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Diazepam induces tolerance in the isolated skin of Pleurodema thaul 
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Abstract 

The effects of the long-term administration of diazepam on the potential difference and short-circuit current of the isolated 
skin of the toad Pleurodema thaul (P. thaul) were investigated. Diazepam applied in a concentration range of 4.6 × 10 -6 to 
5.2 × 10 -5 M decreased both electrical parameters. This response was unaffected by flumazenil indicating that the action of 
diazepam is not induced through benzodiazepine receptors. Induction of tolerance to diazepam on its observed effects on 
potential difference and short-circuit current was obtained by the administration of a single dose of the drug in a slow release 
preparation. Skins tolerant to diazepam were also tolerant to the acute effects of verapamil on both electric parameters. 
Tolerance to diazepam effects was partly reversed by increasing Ca 2+ concentration in the inner bathing solution. The results are 
consistent with a Ca 2+ channel blocking effect of diazepam in the P. thaul skin. 
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1. Introduction 2. Materials and methods 

The primary effect of benzodiazepines consists in 
modulation of the chloride channel associated with 
y-aminobutyric acid (GABA) in the central nervous 
system. These drugs also interact with Ca 2+ channels 
in peripheral tissues (Hullihan et al., 1983; Macdonald 
and McLean, 1986). Previous work in our laboratory 
(Norris et al., 1991) showed that diazepam reduced the 
stimulatory response to noradrenaline applied to the 
inner surface of the skin of Caudiverbera caudiverbera 
and partially antagonised the effect of barium which 
indicates that the drug is acting on epithelial transport. 

The aim of the present work was to investigate 
whether diazepam might induce tolerance to its effects 
on the electrical parameters of isolated toad skins 
treated previously with a slow-release preparation of 
the benzodiazepine. The influence of a high Ca 2+ 
concentration on the latter process was also analysed. 
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2.1. Animals and preparation 

Experiments were performed on Pleurodema thaul 
toads (18-22 g) collected from fresh water ponds in 
Concepci6n, Chile, during the spring and summer 
months. The amphibians were kept in tap water at 
room temperature (18-22 ° C) at least 24 h prior to use. 
They were decapitated and pithed and segments of 
abdominal skin were mounted between Perspex Ussing 
chambers; an area of 1.33 cm 2 was exposed to 3.5 ml 
phosphate-buffered (pH 7.5) Ringer's solution on both 
surfaces and gassed with a stream of air. The composi- 
tion of the solution was (mM): NaC1 z 112; KCI 1.9; 
CaC12 2.0; NaHCO 3 2.3 and glucose 11. 

The potential difference across the skin was recorded 
by means of a Cole-Parmer 2-channel recorder using 
calomel electrodes connected with the solutions bathing 
both surfaces of the skin through agar-Ringer bridges 
and to the first channel of the recorder. The short-cir- 
cuit current was monitored through Ag-AgCI-  elec- 
trodes connected to a voltage clamp circuit (G. M6traux 
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Electronique) and to the second channel of the 
recorder. 

Experiments were started 30 min after the bioelec- 
tric parameters  of the skin had reached a steady level. 

2.2. Drugs and solutions 

The following drugs were used: diazepam (Hoff- 
mann-La Roche and Co., Basel, Switzerland) was added 
to either the inner or the outer  solution (serosal or 
mucosal surface) in the concentrations mentioned in 
the text. Flumazenil (kindly donated by Hoffmann-La 
Roche,  Basel, Switzerland) and verapamil  (Sigma 
Chemical Co., St. Louis, MO, USA) were used in some 
experiments. 

Chronically t reated toads received an intraperi- 
toneal injection of 100 m g / k g  diazepam contained in a 
slow-release preparat ion,  which consisted of 100 mg 
powdered diazepam dissolved in 4.2 ml liquid paraffin, 
0.8 ml sorbitol sesquioleate and mixed with 5 ml 
physiological saline. A quantity of  0.01 m l / b o d y  weight 
was injected in each toad. The amphibians were kept 
in bins containing tap water  at room tempera ture  and 
fed on sow bugs (Oniscus asellus) during the period of 
treatment.  Control (naive) toads were injected with 
vehicle and maintained in conditions similar to di- 
azepam-treated toads. No changes in weight were ob- 
served either in naive or diazepam-treated toads dur- 
ing the t rea tment  period. 

2.3. Statistical analysis 

flumazenil 15 min previous to the addition of di- 
azepam. Results showed that 5.2 x 10 -5 M diazepam 
induced a 52 + 4.3% reduction in potential difference 
and a 56 + 3.0% in short-circuit current after exposure 
to flumazenil, values in accordance with the above- 
mentioned reductions found in the absence of the 
benzodiazepine receptor agonist after a cumulative 
dose of 9.0 x 10 -5 M diazepam. No significant differ- 
ence was found between the effects of diazepam by 
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Values throughout the work refer to means _+ S.E.M. 
Statistical analysis was per formed by a two-way analysis 
of variance (ANOVA) and the significance was calcu- 
lated according to the Student-Newman-Keuls test. 

3. Results 

3.1. Effect on electrical parameters of isolated toad skin 

Diazepam (inner solution) added to the Ussing 
chamber  in cumulative concentrations reduced the 
electrical parameters .  When the concentration reached 
a value of 9.0 x 10 -5 M, a 65.4 _+ 3.6% reduction in the 
potential  difference and a 60 .3_  2.2 reduction in the 
short circuit current across the skin (n = 9, P < 0.01) 
were observed. The effect was usually reversible after a 
6-fold washout and in three experiments the biolectric 
parameters  did not return to the original values after a 
30 min waiting period. Diazepam applied in the outer 
solution induced a non-significant decrease. 

To rule out the possibility that diazepam added to 
the inner solution might be acting on benzodiazepine 
receptors,  eight skins were exposed to 5.0 x 10 -5 M 
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Fig. 1. Decrease of diazepam (D) effect in P. thaul skins isolated 
from toads injected 6 days previously with a slow-release diazepam 
preparation; partial reversal of the process on increasing inner Ca 2+ 
concentration to 6 mM. Values are means+_S.E.M.; n = 8 .  Open 
circles, naive toads; triangles, diazepam-treated toads, inner Ca 2+ 
concentration 6 mM; filled circles diazepam-treated toads. (A) po- 
tential difference (PD); (B) short-circuit current  (SCC). Values in 
chronically treated toads (usual Ca 2+ concentration) are statistically 
different (P  < 0.05, Student-Newman-Keuls  test). 
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itself and 15 min after pre t rea tment  with flumazenil in 
similar concentrations. 

3.2. Effect of the i.p. administration of 100 m g / k g  
diazepam, 6 days previously, on the skin response to the 
drug 

Fig. 1 shows induction of tolerance 6 days after 
t reatment  with a slow-release diazepam preparat ion.  In 

A 

eight skins dissected from naive toads, a cumulative 
concentration of 9.0 X 10 -5 M diazepam was followed 
by a 73.8 + 4.0% decrease in potential  difference and a 
70.4 + 3.4% decrease in short-circuit current; in con- 
trast, 11 skins dissected from pret rea ted toads showed 
a shift to the right of the dose-response curve, a 
50.8 + 3.7% decrease in potential  difference and a 
48.6 + 1.5% decrease in short-circuit current  only after 
a cumulative concentration of 9.0 x 10 -3 M diazepam, 
indicating apparent  tolerance to the drug. The figure 
also shows that when the Ca 2÷ concentration in the 
inner solution was increased to 6 mM, the tolerance to 
diazepam decreased significantly (n = 8, P < 0.01). 
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Fig. 2. Apparent  cross-tolerance to verapamil in diazepam-treated P. 
thaul skins. C: control; PD: potential difference; SCC: short-circuit 
current.  Resul ts  are expressed (means+S .E .M. ,  n = 9) as percent  
decrease in basal values, which were: (A) potential  difference 31.5 + 
4.3 mV; (B) short-circuit current  36.9_+3.9 ; z A / c m  2. ( o )  Naive 
toads; ( × )  diazepam-treated toads. Values in chronically treated 
toads are statistically different from those observed in naive toads 
( P  < 0.05, Student-Newman-Keuls  test). 

3.3. Effect of pretreatment with the slow-release di- 
azepam preparation on the skin response to verapamil 

Fig. 2 shows induction of cross-tolerance to vera- 
pamil 6 days after treatment.  In skins dissected from 
naive toads, a cumulative concentration of 1.2 X 10 - 4  

M verapamil  induced a 65.2 + 2.8% reduction in po- 
tential difference and a 52 .0+  1.4% reduction in 
short-circuit current, whereas in skins dissected from 
toads pret reated with diazepam, a cumulative concen- 
tration of 2.4 X 10 -~ M verapamil  was necessary to 
induce a similar decrease, indicating development of 
cross-tolerance to verapamil  (n = 9, P < 0.05). 

4. Discussion 

Diazepam causes a dose-dependent  block of the 
response of the neuroepithelial  synapse of C. caudiver- 
bera to electric stimulation (Norris et al., 1991); how- 
ever, P. thaul skin shows greater  sensitivity to the 
effects of this agent on potential  difference and short- 
circuit current. The effect is independent  of the benzo- 
diazepine receptor  associated with the GABA-chloride 
channel complex since it is not antagonised by flumaze- 
nil. In accordance with Rampe  and Triggle (1986) the 
benzodiazepine effects on Ca 2÷ disposition are also 
unrelated to peripheral  receptors for these drugs. The 
results obtained by Watabe  et al. (1986) and Reuveny 
et al. (1993) add further evidence as to the existence of 
benzodiazepine effects on Ca 2+ channels. 

Experiments on skins from toads treated 6 days 
previously with an i.p. injection of a slow-release di- 
azepam suspension demonstra ted induction of toler- 
ance to the drug. 

The influence of Ca 2+ channel antagonists on toler- 
ance and some related contra-adaptive responses to 
the long-term administration of several central nervous 
system depressants has been studied by a number  of 
authors (for review, Littleton and Little, 1989). In this 
respect, work in our laboratory has shown that Ca 2+ 
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an tagonis t s  a t t e n u a t e  o p i a t e  t o l e r ance  (Con t re ra s  et  
al., 1988, 1993). The re fo re ,  it was t e m p t i n g  to  analyse  
the  effect  of  l ong- t e rm admin i s t r a t i on  of  d i a z e p a m  on 
the  e lec t r ic  p a r a m e t e r s  of  the  t oad  skin. Benzodi -  
azep ines  b lock  T and  L types  of  Ca  2+ channels  in 
mouse  n e u r o b l a s t o m a  cells (Reuveny  et  al., 1993), and  
the  first type is res i s tan t  to  d ihyd ropy r id ine  and  r e l a t ed  
o rgan ic  Ca + an tagonis t s  (Tsien et  al., 1991), thus,  it 
seems  poss ib le  tha t  the  induc t ion  of  t o l e r ance  to di- 
a z e p a m  and  its c ross - to le rance  to v e r a p a m i l  res ide  in 
the  L type  or  in a non iden t i f i ed  site funct ional ly  associ- 
a t ed  to this type  of  channel .  

T h e  acute  effects  of  d i a z e p a m  and  the  p rocess  of  
t o l e r ance  in the  i so la ted  skin of  P, thaul  clear ly  indi-  
ca te  a c lose assoc ia t ion  with  Ca 2+ concen t ra t ion .  Thus,  
Ca 2+ is necessary  for  the  express ion  of  the  acute  
inh ib i t ion  of  the  e lec t r ic  p a r a m e t e r s  i nduced  by di- 
a z e p a m  and,  in addi t ion ,  the  p re sence  of  a high con- 
cen t r a t i on  of  the  ca t ion  can rever t  t o l e r ance  induced  
by sus t a ined  exposure  to the  drug.  

To expla in  the  Ca 2 +- induced reversa l  of  t o l e r ance  it 
may  be  sugges ted  tha t  dur ing  chronic  t r e a t m e n t  with 
d i azepam,  Ca 2+ d ispos i t ion  in skin cells is r e d u c e d  and  
a fu r the r  add i t i on  of  a high concen t r a t i on  par t ia l ly  
res to res  the  inhib i t ion  of  po t en t i a l  d i f fe rence  and  
shor t -c i rcui t  cu r r en t  exe r t ed  by the  acu te  admin i s t r a -  
t ion of  the  drug.  T h e  in t e rac t ion  of  d i a z e p a m  with 
essent ia l  p rocesses  of  the  Ca 2+ channe l  p ro t e in  
(Krueger ,  1989) may  expla in  the  c ross - to le rance  to 
ve rapami l .  

To summar ise ,  these  results ,  ba sed  on  e lec t rophys io-  
logical  and  pha rmaco log i ca l  evidence ,  a re  cons is ten t  
wi th  a Ca  2 + channe l  b locking  effect  of  d i a z e p a m  on P. 
thau l  skin and  with  the  induc t ion  of  t o l e r ance  to this  
agen t  af ter  p r e t r e a t m e n t  wi th  a s low-re lease  suspen-  
sion of  the  drug.  T h e  resul ts  suggest  the  use  of  the  
toad  skin as a m o d e l  to examine  the  mechan i sms  which 
l ead  to to le rance .  
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