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A STUDY POLYMORPHONUCLER LEUKOCYTE
CHEMOTAXIS

REPORT I : EFFECT OF ANTIBIOTICS ON CHEMOTAXIS
OF HUMAN POLYMORPHONUCLEAR LEUKOCYTES

Yasuji Kuropa, Sadao Kammono and Joji IstcaMi
Yoshinobu Nakao
From the Department of Urology, The Kobe University School of Medicine
( Divector : Prof. Joji Ishigami, M. D.)
Erom the Third Division Department of Medicine, The Kobe University School of Medicine

The effect of five different antibiotics on chemotaxis of human polymorphonuclear (PMN) leu-
kocytes was studied in an iz vitro system using an agarose plate method. PMN leukocytes were collected
from 30 healthy human volunteers (between 20 to 79 years of age), and they were incubated with
carbenicillin, cephaloridine, gentamicin, tetracycline and chloramphenicol. Quantitation of che-
motaxis is done by measuring in centimeters the linear distance the cells have migrated from the margin
of the well toward the chemotactic factor. Random mobility is represented by the distance the cells
have migrated from the well margin toward the control medium.

The results were summarized in the followings: (1) In higher age more than 50 years old, the
values of chemotaxis were 70 to 809, compared with those in the age group under 49 years old, though
there was no significant influence of age on drug-induced suppression of chemotaxis by statistical ana-
lIysis. (2) There was almost no effect of the betalactam antibiotics (CBPC, CER) on the chemotaxis.
(3) Tetracycline of the therapeutic blood level (3.12 ug/ml) appeared to inhibit PMN leukocyte che-
motaxis, whereas there was a tendency to fail to suppress leukocyte chemotaxis in very high concentra-
tion (500 pg/ml) of tetracycline. (4) Chloramphenicol in concentrations of 3.12 pg/ml, 25 pg/ml,
100 g/ml and 500 gg/ml inhibited the PMN leukocyte chemotaxis. (5) Gentamicin seemingly sup-
pressed PMN leukocyte chemotaxis at the high concentrations. An increasing inhibition was seen
with the higher concentrations. The followings were postulated: (1) The increased production of lactic
acid by leukocytes in the presence of 500 pg/ml of tetracycline may be a manifestation of a metabolic
effect of the drug, and the low levels of tetracycline may effect to microfilaments of leukocyte. (2)

In the presence of chloramphenicol, the increased production of intracellular cyclic AMP in leukocytes
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restrict an intact system of cytoplasmic microtubules.

tractant substance.

F U ®» I
I BRYUE DI TIHEZE UL RE Ui

BT HBFRIAER L, ZOHEEIEHNEDTH 5.

U U R AE 18 U CHUAE RIS HRE & 3B A 20
HEOFEEPFETICEIFELRLLTH L. LA
B OB, FHFE, B, BERRRzE
DOEREM DS Sick YR TEED Sz -
2B UWVRREOHEL, 72 U CHIEFI A fze &
DERIC L 5 EEOBYHHREDOE s ETH 5. B
RIS DRRE2EME & U TRAET % HE OB
FECH LA RIS O TR 2 ShAERS, Bl
B EBHAALNTOAYID, —FF, HFAeHRIDZHIC
EEORAHEEZMEST 2 L OPH 2 LOWEL A
5. ZCTREINIHEROHEDI DA 2HET 5
DTz  HLAFIDE X ORI HEREIC N s B
EB2RITTHPHETACEIEELEDNS. 4H
FEWREEOBRREEREO TS & HbUISEKE
xR (B PMN  SB53Y) (T & 2 ERRNRIER G
PEGL, DMERBERED first step & U TEELSE
HinsR#EERE (LF PMN chemotaxis &i59) % &
b H1F1z. PMN chemotaxis (D in vitro (23317 %3
521219624 Boyden? iz L A H A7z millipore filter
HBEOBRPEHE L, 21l PMN chemotaxis iz
DNTOEEDERINS. LhL Boyden  milli-
pore filter (E3BEOEMH 2ET 2 5 21T, —LFIRME
DOHEM2 3Nz 3 DD chemotaxis DER{LI L N
BHRMCHEREL TS Y, HEY ORBILTL
F—ELU TSV ODBERRTH 2. 2 CTERIER

(3) Gentamicin has a character such as chemoat-

¥ & M FE s agarose plate HE5T 2 iU THELE
HIOERRRA & b HMREERIC RIS 4B 2 HE U
LD THET 3.
REMHRE XU AE
205400 5 TORRAN . CHAE 5 AT D ORBERAZ
OAZRGRE L, Zh 5 OFEMIMH PMN % RECdt
Utz
D # #®
@ HHUIHER
(@) FE§OMIEEE peptidoglycan AR pREH!
carbenicillin (CBPC)
. },B-Iactam B
cephaloridin (CER)
©) EEARHEER
gentamicin (GM)
tetracycline (TC)
chloramphenicol (CP)
50 5 K %0.39 pg/ml, 3.12 pg/ml, 25 pg/ml, 100
pg/ml, 35X 8 500 pgiml DR ICZHE UMER LT
@ ZEEMMREER (PMN suspension) D{pH
(Fig. 1)
10~15ml D ~/¢ Y ANEIRIM 2 ERE L 37°C 4.5 A
B 1 IR B, 0B L 728 % ficoll-sodium
metrizoate (Pharmacia Fine Chemicals, Uppsala,
Sweden) 4 ml O FicEdicERBL 1500 rpm (500
X G), 30 pRELLIEICILATZ PMN EIRIERDEE
h2ELH L, 0.87% NH,Cl CiM s+ Hanks ¥
(Grand Island Biological Company, Grand Island,
New York) T2 mEgEHEL 124 Hanks T 5x105

Leuko;:yte-rich i
plasma
! | Leukocyte-rich
Erythrocytes ! | plasma _ |
! | Ficoll-Hypsque mmmmp Centrifuged at 500Xg for 30min. s
7, Leukocytes together
with erythrocytes.

PMN populations is achieved
of 5 X10%/10u! by Hanks solution.

Hanks solution.

Both PMN and mononuclear
@mmcells are washed 2times in4=mm the PMN are eliminated by

|

Erythrocytes sedimenting with

NH,CI.

Fig. 1. Isolation of polymorphonuclear leukocytes (PMN).
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cells 10 #1 ¢(» PMN suspension (ZFH#I 7z, Missouri) (THFEZEH K 10 ml % h0Z 159y F& G
(3 agarose plate {Ef#d (Fig. 2) T2 12#%47°C Ip N ¥ LTz, 2.0ml @ %10
0.24 g agarose (Sigma Chemical Co., St Louis, Hanks y%iz 2.0 ml @ v h R7E(LIMFE, 0.6 ml (1 mol)

Agarose 0.24g

Coolingin a 47C water bath Mixed with an equal volume

after boiling water bath for 15 min.

Sterile, distilled water 10mé in a 47C water bath, and

5-mf volumes of the agarose

10X Hanks solution 2.0mé medium are delivered to each
Heat-inactivated. 2.0mg 60X 15mm tissue culture plate.
.0m
pooled human serum Warmed in a 47C water bath.
Hepes buffer 0.6m2

Sterile, distilled water 5.4mg

Six series of three wells, 3mm in diameter and spaced

3mm apart are cut in each plate using the punch.

Alternative patterns for arrangement of triplicate well series.
IA. bacterial chemotactic factor
B. PMN suspension

yC. control medium (Hanks)

Fig. 2. Preparation of agarose plate.

(x40)

\

Bacterial , :
Chemotactic: ; Bl | Hanks
Factor | ; : :

(BCF) - o

, %

it

Chemotaxis . Random
mobility

Fig. 3. Pattern of differential migration of leukocytes under agarose in
response to chemotactic factor. Quantitation is accomplished by
light microscopy of the migration pattern and measurement of
the linear distances chemotaxis and random mobility.
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Table 1. Chemotactic activity of human polymorphonuclear leukocytes
with different concentrations of antimicrobial agents and without
antimicrobial agent.
(mean values : n=30)
CBPC CER GM TC CP  Control
0.39ug/mg 3.4 3.3 3.3 3.0 3.2
3.12ug/mg 3.4 3.3 3.2 2.1 3.1
25.0ug/mé 3.2 3.2 3.0 1.8 3.0 3.3
100 pg/mg 3.1 3.1 2.8 1.9 2.8
500 ug/mé 2.9 3.0 2.5 2.4 2.6
o Hepes buffer (Sigma, Chemical Co., St. Louis,
2 B B &

Missouri) & 5.4 ml HEZEEK%Z 47°C BT L
EFIL 1242 petri dish (¢ 60X 5 mm,” Falcon, Ox-
nard, California) iz 5 ml 955 USEEICEE L
7z, Bl THEL L1z agarose plate [Z[E# 3 mm D
AF VAN FTImm R, EHRLIC3I OO0
well ZHEAHRIC 6 BFTIE b RSN TEREER L plug
PRRELUIZE ORERIMEL I

@ e EERT (bacterial chemotactic factor:

BCF) ofEH®

E. coli NIH]J-JC 1 strain (01 H4£H% TCM-199
(Flow Laboratories, Walkersville, Maryland) 100 ml
R U24REE 37°C 45 5 ABRIT TG, 2D 10,000
rpm 304yf§iER L supernatant % micropore filter
THBL, HFEREFLIZ.
2) EBHE

B iz 320 well 2HEHNRIC 6 [BFE - 12 aga-
rose plate DZNZIAID well TG 5 EREGH
#1172z PMN suspension Qpl rREECHE L 2
CBPC, CER, GM, TC X8 CP ofEX» 14
FORARE L. A well 2id BCF, Al well
12id Hanks J 2 A U7z 37°C 45 AT 2 B
B A & ) — VB, kv ) VEE, T4 M
Utz. MIFEOMEEERIE <40 EME T THEL Z
DHAL% cm THERR LTz, Fig. 3 IWRTT & { PMN
5 BCF 1o ild #3784 % 354 % chemotaxis, Hanks J§
~D#N% random mobility & L1z, 7g¥5 control
EUTHRD well [WHAEFIMEARD chemotaxis
PRE LI

BRI E AR (control) G chemotaxis 33 % (F
random mobility (DMIE{E L Table 1~2 [ZR$4 T
Ll zEznZFh33cm, 1.6em TH Y, I 5HIICEERG
DB % 7 DEBETRUIZOY Fig. 4 Ths. 50
BV EDE#EIC chemotaxis 35k ¢ andom mo-
bility DINFIEF DA 651z, 70 TR0 AT T
DT HL70~80%BEIET L T iz, Fig. 5
AR AR OPLAEH] & EARIICT 5 interac-
tion effect % Scheffe Method # i THEEFEHIT
B UNERETH 2P EBERZRED I -7, TDL
&0 BERBIRTE chemotaxis 1Tiy§ 2 ZAIDHE
KEEEL SN EBEBA LRI DEICHRBEICHM
LTz BRI AR 5 PMN migration Dji#
% Fig. 6~10, X F Table 1~2 {z739. CBPG
iz Fig. 6, Table 1 jtjR4 &< 100 pg/ml XX
500 pg/ml DR 1T chemotaxis OEER ZNEF N

Table 2. Random mobility of human polymorpho-
nuclear leukocytes with different conentra-
tions of antimicrobial agents and without
antimicrobial agent.

(mean values : n=30)
CB-PC CER GM TC CP  Controi
0.39ug/mé 1.7 1.6 1.5 1.6 1.4
3.92pg/mg 1.7 1.5 1.5 1.4 1.5
25.04g/mg 1.5 1.5 1.5 1.2 1.4 1.6
100 ug/mg 1.4 1.7 1.4 1.3 1.4

500 ug/mg 1.4 1.5 1.3 1.6 1.4
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Fig. 4. Chemotactic activity and random mobility
of human leukocytes with different ages.
( chemotaxis, «---- random mobility)

3 %&CEE?
— ==
24 ~—TC

20 30 4;0 5 60 70
; i { { §
36 40 50 60 70 80

(age)

Fig. 5. Interaction effect of chemotaxis between
antimicrobial agents and ages.

(cm)

0.39 3.12 25 100 - 500
(ug/me)

Fig. 6. Chemotactic activity and random mobility
of human leukocytes with different concen-
trations of carbenicillin. (——chemotaxis,
------ random mobility)

(cm)
4 4

| bl

0.39 3.12 25 100 500 (x g/

Fig. 7. Chemotactic activity and random mobility
of human leukocytes with different concen-
trations of cephaloridine. (
------ random mobility)

chemotaxis,

(cm)

0.39 3.12 25 100 500 (ng/mb)

Fig. 8. Chemotactic activity and random mobility
of human leukocytes with different concen-
trations of gentamicin. (

chemotaxis,

. A~ -~
""" ranaoni mo

0.39 3.12 25 100 500 (ug/mf)

Fig. 9. Chemotactic activity and random mobility
of human leukocytes with different concen-
trations of tetracycline. ¢
------ random mobility)

chemotaxis,
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Fig. 10. Chemotactic activity and random mobility
of human leukocytes with different concen

trations of chloramphenicol. ( chem-
otaxis, -+---- random mobility)
(cm)
4
5 ﬁ\cm
cB-PC
el
cP
21 \TC
1 -
0.39 312 25 100 50
(pg,/mﬂ)
Fig. 11. Interaction effect of chemotaxis between

antimicrobial agents and concentrations.

3.1cm, 2.9 cm & control WH UEEMHIIN, F1
random mobility "¢ § Table 2 jziR4cC &< 14cem
T control U H iy shiz. CER
ORI S Fig. 7 3530 Table 1~2 TR T & <
CBPC X IHZREED/$ % — v %R L1z, GM EAR
D % Fig. 8 3505 (X Table 1~2 TR, 25 pg/ml
LI EODOEEE T chemotaxis 35 CBPC, CER 2
AT L X b #f & 500 pg/ml T D AR 1% 2.5
cm Cdh —71z. random mobility (3500 pg/ml (DR
Tl3em Ebghicitisnic. Fig. 91k TC o
B Th AH5 chemotaxis (30.39 pg/ml OEE 3.0 cm,
3.12 pg/ml T 2.1 cm & control (T UHIHIASEERIC
Zooh, 250pg/ml TG peak ZRU%Z O LI
Table 1 jcR3CEL 1.8em ThoT. T DOHE I
control DEREETH 53.3 cm ({CH URIDIH Td - 77-

LU 500 pgfml OEEETOREIL 2.4 cm 2R 1,
3.12 pgiml QOBRETORBEL VEEEZR LI, — T
random mobility }¥ chemotaxis & (ZIZRBEDOME %

9% 19794F

Table 3. Multiple comparison with chemotactic
activity of human leukocytes between 5
antimicrobial agents.

CER CP TC GM
cB-PC  0.00 2.55% 4.55% 1.32
CER 2.55% 4.55% 1.3
cP 2.00% 1.2
TC 3.23%
(*------P<0.05)

RUTCHZ OHIGIOHEIL O4cm LEETH 1.
CP & Fig. 10 wwRg T e TC 3EEETRIV
$33.12 pg/ml X b chemotaxis D3Eiefikl &, 500
pg/ml COEIT Table 1 [TRTCEL26cm TH
- 723 DD, random mobility (3 Table 2 ([T/Rg T
ELARETCH -1z, Fig. 11 3L 0N Table 3 3K FEEHR
HFIFNCIs1F B chemotaxis & HEFTREIIC HEBEARE U
1L DTh B, COFEE TC 132 CBPC, CER, GM
B CP e, %7 CP ik GBPC B X7¢ CER
{CHSHA B 4T chemotaxis %38 IS % & & hsay
»1z. ULdL CBPG, CER X2 7F GM HIIEIER
Pl X S TAG LR

Z %=

WERB ORI 558 1 BIEERTICHEBEAL
DEIET A ETHB. LT EZAOHY
O E1: PMN migration TéH b, THIFEGLIT
& A RFRERECHKSE, MEZEM THERETY
MEMNcHEE LTz PMN DSREREFTOFEEDEIT
- T Fir—IcE 5 & 2 ADELEE (chemotaxis)
TH5. EFHD chemotaxis |IHIHE 2 & BYOFFES
HREFTCEARINS oligopeptide & %1 B B3R
M protease T L hAKB L ORIES v 7Y VIO
INnT2L 515 chemotactic factor (C3a, Cba,
IgG-1gM fragment) (2[5 —EDHAEEZH T HiE
B CRERIGOD first step & UCTEEIRGTH D,
random mobility [ZEBOLVEBIERCFDH
Mz HEEISBES T )
HHEFHEANITERE O H 2 EOBEICERNITE <
12 fuiEE: peptidoglycan SRR, MR DR
= BBREAAREAELZEOERICIYERE TS
bacteriocidal or bacteriostatic effect Z7R4. DT
LI FARCERE T D b T { oMk, K PMN
OIS DOFE L RITTLELLNS. BT
HitEFI D PMN chemotaxis DB W T D4
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BERIN B, NEEGBEOHA2ETSLED
T % Boyden T X 2§ O CHEDHRERIAT
Ud—HL TWRWns2, D & X hBERWET
HEEDH 2 5HEE AN TV 5 agarose plate Hi%
Wiz. Tk PiAERID chemotaxis ICRITS BT D
W, BERICIZICE AMETIHARE O § 0P
chemoattaractant 7% inactivate 3" 3 4, I 5HIT
chemotactic factor %JHZE3 3 %Qbﬁ%‘ Z 5B DA
FRERCHERUIHERITZD X 5 2EAZRT Dk
iz,

D IR L BRI VBRI A X
NBING 5FEAOMABRED peak {HE 2HETE
L¥» 5. CBPC, CER ZEguficicyd L B ESEENCH
WHENBRAT, 2T CBPC 13#EAMRG R
WU, LidUWERERE I 2ERTH2®. CBPC
10g AMEEROMMBEED peak {Hiz 400~500
pg/ml®, CER 8g siFtks © Z N i 250~350
pgml® r#E x5, SEEBEELD chb 2
FHNZ 500 pg/ml DERECEE PMN chemotaxis
2HET 2 500 100g/ml LIFOBEETIE chemo-
taxisiTH LI & A EHEP RIT IS ot L &L VEE
AV N T AR EREEEEPITIE PMN che-
motaxis ~QOIPENIIEMz L OLELNE. GM O
80 mg MHERHICH T 2 MABE D peak i3 10 pg/ml
BIBETH 503, BHEEOE» S ARELIL L X EY
BEIND L5 gEBOBEH TRV EE b T
%1610, SFEGRET1325 pg/ml LI EOBE T chemo-
taxis #3 % N random mobility DHIE[HSHA 5 FL72H3,
COBEBRBERMICHER s 2 RE2EHACoMmH
BEO peak HICH LY 2HRTHE. b0

£ hEEERRIC GM %5 PMN chemotaxis (< i34 8
A REOSELL AR DT DEEL
oA, Ll GM ZhHE{RIC chemoattaractant
EUTOVERDH 5T & »» B T (D competition T &
% chemotaxis DEESERTNEELE L T 5.
Martini®, Forsgrenl®, Esterly!? 4 3 TC | Z{EREIC
T PMN chemotaxis %2 BICHI%S A 55, 300 pg/ml
OERETRAR LU SN EREL TV E. ZEDER
127312 pg/ml OIEREREE T chemotaxis % FAZ 1 1%
Lizh3, 500 pug/ml OEBEE TIIBREOIHTH - 12
CEXVEESOEME—BLTA. TC @ PMN
chemotaxis (T3 IFTEHEIC OV TOREBIT KI7R
BT dH A8, Martin (7 X AUE{EERE T chemotaxis
#HEoBERiIzNT TC 48 PMN #lafl~o glu-
cose uptake %4 % 72D hypoglycolysis T X %

microfilament ~DEENEZZ LN B EREL TV A,

X5t 500 pg/ml OEEE T PMN chemotaxis $3
ERUIZOZ PMN #NTCO lactate FEAREHT
HEUTBREHEL T A, BT TC 500 mg %
ROFEUIBROMAERED peak {Hid 4~5¢g/ml
EEDNTNAY, X5 CEHOREETT TC 133.12
pgiml OERE T PMN chemotaxis %32 L { #If]9
ZEENELNIz LY, RABEEREER KT
PMN chemotaxis »EE3 3 C s Hlan 5. CP
T Majeski® 3 chemotaxis ~DFEEIT/TIN &
WELTOAY, bbb OECld Forsgren ¥ &
UBRE™ & Ok E ARk 8.12 zg/ml DL EOBET
chemotaxis ZHFJ 2 RETH >, L DIFH DR
Ric Tk PMN #ifapy cyclic AMP 2R I8
Az A microtubules ADEEFIE b T
B0, CP 1g Hreisoilm D peak 7310~
Bpg/ml TH A & X HFEOREL S HMEL T CP
SEREREEFICH 72 - Tk PMN chemotaxis ~ D]
REBTIBENDHEELD.

P, inoitro iC3s1) A HAEFKIO & MEREA PMN
chemotaxis ~DEE 2Rz, TOBEBEHLKE D
UL BB 2 R U CRMESNTS U RE D D10
BEMORAEFRES #1725 L3 EEEUTHED
PMN HEEZHIHIS 2 B H AL L B2RBRTH 8D
T, SHERIYEREICBOTING D & 2HE L
Uiz saveE 2 bhis.

5 O] (CBPG, CER, GM, TG R L8
CP) v MR ARMBREERICEIITTHE T

amoreee wlata 2
T agarose plate % fTEENL

(1) 5ZEHIL 31w PMN chemotaxis % &N 7;
PRI LTz, Z2OBEI TC B$HE ML, 20T
CP, GM, CBPC, 3L F CER QIETH -7z

(2) #3338 < PMN chemotaxis 2HFIL 1z TC &
f0> 4 3EHI & 12575 D 25 pug/ml OEETZ OHIFHD
peak ZRL, 100 pg/ml 355 of 500 pgiml » EEE
272 B OMINEIDEREIC /- 1. —AD 4 FHIL
BEREEICL 2 iConiEinEE < s A Em 2R LT

13) TC % 3.12 pg/ml DIEEET PMN chemo-
taxis ZENHIL Tz, C OBERABERICHANLGNS
FHOMAEED peak {E (4~5 pg/ml) [TRWET
& 5D CARFEERICIZ PMN chemotaxis il 23
BINETHHEEALS. CP 3 TCELEWTIER
WHEBRECEY AHERESREFHEAT PMN chemo-
taxis ZIMHET 2B TH - 72

(4) GM iz 25 pg/ml LI EO#EE T PMN chemo-
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taxis ZEBEIHIT S 00, BRICBANLENIHE
BHBEN T chemotaxis NOHFEIBMYTHE LE
Ah.

(5) CBPG, CER (B-lactam BHiAEH) 13100 pg/ml
PR OBEC chemotaxis (3t RBL T 3 2D
ST X VBENCAONONIREEMHE AR T
PMN chemotaxis ~DEEII TN D EEA L LI,
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