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A modif ic  ati  on of the method of de te rmina t ion  of renin ac t iv i ty  in a single g lomeru lus  and 
i ts  f r a g m e n t s ,  based  on the use  of cold EDTA- t rea ted  whole p l a sma  of nephrec tomized  an i -  
m a l s  as the renin subs t r a t e ,  is suggested to r ep lace  the use of a subs t r a t e  obtained f rom 
p l a s m a  by the p rev ious  compl ica ted  method.  A number  of s impl i f ica t ions  a r e  made  to the 
biological  method of renin  de te rmina t ion .  Soviet equipment is used for all the p rocedu re s .  
The pr inc ip le  of  the modif ica t ions  is sui table  for cl inical  pu rposes .  
KEY WORDS: rena l  g lomeru lus ;  renin; j ux t ag tomeru la r  appara tus .  

Dete rmina t ion  of the renin concentra t ion in single g lomeru l i  is a ve ry  valuable p rocedu re  for  the i n v e s -  
t igat ion of  m a n y  p r o b l e m s  in the physiology and pathology of the kidney,  espec ia l ly  in conjunction with m o r -  
phological  or  m ic ro punc t u r e  s tudies .  Several  methods  of de te rmin ing  renin  act ivi ty  a r e  known [13], but they 
a r e  e i ther  insens i t ive  or  they r equ i r e  complex ,  p r e c i s e ,  and mul t i s t age  b iochemica l  manipula t ion in o r d e r  to 
obtain the s u b s t r a t e  for renin f rom the blood p l a s m a .  The s i m p l e r  method [12] proved  unsuccessfu l  in the 
w r i t e r ' s  hands.  It was t h e r e f o r e  decided to use  whole blood p l a sma  f rom nephrec tomized  r a t s  as the sou rce  
of the s u b s t r a t e ,  as  is widely used for  the invest igat ion of renin in d i f ferent  ob jec t s ,  including d i f ferent  pa r t s  
of  the nephron [2, 3]. In the l a t t e r  c a s e ,  the t e s t  m a t e r i a l  was obtained f rom a pool of d i f ferent  nephrons .  
Having t r i ed  s e v e r a l  modi f ica t ions ,  a s imple  method of de te rmina t ion  of renin in the single g lomeru lus ,  p e r -  
fect ly  s a t i s f ac to ry  for  our  p u r p o s e s ,  was obtained.  

P B E P A R A T I O N  O F  T H E  P L A S M A  

Wis tar  r a t s  were  nephrec tomized  48 h before  the blood was taken.  Blood was col lec ted  under p e n t o b a r -  
bi tal  anes thes i a  (60 m g / k g )  through a polyethylene cannula f rom the caro t id  a r t e r y .  The r a t s  w e r e  f i r s t  h e p -  
a r in ized  (500 un i t s /kg ) .  P l a s m a  was sepa ra t ed  by centr i fugat ion at  4~ (5000 r p m ,  15 rain),  col lec ted  in a c o m -  
mon  r e c e i v e r ,  and kept  at  -20~ Such p l a s m a ,  as the wr i t e r  has shown [5], does not contain renin.  To in -  
c r e a s e  the sens i t iv i ty  of the method ,  the modif ica t ion desc r ibed  by Osmond et al .  [10] was used. The p l a sma  
was thawed, mixed  in the ra t io  of  4 : 1  with cold 3.8% Na-EDTA solution,  pH 6.5, and kept at 4~ The yield of  
angiotensin dur ing subsequent  incubation is i nc r ea sed ,  depending on the keeping t ime ,  a f t e r  addition of the s a m e  
quanti ty of  renin .  Af ter  keeping for 7 days ,  the yield of  angiotensin pe r  hour of  incubation was shown to be in-  
c r e a s e d  by 2.8 t imes  c o m p a r e d  with a keeping t ime  of 1 day [5] (Fig. 1). This t ime  is to be p r e f e r r e d ,  for it 
is convenient  for  p r epa ra t i on  of the p l a s m a .  Moreove r ,  a fu r ther  i nc rease  in the t ime  ought not to i nc rea se  
sens i t iv i ty  s ignif icant ly ,  for  a f t e r  keeping for 5 days  the angiotensin yield does not i nc rea se  significantly.  

C O N D I T I O N S  O F  I N C U B A T I O N  

The effect  of  incubation t ime ,  of the volume of p l a s m a ,  and of the angiotens inase  inhibi tor  contrykal  [8] 
on the angiotensin yield was de t e rmined  exper imen ta l ly .  For this purpose  a homogenate  of the kidney cor tex  
of a Wis tar  r a t  was used (as the sou rce  of  renin).  This was p r e p a r e d  in the propor t ion  of 1 ml  0.15 M phos -  
phate  buf fe r ,  pH 6.5, to 1 m g  t i s sue ,  and 0.01 ml  of the product  was added to each sample  of p l a sma .  The s a m -  
ples  were  incubated for  30, 60, and 90 rain. During the f i r s t  hour of incubation the angiotensin yield r i s e s  s i g -  
n i f icant ly ,  so that  a f t e r  60 rain it  is 1.5 t imes  h igher  than a f t e r  30 rain,  but a f t e r  90 rain it  is s ignif icant ly  low-  
e r  (Fig. 2a). One poss ib le  r e a s on  for this could be the gradual  r e c o v e r y  of angio tens inase  ac t iv i ty ,  inhibited 
in the cold in the p r e s e n c e  of EDTA, dur ing incubation at 37 ~ This p rob lem is d i scussed  in m o r e  detail  in 
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Fig. I. Angiotensin yield during incubation for 1 h depending on duration of cold incubation. 

Fig. 2. Dependence of angiotensin yield on conditions of incubation, a) Incubation time (cold 
exposure 7 days, volume 0.1 ml); b) volume of plasma (cold exposure 5 days, incubation for 1 
h); e) addition of contrykal (K, cold exposure 1 day, volume 0.1 ml, incubation for 1 h). 
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Fig. 3. Response  of blood p r e s s u r e  of 
~I I i q physiological saline (P), syn- t e s t  r a t s  to L 

| thetic angiotensin (A), and s amp le s  f rom 
individual g lomeru l i  (G). Order  of  i n j ec -  

L~, ~.~.a tion indicated by a r row.  Angiotensin in-  
I I I  jected in inc reas ing  doses ;  tape winding 

Ill .} 1 ! i l i  s p e e d o f a u t o m a t i e w r i t e r 4 m m / m i n  ~ 
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[5]. An essent ia l  condition of incubation is an excess  of subs t r a t e .  For this purpose ,  volumes  of 0.1 and 0.2 
ml  were  invest igated.  In the l a t t e r  case  the angiotensin yield was h igher ,  although not s ignif icant ly (Fig. 2b). 
Contrykal  was added at the r a t eo f2500  k . i . u . / m l  [8]. Under these  conditions this did not affect  the yield of an -  
giotensin (Fig. 2c). It is thus p r e f e r a b l e  to incubate for 1 h in a volume of 0.2 ml  without the addition of con-  
t rykal~ 

ISOLATION OF GLOMEI~ULI 

The method desc r ibed  by Dahlheim et al .  [7] was used.  Exper imenta l  r a t s  were  anes the t ized  with pen to -  
barb i ta l  (60 m g / k g ,  in t raper i toneal ly)  and 0.3-0.4 ml  of a 3% solution of Evans '  blue dye,  made  up in phys io -  
logical  sa l ine ,  was injected into the jugular  vein (the 2% solution r ecommended  by these  w o r k e r s  did not give 
a sufficiently cont ras ted  p ic tu re  under  our conditions under  high power) .  Before injection,  the solution was 
thoroughly shaken.  Laparo tomy was p e r f o r m e d  and a c lamp applied to the pedicle  of the kidney to be  examined.  
If infusion has been good, the su r face  of the kidney under  these  c i r c u m s t a n c e s  tu rns  blue. The kidney was ex -  
c i sed ,  f reed  f rom adipose t i s sue ,  and r insed  in physiological  sal ine.  It  was then t r a n s f e r r e d  into a 30% solution 
of g lycerol  in physiological  sal ine and the middle  p a r t  was cut into segments  1-  to 2- ram thick with a r a z o r  
blade, The individual  segments  we re  t r a n s f e r r e d  to a second f lask containing the s a m e  solution. All m a n i p u l a -  
t ions we re  c a r r i e d  out on an ice bath. The individual segments  were  placed on a tin p la te  cove red  with white 
enamel .  Drains  were  made  in the plate which emptied into the chambe r  of  a TLM m i c r o r e f r i g e r a t o r ,  filled with 
a m i x t u r e  of ethyl alcohol and wa te r  in the ra t io  of 3 : 2. In this way a subzero  t e m p e r a t u r e  of the p repa ra t ion  
was obtained. The g lomerul i  were  i so la ted  under the MBS-2 m i c r o s c o p e  under a magnif ica t ion  of 87.5x,  using 
the in te r lobular  a r t e r y  as a guide. Two d issec t ion  needles  were  used,  one shaped l ike a sca lpe l ,  the other  l ike 
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TABLE 1. Resul ts  of  Invest igat ion of Benin Activi ty in Single Glomerul i  I s o -  
la ted f rom the In t r aco r t i ca l  Zone of the Cortex of the Left Kidney in Pats  

Nature  of m a t e r i a l  

Whole single g lomeru lus  (intact animals)  
A r t e r i o l a r  f r agmen t s  (intact animals)  
Actual c ap i l l a ry  f r agmen t  (intact animals)  
Whole single g lomeru lus  (constr ict ion of 

abdominal  ao r t a  between mouths  of  
rena l  a r t e r i e s  for  1 week) 

Whole single g lomeru lus  (same opera t ion  
for 2 weeks) 

Penin ac t iv i ty ,  
ng ang io tens in /0 .2  

ml  p l a s m a  

0.37 -~ 0.04 

0.4 ~: 0.02 

O* 

0.62 :~ 0.12 

1.14 -~ 0.16 

*A s i m i l a r  absence  of renin  ac t iv i ty  was repor ted  by other  w o r k e r s  [3, 7]. 

ahook .  Theg••meru•iweredisse•tedwithaaat ta•hedarter i••eequa•ia1engtht• thediameter•f theg••meru•us.  To  
inves t iga te  the renin in the individual p a r t s  of a g lomeru lu s ,  the cap i l l a ry  bundle was taken up by the hook and 
ca re fu l ly  s e p a r a t e d  f rom the a r t e r i o l e ,  which was fixed by the second needle.  The sur rounding  tubular  t i s sue  
and the injected dye did not af fec t  the r e s u l t s  of de te rmina t ion  of renin [7]. Dahlheim et al.  [7] used u l t rasonic  
homogenizat ion.  In our  exper ience ,  the manual  method is quite s a t i s f ac to ry .  The g lomerus  (or its c o r r e s -  
ponding components)  was placed by means  of a needle  in a g lass  m i c r o h o m o g e n i z e r  filled with 0.04 m l  of  the 
p r e p a r e d  p l a sma .  Homogenizat ion was c a r r i e d  out by rota t ion of a Teflon pes t le  (up to 30 revolut ions) .  This  
p r o c e d u r e  was c a r r i e d  out in the cold. The homogenate  was then drawn off by means  of a cap i l l a ry  tube and 
t r a n s f e r r e d  to the incubation tube with 0.16 m l  p l a s m a .  

I N C U B A T I O N  S Y S T E M S  

Tubes  24- ram high were  made  f rom g la s s  tubing with a bore  of 4 ram.  The base  for the t h e r m o s t a t s  was 
a magne t ic  m i x e r  equipped with a heat ing device.  The e lec t r ic  heating coil of the l a t t e r  was led out of  the gen -  
e r a l  e lec t r i c  c i rcu i t  and connected to an a u t o t r a n s f o r m e r ,  connected in s e r i e s  with a r e l a y  and contact  t h e r m o -  
m e t e r .  A stand m e a s u r i n g  40 • 35 • 20 m m ,  with 20 holes for the tubes and a pro jec t ion  m e a s u r i n g  10 x 10 
m m  with a hole for  the contact  t h e r m o m e t e r  was made  f rom an a luminum block. A second s i m i l a r  stand (but 
without the project ion)  was used for the manipula t ions  in the cold. The m i x e r s  were  made  f rom a nail 1.5 m m  
in d i a m e t e r  and so ldered  into polyethylene shea ths .  

INCUBATION 

The s y s t e m  was f i r s t  heated to 40~ for  the tubes had p rev ious ly  been at ze ro  t e m p e r a t u r e .  The t e m -  
p e r a t u r e  fell to 37~ during the f i r s t  minute  a f t e r  inser t ion  of the tubes into the incubation stand,  and the r e -  
quired vol tage was se t  by the t r a n s f o r m e r .  Under our  conditions the t e m p e r a t u r e  in the s y s t e m  var i ed  between 
36.5 and 37.4~ which is  pe r f ec t l y  s a t i s f ac to ry .  The samples  were  incubated for  1 h. The reac t ion  was stopped 
by boiling for 3 rain and the tubes were  cooled in an ice bath. The contents were  then mixed  for 5 rain at 4~ 
After  this the s a m p l e s  w e r e  f rozen.  These  p r o c e d u r e s  ensu re  be t t e r  separa t ion  of the superna tan t  during sub-  
sequent  centr i fugat ion,  which was c a r r i e d  out on the day of the tes t .  The s amp le s  we re  thawed and centr i fuged 
at  4~ on the TsLN -2  cent r i fuge  for  30 rain a t  8000 r p m .  The superna tan t  was drawn off by a sy r inge ,  made  up 
to 0.4 ml  with s t e r i l e  physiological  sa l ine ,  and the renin act ivi ty  was de te rmined .  

DETERMINATION OF BENIN ACTIVITY 

The amount  of  angiotensin fo rmed  during incubation s e r v e s  as the c r i t e r ion  of act iv i ty .  Its content in the 
tubes was de t e rmined  in an acute exper imen t  on a t e s t  r a t  by the i nc rea se  in a r t e r i a l  p r e s s u r e ,  compa red  with 
the r e sponse  to known doses  of  angiotensin.  The r e su l t s  were  e x p r e s s e d  in n a n o g r a m s  angiotensin pe r  0.2 ml  
p l a s m a .  Detai ls  of  the p repa ra t ion  of the t e s t  r a t s  a r e  desc r ibed  e l sewhere  [4, 6, 11]. Bi la tera l  nephrec tomy 
was p e r f o r m e d  on noninbred r a t s  weighing 170-240 g 16-24 h before  the invest igat ion.  The exper imen t s  (Fig. 
3) showed that  this ensu re s  s a t i s f a c t o r y  sens i t iv i ty  of the r a t s  to angiotensin,  low background fluctuations of  
blood p r e s s u r e ,  and absence  of  a p r e s s o r  r e s ponse  to injection of physiological  sa l ine  without additional p r e -  
medica t ion  o r  o ther  in t e r fe rence .  This cannot  be done with Wis ta r  r a t s .  In addition, they a r e  l e s s  to le ran t  than 
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noninbred r a t s .  Test ing was c a r r i e d  out under pentobarbi ta l  anes thes ia  (60 m g / k g ,  in t raper i toneal ly) .  The 
jugular  vein (for injection of the samples)  and the common carot id  a r t e r y  (for m e a s u r i n g  the p r e s s u r e )  were  
cannulated.  A p r e l i m i n a r y  injection of hepar in  (500 u n i t s / k g ,  intravenously)  was given. The a r t e r i a l  cannula 
was connected to a s t r a in  gauge (on si l icon c r y s t a l s ) ,  developed at  the Inst i tute  of  Theore t ica l  and Applied 
Mechanics ,  Siberian Branch,  Academy of Sciences of the USSI~ [1]. The s t r a in  gauge was powered f rom a VSP-  
33 r ec t i f i e r  opera t ing  at  3 V. The p r e s s u r e  was r eco rded  by a G1B 1 automat ic  wr i t e r  (Carl Ze i s s ,  Eas t  G e r -  
many).  Each sample  was de te rmined  between 2 doses  of s tandard  angiotensin solut ion,  one of which gave a 
g r e a t e r ,  the other  a s m a l l e r  p r e s s o r  effect ,  for  the sens i t iv i ty  of  the animal  to angiotensin can va ry  in the 
cou r se  of  one expe r imen t ,  as  other  worke r s  a lso  have obse rved  [4]. After  injection of the s a m p l e s  or  s t a n -  
da rds  in doses  amounting to 6-8 ng the an imal  r equ i r e s  a r e s t  (40-50 rain) to allow the v e s s e l s  to r e c o v e r  the i r  
sens i t iv i ty .  During prolonged de t e rmina t ions ,  the an imal  was given one qua r t e r  of the or ig inal  dose  of  pen to -  
ba rb i ta l  per iod ica l ly  (every 1.5-2 h) in t raper i toneal ly~ 

PREPARATION OF THE ANGIOTENSIN STANDARDS 

The method r e c o m m e n d e d  in the l i t e r a t u r e  [4], in the w r i t e r ' s  opinion, is not ve ry  convenient  because  a 
new sample  has to be weighed each t i m e ,  for  the solution is act ive  for  only a shor t  per iod.  The following m e t h -  
od* was used. A g lass  cap i l l a ry  tube with a tip 0.04-0.06 m m  in d i a m e t e r ,  giving d rops  of uni form volume,  
was used.  The angiotensin (va ly l -5 -ang io tens in -2 -amide ,  f rom Ciba, Switzerland) solution was applied as  one 
drop (15 ng pe r  drop) to ha l f - r ings  made  f rom Caproa  tube,  and kept at -20~ in a bottle.  On the day of the d e -  
t e rmina t ion ,  one ha l f - r i ng  was placed in a po lys ty rene  tube into which s t e r i l e  physiological  sa l ine  was poured.  
By this method,  having weighed one sample ,  it is poss ib le  to obtain s tandard  solutions of  d i f ferent  concen t r a -  
tions opera t ive ly .  A range  f rom 0.2 to 2 ng angiotensin pe r  0.1 m l  physiological  sal ine was used. Before in-  
ject ion into the an imal  the s tandard  sample  was made  up to 0.4 ml  in the syr inge  with physiological  sal ine.  In 
the cour se  of the de te rmina t ion  the tube containing the s tandard  was kept in the cold. Standard solution not 
comple te ly  used up can be kept  at -20~176 

S P E C I F I C I T Y  O F  T H E  M E T H O D  

During the invest igat ion of p l a s m a  to which no homogenate  was added, no p r e s s o r  r e sponse  was obtained,  
whether  the p l a s m a  was incubated for 1 h or  not incubated [5]. This  sugges ts  that  the quantity of p r e s s o r  sub-  
s tance  fo rmed  in the p l a s m a  during i ts  incubation with homogenate  r e f l ec t s  the renin ac t iv i ty  in the sample .  
The c h a r a c t e r  of the p r e s s o r  r e s p o n s e s  to injection of these  s amp le s  was identical  to the r e s p o n s e  to ang io-  
tensin (Fig. 3). 

REPRODUCIBILITY OF RESULTS 

This  can be judged f rom pa ra l l e l  s am p l e s  during the invest igat ion of the incubation conditions.  With a c -  
cura te  t r ea tmen t  of  the s amples  and constant  control  of the sens i t iv i ty  of the r a t s  to angiotensin the d i f fe rences  
did not exceed 0.1 ng / 0 .2  ml .  For exzmple :  3.65, 3.7, and 3.75 ng per  0.2 ml  p l a s m a ,  standing in the cold for  
7 days ,  incubation for  1 h) (Fig. 2a). 

S E N S I T I V I T Y  O F  T H E  M E T H O D  

The s m a l l e s t  quanti ty of  angiotensin detectable  under these  conditions was 0.25 ng pe r  0.2 m l ,  compared  
with 1 ng pe r  0.2 ml  r epo r t ed  by other  worke r s  [4]. The d i f ference  was evidently due to the advantages  of the 
s t ra in  gauge over  the m e r o u r y  m a n o m e t e r  which they used. 

l~esults of  the de te rmina t ion  of renin act ivi ty  in single g lomeru l i  of control  and exper imen ta l  r a t s  by this 
method a r e  given in Table 1. 

Dahlheim et al .  [7] cons idered  that  the renin content in a s ingle g lomeru lus  becomes  de t e rminab le  if  a 
highly purif ied subs t r a t e  f ree  f rom angio tens inases  is used. More recen t  invest igat ions [9] showed that s a t i s -  
fac tory  r e su l t s  can a lso  be obtained by the use  of  pa r t i a l l y  pur i f ied  or  even of a he tero logous  subs t r a t e ,  and 
the r e su l t s  of  biological  and rad io immune  methods  of ana lys i s  showed v e r y  high pos i t ive  cor re la t ion .  The m e t h -  
of t r e a ~ e n t  of whole p l a s m a  used in the p re sen t  exper imen t s  gave r e su l t s  not much  l e s s  than those given by 
Dahlheim et al .  [7] (for intact  r a t s ) :  0.25-0.6 and 0.5-1.5 ng r e spec t ive ly  (calculated for absolute  quanti t ies  of 
angiotensin).  The di f ference  is  explained by the absence  of angio tens inases  in the solution of the subs t r a t e  ob -  
tained by the method used by the authors  ci ted.  With the use  of EDTA in our  own modif ica t ion ,  act ivi ty  of ang lo-  

* The idea of this method belongs to N. A. Kolchanov. 
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tensinases is inhibited by only 50% [8]. Cold preincubation, however, evidently neutralizes activity of the un- 
bound part  of the angiotensinases, although revers ibly  [5]. In the method of determination of renin in the blood 
adopted in the USSR [4], only EDTA is also used to inhibit angiotensinase activity, and this is no obstacle to 
the work. The modifications now described can therefore  be regarded as completely satisfactory,  especially 
for comparative studies. Its advantage lies in the several  essential simplifications of the techniques of analy- 
s is ,  the most  important of which is overcoming the difficulty of obtaining the substrate.  During the choice of 
appropriate conditions, this modification, it seems,  may prove to be suitable for the investigation of single 
glomeruli in biopsy specimens of human kidneys under clinical laboratory conditions. 
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M E T H O D  O F  S O N I C A T I O N  OF C E L L  S U S P E N S I O N S  

M. M. S m y k  UDC 612.014.2.014.45 

A simple chamber is suggested for the sonication of small quantities of a cell suspension. It 
consists of a t ransparent  plastic cylinder, which fits on the top of a UTP-1 ultrasonic generator ,  
the top of which serves  as the floor of the chamber. Losses of ultrasonic energy are  thus el im- 
inated and it is possible to determine the intensity of the ultrasound acting on the cells of the 
suspension with fair accuracy.  
KEY WORDS: ultrasound; cells; suspension. 

Progress  in the most  rational use of ultrasound in medicine is hampered by the lack of study of its ac -  
tion on cells and t issues [6]. The most accessible form for the study of the direct action of ultrasound on cells 
is in suspension, for in that case both free-l iving cells (such as blood cells or microorganisms) and cells fo rm-  
ing organs and tissues of animals or plants can be treated in this way. 

Attempts to study the action of ultrasound on cell suspensions has been undertaken for a long time [1, 5, 
10], but the methods used for these purposes have had many disadvantages. The most important of these was 
inability to determine with any degree of accuracy the intensity of the ultrasonic energy acting on the cells. 
The reason for this was usually that the suspension was kept in glass flasks, immersed in an oil fountain 
formed by the action of powerful ultrasound [4, 7-10]. The presence of intermediate media between the ul t ra-  
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