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E F F E C T  OF G E N E R A L  A N E S T H E T I C S  ON 

S U R F A C E  A C T I V I T Y  O F  T H E  L U N G  

A L V E O L A R  S U R F A C T A N T  

O~ V. P e t r o v  a n d  S~ K.  L y u b a r s k i i  UDC 615.212.7.015.4:612.212.014.1.014.462.8 

The sur face  p rope r t i e s  of  the lung sur fac tan t  were  studied with a modified Wi lhe lmy ' s  appa-  
ra tus  af ter  genera l  anes thes ia .  Halothane and, to a l e s s e r  degree ,  pentobarbi ta l ,  were  shown to 
inhibit the sur face  act ivi ty  of the surfactant .  This  phenomenon was obse rved  only af ter  p ro -  
longed (4-6 h) genera l  anes thes ia .  

KEY WORDS: sur face  act ivi ty of the tung surfactant ;  gene ra l  anesthet ics .  

After long operat ions  under genera l  anes thes ia  pulmonary complicat ions often a r i se .  In par t icu lar ,  the 
e las t ic i ty  of the lung d iminishes  and a t e l e c t a s i s  is obse rved  [ 1, 3, 4, 7, 8]. These  pulmonary  d i s o r d e r s  have 
been shown to be la rge ly  due to d is turbance of the s ta te  of the sur fac tants  which fo rm the inner lining of the 
a lveolar  sur face  [ !0] :  It has there fore  natura l ly  been suggested that under  the influence of genera l  anes the t ics  
the p rope r t i e s  of the sur fac tan t  a re  inhibited. It mus t  be r e m e m b e r e d  that the possible  mechan i sms  of d i s -  
turbance of the su r face  act ivi ty  of sur fac tan ts  may be connected e i ther  with a d i r ec t  d is turbance of the su r f ac -  
rant act iv i ty  by genera l  anes thet ics  and with the "elution" of the sur fac tan t  f rom the alveoli  as a r e su l t  of un-  
suitable conditions of a r t i f ic ia l  ventilation of the lungs [ 13]. 

In this investigation the effect  of genera l  anes the t ics  on the sur face  act ivi ty of the surfac tant  was studied 
in r a t s  breathing spontaneously.  

E X P E R I M E N T A L  M E T H O D  

Exper imen t s  were  c a r r i e d  out on noninbred ra t s  weighing 130-180 g. The animals  were  kept in an a i r -  
tight chamber  into which halothane was supplied in the propor t ion of 1-2 vol.  ~ in a cu r ren t  of oxygen through 
a F toro tek  vapor ize r .  The halothane concentrat ion at the outlet  of the vapor i ze r  was chosen so that the response  
of the r a t s  to nociceptive s t imulat ion (pricking with an injection needle) was suppressed .  After haiothane anes -  
thes ia  for 2-6 h the hear t - lung  prepara t ion  of the r a t s  was removed.  A solution of su r fac tan t  was obtained by 
t rachea l  i r r igat ion.  Fo r  this purpose,  7-10 ml of physiological  saline was injected f rom a syr inge through the 
t r achea  into the lungs. After  the lung had been filled, the washings were  asp i ra ted  and the procedure  repea ted  
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Fig. 1. Hysteres is  of surface tension of lung surfactant.  Continuous 
line represen ts  normal  lung; broken line, after  general halothane 
anesthesia for 6 h. Abscissa,  a rea  of surface (in ~); ordinate, s u r -  
face tension (in dynes/cm).  

seven times with the same volume of fluid. As a result ,  a slightly turbid, frothy fluid, the volume of which was 
80-90~ of the initial volume, was obtained. Contaminating cells were sedimented by gentle centrifugation {at 
300g for 10 min). 

The resul t ing solution of surfactant  was tested with a modified Wilhelmy's  apparatus [1] and the r e l a -  
tionship between the surface tension of the solution of surfactant  and the area of surface occupied by the mono- 
layer  in the course  of its cyclic changes (Fig. 1) was expressed  graphically. The surface activity of the wash- 
ings was judged from the value of the minimal surface tension (7min) achieved by compress ing  the surface 
from 100 to 20c~, 

E X P E R I M E N T A L  RESULTS 

Unlike in the investigations of Miller and Thomas [9, l l ] ,  who found no changes in surface activity in 
homogenates of lung tissue after general anesthesia in patients without lung diseases, the results of the pres- 
ent experiments pointed reliably to a clear disturbance of surface activity of the surfactants after general 
halothane anesthesia. These changes appeared after the animals had been kept for a long period in an atmo- 
sphere containing 1-2 vol ~ of h~lothane. 

In the rats of the control group Train was 21.6 �9 0.56 dynes/cm. In the experimental animals kept in an 
atmosphere of oxygen for 4-6 h under halothane anesthesia, Train rose considerably to reach 30 • 1.4 dynes/cm 
(P < 0.01). 

By the experimental conditions the anesthetized animals were kept in an atmosphere of oxygen, which 
corresponds to the clinical method of conducting general anesthesia. However, there is evidence in the l i tera- 
ture of the toxic action of pure oxygen on the surfaetant system in mammals [6]. In order, therefore, to dif- 
ferentiate between the action of halothane and that of oxygen on the lung surfactant an additional series of ex- 
periments was carried out in which, instead of oxygen, air was supplied into the chamber containing the animals 

in both the control series and the experiments with general anesthesia. In that case Train for the control ani- 
mals, kept in an atmosphere of air, was 21.3 • 2.1 dynes/cm, i.e., the same as in rats kept for6 h in an atmo- 

sphere ofoxygen. After anesthesia for 6 h, Train for animals kept in an atmosphere of air rose considerably to 
32 �9 1.5 dynes/cm. The results of these experiments thus showed that keeping the animals in an atmosphere of 
oxygen for 6 h had no effect on their surfactant system and, consequently, the changes in that system could not 

be attributed to the action of oxygen. 
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This incease in Ymin likewise could not be at tr ibuted to secondary  changes connected with inadver tent  
overdosage  of the anesthet ics ,  for the surv iva l  ra te  of the animals  af ter  the conditions of genera l  anes thes ia  
chosen was 100~. 

A significant  d is turbance  of the su r f ace -ac t i ve  p rope r t i e s  of the sur fac tan t  was obse rved  only af ter  long 
per iods  (4-6 h) of genera l  anesthesia ,  tn the ea r ly  s tages  (under 2 h) no significant  changes in the value of 
~'min were  found (after  2 h ~/min was 24 • 1 d y n e s / e m ,  i.e.,  indist inguishable f rom the control ,  22.7 e: 0,9 
dynes /em) .  

Additional data  on the action of g e n e r a l a n e s t h e t i c s  on sur fac taa t  act ivi ty  were  obtained for another sub-  
s tance  used in anes thes ia ,  namely  pentobarbi tal .  During prolonged (4-6 h) pentobarbi ta l  anes thes ia  (3 mg/100 g) 
some d e c r e a s e  in the sur face  act ivi ty of the sur fac tan t  a lso  took place (~/min inc reased  to 24-27 d y n e s / c m ;  
P < 0.05). However,  this change was less  marked  than in halothane anes thes ia .  

As a l ready  stated,  changes in the p r o p e r t i e s  of the surfac tant  under the influence of halothane were  ob- 
se rved  only af ter  prolonged anes thes ia  (4-6 h), i .e.,  much la ter  than the manifes ta t ion of its dep res san t  action 
on the CNS. This  sugges ts  that the effect  of the genera l  anesthet ics  on the sur fac tan t  is exer ted  not at the 
level  of phys icochemica l  convers ions  in the monolayer ,  (for whiehthe t ime requ i red  is comparab le  with the 
t ime for sa tura t ion of the body with the anesthet ic ,  i .e.,  about 10 rain), but at the level of synthesis  or  of sup-  
ply of the sur fac tan t  to the surface .  The r e su l t s  of an investigation by Evans et  al. [ 5], in which no changes 
were  found as a r e su l t  of exposure  of a monolayer  of lecithin to inhalation anes thet ics  in expe r imen t s  in vitro,  
conf i rm this hypothesis.  

This  hypothesis  r egard ing  the mechan i sm of the dis turbance of sur face  act ivi ty of the sur fac tan t  explains 
the negative r e su l t s  obtained in the invest igat ions mentioned above [9, 11]. In fact, if during genera l  hatothane 
anes thes ia  the synthesis  of sur fac tan t  or  its supply to the surface  of the alveolus is dis turbed,  a new r e d i s t r i -  
bution of phospholipids takes place between the cei ls  synthesizing the sur fac tan t  and the monolayer  on the s u r -  
face of the hypophase of the alveolus.  Meanwhile the "total" phospholipid obtained by homogenization of lung 
t issue r ema ins  unchanged, as these authors observed.  

The dec rea se  in the sur face  activity of the sur fac tan t  d i scovered  during genera l  halothane anes thes ia  
d i rec t ly  conf i rms  the conclusions obtained by Woo et  al. [ 12], who found a dec r ea se  in the e las t ic i ty  of the 
isolated lungs of dogs during ar t i f ic ia l  ventilation with a gas mixture  containing genera l  anes the t ics  and who 
explained these changes by a d is turbance of the p rope r t i e s  of the surfactant .  

This  exper imenta l  investigation,  in conjunction with data in the l i t e ra tu re ,  thus shows that pulmonary 
complicat ions  a r i s ing  af ter  prolonged genera l  anes thes ia  may be at t r ibutable  to the inhibitory effect  of the 
genera l  anes the t ics  on the act ivi ty of the lung surfactant .  
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