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in the  other. Prevent ion of leakage was t r ied in I group 
of each pair.  

Prevent ion of t ranspar ie ta l  leakage was tr ied as follows. 
A small drop of Eas tman  910 adhesive was applied to the  
skin puncture  site. A piece of X- ray  film (diameter 5 ram) 
was placed over the  glue, which rapidly  polymerizes with 
slight pressure. I t  will st ick in place for several hours. In  
t ransintest inal  injections, the cannula was introduced 
into the cloaca and  made to pierce the  intest inal  wall  
about  5 mm proximal  to the  vent.  Prevention of leakage 
was tr ied in the  following way. The cloaca was filled with 
silicone fluid (Midland Silicones, MS 200/100,000) via a 
b lun t  cannula prior to the  injection of thyrotropin.  Due 
to  i ts  high viscosity (100,000 centistokes), the  fluid 
slowly pours out  of the  cloaca, which is completely 
emptied 2-3 h latei  

Twenty  min after  injection, duplicate  water  samples 
were obtained. The radioact iv i ty  of these samples and 
suitable s tandards  was determined in a well- type scintilla- 
t ion detector.  

The 2 most  promising techniques were chosen after 
inspection of data.  These experiments were duplicated 
with 10 fishes/group. In  this case, the  fishes were killed 
20 rain after  injection by  addi t ion of MS-222 (Sandoz) to  
the water,  Five mLU later,  the dead fishes were transferred 
to Pyrex  tubes and dissolved in 2 N  NaOH. The radio- 
ac t iv i ty  of samples of water  and dissolved fish were 
determined as above. 

Prior  to these experiments,  the author  had performed 
several 1000 i,p. injections on small  fish. 

Results and discussion. The var ia t ion between duplicate  
water  samples corresponded to a coefficient of var ia t ion 
(SD],X) of < 3%. 

The results o1 the  screening experiment  are i l lustrated 
in the Figure. They are very l ikely representat ive for 
most species of fish. Obviously, i t  is absolutely necessary 
to pay  a t tent ion to  the rel iabi l i ty  of i.p. injections. 

The leakage of injected fluid probably  depends on 
raised intracoelomic pressure and delayed closure of 
caunula canals. Although the pressure increment  would 
be minimal  for small  injection volumes, the  problem of 
increasing the rel iabi l i ty  is not  solved s imply b y  using as 

small volumes as possible: the relat ive errors of dispensa- 
t ion increase wi th  decreasing volume (Figure, bo t tom 
line). 

F i lm glued  over the  t ranspar ie ta l  puncture  diminishes 
the proport ion of major  leakages bu t  i t  does not  assure 
to ta l  re tent ion of injected fluid. This m a y  be due to  leak- 
age prior  t o  appl icat ion of the sea l  and raised intracoe- 
Iomic pressure during postinjection handling. The tech- 
nique of silicone pre t rea tment  does not  suffer from these 
drawbacks bu t  the  silicone plug may  have less abi l i ty  
than  the film to wi ths tand the rise of pressure induced 
by  large injection volumes (cf. Figure). When  large injec- 
t ion volumes are necessary, for instance in the bioassay 
of hormones in serum, the  film technique merits  considera- 
tion. Incidental ly,  the  film may  serve as a means of 
marking fishes individually.  

The t ransintes t inal  injection of 0.03 ml in silicone- 
pre t reated fish and the t ranspar ie ta l  injection of 0.10 ml 
were regarded as the most promising techniques. These 2 
var iants  were evaluated with respect  to re tent ion in the 
second experiment.  The retentions observed were 94.1% 
of dose 4- 8.2 and 79,2 ± 32.4. Thus, the use of small 
injection volumes, deposited t ransintes t inal ly  with a 
sufficiently precise syringe in si l icone-pretreated fish 
appears the technique of choice. 

By varying the amount  and the viscosity of the silicone 
fluid, i ts  t ime of s tay  in the cloaca may  be regulated 
within wide limits. P robab ly  i t  is unwise to interfer with 
intest inal  flow for more than  a few hours. The released 
silicone floats and  m a y  be recovered. Both  means of 
prevention of leakage appeared  indifferent. 

Rdsumd. L'hormone thyr6otrope 1~5I fur inject*e en 
doses vari6es darts le p6ritoine de Cyprins. Les per tes  de 
substance par  6coulement d6pass~rent le 50% des doses, 
Les meilleures r6tentions furent  obtenues avec de pet i ts  
volumes, inject6s h t ravers  l ' intestin,  apr~s bouchage du 
cloaque avec du liquide silicone. 

L, F R I S ~  

Department el Human Anatomy, University o/Gothenburg, 
Gothenburg SV,  (Sweden), 28th Apri l  7967. 

Continuous Quantitative Recording of Changes 
in Vascular Permeability 

Increased vascular  permeabi l i ty  may  be induced in the  
skin of labora tory  animals by  a var ie ty  of agentsl ,L the  
increased permeabi l i ty  often being demonstra ted by  the 
local exudat ion of a circulating aniline dye  such as Evans  
blue ~,~. However,  the  intracutaneous injection of such 
agents (e.g. histamine) evokes a permeabi l i ty  response 
whose rapid  init ial  development  cannot be demonstra ted 
with sufficient quant i ta t ive  precision by  the dye technique. 
To overcome this disadvantage,  we have therefore de- 
veloped a method for the  quant i ta t ive  and continuous 
recording of local changes in vascular  permeabil i ty .  

Circulating bovine serum albumin (BSA), labelled with  
PS~-phosphanilic acid, is used as the 'marker '  of increased 
permeabil i ty ,  ps~ emits only #-particles of short  penetrat-  
Lug power (8 m m  in waterS). I t  is therefore suitable for 
the  scanning of skin, since radia t ion from the underlying 

tissues is absorbed.  S ~s is another  pure ~-emitter, and 
S~-sulphanilic acid is also being investigated as an alter- 
nat ive marker.  

P~-phosphanil ic  acid is synthesized by  reacting psg. 
phosphorus tr ichloride with p-nitrobenzene diazoniun~ 
fluoroborate and hydrolysing the product  to pan-p-nitro- 
benzene phosphonic acid, which is subsequently reduced 
to PS~-phosphanilic acid. The diazotized PS~-phosphanilic 
acid is then coupled a t  p H  9 to BSA and small molecular 
substances removed b y  gel fil tration. 

I D.L. WILHELM, Pharmac, Rev. 7d, 215 (1962). 
2 W.G. SPECTER and D. A. WILLOUGHBY, Bact. Rev. 27, 117 (1963)' 
v A. A. MILES and E. M. MIL~S, J. Physiol. 118, 228 (1952). 
4 R.A. RAWSON, Am. J. Physiol. 738, 708 (1943). 
8 H. LEvl, in Docu~t~  Gelgy Scientific Tables (Ed. K. DIE~; J. R. 

Geigy S.A., Basle 1959), p, 98. 
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Depi la ted  a lb ino  guinea-pigs  (500-600 g b o d y  weight)  
are in jec ted  i.v. wi th  abou t  1 ml  of t he  labelled p ro te in  
Solution of a p p r o x i m a t e l y  200/~ curie/ml.  T h i r t y  min  af te r  
injection, t he  animals  are t ied,  back  uppermos t ,  to  a f i rm 
flame. A disc of sof t  lead (8 cm d i ame te r  × 1.5 m m  thick-  
hess) wi th  a cent ra l  hole  (16 m m  diameter )  is sandwiched  
between 2 strips of adhes ive  t ape  cu t  to  expose the  cent ra l  
hole. The  resul t ing 'be l t '  is laid on the  back  of each 
animal,  w i th  t h e  hole exposing a selected area  of skin 
which is t hen  out l ined wi th  a fine fe l t  m a r k i n g  pen.  
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Continuous recordings of changes in vascular permeability. Block 
(A) illustrates the return of the recording to its previous level 
following the removal of the test animal (1) and its replacement 
LtUder the G-M counter. Block (B) records the effect of 0.1 ml physio- 
logical saline injected intracutaneously" (2), and block C the effect of 
0.2/4g histamine (base) in 0.1 ml saline (3). The fall in the recording 
~ t (1) in blocks B and C is due to partial removal of the guinea.pig 
rein Under the counter to inject saline and histamine respectively. 

~he animal was then immediately re-positioned ~4th the injected 
site directly under the counter. 

A G-M coun te r  wi th  a th in  mica  end-window (Mullard 
t y p e  MX123) is c l amped  abou t  3 m m  above  the  exposed 
skin and  connected  to  an  E K C O  t y p e  ~T624 Ra teme te r ,  
which  in t u r n  is connec ted  to  a s t r ip  Chart recorder ;  a 
f u l l  def lect ion of t h e  r a t e m e t e r  (0-100 pulses/sec) is 
equ iva l en t  to a d i sp lacemen t  on the . recorder  of 110 inV. 

W h e n  the  animals  were  re-posi t ioned under  the  G-M 
counter ,  the  basel ine of the  record a lways  r e tu rned  in 45 
sec or  less to  wi th in  4- 3 m V  of i ts  previous  level  (block 
A in Figure) .  

W h e n  physiological  sal ine a lone was injected,  t h e  
t rac ing  took  30-60 sec to s tabi l ize  a t  a new level, usual ly  
several  m V  below the  original  baseline (Figure,  B). The  
in jec t ion  of 0.2/~g h i s t amine  (base) induced  a rap id  rise 
in t he  level  of t h e  record ing  (Figure, C), t yp ica l ly  40-45 
m V  above  the  baseline.  Such increases occurred  in 4 -5  
rain, t he  t rac ing  then  remain ing  a t  the  new level  for a t  
least  30 min,  

The  older  me thods  o f  assessing increased vascular  
pe rmeab i l i t y  b y  the  ex t r avasa t i on  of  se rum a lbumin  
label led wi th  an  ani l ine dye  or  118x do no t  pe rmi t  precise 
observa t ions  of t he  ear ly  d e v e l o p m e n t  of t he  response. 
The  present  m e t h o d  overcomes  this  d i sadvan tage  b y  per-  
m i t t i ng  the  q u a n t i t a t i v e  and  cont inuous  moni to r ing  of 
changes  in vascu la r  permeabi l i ty .  B y  %he use of label led  
an t igen  or  an t ibody ,  th is  t echn ique  m a y  also p r o v e  useful  
for s imilar  s tudies of immunolog ica l  react ions in the  skin 
of l abo ra to ry  animals  e. 

Zusammen/assung. Es  wird  die A n w e n d u n g  rad ioakt i -  
yen  Phosphan i l s~ure -Pdnderse rum-Albumins  zur  kont i -  
nuier l ichen Messung yon  Ande rungen  der  Gefl isswand- 
pe rmeab i l i t~ t  beschrieben.  
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A S i m p l e  M e t h o d  for  the  C o l l e c t i o n  of  L e u c o c y t e s  
f r o m  Rat  B l o o d  

Leucocyte- r ich  p lasma can be ob ta ined  f rom h u m a n  

~tp heral  b lood in a n u m b e r  of d i f ferent  ways l ,  =. In  our  
boratory,  however ,  a t t e m p t s  to  ob ta in  large yields of r a t  

White blood cells by  s imilar  methods3,  4 p roved  inadequa te  
due to poor  sed imen ta t ion  of the  e ry th rocy t e  mass The  
rQethod descr ibed in this  repor t  has  cons is tent ly  aggre- 
gated Lewis  r a t  r ed  cells, t h e r e b y  yie ld ing p lasma  t h a t  
contained large numbers  of leucocytes .  
e Lewis ra ts  were  decap i t a t ed  5 min  af ter  i.v. in jec t ion  

z 10 U of hepar in /g  body  weigh t :  8-10 ml  of whole b lood 
W~ ob ta ined  in this  w a y  f rom ra ts  t h a t  weighed 250-300 

g. Aggrega t ion  of the  ra t  r ed  cells was  accompl ished by  
the  addi t ion  of se rum or p lasma f rom normal  h u m a n s  
whose  red  cells were  of group B. I t  was found t h a t  t he  
o p t i m u m  propor t ions  were 2 par t s  of h u m a n  p lasma  or  
se rum to  1 p a r t  of hepar in ized  r a t  blood.  The  samples ,  
in 12 ml  conical  cent r i fuge  tubes,  were  inver ted  3 t imes  
and placed a t  a 45 ° angle  for 1 h a t  room t e m p e r a t u r e  

* J. G. Lt and E. E. OSGOOD, Blood 4, 670 (1949). 
= J. L. TULUS, Blood 7, 891 (1952). 
3 W. O. RIEKE and M. R. SCHWARZ, Anat. Rec. 150, 383 (1964). 
4 R. SCHREK and Y. RAalNOWITZ, Prec. Soc. exp. Biol. Med, 113, 
191 (1963). 


