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Lack of selectivity towards anesthetic stereoisomers is one of the few criteria available for the identification of an 
anesthetic target site. Until now this criterion has not been tested for anesthetics that directly interact with sensitive 
membrane proteins which are considered the targets of anesthetic action. In this communication we show that 
stereoisomers of 2-butanol and 2,4-pentanediol did not differ in their inhibitory potency for a site located on the 
N a + / K + / C I  - co-transporter protein. This suggests that an ;nhibition site on a membrane protein can fulfill the 
criterion of lack of stereoisomer selectivity. 

Introduction 

Lack of selectivity towards stereoisomers of anesthet- 
Ics has been proposed as one of the characteristics of 
the anesthetic target site [1,2] Such a lack in stereoselec- 
tIvIty has been demonstrated for enantiomers of sec- 
ondary ahphatlc alcohols in tadpoles [2] and for enantI- 
omers of the volatde anesthetic halothane In two model 
systems [3,4] However, sigmficant differences between 
the anesthetic potency of enantlomers of hexobarbltal 
and N-methylcyclobarbital in rats [5] and between en- 
antiomers of ketamme in mice [6] have been observed 
The stereospecific actions of these compounds were not 
merely a consequence of differences in bIodegradatxon, 
but were most likely a result of the interaction with 
specific receptors [7-9] The barbiturates and ketanune 
should therefore be excluded from studies on the effect 
of enantiomers of anesthetics on possible anesthetic 
target sites 

Non-selectivity in enantiomer binding seems to be a 
strong argument for the hpId bllayer as the target of the 
anesthetic molecules However, membrane proteins also 
contam hydrophoblc areas with which the anesthetics 
can Interact [10] Whether this interaction is non-selec- 
tive with respect to enantlomers of anesthetics has not 
been investigated It has only been observed that enantI- 
omers of halothane induce a conformatlonal change in 
hemoglobin equally [11] 
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Recently we have characterized a membrane protein 
in primary cultures of rat [12] and human astrocytes 
[13] which simultaneously transports 1 Na + Ion, 1 K + 
ion and 2 CI-  ions into the cell The effect of general 
anesthetics on this membrane function was studied [14] 
The IC50 values for co-transporter inhibition by 
halothane and the n-alkanols ( C r C s )  were almost 
identical with the EDs0 (effective dose 50) values for 
anesthetizing tadpoles Larger sized anesthetics, how- 
ever, did not inhibit this function according to their 
anesthetic potency It seems therefore unhkely that the 
N a + / K + / C 1  - co-transporter is involved in general 
anesthesia 

A further interesting aspect was the mechamsm of 
inhibition of the co-transporter by the two groups of 
anesthetics The smaller sized anesthetics inhibited by 
competing with the chloride ion for binding to the 
co-transporter protein The larger sized anesthetics 
showed a non-competitive interaction with respect to 
chloride binding [14] These data suggested that the 
smaller sized anesthetics directly interact with a hydro- 
phobic area of the co-transport protein The lntubltion 
site on the co-transporter therefore only has a model 
character for substances that fit this proposed hydro- 
phobic area such as halothane and the lower n-alkanols 
(CI-Cs)  This implies for example that the co-transport 
system cannot be used to study the absolute cut-off in 
potency for n-alkanols larger than n-dodecanol Within 
the group of substances that fit the proposed hydro- 
phobic area on the co-transport protein we have tested 
enantiomers of 2-butanoI and 2,4-pentanedlol in order 
to find out whether these enantiomers differ In potency 

0005-2736/90/$03 50 © 1990 Elsexaer Science Pubhshers B V (Btomedlcal Dlvtslon) 



wtth respect to N a + / K + / C 1 -  co-transport mlubltaon 

Materials and Methods 

Matertals 
Rubidium-86 (spec activity 1 96 mC1/mg) was ob- 

tained from New England Nuclear Bumetamde was a 
gift from Leo Pharmaceuticals (Ballerup, Denmark) 
The stereolsomers of 2-butanol and 2,4-pentanedlol were 
from Aldrich (Stexnhetrn, F R G ) All other chemacals 
were from Merck (Darmstadt, F R G ) Cell culture 
Petn dishes were from Nunc (Roslolde, Denmark) 

Cell culture 
C6 rat ghoma cells (ATTC CCL 107) [15] were 

maintained in plastic tissue culture flasks m Dulbecco's 
modified Eagle's medmm (DMEM, GIBCO) with 10% 
fetal calf serum (GIBCO) in a 5% CO2/95% hurmdzfied 
air atmosphere and were passaged by trypsznlzatlon 
(0 25% trypsin) 

Measurement of co-transport actwzty 
Permanent cultures of rat ghoma C6 cells on 3 cm 

Petrl dishes were prelncubated for 10 man at 36 °C in 
150 mM NaC1, 5 mM KC1, 2 mM CaC12, 0 4  mM 
MgSO4, 25 mM glucose and 25 mM Hepes-Tns (pH 
7 3), followed by a 4 mm mcubatlon m hyperosmolar 
medium (same medium with 250 mM sorbltol) contain- 
mg 0 5 #C1/ml 86Rb+ The reaction was stopped by 
rinsing the dishes three times wath 2 ml ice-cold PBS 
The cells were then denatured wath 1 ml of cold 5% 
tnchloroacetzc acid and centrifuged, and the amount of 
radzoactlvlty in the supernatant was determined by 
Cerenkov counting The protein content of each dish 
was determaned using the method of Lowry et al [16] 
Co-transport actzvaty was measured as the bumetamde 
(10 #M) sensitive component of the total 86Rb+ (as 
substitute for potassium) uptake The loop diuretic 
bumetamde is a specific mlubltor of N a + / K + / C 1  - 
co-transport actlvaty [17] 

Results and Discussion 

Mechamsm of the mhlbmon of the Na +/K +/Cl - co- 
transporter by 2-butanol and 2,4-pentanedtol 

The N a + / K + / C 1  - co-transporter in rat ghoma C6 
cells simultaneously transports 1 Na + 1on, 1 K + ion 
and 2 C1- runs from the outside to the reside of the 
cells [14] Onuttance of Na + (replaced by chohmum) or 
C1- (replaced by gluconate) from the incubation 
medium reactivates the co-transport acUvlty [12,13] 
Since the co-transporter is not very active under 
steady-state condmons in the C6 ghoma cells, we 
stimulated its activity by perforrmng the experiments in 
hyperosmolar medium (addmon of 250 mM sorbltol 
[141) 
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Fig 1 Competatwe mlublUon of the Na+/K+/C1 - co-transporter by 
2,4-pentanedloi (A) and 2-butanol (B) All 86Rb+ uptake measure- 
ments m the presence and absence of anesthetic were performed v, ath 
and mthout 10 tiM bumetamde to obtain the bumetamde sensitive 
part of the total 86Rb+ uptake Incubauon was performed as de- 
scribed m Matenals and Methods The chloride 1on was replaced by 
gluconate to obtam mcubatmn medm with various CI- concentratmns 
keeping the concentratmn of the other tons constant To decide 
whether the binding ts competmve we constructed a modified Lme- 
weaver-Burk plot for enzyme functions having two substrate sites 
[17,18] Plotted is the reciprocal of the S6Rb+ transport acuvtty (l/v) 
(umts for v are nmol/mg protein per ml) against 1/[C1-]2 m the 
presence and absence of anesthetics The experiments were performed 
four ttmes w~th basically the same result Data are means+ devaataon 
of duphcate measurements of a representative experiment (m, A), 

control, (D), 100 mM 2,4-pentane&ol, (zx) 20 mM 2-butanol 

In order to study the stereoselecUvlty of the enantl- 
omers of 2-butanol and 2,4-pentanedlol we had to verify 
that these substances interact with the same site of the 
co-transporter as described for halothane and the lower 
n-alkanols (from methanol through pentanol) [14] Since 
these latter compounds were shown to mlub~t the co- 
transporter by competing with the chloride Ion for 
binding to the co-transporter we checked whether 2- 
butanol and 2,4-pentanedlol lntUblt the co-transporter 
in a smular manner The results of this expertment are 
presented m Figs 1A and 1B A modified Lmeweaver- 
Burk presentation of the data was needed because of 
the presence of two binding sites for the chloride ion 
[18,19] The reciprocal of the 86Rb+ transport activity 
( l / v )  is plotted against 1/[C1-]  2 m the presence and 
absence of the alcohols The intercept with the ordinate 
gives the Vm~ x of the co-transport activity The Vm~ x is 
not affected by 2,4-pentanedlol or 2-butanol suggesting 
a competmve mtublUon (Figs 1A and 1B) It seems 
therefore very hkely that these two substances interact 
with the same area of the co-transport protein as the 
lower n-alkanols and the volatile anesthetic halothane 

Effect of stereotsomers of 2-butanol and 2,4-pentanedtol 
on the actwlty of the Na +/ K +/CI - co-transporter 

Stereoselectlve action of enantlomers of anesthetics 
on the N a + / K + / C 1 -  co-transporter would imply that 
the anesthetics mteract at three points with a chtral 
center m its target molecule Non-selectivity wall be 
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Fig 2 Inhtbluon of the Na+/K+/C1 - co-transporter by enantlomers 
of 2,4-pentane&ol (A) and by enantlomers of 2-butanol (B) Incuba- 
tmns were performed as described m Materials and Methods The 
activity of the Na+/K+/CI - co-transporter in the absence of alkanol 
was taken as 100% and the activity m the presence of alkanol was 
calculated as percent of the unmtublted activaty Data are means + S E 
of four experiments performed m tnphcate n, (-)_enantlomer, [], 

( + )-enantiomer 

observed if the b ind ing  site does  not  have a chiral  
center,  or if b ind ing  involves on ly  one or  two po in t s  of  
a t t achmen t  Since the p r o p o s e d  h y d r o p h o b l c  pocke t  on  
the N a + / K + / C 1 -  co - t r anspor t  p ro te in  is of  h rmted  
size (pentanol  is the largest  molecule  that  fits J14]), on ly  
s tereoisomers  of small  anes thet ic  molecules  were tes ted 
F ig  2 shows the inh ib i to ry  effect of  enan t iomers  of  
2-butanol  and  2 ,4-pentanedio l  on  the N a + / K + / C 1  - 
co- t ranspor te r  F o r  2-butanol  an ICs0 value  of  23 m M  
was found which is close to the r epor t ed  EDs0 value of  
17 m M  for tadpoles  [2] F o r  2 ,4-pentanedio l  we ob-  
served an ICs0 value of approx  75 m M  for co- t rans-  
por te r  lnlubltlOn Unfor tuna te ly ,  no anes the t ic  po t ency  
da t a  are avadab le  for this subs tance  On  the basis  of  the 
m e m b r a n e  buffer  p a r t m o n  coeff icient  [20] one would  
expect  an anes thet ic  po tency  for t adpoles  of  150-200  
m M  Fig  2 fur ther  shows tha t  the enan t iomers  of  
2-butanol  and  2 ,4-pentanedlol  d id  not  s igmflcant ly  dif-  
fer in their  inbablt ion of the N a + / K + / C 1  - co- t rans-  
por te r  This  is to our  knowledge  the first  demons t r a t i on  
tha t  enan t lomers  of anesthet ics  are equal ly  po t en t  for  
an in tuhi tory  site which xs loca ted  on  a m e m b r a n e  
p ro te in  The  results  p resented  here and  prev ious ly  [14] 
show that  the N a + / K + / C 1  - co - t r anspor t e r  has  m o d e l  
charac ter  for the p r o p o s e d  anes thet ic  target  site(s) The  
lower n-a lkanols  and  ha lo thane  inhibi t  the co- t rans-  
po r t e r  according  to their  l ipid so lubdl ty  [14] showing 

tha t  a m e m b r a n e  p ro t e in  can  p rov ide  an hp ld -hke  en- 
w r o n m e n t  for the anes thet ics  The  lack of  stereoselectlv- 
i ty is fur ther  an ind ica t ion  tha t  the anesthet ics  in terac t  
m a ra ther  unspeci f ic  m a n n e r  w~th the co - t r anspor te r  
The  resul ts  p re sen ted  here and  prev ious ly  [14] suggest  
that  genera l  anes thes ia  can  be  caused  b y  direct  in terac-  
t ion of  genera l  anes thet ics  with h y d r o p h o b l c  areas  of  
m e m b r a n e  p ro te ins  
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