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The design of an instrument for intravital  measurement  of changes in the diameter  of mic ro -  
vesse ls  based on the principle of optical displacement of the image is described. A semiau-  
tomatic method is suggested for the graphic recording  of changes in the diameter  of m ic ro -  
vesse ls  with the aid of a r evers ing  mic romotor  and intervalograph. 

Comparison of various instrumental  methods of intravital  measurements  of the diameter  of mie roves -  
sels at intervals over  a period of t ime [1, 8, 9, 11, 13-15] shows that the methodbased on the principle of 
optical displacement ("splitting") of the image is the most  accurate  and has the highest resolving power [2, 
10, 12]. 

A d iagram of an instrument developed by the wr i te rs  on the basis  of this principle is shown in Fig. 
1A. A beam of rays f rom the objective, passing through the semi t ransparent  surface of a double p r i sm  
(Ps), is ref lected into the ocular  by an oscil lat ing m i r r o r  (M s) and a s imi lar  p r i sm (P2). Another beam is 
directed into the ocular  by the p r i sm  Ps, a s tat ionary m i r r o r  (Mz) , and the p r i sm  (P2). When the plane of 
the m i r r o r  (M s) is exactly paral le l  to the reflect ing surface of the m i r r o r  (M2) and p r i sms  (Pl) and (P2), 
the path of the beams coincides and a single image of the object is seen in the ocular  (additionally magnified 
by 1.6 t imes because of lengthening of the optical path by the crown glass pr isms) .  As the m i r r o r  (M s) 
moves ,  besides the image I (Fig. 1B) an identical image II of the same object is formed. Depending on the 
direct ion of rotation of the m i r r o r  (Ms) , the new image will be to the right or left of the image I. It has been 
shown [10, 12] that the d iameter  of the object measured  is direct ly proport ional  to the angle through which 
the m i r r o r  (Ms) must  be turned in order  to shift the image f rom position I to position II. 

The m i r r o r  (M 1) is rotated by means of a lever (1) fitted with ball bear ing (2). This ball is kept in 
contact with the cam (4), shaped like an Arch imedes '  spiral ,  by means of the spring (3). In this way the 
angle of rotat ion of the m i r r o r  (Ms) , fixed in cyl indrical  bear ings ,  is a l inear function of the angle of ro ta -  
tion of the worm gear (5). An indicator knob with dial graduated in divisions is fixed to the shaft (6) of the 
worm. The knob is rotated until one edge of the image I coincides with the edge of image II (Fig. 1B), and 
the number of divisions is counted. By multiplying the resul t  by a constant (for a given objective and ocu- 
lar),  the diameter  of the vesse l  in microns  is obtained. This constant is determined by cal ibrat ing the sys -  
tem with re fe rence  to the division of a stage mic romete r .  

The instrument is built as a separate  unit (Fig. 2) for use with the MBI-6 microscope  [6]. It fits into 
the socket of the binocular  adapter of the microscope  or  into the socket of its camera .  The method of fixing 
the unit allows it to rotate through 360 ~ in these sockets,  so that the diameter  of mic rovesse l s  located along 
any azimuth can be measured.  
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Fig. i. Diagram of instrument (A) and prin- 
ciple of measurement of diameter of micro- 
vessel (B). Explanation in text. 

Fig. 2. Apparatus mounted in the socket of 
the binocular adapter of the MBI-6 mic ro -  
scope. 

Fig. 3. Dynamics of constr ict ion of a r t e r i -  
oles of the mesen te ry  (1) and submaxil lary 
muscle  (2) of a frog induced by noradrenal -  
in. F r o m  top to bottom: record  of diame- 
ter  of ar ter iole ;  marke r  of time of n o r a &  
renalin application (10 # g / m l  in 1, 0.01 
# g / m l  in 2); a r rows mark  stopping r eco rd -  
ing for 7 rain (resumed 15 sec after  s t im-  
ulation); time marke r s  30 and 60 sec. Ob- 
jective 9; total magnification 252x. 

Displacement of the image is controlled through 
the binocular adapter which is fixed in the appropriate 
socket of the optical unit or (if secured in the socket for 
the camera)  by reference  to the sc reen  of the videocon- 
t rol  sys tem (VCS) of an industrial  PTU-26 television set 
[4]. In the lat ter  case,  the vidicon with its focusing and 
deflecting sys tems is fitted into the above-mentioned 
socket of the optical unit. The lat ter  are  taken out of 
their cumbersome factory cover  and mounted in a light 
screening tube with a ring for at tachment in the socket 
of the optical unit. The method of bringing out the image 
of the object to the VCS as suggested by Baez [8, 9] makes 
it possible to use the electronic contras t  control  in the 
video channel sys tem [4] and thus to underline par t icular  
s t ruc tura l  details of the object on the VCS screen.  

It must  be pointed out, however,  that there is a 
considerable loss of light flux in the optical unit. (Nei- 
ther  the m i r r o r s  nor the p r i sms  were coated.) For  the 
investigation of vesse ls  in objects of optically comparable  
density, the sensit ivity of the LI-415 vidicon used in the 
PTU-26 apparatus may prove inadequate. 

Changes in the diameter  of the mic rovesse l s  were 
recorded  graphically in two ways. In the f i rs t  way [8, 9] 
the shaft of the worm (6) (see Fig. 1A) is rigidly connected 
by a coupling (8) to a potentiometer  which is included in 
the circui t  of the dc source  in ser ies  with the amplifier.  
A high-precis ion,  mult iple- turn PPML-1 linear potenti- 
ometer  [5], a P-361 amplif ier ,  and an N-372 ink-writ ing 
mil l ivol tameter  were used. The last of these records  
the angle of rotation of the potent iometer  in a r e c -  
tangular sys tem of coordinates (total deflection 100 
mm) and a r eco rd  of the d iameter  of the vesse l  (Fig. 
3: I). 

The second, semiautomatic, method speeds up the 
measurement process a little and reduces operator fa- 
tigue. The worm (6) is connected by the coupling (8) (see 
Fig. 1A) with the shaft of a miniature reversing step mo- 
tor (SM) the speed of rotation of which can be varied 
within wide limits [3]. With a constant velocity of rota- 
tion of the SM the angle of rotation of the mirror (MI) is 
directly proportional to time. Having secured complete 
superposition of the images of the vessel by means of the 
indicator knob (7), the SM and the electromagnetic cou- 
pling of the intervalograph are simultaneously activated 
by a tumbler switch [7]. The pen of the intervalograph 
records the ordinate on the kymograph at constant veloc- 
ity. At the moment when the two opposite edges of the 
"split" image of the blood vessel come into contact (see 
Fig. IB) the operator throws over the tumbler switch, 
thereby reversing the direction of rotation of the SM and 
disconnecting the electromagnetic coupling of the inter- 
valograph. After 0.05 sec the time relay restores the 
connection and the intervalograph pen, which has returned 
to its initial position, begins to record the next ordinate. 
The height of the ordinates is directly proportional to the 

728 



d iamete r  of the m i c r o v e s s e l  (see Fig. 3: 2). The r eco rds  were  ca l ib ra ted  against  the divisions of a s tage 
m i c r o m e t e r .  With both methods of record ing  the height of the ordinates  is a l inear  function of the number  
of divisions.  

Calculat ion of the s tandard e r r o r  of the r e co rds  of 10-15 ordinates  using the graduat ions of the s tage 
m i c r o m e t e r  (10, 30, 50, or 100 ~; object ive 9 t imes ,  total  magnif icat ion 252 • showed that the degree  of 
e r r o r  of the method is de te rmined  by the c lass  of accu racy  of the record ing  ins t ruments  used. 

At the t imes  of complete  coincidence and separa t ion  of images  of the object  the light flux r eaches  its 
e x t r e m e  values.  This phenomenon enables the method to be comple te ly  automated,  and its rapidi ty  can be 
substant ia l ly  inc reased  by projec t ing  the image on a photosensi t ive  detec tor  and if the m i c r o m o t o r  is r e -  
v e r s e d  at e x t r e m e s  of the light flux. 

1. 
2. 
3. 
4. 
5, 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

LITERATURE CITED 

P. N. Aleksandrov and A. M. Chernukh, Byull. Eksper im.  Biol. i Med., 121 {1971). 
P. N. Aleksandrov and A. M. Chernukh, Pat. Fiz iol . ,  No. 1, 83 (1972). 
Sh. Yu. I smai lov ,  Automatic  Sys tems  and Ins t ruments  with Step Motors  [in Russian],  Moscow (1968). 
A. G. Kondra t ' ev  and M. I. Lukin, Industr ia l  Televis ion Techniques [in Russian],  Leningrad (1970). 
M. I. Konstantinovskii ,  Small  Analogue Computers  [in Russian],  Moscow (1966). 
G. E. Skvortsov,  V. A. Panov, N. I. Polyakov,  et al . ,  Microscopes  [in Russian],  Leningrad (1969). 
V. M. Khayutin, Byull. t~ksperim. Biol. i Med., No. 8, 72 (1955). 
S. Baez,  Science,  159, 536 (1968). 
S. Baez,  J. AppL Physiol . ,  2._1.1, 299 (1966). 
R. Ba re r ,  Nature,  188, 398 {1960). 
A. Castenholz,  Z. Wiss. Mikroskopie ,  6.__88, 193 (1967). 
J. Dyson, J. Opt. Soc. Am.,  50, 754 (1960). 
P. C. Johnson and W. H. Grea tbach ,  Methods Med. Res. ,  1_~1,220 (1966). 
P. C. Johnson,  J. Appl. Physiol . ,  23 ,593  (1967). 
C. A. Wiederhie lm,  J. Appl. Physiol . ,  1._8.8, 1041 (1963). 

729 


