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Aisstract

Phegocytosls and bactericidal activity are the outstanding

features of polymorphonuclear neutrophils. Alteration of these activi-

ties has been found several conditions and generally related to the

susceptibility to sepsis, The authors describod their methoil for thq

deterinihation of phagocytosis and bacteric'idal activity of neutrophils

and illustrated its usefulness in deteetion of defective neutrophil

functions in the patients with diabeter mellitnr, typhoid fever end

protein - colorie malnutrition.

INTRODUCTION

Many functions have been ascribed tq ing degreee of rceults even in aorrnal . in-

polymorphonuclear neutrophils; but thair diyidurl. The reaeon for this rnay in

,outstEoding feature is their capacity fo part, be dus to the diff iculties and eom-

phagocytize and degrade a variety of sub*- pieritios of the givcn mothodology pltts

tascest paticularly bacteria. Functionsl tho lack of gtrndardizrtion of technigues.

defecte of tlrese cells are known to rclatc We rrc dercribing our method which ig

to the davolopment of bacterial sepcic. rathcr simple, rcproducible by wbich pha-

Several techniques have been introduccd Socytic and bactcrial killiog activitics of

for the study of tbe phagocytosis and bre. aoutrophilo crn bc evaluetcd preciso,ly in

tpricidal capacity of neutrophile with vary- liiro'

. 
* Part of this work had been submitted to the Frculty of f,{cdicino in partial

fulfillmeat of the reguir€r$oritr for thE 8.9c. degree ( Mcd. Tcch. ).

i l  Chief technologist, It{ icrobiology anr!'Immunology Leb., Anemie aad Malnutri-

tion Regearch Centcr, Chiang Mai Univorlity.

*o* Heraarologiot, Dept. of Fediatrica, Feculry of Medicine, Chioag Mai Univcreity.
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MATERIALS AND METIIODS

Phagocytoris end bactcricidrl propertiee

of intrct leukocytes were detcrmined by o

modification of the method described by

Hirsch and Strause,  ( l )  as modi f ied by

Quie, et al (2) end by Kauder et al. (3)

ISOT,ATTON OF LEUKOCYTES

Leukocytc suspenaion wcre prepared

by dextran eodimentation of heprrinized

venous blood; 'fcn ml. of freshly drslvn

bleod was collected into a etori le plaetic

syringe containing 2A0 unitg of sodium

heparin and 2 ml. of stcri le 6% dextian

eolution was added. After thorough mixing

the syringe was allowed to stand upright

on the plunger for 60 to 90 minutes rt

4 
'C. 

(or 30 to 60 minutes at 37"C.).

The superaatant Plasma layor containing

leukocytes was then harvested by bent

needio technique and spun in steri le plos'

t ic tubc for 5 minutes at 200 g. The

cell button was washed twibe with steri le

flank's balanced salt ,solution (HBSS), pH

?.2. Af ter the last contrifug:'.t ion the

whito cell concentration was :determined

by hemacytometer counting, smears were

stained with Wright's stain: and differential

leukocyte count was periormcd. Ccil scr-

pension was then resuspend in cteri l i 'HB-qS
'  ' ;

to give a polymorphonuclclr noutrophilc

(PMN)  concen t ra t i on  o f  2x  106  pe r  rn l .

Orainaiitv, ou.r gS % of pMN ieolrtcd by

this techniquo_ are 'glable .E rhown by

Vcl, 6 Nq, I

trypan blue or eosin-Y cxclurion rnethod

and their functional intogrity wero intlct

es mersured by lrtex prrticle phrgocytoeir.

PRSPARA,TION OF BACTER,TA

Stationary phase brcteril were uced in

the brctericidal assry syatem. Ovcrnight

( lE hours)  broth cul ture (BHI.  broth)  of

staphyl6s6qqus aureue, corguhce positive,

isolated from the pzitient of Chieng Mai

University Hoepital wrc centrifuged rnd

wrahed twice with HBSS. A rusponrion

of bacteria giving an opticrl density of 0.6

zt 620 nm, in a Cjolemrn Junior Spectro-

coiorimeter was preprred. Thic brcterirl

suspension wrs then further diluted gnd

adjusted with HBSS to give'lapproximately

2 x 107 b-cterie per ml.

PREPARATION OF SERUM

Pooled normal hurrnn sni" *as f.razen

at. -20'C in one ml. aliquott end thlwcd

immediatly bsfore usc to provide opooninl.

LEU KOCYTE - B A,CTERIA SUSPENSION

Phagocytosis studi* were done in'l?x

75 mrr .  s ter i le  d ispos. :h le p last ic  tube

(Fr lcon )  by adding 0.5 ml .  of  tho PMN-

rich ruspension, 0. 1 ml. of pooled sera,

0.1 inl, of the edjustcd bactcrial tuEp€n-

s ion and'0.3 ml .  of  FIBSS. The rn ix tu ie

providing approximetely two btcteri l for

cach PMN in the medium eontainiog 10$

reruin. The lcukocytce .brctcril: mixture

tu-bcc tubes were thon iacubated it 37'C

in a ternperrturo - cohtrolled wrter' bath

rhrkcl 
.sct 

at 30 rgitrtioa/minuto'
l .  . : t . q. . ; r  

& i i i .  i l
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Phagocyteris was detcrmined by cxarni'

nation of smesr from the leukocytes - bac'

tcrie nixture removed at interval and

Wright-etoined. Thc percontage of granu'

locytee contaiaiog ingested bacterir and

tho number of bacteria per cell ( phago-

cytic index ) lvcre dctermined.

' lhc leukocyte bactericidal activity was

cletermined by the total 'number of viable

becteria in tl:e mixture' 
' f iventy five

microliter aliquots ot the incubated leuko-

cyte-bacteric mixture rvere obtained from

erch cul turc tube at  in terval ,  Thig was

dilutod with l0 ml' steri lc disti i led water,

mixed hard with vortex' vibromixor for

30 secoaCc to frcil i tate osmotic disruption

of the leukocytea. Viable bacteria wtre

cor.lnted by diluting this suspension then

mixed with the melted trypticase Soy

,Agnr rnd using a standard pour - plate

technique.

; 'f he number of viable intracellular

bacteris waa determined by adding 0.025

pl, aliquot of the lcukocyte-bacterial {nix'

tur6 to I.0 ml. HBSS containing 200 meg.

of Kan*mycin sulfate then incubated for

additional 30 minutes. This rnixtuae was

thcn warhcd twicc with stcrile HBSS to

f,e(novc thc k*namycin anC extracellular

brcceria. The ccll button contrining the

intracellular brcteria wrs rcsuspended in

I lnl" sterile dintilled wste$; -mixcd vigo'

rously with vortcx vibromixer for 60

secoadr to faeil itate osrnotic'disruption of

27

Ieukocytes. The numbcr of vilblo intra-

Ieukocytic bscteria was cstimated by pour-

plate tcchniquo as abovc.

RESULTS

The rorults of phagocytic studiel pcr-

forrned on I individuale are illustratcd in

FIGURE I. In normal control individual'

there is an incressing Percent of phagocyts

correiates well with the length of incuba-

tion time ( exposure time of bscteria to

PMN ). The init ial eversge phagocytic

index is approximatcly 1.5 ( number of

bacteria ingested per neutroPhil leukocyte)'

'Thie veluc may be highor uP to 3'0' or

above in certain condition' Individual

oeutrophil may ingest as high aa 15 to 2O

bectorie into ite eytoplasm. Two psti€nts

who Lr'*s been given corticostcroid thorapy

for severgl mooth$ for their rcnal probleme

showad only minimal depr*rion of phagc-

cytosi$ in'contrgEt to those wirh typhoid

fever, protein' crlorie malnutrit ion and

diabotee,

Figure II i l luctrates nicely the normll

psttorn of brctcricidal activity { crprcity }

of grenulocytee of normal individualr' The

othor 3 pstients with typhoid fevcr' Pro-
' 

tcin - caloric malnutrition and dirbctec

sbosed a differenl pattcrn consioting of,

ioifi*l drop of the brcterial populetion due

to the inirirl phagocytoeia followcd by e

briof ststionary period then incrcloiog bre'

toriai populrtioa reflccting the incbility of

thrir neutrophils ts ingcot rnd kill thcrc

bacterir.
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FIGURE I: The perccntrge of phagecytic PMN in normal individutls incrsased with

tho incubation time. Note the defective phagocytosie in other eonditions;
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FIGURE II: The number

of viable bacteria in the

leukocytc-bactcr;e mixture

is reduced hy the bacteri-

cidal rctivity of normal

PMN. Init ial drop of vir-

ble bacteria ir noted when

the lcukocyter with defec-

tive phagocytoaia are uaed,

then ttre virble bacteria

population ie elevated.

o.5

,o,o ,6o
TACUBATION SIUE - SINUTES

1
I

9*.
i  - -  - O

o.2



January 1973

Krnrmycin, in our hrnde, eliminatc

,tho poraible extrrecllular bacterie conta-

rnination efficiently ra wali as the penicil

lin-otreptomycin cornbinrtion advocxted by

.others. It neither ioterfero with the

.degree of phagocytosis or intracellular

viabil ity of baeteria.

COMMENTS

The mechanisms of bacterial kil l ing

-of aormal PMN leukocytes are not com-

pletely urrderstood. Phagocytosis bacteria

is associated with the rupture of the

leukocyte grlnulea end the discharge of

their contents into the phagocytic vacuole

- containing the ingested organismo. ( 4 )

Leukocytic gtanules contain a variety of

antib..cte rir. l ag.tnts among which are

:lysozyme, a number of granular cationic

protcins and my;loper' oxidaee. 
'f,here is

..s burst of leukocyta metabolic activity

afrer phagocytosis that results in a sharp

fall in pH in the vicinity of thc ingested

''.particle and in the generatioa of hydrogen

- peroxi le  by the cel l  (5)  accompanied by

the death of most organisms.

During the Pttt few Yeatrt ccveral

'"reports have appearcd describing patients

exhibiting deficiency in the phagocytic

activity of blood PMN leukocytea' I 'hese

can be separated into 2 general typec of

functional deficiencieo :

1. Deficiency in bactericidal activity:

Leugocyter of patienO with chronic

'grsnulomrtout dicas! hlve boeo rcported

:to contrin aorrnrl cuounte of lwozyme,

29

poroxidase and phagocytin but thcy are

unable to dcstroy tho ingested microorga-

aisms or te reduce the NBT to blue

formczrn during phrgoe ytoais. It has

been ouggeated thet this may bo due to

the defoctive operation of cyanide ineensitirrc

NADH oxidaae of the leukocytes. (6) The

other exarnples of thia type o[ defect is

the impared kil l ing of staphrlococci, (7)

myeloperoxidaso deficiency (8) and Chadiak-

Higaahi syndrome. (9)

2. Dcficiency of extracellular f*ctors

( and/or thc opsonizing factors ) including

the opsonic dcfects dcecribed in sickle ceil

anemia (10) ,  Mi l ler  syndrome (11) ,  and

Tuftsin deficiency (12)' Opsonins are

known to be eithor heat labile or heat

cteble, the lattor being more eff icient'

'fhe absence or diminutlon of adequrte

oBsonization regults in the fsilure of the

pb:rgocytic coll to engulf the infecting or

tqrget organism- The other exarnples of

these deficiencios in certain components

of the comPleneno ruch sg C3, ( 13)

C 5 { l + } e t c .

The poasibility of varying amount of

ofeonizing aeti\Iity in our syatcm is elimi-

nated by waching tte leukocytes end ad-

ding the pooled frech buman sort' The

othor microorgeniam cuch at E' Coli' S'

mrtrcetEco hae beon uEcd luccccfully' Cor'

ticorteroid thcrlpy in humanc occrsionally

leedl ts increeaad r$€Gptibility to brcteriel
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infectiono. Our resulte in 2 patients agreed

with the others (15) that corticosteroids do

not influencc the normsl phrgocytic abil ity

of PMN leukocytes, but they may interfere

wi th in t racdlu lar  k i l l ing act iv i ty  (16)  (17f .

Solberg and Hel lum (  l8  )  s tudie e 100

prtients with bacterial infections had found

thct 32 $ of these patient$ had reduced

bagtericidll activity. ' I 'ha rcduced granu-

locyte funetion observed scerned to be the

recult at the infection nther than tbe

cau8e. Some of their patients exhibitcxl

shift to the left of the noutropbil with

reduced bactericidal acrivity eimiiar ro our

pcticnt with typhoid fever, It is impor-

Vol. 6 Ffo. 1'

tant thst the functionel defectc of PMN r

leukocytes of patients with tvphoid, pro- -

tein - calorie mrlnutrit ion and diabetcs .

should be further investigated especiatlv

thei r  re lat ion to bacter ia l  sep$i3.

SUN1MARY
'lhe modified method for determina-:-

t ioa of plrrgocytosis and bactericidal acti--

vity of PMN leukocytes is described' By

using tbie method it is pcssible to dettct-:

the functional dafeets of PMli leukocvtes

igolrted frorn the patie nt$ with eliabetts.

mell itus, protein - calorie malnutrit ion and ' i

typhoid ferer.
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