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With the increas ing interes t  nowadays in react ions of alveolar  macrophages  (AM) in disease,  questions 
concerning the techniques used to obtain and study them are assuming eve r - inc reas ing  urgency.  Meanwhile 
there  is as yet no general ly accepted method of isolating these cells and evaluating their  functional state. The 
most  widely used method is that of Myrvik et al. [4]. Using this as the basis,  we have introduced a number of 
improvements  to facilitate the isolation of AM and working with them, and we have also suggested our own 
modification for  est imating their  phagocytic function. 

EXPERIMENTAL METHOD 

Experiments were carried out on 25 adult Chinchilla rabbits weighing 3000-3500 g. To obtain AM the 
animals were killed by air embolism, which is preferable to killing the animals by inhalation of ether or by 
high decapitation [3]. These last methods have serious disadvantages: Ether, which acts directly on AM, af- 
fects the function of the cells and changes their enzymic activity, whereas decapitation is accompanied by leak- 
ing of blood into the trachea, and this is a very undesirable factor which distorts the experimental results. 

After thoracotomy, the heart-lungeomplexwas not removed from the chest but left in situ; first, 
this prevents the possibility of very undesirable trauma to the lungs and, second, it enables the adequacy of 
stretching of the lungs during filling with fluid to be judged later. After compression of the trachea, 50-60 ml 
of sterile Hanks' solution at a temperature of 4-6~ and pH 7.2-7.4 was injected into its distal part from a sy- 
ringe. The criterion that an adequate volume of liquid has been injected was enlargement of the lungs until they 
occupied the whole thoracic cavity, so that overstretching of alveoli, leading to rupture and the appearance of 
erythrocytes in the washings could be avoided. The washings were withdrawn 2-3 rain after injection by means 
of the same syringe. If necessary this manipulation can be repeated. Withdrawal of fluid was accompanied by 
careful massage of the filled lungs. In this way, without effort, it was possible to obtain about two-thirds of the 

volume of fluid injected into the lungs. 

The fluid obtained by pulmonary lavage was centrifuged at 1500 rpm for 10 min; the supernatant was 
poured off and the cell residue resuspended in s ter i le  Hanks'  solution with the addition of 10% native bovine  
serum. The AM thus obtained were studied both in suspension and on coversl ips .  The yield of cells, of which 
the great  major i ty  were AM was 105-10 ? . To obtain cytological preparat ions the AM suspension was poured into 
flasks with f ragments  of covers l ips ,  and the flasks were incubated in a tilted position. 

In descr ipt ions of investigations of AM no technical details of this stage were given. Yet there are  defi- 
nite difficulties due to the fact that f ragments  of covers l ips  in the flasks adhere to each other and are separated 
with great  difficulty, and on their  subsequent removal  f rom the flasks with forceps ,  they often break. To p re -  
vent adhesion of the covers l ips ,  split matchs t icks  have been used, but these hold the glass insecure ly  and also 
break.  For  this purpose we suggest special coversl ip holders made of stainless alloy and consisting of short 
spring clips with permanently closed jaws which f i rmly  fix the coversl ip held in them. The clips with cover -  
slips held by them are  s ter i l ized in f lasks closed with rubber  stoppers.  During subsequent work the coversl ips  
are  taken f rom the flasks together  with the clips by means of forceps .  

Fur the rmore ,  to hold the flasks in the tilted position, we have suggested a stand consisting of a metal sup- 
port  with sockets and with a bracket  to allow the stand to be tilted through the neces sa ry  angle (Fig. 1). 
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Fig. 1. Stand holding flasks in ti l ted position, and 
clip holding coversl ip.  

Fig. 2. 

Fig. 3. 
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Growth of staphylococci f rom original suspension of macrophages  and bacter ia .  

Growth of staphylococci f rom suspension of macrophages  and bac te r ia  af ter  incubation 

The phagocytic activity of AM was studied against the staphylococcus (standard s t ra in  No. 600) and micro~ 
coccus.  We used Hanks'  solution which differed f rom the standard in not containing antibiotics, which affect the 
viability of the test  mic roorgan i sms .  The ingestive power of AM was studied microscopica l ly  by the usual 
method [1, 5]. After  incubation of the suspension of macrophages  and bacter ia  for  30 min two pa ramete r s  were 
es t imated:  the phagocytic activity of the macrophages  {PAM), expressed as the number of macrophages ,  in 
percent ,  undertaking phagocytosis of the mic roo rgan i sms ,  and the phagocytic number (PN), charac te r ized  by 
the number of mic roorgan i sms  ingested by one macrophage.  The digestive activity of the macrophages  was 
studied by two parallel  methods, the f i rs t  of which is general ly  adopted [1, 4, 5], whereas the second is our own 
modification of a method devised by the wr i te rs  previously [2], for determining the index of completeness of 
phagocytosis (ICP) by peripheral  blood leukocytes.  Having kept to the principle of the method, we modified the 
proport ions of the ingredients used in the test .  To I ml of a suspension of macrophages  in standard dilution 
(200,000-300,000 cells in 1 ml) a suspension of the test mic roo rgan i sm was added in the proport ion of 50 bac-  
ter ial  cells per  macrophage,  af ter  which one standard bacter iological  loop, obtained f rom the original suspen- 
sion of macrophages  and bacter ia ,  was t r ans fe r r ed  to 1 ml of s ter i le  physiological saline, which was poured 
into a Pet r i  dish, and flooded with agar ,  for subsequent counting of the colonies which grew on the Pe t r i  dish 
after  incubation for 24 h. The material was reseeded in the same way af ter  incubation of the suspension of mac -  
rophages and bac te r ia  for 3 h at constant t empera ture .  The number of colonies per dish was counted by means 
of an ins t rument  for  counting bacter ial  colonies. The rat io of the number of colonies growing on the dish f rom 
the original suspension of macrophages  and bac te r ia  (Fig. 2) to the number of colonies growing f rom the sus-  
pension of maerophages  and bac ter ia  af ter  incubation for  3 h (Fig. 3) gives the value of ICP. If ICP exceeds 
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1.0 this  means  that phagocytosis  is complete .  According to our data, ICP of s taphylococci  by macrophages  
f r o m  intact  rabbi ts  was 1.9 ~- 0.2 and for  m i c r o c o c c i  ICP was 9.2 �9 1.1. 

P a r a l l e l  inves t igat ions  of the function of digest ion of the t es t  m i c r o o r g a n i s m s  by AM by the two methods 
(microscopic  and bac ter io logica l )  showed conclusively that the resu l t s  were  constant ly uniform. Each method 
has it own advantages :  Microscopic  analys is  g ives  some idea of both the ingest ive  and the digest ive act ivi ty 
of the macrophages ,  whereas  the bac te r io log ica l  method re f lec t s  only the end resu l t  of the phagocytic reac t ion  
and c h a r a c t e r i z e s  the defensive function of the cell as a whole. Meanwhile the bac ter io logica l  method of de-  
t e rmina t ion  of ICP,  wMle comple te ly  re l iab le ,  i s  l e s s  tedious and labor ious  and can be r ecommended  for  use 
in r e s e a r c h .  

The technical  i m p r o v e m e n t s  desc r ibed  above thus faci l i ta te  the work and save t ime,  and the modified bac-  
te r io logica l  method of de te rmina t ion  of the comple teness  of phagocytosis  can be r ecommended  for  a s s e s s m e n t  
of the defensive function of mac rophages ,  both para l l e l  with m i c r o s c o p i c  invest igat ion,  making the resu l t s  more  
re l iab le ,  and as an independent method.  
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A p romis ing  t rend  in diagnostic  medicine  is observa t ion  both of the luminescence  of luminescent  sub-  
s tances  (LS) in t roduced into the body and se lec t ive ly  accumulat ing in cer ta in  organs  and t i s sue s ,  and also of 
in t r ins ic  luminescence  of the t i s sues .  F o r  example ,  m e a s u r e m e n t  of in t r ins i c  t i s sue  luminescence  was used 
in [1] to study oxidative me tabo l i sm  of the dog hear t  in vivo during acute i s c h e m i a  and hypoxia. Advances in 
f iberopt ie technology,  so that  exci t ing luminescent  radia t ion can be introduced inside the body and also led out, 
has g rea t ly  widened the scope for  the use of luminescence  methods and has s t imulated the i r  fu r the r  develop- 
ment .  F o r  ins tance ,  in [2] a hematoporphyr in  der iva t ive  was used as LS, enabling mal ignant  t u m o r s  to be diag- 
nosed in s i tu in the e a r l y  stage by means  of f iberopt ie  l a s e r  f luorescent  bronchoscopy.  The sea rch  for  other  
LS suitable for  use in the luminescence  diagnosis  of d i seases  of the internal  organs  or  t i s sues ,  e spec ia l ly  those 
suitable for  inves t igat ions  by f iberopt ic  techniques,  is of much in te res t .  

P y r r o l e  de r iva t ives ,  which are  widely used in the manufac ture  of chemotherapeut ic  p repa ra t ions ,  are ev i -  
dently noteworthy f r o m  this point of view. Compounds with spasmoly t i c  and loca l - anes the t i c  p rope r t i e s  [3], 
with an act ive effect  on the centra l  and autonomic nervous  s y s t e m  [4] and capable of lowering blood p r e s s u r e  
[51, a r e  known. The an t i a r rhy thmic  ac t iv i ty  of compounds of this  type also has been descr ibed  [61, which en -  
courages  the hope that they may  accumulate  p re fe ren t i a l ly  in cor responding  zones of the hear t  and, i f  they are  
in the LS category,  that they can be used for  luminescence  diagnosis  of these zones.  
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