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To examine the effect of antibiotics on phagocytosis and bactericidal activity of human
neutrophils iz vitro, 17 antibiotics and 2 antibacterial agents were tested using peripheral
The effect

on phagocytosis was measured by counting engulfed cocci by microscopy, or those which

neutrophils from normal subjects or patients with complicated pyelonephritis.
had been labeled with 3H-Lysine with a liquid scintillation counter. Bactericidal activity
was measured by QUIE’s method”. The effect of antibiotics on phagocytosis and bacteri-
cidal activity varied with the kind and concentration of antibiotic used. While many
antibiotics suppressed phagocytosis and bactericidal activity below the normally clinically
accepted maximum concentration levels in blood, CPIZ enhanced these activities markedly,

in which the effect of antibiotics differed normal subjects and patients with pyelonephri-

tis.

Although antibiotics have played a valuable role (CP1Z). Concentrations tested were ranged from
in the treatment of infectious disease and have been 200 g to 0.02 #g of drug per ml.
widely used, there is a need to better understand Neutrophils. Neutrophils from heparinized

the natural defense mechanisms of the host against
infection and the effects of antibiotics on them, as
literature dealing with these subjects is limited.
Among natural human defense mechanisms, we
chose to study neutrophils?#, which play a leading
defensive role in the early stage of infection, espe-

cially in that of the urinary tract infections.

human venous blood were separated with dextran,
washed in Hank’s balance salt solution (HBSS) and
suspended in HBSS.

Staphylococcus aureus 209 P, Staphy-
lococcus aureus isolated clinically and Pseudomonas
aeruginosa NCTC 10490 were used. Among MIC

measured (Table 1), S.aureus 209 P was sensitive

Bacteria.

I. MATERIALS AND METHODS Table 1 Chemotherapeutic agents and MIC for
Blood donors. The blood donors were young used bacteria (10% cells 'ml
healthy adults (Normal) and patients with compli- S. aureus| P, aeruginosa S, awrens
i Drug | “y09 p | NCTC 10490| P8 | isolated clinically
cated pyelonephritis (Pyelonephritis). ) 10490 | isolated clinically
; T
Chemotherapeutic agents. The drugs studied CBPC| 6.25 50 {LMOX 200
were carbenicillin (CBPC), cephaloridine (CER), CER 0.10 >100 |CTX 400
ampicillin (ABPC), tetracycline (TC), gentamicin ABPC| 25 > 100 CZX >400
(GM), kanamycin (KM), paromomycin (PRM) I 0.5 % CAIX 100
’ i c ,l'dI') o acid (NA lf, GM 0.78 3.12  |Cpz >400
chloramphenicol (CP), nalidixic acid (NA), suA a- KM 0.78 >100 cMz | 2
methizole (SMZ), ceftezole (CTZ), cefotiam PRM 3.13 100 c1tz | 100
(CTM), cefmetazole (CMZ), ceftizoxime (CZX), cp 12.5 >100 CTT i 2.0
cefoperazone (CPZ), latamoxef (LMOX), cefota- NA 25 >100 CPIZ i 400
xime (CTX), cefmenoxime (CMX) and cefpimizole SMZ | 12.5 >100 |
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to most of the tested antibiotics, while S.aureus
isolated clinically and P. aeruginosa were resistant
to most of them. S.aureus 209 P and P. aeruginosa
S. au-

reus isolated clinically was labeled with 3H-Lysine.

were grown in broth for 18 hours at 37°C.

An inoculum of S.aureus and 3H-Lysine (1 mCi)
was added to 250 ml of brain heart medium and in-
cubated at 37°C for 24 hours.

sion was centrifuged and washed with sterile

The bacterial suspen-

1sotonic saline three times and then suspended
in 30ml of sterile isotonic saline. The bacterial
suspension was stored at 4°C.

Contact methods of antibiotics with neutro-
phils. The first method used was the direct meth-
od. Neutrophils (0.1 ml, 6x108ml), bacteria (0.1
ml, 1x108/ml), HBSS (0.4 ml) containing 25% op-
sonin and HBSS containing various concentrations
of antibiotic (0.4 ml) were simultaneously added to
a test tube. It should be noted that in this meth-
od, there is a possibility of the bacteria being af-
fected by the antibiotic. The second method em-
ployed was the indirect method. Neutrophils and
HBSS containing various concentrations of antibio-
tic were added to a test tube and incubated at 37°C
for 30 minutes. After neutrophils were washed
well with HBSS to remove the antibiotic, neutro-
phils, bacilli and HBSS containing 252% opsonin
In this method, baci-

111 are not affected by the antibiotics.

were added to the test tube.

Phagocytosis assay. S.aureus 209 P was used
in the first experiment, while S.aureus isolated
clinically and labeled with 3H-Lysine was employed
in the second experiment. Each test tube was tumbled
In the first

experiment using S.aureus 209P, the suspension

end over end and 37°C for 30 minutes.

was centrifuged at 150x g for 30 minutes, and the
sample smeared onto a coverslip, stained and exa-
mined microscopically. The number of cocci inside
50 neutrophils were counted and the average num-
ber of cocci per single neutrophil was calculated.
In our second experiment using S.aureus labeled
with 3H-Lysine, the suspension was centrifuged at
150 x g for 5 minute, and washed with HBSS twice.
The final neutrophils were resuspended in 0.5 ml
of HBSS.
of resuspended neutrophils was added for liquid

To 15 ml of Aquasole, a 0.1 ml aliquot

scintillation counting®.
Bactericidal activity assay. In the first ex-
periment, P.aeruginosa was carried out by QUIE's

method. In the second, S.aureus isolated clinical-

‘Table 2 Phagocytosis and bactericidal activity
in normal subjects and patients
with pyelonephritis

Phagocytosis

n | Number of engulfed cocci

10.33+1.20"
12.38%0.69

Normal 10 |
Pyelonephritis | 10

Bactericidal activity

| n ‘s S. aureus E. coli P, aeruginosa
I™ 200P | NIHJ TC |NCTC 10490

Normal 101‘0.230i0‘160 0.457%0.338"|0.540£0.274*
Pyelonephritis|10/0.457£0.3381.172+0.757 |1.052%0.302

* P<0.05, (MeanxS.D.)

Bactericidal actl\‘lt)'zlog%. C : Bacteria,
P . Neutrophils+ Bacteria
ly without labeling was used.
were incubated for 3 hours at 37°C diluted with

The test samples

sterile water and plated on broth plates. The
plates were incubated for 48 hours and colonies
counted to determine the log of the surviving
number of bacteria and activity by MINE's me-
thod®, the formula is

K=log a-p/b-c

(a : drug+bacteria, p: neutrophils+bacteria, 4:
drug+bacteria+neutrophils, ¢ : bacteria).

Positive K signified enhancement while negative
K signified suppression.

II. RESULTS

Phagocytosis was significantly greater in patients
with pyelonephritis than in normal subjects (P<
0.05) with the number of engulfed cocci being
12.58 in patients with pyelonephritis and 10.33 in
normal subjects. As for bactericidal activity, neu-
trophils separated from patients with pyelonephritis
were significantly greater in number than those
from normal subjects (P<0.05) when P. aeruginosa
and E.coli were used (Table 2), suggesting that
neutrophils play a vital role in preventing pyelone-
phritis.

The effect of antibiotics on phagocytosis as
measured microscopically :

The effect of CBPC on phagocytosis in normal
subjects and pyelonephritis patients in shown in
Fig. 1.
CBPC markedly suppressed phagocytosis in normal

In both the direct and indirect method,

subjects as well as in pyelonephritis patients in pro-
portion to its concentration. It was potent enough
to suppress phagocytosis below the normally clini-

cally accepted maximum concentration levels in
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Fig.1 Effect of CBPC on phagocytosis in normal subjects and

pyelonephritis patients

Normal

—

No. of engulfed cocci

&— Direct
o---0 Indirect

Pyelonephritis

0 002 02 2 20

blood.

Data for each concentration were expressed as %
when one in a zero concentration was considered
to be 100%. The criteria for schematic represen-
tation are shown below.

Table 3 Effect of antibiotics on phagocytosis in
normal subjects with the direct method

Dilution ( zg/ml)

0.02 0.2 2 20 200 2000
CBPC | | l i 1 L W
CER - - - ) W 1
ABPC ! 1 W - !
TC - - - - ) 1
GM 1 1" ! U
KM i 1) 1 1 -
PRM | 111 1" - - - i
Ccp - ! 1) 1 i H
NA 1 1 - - ! !
SMZ - 1) ) 1 1"

. Table 4 Effect of antibiotics on phagocytosis in
normal subjects with the indirect method

Dilution (xg ml)

0.02 0.2 2 20 200 2000
Cerc| — i W L Wl L
CER - i I 1y 1 L
ABPC — - — 1 1
TC 1 - 1 1 1
GM - 1) } ! |
KM — - - - -
PRM 1 ! 1 ! U Wl
cp | 1 ! ! ! H
NA — ! l - U 1
SMZ 1 - - - -

200 2000 O

1 J
200 2000
(reg ml)

1 I
0.02 0.2 2 20

— : 0%~ +£9%
1, 1 x10%~+29%
1, 1l 1 £30%~+49%
M L £50%~
Upward pointing arrows indicate enhancement, and
those pointing downward indicate suppression, the
degrees of which are indicated by the number of
arrows.

In normal subjects, using the direct method,
CBPC, CER, ABPC and CP markedly suppressed
phagocytosis, NA mildly suppressed it and PRM in
the low concentrations enhanced it mildly (Table
3). In normal subjects, using the indirect method,
CBPC and CER markedly suppressed phagocytosis
TC, GM,
PRM at high concentrations, CP and NA suppressed
it moderately.

in proportion to their concentrations.

ABPC at high concentrations en-
hanced it mildly. KM and SMZ had no effect. In
the direct and indirect method, CBPC, CER, TC, CP

Table 5 Effect of antibiotics on phagocytosis in
pyelonephritis patients with the direct method

Dilution ( xg/ml)

0.02 0.2 2 20 200 2000
CBPC ! - | 1 W
CER ! ! ! W |
ABPC — - ! i 1
TC ! ! ) ! ! !
GM - i 1 ! !
KM ! ! - )
PRM ! i - W Wi
CcpP ! | ! I I I
NA 1 1 - ind 7 -
SMZ hd - - " 1 i
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Table 6 Effect of antibiotics on phagocytosis in
pyelonephritis patients with the indirect

method
Dilution ( gg/ml)

0.02 0.2 2 20 200 2000
CBPC ! ! W i W
ABPC ! U Wi W A
TC - l 1) 1 W
GM 1 1 - 1 i
KM - ! 1 H —
PRM ) ! i) W Wi
CpP M ! ! ! ) I
NA - 1 1 i 1 1
SMZ ! i ) - )

Fig.2 Effect of CPIZ on phagocytosis in normal
subjects and pyelonephritis patients

12.5+

o——e Normal

o----o Pyclonephritis

10.0¢

T

DPNM(X10%)

[
T

] ot
0 0.01 0.1 1 10 100
(peg/ml)

and NA showed almost the same tendency (Table4).

In pyelonephritis patients, using the direct meth-
od, CBPC and CP markedly suppressed phagocytosis
CER, TC,
GM and PRM in high concentrations suppressed it
moderately. NA and SMZ enhanced it mildly
(Table 5). In pyelonephritis patients, using the
indirect method, CBPC, ABPC, TC, PRM and
CP mardekly suppressed it in proportion to their

in proportion to their concentrations.

concentrations, SMZ suppressed it mildly. GM
and NA enhanced it mildly. CBPC, TC, PRM
and NA exhibited the same tendency with both
methods (Table 6).

The effect of cephem antibiotics on phagocy-
tosis as measured labeled cocci with a liquid
scintillation counter :

The effects of CPIZ on phagocytosis in normal
subjects and pyelonephritis patients with the direct

method is shown in Fig.2. CPIZ markedly en-

Table 7 Effect of cephem antibiotics on phagocytosis
in normal subjects with the direct method

Dilution ( xg’ml)

0.05 0.1 0.4 1.56 12.5 100
Ceftezole(CTZ) ) [ S
Cefotiam(CTM) - - - - = 1
Cefmetazole(CMZ) | - —» — 11 11 -
Ceftizoxime(CZX) - - | | |
Cefotaxime(CTX) - - ! - - -
Latamoxef (LMOX) | 1 1 T >
Cefpimizole(CPIZ) T oo

hanced phagocytosis in proportion to the concen-

tration in normal subjects and pyelonephritis
patients, which the maximum effect was observed
to be about three times that seen in a control
not given CPIZ, as well as that observed in pyelo-
nephritis patients. In normal subjects, with the
direct method, CPIZ markedly enhanced phagocyto-
sis, and CTZ, CMZ and LMOX enhanced it mode-
rately. CTM and CTX had no effect at all and
CZX suppressed it mildly (Table 7). Engulfed co-
cci were counted simultaneously by microscopy and
using a liquid scintillation counter, with the results
The utiliza-

tion of labeled bacteria proved to be a rapid, sim-

correlating well in both procedures?

ple and accurate qualitative assay of phagocytosis.
Henceforth, we believe that this method should
be utilized in the investigation of the effect of
antibiotics on phagocytosis.

The effect of antibiotics on bactericidal acti-
vity using P.aeruginosa :

The effect of PRM on bactericidal activity in nor-
mal subjects and patients with pyelonephritis using
the direct and indirect methods is shown in Fig.3.
As all data were positive for K, PRM enhanced
bactericidal activity moderately under all condition.
Almost the same tendency was noted with both
methods.

Data for each concentration is schematically re-

presented with criteria as shown below.

K
- : ~=+0.1
1 1 %£0.1~+0.5
1,y 1 £0.6~+0.9

" W £1.0~
Upward pointing arrows indicate enhancement,
and those pointing downward indicate suppression,
the degrees of which are indicated by the number

of arrows.
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Fig.3 Effect of paromomycin on bactericidal Table 10 Effect of antibiotics on bactericidal activity
activity in normal subjects and pyelo- in pyelonephritis patients with the direct
nephritis patients method

K K Dilution (xg/ml)
Normal Pyelonephritis 0.02 0.2 2 20 200
+1F 41k *——e Direct -
o o-—-o Indirect CBPC 1 1 -
VAN CER — l 1 —
e ABPC | 1 1 i 1
/o\\v—__o,/ Y 3 TC — 1 1 7
0 ~ 0 haile GM 1 1 -
KM 1 - 1 Y l
PRM 1 1 1 1
Ccp " " i i 1
NA 1 ! I ! !
-1F -1t SMZ — 1 1 — 7
) ) . l | . X Table 11 Effect of antibiotics on bactericidal activity
0 0.02 0.2 20 0 0.02 0.2 P} 20 in pyelonephritis patients with the indirect
(ng/ml) method
Table 8 Effect of antibiotics on bactericidal activity Dilution  ( ug/ml)
in normal subjects with the direct method 0.02 0.2 2 20 200
Dilution ( zg ml) CBPC | — l Ll
0.02 0.2 2 20 200 CER f ! H ‘
ABPC 7 7 7 "

CER 1 i i ) GM 1l 1

ABPC | 1 ! - ! - KM t 1t f 1 1"

TC - - - 1 PRM | 11 1 1 -

oM | - l ! cp 1 - 1 1 -

KM - 1 1 1 ) NA 1 - ! 1 1l

PRM T TT T T S\Z 1 T T — T

CP ! i ) ! ! —

NA | | ! ! ! | TC had no effect (Table 8). In normal subjects,

sMZ | — - l i -

Table 9 Effect of antibiotics on bactericidal activity
in normal subjects with the indirect method

\ Dilution (xg ml)

0.02 0.2 2 20 200
CBPC T ! ! i
CER — — 1 —
ABPC i nd ! ! -
TC 1 1 ! 1
GM ! 1 1
KM ! ! 1 1 W
PRM 1 - 1 1
CP - - 1 1 !
NA T i i - !
SMZ ! 1 - 1 )

In normal subjects, with the direct method, GM,

CP and NA suppressed bactericidal activity mildly,
while CER, KM and PRM enhanced it mildly.

with the indirect method, CBPC, GM and KM
markedly suppressed it and CP miidly suppressed it,
while PRM, NA and SMZ enhanced it mildly.
ABPC, GM, PRM and CP exhibited the same ten-
dency with both methods (Table 9).

In pyelonephritis patients, with the direct meth-
od, CP markedly enhanced bactericidal activitv and
ABPC, TC, GM, PRM and SMZ enhanced it mild-
ly. NA suppressed it moderately (Table 10). 1a
pyelonephritis patients, with the indirect method, '
ABPC, TC, KM at low concentrations, PRM, CP
and SMZ enhanced bactericidal activity mildly,
while CBPC, CER and NA at high concentrations
suppressed it mildly. ABPC, TC, KM, PRM, CP,
NA and SMZ exhibited the same tendency with
both methods (Table 11).

The effect of cephem antibiotics on bacteri-
cidal activity using S.aureus isolated clinical-
ly without labeling :
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Table 12 Effect of cephem antibiotics on bactericidal
activity in normal subjects with the direct

method
Dilution ( ug/ml)

0.05 0.1 0.4 1.56 12.5 100
Ceftezole(CTZ) ) L=l - 1
Cefotiam(CTM) 1 mon ! - -
Cefmetazole(CMZ) LT N T S
Ceftizoxime(CZX) ! I
Cefoperazone(CPZ) | l 1 1 l !
Latamoxef (LMOX) | - —» — —» — 1
Cefmenoxime(CMX) | - — —= — 1 —
Cefpimizole(CPIZ) 1 1 - 1 1

In normal subjects, with the direct method, CPIZ
and CTM enhanced bactericidal activity mildly,
while LMOX and CMZ had no effect, and CZX and
CPZ suppressed it mildly (Table 12).

I1II. DISCUSSION

MUNOZ (1950) examined the effect of aureomycin
on phagocytosis of human leucocytes in vitro, and
reported that aureomycin suppressed phagocytosis in
SENECA (1966)
examined the effect of 12 antibiotics and 3 antibac-
Most of the
drugs tested suppressed phagocytosis in proportion
OOTAGURO (1972) studied
the effect of antibiotics on bactericidal activity of

proportion to its concentration”.
terial agents on phagocytosis in vitro.
to their concentrations®.

pediatric normal subjects and patients treated with
long-term chemotherapy. Bactericidal activity was
reported to be significantly lower in patients treated
with long-term chemotherapy than in normal sub-
jects. He also demonstrated the effect of antibio-
tics on leucocyte function in vivo?.

In the present study, the effect of 17 antibiotics
and 2 antibacterial agents on phagocytosis and bac-
tericidal activity of human leukocytes, respectively,
were studied iz vitro using peripheral neutrophils
from normal subjects or patients with complicated
While in other studies, the kind

of antibiotics and their concentrations were limited,

pyelonephrities.

and blood donors were healthy adults, we studied
many drugs and various concentrations ranging
from 2,000 zg/ml to 0.02 gg/ml, utilizing blood
from both normal subjects as well as patients with
pyelonephritis, as it is considered important to cla-
rify these results in patients with infectious dis-
eases reliant on antibiotics. In our experiments,
two techniques were utilized simultaneously and

the results were compared. When studying the

effect of antibiotics on leucocyte function using bac-
teria, the effect of the antibiotics on the bacteria
cannot be disregarded. Bacteria which were resist-
ant to the tested antibiotics were used in conjunc-
tion with the indirect method, although the con-
ditions associated with the direct method are the
same as those present in the host. The same re-
sults were observed in the direct and indirect
methods with 66.7% of the drugs tested. Al
though a method for studying the effect of antibio-
tics on neutrophil functions is yet to be established,
we believe that the procedures used in our experi-
ments were reasonable. In comparing our results
with those of other papers, some data agreed, but
discrepancies did exist®10719. One reason for differ-
ences in the data is attributed to the different ex-
With regard to CPIZ, maxi-

mum phagocytosis was observed at the concentra-

perimental methods.

tion of 100 zg/ml, where in the number of engulfed
cocci was three times greater than at zero concen-
tration. The chemotaxis of neutrophils to infected
regions was greater than necessary. If antibiotics
suppress neutrophil phagocytotic and bactericidal
activity, a reduction in neutrophil function will
The half
life of a neutrophil is about 7 hours, and new neu-
Thus, the effect of

antibiotics on neutrophil functions should not be

occur in a large number of neutrophils.
trophils replace damaged ones.
disregarded. If antibiotics which enhance neutro-
phil function, such as CPIZ, are administered, re-
sults better than those expected from their MIC
will be obtained.

The effect of antibiotics on leucocyte function
varied with the antibiotic used and its concen-
tration. In observing neutrophils microscopically,
neutrophils which showed morphological changes
had been suppressed by antibiotics. However, in-
vestigation of the antibiotic mechanism of action
with regard to bacteria and the effect of antibiotics
on leukocyte function revealed no relationship.
Our results and those of other authors have dealt
with the effect of antibiotics on neutrophil func
tions, but the antibiotic mechanism or point of
action on neutrophils have not yet been clarified.
In the future, our attempts will include the appli-
cation of electron microscopy and biochemical ex-
amination to clarify these important points.

CONCLUSIONS
1) Phagocytosis and bactericidal activity varied

according to the kind and concentration of antibio-
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tic used.

2) Many antibiotics suppressed phagocytosis and
bactericidal activity below normally clinically
accepted maximum concentration levels in blood.

3) The same results were observed in both the
direct and indirect method in 66.7% of drugs
tested.

4) The effect of antibiotics on leucocytic func-
tions differred in normal subjects and patients with
pyelonephritis.

5) Phagocytotic and bactericidal activity was sig-
nificantly greater in patients with pyelonephritis
than in normal subjects. These results suggest
that neutrophils play a vital role in preventing pye-

lonephritis.
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MAEYEO L PHMRERIE LRERECTLEE

X B E B-H F B ®
Jlligs R B K2 UL R B B

WAEDEVEREDERICE L BHIAEZ CELFHEIhTW 50 —HIEME DL FREP T+
LRS- TIREBL TR ZLREELE2 52, XBERFIhCEANOBRRLIBERRBERI-LoT
Hho BEDIIRYEHEMEM L ) RETIACERLXFHL, REREAEL TELEREE THHFFHRLECRL
o

FAEWEO ¢ r BMERE AR L LEiEC T2y in vitro TRET B, 17 BOHAENELE 280
WEFCDOWT, MEE 200 zg/ml 236 0.02 ug/ml oW CTHRE Lico FHERIEH AL BRENBEZLE
EHRMIM L b Dextran THEEUTHEM Lico BREEADHFRTRHNTAZ LIBHRECLE 2. EARRER,
BB CIHFFRCER I A EThi-MEY 7 v v 35 H%kE *H-Lysine THIEXE#HL, W H 2 Fh-MERYK
hovFU—ravAY Vv E—TRDLFEXERAL, REMEL QUIE OFETTIR T BRBFLEEFP
FREARE & BRI IEE AT AT LR LRSI T 5 H A Toico STAENBEDOE AR L REE~D
MR L EBHOBRLBE TR oo SROHAEVRIFAREAROMFRSREUTORE TEA
ELBRBERERET S, CPIZ RERRLBEYEWCIER Ldlc, FIAEMEDAMBMREEICHT5FEE
EBALBRBAAMNK TR L oo MIEMBORMIKKECH TIHBDO A =X 2L 5K0RETH S,




