQ 14 3 mg/kg l0 3 16 0 
24 mg/kg 2 7 3 4 
40 mg/kg 2 0 2 6 

DZ l0 mg/kg 4 5 5 9 
20 mg/kg 4 0 2 1 
40 mg/kg ? 3 2 2 

ET I 5 g/kg 2 6 1 6 
2 0 g/kg 0 9 1 2 
2 7 g/kg 1 3 1 1 

*RR=rotarod performance, PB=pentobarbltal, MQ=methaqua- 
lone DZ=dtazepam, ET=ethanol 

tRatlo of rain to 50c~ recovery of RR performance In control rats 
over mm to 50c/c recovery in chronic PB- or MQ-treated subjects for 
each test drug dose examined 

DISCUSSION 

The degree  of  to lerance and cross- to le rance  after these  
chronic  t rea tments  was dramatic  for PB and MQ and signifi- 
cant for DZ H o w ev e r ,  no c ross - to le rance  was no ted  to ET 
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T h e s e  resu l t s  tha t  i l lus t ra te  a lack of  c ros s - to l e r ance  to E T  
are  m con t r a s t  to a n u m b e r  of  repor t s  in which  cross-  
t o l e rance  has  b e e n  o b s e r v e d  [9,11] This  d i s c r epancy  p rob-  
ably  re la tes  to  the  dura t ,on  of  ch ron ic  t r e a t m e n t s ,  s ince  
longer  c h r o m c  e x p o s u r e s  would  be  more  hke ly  to faci l i ta te  
the  d e v e l o p m e n t  of  func t iona l  t o l e rance  and  c ros s - to l e r ance  
t han  these  b r i e f  exposu re s  [6,9] Al t e rna t ive ly ,  the  lack of  
ET c ros s - to l e r ance  m ay  re la te  to the  par t , cu la r  b e h a v i o r  
m e a s u r e d  in the  p re sen t  s tudy 

Chron ic  b a r b i t u r a t e  or  MQ t r e a t m e n t s  h a v e  b e e n  s h o w n  
to inc rease  h v e r  m , c r o s o m a l  m e t a b o h c  capac , ty  wi th  shor t -  
t e rm  t r e a t m e n t s  [6, 9, 12], and  PB,  MQ and  DZ a p p e a r  to be  
m e t a b o h z e d  largely by  hepa t ic  mlc rosoma l  e n z y m e  ac t lv , ty  
[4] The  role of  hepa t ic  m l c r o s o m a l  m e t a b o l i s m  in the  dis- 
pos , t lon  of  ET is p r o b a b l y  m u c h  less impor t an t  [14] There -  
fore,  the  to l e rance  and  c ros s - to l e r ance  to PB,  MQ and  D Z  
o b s e r v e d  in the  p r e sen t  s tudy  may  be  largely p h a r m a c o k l n e -  
tic in c h a r a c t e r  Indeed ,  C om m l s s a r l s  et  al [3] have  d e m o n -  
s t ra ted  tha t  d rama t i c  t o l e rance  to the  h y p o t h e r m l c  effect  of  
PB p roduced  by  the  same  c h r o m c  PB reg ,men  as used  in the  
p re sen t  s tudy  ,s p r e d o m l n a n t e l y  d lspos , t lona l  and  not  cellu- 
lar  in na tu re  In th,s  p rev ious  s tudy  the  one  week  of  ch ron ic  
PB did not  affect  the  b ra in  PB c o n c e n t r a t i o n s  a s soc ia t ed  
wi th  vary ing  ln tens , t les  of  the  h y p o t h e r m l c  r e s p o n s e  a f te r  
va r ious  PB tes t  doses ,  a l t hough  the  dura t ,on  of  the  effect  for  
e ach  tes t  dose  was great ly  s h o r t e n e d  a long wi th  a d e c r e a s e d  
s e rum half-hfe It s eems  likely tha t  these  da ta  can  be  re la ted  
to the  p re sen t  resul ts ,  at  least  for  PB,  s ince  Ho  [5] lnd ,ca ted  
tha t  the  genera l  CNS  d e p r e s s a n t  effects  ( seda t ion ,  a taxla)  
and  h y p o t h e r m , c  r e s p o n s e  due to PB, and  to l e rance  the re to ,  
were  well co r re la ted  In addi t ion ,  none  of  the  ch romca l ly -  
t r ea ted  subjec t s  in this  s tudy  exh ,b , t ed  s ,gns of  w i thd rawa l  
af ter  s topping  the  drug t r e a t m e n t ,  and  a specif ic  type  of  
wi thdrawal  p h e n o m e n o n  is a s soc ia t ed  w, th  the  d l s con tmua -  

t lon  of  ch ron ic  drug admin i s t r a t ion  of  a genera l  CNS  de- 
p r e s s a n t  In func t ,ona l ly  to l e ran t  sub jec t s  [6, 7, 9] 

A l though  the  c o m p a r i s o n  o f  to l e rance  and  c ros s - to l e r ance  
da ta  for  the  4 drugs  was c o m p h c a t e d  by the  di f ferent  dura-  
t ,ons  o f  ac t ion  of  dose  levels  showing  a comparab l e  ln tens , ty  
of  act ,on,  compar i son  of  the rat ios of  Umes to 50% recovery  of  
RR p e r f o r m a n c e  m con t ro l  vs  ch ron ic  d rug- t rea ted  sub- 
j ec t s  yields a m e a s u r e  of  re la t ,ve  to le rance  levels  (Ta- 
ble 2) This  ana lys i s  suppor t s  the  c o n t e n t i o n  tha t  c ross-  
to l e rance  b e t w e e n  PB and  MQ is marked ,  par t icu lar ly  at  
lower  dose  levels  tha t  would  e m p h a s i z e  p h a r m a c o k i n e t l c  
changes  It  was  also a p p a r e n t  tha t  c ros s - to l e r ance  to DZ by 
this  cr i ter ion was not  as p rominen t ,  and  tha t  ET  ra t ios  lnd,- 
ca ted  no  c ros s - to l e r ance  for  this  agen t  

In an  ear l ier  s tudy of  PB to le rance  d e v e l o p m e n t  to RR 
lmpa , rmen t  [2], even  a 3-week chron ic  t r e a t m e n t  w, th  PB in 
the diet  ( from 1 to 4 mg/g of  p o w d e r e d  c h o w  but  w i thou t  
chron ic  PB re jec t ions  as in the  p r e s e n t  s tudy)  faded  to show 
m u c h  more  to l e rance  than  d e m o n s t r a t e d  here  In addi t ion ,  
ET  in th,s  ear l ier  s tudy  was s h o w n  to lmpa,  r RR m the  
chron ic  PB sub jec t s  to a very  slightly less ex ten t  t han  tha t  in 
the  con t ro l  an imals  Thus ,  only a shght  degree  of  cel lular  
to le rance  a p p e a r e d  to deve lop  even  wi th  this longer  dura t ion  
of  chron ic  PB t r e a t m e n t  F u r t h e r m o r e ,  th,s  p rev ,ous  s tudy  
d e m o n s t r a t e d  tha t  a minor  bu t  s ,gnlf icant  p ropor t ion  of  the  
to le rance  o b s e r v e d  af te r  one  week  of  chron ic  PB invo lved  a 
behav io ra l  to l e rance  c o m p o n e n t  [2] 

In conc lus ion ,  these  resul t s  indica te  tha t  a shor t  du ra t ion  
of  ch ron ic  t r e a t m e n t  wi th  PB or  MQ produces  a p r o m i n e n t  
to l e rance  and  c ros s - to l e r ance  to RR impa , rmen t s  induced  by  
tes t  doses  PB and  MQ,  and  to a lesser  ex t en t  a cross-  
to le rance  to DZ H o w e v e r ,  no  c ross - to l e rance  to ET was 
d e m o n s t r a t e d  m e , the r  the  chron ic  PB- or MQ- t r ea t ed  g roup  
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