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Role of Phagocytic Defense in the Mehanist

of Action of Streptoqmcin in Vivo.

by

C4 Lenditi snd J. Villet.

The object of the present mecir is the precision of the role

played by the natural defenses of the organist, in particular

phapocytosis, in the final act of the process which asures annihila-

tion of pathogenic nio-organisms in anteal submitted to treat-

aent by streptomycin. A gneral law is involved, regulating the

0therapeutic action of salfamides as well as penicillin. In effect,

as concerns sulfamides, it has been shovc in experiments carried out

with pnesnoccus,, streptococaus, B, Friedlander and other bacteria,

that if it is proved that "efficAcioas madicationa exercising in

lvo an incontestable baterlostatic action, we mst concede that

another factor finishes th work of bacteriostatis. "ow this factor

can only be pagocytO-a. it is -this thich hs the las, word in the

canflict tich the organia, under the chemotherapeutic shockt

engages with the invader. It is this which assures, thanks to the

englobement of germs and their intracellular digestion, the definite

annihilation of the pathogenic agent'. "The iutervention of the

phagocytic apparatus in the epilogue of the drama is a proof, nouethe-

less deunstrabl, pleading for intervention of organic defenses in the
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chemotherpeutic warfare of microbial diseases". (C. taditi,

Besides, experiments with staprhlococcus, hemoltic strepto-

co" u , pne coocur, submitted in vivo to the curative effects of

penicillin, have led to conclusions analogouis t the preceding.

,.l:sfu, it Is especia11 thanks to ultimste intervention of the

defenaive qstem of the organiei, and in particular to pbago osie,

- tit the sterfLUiSt aatvity of Penicillin is Axercised 3 .

(C. LvMiti end A. ,ai=mas (3).)

Is it also the mechanim of action of streptaavctntOr

ex cieos hae beel with OtAphylotccus aureus. LEcheriohia volt,

a flebsiell, pn euuca (Friedlandera Bacillus) and BaciUms anthracis,

9 frflowing ts tecbniuy. here given:

?ecorn4ue. Series of nice are inowulated, by intraperitoneal

route, with lethal doses of ailtures aged 24 hours on bouillon

(0 ,o.3). Sm ser* s controls, tVA* others are treated (sub.

-- etneoa rute)wit1,000, -2,(C 000--r ,D micrograms of anti.

* biotic (according to the species of icrobe being considered), in

2 or 3 Injectons more of less spaced. At regular intervals the

* oe belonging to eah one of these se es are sacrificed (exept

for those whioh sweub). ixamnations bea on the peritoneal eudate

and on the blood. For coioac liquid, cultures and smears are made;

the Uatter ae staind dth phenolisod imethYlee blu or by Process

peztttl the evidnce of oapmulas Blood cultures trnish informtion
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on the presence or absence of septicemia.

From the quality, the content of peritoneal exudat. is

evaluated in free germs by direct count (nt. of microscopic field)

asA the quntity and quality of phagocytes, intensity of phagocyto s

is dotermLied, oven the fate of aiglobed ger=. The collection of

this data serves to estab2.iuh grap"h, or the number of bacturia fre

per field is icated by figures varying from zero (absence of

bacteria) to infinity (moe than IW), and where the degree of

.phagocytosis, as well as the type of pbagocytes(polynuoloar, mno-e

=aoar or gross macrophages) figure scheAtically. Evan the capsulation.

and inyolutire modifications of the" icr1obes are seen.

Here are the results obtained:

1. £TANUODCUS AURES.

1. Control mice (graph I). - Inoculation by intraperitoneal route

of 0 am 3 Culture on bouillon, aged 24 hours. The deaths take paee

between the 14th and 36th hour.

a) Bacterial content of peritone4 mdatw -w

Time Nuber of Ydcrobes
(lb hours) per field

2 3, 4
4 19
6 00

Thus, progressive augmentation in the number of germs, which

reach Infinity in sx hours,

jOf



* b) Laacocytosis and phagocytosis. -Leuoocytoeis is

constttd eXolusivelj by polynucers. Th.s. are in a state of

lytis in deed anauls. ?goqtosie passes froM a t ti

frurt houtO// at the .Lxth bour. But at this last

period of JWectiofl, the ealobed gors prepar. a ],our, ! 31

___ ~U an es U~ovItic pow",

o) (ttUrns of pnttorwal liquid are reveled pitive

durin the A62* erpariant; blood cultures beaome so only at

the eight bonr.

* These experiments show that in control sice survival isv nil, do

death sApbyl6oooci LU the pcritoaC fluid and sopticeAt begiig

at the sixth hour. Pbagoqtosts, inoperative becamse of the Iysis ofS . ~ locytes1 itse"f an effect of staphjtooocoa 1.uoo~yuins, offers

no resistancet zmltiplioation of ricrorganiss, Amnco theeal

dath Of the WAal.

* ~2. Treted ie (fraph 2). -. Tnatmwt with 3-xQ~nagnV (iawdiately, 4 hour ar8 hours after the infection). Definite

surdval of the anis.

a.Bacterial content of Peritonea exAdates

TON Number of genm
*(ink hours) per fieald

30 1
1 0.2

6,up to1.7thd"T 0
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Thus, progressive disappearance of germs, becomes

total at the sixth hour, oontinuin thus to the seventh day,

b). Lauaooytoeis *rA ph4gocytomtw. Lemocoytosis is rapid

the rare l hocytes verified at the begirni-n of the experiment

being replaced by polynclears firat, by an asociation of white

globules itth lobed nuclei ea-d macrophagee at the b.&ins *X the

fourth hour. Phagocytosi i intense between the second and the

eighth hour, to be attenuated between the tenth and forty-digth hour

and disappea completely after the third day. aglobenrit Is

accoqished, first by poljnulears, lastly by arge mnontclearsa.

The Utter wrpolog~al and tinctoel.i =ifcations, repreenting

a wbol, series of imolutive pbenoma, up to the final stage of

ttal lntracisbular lysis. Besides, the mcrophages englobe

Polynuclears containing phagcytic &er=. ( ccaaa aleady

observed vith penicillin).

a). Ctures. - Cutures of yerioeal endate re&a

positire p to the Wxt day, tile those of blood have been

negative during the whole comrse of the experiment (except the

fourth day). This shows that streptomycin hinders the appearance

of staphyleocclc septiceta, but does not sterilise the peritoneal

cavity atil the very ead of the ewperiut. The reason for it

is that the leicocytes having englobed the icroaorgenisms in a

state of bateriowtaais, but till ling, protect them frm the

gerteidal effect of the antibiotic, tile anticipating that they

0o
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&snre total ljrus even in the midst of their cytoplasm.

It Is to be =wludn tat~ PAatsiba, pincl a of defenz

of ubiti the orgadam is capabUs, plays a role of prime imortance in the

fiM2. at Of strePtowtcin cure of infecticia pro4uc.4 in toe* by

2. Zcher±ia ccli (Blot. toli)

1* Cotrol aLoe (gtph 3) -*Intraperitonsal irweultion of 0 a. 3of

a oulturean o aiflcn, aged 24 hma. Deaths take place between the

seondW and fourth houre, Thus# eobautica is zwre rapid than that ot

a) * ctef A otact OZ peritoneC. emat.

* TimE &maber of micrbs
per £1.14

Oto 30' > 50

Thus, rapid wsltiplioation of microorganisms in the peritoneal

cavity attains inf tir barty scn hour.

b). L*uooqtousan phagcytosis.- From the second bour,

nassive pdI~yauclar leuccytosis. Iinthe esem with ph-aocytosis

wich is intense,, but twich leads to lyuis of which globules, whence

its, incivtt (Fat. an attacbmt of bacteria to the sarface of

liwbhocytes at the beginnig of the axpertmat).
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0). Cltures. Caltures of blood and colic .exdate are positive

during the toole exerizmnt, evidance of a state of early septiaevia.

2# Wase treated (Graph. 4). - ?reatsat wdth 3 x 5,000 mcrogam

by atbcutanous route (imin4±tely, 4z and 14 hours after inf cion)

a). Bacterial content of Peritone..] exudate:

Time Nutmber of bactera&
in hours per qield

0 2
301to.1 50
2 to4 25

65
8 3,A

10 2#1
20 1~

30 to 5 da70 0

hau, after a transient wItiplcation of the g*erm toward the

.0d o f the first hour, progressive disppearanoe of the germs is effecte

between the sixth and tM twetieth hour, ick, after this laps of

am*, leads to tot&l effacement, lasting the duration of the expersant

(Ave 4ays). Iz the course of this process, certain, S. colt shw

sips of degeneration, undergoing a trAafrtmtlan In polymrphic

elements, hwuin the appearance of trc.s.

b), Lseocytois and pbagoq-tosis:

Time Phagocytosis
in hours
30' to I Trace

2 
,/(po)4 to 6 9/(POI

astow1 pl
20 Trace -
V0 ' i (poly and Mona)
4$ Trace (POWy

3 t 5 0 (Mo)

:Jt



0 LwtctOoisit dphapcyto ate are intens, frOM the eecon4 ho=r,
This isaOeOqzlithe first by poljimalnrs, "n towaros the lfit, by

R.lng Ut"c"Meers of the tnphags t.YP. -NW* tOnrdeI' tr* tenth hour,!
the anigObe tioroorgais offer uipsa of intra-cytoplaaaja degeneration
pbaem i4d±ob preceded their izt-egal 1ruis. Certain of the XamtAgopag

a). O4tu,w*. Mood cultures are cterfle 4zriag the tel,. course,*
of the ezperilsnt (e*=ept at the foumtt ho.-~ 4x'se *af the peritoneal

amity bacno raia3j negative, cnay at the fth hour# a phenomenonJ
$mtlar to that shown by the exermmnt proen (sahiccu un).

It cOm be oolnad, than, as coneorns Lecherichi c21, that

Phawat. iWteviene. actively in the )xvoess of heelinzg of an infeotlan

Provokt ty this or~tAm in ntoe.

3# flebuiejla prumae (FrIndander's Bacillus)j

Use case of trtedlwAnd's bacifUse, 11ke that of &.ctflua anthracia,

_ -sm-apari~iir-pintof intertst for us. Zn effect, this bacillus

I* swabtol opmlogedc,* We have shownk by the teoanien of action of

valfamides and thttepeaicillin, u the n caalt1o of streprooocmus, o

pasu~xxwo t anflebilU is an important factor in the efficacy of the

phagocytic defense. It is in hindering capaLUtion, in other words the

feation of this apparatus of anti-phagocytic protection which is the

capUe, that ndtcationfrtzn the fat of their sulfamide or antibiotic

atitity, render certain sicroorgenias septible of being mnglnb.4

&Ad "aitAted by the phagocytes.
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Now, this anti-capsalogenic factor intervenes effectively in the

process of healing with streptomycin of infection egendered bT

Labs44l1a PnvgAiA-. 14t Is this '&.tioh results from the mgorinonts

zmried belOw:

I* Contral tie (Graph 5). Intraperitoneal injection of 0 OW 3 of

clator# on bouillon, aged 24 no-tr;. flnth In aim ho,=rs.

Lmber of bacterxa
in hmun per field

to 1 23 to 27) Partial
2 > 50 )Capauletioa
4 > 10C )

6Infinity Total capsulation

Thus., an intensive utiplication of r4csoorganinaa beginning to'ard

tha "od hour, to give place finally (six-h tour) to a trae intra-

peri1toneal culture,

t). Laucocytouis and phaoctosle, - Since polyrainloar leucocyqtouis

i# wre mrked at the beginnrg of the econd hour, psyAgotybsis is

los mrked,

c) 0psulation. - No'apadated during the first two hirrs, t.e

B. or Friedlander, after havIng passed thron-g a short phase of polymarphism,

is surrounded by capsules, tacapsulation becoming integral at the szth

her (argentic irpregrntion).

d) Cutres. - They are positive during the whole duration of the

experiment. (blood and peritoneal fluid).

Thus, septicemia and peritouitis in encapsulAted Klebsiellas

0 occasioning a rapid death.



2, Treated nce (Graph 6). - Treatmnt by 2 z 2,009) sicr egs1~ j (imediately and after eight hours). Definite aurvivCl of than-Aaiuzla

a) Bacterial content of pc'titoznal fluids

TIM tchr of bacteria CAPaulatimn
__ An oira per field

0 21 0
"'to Ih" $7 0

2 26/
4 8'
6 605

a 2 0 degenerated,
16bto 2days 0

Decrease in auber of bacteria after the fourth bour is acseated

progressively thereafter; it ends in complete disappearance of these

bacteria at the sixth hour aid cmtinues thw to the zst of the cq"rimnt

(second day).

b) Lesacocytosts and phagoytcis.- Polgnuclsar leuctotohis is,

As for phagortos, it is scarcely noted andA don rnot appart except

K' in ea ephasr4l fashion., except at the second and the t!wonaty-forth hour*

a) apsulation - As sbown in the table above ant in Graph 6p,

canpolation appears ly as a tentative state, between tho second and

fourth hour, uen the bacteria have passed throuh & phase of po3Fmorphima.

Then, after the sixth hour, and before theV have disappeared from the

exudate, te Xle ella show signs of manifest involutive degeneration

(argentic iqpregation).

4) Cultures. - Ct ues of blood are conaistently negative dring

the whole ouse of the cperimest; cutures of peritonel ondate

bewas so &.ter the s h hr

g g J J 
g

u J 
|

J 
|

J J 
g |
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Here, then, are the oonclusions which resulted from the gathering

of eyidence:

1. aprAitloa of Kaebislia pneumoa is & condition sine qAA

cuaof mtipliatior, of 4oteria in the peritoneal enadte, and in

@cns&a&e* of Aortal s#pticfld of treated mice.

2. Pi1agoytosa i es not appear ecnept for a trace and as an

3. Deereoaat in =Aiber of tree bacteria (preceded by nrpholcgieal

o.,,ainin wdiliqtionsn) so-that their coh-lete disappearance sea

due to direct'- MacterLci4aL etfec't1, ad lysie exercised by a

.. r.ptoa." . .-7h alffct is acOopAned by annihilation of potential

z&p&AilogeAtdMttr or. the baocti4a.

Cal *te .1e40utg i that, contrary to what took place with

&thyioco-ous aureas afd £&chericW " %oUa, vihasgcytosis disappears

bat.=$ t ziotrobicid4a totivity ,ind direct lytsi exercised by

* streoycii tn U*Wla pneumonl ae, The Importance of it. role,

as a factor of s~fease, varies thea accordin to Qetrla-sne

%Kat63 zowis~gftign.

It sects interesting to us to compare, from this point of viw#

the msoazds of action of sulfacides and streptoimc4n. The latter

antibiotic has a strong bactericidal ad lytil: *ffect with regard to

flabuiefla pneinnaiae, while sulfanides were revealed to be

aclusiv*ljr bacteriostatic. This eplains the important role of

phagocytosie in sulfamde healing of infection caused by Friedlander ts

bacillus to# raditi, A. Visma and D.Xrassnoff - &U. -toad. Med.

1U1 M3, 1939)
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The &a role disappears btth atrptonycin, the awative effect of

wbjah consists in aL distinct preeminence of bactericide and extra-

4. Bacillus anthacss

Here we arm conceraed., ao in the preceding4, With a cpsulCogen

bacteria vJAab of defndtng itelf against plagocytoais thanks to

its aptitude for wnApwultioL.

L. Dotrol mice (Ouph &0. Intraperitoneal, inocution of 0 cao 3

of culture on nuilLaon, aged 24 hours, Death in 14 - 24 hours,

a). Batrial ooxAent Of PeritoneAl eracdate:

* Tife Mwiber of bacteria
* in hours per field

* 4 14)

14 1nint Capsulated
24 Ininty

bas, the wuber of fen bacteria in the peritoneal exudate aiapsntsi-

prcgresain37l beginning tth the fourth hour, to attain infinityan

be utintained to the end of the extperiment.

b) Leommoois and pbagoytosis.- The initial 1yatocytoois is

npid27 replad by polynucoosis. The polynuclears,. in dead mice,

an* lysed, As for pltagoytouis, it is tally developed tovard the

second hawr.
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c). Capulation. - Begins toward the tenth hour and is

maintained during the rest of the experiment,

4). Cutures. - Positive in blood and peritoneal exudate.

Thus, fatal septicezia determined by B. anthra cia encapsulated.

2. Treated mice (Graph 8).- Tretment with 3 x 1,000 microgr

(inwditey, 24 and 48 hours after infection). Definite survival.

a) Bcterial content of peritoneal exodatez

Time Nmber of bacteria Capsulation
in hours per field

o 5 0
30' to 1 0,4 0 part. degenated

fl 2 3 0 U "
4 to 48 0

Thin, progressive dimtion of the number of bacteria in the

peritoneal i ste and oompleto disappearance from the fo rth hour.

- - SO~tu. e---- phgoywW - L.&coiqteis,* -at first

1yaphootio, becomes poplnuclear from the second hour and is associAted

with an intense mononucleosis beginning with the eighth hour. This

mononiloals is predomixant toward the end of the axperit t*.

As for phagocytosis, it is practicaly nothing.

c) CapsumLation. - Capsuation as such does not exist, but on the other

hand, the bacteria show signs of partial or even toal degeneration

beginning with the first hour.

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

Qin the peritoneal liquid (absence of septicemia).

F - --- -.
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Frai al1 this it ny be concluded that, paraflel to flebsiel]a

* pnuiae, BaciUs anthitos, a .icroorganis emnently capsulogeic,

* effectively defendse itself against pbagytosis thanks to the protective

capsulo th t ch it is surrounded, succeeds in multiplying intensely

In nsml ace, in 1wtch it results In soptioa a and death. In

- toe treated vitd stheptoiWain, on the contrary,, the same microorganim

pes an extreellulr change, being manitested by lose of potential

nspolageoiptety and by taolutive and staining alterations attributable

to'the direct YArobiOdal effects of the antibiotic. Phagocytosis

seem to play no effective role in the defense of the orgaznda against

this pathogenic agent.

Teexperimetal studyl of th oe or action of uwrupt eiMn'4 ini vivo

throve 11t on the role of ~rip rtance P3Ayed by actui

late uStaonof certain. pathogenic toroorgeniae f agocytic

eng,.ommt at intracellular digestion of these microbes intervene in

the lest act of the tight vtch is waged betwea the organiam wbitted

to streptopycin treatmnt and the microbe. hts is e ct in the case of

Staphyloocus aureus and Escherichia colt. On the other hand, in

infections caused by KlebuielA pneunoniae and Baillus anthracis,

intervention of phbag cc defense is either effaced or apparently

no-cdetent. Hoeo, the bactericidal and anticapsulogenio effects of

streptoqp in axe pert of the tist plan, the destruction of bacteria

ben aon the result of such effects than the intervention of phagoytes.

* . -. ._ - l: . _ _.. _ _ L . .. J.. . !U _ . . . . . . . .. . . .. . . . .. . . . . .. " . L V



The degree of this intervention varies then according to the type of

ticrobe under consideration. It appears at least probable that in the

course of treatment with streptorvyin the phagocytic defense is

ore effective in reet to non-capsulogwdc mcErobes than face to

face with pathogenic agents auscptible of encapeulaton. -.....

(Instituat Alfred Fournier)[7-
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