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S I M U L T A N E O U S  R E C O R D I N G  OF T H E  

T R A N S P U L M O N A R Y  P R E S S U R E  AND E L E C T R O M Y O G R A M  

OF T H E  D I A P H R A G M  

V. A.  L o p a t i n ,  M.  L .  F i n k e l  ~, 
V. V. B a r a n n i k o v ,  a n d  O. V.  T e r e k h o v  

UDC 616.329-008.718-073.178 + 
616.26-073.97 

To r eco rd  the hys te res i s  loop and e Iec t romyogram of the diaphragm simultaneously it is r e c o m -  
mended that a standard probe of the sor t  used to r eco rd  the intraesophageal  p ressure ,  on which 
s i lver  e lec t rodes  are  mounted, be used, This method provides fuller information on the work of 
the r e s p i r a to ry  muscles .  

KEY WORDS: t ransputmonary p ressure ;  e l ec t romyogram of the diaphragm; e lec t rode-probe .  

The methods nowadays mos t  widely used to Investigate the work of the r e sp i r a to ry  muscles  are calcula-  
tion of the work done in overcoming the elast ic and nonelastic res is tance  to respi ra t ion  f rom the p r e s s u r e -  
volume curve (hysteresis  loop) and e lec t romyography of the r e sp i r a to ry  muscles .  The f i r s t  method yields data 
which are integral indices of all fo rces  taking par t  in the mechanics  of the r e sp i r a to ry  act; the second method 
gives an idea of the relat ive role of par t icular  r e sp i r a to ry  muscles  in the work of resp i ra t ion  in the different 
phases of the r e s p i r a t o r y  cycle. 

Usually the two methods are used separately,  but this makes compar ison of their resu l t s  difficult. It 
seemed worthwhile to combine these cl inical-physiological  methods of investigation in order  to be able to ob- 
tain fuller information on the biomechanics of respirat ion.  

For  this purpose the wr i te rs  have used an esophageal  probe, forming par t  of the set of ins t ruments  used 
to study the elast ic proper t ies  of the lungs and the work of respi ra t ion  and, in part icular ,  par t  of the rrcompli- 
ance test 't apparatus manufactured by the f i rm of Godart. The p ressure  measured  in the lower third of the 
esophagus cor responds  mos t  adequately to the true intrathoracie  p ressu re  [1-51. With the p ressure  t ransducer  
located there the coefficient of corre la t ion between the intraesophageaI and intrapleural  p re s su re  is 0.99 [6]. 
Usually the intrathoracic  p ressure  is measured  by a d i f fe ren t i a lmanomete r  relat ive to the p ressure  in the 
mouth. In this case the res i s tance  of the instrument  is automatically subtracted and the manometer  shows the 
true intrathoracic,  or so-cal led  t ranspulmonary,  p ressure ,  one of the mos t  important  pa ramete r s  for the cal-  
culation of many indices of the biomechanics of resp i ra t ion .  

When the probe is located in the lower third of the esophagus, after slight modification it can also be used 
as a bipolar electrode for e lec t romyography of the diaphragm. The modification is as follows. Two si lver  
e lec t rodes  5 mm in diameter  and 0.3 mm thick are  glued to the thin-walled rubber  balloon of the standard probe 
for record ing  the intraesophageal p ressure ,  at a distance of 10 and 30 mm f rom its "blind" end. A lead made 
f rom copper wire 0.06 mm in diameter ,  with Vinfflex insulation, is soldered to each electrode.  The wires run 
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Fig.  i .  Construct ion of t r ansducer  for s imul taneous  r eco rd ing  of in t raesophagea l  p r e s -  
sure  and e l e c t r o m y o g r a m  of d iaphragm,  i) Round-headed s topper ;  2) s i lve r  e l ec t rodes  
for  r e c o r d i n g  e l e c t r o m y o g r a m  of d iaphragm;  3) rubbe r  balloon of in t raesophagea l  p r e s -  
sure  t r ansducer ;  4) mouth of balloon; 5) leads conveying biopotent ia ls  of d iaphragm;  
6) tube t r ansmi t t i ng  in t raesophagea l  p r e s s u r e ;  7) holes t r ansmi t t i ng  p r e s s u r e  f r o m  bal-  
loon to tube; 8) ape r tu re  for  connecting t r ansduce r  to "compl iance  test" appara tus ;  
9) e l e c t r i c a l  connecting unit; 10) sockets  for  connection to e l ec t romyograph .  
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Fig. 2. Samples  of r e c o r d s  of e l e c t r o m y o g r a m  of d iaphragm and h y s t e r e s i s  loop obtained 
by means  of the e l e c t rode -p robe .  A) F r o m  top to bottom: pulse on top line m a r k s  end of 
inspi ra t ion  phase;  e l e c t r o m y o g r a m  of d iaphragm;  e l e c t r o m y o g r a m  of in te rcos ta l  musc l e s ;  
t ime m a r k e r  (0.1 sec).  B) H y s t e r e s i s  loop. 

inside a hollow and p rac t i ca l ly  incompress ib l e  polyethylene tube, which s e r v e s  to t r a n s m i t  a i r  into the balloon 
and the a i r  p r e s s u r e  f rom the balloon to the ampl i f ie r ,  and they are  so ldered  to the connector  unit mounted on 
the outer  end of the tube. The body of the connector  unit is molded f rom epoxide r e s i n  and it is 18 m m  long, 
9 m m  wide, and 18 m m  high. The points of contact  of the e l ec t rodes  with the balloon, of the neck of the balloon 
with the tube, and of the connector  unit with the tube are  made thoroughly a i r t ight  with a mix tu re  of 88 glue and 
rubbe r  glue in the propor t ion  of 1:3. The const ruct ion of the suggested e lec t rode  probe is i l lus t ra ted  in Fig. 1, 
and s amp le s  of the EMG of the d iaphragm and the h y s t e r e s i s  loop obtained with its aid are  given in Fig.  2. 
Special  t es t s  showed no significant  d i f ference  between the values of the f luctuat ions of t r anspu lmonary  p r e s s u r e  
r e c o r d e d  by means  of the "compl iance  test" probe and the e lec t rode  probe of the w r i t e r s '  own design. 
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C U L T U R E  OF S T R A I N  L M O U S E  F I B R O B L A S T S  

ON S I L I C A - G E L  S L I D E S  

S. Z .  B r o t s k a y a  UDC 612.74-085.23 

A method of culturing s train L mouse f ibroblasts  on s i l ica-gel  slides, prepared f rom KSK 
si l ica gel, has been developed. Sterile s i l ica-gel  slides, f ree  f rom organic impuri t ies ,  suitable 
for petr i  dishes or test  tubes, can be used successful ly  as supporting media for the normal  de-  
velopment of this culture.  

KEY WORDS: culture of mouse f ibroblasts ;  s i l ica-gel  slides. 

Culture of f ibroblasts ,  especial ly f rom strain L mice,  is ca r r i ed  out on very  complex liquid media con- 
raining many components.  As they develop, the cells of this culture become attached to the smooth surface of 
the slide, flask, or tube, to form a continuous monolayer .  On a solid water - repe l lan t  surface or a soft hydro-  
philic surface the cells  do not form a monolayer  and, consequently, they do not develop. Maroudas [7] con- 
s iders  that in such cases  it is the s t ructure  of the medium on which the f ibroblasts  develop which is mainly 
responsible .  

Rovenskii  et al. [3, 4, 9] descr ibe  a ser ies  of investigations which indicate that cul tures  of s t rain L 
mouse f ibroblasts  can be grown on various supporting subst ra tes  with an oriented s t ructure .  They include 
fibrous gels, fish scales ,  and also slides prepared  f rom various chemical ly inert  polymers ,  such as polyvinyl 
chloride, polymethacrylate ,  and polyethylene. By means  of the scanning electron microscope ,  these workers  
observed the dynamics of development and at tachment of mouse f ibroblast  cells  to a polyvinyl chloride slide 
40 p thick. They found that cells  can attach themselves  to such slides, on which intensive growth of the culture 
was possible.  

In the course  of work connected with selection of the mold Asp. t e r r i co la  s t ra in  No. 5, the wri ter  found it 
n e c e s s a r y  to devise a method of culturing s train L mouse f ibroblasts  on a solid ster i le  medium that would 
promote its normal  development. Fu r the rmore ,  the supporting medium mus t  be f ree  f rom organic impuri t ies  
and suitable for d i rec t  mic roscop ic  examination of the growing culture by means  of an ordinary,  and not an 
inverted, mic roscope .  

The resu l t s  of these investigations are descr ibed below. 

EXPERIMENTAL METHOD 

Exper iments  were ca r r i ed  out with a well-developing 3-day culture of s t rain L mouse f ibroblasts  grown 
on liquid medium No. 199 [8]. In view of the demands with r e spec t  to the medium listed above, and in the 
attempt to create  conditions for growth of the culture s imi lar  to those usually obtaining when grown on glass,  
an attempt was made to grow this culture on thoroughly washed cellophane and on s i l ica-gel  slides. The ex-  
per iments  with cellophane were unsuccessful .  For  the work with s i l ica-gel  slides, the KSK brand was used. 
The si l ica sol for these slides was obtained by Kryukov by Gal 'chenko 's  method* [1].  

*The author is grateful to V. K. Kryukov for providing the si l ica sol. 
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