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Abstract

Several observations were made on the tissue culture of Toxoplasma gondii (RH
strain) with use of HeLa cells for a host cell line, with the object of obtaining the
fundamental knowledge of the growth of the parasite in the tissue culture. To
assess the growth of the parasite in the tissue culture, the infection rate of Hela
cells and the relative number of infective parasites were counted: the former was
expressed by the percentage value of the number of HeLa cells invaded by the
parasite, among the total Hela cells observed, and the latter by the total number of
parasites found in 100 HeLa cells on a microscope. Results achieved were summariz-
ed as below:

1) The infection rate of HelLa cells ascended up to 6 hours after the parasite
inoculation into the HeLa cell culture, then trended to a gradual descent. The
relative number of infective parasites was found to keep a rise up to 9 hours after
the parasite inoculation into the culture.

2) The addition of lysozyme (1 mg/ml or more) or hyaluronidase (6 units/ml or
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more) into the tissue culture of the parasite brought about an increase of the infec-

tion rate of Hela cells as well as the relative number of infective parasites.

3) The pretreatment of the parasite with sulfisoxazole (10 mg/ml) for 4 hours

or sulfathiazole (10 mg/ml) for 2 hours shortly before the parasite inoculation into

the HeLa cell culture did not appear to inhibit the growth of the parasite in a 6-hour

cultivation.

4) The pretreatment of the parasite with 1% of the HA (Hemagglutination test)
—positive human serum (HA-titre 4,096x) or 0.01% of the rabbit immune serum

(HA-titre 65,536 x) for 30 minutes or longer resulted in a noticeable reduction of

the relative number of infective parasites in a 6-hour cultivation.
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Table 1. Composition of tissue culture medium

Hanks’ solution (10-fold concentration)

(A). CaClp l4g
Aq. dest. 100 ml
(B). Glucose 10.0 g
NaCl 80.0 g
KC1 4.0 g
MgSo4 « 7TH20 20g
KH2PO4 0.6 g
Aq. dest. 800 ml
(C). 0.2% Phenol red 100 ml

Culture medium

(A). Hanks’ solution
(10-fold concentration) 50 ml

Aq. dest. 450 ml
7.5% NaHCO3 2.0 ml
Penicillin (200,000 U/5m1) 1.25 ml
Streptomycin (1.0 g/5ml) 0.25 ml
(B). 5% Lactalbumin hydrolysate 50 ml

(C). Bovine serum 50 ml
PH7.2~7.3
7z,
4, M|HEEE

HeLa MR fEFREES 1202,  $E3%H 2% 5.0%10.0
cm? O (PAMD) %\, Hela #ifzo HLS
B 15 ml 24 L, 2B TOEHL, 37C
BHERIE AT o o, MRS O B LB LB Tl
ABEL, Mg sEiomFmadc—attciis
HOEEEYL, RNTEERAYET, 0.25% Trypsin
& (Puck #i© 0.25% D Trypsin % &) #inz
THIfR AT HEBEL, 1,200 rpm (=200G),
545, biEAET, B0 Hanks WOt
WL, RESA%EC, HLS CCHMIERIBELED,
P BRI o UGBS B 2T o 1o,

Tp LR DO DT Hela Moz ciy,
FEROMI LM EE 2 3.0x5.0 cm?® CNEHD) ©f
¥Eiz, My~ (1.5%1.0 cm?) % AN, Hela
M HLS K 5 ml #45FELT, 37C WCHER:
FaiTote, To HEREILTPHERCR THRE LR,
HeLa #ilao 4885552 Db DT ER/T5 & &1L
1z,

5. RhoRk
~ v AJEHERIC RH $ko Tp (RIRIAV108) %32
HT5L, ZhDRYE~YALEE 4~5 %8

LTCHETT 525, FECHIOBI BT, EFENAEK
1ml ®2REEERICEAL, ZhixHoKELT, ik
5 B D %< ORKFFIRT S, BRI LICEERRE
VL 800 rpm (=100 G), 54fhEIELT, JEMENE
HA LD A REL, LEKO Z%E DI
3,000 rpm (=1,500 G), 104 L T, Tp BhR
B LY, IO Hanks WE Nz, BEC
U TR 2 5. SR ATk R A
WTHEL, FIEORECHR LI,

6. RBAH %

B~ v AR ID I LA Tp 2HEE LT,
HLS i X 2R A EY, PIERECHRT
5. COFEHEFIRR R BEME L LT, UToRRY
froic.

1) 7ELEMaTH 5 Hela filah~o Tp DRA
PR LY Tp BPEICDWTHIZE L,

2) Lysozyme(Worthington Bioch, Corp.#Lih)
F#2itHyaluronidase(FHBIFER 75 — €2 - 72)
FEMCEML, Tp Bk LS TpEr@aLr,

3) a7 7HIE LT, N’-3, 4-Dimethyl-5-iso-
xazol sulfanilamide (LZ A%, w1 7ovEH
e, LITF Sulfisoxazole &EE#K), ¥ LU Sulfa-
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{FAEIL3XT Sulfathiazole & & LTERE LD %
Av, Thblk Tp LaFHIERREME LD, %
DED Tp AN 15 5 W HR T D vk BB LIk,

4) #i Tp FKEABMEE E7ix Te FREREER
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%72, Tp ® HeLa MlaN~DRAMK S LV Tp
RRGE OFE K DI E R L o1, B
%, @77 < &ED L, Hanks HT1~2[E
WKL, SR TCHRISHE BKAx/—2
THEE, F2FRTHR 05HRE L, BERO%R
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TWTFiE® Hela MiJaEHsRs Tp B L& EHE
L.
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f&cieh, 8 BETHRRE # 8.5fETH. Lo
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Inoculate Tp suspention
in HLS culture medium

=

Hel.a cell culture

Rectangula—rglai; HLS culture medium

: lIncubate at 37°C

1 for 2days
I} Pipette off the
culture medium

— e
Q Incubate at 37°C
e for certain hours

—— Microscopic examination

for HeL.a cells and the
parasites on the: rec-
tangular glass stained
by Giemsa’s solution

Fig. 1. Schema of experimental method

4 B

Number of HeLa cells (x 10%ml )

L 1 L L 1
2 4 6 8 10 (Days)

Fig. 2. Growth curve of Hela cells.

Note : The culture medium was exchanged
every other day.
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Fig. 3. Number of parasites in the liquid part of culture medium

and the infection rate
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40 |-

190 x 104 ml

102 x 109 ml

43 x 10Yml
22 x 10% ml

Infection rate of Hela cells

14 x 104 ml

{
3 6 9 12

( Hours )
Fig. 4.

Hourly measurement of the infection
rate of HeLa cells with differed num-
bers of parasites in the cultures ino-

culated.

(%)

120 - n 120
Parasite number inoculated :

260 x 10%ml

T Y187 x 10y ml

100

- — 100
80 — 80

60 -1 60

40 ' e

Relative number of infective parasites

20 R 20

Fig. 5. The infection rate of HeLa cells and
the relative number of infective para-
sites.

(Notes) Solid line : Relative number of
infective parasites
Dotted line : Infection rate of Hela
cells

Infection rate of [leLa cells

9 (Hours)
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3. HeLa gRamisr & Tp RELBOMBFR

FERIRIHERE S & 4 260x104/ml ¥ X Y 187X
104/ml OFERPIFE T, #iic 2), L&{ALHET
Hela Ml fE L, BHEESE 3, 6, 9WMHEE, &M
#SAEYE, HFRLT, F—EAD Hela HIfakk
HBE L Tp REPELRHTHRLE,

# 5 RIIFAEOBERELR LI DT, BEDHO 3
Bl CE, S OmBELIISFAUMET, Tr BRLE
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BE L bz, B—0 HeLa #ifarhicdeod, o Tp 25
BATHHENEL < ABI L, BIVEHICEALL
Tp OWHEITHATWDEZ L LY, Tp BRYEN
Hela MUMRBARAIIANCEETOIRE e &%
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AER T OBATIG LT, ZomMBEYHEL,
HBE Tp BEPBOATERTHZ L& L,

4, Lysozyme F7:=(+ Hyaluronidase %{FjnL7=
BE0 Tp BMEERE

A) Lysozyme

3rO=Aaar vtk 4« HLS B8 40ml %
Ah, Tp FEHFWHRE A 2 VXV CERICHEL,
260x104ml RE DT HIFHR LB, 2 7 O HIF
W IZ & 4« 1 mg/ml, 10 mg/ml 1T/ 5HEIC Lyso-
zyme (Hanks JIZT¥EL, Millipore B3 TH®
BIGE L) %L, FhErpEa 185 (64
1FEET5) ORE 2 HED Hela MAORERK
ERAREAT L, STCILEERER L, 3, 6B LD
IR K « 2 ARG 6 ALY L, Gy T 2%
s, Gl Ak, BY17O=Aar<viho
Tp BRI E LT, Lysozyme 2¥iL 7o
R L,

#6 BIUHE 7T Lysozyme DRSS Hela
MIRERER LU Tp BRELOBFRERLE. K
BEEE 3, 6K IV IBHETIX Lysozyme JEEEM
10 mg/ml OHPBACN T, Hela HIFURGKILXI RG]
TR 2.46%, 1.3f% X' 1.2f%¢7ch, 1mg/
ml DHFTHRTH PP ABOIORGERY 5 b5
xR L, ¥h Tp BHECH\Th, Lysozyme
IRMGUIRONCTI L, 5558 3 35 L 0% 6 BERAEIT &
P ECEEE R U,

B) Hyaluronidase

AERTHEH XN Hyaluronidase (3iff/e 458
Fuo BIHREEL U 7 BASRR 4 Hyaluronidase
BEBEC T VY IVICTEIRL, BEERLCL 0T,
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—%&rh Hyaluronidase 500 B (unit) 84451
DTHSH, FHECHG Tp FHEETL 190 x 104/
ml T, Hyaluronidase (¥ 6 u/ml 3 X U¥ 60 u/ml
I DRERIICTRinL, SEBRM(EL Lysozyme @
BEEERTH -7,

<
N

10mg / ml
Img /ml

Control
— -~
40

30

Infection rate of Hel.a cells

20

Parasite number inoculated :
260 x 104 ml

1 |
3 6 9 (Hours)
Fig. 6. The infection rate of HeLa cells by
the addition of Lysozyme into the
culture medium.
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Fig. 7. Relative number of infective parasites
by the addition of Lysozyme into the
culture medium.

5835 XUH 912 Hyaluronidase DEE L He-
La MMREHRE XU Tp BREXRLLELOT, K
HPEfES 3, 6 XU 9RREClL, Hyaluronidase
BEEAS 60 u/ml DBEITHT, Hela MMmRR:
MHBHICH L, & 28 1.36%, 1.2f%, 1.2f547ch,
6 u/ml DBHFLCNTLHBENHL, HFA0LE
Ex R U, T Tp RSB H T Hyaluronidase
HINGUIRBOIC L, B onE Bl R U,

M OEERCHH SRRSO Lysozyme ¥k
X O Hyaluronidase DMLY, FlHEEBRHT,
HeLa MBAORMYs L OHIld DILRRBIC ] D%
B2 ERFER Ui BT,

e
(7

60

60U / ml
50
” 6U /ml
FS _ Control
i 40
E — — /
: /
<
2
2 0 /
i~
S /
S
€ / Parasite number inoculated :190 X 104 ml
= 20 f-

it 1 1
3 6 9 (Hours)

Fig. 8. The infection rate of HelLa cells by
the addition of Hyaluronidase into
the culture medium.

P
2 140 |-
7 60U / m}
i

g 120 6U /ml
.% /'Comrol
bt 100 P
& o
= 80 - /
i=}
Z %0 /
:E / Parasite number inoculated : 190 x 104 m]
= 40
4 i /
2
& 20
£

| 1 [

3 6 9 (Hours)

Fig. 9. The relative number of infective pa-
ratites by the addition of Hyaluroni-
dase into the culture medium.
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5. Tp Ed% Sulfisoxazole ¥FT7z{f Sulfathia-
zole THIAE LB AD Tp AMIEREE

Tp ® HLS BRI LRy 7 7 FlaFiEREC
Iz, —EHEE 37C TRVTER ISR, BiEE
% HLS w2 EHELE#L, 2L Tp % He-
La Mific@fE L, eRMHSERE LB Tp K
ErBELL.

A) Sulfisoxazole

Tp ® HLS BEKr 3 r D=2 VISR
HL, ThTZPhERo EHMAREK Ficik Sulfiso-
xazole & N%, FEHIBER 0 IR, 0.1 mg/ml
X 10.0 mg/ml L7 ARSI L, Tp B
BEIL 335x104/ml TH iz, ThHHO=ZfMAaL~
v 3TC TfEb, MTERREIEE 2 10 ml 308
HHL, 3,000 rpm (= 1,500 G), 547f5&E%,
LEZTC, Fi© Hanks ¥T 2 BEhELIE#EEE, HLS
10 ml THF Tp BWHKRAFR L. - OFBK
5ml %, /NEMHA G- R%E 2 HE® Hela §ifad
WATHAAT, I 6 I BSRE, Sy o 2%
BOHMUCTEZ, REL, SRS, 355 &
Lo2H5 Tp XEEBIVEIHL, 2EDZDL
W X - T, EF L oEmME#D, Hela st
CHET DIV BEE L Ui, BICHEFIDBA

10

lOOL\

90

Number of parasites inoculated :

ok 335 x 104/m1

0%
60 |-
50
40

30~

Relative number of infective parasites

~ Control

0.1mg / ml
10mg / ml

20

10

{ | 1

e
15 60 120 180

Length of pretreatment

i

240 ( Min. )
Fig. 10. Length of the pretreatment of parasi-
tes with Sulfisoxazole and the relati-
ve number of infective parasites.
Note : The concentration of Sulfiso-

xazole used were shown in the
figure.
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Fx155 & L, AL ERZIFROBSHED L
BaiTofe, DL OUBEREEZ & T, FiEos
BB & S RERIEL .

2 10 X% Sulfisoxazole * DRI E Tp B
B LoBRERLIL DT, Sulfisoxazole & ¥l
fo Tp XEAICIEL, TpEREILPETLTY
2%, MEOMICITZF LW EIRD O ote, ¥
7= 10 mg/dl & 0.1 mg/dl OFEFREORICL T &
A EEIRD D ishwlc. REGRH IO ER &
4 Tp 2% Hela MlQCEMET % ¥ CoORHEIRVE,
Tp BHEIMET L7,

B) Sulfathiazole

BilAD Sulfisoxazole DEERE £ R UHFET, Tp
FURIRIBRE LS 385%104/ml, EERBED Sulfathia-
zole DEEL 0.1 mg/ml & 10 mg/ml TH 5,

$11XiL Sulfathiazole & o BfFER & Tp Bk
HEDOBFRELYRLI-L DT, Sulfisoxazole DF4 &
HER CRER2ME D, AIHSEEREE & 3 REE & O
TRz E A EENRD DI, XFEBRFETL 10 mg/
ml JBEEL 0.1 mg/ml JBEE & ORITER LY
BT ERMRES ST,

Z DEEEH B Sulfisoxazole ¥ XU Sulfathiazole
X Tp ® Hela Hifa~DRAKKT 2 MEIRIELH
BUchDEMRTHZ LR 5Tk,

Parasite number inoculated : 385 x 10% ml

~ Control
0.1mg / ml
10mg /ml

Relative number of infective parasites

i1 ] 1 |
15 30 60 90 120 (Min.)
Length of pretreatment

Fig. 11. Longth of the pretreatment of parasi-
tes with Sulfathiazole and the relative

number of infective parasites.

Note : The concentration of Sulfathia-
zole used were shown in the
figure.
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6. Tp % Tp HA-test (BHO AMFT /(LR
REEMECEL > THALAE LHEO Tp i
EERIR
A) HA-test o Al
AERCHE Ul AMiEE, SRk 4,06
¥ T HA-test 2G4 0 TH 5, FroxBA
DAIMEE LT, HA-test @0 0% FHA LK,

3rO=Aa vt « HL 553%% (Hanks %
F X O Lactalbumin ©%) 50 ml # A+, Tp FEdi
PR E R 2 A~ VISR SEL, 250X 104 /ml
EORRBE B, 27 OF PRt <19
BIO 6% AR HA-test BBIEAMEA I,
D 17 O HUFHIRIHRA & LT, HA-test 2l
ANILER 6 aFTH2HBCHTHB L, chbo=f=
NV 7T Eifb, FreEdE%icsg 4« 10 ml 3
DD ML, 3,000 rpm (= 1,500 G), 5/l
B EEXTT, KT Hanks ¥ C 2 [BIEIEBEHEE,
HLS 10 ml TH%7 Tp BIER 2 Fo7. = O
¥ 5ml Z/NEA B ckE# 2 HH O Hela Hifa
EWREAEAT, T 6 W RIBERES, ST A
IO HLUCEE, RAal, gt

HI2RIE Tp Rhas HA-test (o Ay & o

50 \
” \ Parasite number inoculated :
g 250 x 104 ml
7 40
fﬂ
<
=
)
.2
é 30 —
, \
2 20—
£ ~~
z ™+ Control
2
3
& 10 F 1%
6 %
1 | i 1 }
15 30 60 90 120 (Min. )

Length of pretreatment

Fig. 12. Length of the pretreatment of parasi-
tes with the HA-positive human serum
and the relative number of infective
parasites.

BRI E Tp BRPELZR LI b DTH B, HMI55H
TR ERRE &R L ORI L Tp g DZE
MR BN Ieh ~T2hs, b 304 LA Tk Tp © Hela
MlI~ORANZELLETL, SRFORK 50% (0
HlEsh T, FRCERFETL 6% aF0L
1 %EHD L TRTAEDOMICHRA FERR N o
7z,

B) FKRELEIMTE

AKEBIIFRME MBS Tp RRBFRKCEML,
LERD HA-test BMEAIMKE & FRRC, & 5PTERH
Bl X 7o7%, Hela MIFCIEEL, et
Tp BYEXFANILDOTH S,

KEMEMmEL Toxoplasma gondii Beverley Fk
(588 o Cyst-form 600 4 % FKIED JEIEPFIC 1
5L, 30HFEHICHL L TFEYOREL, 4 v
LB TR Lictk, 56C, 304 mRIEEL LS
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Fig. 13. Length of the pretreatment of parasi-

tes with the rabbit immune serum
and the relative number of infective
parasites (1).
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Fig. 14. Length of the pretreatment of parasi-
tes with the rabbit immune serum
and the relative number of infective
parasites (2).
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