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:t'.:t'photog.aph. may also be submitted and under

maY be accepted'

All acc€pted manuscripts are subject

are return to thc auther'

Manuscripts should be arranged in this form:-

An abstract of not morc than 100 words containing

line of thc paper must accompany tbe manuscript'

Introaluction.

Material and Methods.

Results of Experiment'

Discussion.

References.



?1;611:rilnfi nnlrrl{yrd rierc tr,rri

'[luonr"urdunmdn

? uyl

.{
tl

{
n'l

tre
u t:tu1!fl 1: rtrat:tltRuRnrrrtilyrg

_! trt a - dlnt to'tuufluon:urtiudltrn

ri'ui1fld

l1 :dr :ryrnn'Rn1 :ur,ryrti riuilfl d
1da,: rr : ar : fi .rtin,oi niuq

u 1tJ

dl nll
,,/ .l

u1u1n1il...........,nuu

dr1n...................rirrn0

t{fl1fl

_!- ',D!, | | o J rrtfl t0t lfl d.tfl lut:.trtillnu bo.oo
I

- ,' ,l4 tul rrrotJuuuiloituudr

{
a {10

rirf r:rarrl',ildns n
bo U1ll flAOinil boo.oo ljlll





2'rr,l1rlriitm,ltrln ytft cdsvlrrri
oI. cLrANe lr.a.ITECIIlt.o'Loca,

Vol. 5 No. 3
Septembe r 1972

-?. Immunoelectrophorcsis. Immuncelec-

trophoresis is e techniquc developed by
(lrp.bar and \\'illiams about tw.ory J,ears

.igo The principle of this technique

is the combination of lagar-precipitation

and eicctrophoresis in a single expcrr-

ment,

4. Dics El€ctrophoresis. Dics EIectro.

phorcsis rvas a teclnique developed by

{)rnstein and Dtvis xbout ten ycars

ago. This tcchnique is qidclv used to

charactcrized and resolvc complex mix-

turcs of proteins such as bacterial

toxins, mycotic protcin, tissue cxtracts,

purified hormones :rnJ enzvmes (5).

'fhe high resojution of thia technique

is depend upon the moiecLrlar sicving

and cicctrophorctic separation l,hich

operrtcsimuitancously (3). Polyacry.

AI'I.LETII\
lVIEI!ICAI-

ECitorial

IMMUNODISC ELECTROPHORESIS AND ITS APPLICATION
B-r-

Satit MakoDlawket oon, B.Sc. ( Med. Tech. ), M.S., ph.D. .

Beforc Immunodisc Electrophoresis, a reccnt devcloped technic (4), is dis_
cusscd, lt nill be lYorth-while to review shortlY about elcctrophoresis,
immunodiffusion, immunoclectrophoresis, and disc electrophoresis to gct
some idcas about the prilciples of eacb tcchn:que and hot! and when these
tschniques werc d€vclopcd.

l. Electrophoresis. Electrophoresis is a

method for separating charged molecules

in an electlicdl field, Iiach charge

moleculc will mo.r,e dcpend upon thc

totll charge of its molecule. If it has

positive chsrge it will move to nrga-

trve pole ( cathode ) and if it has nega-

tive chargo it rvill move ro positi!c

polo ( anode ).

2. Imtnunodiffusion. Inmunodiffusion is

i method devcloJ'cd for anrigcn-anri.

body reaction in a mediurn. usually

..tgar. When rntigen rvas introduccd

into a \rcil in a mcdia (e.g. ag:,r,

polyacrylamide gel, starch, etc, ) and

the antibodv in the other well; 'l'hey

rvill diffuse towards together. At tbe

equivalence zone, a precipitin Jine will
devciop.

'Instructor in Deprltment of Microbiologl,, I:aculty of \{odicine, Chirng i\{ai
Linivcrsitv, ChiangNtai,'Ihaijantl.
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lrigurc I

lernitle gel rvrs ustd in (lics clcct'o'

phoresis bccause this gcls nre theiDos-

txl)le, trrnsprrent, strong' ard rcitti{ely

inert chetnicirllv and cirn bc PreParc(l

rvith a llrgc rsng' ot iverige Por'l

sizes (6).

l,olvacr!l.amido gel is the polyrDcriza-

tion end cross-linking product ot the mo'

nomer acr,rbmide, Cll2 'Cll-CO-\tlz' and

a croca-liokin! co 'nomtr' 
:\'\-meihy'

kne-bis-acrylamide (Bis )' (:l I: -'ll l-CO-

NH-CHz-NI{-CO'Ctl "CHz.'l'hc threc-

dimensional netwotk of th' gcl is fornre(l

bv cross'linking of pollacrllaniclc chains

growing side-bv'side b! thc m''chrnism of

Vol. 5 Nc. 3

ilchenrrtlc rclrcscnt.t;on cf thc fcrmaticn of polracrshmiCe gel frcm rrr'dcnl

gel coils. l rirnsirion frorn a tliiute poiylncr soiution (A) thrcugh the ccncen

triied solution (ll) to the get (i) -o- crcss-linking agcnt;'o- trc-pornls'

sA

vinll pollnrerizetion. 'l'his lc"ls to th€

dcvcloprnent of numcrous, randoil poivmer

gel coils ( tiig. L\ ) in which thc polyacry'

lamirle ehrins rssutne a i!3t( cf maximunl

cntropy i.e, the most irrcgular shr'pe' Thc

growing cciLs move together (|ig. IB) 'lnd

are cross iinked by main valencies ( ["ig'

IC ), rvherc bifunctionrrl compouods, such

as,-'1,\'-methvieac-bis acrvlamidc, are built

into the polvmt'r cheins 3s crcss-linking

agents tnd cln react with free functional

grouPs at tcrminals of orher chrins l hc

chenrical structura of tire gcl is shown l1

l:ig. Il.
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i)ue to thc vcrsatility, sensitivity, and

high rerolution o[ elcctrophoresit in acry.

lamido gels many worlcrs havc felt the

need to cxtend its usc to immunopreci-

pitation analysis (1,2f Thc procedures

devoloped so far havc rcquircd that eithcr

the gel be removcd from the tube and

subacquently embedded in agar to allow

thc frrctions to diffuse and rcact with thc

antislrum or the elcctrophoresis bc donc

in acryhmide gel polymerizcd directly on

the slidcs. The removcd gel mry be

cliced into 50 picces with vcry sharp

bladcs rnd cach piece will be embcddcd

ioto the ager. Rcmoval of the gcl from
thc tube suffers from thc hazarcl of

brcatagc whilc the polymerization of

thc crylrmide on the slides rcquirer iacu-

bation undcr carbon dioxide, Thereforc,

I new tochnique, called immunodisc clcc-

trophoresis, was devclopcd in order to
circumvcnts all such complications. 'l'his

Co
I .- --'-

-cH2-cH- (cH2i:,,..%i:-(cH2-;x )xcs2-

i", t",r{ir
1..
Ynz
NH

l^
-cir2-;H-( cHz-cn ) *crr-ir- ( cH2-;H ) xcn2-

in, t",

-cH2 -CH- ( o H2-cH )-' 
do

ir,
Figurc II Structurc of polyacrylamide gel. Monomer: acraylamidc; comonomcr (cross_

linking agent ) I N,N'-methylenc-bis-acrylamide.
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t€chnique cln be done Yery etsily by first

putting a Pl.xiglas rod in the rniddls of

rhe glass tube, then fill the tube bottom

up viith polyacrylamide gel. All thc tube

with plexiglas rods in the center hold by

acrylamide gol were pleced in a upper and

lorvcr chambers of buffer reservior' Aftr:r

the samples wcre elcctrophoresed, thc

Vol. 5 No. 3

pleriighs rods were pulled out and the

iumens were fillcd up with antiserum

mixed with melted agar. When thc agar

had solidified, both ends of the tubes

rvere sealed with Parafilm and the tubes

rvere kept in 4 C. for 5-10 daYs for

precipitin lincs to dcveloP ( Irig. III).

4) ALLO{ TO POLYMERIZ€D'

wrTH lrcrHge ioo
6''ITIY PUSH THE

FIEXIOLAS ROO OUY

O' THE siOP'ER OIILY

z) suPPoRt El
oLASS TUa€
ANO PLEII-
OLA3 ROD

Oi THE

PT^Y !l Frlt IUBE WlrH

ll steARalot e et'
RR uver Sr c4 or
llll ltfl DlsrrlL€o

illlllll**"g-* H.-
r) rAxe A NOL€ Ir

T8E CENT ER OF

A VAC UTAIX E R

RUASER STOPPEi

IB fiEA' (Gt'tffi'l
RasuLrs I

\
IO) SEAL €OTH

E{DS rllln

z\v\,.-
E

G) PLACE 
'OP 

G€I-
AN0 RtaoFLAVN.
ALLOi TO G€L AY
PHOIOPOLYI'€FIZATIO'.,ffitu

@uv
R€F9IGERATOA \'\

(:EE

other techniques I sce belorv ). Further-

more since the bands arc not in the form

of ovcrlaping arcs but appear as discs

thel/ ate clsy to eoumerate. 'fhese pre:t'

pitin discs appear in the inner agar

column rather than in acrylamide gcl.

This finding was surprising but it may

\ \{ sl R€rrovE nuEaER

I q\\ 3roPPEF Ar{c Pttcs
| \\ rlrBE vERrlc^LLY I

\\\Vr' a R ac'(

-ADirt41

^-Ji, 'l

9I FtLL TH€ LI',X€I{

$Tr AflTtSEruI-A6AR

'l'he immunodisc electrophorcsis tech'

nique rcported here circumvents xll such

complications as it allows for the preclpl-

tin rcaction to occur in thc electrophor'sis

tube itself. The techoique also has a

high resolving Power ts it yields I largc

number of prccipitin bands than thc

FIC URE III. STE PWISE

PROCEOURE FOR I M IIUNOOISC

ELE CTRO PHOR E SIS.
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bc duc to the vcry small pore size of 7.5

per cent polyacrylamidc gel rvhich Orn-

stein (6) rcported to be of thc order of
50 A.

'Ihe use of a hollorv cylinder of acry_

lamide gel as described in this technique

makes the disc electrophoresis technique

very velsatile as it opens a multitude of

possitrilities for analyzing thc samplca.

For instance, in simple disc clcctropho.

resis the gel can now be stained directlv
in the tubc by filling the lumen wirh
the srain, thus avoiding the nccd of
rcmoving the gel from the tube. The
Jumen can also bc filled rvith various

enzyme substrates contained io agar and

the enzymic activities of the isolatcd
fractions can thus be visualizcd. prescntly

the tcchniquc is bascd on simple trne_rvay

immunodiffusion analogous to Oudin's

r49

method. 'Ihc technique can be easiiy

modificd and used for double _ diffusion
studicr if desired, When comparc immu.
nodisc electrophoresis, immuaoelectropho-

resis and disc electrophoresis usrng the
samc Eamples antigcn and antiserum. Jm-
munodisc elcctrophorcsis is about 3 times
morc sensitivc than immunoelcctrophosis.

This mcthod combines the rcsoiving powcr

of disc clectrophoresis with the immuno.

logical identification of immuooelcctropho-

resis. It rhould be verv useful to identify
antigetic camposition of bactcria, fuagur,
biologicrl meterials rnd cspecially vrruscs.

When any viral componcnts rvcrc isolate,
they csn be provcd to bc antigcnic of not
by this ncw method. .fhis method should,
thcrefore, find widc application in tho
antigenic analysis of biologicr)ly complcx
mix turcs.
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PHYTOHEMAGCLT.,TINTN -tNDUCED BLASTIC TRANSFOp.itr,tATiCll
AND DNA SYI{THESIS OF LYMPHOCYTE C{JLTURE

I. LYMPIiOBLASTIC TRANSFORMATION

II. TRITIATED THYMiDINE INCORPOPATION

By

Taret Tositrrrt, B.Sc. (Med. Tech.).
Kumthorn Nitimrnop, B.S. (Med. Sci.)rr
Panja l(ulapongs, M.D., Dip. Arner. Bd. of ped.r.r

When blood leukocytes are rocub,.ted
in :rn artificizl medium over cevcral davs,
'thel'exhibit minimal or no gfo$,rh at :111.

'lhe granulocvtcs degcncratetl wi!hjn x iew
dlys. while monocyres sp.eed out on the
surlace of the culture vessel, assumming

the appealance of cells indistinguishable

from tissuc macro2hages. I he maiorrtv
of lvmphocytes remain yiable and morpho-

icgcailv unchangcd. If the plant lecrin,
phytohcmagglutioin (pHA), ir added to the

incubating medium, r sequence of ldranratic
morphorogic changes is initiatcd. ,I.hc

small lymphocvte undergocs transform!tion

into a lrrgcs blast-likc ccli. (l_12) .fhis

rnorphologicll changcs is accompanicd hv
incrcrsed protein, R\A rnd l)\.{ svn-

theses, (3, +,9, 10, l2) and is follorved

evcntually by rnitosis of the tcnsformed
cells.

Lvmphocytes crn be stimuiatcd in
vitro by r widc vrricty of alents including
viruscs, bacteril, fungi, prorozoa, and
polien as rvell as purified emrno acid
polvmers and drugs. (l-?) 1.hc agents

caprble of striggering this chain of evenrg

mav be catagorized as general stimulants
(or nonspecific mitogens ) rnd specific
stimulant! (spccific mitogens). The mito_
gcnic is characterized by its strict depen_

dence on the prior scnsitization of the cell
doncr to immunizing antigefls, suclr as

tuberculin, (14, 15) penicillin, (16) etrep_

tolvsin O ( l7 ) tetinus and diphtheria
toxoid, purtussis, polio virus and srnlJlpsa
vaccines, (16, lll, l9) and protcin-haptcn

' I{erd 'l'cchnician, Hcmatoragy l)ivirion, Anemia and Marnutrition Rescrrch (qn1s1,
Chiang i\Iai Universitv.

" Sixth yerr mcdical srudcnr, [iaculry ol Medicine, (.hiang Mai Universty.
"' Ilernatologist. l)cpt of pcdiatrics, Chiaog lfri Univcrsit*,-
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conjugatcs. (20) 'thesc specific mitogens

trrnsform only a small Portion of lym-

phocytes, usutlly -5 to 30 percctrt' Non-

specific mitog€ns transform 70 to 80

perccnt of small lymphocytes (21) isoleted

from normrl individual regardlcss of prior

exposurc to each palticula! mitogen 'Lhe

Transform onlY 5-30d of small

lymphocytes,

Require prior sensitization of

the cell doner to the Particular

mitogen.

Examples: Tuberculin, Penicil-

lin, streptolysin O; Tetanus and

diphtheria toxoid; pertussis polio

virus and smallpox Ya ccines.

Bccause the magnitude of rcsPonse

to specific mitogen corrclatcs closcly

with the state of hypersensitivity of the

donor, it is belioved that the ritro pheno-

mcnon may hrvc immunologic significance.

(28-30) The significance cf the transfor-

mation inducod rith a nonspccific agent

such as PHA is unclear. Horvcvcr' PHA-

induccd blasts bcar morphologic features

\ in common rvith the cells transformcd by
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plant ertr8cts (PHA, (1-12) pole*ced

n,itogen (22, 2'3) ), antileukocyte scrr' (23)

antiallotype ser8, (2-(, 26) and bacterial

ploducts (steptollsin S., (17) staphllccccal

erotczin, (26) ), are 1lell-knorrn exampies

of nonspecific mitcgens' (See l'able I )

1. Transform 70 - 80

lymphocytes,

of small

2, Do not require Prior cxPosure

to each particular mitogen.

3. ExamDles: Plant extracts (PHA.
\

pokeweed mitogen/, Antileuko'

cyte sera, AntiallotYPe aera 
'

tl
Bacterial Products t Streptolysin

S. Staphylococcal exotoxin ) etc'

specific antigens, nd with thc lrrge

pyroninophilic cells thlt delelop during

certain cellular immune rea, tions in vivo.

(31) '1hus, response to PHA iras been

uscd increasinglv as a ueirns of det.rmin'

ing changes in pro)iferrtivc ptotentiel end

possibly functional state of Iymphocrte

populations in different physiological

conditions such 'as chronic lyPhoc]'tic

leukemia, (32, 36) Ilodghin's disease, (37-

TABLE I: MAJOR CHARACTERISTICS OF DIFFERENT TYPES OF MITOGENS

SPEC]FIC MITOGENS NON SPECII-IC MITOGENS

1.

2.

I
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39) Sarcoidosis (40-42) ataxia telangiecta_ short-ter4 i4 yi1j
sia, (43,4+) Tr.nric :rptasia, (45) Sjogren,s This proccCure ffi:T""T:::::t:l
s\ndrome, (^16) and prtiente receiving lyplrocytes {rom blocrl, and incrrbation ofcytotoxic thefrly. (47) Circuirting 11,m_ the cells in rn rpproprirte 

".,,r",", ."0;"gr.
Phocvfes flom pat;cnts dcscrih.d ,bove \Iany of rhe steps are similal to thcse
react poorly to PHA and spccific anriFens. usecl, in, ,other laboratorics, It is the

l:arious modific:rtiors of I

tecrrnique described br r,"..n:r"::":; :::T';:,'":":";ljt:"'::r;.,T:
i43) are wideir used to culture of ltmphc_ glrsrrat;cn of ccll _ mcciiated immunityytes. \'r'e arc describing ;r metho<l of mech::nism.

iN V!IRO CUI.TURa ANr, Siit"lULAT.iC|;{ Ctr LyttPHCCYTE

'. 
THE MORPHOLOGY STUDY
'l'he degree of lvmohocvte stimuhtion Despito its Iimitations the mcrpholcgic

may be assesscd cithcr L,r, morpholor:ic Incthod pror_r.de the fsst and ccnvenient
chxnges or bics,r'nthetic rctir.iries. .I he .rrat, of asscssi.g t\-mphocltc st;nulation
morphologic method enr:iils t}:e

tion of brasts erorvr 11 per , .,r;l;.i|,l; 
. hcre prcc ise qurntitati'c ie not a ncccs-

cells, efter 1 suitrble incubetion pcriod. A*Mr\,TERIALS AND EeUIpMENTS.
Cytologic features :lre best risualized i" L TUaTFRIALS
smexr stained bv one of thc Romanorvsky

stains such as Wright,s, Oiemsa or lIa1._
Grunwald, but a nlclear stain. acric orccin
(16) and acridine orrnge ({9) havc aiso

been succesrfuily emplcyed, Ceil gro*th
may be assessed io viable culture by phrse-
contrtst microscop).. (-i, 50) (,crtain sreps

are egsential to €nsure viability and suc _

cesoful growth of the cultures i the cells
should suffcr minimum trsuma rt their
preparation; the jncubarion milieu should

'provr'de adequate nutrients !t a phlsiologic
pll; and no potentialjy cvtotoxic materr-ais
shcuJd ['e pl(s(nt jn thc F-\st(n).

1. Sterile heprrin soluticn ( 500 unitsT

ml. in p1'rogen - free saline for injcction).

2. 5 - l0 ml. sterile srringc (prefcr-

ablv, dispcsable plastic syringes).

3, Sterile screw cep culture tube
(13; l5 rottt; or sterile disposable plastic

tuhes 12 x 7-5 mm, $ith cap.

4. Sterile capiJlary pipettes.

-5. I and 5 rn,. srerile disposable
plastic graduated pippettes.

6. Culture mcdia : Stock 'I'Cl - 199

l}rlc's llase or l{EM Hank's l}asc ( l0 x )
Srerited by millipore filtration, kept rt
4C.
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7. 6% dextran, storile' (Abbott L!b')

kcpt. rt 4i C'

8 0.5 M and 0'25 M' Pcrchloric

rcid.

9. Pcnicillin 10'000 units Per ml'

' 10. Phytohemagglutinin 
(Brcto'Phyto'

hemagglutinin M' 5028' Difco

11. Stock t{eper buffer ( Hydroxye'

thylPipcrazine - N'2- Ethancsulfuric acid)

pH.8'1
12. Wright's stain'

13. MaY ' Grunwald stain ( Harlcco'

Phila).

14. Giemsa stain (Fighcr' l'air Lawn'

N. I.
15. 0.85 % Na Cl solutioo' kcPt at

16, MicroscoPe slides'

17. Cover glarscs'

18. Permount (Fighcs' !'air Lawn' N'J)

II. EQTIIPMENTS

1. Retrigeratcd centrifuge'

2. A 37' c'

3. A microscopc'

IT.I WORKTNG SOLUTTONS'

I' TC' 199-HePes solution

Stock Ellle's Base(l0x) 10 ml'

1.N Sodium HePcs' PH 81 4 ml'

Pcnicillin
10,000 units

Stctilc dcionized 
'listilled 

watcr i! added

to mrke a totrl volume of 100 ml'

2. Clltlre sotrtiotr (frcshly proprrcd)

Solltion A Sohtiotr B

?lasma or serum l'00 ml' 1'00 ml'

TC. 199'Hepes solution 3'75 ml +'00 ml'

Vol. 5 No' 3

One ml. aliquots of both solutions are

tran3fcrred to stcrilc culture tubca'

II. METHODOLOGY.

1. Five ml' of venoug blood ir drawn

into a Plastic syringc containing 0-5 mL

of hcparin solution (500 units/ml )' This

produces or finrl concentration of about

45 units hcParin Pcr ml blood'

2. One ml' of 6% dextran is addcd

into the sYringc.

3. Incubltc thc syriog€ in an uP'

right position at 17' C' (or room tcmper-

ature) for 45-60 minutes'

4. Thc supernatant is thcn collccted

aseptically into a sterile plastic tubc by

using thc bcnt necdle tcchniqu'-

5. Centrifr:gc thc suPernatent al

1,000 rPm, 4: C' for l0 minutec'

6. Removc the supornataot Phsma'

Mogt of the lymphocytes arc in the cell

button.

7. Resuspcnd the lcukocytc cell buttoo

in the TC. 199'Hcpcs buffer to makcs a

finrl conccntration of 2 x 106 cell pcr ml'

Do the differcntial leukocytc count and

pcr csot of viable leukocytes (using 0'2%

cosin Y ).

8. Trensfer 0'5 ml' of leukocyte

suspcnoion into 4 culture tubcs contrining

I ml. each of culturc sotution A (2 tubc!)

or B (2 tubts). Thc final ccll conccntra'

tion ir I x 106 lcuhocytd ll'5 ml' culturo

fluid.

9. Iocubrte thcsc tightly rtoppcred

?HA. 0.25 ml.
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culture tubes at 37' C. for 72 hor_rrs,

undisturbcd.

10. .{fter that, the rotal leutocytc

count and differential count is doae on

each sample using Wright's stain or N{av-

Grunwald - Giemsa stain.

II. BIOSYNTHE TIC ACUVITIES _
TECHNIQUE

The incorporetion ef l4 C or rritiated

thymimedine ( 3 LI TDR) into a trichlo-

racetic acid precipitrtr of cells rcpresents

the most sensitive indicator of lymphocyte

transformation. The prrallel study using

radioautography has shorvn that it is the

transformed .ccll rvhich iocorpolatcs thc

thymidine lable, 'fhis mothod has the
advantage of a Iow spontaneous incor-
porrrion of custimulat€d small lymphocytes

and macrophages do not usually proliferatc

in short.torm cultures, (30) Since it is an

ideal technique for detecting those lypho_
-cytes which lespond to stimulation by

proliferation and following by thc proli_

feration it obviously will not derect

lymphocytcs which respond to stiriulation

but do not enter into the S.phase of the

cell cycle. Neverthelcss, this tachnique

has proved to be one of the best way ro

follorv the response of lymphocvtes in

vitro.

A. MATERIALS AI{D EQUIPMENTS.

In addition to thos. required for tho

tnorphology study, it requires:

lbb

l. 'fritiated thymidine ( 3H - TDR )

l0 uc /20 ug / ml.

2. Hymine hydroxide.

3. Scintilhtion 'fluid ir prepared as

follow:

4.9 gm. of PPO ( 2, S-diphcnyloxa-
zote I

0.1 gm. of popop. (1, 4-bis(2_
( 5-phenyloxrzolyl ) )- benzcne.

120.0 gm. of Naphthaleno.

I,000.0 ml. of dioxane.

METTIODOLOGY.

In general, the first part of this mc_

thod it thc lsme as thc trangformation

metbod dcscribed up until stcp 9. (It is

noted that tritiafcd tbymldc method mry
rcquired tho Jeu&ocyte culture of 4g hours
to 72 hours ). Then process ,s follows :

10. Aftcr 48 hours of incubation at

37'Cr, 0.1 ml. of tritiatcd thymidioe solu-

tion (10 uc/ml) is addcd into cach culturc

tubes asepticrlly

I1. Incubatc these tubes for an addi-
tional 18 hours at 37'C.

12. Do the leukocyte-count and dif-
fercntial count, then centrifugc at 800 -

1.000 rpm at 4'C. for l0 minutcs. Dis-

card the supernataot fluid in a rpecial

contaroer,

I l. Wash the ccll burton twice with
2,0 ml. (or morc) of cold salinc eolution.

l+ Add 1.0 ml. of cotd 0.5 M. per-

chloric acid (PCA) to the ccll button, mixed.

15. lncubarc rhc ccll suspension .t +
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C., overnight ( non-stoppercd ).

16, \\rash the precipitate forracd over-

night with cold 0,25 lM. PCA thcn allow

to dry in air (room tcmperaturc ) for an

:rdditional t hour.

17, Dissolve the moist residrre in lt.5

ml, H,vaminc. Added 0 2 ml, aliquots of

this solution ( in duplicate ) to 1.1.8 ml. of

the PPO and POPOP scintillant.

18. The radioactivitv (beta emission)

is mcasured in a Tri-carb Liquid .qcientil-

lation Spectrometer ( Packed lnstrument

\-o- ,/.

TECHNICAL COMMENTS

1. Although heparin has bcen roported

to inhibit the lvmphocrte transformation

tesponse, mrny lvorkcrs observed no such

problem uith heprrin from N'Iann Reseerch

Lab.' N.Y., and Connaught Research Lrb,
'l'oronto, especially rvhcn used at {bout 20

units/ml. of blood. It is avisrble that

heparin used should not contain phenol as

a prescrvrtive. Heparin preservcd uirh
benzyl alcohol is also srtisfactorv for this

purpose, \rarious doses of heprrin have

beeo employed ranging from 2C) to lftO

unitsiml. of blood. The mosr widely ustd

is 50 unitslml. of blood.

2. A fasting donor is not required,

howovcr, grossly lipemic plasma should be

avoided. Thc donor's condition and drug
gdminirtration must be considcred in inte.-

Preting tho ebility and inability of his

lymphocytes to proliferate in vitro. 'l hese
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include thc upper rcspiratory tract infec-

tion, adrenal cortical steroid or cvtotoxic

therapy. Orsl contraceptive hns not been

found to intcrfere with the proliferation

of lymphocyte in vitro.

3. The preparation of a " pure " or

" relativcly pure " lymphocvte suspension

generally requires the isolsticn cf the lerr-

koc_rte from the rvhole blood, followed by

removal of contaminating monocvtas and

granulocytes. Other workers pref€r leuko-

c'.'tes obtained frorn dcfibrinated blood (51)

It is either allowcd to settlc at 37'C. for

45 - 60 minutes or is contr;fuged at low

spe(ds (,{0,)-500 rpm for '10 minutts)

to obtain a leukocytc-rich plasmr frscticlr.

Because of thc low scdimentstion rrlte of

the rvhole blood obtaincd, dextran, Selatin.

fibrinogen or meth-Yl cellulose may then

be added before allorvcd to stand at 37"L"

for 30-60 minutes. 'l'he aCdition of such

agents rvill enhance the sedimertetion of

erythrocytes. 'I'he scdimentation rate of

heparinized blocd at 37"C. is about t\aice

those at 'f C.

4. Purification of the lymphocytes

suspension mxy thcn be achicved by onc

of the following techniques :

A. Surfacc adherence. The leuLccyte'

fraction is incubated ar 37"C lor I to 2

hours on an appropriate surfacc to which

monocyt€3 and polymorphonuclear leuho'

cytcs ( PMN ) att.ch. The lymphocytc8

{ r'ith contaminatiog Platelcts aRd €rythro-
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cytos ) rcmrin unatt.chcd tnd can be re-
movcd virtuallv frcc of phagccytcs. .l.he

materials urcC for phagocytic attachment

are nvtoo fiber, (52, 53) cotton, (5+) (55)
glzss wool; (23) bcads, such as gtass (-i6,
57) and polystcrenc; (-s8) or wide-surfaccd

cootsiners, such a! petri dishes. T flaskes,

or Blake bottles, (59,60)

B. Phrgocltosis, Carbonyl iron filings
added to the leukocytc sulpcnsron are in.
g.sted only by monocr,tcs and granulocytes.
"fhe phagocytic celts then can be removcd

fron the Iymphocytes by centrifugation

or bv introdr.rcing a mrgoct into the ccll
suspension. (6 I, 62)

C. Densitf grijients. The leukocytes

arc sedimented through density gradients

made of albumin, (63,6{) dextran, merhi.i.
ccllulose, F'icoll ( 65 ) or Isopaque. ( 66 )

Phagocytes and rcd cells, possessing grerrer

specific gravities, scdinrent to the lorvcr

Iayer, rvhilc tire less dense lymphocr.tes

rcmain in the uppcr portion of the grrdieir,
Some of these method! are timo consum-

ing and some albumin preparation mr,t,

havo I stimuleting effect on lympho
cytes. (6 3)

5. Centrifugrl force in excess of 200x
g are not adviscd. In addition to mini-

mizing possible damage to the cells, gentie

centrifug{tion of the supernataot rftcr rcd
cell sedimentation servcs to elimio.rc most

of the platelets, lVhcn suspending a cen.

t57

trifugcd ccll pellct, gfntle mixing or tritu.
ration $ith :r s-ide_bore pipctte should be
(m plol-ed.

6. It is shown that tis3ue culturc
medium 199 supported grorvth in lympho-
cvre culture to a much grcater cxtcnt thsn
\tEM. (67. 68) \ialentino ha8 found thlt
RPMI 16+0, a culture mcdium developcd

at the Rosrvcll park Mcmorial Iortitute is

exccllent for short term Iymphocyte cul-
ture. (69)

7. In order to obtain , good prolifera-

tive 165pott"" plasmr or pooled human sera

should be added into the culture medium.

Frcsh autologous ptnsma scems lo work

best ( All plasma, humaa scrum tre elso

adequatc), [,'et:rl cali serum is not recom.

mended since it contains a growth - pro-

nloting facior that incrcascs background

(" spcntaneous ") trrnsformarion. (ZO) With

human l1'mphocvtes, a gcod response ob_

taincd rvith plasma or scrum concentration

trf bctween 10% to 2011.

Lymphocrte transfcrmation can be

achieved in a serum-free medium, (71) but

viabilitv nnd degree of t.ansformation are

greatlv reduced. Bergman ct al (72) have

rcportcd that 6 % dextran or 5 /. glucose

cen leplace serum in thc culture mcdium

rvithout diminishing thc lymphccyre res_

ponse to PHA.

8. Penicillin vi'ith is included in thc

culturc medium to counteract bacterial
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growth, mey contribute to thc culture

responss by .timul.t€s the penicillin-sca'

sitizec iymPhocytes ( I6' 70 ) llowevei'

most workers have not cxperienccd this

problem,

!. When high cooccotrrtion of celis

are employcd cell'to-cell contrct will occlrr

earlicr thAn rvhen low ccncentretion ilre

rrsed, It is observcd that cell population

( or density ) mrlst often he at a certain

level beforc cells rvill gro* Io gencral'

concentrltion of humsn cells below 0'25x

106 psr ml. should be avoidcd unless d

very smrll culture vesscl is used \li:h

human blood leukocyte culturec 0 25-0'5x

106 lymPhocytes per ml' will usuelly give

a viqorous respcnse. lt is advise thrt a

concentrrtion of 0.5 to 2.5x106 lympho-

cytes pcr ml. in the original inoculum

g.ems oPtimum in promoting mrximurr

grorvth and transfornation. (48, 60)

10. The meinterlnce of a physiologic

pl{ (7.2 to 7.f) is cssential for viabiliry

end growth of the culturc. (73,74) During

the final drys of culture uhen considera'

blc cell division occLlrs, the mcdium m3r

become quite rcid cspeciali-v when larqe

numbers of cells are cmPloyed' It is

strcssed thrt the lcthai effect of failing to

control pH of thc medium at the onset

would havc becn lik:ly to effect rhe I)m-

phocyrcs before thc onict of transforma'

tion and hter to the transfolmetion cells

losscs of lymphocytes \vili occur' (75) The

Vol. 5 No. 3

pH of the medium is commonlv regultted

with g bicrrbonate buffer ( 7.5% solution )

and tho cell suspensions incubated in

tightly stopPered containcrs ( rllowing an

air phaso of at lcast thiee timcs thc depth

of the fluid ) or in lossely covered tubc$

undcr an atmosphere of 95 96 air and 5 9i,

(loz. There is no enhancemcnt of the

response whed 7 !{' oxygen is uscd but the

oxyg€n concentration of greater than 20 9i

(air) will decrcase the proliferative res'

ponse. (76, 77 ) Many rvorkcrs find it

rather incovcnient to use a CO2- bicarbo'

nate buffer system. ,{ mothod in which

llepcs buffer can be substituted for the

two-phase CO2- bicarbonate system is de-

veloped with better results ( 7li ) 'i'his

singlc phase liquid buffer used together

rvith mcdium 199 allowcd assay of a mixed

lymphocyco culture as early as 2- 3 days

morc stimulation being observcd on day

3-4.

11. Optimrl growth is also dependent

upon thc source of lynrphocytes and the

mitogen used. LymPhocytes from human

periphenl blood exhibit good growth and

mitosis whcn stimuhted with 0 05 ml'

PHA-P per 3x106 cells. Horvcver, lym-

phocytes from diffcrcnt tissucs vary with

respect to thc 2moutlt of PI{A requircd to

induce maximum Srowth. ( 79 ) Poor prc-

cision in the Past has been attributsble to

the use of a PH.{. preparation hrving a high

titcr of leukoagglutinin ( PH.{-P), which



September 197 2

resulted in thc formation of large ciumps

-during incubation. Thc use oi purificd

l,HA (such as Burrough-\\'ollcomc " Phy-

tonitogen " MR 68 ) hns greatlv incrcased

'the precision. (80)

12. One of the initial evcnts iE the

settliog of the suspended cclls to the bot
-tom of thc culture tube. Thc formation

of this bottom of cclls may be of impor.

tlnce for the subsequent immunological

rcaction. Cell-to cell interaction rppears

to be e tequisite for growth erpecially

during the first 36 hours of culture; ( {9,

lll,82) hence culture vcsscls with aroun<i

or conical bottom with small surface area

lupport bct{er growth than those flat bor-

'torn flask or bottlc with a large surface

larca,

13. It is a gencral pracrice to elimi-

nate phagocytic cclls bccause of thc bclieve

that the presincc of the latter mav influ-

,cnce thc lymphocyte growth kinotic. Con-

flicting reports havc attributcd both an

cnhanciog (83) and an inhibitory (84) efiect

on lymphocyte response to PHA, Ir is

noted thit lymphocytes eppear to cluster

around macrophagcs in these culture ( 87 )

1nd that if ldhcrent 8ells :rre remove.l

.irom lcukocytc suspension the remrining.

" l\rrified " lymphocytes rcspondcd poorlv

,to stimuiation by antigcn aod in mixed

leukocyte cultures. (86, 881 ['he transfor-

mation rcsponse could bc restored in the
proportion ro the numbcr of phagocytes
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added to theso cultures. (85,86) Although

the adherelt cclls ( phagocytes ) may bo

functioning in part as 'a feeder layer for
the lymphocytes, thcir major function
would seem to be in thc prcsentatron of
antigen to the lymphocytes. Horvevcr,

the role of the macrophage in PHA-iuduced

transformation remains Iargely obscure.

" Pure" lymphocyte cultures and unsepa-

ratcd leukocvte cultures achicved a com-

prrable level of transformation in response

to PHA, ( 57, 86) but the possibilirl- c.n
aot be ruled out that in "pure" lympho-

clte cultures, a fraction of the Iympho-

cvt.s trrneform into macrophages, (89. 90)

or perhaps a I:ew contaminating monocyles

cffect thc transformation of other cclls in
the population.

14. Accuratc pipetting of the lympho-

cvte suspension into the triplicate cultures,

adequatc mixing of the suspension bctwecn

pipetting are important.

15. Thc inrbillity to count lympho-

cytcs in culture has been due to thc ag-

gregation of cells in tight clums bv pH.{,

the accumulrtion of dcbris, and the agglu-

tinated red cells (contaminetcd in the

leukocyte suspension ) becomc rcslsaanr ro

the lytic agent in the WBC couoting fluid.
Whire cell clumps in PH.{-containing cul-

ture can bc complctelv dispcred by aspi-

rating back and forth 4 to 5 rimes through

a 25 G, disposable needle conncct.d to . ?
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ml. stringe, followed immediatcly by dilrr-

tion of the aliquot for cell-counting.

Twc m:thcd; hrvc been describcd

recently for counting aggregated lympho'

cytcs in Pl-IA-containing cultures (91, 92)

I3oth employ t detcrgent for disaggrcgating

the lculocyte agglutinates. Stewart rnd

Ingram (91) h*ve founcl that a P.oteolytic

e,rzyme, pronrsc (Oalbicchem, L..4., Calif.)

is sopcrior to tr\ psin in digesting nonti-

able cells nnd debris end the c-atolttic

agcnt, Cctrimide ( Cetrvltri - methylam -

monium btomode ) in the couring solutio:'t

loptimum concentration 5 mgiml. ) effcc'

riv.ly strips cytoplasm frotn cells so thrt

accurlte couots of nuclci lnd nuclear

volume mcasurcment can be obtirined'

Howcver, s smrll number of macrophages

often appearing in the cultures mry be

confused with blast cclls. Since degenern-

ting as rvell as derd cells ray l-.e susccf-

tible to the lytic action of pronasc, this

method raises the addcd prr.,blem of detcr.

mining rvhat ploportion of the cells rc.

presented on the smear should be included

in the cell count.

Cate should be taken to avoid loss of

ccll clumps above the level of mediurn

Accuracy in cell counts ma"v be im-

proved by adding polystl'rene particles to

the cultures for srrbstquent identification

of the phagocytic macrophages on stlined

prcparatlonS.

16. Other than Wright's strio, 2 other
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tlpes of staining have bccn emploved. An

acid-orcein nuclear stain has proven useful

cspeciallv in the hands of those accustomed

to evaluating nuclcar material. Others.

hare expericnced some difliculty in con-

fusing nracrophage lrnd blast ccll nuclci

uben using this stain and harc obtained

sonrewhat higher levels of " blast cells "
in unstimulated culturcs. Staining rvith

Ciemsa as a combilat;on of \tav (irunrvald

and Giemsa provides the range of tincto-

rial propertics of cytopln3mic as rvcll ls

unclear staining u'hich are quite useful in

distinguishing cell t)'pe.

17. \Vilson and l homson (75) observed

that in the absence of l'llA, 101' or less

of r leukocvte in the ctrlture dicd in 2 da1's.

Mortllitv of statting cclls ia significarlt as

dernonstratcd b1' the prescnee of 150-3(l{)

pvknorit small )tmphocvtes prr c'r.mnr' in

3 d^v culture. It is advisable to iclentifl

these pyknotic cells rvith non-transformed

lvmphocttes having died prefcrentirllv ancl

progr.ssively. both as a result of llteratlon

ifl the enrironnent Produccd b)'the trans'

form:d cells and from toxic action by non

mitogonic impurities in the PHA prepari-

tion. 'l'here een h.1vc bcen little cltocidxl

ar,:tion by the PllA prePrr:ttion orr trtns-

formrble lvrrrphocrtes prior to trtnsforma'

tlon.

1S, With nll of these methods onc

rncasured onlr' the net result of all strh's-

tances srimulrting the lyrnphocytes and all
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frctorr inhibiting or limiting tbcir rclponsc.

19. Thc meluremcnt of lympbocytc

tnatforhstion by tritirred thymidine in-

corporetion is crtrcmcly acnritivci howcvcr,

it is prrticul.tly rurccptiblc to crror. tris-

ing from poor tcchniquc. Crrc *ith
retpcct to rtcrility rnd rccur.cy murt be

obscrved tt rll strgcr. Infcction in prrti.
cular crn givc rire to rbnorrnally high rti.
mul.tion rnd thcrcforc tny contrminated

culturcs must bo diecardcd.

REVIEW

Over thc plsr dcctdc considerrblc in-

tcrcat hr! bccn shown in thc pllnt lcctin,

phytohom.gglurinin (PHA ), obtaincd from
thc rcd Lidncy bcan - Phrscolur vutgrris.

Thir lcctin is e potcnt .ryrhrorgglutinin
which ir abo caprble of egglutinating
Iculocytcr rnd tpp.rcntly ltimulrting mr-
jority of smrll lymphocytc! (long-live
lymphocytct, thtmus-dcpcndcnt) in humrn
pcriphenl blood culturc to tranlform into
largc bkst-likc ccllr end undcrgo mitolis.
Interelt in PHA her bccn largcly duc to
this lattcr rctivity, rnd numcrour rcporrg
hrvc documcntcd etimuhtory cffcct tin vitro
on lymphocytc RNA rnd DNA rynthcsir
rnd on morphologic tr.nlformation .od
ccll division.

Tbc finding of Tunis (93) of I crto-
rgglutinin io prcprrrtions of pHA which

rStlutinrtcd rll nuclcetcd cclls testcd in-
dicrtcd thrt PHA .ttrchcs to thc rurfrcc
of r rvidc varicty of ccll typcr. Thc

l6l

lculorgglutinrting and mitotcnic rcrivitirr
of PHA cen bc ecprrrtcd from ir erythro-

,gglutinin by rdrorption of rhc l.ttc! onto

thc !urf.cc of crythrocytcs, (94-96) rnd
or bcatonite, ( 93 ) Thc lculoagglutinin

and mitogcn havc not bccn scprratcd rnd

rpp.rr to rcsido in tbc rt'nc €ffoctive

frrction ( 95, 96 ) and hae in thc prlt lod

to thc conclusion thet agglutinrtion i! a

ncccssrry prcrequisite to rtimuletion. (79)

MECHANISM OF LYMPHOCYTE

STIMULATION.

In thc rcating lymphocyte, RNA and

protcin synthclca procccd at low lcvclr

and DNA replication do.! not occur,

Within minutec of contrct, PHA dirruptr

this quiEccnt rtltc .nd in thc following

fcw hours thc smrll lymphocytc rcrd jurtr

its rnctabolicm to support the rctivc

growth. Thc mcch.nism by rhich nitro-

gcns initirtc such profound .ltcrrtion rp.

pctr! to be mcdirtcd in a triggcrlilc rcac.

rion. ar warhing ccllr frec of thc mitogcn

aftor only r fcw minutcs expolurc docr

not prcvcnt subscqucnt trantformrtitn. (25,

98,99) 'fhc ccll rurfrcc het bccn impli-

crtcd rc thc rite of thc trigter m.ch.nism

which bccomcr .ctiyrtcd when PHA intc-

nctE whcn PHA intcract! with rcccPtors

on tbc mcmbrrnc. Aftcr a bricf cxposurc

to PHA, thc clcctrophorctic mobility of

thc lymphocytcr suggcstivc of rltcrrlionr

in tho rurfrcc chrrgc rccurcd. ( 100 ) Al-

tbouth tho rcccptors hevc not bcrn idcn-
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tiIie:1, cvi:ler:r su3q:3ttd thrt they mly

take thc form of grmmrglobulin molccules

risiding on thc membrene. (25) Phospho-

lipids also has b:en considcred as possible

surfacc rcactive sites, ( 101 ) It has elso

becn notcd that lymphiod cclls trcsted

with wh;at gcrrn liprsc as \rell ca trvpsin

are unablc to adsorb aotibodieg to th.ir

surfacc, thus, thc reccptor sites binding

thcsc cytoPhitic antibodie may be lipo

protien. ( 102) Certain sugers on the

lymphocyte membranc also may play a

rolc in lymphocyte activation' Fucosc and

\-acetyl-galectosamine oo thc membrane

play an important role in the " homing "

of infused lymphocytes to lpccific sites in

lymphoid tissuo. (103) Borberg et al (l0i)

notcd that N-rcetyl-gahctosamine irthibited

both the mitogenic activities and the rt

tachmcnt of r3r l-PHA to Ivmphoid cclls.

'fhis inhibition mry due to competition

with polysrccharide comPonents at reccptor

sircs on thc lymphocyte membrune. An

injury-m diatcd criggor m:chenism is also

ccnsid:rcd rs r Possible mechcnism of

action of PH-{ st ths c:ll rn:mbranc.

Enzym:s such as tryplin, chYmot.Yp

sin and paprin pro:notc th3 transformation

of . small percent of Iymphocytcs, probr'

bly by drmrging the cell surface. ( 105 )

Microwavc irradiation, ( 106) ultrrsonic

injury (107) rnd rntlgcn-antibody complex

(108) in tho prescncc of comPlemsnt ate

Vol. 5 No' 3

crpablc of stimulating nonscnlitized lym'

phocytc!, presumably through injury to

the membranc.

Leukoagglutination and incrcascd mi-

cropinocytosis that accomPrny lymphocyte

tctivation is probablv not essential to the

trigger mcchanism (5) Transformation

can be induced by staphylococcal filtrate

and antiellotypc serum (25) ( thrse agcntr

do not agglutinrtc lymohocytco whiic the

Vi antigens-coated lymphocvtes ( thus' are

prevented from agglutination ) can be acti'

vated to from blsst cells. (109) tncreased

micropinocytosis in activatcd lymPhocytes

mry be secondary onlv to the membrane

changcs thet havc occurred'

,A.lthough thc cell membranc plays an

importaot rolc ia thc ectivrtion process'

implcrnentation of cell growth,mo6t proba'

biv proceedr through intra'cellular mccha'

nisms. 'fhe controlling site may residc

within the nuclcus or morc likely, thc

cytoplasm. Hischhorn and Weismann'e

findings(53, 100) havc suggcated that thc

rclron of PHA may procecd through mo'

bilization of lysomal bound hydrolytic

enzymcs in the cytop)asm' Thcsc cnzymcs

may then Procced into the nuclcus for the

purpose of stripping D\.\ of proteinaccous

rcprcssor materials thrl in turn allorrs for

widesprcrd gcne activation in terms of

DN.4.-directed RNA synthesis' Dtugs such

as chloroquin (11l,l l2) and corticosteroids'
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(l l3). which inhibit lymphocytc tnnsfor-,
matiofr, m.y rct by rtabilizing llrlit_omal

rnornbrancs and thus prcyent the'r.cleaic

of lyrosomal hydrolases. (ll4) Srrcptolysin.

.5 rcnderl lylosomela mcmbrrnce labilc,

thcreby inducing mitosie in rhc manncr.

.similar to'PHA. (17) 
, 

.l_ ..,

' 
Studics utrlizing PFIA fr"c'iioni. hb.lcd

with triri'rm, {l l5) 1251. (ft6), fluor$c6in

isothiocyanrte, (l l7) and mcrcury show.lhat'

PHA is localizcd initirlly within thc cyto.

plasm. !-rom controlliog rites residing in

.lhc cytopl$m dcrcprrssorr may bc trans.

rnirt€d to the nuclcua,

. Dircct nuclcar activation. by pHA rc.

",'mains a diotinct poselbiliry.: Withia mi.

.notgs../rti tya'phocytol are cxposcd to

ly increasgd: fhis carly nuclear evcntt

represtnt eesential stcp8 in gcri. .ctiv.tion

and trsnscription.
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Figrrc [. summrrizct somc of thc

viewr rcgrrding the mechrnismc thrt ory
opcrrtc to control lymphocytc prolifcntion

in vitro. lt is not known whctcr r rccific

tnd nonspccific mitogcm rctivrtc lympbo-

.cytor by similtr mcchrairmr. Conceivrbly,

nonspccific agcnt! intcrrct with r widcr

tpcctrum of rcccptor ritcr, whilc rpecific

mitogcnr mry cngrgc rpccific .,rccogni-

tion " citcr on thc lymphocytc lurfrcc.

Rcccnt rtudicc indicrtcd thrt romc entigcnic

'dcterminrnt sitcs on tho pHA molcculc

'rnd thc lymphocyte surfrco wcro eharod,

-a! lyrnphocytc. trcltcd with snti-pHA
rntibodicr wcro unablc to rcspond to plIA
,\l2l) Thcrc appcrr to bc e g.owrng

rcccptrncc that thc rcquence of ovcnts in
thc normrl immune rcsponsc may com-
ntcacc whcn antigcnic matorirl is phago-
.cytozcd by r macrophagc. ( 122 ) Subsc_

'qucntly, thc antigcn or antigcn fttgmcnt
rs bound nonrpccifically to machrnism

from that of the antigcn-incluccd rclction
in which thc rnrcrophrge plays e crucial

"aolc,

METABOI,IC CHANGES IN PHA .
SIIMULATED LYMPHOCYTES

RNA. SYNTIIESIS

Accclcration of RNA synthcsis has

6ccn dctccted in lymphocytc cultures
within 60 minutre aftcr the cxporurc !o
PHA. ( 123 ) and incrcncd logrrithmicrlly
{or the next 2+ hours. Ir rcaches mrxi-
-mrl r13gr bctwccn 4E and 72 hours afrer

165

erpolurc following which thc rrtc rcccdcd

torrrd prcrtimuhtioo lcvcls by 9 drye. (36,

121, l25l As r conscqucncc of pHA sti.
mulation, rynthcrit of riborome rnd non-
ribosomrl RNA incrcrrcd.

PROTEIN SYNTHESIS

Rcsting lymphocytr! producc rrprll
rqtouot8 of ptotcins, commcaruratc with
tbcir quiclccnt rnctrbolic ntc. Following

crpoturc to PHA, protcin ryathcrii ir
sigaificrntl:' clcvrtcd by 3 hourr (125) rnd
rcrchcr I mtximum rt 2 to 3 dryr. It
har bcen crtimttcd thrt lOG lymphocytc,

produccd tbout l0 u8 of protcin ( rbout I
porccnt of thcir wcight ) within 24 hour.
(16) Protein synthois is clscntirl to lym.
phocyte trunsformrtion, as blut ccllr fail
to derclop in the prcrcncc of protcin in.
hibitors. (74) Scvcrll sej1"r. rgrccd thrt
frcshly iroletcd lymphocytcs incorporrtcd

lrbclcd uino rcida into meny cluscr of
protein, hrptoglobin, and a vrricty of sub.

st.nceg including all cl|lscr of imlluno-
globulins. (23) PHA-stirnulrtcd lymphocytcs

se€m to producc all the veriticr of protcinc

svathcrized by unstimulatcd cells, but in
grcrtc. amounta. Although cerlicr inycs.

tigrtors had ldcntificd gameglobulins as

th6 predorriornt protcin synthesizcd by

PHA-stimulrtcd lymphocyto, most of thc
reccnt workcrs hevc found thrt thc mrjor
protein of thca6 protcins is nonimmunolo-

sic. (26, 126, I28, 13l, 133 ) Of thc im.
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munoglobulins produccd, l'HA-trcated lyln-

phocytcs sholved cithcr x stnall incrc2se

il3l, 112) or no significant increrse abovc

thc controlg. It was Postulated that thc

lymphocytes rcsponding to thc nonspccific

mitogenr mu:t rcPrcaent a population dis'

tinct from that p(imcd to rcspond to sp€cF

fic lnti8cns. It may be conciuded rt thc

prcsent time that PHA (end aho thc anti-

gen ) -rtimulated lymphocvtes produce valt

qu.ntities of protcin of which immunoglo-

bulins constitute but a minute fraction.

While tpecific entigens may induce antt-

body svnthcsis directll', PIIA may cnhan-

cing the producticn of antibodies only in

antigen 'sensitizcd lvmphocvtes in which

specific antibodl' production is alrcadv

programmed. lt is y.t to be dctcrmined

whcthcr PHA does in frct enhance tmmu.

noglobulin production in a cell already

geared for such synthesis, or whether PHA

causet the recruitment of rrerv cclls into

an immunoglobulin-svnthcsizing pool.

DITA SYNTHESIS

It nppears that oni-t" bltst cclls svn-

thcsizc DNA and proceed to mitosis' In

tho circulating blood only a small fraction

( lcss thrn 0.-5 Pcrcent ) of morphologic:tllv

small lvmPhocyto incorPorlte tritinted th!'

midinc into the i)NA. ( I 37' 138 ) \{hcn

iocubatc<l rvith PltA, the mrjority of thc

cells rcplicatc I),r*A. Within l8 to 2+

hour zltor lxposure to I'II'\' l)NA srnthc'

Vol. 5 No. 3

sis remains at a low lerc1, then attain t

maximum at 2 to 3 days ( liigure 2- 3 )

Aimost ail of thc cellr slnthesizing l)\A
hrvc becn identificd rs bl,st cells on thc

eutorrdiogralirs. l)erccnt transformation

and labeling indices show good correlation

in thesc cultures. (139) It is also notcd

bv many uorkers that cven in zctivclv

gvnthcsizied cclls, tbc numbcr of cells in-

corporating thvmidine (autoradiogrrph ) is

always small than the blast-like cells.

This is probabiv duc to thc presencc cf

an asynchroncus populrtion of lvmpho

cyter in culturcs rather then the possibi-

lity of the prcsence of | {actor ls) iohibi

tiag th1'rnidineincorporrtion. Thcsc

l8vnchronous Ivmphocrtcs go into s-period

(which is rathcr short period in thcse cells,

approximstel-v 6 to S houn) at diffcrent

timcs. In addition, it is probabJr that not

all cclls th:t become activatcd will erngage

in D\-\ svnthcsis and not rll blastogcncnc-

sis leads to rcplication. (14()) 'l'hercforc it

depcnds rrlrn the technique of meisurinp

the thymidine inc.oporstion, the spcciiic

nctivity of tritailed thvmidine used. the

total amount of th,vmidine, lnd thc durs'

tion of incubation ia laboled thvmidinc,

thc rcsultg mav be cnornrouslv difcrens-

(l-{0) 'l'hc kinetics of R\A synrhcscs cnn

be investigatcd by exposing alternzte cul-

turcs to 3[I uridinc or 3H-thymidine, res-

pcctivelv. tr{etabolic lesPoD!c mav be
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-a!ssssed in individual cells bv autoradio-

:eraphic procesring of culturca exposed to
3lI or l4 C-labelcd precursors. This tech_

nique hrs thc advantage of differentirting

167

cell tvpes that are activc in mctabolic

synthesis end is particularly useful in de-

lineating the pattcrn in which macromolc-

cular synthcsis evolves thc cells. (6, 142)
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flEI,EASE OF LYSOSOMAL ENZYMES.

Shortly aftcr siimrrlation of lympho-

cytcs by mitogens, within 24 hours, there

'is an increase of lvsosomal enzvmes. The

only enzyme that h:ls beeo found in

supernates following PILA. stimulation is

acid phophatrse. Ii:rlies it rvas thought

thrt it wts releaged from the cell throueh

'to:(icitv or csll death. It has rcccntiv

bccn shown that, following phagocytoses,

and concomittant with it, therc is release

of lysosomal €nzvmcs into thc supernrte.

r his is not accompanicd b"v relcase of

othcr cytoplasmic enzym€s, therefore,

apporrs to bc relativelv spccific, Shortly

afrer stimularion of lymphocytcs (within

18 minutes ) there is an incrcase of endo-

< vtosis, and it was speculated that, similar

RNA SYNTITESIS
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to thc PhtSocytosia, thcrc il I rclcrle of

lysoromrl cnzymes. (143)

OTHER METABOLIC CHANGES.

Therc carlY chrngca wbich rrc ob'

scrvcd to occur in thc rctivrtcd lympbo'

cytct lrc rcccntly rcvict'd by Hirrchhorn

(l+3), Cbrngc! which occur in thc nuclcu!

ere: chrngcr in rtrrining of hirtoncs (rc-

Irtivcly nonspccific ); rn incrcrrod rcridine

orrnge binding (elso nonapccific sincoPHA

will cruse tho similrr chrnge in polymor'

phonuclcar leulocytc lt wcll t! thc bl'!t

cclls )l incrcrsc binding of lrbelcd actino-

mycin ( spccific ); dccrcreed r*istancc to

hoat dcnrtufltion of nuclor protcin; in'

crer. temPlttc capecity; incrculd RNA

rnd DNA synthcli!.

Chrngcs which hrve bceo dcrcribcd

in thc cell mcmbrane arc: iocrcrucd phos'

phrtidyl inoritol synthcai! $hich hr! bccn

dctcct ls clrlt lr l5 minutcs rftcr crporutc

to PHA; incrcracd in phorphrtidyl cholino

end edcnyl cyclas. rctivitict with rn in-

crcrrcd in rbrolutc lcvcl of cyclic AMC"

Vol. 5 No. 3

MORPHOLOGIC CHAI\|GES ACf,OM-

PANYING LYMPHOCYTE STIMULA_

TK)N.

Two or tbrce dayr rftcr tlrc lympho'

cytcs in culture htvc bcen cxPolcd to PIJA,

large, primitivo - appcariog mononuclctr

c.ll! predomiortc. Thcrc ccllr Po8s.ss n

lcptocbromrtic nuclcut (cnchromatically

rtaintng), one or morc Promin.nt nuclcoli,

abundant blopbilic cytophcm and r coll'

diamctcr of 15 to 30 microns. A clcrr

pcrinuclcrr tret rnd numcrou! vtcuolca

mrt rpPc.r in thc cYtoPlalm' Thcsc

mitoticrlly .ctiYe cellt have bccn vrriously

callcd thc bhsts, trrnsformcd ot lctivrt.d

lymphocytcr, lymphoblosc and PHA cclls

Cclls, intcrmcdirtc in sizc rnd cytologic

dcvclcpmcnt bctwccn thc snall lympho-

cyte rnd thc bltlt ccllt (trrnritionrl ccllr)'

lrc rccn i! profulion rfict 18 to 30 hour+

of culturo with PHA, but nrl bc fornd

thoughout thc cultutc Pcriod-
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FICI/flE .4 : PERCE.\TAGE Os DIFF.DRENT. TypES OF LyMpUO:yTqS IN
I CULTURE DURINC STT\,1UL.{TION TVITH PII,I,

I

Thc blast cells that develop ir pHA-

trcatcd cultur$ cxhibit an enormoug in-
crcrsc in ri tosomes, an hypcrtrophicd

Colgi apprratJs, and a scant rmount of
rough.surfaced eadoplasmic reticulun. The
trtnsformed cells arc quite active in mi-
cropinocytosis, which rccounts for numer.
ous vclicl€s within the cytoplasm ( 5 ).
Mitochondrla arc increascd in numben
and mr.ry elcctron-densed acid phosphataso

bodics arc locatcd in thc proxircity of thc

Golgi apprratur. It was obscrved earlier

thrt both tr.rnsformcd lymphocytes from

tubercuiia sensitizrtion (14+) rnd the blssts

seeo in thc mixed leutocyte culture ( l{5 )

exhibit thc fine strucrures thrt arc indis.

tinguisbablc from those obscrvcd in thc

PIIA-trrnrformcd ceils. Parker et al (146)

hrs recently found that bundlcs of cyto-

plasmic fibrila are obsrrycd in rctivrt(d
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t-rrnphocytcs anC blasts in hurnln mlxed

tymphocyte cultures Similar bundlcs are

net acen in thc PHA - transfora'cd cells'

Ihis morphologic obgcrvation fur:her indi'

.atc that thc trsniformed cclte observcd

.n mixcd lymphocyte culture and PHA

culturc arc not identical'

Rcports differ 8s to the PrcPortioog

of human blood small lymphocyte popula-

tion which are caprble of undergoing

traosformation to blast cells under thc in'

fluence of the mitogenic agent PFIA but it

scems to be gencrally agrccd that it is

only a fraction of lymphoeyte PcPulation'

Oppcnheim et al (3-1) estimated that 75%

of human blooC lymphocytcs capable of

transformiog undcr the influenco of PHA

witbout taking into account loss of smrll

lymphocltes or division of transformed

cells. Howcver, the lorrer average value

of 6094 (45-7394, is observcd when losr

rnd grin rrc also considercd. (75) In fact,

Vol. 5 No. 3

in thp absence of PIIA, approximately t09l

of a lcuto:ytcs in thc cultur€ died in 48

hours (75),

Sequentirl study of rat lymPhocytes

pulse - labeled u'ith 3H'thlmidine revcalcd

that initially only the transformed cclls

( blast plus trlnsitional cclls ) incorporated

3H-thymidinc while lcss thao ll1' of rmall

lymphocytes bcing labeled' By 28 bours

after the pulse label 26% of small ltm'

phocytes ere labelcd b'rt rhc labeiing in'

dicts of transformed cellg oscillated as the

labellrd cohort traversed thc ccll cyclc'

After having s6lqhsd mllirnal numbcrs

at 2 to 3 days, blast cclls decline and thc

culturc consist largely of labelcd small

lymPhocytcs. Thus, after one or morc

divisions, blast cclls may rovert to t res'

ting 3t.te, again assuming thc morPhologic

fertures of small lymphocytes 'l'hese

quicscent cclls can be restimulttcd to 
'ield

a sccond spurt of bh.st dcvclopmert (148)
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T'ACTOR] AFFEOfItG LYMPHOCI'TE

GROWTH I\ IN.VITRO CUI,TURE

Thc eflccts of contaminrted Phagocltes

ere d scus;cd abovc. Donor slnsitization

to v.riety of agents may influcnce lym'

piocyt: growth in cuiture such as penicil-

lin hyp,'r:cnsitivily ( 16, 70 ). Thc ph,rsi'

ologic strtur of a donor mry affect lhe

lymphocytc rc:lctivily to stimulation. Lyrn'

phrcytcs obtained from individunls during

virrl infcction, ( I+9, I50 ) postoP.'rative,

(l5l) and drug therapy ({7, 111) exhibit a

rcCuced respons.' to PIIA. In addition,

the mlgnituJe of the response of a nornral

individual mry bc rariablc when t(sted oo

diifcrent occ:rsion ( I52. I53 ),

SIGNIIICANCE OF IN VITRO LY[T.

PHOCY TE TRANSFORI\{ATIO:{ BY

PitA
'l'hcre is ccinsidcmble cvidcnce in favcr

of the vicw that the small lymphocytes.

prrticipite in specific cellular immune res.

p.rase such as graft-versus-host reaction,

(151, 155) homograft rejection, (156, 157)

dchyed type hyp:rsensitivitv, ( 158 - 160 )

:nd act as a carricr of immunologic me

mory (16l ). rfhc in vitrc induction of

Vol. 5 No. 3

traosformation and proliferarion by speci.

fic mitcgcns might reprcsont an exPression

of th: in vivo d,'layed type hyperscnsiti.

vity reaction ( 29, 30, 162 ).

While PII-\ prcdaccs a striking sti

mulation of lymphocytrs grc$th and pro.

lifcration reminisccnt of the immune rcs.

ponse, there is no cvidcnce th.t PH.{ acts

as an antigen, llorvever, transiormation

aod proliferation in response to PHA is a

chlracteristic of normal lyrnphocytcs, and

faiiurc of lymphocytcs to rcspond to PFIA

corlclatts rvell rvith immunoJogic incom-

p. tence ( l6l).

Thercfore, PH \ - indu:ed transforma.

tion of smsll ll..mphocytcs mey be regerded

as an in vitto mcdcl of at leart one phase

of normol imorune rrsponsc-namely lym.

phocytc proliferrtion. This rvould not

reflcct all of the aspects of immune com-

petence. lior instance, antigen rccognition,

immunologic rr,cmory, and antibody prc-

duction are mrst likely not reflected in

the respcnse to PIJ.{. PfIA-induccd trans.

formrtion of circulating lymphocytes ( in

vitrol might bo e:ipccted to tcat the com'

pctsncc of ' thymus-dependcnt " ItmPho'

cyres,
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A SURVEY OF THE rigl-rr4IrrTU PARASITES OF
FRESH_WATER FISH IN CHIANG MAI PROVINCE

Somchri Rrtrn.sritong, B.Sc. ( Med. Tech ) |
Michael (liks, M.S. *r

ABSTRACT

BctwecD November 1971 and Fcbruary 1972, l2 spccics of
helmimth paralitcs wcre rccovercd from 95 fishes, lepr.sestrng l5
frclh-wrter spccies from different arear in Chiang lltai province: The
following helminths are described: 3 epecies of trematode; Oreintocrea_
dium sp, Acsnthostomatid sp., mctacercaria of Opisthorchis sp, and
one unkonwn mctaccrcatir from Anabas lestudileous. Irour spccics of
ncmatod, including procamalanus sp, Camallanus alabantis, Cucul_
lanus sp. and GnNthostomt splnigerum lrrvr. Thrcc apccies of ccstodc,
Botbrlocepphalus rp:, Caryopbyllaeides sp; and rhe sparganum larvae
of Spirometra. Two rpecics of Acanthoccphela; prlli6enti6 gaboes, and
Neoecldnorhynchus sp. public health implications and cffcct on com-
mcrcial fishcrieg are discusrcd.

INTRODUCTION fish. The mcthode of preparltion are such
Io the nrrrthcrn rcgion of Thailgnd, that scvcrsl hclmith parasites arc rcgularly

cdible treshwater fish arc an rmport.nt transmited to mao in such dishcs as Koi_
source of rnimal protein, and thc fishcriec pla, pla_ra, pla-som, and pla-lab (6). .fhc

industry, provides both work and cash iofectivo st.gc! of opisthorchis viver.ini
income for thousands, of famllies varous Gnrthostomr spitigerum .nd Spirometra
specics of fish arc nised commercailh., or mgnsoni have rll be rcported frorn cdiblc
crught in thc rivcrs, canrls aod ponds fish (1,6,g,9, l0), A reccnt survcy of
end sold alive in local mrrlcts. 2,000 school childrcn in Chirng Mai city

Ccrtain northcrn sper:ially dishcs in. reportcd 12.6g positive for Opisthochis
clude rrw or prrtirlly coohcd or fclmeated eggr in thc stcol.

'Mcdical Tcchnologisr, I)cpartmcnt of pathotogy, Ramrthibodi Hospitrl, Bangkol.rr laltructor, Dcpartmcnt of parrsitology, Frculty of Mcdicine, Chiang Mri Uoiver:ity,
Chiang MaL
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Bcsides thc public hcaith aspects of

h:lminth parasitcs of fishes, endemic

disease rvithin the fish Populstion is rlso

r potcntisl tre.t to the fishing industr"r'

itself, Othcr than the ratber informal

work of Pearse, t'i ll { L . no systcmlric

survev of the helminth faurr of fish in

Thailand has been cried out. At the sug-

gestion of thc l)ePartment oi Plrasitology,

the Present survey hopes to contrlbute

more knowlcdgc to this imPortant subject.

Matcrials a:ld Metbods:

During thc period of survey 95 fish

bclong to 8 families, l0 gcnera and l5

specics (T-{Bi,E I ) wcrc collected at rrn'

dom from stalls in locrl market end from

the l)epartment of Fishcrics Station at

San Sai northeast of Chirng Mai. Mort of

the fish from the markets r'r'ere caught in

the-Mac Ping or Mgo Chcm rivcls sou!h

of Chiang Mai citv in Chom Tong districr'

Most speci6ens were eramined immediately

after death, being kcpt alive in thc labo'

retory in trnks until studied. 'fhc cxtcr'

nal surfrcc gills and mouth wcre carcfully

examined for ectoParasitcs and all organs

and tisgues wero disscctcd and pressed

hetweon glass Plates Attention was given

to recording rccurate counts of helminth

populrtions found. AII datr was rccorded

oo acceglion number cards in the f)cpert-

mcnt of I'aragitology, liacultv of lfcdicine,

Chiang llai Lioivcrsity.
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Stendard methods of fixation, prcserva'

tion and staining wcrc used: Nematodes

rvcre fixed in acctic acid, washed in 70%

alcohol rvith 5fl, glvcerine and evaporated

into prrre gllcerine for mounting and

errmination.'lrcmatodes werc rvrshed

first in snline and placed in trp r*rt.r in

tho refrigerator to expell the eggs and

rel:rx the specimens for fixation; cestodcs

and acanthoccphala wcrc left in the refri-

gerator until scoles or probosis wcre

everted; both rvcre fised in hot A. [. A ,

stained ia carmine, dchydrated throuqh

alcohols and rnountcd in permount. Spec;

moos not immcdiatly eramined lverc storcd

in lablcd glass vials in 70?6 alcohol with

5:i glyccrine.

RESULTS AND DISCT]SSION

Holminth parasites bclonging to 12

gcnera were recovcred during thc survcv

('fable 2 ), one unidcntified specics of me-

taccrc.ria was also found. Threc helminth

found are of knorv public health impor-

tance, i. e. thc metacercarie of Opisthor-

chis riverini thc infectivc larva of Gnatho-

stona and thc sPtrg.oum lrrva of Spiro-

metra sp, All of the olhcr helminth! en-

countered ma1' be prcsumcd to bc of some

importence io thc commercial fisheries in-

dustry, although no obvious pathology wr8

noted in thc host cxamined. Meagure-

meot! arc in microns, uolcss othervise

noted.
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TREMATODA

Or€intocrcadiom sp.

F igure I

Definition : Aliocreadiidae Stossicir,

1903 : Oreintocreadiinre yamaguti, l9-iS ;

Oreitocreadium fubrngui, l9 31.

Description: (based on 13 fixed rnd
staincd specimcns ) Ilobv small, elongett.

990 to 1.152 | I I I9 ) long; spinulate: Or:rl

sucker ll0 to 15,f ( 132 ) in dimeter, sirn-

ph; preph:rvnx subtcrminrl; pharvnx com-

paratively large 66 to gg (74.3) wide, liso_

phagus short I10 to 154 (127) Iong: intcs-
tinal cecr tcrminal nt posterior extromitv.

Tostes 66 to 110 (93.3) in diameter, in

posterior half of body, median, tandcm or
slightlv diagooal, cntire. Ovary 60 to iiO

(75), median, bctwcen ecctabulum and an-

torior tests. Dxtcrntl geminal vesicle
prcsenr. Cirrus pouch clavate, 110 to l9g
(176) long, not extcnding bcyond acetu-

bulum postcriorly. Uterus extending as

far ar postcrior extremit!,, egge small 1S

to 22 by I5 to lS; Vitellaria numerous
distribur.d in latcrsl fields of hindbody
from thr ovary anteriorly, to the posterlor
extreml ty

Host. Clarius brarrchus.

C. mecrocephalus.

Anabas testudineus

Habia&t. intesrine

Discussion: I'he genotypc, 0, batrr-
choidos 'l'ubangui, 1931, from Ltzon enrl
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four orher specics frorn India have been

reported from the same host rs in the
pae8e.lt studies, C'. batrachus. .ftvo 

addi-

tional species arc reported Channa ( Ophi-
cephalus r punctatus, borh trom India.

Iihrlil ( l96l ) rcported and additionat

spccics from C. hzera in thc Sudaa.

Cupta (19-il ) has revicwed the gcnus and

dcvised a key to the Iodian specics, but

until such time as his papcr or rype specr-

mens, are available, spccies diagnoeis is

not possiblc, The finding of Oteintocrca.

dium in C. macrocephalus constitute a ncw

host rccord, and 'fhailand, a ncw rango

for this parerite:

AcarthostomrtiC sp.

Figurc 2

Description: (2 poorly preserved

specimens, fixed and rtrined ). Body

elongatc 690 to 850 hcavily spined, Orrl
rucker funncl shapcd, 66 to gS widc by

4{ to 55 dcep, with circumoral crorvn oi

sPines. Pharynx dircctlv behiad oral

sucker; esophagus long, bifurcating just

anterior to acctab,rlum. Acetabutum 55

to 66. Tester diagonal, oosterior ro overy.

literus ertending postcrior to testes: eggs

small, l3 to 22.

Host. Clarius batrachus

Habitat. Intcre!tine.

Discussion: The condition of the
sPccrmens prccludet sccrrrate gencric dcfi-

nition and it is described hcre ss an aid
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to futurc Norkers. Although rescmbling

echinostome flules. with the char^ctcristic

pharynx rnd spined oral suckcr, the fact

that fclr of thc formcr havc becn reportcd

from fishcr, lcad thc author to tent.tiv.ly

assign thc spocimen to the family. Acan'

tholtomatidae, Pochc, 1 926.

Metacercarir of OPisihorchis viverrini

DescriPtion: ( 10 fixed and staincd

specimcns ) Ilody ovrl shaped, Iength 330

ro 360 ( 348 ), width 240 to 260 ( 248 );

oral suckcr 55 to 6(r ( 62 ), cxcrctorv

vcssol present, pr!nrordia of sex organs

pre3ent.

Host. Puntius gonionotus

Hrbitat. Flcsh of fins, muscle and

beneath sc!1e9,

Discussiotr : Specimens werc recovered

from thc flesh of dorsal, pectoral and

tailfins and from beneath body scales.

Scverrl hundred metacerciria were usueilv

found. Opistborchis infcction in human

has long been kno'xn in northern 'l hailand

( 8 ) snd its distribution in local cdible

fishcs has been recently studied (9 ).

Unktrown Eetrcercaris

Figure 3

Description: Body oval shaped, lcngth

242, width 2201- oral sucker 55, vcntral

suckcr 66i Esophagus 83 long from onl

euckcr to intcstinal bifurcrtion,

Host. Ansbas testudineous

tlabitat. in the flcsh of bodY,
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Discussion: 3 rPecimens Nere rc-

covered in the flesh of A!&bes testudi-

ncous, onlv one sPecimcn is complete.

CESTODA

A total of 62 specimens wcrc obtaincd

from the intestine and bod-r' cavitl of C.

bitrachus and C. macrocephalus 'l'he

nrost abundant \yas 3parganum larva, oc-

curing in 41 '! <,f fish e\amined

('f ABI,D 4 )

BothriocePhrlus sP.

Figure 4

Description: lJod" small, rotal lcngth

l2 mm, 560 wide at midbodY. Scoler

elongatc 111) long bv 55 rvido, club-shaped

rvith rpical disk, indcnted on cach surfical

edge, u'ithout hooks. Ilothria' shallow'

IongitudinellY clongatc. \cck iackinq.

Strobila with distinct segmcntstion. Pro-

giottides craspcdote, with more or lcss

distinct median lurrow and distinct mar-

ginal glovc.

Host. Clariuslbatrachus.

llabitat. Intestine.

Discussiol: O'rlY one sPecimens wag:

recovered, immaturc, without sex organs'

Specific iodentification was th€rcfore not

posaible. BothriocePhslus sp. atc rcportcd'

from a wide varicty of fresh - rvatcr fish

and m,rrioe fish of diffcrent frmilies (13)'

CarYoPhYlleeides sP'

Figure 5

Definitlont Crryophy)lidea Olssen,.
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1893; Crryophyllecidrc Leuclart, I87g ;

Crryophyllaeinac Nybclin, I922.

Dcscription: Body clongatc 1.5 to 3.g
( 2.6 ) rnm, ;n total lergth, ,idth it mid_

body, 264 to 374 (300); scolcx undiffcren_
ti3ted, Testoa rumerou!, mcdullary, en-

terior to ovsry rnd uterus, .medirn ficld.
Cirrus pouch oval, iargc; cirrus opcniag in
preovartrn rcgion. Utcrus not cxtending
anterror to ctrrus pouch. Ovrry ,, A,,
shapcd.

Itost. Clirius mrcrocephalus,

C. bstrochns

Habitrt. Intestinc

Disctssion: Thrce rpecimenr of this
para8ttc were recovercC, one \rag brokcn

during rccovsry. 'fbis spccicr has bcen
.eported from Europe, Russia, Finland,

but not in Asia, thcrcforc thc occurence

of Crryophvlheides in C. mrcrocephrlus

is a new hort rccord end new rangc for
this perasirc in As;a.

Spargrnum hrvac of Spirometrr sp.

Description: Body small, total l€ngth

3 to 8 (5.2) mm, 350 to 500 (435) widc.

Othcr fcrtureg unknown.

Host. Clrrius brtrlchus

C. macroceplalus.

Channr striltos

Habit8t. Inrcstioe

Disclssion: Sprrganr wcrc found in

large numbers in 4l% of fishes cxemincd,

prrticulerly in Channr Etritros and botb
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Clarius apecies ( Table 4 ). Whcn fed to
crt, the spargana developcd rnto typical
adult' of the genus Spirometra.

NEMATODA

C|msllrnus anabrntis, pearsc, 1933

Figrre 6

Defitriaion: Camellanidac Raillict ct
tlenryl I915.

Description: Mouth slir-like, buccal
cepsulc consisting of two lareral chitinous
v.lves with longirudinal lip-lite thictenings
intcrnally, teerh ab3.nt. l.rom tho point
of junction of the valvcs, dorsallv and

ventrally, s trident-shaped chitinous process

is dirccted brckwards. Esophrgus consrgt_

iog of a short antcrior muscurar porrron

and a long posterior glandular portion on-

larged posteriorly.

Mtl€ : (one adult spccimen )
Body lenth 1.94 mm., maximum width 88

at midbodv. Esophagus 26-1 long, mrxi-
mum rvidth -i5 at base; slightly swollcn

at posterior end. Ncsye aing 4+ from an-

torior extrc.nirv, 1'ail longth 132 lrom
enus coiled ventrtlly, Small caudal alac

present, about 7 pairs of costiform prca_

nal papilac, 2 pairs of small adanal and a

nurnber of portrnal papillae, spiculcs simple,

unequrl 55 to 67 long.

Female : ( .l specimens )

Ilody length 2.2 to 5.65 (3.43 ) mrn.,

maximum width 88 to I l0 (99) at nid_
body, Esophagus 220 to 308 (258) long
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and 4+ to 66 (53) wide at base' Ncrvc

ring 44 to 55 to 55 (+9 5) from rntcrier

cnd. vulve about midle of body' 1'00 to

2,5+ (1.41) mm' long from posterior eod;

uteri oPposed, posterior ovary lacking'

viviParous.

Host. Anlbas testidineus

Habitat Stomach'

Discrssion: This sPecies h's becn

previously describcd by Pearse' from the

same host, rs well as Clarius batrschus

end Channa (Ophicephalus) punctatus'

neither of which rvas found infcctcd in

rhi8 su.vey. Another specics' C' ophice-

phali was also reporeed by Pcrrrc from

Thailand in Channr strirtns' but did not

occur in fishcs examined by the author'

Procamallanus sP'

Figute 7' 8

Defirition: Spiruridea Diesing' 1861 ;

Camallanidca Raiiet et Honri' 1915 ;

Procanrallanus Brylis' 1923'

Description: Small dclicate wormg'

tapcring slightly tt antcrior end' 'Cuticle

rvith uniform conspicous transvclte ltrla-

tions Hrad bluntly rounded \lithout liPs'

moutb opcning rouod, directed 'nteriorly'
Buccrl cepsule, subgloborc' walls thickcned

postcrioriy rvithout obvious teeth' placgucs'

or sttlct. Lrophagur tapcring rlightiy'

broqdLcr .t brsc, not clcerly divided'

Excrctory porc in middlc third of escpha-

gus. Nerve ring near junction of firrt and
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second third of ccophagus. Intestine

eimple, without divcrtricuh

Femal.: ( 8 rdult sPccimcns )

l,cngth 3.3 to 5 1 ( 4'3 ) mm' maxtmum

width 77 to 121 (95.5) rt midbody Eso-

phrgur 260 to 410 (353.5) long and 33

to 88 (63.5) widc rt bese \'rve rinq 4{

to lll (q1.7); rverrge 25 6f" from ant'rror

cnd. Ovrrv in rnterior half of body' 0 lt

to 1.6 (1.21) mm Lltcri amphidclphic'

extonding to nerr rnus Postcriorly and to

osophrgeal - intestinrl junction anteriorly,

fillcd with hrge globose eggs; gravid spect-

mcns with nurncrous dcveloping embrl'or'

Yulva l.l to : l (1.?) mm' from anterior

(avcrrge 37.6$). 'Iail conicrl, 66 to 121

(88) Iong; dorsovcntral thiclnele rt lcvcl

of rnr-rs 39.6 to t+ Portcrior extremity

\vith two smill latc!.1 prpillae; papilloso

rt tip, Rrtio of tail length to thicLncas

rt 1nu8 L6 : I to 2.t- . l.

Mde: (3 adult sPecimcns )

Body length Z O to 2'1 (2'0) mm', maxi-

mum vidth S0 to 8{ ( 82 ) at midbodY'

Esophagus 230 to 130 ( 305 ) long maxr

mum width 33 to 39 (36) at basc; slightly

gwollen at porterior end. Nervt' ring 185

to 220 ( 200 r from anterior ertremity'

Spiculosingle, sleoder, conspicuously

strritedi distal cnd pointcd, and bent liire

a hook, 88 to 99 (93.5) long' 'I'ail curvcd'

66 to 83 (80.6) long and 39.6 to 44 (42"+)

wide at lcvcl of .nu!' Prpilhc paircd,

rixteen on cithcr ridc: olcvco prdnrl Pe-

duoculate' thrcs Postaoal Pedunculxtc' two

rchnrl (onc pedunculrte and onc sessilc)'
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Posterior portion terminates in bursa-likc

structurc dividod into a dorsal rnd a pair

of latcral lobcs: each of the latcr contarns

3hort |rtcral lobulc and a thick vcntral

lobulc with a peir of prpillary termiherions

on its inoer surfice; dorul lobule thick

rnore o! l€ss divided into a pair of latetai

Iobules and a papilla-like dorsal lobulc ell

supported by broed crudal alae.

Host. Chrius macrocephtlus

Arrbrs testudineous

Habitat: Stomach.

Discnssion: The taxonomy of the

gonug ls rather confuscd. yamaguti lists

more thrn 30 species, many of which are

probrbly syoonymous. Pearre ( 1933) re-

portcd finding 2 distinct spccics, p. kerri
and P. glossogobii from Glossogobius

giuras in Siam but did not describc them

Clrrius batrachus in both Ccylon and

India is the host for p. planontus (An_

nereaux, 1946 ) and in India for p. clrrius
(Ali, 1957) as well. Ncither of the hort!
rccorded herc har becn previourly rcported.

Until type maternrl from the work of
Pcarsc tnd Ali cen be eramined, no specics

dirgnosis can be .t atrcmpted.

Cucullanus sp.

Figure 9

Difinitior : Spiruridca Diceiog, 1S6l;
.Cucullnidac Cobbold, l g6l; Cuculleninrc

York of Maplcatone, 1926: Cucullatus
.1\4ueller, 1777.

l9l

Descriptiol: Ileed wirh two lateral

lips, each bearing two or thr.c pspiltae.

lisophagus musculer throughout with r
club-shapcd swclling po3teriorly, rnd di-
lat.d antetiorlv ioto a false buccal cavity.

Femrle; (6 specimcns)

tsody length 8 to l1.Z (9.4) mm., 366 to
380 (374) wide. 't'ail conical. Vulve bchind

middle of body,2.64 to 3.88 (320.4) mm.
from postorior end. Ovary amphidelphic,

oviprrous; eggs thin-shelled.

Mlle; (4 Specimens ) 6 to 9 (7.7)
mm, ln total length, maximum rvidth,260
to 340 (296) at midbody. 'fail conical,

bent ventmlly, 245 to 250 (216\ tonl.
I'rccloacal suckcr abscnt, caudal papillae

Prescnt: 6 pairs of prcanal, 2 pairs prraa-

nal rnd 3 prir! poEtrnal pappiliae. Spicules

simple equal, distally alate, 154 to 156

( 15 4.8) long; gubcrnsculum prcsent.

Host. Puntius altus

Habitrt. Int€,!tinc

Discussio[ : Spccie. of Cucullanus

have been widcly rcported from fisher of
revcrgl differcnt families but not from
Puntius altus, therofore this is a ncr host
record for thir parasitc. yamaguti, l94l
ieported thc presence of anothcr specrcs,

Cucullanus cyprini, from Cryprinus carpio,

Jrpro; in the prcsent invectigrtion this
parrsire was not rccovercd from eiglt fishcs

of tbe srmc spccies. yrmtguti recordr. 59

spcciea of Cucullelus, mrny of which are
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lynonymour; it is cvidcnt tbrt thir gcnus

ir in ncd of rcvilion.

Girtlori.rna spinigcrltn lrrrt
H.Nt, GAritr (Ofblccpbd!!) rtridos

HrHtrt. Smrll iatcttino

Dbclisior: Ooly cre rpciocn wrr

rccovcrod from thc int.ttirE of Chrnm

(O) drbrr collcced from Amphur Jom

torg, Chkag Mri. ?hc coroplctc cxporF

mcatrl cyclc h$ bc€n dcmonrtntcd by

Prommrs rnd Decttgrvro3 (6).

ACANTHOCIPHALA

Thc Actnthoccphrlrnc rre pcrmamnt

praritca whosc rdult rtrgce livc in thc

intcstine of vortcbntor. Thcir nrmc ir

dcrived from the spiny proborcit by rncen

of which thcy lttich thcmsclyca firoly to

thc host's iotcrtinc. Thc lcx rlc scp.rrtc,

rnd rn intcltinc is lacLing (7).

Two spccies of Acrnthoccphale wcre

rccovcrcd during thc rurvcy.

Fdlise is gebees ( MrcCallum, l9l8 )

Ncocchinorhynchidcr south wcll ct

Mrcfic 1952; Prllircntidrc Vrn Clove,

l92E; Pallirentis Vrn Clcrvc, 1928.

Ddcripfion : Bodt lcngth 2.78 to 14.

n 15.991 mm., trunl wlth e colhr epincs

anrngcd in 6.14 clotcly Bet rings near

$tcli6? cxtrqnity. Portcrior to this colhr

of rpin* ir an unspincd rcgion which ic

followcd by 20-25 widcly rprcrd ringr of

spincs, rumaining prrt dcvoid of rpincs.

Procorcir short, 440 to 572 (470.4) long,

cylindricrl to tlobulrr, with four circlc

VoI. 5 No. 3

of 6-10 hooh crah. Probotci! reccptrclc

rtliodri$l to .rccrtc, with ringlc lrycr

murcuhr well. Tcsttr cylindricrl, conti-

guou!. Ccncnt glnd loag, cylindricrl,

rtocylirl, cootrinin3 6 te 9 n[clci'

Hort. Cbrlr strirlrr
Chirs brtrrclrs

HrHtrt Intcttinc.

Discussien : Tro huadred tPccim.n$

lvcrc rccovcr from both horts. Thcse

spccimcna fitted clorely to tbrt of P. gr-

boes ( Mac Callum, l9l8 ). Orbcr sFcicg

of Prllis€otis fourd in thc Chtrn rp- ere

rcportcd by Agrrwal, 1958, io C (Opbice-

pbalut ) pnrctrtr$ Irdir. Bhrlerro, 1931,

rnd Brlir, 193J, io C(O. ) siriltus, Indii;

Theprr, 1930, io C ( O. ) ottrlhs, Indie-

NcocHnorhynchus sp.

Defhitlon : Neocchinorhychidea South

*ell et Macfie, 1925; Neocchinorbychidac

Vrn Chvc, l9l9; Ncocchinothynchinae

Tnvrlor, 1926, emcnd; Neoechilofhyn-

cbn Hemrnn, 1E92.

Dc.cripaior: Bodt urually rmdl,

cytildricrl, rpioosc. Lrcunrr syttcm con-

irtiag of msdiuo do6rl rnd vcntnl longi-

tudinal vcssch urd circular vtr-l! which

aaatomoce. Giant hypodcnic nuclci almost

rlways fcw (usually 4-5 doraclly and l'2
vcntrally ). Proboscir sbort, globuls; pro-

bogcis hooLs in six spiral lows of tbrcc

cachi rntcrior hools longer lnd stootcr

than othcr. Proborcis reccpteclc subcylin^

drical, racher rhort, single laycrcd.
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Adolt fcmtlc : 7 ro ll.Z ( 8.7 ) mm.

long, bcrring 6 rpinl rowr of 3 hmlr crch.

Thc cggr tc cliproidrl mcuuring 50 to 60

by l7 to 28.

Male : Body lcngth 3.50 to 5.00 (4.+)

mm., 3 50 to 540 (+30)., rneximum width.

Tcstcs contiguour trndcm, followed by

elongatc eyncytial crmcnt glrnd, containing

oight krge nuclcii cemcnt rescrvoir incor-

poretcd in porterior part of cemcnt gland,

Bursa bcll.shrped.

Host. Prngrsios l.nsudii.

Hrbitrt L.rge intcctin..

Discussion: Yemaguti lists 44 speciea

of tbc gcnus from rll ovor thc world, oc-

curing in morc thro 50 spccies of fish rc-

presenting many familier. Of there spccies,

Neoechino.htnchts tlstral€ Vrn Cleeve,

1931, North America,. and N. hutchinmni

Datla, 1936 Indie, arc siqrilar in rize

range. Thcre is no prcviour rccord of

Neoechinorhynchus from Thriland and

none fron the preseDt host, p. ltDaldii,

The authcr fe€ls thrt thcre ere insufficient

grounds on this cvidcnce tlone to creatc a

new lpccies, pcnding cxaminatioo of typc

matcrial or thc kcy to thc specie! by pc.

trochcnLo, 1956.

Conclusions

fhree spccics of helminths cncountcrcd

in this survcy .re of potcntial public

herlth importancc. All arc from pepulrr

food fishes in thir rrcr and havc bcen
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wcll studicd in thc past : Opiathorchig

mctrcercaria from puntius gotlotrotsf;

Gmlhostomr Epiligerum lrrva from Spiro-

motar sp. frortr sev€rrl hosts. Thc

habitual consumption of rtw or partially

cooled fieh will continue to bo a sourco

of infection d*pitc widcsprcad tnowlcdge

of thc drngcrs involvcd.

Although 56$ of the spccimens in

the survcy hrrborcd rt lcast one hclmiitth,

rnd scvcral wcrc found to be infccted

with 2 or morc spccicr simultaneolsly,

the parasitca appcarcd to bc qcll tolcratcd

rnd thcir wes no cvidcncc of gross patho.

logy noted. Infection of Prngrsins

larnaudii, on economically important food

source with Neaechinorhynchus sp., wcre

gcnerally very hcavy and could potentially

bc ,a cause of morbidity in this host.

Thc rcsults of this survcy indicatc para-

sitism does not constitutc I thrcat to fish

population in the Mac Piog River or

commercial fieh ponds at this time,

Two species, previously describcd

from Thailand by Pcarre (1933r Camalhnus

ambsntis, rnd Procemalhnus glossogobii

were rccovered and arc redcsctibed. Pcarse

also reportcd but did not describe on

acanthoccph8lan worm, FarztDdit (Prlll-

sontis ) ophiooephili from Opbicephalos

(Chrrnr) stristus. A similar specier,

Prllisertls goboes diff.ring in thc dirtri-
bution of body spines. wag rccovercd from
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rhc lme bost, 13 wcll es from Clrrils

brtrocbus.

The intcstinrl flukc, Oreintocrerdimr

is rcportcd herc for thc firlt timc in

Thrihnd rnd C. mrcroccphalur io r ncw

host rccord for thc gcnus' Likewirc' Nc-

oechinorhynchu!' thoulh dittributod

throughout thc world, h not bcen prc-

viourly rcportcd from Thrihnd, Inor from

Plngisius, itt locrl host.

Both of the ccrtodo prruitcr, Ctryo-

phylleeidcr tnd BothrioccPbslus rrc ncwly

rcportcd from Thrilrad end from ncw

hort. 'fhe formcr hrs not bcen hcrc to

forc rccordcd ouride of EuroPc.

Lrck of rdcqurtc, in couatry, librrry

f.cilitia togotbcr with thc mrny torono-
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mic uncertrintics rmong thc Scncrr cn-

countcrcd in this rtudy, hrvc mldc it

cxtremity difficult to nakr rcliriblc idcn-

tificrtion rt the rpccicr level It ir hopcd

futurc worl will clrrify thoc problcmr of

trxolomy rnd furthct inYcstigttc thc cco'

logy rnd lifc hirtory of the.c P.ra.itc.'

Slmmrry

During r turvcy on frcsh - srtcr fich

in Chieng Mri Prcvincc, twclvc sPccic! of

prraritcs rorc rcoccurcd, including 3 trc'

nrtoder; 3 cettad.!, 4 nomrtodct, 2 rcrn-

thoccphrla rnd one unknot met.cerc.ria

found in tho flcsh of Anrbrs tcrtudineous.

Thrcc rrc of importrncc rs lourccl of

humrn infcction. Opisthrocbir rp., Splr-

grlum rnd Gnrtho3tomr tPlolgoruD.
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Fenlly

Nandidre

Anabantinae

Cyprinidae

Cyluridae

Clariidae

Schilbeidae

Bagridae

Ophicepha lidae

TABLE I

Scicrtific Nr|[G

Tilapia mosambica

T. melahopleura

T. nilotica

Anabas testudineous

Pantius viehocveri

P, genionotus

P. altus

Morulius chrysophekadion

Cyclocheilichthys armatus

Wallagonia attu

Clarius batrachus

C. Macrocephalus

Pangasius lanaudii

Myltus nemurus

Channa (Ophtcephalus) striatus
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Commol Nemo

Pla moh

Pla moh hanglai

Pla nin

Pla mch Thai

Pla cao

Pla cao

Pra tapientoDg

PIa ka

Pla tapien

Pla kao

Pla duk dan

Pla duk oi

Pla ta poh

Pla kott

Pla chon
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Figrro a: Scolcx of Bothriocephrlus X 100

figure 5: Pootorior cxtrcmity of Crryolhyllre[es X 130



Scptcmbcr 1972 199

Fijrro 7 : II?td of ?rocru[llrtrls X 120

Figur. t: Poltcrior crrr.Ditt Procr[allrrui X 450

Flrre 9 : tlrld of Cccullrlur X 50
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EFFECT OF COLLOCALTA MUCOID MEDIA ON TOXICITY
AND NEURAMINIDASE ACTIVITY OF VIBRIO CHOLERAE.

By

Sureporn Matragoon, B,Sc, ( V1sd. 1s.b i rrPnyool Inboriboon. B.Sc. (Med. Tech. )' M,S"....Mrltree Sottajit, B.S. , M.S., p1r.p. ro.i-
Kropol Pensampol, M.D. ..r

ABSTRACT

A rtudy on thc cffcct of Collocalia mucoid mucin media on
Vibrio cholcrrc culturc was carricd out. Thc rcsult showcd that thc
orgenirm grew well in this plain mucin media and mucin secmcd to
induce the cnzyme ncuramiaidarc production end incrcrsc thc curturc
filtrat. toxicity observcd in rrbbit 8kin tcst. It wrs suggestcd to use
C'ollocalis mucoid or othcr mucrns as Vibrio cholerae cuhurc mcdir
for studying its virulence and pathogcnicity.

INTRODT.ICTION

It has been rcported that cholera
diarrhea is caused by an cxotoxin clabo-
rated bv choleru vibrioe in the small in-
tcstine ( 5, 7,9,23 ). Cholcra toxin hre
been isol.lcd and characrcrized (8, l0), Ir
is mixture of protcin and cnzymcr ( 2, 6,

10, 15 ). An important enzymc, which is

abundantly prcscnt in thc V. chol€rre cn_

tcrotoxin is neuraminidarc o cceptcr d.s-
troying enzyme (1, ll ). Ncurrminidaso

cataiyticellv cletvcs sialic acid or N-acetyl_

ncuraminic rcid from verioue glycoprotcrns

( 12), ncurrminyl lactore (13) and cell

membrancos (l+,27,281. Thc surface of

thc intestiorl mucosa is composed mainly
of sislic rcid-containing glycoprotcins (lg).

Vibrio choleree can differcntly grow

in various medi. such as rlkali pcptonc

wstc' (22), dcaoxy cholatc citrate medium

(26), trypticase telluritc taurocholate pcp-

tonc (20). Scvcral media has been cmployed

'Prrt of the papcr rubmittcd
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for thc purposc to gct e highcr Pcrccntagc

of poritivc culturc rcsults (21) ln this

etudy, thc suitrble mcdia for cnhrncomcnt

of thc prthogpnicity was totcd, according

to thc'fact that subculturcs of this patho'

gcnic organism in vitro cruscl r decreasc

or loss of thcir virulensc end toxicity'

Virulencc may be rertorcd by' itl vivo'

passagc through micc' Using in vitro

subculturcs to rctrin thc viruloncc of V'

chole e hts not becn rcportcd' Mucin

hes bccn uscd to incrcrsc virulencc of

somc orgenisms in enimal pasrage by mixcd

with the orgrnismr bcforc injcction (24)

This similrr cffoct should be studied in

cholcn.

Onc of thc common mucin in 'l'hgi'

land is Collocalil mucoid' Collocalie

mucoid is r mucin secretcd from salivrrv

glrnds of swiflct, liviog along the Prcific

corst of Indirn Occen. It lcts t9 a ce'

mcnting substrncc in thc bird's nest' It

is commcrcirlly avaihbte, sincc Chindc

and Acian pcoplc hrvc bccn cating this

bird's ncst as e delicacy for thcir good

hcrlth. Chcmically, Collocrlir mucoid

{rom the cdiblc bird nett is compoed

mrinlY of glYcoProtein ( l6)'

In this rcport, wc havc investigatcd

thc cff€ct of using Collocrlil mucoid as :r

culture mtdia of V. choloae on tbc toxi-

city aod the ncurrminidaso activity of the

orSrnllrD.

Vol. 5 No. 3

MATORIALS & METHODS

Collocilio mucoid: Thi! wor prcparcd

from cdible bird ncet bought from a local

mrrlct. Thc mucin wrg extraccd from

thc powdcrcd bird nest with warm wrtcr

es dclcribcd by Howc et al. (17).

Vibrio cholelre: Thc strain El Tor

Inebr Chachocogseo which givcs tho

lowcgt ncuraminidarc rctivity in rll six

rtrinr ( kindly rccicvcd from SEATO

Lrboratorics, Bangtok) was uscd for thia

rtudy. Thc frcczo-dricd orgrnirm was

rurpcndcd in l% alkrli Pcptonc broth pH

8.4, incubeted at 37'C for six hours,

thcn strcaked on blood agar Plstc to

obteincd isolated colony of Y' cholerre.

TryPtone broth: Becto trYPtone wss

purchrsod from Difco Lrborstoric', Detroit

l, Michigan, U.SA.

Three kinds of Medir w€l€ Prcprrcd:

1. TrYPtone Broth 2% Brcto trYP'

tonc in salinc (0.5% NrCl) wrr adjultcd

to pH 7.5 with { M NaOH The organirnr

from isolatcd colony on blood tSrr Plrtc

was suspcndcd in distillcd watcr to rcech

Mac Farland )io. 2.0 rurbiditv' Thc 0'05

ml. of cell suspcnaion wrt inocul'tcd into

20 ml, tryptone broth, incubatcd et 30'C

for 16 hourc. Thc culturc w'E ccntrifugcd

to rcmovc tho ccllr, and "thc suPcrn'tant

ftuid was filtered through tbc rnillipore

filter mcmbrrnc by using filtcring ccntri'

fugc tubc, Thic fittrrtc wrl rtrorhcd on
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blcod agrr platc in ordcr to tcrt tha

stcrilityr Thc culturc filtrrtc, control

in thir study, w.r 3tored "t d C for

dctcrminiag the ncuraminiilasc end toxi-

city.

.2. Mocin in Tryptone broth. This mcdia

wer mrde by rdding 0.2 gm. of Collocelir

mucoid in 100 ml, tryptonc broth preprred

rs abovc. Thc lrmc ati.in of orgrnism

wrs gubcultured into 5 ml. of this mcdie

for 10 tirncr, rt Z4-hour intcrvsls. Thc

troatcd organism was gtrcated on blood

egar phte to get purc irolated colony. 'fhe

same turbiditv aod volume of-ccll durpen-

sioq wes used for culturing in tryptone

broth to obtain culture filtrate ar abovc,

'l'hc culturc was broughr for determinrtion

of neuramirlidase .ctivity.

3, Mucin Modir No tryptone war

uscd in this media. The medie contained

2.7 % Collocrlis mucoid in 0.5 7. NaCl.

The pH of 7.5 wes also adjustcd. Thc

stmc str.in of V. cholerie was trcatcd in

5 ml. of this mcdie with seven subcultures

at z4-hour intervals. Finally, thc trertcd

organism was culturcd in tryptonc broth

aftor isolating on blood rgar plate, to ob-

tai[ r culturc filtrltc ar dcacribed bcforc.

Thc culturc filtrrtc was tekcn for dctcrm!

nation of neuraminidnc rctivity and toxicity.

Dctection oI Toxicity :

By uring skin tcst of rabbit, the toxi.

city of thc culturo filtntc war indicrtcd
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by thc cdcma or lwclling of thc enimrl

slin, An rliquot of 0.2 nrl. of tbc culturc

filtrrtc was injccted intradcrmally into

rabbit brct sLin aftcr hair rcmovrl. A

5-minutc hcatcd culture filtrete wts rlgo

ruo as a control. Any visual change of

the injectcd skin was rccordcd.

Determination of N€urminidrse Activlty:

Dioappearance of bound sialic acid in

Eubltraic war uged as the cnzvmatic acti-

vity of ncurrminidasc. 'fhe action of

neurrminidecc is to hydrolysc bound rirlic
acid into frce moleculcs. Orogomucoid or

scrum L-acid glycoprotcin rvas uscd as the

aubstratc, The substratc was dissolvcd in
acctatc buffcr ( 1.25 gm, orosomucoid in

100 ml., 0.075 M ecetete buffcr contain-

ing 0.3% CaCl2), prc-incubated st 37'C,

then the substratc rnixturc and thc choler.

culturc filtratc rvere rnixed togcthcr with I
yolume ratio of 4 to I rcspcctiycly.

As aoon rs the cholera culture filtrate

wrs rvell mixed with thc substratc mix.

.turc, 0.2 ml. rliquott of thc. incubation

mixtu.6 ivere witbdrawn at 0, 5, 10, 20,

30, 60 and 90 minut6. Thc aliquots wcrc

hert.d at 100'C in boiling water for 3

minutes to stop enzymatic ,ction. Bound

sialic acid conrcnt in thc incubrtion mir.

turc ras analytcd by periodrto - rcsoreinol

mcthod (19). A dccrcasc of bould lailic
.cid wirbin 20 minutes of incubation timo

indicated thc initial rctivity of thc eozymc;
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RESULTS

Rsbbit Skin Test for Toxicity' Thc re.

rult is cummrrizcd in Trblc l. Thc cul-

turc filtrrtc obtrincd from the originrl

orgenism grvc no rign of owclling on thc

nbbit skin within 24 hours. It shrwcd

a littlc swclling in 48 hours' end on the

third dry thc locrl lcsion wrr obrcrvcd.

Neuraminidrse Activity Tablc 2 rhows

thc activity of ncunmioideso in thc cul-

turc filtntcc using ororomucoid at r sub!-

trcte. lhe rctivity of cnzymco is ex-

prcrccd as Units per ml. culture filtrltc.

Onc Unit oI onzyme i8 .xprdscd .s thc

In thc crsc of mucin medir prcsub-

cultures, tho orgrnirm produced thc cul-

turc filtretc which rhowcd highcr toxicity

thrn thlt from thc original untratcd onc,

For it grvo thc obscrvrtion of ekin swcl-

ling within 24 houn rnd thc local lcsion

occurcd rt 48 houn rftcr inicction.

TABLE I
'Ioxicity of Vibrio cholcrrc culturr filtrrtc from difforcot culturo mcdia by rabbit

rkin tcat.

Culture media
Swelling observation in

24 hrs. 48 hrs.

1. Tryptone broth

( 
"" "ontrot )

+

t Mucin presubcultures + ++

cnzymc thrt crn libcrrte onc ugm. of

sirlic rcid from orosomucoid lt PH 5.5

in 15 mioutcs !t 37'C (25). Erch initial

vclocity from the plot rhown in liigurc l.
is uscd in crlculrtion.
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Incubatlon tine ( min. )

'fig' l' I,nzymatic activity of ncurrminidasc in v, choreree curturc filtrrtcr obtaincd
from diffcrcot typcs of subculturc mcdie; x_x, control, E _fl, mucin trvD-
tonc subculturc medie, 0_0, mucin subculturc mcdir.

TABLE 2

Ncuraminidrsc rctivity of v, cholcrre culturc filtrrtes obtrincd from diffcrcnt culture

'media, Numbcrr in prrcnthescs are numbcrs of subculturcr,

Culture media

iu subculture

Tryptone broth (0

2{ Mucin in tryptone Urotn (tO)

Mucin only (Z/

Enzymatic activity
(unit./'r, )

,c

rno
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DISCUSSION

Mcdir rnd othcr phyricrl conditions

play rnd importent role in toxin Produc-

tion trhcn V. chalcne wr! culturc in vitro'

Richrrdron (23) hrs rhown that thc tcm-

pcreture rnd pH influcnce thc 
'ntcrotoxin

production, thc ent.totoxin yicld is grcatcr

at lowcr tcmPcraturd ( 25-30'C) thrn at

higher tcmPcrrturcs, ind t PH r'n8o of

7.0-7.8 is rn oPtimum pH for toxtn pro-

duction cYGn though thc orgrnirm grows

bcst at thc PH of 8'2 (5)' Chugh et rl

(3) uscd rcvcral diffcrcnt mcdia to culture

V. cholcrre to obrcrvc both toxicity rnd

ncureminidrrc Procuction for comPrriron'

tlc fouod thrt thc two rctivitics lhiftcd

to tho 3ame dircction in any Lind of medir'

In thir studY, mucin wrs shown to bc

e vcry simplc modia for Vibrio cholGrre'

No othcr intcgndieot was necdcd to make

it carrichod. Thie mcdia was madc to

imitatc thc naturc of intestinal cpithclium

which contrins mucin3 or glycoProt€ins

(18). It was observcd thrt cven thc orgt-

nism wl culturcd in phin mucio eolution,

it waa eble to grow quitc wcll. Thc ro-

rult rhowcd th.t aftcr the orgrnism wls

incubrtod rcvcrrl timcr in mucin medie it

tondcd to givc r higher dcgrec of both

Vol. 5 No. 3

toxicity and ncuraminidaec ectivity' but

with only a littlc limited rmount. If thc

culturc filtrctc wrs dircctly prcparcd frcm

mucin culturc without finll usiog tryPtonc'

culturc, both activitica could hevc bccn

cyeD mone increrscd. 'I'hc nutricnt th't

thc o.ganism u!.d could be just thc gly-

coprotcin, which nccds ncuraminidrsc to

split neur.minic rcid out first, bcfore the

bactcria would digcst thc remrining clrbo-

hydrate and protcin moi€ti.s.

Thc effcct of mucin medie on Y.

cholerre culturc ghould bc furthcr iavcs-

tigetcd. This rcault suggcsted thrt suitable

gubstratcr might call forth thc enzymc

ncuraminidasc et sn ad.Ptivc enzymc'

Sorne othcr kinds of mucin compound may

bc bettcr or pcrhepe gomc other ruitable

subttsocc and some physicrl conditions'

rrc nccdcd for more Production of ncura-

minidasc and toxin' 'fhcrc conditions

should bc similar to that in tbo intcrtrnc

of the cholcree pltient' I'iotlly thi! might

bc an oconomicrl mcan! to cnhrncc thc-

vilurcncc or inducc the enzyme production

of Vibrio cboleno by in vitro rubculturcs,

io€tc.d of uliog in riro ordcrlincss r3'

gcncrrlly cmploycd by microbiologist'
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FOUR ANTIBIOTICS SENSTTIVITY TO MICROORGANISMS
IN LOCAL WOUND INFECTION

Yupa Supelert, B.Sc, (Med. fesh. ) r

Vilai Chie.nmongkoltip, B.Sc. ( phar. ), M.S. .r
Kampol Panasampol, M.D..'

Abstract
'fhe susceptibilitv to antibiotics of microorgxnilrns rsolatcd

from various wouncls and burns infections of th. patients in Nakorn
chiang Mai Hospitar werc investigsted. 'I'he antibi.tics sensitrvities
test rvas performed by serial tube dilution method to four antibir,tice;
Soframycin ( Framycctin aulphate ), Garumycin (Gentamtcin), T.erramy_
cin (Tetr.cvclinc), and Colimicin (Colistin methane rodium ). F.rom
79 spccimens, the ieolated organismr were Staphylococcus rlreus ( 34
strains), Escherichia coli (10 sttrins), protcus mirrbilis (g strains),
Klebsiella ( 7 strains ), pscudomonas serugrnosa (7 strains), and [nterc-
bactcr ( 4. str.ins ) rcapectively. 1'he rcsults indicatrd that g-(% of rhe
isolated srrains of Pseudornonss arrugrnoia wcre scnsitive to garamycin
and colistin, and 25% were lhorvn to be rcsistant to Soframycin. In
caec of Staphylococcus a€reus, g/-.5%, g1.4%,61.g% lnd 61.gg6 werc
sensitive to garamycin, sofrarnl,cin, terramvcin and colistio respcctivcly.
.Almoot all strains of Proteus mirabilis $.ere r€siltant to all antibioticsi
All straino of Klebsiella wcre sensitive to garimycin ard only 42.g./
to the other three antibiotics. Enterobrcler werc found selsitive ro
garamycin, sofrrmycin, colistin rr.d terramycin at thc perc.ntsg. of 75,
50 and 25 respoctivelv.

zrrartryrsinmtunni rdg{ludBtrr.LtTrlr oF crll.a,ltlct rvr.a,tIttrEIDtGtA& TECITlrTOl_ocy
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September lg72

terial substaaccs in vivo rs chernotherapeutic

agents dcpends primarily upon thc sp€cific

action of auch substanccs, r.g;rding to

selectiye oction on thc microorganirms

IntroductioD

.{ntibiotics have boeo successfully

employcd in thc treament of infcctionr
discasc. fhe feasibility of using antibac-

I Depertment of.Patholegy, Faculty of Mcdicinc, Chirng mri Univcsity.
" l)epartment of Microbiology, Irscu.lry of Mcdicine, Chiang Mri Univcrsiry.



without significant harmful effects on thc

host ( 3 ). The microorganisms drffer

markedly in rcsistancc and sensitivity to

thc vrrious antibiotics, not onlv betwccn

gencra and spccies hut rlso h:r'v:en strains

of the srme spectcs. 'fhcv mry produce

cnzvmc to neutreliTe anribiotic auch as

l'enicillinaso in StNphylococcus auraus

rvhich can inectivrtc penicillino (l) Some

oi rhem havs mLrtztc into reiistant strain'

ro some .ntibiotics. Ilcwevcr, lt iJ not

neccessar! to test the s:nritivity of somc

orgenisnrs such as f)iplococcus pncumonir'

Stoptococcus pyogenes, Ncis.eria m€nin-

gitidis, and l'leisseria gonorrhea ( I I )

Ileceuse they ara elwavs scnsitive to

penicillin.

'fhe wound infection is usuril' causctl

by contamination ot serrounding bactorlr

rvhich inciudes bactcria from skin, clothcs

.n,l dust. (+) Staphvlococcus aureus ir

thc most frcqrlently fouod in this c'se

rhc orher include Stroplococcus pyogenes

(Lancefield's group A )' Spore forming

bacilli, (Acrobic aod .{naerobic) Enterococ-

ci, hcmolytic and non-hcmolytic strcPto-

cocci, Diphtheroids! (;rsm ncgrtiv. inte!linrl

bacilli, Pseudomonase,rcruginosa, Protcus

Pasturelh septica (5).

ln casc of post operrtioo the inflama-

tion oi rvound is mostly crusctl b1

contaminativ.- StrpbyloCoccus Aureus f ronr

air, nasal cevity ot rtaff holpital, or from

Vol. 5 No. 3

skin, clothcs, and blankets of thc paticnt!

(6i.
fhe prtionts with burn infcction are

Ircquently fouod infected rvith Pseudo

monrs, Staphylococcus, Sterptococcus

phyogencs, Other orgunisms Iess frcqucntly

found in burn infections arc Protcus'

Klebsiella and Eoterobtcter. ( 7 )

Raber er al ( 2 ) performod an expcrl-

mcnt of Bacterial resist.lncc to sntibiotic'

finding rhrt rhe number rcsistancc srrains

of microorganisms to antibiotic rvill

increese with the period of that antibiotic

userl. It is then imPortrnt thit suscepti-

bility of Pithogcnic organisms isohrcd

from pltients bc done to Suidc to the

sclection of propcr antibiotic for tr'atrnctrt

Matcrid and Method

l sPecimens and organisms

'lhe sPecimens "'lcrc 
srrab frorn

inflamation arca both superficial gnd deeP'

from operativc incisions tnd burnc from

p,{tients at O. P I) of N:rkorn Chiang

llai HosPital. A frcsh slvab wirs

inoculated into thc follotring media; Blood

agar, \lc Conkey agrr, D\lll and 'l'hio-

tslycolati broth ( for anaerobic organisms)

l he trrnsport mcdia was trvptri' ase soy

broth rvith sterilc cotton srvab in l0 ml'

test tube. l'he isolarcd rnicroorganisms

from sPecirnen were ldentified by using

biochemicrl t.st. ( llailcy & Scot (l)l'

'fhc pure cultureo wcre preservtd in
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trvpttc?sc sov agar, and storcd ,t room

tcmpcralurc or refrigeretor.

II. turtimicrobid agcnts

l'our antibiotics wcrc uscd in the
cxPerimcnt :

L Soframycin 2. Colimrcin 3. Terra-

m\.cin and 4. G.ramycin. Thesc antibiotic

werc dissolvcd in stcrile distill€d watcr to

make conccntration being 2000 mcg or

unit / ml and dividcd them to 4 ml. in

each bottle store in dccp freeze for stock

solution. Solution was thawcd aad it rvas

dilutcd to 200 mcg. or unit/ml, for using

in the test, and the rcmaining stock

solution from each tclt wrs discarded.

III. Susceptibility testing method

Stock solutions of antimicrobial agcntr

were thawed and dilutcd wirh stcrilc

distillcd water, the final concentration

bcing 200 mcg or unitiml. 'fhe rerial

dilution of rntimicrobial \yas done usiog

t.ypticrsc soy broth a! dilucnt to mrke

conccntration of 100, 50, 25, l?,.5, 6.25.

3.125, 1.562, 0.781 and 0.36 mcg or

unit / ml., the final volume being 0.5 mt.

Then 0.5 mi of I : 1000 dilution of

ovcrnight culturc of organisms in trvpti-
crsc soy broth was added to cach

xntimicrobial dilution. Incubatc 37. C

ovcrnight rnd rcrd MIC (Minimal lobibi.
tory Conceotrr:ion).

Res|llts

'fhe tottl of 79 strains of verrous or-

2tl

grnisms uerc isoletcd from rrcund infcc.

tions 8s lhown in trblc l Strpbylococ

cus alrre[s wat thc prcdominant microor-

ganirms. 'l'hc Minimel Inhibitorv Con.

ccntration of each organisms to four anti-

biotics wcrc shown in tabte 2. rvith their

MIC standnrd of antibiotics shown in

table 3. fhc perccntrge of sensitive, in

tcrmidiate, and resistant of orgrnisms to

antibiotics are showa in trble 4. Most

strains of Stiphtlococcus aurers, pseudo-

monrs aerogirlost, proteus mirebilis,

Klebsielh and Entembrclcr arc scnsitive

to ger.mycin. Most of the strains of

thele microorganicms rrc rcgist to terra-

m 1'c in.

Discussion

The dctermination of susceptibility of

pathogenic organisms to antibiotic is very

important in thc sclection of antibiotic for

thersp\'. The organisms are diffcrcnt in

their sulccptibilities ro intibiotic!. Therc

ric many methods detcrmine susceptibility

of organisms to drugs, but the qurntitr-

tive accuaacy onc ir scrail tube dilution

mcthod. Maoy factors such as; pH of

media, incubation time, inoculum sizc, rnd

stability of drugs ( 8 ), may influcncc in

the detection of minimal inhibirorv con.

centration of each drug.

From mrny report (9, ld) we found

that the strains of Staphylococcus aurous

isolatcd from horpitah rcsirt pcnicillin.
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'lhesc incidenccs hrvc becn tttributcd to

thc frct thrt large-rcrlc usc of pcnicillin

in the horpital hrs wipcd out th. Fnicil-

lin ecnsitivc Stlphtloccus eureus; thug

remeining only rcaistrnt variants (usually

producing pcnicillioare ). A similar situa'

tion has .ccur.d to gram - negrtivc or8a'

nisms, cspecially hospital strrins' 'I'hc

cxcelsiv6 us. of drug lcad to supplession

of drug sugccptible microorgrnrsms ttl(i

favors thc survivrl of drug rcsiltant oncl

such rs; Aerobrctcr, Proteus, Pscudomo-

nNs sPecies.

l.rom the resulti it is expected thrt

garamycin lnd soframycio src e:(ccllent

tor thc trcatment ol local rvounrl infcction

Although sofrrmycin' only has intcrmidiato

sensitivity effcct on strains of Pseudomo-

Table I

Staphylococcus aureus

Escherichia coli

Proteus mirabilis

Pseudomonas aeruglnosa

Klebsiella

Ente robacte r

B-HemolYtic StrePtococci

Gram-negative Anaerobic

Ba cilli

Vol. 5 No. 3

nrs reroginos& Srlcida rnd coworkcr(30)

rcported, howevcr sofrrmycin wte the'bost

drug for thc trcatdtctrt of corncel infec-

tion c.use bv Pseudomolrs reruginosa

without nny harm to normal ocular tissue'

Most of streins of terted orgsnisms

wcrc Dot sensitive to lcrramycin. Thcse

might bc duc to thc wido spread use of

torrrmycin rcsulting in climination of

tetraccycline sensitivc orgrnisms.

ln addition sofremycin and garamyein

tre active sgainst gram'positive cocci tnd

gram-negstive bactcrir including penicillin

rssistrtrce Staph!lococci. lt is thoreforc

useful in the treatm€nt of mixed orga'

nisms in wound inf€ction. Both soframJ.'-

cin and gsrrmycin ere relrtivclv new aflti-

biotic, so the p€rcettige resisting orga-

nisms is not very high

?9 Isolated Organisms from various wounds, Abscesses and Burns'

Isolated Microorganisms No. of Isolated

34

I

7

Total organisms
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Trble 2

Minimal lnhibitory Conc.cn*rtion (MIC ) of 79 strains of Isolated
to four antibitics,

Orgenisms

o.ss f zzx

o.78fs

t.s6f 3

3.125 f I

l0 Strains of

Escherichia Coli

1.s61 3

tz.sf 1

> toof 6

213

organisms

34 Strains of

Staphylococcus

asreus

8 Strains of

Proteus mirabil

7 Strains of

Pseudomohas,

ae ruginosa

7 Strains of

Klebsiella

toof4

> loo/30
orsf rs
o.78ftz
, a r,l,
tz.sil
z5.o f z

so.of7

> toofl

o:3sfB

o.78fe

| .56f 6

3r2sfB

6.2s f z

2 s.o f 1

6.zs f 1

t r slr
2 s.o f s

-s 0.0/ r

t.s6fl
6.25 f 3

0.3el I

12.5 t 3

6.2 s f 1

zs.o f s

so.of i
o,a)! J

tz.s f I
25.0 f z

> loo/l
3.1?5

6,25 f 3

toofl

M l(l (mcg/ml) lM Ic (mcsimt/

J.t a)l J

6.zs f z

t2.sfl

t2 sf I

zs.o f t

so/r

toof2
> roofl

3J2sf I

t2.5f I

toof s

> t,oo f t

1.s6f 1

3rzsf2
6.zs f 3

100/1

o.iBf3
| 56i3

toofl

so.o f 2

10012

> t00/l
0.3 e 1 2

o.iBf 3

t.s6fz

0.78f3

3.t2sl1
12.5 f I

s 0.0 i 1

> toof l (co n ti nue)
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Organisms

4 Strains of

Enterobact€r

Trble 3

Showing the standard limit of

"sensitive , Intermediate , and

Mlc
'r r"rl,
.^-t-tr.zt J I

loo/l

Minimal Inhibitory Concentration for

"Resistant" strains.

Vol. 5 No. 3

f8m

*l' o.sglzz = 22 strain of Staphylococcus aureus has MIc = 0.39 mcg/ml

Antibiotics

Gentamycin

Colistin

Tetracyclin

Streptomycin

Sensi tive

(,n"g/,"r)

Intermediate

('o"g/'nr)

Resi sta nt

(r.e/-r)
> 10

> s0{) u/ ml

> 5.0

>25

*Streptomy"in 
have Chemical Semilar to Soframycin'

6.zs f .l
2s.01 L

loo/I

0.78f I

r.s6/1

so.o/ 1

> roo/3

> 2.5- 10
I> 100-s0 0 u/ ml

> 2.5 - 5.0

> 5.0-2 5

5 z.s

<. 100 u/ml

5 2.-;

= 
5.s



!q>:: rt

oct
!r sr-lloo
^(n;F
8.8

o+

I'd
5+

:' Gl

tt^
xr

ry]l4
E.= f
ad

l'

{

tr,xt'otrt|,
3;P I3 3 o $!D(rgEnlrtrE0:.!*Ese.7g ;: |!. 5 c, :. F. ;[;EEa.r-E; 6 a i: !

:ca\o-rXl"o-.-r'
@..,'Q;

)oOurO

tasrQ

o

0c

ls(,

8

r;-a.J o o,

r., !s

-rJ
t---

o

bt

as

+F
sr lj i ,.,vr@(,a€

daL
+NN)

oLoo;a

.r. -ts oo bJ-|1,l.))_rgur6€(^o5

Fl
o

&

rqa

bt

;?

+0.pl'9'-rc3
ttlxcaoora

,.
pii:*

r.o(.oc
GI

}E
o

F

F*o
Ill rl

'n;6
(tt a; I
!rxt'5x

=o
o



216 Vol. 5 No. 3

REFERENCES

llailcy & Scott: Dirgnostic Microbiolo-

gy 2 nd Edition P. 56.

Barbcr, M., & Dutton, -{.A.C. : Anti'

biotics - Rccistent Sttphylococcus out-

breaks in r lvtcdical & Surgical \{rrd

Laacct 2;64, 1958.

Weinstcin. IV.J., et al : .{ntimicrobial

Agcnts & Chcmotherrpv l96ll. -4mcri-

cao Society for Nlicrobiology' Ann.

Arbcr; l-7, 1963.

4. Toplcy & Wilson'r: Principle of bac-

tcriology & Immunity 5 th Edirion, 2 :

1802-1807.

5, Iluang, Cr., et al: f)rug sensitivity of

Protcus Spp. J. Clin. Path., 2l : 103-

106, Jrn. 68.

6. Marples, R,R.: Effcct of Aotibiotics

on thc Nasel flora in acnes patients'

Arch. Derm. ( Chicago ), 99 | 647 - 51,

Jun.69.

7. Mac. Millan, 8.C..: Gentamicin in

thc Mrn.gcment of 'Ihermal Injuriea,

J. Lancct. Die., l19: 492-503, Apr;-

Mry, 1969.

8. Pcterdorf, R. G., M. D. , & Scherris, J-

C,, M.D.,: Mcthods rnd Significrncc

of in Vitro testing of Bactcrial Scnri.

tivity to drugs. American Journal of

I\ledicine, 19 : j 66-1i7, 1963.

9. Spink, W,W.: Staphylococci infcctions

and the Problems of Antibiotics-resis

taot Staphylococci. -q.rch, Int. Med.,

91:-167,195+.

10. Stephcnson, J.B,: Rcsistancc of Ps.

acruginosa Lencet, I : 1098-9, 31 May,

69,

11. Salceda, S.R., M. D., ct rl: Subcon.

junctival l.ramycctin in Pscudomonas

acruginosa Cornal Infcction. Reprinted

from thc Philippine Jouroal of Opthal-

mology, I :128, 1969.

12. Schncierson, S.S., and Armsterdom,.

D.: A simplificd tubc procedure for

the routine determination of bacterial

scnsitivity to antibiotics. Amer. J.

Clin. Path., 31 :81-86, 1959.

3.



"lrc1rlyrnfiRn.lru J4d rda\.lur.i
;:'-"=-TI -i;3iH?xi_: Vol. 5 No. 3

September 1972

rio t[OU T??IOR€{17

Errthrocvtc C.ontent of Free protoporph!rin

in f'halassemic Svndromc

C. Lyberatos, (j. ChalcvelaIis, .{. I'latis,
N. Stath2kis, A. panani and C.. (jardikao.

Actr l-lcmitologica \rol. 47, \o 3, t97l
( P. r 64-167 )

lUntt fn A0t 1 rit Erythrocyre

protoporphyrin ( fe ) lunurJon ua:

ntia'frrrit Thalassemia

trt1lli1u Infl nuI iFt|Jn1i14n niJt 
.lu 

fl u

rinfi zo nu ilril'arnr:rorLnriao, rol

R0I:30U Hemoglobin 14 gm,[. serum

tron nOt', Saturation Total Iron-
binding Capacity ltnni'l ro% lfirir

-LEP 25.6 _ 9.54 ug/ too,tl mt

erythocyte range 11-38 ug/toornt f.
1tnUh" hetorozygous B-that.

(mino.) ar nulfirir Bp 7o.4 ! 2z.ts

,,*/fOO .t erythocyte rang +4-108

ug/roo rt r.
IURU t! homozygous B - thal

(*";or) zo nulfirir np - 83.3 +

23, {2 ugf rcO ml erythrocyte rang

5s-1s6 us/100 ml E

ilnntl flnat t'tnn.jr rirn'li unn ri1r

I Ut14 U lnt0 naxnlitlunuin thal.

assemia.

&{tq/-
0ryfd n nfliu !',19,

n.Sc. (naea. recl.)

Phagocytic Activitv of Multiple

Mvelonra C'ells

Patricia l.erguson rnd Paul L. Woff.

Loboratory \'Icdicioe. 1 :32 - 33 ( 1972)

}{UqU ln Muitiple Myeloma t1'
d 4 ! 4 {iuut luut1fl2u 75 U tlU?Ul.t]U!ofi?!

All'l'in0l external dyspnea IAj mild

substernal discomfort iiorr rnn'l tflll

ll lJ:3 :91 IUU Arteriosclerotic Heart

Disease uldau nrr0: rir rliln 1!]il'l;

dnuru:nfl1nqJaJtl llJ!flUI1lJtri,rff:01-

nlrnotnll lflnt3nn lnnrt cBc:l'
white blood cell count 6,000, hemo-

globin 8.6 tlfli blood indicies nn'

{1nn110t'toyn{tn-nu'ir atbumin tfigl

Z.tt gm. globulin fl10.1 8.6 gm. Unl

}lU monoclonal gammapathy.

4 | v a d4
?'lu l!fi rnnanofl 'ltuulnda lrtrJ:rnnl'
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^.t
Bence-Jones Protein'luuf,fl1?: l!0J

t1nn1lRl2tyl1l microscopy flUU; hya'
.ae'V

lin casts illUlU tnilq afl tI lu u

A. - 'l
i flx 0l n 11flt? 0lluvlil lR ru ag )1nl Jnn ru

"iri uon" demineralization. Bone
I { re

narrow smear In t nlri Plasmoblast
^ldnl 1'['lU]l?nu u phagocvtosis !01

platelets, red blood cells [nJ lym-

phocytes loatql'r; platelets uo: rbe

AJ-a.!
n!0nnulrlnYlf,n nll lnt r]Jl0ll! ntd a n dlrj

Erythroid, MYloid Ia! MegakarYo-

cytes UBtldl

Iflsilnfiun"r Iuyeloma cells n: ll
tc

[flor 1]n4n'l:$n e l phagocytic activi-

ty fa rbc, ptateletes u10 lYmPho-
, -\ /4 \ !

cytes. nAUuUlU ( U 1953 ., 1l11lltll1

tUl.lll{ VIU Plasmacytic p ha gocytosrs

nat rbc 1u periferal blood [nJ bone

marrow smeas nalaul! Plasma Cell

Leukemia. lfll., n]t?lild0lflil ca rbon

particle tt1'lu:1lnlfln0lfl li Multiple

Myelona rU"jl Mveloma cetts lrin'u
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Comprrison of A M.cro & Micro Method

for Detumining Red Blood Cell Fragility.

Bctty Dsy Quick, Amarican Jounal of

Mcdicaf 'Icchnology 38, 163'170 1972.

Micro Method Yr'li [UnU 1 Red
J.l -d

biood cell frsgilitv lllllil'ltnat Mc-

Cormick. druiu M""ro Method 1i

ir'lal Louin.or, MacFate. iolid lol
Y'1

Mc Cormick 11ll lflllll buffered

saline (NaCl 180.0 gm.. NaHPO4

27.37 gm., NaH2 POa-H2O 4.86 gm.

^Yua
nJal!'iuu14nu 2 0n1 J lul.l stock

solution.

i1n stock solution UM!l dilute

2 : t o illfi 1% Nacl riolilunrt tir
.J

14 serial dilutions. ll concentration
Vl

nOt NaCl nluOt O.ZS'a lU0l 0.90%

[iAJ dilution ll concentration 0llllll

0.05'[ Working solutions tl'lfl"lltln ]l

reAe. A * e
ll nll uL AUolnu contamination.

1i Hematocrit capillarY tube tit

tRlalllllllJll 40 mm. llflJ 5C mm. nin

n1U 14 tubes. [d working solutions

nllunlt0 40 mm. [aln 0010tfl a01u0l
4trae
!0 50 mm. Seal lJ0lll0llhllillllttlfl'l

nirnlr"r rianudrufirnionrlrhilrirl
.t { '. 

e Y.Y
a!11t1 1 tuunl: mix iulunl nr l')

foreign materiar 6olrifr phagocvtic

d: : ln:&na
,/\

B.Sc. ( Med. Tech. /

activitY'
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30 u1t1' Centrifuge g urn" un-tdru

tl0l0{ heEolysis

r1nnt1rili0uril'riuflnt0tn1rri1 micro
l.^r

mctbod Un ?t!Bt LeviDson MacFate

il:rn4ir1iraonr"or1nfirf,!fi"urrn ndrr
1e r^ J.
R0 tuat nn l0!R lHt8grnon t3 rlI tnn

hemolysis 1u tube 0.40% J 0.20%

1U rni.ro method un: 0.4S% 0.15%
e

! o.oz't 1u .""ro method, nuli r t
a4 1ail lUU Lead poisoning l;!:II hemo.

tysis 1u tube o.3o% druiu micro

method unJ 0.35 % dul'u In""ro

method.

, 
2|9

?! micro Method t0t0tl t rbc
11 I

fragility l{ltflnntlnn?t micro method
tl'.e

ff1s tcnlr rurildolrrnru"stnir 1i
d . t - I - a.l -,-. arn0ntl[1uu0gallruuran rs'linurin il

lilvenipunture !110 orJn:nriniallifi
a'"

n13?tn tfl 111 ta{1! [83!t UttJA0tu olJu03fln
I u a va

11 00nIlnnn0l tnnlfi 0t nU macromethod.

t
ufl1 3IRltAfl

d:ilt tj]f,:3nari
B.Sc. ( Mcd. Tcch. )

l
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Organisms in Stool. 3 | 107, 70. 6g.
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CERCARIAE
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Shigella. 5 : 123, 72. Leptospiroeis. 5:91,72.
AMMONIA Microorganisms, Sampling for. 4 : 145,

Plasma, Effect of Timc and Tcmpcra. 71.

turc. 5: lll, 72, Mollusks, Larvae and Cercariac, Z:
AMYI,ASD 22,69.

Scrum. 2: tl7, 69. Mosquito, Culcx fatigans. 219Z,69.

_B- Mosquito, Fauna.2:71,69.

BLOOD Opisthorchir, Cercarire. 4:27, Zl.
Stool Occult. 4193, 71, Opisthorchis, l\r.tacercariae. 4: ll3.

BAT 71.

3 | !45, 70, Rabid Dogs. S: 4j, 72.
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E. coli, Isolation of- 2:92, 69-

PENICILLINASE

Falsc Antibiotic Resirtancc, I :7, 6g,
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