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Eole of Fhagooyiiec Defense in the Mechanjism

of Action of Streptomycin in Vive.

by
G, levaditi ard ¥ Velllet. . !

The object of the present memoir im the precision of the role
played by the natural defenses of the organiss, in particular

a2

phagocytonis, in the final act of the process which assurss annihile=
ticn of pathopgenic misro~organiems in animals submitted to treat-
ment by streptomyein, & guneral law is imvolved, regulating the
therapeutic action of sulfamides as well as peniciliin, In effect, i
)
g |

as concerns sulfamides, it has been shown in. experiments carried out .-

%—

SO

with pnsumococcus, streptocescus, B, Friedlander and other bacterds,

| that 1L it is proved that "efflcacious medications sxercising in

7 'ei'ma.n in#éntesﬁhi; B&t:&ﬂo#&t&# aeti#n, wt must eéﬁseée t-hat
another factor finlshes the work of bacteriostatis, %ow thias factor
can only be phagocytosis. ﬁ is this whilch has the las: word in the
conflict which the organism, under the chemotherapeatic shock,
engagés with the invader. It is this which assures, thanks to the
englobement of gerums and thelr intracellular dlgestion, the defindte
annihdlation of the pathogenic agent®. "The intsrvention of the
phagocytic apparatus in the eplilogue ¢f the drama is & proof, nonethe-
less demonstrabls, pleading for interventlon ef orgardc defenses in the
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" . chemptherapeutic warfare of microblal diseases®. (C. Levaditd,

A, Valsman and D. Krassnoff (1); C. Levaditi (2).)

Beﬁ.d&, sxperiments with staphylosoccus, hemelyiic strepto~’
ogcun, mmm&,-mbﬁtted in vive to the curetive effects of
peaicilliin, have led to conclusions analogous to the preceding,
‘ﬁmlly, i.t ix aspamny thanks to ultimate intervantion of the

e - gy

BN a;mm. mtn of the organism, and in particular to phagocytosie,
. . that the steriliging acivity of penicillin is mercised, -

| (. Levaditi and A, Vaimman (3).)

' Is it also the mechanism of action of streptomycin? Our

. sxparinances have been with Staphylocvccus aureus, Escherichia coll,
S0 Kiebedella poeumordae (Friedlanderts Bacillus) and Bacillus anthracis,
g . molloing the technfque here glven:
o ’ .:.j .i_ "; : Techrique. — Series of mice are s.mmm,od. by intreperitonesl
R :'wta, with lethal doses of cultures aged 2i hours on bouillon

| ( o m.:i;. Some serve as oontrols, tus others are treated (sub-
f r;:;_‘e;%;f«fmm/rmﬁ”ﬂttﬁi;m; 2,000 oF 5,000 miorograus of amti~
o Motde (according to the species of microbe being considersd), inm
" 2 or 3 injections mors of less spaced., At regular mtf;rula the
' * mice belonging to sach one of these series are sacrificed (except
for thoss which succumb). Examinations bear on the peritoneal exudate
and on the blood, For occeliac liquid, culiures and smears are made;
the latter are stained with phenolized methylene blue or by process
. permitting the evidence of elq.pmzlua Blaod cultures furnish information-
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on the presence or asbsence of septicemia,

B R—

From the quality, the content of peritoneal exudate is

! svaluated in free germs by direct count {rate of mioruscopie field) 5
ard the quantity and quality of phagecytes, inteneity of phagocytosis ' :
1s determined, aven the fate of englobed germs. The collsction of

this dats serves to establiuhr graphs, or the muber of bachtaris free

per fiesld is indicated by figures varying from zerc {absence of

bacteria)} to infinity (more than 100), and whers the degree of
phagocytosis, as well as the type of phagocytes(polynuclear, monow~
ruolear o gross macrophages) figurs schematically, Sven the capsulatdon :
and involutive medificstions of these mlorobes are seen.

Hers are the results obtuined:
I. STAPHIIOQOCCUS AURHIS.
1., Control mice (graph I). -~ Inoculation by intraperitonsal route
of 0 ce 3 Culture on boulllon, aged 24 hours. OThe deaths take place

~ bestween the lith and 36th hour,
" a) Bacterial content of peritoneal exudate

Tims Busber of Microbes
{in hours) per field
0=-1 1
2 34
b 19
6 oo

Thus, progreasive augmentation in the number of germs, which
resch infinity in x hours,
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b) leucocytosis and phagocytomis. ~- Leucocytosis is
constituted exclusively by polymuclears. Thess are in a state of
lysis in dead animals, Phagsoyiosis peeves frowm 4 4 at the
fourth bour to £ # £ F st the sixth bour., But at this lsst
pericd of infection, the mgliobed germa prepars a leucol;zin dua

__to an lntenze leecolytic power,

e} uitures of paritonsal liquid are revealed positive
during the whible exporimsnt; blood suitures become #o only &t
 the aighth hour. '

O
!

These experiments show that in control mice swvival is mdl, de _ ‘

, death staphylococcd 4n the peritoneal. fluld and sepiicenia beginning ‘

S at the sixth hour., Fhagocytosis, inoperative because of the lysis of

e | © leucotytes, itself an effect of staphylococcic leucclysins, offers

| no resistance to multiplication of microcorganisms, whenoces the early
. death of the animale. ) -

dret b b b S

2. Troated moa (anh 2), - Treatment with 3 x lm&nmm B S “*

(Mltolr, ls hmsrs &m 3 hours after the infection). %ﬁnﬁa
suvival of the andunls,

TR
o

a). Bacterisl cortent of peritonsal emudate:

Time © Number of germs .
{in hours) - per fisld
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Thus, progressive disappearance of germs, becomes
total at the asixth hour, continmuing thus to the seventh day.
bl. Leusooytosis snd phagooytosis, Lsusooytosis is repid
the rare lymphocytes verified at the beginning of the experimant
being replaced by polynuclsars first, by an sssociation of white

gicbules with lobed nuslel and meerophages at the bezinning of the - - '

fourth hour. Phagooytosis is intense belween the sscond snd the
sighth hour, to be attenuated between the tenth and forty-elgih hour
and disappear completely after the third day, Baglobemeat is
accomplished, first by polynuclears, lastly by large monocnuclears.
The latier morphological and tinciorisl modifications, representing
& whole series of involutive p_henma, up o the fimal stags of
total intrachllular iysis, Besides, the magrophages englobe
polysuclears containing phagocyiic germa. (Phenomenco alveady
observed with peniciliin). |

tie OCultures, — Cultures of peritonesl exudate remsin

positive gp to the sixth day, vhile those of hlood have besn
' negative during the whole course of the experiment {except the

fourth day}, This shows that streptomysin hinders the appearance
of staphylococcelic septicemis, but does not sterilisze the peritoneal
cavity until the very end of the experiment. Jthe resson for it
i# that the lsucocytes having englobed the microorganisss in &
state of bacteriostasis, but still living, protect them from ihe
germiclidal sffect of the anidblotic, whille antlcipating that they

[P P 2
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assure total lysis even in the midst of thedir cytoplasm,

It 48 to be concluded that phagosytosis, principal factor of defense
" of wlch the orgacisu is capable, plays & rols of prime importance in the

| final act of streptomycin cure of infection produced in mice by
Staphylosootus sureis, P

——

o 2. Bspcherichia coll {Bact. eoli)
’ : ‘71. Control mice (greaph 3) ~Intraperitonsal incoulation of O cms, 3 of
.. a oulture on boukilon, aged 2, hours. Deaths take place betwssn the
' sacond and fbﬁrth hours, Thus, esvolution is more rapid tban that of
o Waic infection. | '
. a)s Bacterisl content of peritonesl sxudates

Tiue . ; Yusher of mdercbes |

o in bowrs ' per fisld
L 0 to 30° - = 50
LR - > 50
3 4ntinite {elongeted forms}
ko lh infinite

Truae, repid multiplication of microorganisms is the peritoneal
cavity atiains infix;ity by ths second hour,
b). Leuoccytosis and phagocytosis.— From the second hour,
massive polynuclear leuscytosis. It is the same with phagocytosis
which Ls intense, but which leads to lysls of which globules, whence
its insctivity. (Note an attachment of bacteria to the surfzce of :
~ lymphocytes at the beginning of the axperiment), L L

bl
+
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¢). Cultures. Cultures of blood and coelic exudate are positive
during the whole experiment, evidence of s state of early septicewmia,
2. Mioe treated {(Graph, 4}, — Treatmant with 3 x 5,000 alocrograns
by subcutaneous route {immediately, six and 14 hours after infection)
a), Bacterial content of peritoneal exudatat

Time Number of bacteria
in hours par Tlald
0 2
30t w1 50
2t 4 25
b g
g 2
B Ap’
20 c:';.. z
3B to & daye

Thus, after a transient multiplication of the germs toward the
ad of the first hour; progressive disappearance of the germs is affaam'
betwsen the sixth and the twentieth hour, which, after this laps of

time, leads to total effscement, lasting the duration Qf the experimant

{five days). In the course of thias process, sertain B, coli show
signs of degeneration, undergoing & transfvrmation is polysorphic
slementa, baving the appearance of stromas.

| b), Leuoosytosis and phagocytosis:

Time Fhagocytosis
in hours
30t Ww ) Trace
£ ¢ ¥# ;:f ¢ {poly
&% \?0
8 to 10 # :‘ £ # (paly
20 Tracs
30 ¥ # # (paly and mono)
48 Trace Epcly}
3t 5 daye ¢ {mono)
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Leucocytosis and phagocytosls are intense from ihe second hour,
Thie s accomplished first by polymuclears and towards the last, by °

largs monorecliesrs of tha macrophags typs. Mow, Wwards bhe tenth hour,

the englobed rioeroorganisss of fer algns of intra-cytoplasdoe degeneration
‘ pcomena which preceded ihelr integal lysls., Certain of the macrophiges
- —wglobe polymuciears having phagocytized B. cold.

). Culvures. Bood cultures ars sterils during the whols course
of tbe axpariment (except at the fourth hou.;, those of the peritoneal
eavity beoouw radically negutive only at ths 8th bour, a phencsensn
W to that shown by the experiment preceding {Staphylococcus sureus).

it gan be conoluged, then, &y concerns EKscherichie oold, ihat
phagoaytosis intorvenes actively in the process of bealing of an infestion

 pravoked by this organdsm in miss,

3+ Rlabsiella poesscaise {Friedlanderts Bacillus)
' » T cass of Prisdiander’s baciiivs, like that of Bacillus snthracis,
T offers s particulsr point of tnterest for us. In effect, this bacillus
)  is sminwtiy cipwmlogenic, We have shown, by the mechanism of sstion of
sulfamides and penicilildin, that the sapsulation of sireaproccus, of
pneunccoscus apd Klebsiells is an iaportant factor in the efficasy of the
phagocytic defense. It is in hindsring capsalation, in other words the
farmation of this spparatus of snti~phagocytic protection which is the
capsuls, that medication,from the fast of their sulfamide or sutibiotis
activity, render certain microorgsnimss susceptibls of bedng englobed
 and sssimdlated by the phagocySes,

o |
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Kow, this anti-~capsulogenic factor intervenss effecidvely in the

process of healing with streptomycin of infection engsndered by
Slevaislia powwoniss. It 12 this wilch resulis from the o erizants
suwmsriged below:

1» Control mice {Graph 5). Intraperitoneal injection of Coems 3 of

euizure on wulllon, aged 24 nours. Death in &x acurs. - ' : -

Bime - Kumker of bacteris
in hours por fiald
otk 23 to 27} Partial
2 D50 Gapmuiation
& 3 100
& Infinity Total sapsulaiion

Timas, an intenslve multiplisation of micrecrganisms beglnning towards

the seocond hour, to give nrlace fimally {sizih rowr) $o & true intis-

peritoneal adltwre.

bje Leucosybosis snd phagocytosis, ~ Since polpmclesy leusosytosis
is more marked A% the hegluning of the second hour, phapesybosis is g o
lass marksd,

¢} Capsulation, =~ Non-oipsmilsted during the first two howrs, ths
B, of Friediander, after having pessed tlrouzh a short phase of polymorphisas,
is surrounded by capsules, encapsulation becoming intepral ab the sixth
hour (argentic impregnation),

d) Cultures, == They are positive éz;;ring the whole duration of the
expariment, (blood and peritoneal fluidj).

Thus, septicenis and peritonitls in encapsulated Xlebslells,

| 8 osessioning & rapid death.
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2. Treaved mice (Greph ), ~~ Treatment by 2 x 2,000 wicrograns
{Lmmediately and after eight hours). Definite survival of the animals.
a) Bacterial content of paritoneal flulds

ol Vumber of bacteris Capsulation )
. 4nhouws . - - per fisld D o
. o | n .
300 0 1 he - 17 o 1
6 6,5 o o
8 -2 0) degeteratad
Decrease in number of isoteria after the fourth hour is accated

; % : pcm@usiwly thereafter; it ends in @m&ats diupgurma of these
basteria at the sixih hour and mmms thar to the em of the merimnt
" {secmd day).

I

b) Leucocytosis and phagocytosis.—- Polynusiesr leuamais iu o

0 _;_,A,gsxhd, to besome, after the sixth hour, & EMSrophagic ’muaacytcsis.
As for phagocytosis, it is scarcely noted and does wot appesr, except
in an sphameral fashion, except at the second and ths twanty-fourth hour,

¢} Capsulation = A8 shown in the tahle above ard in Graph 6,

' capsulation appears ouly 48 a tentative state, hetween the second and
fourth hour, when the bacteria have passed tirough a pbase bof polyuorphd.am,
Then, after the aixth hour, and befors they have disappeared from the
exudate, the Klebsiells show signs of manifest involutive degeneration
(argentic impregration). '

4) Cultures. — Cultures of blood are consistently negative during

the whole courss of the avperiment; cultures of peritonesl sxudate
becoms 30 after the alxth hour.

e R —
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Here, then, are the conclusions which resulted from the gathering
of evidence:

A A i g s e . it

1. GCapmiatlon of Klebsislls pnewsonis is a4 condition &ins qua ! '
vou 0f multiplication of bacteris in the peritoneal exudate, and in ' T
consequence, ﬁf. mrtal #‘éﬁticaud;a of trested mice, |
P?agwrbesis &ea not apmr axcept for a tracs and as an
GM irxéid:mu, in umted mae. ‘ .
3“ Lecruass in mmber of frﬁa hacteria (preceded by morphological

A e g

m»* ;“aining mdiﬁvzaﬁms) ' ue th&t their complete disappearance seems
dus to.8 dim mmmmai eft&w, and lysis exercised by o
ﬂr&pmin ‘I’.hia aﬁscﬁ ia’ acmmed by sanihilation of potential
E aysulﬁgmidtw pr the baats&a.

- Pmm x?z.l %hia mn z’eeult:x T.ha.t., contrary to what took place with
mphyincow wzm and Eschericni » old, phagocytosls disappears
T patars b nif:mbiﬁdﬁ aotivity and dlrect lysis exsrcised by
‘ strepwawdn in mle's:shl}a pnswaonize. The importance of its role,
an a tactor of ﬁatmsa, varies then ncording to the misroiisl species |
nndn w:siﬂemtim.

It sesus interesting to us to compare, from this point of view,
the mechanizm of action of sulfamides and streptomyrin. The latber
antibdotic has a strong bactericidal and lytic effect with regard to
Klebslella pneumoniae, while sulfamides were revealed to be
exclusively bacteriostatic. Thls explains the lmporiant role of
phagocytosis in sulfanide healing of infection caused by Frisdlardaria
bacillus {§, Levaditi, A. Vaiswan and D, Krassnoff = Bull, Acad. Med,

0 123: 730, 1939}




The same role disappears with streptomyein, the curative effect of

which conaists in a distdnct presminence of bactericide and extra-
callular lysis.

ie Bacilins anthracis

Hers we are mmsmod, as in ths pmcadsr.g‘ with & eapsulagmic
__ma sapable of defending itsolf againat pragocytosls thanks to
* dte aptitude for ensapslation.

of culbure on boulllion, aged 24 hours, Death in 1k -~ 24 hours,
n)e Mtgrial mtm& oz peritoneal exudate:

- Tms IR Number of hacteria
4n hows . per fiald
2 0 i ;
1 i 4 Non~capsulated
14) -
LA S e /1Q_~; SV - e m - et e e
B bt m:m;i Sapsulated
2L Infinity

Thos, the mumber of fpee baﬁteria in the peritonsal sxudate augments
mnﬁnly bey.nni,ng ld.‘bh ihe fourth hour, to attain Infinity and
he meintsined to the end of the oxperiment,

b) Ieucocytosis and phagocytosis,~- The initisl lymphoeytosis is
rapidly replaced by polymuclecais. The polymiclears, in dead mice,

are lysed, As for phagocytosis, it is fully devolopcd toward the
sscond hour.

1. Tuotrol mice (Grepd 40, Intrepsritoneal incculstion of O cme 3

B e o iy oge
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¢}« Capsulation. — Begins toward the tenth hour and is

maintained during the rest of the experiment, ‘
d). Culiures, ~- Positive in blood and peritomeal exudate,

Thus, fatal septicemia determined by B, anthracis encapsulated.

2, Trested mite (Graph 8). — Treatment with 3 x 1,000 micrograms . |
" (immedistely, 24 and 48 hours after infection). Definite survival, '
a) Bacterial content of peritoneal exudate:

Time Mamber of bacteria : Capsulation
in hours per fleld , :

o - o -
30t te 1 Ok O part. degensrated

2 . 3 g ¢ L) Y

L to 48 , 0 A J

Thus, progressive diminution of the number of bacteria in the
- peritonsal exudate and complets disappesrance from the fourth hour.

. ...b) Leucocytosis snd phagocytosis, -- Leucocytosis, at first 7
Wcﬂic, becomes polynuclear from the second hour and is usoéi&tsc,l 7
© with an intense mononucleosis beginning with the elghth hour. Tuis
. Bononucleosis is predominant towsrd the end of the axperiment .
" As for phagocytosis, it is practically nothing.
¢) Capsulation, — Capsulation as such does not exist, tut on the other
nard, the bacteria show signs of partisl or even toal degeneration
beginning with the firat hour. '

d) Cultures. ~- Negative in blood and almost totally negative

in the peritoneal liquid (absence of septicemia).




From all this it may be concluded that, parallel to Klebsiella

. pheumordse, Bacillus anthmcis, a microorganism eminently capsulogenie,
" effectively deferds itself against phagocytoais, thanks to the protective -

* capsules with which it is surrounded, succeeds in multiplying intensely

t " in norual wics, in which 4t results in septicenis snd desth. In |
E‘: - 77'336@ ‘treatod with streptomycin, on the contrary, the same microorganism

| " unlergpes an axtracelluler change, being menifested by 1oss of potential

_ - capsulogeniclty and by imvolutive snd staining alterations attributable
“ %o’ the direct microblaidal effects of the antibiotic, Phagocytosis

o ssems to play no effestive role m the defease of the organism against '
m: p.zhegmu m '

D a oo - ,‘i  Conclusiens

L ;:“7_?‘ R |
2| 7507 e eperineatal study of the moe of sction of streptomyeln fa vive
{ﬁ? .'f}fjj{f throws light on the role of primary importance played by phagocytesis @ .
a - 4n the sroibilatdon of certan patbogenis mlcroorganisms. - Phagocyiic
» .‘ cnglamnt and intracellular digestion of these microbes intervens in

l g oo ‘i. tho hat act of the fight which is waged between the organism submitted
-1 7 4o streptomycin treatment and the microbe, This is exact in the case ‘ot

Staphylococcous aureus and Escherichia coli. On the other hand, in
| ’l  $nfections caused by Klebsiella pneumonise and Bacillus anthracis,
| = “..ixxbmantd.m of phagocytic defenss is either effaced or apparently

nop-existent, Here, the bactericidal and anticapsulogenic effects of
ﬁrep’hom‘cm are part of the first plan, the destruction of bacteria

i o : being mors the result of such effescts than the intarvmti'_an of phagooytes,

T R | T




The degree of this intervention varies then according to the type of
oierobe under conslderation.
course of treatmert with streptomycin the phagocytic defense ia

more effective in respect to non-capsulogenic mierchbes than face to
face with pathogenic agents suscertible of encapsulation.

e e e g ey T e

 (Instiiut Alfred Fournier)

It appears at least probable that in the




