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Staphylococcus aureus 209-P
Staphylococcus aureus Smith
Staphylococcus aureus B-5
Escherichia coli NIHJ
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Escherichia coli C1 6
Klebsiella pneumoniae 16
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Fig. 1 Apparatus for inoculation in stamp method

Container of inocula fluids

Apparatus for inoculation

BHREE TR A AMLERE¥ R X 2 ERE R UL
A%, stamp BT Fig. 1 O X 5 EBE Ao IR
BRERADTFAF y 78F v v TH Y v — VIK 21 fHYL
T, Y- VDERLT, b b2 LDOEERIBET
o FRRDIY, Fv o 7HBUThY+— VREBMRL
TEREMLRAR, BREEAAT v VARR (HE 2
mm, & 3.4cm) 21 ALBRALRKEAK %, Th
ZhOF v v 7ORIC 1 ADOHAENAS X 5 CEE L
T ¥, EXVEEDETEL, HADF v v FOhOE

FRAT VYVARD, RAX v 7DD ZEThicnX
5, fIBREDTLSE Lot 5, BEAERYEF+
vy 7EhZh 2.5ml FoOAN%, EHEHERFR
Fr1ERr 21 BROBERYAX v BB TS, 0%
HTEREIRLERER, BE1HR&FRTH, B
EREHL LORBRICIL, BEAAT VY VAREY +—
VREARKE7Z V22—V B LTEERYEVWE LLE, &
BIZA—F— TKIBRET 5o

2) AEEBRIEE

ERBEREC L D RE Lico

3) BEERBEPOTIENEFRONEE
BEEWLED L L, R USSR Uit
B x % (500 ug/ml) 37°C T 2 R§REAL X ¥ 718,
100°C 1 S L TR 2 TNELE €D, KIGKFO
HAEWBEOBRENMIL Y v 7 X b, CEX Tk Bacil-
lus subtilis ATCC 6633, ABPC ¢} Sarcina lutea
9341 # FH\THISE L,

= B R &

1. #EEE%ICLD MIC OXE (Table 1)
RBREHE MY S V474 2 v 20 BERIEER Lic
HiK, $X0ZD 100 S5 % stamp B THEE LK

Table 1 Effect of size of inoculum on MICs of three antibiotics
Medium : tryptosoy broth (for inoculum) and heart infusion agar

stamp method

Antibiotics CEX ABPC ACPC
Organisms 0 | 100x S;‘;ﬁigr"n“y 0 | 100% S;’;ﬂteirvrfty 0o | 100x S;’;ﬁig‘gty
Staph. aureus 209 P 6. 25 3.12 Se-Se <0.39] <0.39 Se-Se 1. 56! 1.56] Se-Se
Staph. aureus Smith 6.52 6.25 Se-Se 6.25 <0.39] Se-Se 3.12 1.56/ Se-Se
Staph. aureus B-5 >200 25 Re-Re [{>200 50 Re-Re [>200 25 Re-Re
E. coli NIHJ >200 12.5 Re-Se 12.5 6.25 Se-Se |>200 |(>200 Re-Re
E. coli 29 12.5 6.25 Se-Se 3.12 1.56| Se-Se 50 50 Re-Re
E.coli 45 >200 12.5 Re-Se 6. 25 6.25] Se-Se [>200 [|>200 Re-Re
E.coli C1 1-1 >200 12.5 Re-Se 6. 25 6.25 Se-Se [>200 100 Re-Re
E.coli Cl 2-1 >200 12.5 Re-Se 12.5 12.5 Se-Se  [>200 |>200 Re-Re
E.coli C1 6 >200 6.25 Re-Se 3.12 1.56| Se-Se 12.5 12.5 Se-Se
Klebsiella Araki >200 6.25 Re-Se [|>200 50 Re-Re |>200 [>200 Re-Re
Klebsiella 16 >200 6.25 Re-Se |>200 50 Re-Re [>200 >200 Re-Re
Klebsiella 25 >200 6.25| Re-Se |>200 50 Re-Re [>200 >200 Re-Re
Klebsiella Cl1 14 >200 6.25/ Re-Se [>200 |>200 Re-Re [>200 [>200 Re-Re
P. mirabilis 1287 >200 12.5 Re-Se |>200 3.12] Re-Se [>200 50 Re-Re
P. mirabilis 19 12.5 6.25 Se-Se 6. 25 0.78 Se-Se 25 6.25 Re-Se
P. mirabilis 52 >200 25 Re-Re |>200 50 Re-Re [>200 50 Re-Re
P. mirabilis C1 1-2 |>200 12.5 Re-Se |>200 1.56| Re-Se |>200 50 Re-Re
P. mirabilis C1 2-2 |>200 12.5 Re-Se [>200 1.56] Re-Se [>200 50 Re-Re
E. cloacae >200 |>200 Re-Re |>200 200 Re-Re [>200 |>200 Re-Re

* dilution of tryptosoy broth culture

Se 12.5 pug/ml>

Re 25 ug/ml<
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BED MIC #RLICHDTH %o

A AL LA TfTie - Th 1 EEHERK &
100 &7 L OO MIC OEBAR LR,
i CEX @R \WTiREEHREIC X 5 MIC 0£RE
Lo FDRZ— VITEKRIC L » THEHRER & 100 5%
PR L OMDEN, ELLIMEME»ORMEME B b0
(Re-Se), E¥bLLREMDHD (Se-Se), WH & btk
iz RTHD (Re-Re) D 3@hiFbhb,

2. FEHERAEH, ATAEHCETSD MIC L4
E&E (Fig 2)
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2y, Y@M 2y, QEAEbE ~~t 47D,
Vi, SEEREME L, FAavHECEAse 44
EoWT, 1REEHEERE £ D 100 EHRERYES
L, 3FHFIo MIC #HE LiclfE% Fig. 2 & Lo
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BRI X 2235 5WE B K EED MIC i,
100 fEFHFHD MIC AP WEATRTHEANSEL, &
QI CEX Rt % 77 AEHBEOEE, oL bH
HEThoto

Fig. 2 Effect of size of inoculum and sort of medium
on MICs of three antibiotics
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3. EHERHMEEHOKRET

1) 1®EHFCKTHEHRE pH (Fig. 3)
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R L LT, 37°C, 20 BREEH Ik 1 5 MR
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FYFEVAT A2 OREEED pH 12 5.4 LT &7k
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2) REENMC X BEEKOLH (Fig. 4)

E.coli #88k ¢ LCr Yy v 4742, Nut-
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Mlezh Zh DEERIC X - THET % &, 18 B &
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Hlch 108~10° DIFTEDH B = LRI his,

Fig. 3 Ratio of growth of organisms and fluctuation
of pH in various culture fiuids
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Fig. 4 Growth curve of two organisms cultured in

various liquid media
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Fig. 5 Correlation between number of viable cell
in various culture fluids used as inocula sus-
pensions and MIC (1)

Organisms : Staph. aurcus B-5
Antibiotic : cephalexin

Method of inoculum : dropping method
Medium : nutrient agar
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4 HBEREESEERIEEERCLS MICOX
& (Fig. 5, 6, 7, 8)

LARDOERIC L T MIC OEBNEBEBEC Y - T
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Fig. 2 R LB 5, MIC OBIEO A X Bk L
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7, 8 WRLTo
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BEEEEDOBRTH D, = DHRIXLHIT Mtk © PC wxt
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WHFTIEERAKAR MIC 2/ X b, 103/ml L]

Fig. 6 Correlation between number of viable cell
in various culture fluids used as inocula sus-
pensions and MIC (2)

>2001 Organisms : F. coli NIHJ
Antibiotic : cephalexin
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Fig. 7 Correlation between number of viable cell
in various culture fluids used as inocula sus-
pensions and MIC (3)

- Organisms : K. prevmonaie 16
>200 - Antibiotic : cephalexin o A
Method of inoculum : dropping method
Medium : nutrient agar
200~ o—o Tryptosoy broth
i )
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Fig. 8 Correlation between number of viable cell
in various culture fluids used as inocula¥sus-
pensions and MIC (4)

>200 - Ovganisms : 1% wirabilis 1287
Antibiotic : ampicillin

Method of inoculum : dropping method
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w
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L 1 ! I L L
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L£Ti% 100 pg/ml LA DA R 343 108~107/ml D
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E.coli NIHJ % CEX wxfL, 108/ml [J L0 BEET
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Fig. 9 Comparison of MICs obtained from tryptosoy
broth cultures and from resuspension of
organisms cultured in the tryptosoy broth as
inocula suspensions
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1% 200 ug/ml L) o> MIC #7534 107/ml ¢t 12.5
pgiml Ligh, BEREEEY ZThUTRLTH MIC 138)
Migyw (Fig. 6)o

FRED 2 & — vt Klebsiella 16 & CEX Of&€T
dHbhn (Fig 7)o

P. mirabilis (% ABPC o5t LEEEEN D7 nbig
Y MIC pUh& {7 b Fig. 5 02— v 2EPLTWS
(Fig. 8),

5. HBPFROK

DEoRR X h HE BB E LR T D%
FEMETH L MIC k&b, HFRULEREZES
LN MIC ®RT o AR I RN, OB
BRI DI BN D BDENEFAND bR DER YT

75510

1) HEHEKEEGERD MIC oi#; (Fig. 9)

FY SV AT 42V 37°C, 20 BEREEE LB
FRBEL, ThEEOTBR L TEELEYRE, S8
DIV T vATSay, ¥R a2y, 2BRIEKY
FRERMX CTEEAHRES R 80, $IUOED 100
EFFHW A AT MIC 2% L,

Fig. 9 WiRT X5 4 FEOHEKD MIC 11z L A LR
BECTHRMOZEN L, MIC OFBICIIE O HHEF
BOKELIRL, dbLXOEBCIBLDTHSZ A3
%5’@ Elsoteo

2) HEBRFEDONEIEA (Table 2)

RBEEE (FR) OFEL2ILIRNT S BITRD
%&%ﬁﬁﬁ:of:o

YT VAL 2 EER LEEREELL, LD
L+, BIVHEGEZBOHLW MY by avie
B Li-bDic CEX, ABPC #FhEhins, 37°C i
BZ, 2RHBCERFREELZIE LICEC S, WROE
T TR b D LN, FIEHEEOETOALR
7=Dit. ABPC i35 S.aureus B5 & Klebsiella D
2B THotro LML CEX TRIEMDE TR LD D
s\

D EoERc X v MIC E)OEEORKF L, $EL
W E I OB LB OIER T Ik 72\ LHB S h
oo

6. BXR{L¥mEFQEAE (Streak %) & Stamp
%&DB (Table 3)

Z DA LERE Y S EREE &, MHEB TR T
W5 Stamp HEXR LB LD DT, do&d MIC 0%
BIEDOKRE W CEX A\, 200Kk & CEER
BOHEMOUHE LTh b, Tihebd, WERFERECE
BLCEY, BEEERE X0 1lcm? bich OB
oL, MIC LOB#E %R L,

Table 2 Inactivation of antibiotics by culture broth and cell suspensions

Cephalexin ‘ Ampicillin
) Residual activity . MIC . Residual activity i MIC ]
B e I = T B T
sion 108 108 sion 108 108
Staphylococcus aureus 99 99 200< | 25 26.6 4.7 | 200< | 50
Escherichia coli NIHJ | 103 102 200< | 12.5 99 100 12.5 6.25
Klebsiella pneumoniae | 100 100 20< | 6.25 81.9 79.5 | 200< | 50
Proteus mirabilis 1287 98 99 200<' | 12.5 99 99 200< 3.12
(tryptco"s’;tymémth) 100 100 100 100

Amount of antibiotics added : 500 z#g/ml tryptosoy broth, pH 7.2, incubated at 37°C, 2hrs.
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Table 3 Correlation between fluctuation of cephalexin MIC according to different method of inoculation
and number of viable cell of inoculum broth

Organisms S. aureus B-5 E. coli NIHJ K. pneumoniae 16
No. of vialbe cell in 1 ml of
broth (cell/ml) 3.8x108 1.4X%10° 3.0x10°
Method of inoculation Streak Drop Streak Drop Streak Drop
No. of viable cell per inoculum| 7.5x105 9.3x10°8 1.3x108 1.8x10¢8 3.3x10¢8 4.0x108
Inoculated area(cm?) 0.8 0.28 0.8 0.28 0.8 0.28
cell/cm? 9.9%x10° 3.3x108 1.6 x10° 6.4x108 4.1x108 1.4x107
MIC(ug/ml) 25 200 12.5 200< 200 200<
No. of viable cell | jjom2 | 9.9x10t | 3.3x105 | 1.6x10* | 6.4x105 | 4.1x105 | 1.4x108
per inoculated 1\ o omn| 625 12.5 2 6.2
area and MIC (reg/ml) . . 12.5 12.5 . 25 6.25
cell/cm? 9.9x108 3.3x10* 1.6x 108 6.4x10% 4.1x10¢ 1.4x10°%
MIC(uzg/ml) 6.25 6.25 12.5 12.5 6.25 6. 25

Incubation ; tryptosoy broth, 37°C, 20 hrs.

Table 4 Effect of inoculum size on growth and morphology of organisms on agar plate containing

cephalexin
Concentration of CEX (ug/ml) Size of
MIC |inoculum
1600/ 800 | 400 {200 (100 | 50 | 25 (12.5/6.2(3.1{1.5{0.7| O (cell/ml)
growth (macroscopic) + A H 5
200 10
filamentous shape*
(microscopic) | it HiH|+| - |-
Rty |growte ol vl e el e il Bl 125 100
filamentous shape* HlH | HH I H+] ==
growth i 6.25 107
filamentous shape* + | ==
growth (macroscopic) R 1T Ty T 1 1%
filamentous shape* Wl wliiwlal=]=]= 200< 10°
Klebsiella | (microscopic)
pneu-
moniael growth + |+ |+ 200< 108
3K 20 |[filamentous shape* AN T 1 Ry (A T VTR (RIS  J
growth b e e e 6.25 107
filamentous shape* + | =1 =
growth(macroscopic)| | #t | #f | HF | 4t | 4 | #F | # | | # | H# ] H | .
filamentous shape* | [ | | _ | | | _ | _ | _|_|_|_1_ 1600< 10
(microscopic)
Proteus
vulgaris |growth H# ||| A | ||| || ] 1600< 108
4 filamentous shape* | — | — | — | — | —|—|—|—|—=|—-|—-|—]|—
growth ||| R ||| | ] 1600< 107
filamentous shape* | — | — | — | = | - | —=|=|—=|—=|—=|—=|—=| =

Medium : tryptosoy broth (for

inoculum), nutrient agar

* {} filamentous shape only, 4 many filamentous shape, + filamentous shape of 1/2 cells,
— no filamentous shape, intact cell only
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Fig. 10 Correlation between fluctuation of cepha-
lexin MIC and size of inoculum per cm?
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Concentration of CEX in agar medium(g’'ml)

S.aureus B-5 D+ )V Sy v A4 2 EEBEKIT
3.8X10%/ml DA T, Thi Streak ¥k (HERE) &
Stamp % Tfi7e5 &, 1EIOEMERIL7.5%X105 9.3
X10° LigoTHD, BIEE L\ L LEREHKIX
Streak i 0.8 cm? Stamp #EiY 0.28 cm? ¢, 1cm?
Hich OB B Streak 3T 9.9%x105, Stamp T 3.3
X108 L /e%, ZDHAED MIC iz zh£h 25, 200 ug/
ml L7k, UL LZDOEED 10 SHRE2A W5 L,
ZFhZh 6.25 12.5ug/ml rich, 100 FEFRTIIN
Fed 6.25 ug/ml Lich,

E.coli, Klebsiella CHFRAHOEHMM A SR, Fig. 10
oo 1em? pich O EHE MIC L DBIREZ KR
LicdDTHb, ZREhicXdie, EDHETEHT
o Th lem? Bl h DEEHS 10° LLTF Th X
MIC fHiZiiE—EDEH B LI 523, 10%/cm? %2 %
HEI EEIh BT, MIC MM RT & L 58
LITH B0

fti> ABPC, ACPC w3\~ T% CEX i2¥# Lix7
WANRIBRDEEI AR LD B, Lichis TRE LMIC
BRT ORI 105/cm? T OEE, Thbbt ) Ay
4742/ TLREELUCERY 100 fSFRL - b
DxEFIIT Streak T3 Stamp ETHIZIEEED
MIC #BbhbZ iCith,

7. CEX [CkZ2#OHREZE{LL MIC (Table 4)

N=v Y vRe7r v ARY VRIEFL, BECEH
THLEENRELEYT, Wb 37 4 F AV MERR
FoERHbRTWw5, CEX & 5f LT Re-Se HDRK
Zh T E.coli, Klebsiella 3s X O° Re-Re B & iR3
P.vulgaris XABE & L, {LHREYSEEKR Y
T MIC 2%, ARNCEDOREBLHEL, M oQfm
EARC Y » THBOREILE Lb X1 R % Table 4 ©
~Lto

Re-Re @ P. vulgaris TIIEBEEY 107, 108, 10°
L LT% 1,600 ug/ml L) Lo MIC Ciittkch b, =D
BOMRBEITA D R s\ Re-Se b 2 #hix 10°
fETix MIC 13 200 pug/ml THBHAH 10° Ficid 107 &
+5%& 6.25 ug/ml L7 h, MIC A% 200 ug/ml Ll L%
NTERBER T, 200 ug/ml DL ZHETERLT 4
AV IEERED bR b, MIC A 6.25 ug/ml %
RTEEEE T, MIC O BELUT T7 472 v ML
Zrdbhdh, MIC ORETI ARMNAERE b, 7
1T AV ERREDORE, & D &b CEX ©
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THE CORRELATION BETWEEN IN VITRO ANTIBACTERIAL
ACTIVITY OF ANTIBIOTICS AND THEIR PROTECTING
EFFECTS IN EXPERIMENTAL MICE INFECTIONS

(1) Studies on the Method of Determination of the Minimum Inhibitory Concentration of
Ampicillin, Cephalexin and Cyclacillin

YosuiHiTo IssHikn
Department of Microbiology, Toho University School of Medicine, Tokyo, Japan

The in vitro sensitivities of bacteria to the antimicrobial agents, even if measured by the standard
method recommended by Japan Society of Chemotherapy, fluctuate depending upon the used test strain
and the sort of test antibiotic.

This experimental report with cephalexin(CEX), ampicillin (ABPC) and cyclacillin (ACPC), based on
the studies on the factors that may cause the fluctuation in MICs, confirms that the size of inoculum
was most responsible for the fluctuation of MIC. The comparison of the standard streak method with
the stamp method proved that, if inoculated bacterial counts were less than 108 cells per 1cm? of cul-
ture plate, either of the methods produced no different result in the determined MIC values.

Among the three antimicrobial agents, the fluctuation of MIC by the sizes of inocula was most
remarkable with CEX, and it was evidenced that this was mainly caused by the morphologic change
of the bacterial cell induced by the drug action. In the bacillus in particular, the range of the drug
concentration to allow a filament formation was widest with CEX as compared with the other two
antibiotics, clearly demonstrating the relation to the fluctuation of MIC.



