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CHAPTER I 

HISTORICAL REVIEW AND IN•fRODUCTION 

The term "phagocytosis" was first used by Metchnikoff 

(1892), who observed that blood-born cells gathered at the 

locus of an infection to ingest the invading bacteria. 

These cells be called "microphages," or "small eaters," and 

the larger cells which appeared later he called "macro- · 

phages," or "large eaters" (Metchnokoff, 1905). The process 

of ingestion or invading organisms was gradually recognized 

as a major protective mechanism against pathogenic invasion 

and has been termed "the department or defense" (Stossel, 

1973). 

The smaller cells seen by l1etchnokorf are now known as 

polymorphonuclear leukocytes (PMN's), while the larger cells 

still bear the original name macrophages. In addition to 

these cells, mast cells (Padawer, 1969), the Kupffler cells 

of the liver (Bloom and Fawcett, 1966), the precursor cells 

of the macrophages (known collectively with the mature 

cells as monocytes), and the precursors of PMN's (Cohn, 

1973), all regularly ingest foreign material. A wide 

variety or ~~~nt and animal cells have been shown to be 

capable or the intake or extracellular material, called 

endocytosis, and there is a strong possibility that all 

cells can exhibit endocytosis under the right environmental 
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conditions (Dupraw, 1968). The lungs and peritoneal 

cavities in particular, contain great numbers of monocytes 

and Ptm•s which keep these areas free of foreign or 

potentially dangerous material. 

According to Stossel (1973), the defensive process can 

be divided into seven stages: Firs~ the production end 

mobilization of phagocytes by the cells of the reticule-
• 

endothelial system of the bone marrow. Secondly, bacterial 

products or inflammatory mediators interact with serum 

factors, including complement, to attract phagocytes into 

injured or invaded areas by chemotaxis. Thirdly, factors 
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in normal serum, especially gamma globulin, and the third 

component ot complement (C)), coat the bactoria in such a 

way as to render them recognizable to phagocytes. Fourthly, 

the phagocytes ingest opsonized microorganistns, i. e., those 

coated with recognition factors, in phagocytic vesicles. 

Fifthly, lysosomes merge with these vesicles in a proooss 

called degranulation to degrade the inge~ted microorgan

isms. Sixthly, the phagocytes also generate hydrogen 

peroxide, an important antimicrobial agent. This leads, 

finally, to the death and degradation of the ingested 

microorganism. 

This ontire process neeessarilJ involves the ability 

ot the phagocytic cells to recognize potential substrates 

and to discriminate in some way between foreign material 



and normal, healthy tissue (Carr, et al., 1969). Material --
to be phagocytosed must make contact with the phagocytes, 

adhere to the surface, and be internalized, but the exact 

mechanisms by which these processes take place is unknown 

(Lagunoff and Cut~rar, 1972). Mechanisms associated with 

surface charges on either the phagocytes or the substrate, 

special cell coats, surface "stickiness," surface tension, 

antigenic substances on cell and substrate surfaces, 

complement fi.xation, and various physical phenomena have 

been suggested. (See following discussion for references.) 

The importance of surface charges was first given 

attention by Fenn {1921), and later by Ponder {1928), who 

published a detailed mathematical treatment of the effects 

of charges upon the approach of a phagocyte to the sub

strate. Bairoti and Lahman {1953) have proposed that such 
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P. charge might be located in the mucopolysaccharides of the 

cell coat of the ameboa, which ingest food particles in a 

manner analogous to the uptake of pathogens by mammalian 

phagocytic cells. Dupraw (1965) cites Chapman-Anderson and 

Holter's (1953) work with the organism Ameboa proteus as 

evidence for tho close association of charge and pinocytosis, 

a process closely related to phagocytosis ~Duprnw, 1965). 

These workers have found that three general classes of sub-

stances were capable of inducing pinocytosis, comprising 

proteins, basic dye~, and charged ions. Those 



proteins carrying a positive charge were the most effective 

in inducing pinocytosis. It has furthermore been shown by 

Brandt (1958) that this process involves the binding of the 

inducer molecule to the surface of the phagocyte by means 

of acid mucopolysaccharidea. Such binding is probably the 

result of t:lGctostatic attraction and the formation of 

salt linkages with the mucous coat, and internalization 
• 

follows the reduction of the net charge or the surface 

membrane. 

A mucopolysaccharide coat has been demonstrated on the 

surface or mammalian macrophage by morphological (Lagunotr 

and Currar, 1972), cytochemical (Carr, et ~~., 1969), and 

biochemical methods (Nachman, et al., 1971). The case for --
surface charge phenomena participating in phagocytic events 

in the higher animals has been supported by the work of 

Wilkins and Bangham {1964). These workers, using electro

phoretic apparatus, found that the poritoneal phagocytic 

cells of mice carried the negative charge expected of a 

neuaminic acid-bearing cell coat. Serum and calcium ions 

which are well known as agents which enhance phagocytosis 

were found to increase the electrophoretic mobility or the 

substrate particle: in solution. It has also been demon

strated that calcium ions more readily enhance the uptake 

of charge-bearing metallic oxide particles than that of 

uncharged carbon or starch (Wilkins and Bangham, 1964, 
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Metzger and Casarett, 1967), presumably by augmenting 

existing surface charges. With respect to the location 

of the comp lementnry char· go on the phagocyte, however, it 

is of interest tha.t pretreatment of PMN's with neuramidase 

has little effect upon the phagocytosis of bacteria 

(Noseworthy, et al., 1972). 

The plasma membrane of animal cells has been shown to 
• 

be coated with a layer of material sometimes referred to as 

the glycocalyx (Bennet, 1963). Revel (1964) has demon-

strated that this material possesses an affintty for 

positively charged thorium dioxide particles. Lagunoff and 

Currar (1972) have furthermore demonstrated that the 
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glycocalyx of macrophages possesses bristle-like pro

jections within areas of the plasma membrane undergoing 

invagination, and that such areas selectively take up 

collodial thorium. Fawcett (1967), using particles of 

ferritin, has shown that similarly specialized areas exist 

upon·guinea pig polychromatophilic erythPobla.stse Ruthenium 

red, a specific stain for acid mucopolysaccharides (Luft, 

1966), gives positive reaction for the entire macrophage 

plasma membrane (Carr, et ~1., 1969; Lagunoff and Currar, 

1972). Following glutaraldehyde-osmium ~~xation and lead 
0 

citrate staining, an electron-dense "fuzz" measuring 100 A 

in diameter and a cell coat bearing globular aggregates up 

to 750 A in diameter could be seen at high magnifica~ions 

with the electron microscope. 



The fibrillar and bristle-like structures resemble the 

hypothetical strands or protein-bound ganglioside& proposed 

by Lehninger (1969). Lehninger believes such antenna-like 

prajections would carry a negative charge by virtue of 

neuraminic acid moities contained in the distal portions 

or the molecules, and he has hypothsized that the attach

ment ot calcium and other cations to these sites could 

lead to a conformational change in the underlying plasma 

membrane. 

Serum components are well known as agents which 

increase the uptake of substrates by phagocytic cells when 

added to the incubation medium. Such increases have been 

shown tor such substrates as fixed erythrocytes, starch, 

oil droplets, metallic oxide particles, carbon, and poly

styrene latex particles (Wilkins and Banghrum, 1964; 

R~binovitch, 1967; and Stossol, et al., 1972a and b). 

Many workers consider this to be evidence favoring the 

participation or ionic charges in some aspect ot phago

cytosis. 

Rabinovitch (1967) found that calcium ions are appar

ently necessary tor ingestion but not attachment of sub

strate. In the absence of divalent ions 1 ~ldehyde-rixed, 

autologous erythrocytes would adhere to tho surface of the 

phagocrtes, but were not ingested until divalent cations 

were add~d. However, Carr, et al. (1969) were. unable to --
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confirm these observations. Rabinovitch also demonstrated 

that an apparently line~r relationship exists between the 

concentration of newborn calf serum in the incubation 

medium and the rate at which fixed red blood cells were 

taken up by macrophages. 

Stossel, et al. (1972b) have determined that oil --
~oplets were taken up by PMN's more rapidly when emulsi

ried with ionic detergents or charged proteins. Droplets 

emulsified with methylated serum or nonionic detergents 

were taken up slowly or not at all. Calcium was round to 

have an enhancing effect upon phagocytosis when added in 

conjunction with some emulsifying agents but this effect 

was not related in any simple, direct way to the charges 

held by the emulsifying agent. 

The possible importance or surface tension was first 

pointed out by Ponder {1928) and later by MUdd, et al. 

(1929). More recently, VanOss and Gilman (1972a) have 

measured contact angles made by both opsonized and non

opsonized bacteria with saline droplets. Taking these 

angles as an index of surface tension, they have round 

that the magnitude or the interfacial tension seems to be 

a determining factor in the recognition a~:u subsequent 

engulr.Ment of these bacteria. Particles that are less 

hydrophilic than the phagocyte will attach to the cell and 

be engulfed. Particles which are more hydrophilic than 

7 
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the phagocytes are resistant to attack by the cells. Pre

sumably then, the role of serum factors would be to furnish 

immune factors specific for the substance to be engulfed, 

since Van Oss and Gilman (1972b) have shown that the attach-

ment of specific IgG to encapsulated bacteria raises the 

surface tension of these bacteria to a level which permits 

phagocytosis • 

• Evidence for immunoglobin and complement receptors 

playing a role in endocytosis has been presented by Huber 

and Fundenberg (1968) and by Holland,-~ al. (1972). These 

investigators determined that ~~crophages apparently 

possess surface receptors capable of recognizing antigen

antibody complexes or complement components. These sub

stances bind to the receptors in such a way as to result in 

attachment and engulfment of the opsonized antigen. 

'-19.ntovani., et al. ( 1 973) have shor..wn that IgG and the third 

component of complement seem to be becessary for attachment 

and ingestion, respectively, of fixed erythrocytes to 

macrophages. Similarly, zymosan particles preincubated with 

anti-zymosan IgG has been shown necessary for the engulf

ment of these particles by human neutrophils (Henson, 1972). 

Nonspecific serum factors may also be inv~Jved in the 

initial recognition and ingestion (Gage, et al., 1972), --
and even immune factors which are specific for other pro

teins may occasionally initiate phagocytosis of mate~ial 

(VanOss and Stinson, 1970). 



Most work with ph&gocytosis by mammalian cells has 

been carried out using peritoneal or alveolar macrophages 

with little attention devoted to nonvascular granulocytes. 

Both monoeytes and PMN's exist concommittantly in the 

peritoneal cavities of mammals, and their abilities tc 

phagocytose material is well documented (Pearsall and 

Weiser, 1970). It is known that the number of eosinopbiles 
• 
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can be increased by repeated injections of foreign proteins 

(Cwmpbell, ~_! al., 1935), and that they are mediated through 

immune complexes (Litt, 1961), but their exact function 

remains an enigma (Ishikawa, 1972). Monocytes and eosino

philes are morphologically similar, except for the presence 

within eosinophiles of characteristic membrane-bound 

vesicles which contain a lamellar crystaloid (Fawcett, 

1967) and which show an affinity for acid stains. These 

vesicles, measuring about 1 x 0.2 u, have boun &hown by 

di~inobenzidine cytochemical techniques to be rich in 

peroxidase activity (Baintor and Farquar, 1970; Robbins, 

et al., 1971). Although both monocytes and mature macro---
phages have also been shown to possess some peroxidase 

activity, the distribution in these cells is less localized 

than in that of ~~sinophiles (Robbins, et ~~., 1971; Daems, 

1973). The peroxidase of eosinophiles in conjunction with 

halide and hydrogen peroxide has been shown to be instru-. 

mental in important mycopla~mac i.dal (Jacobs, et !..!.•, 1 972), 



virucidal, fungicidal, and bacteriacidal mechanisms 

(Kleban off, .!.1?. .!1.•, 1 970). Following phagocytosis, 

peroxidase-rich organelles have been observed to lyse in 

the vicinity of the phagocytic vesicles with the presence 

of both soluble and particulate immunoglobin-antigen 

complexes (Archer, et al., 1969). --
· The lymphocytes are also present in peritoneal 

• 
exudate, and participate in immune-initiated phagocytic 

response. While not themselves phagocytes, these cells 
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are responsible for the production and release ot substances 

such as a chemotaxic agent and a macrophage inhibiting 

tactor, which affect the motility and phagocytic index of 

macrophages in the presence of antigen (Neta and Salvin, 

1971). These substances are apparently released by lympho

cytes into the surrounding medium and do not require direct 

~ontact between the lymphocytes and phagocytes to be effec

tive (Calkins and Golub, 1972). This is an immune-type 

mechanism requiring previous sensitization of the lympho

cytes by exposure to the antigen (Neta and Salvin, 1971). 

Although it has been shown that PMN's accumulate at wound 

sites in response to chemotaxic agents, and that they 

probably release their granules at such . .... &.L•-es, bacterial 

toxins or substances released from the injured tissues seem 

to be responsible for this phenomenon, rather than involving 



a lymphocyte-mediated immune reaction (Ross, 1964; 

Pearsall and Weiser, 1970). 
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There is evidence then, that although macrophages and 

eosi~ophiles porform the same ultimate function, which is 

the phagocytosis of foreign or potentially harmful material, 

they may be activated under different sets of circumstances, 

or may recognize substances by different mechanisms • 
• 

It was the purpose or this study to quantitate the 

phagocytic reactions of the monocytes and eosinophilic 

PMN's under controlled conditions and to do so in a com-

parative manner. The parameters investigated were: the 

reaction or the cells to heterologous serum, calcium ions, 

and chelating agent; the effects upon phagocytosis of 

methylation or the surface of the substrate itself, and or 
methylation of serum contained in the medium; and finally, 

the effect of previous exposure to antigenic agents upon 

phagocytosis. Results were recorded separately for the 

two types of peritoneal phagocytes in order that their 

reactions to the various conditions could be compared. 

It was round that the two types of cells reacted differ

ently to manipulation involving charged moieties and to 

changes in the hydrophobicity or the sub~t~~te and that 

substrate recognition by one or the other cell type seems 

to be dependent upon these factors. 



CHAPTER II 

MATERIALS AND METHODS 

Collection of Phagocyti~ Cell! 

Rat peritoneal phagooytes were collected under 

sterile conditions rr~m healthy male albino r&ts {Hattt<~ 
_.,.._. -

!!,Orvegicus) weighing 300-500 g. This technique t-Jas 

adapted from Cohn and Benson (1965) who collected mouse 

peritoneal cells. These rats were sacrificed by decapi

tation and injected !ntraperitoneally with 5 ml ot the 

appropriate incubation medium (see below). After massaging 

the abdominal area to suspend the cells in the fluid, the 

abdominal cavity was opened by a midline incision, and the 

internal organs were lavaged with an additional 5 ml of 

solution. The accumulated fluid was withdrawn in 5-ml 

pipettes and transferred to screw-capped 12-ml centrifuge 

tubes. The cell suspensions were centrifuged at approxi

mately 100xg for three minutes and the resulting pellet 

was then washed three times in 1-ml changes or incubation 

medium by repeated centrifugation and suspension. Fol

lowing the final centrifuga.tion, this pellet was resus

pended in 0.5 ml or incubation modium in p1·eparation tor 

incubation with the substrate. 
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Incubation 

The basic incubation medium consisted of modified 

Hirsh and Strauss (196~) medinm, containing 0.1 M sodium 

phosphate buffer of pH 7.5, 0.1% dextrose, and sufficient 

sodium chloride (J-5%) to bring the osmolality of the 

final solution to )10! 20 milliosmoles, es measured by 

freezing point depression on an advanced osmometer 
• 

(Advanced Instruments, Inc., Needham, Mass.). Where serum 
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was required, 1.0~ crystalline bovine serum albumin (BSA) 

was dissolved in the solution before adjustment of the 

osmolality. Calcium was added for studies of divalent ion 

requirement as a 1.0 M calcium chloride solution added 

dropwise, and with constant agitation, until the first 

precipitate of calcium concentration calculated from the 

Ksp to be approximately 1o-5M, which is within the range 

found by Metzger and ~asa~ett (1967) to be maximally 

effective in promoting phagocytosis. This precipitate was 

subsequently removed by centrifugation at 500xg for 15 

minutes to prevent its being phagocytosed during incubation 

and the osmolality was adjusted to 310: 20 mos by the 

addition of sodium chloride. All media also contained 5.0 

Mm ethylenedinitri1otetracetic acid (EDTA) to chelate 

extraneous divalent ions which may have been present 

before the addition of calcium. 



Methylation .. and Antip;enie Studies 

Methelated BSA was prepared by the method of Mandell 

and Hershey (see Sueokan and Cheng, 1962). Crystalline 

BSA ($.0 g) was dissolved in 500 ml of methanol and 4.2 ml 

or 12 N hydrochloric ac ~-d was added to this solution. The 

resulting suspension was left undisturbed in the dark for 

three days, then vacuum filtered. The precipitate or 
• 

methylated BSA was washed with three 50-ml portions of 

methanol, followed by three 50-ml washes with diethyl 
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ether then air dried for 24 hours prior to use to eliminate 

contaminating traces of ether or methanol. The methylated 

BSA was added to the culture media by dissolving it first 

in distilled water with gentle heating. After cooling this 

solution to room temperature, an equal volume of buffer 

solution of twice the desired final concentration was 

added. Constant agitation was necessary to prevent the 

salting out or the methylated BSA during this step. 

The cell collection technique was also somewhat modi

fied in experiments using methylated BSA, to prevent the 

precipitation of this material from solution. Cells were 

initially harvested in buffered salina containing 0.1 M 

sodium phosphate and sufficient sodiwn cn!~~ide tor 

physiological osmolarity. This suspension was then 

transferred to the desired medium for washing and incu

bation. This step proved necessary to avoid direct 



contact with rat peritoneal fluids, which caused precipi

tation of the methylated BSA. 
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Dow polystyrene latex particle suspension (Dow Chemical 

Co., Midland, Mich.) was used as a phagocytic substrate in 

thi t d S h ith di + 'C s s u y. peres w R ameter or 1~10- o.oos~ u 

were removed from aquc.ious suspension in whi.ch they were 

received by centrifugation and resuspension in sufficient 
• 

saline to restore the original volume, thus eliminating 

the possibilities of either reducing the osmolality of the 

incubation medium or of introducing substances which might 

interfere with phagocytosis. Methylation of these particles 

was carried out by a modification of the procedure used by 

Revel (1964) to methylate thin sections of methyl methacry

late. A centrifuged pellet of particles was resuspended 

in a tenfold volume of 0.1 N hydrochloric acid in absolute 

methanol. The reaction was allowed to proceed at 60° C 

for 20 minutes. At the end of this time, the methylated 

particles were collected by centrifugation, washed twice 

in saline and finally suspended in a sufficient volume of 

saline to restore the original concentration of particles. 

Electron microscopy showed no observable changes in the 

shape or staining properties of the part~~~as, but their 

wetting proper~ies were noticeably altered by the procedure. 

Particles so treated went into aqueous solution with diffi

culty, and formed films on the wator surtnce. 



Phagocytes previously exoosed to antigenic !nate2·ic.l 

in vlv2_ were obtained from samples di.scovered dur1'1g 

electron microscopy to have contracted spontaneous perito-

neal infestations of an unidentified flagellate, probably 

a species of Tetra.mitu~. Cells from these animals were 

collected and treated in the same manner as those from 

normal anirnals, and afforded a means to study the effect 
~ 

of previous sensitization to an antigen upon phagocytosis. 

Incubation 

The cells were incubated for 20 minutes at 37° C in a 

water-bath shaker in 0.5 ml of the appropriate medium with 

0.1 ml of polystyrene latex particle suspension per ml of 

medium, a concentration of 1.4 x 109 particles per ml. 

The cell suspensions were agitated in the waterbath at 

approximately 100 strokes per mi.nute, which was just 

sufficient to kee? the cells in suspension. At the end 

16 

of the incubation period a twofold volume of 1% glutaralde

hyde in phosphate buffer at pH 7.5 was added to halt phago

cytosis and fix the cells. For media containing methylated 

BSA it was necessary to first remove the cells from the 

medium by a brief (15-30 sec) centrifugation at 100 xg fol

lowed by resuspension in the buffered glutaraldehyde to 

prevent the formation of a heavy precipitate of fixed 

methylated BSA which interferred with subsequent dehydration 

and embedding procedures. 
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Prenaration for Electron Mtcroscopy 

Fixation was allowed to proceed for one hour at 40° C, 

after which the cells were again centrifuged. The pellet 

of cells was transferred to Millonig's osmium solution 

(Milloni~;, 1961) for postfixation for on~ hour at 40° C, 

and debydrt1.ted in a gradP-d ethanol series. This was 

followed by changes of 50% embediment-alcohol and pure 
• 

plastic monomer for embedding in Spurr's low-viscosity 

embedding medium (Spurr, 1969). This material was used 

in lieu of plastics requiring solvents such as propylene 

oxide, which will dissolve polystyrene particles (Korn and 

Weisman, j 967). 
0 

Thin sections were cut with a diamond knife at 500 A 

on an LKB III ultramicrotome. The sect:S.ons were collected 

on uncoated 300-mesh copper grids, stained with Reynold's 

lead citrate (Reynolds, 1963) and uranyl acetate (Watson, 

1958), and examined with a Hitachi model HS8-2E or HU11E-1 

electron microscope. 

The phagocytes were scored by systematically sweeping 

the grid squares. Serial sections were avoided when recog

nized as such. Only cells appearing to be in viable 

condition, fully visible through the gric :quares, and 

sectioned so that the plane of the section passed through 

the nucleus were counted. At laast 100 cells of each type 

were scored for each experiment. The phagocytic index was 



taken as the percentage of sections of each cell type 

showing particles of polystyrene fully internalized. The 

standard deviation was calculated in the manner described 

by Downie and Heath (1965). Electron, rather than light 

microscopy was used as the investigatjng tool in this 

study because of the difficulty in distinguishing those 

particles actually ingested from the ones merely adhering 
• 
to the surface of the phagocytic cell (Stossel, ~~ al., 

1972b). Latex particles have been shown to have a marked 

tendency to cling to the surface of phagocytes, thereby 

interfering with phagocytic studies. 

BSA-Fluoresceine Studies 

A 1.0% solution of BSA was labeled with fluorescein 

isothiocyanate (FITC) by a method modified from Clark and 

Shepard (1963). The BSA was dissolved in a 0.1 M sodium 

phosphate buffer solution (1H 7.5) containing 0.1 mg per 

ml FITC, and allowed to react at 4° C overnight. Excess 
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dye was eluted using a Sephadex column (Rinderkneckt, 1962). 

The column was prepared by gravitational packing of 200 

mesh Sephadex G-50 into a 1 x 10 em glass tube. The FITC

labeled protein was pipetted into this column and followed 

with a phosphate buffer chase. The progress of the dye 
' 

and complex was monitored by ultraviolet fluorescence, and 

the pure conjugate was obtained in its ent~rety. 
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Peritoneal cells were harvested and washed in the 

manner described previously, and were suspended in the 

solution or conjugated BSA. Samples contained either 

5 mM EDTA or 5 ~I CaC1, to determine the effect of divalent 

ions upon BSA uptake. The phagocytes were incubated for 

10 and 20 minutes, fixed in glutaraldehyde, washed, and 

examined by ultraviolet and phase microscopy. Results were 
• 

recorded at a magnification of 500 diameters with 5-minute 

exposures on Kodak Hi-Speed Ektachrome. 



CHAPTER III 

RESULTS 

The cell populatton was found to consist of the same 

four types of cells observed by Cohn, et al. (1967), and 

by Sanders and Adee (1969), in a ratio of 45 monocyte3: 

40 eosinophiles:19 lymphocytes:5 mast cells. These rat'ios 
• 

remained fairly constant for all samples observed, and the 

appearance of the cells observed was similar to Figures 1A 

through 1D. 

Complete phagocytosis of latex particles was observed 

only in monocytes and eosionphiles, although occasional 

adhesion of particles to the surface of lymphocytes was 

seen, as in Figure 1D. Mast cells were capable of partlal 

ingestion of the substrate particles, but they did not 

completely internalize the particles, as seen in Figure 1C. 

It was found, however, that cells stored in vitro 

were viable in the media used in these experiments for up 

to 24 hours. The cells would begin to show evidence of 

autolysis if storage was prolonged beyond this length of 

time. Only a few of the cells stored in calcium-containing 

medium could be found remaining intact and iunctional after 

48 hours, even at reduced temperature. Storage above 4° C 

or the chelation of divalent ions seemed to hasten this 

degenerative process. The addition or removal of glucose 

20 
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or serum albumin had no effect upon these observations. 

The phagocytic indices or each cell type following the 

various treatments are summqrized in Figures 2 and 3. The 

most striking result was the effect of BSA upon uptake or 

polystyrene particles by monocytes and eosinophiles 

(Figures 2a and 2b). The addition of BSA to cultures of 

monocytes reduced the phagocytic index of those cells as 
• 

compared to cells incubated in BSA-free medium by up to 

15~ in medium which contained calcium. Only an insignifi

cant 1% decrease was observed in monocyte uptake, however, 

if BSA was added to medium which did not contain calcium. 

The eosinophiles showed much greater decreases following 

the addition of BSA to these media of 19% and 77%, 

respectively. Serum also affected the motility of the 

cells, in that serum-treated phagocytes showed an increase 

in the number and length of the pseudopods o~ th~ir 

surfaces (Figures 4 and 5). The apparent motility was 

most pronounced in those cells exposed to serum in the 

presence of calcium, and was minimal in serum- and calcium

tree media. A few monocytes in the calcium-BSA medium gave 

the appearance of extreme motility. These cells, such as 

the one in Figur~ 6, consisted entirely of lobes arranged 

in a rosette configuration and lacked a distinct cell body. 

It will be noted that the monocyte shown in this figure 

contain~ only two ingested p~rtieles. A low rate of uptake 



was characteristic or cells showing this appearance~ At 

the other extreme, the monocytes in Figures 4b and 5b 

which were incubated in media containing no serum or 

divalent ions show a smooth surface, but contain numerous 

polystyrene particles. Eosinophile motility was similarly 

affected, but to a lesser extent. 
0 

In all groups, ribosmes 
" 

could be seen clustered beneath active areas of the plasma 

membranes of many cells, such as pictured in Figure 6b. 

Methylation of the substrate particles reduced the 

phagocytic index of the monocytes to a value of 50~ ! 5% 
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(Figures 2 and 3) regardless of the medium used. As 

represented graphically in Figures 3a and 3b, which show the 

uptake of methylated particles in the various incubation 

media, uptake was still highest tor mononuclear phagocytes 

in serum-free medium which contained calcium. Phagocytic 

index for monocyte;; ~Ll tills medium was 54%, compared to 

45% tor all other media. Uptake by eosinophiles was within 

5% of the value obtained using unmethylated particles. 

Morphology of the phagocytes and of the vesicles con

taining the methylated particles was indistinguishable 

from those containing normal particles. 

Methylated BSA was apparently cytotoxic in the con

centrations and incubation conditions employed. Most cells 

incubated in media containing this substance were highly 

vacuolate and swollen, as though Laving been subjected to 



a hyposmotic medium. Attempts to maintain the cells in 

medium containing methylated BSA for any longer than a 

few hours resulted in complete destruction of all cells. 

The phagocytic index of monocytes incubated in calcium

tree medium with methylated BSA was only 15~, as shown 

graphically in Figure 8b. The phagocytic index of 

eosinophiles, however, approached BSA-free values, with 
• 

50% of these phagocytes ingesting polystyrene particles. 

Too few cells could be found intact in the calcium-

containing medium for an accurate determination of the 

phagocytic index, but it seemed to be about the same as 

for the calcium-tree medium, with possibly reduced uptake 

by eosinophiles. The cause of the observed decreased 

viability of cells in this medium is not known, and may 

have either been a result of aggravation of the toxicity 
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of the BSA by the divalent ions, or it may be an artifact 

which arose during the harvesting or incubation of the 

cells. Precipitated methyl-BSA was abundant in the samples 

observed, and many of the surviving cells of both groups 

bad taken up particles of this precipitate. Small parti

cles of some substance can be seen in Figure 9a in the 

vacuoles of the phabvcytic cells and adhering to the 

surfaces of the uningested polystyrene particles, and 

probably represents methylated BSA. 



Uptake in cells taken from sensitized rats and 

incubated in serum-free media showed uptake nearly identi

cal to that of cells from normal rats (Figure 8a) in 

serum-free media both for eosinophiles and monocytes. 

However, the addition of BSA caused untake in this medium 
4 

to drop to 11% for monocytes and 39% for eosinophiles. 

All cells from infected rats showed numerous pseudopodal 

extensions, and those in the serum-free medium contained 
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as many as 10-15 particles per section (Figures 10 and 11). 

Cells incubated with fluorescein-labeled BSA showed 

a strong fluorescence which varied in intensity from cell 

to cell, and which was mainly confined to the surface 

and to invaginations of the plasma membrane. Some cells 

showed a great deal of such fluorescence under ultraviolet 

illumination while approximately half showed less intense 

fluorescence. Divalent ions and length of incub~tion 

time seemed to have no discernable effect (Figure ?b) • 

• 



25 



Fig. 1a.--Electron micrograph of a mononuclear 
phagocyte showing ingested polystyrene latex parti
cles (p). Several primary lysosomes (1) and phago
cytic ~~sicles (v) «\~~- visible in the cytoplasD!. A 
bilobed nuoleun (n} and several mitochondria (m) can 
ba seen within the cell. Glutaraldehyde-Osmium 
fixation. 13,500X. 

Fig. 1b.--Electron micrograph of an eosino
philic phagocyte. An ingested latex particle (p) 
lies within the cell, and a characteristic bilobed 
nucleus (n) and banded granules (g) are visible 
together with numerous mitrochondria. Glutaralde
hyde-Osmium fixation. 13,500X. 

Fig. 1c.--Electron micrograph or a ruast cell. 
Nucleus (n) and dense granules (g) are prominent. 
Cytoplasm contains few mitochondria (ro), but 
partially phagocytosed latex particles are to be 
found in l~rge vacuoles (p). Glutaraldehyde
Osmium fixation. 12,000X. 

Fig. 1d.--Electron micrograph ot a lymphocyte. 
Polystyrene latex particles adhere to the surface of 
the cell without internalization. Here, the parti
cles are partially dissolved, both the outline or its 
original surface remains upon tho call surface (on). 
Mitochondria (m) and rough endoplasmic reticulum (er) 
are scattered through the cell. Glutaraldehyde
Osmium fixation. 17,000X. 
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Fig. 2a.--Phagocytic index of mononuclear cells 
(unstippled) and eosinophiles (stippled) in media 
containing 5 mM EDTA 11, but containing an excess of 
calcium ions. Right-hand portion of graph shows 
phagocytic index with added BSA, while left-hand 
portion shows phagocytic index of cells incubated 
in medium containing no BSA. Lines on this and 
subsequent bar graphs represent standard deviation • 

• 

Fig. 2b.--Phagocytic index of mononuclear cells 
(unstippled) and eosinophiles (stippled) in media 
containing 5 mM EDTA 11 with no added calcium. Right
hand portion of graph represents phagocytic index 
with 1% BSA in medium, left-hand portion phagocytic 
index in medium containing no BSA. 
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Fig. 3a.--Phagocytic index of mononuclear cells 
(unstippled) and eosinophiles (stippled) incubated 
of calcium added to medium containing 5mM EDTA. 
Right-handed portion of graph shows phagocytic index 
with 1% BSA, while left-hand portion shows phagocytic 
index of.cells incubated in medium containing no BSA. 

Fig. Jb.--Phagocytic index of mononuclear cells 
(unstippled) and eosinophiles (stippled) incubated 
with methylated polystyrene particles, with no calcium 
added to media 5 mM in EDTA. Right-hand portion of 
graph represents phagocytic index with 1% BSA in 
medium, left-hand portion phagocytic index in medium 
containing no BSA. 
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Fig. 4a.--Electron micrograph of peritoneal cells 
incubated with unmethylated polystyrene latex particles 
in medium containing an excess of calcium with 1% BSA. 
Uptake of particles is high in monocytes, but very low 
in eosinophiles. Glutaraldehyde-Osmium. 7,500X. 

Fig. 4b.--Electron micrograph of peritoneal cells 
incubated with unmethylated polystyrene latex particles 
in medium containing an excess of calcium without the 
addition of BSA. Uptake is high in both monocytes and 
eosinophiles. Glutaraldehyde-Osmium. 7,500X. 
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Fig. 5a.--Electron micrograph of peritoneal 
phagocytes incubated in calcium-free medium with 
5 mM EDTA and unmethylated polystyrene particles, 
and with 1~ BSA. As with calcium-containing 
medium, uptake is high in monocytes, but low in 
eosinophiles. Glutaraldehyde-Osmium. 7,500X. 

Fig. $b.--Electron micrograph of peritoneal cells 
incubated with unmethylated polystyrene latex particles 
in medium without added calcium or the addition of 
BSA. Uptake is high in both types of phagocytes. 
Glutaraldehyde-Osmium. 7,500X. 
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Fig. 6a.--Electron micrograph of a mononuclear 
phagocyte showing a very high level of motility fol
lowing incubation in calcium + BSA medium. Uptake 
in cells of this appearance is quite low, and only 
two polystyrene latex particles (p) are visible in 
this section. Glutaraldehyde-Osmium. 12,000X. 

Fig. 6b.--Eleetron micrograph of a monocyte with 
ribosomes concentrated under areas undergoing pseudo
pedal formation. Glutaraldehyde-Osmium. 15,000X. 
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Fig. 7a.--Electron micrograph of the organism 
infesting the peritonea of ~· norvegicus. Axostyle 
(a), nucleus (n), and flagellar root (f) can be seen 
in the cytoplasm, which contains a great deal or 
dense granular material (g). 13,500X. 

Fig. ?b.--Ultraviolet fluorescence micrograph of 
rat peritoneal cells incubated in FITC-labeled BSA 
under ultraviolet illumination. Note that some cells 
show a higher level of fluorescence (arrows) than do 
others. 1500X. 
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Fig. Ba.--Phagocytic index of peritoneal 
phagocytes previously exposed to antigenic material. 
Columns on left represent uptake in cells incubated 
in serum without BSA, those on the right, the phago
cytic indices of cells incubated in media containing 
1% BSA. Unstippled columns: monocytes; stippled: 
eosinophiles. 

Fig. 8b.--Phagocytic index of peritoneal cells 
from sensitized incubated in media containing 1% 
methylated BSA. Unstippled columns: monocytes; 
stippled: eosinophiles. 
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Figs. 9a - 9c.--Electron micrographs of phagocytes 
incubated with methylated BSA and unmethylated poly
styrene latex particles. At tor is an eosinophile and 
monocytes; in the center are three monocytes which 
have numerous vacuoles containing precipitated ~ethylated 
BSA (m), and t~o of these cells have attached themselves 
to an erythrocyte (rbc). At bottom is an eosinophile 
showing ingested latex particles. Note that plasma 
membrane (~m) from disrupted cells is clinging to the 
surface of all these cells. Glutaraldehyde-Osmium. 
(t to b). 8,900X, 3,300X, 4,600X 

Figs. 9d - 9e.--Electron microgranh or gn eosinoohile 
and monocyte incubated ~ith methylated~BSA and unmethylat
ed polystyrene la.tex particles in medtum containing calcium 
ions. Phagocytes showed low uptake of particles urider 
these conditions, and few cells could be found surviving 
in this medium. Streaking on lower microP-raDh is a 
result of irregularities on the edge of the microtome 
knife. GlutarBldehyde-Osmium. 9000X 
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Fig. 10.--Electron micrograph of peritoneal cells 
from rats exposed to antigen previous to incubation. 
Incubation carried out without BSA and with unmethylated 
polystyrene particles. Note that eosinophile (lower 
mi~rograph) seems to be releasing granules into medium. 
Glutaraldehyde-Osmium. 10,000X. 
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Fig. 11.--Eleetron micrographs of cells previously 
exposed to antigen, and incubated with unmethylated 
polystyrene particles, with 1% BSA. Cells in this 
group appear highly motile, but uptake was quite low 
in monocytes. 
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CHAPTER IV 

DISCUSSION 

The reaction of rat peritoneal phagocytes to charge

bearing substances in vitro is described. By compa.ring 

the phagocytic index of mononuclear and eosinophilic 

phagocytes following various treatments upon the cells 

and substrate, the relative response of the two cell 
. 

types as observed. Such parameters as the presence of 

divalent ions and chelating agents, and the blocking 

or charged groups by methylation were investigated with 

respect to their effect upon uptake of polystyrene latex 

particles by eosinophiles and monocytes. It was found 

that in many cases, the two types of cells reacted 

differently to these stimuli, suggesting the possibility 

of different modes of action, and hence, different 

functions for the two types of cells in vivo. 

The fine structure of the cells was identical to that 

shown by North and Macness (1963). The rather higher pro

portion of eosinophiles than that previously reported 

Cohn, !! al., 1967; Sanders and Adee, 1969) observed in 

this series of experiments (50~ as ~~~ared to about 15%) 

was probably a result or the preferential retention of the 

eosinophiles with their dense cytoplasmic inclusion during 

washing. However, work by Metzger and Casarett (1967) 



showed that the proportion of such cells can be varied 

experimentally, and that such variation could take place 

naturally as a result of such factors as diet or environ

mental conditions. 
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The most notable results were obtained by adding BSA 

to the incubation media. Uptake of polystyrene spheres by 

monocytes was little affected but the phagocytic index of 

eosinophiles decreased by a~ost 80%. This is in contrast 

to the usual observation that serum or serum components 

enhance, or are even necessary for, the process of complete 

phagocytosis. 

Serum and its various fractions have a variety of 

effects upon attachment and uptake of foreign material. 

The enhancing effects of these material upon the phago

cytic activity of mammalian pbagocytes bas long been 

recognized and was first reported by Mudd, et al. (1929). 

As previously mentioned, Rabinovitch (1967) found that 

fixed erythrocytes were taken up by mouse peritoneal 

macrophages in direct proportion to serum concentration, 

and Fischer and Ginsberg (1956) have reported the addition 

of guinea pig serum to the incubation medium to be 

necessary for the phagocytosis or :~~~erial by guinea pig 

PMN's. Nelson (1969) cites four classes of serum require

ments: (1) the absence of any requirement altogether, as 

seems to be the case for inert materials such as starch 



, 

grains (Boyden, et !1·• 1965) and polystyrene particles 

(Karnofsy and Wallach, 1963); (2) the requirement of 

nonimmune, homologous serum (Perkins and Leonard, 1963); 
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(J) the requirement of specific, immune antibody (Macaness, 

1960) and finally, (4) the requirement of presensitization 

or the phagocytic cells with cytophilic (that is for the 

pbagocytes themselves) antibody (Uhr, 1964). Vaughn (1965) 

has presented evidence that "nonspecific" opsonic factors 

are absorbed from normal serum, and that they are taken 

up in a highly specific manner. For instance, preincu

bation or serum with rabbit erythrocytes reduced the ability 

or the serum to enhance the phagocytic uptake of rabbit 

erythrocytes, but had no effect upon the uptake of 

erythrocytes taken from other species of animals. Such 

factors are to be found in both homologous (Vaughn, 1965) 

and heterologous (Rowly and ·Jenkin, 1962) serum. 

Nelson (1969) points out that such factors enhance 

only attachment, such as rosette formation by erythrocytes 

with macrophages, and that other factors seem to be 

involved in actual internalization of material. Cohn and 

Parks (1967) have reported such analogous protein fractions 

in newborn calf serum which act as :~jucers of pinocytosis. 

Such inducers may be similar to the C-reactive protein 

round by Gage, et !!· (1972), which does not require 

previous sensitization of the cells to antigenic factors. 

TEXAS TECH LIBRARY 



Additional factors may intervene in the attachment of 

particles to phagocyte plasma membranes. Karnovsky and 

Wallach (1963) believes that polystyrene particles are 

absorbed on the basis of their lipophilic properties, but 

the work of VanOss and Gilman mentioned previously (1973 

a and b) suggests that the concepts of immunogenically and 

hydrophobically initiated attachment may not be mutually 

exclusive. 
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The inhibition of macrophage motility and phagocytosis 

by antigens, both through leukocyte mediation (Calkins and 

Golub, 1972), and directly through the action of antigen

antibody complexes (Bennet and Bloom, 1959; Neta and Salvin, 

1971), is well known as a mechanism for concentrating 

these cells at the locus of an infection. Although similar 

inhibition of eosino~hiles has not been demonstrated, they 

seem to undergo degranulation and lysis in response to 

soluble antigen-antibody complexes (Archer, et !!·• 1969), 

and the phagocytosis of such complexes has been purposed as 

a major function of these cells (Sabesin, 196)). An inter

pretation of the observed effects of BSA based upon specific 

humoral immune factors can be eliminated since the animals 

were not previously sensitized tc t~P bovine serum. Further

more, the extensive washing prior to incubation would have 

removed any soluble antibodies present in normal rat serum 

which were not of a cytophilic nature and hence tightly 



bound to the cells themselves. This precludes the second 

and third olaJses or serum-mediation or phagocytosis out

lined by Nelson leaving only lipophilic attraction and some, 

form or nonspecific, cell-bound antibodies as possible 

channels for serum intervention. The existence of such 

nonspecific, and naturally occurring antibodies, similar 

to 7S-t2G, has been hypothesized by Nelson (1969). 

The polystyrene particles themselves, being relatively 

inert, would procably be unaffected by serum factors 

enhancing attachment by acting upon the particle itself 

(Karnotsky and Wallach, 196); Nelson, 1969).and thus could 

not account for the great effect of BSA upon eosinophiles. 

However, the monocyte has been shown to have a finite 

number or receptor sites (Schmidt and Douglas, 1973; 

Lutton, 1973), and it seems likely that the same would 

hold true for other types of phagocytic cells. The BSA 

could preferentially occupy and monopolize such protein

sensitive or ionic receptor sites on the eosinophile, 

rendering it incapable of further phagocytosis. Alter

nately, it may simply utilize a sufficient amount of 

plasma membrane ir. the repeated formation of pinocytic 

vesicles that none remains available for further internali

zation of material. The absence of extensive pinocytic 

vacuoles in the cytoplasm or serum-treated eosinophiles 

favors the former interpretation of the observations. 



Monocytes, which recognize material such as polystyrene on 

the basis of hydrophobicity, would co~tinue to phagocytose 

such particles at near the usual rate, since they would 

have few or no BSA-sensitive receptors. 

52 

It would at first seem paradoxic~l that this loss of 

phagocytic activity in the eosinophile should be accom

panied by the observed increase in pseudopod formation. 

This may have been due to the simple utilization or 

available plasma membrane by particle ingestion giving 

those cells showing high phagocytic indices their charac

teristic smooth appearance. Another interpretation is that 

the motility in media containing serum albumin may reflect 

a BSA-elicited increased in pseudopodal formation. This 

divorce of phagocytosis from motility, although differing 

with the concept of "activation" formulated by Pearsall 

and Weiser (1970), can also be elicited by the use or the 

compound cytochalasin B (Zigmond and Hirsh, 1973). This 

compound has been found to inhibit completely the motility 

ot PMN 1 s, while leaving their phagocytic properties 

intact. The exact mode of action of cytochalasin B is 

unknown, but it does. not seem to act through alteration 

of glycolyt~~ pathways. The observation in the present 

studies that ribosomes seem to be in some way associated 

with surface motility suggests that cytochalasin B might 

interfere with some unknown process involving the synthesis 



of a protein by these structures. Ulrich and Zilversmit 

(1970) have also found a substance resembling a mucopoly

saccharide that inhibits phagocytosis which is released 

by phagocytosing alveolar macrophages. This substance 

seems to act to prevent destruction of the cells by over

ingestion. 

A few studies have been carried out on the comparative 

biochemistry and cytochemistry of monocytes and eosino

philes. It has been found that the major difference in 

enzyme content is the abundance of peroxidase contained in 

the cytoplasmic granules of the eosinophile (Robbins, et al., 

1971). Stecher and Thorbecke (1967a) have found rat 

peritoneal macrophages capable of synthesizing the serum 

globulin ft 1c and transferrin if incubated with serum but 

that eosinophiles are not a source of serum protein 

(Stecher and Thorbecke, 1967b). Seyberth, et al. (1973) 

measured cyclic AMP concentrations in phagocytosing rabbit 

alveolar phagocytes during uptake of polystyrene particles 

in medium containing autologous serum. A sharp rise in 

cyclic AMP was found in macrophages, but no such increase 

was observed in granulocyte preparations, and serum alone 

elicited a ~c~rease in granulocyte AMP. This suggests 

that the two cells are activated by different mechanisms, 

and that serum is c~pable of affecting these mechanisms by 

acting somehow though cyclic AM?. 



Stossel, et !1· (1973) have performed biochemical 

studies on the phagocytic vesicles of eosinophilic and 

alveolar macrophages or rabbits, finding that the macro

phage vesicles had a higher lipid:protein and enzyme: 

protein ratio, and more electron-dense material (which can 

be interpreted as osmium-stained lipid) in the phagocytic 

vesicles. This emphasizes the lipophilic nature or the 

mononuclear phagocyte as compared to the polymorpho

nuclear phagocyte. 

Biochemical evidence, then, supports the hypothesis 

that monocytes, containing more lipid, are more prone to 

take up the lipoic polystyrene particles, while a mechanism 

involving cyclic AMP activation seems to be associated 

with the actual engulfment (Seyberth, et al., 1973). In 

contrast, the eosinophile, which apparently recognizes 

material by some other mechanism which is probably immune-
. 

related (Sabesin, 1963), has surface receptors which 

become monopolized by BSA and are therefore unable to take 

up the polystyrene particles. 

The results of the study utilizing FITC-labeled BSA 

indicate that some cells attach BSA to their surface avidly, 

while others do so only to a lesse~ ~Jgree. It would 

appear that those cells which show the higher rate of 

attachment of the complex to their surface would be the 

protein-sensitive eosinophiles, rather than the lipophilic 



monocytes, and is indicative of some fundRmental difference 

in the cell coat of these two cells. 

The previous exposure of phagocytes to antigenic sub

stances had little effect upon eosinophiles, but caused the 

monocytes to begin reacting to the presence of BSA. Mono

cytes from rats exposed to the parasitic flagellate lost 

much of their ability to phagocytose polystyrene particles 

in the presence of serum, possibly as a result of cyto

philic anti-flagellate antibodies attaching to the surface 

of the cell, and thereby altering its recognition proper

ties. This antibody probably renders the surface less 

lipophilic in the presence of BSA, by the occupation of 

the receptors by some BSA-antibody type complex. 

Methylation of the polystyrene should complete elim

ination of the carboxyl and sulphate residues (Kantor and 

Scbubort, 1957) found on the surface of the polystyrene 

spheres (Wilkins and Bangham, 1964), thus making the 

particles less polar and more lipophilic in nature. As 

expected, methylation had no significant effect upon 

uptake of such particles by the eosinophiles, but uptake 

by the supposedly lipophilic monocytes showed an unexpected 

decrease. It will be noted, howev~~. that the drop was to 

a phagocytic index approximately 50%, regardless of the 

constitution of the incubation medium used. As discussed 

below, the residual uptake is thought to be that due to 



lipophilic recognition alone, and that the portion of the 

phagocytjc index lost following methylation of the 

particles is due to nonlipophllic receptors also present 

on the_monocyte surface. 

Although BSA had no effect upon particle uptake in 

cells incubated with methylated particles, it elicited a 

slight (compared to eosinophiles) and calcium-dependent 

decrease in the phagocytic index or monocytes incubated 

with unmethylated particles. The absence or any effect 

upon uptake by BSA without calcium ions present suggests 

the ionophilic nature of some receptor sites which take up 

BSA to the exclusion or polystyrene particles, but the 

rather small magnitude or this effect is consistent with 

a limited number of such sites. Mantovani, et al. (1973) --
have found different types or receptors on the macrophage 

surface for serum factors. Thus, it seems likely that two 

or more types of receptors may be involved in the present 

observations. Calcium also enhanced the phagocytosis of 

unmethylated polystyrene particles by monocytes. Uptake 

of such particles, even with the_addition of BSA to the 

medium, was consistently higher than in those incubated in 

identical medium, but without dival~~; ions. Metzger and 

Casarett (1969) have also observed this increase in phago

eytic index in mammalian phagocytee following the addition 

or calcium ions to the incubation medium and suggest that 



it may act either through mechanisms involving enzyme 

activat~on, or by modification of the surface properties 

of the substrate of the phagocytes themselves. Wilkins 

and Bangham (1964) have observed that calcium also increased 

the electrophoretic mobility of uncharged particles such as 

starch and metallic oxide particles. However, Fenn (1921) 

found that the phagocytosis of carbon particles, which 

carry no ionic charges, was calcium-independent. This may 

be explained by differences in the nature of the surfaces 

or these particles. Possibly the polar nature or the 

hydroxyl groups in starch and of metallic oxide particles 

allows calcium ions and their accompanying charges to 

attach to the surface of these particles. 

These data favor an interaction between the divalent 

ions and the surface charge of the substrate. Methylation 

of the carboxyl and sulphate groups which exist on the 

·polystyrene particle surface (Metzger and Casarett, 1969) 

significantly reduced the calcium-elicited increased in 

phagocytosis (9% increase, compared to 26%), and implicates 

these moieties as a major factor in calcium enhancement of 

phagocytosis. Thus, the portion of particle uptake lost 

following methylation seem to be re·1~ted to a mechanism 

which is most likely ionic in nature, although the major 

portion or polystyrene particle attachment is through a 

lipoic mechanism. 



Methylation of BSA partially eliminated the ability or 

the serum alb,nnin to decrease phagocytosis by eosinophiles. 

The phagocytic index in the methylated-BSA-treated eosino

philes was increased to 50%, compared to an average or 

20% ! 1% for non-methylated BSA incubations. Uptake in 

monocytes incubated in methylated BSA was much decreased, 

however, to a mere 15~. Apparently methylation, by 

eliminating the ionic groups on the BSA, renders the 

substance more "appetizing" to the lipophilic monocytes, 

which take it up from solution as readily as eosinophiles 

take up normal BSA. A great deal of ~thyl-BSA precipi

tate was observed in phagocytic vacuoles, but it is not 

known whether this represented material which had been 

taken up while yet in solution or was phagocytosed as a 

particulate precipitate. Uptake in both cell types was 

probably lower than would be predicted from biophysical 

consideration alone. The phagocytosis or cellular debris 

from those cells disintegrated as a result or the cytotoxic 

methyl-BSA would have utilized much of the still viable 

phagocytes 1 capacity for taking up latex particles. This 

process probably ~esults from an exhaustion or receptor 

sites in a manner analogous to that described by Schmidt 

and Douglas (1973), who used IgG to monopolize macrophage 

surface receptor sites, to the excusion or polystyrene 

particles. 



Eosinophiles, in contrast, seem to be more proteino

philic by n~ture, through some unknown, but possibly 

immunogenic mechanism which is not dependent upon or 

appreciably affected by divalent ions. 
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CHAPTER V 

SUMMARY 

Rat peritoneal exudate cells containing monocytes and 

eosinophiles were placed in media containing calcium ions 

or chalating agents, both with and without bovine serum 

albumin. Uptake by eosinophiles was greatly decreased by 

serum but was relatively independent of calcium ions. 

In monocytes, the opposite seemed to be true, as serum had 

little effect, but calcium was effective in increasing 

uptake. Methylation of the charged groups on the substrate 

had no significant effect upon uptake in eosinophiles, but 

decreased uptake in monocytes to a phagocytic index of 

around 50~. Methylation of BSA resulted in an increase in 

uptake by eosinophiles relative to media with normal BSA, 

albeit monocytes were much less prone to take up poly

styrene particles following methylation of the BSA. 

Labeling of the BSA with fluourescein led to the conclu

sion that BSA is taken up by the phagocytes by a calcium

independent mechanism. The differential uptake by monocytes 

and eosinophiles in the presence of various substances 

suggests a relationship between th~ nature of these 

substances and the properties of the eosinophile and the 

monocyte. 
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The conclusion drawn was that monocytes are largely 

lipophilic in nature, but that calciun can increase uptake 

in these cells by acting upon the ionic groups of the sub

strate surface in some manner. This lipophilic property 

becomes secondary to proteinophilic uptake following 

exposure or the host organism to immunogenic material, and 

the monocyte then exhibits a preference for proteinaceous 

material. 

6t 

The eosinophile seems to be governed by an apparently 

ionophilic, possibly immune-related mechanism, not mediated 

or affected by divalent ions. This suggests that this 

cell is probably responsible for the uptake or polar 

substances, and hence, non-encapsulated bacterial material. 

The monocyte, however, is less responsive to such polar 

groups, unless previously armed with antibodies, and is 

probably responsible for the uptake of encapsulated 

bacteria in the initial response to such pathogens 

in vivo. 
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