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INTRODUCTION
T h e  w o r d  p h a g o c y t o s i s  h a s  a c o l o r f u l  e t y m o l o g y ,  i t

i

COMES FROM TWO GREEK WORDS -  P HAGEI M,  TO E A T  J AND K Y T O S ,

C E L L ,  T H E R E F O R E  AN E A T I N G  C E L L *  T H E S E  C E L L S  HAVE ALSO 

BEEN F I G U R A T I V E L Y  REFERRED TO AS " T H E  POLI CEMAN OF THE 

B L O O D . "

Ph a g o c y t o s i s  w a s  f i r s t  d e m o n s t r a t e d  b y  E l i e

2
Me t c h n i k o f f ,  a  R u s s i a n  b i o l o g i s t ,  i n  t h e  l a t e  n i n e t e e n t h  

c e n t u r y .  S i n c e  h i s  t i m e  m a n y  t h e o r i e s  h a v e  b e e n  f o r w a r d e d  

o n  t h i s  w o n d e r f u l  p h e n o m e n a .  F o r  a n u m b e r  o f  y e a r s  a f t e r

I T S  D I S C O V E R Y  I T  E NJ OY ED AN ERA OF GREAT  I MPORT ANCE.  HOW­

E V E R ,  WI T H  T H E  DI SCOVE RY OF OUR MODERN A NT I B O D Y - A N T I  GEN
3

R E A C T I ON  THEORY IN 1935 BY HE I LDERBERQER I T 8  IMPORTANCE 

HAS DROPPED T O  P R A C T I C A L L Y  N I L .

I n t h e  p a s t  23 y e a r s  t h e r e f o r e  p h a g o c y t o s i s  h a s  b e e n  a

MUCH ABUSED S U B J E C T  AND WRONGLY 8 0 .  I T  SHOULD A C T U A L L Y ,  I 

B E L I E V E ,  BE ONE OF THE MOST IMPORTANT PHASES OF IMMUNOLOGY.

AS A R E S U L T  OF T H I S  N E G L E C T  WE KNOW HARDLY A N Y T H I NG  ABOUT 

THE A C T I O N ,  T H E  C A U S E ,  OR EVEN T H E  R E S U L T  OF T H I S  F A S C I N A T I N G  

M E C H A N S I S N .  I WOULD L I K E  T O  P O I N T  OUT T H A T  WI T H OU T  PH A G A -  

C Y T O S I S ,  A N T I B O D I E S  WOULD BE P R A C T I C A L L Y  WORT HLE S S.  T H I S  IS 

DUE TO THE S I MP L E  F A C T  T H A T  A N T I B O D I E S  DO N O T ,  FOR THE MOST 

P A R T ,  K I L L  B A C T E R I A  BUT MERELY T E M P O R A R I L Y  I N A C T I V A T E  THEM

1. HOERR,  N .L .  AND A. O S A L ,  NEW GOULD M E D I C A L  D I C T I O N A R Y . P P . 896
2 .  I b i d . .  p p . 72 5
3 .  F r o m  n o t e s  t a k e n  i n  Pa t h o g e n i c  M i c r o b i o l o g y .



OR A G G L U T I  NATE THEM 80 T H E  PHAGOCYTE M I G H T  00 T H E I R  JOB 

E A S I E R *  t B E L I E V E  T H A T  SOMEDAY A F T E R  ENOUGH KNOWLEDGE IB 

8 A I N E 0  IN T H I S  F I E L D ,  P H A 8 0 C Y T 0 8 1 8 MAY BE C O N T R O L L E D ,

PERHAPS EVEN T O  THE DE8REE T O  MAKE A N T I B O D I E S  UNNECESSARY* 

DURING T H E  COURSE OF T H I S  T H E S I S  I HAVE OF T E N  ASKED MYSELF  

T H I S  Q U E S T I O N ;  WHY WOULD I T  NOT BE P O S S I B L E  TO 0E V E L 0 P  

SOME T Y P E  OF A S E N T  T H A T  WOULO "SPUR ON "  OR A C T I V A T E  P H A 8 0 -  

CY T E 8  TO TREMENDOUSLY I NCREA SE T H E I R  E F F I C I E N C Y .  Or ,  I N ­

ST EAD OF " PRE  PAR I N 8 "  T H E  I N V A D I N S  0 R 8 A N I 8 M 8 ,  A8 A N T I B O D I E S  

DO,  WHY SHOULD NOT T H E  PROBLEM BE A T T A C K E O  AT  I T S  B A S E ,  A T  

THE PHA80 CVT E  I T S E L F *  SUCH A DEVELOPMENT WOULD 8URELV BE 

OF MONUMENTAL S I 8 N I F I C A N C E  T O  T H E  F I E L D  OF I M M U N I Z A T I O N .

T h e s e  a r e  m e r e l y  t h e o r e t i c a l  i d e a s ,  h o w e v e r  i n  t h i s

T H E S I S  I W I L L  A T T E M P T  TO ANSWER AND PROVE T H E  F 0 L L 0 W I N 1  

FUNDAMENTAL Q U E S T I ON S  ABOUT P H A T O C V T O S 1 8* I )  W I L L  P H A 8 0 -  

C Y T O S 18 WORK O U T S I D E  THE BODY? 2 )  I s  I T  AS E F F E C T I V E  AS 

P H A S O C Y T O S I S  I N S I D E  THE BODY? 3 )  W l L L  P H A 8 0 C Y T 0 S I S  WORK IN 

P H Y 8 I 0 L 0 8 I C A L  S A L I N E  S O L U T I O N  AND IS BLOOD SERUM AN I MPORTANT 

FACTOR IN T H E  O P E R A T I O N ?  4 )  WHAT IS T H E  ROLE OF 0 P 8 0 N I N 8  

) a N T I B O D I E s ) IN P H A S O C Y T O S I S ?



CHAPTER I

THE TERMINOLOGY ANO CLASSIFICATION OF THE PHAGOCYTES 

T h e  t e r m  p h a s o c y t e ,  a l t h o u s h  u s e d  s p e c i f i c a l l y  i s

A C T U A L L Y  Q U I T E  A NEBULOUS ONE* T H E  STANOARO C L A S S I F I C A T I O N  

IS NOT U N I V E R S A L L Y  A C C E P T E D  AND IN T H E  CASE OF SOME OF THE 

C E L L S  T H E I R  P H A S O C Y T I C  P R O P E R T I ES  ARE NOT EVEN KNOWN.

A l l  o f  t h e  p h a s o c y t e s  o f  t h e  b o d y  h o w e v e r  c a n  b e  p l a c e d

UNDER TWO VERY SENERAL HEAD I N S S ,  T H E  L E U C 0 C Y T E 8  OF THE BLOOD 

ANO T H E  R E T I C U L O - E N O O T H E L I A L  SYSTEM* T H E  C E L L S  OF T H E  L A T T E R  

ARE BY FAR T H E  MOST NUMEROUS PHOSOCVTES OF T H E  BODY* T H E S E  

CE L L 8  HOWEVER DO NOT LENO T H E M S E L V E S  E A S I L Y  T O  S T UD Y  BECAUSE 

OF T H E I R  L O C A T I O N S  IN THE BODY AND THE N E C E S S I T Y  OF H A V I N S  

TO REMOVE E N T I R E  T I S S U E  BLOCKS T O  O B T A I N  T H E M .  T HER EF ORE  IN 

AL L  THE E X P E R I M E N T S  OF T H I S  T H E S I S  I HAVE U T I L I Z E D  THE P H A S O -  

CY T E S  OF THE B LOOD.

T h e  l e u c o y t e s  o f  t h e  b l o o d  m a y  b e  c l a s s i f i e d  e a s i l y .
I

T h e r e  a r e  f i v e  t y p e s  o f  t h e s e  c e l l s  w h i c h  s h a l l  b e  c o n s i d e r e d

I N D E P E N D E N T L Y .  T H E S E  F I V E  T Y P E S  F A L L  I NT O TWO MAIN C A T E S O R I E S ,  

THE AS R ANU L OC Y T E S  AND THE SRANUL OCYTES*

I A S R A NU L OC YT E S -  T H I S  NAME WOULD IMPLY T H A T  T H E  CE L L S  C O N T A I N

I .  S t i l e s ,  Ka r l  A * ,  Ha n o b o o k  o f  M i c r o s c o p i c  c h a r a c t e r i s t i c s
OF T I S 8 U E S  AND Or S A NS.  P P . & 8



2

NO GRANULE8 HOWEVER T H I S  I S NOT T RUE* T H E  C E L L S  DO CO NT A I N  

GRANULES* 8UT  T H E Y  ARE NOT V I S I B L E  UNDER ORDI NARY S T A I N I N Q  

METHODS AND ARE TOO F I N E  T O  BE SE E N WI T H  T H E  ORDI NARY L I O H T  

M I C R O S C O P E .  T h e  C E L L S  IN T H I S  CATESORY MAY AL S O BE REFERRED 

TO AS MONONUCLEOCVTES FOR T H E Y  C O N T A I N  ONLY ONE S P H E R I C A L  

NUCLEUS* TWO OF THE F I V E  T Y P E S  F A L L  I NT O T H I S  D I V I S I O N ,  NAMELY 

T H E  LYMPHOCYTES AND T H E  MONOCYTES*

I )  L y m p h o c y t e s  -  T h e s e  c e l l s  h a v e  a  l a r g e  r a n g e  i n  s i z e
f

T H E Y  VARY FROM 7 TO 12 MICRONS* T H E  NUCLEUS I S  VERY L A R S E » 

S P H E R I C A L  BUT W I T H  SOMETI MES A S L I G H T  I N D E N T A T I O N ,  AND COM­

POSES MOST OF T H E  C E L L *  T H E  CYTOPLASM I S MERELY A T H I N  R I NS

AROUND T H E  NUCLEUS* T H E S E  C E L L S  COMPRI SE ABOUT 2 5 $  OF THE
2

L E U C O C Y T E S  IN T H E  BLOOO OR ABOUT 2 , 0 0 0  C E L L S  PER C U B I C  

M I L L I M E T E R *  T H E  F U N C T I O N  OF T H E S E  CE L L S  IS NOT WELL UNDER­

S T O O D ,  I F  T H E Y  ARE P H A S O C V T I C  A T  A L L  I T  I S  ONLY TO A VERY 

S L I G H T  DEGREE*

2 )  Mo n o c y t e s  ( s e e  f i g * I )  -  T h e  a p p e a r a n c e  o f  t h e s e  c e l l s

IS VERY S I M I L A R  TO T H E  L Y M P H O C Y T E ,  HOWEVER T H E Y  ARE ALWAYS
3

LARGER RANGI NG BETWEEN 12 AND 15 MI CRONS* T H E Y  HAVE A 

R E L A T I V E L Y  LARGER AMOUNT OF CYTOPLASM THAN DOES T H E  L Y M P H O C Y T E S ,  

BUT T H E  NUCLEUS S T I L L  O C C U P I E S  T H E  SREATER PART OF THE C E L L S .  T H E
4

MONOCYTES ARE 3 T O 8# OF T H E  L E U C O C Y T E S  OR ABOUT  400 CE L L S PER 

C U B I C  M I L L I M E T E R *  T H E S E  ARE VERY IMPORTANT IN T H E  D I S C U S S I O N  OF

*• i£JL2.«* ***«42 2 .  Loc* c i t .  
3 .  L oc .  C I T *  
4* Loc* c i t T
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PHAGOCYTES BECAUSE T H E Y  ARE R E A D I L Y  M O T I L E  AND VERY 

P H A S O C V T 1C*

T h e  MONOCYTES POSE A S L I G H T  PROBLEM IN T H E I R  C L A S S I ­

F I C A T I O N *  T h e  s e n e r a l  s y s t e m  o f  t h e  c l a s s i f i c a t i o n  o f  t h e  

P HASOCYT ES I S BASED ON T H E  O R I S I N  OF THE C E L L .  THE  O R I S I N  

OF T H E  MONOCYTES HAS BEEN THE S U B J E C T  OF CO NSI D E R AB L E  CON­

T R O V E R S Y .  A l e x a n d e r  Ma x i m o w  o f  t h e  Un i v e r s i t y  o f  C h i c a s o

B E L I E V E S  T H A T  T H E  MONOCYTES A R I S E  FROM LYMPHOCYTES AND S T A T E S  

T H A T  IN SOME S I T U A T I O N ,  E . S . ,  IN T H E  S P L E E N ,  A L L  THE T R A N -
I

S I T I O N A L  S T A S E S  FROM T H E  LYMPHOCYTE TO MONOCYTE MAY BE S E E N .

T h e r e f o r e ,  a c c o r o i n g  t o  Ma x i m o w ,  t h e  m o n o c y t e s  s h o u l d  b e

2
C L A S S I F I E D  UNDER THE L E U C O C Y T E *  L E W I S  HAS SHOWN, ON THE CON­

T R A R Y ,  T H A T  I N H A N G I N G  DROP CULT URES MACRO PHASE S ( S E E  UNOER

Re t i c u l o - E n d o t h e l i a l  S y s t e m )  m a y  b e  t r a n s f o r m e d  i n t o  m o n o c y t e s

OR V I C E  VERSA* T H I S  SCHOOL OF T H O U S H T ,  WHICH W I L L  BE E X P L A I N E D  

L A T E R ,  SEEMS T O  I N D I C A T E  T H A T  THE MONOCYTES ARE D E R I V E D  FROM 

H I S T I O C Y T E S  AND THE R E F OR E  SHOULD BE C L A S S I F I E D  UNDER THE

Re t i c u l o - E n d o t h e l i a l  S y s t e m * Re s a r o l e s b  o f  t h e i r  c l a s s i ­

f i c a t i o n  T H E Y  ARE VERY I MPORTANT PHASOCYT ES ANO MUCH MORE 

W I L L  BE S A I D  ABOUT THEM IN T H I S  T H E S I S *

I* Ma x i m o w ,  A l e x a n d e r  A* a n d  W i l l i a m  B l o o m ,  A T e x t b o o k  o f  
H i s t o l o g y .  p p * 100 

2* B e s t ,  C.H* a n d  N* 8* T a y l o r ,  T h e  P h y s i o l o g i c a l  B a s i s  o f  
Me d i c a l  Pr a c t i c e * p p . 8 I
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I I  Gr a n u l o c y t e s  -  T h e s e  c e l l s  a r e  d i v i d e d  i n t o  t h r e e

GROUPS ACCORD I NS TO THE S T A I N I N S  P R O P E R T I ES  OF T H E I R  C Y T O ­

PLASM IC G R A N U L E S • T H E S E  S T A I N I N S  P R O P E R T I E S  ARE S P E C I F I C  TO 

MAN AND CANNOT N E C E S S A R I L Y  BE A P P L I E D  IN T H E  SAME MANNER TO 

LABORATORY ANI MA L S* COMMON TO A L L  THE C E L L S  IN T H I S  GROUP IS 

TH E  F A C T  T H A T  T H E Y  HAVE A B l ,  T R I ,  OR M U T I L O B E D  NUCLEUS AND 

HENCE ANOTHER NAME COMMONLY USED TO REFER TO T H I S  SROUP OF 

C E L L S  IS THE P0 LY M0 R PH0 NUC L E A R CY T E 8  OR S I M P L Y  POLYMORPHOCYTES*

I )  Ne u t r o p h i l s  ( s i e  f i g u r e  2 )  -  T h e s e  s t a i n  w i t h  n e u t r a l  d y e s ,

T H A T  I S ,  A M I X T U R E  OF A C I D  AND B A S I C  DYES AND S I V E  A F A I N T

L I L A C  COLOR T O  T H E  C Y T O P L A S M I C  SRANULES* T H E  N E U T R O P H I L S
I

GENERALLY RANGE FROM 9 TO 12 MICRONG* T H E I R  NUCLEUG IS H I G H L Y  

POLYMORPHOUS,  A PPEARI NG AS AN E L O N S A T E D ,  B E N T ,  OR T W I S T E D  BODY 

WI T H THREE TO F I V E  LOBES CONNECTED BY T H I N  CHROMATI C T H R E A D S .

T h e  n e u t r o p h i l s  a r e  t h e  m o s t  c o m m o n  l e u c o c y t e s  i n  t h e  b l o o d
2

RANGI NG FROM 60  T O  75% OF T H E  T O T A L  NUMBER OF L E UC OC YT E S  

WHICH IS ABOUT 5 , 6 0 0  PER C U B I C  M I L L I M E T E R .  IN T H I S  T H E S I S  

TH E  N E U T R O P H I L  I S BY FAR T H E  MOST IMPORTANT C E L L .  I T  IS 

EXT REMELY P H A G O C Y T I C  AND P OSSESSES SOOD POWERS OF M O T I L I T Y  

ANO AMEBOI D A C T I O N *  2 )  E O S I N O P H I L  -  T H E S E  S T A I N  WI TH A C I D  

D Y E S ,  E . G . ,  E O S I N ,  FROM WHICH T H E  CE L L  D E R I V E S  I T S  NAME,  TO 

G I V E  A RED COLOR TO T H E  COARSE GRANULES OF T H E  CY T OP L ASM.

T h e  e o s i n o p h i l  i s  t h e  l a r s e s t  o f  t h e  s r a n u l o c y t e s  r a n s i n g
3

FROM 10 T O  14 MICRONS* A B I L 0 B E D  NUCLEUS I S C H A R A C T E R I S T I C  

OF T H I S  T Y P E ,  THE LOBES ARE CONNECTED BY A T H I N  CHROMATI C

5

1.  S t i l e s ,  K a r l  A . ,  o p . c i t . ,  p p . 4 2
2 .  l o c .  c i t .



F i g u r e  2  Ne u t r o p h i l

K e y  I  a

B
C

L O B E S  OF NUCL EUS  
C Y TOP L A S M  
C HR O MA T I N  THREAO



t h r e a d .  T h e y  a r e  n o t  n u m e r o u s  i n  t h e  b l o o d  a n d  c o m p r i s e
i

o n l y  a b o u t  2 t o  5 $  o r  t h e  l e u c o c y t e s .  T h e i r  p h a b o c y t i c

P R O P E R T I E S ,  I F  A N Y ,  ARE VERY S L I 8 H T .  3 )  B A S O P H I L  -  HERE

A 8 A I N ,  FOR T H I S  S T U D Y ,  WE HAVE AN UNI MPORT ANT  L E U C O C Y T E .  T H E
2

Ba s o p h i l s  a r e  o n l y  p r e s e n t  t o  0 . 5 #  o f  t h e  l e u c o c y t e s ,  or  l e s s .  

T h e  o r a n u l e s  i n  t h i s  c e l l  s t a i n  d e e p  b l u e  w i t h  b a s i c  d y e s . 

T h e i r  f u n c t i o n  i s  u n k n o w n ,  t h e y  h a v e  n o  p h a b o c y t i c  p o w e r s  a n d

ARE T H O U B H T ,  BY SOME,  T O  BE A DEBENERATE FORM OF N E U T R O P H I L .

T h i s  c o m p l e t e s  t h e  c l a s s i f i c a t i o n  o f  t h o s e  p h a b o c y t e b ,

AND OTHER R E L A T E D  C E L L S ,  WHICH F A L L  UNDER T H E  BENERAL H E A D -  

INC OF L E U C O C Y T E S .

Re t i c u l o - E n d o t h e l i a l  S y s t e m
3

T h i s  t e r m  w a s  c o i n e d  b y  As c h o f f ,  a n d  w a s  o r i g i n a l l y

MEANT TO DEB I B N A T E  ONLY TWO S P E C I E S  OF C E L L S  W I T H I N  T H E  

SYSTEM AS I T  IB KNOWN T O O A Y .  S I N C E  H I B  T I M E ,  HOWEVER,  OTHER 

CE L L S  HAVE BEEN DI SC OVE RE D S I M I L A R  TO T H E B E  AND ADDED T O  THE 

6R0UP WHICH T H I S  TERM NOW I M P L I E S .  T H E S E  C E L L S  ARE ALSO 

COMMONLY REFERRED TO A8 H I S T I O C Y T E S .  MACROPHABE IS ANOTHER 

TERM WHICH 18 USED AS A SYNONYM AND IB C O NT RA ST E D BY THE 

WORD MI CROPHABE WHICH RE F ER8 T O  T H E  P H A B O C Y T I C  CELL S OF THE

b l o o d .  Wh i c h e v e r  i s  p r e f e r r e d ,  i t  i s  s t i l l  a b r e e d  o n  s y  a l l

T H A T  I T  WOULD BE VERY D I F F I C U L T  TO COI N A WORD WHICH WOULD

7

EMBRACE A L L  THE V A R I 0 U 8  T Y P E S  OF C E L L S  IN T H I S  SYSTEM AND

1. L o c .  C I T .
2 . Loc .  C I T .
3 .  Ma x i m o w ,  A l e x a n d e r  A. a n d  W i l l i a m  B l o o m ,  A T e x t b o o k  o f  

H i s t o l o b y .  p p . 64
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Y E T  D I S T I N G U I S H  THEM FROM THE OTHER S I M I L A R  C E L L S  OF THE

BLOOD AND T I S S U E *  IN ONE C H A R A C T E R I S T I C ,  HOWEVER,  THE

H I S T I O C Y T E  D I F F E R S  FROM A L L  T H E  OTHER CELL S OF T H E  BODY.

T h 18 IS THE  F A C T  T H A T  T HEY  W I L L  S T A I N  8UPRAVI  T A L L Y  WI T H
I

N O N - T O X I C  NE UT RAL DYES L I K E  PYRROL B L U E ,  TRYPAN BLUE AND 

L I T H I U M  CARMI NE* T H E  S U P R A V I T A L  S T A I N I N S  T E C H N I Q U E  IS NOT 

AN A C T U A L  CH E MI C AL  S T A I N I N S  OF T H E  CE L L  AT  A L L .  I T  IS 

MERELY AN U L T R A M I C R 0 8 C 0 P I C  P H A 8 0 C V T 0 8 I S  OF T H E  S T A I N  P A R T I C L E S  

BY THE C E L L ,  AND BECAUSE OF T H E  LARSE A C C U M U L A T I O N  OF THE 

S T A I N  IN T H E  CYTOPLASM T H E Y  BECOME V I S I B L E  UNOER THE MI C R O­

S C O P E .  Ot h e r  s c i e n t i s t s  d e c i d e d  t o  c a l l  t h e s e  c e l l s  p y r r o l

C £ L L  BECAUSE o f  T H I S  S P E C I A L  S T A I N I N S  A B I L I T Y  WI T H PYRROL

s l u e .  T h i s  t e r m  i s  u n d o u b t e d l y  t h e  m o s t  s i s n i f i c a n t  o f  t h e  

SRCUP a n d  u n f o r t u n a t e l y  i t  i s  t h e  o n e  w h i c h  i s  t h e  l e a s t

U N I V E R S A L L Y  A C C E P T E D *  I T  CAN BE R E A O I L Y  SEEN HOW E A S I L Y  A 

NEW S T U D E N T  COULO BECOME CONFUSED BY T H I S  C L A S S I F I C A T I O N  AND 

NOMENCLAT URE.

Ho w e v e r  d i s s i m i l a r  t h e s e  c e l l s  m a y  b e  i n  m o r p h o l o q y  or  

i n  t h e i r  c o c a t i o n  i n  t h e  b o d y  t h e y  a r e  a l l  h i q h l y  p h a s o c y t i c

AND VERY USEFUL TO T H E  BODY.

T h e  h i s t i o c y t e s  m a y  b e  d i v i d e d ,  f o r  c o n v e n i e n c e  o f

D E S C R I P T I O N ,  I NTO TWO QROUPS -  F I X E D  AND WANDER INS*

I* B e s t ,  C.H . a n d  N . B .  T a y l o r ,  T h e  P h y s i o l o q i c a l  B a s i s  o f  
Me d i c a l  Pr a c t i c e  p p . 8 0



I F i x e d  H i s t i o c y t e s  -  T h i s  c r o u p  i s  a g a i n  b r o k e n  i n t o  f o u r  

s u b g r o u p s * I )  C e l l s  o f  t h e  c o m m o n  c o n n e c t i v e  t i s s u e  -  T h e s e

ARE FOUND IN LOOSE C O N N E C T I V E  T I S S U E ,  AND THE 3ER0US MEMBRANES.

T h e i r  m o r p h o l o g y  i s  q u i t e  v a r i o u s ,  t h e y  m a y  b e  r o u n d ,  o v a l  or

F L A T  AND SOME EVEN HAVE LONG PROCESSES WHICH RESEMBLE THE AXONS

ANO D E N D R I T E S  OF NEUR0N8* T H E Y  L I E  AMONG THE F I B R O B L A S T I C

E LE ME NT S OF T H E  T I S S U E  AND AT  ANY T I M E ,  AS A R E S U L T  OF SOME

S T I M U L U S ,  T HEY  MAY BECOME FREE AND WANDER THROUGH T H E  T I S S U E S ,
I

HENCE T H E I R  COMMON NAME **REST ING WANOERING CELLS**.  A F T E R  THE 

S T I M U L U S  HAS BEEN REMOVED T H E Y  W I L L  A G A I N  COME TO RE ST  SOME­

WHERE IN THE T I S S U E .  2 )  R E T I C U L A R  C E L L S  -  T H E S E  ARE FOUND IN 

T H E  R E T I C U L U M  OF THE S P L E E N ,  LYMPH GLANDS AND BONE MARROW, 

US UA L L Y  B E I NG  A T T A C H E D  TO T H E  F I B E R 8  OF THE R E T I C U L A R  STROMA.

T h e y  a r e  v e r y  l a r g e  c e l l s  w h i c h  a r e  j o i n e d  t o  o n e  a n o t h e r  b y  

MEANS OF LONG BRANCHI NG P R O C E S S E S .  3 )  E N D O T H E L I A L  C E L L S  —  

T H E S E  CE L L S  ARE D E F I N I T E L Y  SQUAMOUS IN APPEARANCE* T H E Y  L I N E  

T H E  BLOOD VE S S E L S  AND S I N U S E S  OF T H E  S P L E E N ,  BONE MARROW, 

ADRENAL CORTEX AND P I T U I T A R Y  GLAND* IN T H I S  GROUP ARE ALSO 

THE I N T E R E S T I N G  KUPFFER CE L L S  OF THE L I V E R  ( S E E  F I G U R E  3 ) *
2

T h e s e  c e l l s  c a n  a c t u a l l y  h a n g  i n t o  t h e  l u m e n  o f  a c a p i l l a r y

B E I N G  HELD ONLY BY T H I N  PROTOPL ASMI C PR0CE88E8 TO THE WALLS*

T h e y  a r e  v e r y  v a l u a b l e  t o  t h e  b o d y  f o r  i t  i s  a l m o s t  i m p o s s i b l e

FOR ANY F OR E I G N SU B S T A NC E  TO PASS THEM*

9

I* L O C .  C I T  *
2* B u r t o n  -  Op i t z ,  R u s s e l ,  A T e x t b o o k  o f  Ph y s i o l o g y * 

p p . 207



F i g u r e  31 K u p f f e r  Cell3 o f  t h e  L i v e r  
TM 13 L I V E R  S L I D E  CAME FROM A M AN IMAL 
I N J EC T ED  WITH INOIA INK WHILE S T I L L
A L I V E .  T h e  d a r k  s l a c k  i s  t h e  p h a s o -
CYTOSED INDIA  INK.

K e y ? a ) K u p f f e r  c e l l s  
e )  C a p i l l a r  f e s  
c )  L i v e r  c e l l s



4 )  MI C R 0 8 L I A  -  T H E S E  C E L L S  ARE THE PROTECTORS OF T H E  CE NT R AL

NERVOUS SYST EM* T H E Y  ARE FOUND S C A T T E R E D  THROUGH I T S

E N T I R E T Y  IN QREAT Q U A N T I T I E S .  T H E  C E L L  I T S E L F  IS P R A C T I C A L L Y

ALL NUCLEUS W I T H  A FEW C Y T O P L A S M I C  P R O J E C T I O N S  WHICH ARE

T W I S T E D  IN V AR I OUS WAYS AND ARE COVEREO W I T H  A CO NS I D E R ABL E

NUMBER OF T I N Y  S P I N E S .  M l C R O S L I A  ARE SOMET I MES REFERRED TO
I

a s  H o r t e s a ' s c e l l s .

I I  Wa n d e r i n g  H i s t i o c y t e s  -  T h i s  s r o u p  i s  s u b d i v i d e d  i n t o

TWO SUBSROUPS* l )  S O L I D  T I S S U E  H I S T I O C Y T E S  * T H E S E  CE L L S  

ARE VERY S I M I L A R  T O  T H E  LYMPHOCYTES OF T H E  BLOOD,  H A V I N 9  A 

LARGE NUCLEUS WI TH A SMALL AMOUNT OF B A S O P H I L E  CYTOPLASM*

T h e y  w a n d e r  a t  r a n d o m  t h r o u s h  t h e  c o n n e c t i v e  t i s s u e  a n o  o n l y

VERY SELDOM COME TO R E S T .  2 )  BLOOO H I S T I O C Y T E S  -  T H E 3 E  ARE 

CELLS T H A T  WANDER IN THE BLOOO BUT ARE OF EXTRANEOUS 0 R I 8 I N .

T h i s  i s  r a r e  a n d  c o m e s  a b o u t  o n l y  u n d e r  i n t e n s e  p a t h o l o s i c a l

S T I M U L I .  I n L E U K E M I A ,  FOR I N S T A N C E ,  T H E  ORDI NARY C O N N E C T I V E

T I S S U E  MACROPHASES MAY BE FOUND IN LARSE NUMBERS IN THE BLOOD
2

s t r e a m * T h e s e  a r i s e  c h i e f l y  f r o m  t h e  s p l e e n  a n d  b o n e  m a r r o w * 

T h e y  a r e  f o u n d  i n  l a r o e  n u m b e r s  i n  t h e  v e n o u s  s y s t e m  b u t

RARELY REACH THE A R T E R I A L  S I D E  BECAU3E T H E Y  ARE F I L T E R E D  OUT 

BY THE C A P I L L A R I E S  OF THE LUNS* T H E I R  VERY LAROE S I Z E ,  ABOUT 

30 M I C R O N S ,  IS R E S P O N S I B L E  FOR T H I S .  As WAS NOTED BEFORE THERE 

IS A CONTROVERSY ABOUT T H E  C L A S S I F I C A T I O N  OF THE MONOCYTES 

( SEE  UNDER,  I A f l R A N U L O C Y T E S ) .  Ma XIM0W*S E V I D E N C E  SEEMS TO

11

I .  Ma x i m o w ,  A l e x a n d e r  A .  and  W i l l i a m  B l o o m ,  A T e x t b o o k  o f  
H i s t o l o q v  p p .  186

2* B e s t  a n d  T a y l o r ,  o p .  c i t .  p p . 81



PROVE T H E Y  SHOULD BE CLASS I P I C D  UNDER THE L E U C O C Y T E S  AND 

ON THE CONTRARY L E WI S  HAS SOOD E V I D E N C E  T H A T  T H E Y  ARE 

H I S T I O C Y T E S *  I PERSONALLY CAN SEE NO C O N T R A D I C T I O N  IN T H E  

S U P P O S I T I O N  T H A T  T H E Y  COULD OR I S I  NATE THEM PROM BOTH QROUPS 

OR T H A T  T H E  D E R I V E D  CE L L S  ARE SO S I M I L A R  T H A T  I T  IS IM­

P O S S I B L E ,  W I T H  OUR PRESENT KNOWLEDGE T O  0 I S T I N 8 U I S H  T H EM.

T h i s  i d e a  a l s o  f o l l o w s  t h e  u s u a l  t r e n o  i n  a r r i v i n g  a t  s c i e n t i f i c

T R U T H ,  I *E* ,  WHERE THERE I S TWO COMP LETELY CO N T R A D I C T O R Y  VI EWS 

ON T H E  SAME PROBLEM T H E  A C T U A L  T R U T H 18 U S U A L L Y  A C O MB I N A T I O N  

OF BOTH OR A COMPROMISE BETWEEN T H E M.

T h i s  c o n c l u d e s  t h e  s t u d y  o f  t h e  c l a s s i f i c a t i o n  o f  t h e

P H A S O C Y T E S .  T H E  FOLLOWI NG CHART G R A P H I C A L L Y  8H0W8 THE 

D I F F E R E N T  R E L A T I O N S H I P S *

12
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CHAPTER I I 
THE PHYSIOLOGY OF THE PHAGOCYTES

As FAR AS I CAN DETERM INC T H E  FOLLOWI NG IS T H E  BEST  

OR QA N I Z A T  I ON OF T H E  D I F F E R E N T  A S P E C T S  OF THE P H V S I O L O S Y  OF 

T H E  PHASOCYTES FOR PURPOSES OF EASY S T U D Y .

Mo t i l  i t  v

T h e  m o t i l i t y  o f  a p h a g o c y t e  i s  v e r y  i m p o r t a n t  t o  t h e i r

P H A S O C Y T I C  P R O P E R T I E S  AND THUS HAS A BEAR INS ON T H E I R  US E ­

F U L N E S S  TO THE B OD Y .  A MOLECULAR MOVEMENT OF THE CYTOPLASM
I

HAS BEEN OBSERVED IN A L L  T H E  L E U C O C Y T E S ,  BUT WI TH THE E X C E P ­

T I O N  OF THE N E U T R O P H I L  AND MONOCYT E,  I T  IS NOT S U F F I C I E N T L Y

STRONG ENOUSH TO CAUSE M O T I O N .  T H E  E O S I N O P H I L S  AND BAS OPHI L S
2

ARE NOT MARKEDLY M O T I L E  AT  A L L .  T H E  LYMPHOCYTES ARE ONLY 

CAPABLE OF A C E R T A I N  SLOW P R O S R E S S I O N ,  AS A R E S U L T  OF 8 P A 8 -
3

MODIC MOVEMENTS OF THE CE L L  N U C L E U S .  T H E  N E U T R O P H I L S  ANO 

M ONO CY T E S ,  ON T H E  OTHER HAND,  ARE VERY M O T I L E .  T H E Y  E X I B I T  

A MOVEMENT OF T H E I R  CYTOPLASM WHICH IS VERY S I M I L A R  TO T H A T  

D I S P L A Y E D  BY T H E  " A M E B A " .  Pr O L ON OA T I ON S  OF T H E  C Y T OP L A S M,  

WHICH ARE COMMONLY CA L L E D  P S E U D O P O D I A ,  ARC S E N T  OUT IN 

V A R Y I NS  D I R E C T I O N S  ABOUT THE C E L L  AND ARE THEN CONTRACTED 

A Q A I N  INTO THE C E L L  BODY.  I T  S E E M S ,  IN T H I S  T Y P E  OF MOVEMENT,  

T H A T  T H E  NUCLEUS A C T S  AS A P I V O T  FOR I T  US UALLY REMAI NS VERY 

CLOSE TO THE SAME S P O T .  O C C A S I O N A L L Y  A PSEUDOPODIUM W I L L

1.  B u r t o n - O p i t z ,  R u s s e l ,  A T e x t b o o k  o f  Ph y s i o l o g y ,  p p . 202
F I R S T  OBSERVED BY WHARTON J ONES IN 1846,  AND PROVEO FOR 
T H E  HUMAN L E U C O C Y T E  BY D AVA I NE  IN 18 50 .

2 .  B e s t  a n d  T a y l o r ,  q p . c i t . . p p . 7 3
3 .  L o c .  c i t .
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BECOME A T T A C H E D  TO A SURFACE AND THEN T H E  R E M A I N I N Q  MA8S OF

THE C E L L  IS CONTRACTED I NT O I T .  T H I S  PROPERTY OF L E U C O C Y T E 8

TO BECOME A T T A C H E O  TO A SURFACE IS A T T R I B U T A B L E  TO I T S  POWER
I

OF S E C R E T  INS A MUCOUS S U B S T A N C E .  IN T H 1 8 MANNER T HES E  M O T I L E

L E U C O C Y T E S  CAN A T  A RAT E T R A V E L  30  TO 35 MI CRONS PER M I N U T E
2

AT  BODY T E M P E R A T U R E .  WHEN L E U C O C Y T E S  ARE F R E E L Y  MOV INS 

WI T H  THE C I R C U L A T I O N  OF T H E  BLOOD THERE IS OF COURSE NO 

A C T U A L  M O T I L I T Y  ANO THE C E L L S  APPEAR AS A SLOSULAR SUBST ANCE  

WHICH I N D I C A T E S  A S T A T E  OF C O N T R A C T I O N .

Ol A P E D E S  18

B y  t h i s  a c t i o n  o f  d i a p e o e s i s  m y r i a d s  o f  l e u c o c y t e s  m a y

PASS OUT OF THE VASCULAR SY ST EM IN A REMARKEDLY SHORT T I M E .

T h i s  t e r m ,  d i a p e o e s i s ,  w a s  o r i s i n a l l y  c o i n e o  t o  r e f e r  t o  a n y

CELL UL AR ELE ME NT S IN T H E  BLOOD PASS INS OUT THROUSH THE WALLS

OF THE BLOOD V E S S E L .  C O HNH E I M,  HOWEVER,  PROVED T H A T  T H I S  IS
3

A D I S T I N C T  C H A R A C T E R I S T I C  OF L E U C O C Y T E S  O N L Y .  T H E  AMEBOID 

P R O P E R T I ES  OF T H E  L E U C OC Y T E  IS R E S P O N S I B L E  FOR T H I S  PHENOMENA.

A T H I N  PSEUDOPODIUM IS F I R S T  E XT ENDED OUT THROUSH A PERFORA­

T I O N  IN THE V E S S E L  WA L L ,  A F T E R  WHICH THE MAI N MASS OF T H E  C E L L  

IS SLOWLY ORAWN THROUSH THE 0 P E N I N 8  WI T H T H E  E N T I R E  CELL  O U T ­

S I D E  OF T H E  V E S 8 E L .  GREAT NUMBERS OF T H E S E  C E L L S  M I 8 R A T E  OUT 

OF THE VASCULAR SYSTEM WHENEVER THERE 18 T I S S U E  DAMAQE OR

I N F E C T I O N .  T h i s  M i a R A T I O N  I S QREAT LY F A C I L I T A T E D  BY C E R T A I N
4

CHANSES IN T H E  FLOW OF THE B L O O D .  T H E S E  ARES l )  THE  C A P I L L A R Y

1.  B u r t o n - O p i t z ,  R u s s e l ,  o p . c i t . ,  p p . 203
2 .  B e s t  a n d  T a y l o r ,  o p .  c i t . .  p p . 73
3 .  B u r t o n - O p i t z ,  R u s s e l ,  o p .  c i t .  p p . 206
4 .  L o c .  c i t .
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WALLS BECOME RELAXED IN THE RE G I ON OF THE I N F E C T I O N  THU8 

S U P P L Y I N G  A LARGER BLOOD B E D .  2 )  T H I S  LARGER BLOOD BED 

IN TURN CAUSES A LOCAL R I B E  IN TEMPERATURE WHICH A C T I V A T E S  

T HE L E U C O C Y T E S .  3 )  T H I S  I NCREASED 8 1ZE OF THE C A P I L L A R I E S  

OF COURSE DECREASES THE SPEED OF THE BLOOD GOI NG THRU T H E M .

T h i s  e n a b l e d  t h e  l e u c o c y t e s  t o  b e c o m e  a t t a c h e d  t o  t h e  w a l l s

MORE E A 8 I L Y  AND THUS T H E  R AT E  OF O I A P E D E S I S  IB I N C R E A S E D .  

C h e m o t a x  IS

T h i s  i s  t h e  t e r m  w h i c h  a p p l i e s  t o  a n  u n k n o w n  ^ o r c e "

WHICH DRAWS T H E  L E U C O C Y T E S  OUT OF T H E I R  ST OREHOUSES INTO

THE BLOOD STREAM AND THEN DRAW8 THEM OUT OF THE VASCULAR

SYST EM TO T H E  E XA C T  P O I N T  OF I N J U R Y .  I T  WAS FORMERLY THOUGHT

T H A T  THE B A C T E R I A L  T O X I N S  CAUSED T H I S  BUT HAS S I N C E  BEEN

PROVEN T H A T  T H E  N U C L E I C  AC ID8 OF THE BODY C E L L S  AND OF T H E
I

L E U C O C Y T E S  T H E MS E L VE S  ARE R E S P O N S I B L E .  AN I N J E C T I O N  OF 

T H E S E  N U C L E I C  A C I D S  W I L L  D E F I N I T E L Y  CAUSE T H I S  R E A C T I O N .

B e s i d e s  t h i s ,  s u b s t a n c e s  i n t r o d u c e d  i n t o  t h e  b o d y  w h i c h  d o

NOT PRODUCE T 0 X I N 8  W I L L  S T I L L  CAU8E THE A T T R A C T I O N  OF MANY

A D D I T I O N A L  L E U C O C Y T E S *  E . G . ,  P A R T I C L E S  OF CI NNE BAR OR CARBON.

IN T H I S  CASE THE N U C L E I C  A C I D 8  ARE RELEASED FROM C E L L 6  WHICH

ARE I NJ URE D IN THE I N J E C T I O N  I T 8 E L F • J U 8 T  E X A C T L Y  HOW T H E 8 E

N U C L E I C  AC 108 CAN CAUSE T H I S  HOWEVER S T I L L  REMAI NS A PROBLEM

T O BE S O L V E D .  I T  HAS AL80 BEEN 8 U G 6 E 8 T E D  T H A T  THE A T T R A C T I O N
2

IS E L E C T R I C A L  IN NATURE RATHER THAN CHEMI CAL  AND T H A T  A

1. Be s t  a n d  T a y l o r ,  o p .  c i t . .  p p . 74
2 .  L o c .  c i t .
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P O T E N T I A L  E X I S T S  BETWEEN H E A L T HY  ANO D I S E A S E D  OR DESTROYED

T I S S U E .  T h e  l e u c o c y t e s ,  i n  t h i s  c a s e ,  w o u l d  e x i b i t  w h a t  i s

I
k n o w n  a s  s a l v a n o t r o p i s m .  Me n k e n  d i s c o v e r e d  a s u b s t a n c e ,

L E U K O T A X I N E ,  WHICH IS A NI T ROQENOUS C R Y S T A L  AND HE B E L I E V E S  

IS R E S P O N S I B L E  FOR T H E  I NCREASED C A P I L L A R Y  P E R M E A B I L I T Y  AND 

THE M I G R A T I O N  OP THE L E U C O C Y T E S  THROUSH T H E  WALLS.  He  HAS 

I S O L A T E D  T H I S  COMPOUND PROM INFLAMED T I S S U E .  A L L  IN A L L ,  

CHEMOTAXI S  IS A VERY I N T E R E S T I N Q  PHENOMENA AND T H E  U N C O V E R -  

INS OF A L L  I T S  SE CR E T S  W I L L  UNDOUBTEDLY BE VERY V AL UABL E  IN 

THE PR O P HY L AX I S  OF D I S E A S E .

Ph a s o c y t q s  IS

T h e  p r e c e e d i n s  t o p i c s  h a v e  l a i d  a  s o o o  f o u n d a t i o n  a n o

NOW THE D I S C U S S I O N  OF P H A S O C Y T O S I S  I T S E L F  SHALL  BE LOOKEO A T .

I t  i s  e v i o e n t  t h a t  t h i s  i s  b y  f a r  t h e  m o s t  i m p o r t a n t  f u n c t i o n

OF T H E  L E U C O C Y T E S  AND T H E  OTHERS ARE MERELY AL L  IEO F U N C T I O N S  

WHICH E NAB L E  T H E  L E U C O C Y T E  TO PHASOCYT OSE MORE E F F I C I E N T L Y .  A 

B A C T E R I A ,  UPON ENTER I NS T H E  BODY W I L L  I M M E D I AT E L Y  B E G I N  TO 

GROW ( R E P R O D U C E ) ;  T H I S  I S ACCOMPANI ED BY THE D E S T R U C T I O N  OF 

BODY T I S S U E  WHICH W I L L  IN TURN RE L E AS E  I T S  N U C L E I C  A C I D S  TO 

CAUSE THE CHEMOTAXI S  OF T H E  L E U C O C Y T E S .  IF THE  B A C T E R I A  IS 

A NONPATHOGEN I T  W I L L  BE DEVOURED BY T H E  PHAGOCYTES AND NO 

I L L  E F F E C T S  W I L L  BE F E L T  BY THE BOOV.  NOT ONLY B A C T E R I A  BUT 

ALSO ANY F O R E I S N  M A T E R I A L ,  WHETHER I T  BE A S P L I N T E R  OR A 

S U R G I CA L  S U T U R E ,  IS REMOVED IN T H I S  WAV.  I f  THE  B A C T E R I A  IS 

A H I S H L Y  V I R U L E N T  PATHOSEN HOWEVER,  T H E  PHAGOCYTES W I L L  HAVE A 

L I T T L E  MORE D I F F I C U L T Y .  T H I S  D I F F I C U L T Y  MAY BE DUE TO ONE OF



TWO F ACT ORS OR B O T H .  F | R 8 T ,  THE P AT H0 8E N MAY S E C R E T E  A 

HI G H L Y  OEAOLY T O X I N  WHICH IN SOME WAY K I L L S  OR I N A C T I V A T E S  

THE P H A S O C Y T E .  S E C O N D L Y ,  T H E  B A C T E R I A  MAY HAVE A S L I M E  

L A Y E R .  T h i s  IS AN OUTER S H E L L  ON THE PATHOSEN WHICH IS COM­

POSED OF P R O T E I N S  OR H I S H L Y  P OL YMERI ZED POL Y S ACH R I D E S  AND
I

MAKES T H E  B A C T E R I A  R E S I S T A N T  TO P H A S O C Y T O S I S .  T H E  BODY,  

HOWEVER,  HAS SOOD DEFENSE MECHANISMS ASA I N S T  T H E S E  F A C T O R S .

T o x i n s  b e i n g  p r e s e n t  c a u s e  t h e  f o r m a t i o n  o f  t h e  a n t i t o x i n s  i n

THE BODY WHICH CAN " N E U T R A L I Z E "  T H E S E  T O X I N S  AND RENDER THEM 

HARMLESS.  WHEN T H I S  IS DONE THE PHASOCYT ES CAN DO T H E I R  WORK 

WI T H OU T  DANGER.  T H E  S L I M E  L A Y E R ,  WHICH WAS ME NT I ONED  E A R L I E R ,  

CAN BE V I S U A L I Z E D  AS A LAYER OF SREASE WHICH MAKES THE 

B A C T E R I A  S L I P P E R Y  AND T HER EF ORE  CANNOT BE S U C E S S F U L L Y  E N ­

GULFED BY THE P H A G OC Y T E .  tN T H I S  CASE T H E  BODY PRODUCES AN 

A N T I B O D Y  C A L L E D  O P S O N I N ,  WHICH SHALL  BE COMP LETELY E X P L A I N E D  

L A T E R .  T h  18 A N T I B O D Y  I S CAPABLE OF C O A T I N G  T H E  S L I M E  LAYER OR 

R E A C T I N G  W I T H  I T  SO THE PATHOGEN MAY BE E N G U L F E D .  I T  I S  : N -  

T E R E S T I N Q  TO NOTE T H A T  T H E S E  A N T I B O D I E S ,  I N C L U D I N G  A N T I T O X I N S ,  

DO NOT A C T U A L L Y  K I L L  T H E  B A C T E R I A ,  BUT MERELY RENDER THEM 

HE L P L E SS A G A I N S T  THE I N V A D I NG  P H A G O C Y T E S .  A F T E R  T H E S E  S T E P S  

HAVE BEEN T A KE N MANY MONOCYTES AND MEMBERS OF THE R E T I C U L O ­

E N D O T H E L I A L  SYSTEM UNDERGO T R A NS F O R MA T I ON TO FORM A S H I E L D  

WHICH I S O L A T E S  THE D I S E A S E D  T I S S U E  AND T H E  PATHOGENS FROM THE

H E AL T HY T I S S U E .  T H E  C I R C U M S C R I B I N G  WALL AND I T S  CO NT E NT S  ARE
2

WHAT I S KNOWN AS AN ABSCESS.  T H E  CO NT E NT S  WE CALL P U S ,  IS 

DEAD L E U C O C Y T E S  ( » U S  C E L L S ) ,  THE BACTER IA-L GROWTH,  L I Q U I F I E D

18

1.  Sm i t h ,  Da v i o  T .  a n d  No r m a n  F .  C o n a n t ,  Z i n s e e r  B a c t e r i o l o g y .  
p p . 20

2 .  B e s t  a n d  T a y l o r ,  o p . c i t .  p p . 73



T I S S U E  C E L L S  ,  PLASMA,  AND A PEW B R T H 0 C Y T E 3 *  AQAIN THE 

P H A a O C V T E S  00 TO WORK A N D ,  A I O E O  BV A P R O T I E N  0 I G E 3 T I N G  

D E RMENT,  ERODE AWAY T H E  OVERLY I NO S T R U C T U R E S ,  WHETHER I T  BE 

C O N N E C T I V E  T I S S U E ,  MUCOBE,  OR 3 K t N*  I n  T H I 8  WAV T H E  CONTE MT8 

OF T H E  ABSCESS ARE DI SCHARGED T O T H E  E X T E R I O R .  AS I T  MAY 

SE E M,  P H A 8 0 C Y T 0 3 I S  IS C H I E F L Y  USED AS A DEFENSE MEC HANI SM,  

HOWEVER,  I T  HAS MANY OTHER U8 E F U L  PURPOSES.  THE REMOVAL OF 

DEAD T I S S U E ,  A BLOOO C L O T ,  OR D E V I T A L I Z E O  BONE IS ALSO 

AC COMPL I S HE D  IN T H I S  MANNER* T H E  DI SAPPEARANCE OT  NO LONGER 
f

US E FUL  0R8ANS L I K E  T H E  T A I L  AND B I L L S  OF A ME T A M0 PH 0 8 I N8  

T A D - P O L E  OR T H E  C R E E P I N G  MUSCLES OF I N S E C T  LARVAE 18 E F F E C T E D  

BY S I M I L A R  PHAS0 CYT E8 *

OPSONI N3

A t  AN EARLY DATE I T  WAS THOUGHT  T H A T  PHAGOCYTES COULO

NOT ENGULF B A C T E R I A  UNLESS T H E Y  WERE DEAD* S I N C E  T H A T  T ! M E

HOWEVER I T  HAS BEEN D I S C O V E R E D  T H A T  T H E  B A C T E R I A  WERE NOT

DEAD BUT MERELY I N A C T I V A T E D  BY 80ME C O N S T I T U E N T  OF T H E  BLOOD

SERUM.  I T  WAS N O T I C I O  T H A T  T H E  P H A G O C Y T I C  PROCESS OF A

PERSON WHO NAO P R E V I O U S L Y  ENCOUNTERED A D I S E A S E  AND WAS

HA VI NG I T  FOR T H E  SECONO T I M E  D I F F E R E D  FROM THE PROCESS OF

AN I N D I V I D U A L  WHO WAS HAVI NG THE D I S E A S E  FOR THE F I R S T  T I M E *
2

T h e  FORMER PERSON IS REFERRED TO AS B E I N G  " I M M U N E "  T O  THE 

D I 8 E A 8 E *  IN T H I 8  IMMUNE PERSON THE B A C T E R I A  WERE PHABOCYTOSED 

MUCH F A S T E R  AND E A S I E R ,  AND IN SOME CA8E8 T H E  B A C T E R I A  WERE

1.  B u r t o n - O p i t z ,  R u b b e l ,  A T e x t b o o k  o f  P h y s i o l o g y * p p . 2 0 4
2 .  / S m , t h  a w o  C o n a n t ,  o p .  c i t .  p p . 120
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FOUND IN LARGE CLUMPS WHICH F A C I L I T A T E D  THE E N S U L F I N S *  I T  

WAS THEN FOUND T H A T  AN A N T I B O D Y  WAS FORMED UPON C O N T A C T  OF 

THE D I S E A S E  AND REMAI NED IN THE BODY FOR Q U I T E  SOME T I M E *

T h i s  a n t i b o d y ,  o p s o n i n ,  s e r v e s  a s  a n  i n t e r m e d i a t e  a g e n t  t o

I N A C T I V A T E  THE B A C T E R I A  ALLOWI NG T H E  PHAGOCYTE TO ENGULF I T .

T h e  b o d y  c a n  o n l y  p r o d u c e  t h e  b e s t  r e s u l t s  w h e n  t h e  o p s o n i n s
I

AND T H E  NUMBER AND K I N D  OF L E U C O C Y T E S  ARE PROPERLY B A L A NC E D .

A l l i e d  F u n c t i o n s  o f  t h e  Ph a g o c y t e s  o f  t h e  B l q o c

B e s i d e s  t h e  j o b  o f  r e m o v i n g  e x t r a n e o u s  a n d  u s e l e s s

M A T E R I A L  FROM THE BOOV,  THE  PHAGOCYTES ALSO HAVE VERY USEFUL

PURPOSES IN SOME M E T A B O L I C  PROCESSES* T h e  MOST I MPORTANT OF

T H E S E  IS T H E I R  POWER OF T A K I N G  UP N U T R I T I V E  M A T E R I A L S  AND
2

CARRYI NG I T  TO D I F F E R E N T  PARTS OF T H E  BODY E . G . ,  THE  

LYMPHOCYTES ARE S A I D  TO ABSORB F A T  SLOBULES AND CONVEY THEM 

TO THE LYMPH CHANNELS* T H E Y  ARE ALSO SUPPOSED TO A I D  IN THE 

A B S O R P T I O N  OF T H E  PEPTONES AND TO HELP IN M A I N T A I N I N G  A
3

PROPER P R O T I E N  CONT E NT  OF THE BLOOD* BOTH OF T H E S E  ABOVE 

F U N C T I O N S  ARE A T T R I B U T A B L E  TO T H E I R  PH A G O C Y T I C  P R O P E R T I E S *

P h y s i o l o g y  o f  t h e  Re t i c u l o - E : < o o t h s l  i a l  S y s t e m

AS I T  HAS ALREADY BEEN S T A T E D ,  T H E  C H I E F  F U N C T I O N  OF THE 

R E T I C U L O - E N D O T H E L I A L  SYST EM IS T H E I R  A B I L I T Y  T O  PHAGOCYTOSE*

T h i s  d o e s  n o t  d i f f e r  a p p r e c i a b l y  f r o m  t h e  p h a g o c y t o s i s  p r o c e s s

OF T H E  N E U T R O P H I L ,  H O W E V E R ,  T H E R E  ARE A FEW A D D I T I O N A L

20

I .  B u r t o n - O p i t z ,  R u s s e l ,  o p . c i t * p p . 206 
2* I b i d  p p .  201 
3* L o c .  c i t .



A P P L I C A T I O N S  OF I T  IN T H I 9  C A S E .  T H E  A C T I O N  OF THE H I S T I O C Y T E S  

IS MUCH L E 8 S  M O T I L E  AND MORE L O C A L I Z E D  THAN T H A T  OF THE NEUTRO­

P H I L S .  T h e  H I S T I O C Y T E S  w i t h  THE  A I D  OF THE LYMPHOCYTES ARE

R E S P O N S I B L E  FOR PRAT I C A L L Y  AL L  OF T HE RE PA I R PROCESS WHICH
I

FOLLOWS ANY T I S 3 U E  DAMAGE* SOME OF T H E S E  CE LL S NAMELY THE S O -

CALLED DUST CELL S OF T H E  LUNGS ARE R E S P O N S I B L E  FOR T H E  REMOVAL

OF ANY EXTRANEOUS MATT ER WHICH MAY ENTER I NTO THE BODY WI TH THE 
2

I N S P I R E D  A I R .  T he  K UPF F E R CELL S OF T H E  L I V E R  HAVE T H E  A B I L I T Y
3

TO ENGULF THORI UM Q I O X I D E  WHICH IS R A D I O A C T I V E  AND 8H0WS UP 

OPAGUE ON AN X - R A Y .  T H I S  IS VERY VAL UABL E  FOR T H E  S T UD Y OF 

THE L I V E R  IN A L I V I N G  S U B J E C T .  T H E  S P L E E N ,  P L A C E N T A ,  URETER 

AND K I D N E Y  P E L V I S ,  T H E  VE S S E L S  OF THE E X T R E M I T I E S  OR OF THE 

B R A I N ,  AND THE CEREBRAL V E N T R I C L E S  CAN ALSO BE S T U D I E D  IN L I V E
4

S U B J E C T S  U T I L I Z I N G  T H I S  SAME P R I N C I P L E *  T h e  OMENTUM IS VERY 

I MPORTANT DUE TO THE MANY H 1 8 T I O C Y T E S  I T  C O N T A I N S .  IT HAS THE 

A B I L I T Y  TO FORM ADHES I ONS WHICH SERVES TO SEAL PE R F O R A T I O N S  OF 

THE G A S T R O - I N T E 3 T I N A L  T R A C T  AND ALSO I T  CAN I S O L A T E  I N F E C T E D
5

REGI ONS IN THE ABDOMI NAL C A V I T Y *  T h e  FORMATI ON OF S I L E  P I G ­

MENT AND THE D E S T R U C T I O N  OF USED UP E RT H R OC Y T E S  IN THE SPLEEN
6

ARE OTHER WELL E S T A B L I S H E D  F U N C T I O N S  OF THE H I S T I O C Y T E S .  THE 

MACROPHASES OF T H E  LYMPH GLANDS ARE US E F U L  IN T H A T  T H E Y  CAN 

DEVOUR ANC D I G E S T  N E U T R O P H I L S  WHICH HAVE BECOME PACKED WI TH 

B A C T E R I A  AND ARE T H E R E F OR E  RENDERED US E LE SS FOR ANY FURTHER

F H A G 0 C Y T G 8 I S .
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CHAPTER I I I  
EXPERIMENTS IN PHAGOCYTOSIS 

E x p e r i m e n t  I " O b t a i n i n s  a P u r e  C u l t u r e  o f  L e u c o c y t e s "

Pr o b l e m ? I t  i t  a w e l l  k n o w n  f a c t  t h a t  l e u c o c y t e s  a r e

R E L A T I V E L Y  RARE IN WHOLE BLOOD.  FOR EVERY LE U C OC Y T E  THERE
I

ARE APP R O X I M A T E L Y  6 0 0  E R T H R O C Y T E 8 • T H I S  E X P E R I M E N T  DE ALT  

WI TH T H E  PROBLEM OF T R V I N B  TO O B T A I N  A "PURE C U L T U R E " ,  OR 

AT  L E A S T  A R E L A T I V E L Y  H I B H  PERCENTAGE OF L E U C O C Y T E S  IN WHSLE

b l o o d .  T h i s  w o u l o  f a c i l i t a t e  t h e i r  s t u o y  v e r y  m u c h .

Pr o c e d u r e !  T h i s  p r o b l e m  w a s  a p p r o a c h e d  f r o m  t w o  d i f f e r e n t

A N d L E S ,  C E N T R I F U O A L I Z A T I O N  ANO S E D I M E N T A T I O N .  I )  C E N T R I -  

F USA L I Z A T  I ON -  8CC OF BLOOO WAS E X T R A C T E D  I N T R A V E N E O U S L Y  

ANO ADDED TO 4CC OF SODI UM C I T R A T E  S O L U T I O N ,  T H I S  WAS 

C E N T R I F U Q E D  FOR 5 M I N U T E S  A T  MODERATE S P E E D .  THE  SERUM,  IN 

T H I S  T I M E  HAD S E P A R A T E O FROM T H E  C E L L S  BUT NO D I S T I N C T  LAYERS 

IN THE C E L L S  WERE O B S E R V A B L E .  A F T E R  15 MI NU T E S  OF CENTR I • 

F U S I N  TWO LAYERS OF C E L L S  WERE F O U N D .  S L I D E S  WERE MADE OF 

BOTH OF T H E S E  L A Y E R S .  T H E  TOP LAYER WHICH HAD A W H I T E

CLOUDY APPEARANCE WAS B E L I E V E D  TO BE M A I N L Y  L E U C O C Y T E S .  I T
2

WAS P I P E T T E D  OFF AND ADDED TO R i N S E R ' S  S O L U T I O N  FOR FURTHER 

C E N T R I F U 8 A L I Z A T I 0 N ,  HOWEVER,  C O A B U L A T I  ON AT  ONCE TOOK P L A C E .

T h i s  w a s  o u e  t o  a c h e m i c a l  r e a c t i o n  b e t w e e n  t h e  c i t r a t e ,  w h i c h

1. S t i l e s ,  Ka r l  A . ,  Ha n d b o o k  o f  M i c r o s c o p i c  C h a r a c t e r i s t i c s  
o f  T i s s u e s  a n d  Or s a n s . p p . 42

2 .  H o e r r ,  N .L . a n d  A. Os a l ,  Ne w  Go u l d  Me d i c a l  D i c t i o n a r y  p p .  1115



T I E S  UP THE CALCI UM IN T H E  BLOOD,  AND T H E  IONS OF 

R l N G E R * S  S O L U T I O N .  t|T WAS FOUND T H A T  SODIUM DI D NOT R E -

{ * i  PLACE T H E  CA L CI U M AND THEREFORE I S O T O N I C  SODI UM CHLORI DE

S O L U T I O N  COULD BE U S E D .  F U R T H E R  T E S T S  WERE THEN MADE IN 

S A L I N E  S O L U T I O N ,  BUT  T H E Y  O I D  NOT CHANSE T H E  R E L A T I V E  PER­

CENTAGE S I G N I F I C A N T L Y .  2 )  S E D I M E N T A T I O N  -  T H I S  IS V I R T U A L L Y  

BA8ED ON T H E  SAME THEORY AS THE C E N T R I F U S A L I Z A T I  ON WAS I . E . ,  

T H A T  L E U C O C Y T E S  ARE LESS DENSE THAN E R T H R OC Y T E S  AND THEY 

WOULD REMAI N ON T O P WHI LE T H E  E R T H R O C Y T E S  WOULD S E T T L E  TO 

T H E  BOTTOM OF T H E  CELLULAR MAS S .  A LARSE P I P E T T E  WAS 

F I L L E D  W I T H  BLOOD AND ALLOWED TO STAND IN T H E  R E F R I G E R A T OR  

FOR ONE WEEK.  AT  T H E  END OF T H I S  WEEK T H E  C E L L S  WERE D I V I D E D  

VERY N I C E L Y  I N T O  TWO L A Y E R S .  T H E  LOWER ONE WAS DARK RED AND 

T H E  UPPER LAYER WAS W H I T E .  S L I D E S  WERE MAOE OF T H E S E  LAYERS 

A L S O .

C ONCL US I ON?

T h e  LOWER LAYERS OF BOTH T E S T S  C O N T A I N E D  A VERY HI GH 

C O N C E N T R A T I O N  OF E R T H R OCY T E S AND P R A C T I C A L L Y  NO L E U C O C Y T E S .

T h e  u p p e r  l a y e r  i n  t h e  c e n t r i f u g e o  b l o o d  c o n t a i n e d  a  r a t i o

OF ABOUT 20  E R T H R O C Y T E S  TO ONE L E U C O C Y T E .  T H E  L E U C O C Y T E S  

WERE WELL FORMED AND COULD E A S I L Y  BE USED FOR E X P E R I M E N T A T I O N  

IN P H A G O C Y T O S I S .  IN T H E  UPPER LAVER OF T H E  S E D I M E N T A T I O N  

HOWEVER,  T H E  L E U C O C Y T E S  WERE POORLY D E F I N E D  AND MANY HAD 

UNDERGONE L Y S I S .  T H E  R A T I O  WAS A L I T T L E  B E T T E R  IN T H I S  

C A S E ,  B E I N G  ABOUT 15 TO I .  T H E S E  CE L L S  WERE O B V I O U S L Y  U S E ­

L E S S  FOR ANY E X P E R I M E N T A T I O N .  ( S E E  F I SURE 4 ) .  T H E R E F O R E ,  I 

CO NCL UD E ,  WHI LE  I T  IS P O S S I B L E  TO O B T A I N  A BLOOD SPECI MEN

23
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F i g u r e  4  -  L e u c o c y t e s  w h i c h  h a v e  u n d e r q o n e
S E D I M E N T A T I O N  FOR ONE W E E K .

T h i s  f i e l d  c l e a r l y  s h o w s  t h e  i n c r e a s e d  r a t i o  
o f  e r t h r o c y t e s  t o  l e u c o c y t e s  d u e  t o  s e d i m e n t a t ­
i o n .  S l i d e  w a s  m a d e  f r o m  t h e  u p p e r  l a y e r  ( w h i t e )
AND S T A I N E D  W I T H  Wr | Q H T * 8  S T A I N .

Ke y ! a ) e r t h r o c y t e s  
b ) l e u c o c y t e s
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W I T H  AN I NCREASED L E U C O C Y T E  COUNT I T  I S V I R T U A L L Y  IM­

P O S S I B L E  TO PREPARE AN A B S O L U T E  " P URE C U L T U R E "  US I NS THE 

ABOVE MEANS*

E x p e r i m e n t  I I  " P h a s q c y t o s i s  Ou t s i d e  t h e  B o d y "

Pr o b l e m s T h i s  p r o b l e m  i s  m e r e l y  t o  a s c e r t a i n  w h e t h e r  t h e

PHASOCYTES OF T H E  BLOOD WOULO ENSULF  B A C T E R I A  W I T H I N  T H E I R  

NORMAL BLOOD SERUM BUT O U T S I D E  OF THE BODY .

Pr o c e d u r e .  T wo d i f f e r e n t  o r s a n i s m s  a n d  t w o  m e t h o d s  w e r e

USED IN T H I S  E X P E R I M E N T  A L S O .  I )  ON A CLEAN SLABS S L I D E  WAS

PLACED A DROP OF I S O T O N I C  S A L I N E  S O L U T I O N ,  I T  WAS THEN

MI XE D WI TH A LOOP OF ST APHVLOCOCUS ALSUS FROM A N U T R I E N T

ASAR C U L T U R E .  To T H I S ,  A DROP OF FRESH BLOOD D I R E C T L Y  FROM

A P I E R C E D  F I N S E R  WAS A DDE D.  I T  WAS A S A I N  M I X E D  AND ALLOWED

TO STAND FOR ONE M I N U T E .  AT  T H E  END OF T H I S  M I N U T E  T H E  DROP

WAS DRAWN OUT I N T O  A SMEAR,  D R I E D ,  F I X E D  AND S T A I N E O  WI T H
I

Ma c h i a v e l l o ’ s s t a i n .  T h e  r e s u l t s  w e r e  v e r y  s u r p r i s i n s .  A

SREAT OEAL OF P H A S O C Y T O S I S  HAD COME A 8 0UT  AS CAN BE E A S I L Y  

SEEN IN F I S U R E  5 WHICH WAS T A KE N FROM T H I S  S L I O E .  2 )  A 

BLOOD S P E C I ME N WAS PREPARED BY AD D I NS 5CC OF FRESH WHOLE 

BLOOD TO 0 . 2 C C  OF A 20% S O L U T I O N  OF SOOIUM C I T R A T E  IN 

I S O T O N I C  S A L I N E  S O L U T I O N .  A B A C T E R I A L  S U S P E N S I O N  WAS PRE­

PARED BY M I X I N 8  L 0 0 P F U L 8  OF BRUCE LLA ABORTUS I NT O 2CC OF

I .  C o m m i t t e e  o n  B a c t e r i o l o g i c a l  T e c h n i c  o f  t h e  S o c i e t y  o f  
Am e r i c a n  B a c t e r i o l o s i s t s .  Ma n u a l  o f  h e t h o p s  f o r  P u r e  
C u l t u r e  St u d y  o f  Ba c t e r i a .
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-  P H A G O C Y T O S I S  OF S T R *  P H Y L O C O C C U S
A l s u s  o u t s i d e  t h e  b o d y .

P H A G O C Y T I C  M O N O C Y T E  
P H A G O C Y T O S E D  S T A P H Y L O C O C C U S  A L B U S  
ORGAN I SMS .

Ma c c h t a v e l l o * s  s t a j n



I S O T O N I C  S A L I N E  U N T I L  A S L I S H T L V  CLOUDY M I X T U R E  WAS

o b t a i n e d .  T h e n  0 * I c c  o r  b o t h  t h e  b l o o o  s p e c i m i n  a n d

T H E  B A C T E R I A L  S U S P E N S I O N  WERE M I X E D  IN A SE PAR AT E  T UBE  

ANO ALLOWEO T O  ST AND I N T H E  I NCUBATOR ( 3 7 ° C )  FOR 4 HOUR*

A T  T H E  END OF T H I S  T I M E  A S L I D E  MAO MADE OF T H E  M I X T U R E *

He r e  a b a  i n  v e r y  s o o d  p h a s o c v t d b i s  w a s  o b s e r v e d * Se e

F I S U R E  6*

C o n c l u s i o n !  Pm a s o c y t o s i b  w i l l  o p e r a t e  v e r y  e f f e c t i v e l v

OUTS IOE T H E  BOOY.  T hE PROCESS OF P H A S O C Y T O B I S  T A K E S  B U T  A 

VERY SHORT T I M E  AS WAS E V I D E N C E D  BV PART  I OF T H I S  E X P E R I ­

M E N T .  IT I B  S T I L L  NOT B E T E R M I N E O  WHETHER T H E  PHASOCYT E  IB 

COMP L E T E L Y  I NOEPENOENT  I . E . ,  W I L L  T H E Y  OP ERAT E  W I T H O U T  T H E  

PRESENCE OF BLOOD SERUM I IN SOME OTHER I N T R A C E L L U L A R  M E D I A  

L I K E  P H V S I O L O S I C A L  S A L I N E  S O L U T I O N *

C x n a i m . T  i l l  "Ph» « ocvto» i »  im Phy« io l o« ic» i  Sa l i m  Som rteW  

P r o b l e m s  W i l l  p h a s o c v t o b i b w o r k  o u t s i d e  t h e  b o d y  a n d  w i t h

P H V S I O L O S I C A L  S A L I N E  S O L U T I O N  FOR I T S  I N T E R C E L L U L A R  M E D I A ?

Pr o c e d u r e !  I O c c  o f  f r e s h l y  e x t r a c t e d  o i t r a t e b  b l o o o  w a s

C E N T R I F U S E O  FOR 10 M I N U T E S *  A t  T H E  END OF T H I S  10 M I N U T E S  

T H E  S U P E R N A T A N T  SERUM WAS REMOVED PROM T H E  C E L L S  ANO RE PLA C E D 

W I T H  T H E  SAME VOLUME OF P H V S I O L O S I C A L  S A L I N E  S O L U T I O N #  T H I S  

WAS THOROUSHLV M I X E D  AND C E N T R I F U S E O  ASA I N* T m I B  PROCESS WAS 

R E P E A T E O  T H R E E  T I M E S *  A F T E R  T H E  L A S T  M I X I N S  T H E  C E L L S  WERE 

NOW SUSPENDED I N A S O L U T I O N  WHI CH WAS M A I N L Y  P H V S I O L O S I C A L



Flaunt 6 - PH»«p.c,vT08ts or Bruc^ll* Abortus 
0 u T 3 » p g  t h e  B o d y .

K e y s  a ) P H A Q0 C Y T E 3
b ) b r u c e l l a  a b o r t u s  o r g a n i s m s

MaCCH I A V E l . L O , 8 9T A  » N
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F i s u r e  7  -  P h a s o c y t o 3 t s  W i t h i n  a P h y s i o l o g i c a l  
S a l  t .me  Med i a

No t e  t h e  d e f o r m i t y  o f  t h e  n e u t r o p h i l

Ke y * a ) n e u t r o p h i l
e)  b r u c e l l a  a b o r t u s  o r g a n i s m s

Ma c c h i a v e l l o t s s t a i n
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S A L I N E  S O L U T I O N  W I T H  A V ERY LOW P E R C E N T A G E  OF A C T U A L  S L O OD 

s e r u m .  T h e n  O . I c c  o f  t h i 3 b l o o d  s o l u t i o n  w a 3 m i x e d  w i t h  0 , I c c  

OF A B A C T E R I A L  S U S P E N S I O N  I D E N T I C A L  W I T H  T H E  S U S P E N S I O N  P R E ­

PARED I N E X P E R I M E N T  I t .  T H I S  M I X T U R E  WAS T H E N  I N C U B A T E D  A T  

37°C FOR H A L F  AN H O U R ,  A S L I D E  WA3 T H E N  MADE OF T H I 3  M I X T U R E  

AND S T A I N E D  W I T H  M A C C H I A V E L L O *8 3 T A I N .  A W R I G H T ’ S S T A I N  WAS 

A L S O  MADE OF T H E  OLOOD IN S A L I N E  S O L U T I O N  B E F O R E  T H E  A D D I T I O N  

OF T H E  B A C T E R I A L  3 U 8 P E N 3 I 0 N .

C o N C L U S  SON? ON T H E  S L I D E  OF T H E  I N C U B A T E O  M I X T U R E  VERY FEW 

L E U C O C Y T E S  WERE FOUND AND T H O S E  WERE U S U A L L Y  H l t t H L Y  DEFORMED 

AND PHA G O C Y T  08 18 WAS V ERY S L I G H T ,  8 E E  F I  SURE 7 g  T H E  W r I 8 H T * 8  

S T A I N  WAS MADE P R I M A R I L Y  T O  T E S T  T H E  O S M O T I C  P R E S S U R E  OF T H E  

ASSUMED I S O T O N I C  S A L I N E  S O L U T I O N .  A3 ONE CAN E A S I L Y  S E E  FROM 

F I G U R E  8 N E I T H E R  P L A S M O L Y S l S  NOR P L AS MO PT  08 18 HAS OCC URRE D IN 

ANY D E G R E E .  T H E R E F O R E ,  T H E  S O L U T I O N  WAS T R U L Y  I S O T O N I C  AND 

WAS NOT  R E S P O N S I B L E  FCR E I T H E R  T H E  L OS S OR T H E  D E F O R M I T Y  OF 

T H E  L E U C O C Y T E S .  ONE CAN A L S O  B E E  FROM F I  SURE 8 WHI CH WAS A 

F I E L D  S E L E C T E D  A T  RANOOM,  T H A T  T H E R E  I S NOT  ONE S I N 8 L E  

L E U C O C Y T E  I N T H E  E N T I R E  F I E L D .  T H I S  18 A RARE 8 18HT  FOR A 

F I E L D  OF T H I S  8 I 2 E .  TWO T H E O R I E S  WERE F O R M U L A T E D  T O  A C C O U N T  

FOR T H I S .  I )  T H E  L E U C O C Y T E S  OF T H E  B L O O D ,  B E I N G  L I 8 H T E R ,  D I O  

NOT  C E N T R I F U G E  W I T H  T H E  E R T H R 0 C Y T E 8  ANO WERE REMOVEO I N T H E

P I P P S T I N 3 ,  2 )  T h e r e  i a  some c o n s t i t u e n t  o f  t h e  b l o o d  s e r u m

WHICH ! S N E C E 3 3 A R Y  FOR A L E U C O C Y T E S  E X I S T E N C E  AND P H A g O C Y T I C

p r o p e r t i e s .  T h e  f i r s t  t h e o r y ,  h o w e v e r ,  c o n t r a d i c t s  E x p e r i m e n t

! OF T H I S  T H E S I S  ANO T H E R E F O R E  I B E L I E V E  T H E  L A T T E R  T O  BE 

C O R R E C T ,
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F i o u r e  8 • B l o o d  C e l l s  s u a P E N D C P . t w  S a l i n e  S o l u t i o n  

N o t e  c o m p l e t e  a b s e n c e  o f  l e u c o c y t e s  i n  t h e
MASS OF E R Y T H R C C Y T E 3

c Wr i o h t , s  s t a i n



F i s u r e  9 -  H i s h  P o w e r  a n d  O i l  I m m e r s i o n  R e p r e s e n t a t i o n s
o r  Ph A G OC V T "c g * S OF I r . UECTCD f c .C O H  IN THE
A b d o m i n a l  C a v i t y  o r  a Wh i t e  M o u s e

M a c c h i a v e l l o ' s  s t a i n
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E x p e r i m e n t  IV " P h a s o c y t o s i s  i n  V i v o "

Pr o b l e m :  T h i s  e x p e r i m e n t  d e m o n s t r a t e * t h e  p h a s o c y t o s i s  o f

T HE MACROPHASES ANO L E U C O C Y T E S  OP E RA T I NG  IN T H E  L I V I N 8  

BODY AND ALSO T O COMPARE I T  WI T H  THE P H A S O C Y T O S I S  WHICH WAS 

PREFORMED O U T S I D E  THE BODY*

Pr o c e d u r e :  T wo  w h i t e  m i c e  w e r e  u s e d  i n  t h i s  e x p e r i m e n t .  On e  

OF t h e  m i c e  w a s  u s e d  a s  a c o n t r o l  a n d  t h e  o t h e r  w a s  i n j e c t e d

I N T R A PER I T O N E A L L Y  WI T H  0 . 5 C C  OF A 24 HOUR OLD N U T R I E N T  BROTH 

CULTURE OF E S C H E R I C H I A  COL I .  TWO HOURS A F T E R  T H E  I N J E C T I O N *  

BOTH MI CE WERE S A C R I F I C E D  BY P U T T I N S  THEM IN AN ETHER CHAMBER.

T h e i r  a b d o m i n a l  c a v i t y  w a s  o p e n e d  a n d  a s m e a r  w a s  m a d e  o f  t h e

L Y MP H A T I C  F L U I D  PRESENT IN T H E  C A V I T Y *

C o n c l u s i o n ? No s r o s s  c h a n s e s  i n  t h e  p e r i t o n e u m  or  v i s c e r a

OF THE I N J E C T E D  MOUSE WERE NOT I CABLE* HOWEVER,  UPON E X A M I N -  

INS T H E  S L I D E S ,  VERV SOOD P H A S O C Y T O S I S  WAS F OU ND .  IN THE 

I N J E C T E D  MOU S E ,  AS MANY AS 5 0  S I N S L E  B A C T E R I A  WERE FOUND IN 

A S I N S L E  MACROPHASE* T H E  PHASOCYT ES FOUND IN THE ABDOMI NAL 

C A V I T Y  WERE BOTH L E U C O C Y T E S  ( N E U T R O P H I L S  AND MONO CY T E S )  AND 

WANDER INS C E L L S  FROM T H E  R E T I C U L O - E N D O T H E L I A L  SYSTEM ( MA C R O -  

P A S E S * )  F l S U R E  9 CLEARLY SHOWS THE P H A S O C Y T O S I S  IN T H E S E  

C E L L S .  ON T H E  S L I D E  MAOE FROM T H E  CONTROL MOUSE NOT NEARLY 

AS MANY PH AS OC Y T E S  WERE F O U N D .  T H I S  WAS A SOOD EXAMPLE OF 

HOW CHEMOT AXI S  HAD OPERATED IN THE CASE OF T H E  I N J E C T E D  MOUSE.  

I n t h e  c o n t r o l  m o u s e  a f e w  c o c c i  w e r e  f o u n d  P H A S 0 C Y T 0 8 E D ,  

HOWEVER T H E S E  WERE B E L I E V E D  T O  BE B A C T E R I A  FROM OTHER E X T E R N A L
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SOURCES,  SEE M S U R E  10* A L L  IN A L L  THE P H A B O C Y T O S I S  WHICH 

HAO COME ABOUT  IN T H E  C A V I T Y  OF THE L I V I N 8  AN I MAL  EXCEEOED 

ANY P H A G O C Y T O S I S  WHICH WAS S Y M T H E T I C A L L Y  I NDUCED O U T S I D E  

T HE BODY.

E x p e r i m e n t  V T h e  V a l u e  o r  Op s o n i n s

Pr o b l e m s  Wh a t  a c t u a l  E r r s c T  oo t h e s e  a n i t b o d i e s  c a l l e d

OPSONI NS HAVE ON P H A S O C Y T O S I 8 ?  HOW DOES P H A S O C Y T O S I S *  I N ­

F LUENCE D W I T H  OPSONI NS O i r r C R  rROM T H E  USUAL PHASOCYT OS18 

PERrORMED IN AND O U T S I D E  T H E  BODY?

Pr o c e d u r e :  A w h i t e  m o u s e  w a s  a l s o  u s e d  i n  t h i s  e x p e r i m e n t *

A V A C C I N E  WAS PREPARED U S I N S  A 24 HOUR OLD N U T R I E N T  BROTH

c u l t u r e  o r  E s c h e r i c h i a  C o l i * T h e  c u l t u r e  w a s  c e n t r i r u s s o

U N T I L  THE 8U P E R N A T A N T  BROTH WAS CLEAR* T H I S  BROTH WAS 

P I P E T T E D  OFT  AND REPLACED W I T H  T H E  SAME VOLUME Or S T E R I L E  

I S O T O N I C  S A L I N E  S O L U T I O N *  T H I S  WAS THEN SHAKEN AND PLACED 

IN A WATER BATH R E 8 U L A T E D  A T  60°C rOR 30 M I N U T E S .  T H I S  

HEAT  T R E A T M E N T  K I L L 8  T H E  B A C T E R I A ,  BUT D0E8 NOT C H E M I C A L L Y  

AL T E R  THE E N D O T O X I N 8  PRODUCED BY T H E  0 R 8 A N I S M .  A r T E R  THE 

V A C C I N E  WAS COLLEO 0 . 5 C C  WAS I N J E C T E D  I N T R A P E R I T O N E A L L V  

I NTO THE MOUSE.  F i r T E E N  DAYS L AT ER THE MOUSE WAS S I V E N  A 

SECOND I N J E C T I O N ,  BUT T H I S  T I M E  I T  WAS 0 . 5 C C  OF A 24 HOUR 

OLD N U T R I E N T  BROTH CULTURE O F  L I V E  E S C H E R I C H I A  COL I .  TWO 

HOURS A r T E R  T H E  SECOND I N J E C T I O N  T H E  MOUSE WAS S A C R I M C E D  

WI T H ETHER AND S L I D E S  WERE MADE Or THE  L Y M P H A T I C  r L U I D  

PRESENT IN T H E  ABDOMI NAL C A V I T Y *
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C O NCL US I ON?  No t !  T H A T  W I T H  THE E X C E P T I O N  OF THE 

V A C C I N A T I O N *  T H I S  PROCEDURE WA8 I D E N T I C A L  W I T H  T H A T  USED 

IN E XP E R I ME NT  IV . T H E R E F OR E *  BOTH THE M I CE  USED IN T H A T  

E XP E RI ME NT  COULD BE USED AS CONTROLS H E R E .  A F T E R  T H E  

V A C C I N A T I O N  T H E  MOUSE BECAME VERY I L L  FOR A PERI OD OF ABOUT  

20  HOURS* BUT  T H E N  R E C O V E R E D .  T H I S  WAS OUE T O  T H E  V I O L E N T  

T O X I N - A N T I T O X I N  R E A C T I O N  WHICH WAS PRODUCED.  ASA IN THERE  

WERE NO SROSS CHAN6ES WHICH COULD BE N O T I C E D  IN THE P O S T ­

MORTEM.  T h e  s l i d e s  s a v e  v e r y  e x c e l l e n t  r e s u l t s * h o w e v e r *

T H E  O P E R A T I O N  OF T H E  0 P S 0 N I N S  COULD BE E A S I L Y  S E E N .  As CAN 

BE SEEN IN F I S U R E  9 FROM T H E  PREVI OUS E X P E R I M E N T  THE B A C T E R I A  

ARE S C A T T E R E D  ANO AN A C T U A L  COUNT OF THEM COULD BE MADE.  ALSO 

IN T H E  O I L  IMMERSION R E P R E S E N T A T I O N  T H E  B A C T E R I A  WERE FOUNO 

IN S I N G L E S  IN T H E  MACROPHASES.  T H I S  CAN BE SHARPLY CON­

T R A S T E D  W I T H  F I S U R E  10 OF T H I S  E X P E R I M E N T  WHICH WAS MADE IN 

THE I D E N T I C A L  MANNER.  T H E  B A C T E R I A  HERE ARE NOT FOUND IN 

S I N S L E S  BUT  RATHER T H E Y  ARE A S S L U T I N A T E D  I NT O LARSE CLUMPS 

DUE T O  T H E  A C T I O N  OF T H E  O P S O N I N S .  IN T H E  O I L  IMMERSION 

R E P R E S E N T A T I O N  I T  CAN BE SEEN HOW THE MACROPHASES ENSULF 

T H E  B A C T E R I A  IN T H E B E  LARGE CLUMPS MAKI NS T H E  O P E RA T I ON VERY 

MUCH MORE E F F I C I E N T .  I t  IS O B V I O U S  THEN T H A T  P HAGOCY T OS I S  

A I D E D  WI TH T H E S E  OPSONI NS IS MUCH SUPERI OR TO THE PHAGO­

C Y T O S I S  PREFORMEO O U T S I D E  OF T H E  BODY AND ALSO TO T H A T  PRE­

FORMED I N S I D E  THE BODY W I T H O U T  T H E  A I D  OF T H E S E  A N T I B O D I E S .
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F i s u r e  10 - H t s h Po w e r  a n d  O il Im m e r s i o n  R e p r e s e n t a t i o n s
or PHAGOCYTOSIS OF INJECTED E.COLI IN THg"
A b d o m i n a l  C a v i t y  o f  a Pr e v i o u s l y  Im m u n i z e o  
W h i t e  M o u s e .
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