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We have compared the oxidative metab-
olism of human eosinophils ( 80%-90%
purity) to that of neutrophils. Hexose

monophosphate ( HMP) shunt activity of
eosinophils was higher than that of neu-

trophils under either resting or phagocytiz-
ing conditions. Eosinophil HMP shunt

activity also was stimulated by phorbol

myristate acetate, a membrane-active

agent. Eosinophils showed a marked in-
corporation of 1251 into trichloroacetic acid-
insoluble material under resting condi-
tions, which increased markedly during
phagocytosis. Eosinophils likewise showed
a greater reduction of nitroblue tetra-
zolium dye during phagocytosis than did

neutrophils. Measurement of other param-

eters of oxidative metabolism indicated

that eosinophils generated superoxide

anion following phagocytosis and also
elicited a burst of chemiluminescence sim-
ilar to that observed during phagocytosis
by neutrophils. Measurement of NADPH

oxidase activity demonstrated that this
enzyme was 3-6 times more active in frac-
tions isolated from eosinophils than in
corresponding fractions isolated from neu-
trophils; this was observed over a range
of substrate concentrations. The eosinophil
enzyme sedimented differently than the
neutrophil enzyme with differential cen-

trifugation; neither showed sedimentation

characteristics of peroxidase. These data

indicate that eosinophils possess a sim-
ilar, although in some ways more potent,

oxidative burst than neutrophils and are

consistent with a role for NADPH oxidase
in the initiation of that burst.

P HAGOCYTOSIS by isolated preparations of human neutrophils is ac-

companied by marked alterations in oxidative metabolism, including in-

creases in oxygen consumption, hexose monophosphate (HMP) shunt activity,

and hydrogen peroxide production.’ More recent studies have demonstrated

that these cells also generate superoxide radical (O� ) during phagocytosis2 and

exhibit the phenomenon of chemiluminescence, presumably due to the gener-

ation of singlet oxygen (‘02) by the cell.3 It has been suggested that the molec-

ular basis for these changes involves activation of a reduced pyridine nucleo-

tide oxidase which catalyzes the oxidation of NADH4 or NADPH5 with the

subsequent generation of hydrogen peroxide.

Because of the difficulties in procuring sufficient quantities of human

eosinophils, metabolic activities of the eosinophil have been less well charac-

terized. Eosinophils are capable of phagocytizing a number of different particles

and can ingest and kill bacteria, although both processes appear to occur more

slowly with eosinophils than with neutrophils.6’7 In contrast, the eosinophil

appears to have a high resting rate of oxidative metabolism, which shows a

further increase during phagocytosis. Oxygen consumption, HMP shunt

activity, and hydrogen peroxide production are actually higher in the phago-
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526 DECHATELEI El AL.

cytizing eosinophil than in the neutrophil in spite of the lower rate of phago-

cytosis 6,7

The present communication extends these observations by demonstrating

that phagocytizing eosinophils also show elevated abilities to reduce nitroblue

tetrazolium (NBT) dye and to iodinate ingested protein. Furthermore, the

eosinophil generates both superoxide and chemiluminescence during phago-

cytosis. This phenomenon is correlated with activation of an NADPH oxidase

enzyme, which may explain the basis of the metabolic burst in eosinophils, as

has been postulated for neutrophils.

MATERIALS AND METHODS

Patients

Most of the eosinophils used in the present study were isolated from the blood of a single in-

dividual (J.C.) over the course of a 12-mo period. iC. was first observed to have eosinophilia

in November 1972 at age 60 yr. He has been followed at the Bowman Gray School of Medicine

since October 1975. During this period, his white count ranged between 6000 and 14,000/cu mm;

his differential revealed 69%-89% eosinophils. Many of the eosinophils contained vacuoles, but

degranulation, if present, was not marked. Bone marrow examination revealed a hypercellular

marrow with a proliferation of myeloid elements including eosinophil precursors. The etiology

of the eosinophilia remains unknown after extensive evaluation. The eosinophilia was initially

an incidental observation; the patient has remained asymptomatic. Examination of the peripheral

smear of the patient’s daughter revealed a normal differential and total white blood count.

Two pediatric patients (R.M. and D.S.) with a diagnosis of visceral larva migrans were used
as a source of eosinophils in several experiments. These patients showed 40’�-- 50’� eosinophils

on their peripheral smears.
The fourth patient (F.S.) was a 45-yr-old female. She had chronic asthma and active tubercu-

losis at the time ofstudy. For the preceding 4 mo, she had had pronounced diarrhea; the onset of

diarrhea was associated with a sudden rise in the peripheral eosinophil count from about 6% to

50”(��. Thorough attempts to clarify the current illness have been unsuccessful.

Neutrophils, used for comparative purposes, were isolated from the peripheral blood of normal

volunteer donors with less than 5% eosinophils in the peripheral blood.

Cells were isolated by sedimentation with plasma gel (HI! Corp., Buffalo, N. Y.) as previously
described.8 The leukocytes were collected by centrifugation at 160 g for 8 mm at 4’C. They

were washed once with Dulbecco’s phosphate-buffered saline (PBS), and contaminating red cells
were removed by hypotonic lysis. Total and differential counts were performed and the cells sus-
pended in PBS to the desired concentration (described in the individual experiments). Smears

were made of the isolated cells using a cytocentrifuge (Shandon Southern Instruments, Sewickley,

Pa.), stained with Wright’s stain, and enumerated for relative neutrophil and eosinophil counts.

The isolation procedure typically resulted in a moderate enrichment of the percentage eosinophils

in the final preparation; the purity of the preparations used in each experiment is listed in the

appropriate tables.

A ssays on Intact Cells

The oxidation of I- ‘4C-glucose to 4C02 was determined as previously described.9 Neutrophil-

rich and eosinophil-rich suspensions of cells were compared in parallel in all experiments. Glu-

cose oxidation was determined in resting cells and in cells stimulated either by phagocytosis of
opsonized zymosan or by addition of the surface-active agent, phorbol myristate acetate (PM A).

Detailed experimental conditions have been published previously.9

The ability of neutrophils and eosinophils to reduce NBT dye to the insoluble blue formazan

was determined by the quantitative NBT test of Baehner and Nathan.10

lodination was determined by the ability of cells to incorporate 1251 into trichloroacetic

acid precipitable material as previously described.11 The assay was performed in the absence of

cells (to determine the extent of nonspecific adsorption) and in cells under either resting condi-
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EOSINOPHIL OXIDATIVE METABOLISM 527

tions or stimulated with opsonized zymosan. Results are expressed as counts per minute (cpm) of
1251 incorporated/hr/S x 106 cells.

The generation of superoxide anion under various conditions was determined by means of the

superoxide dismutase (SOD)-inhibitable reduction ofcytochrome C, as described by Babior et al.2

Each incubation flask contained 100 nmoles of cytochrome C in a total volume of 3.0 ml of PBS.

Incubation was performed for 30 mm at 37#{176}C;the number of cells was varied from 106 to 10�/

flask, as described in the individual experiments. Assays were run on resting cells, cells in-

cubated with unopsonized zymosan, and cells incubated with opsonized zymosan. All values are

expressed as the change in optical density (SOD) at 550 nm/30 mm, where �OD equals the

absorbance in the absence of SOD minus the absorbance in the presence of 50 .tg of SOD.

The ability of cells to emit chemiluminescence was studied using a Beckman LSC-l00 scintilla-

tion counter operated on the out-of-coincidence mode as previously described.12 Suspensions of

various concentrations of cells were incubated in dark-adapted glass scintillation vials in a total

volume of6.0 ml PBS in the presence or absence of opsonized zymosan. Each vial was counted at

10-mm intervals for a period of I mm. Results have been corrected for resting activity and are

expressed as cpm.

A ssayfor NA DPH Oxidase A ctivity

NADPH oxidase activity was assayed in a 27,000g particulate fraction (referred to, for the sake

of convenience, as the “granule” fraction). The procedures for preparation of the granule frac-

tion and assay of NADPH oxidase activity have been described in detail in previous papers.’3”4

Briefly, isolated cells (either neutrophils or eosinophils) were incubated for 3 mm with either

PBS (designated resting cells) or with opsonized zymosan (designated phagocytizing cells). Incuba-

tion was terminated by the addition of an equal volume of cold 0.68 M sucrose, and the cell sus-

pensions were homogenized for 5 mm to obtain greater than 90#{176}cbreakage. Homogenates were

centrifuged at 500 g for 10 mm to sediment unbroken cells, nuclei, large debris, and zymosan

particles. Supernatants from this centrifugation were then recentrifuged at 27,000 g for IS mm.

The final pellets were resuspended in 0.34 M sucrose and protein concentration was determined by

the method of Lowry et al.’� The various granule fractions were adjusted to the same concentra-

tion of protein before use in each assay.

NADPH oxidase activity was assayed in a two-step incubation procedure. NADP� was first

generated in a reaction mixture containing 0.1 M potassium phosphate buffer, pH 5.5; 2.0 mM

KCN: 0.10-0.20 mg granule fraction; and varying concentrations of NADPH (described in the

individual experiments). Controls, in which granule fraction was omitted, were included in each

experiment in order to obtain a measure ofthe spontaneous (nonenzymatic) oxidation of NADPH.

The incubation was stopped after 30 mm at 37#{176}Cand the amount of NADP� produced was

quantitated in a second incubation utilizing 0.1 �.tCi l-’4C-6-phosphogluconate (New England

Nuclear Corp., Boston, Mass.) and I unit 6-phosphogluconate dehydrogenase (Sigma Chemical

Co., St. Louis, Mo.). ‘4CO2 was generated in an amount directly proportional to the amount

ofNADP� originally produced, and was trapped and counted as previously described.9

RESULTS

Table I illustrates the results of two experiments comparing the ability of

neutrophils and eosinophils to oxidize glucose via the hexose monophosphate

shunt as measured by the release of ‘4C02 from l-’4C-glucose. Resting eosino-

phils showed a much greater rate of glucose oxidation than resting neutrophils;

the increase in glucose oxidation following phagocytosis of opsonized zymosan

was likewise much greater in the eosinophils. The addition ofO.IO �g/ml PMA

stimulated both neutrophilic and eosinophilic glucose oxidation to approxi-

mately the same extent as did the phagocytic challenge. Thus eosinophils

showed a substantially greater ability to oxidize glucose under all conditions

studied.
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Table 1 . Oxidation of 1.14C-Glucose by Human Neutrophils and Eosinophils

Exp.

Cell Purity

Neutrophils Eosinophils

‘4CO� Pre sent (cpm)

Neutrophils Eosinophils

Opsonized Opsonized

No. Subject (%) (%) Resting Zymosan PMA Resting Zymosan PMA

1 J.C. 95 91 1,785 14,429 14,370 7,703 91,288 87,243

2 iC. 95 92 1 ,435 13,446 16,693 1 2,785 86,078 83,030

Two separate experiments were run employing eosinophils from a single patient (iC.) and neutro-

phils from a single normal donor. The experiments were spaced 1 mo aport. Each value represents the

mean of closely agreeing triplicate determinations. Phorbol myristate acetate (PMA) was added, where

indicated, to a final concentration of 0.10 zg/ml.

Table 2. Reduction of Nitroblue Tetrazolium Dy e by Human Neutrophils and Eosinophils

Exp.
No. Subject

.
Cell Purity

. . .
Neutrophils Eosmnophils

(%) (%)

Absorbance (515 nm)

Neutraphils Eosinophils

Resting Phagocytizing Resting Phagocytizing

1

2

IC.

iC.

95 91

95 92

0.108 0.276 0.194 0.440

0.147 0.338 0.346 0.520

The two experiments reported were run on the same individuals as shown in Table 1 over a 2-mo in-

terval. Experiment 1 was run in the presence of 1 mM KCN; experiment 2 in the absence of KCN. Each

value represents the mean of closely agreeing triplicate determinations.

The ability of these cell types to reduce NBT dye is illustrated in Table 2.

Eosinophils showed about twice the capacity to reduce NBT under either rest-

ing or phagocytizing conditions. The reduction of NBT was insensitive to

cyanide in both neutrophils and eosinophils.

The ability ofeosinophils and neutrophils to iodinate protein is compared in

Table 3. Neutrophils showed virtually no incorporation of 1251 under resting

conditions, but exhibited marked protein iodination during phagocytosis of

opsonized zymosan. In contrast, eosinophils showed significant iodination

under resting conditions; this activity increased still further with phagocytosis.

Because these results were not completely in agreement with a previous report,’6

the experiment was repeated three times with cells obtained from three different

patients with eosinophilia. Although there was a substantial variation in the

absolute amount of 1251 incorporated by the eosinophils, the pattern was clear.

Table 3. Incorporation of 1251Into Trichloracetic Acid Insoluble Material

Cell Purity

lodination (cpm)

Neutrophils Eosinophils

Exp.
No. Subject

Neutrophils
(%)

Eosinophils
(%) Control Resting

Opsonized
Zymosan Resting

Opsonized
Zymosan

1

2

3

iC.

R.M.

F.S.

95

96

82

91

64

58

1,321

5,125

7,973

1,438

5,421

6,987

45,928

96,066

76,382

39,817

14,624

31,838

177,611

145,705

127,791

Each experiment employed 5 x 106 cells and 200,000 cpm of 1251 Control values represent iodination in

the absence of cells (largely adsorption of isotope to protein). A different normal donor was used as the

source of neutrophils in each experiment. All values represent the mean of closely agreeing triplicate deter-

minations.
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Table 4. Genera tion of Superoxide Anion

Exp.
No. Subject

No. of
Cells

Cell Purity

Neutrophils Eosinophils
(%) (%)

Cytochrome C Redu ced (�O D/30 mm)’

Neutrophils Eosinophils

Resting

Opsonized

Zymosan Zymosan Resting

Opsonized

Zymosan Zymosan

1

2

3

4
5

iC.

J.C.

J.C.

iC.
F.S.

1.0 x �

1.0 x 10�

2.5 x 106

1.0 x 106

1.0 x 106

95 91

95 92

87 88

89 83

82 58

0.000

0.015

0.008

0.000

0.011

0.051 0.297

0.021 0.322

0.048 0.284

0.038 0.162

0.003 0.157

0.012

0.013

0.006

0.000

0.005

0.055 0.318

0.065 0.289

0.053 0.296

0.054 0.228

0.007 0.200

*Values represent the changes in absorbance at 500 nm which are inhibited by the addition of 50

;zg of superoxide dismutase and thus are a direct reflection of the superoxide-mediated reduction of

cytochrome C. The first four experiments employed eosinophils from a single patient (IC.) isolated

on four separate occasions; the fifth experiment employed eosinophils from F.S. Various donors were

used to obtain neutrophils on the different occasions. Each value represents the mean of closely agreeing

duplicate determinations.

In each case the resting cells demonstrated a large capacity for iodination which

increased at least fourfold during phagocytosis of opsonized zymosan.

Table 4 illustrates five separate experiments in which the ability of neutro-

phils and eosinophils to generate superoxide anion was compared. Under our

conditions, virtually no superoxide was produced by resting cells of either type.

Addition of unopsonized zymosan occasionally resulted in generation of a

small amount of superoxide, but addition of opsonized zymosan always re-

sulted in a significant amount ofsuperoxide with either cell type. In contrast to

other metabolic alterations, it did not appear as though eosinophils generated

more superoxide than neutrophils. There was a suggestion that eosinophils gen-

erated slightly more superoxide than neutrophils at low cell concentrations

(i.e., 106 cells/flask), but this difference was not impressive.

ci

Time (mm.)

Fig. 1 . Generation of chemiluminescence by phagocytic cells. Solid line, neutrophils; broken
line, eosinophils. All values were corrected for resting levels which were typically 2000-3000
cpm and did not change during the course of the incubation. (A) 5 x 106 cells/incubation.
Eosinophils (83% pure) were from J.C.; neutrophils were 87% pure. (B) 2.5 x 106 cells/incuba-
tion. Eosinophils (88% pure) were from J.C.; neutrophils were 87% pure. (C) 1.0 x 106 cells/
incubation. Eosinophils ( 58% pure) were from F.S.; neutrophils were 82% pure.
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Table 5. Comparison of NADPH Oxidase in Granule Fractions

From Human Neutrophils and Eosinophils

Exp.
No. Subject

Cell Purity

Neutrophils Eosinophils
(%) (%)

Spontaneous

Oxidation

(cpm)

NADPH Oxidas e Activity (cpm)

Neutro

Resting

phil Granules

Phagocytizing

Eosinophil Granules

Resting Phagocytizing

1 R.M. 84 64 1,891 4,308 8,798 8,319 14,855

2

3

D.S.

D.S.

91

87

48

52

1,724

1,795

1,523

1,644

5,021

2,594

6,846 14,508

7,759 10,463

4 iC. 95 84 1,674 2,029 5,012 9,951 12,318

The four experiments were run on different days employing a different donor for neutrophils on each

day. NADPH concentration was 0.17 mM in all cases; protein content was 0.10 mg. Each value repre-

sents the mean of closely agreeing triplicate determinations.

Both eosinophils and neutrophils generated a similar burst of chemilumi-

nescence during the phagocytosis ofopsonized zymosan (Fig. I). No consistent

difference in the magnitude of the response was noted at any level of cells ex-

amined. In one experiment, the neutrophils generated somewhat more chemi-

luminescence than the eosinophils, while the opposite occurred in a second ex-

periment. A third experiment utilizing a relatively small number of cells (106)

showed no significant differences between the two cell types.

The respiratory burst of eosinophils might be dependent upon activation of

an NADPH oxidase, as has been proposed for neutrophils.5 We examined the

activity of this enzyme in the granule fraction derived from resting and

phagocytizing cells. Results of four separate experiments are illustrated in

Table 5. Considerable variation in the enzyme activity was observed on a daily

basis, which might be related to the different cell donors. In four paired experi-

ments, however, the granule fraction from resting eosinophils was substantially

more active than a similar fraction from resting neutrophils. Furthermore,

granules isolated from eosinophils which had been exposed to opsonized

zymosan always showed greater activity than granules isolated from resting

eosinophils or from either resting or phagocytizing neutrophils. This increased

activity ofNADPH oxidase in the eosinophil was observed at all levels of sub-

strate examined. An experiment in which the substrate concentration was

varied from 0.17 to 0.85 mM NADPH is illustrated in Fig. 2.

40

.
35 ‘/

30

,,�.. 25 , ‘ Eosinophml
� I Granule; 20

�

.1�
r

10 ,‘ ,,-‘ Neutrophil
‘I, � � -�‘�‘ Granule Fig. 2. NADPH oxidase activity of granule preparation as a

m , fl’ function of NADPH concentration. Granules were isolated from
I, SpontOxid . . . .

,, I I I I I cells which had ingested opsonized zymosan. Eos.nophils from
r� patient J.C. were 84% pure; neutrophils from a control donor

were 82% pure.
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Table 6. Distribution of Oxidase and Peroxidase Activities in
Human Neutrophils and Eosinophils

Fraction

Oxidase (T otal cpm) Peroxidase (.smoles/min)

Neutrophil Eosinophil Neutrophil Eosinophil

Granule fraction

500gPellet

27,000g Supernote

151,550

3,663

0

316,130

573,210

6,213

3.61

1.12

1.84

0.69

2.01

1.47

Totals 155,213 895,553 6.57 4.17

Fractions were isolated from cells which had been allowed to phagocytize opsonized zymosan.

Values represent total activities present in each fraction. Eosinophils from patient iC. were 84%

pure; neutrophils were 82% pure. Each value represents the mean of closely agreeing triplicate de-

terminations.

Because the eosinophil granule has been reported to be denser than the cor-

responding granules from the neutrophil,’7 we examined the distribution of

total NADPH oxidase activities in the various fractions obtained upon differ-

ential centrifugation. These values were compared with the distribution of

peroxidase activity as determined by the o-dianisidine assay procedure.’8 Table

6 shows that neutrophil oxidase activity was found almost exclusively in the

granule fraction, but greater than half of the eosinophilic oxidase sedimented

on low speed centrifugation. Overall, there was six times as much total oxidase

activity in the eosinophil as in the neutrophil. Furthermore, neither the dis-

tribution nor total activity of peroxidase corresponded to that of the oxidase.

Although the eosinophil contained approximately 6 times the oxidase activity

of the neutrophil, it had only 0.64 times the peroxidase activity. Furthermore,

in the case of both cells, a significant amount of peroxidase activity was ob-

served in the 27,000-g supernatant, but this fraction was virtually devoid of

oxidase activity.

DISCUSSION

Certain aspects of oxidative metabolism are markedly higher in resting

eosinophils than in resting neutrophils, including the oxidation of l-’4C-glucose,

the reduction ofNBT dye, and the iodination ofprotein (Tables l�3). These ob-

servations generally confirm findings in previous studies which have also de-

scribed high resting levels of eosinophilic oxygen consumption and hydrogen

peroxide production.6’7”6 It is well documented that eosinophils ingest particles

less avidly than do neutrophils;6’7 in spite of this lower rate of phagocytosis,

eosinophils still demonstrate a marked respiratory burst such that the oxida-

tive metabolism of phagocytizing eosinophils is substantially greater than that

of phagocytizing neutrophils (Tables 1 -3). The increased HMP shunt activity of

the eosinophil has been previously described, but the current results extend

these previous observations by demonstrating that the surface-active agent,

PMA, can stimulate this activity in the eosinophil.9-’9 This finding might suggest

that the mechanisms for initiation of the respiratory burst are similar for

neutrophils and eosinophils.

In view ofthe high activity ofthe HMP shunt in the eosinophil, it is perhaps

not surprising that this cell also demonstrates a greater capacity for NBT re-

duction under both resting and phagocytizing conditions (Table 2).
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The high level of spontaneous iodination by eosinophils has previously been

documented by Bujak and Root,’6 but they observed no further increase upon

phagocytosis, while we have consistently measured a substantial increase. Their

failure to observe this effect is puzzling in view of the fact that they did report

increased generation of hydrogen peroxide in phagocytizing eosinophils; this is

generally considered rate limiting for iodination. A possible explanation for

the discrepancy lies in the nature of the phagocytic stimulus employed; Bujak

and Root employed bacteria in the presence of serum, while we utilized

opsonized zymosan.

Other events associated with phagocytosis by neutrophils have not been

previously documented with eosinophils. The present report demonstrates that

phagocytizing eosinophils generate quantities of superoxide and elicit a chemi-

luminescent response which is very similar to that given by neutrophils; resting

eosinophils do not appear to generate significant quantities of either singlet

oxygen or superoxide. This inability to demonstrate increased chemilu-

minescence and superoxide in the eosinophil is especially surprising in view of

the fact that the initiating oxidase is thought to act by generating superoxide.2#{176}

Furthermore, recent experiments by Baehner et al.21’22 have demonstrated that

virtually all ofthe cellular NBT reduction during phagocytosis is superoxide de-

pendent. Since the eosinophil shows increased rates of NBT reduction, it would

be presumed to generate greater quantities of superoxide to accomplish this

reaction.

It must be remembered, however, that measurement of superoxide and

chemiluminescence involves species that are highly reactive and have a very

short half-life so that many competing reactions are involved. It is quite pos-

sible that increased quantities of superoxide in the eosinophil are spontaneously

dismuted to H2O2 and are not available to react with the extracellular cyto-

chrome C used in the detection system. If this is the case, one might well ob-

serve increased H2O2 production by the eosinophil without a measurable in-

crease in superoxide production. Since superoxide-mediated reduction of NBT

occurs intracellularly, this assay would be more likely to detect increased super-

oxide production.

Tauber et al.23 have very recently reported in an abstract that eosinophils do,

indeed, generate greater quantities of superoxide anion than neutrophils. Thus

it would appear as though our inability to demonstrate increased superoxide

production in the eosinophil is a reflection of our assay system and slight al-

terations in incubation conditions might explain the results achieved by Tauber.

Alternatively, it is possible that patient selection plays a major role, since the

bulk of our observations have been made on cells isolated from a single in-

dividual.

Since the generation of chemiluminescence is also a function of superoxide

production24 the same arguments apply equally to this determination. The

nature of the light-emitting species is not certain at present; light may be

emitted in the relaxation of singlet oxygen to the ground state3 but the situation

appears to be more complicated than this, at least in the neutrophils. Maximal

chemiluminescence requires interaction of superoxide, myeloperoxidase, and
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EOSINOPHIL OXIDATIVE METABOLISM 533

the presence of particles;24’25 alterations in any of these could affect total re-

corded values.

Evidence is accumulating to suggest that activation of an NADPH oxidase

might explain the initiation of the respiratory burst in human neutrophils.’3”4’26-27

Accordingly, we have examined the activity of this enzyme in the granule frac-

tion of human eosinophils. The enzyme is more active in the granule fraction

obtained from resting eosinophils than in the corresponding fraction from

neutrophils, in agreement with a single experiment reported by Baehner and

Johnston.6 This observation is consistent with the increased level of oxidative

metabolism (oxygen consumption, HMP shunt activity, hydrogen peroxide

production, and iodination) seen in eosinophils. Furthermore, granule fractions

isolated from phagocytizing eosinophils consistently show higher NADPH

oxidase activity than granules isolated from resting cells, suggesting that the

enzyme is activated by phagocytosis. These results support a role for this en-

zyme in the initiation of the respiratory burst in eosinophils.

The distribution of the oxidase in the two cell types was studied by differen-

tial centrifugation and was found to be different (Table 6). Virtually all of the

oxidase activity in neutrophils was recovered in the 27,000 g pellet, while more

than half of the eosinophilic activity was found in the low-speed (500 g) pellet,

suggesting that the enzyme is located in a denser organelle in the eosinophil.

This finding is in agreement with the reported observations that eosinophil

granules are more dense than neutrophil granules’7 and suggests the possibility

that the enzyme might be located within the true granule of the cell.

Finally, the distribution and total activity of the NADPH oxidase was com-

pared to that of the nonspecific peroxidase in each cell type (Table 6). No cor-

relations were observed between the two activities in either cell, strongly sug-

gesting that oxidation ofNADPH is not accomplished by a peroxidase but by a

quite distinct enzyme.

The role of the eosinophil remains uncertain. Phagocytosis by eosinophils is

rarely observed in vivo and eosinophils provide inadequate host defense against

bacterial infection, even when present in great numbers, as in children with

severe neutropenia.28 We recognize that phagocytosis may be an in vitro

phenomenon which may not occur during eosinophil activities in vivo.

Nevertheless, it provides a useful means for demonstrating the potential of the

eosinophil for great oxidative metabolic activity. Phenomena associated with

cidal activity are at least as active in eosinophils as in neutrophils, in spite of a

lower rate of phagocytosis. It is interesting to speculate that oxidative metabo-

lism of the eosinophil might be geared toward the killing of an organism too

large for ingestion, such as metazoan parasites. The killing event would not be

intracellular but would rely on toxic substances secreted by the eosinophil. Im-

munity of mice to schistosomiasis is abrogated by destruction of mature

eosinophils by anti-eosinophil serum.29 Furthermore, in the in vitro model of

killing ofschistosomules by human leukocytes, killing appears to correlate with

eosinophils present.3#{176} Thus the eosinophil may be involved in defense against

invading parasites. The marked oxidative metabolic potential would well pre-

pare the eosinophil for such a protective role.
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