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The ingestion of particles by polymorpho- 
nuclear (PMN) leukocytes, the subsequent 
metabolic events and their significance to 
host defense have been the subject of exten- 
sive recent investigation ( 1-6). The most 
striking metabolic alteration associated with 
normal phagocytosis is a sharp increase in 
oxygen consumption ( 1, 2) due to the in- 
creased metabolism of glucose through the 
hexose monophosphate (HMP) shunt (3-5). 
There also is increased anaerobic glycolysis, 
glycogenolysis, and lipid turnover (3, 4, 6). 
Until recently, it was felt that the increase in 
oxidative glycolysis provided both the essen- 
tial energy for phagocytosis, and secondarily 
resulted in stimulation of the HMP shunt 
( 5 ) .  This probably is not the case, however, 
since phagocytosis was observed in the ab- 
sence of any increase in oxygen consumption. 
Malawista and Bodel demonstrated dissocia- 
tion of phagocytosis from increased oxygen 
consumption in human leukocytes incubated 
with colchicine (7 ) .  Baehner and Nathan (8, 
9) and Holmes et al. (10) reported that the 
leukocytes of children with chronic granulo- 
matous disease have little or no increase in 
oxygen consumption and HMP shunt activity 
during particle uptake. In  patients with 
granulomatous disease intracellular killing of 
the ingested microorganisms also is severely 
impaired (1 1). This is believed due to the 
failure of leukocyte degranulation following 
phagocytosis. Selvaraj and Sbarra (12) postu- 
lated that the metabolic events associated 
with phagocytosis are separated into two 
events: (i) particle ingulfment which is de- 
pendent upon anaerobic glycolysis for ener- 
gy, and which is inhibited by the glycolytic 
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inhibitors sodium fluoride and iodoacetate; 
and (ii) degranulation followed by subse- 
quent degradation by the cell of the ingested 
particle with increased oxygen consumption 
and HMP shunt activity. These studies 
strongly suggest that the respiratory burst 
associated with phagocytosis is related to in- 
tracellular killing of the ingested bacteria and 
not to ingestion per se. I t  was of interest, 
therefore, when we observed that human 
PMN leukocytes in the presence of chloram- 
phenicol failed to show the expected increase 
in oxygen consumption following particle 
ingestion. 

Materials and Methods. Approximately 25 
ml of venous blood anticoagulated with 4 
units of heparin/ml were obtained from each 
of 29 subjects for leukocyte phagocytosis and 
respiration studies. Leukocyte phagocytosis 
was evaluated by means of latex particle up- 
take, and leukocyte respiration was measured 
with a Gilson respirometer by modification 
of the Strauss and Stetson technique (2). 
Subjects studied included healthy adults and 
patients with a moderate polymorphonuclear 
leukocytosis associated with mild infection or 
surgery. Total leukocyte counts ranged from 
5000 to 20,000/mm3. Thirty-three experi- 
ments were performed on the 29 subjects, 
with 4 persons studied on 2 separate occa- 
sions. 

Double sidearm Warburg reaction flasks 
were prepared with 0.2 ml of 10% KOH and 
a filter paper wick in each center well. Two 
tenths ml of a 3% suspension in saline of 
polystyrene latex particles, 0.79 p diameter 
(Dow Chemical Company Lot No. LS449E) 
were placed in both side arms of 2 of the 4 
flasks containing crystalline chloramphenicol 
and 2 of the 4 control flasks which did not 
contain chloramphenicol. Three ml of whole 
blood were then added to each flask. Thus, 
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all experiments were internally controlled so 
that the results of duplicate flasks containing 
chloramphenicol, both with and without 
latex particles, could be compared to the re- 
sults of similar flasks in which chlorampheni- 
col was absent. The concentrations of chlor- 
amphenicol studied were 6 X 2 X 

and 2 X 10-4M. The effect of 6 X 
10-3M chloramphenicol on the resting res- 
piration and response to particles of suspen- 
sions of pure red cells and pure platelets also 
was determined. The reaction vessels were at- 
tached to the respirometer where they were 
allowed to equilibrate with room air for a 
period of 15-30 min. The manometer read- 
ings during subsequent 15-min intervals for 
the first hour were recorded. The polystyrene 
latex particles in the side arms then were 
added, and the manometer readings were con- 
tinued every 15 min for another hour. Ox- 
ygen consumption was expressed in microli t- 
ers of oxygen consumed per hour per los 
neutrophilic polymorphonuclear leukocytes. 
The oxygen consumed during the first hour 
prior to the addition of particles was consid- 
ered the resting oxygen consumption. The 
phagocytizing oxygen consumption was the 
difference in oxygen consumption during the 
second hour between flasks which contained 
particles and those without particles. The 
data were analyzed by means of the paired t 
test. 

At the termination of each experiment, 
blood smears were made from each flask con- 
taining latex particles. They were stained 
with Wright’s stain and 100 PMN leukocytes 
were evaluated for the degree of phagocyto- 
sis under oil immersion magnification. A cell 
was considered to have adequate phagocyto- 
sis if there were more than 30 particles/cell. 
This was expressed as the percentage of neu- 
trophilic polymorphonuclear leukocytes with 
adequate phagocy tosi s . 

Results. The resting and phagocytizing ox- 
ygen consumptions and the percentage of 
PMN with adequate phagocytosis are shown 
in Tables I, 11, and 111. Although the oxygen 
consumptions were calculated for los PMN 
leukocytes, there was considerable variability 
from one experiment to another. This is par- 

tially due to variability among subjects, but 
probably is primarily due to the crowding 
effect artifact which is described as a de- 
crease in the respiration per cell as the num- 
ber of cells increases. The resting respiration 
declined slowly over the 2-hr period of obser- 
vation from a mean of 200 pl during the first 
hour to a mean of 71 pl during the second 
hour for all of the controls in the 33 experi- 
ments. With phagocytosis, however, the mean 
respiration during the second hour was 312 
pl which is a 4.5-fold increase over the second 
hour resting respiration. 

With 6 )( Molar chloramphenicol, 
the mean first hour resting oxygen consump- 
tion was 224 p1 while the control was 243 pl. 
This small difference was statistically signifi- 
cant. The phagocytizing oxygen consumption 
for the chloramphenicol exposed cells, howev- 
er, was only 11 versus 246 pl for the control. 
In spite of this severe impairment of the respi- 
ratory burst; of the 20 experiments per- 
formed, phagocytosis per se was in the nor- 
mal range in 5, partially inhibited in 1 1 ,  and 
essentially absent in 5 (Table I ) .  There was 
no chloramphenicol effect at this concentra- 
tion on the respiration of plasma suspensions 
of either red cells or platelets. 

The most significant results were found at 
chloramphenicol concentrations of 2 X 
M .  Resting oxygen consumption was not sig- 
nificantly changed from the control. The 
mean phagocytizing oxygen consumption, 
however, was only 85 p1 in comparison to the 
mean control value of 214 pl. Although the 
mean phagocytizing oxygen consumption was 
reduced by greater than 60% phagocytosis 
per se was unimpaired in all experiments 
(Table 11). 

Both oxygen consumption and phagocyto- 
sis were in the control range in all experi- 
ments using 2 X Molar chlorampheni- 
col (Table 111). 

Discussion. The dissociation of phagocyto- 
sis from increased oxygen consumption in the 
presence of chloramphenicol supports the 
hypothesis that activation of the HMP shunt 
occurs subsequent to particle ingestion as a 
separate phenomenon. The similarity of the 
leukocyte responses of children with chronic 
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TABLE I. The Effects of 6 X 10-3V Chloramphenieol on Human Tlcukoeyte (PMN) Phago- 
cytosis and Respiration. 

Phagocytizing 
Resting 0, consumption 0, consumption" P M N  with adequate 
(pl OJhr/lOs PMN) (pl O,/hr/lO* PMN) phagocytosis (%) 

Chloro Chloro Chloro Chloro Chloro Chloro 
Expt. no. (+) (-1 (+> (-1 (3-1 (-1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Mean 

446 
234 
257 
191 
279 
331 
135 
275 
184 
153 
152 
428 
124 
138 
66 

426 
210 

68 
65 

165 

224 
p = < . O l  

473 
295 
268 
205 
272 
377 
152 
314 
167 
167 
153 
475 
138 
139 
101 
372 
255 

70 
79 

225 

243 

-26 
13 
13 

-2 
-26 

26 
s 

51 
-11 
-10 

35 
18 
9 
4 

-4 
122 

1 
-1 
-1 

5 

10.9 
p = <.OOl  

315 
228 
350 
200 
305 
300 
225 
342 
131 
127 
113 
472 
282 
306 
193 
297 
307 

57 
67 

300 

246 

0 
0 
8 
3 

39 
54 
48 
48 
39 
31 
56 
49 
41 
25 
58 
96 
89 
84 
74 
80 

93 
90 

100 
99 

100 
96 

100 
90 

100 
94 
90 

100 
100 
100 
98 

100 
100 
80 
71 

100 

A respiration between phagocytizing and resting cells during the second hour. 
Thirty or more latex particles/cell. 

granulomatous disease, which show a defici- 
ency of NADH oxidase, and our observations 
using chloramphenicol suggest that leu- 
kocyte nucleotide oxidase may be the site of 
inhibition. Studies with normal leukocytes 
(12, 13) also have stressed the role of the 
reduced pyridine nucleotide oxidases for ac- 
tivation of the HMP shunt. Preliminary ex- 
periments in our laboratory with methylene 
blue demonstrated reversal of the oxygen 
consumption inhibition associated with chlor- 
amphenicol. Thus: the HMP shunt is oper- 
able when oxidized nucleotides are made 
available. 

Chloramphenicol was reported to be an in- 
hibitor of protein synthesis both in bacterial 
and in mammalian cells (14, 15). It also was 
described as an inhibitor of xanthine oxidase 
activity in rat liver homogenates (16). The 

duration of our experiments probably was too 
short, however, to invoke the mechanism of 
diminished protein synthesis as a primary 
mechanism for our findings. Previous studies 
failed to implicate xanthine oxidase inhibition 
as the mechanism for the effect of chloram- 
phenicol on leukocyte respiration ( 16). 

Follette et al. (16) demonstrated severe 
inhibition of leukocyte homogenate respira- 
tion by chloramphenicol, but not by chlorte- 
tracycline, oxytetracycline, penicillin, or 
streptomycin using concentrations of from 1 
X low3 to 6.1 X loe3 M .  These concentra- 
tions,while much larger than those found in 
vivo, are comparable to the concentrations of 
other inhibitors commonly used in vitro such 
as iodoacetate. Using comparable concentra- 
tions of chloramphenicol, we observed little 
suppression of resting respiration of intact 
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TABLE IT. The Effects of 2 X 10-3M Cliloramplicnirol on Hilimn Leukoc.ytc (PMN)  Ph:lgo- 
eytosis and Rcspiration. 

Phagoeytizing 
Resting 0, consumption O2 consumption" PMN with adequate 

(p1 OJhr/108 PMN) (&I OAr/1O8 PMN) phagocytosis (%)' 

Chloro Chloro Chloro Chloro Chloro Chloro 
Expt. no, (+) (-1 (+) (-1 (+> (-> 

1 
2 
3 
4 
5 
6 
7 

Mean 

75 
93 
99 
84 
73 
58 
76 

80 
p = <.4 

93 
90 

122 
81 
66 
58 
77 

87 

32 
100 
43 

242 
74 
70 
36 

85 
p = <.Ol 

119 80 91 
315 95 96 
244 95 97 
388 90 92 

96 95 89 
226 91 94 
107 91 92 

214 

" A respiration between phagocytizing and resting cells during the second hour. 
Thirty or more latex particles/ccll. 

leukocytes in whole blood, suggesting that 
the intact cell membrane may serve as a 
barrier to the intracellular diffusion or trans- 
port of chloramphenicol. 

The concentrations of chloramphenicol 
used in our in vitro studies were many times 
those usually achieved in the plasma of pa- 
tients treated with chloramphenicol, and 
therefore our results should not be directly 
extrapolated to events which occur in man. 

The data, nevertheless, demonstrate chloram- 
phenicol interference with another area of 
intracellular function and serve to further 
illustrate the complex nature of the metabolic 
alterations associated with the phenomenon 
of phagocy tosi s. 

Summary. The respiratory burst associated 
with phagocytosis can be significantly inhi- 
bi ted by high concentrations of chloramphen- 
icol without impairment of phagocytosis per 

TABLE 111. Tlie Effects of 2 X 10-'M Chlormphenicol on Human Leukocyte (PMN) Pllago- 
cytoxis aid Respiration. 

Phagocytizing 
R t 4  ng 0, consiinipti on 0, consumptiona P M N  with adeqiiatc 
(pl O,/hr/lO" PMN) (pl O,/hr/10* PMN)  phagocytosis (%) 

Cliloro Chloro Cliloro Chlo r o Cliloro Chloro 
Expt. no. ( + I  (-) (+) (--> (+) (--> 

1 413 493 
2 131 97 
3 119 106 
4 132 124 
5 124 134 
6 81 77 

Mean 167 172 
p = <.8 

388 354 95 99 
312 284 99 96 
200 217 92 89 
270 265 100 97 
306 302 88 87 
51 72 87 89 

255 249 
p = <.6 

A respiration between phagocytizing and resting cc11s during tho second hour. 
Thirty or more latex part.icles/cell. 
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se. The impaired respiratory burst reflects 
decreased activation of the HMP shunt prob- 
ably through the mechanism of enzyme inhi- 
bi tion. 
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devoted technical assistance. We also want to thank 
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Evidence for the existence of a neurohu- 
mor, designated as growth hormone releasing 
factor (GHRF), in the hypothalamic extracts 
of several animal species has been estab- 
lished and recently reviewed ( 1 ,  2 ) .  Hy- 
pothalamic control of the secretion of pitui- 
tary growth hormone (GH) is mediated by 
GHRF since crude hypothalamic extracts 
have been shown to stimulate the release of 
GH by ,the pituitary in vitro ( 3 )  and also in 
vivo (4 ) .  Highly purified preparations of pig 
GHRF have also been shown to cause de- 
pletion of the pituitary GH content in rats 
( 5 )  with simultaneous increase in plasma 
GH. Such a response to GHRF represents an 
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increased release of GH from the pituitary 
into the blood (6, 7). 

Although several experimental investiga- 
tions have produced evidence that a variety 
of nonspecific stimuli induce alterations in 
growth hormone secretion (8, 9), only a few 
studies (10) indicated variations in hy- 
pothalamic GHRF content due to stress. 

Mueller and co-workers (10) found no sig- 
nificant difference from normal controls in 
growth hormone releasing activity (GHRA) 
of hypothalami, GH content in pituitaries, or 
GHRA of plasma in rats after 5 and 60 min 
subcutaneous injection of 0.5 ml of 10% 
formalin. No difference was produced in rats 
exposed to cold (4') for 5 min. However, 
rats exposed to cold for 1 hr showed a signifi- 
cant increase in GHRA of the hypothalamus, 
with a simultaneous depletion of GH in pi- 


