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U:\. IAIARY A IlIgher molectilar weight fraction \\, as obtained b di estin the
cell \\, alls of group A streptococci \\, it IT the Fintob"cieii'1,111 L-11 enzyme. On

dally Intraperitoncalinjections into mice (0.51ng x4)it induced cardiaclesions similar
to those Induced by cell \\'all fragments obtained by sonic oscillation. This shows
that for manifestation of cal'diotoxicity group A streptococcal cell \\, alls do ITot require
an optimum particle size, but arc activc as a soluble complex of C-polysacchai'Ide with
glycopeptide.

I\'I'RODUCTIOi<

One method to studv the pathogenesis of Theu-
matic fever is to determine \\, he ther an\, cellular

components of group A 811'410cocci, s pyoge, i's
can induce inflammation of cardiac tissue like

that occuri'ing in rhcumatic fever. CToiTTartie
and Cmdd. .I* (1966) shin^. d that ca"dine I. -
SIons, like those seeiT in rheumatic fever, \\, ere
induced in nTice by a single intraperitoneal in-
jection of an extract of sonicall}. disrupted group
A streptococcal cells. Later, Ohanian, Sch\\'ab
and CTomartie (1969) induced similar lesions in

I. TllIs \VDTl< was supported in part by a Grant in
Aid for Fundamental Scieittific Research from titc
NIInistrv of Education

,

mice by intraperitonealinjcction of isolated cell
wall fragments of group A streptococci. Rotta
and Bednif (1969) reported that intravenous
injection of a peptidoglycail (inucopeptide) ob-
tained from group A strcptococcal cell \\. alls by
removal of group-specific C-polysaccharide
\\. Ith hot formamidc induced focal mononuclear

cell Infiltration and or granulomatous changes
in the myocardium of rabbits. The above ex-
periments \\. ere performed \\. Ith group A strep-
to CDCcal cells or cell \\. alls \\, hich had been

" solubilized " (that is finely disrupted by
sonication to yield a stablc suspension. ). The
second paper of this series (Hamada et a1. , 1971)
reported that a ITigher molecular weight frac-
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tion (HAT\\!) isolated from an enzymatic digest
of the cell \\. alls of group A 811 eptococcws
pyogeiies (type 12, strain S. F. 42) by gel intra-
tion retained the p}, to genicit}, and some other
biological properties of the cell walls.

This papa^'eports studies on the ability of
Hitl\\! solution to induce cardiac lesions similar

to those produced by cell wall fragments ob-
tained b\, sonication.

i\, IATERIALS AND XIETHODS

I. '11/1/1n/S

A1ale, in bred ddO strain mice \\'ere obtained from
the Breeding Statioi, for Laboratory Animals, Osaka
Universitv. The\, were fed on mouse cho\\, AIF

(Oriental Yeast Co. , Osaka) and \\. ater rid 11bitii, ,!
Animals \\'ere 5 weeks old at the start of experiments,

and they, weighed 20 to 25 g

HAT\\' solutioit \\, ere sterilized b\, pouring them into
Petri dishes of 9 cnT diameter to a deptl\ of about
2ITTm, and irradiating them from a distance of
20 cm \\, itIT a 10 \\I ultraviolet lamp (GL-5, Tokyo
Shibaura Electric Co. Ltd. , TDI<}, 0) for. 20 ntin, with
occasional shaking

Seventy mice divided into four groups of 10 or
15 mice. The animals in each group were linected
intraperitoileallv \\, itit one of the following test speci-
ritens (in 0.5 in I of physiological saline) : Experiment
I. Sonically disrupted cell \\tills of strain S. F. 42
(2 ntg in 4 doses of 0.5 ing, once a weel< for' 4 \\'eeks
10 mice); Experiment 2. Sonicated cell walls of
strain S+31100 (2 ing iil 4 doses of 0.5 ntg, once a
weel< for 4 \\. eeks. 10 mice) ; Experiment 3. Hi\I\\,
froitt strain S. F. 42 (2 ing in dan\. doses of 0.5 ing for
4 day's. 15 mice) ; Controls. Ph\, siological saline
(2.0 nT1. 10 mice as controls for experiment I or 2,
aitd 15 mice as controls for Experiment 3). Five
mice from each group were sacrificed 14 and 28 days
(Experintents I and 2) or 2.7 and 28 days (Experi-
merit 3) after the last injection, and their heart,
ILings, 11\, er, spleen and 1<1dnevs \\'ere reino\. ed for
histological examination

2. Stirptococcn/ $11 till, s

Group A, type 12, straii, S. F. 42, and group A,
type 6, straiit S431100 were LISed for preparation of
cell walls. TITe latter' straii, \\, as generously sup-
plied by Dr. R. I\I. Kmuse of the Rockefeller Uni-
versit\,

3. PIEpnint, 'o11 of All'tried call at:fills

Bacteria \\'ere gro\\'n in Try, pticase Soy, Broth
(BBL) and cell walls \\ ere obtained as previously
described (I-lamada at all. , 1971)

+ Hikii, I 7,101ecii!ai fuel^/if 11 fiction (HMW)

Hitl\\' \\, as isolated by gel intratioit from a digest
of the cell \\. alls of strain S. F. 42 \\, ith the L-11

it \\. as the same preparation as that Lisedenzynte

in the previous study. Special care \\ as taken to
prevent the cell \\. alls and Hitl\\' from being con-
taminated with extraneous endotoxins (Hamada er

a1. , 1971)

5. asstty of the '16/7/13, of cell 20,113 o1 HMll/ to 111-
d, ,ce cal'dihc Ies, 'o113 In illice

A purified preparatioit of cell \\ alls or HM\\' \\, as
suspended or dissolved in PITYsiological saline solu-
tion at a concentration of one inglml. The cell
\^alls were subjected to sonic vibratioi, in a KUBO-
TA sonic \, Ibrator (10 kcjsec, KNIS-100) for. 30 min
at maximum antplitude to give aiT evei\ suspension
The sonicated preparatioiT of cell \\, alls and the

6. H!'$1010g!cal exn"11'11"11'01i

Tissues \\ere fixed in 10% neutral formallit and
embedded in paraffin. Sections \\. ere cut and stained
\^itit hematoxyliiT and eosin. The incidence and
extent of lesions were arbitraril}, graded as O (no
lesion), t (slight lesion), and + (definite lesion)

RESULTS

234

I . Proofticti'on of cal'd^tic Iesio"s 2011/1 cell ton/I
prtg?, lents

As positive control experiments, ddO mice
were injected inti. aperitoneally \\, ith sonically
disrupted cell \\, alls of group A 811. eptococc!, s
pyoge, res, type 12 (strain S. F. 42) or type 6
(st""in S43!100). T, bl, ^ I and 2 chin" that
most of the mice that received the cell wall frag-
merits develop pathological alterations involving
the pericardium, myocardium, \, alves and
coronarv arteries. The lesions of the perlcar-
dium of mice sacrificed 4 weeks after the last

injection consisted of a focal accumulation of
mononuclear cells and neutrophils in the
epicardial surface (Fig. I). The pericardium
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TABLE I. Cal'droc Ies!'ons an "12'ce pi'odt, red bJ, annoperz'toneo/ Injectz'ons of sonz'cn//y dikillpted
cell fun// 17'0gments 11.0m gi'o11p A styeptococci' (type 12, $1i. o1'it S. F. 42)

Davs after

last inJection

\'louse

I\o

14

2

3

+

Perl- A1vo- End o-
cardiuin cardium cardium

28

o

o

o

o

o

Cell foal/ flag, ,rents (0.5 INg one/I) reel e Injected Intrnpei, ton"ally DNCe a EC, ek 101' I iceeAs
O : MD lesion t : $11ght 1,310" + : dell"fir lesion
,I No. of positive I No. of test

Heart

3

6

I

o

o

8

9

10

+

,-

TABLE 2. Cal'droc Iesz'ons in nit'ce pi'oduced bj, '71/1'ripei'lionen/ Injectz'ons of so"ICU//y dzxi'up led
cell Econ 11'0gme"is 11.0"I gi'ONP A sti'eptococci' (1), pe 6, sir, 11n SJ/31100)

+

o

o

o

o

o

o

o

o

Heart
valves

o

+

+

Blood \, essels

o

o

o

Coronarv
a rteries

o

o

o

o

Days aftei

last injcction

o

o

o

o

o+

o

o

o

+

Aorta

NIOUSC

I\:o

o

o

Pantological

findings

+

o

o

o

o

o

14

o

+

o

o

o

2

3

4

Pe ri- Nlvo- Endo-
CardiUm cal'diunT cardium

+

o

o

, 315'

o

o

o

+

o

o

o

o

28

o

o

o

o

o

Cell anal/ flogwents (05 I, Ig errch) tcei'e inj'ec/ed '71/1 riper lionen//I^ once a ite"A 101 4 ECeeh$
O : MD lesion = : 3/1ghi lesion + : dell"Ile 1,310"
n No. of positive I No. of test

Heart

>

+

6

7

8

9

10

T

+

+

o

o

, 415'

o

+

L

+

o

+

o

o

o

o

o

o

o

Heart
valves

+

L

Blood vessels

+

C oronai'v
ai'terics

o

o

o

T

+

o

o

o

11

oo

+

o

o

o

o

o--

Aorta

+

Pathological

findings

+

o

o

o

n

o

o

o

o

T

o

o

o

o

+

o

O 3/5"

+

+

NARITA, T. at all. Cal'of^^to XI'cily o1 $11', pro^Ccn/ c, // ten// of Ihest

-L

o

o

o

o

+

+

+ 415"
+

o
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TABLE 3. Card^^c lesions in in Ice produced by z'"ti. apert'toned/ Injectt'ons of HMIV ISO/rited nom
group a streptococcal cell trolls (tj, pe 12, slim'" S. F. 42)

Davs aftei

last injection

Niouse

No

2

2

3

4

5

I\iyo- Endo-Perl-
cardiuin cardium cardium

o

o

+

+

o

I

Heart

6

o

+

o

o

o

I

8

9

10

28

o

o

o

o

+

Test spec, 111e"s (0.5 ing each) fuel'e dally injected millzpe, ironed//j, 101' 4 dn\, s
+ : dqji",'te lesionO : 710 lesion

a No. of positive I No. of test

o

o

o

o

o

Heart
valves

11

12

13

14

15

o

Blood vessels

.-

Coronary

o

o

+

o

o

of the hearts of animals of this group examined
2 \\, eeks aftcr thc last Injection sho\\. ed ITO Ie-

Lesions of the myocardium were char-
acterized by degenerative changes of myofibers
and focal acctimulatioi\ of mononuclear cells
These lesions \\, ere observed in the hearts of
animals sacrificed 2 and 4 \\, eeks after the last

Injection. Focal granulomatous lesions were
not seen in myocardium of hearts examined 2
\\ eeks after the last Injection, but \\, ere seen 4
\^eeks after the last injection (Fig. 2). Heart
valves examined 2 and 4 weeks after the last

injectioit revealed slight edema of interstitial
tissue \\, ith focal accumulation of mononuclear

cells and neutrophils (Fig. 3). No significant
IesioiT of the endocardium \\, as seen. Changes
in the coronary arteries were not significant,
but the proximal portion of the aorta sho\\. ed
lesions characterized by proliferative and ex-

o

o

o

o

o

o

o

o

arteries

o

o

o

+

o

SIons.

o

o

o

o

o

Aorta

o

+

o

o

o

o

+

+

Pathological

findings

o

o

o

o

o

T

T

o

o

o

o

o

o

o

o

o

o

o

+

, 315'

o

o

+

o

o

o

o

o

o

o

T

o

o

o

o

o

o

o

+

O 315"
+

+

o

o

o

o

o

udative reactions involving the Intima, media
and adventitia (Fig. 4).

Tables I and 2 show that pathologic alter a-
tions of the myocardium are most severe andjor
extensive, and cardiac lesions in mice injected
with cell \\'all fragments of strain S43jlOO are
more severe or extensive than those in animals

receiving the cell \\, all fragments of strain S. F
42. I. ;'0 significant lesions \\, ere observed in the
lungs, liver, spleeiT or kidneys lit this \\-ork.

2. IIJd, ,cti'oil of cal'that lesions cozyi a hi^heI'
"101eci, /a, fuel:ght 11 actto, I of the cell coal/s of
$1, "171 S. F. 42 0btnt', led eiisy, ""ticd/61

ATost of the mice receiving repeated intra-
pentoneal injections of Hi\I\\I developed cardi-
tis \\, inT the same features as that observed on

injection of cell wall fragments, though the
lesions seemed to be somewhat more extensive

+

+

+ 415"
+

o
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(Table 3). Pericardial lesions were obser\, ed 2
and 7 days after the last injection, but not in
tissues collected 4 \\. eeks later. These lesions

were characterized by infiltration of mono-
nuclear cells and neutrophils into the epicardial
and subepicardial tissue (Fig. 5). The myo-
cardium showed degeneration of my oilbers and
focal accumulation of mononuclear cells and

neutrophils. These lesions are illustrated in
Figs. 6.7,8,9.10 and 11. In some lesions
myofibers \\ere no longer striated, but were
highly chromatophilic and had large, swollen
nticlei. TIT other lesions invofibers had lost

their striations and appeared hyaline (Fig. 12)
Granulomatous lesions \\, ere also observed in

the ITTyocardium 4 weeks after the last injection
(Fig. 13). The myocardial lesions \\, ere nTore
severe in the left \, Gritricle, left atrium and
papillar}, muscles of the left \, entricle thaiT in
those o11 the right side. The endocardium
sho\^ed focal accumulation of mononuclear

cells (Fig. 14). The ITeart valves \\ere thick-
encd as a result of edema and infiltration of

round, Inflammatory, cells, Including plasma
cells (Fig. 15). The inflammation of the valves
extended to the myocardium adjacent to the
"., ts of th. ink, ,^ (Fig. 16.17 and 18). Th,
coronary arteries and aorta appeared it ormal
and no lesions \\. ere found lit organs other than
the ITeart

seen in rheumatic fever or that induced in Tab-

bits (:\, IUTphy, 1964). However, degenerative
changes \\, ere greater and proliferative changes
\\'ere much less marked in the cardiac lesions

induced b\, H:!\, I\\'. \o granuloma \\. ith
similar histological characteristics to the AschofT
body, observed in rheumatic carditis (\\'agrier,
1960) \\, as induced by either HA, I\\I or cell wall
fragments.

The nature of the toxic molety of H\'I\\I re-
sponsible for in ductioiT of cardiac lesions in
mice and the mechanisiTT by \\, hicll the lesions
are induced are unknown. Ohanian et al.

(1969) demonstrated that cell \\, all fragments of
group A streptococci induced carditis in mice
but unfragmented cell walls did not. TITey
found that the cellular materials remained
around the sites of active lesions in the heart

for at least 5 \\, eeks after injection. From these
findings, they emphasized the importance of the
particle size of the active principle in induction
of cardiaclesions andiii development of nodular
skiiT lesions (Roberson, Sch\\. ab and CTomartie,
1960). The present \\. orl< clearly indicates that
soluble components of the cell \\, alls of group A
streptococci obtained by, digest 1011 \\, ith the
streptolytic L-11 cnzynTe are as active as soni-
cally disrupted cell wall fragments. These
results do not support the hypothesis of Sch\\. ab
and his coworkers that the cardiotoxic effect

of streptococcal cell \\, alls are closely rclated to
tlleir particle size.

As described in the previous paper, analytical
data on HAT\\I suggest that this soluble cell \\'all
component Is a complex of group specific C
polysaccharide and glycopcptide. Rotta and
Bedndf (1969) reported induction of nT}, DCardial
lesions in rabbits o1T Intravenous injectioiT of a
peptidoglycan (ITTucopeptide) preparation, con-
taining I\o significant amount of C-polysac-
charide, isolated b\, extraction of Agroup

streptococcal cell \\. alls \\'ItIT hot formamide.
01T the contrary, Goldsteiii and Trung (1968)
reported that a streptococcal polysaccliaride
prepared from cell \\, alls by extraction \\ ith
formamide, 11ad scarcely any toxicity eveiT at
high doses \\. hen injected alone, but that it in-

,

DISCUSSION

The present work snowed clearly that a higher
nTolecular \\. eight fractioil (HAT\\') obtained
enzymatically fronT tlTe cell \\, alls of group A
StreptocOCCi Induced definite cardiac ICsions in
mice on daily intraperitoneal injection for 4
days. The lesions induced by HAT\\' \\, ere
more extensive than those elicited by cell \\, all
fragments in control experiments, though they
differed Illstologicall}, from the carditis occur-
ring In rheumatic fever. The distribution of
the cardiac lesions induced b\, HA, I\\; \\. ith
involvement of the pericardium, ntyocardium,
endocardium and \, alves, and in particular the
left side of the neart, \\ as rather similar to that

NAitiT'A, T. er al. Cn, 'drotoxictty of $11'cotococcn/ cell tcn// dibest 237



duced diffuse lesions of the connective tissues in

general, and the cardiovascular system in
particular when Injected as macromolecular
" gincido-protidic " complexes. These coin-
PIGxes \\, ere either obtained from the cell walls
or prepared artificially by coupling the polysac-
charide with non-streptococcal protein. The
same type of lesions \\, as produced \\, ith a
streptococcal or pneumococcal C-polysac-
charide-antibody, complex. Therefore, they
claimed that the C-polysaccharide played some
pathogenic role in streptococcal infections,
though the lesions Induced \\, ere ITot similar to
those occurring in rheumatic fever. The data
of Goldstein and Trung (1968) are apparently
in conflict with those of Rotta and Bedndf

(1969). The significance of this discrepancy Is
unknown, and further \\, ork Is required on
which component of streptococcal cell \\, alls ex-
hibits cardiotoxicity. Further work is also
required on \\, he ther the cardiotoxicity of
H!\{\\! is modified or destroyed by treatment
witlT enzymes hydrolyzing known linkages in it,
and \\, he ther the cell \\, alls or cell wall coinpo-
nents of bacterial species other than group A
St, 'eptococcus pyoge, Ies can induce cardiac Ie-

Such studies should be useful to eluci-

date the chemical nature of the active principle
responsible for cardiotoxicity and related patho-
genic activities. In this connection, the POS-
sibility that the observed cardiotoxicity of
Hit{\\' might be due to extraneous endotoxins
should be taken into consideration, since Char

and Wagner (1960) induced myocardial lesions
in rabbits \\, ith meningococcal endotoxin and
ESChei','chi" coll' lipopolysaccharidc as \\, GII as
with sonic extracts of group A streptococci.

unlikelyThis possibility, however,
be catise during preparative procedures great
care \\, as taken to avoid contamination of the

Hit'I\\: preparation \\, Ith extraneous endotoxins
The mechanism by which cardiac lesions are

produced by, streptococcal cell \\, alls or their
component is unknown. They may be due to a
toxic, irritative mechanism andjor an Im-
in unologic mechanism as proposed by Gold-
atin and Trung (1968). Abdul, and S. hw"b

(1965) reported that the sera of nearly all
normal rabbits tested reacted \\, Ith peptidogly-
can preparations Isolated from the cell \\, alls of
streptococci of groups A, C, and D, and other
bacterial species (St@PIiylococcus nthws, Bacz7/Ms
cereus and Cityomobacteri'MM o201ace"in), and that
this represented a " natural jinmunological
response against an ubiquitous antigenic molety
common to a \, anety of microbial peptidogly-

Schwab and Brown (1968) also showed
that 7 days after intraperitoneal injection of
10 ing of group A streptococcal cell walls mice
had developed cell wall agglutinating anti-
bodies, and that these \\, ere maintained at a
rather constant level in the circulation for at
least 24 weeks. These observations, together
with finding, of G. Idst, in and Trung (1968),
suggest that an jinmunological mechanism may
be involved in development of cardiotoxic
responses, especially late responses, against
streptococcal cell \\, alls or HAT\\I. However,
this does not exclude the participation of a
direct toxic effect of the cell walls or HAl\\I in
induction of cardiac lesions. Schwab and

Ohanian (1968) considered that a peptidoglycan
had a direct irritating effect on host tissues, and
that C polysaccharide protected the pepti-
doglycan from the defense mechanisms of the
host, so that its irritating effect persisted

The cardiac lesions induced by H!Vl\\! seem
to be more severe and extensive than those in-

duced by sonically disrupted cell \\, all frag-
This may be because HA1\\I can reach

the heart more readily than particulate ITag-
merits, since it is a true solution. Ohanian at
a1. (1969) suggested that the relative in elfec-
tiveness of a suspension of large fragments coin-
pared \\, ith small fragments of cell \\, alls might
reflect the poor distribution and location of the
former at a critical site, or a difference due to

and elimination of different sizeprocessing

particles.
At present no conclusion calT be drawn about

the chemical nature of the cardiotoxic principle
in streptococcal cell walls or Its mechanism of
action on cardiac tissue. Comparative Invest I-
gations on the pathogenic activities of the cell

SIOnS

cans

seems

238
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walls of a variety of bacterial species and studies
on the effects of various hydrolytic enzymes on
the biological activities of bacterial cell \\, alls are
in progress
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FIGURE I. Infiltration of the epic@,-
at, ,in alith inflammatory cells. Section
11'07" a monse sacrificed 4 goeeks ofte, the
inst injection of cell wall fragments
(strain S. F. 42). x 100.
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FIGURE 2. Grani, 10, "atolls lesions of the
,"yoc@, di, ,in and degeneration of mryo-
fibers. Section from ,, ,"oilse sacrificed
4 toeehs after the lost injection of ce"
2,011 17@g, ,lents (st, ni" S431100)
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FIGURE 3 . Slight ede, ,,@tolls changes of
the ,"it, @! DOJOe. Section from a mouse
sacrificed 2 aleeks ofte, the last fry'ectio"
of cell coallf, agme"ts (strain 843100).
x 50.
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FIGURE 4. Infiltration in and o, 011"d the
aorta 20ith rot, "d cells. Section 1701" a
monse sac, diced 4 toeeks ofter the lost
injection of cell coal! I'dg, "e"ts (strain

50.S. F. 42).
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., FIGURE 5. Local^*ed mint, ntio" of the
epicn, drt, ," alith roll"d cells. Section
from a ,"0"se sueyfyiccd 2 days ofte, the

50.lost injection of HMIV.
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FIGURE 6. Infiltration of ,,, orioni, clear
cells and itet, t, oph, 73 into the ,"yoc@,-
dinm. Section fro, " a ,"oilse sacrificed I
areeh after the last fry'ectio" of HMl, .
x 100.



FIGURE 7. Foc@I collection of mono-
finele@r cells and flewt, oph, Vs in the myo-
card^it, ". Section from a mouse SOCri-
feed I 00eeh after the last injectio" of
HMIV. 200.
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FIGURE 8. Infiltration of mono""clear
cells nitd flewt, byfoils, and dege"erat, be
changes fit the mycard^^in. Section fro, "
a mouse sacrificed 4 Roeeks ofte, the last
injection of HM\. x 100.

Bii<EN JOURNAL V01.14 No. 31971

FIGURr 9. Doyene, @true changes, and
mint, @tio" of mono""clear cells @"d
near trothi!s into the Inyoca, drum. Sec-
tio" from a mouse SOC, diced 2 days ofte,

200.the last fitj'ectio" of HMIV
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FIGURE 10. Daye"erati"e changes, and
infiltration of mono"11c!ear cells and
net, t, oph, Is fitto the left popi!lory ini'sc!e
Section 1707" a monse sacrificed 4 areehs
ofter the last airj'ectio" of HMl\.
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FIGURE 11. Chromatophifia omit frog-
711e, at@t, 'on of my of be, s tufth slaght ce""!@r
innltr@t, 'on. Section from a
sacrificed 4 aleeks ofter the lost injection
of HM\. 100.
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FIGURE 12. Waxy dege"erati0" @17"yo-
fibers. Section 1707" a moatse sacrificed
I aleek after the lost injection of HMW'.

50.
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FIGURE 13. Gram, !om@tows Jusio"s fit

the myoc@, drt, in. Sectio" from a mouse
sacrificed 4 aleeks after the last fry'ectio"
of HMW. x 200.

.

FIGURE 14. Mt, ,@I deci, inari@tio" of
mono",, elec, CPI!s and flewtrophi/s in the
endoc@, at, ,in. Section from a
sacrificed 4 weeks ofte, the lost frybctio"

200.of HMW
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mouse

FIGURE 15. Edemato"s changes of the
,"it, @! o010e with infiltration of round
cells. Section from a mouse SOC, niced
I tileek ofte, the last injection of HMW.
x 50.
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FIGURE 16. Grrr, ,altom@to t's Jusio, as of
the root of the mr't, o1 Dafue and o4j@cent
myocordt^in. Sect, 'on from
SOCrtyiced 2 days after the last 27n'ectio"
of HMMr 200
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FIGURE 17. litji!t, @tio" of i, Ina, ",""-
toyy cells and dege"erati"e changes in the
root of the mitral aid/"e and ady@ce, ,t
,"yocu, at, ,in. Sect, 'on from a
sacrfyiced I week ofte, the last injection
of HMIV 50.
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,"0"se

FIGURE 18. Ede, ,tatot, s and daye"eru-
ti"e changes of the root of the ,",'t, @I
o010e and adyoce"t ,"yoc@, drtim. Sec-
t, 'on fro, " a monse sacrificed I toeek ofte,
the last injection of HMIV 50.




