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Benzyl Alcohol Blocks Voltage-Gated Sodium Channels and Fir ings of
Cort ical Neurons of Rat Brains
* *  J iang H.  Ye,  M.D. ,  Yong L .  Lu ,  M.D. ,  G len  At las ,  M.D.

Anesthes io logy ,  UMDNJ,  New JerseyMedica l  Schoo l ,  Newark ,  New Jersey

Background:  Benzy l  a lcohol  (BZA) is  an organic  compound wide ly  used as a  bacter ios ta t ic  preservat ive,
l n  add i t i on ,BZAhas  l oca l  anes the t i c  p rope r t i es .  Th i s  i s  suppo r ted  byp rev ious  s tud ies  wh i ch  have
demons t ra ted  t ha tBZA inh ib i t s  musc le  and  neu rona l  sod ium channe l s  exp ressed  i n  human  embryon i c
k idney ce l ls  (Haeseler  e t  a l . ,  2000;  Buchholz  e t  a l . ,  2009) .  However ,  the e f fec ts  o f  BZA,  on sodium
currents  and act ion potent ia ls  o f  nat ive neurons,  ha l re  notbeen repor ted. In  th is  s tudy,  we have e>emined
the proper t ies  o f  BZAon vo l tage-gated sodium channel  cur rents ,  and the spontaneous f l r ing,  o f  cor l ica l
neu rons  f r om ra t  b ra ins .

Method:  Patch-c lamp techniques,  inc lud ing the whole-ce l l  and ce l l -a t tached modes,  were used to  record
e lect rophys io log ica l  s igna ls  f rom neurons f resh ly- iso la ted f rom the cor texof  ra t  bra ins (age 10-20
postnata l  days)

Resul ts :  BZArevers ib lysuppressed depolar izat ion- induced whole-ce l l  sod ium inward cur rents .  Th is
b lockadedependedon  BZAconcen t ra t i ons ,w i t han  lC (50 )  o f  7 .5  mMfo r thesod ium cu r ren t sevoked
f rom a ho ld ing potent ia l  o f  -70 mV.  BZAalso b locked the sodium currents  evoked bya l l  tes tpotent ia ls . ln
addi t ion,BZA(8.3 mM) s ign i f icant lysh i f tedthe% act ivat ion vo l tage f rom -49.5 t  3 .6  mVto -39.6 t  5 .8  mV
(n = 8)  and the s lope factors  f rom 3.7 t  4 .2  to  7  .2  !  5 .1 .  Converse ly ,  BZA (8.3  m M) sh i f ted the %
inact ivat ion vo l tage f rom -66.0 t  0 .5  mV to  -72.4 t  0 .4  mV (n=7)  wi thout  s ign i f icant ly  changing the s lope
factors .  A lso,  BZA(8.3 mM) d id  nots ign i f icant lychange the recovery t imes.  These were noted to  be 27.0
ms for the cont ro l  group and 28.3 ms for the BZAtreated group.  Th is  b lockade was noted to  s tar l
immed ia te l yas  BZAwas  app l i ed  t o  each  ce l l  body .  The  b lockade  then  reached  a  p la teau  w i t h i n  3  s .
Fo l lowing th is , the b lockade recovered to  i ts  cont ro l  leve l  w i th in  2  s  a f terwashoutof  the BZA-conta in ing
solu t ion.  Fur thermore,  increas ing the s t imulat ing f requency,  f rom 1 to  5  Hz,  shor tened the onset t imes
but  pro longed the of fset  t imes.  Th is  ind icates that  BZA b lockade is  use-dependent .  F ina l ly ,  BZA
supp ressed  the  spon taneous  f i r i ng  o f  co r t i ca l  neu rons .

Conclus ion:  BZAblocks vo l tage-gated sodium currents ,  and spontaneous f i r ings,  o f  f resh ly- iso la ted
neurons f rom the cor tex o f  ra t  bra ins.  These ef fec ts  may cont r ibute  to  i ts  loca l  anesthet ic  proper t ies .
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