CqrETTE LIBRARY CARROLL COLLEGE

BY
JUDSE

THE STUDY OF PHAGOCYTOSIS
TFHRANCF P.

5962 00081 660



Tml8 Thcsi# for “Cum Laude"
RECOQNIT ION HAS BEEN APPROVED
for the Department of Biology
by



TABLE OF CONTEMTS

INTRODUCTION

CHAPTER

|. THE TERMINOLOGY AND CLASSIFICATION OF THE
PHAGOCYTES

Leucocytes =

Reticulo-Endothelial Sy stem . cccceeeeeeeniins

I1. THE PHYSIOLOGY OF THE PHAGOCYTES.......iin

o T A T YOS
OIAPEDESIS

(O T =N W o T - 10 1=

Phagocytosis

(O o =T o 1 o 1 18 1= SRR

Allied Functions or the Phagocytes of the

B I 0 0 d o e e i aeaa e e

Physiolosy oOr the Reticulo-Enoothel iai
SYSTEM .t

[11. EXPERIMENTS IN PHAGOCYTOSIS......cooooiivireriir o

Experiment | "Obtainin® a Pune Culture of

Leucocytes™ i o
Experiment T "Phacocytosis Outside the
Body”

Experiment Ill "Phagocytosis in Phys iolosical
Saline Solution™ e e
Experiment |V "Phasocytosis in Vivo" ...
Experiment V "The Value or Opsonins™ ..........

Bibliosraphy

PAGE

14
14
15

16
17
19
20

20

22

22
25
27

33
34

37



ILLUSTRATION

10.

TABLE OF ILLUSTRATIONS
Monocyte....... B e Hee . .
Neutrophit
Kupffer Cells of the Liver
Leucocytes which have undergone sedimentation

FOR ONE WEEK

PhAOOCYTOSIS OF STRAPHYLOCOCCUS ALSUS OUT-
SIDE OF THE BODY

PHA80CYTO08IS OF BRUCELLA ABORTUS OUTSIDE
THE BODY

Phagocytosis within a Physiolosical Saline

Media

Blood Cells Suspended in Saline Solution

High Power and Oil Immersion Representations
of Phagocytosis of Injected E.Coli in the
Abdominal Cavity of a White Mouse ........
High Power and Oil Immersion Representations

of Phagocytosis of
Abdominal Cavity
White Mouse

Injectec
of a

previously

E. Coli in the
Immunized

PAGE

24

26

28

29

31

32

36






INTRODUCTION

The word phagocytosis has a colorful etymology, it
COMES FROM TWO GREEK WORDSI - PHAGEIM, TO EATJ AND KYTOS,
CELL, THEREFORE AN EATING CELL* THESE CELLS HAVE ALSO
BEEN FIGURATIVELY REFERRED TO AS "THE POLICEMAN OF THE

BLOOD."

Phagoiytosis was first demonstrated by Elie

Metchnikoff, a Russian biologist, in the late nineteenth
century. Since his time many theories have been forwarded
on this wonderful phenomena. For a number of years after

ITS DISCOVERY IT ENJOYED AN ERA OF GREAT IMPORTANCE. HOW-
EVER, WITH THE DISCOVERY OF OUR MODERN ANT IBODY-ANTI GEN

3
REACTION THEORY IN 1935 BY HE ILDERBERQER 1IT8 IMPORTANCE

HAS DROPPED TO PRACTICALLY NIL.

In the past 23 years therefore phagocytosis has been a
MUCH ABUSED SUBJECT AND WRONGLY 80. IT SHOULD ACTUALLY, I
BELIEVE, BE ONE OF THE MOST IMPORTANT PHASES OF IMMUNOLOGY.
AS A RESULT OF THIS NEGLECT WE KNOW HARDLY ANYTHING ABOUT
THE ACTION, THE CAUSE, OR EVEN THE RESULT OF THIS FASCINATING
MECHANSISN. I WOULD LIKE TO POINT OUT THAT WITHOUT PHAGA-
CYTOSIS, ANTIBODIES WOULD BE PRACTICALLY WORTHLESS. THIS IS
DUE TO THE SIMPLE FACT THAT ANTIBODIES DO NOT, FOR THE MOST

PART, KILL BACTERIA BUT MERELY TEMPORARILY INACTIVATE THEM

1. Hoerr, N.L. ano A. osaL, NEW couLp mEeDpicaL picTioNARY. PP.896
2. Ibid.. pp.725
3. From notes taken in Pathogenic Microbiology.



OR AGGLUTI NATE THEM 80 THE PHAGOCYTE MIGHT 00 THEIR JOB

EASIER™ t BELIEVE THAT SOMEDAY AFTER ENOUGH KNOWLEDGE IB
8AINEO IN THIS FIELD, PHA80CYT0818 MAY BE CONTROLLED,

PERHAPS EVEN TO THE DE8S8REE TO MAKE ANTIBODIES UNNECESSARY™*
DURING THE COURSE OF THIS THESIS | HAVE OFTEN ASKED MYSELF
THIS QUESTION; WHY WOULD IT NOT BE POSSIBLE TO OEVELOP

SOME TYPE OF ASENT THAT WOULO "SPUR ON" OR ACTIVATE PHAS8O0-
CYTE8 TO TREMENDOUSLY INCREASE THEIR EFFICIENCY. Or, IN-
STEAD OF "PRE PARIN8" THE INVADINS OR8ANI8M8, A8 ANTIBODIES
DO, WHY SHOULD NOT THE PROBLEM BE ATTACKEO AT ITS BASE, AT
THE PHA8OCVTE ITSELF* SUCH A DEVELOPMENT WOULD 8URELV BE

OF MONUMENTAL SI8NIFICANCE TO THE FIELD OF IMMUNIZATION.

These are merely theoretical ideas, however in this
THESIS | WILL ATTEMPT TO ANSWER AND PROVE THE FOLLOWIN1
FUNDAMENTAL QUESTIONS ABOUT PHATOCVTOS18* 1) WILL PHAB8O0-
CYTOS18 WORK OUTSIDE THE BODY? 2) Is IT AS EFFECTIVE AS
PHASOCYTOSIS INSIDE THE BODY? 3) WILL PHA80CYTOSIS WORK IN
PHYBIOLO8ICAL SALINE SOLUTION AND IS BLOOD SERUM AN IMPORTANT
FACTOR IN THE OPERATION? 4) WHAT IS THE ROLE OF OP8ONINS

)aNTIBODIEs ) IN PHASOCYTOSIS?



CHAPTER |

THE TERMINOLOGY ANO CLASSIFICATION OF THE PHAGOCYTES

The term phasocyte, althoush used specifically is
ACTUALLY QUITE A NEBULOUS ONE* THE STANOARO CLASSIFICATION
IS NOT UNIVERSALLY ACCEPTED AND IN THE CASE OF SOME OF THE

CELLS THEIR PHASOCYTIC PROPERTIES ARE NOT EVEN KNOWN.

All of the phasocytes of the body however can be placed
UNDER TWO VERY SENERAL HEAD INSS, THE LEUCOCYTE8 OF THE BLOOD
ANO THE RETICULO-ENOOTHELIAL SYSTEM* THE CELLS OF THE LATTER
ARE BY FAR THE MOST NUMEROUS PHOSOCVTES OF THE BODY* THESE
CELL8 HOWEVER DO NOT LENO THEMSELVES EASILY TO STUDY BECAUSE
OF THEIR LOCATIONS IN THE BODY AND THE NECESSITY OF HAVINS
TO REMOVE ENTIRE TISSUE BLOCKS TO OBTAIN THEM. THEREFORE IN
ALL THE EXPERIMENTS OF THIS THESIS | HAVE UTILIZED THE PHASO-

CYTES OF THE BLOOD.

The leucoytes of the blood may be classified easily.
|
There are five types of these cells which shall be considered

INDEPENDENTLY. THESE FIVE TYPES FALL INTO TWO MAIN CATESORIES,

THE ASRANULOCYTES AND THE SRANULOCYTES™*

I ASRANULOCYTES - THIS NAME WOULD IMPLY THAT THE CELLS CONTAIN

*
I. Stiles, Karl A, Hanobook of Microscopic characteristics

OF TISBUES AND OrSANS. PP.&8



NO GRANULE8 HOWEVER THIS IS NOT TRUE* THE CELLS DO CONTAIN
GRANULES* 8UT THEY ARE NOT VISIBLE UNDER ORDINARY STAININQ
METHODS AND ARE TOO FINE TO BE SEEN WITH THE ORDINARY LIOHT
MICROSCOPE. The CELLS IN THIS CATESORY MAY ALSO BE REFERRED

TO AS MONONUCLEOCVTES FOR THEY CONTAIN ONLY ONE SPHERICAL
NUCLEUS™* TWO OF THE FIVE TYPES FALL INTO THIS DIVISION, NAMELY

THE LYMPHOCYTES AND THE MONOCYTES™*

I) Lymphocytes - These cells have a large range in size
THEY VARY FROM 7 TO 12 MICRONSf* THE NUCLEUS IS VERY LARSE»
SPHERICAL BUT WITH SOMETIMES A SLIGHT INDENTATION, AND COM-
POSES MOST OF THE CELL* THE CYTOPLASM IS MERELY A THIN RINS
AROUND THE NUCLEUS* TI-éESE CELLS COMPRISE ABOUT 25% OF THE
LEUCOCYTES IN THE BLOOO OR ABOUT 2,000 CELLS PER CUBIC
MILLIMETER* THE FUNCTION OF THESE CELLS IS NOT WELL UNDER-

STOOD, IF THEY ARE PHASOCVTIC AT ALL IT IS ONLY TO A VERY

SLIGHT DEGREE™*

2) Monocytes ( see fig* |) - The appearance of these cells
IS VERY SIMILAR TO THE LYMPHOCYTE, HOWEVER THEY ARE ALWAYS
LARGER RANGING BETWEEN 12 AND 15 MICRONS* THEY HAVE A
RELATIVELY LARGER AMOUNT OF CYTOPLASM THAN DOES THE LYMPHOCYTES,
BUT THE NUCLEUS STILL OCCUPIES THE SREAArTER PART OF THE CELLS. THE
MONOCYTES ARE 3 To 8# oF THE Leucocytes or ABouT 400 ceLLs Per

CUBIC MILLIMETER™ THESE ARE VERY IMPORTANT IN THE DISCUSSION OF

LZ.«* ***«42
C" cit.
C
C



PHAGOCYTES BECAUSE THEY ARE READILY MOTILE AND VERY

PHASOCVTI1C*

The MONOCYTES POSE A SLIGHT PROBLEM IN THEIR CLASSI-
FICATION™* The seneral system of the classification of the
PHASOCYTES IS BASED ON THE ORISIN OF THE CELL. THE ORISIN
OF THE MONOCYTES HAS BEEN THE SUBJECT OF CONSIDERABLE CON-
TROVERSY. Alexander Maximow of the University of Chicaso
BELIEVES THAT THE MONOCYTES ARISE FROM LYMPHOCYTES AND STATES
THAT IN SOME SITUATION, E.S., IN THE SPLEEN, ALL THE TRAN-
SITIONAL STASES FROM THE LYMPHOCYTE TO MONOCYTE MAY BE SEEI\II.
Therefore, accoroing to Maximow, the monocytes ?hOUId be
CLASSIFIED UNDER THE LEUCOCYTE™* LEWIS HAS SHOWN, ON THE CON-
TRARY, THAT IN HANGING DROP CULTURES MACROPHASES (SEE UNOER
Reticulo-Endothelial System) may be transformed into monocytes
OR VICE VERSA=* THIS SCHOOL OF THOUSHT, WHICH WILL BE EXPLAINED
LATER, SEEMS TO INDICATE THAT THE MONOCYTES ARE DERIVED FROM
HISTIOCYTES AND THEREFORE SHOULD BE CLASSIFIED UNDER THE
Reticulo-Endothelial System®* Resarolesb of their classi-

fication THEY ARE VERY IMPORTANT PHASOCYTES ANO MUCH MORE

WILL BE SAID ABOUT THEM IN THIS THESIS*

|I* Maximow, Alexander A* and William Bloom, A Textbook of
Histola . *100

2% CHY ana NF 8 o10gi |
Best, . and Taylor, The Physiological Basis of
Medical Practice™ pp.81



FESURE 1 - Monocyte

Key: a) NUCLEUS
8 CYTOPLASM
C ERTHROCYTEB



Il Granulocytes - These cells are divided into three
GROUPS ACCORD INS TO THE STAININS PROPERTIES OF THEIR CYTO-
PLASM IC GRANULESe THESE STAININS PROPERTIES ARE SPECIFIC TO
MAN AND CANNOT NECESSARILY BE APPLIED IN THE SAME MANNER TO
LABORATORY ANIMALS* COMMON TO ALL THE CELLS IN THIS GROUP 1S
THE FACT THAT THEY HAVE A BIl, TRI, OR MUTILOBED NUCLEUS AND
HENCE ANOTHER NAME COMMONLY USED TO REFER TO THIS SROUP OF
CELLS IS THE POLYMORPHONUCLEARCYTE8 OR SIMPLY POLYMORPHOCYTES*
1) Neutrophils (sie figure 2) - These stain with neutral dyes,
THAT IS, A MIXTURE OF ACID AND BASIC DYES AND SIVE A FAINT
LILAC COLOR TO THE CYTOPLASMIC SRANULES* THE NEUTROPHILS
GENERALLY RANGE FROM 9 TO 12 MICRONC—:* THEIR NUCLEUG IS HIGHLY
POLYMORPHOUS, APPEARING AS AN ELONSATED, BENT, OR TWISTED BODY
WITH THREE TO FIVE LOBES CONNECTED BY THIN CHROMATIC THREADS.
The neutrophils are the most common leucocytes in the bbood
RANGING FROM 60 TO 75% OF THE TOTAL NUMBER OF LEUCOCYTES
WHICH IS ABOUT 5,600 PER CUBIC MILLIMETER. IN THIS THESIS
THE NEUTROPHIL IS BY FAR THE MOST IMPORTANT CELL. IT IS
EXTREMELY PHAGOCYTIC AND POSSESSES SOOD POWERS OF MOTILITY
ANO AMEBOID ACTION™* 2) EOSINOPHIL - THESE STAIN WITH ACID
DYES, E.G., EOSIN, FROM WHICH THE CELL DERIVES ITS NAME, TO
GIVE A RED COLOR TO THE COARSE GRANULES OF THE CYTOPLASM.

The eosinophil is the larsest of the sranulocytes ransing
3

FROM 10 TO 14 MICRONS* A BILOBED NUCLEUS IS CHARACTERISTIC

OF THIS TYPE, THE LOBES ARE CONNECTED BY A THIN CHROMATIC

1. Stiles, Karl A., op.cit., pp.42
2. loc. cit.



Figure 2 Neutrophil

Key | a LOBES OF NUCLEUS
CYTOPLASM
C CHROMATIN THREAO

us]



thread. They are not numerous in the blood and comprise
only about 2 to 5${ Or the leucocytes. Their phabocytic
PROPERTIES, IF ANY, ARE VERY SLI8HT. 3) BASOPHIL - HERE
A8AIN, FOR THIS STUDY, WE HAVE AN UNIMPORTANT LEUCO?YTE. THE
Basophils are only present to O0.5# of the leucocytes, or less.
The oranules in this cell stain deep blue with basic dyes.

Their function is unknown, they have no phabocytic powers and

ARE THOUBHT, BY SOME, TO BE A DEBENERATE FORM OF NEUTROPHIL.

This completes the classification of those phabocyteb,
AND OTHER RELATED CELLS, WHICH FALL UNDER THE BENERAL HEAD-

INC OF LEUCOCYTES.

Reticulo-Endothelial System 5

This term was coined by Aschoff, and was originally
MEANT TO DEB IBNATE ONLY TWO SPECIES OF CELLS WITHIN THE
SYSTEM AS IT IB KNOWN TOOAY. SINCE HIB TIME, HOWEVER, OTHER
CELLS HAVE BEEN DISCOVERED SIMILAR TO THEBE AND ADDED TO THE
6ROUP WHICH THIS TERM NOW IMPLIES. THESE CELLS ARE ALSO
COMMONLY REFERRED TO A8 HISTIOCYTES. MACROPHABE IS ANOTHER
TERM WHICH 18 USED AS A SYNONYM AND IB CONTRASTED BY THE
WORD MICROPHABE WHICH REFER8 TO THE PHABOCYTIC CELLS OF THE
blood. Whichever is preferred, it is still abreed on sy all

THAT IT WwWOULD BE VERY DIFFICULT TO COIN A WORD WHICH WOULD

EMBRACE ALL THE VARIOU8 TYPES OF CELLS IN THIS SYSTEM AND

1. Loc. CIT.
2. Loc. ciT.
3. Maximow, Alexander A and William Bloom, ATextbook of

Histoloby. pp.64



YET DISTINGUISH THEM FROM THE OTHER SIMILAR CELLS OF THE
BLOOD AND TISSUE™* IN ONE CHARACTERISTIC, HOWEVER, THE
HISTIOCYTE DIFFERS FROM ALL THE OTHER CELLS OF THE BODY.
Th18 IS THE FACT THAT THEY WILL STAIN 8UPRAVITALLY WITH

|
NON-TOXIC NEUTRAL DYES LIKE PYRROL BLUE, TRYPAN BLUE AND
LITHIUM CARMINE* THE SUPRAVITAL STAININS TECHNIQUE IS NOT
AN ACTUAL CHEMICAL STAININS OF THE CELL AT ALL. IT IS
MERELY AN ULTRAMICRO8COPIC PHA80CVTO8IS OF THE STAIN PARTICLES
BY THE CELL, AND BECAUSE OF THE LARSE ACCUMULATION OF THE
STAIN IN THE CYTOPLASM THEY BECOME VISIBLE UNOER THE MICRO-
SCOPE. Other scientists decided to call these cells pyrrol
CELL BECAUSE of THIS SPECIAL STAININS ABILITY WITH PYRROL
slue. This term is undoubtedly the most sisnificant of the
SRCUP and unfortunately it is the one which is the least
UNIVERSALLY ACCEPTED* IT CAN BE REAOILY SEEN HOW EASILY A
NEW STUDENT COULO BECOME CONFUSED BY THIS CLASSIFICATION AND

NOMENCLATURE.

However dissimilar these cells may be in morphology or
in their cocation in the body they are all highly phasocytic

AND VERY USEFUL TO THE BODY.

The histiocytes may be divided, for convenience of

DESCRIPTION, INTO TWO QROUPS - FIXED AND WANDER INS*

I1* Best, CH and N.B. Taylor, The Physioloqgical Basis of
Medical Practice pp.80



| Fixed Histiocytes - This croup is again broken into four
subgroups™ I) Cells of the common connective tissue - These
ARE FOUND IN LOOSE CONNECTIVE TISSUE, AND THE 3EROUS MEMBRANES.
Their morphology is quite various, they may be round, oval or
FLAT AND SOME EVEN HAVE LONG PROCESSES WHICH RESEMBLE THE AXONS
ANO DENDRITES OF NEURONS8=* THEY LIE AMONG THE FIBROBLASTIC
ELEMENTS OF THE TISSUE AND AT ANY TIME, AS A RESULT OF SOME
STIMULUS, THEY MAY BECOME FREE AND WANDER THROUGH THE TISSUES,
|
HENCE THEIR COMMON NAME **REST ING WANOERING CELLS**, AFTER THE
STIMULUS HAS BEEN REMOVED THEY WILL AGAIN COME TO REST SOME-
WHERE IN THE TISSUE. 2) RETICULAR CELLS - THESE ARE FOUND IN
THE RETICULUM OF THE SPLEEN, LYMPH GLANDS AND BONE MARROW,
USUALLY BEING ATTACHED TO THE FIBER8 OF THE RETICULAR STROMA.
They are very large cells which are joined to one another by
MEANS OF LONG BRANCHING PROCESSES. 3) ENDOTHELIAL CELLS -
THESE CELLS ARE DEFINITELY SQUAMOUS IN APPEARANCE* THEY LINE
THE BLOOD VESSELS AND SINUSES OF THE SPLEEN, BONE MARROW,
ADRENAL CORTEX AND PITUITARY GLAND* IN THIS GROUP ARE ALSO
THE INTERESTING KUPFFER CELLS OF THE LIVER (SEE FIGURE 3)*2
These cells can actually hang into the lumen of a capillary
BEING HELD ONLY BY THIN PROTOPLASMIC PROCE88E8 TO THE WALLS*

They are very valuable to the body for it is almost impossible

FOR ANY FOREIGN SUBSTANCE TO PASS THEM*

I* LOC. CIT™*
2* Burton - Opitz, Russel, A Textbook of Physiology™
pp. 207



Figure 31 Kupffer Cell3 of the Liver
TM 13 LIVER SLIDE CAME FROM AM AN IMAL
INJECTED WITH INOIA |INK WHILE STILL
ALIVE. The dark slack is the phaso-
CYTOSED INDIA INK.

Key? a) Kupffer cells
e) Capillar fes

c) Liver cells



1n
4) MICROSLIA - THESE CELLS ARE THE PROTECTORS OF THE CENTRAL
NERVOUS SYSTEM* THEY ARE FOUND SCATTERED THROUGH ITS
ENTIRETY IN QREAT QUANTITIES. THE CELL ITSELF IS PRACTICALLY
ALL NUCLEUS WITH A FEW CYTOPLASMIC PROJECTIONS WHICH ARE
TWISTED IN VARIOUS WAYS AND ARE COVEREO WITH A CONSIDERABLE
NUMBER OF TINY SPINES. MICROSLIA ARE SOMETIMES REFERRED TO

as Hortesa's cells.

I Wandering Histiocytes - This sroup is subdivided into

TWO SUBSROUPS* I) SOLID TISSUE HISTIOCYTES * THESE CELLS

ARE VERY SIMILAR TO THE LYMPHOCYTES OF THE BLOOD, HAVIN9 A
LARGE NUCLEUS WITH A SMALL AMOUNT OF BASOPHILE CYTOPLASM*
They wander at random throush the connective tissue ano only
VERY SELDOM COME TO REST. 2) BLOOO HISTIOCYTES - THE3E ARE
CELLS THAT WANDER IN THE BLOOO BUT ARE OF EXTRANEOUS ORIS8IN.
This is rare and comes about only under intense patholosical
STIMULI. In LEUKEMIA, FOR INSTANCE, THE ORDINARY CONNECTIVE
TISSUE2 MACROPHASES MAY BE FOUND IN LARSE NUMBERS IN THE BLOOD
stream®* These arise chiefly from the spleen and bone marrow?™
They are found in laroe numbers in the venous system but
RARELY REACH THE ARTERIAL SIDE BECAU3E THEY ARE FILTERED OUT
BY THE CAPILLARIES OF THE LUNS* THEIR VERY LAROE SIZE, ABOUT
30 MICRONS, IS RESPONSIBLE FOR THIS. AS WAS NOTED BEFORE THERE

IS A CONTROVERSY ABOUT THE CLASSIFICATION OF THE MONOCYTES

(SEE UNDER, | AfIRANULOCYTES). Ma XIMOW*S EVIDENCE SEEMS TO
I. Maximow, Alexander A. and William Bloom, A Textbook of
Histoloqv pp.

2* Best and Taylor, op. cit. pp.8l



PROVE THEY SHOULD BE CLASS IPICD UNDER THE LEUCOCYTES AND

ON THE CONTRARY LEWIS HAS SOOD EVIDENCE THAT THEY ARE
HISTIOCYTES™* I PERSONALLY CAN SEE NO CONTRADICTION IN THE
SUPPOSITION THAT THEY COULD ORISI NATE THEM PROM BOTH QROUPS

OR THAT THE DERIVED CELLS ARE SO SIMILAR THAT IT IS IM-
POSSIBLE, WITH OUR PRESENT KNOWLEDGE TO OISTIN8UISH THEM.

This idea also follows the wusual treno in arriving at scientific
TRUTH, I*E*, WHERE THERE IS TWO COMPLETELY CONTRADICTORY VIEWS
ON THE SAME PROBLEM THE ACTUAL TRUTH 18 USUALLY A COMBINATION

OF BOTH OR A COMPROMISE BETWEEN THEM.

This concludes the study of the classification of the
PHASOCYTES. THE FOLLOWING CHART GRAPHICALLY 8HOW8 THE

DIFFERENT RELATIONSHIPS™*
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CHAPTER |1
THE PHYSIOLOGY OF THE PHAGOCYTES

AS FAR AS | CAN DETERMINC THE FOLLOWING IS THE BEST
ORQANIZAT ION OF THE DIFFERENT ASPECTS OF THE PHVSIOLOSY OF

THE PHASOCYTES FOR PURPOSES OF EASY STUDY.

Motil itv

The motility of a phagocyte is very important to their
PHASOCYTIC PROPERTIES AND THUS HAS A BEARINS ON THEIR USE-
FULNESS TO THE BODY. A MOLECULAR MOVEMENT OF THE CYTOPLASM
HAS BEEN OBSERVED IN ALL THE LEUCOCYTEé, BUT WITH THE EXCEP-
TION OF THE NEUTROPHIL AND MONOCYTE, IT IS NOT SUFFICIENTLY
STRONG ENOUSH TO CAUSE MOTION2 THE EOSINOPHILS AND BASOPHILS
ARE NOT MARKEDLY MOTILE AT ALL. THE LYMPHOCYTES ARE ONLY
CAPABLE OF A CERTAIN SLOW PROSRESSION, AS A RESULT OF 8PAS8-
MODIC MOVEMENTS OF THE CELL NUCLEU:; THE NEUTROPHILS ANO
MONOCYTES, ON THE OTHER HAND, ARE VERY MOTILE. THEY EXIBIT
A MOVEMENT OF THEIR CYTOPLASM WHICH IS VERY SIMILAR TO THAT
DISPLAYED BY THE "AMEBA". PrOLONOATIONS OF THE CYTOPLASM,
WHICH ARE COMMONLY CALLED PSEUDOPODIA, ARC SENT OUT IN
VARYINS DIRECTIONS ABOUT THE CELL AND ARE THEN CONTRACTED
AQAIN INTO THE CELL BODY. IT SEEMS, IN THIS TYPE OF MOVEMENT,
THAT THE NUCLEUS ACTS AS A PIVOT FOR IT USUALLY REMAINS VERY

CLOSE TO THE SAME SPOT. OCCASIONALLY A PSEUDOPODIUM WILL

1. Burton-Opitz, Russel, A Textbook of Physiology, pp. 202
FIRST OBSERVED BY WHARTON JONES IN 1846, AND PROVEO FOR
THE HUMAN LEUCOCYTE BY DAVAINE IN 1850.

2. Best and Taylor, qgp.cit.. pp.73

3. Loc. cit.
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BECOME ATTACHED TO A SURFACE AND THEN THE REMAININQ MA8S OF
THE CELL IS CONTRACTED INTO IT. THIS PROPERTY OF LEUCOCYTES
TO BECOME ATTACHEO TO A SURFACE IS ATTRIBUTABLE TO ITS POWER
OF SECRET INS A MUCOUS SUBSTANCIIE. IN TH18 MANNER THESE MOTILE
LEUCOCYTES CAN AT 5 RATE TRAVEL 30 TO 35 MICRONS PER MINUTE
AT BODY TEMPERATURE. WHEN LEUCOCYTES ARE FREELY MOV INS

WITH THE CIRCULATION OF THE BLOOD THERE 1S OF COURSE NO

ACTUAL MOTILITY ANO THE CELLS APPEAR AS A SLOSULAR SUBSTANCE

WHICH INDICATES A STATE OF CONTRACTION.

OIAPEDES 18

By this action of diapeoesis myriads of leucocytes may
PASS OUT OF THE VASCULAR SYSTEM IN A REMARKEDLY SHORT TIME.
This term, diapeoesis, was orisinally coineo to refer to any
CELLULAR ELEMENTS IN THE BLOOD PASS INS OUT THROUSH THE WALLS
OF THE BLOOD VESSEL. COHNHEIM, HOWEVER, PROVED THAT THIS IS
A DISTINCT CHARACTERISTIC OF LEUCOCYTES ONLi. THE AMEBOID
PROPERTIES OF THE LEUCOCYTE IS RESPONSIBLE FOR THIS PHENOMENA.
A THIN PSEUDOPODIUM IS FIRST EXTENDED OUT THROUSH A PERFORA-
TION IN THE VESSEL WALL, AFTER WHICH THE MAIN MASS OF THE CELL
IS SLOWLY ORAWN THROUSH THE OPENIN8 WITH THE ENTIRE CELL OUT-
SIDE OF THE VESS8EL. GREAT NUMBERS OF THESE CELLS MI8S8RATE OUT
OF THE VASCULAR SYSTEM WHENEVER THERE 18 TISSUE DAMAQE OR
INFECTION. This MiaRATION IS QREATLY FACILITATED BY CERTAIN

4
CHANSES IN THE FLOW OF THE BLOOD. THESE ARES I) THE CAPILLARY

1. Burton-Opitz, Russel, op.cit., pp. 203
2. Best and Taylor, op. cit.. pp.73

3. Burton-Opitz, Russel, op. cit. pp.206
4. Loc. cit.
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WALLS BECOME RELAXED IN THE REGION OF THE INFECTION THUS8
SUPPLYING A LARGER BLOOD BED. 2) THIS LARGER BLOOD BED
IN TURN CAUSES A LOCAL RIBE IN TEMPERATURE WHICH ACTIVATES
THE LEUCOCYTES. 3) THIS INCREASED 81ZE OF THE CAPILLARIES
OF COURSE DECREASES THE SPEED OF THE BLOOD GOING THRU THEM.

This enabled the leucocytes to become attached to the walls

MORE EAS8ILY AND THUS THE RATE OF OIAPEDESIS [IB INCREASED.

Chemotax IS

This is the term which applies to an unknown ”“orce"
WHICH DRAWS THE LEUCOCYTES OUT OF THEIR STOREHOUSES INTO
THE BLOOD STREAM AND THEN DRAW8 THEM OUT OF THE VASCULAR
SYSTEM TO THE EXACT POINT OF INJURY. IT WAS FORMERLY THOUGHT
THAT THE BACTERIAL TOXINS CAUSED THIS BUT HAS SINCE BEEN
PROVEN THAT THE NUCLEIC ACID8 OF THE BODY CELLS AND OF THE

|

LEUCOCYTES THEMSELVES ARE RESPONSIBLE. AN INJECTION OF
THESE NUCLEIC ACIDS WILL DEFINITELY CAUSE THIS REACTION.
Besides this, substances introduced into the body which do
NOT PRODUCE TOXIN8 WILL STILL CAU8E THE ATTRACTION OF MANY
ADDITIONAL LEUCOCYTES* E.G., PARTICLES OF CINNEBAR OR CARBON.
IN THIS CASE THE NUCLEIC ACID8 ARE RELEASED FROM CELL6 WHICH
ARE INJURED IN THE INJECTION |IT8ELFe JU8T EXACTLY HOW THES8E
NUCLEIC AC 108 CAN CAUSE THIS HOWEVER STILL REMAINS A PROBLEM
TO BE SOLVED. IT HAS ?LBO BEEN 8UGG6E8S8TED THAT THE ATTRACTION

IS ELECTRICAL IN NATURE RATHER THAN CHEMICAL AND THAT A

1. Best and Taylor, op. cit.. pp.74
2. Loc. cit.
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POTENTIAL EXISTS BETWEEN HEALTHY ANO DISEASED OR DESTROYED
TISSUE. The leucocytes, in this case, would exibit what is

known as salvanotropism. Menken discovered a substance,

LEUKOTAXINE, WHICH IS A NITROQENOUS CRYSTAL AND HE BELIEVES
IS RESPONSIBLE FOR THE INCREASED CAPILLARY PERMEABILITY AND
THE MIGRATION OP THE LEUCOCYTES THROUSH THE WALLS. He HAS
ISOLATED THIS COMPOUND PROM INFLAMED TISSUE. ALL IN ALL,

CHEMOTAXIS IS A VERY INTERESTINQ PHENOMENA AND THE UNCOVER-
INS OF ALL ITS SECRETS WILL UNDOUBTEDLY BE VERY VALUABLE |IN

THE PROPHYLAXIS OF DISEASE.

Phasocytqgs IS

The preceedins topics have laid a sooo foundation ano
NOW THE DISCUSSION OF PHASOCYTOSIS ITSELF SHALL BE LOOKEO AT.
It is evioent that this is by far the most important function
OF THE LEUCOCYTES AND THE OTHERS ARE MERELY ALL IEO FUNCTIONS
WHICH ENABLE THE LEUCOCYTE TO PHASOCYTOSE MORE EFFICIENTLY. A
BACTERIA, UPON ENTER INS THE BODY WILL IMMEDIATELY BEGIN TO
GROW (REPRODUCE); THIS IS ACCOMPANIED BY THE DESTRUCTION OF
BODY TISSUE WHICH WILL IN TURN RELEASE ITS NUCLEIC ACIDS TO
CAUSE THE CHEMOTAXIS OF THE LEUCOCYTES. IF THE BACTERIA IS
A NONPATHOGEN IT WILL BE DEVOURED BY THE PHAGOCYTES AND NO
ILL EFFECTS WILL BE FELT BY THE BOOV. NOT ONLY BACTERIA BUT
ALSO ANY FOREISN MATERIAL, WHETHER IT BE A SPLINTER OR A
SURGICAL SUTURE, IS REMOVED IN THIS WAV. If THE BACTERIA IS
A HISHLY VIRULENT PATHOSEN HOWEVER, THE PHAGOCYTES WILL HAVE A

LITTLE MORE DIFFICULTY. THIS DIFFICULTY MAY BE DUE TO ONE OF
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TWO FACTORS OR BOTH. FIR8T, THE PATHO8EN MAY SECRETE A
HIGHLY OEAOLY TOXIN WHICH IN SOME WAY KILLS OR INACTIVATES
THE PHASOCYTE. SECONDLY, THE BACTERIA MAY HAVE A SLIME
LAYER. This IS AN OUTER SHELL ON THE PATHOSEN WHICH IS COM-
POSED OF PROTEINS OR HISHLY POLYMERIZED POLYSACHRIDES AND
MAKES THE BACTERIA RESISTANT TO PHASOCYTOSIé. THE BODY,
HOWEVER, HAS SOOD DEFENSE MECHANISMS ASA INST THESE FACTORS.
Toxins being present cause the formation of the antitoxins in
THE BODY WHICH CAN "NEUTRALIZE" THESE TOXINS AND RENDER THEM
HARMLESS. WHEN THIS IS DONE THE PHASOCYTES CAN DO THEIR WORK
WITHOUT DANGER. THE SLIME LAYER, WHICH WAS MENTIONED EARLIER,
CAN BE VISUALIZED AS A LAYER OF SREASE WHICH MAKES THE
BACTERIA SLIPPERY AND THEREFORE CANNOT BE SUCESSFULLY EN-
GULFED BY THE PHAGOCYTE. tN THIS CASE THE BODY PRODUCES AN
ANTIBODY CALLED OPSONIN, WHICH SHALL BE COMPLETELY EXPLAINED
LATER. Th 18 ANTIBODY IS CAPABLE OF COATING THE SLIME LAYER OR
REACTING WITH IT SO THE PATHOGEN MAY BE ENGULFED. IT IS :N-
TERESTINQ TO NOTE THAT THESE ANTIBODIES, INCLUDING ANTITOXINS,
DO NOT ACTUALLY KILL THE BACTERIA, BUT MERELY RENDER THEM
HELPLESS AGAINST THE INVADING PHAGOCYTES. AFTER THESE STEPS
HAVE BEEN TAKEN MANY MONOCYTES AND MEMBERS OF THE RETICULO-
ENDOTHELIAL SYSTEM UNDERGO TRANSFORMATION TO FORM A SHIELD
WHICH ISOLATES THE DISEASED TISSUE AND THE PATHOGENS FROM THE
HEALTHY TISSUE. THE CIRC%MSCRIBING WALL AND ITS CONTENTS ARE
WHAT IS KNOWN AS AN ABSCESS. THE CONTENTS WE CALL PUS, IS

DEAD LEUCOCYTES (»US CELLS), THE BACTER IA-L GROWTH, LIQUIFIED

1. Smith, Davio T. and Norman F. Conant, Zinseer Bacteriology.
pp.20
2. Best and Taylor, op.cit. pp.73
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TISSUE CELLS, PLASMA, AND A Pew BRTHoCYTE3* AQAIN THE
PHAQOCVTES 00 TO WORK AND, AIOEO BV A PROTIEN OIGE3TING
DERMENT, ERODE AWAY THE OVERLY INO STRUCTURES, WHETHER IT BE
CONNECTIVE TISSUE, MUCOBE, OR 3KtN* In THI8 WAV THE CONTE MT8
OF THE ABSCESS ARE DISCHARGED TO THE EXTERIOR. AS IT wmay
SEEM, PHA80CYTO3IS IS CHIEFLY USED AS A DEFENSE MECHANISM,
HOWEVER, IT HAS MANY OTHER USEFUL PURPOSES. IHE REMoOvAL oF
DEAD TISSUE, A BLOOO CLOT, OR DEVITALIZEO BONE IS ALSO
ACCOMPLISHED IN THIS MANNER* THE DISAPPEARANCE 0T NO LONGER
USEFUL OR8ANSf LIKE THE TAIL AND BILLS OF A METAMOPHOS8INS

TAD-POLE OR THE CREEPING MUSCLES OF INSECT LARVAE 18 EFFECTED

BY SIMILAR PHASOCYTES8*

OPSONIN3

At AN EARLY DATE IT WAS THOUGHT THAT PHAGOCYTES COULO
NOT ENGULF BACTERIA UNLESS THEY WERE DEAD* SINCE THAT TIME
HOWEVER IT HAS BEEN DISCOVERED THAT THE BACTERIA WERE NOT
DEAD BUT MERELY INACTIVATED BY 80OME CONSTITUENT OF THE BLOOD
SERUM. IT WAS NOTICIO THAT THE PHAGOCYTIC PROCESS OF A
PERSON WHO NAO PREVIOUSLY ENCOUNTERED A DISEASE AND WAS
HAVING IT FOR THE SECONO TIME DIFFERED FROM THE PROCESS OF
AN INDIVIDUAL WHO WAS HAVING THE DISEASE FOR THE EIRST TIME™*
The FORMER PERSON IS REFERRED TO AS BEING "IMMUNE" TO THE

DISEABE™ IN THI8 IMMUNE PERSON THE BACTERIA WERE PHABOCYTOSED

MUCH FASTER AND EASIER, AND IN SOME CA8E8 THE BACTERIA WERE

1. Burton-Opitz, Rubbel, ATextbook of Physiology™* pp.204
2. /Sm,th awo Conant, op. cit. pp. 120
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FOUND IN LARGE CLUMPS WHICH FACILITATED THE ENSULFINS* IT
WAS THEN FOUND THAT AN ANTIBODY WAS FORMED UPON CONTACT OF
THE DISEASE AND REMAINED IN THE BODY FOR QUITE SOME TIME*
This antibody, opsonin, serves as an intermediate agent to
INACTIVATE THE BACTERIA ALLOWING THE PHAGOCYTE TO ENGULF IT.
The body can only produce the best results when the opsonins

|
AND THE NUMBER AND KIND OF LEUCOCYTES ARE PROPERLY BALANCED.

Allied Functions of the Phagocytes of the Blgoc

Besides the job of removing extraneous and useless
MATERIAL FROM THE BOOV, THE PHAGOCYTES ALSO HAVE VERY USEFUL
PURPOSES IN SOME METABOLIC PROCESSES* The MOST IMPORTANT OF
THESE IS THEIR POWER OF TAKING UP NUTRITIVE MATERIALS AND
CARRYING IT TO DIFFERENT PARTS OF THE BODY E.G., THE
LYMPHOCYTES ARE SAID TO ABSORB FAT SLOBULES AND CONVEY THEM
TO THE LYMPH CHANNELS* THEY ARE ALSO SUPPOSED TO AID IN THE
ABSORPTION OF THE PEPTONES AND TO HELP IN MAINTAINING A

3

PROPER PROTIEN CONTENT OF THE BLOOD* BOTH OF THESE ABOVE

FUNCTIONS ARE ATTRIBUTABLE TO THEIR PHAGOCYTIC PROPERTIES™*

Physiology of the Reticulo-E:<oothsl ial System

AS IT HAS ALREADY BEEN STATED, THE CHIEF FUNCTION OF THE
RETICULO-ENDOTHELIAL SYSTEM IS THEIR ABILITY TO PHAGOCYTOSE*
This does not differ appreciably from the phagocytosis process

OF THE NEUTROPHIL, HOWEVER, THERE ARE A FEW ADDITIONAL

I. Burton-Opitz, Russel, op.cit* pp.206
2* 1bid pp. 201
3* Loc. cit.
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APPLICATIONS OF IT IN THI9 CASE. THE ACTION OF THE HISTIOCYTES

IS MUCH LE8S MOTILE AND MORE LOCALIZED THAN THAT OF THE NEUTRO-
PHILS. The HISTIOCYTES with THE AID OF THE LYMPHOCYTES ARE
RESPONSIBLE FOR PRAT ICALLY ALL OF THE REPAIR PROCESS WHICH
FOLLOWS ANY TIS3UE DAMAGé* SOME OF THESE CELLS NAMELY THE SO-
CALLED DUST CELLS OF THE LUNGS ARE RESPONSIBLE FOR THE REMOVAL
OF ANY EXTR?FEOUS MATTER WHICH MAY ENTER INTO THE BODY WITH THE
INSPIRED AIR. The KUPFFER CELLS OF THE LIVER HAVE THE ABILITY
TO ENGULF THORIUM QIOXIDE WHICH IS RADIOACTIVE AND 8HOWS UP
OPAGUE ON AN X-RAY. THIS IS VERY VALUABLE FOR THE STUDY OF
THE LIVER IN A LIVING SUBJECT. THE SPLEEN, PLACENTA, URETER
AND KIDNEY PELVIS, THE VESSELS OF THE EXTREMITIES OR OF THE
BRAIN, AND THE CEREBRAL VENTRICLES CAN ALSO BE STUDIED IN LIVE
SUBJECTS UTILIZING THIS SAME PRINCIPL:* The OMENTUM IS VERY
IMPORTANT DUE TO THE MANY HI18TIOCYTES IT CONTAINS. |T HAS THE
ABILITY TO FORM ADHESIONS WHICH SERVES TO SEAL PERFORATIONS OF
THE GASTRO-INTE3TINAL TRACT AND5ALSO IT CAN ISOLATE |INFECTED
REGIONS IN THE ABDOMINAL CAVITY™* The FORMATION OF SILE PIG-
MENT AND THE DESTRUCTION OF USED UP ERTHROCYTES IN THE SPLEEN
ARE OTHER WELL ESTABLISHED FUNCTIONS OF THE HISTIOCYTES. THE
MACROPHASES OF THE LYMPH GLANDS ARE USEFUL IN THAT THEY CAN
DEVOUR ANC DIGEST NEUTROPHILS WHICH HAVE BECOME PACKED WITH

BACTERIA AND ARE THEREFORE RENDERED USELESS FOR ANY FURTHER

FHAGOCYTGS8IS.

1. Best and Taylor, op. Ccit. pp.81
2' |'0|C |Cj||

30 Lo'C. ¢

4. |b||d. ppT82

s~ L0'C. cIT

6. Loc. CIT



CHAPTER 111
EXPERIMENTS IN PHAGOCYTOSIS

Experiment | "Obtainins a Pure Culture of Leucocytes"

Problem? It it a well known fact that leucocytes are

RELATIVELY RARE IN WHOLE BLOOD. FOR EVERY LEUCOCYTE THERE
ARE APPROXIMATELY 600 ERTHROCYTEEISO THIS EXPERIMENT DEALT
WITH THE PROBLEM OF TRVINB TO OBTAIN A "PURE CULTURE", OR

AT LEAST A RELATIVELY HIBH PERCENTAGE OF LEUCOCYTES IN WHSLE

blood. This woulo facilitate their stuoy very much.
Procedure! This problem was approached from two different
ANdLES, CENTRIFUOALIZATION ANO SEDIMENTATION. 1) CENTRI-

FUSALIZAT ION - 8CC OF BLOOO WAS EXTRACTED INTRAVENEOUSLY

ANO ADDED TO 4CC OF SODIUM CITRATE SOLUTION, THIS WAS
CENTRIFUQED FOR 5 MINUTES AT MODERATE SPEED. THE SERUM, IN
THIS TIME HAD SEPARATEO FROM THE CELLS BUT NO DISTINCT LAYERS
IN THE CELLS WERE OBSERVABLE. AFTER 15 MINUTES OF CENTR I=
FUSIN TWO LAYERS OF CELLS WERE FOUND. SLIDES WERE MADE OF
BOTH OF THESE LAYERS. THE TOP LAYER WHICH HAD A WHITE
CLOUDY APPEARANCE WAS BELIEVED TO BE MAINLY LE%COCYTES. 1T
WAS PIPETTED OFF AND ADDED TO RiNSER'S SOLUTION FOR FURTHER
CENTRIFUBALIZATION, HOWEVER, COABULATI ON AT ONCE TOOK PLACE.

This was oue to a chemical reaction between the citrate, which

1. Stiles, Karl A., Handbook of _ Microscopic Characteristics
of Tissues and Orsans. pp-
2. Hoerr, NL and A Osal, New Gould Medical Dictionary pp1115
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TIES UP THE CALCIUM IN THE BLOOD, AND THE IONS OF

RINGER*S SOLUTION. tlT WAS FOUND THAT SODIUM DID NOT RE-
PLACE THE CALCIU{/I AND* THEREFORE ISOiTONIC SODIUM CHLORIDE
SOLUTION COULD BE USED. FURTHER TESTS WERE THEN MADE IN
SALINE SOLUTION, BUT THEY OID NOT CHANSE THE RELATIVE PER-
CENTAGE SIGNIFICANTLY. 2) SEDIMENTATION - THIS IS VIRTUALLY
BABED ON THE SAME THEORY AS THE CENTRIFUSALIZATI ON WAS 1.E .,
THAT LEUCOCYTES ARE LESS DENSE THAN ERTHROCYTES AND THEY
WOULD REMAIN ON TOP WHILE THE ERTHROCYTES WOULD SETTLE TO
THE BOTTOM OF THE CELLULAR MASS. A LARSE PIPETTE WAS

FILLED WITH BLOOD AND ALLOWED TO STAND IN THE REFRIGERATOR
FOR ONE WEEK. AT THE END OF THIS WEEK THE CELLS WERE DIVIDED
VERY NICELY INTO TWO LAYERS. THE LOWER ONE WAS DARK RED AND
THE UPPER LAYER WAS WHITE. SLIDES WERE MAOE OF THESE LAYERS

ALSO.

CONCLUSION?

The LOWER LAYERS OF BOTH TESTS CONTAINED A VERY HIGH
CONCENTRATION OF ERTHROCYTES AND PRACTICALLY NO LEUCOCYTES.
The upper layer in the centrifugeo blood contained a ratio
OF ABOUT 20 ERTHROCYTES TO ONE LEUCOCYTE. THE LEUCOCYTES
WERE WELL FORMED AND COULD EASILY BE USED FOR EXPERIMENTATION
IN PHAGOCYTOSIS. IN THE UPPER LAVER OF THE SEDIMENTATION
HOWEVER, THE LEUCOCYTES WERE POORLY DEFINED AND MANY HAD
UNDERGONE LYSIS. THE RATIO WAS A LITTLE BETTER |IN THIS
CASE, BEING ABOUT 15 TO |I. THESE CELLS WERE OBVIOUSLY USE-
LESS FOR ANY EXPERIMENTATION. (SEE FISURE 4). THEREFORE, |

CONCLUDE, WHILE IT IS POSSIBLE TO OBTAIN A BLOOD SPECIMEN
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Figure 4 - c tes which have underqone
|

Leucocy
SEDIMENTATION FOR ONE WEEK.

This field clearly shows the increased ratio
of erthrocytes to leucocytes due to sedimentat-
ion. Slide was made from the

upper layer (white)
AND STAINED WITH Wr |QHT*8 STAIN.

Key! a) erthrocytes
b) leucocytes
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WITH AN INCREASED LEUCOCYTE COUNT IT IS VIRTUALLY IM-
POSSIBLE TO PREPARE AN ABSOLUTE "PURE CULTURE" USINS THE

ABOVE MEANS*

Experiment |l "Phasqgcytosis QOutside the Body"

Problems This problem is merely to ascertain whether the
PHASOCYTES OF THE BLOOD WOULO ENSULF BACTERIA WITHIN THEIR

NORMAL BLOOD SERUM BUT OUTSIDE OF THE BODY.

Procedure. Two different orsanisms and two methods were
USED IN THIS EXPERIMENT ALSO. I) ON A CLEAN SLABS SLIDE WAS
PLACED A DROP OF ISOTONIC SALINE SOLUTION, IT WAS THEN
MIXED WITH A LOOP OF STAPHVLOCOCUS ALSUS FROM A NUTRIENT
ASAR CULTURE. TO THIS, A DROP OF FRESH BLOOD DIRECTLY FROM
A PIERCED FINSER WAS ADDED. IT WAS ASAIN MIXED AND ALLOWED
TO STAND FOR ONE MINUTE. AT THE END OF THIS MINUTE THE DROP
WAS DRAWN OUT INTO A SMEAR, DRIED, FIXED AND STAINEO WITH

|
Machiavello’s stain. The results were very surprisins. A
SREAT OEAL OF PHASOCYTOSIS HAD COME A80UT AS CAN BE EASILY
SEEN IN FISURE 5 WHICH WAS TAKEN FROM THIS SLIOE. 2) A
BLOOD SPECIMEN WAS PREPARED BY ADDINS 5CC OF FRESH WHOLE
BLOOD TO 0.2CC OF A 20% SOLUTION OF SOOIUM CITRATE IN

ISOTONIC SALINE SOLUTION. A BACTERIAL SUSPENSION WAS PRE-

PARED BY MIXIN8 LOOPFUL8 OF BRUCELLA ABORTUS INTO 2CC OF

I. Committee on Bacteriological Technic of the Society of
American Bacteriolosists. Manual of hethops for Pure
Culture Study of Bacteria.
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Fl GURE - PHAGOCYTOSIS OF STR* PHYLOCOCCUS
Alsus outside the body.
Key: a PHAGOCYTIC MONOCYTE
PHAGOCYTOSED STAPHYLOCOCCUS ALBUS
ORGAN I SMS .
Macchtavello®*s stajn



ISOTONIC SALINE UNTIL A SLISHTLV CLOUDY MIXTURE WAS
obtained. Then O*lcc Or both the blooo specimin and
THE BACTERIAL SUSPENSION WERE MIXED IN A SEPARATE TUBE
ANO ALLOWEO TO STAND IN THE INCUBATOR (37°C) FOR 4 HOUR=*
AT THE END OF THIS TIME A SLIDE MAO MADE OF THE MIXTURE™*
Here aba in very sood phasocvtdbis was observed?™ See

FISURE 6*

Conclusion! Pmasocytosib will operate very effectivelyv

OUTS IOE THE BOOY. ThE PROCESS OF PHASOCYTOBIS TAKES BUT A
VERY SHORT TIME AS WAS EVIDENCED BV PART | OF THIS EXPERI-
MENT. IT 1B STILL NOT BETERMINEO WHETHER THE PHASOCYTE IB
COMPLETELY INOEPENOENT I.E., WILL THEY OPERATE WITHOUT THE
PRESENCE OF BLOOD SERUMIIN SOME OTHER INTRACELLULAR MEDIA

LIKE PHVSIOLOSICAL SALINE SOLUTION*

Cxnaim.T ill "Ph»«ocvto»i» im Phy«iolo«ic»i Salim SomrteW
Problems Will phasocvtobibwork outside the body and with

PHVSIOLOSICAL SALINE SOLUTION FOR ITS INTERCELLULAR MEDIA?

Procedure! I0cc of freshly extracted oitrateb blooo was
CENTRIFUSEO FOR 10 MINUTES* At THE END OF THIS 10 MINUTES
THE SUPERNATANT SERUM WAS REMOVED PROM THE CELLS ANO REPLACED
WITH THE SAME VOLUME OF PHVSIOLOSICAL SALINE SOLUTION# THIS
WAS THOROUSHLV MIXED AND CENTRIFUSEO ASAIN* TmlIB PROCESS WAS
REPEATEO THREE TIMES* AFTER THE LAST MIXINS THE CELLS WERE

NOW SUSPENDED IN A SOLUTION WHICH WAS MAINLY PHVSIOLOSICAL



Flaunt 6 - PH»«p.c,vTO8ts or Bruc”ll* Abortus
QuT3»pg the Body.

Keys a) PHAQOCYTE3

b) brucella abortus organisms

MaCCH I AVEI.LO,8 9TA »N



Fisure 7 - Phasocyto3ts Within
Sal tme Media

a Physiological

Note the deformity of the neutrophil

*

Key

a) neutrophil
e

Macchiavellots stain

brucella abortus organisms

29
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SALINE SOLUTION WITH A VERY LOW PERCENTAGE OF ACTUAL SLOOD
serum. Then O.lcc of thi3 blood solution wa3 mixed with O,lcc
OF A BACTERIAL SUSPENSION IDENTICAL WITH THE SUSPENSION PRE-
PARED IN EXPERIMENT |t THIS MIXTURE WAS THEN INCUBATED AT
37°C A

FOR HALF AN HOUR, SLIDE WA3 THEN MADE OF THI3 MIXTURE
AND STAINED WITH MACCHIAVELLO*8 3TAIN. A WRIGHT'S STAIN WAS
ALSO MADE OF THE OLOOD IN SALINE SOLUTION BEFORE THE ADDITION

OF THE BACTERIAL 3U8PEN3ION.

CoNCLUS SON? ON THE SLIDE OF THE INCUBATEO MIXTURE VERY FEW
LEUCOCYTES WERE FOUND AND THOSE WERE USUALLY HIttHLY DEFORMED
AND PHAGOCYTO08 18 WAS VERY SLIGHT, 8EE FI SURE 7g THE WrI8HT*8
STAIN WAS MADE PRIMARILY TO TEST THE OSMOTIC PRESSURE OF THE
ASSUMED ISOTONIC SALINE SOLUTION. A3 ONE CAN EASILY SEE FROM
FIGURE 8 NEITHER PLASMOLYSIS NOR PLASMOPTO08 18 HAS OCCURRED IN
ANY DEGREE. THEREFORE, THE SOLUTION WAS TRULY |ISOTONIC AND
WAS NOT RESPONSIBLE FCR EITHER THE LOSS OR THE DEFORMITY OF
THE LEUCOCYTES. ONE CAN ALSO BEE FROM FI SURE 8 WHICH WAS A
FIELD SELECTED AT RANOOM, THAT THERE IS NOT ONE SINSLE
LEUCOCYTE IN THE ENTIRE FIELD. THIS 18 A RARE 8 18HT FOR A
FIELD OF THIS 8I12E. TWO THEORIES WERE FORMULATED TO ACCOUNT
FOR THIS. 1) THE LEUCOCYTES OF THE BLOOD, BEING LI8B8HTER, DIO
NOT CENTRIFUGE WITH THE ERTHROCYTE8 ANO WERE REMOVEO IN THE
PIPPSTINS3, 2) There 1ia some constituent of the blood serum
WHICH !S NECE33ARY FOR A LEUCOCYTES EXISTENCE AND PHAQgOCYTIC
properties. The first theory, however, contradicts Experiment

' OF THIS THESIS ANO THEREFORE | BELIEVE THE LATTER TO BE

CORRECT,
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Fisure 9 - Hish Power and Oil Immersion Representations
or PhAGOCVT"cng OF Ir.UECTCD fc.COH IN THE
Abdominal Cavity or a White Mouse

Macchiavello's stain
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Experiment |V "Phasocytosis in Vivo"

Problem: This experiment demonstrate®* the phasocytosis of
THE MACROPHASES ANO LEUCOCYTES OPERATING IN THE LIVINS
BODY AND ALSO TO COMPARE IT WITH THE PHASOCYTOSIS WHICH WAS

PREFORMED OUTSIDE THE BODY*

Procedure: Two white mice were used in this experiment. One
OF the mice was used as a control and the other was injected
INTRAPER ITONEALLY WITH 0.5CC OF A 24 HOUR OLD NUTRIENT BROTH
CULTURE OF ESCHERICHIA COLI. TWO HOURS AFTER THE INJECTION™*
BOTH MICE WERE SACRIFICED BY PUTTINS THEM IN AN ETHER CHAMBER.
Their abdominal cavity was opened and a smear was made of the

LYMPHATIC FLUID PRESENT IN THE CAVITY*

Conclusion? No sross chanses in the peritoneum or viscera
OF THE INJECTED MOUSE WERE NOT ICABLE* HOWEVER, UPON EXAMIN-
INS THE SLIDES, VERV SOOD PHASOCYTOSIS WAS FOUND. IN THE
INJECTED MOUSE, AS MANY AS 50 SINSLE BACTERIA WERE FOUND IN
A SINSLE MACROPHASE* THE PHASOCYTES FOUND IN THE ABDOMINAL
CAVITY WERE BOTH LEUCOCYTES (NEUTROPHILS AND MONOCYTES) AND
WANDER INS CELLS FROM THE RETICULO-ENDOTHELIAL SYSTEM (MACRO-
PASES*) FISURE 9 CLEARLY SHOWS THE PHASOCYTOSIS IN THESE
CELLS. ON THE SLIDE MAOE FROM THE CONTROL MOUSE NOT NEARLY
AS MANY PHASOCYTES WERE FOUND. THIS WAS A SOOD EXAMPLE OF
HOW CHEMOTAXIS HAD OPERATED IN THE CASE OF THE INJECTED MOUSE.
In the control mouse a few cocci were found PHASOCYTOS8ED,

HOWEVER THESE WERE BELIEVED TO BE BACTERIA FROM OTHER EXTERNAL
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SOURCES, SEE MSURE 10* ALL IN ALL THE PHABOCYTOSIS WHICH
HAO COME ABOUT IN THE CAVITY OF THE LIVIN8 ANIMAL EXCEEOED
ANY PHAGOCYTOSIS WHICH WAS SYMTHETICALLY INDUCED OUTSIDE

THE BODY.

Experiment V The Value or Opsonins

Problems What actual ErrscT 00 these anitbodies called
OPSONINS HAVE ON PHASOCYTOSI8? HOW DOES PHASOCYTOSIS* IN-
FLUENCED WITH OPSONINS OirrCR rROM THE USUAL PHASOCYTOS18

PERrORMED IN AND OUTSIDE THE BODY?

Procedure: A white mouse was also used in this experiment™
A VACCINE WAS PREPARED USINS A 24 HOUR OLD NUTRIENT BROTH
culture Or Escherichia Coli* The culture was centrirusso
UNTIL THE 8UPERNATANT BROTH WAS CLEAR* THIS BROTH WAS
PIPETTED OFT AND REPLACED WITH THE SAME VOLUME Or STERILE
ISOTONIC SALINE SOLUTION* THIS WAS THEN SHAKEN AND PLACED
IN A wWATER BATH RESULATED AT 60°C ror 30 miNuTES. THIS
HEAT TREATMENT KILL8 THE BACTERIA, BUT DOE8 NOT CHEMICALLY
ALTER THE ENDOTOXIN8 PRODUCED BY THE ORS8ANISM. ArTER THE
VACCINE WAS COLLEO 0.5CC WAS INJECTED INTRAPERITONEALLV
INTO THE MOUSE. FirTEEN DAYS LATER THE MOUSE WAS SIVEN A
SECOND INJECTION, BUT THIS TIME IT WAS 0.5CC OF A 24 HOUR
OLD NUTRIENT BROTH CULTURE oF LIVE ESCHERICHIA COLI. TWO
HOURS ArTER THE SECOND INJECTION THE MOUSE WAS SACRIMCED
WITH ETHER AND SLIDES WERE MADE Or THE LYMPHATIC rLUID

PRESENT IN THE ABDOMINAL CAVITY*
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CONCLUSION? No t! THAT WITH THE EXCEPTION OF THE
VACCINATION* THIS PROCEDURE WA8 IDENTICAL WITH THAT USED

IN EXPERIMENT |V THEREFORE* BOTH THE MICE USED IN THAT
EXPERIMENT COULD BE USED AS CONTROLS HERE. AFTER THE
VACCINATION THE MOUSE BECAME VERY ILL FOR A PERIOD OF ABOUT
20 HOURS* BUT THEN RECOVERED. THIS WAS OUE TO THE VIOLENT
TOXIN-ANTITOXIN REACTION WHICH WAS PRODUCED. ASA IN THERE
WERE NO SROSS CHANG6ES WHICH COULD BE NOTICED IN THE POST-
MORTEM. The slides save very excellent results®* however?™
THE OPERATION OF THE OPSONINS COULD BE EASILY SEEN. As CAN
BE SEEN IN FISURE 9 FROM THE PREVIOUS EXPERIMENT THE BACTERIA
ARE SCATTERED ANO AN ACTUAL COUNT OF THEM COULD BE MADE. ALSO
IN THE OIL IMMERSION REPRESENTATION THE BACTERIA WERE FOUNO
IN SINGLES IN THE MACROPHASES. THIS CAN BE SHARPLY CON-
TRASTED WITH FISURE 10 OF THIS EXPERIMENT WHICH WAS MADE IN
THE IDENTICAL MANNER. THE BACTERIA HERE ARE NOT FOUND IN
SINSLES BUT RATHER THEY ARE ASSLUTINATED INTO LARSE CLUMPS
DUE TO THE ACTION OF THE OPSONINS. IN THE OIL IMMERSION
REPRESENTATION IT CAN BE SEEN HOW THE MACROPHASES ENSULF

THE BACTERIA IN THEBE LARGE CLUMPS MAKINS THE OPERATION VERY
MUCH MORE EFFICIENT. It IS OBVIOUS THEN THAT PHAGOCYTOSIS
AIDED WITH THESE OPSONINS IS MUCH SUPERIOR TO THE PHAGO-
CYTOSIS PREFORMEO OUTSIDE OF THE BODY AND ALSO TO THAT PRE-

FORMED INSIDE THE BODY WITHOUT THE AID OF THESE ANTIBODIES.
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