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because it compares  each data point  to the general variance, 
i.e., it allows a study of  kinetic effects o f  the drugs. Student 's  
t-test was used only for the occurrence latency of  the first IS 
and PS episode, the number  of  eye movements  per PS episode, 
and to compare  the spindle characteristics between diazepam- 
induced spindles and extended IS. 

RESULTS 

AS illustrated by Fig. 1 with midazolam,  the BDZ generally 
extended the durat ion o f  IS at the expense of  PS in both  rat 

C O N T R O L  

. . . . .  • " , ' , ~ ' ~ ' , " m " - - , ~ r r -  ~ q ~ l ~ -  . . . . . . .  , - " ~ ' ~  V ~ ' ,  . . . . . . . . . .  " ~ I | ~ 1  r . - ,  ,vi ,~p,  ",~ 

H P C  ~ 

E O G  '; 

E M G  

-.,,. ~r~m~,,_....,.,r" ...................... , ... ,_,. ~. ~. • . . . .  ~.. . . . . . . . . . . . .  ~ ,,,......~ 

M I D A Z O L A M  

• ' I 

I 

FIG. 1. The benzodiazepine midazolam extends the intermediate 
stage. Top: control recording. The animal (WAG/Rij rat) entered into 
paradoxical sleep after an episode of intermediate stage characterized 
by the unusual association of cortical spindles and hippocampal theta 
rhythm (underlined). The two tracings are a continuous recording. 
Bottom: 65 min after an IP injection of midazolam (3 mg/kg), the 
same rat showed a prolonged intermediate stage with: a) an absence 
of cortical desynchronization, b) more numerous cortical spindles of 
higher frequency and lower amplitude, c) a continuous hippocampal 
theta rhythm of lower frequency (from the arrow), d) an increase of 
heart rate, e) a presence of eye movement bursts as in paradoxical 
sleep. The two tracings are a continuous recording. Abbreviations: 
F.Cx: Frontal cortex (interhemispheric bipolar recording); HPC: dor- 
sal hippocampus (CA1 area bipolar recording); EOG: electrooculo- 
gram; EMG: electromyogram from the dorsal neck muscles. Calibra- 
tion: 1 s, 200/~V. 
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FIG. 2. Difference between triazolam-induced EEG spindling during 
slow wave sleep and extended intermediate stage. Top: control record- 
ing. The animal (Wistar rat) showed a slow-wave sleep (SWS) episode 
recorded 35 min after vehicle injection. This stage is classically charac- 
terized by cortical spindles and slow waves on frontal cortex and in 
dorsal hippocampus. Middle: slow-wave sleep (SWS) episode re- 
corded in the same rat 20 min after an IP injection of triazolam (1 
mg/kg). The spindling activity on the frontal cortex was increased. 
The spindles were of higher frequency than the control spindles. Bot- 
tom: extended intermediate stage (IS) recorded 110 min after the same 
IP injection of triazolam in the same rat. From a slow-wave sleep 
episode, the frontal cortex showed a long-lasting burst of spindles of 
higher amplitude and lower frequency (when compared to middle 
recording). These spindles were accompanied by theta activity in the 
dorsal hippocampus (from the arrow). The two tracings are a continu- 
ous recording. Abbreviations: see Fig. 1. Calibration: 1 s, 200 ~tV. 

strains: IS appeared periodically and was long lasting, i.e., its 
durat ion was similar to that  o f  an usual PS episode. These 
spindles of  the extended IS were quite different  f rom the well- 
known (1,3,6) BDZ-increased spindling activity, as shown by 
Fig. 2. For  example, after diazepam in Wistar rats, the BDZ- 
induced spindles during slow wave sleep had different  charac- 
teristics when compared  to those of  the extended IS: they were 
of  lower ampli tude (0.37 _+ 0.03 mV vs. 0.54 +_ 0.03 mV, 
respectively, p < 0.01), higher frequency (15.58 +_ 0.03 c / s  
vs. 10.45 + 0.02 c /s ,  p < 0.005) and shorter durat ion (0.75 
+_ 0.03 svs .  1.43 + 0 .02s ,  p < 0.001). 



924 G A N D O L F O ,  S C H E R S C H L I C H T  A N D  G O T T E S M A N N  

For  the sake of  clarity, all the specific effects of  each BDZ 
on IS and PS character is t ics  in the two rat  s trains are not  
detailed in the text. Quant i t a t ive  da ta  are given in Table  1 for  
the occurrence latencies of  each stage and  Table  2 for the 
percentages of  var ia t ion  f rom vehicle. Table  3 shows the effect 
of  BDZ on the eye movemen t s  of  PS and  Table  4, by giving 
the parallel  evolut ion of  IS and  PS dura t ions  f rom vehicle, 
allows to know whether  IS is extended or not  at the expense 
of  PS. 

The results are summar ized  in terms of  c o m m o n  effects of  
the three BDZ on the two rat  s trains and  of  differences be- 
tween the rat  s trains and  between the BDZ.  

Common Effects of the Three Benzodiazepines in Both Rat 
Strains 

The latency of  occurrence  of  the first IS episode was re- 
duced af ter  in ject ion of  BDZ (Table 1). The  increase in IS 
total  a m o u n t  dur ing  the 2 or 3 first hours  was mainly  due to 
an increase in the mean  dura t ion  of  IS episodes and  in the 
n u m b e r  of  fully developed cortical  spindles.  A secondary,  less 
marked ,  late effect (during the f if th or  sixth hour  af ter  injec- 
t ion) was generally observed (Table  2). 

BDZ induced b o t h  quant i ta t ive  and  qual i ta t ive modif ica-  
t ions of  IS: dur ing  the first hours  IS is increased but  with 
cortical spindles of  increased f requency and  decreased ampli-  
tude (Table 2), whereas dur ing  the fol lowing hours  these spin- 
dles of  high and  low ampl i tude  are mixed up with midvol tage  
fast synchronized activity (not  shown).  This fact explains tha t  
the enhancemen t  of  the n u m b e r  of  fully developed high- 
voltage cortical spindles seems underva lued  when  compared  
to the increase of  IS dura t ion  and  a m o u n t  (Table  2). 

The  spindle character is t ics  were gradual ly  modu la t ed  by 
BDZ: their  intr insic f requency was increased already af ter  the 
lower dose, their  ampl i tude  was decreased only af ter  the 
higher  one (Table 2) and  their  mean  dura t ion  was not  modi-  
fied whatever  the dose was used (not  shown).  In the same 
way, BDZ did not  affect  the ampl i tude  of  h ippocampa l  the ta  
rhy thm (not  shown),  but  decreased its f requency dur ing  IS 
(except in Wis tar  rats) as dur ing  PS (Table  2). 

In reverse, the latency of  occurrence of  the first PS episode 
was increased (except for midazolam:  see Table  1) and  the PS 
tota l  a m o u n t  showed dur ing the 2 or 3 first hours  a decrease 
tha t  was mainly due to a decrease in the mean  dura t ion  of  PS 
episodes and  generally related to a decrease in the facility to 
enter  PS. This was followed by a late increase dur ing the f if th 
a n d / o r  the sixth hour  af ter  injection.  Finally,  an increase in 
hear t  rate was observed dur ing extended IS a n d / o r  recovering 
PS (Table 2). 

Differences Between the Two Rat Strains 

The increase in IS total  amoun t ,  mean  dura t ion  of  IS epi- 
sodes and  n u m b e r  of  cortical spindles was longer lasting in 
Wis tar  than  in W A G / R i j  rats (5 h vs. 2 or 3 h), in which the 
spindle ampl i tude  was in contras t  more  affected by BDZ (1 or 
2 h vs. 3 or 4 h). Two other  differences were observed:  a) the 
f requency of  the h ippocampa l  the ta  r h y t h m  was decreased 
only in W A G / R i j  rats (Table 2); b) the occurrence level of  IS 
prior  to PS was increased only in Wis tar  rats (Table 2). 

In contras t  to IS, the decrease in PS total  a m o u n t  was 
longer last ing in W A G / R i j  than  in Wis tar  rats (4 h vs. 2 h). 
The instabil i ty of  PS episodes as PS recovered was decreased 
in Wistar ,  but  increased in W A G / R i j  rats (Table 2). The in- 
crease in hear t  rate lasted two times longer in W A G / R i j  than  
in Wis tar  rats (except for  t r iazolam).  The decrease in the mean  
n u m b e r  of  eye movements  per PS episode was observed al- 
ready at the low dose of  d iazepam and  t r iazolam in W A G / R i j  
rats,  but  only at the high dose in Wis tar  rats (Table 3). Finally, 
the subst i tu t ion of  PS by the BDZ-extended IS was not  always 
complete  in W A G / R i j  rats (Table 4). 

Thus,  the main  inters t ra in  difference revealed by this study 
with BDZ was found  in the recovery of  PS: a l though less 
sensitive to the effect of  BDZ on IS, the W A G / R i j  strain 
showed a longer dura t ion  for PS recovery with more  residual 
IS dur ing PS episodes, whereas Wis tar  rats showed a faster PS 
recovery with more  stable episodes. 

Differences Between the Three Benzodiazepines 
Diazepam had effects on IS in bo th  rat  strains only af ter  a 

high dose (3 mg/kg) ,  whereas midazolam and  t r iazolam had  

T A B L E  1 

LATENCIES OF OCCURRENCE OF THE FIRST IS AND PS EPISODES 

Wistar WAG/Rij 
DOSES 

BDZ mg/kg IP IS PS IS PS 

Diazepam 0.0 56 + 3 81 + 3 57 +_ 3 59 _+ 4 
1.0 47 _+ 4 102 _+ 3* 39 _+ 8* 63 + 8 
3.0 25 _+ 3* 62 +_ 4* 36 _+ 7* 105 _+_ 5t 

Midazolam 0.0 69 _+ 7 79 _+ 5 80 + 5 97 + 6 
1.0 18 +_ 4t 35 _+ 7* 28 + 4t 57 + 6* 
3.0 34 _+ 10" 82 _+ 10 17 _+ 3t 96 + 8 

Triazolam 0.0 51 _+ 4 69 _+ 6 62 _+ 3 78 _+ 3 
0.3 35 _+ 7* 102 + 10" 35 +_ 2* 65 _+ 9 
1.0 26 _+ 7* i00 + 4* 21 _+ 3I 177 _+ 12t 

The three benzodiazepines decreased the occurrence latency of the first IS episode in 
the two rat strains. They are different effects on the occurrence latency of the first PS 
episode, i.e., as the recovery of cortical desynchronization started: it was increased after 
diazepam (except a decrease at the higher dose in Wistar rats) and triazolam, but it was 
decreased after midazolam (at lower dose only). (mean _+ SEM in min). 

*p < 0.05; #p < 0.01 (Student's t-test). 
IS: intermediate stage of sleep; PS: paradoxical sleep. 
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T A B L E  2 

MAIN SIGNIFICANT EFFECTS GIVEN IN PERCENTAGES OF VARIATION FROM VEHICLE 

925 

Diazepam Midazolam Triazolam 

Wistar WAG/Rij Wistar WAG/Rij Wistar WAG/Rij 

BDZ-Induced Effects 1.0 3.0 1.0 3.0 1.0 3.0 1.0 3.0 0.3 1.0 0.3 1.0 

IS 
Initial (2 or 3 first h) increase in the total amoun t  NS 932 NS 242 
Late (5th or 6th h) increase in the total amoun t  NS 277 NS 82 
Increase in the mean  durat ion per episode NS 1,292 NS 296 
Increase in the number  o f  cortical spindles NS 263 NS 167 
Increase in the frequency of  cortical spindles 24 45 NS 53 
Decrease in the amplitude of  cortical spindles NS 51 NS NS 
Decrease in the frequency of  hippocampal  theta NS NS NS 20 

rhy thm 
Increase in the occurrence level o f  IS prior to PS NS 9 NS NS 

PS 
Initial (2 or 3 first h) decrease in the total amoun t  30 65 53 61 

(*except increase with midazolam) 
Late (5th or 6th h) increase in the total amoun t  NS 31 NS 24 
Decrease in the mean  durat ion per episode 21 51 43 56 
Decrease in the frequency of hippocampal  theta 10 15 6 20 

rhy thm 
Decrease in the facility to enter PS 54 NS 70 100 
Decrease ( - )  or increase ( + )  in the instability of  NS - 70 + 116 + 100 

recovering PS episodes 
Increase in the heart  rate NS 18 NS 28 

144 922 191 1,622 301 1,238 230 351 
NS 186 NS 70 431 355 78 NS 
NS 1,348 NS 695 269 903 161 145 
NS 202 52 139 NS 223 NS 172 
11 54 17 31 40 51 39 51 

NS 34 NS 46 NS 28 NS 61 
NS NS 11 17 NS NS NS 19 

24 24 NS NS 21 23 NS NS 

67* 50* 107" 53* 66 63 34 75 

119 83 53 39 133 NS NS NS 
NS 36 NS 83 37 60 51 41 

9 23 12 31 14 24 11 13 

NS NS NS NS 51 100 40 100 
NS - 1 0 0  NS NS - 6 0  - 6 7  +296  NS 

NS 17 6 7 13 26 19 22 

Values are significant at least at p > 0.05 with Duncan 's  test. NS: non significant. The doses are in mg /kg  (IP). IS: intermediate stage; PS: 
paradoxical sleep. 

e f f ec t s  a l r e a d y  a t  1 a n d  0.3  m g / k g ,  respec t ive ly .  S o m e  speci f ic  
e f f ec t s  o f  o n e  o f  t h e  t h r e e  B D Z  were  o b s e r v e d :  a) d i a z e p a m  
w a s  w i t h o u t  a n y  e f fec t  o n  sp i nd l e  a m p l i t u d e  in W A G / R i j  r a t  
(Tab le  2), w h e r e a s  m i d a z o l a m  h a d  t h e  l o n g e s t - l a s t i n g  e f f ec t  

(3 h)  o n  t he  dec rease  o f  t h e t a  r h y t h m  f r e q u e n c y ,  f o l l o wed  by 
a n  i nc r ea se  d u r i n g  t he  f o u r t h  h o u r  a f t e r  i n j ec t ion ;  b)  t r i a z o l a m  
h a d  t he  l o n g e s t - l a s t i n g  e f fec t  (4 a n d  3 h in W i s t a r  a n d  W A G /  
Rij  r a t s ,  respec t ive ly)  on  t he  inc rease  o f  sp ind le  f r e q u e n c y  a n d  

T A B L E  3 

MEAN NUMBER OF EYE MOVEMENTS (SINGLE AND IN BURSTS) 
PER EPISODE OF PARADOXICAL SLEEP 

BDZ 

Wistar WAG/Rij 
Doses 

mg/kg IP Single EM EM bursts Single EM EM bursts 

Diazepam 0.0 5.4 + 1.9 5.6 + 2.7 7.5 _+ 3.7 6.0 + 0.9 
1.0 4.5 + 0.7 3.5 + 2.1 3.0 + 2.7 1.7 _+ 2.1" 
3.0 0.8 + 0.8* 1.2 ___ 1.1" 4.1 _+ 1.9 1.1 + 0.6* 

Midazolam 0.0 6.3 _+ 1.3 6.5 _+ 3.9 7.4 _+ 1.3 7.7 _+ 1.9 
1.0 7.0 _ 2.0 4.3 __. 1.5 7.7 __. 3.7 5.3 __. 1.9 
3.0 5.0 __. 2.0 7.0 __. 2.5 6.0 + 0.9 6.5 + 0.4 

Triazolam 0.0 7.4 _+ 1.5 6.4 ___ 1.5 6.6 _+ 0.4 5.6 + 1.3 
0.3 6.3 + 2.5 4.3 _+ 1.5 3.3 -_-2_ 1,8" 2.5 ___ 1.9" 
1.0 3.7 _+ 1.2" !.7 + 1.1" 2.7 + 1,1" 3.3 + 0.4* 

Diazepam and triazolam at higher dose decreased both single eye movements  (EM) 
and EM bursts  in Wistar rats. The WAG/Ri j  strain was more sensitive because this 
decrease was observed already at lower dose, excepted after diazepam for single EM, 
which must  be, thus,  dissociated from EM bursts.  Midazolam was without any effect 
whatever the dose and the rat strain had been used (mean _+ SEM, average during the 
first 3 h of  recordings). 

*P < 0.05 (Student 's t-test). 
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TABLE 4 

PERCENTAGES OF VARIATION OF IS AND PS DURATION 
FROM VEHICLE DURING THE FIRST 3 H OF 

RECORDING AFTER BENZODIAZEPINE ADMINISTRATION 
IN THE TWO RAT STRAINS 

Wistar WAG/Rij 
Doses 

BDZ mg/kg IP IS PS IS PS 

Diazepam 0.0 6 94 12 88 
1.0 7 97 16 58 
3.0 64 44 56 46 

Midazolam 0.0 5 95 12 88 
1.0 11 183 22 131 
3.0 47 110 67 49 

Triazolam 0.0 4 96 13 87 
0.3 14 76 25 69 
1.0 38 56 40 14 

The summation IS duration + PS duration after vehicle injec- 
tion represents the value of 100°7"0. By comparing the percentages of 
duration for each stage, it is obvious that diazepam and triazolam 
extended IS at the expense of PS in Wistar rats, this substitution 
being not always complete (i.e., the total duration 1S + PS de- 
creased from vehicle) in WAG/Rij rats. In contrast, the extension 
of IS promoted by midazolam was only partially at the expense of 
PS because this last stage also increased in duration. 

IS: Intermediate stage of sleep; PS: paradoxical sleep. 

induced at the low dose (0.3 mg/kg) a late secondary effect 
(during the fifth or sixth hour) on the IS amount (+ 78%) and 
episode duration (+ 103070) in WAG/Rij  rats. 

When PS recovered, it showed a late increase (during the 
fifth and/or sixth hour), which was dose dependent as fol- 
lows: triazolam < midazolam < diazepam (Table 2). Only 
diazepam at the low dose (1 mg/kg) induced a late increase 
(during the sixth hour) of the theta rhythm frequency (12°70 
and 10% in Wistar and WAG/Rij  rats, respectively). The 
main difference concerns midazolam: alone among the three 
BDZ, it promoted extended IS (Fig. 1) but only partially at the 
expense of PS since this last stage was also increased in dura- 
tion (Table 4). This fact explains the decrease of PS occur- 
rence latency (Table l) and the increase of PS amount (Table 
2) after midazolam injection (at least at the dose of 1 mg/kg) 
as well as the absence of effect (at both doses) on the eye 
movements of PS (Fig. 1, Table 3). 

DISCUSSION 

BDZ induce IS patterns at the expense of PS in both rat 
strains. Regarding the physiological significance of IS (13) 
already mentioned in the introduction, it can be proposed that 
they promote a pharmacological cerveau isol~-like stage at 
the entrance of PS. To be strictly accurate, BDZ act on the 
mechanism responsible for the maintenance rather than for 
the onset of IS, because the increase in IS amount was mainly 
due to an increase in the mean duration of IS episodes and not 
of the number of episodes. In contrast, BDZ could act both 
on the onset and maintenance of PS, because they decreased 
both the facility to enter PS and the mean duration of PS 
episodes. Moreover, because BDZ decreased in frequency the 
hippocampal theta rhythm during IS and PS, they could inter- 
fere with the septal theta pacemaker (25,31). BDZ are able to 
increase an already relatively long-lasting IS in the WAG/Rij  
strain; however, less than in the Wistar strain but with a higher 

modulation of qualitative characteristics such as of spindles 
because their amplitude was longer-lasting decreased, whereas 
IS amount and duration were shorter-lasting increased. 

Other differences have been shown between the two rat 
strains. They can be explained by a previous interstrain study 
(8): a) if BDZ decreased in frequency the hippocampal theta 
rhythm during IS only in WAG/Rij rats, it was probably be- 
cause the control frequency was higher than in Wistar rats; b) 
if the occurrence level of IS prior to PS was increased only in 
Wistar rats, it was probably because the WAG/Rij strain 
showed PS quasi systematically preceeded by IS; c) if BDZ- 
extended 1S was less important in WAG/Rij rats and less 
completely substituted for PS than in Wistar rats, whereas the 
first strain showed a longer duration for PS recovery with less 
stable episodes, it was probably because the WAG/Rij strain 
showed in control recordings a higher amount of IS and a 
lower amount of PS than Wistar rats. This last interstrain 
difference should be related to the GABA system because the 
BDZ binding site is a part of the GABAergic receptor (29) and 
the WAG/Rij strain is a genetically epileptic strain (37) with 
GABA disturbances (33). Lastly, the main difference between 
the three BDZ concerns midazolam, which is different from 
the others by its quantitative and qualitative modulations of 
PS: increase of PS amount and duration, decrease of its occur- 
rence latency, absence of effects on the eye movements of PS. 
Thus, the midazolam-extended IS is not substituted for PS. 
This difference could be related to the BDZ receptor multiplic- 
ity (35) in regard to the heterogeneity of the structure of the 
GABA A receptor complex (9). 

Thus, BDZ promote IS at the expense of PS as it was 
already the case with barbiturates (11). Nevertheless, if me- 
dium doses of pentobarbital (15-25 mg/kg) decreased also the 
frequency of hippocampal theta rhythm of extended IS, they 
were in contrast without any significant effects on the ampli- 
tude, frequency, and duration of frontal cortical spindles of 
extended IS (13), whereas BDZ changed the characteristics of 
these spindles. 

Finally, it is worthwhile to mention that a stage in some 
way similar to IS has been found in humans. It also preceeds 
and follows PS and is characterized by unusual polygraphic 
pattern associations (for example K complexes and spindles 
alternating with PS patterns but without eye movement). This 
stage was called intermediate phase (23) and increases at the 
expense of PS during given mental illness syndromes: oligo- 
phrenia (17), schizophrenia (21), and acute paranoid disorder 
(24). Arousal during this stage is difficult and reveals a "feel- 
ing of indefinable discomfort, anxious perplexity and harrow- 
ing worry" (24) that could be related to a transient lowering of 
brain stem ascending influences inducing unusual and uncon- 
trolled higher nervous processes (12). It would be interesting 
to study the effects of BDZ on this transitional phase in hu- 
mans. Moreover, the accurate effects of BDZ on memory is 
still discussed [for review, see (20)]. Although the sometimes 
observed improvement in mnemonic performances could be 
mediated by an endogenous ligand of BDZ receptor (18), the 
BDZ-induced amnesia could result from the BDZ-induced PS 
pharmacological deprivation (39). A last argument on behalf 
of this hypothesis: zolpidem, an hypnotic agent of the new 
class of imidazopyridines thought to act through a novel BDZ 
receptor (39), does not extend IS at the expense of PS (15) and 
does not impair memory (19). 
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