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A method of objective recording of the a r te r ia l  p re s su re ,  pulse, and respi ra t ion of rats  during chronic 
experiments  is sugges ted .  By means of a clip housing two p iezocrys ta l s  the pulse and ar te r ia l  p r e s su re  
can be recorded  in the caudal a r t e r i e s .  To record  respi ra t ion  a thermopile consist ing of 5-10 thermo-  
couples (copper and eonstantan) is used; the pick-up is attached to the cage nea r  the animal ' s  nose. After 
appropriate amplification, the indices are recorded  on a self-wri t ing instrument.  

Various modifications of the plethysmographic  method have been widely used in recent  years  for 
bloodless determination of the a r te r ia l  p r e s su re  in small  labora tory  animals [2, 3, 4, 8, 9, 10]. An essent i -  
al defect of this method is that it cannot be used to record  the p re s su re  objectively. 

The respira t ion rate of small  animals is usually recorded  by means of a Marey ' s  capsule [7], but this 
method is insufficiently sensit ive,  especial ly  during shallow breathing.  

We have attempted to find an objective method of recording these indices. The ar te r ia l  p r e s su re  and 
pulse of the rats  are measured  in the main caudal a r te r ies ,  the larges t  of which lies along the ventral  sur -  
face of the tail, the other two along the lateral  surfaces .  ]?he pulse waves are picked Up by means of a 
p iezoelect r ic  element. 

This principle of recording is not new but has been used for recording the pulse in man [5] and large 
animals.  

The pick-up consis ts  of a clip (Fig. 1, A) made of thin b ra s s ,  inside which two piezoelectr ic  elements  
(4), connected in paral lel ,  are fixed by means of polyvinyl chloride insulating tape. The working area of the 
clip (2) is bent at an angle of 120-130 ~ and one of the piezoelect r ic  c rys ta l s  lies on each plane forming an 
obtuse angle. The planes of the angle are slightly curved (B). This shape is essential  so that the crysta l  
lies not on the smooth surface,  but some distance from the ends (making it more sensitive). 

The clip is applied to the r a t ' s  tail in such a way that the crys ta l  lies above the la teral  and the other 
above the ventral  caudal a r te ry .  

The compress ion  cuff (D), made of b rass ,  is 14 mm in length, 11 mm in d iameter  at the center,  and 
15 ram at the edges. The slightly ever ted edges prevent  the thread fixing the inner rubber  par t  of the cuff, 
made f rom the finger of a surgical  glove, f rom slipping. 

A brass  tube leaves the middle of the cuff and connects in to a manometer  (11) for visual observation 
of the p r e s s u r e  crea ted  by a pumping balloon (12) and contact manometer  (13). ~ With a 'change in p r e s su re  
in the pneumatic cuff produced by the regulating screw of the p re s su re  bulb (14) the contact manometer  
produces apulse  of cur ren t  every  10 mm Hg, and this is recorded by the writing instrument.  

The compress ion  cuff (D) is placed on the r a t ' s  tail near to its base.  The pick-up clip (A) is fixed 3- 
5 mm away. The free par t  of the tail is placed in a plexiglass tube (16), the beginning end of which is fixed 
to the front wall of a plexiglass bath (17). The bath is filled with tap water  at a constant tempera ture  of 37- 

For a description of the contact manometer, see the paper by Yu. G. Nefedov and co-workers [6]. 
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Fig.  1. D iagram of appa ra tus  for  r eco rd ing  a r t e r i a l  p r e s s u r e ,  
pulse ,  and r e s p i r a t i o n  in albino ra t s .  A) Genera l  appea rance  of 
clip;  B) one of the working a r e a s  with the p i e z o c r y s t a l ;  C) 
blank for  cl ip (two deta i l s ) ;  D) pneumat ic  cuff; E) r e s p i r a t o r y  
p ick-up ;  F) a r r a n g e m e n t  of r e s p i r a t o r y  p ick-up nea r  nasa l  aper-  
ture of cage; G) gene ra l  view of appara tus .  Rema inde r  of ex-  
p lanat ion  in text .  

40 ~ The t e m p e r a t u r e  of the bath is  checked by two t h e r m o m e t e r s  (18), p laced  where  the wa te r  e n t e r s  the 
bath and leaves  it. To main ta in  a constant  w a t e r  t e m p e r a t u r e  a heat ing s y s t e m  should not be used as r e -  
commended by A. Kh. Kogan [3], because  this would lead to the appea rance  of e l e c t r i c a l  i n t e r f e r ence  af-  
fect ing the pur i ty  of the pulse record ing .  Tap w a t e r  of the r equ i r ed  t e m p e r a t u r e  can be used,  suppl ied to 
the bath through tubes.  

The r a t ' s  ta i l  must  be w a r m e d  for  about 5 rain, and a f te r  this as a rule  a c l e a r  pulse  a ppe a r s  which 
can be r e c o r d e d  by the wr i t ing  ins t rument .  During work  with a l a rge  number  of an ima l s ,  two or  three  se ts  
of equipment  for  m e a s u r i n g  a r t e r i a l  p r e s s u r e  and r e s p i r a t i o n  must  be ava i lab le .  In these ca ses  the p r e s -  
su re  bulb (12) and the two m a n o m e t e r s  (11, 13) a re  connected with two or  three pneumat ic  cuffs by means  
of a meta l  tube (19). When m e a s u r i n g  p r e s s u r e  the r ema in ing  cuffs a re  d isconnected by means  of the taps 
(20). A ca re fu l  check on the a i r t i gh tne s s  of the sy s t em must  be kept.  The pulse  p ick-up  must  opera te  
alone, and it must  be fi t ted i m m e d i a t e l y  before  the m e a s u r e m e n t .  

When r eco rd ing  the pulse ,  the r e s p i r a t o r y  rhythm is often r e c o r d e d  on the sphygmogram curve.  This 
usua l ly  indica tes  that  the tai l  does not lie in one plane (from its base  to the place  where  it en t e r s  the hea t -  
ing tube), and that a s m a l l  kink is p r e s e n t  somewhere .  Somet imes  the pos i t ion  of the p ick-up  must  be 
changed, br inging  it s l igh t ly  n e a r e r  to the pneumat ic  cuff, because  the pulse  is r e c o r d e d  b e t t e r  at the base  
of the ta i l .  

The a r t e r i a l  p r e s s u r e  begins  when a c l e a r  pulse  is  r ecorded .  As the sphygmogram is  r e c o r d e d  the 
p r e s s u r e  in the pneumat ic  cuff is r a i s e d  until  the pulse  d i s appea r s .  The adjus t ing  s c r e w  is opened, the 
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Fig. 2. K y m o g r a m  of a r t e r i a l  p r e s s u r e ,  pulse,  and resp i ra t ion  
of albino ra t s .  a) Time m a r k e r  (1 sec);  b) pulses  of contact  
m a n o m e t e r  ( interval  10 ram); c) pulse;  d) resp i ra t ion ;  d) line 
drawn f r o m  f i r s t  pulse wave to readings  of contact  manomete r .  

p r e s s u r e  in the pneumat ic  cuff lowered,  and when it b ecomes  equal to sys to l ic  and the f i r s t  port ion ofbtood 
p a s s e s  through the vesse l ,  the pen of the se l f -wr i t ing  ins t rument  {with the aid of the p iezoe lec t r i c  pick-up) 
once again s t a r t s  to r eco rd  the pulse.  The record ing  mus t  be continued until impulses  f rom the contact  
m a n o m e t e r  a re  no longer recorded .  The number  of impulses  of the contact  m a n o m e t e r  f rom the f i r s t  
pulse wave (Fig. 2, e) r eco rded  a f te r  compres s ion  shows the sys to l ic  p r e s s u r e  (in the record ing  i l lus t ra ted  
it is 130 mm;  Fig. 2). 

Four  such m e a s u r e m e n t s  mus t  be made and the mean obtained. The in terva ls  between sepa ra t e  mea- 
s u r e m e n t s  must be not less than 2-3 rain. 

Respiration of the rats is recorded by means of a thermopile [i]. 

Depending on the sensitivity of the recording apparatus, the thermopile consists of 5 or I0 thermo- 
couples (Fig. i, 5). It is fixed near the nasal aperture of the cage (Fig. i, f). This arrangement does not 
interfere with the animals' breathing. With a change in temperature of the inspired and expired air, an 
electromotive force is generated in the thermopile. Each thermopile consists of a length of copper and 
constantan measuring 15 mm in length and 0.2 mm in diameter. The thermocouples are welded by means 

of an electric arc. They are connected in series to form a pile. Firm metal plates are folded to the outer 
free ends (Fig. i, 8). All the top junctions are placed between two thin organic glass plates (Fig. i, 9). 
Crocodile clips are fixed to the projecting free ends of the metal plate (Fig. i, 22), connecting the thermo- 
pile through the amplifier to the self-writer. They are easily removed and fix the wire securely to the 

output of the thermopile. 

When measuring the arterial systolic pressure of 22 rats (initial weight 120-140 g) over a period of 
six months we found that the variation in pressure of individual animals during the experiment did not ex- 
ceed 5-10 ram, or on some days 10-20 ram. The pressure of most rats was 110-120 mm. 

The pulse rate of rats is a more labile index, fluctuating by 30-60 per minute on different days. How- 
ever, in the course of one experiment the values were more stable and fluctuations did not exceed 5-15 per 
minute. The pulse rate of most animals investigated was 390-490/rain. 

We also found considerable variability of the respiration rate in individual animals, although the re- 

spiration rate of most of them lay within the range 100-40/rain. 
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