CHAPTER IV
RESULTS

1. Lethal Doses for Oral Challense

To determine hey jdose of _§.tyuhimubium G for oral

=3

challenge in mouse prot 41 .54 % lethal dose was performed

and calculated by The 5@ % lethel dose of

S.tyohimurium C 3.87 x 1@° organisms
(Appendix) . ‘hgriﬂe_§. typhimurium C_ was

used , which equsa es aof the LDsa"ﬁ"ﬁ“

.0 demonstrate the mouse

protective capacityforamrat v -8 ai stered. 1ive 3,  byphimuwriuwm G_
Fif 7 oy

BALB/cd mice wused was highly susceptible to

infection with offpice was fed one dose of

BT 3 Y o

T i,g REe other dgroup wnich was

& . 1 : ,? S

fed three dos=l 3 i G on each of three
'y ¥ 3o

alvernate days .
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From data presnnted in Table was tound that

mmmm’]a GﬂﬁvTacrEllende ao§e o

i che wer° cnsllenged Zl daJs after 1mmunazatiop with

one dose of ! x 1w a txnh;mur;um u y

- Mice were challenged 7 days after immunizastion with

g : 5 T 2 2 ¥
three doses of 1 x 16 S.oyphimurium u on each of Lhree albternate
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days .

i M1ce were challenged 21 days efter 1mmun1°aﬁ10n with

three doses of 1 wlﬂ ,§. tyghamur1um Gab~on eaoh of three alternabe_

days .

On the aof 3, | P gral immunization with one dose of
1 % #0708 ém\e challenge with 5 x 18~
S. typhimurium C_ proteceed ¥ huﬁhthe'mice 4 7 e

‘né 12 days after challenge

in this sxperiment " ¢

]
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Table 1 Mquse protectioa from S. typhimurium on ! & Oral Vaccination .wit.h Living Cells of S. typhimurium G,

| —

Immunization Ovrally with

A ; Immunization
S. tyohimurium G_ _ : ‘.\&\\\

Organisas/Dose No. of Doses Survivors/Totals after

////A i\\\\\\ ' 1

Survivors/'}'otals % Survival Significance of

oral Challenge with
S. typhimurium C

After Oral Test,
- Challenée with

S. typhimurium C

1x18"° i 2/8 (@/10)° 13/15 (@/10)° 87 (" < 8.085
1x10"° 3 11/15 (8/18) 6/6 (8/10) 169 (@) £ 6.005
oral challeage with 5 x 18° living S. typhimur fuf Co—atboi Orally—tabiiizabion :'i:"" ither one dose or three doses of living

death wer observed within 20 days after

{

Cells of S. typhimurium G , on each of three a
Chaillenge .

Control , non - immunized mice .

Values of 9.005 indicated highly signif wﬂ u E]xga ﬁﬁﬁ?ﬂwﬂﬁmeﬂ vas determined by Chi’ square tésh. :
Q W a\ﬂﬂﬁfu UNIANYAY
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3. Imoune Serum

Antibodies agsinst S. typhimurium C. obteined  from
rabbits that had been immunized by repested subcutaneous injection of

heat — killed S. typhimurium C, had aﬁ agglutination titer of 1:256 .

were used for preopsonizing

S.typhimurium C i 'ﬁxefm killing assay .

This specif

o e

4. IndireckeTostratlgorescent fintibody Test

Indiregf imgligd 'F' 3 \ ody test was performed in
order to chec:k’ ot He LYph ’ \\ s preopsonized .

As sho resence of immunoglobulins on

A

the surface of . By o REinE evidenced by very bright

fluorescence of S.

€ Patches cells

Enzyma‘t,ic extraction of‘ PP yielded 3 - 4 f‘old higher cell

number ﬁum wg‘!s T Eﬂﬁﬁ‘jﬁ cell preparabion-

(teasing Mwn‘e screen) from 12 seperate experlmenbs
“‘“"@fﬁﬁm il AR

Furthermore , by the enzyme method 7.06 + 2.95 % of these
cells wef‘e esterase — positive macrophages (Figure 7) and actively
phagocytized latex particles (Figure 3) . The other cells which

remained in PP except mecrophages were lymphocytes .
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8
b
Figure 6 The typical fluorescence of preopsonized

Salmonella typhimurium C5 + &8) Magnification

506 x b) Magnification 1200 x
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#®
Figure 7 ; b o5 rif -"‘W{A‘- in Peyer's patch
ey \\ "ication 1008 x
' L) ' ..
q ;
Figure 8 Ingestion latex particles by Peyer's patch

macrophages . Magnification 1000 x
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[ Cgmgarisbn of the Number of Macrophages in the Peyér's

Patches of Mice after feeding Salmonella typhimurium S

with Control Group

Since the ebkility of S§. typhimurium G,, to induce

resistance should be associated

with the ability of this organism +to

cause an increase in the 'ﬂﬁa Jﬁ;ﬂ crophages in the Peyer’s patches,
it was of interest towdebermine whefhe feeding S. typhimurium G,, to

mice increased in trmF f MECrEpPREYes in the Peyer’ s patches

are cummarized in Table 2 .
. isblie ¢ »
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Teble 2

Numbers of Macrophages in Eniymetically Dissocieted Peyer’

s patch

Cell Suspensions of Mice Immunized Orally with Selmonelle

byohimurium G=°

Compareﬂ wiéh Normal Mice .

55

No.of ?P

Source of PP No.of Macrophages Percentage of Signif‘icancea
 Cslls .Cellﬁ(xlﬂ’) S 10" ) Macrophages of Test
e
Normal Mice 1.72 + 0.67 1.24 + 0,29 7.20 + 9.95
P> a.05
S.tvonimurium 93c 10.40 + 1.76 _——I St
Imnunized Mice
P > @.25

(7 days ,1 dose)”
Normal Mice
_ji.bynhjmurium .o
Immunized Mice
(21 days ,1 dose)
Normal Mice
S.typhimwium G_
Immunized Mice

(7 days ,3 doses)
Normal Mige
§.tyghimurium G,o

finmunized Mice

(2i days .3 doses) .

[
[}

< g
1]

0
0]

S ignif‘Eance O

HNumber 1? parenthesis 1nd:cabed days 1n which mice were orallJ

F’ITlEl 7 ﬂﬂﬂ‘iﬂﬂﬂﬂ'ﬁ

6.97 + 1.50
9.70

19,97 % 1.36

i

1.98

]p >p.05 P < 0.001t

- o N
7.13 + 0.58
P < 3.0a1
21.37 + 1.16 i .
: —[ P < 0.201
?-> 2.05
6.93 + 1.29
]P <|9.001

ined ﬂ st.udent; s bt - test .

were oraily immunized .

essed as mean * sd
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7. Specific Antibody Requirement for Preopsonization and

 Intracellular Killing Assay

To demonstrate requirement of specific antibody for

preopsonization and intra ‘ killing assay , Intracellular
killing assay was perf ence of specific antibody and
by  using unpreops% slg_é C_, compered with using
preopsonized S. . e presence of specific

antibody .

From e - ound that in the absence

of specific antibob S. typhimurium Cs N
S. typhimurium G_ A J . ' - normal macrophages or

activated macrophe - S. typhimurium C s Wwere

r;emoved by centri "or 6 min followed by three

observed . Thusjthese resy ; icatedﬂt.hat. the intrecellular
killing of S. typhisurium C by magrophages depended on the presence

or svemﬁcﬁn%%}'ﬂ N EJ‘ﬂ‘i ‘W &) ﬂi

9  of Salmomelle typhimurium C_ during the Xilling Assay

To be certain that the number of bacteris measured by
the assays represented intracellular bacteria , various control
experiments were performed . To determine becteria were removed by
centrifugation at 75 x G for 6 min and three washes with gelatin -

HBSS , the effect of centrifugation of suspensions of bacteria was
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investigated first . After centrifugation of 5 x 18° S. ityphimurium
CH /ml for & min at 75 X G followed by three washing with gelatin -

HBSS , 96.26 + 1.45 % of the initial number of bacteria could be

recovered in the supernatant plus washing fluids .

To meke certain hree washing of the macrophages wss

sufficient +to remove bacteria , the efficiency of

investigated by incubsting
o —

5 x 18° mecrophages wi \ nized S. typhimurium /ml and

three weshes with of {:h\ - HBSS . The number of
- - B ) q 5 \ . - )
r.- \}

the washing of ¢t

bacteris present as approximately 3.85 +

2.48 % .

Serum for in Vitro

Te cl'e’c,ar‘xmne.r m/?’ ntration of immune serum for in

vitro 1ntr‘acell onized S.typhimurium C_

B 3 ' LY . A
with waricus ‘.,- ' were incubsted with

5 x 18° macrophagm/ml 2t & bacteris - tc - macrophages retic of 111

-

in the presence of ggmresponding sgrum concentration at 37° C .

AUEINUNINEING

e results in i g - 12 showed at serum

AT IR MR e -

ximuq intracellular killing of S. typhimuriup C .
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60

Time ( min)

Ef‘fec‘of‘ the immupe, serum concenfire tion. on the

ARTRN TR TR HA R -

q

performed with a bacteria — to - macrophage ratio of
1:1 at 37° C with immune serum concentrstion of 1 %
(0).5%(-),73(35,'1%(I),lS%/(A) and
290 % (A) . a ) Macrophages were collected from PP
of mice orally immunized 7 days earlier with one
dose of 1 x 10'° S. typhimurium G, (—) . Bb)
Macrophages were collected from PP of normal mice

(----). Each btime point represents the mean of 3

experiments .
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,5ﬁh

St

Time ( min ) Time ( min )

Mﬂ’%ﬂﬁ%?’ﬁl 300 e

1ntrscellular killing . lncracellular killing was

i -_ma e retio of
kl on of‘l %

T % G ¥s "(-),;5,.(A

L0y |,
and 20 % (A) . a ) Mecrophages were collected from
PP of mice orally immunized 21 days earlier with one
dose of 1 x 10'° S. typhimurium G, (—) . b )
Macrophages were collected from PP of normal mice
(----). Each time point represents the meen of 3

experiments .



'Percentage viable intracellular bacteria
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Time ( min )
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Effect of the immune ,serum concentratjon on the

q WOANNFRHATS LAr=gl ﬁﬂ

performed with a bacteria ages rsatio

of 1:1at 37° C with immune serum concentrstion of

1'% €05 5.0 )y T %.Co) oo 1 B Cw Yo S s )

and 200% CA) .. 3) Mecrophage§ were collected - from

PP of mice orally immunized 7 d;ys earlier with
7. L

three doses of | x 1@ S. byohimurium G__ on esch

of bhree alternate days (—) . b) Macrophages were

collected from PP of normal mice (---2 . Zach Gime

point represencts the mean of 3 experiments .
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2 i,j E 1'| the i | ule&l ,]V\f]onaenbrabion on the
llu]ar till@mng . [ntracell@lar killing was

a'm AN SRR TNIE e

of 1:1 at 377 C with immune serum concentration of
L% kod, 6 % ey, T8 €AY, 10.2 (X 3 15 % (&)

and 20 % (4 ) . a) Macrophages were collégbed from

PP of mice orally immunized 2i deays earlier with

three doses of 1 x 19"° S. byphimurium G_, on each
of bhree alternate days (—) . b) Macrophages were
collected from PP of normal mice (---J) . Each time

point represents the mean of 3 experiments .



62

1. Inbracellular Xilling of Salmonella typhimurium €. in

Vitro by Macrophages in the Peyer s Patches of Mice

Maorobhages were allowed to ingest S.byphimuriunm C5
precpsonized with 18 % heat - inactivated rashbhit immune serum in

vitre for 20 min st 377 ¢ ‘ter which the extracellulsr bacteria

were removed and for 92 min at 37° C in the

- ] 7 =
presence of 10 % heatMsTRECT i vE ﬁt immune serum. The results
of' in vitro intrac Tarkill ng@n summerized in Figure 13

;Jflb u;yn in: Table @ . .The. PP

macronhages from : 3.47 % of S. typhimurium

and wvalues of

G in 3% min a: . No further killing was

=1

seen during the The PP macrophages from

S tyghimuriﬁm ays , 1 dcse} killed

S. typhimurium

c. kg b < entiequal to that seen with PP

macrophages from no significant differences in

intracellular killing we P>@.@858): &

rl,'ﬁ" .Mx

Cn thetjﬁ. 'y S. typhimurium -

imnunized mice ]@1 3 -ay—w, 3 doses) and (21 days .

3 docses) killed

ot M'ﬂq”ﬁ E}*Qﬂ mﬁnrﬂﬁes were significant
RN TN 11979 NEga

tyghlmurlum F with considerably greater than the

PP macroph
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Comparison of intracellwlar Killing of

‘&S b phimuriu in vitro by PP macrophages of mice

AU éﬂﬁj ﬂm‘jwﬁ,’]ﬂ G o

;. byohinurium G days earlier with

19 ﬂﬂﬂ‘i@qﬁ » ._,,

nimurium G on each of bnree albernabe deys

~
=
~
~1

G 8 ¥y 21 days gerlien with three doses of

S. bvohimurium Gm an each of khree alternate days

( A ) and control group ( non immunized ) ( O )

Bacteria , prec;psonized in vitro with 1@ %X heat -
inactivated rabbit immune serum for 3@ min , were
phadocytized . Macrophades (5 x 19® / ml) containing
bacteria wers reincubated in the presence of 19 “
heat - inactivated rabbit immune serun . Esch Gtime

point represents the mesn of 3 experiments .
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Table 3 Intracellular Killing of

——

by Peyer' s Patch Macrophages

Source of PP Macrophages  No. of experiments — J Inotiecell lar Killing (%)

30 min : 2NCE “60.alp Significancec Qg min . S'i,g'nifi,«::a__g:),c,eL

of Test T of Test

Normal Mice 12 9.92 & 3.47

‘ £ 19 ' 34.80 + 2.34
-13.27 £ 1. 48 ' -0 AT .25 o BB 26.29 + 2.123 : > 0.95

(9]

S. typhimurium G, -
lamunized Mice
(7 days , 1 dose)

S. typhimuriua G, - 3 21.38 + 2.72 #F 50, 20\ + 2.26 < 9.995 19.70

|+

2.21 < 9.993
Imnunized Mice

21 daygs~, 5 dose.-d

S. typhimurium G - ‘ 3 : 27.73 + O . =K 9,8254 2 * 2-94 < 0.9@5 < 9.905

(3]
=1
=
w
I+

w
-3
[}

Tammunized Mice
(7 days , 3 doses)”

. . < 3 = - i -
. S. typhisurium G, - 0.4e5 58.87%

1+

4.05 < 9.2¢5

w
nN
m
(o]
=
+
nN
o
&L

Fo
:

n
fars

Immunized Mice : "3

(21 days , 3 doses)” : ﬂ i I EI Fm_w El:f} ﬂi

“ g . 2 3 - P x 5
a = After phegocytosis at a bacteria : ma rophaFe ratio of 1:1 for 2g9gmin at 37 C hﬂacrophaqes containing bacteria were reincubated in the

' ‘ /s

presence of 10 % heat - inactivated idgu ;q::a q ﬂ i EI I % nﬁflg YLEJ f] a EJ
b = Expressad as Kit) = (1 - ;\.’t/.\'o) 5 108 % (See methods) . Data expres eans '+ S B ‘
c

= statically significance of test was determined by studeat’s t test comparad with normal mice .

d = \umters in pareathesis indicatad days in which mice were orzlly inmunized and the numker of doses which were orally immgnized

¥9

e = MNumber in parenthesis indicated days after the last oral imnunized and the number of doses vhich mice vere ovally fmmunized .

Each dose is on each of three alternate days .
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