24 CHEMOTHERAPY

FEB. 1974

(FNEBEBFAL¥REF¥SLS BUME 1)
MAEYWEORRKRDODRYE

' R

IaIES

BAEMLEBTERT « B FH AL BTIERT

A EYEOWEICETF LoDIX 1944 ETHDh
B, Thdhb 28 FEE LT\ %, 1941 £ FLOREY
LOR=Y) VORHRORRTIL U E S EHEOHR
WBERRHEWERA DT HZLXENEL TED
A, 1951 EFAIX Z O R L HBHAEDECE TO A
oo 1960 £ D, FFEMFEOES LI F B
EOFEBENRE L, i 1965 FEH SR DL
SEIFZE DS Ui,

HEHBOME TS, FAUHETRUHAOBEY <
DML LTOBDTIXES IR o E LGB OB
BEZXEUEAREOESZRT X 5 ED SRk}
HTTe B IRV FAIL 1965 £E2s Bt D A b2 &
ZThRESHTIHEECES S WECED LW H L
FROMBCETF L, FhMEWwr oL 2HRERIIE
WECHEWBOFREILK Lo B vA~1 vy
DR HLHBHEHED 121 DEDWTADERE
O3 5 BIRESEBELY LR LW H L
B A B Lico ThOHIRICIZSHE 10 £/
L ODRENIHFEIN D, £ TEAIX TR h HHER
EOWTHN, BHESEFFERNODT LI HHERY &
EDTHRBZEET D,

1. 73/BREPROMMRESBEDYR

1961 4, BEfLH (FRAVEIREFHEE X/ S
A7 =z ARNELTARZ L ZHEL, 1965 £,
MR, BRSO (FH2EMBE X Z/rS5AaT7 =22~
w7 2F ML LT RELT 2BE L DL OTWHT L%
BALME Lo ZTTEELIID T <1 ¥ Vil #: i
DOWRICEF L, REFHHERE, WH.SE5KEY, K
HiEORBEDII Y F ~ 4 YV ERNELLTHELE % 0L
Y, ZOEREIL ATP hoBEb LT 3@y 7~ 4
VRO B LEEWONIT Lz, 3 5 IREELY LR
REH DL 2 OFERVEH LT LzoRE, HEYHED
B RREREN, COEKEREEY Fig.loXic
BT Lico COBRCHF <A ¥V IL, 6/-NHy(hF =
4V CDL % 6-0H), 3-0H, 2/-OH(HhF <4 &
v B,C © L 1% 2/-NH,), 1-NH,, 3-NH, Cfs&3 %,
T, ZhbffABS 5 NH, ik OH %15
i LTS B e E LB D LN TE S, T4
DOFHEE LT, B3 hs OH %R\ T HYHEY

Fig. 1 Enzyme reaction: Phosphorylating kana-
mycin from ATP
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Fig. 3 Distribution of MIC of DKB and GM in
Pseudomonas aervuginosa
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Fig. 6 Lividomycin A
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Table 1. Effect of leupeptin, chymostatin, antipain and pepstatin against various proteases

IDso (,ug/ml)
Enzymes Substrates
Leupeptin Chymostatin Antipain Pepstatin
Thrombokinase Plasma 15 >250 20 >250
Thrombin TAMEl) 10000 >250 >250 >250
lasmin Fibrinogen 8 >250 93 >250
Trypsin Casein 2 >250 0.26 >250
Papain Casein 0.5 7.5 0.16 >250
Kallikrein BAEE?) 75 >250 >250 >250
a-Chymotrypsin Casein >500 0.15 >250 >250
B,7 and & Chy-try. Casein >500 0.15 >250 >250
Pepsin Casein >500 >250 >250 0.01
Hemoglobin >500 >250 >250 0.0031
Proctase A Casein >250 >250 >250 >250
Proctase B Casein >250 26.5 190 0.0072
Cathepsin A Cb-Glut-Tyr") 1680 62.5 - >125
Cathepsin B BAA") 0.44 2.6 - >125
Cathepsin D Hemoglobin 109 49.0 - 0.011

1) N*(p-toluenesulfonyl)-L-arginine methyl ester HCI

2) N%benzoyl-L-arginine ethyl ester HCL

3) Carbobenzoxy-L-glutamyl-L-tyrosine 4 ) N%benzoyl-L-arginine amide HCIl
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Table 2. Effect of pepstatin for related free and bound sialic acid in gastric
secretion on pylorus ligated rats (Shay rats)
Gastric secretion Grade of ulcer?) Sialic acid
Dose 1y, of (ug/ml)
mg/kg rat Vol Pepsin!)
(oral) olume epsin _
(ml) pH (u&/ml) + +# H# i Free |Bound
Control 5 12.3 2.0 | 475.1 0/5 0/5 0/5 2/5 3/5 19 89
0.5 5 13.8 2.1 0 3/5 1/5 1/5 0/5 0/5 24 16
2.0 6 12.5 2.2 0 4/6 2/6 0/6 0/6 0/6 19 14
32 6 13.0 2.2 0 6/6 | 0/6 0/6 0/6 0/6 14 13.5

Rat : male Wistar
Body weight : 200g + 15g
Fasted : 48 hours

Pepstatin treatment : 15 minutes after pyloric ligation
Pyloric ligation : 22 hours
Administration route : oral

1) Pepsin activity corresponding to porcine pepsin ,g/ml

2) — ; No ulceration : + ; A single ulceration : 4 ; Some points of ulceration :

#t ; Generalized ulceration :

+# ; Perforated ulceration

Table 3. Content of pepstatin in gastric juice after pepstatin administration
and percent of peptic activity of the juice to that before administration

Administ- .

Individual ration Time * - Pepstatin (,&/ml) Inhibition **
No. Pepstatin (min.) P Alkali Butanol percent
(mg) denaturation extraction
4 50 60 1.8 20.5 14.3 93.6
5 50 60 1.9 8.6 6.9 90.2
7 50 60 1.5 26.6 15.6 92.7
8 50 60 2.5 24.4 17.6 100
9 50 60 1.9 27.8 32.8 98.4
10 50 60 4.7 5.8 3.9 100
11 100 60 1.5 12.9 11.9 100

» The sampling time of gastric juice was shown by the time after administration.

» = Calculated from the peptic activities of the juices collected before and after the

administration of pepstatin.
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Fig. 12 Panosialin

K0:S0:
&

X007

R ; (CHa)eCH-(CHz)i=
CHy—(CH)u—
(CHa)2CH—(CHe)is=

Fig. 13 Oudenone

2
_-C 0 .
cH
\z \c_—_c/ \/cﬂ-cm-cm—cm
CH{C/ \CHz“éHZ
[li
0

Fig. 14 Mean systolic blood pressures in male SH-
rats at various weeks of age and depressor
responses to oudenone K salt.
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Fig. 17 Mean systolic pressures in SH-rats at
various weeks of age and depressor responses
to dopastin
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Fig. 18 Inhibition of dopamine-hydroxylase by 5-
butyl or 5-pentylpicolinic acid
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I ED T, Fhakcih BT AR, £
hERET AEA TR, Z O % 'EoD Pri-
mary action I3 % B CHRAICRRZ M R,
DXOIetED 1 D% T ir 2 BHIRNE Z OB Mo
BIVEBZEREL, 20X RREHOE VS
BRI FOYE CHETE D, & D LixBleomycin
OHETHLA I T,

W (BSIE—) HA%ER L X 5 1© Bleomycin i
ADRFLERBCAERTHBA, SVADAFALIIF Y
PYRIZREORFEEEREIEL, RHECLD
WEFEIE Lic v, Table 4 © X 5 1z $H-Bleomycin
REHTLE IRHBCThizc o~y RORE, &0
RELBRC XD ZEhTWwd, SHLEESD LWH
Btz D=v A0 © ¢ 13 3H-Bleomycin % 50%
MEESRE UCHFET 52, AETRATESEEY R
BOTW5, EWBO AT A — XS VvAIA VY VY
FELT AN ORNELFEFEIL AT 5 X — D 100,000
XgDEENS w2 3 VAL, 35~60%5iR7 VE=
TR, Sephadex 7 r=< 1257 4 —, DEAE +
rr—Xrww bS5 7 4 —THE I 54, DEAE +
re~XETHERT S L FRIRLEETH D, T OBER
BAVARA VDO AINLEFYLT I FB1FFOT
VESTRERT Y, COBEY LYY RAOER X
CHE» SR LTAR% & 13 EOM, 11 HONEDF
BHowEE: (FvA~4 vV By © 1ug 1 TG
LFB0% 1 BAr L 35) 3BTk 14.55 u/g THRIET
i3 32.71%/g CHE TR D1, 356~60% s T v &
=27HRE CORETHRLER 1mg OFEMIX Fig 21
DISEHLHHBTESHRETCEH D, 20T E
i3, RREEEBCE S VA ~ 4 ¥ VY RNELEER OGN

BV D TRIC R ZHEIMENZ L 2R LTWL 3,

Bleomycin ¢ Primary action ¥ DNA & Kt LT
DNA & JIlfi35% & & TH 550, F-{ERETDNA
ligase #BHIET 5% ThEDIEFITEHFBOMER &
BARANEL, HaHiR & ORI HERR L HEE I %0 i
Fi, FvA <4 ¥ idEmnES EE 3, Immunosup-
pressive TiX\?, St <4 v vOrERABEER 1T B
SHERZME OB O NI T VA v 1 ¥ VIRZEOE
Brds T ERERT S, AOFVRITvAIAL VY
DOYEFBHE & B L TRZEMIB VW2 L2832 bhbo
AT F VHOEEMET DNA ligase © 1F #EAVEWTR
BIEEDTED LAWE L TH 5B,

fERBEOMERSHETETRRT 2, Thitl
DOHIEYE R AD D BFECARD L ED 1 DOEHER
EHE LD, MBBICIERT2HEIADZTRAThORE
& AKlER TR S H B %k I v, Macromomycin®®,
Diketocoriolin B i #ifafEic.{E B3 % - Diketocoriolin
B(Fig. 22) 13E&E At 72 b { Na-K-ATPase %
BRIET 5% ZhidifEsarfmse, ZOoRT
Immunostimulant CH %%, +C, FRIXZOHPEYL
FLLBREPTH S,

& v
BOEH 7 ERICHT LW E LTRAE T LR Rt

Fig. 21 Specific activity of the proteins
obtained from squamous cell car-
cinoma and sarcoma induced by
20-methylcholanthrene in mice
skin to inactivate bleomycin (ug
of bleomycin B; in 1 min. by 1.0
mg protein)
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Table 4. Distribution of "H-bleomycin in squamous cell carcinoma .
and sarcoma induced by 20-methylcholanthrene at one hour = :
after the subcutaneous injection ‘: 3.0 .
Carcinoma Sarcoma 3 :
BL by th BL by th 20 :
Total BL . > " Total BL . > ¢ g : .
Exp. (u2/2) antibacterial (wg/2) antibacterial @ .
) ue/e activity (,g/g) BB activity Lok :-,
1 15.9 11.0 45 <05 :
2 22.7 17.2 13.7 1.9
.3 17.9 13.7 14.4 2.8 Sarcoma Carcinoma

. To mice bearing carcinoma: 65.1mg/kg, 64.6mg/kg and 65.5mg/kg

were injected in Exp. 1, 2, 3.

To mice bearing sarcoma: 70.3mg/kg. 70.6mg/kg and 62,7mg/kg

were injected in Exp. 1, 2, 3,

Radioactivity of *H-bleomycin employed: 8.23 X 10°"dpm/mg in Exp.
1, 8.23x10°dpm/mg in Exp. 2, 8.33x10¢dpm/mg in Exp. 3.
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The Impact of Antibiotics on Medical

and Social Change

A Revolution Begun

In considering the present and future role of
chemotherapy, one must look briefly at the histo-
rical development of the field in our present era.
Almost 30 years ago, the beginning of bulk produc-
‘tion and increasingly widespread medicinal use of
penicillin began a revolution that has changed all
of Medicine and many features of our culture. It
caused miraculous cure of severe life-threatening
infectious diseases and improvement of other minor
ones. This rapid and complete cure of disease,

which is the ultimate goal of the physician in his
care of the sick and the aim and success of chemo-
therapy, both solved and created medical problems.
For some of them, society was poorly prepared.
Both the capability for providing definitive treatment
of infections with safety and the increased survival
of persons with congenital metabolic and degenera-
tive diseases because of antibiotics have contributed
to a strenuous demand for doctors, nurses, hospitals,
and the availability of health care. Similarly, the
creation and sustenance of an increased population
too old or too handicapped to work productively,
which is a measure of social development, has been
greatly affected by chemotherapy.

After the introduction of penicillin, the demand
for more, newer, and different antibiotics was al-
most unquenchable. The discovery of new anti-
biotics became an active pursuit of industry, and
The financial

rewards of success were more than enough incen-

new agents were readily found.

tive, and the production of antimicrobial drugs
became “big business”, international in its scope.
Academic research programs were established which
stimulated a broad range of scientific investigations
as well as medical advances. Some new antibiotics
which were not useful as medicines made it possi-
ble to investigate cell biology at a molecular level.
Other non-medical uses for antibiotics were found,
such as their inclusion in feed for poultry and
live-stock and use in the preservation of food.
Thus, medical scientific, social, and economic rever-
berations from the introduction of antibiotics were
clearly discernible.

Infectious Diseases

The medical benefits from use of antibiotics in

infectious diseases cannot be over-emphasized.

Patients have been relieved of much suffering from
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infections, and the mean life expectancy of persons
in most nations has been lengthened. Physicians
have broadened the scope of their diagnostic and
therapeutic procedures to new limits with expectant
On the
other hand, a kind of unrealistic euphoria resulted

control or cure of complicating infections.

from the early successes of antibiotic therapy and
afflicted persons in the health professions and lay
persons as well. It was believed that infectious
diseases were conquered as a major health problem.
Although we did not know the chemical structure
of most of the antibiotics, and we did not know
their mechanisms of action, the clinical results
obtained with penicillin, and later streptomycin,
tetracycline, chloramphenicol, and erythromycin,
in bacterial infections were so impressive that even
mystic curative properties were assigned to anti-
The phrase “antibiotic umbrella” stated

this optimism for chemoprophylaxis, and a commonly

biotics.

expressed feeling was that antibiotics “did some-
thing good” for sick people by treating unrecognized
and undiagnosed infections. The diagnosis of infec-
tions by their specific etiology was passively de-
emphasized. It became common for antibiotic pre-
scriptions to be given without examination of the
patient, and expectant treatment without complete
diagnosis became an accepted medical standard.
The role of the physician in the treatment of infec-
tions became more technical and less personal; the
layman’s view of physician behavior in this respect
was indicated as he shopped for the doctor who
would “give him a shot of penicillin”. Such over-
use and dependence on drugs produced inertia of
thought ;

mechanisms declined and the academic struggle to

basic investigations of host defense
gain a thorough understanding of the interaction
of man with his microbial environment became
temporarily stalled. Young physicians in the euphoric
belief that infectious diseases were conquered,
tended to turn their scientific attention to other
diseases creating a temporary decline in the number
and prestige of persons trained in infectious diseases.
Time, a broadened armamentarium of antibiotics
and the accumulation of experience have changed
much, but some of the false notions about infectious
diseases and some of the indiscriminant attitudes
about antibiotic use are a continuing legacy from
the earlier period.

Clinical Investigation

During the early period, the clinical investigation
of antibiotics was sometimes less than critical.

Enthusiastic testimonial endorsements of new anti-
biotics were often accepted and advertised. The
literature became full of reports of uncontrolled
observations, most of them favorable without
reference to reports of similar successes without
any treatment or sometimes unfavorable results in
patients given the same treatment. An important
role emerged for the clinical investigator trained
in infectious diseases and knowledgeable about the
expected course of different infections. These
people hastened the elimination of useless and in-
effective drugs, exposed unwarranted claims, and
accelerated the process of sifting out the most
active and least toxic agents, doses, and routes of
administration. Quantitative measurement stimu-
lated pharmacologic understanding. Academic in-
vestigation and controlled observations tended to
replace personal testimony and supplemented clinical
trials. New arrangements were made for collabora-
tive investigations by physicians in many centers,
and even internationl collaboration, to provide the
broad and decisive experience necessary for conclu-
sive evaluation of the effects of chemotherapy on
certain diseases. Thus, the need for evaluation of
many new chemotherapeutic agents and an increas-
ingly critical attitude about the nature of clinical
evidence brought a more scientific approach to

chemotherapy and helped give rise to the career
academic clinical investigator.

New Educational Needs

The startling impact of the miracle drugs—as
they were called publicly—caused a curiosity and
interest among laymen which created a whole new
profession, that of medical reporters for the mass
media. Often, patients became aware of new drugs
before their physicians, or they were just as well-
informed about them.

behind the popular press.

Scientific reports lagged

New means of inform-
ing physicians and scientists about the rapid succes-
and the
methods established and still evolving have shaped

sion of new drugs became necessary,

much of our current system for post-graduate and
continuing education. " The role of the pharmaceu-
tical detail man as a source of physician information
was completely reassessed. Scientific journals which
are the basic form of post-graduate, self-education
proliferated. @New journals concerned with anti-
biotics and chemotherapy were created, and the
number of them has steadily increased. Numerous
other forms sf printed matter, and some audio-and
video-tape series are now being widely circulated
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to help fill the educational gap about new drugs.
Annual conferences, such as this one now having
its 20th anniversary, have been held, because they
partly fill the need for effective transfer of new
information and current opinion about chemothera-
peutic drugs. Membership in the sponsoring soci-
eties has swelled beyond the greatest expectation
of the founders. The need for physicians to have
immediately available information about drugs has
led to an ever more extensive informational insert
with each vial of medicine. The development of
drug information centers as a part of the hospital
pharmacy is the newest mechanism for insuring
the availability of drug information to physicians.
In these centers, data can be collected, stored, kept
up-dated, and made readily available to physicians
for reference or learning about the efficacy, safety,
compatibilities, and inter-drug reactions of thera-
peutic agents. Perhaps it is in areas such as these
that computers may serve us effectively in the future,
but whatever the means, post-graduate education
in chemotherapy has been established as a major

and continuing requirement.

Regulatory and Industrial Changes

Chemotherapy and the “big business” it created
also caused reaction in the regulatory and com-
mercial branches of governments. No longer can
a drug be licensed for sale if it is safe; it also
requires demonstration of full and adequate investi-
gation showing that the drugs are effective for the
conditions for which they are recommended. Legal
guidelines are now established defining the scope
of pre-clinical trials and #n wvitro laboratory and
To establish
the experimental and clinical pharmacology in Phase
II, carefully designed protocols are required. In

animal tests, called Phase I studies.

clinical trials, Phase III, ever more extensive and
controlled experience is being requested. Thus,
the conduct of clinical investigation of new drugs
has become a much more legally prescribed process.
Similarly, new regulatory safe-guards for patients
were created which requires them to have pre-
treatment information about the drugs and provides
the reassurance that the protocol for investigation
has been carefully reviewed. In industry, these
policies have caused an increase in the cost of
development of a new drug, fewer entiely new
drugs, and a dilemma about whether safety or drug
efficacy deserves primary emphasis in the selection

of candidate drugs. A nagging problem, which has

a simple legal resolution but has been difficult to
resolve scientifically, is that of generic equivalence.
Is the same antibiotic produced by different firms .
the same, or does the preparation and formulation
cause variations in properties which can have
therapeutic importance? The purpose of these
different regulatory policies is to insure maximum
safety in the chemotherapy of patients and the
economic availability of chemotherapeutic agents to
This result of the

increased involvement of various agencies, in their

as many persons as possible.

concern with both the pharmaceutical companies
and physician behavior, has been the emergence of
another powerful factor with both major and subtle
influences on new drug development, drug investi-
gations, and clinical chemotherapy.

Present Practices and Some Countereffects

of Chemotherapy

Antimicrobial Drugs in Common Use

A schematic portrayal of some of the present
medical practices and countereffects from the clinical
use of antibiotics are shown in Figure 1. The
effect of antibiotics is represented as an antimicro-
bial pressure derived from the common use of at
least 10 different families of antibiotics that are
active against the prevalent species of pathogenic
bacteria ; penicillins, cephalosporins, aminoglyco-
sides, macrolides, polypeptides, tetracyclines, chlo-
ramphenicol, lincomycins, rifamycins, and sulfon-
amides are the major ones. The physician’s aim
in the use of this pressure is the cure of disease,

or if the aim is properly directed, its prevention.

Figure 1. A schematic portrayal of some
forces and effects derived in the clinical
use of antimicrobial chemotherapy.
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The precision of the aim is improved by pharma-
cologic knowledge about each of the antibiotics,
and set-backs are sometimes encountered owing
to adverse reactions to the drug. Shown on the
graph as additional pressures on the system are
two common practices, the use of antibiotics for
prophylaxis and their use in combinations which
are attractive to the physician because they offer
hope of better therapy, but which experience has

shown can produce undesired countereffects.
Toxicity

The recognition and prevention of acute and
chronic toxicity are of almost equal importance
with the antimicrobial effects of the drugs used in
chemotherapy. Besides acute anaphylaxis, which
can be fatal, and rare cases of agranulocytosis,
a major concern with the antibiotics in prevalent
use is about renal toxicity and ototoxicity. An
increasing number of patients with chronic renal
failure is being observed in some of whom func-
tional kidney damage by antibiotics is believed to
have been a major or contributing cause. The
potential role of several different antibiotics in this
respect is well-recognized. A fear not entirely
answered by data is whether comulative toxicity
might occur from repeated courses of the same and
different antibiotics which in the future will in-
crease the number of persons handicapped by renal
failure. Experience to date suggests not, but con-
cern in the selection of agent and dose used in
chemotherapy is important.

Ototoxicity was at first a dread fear in the use
of aminoglycoside antibiotics. Careful collection
and analysis of the clinical data in which ototoxi-
city did or did not occur has permitted a definition
of the factors associated with cochlear and vestibular
intoxication. Failure to modify the daily main-
tenance dose when kidney function was impaired
is by far the most important. Large daily doses
are a secondary factor, presumably because of high
serum levels produced. Total dose, duration of
treatment, and previous courses of treatment were

unimportant in the absence of renal insufficiency.

Antibiotic Prophylaxis

The benefits from prophylactic use of antibiotics
have been real, but far less than was hoped for.
Both good and bad effects have been recorded. In
general, the best results have been obtained when
the purpose is prevention of a specific infection in

ambulatory patients. The most accepted indication

for this use is penicillin prophylaxis for the preven-
tion of B-hemolytic streptococcal infections in per-
sons with prior rheumatic fever. Also, the protec-
tion of patients with rheumatic heart disease during
periods of high risk, such as dental extractions, is
logical, traditional, and probably effective. Chemo-
prophylaxis sometimes merges with early treatment
for the prevention of disease in persons who have
acquired pathogenic micro-organisms by recent
exposure. Classic examples are bites of human
or animal origin, acquisition of enteropathic E. coli
in the newborn nursery, and the exposure to gonor-
rhea or sulfa-sensitive meningococci. At a more
advanced and less effective level is the attempted
prophylaxis in patients with established chronic
infection, such as bronchitis or pyelonephritis, in
order to diminish their purulence and prevent acute
exacerbation.

Prophylactic treatment of contaminated, traumatic,
and selective surgical wounds has reduced infectious
complications. In cardiovascular and orthopedic
surgery in which a prosthesis is placed, prophylaxis
with a penicillinase-resistant penicillin has decreas-
ed the incidence of staphylococcal infections, but
other types of endocarditis and suppurative com-
plications occur, and there is no convincing evidence
that the net result of prophylaxis in these patients
has been beneficial. In routine, clean surgical
procedures, prophylactic antibiotics are not recom-
mended, and studies of the overall infection rate
over extended periods of time usually find that
prophylactic antibiotics are detrimental. Similarly,
their use to prevent pneumonia and urinary tract
infections in bed-ridden patients has not been effec-
tive. In fact, comatose patients have often fared
worse if given antibiotics prophylactically.

Use of Antibiotic Combinations

There are three generally accepted and well-
justified reasons for the use of combinations of anti-
biotics:
which may be desirable in patients with life-

1) to increase the antimicrobial spectrum

threatening infections, such as Gram negative bac-
2) to
increase the bactericidal effect, such as can be

teremia for which the etiology is unknown,

demonstrated with alpha streptococci obtained from
patients with endocarditis, and in some other con-
ditions in which synergy can be shown, and 3)
to prevent the rapid emergence of resistant strains,
especially those that occur as single-step mutants
or acquire induced resistance; and when long-term
treatment is necessary, as in tuberculosis. Although
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the emergence of resistant strains from individual
patients under treatment is suppressed by an appro-
priate combination of antibiotics, the appearance of
resistant strains in the community usually is only
slowed and not prevented.

Unwanted effects of combinations of antibiotics
sometimes occur. Antagonism of the “antimicrobial
action,” which can be shown in laboratory studies,
also occurs in the treatment of disease, although the
procedures used to demonstrate it are often inade-
quate and it may not be grossly apparent in clinical
practice. A second adversity from the use of anti-
biotic combinations is drug incompatibilities. A

recent recognition of such an occurrence is the

in vitro mixture of an aminoglycoside antibiotic
with a penicillin or cephalosporin. Inactivation can
occur in vivo in the presence of severe renal failure
of in localized compartments, such as joints or pleu-
ral spaces, where the rate of drug exchange is not
rapid. Other such subtle incompatibilities probably
occur and should be anticipated in patients receiving
multiple drugs.
Ecologic Alterations

In accordance with physical laws of pressure and
most biological experience, the pressure generated
from the use of effective antibiotics has created a
counter-pressure expressed as alterations in micro-
bial ecology. Some of its most common manifesta-
tions are infections with unusual organisms, the
emergence of resistant strains in the personnel and
environment around treated patients, and the esta-
blishment of intractable infection in abnormal hosts.
The generally observed frequency and changing
types of hospital-acquired infections, particularly
the high and rising incidence of infections caused
by Gram negative bacteria, has become a major
problem. The observation that resistant bacteria
increase in prevalence and transmission in direct
proportion to the intensity of antibiotic use in
hospital wards, has been repeatedly observed by
sampling carier rates and studying intra-hospital
epidemics. Hopefully, physicians have become aware
of the need to protect the hospital environment and
preserve the effectiveness of chemotherapy with
the present drugs by some restrictions on the indis-
criminant and over-use of antibiotics. The answer
to the continuing high rate of hospital-acquired
infections is not likely to be in the development
of new antibiotics but from the practices of anti-
biotic use.

Future Trends in Chemotherapy

New Antibiotics

The discovery of important and clinically useful
new antibjotics during the last 10 years has markedly
declined. Earlier rediscovery of the same or similar
agents has shown the thoroughness with which
world-wide screening for antibiotics has been done.
It seems likely that the recent trend will continue
and that there will be relatively few entirely new
antibiotics in the next few years. Instead, chemical
modification of presently known drugs is likely to
occupy our attention. The chemists have more
than caught up in defining the structure of anti-
microbial antibiotics ; they have created semi-
synthetic ones or identified specific chemical diffe-
rences that determine the spectrum of antibiotic
activity. This is clearly the trend of the future.
Within recent years, changes creating a family of
penicillins has re-established them in a dominant
role in antimicrobial therapy. Benzyl penicillin,
penicillin G, and two substituted analogues, ampi-
cillin and carbenicillin, fulfill the therapeutic needs
in a variety of the most common infections.Perhaps
additional new, important members of this family
will be forthcoming. The inclusion of the acid-stable
phenoxy penicillins and the penicillinase-resistant,
semi-synthetic penicillins provides an impressive
antimicrobial armamentarium within this single
class of antibiotics.

The cephalosporins are undergoing a similar sys-
tematic investigation of the importance of different
chemical substitution at two different sites. Eight
modifications are in prevalent current use or investi-
gation. The cephalosporins have a large measure
of overlap with penicillins in their spectrum of
activity, but they will supplement them by the
advantage in their stability to staphylococcal peni-
cillinase and sometimes improve upon and broaden
the effect on Gram negative bacilli.

A third class of antibiotics, the aminoglycosides,
have filled an important need because of their
bactericidal effect on strains belonging to the Entero-
bacteriaceae and pseudomonads which have become
troublesome in hospital-acquired infections. They
have in common a 2-deoxy streptamine nucleus
and two or more other amino sugars of various
configuration. Many closely related analogues of
these compunds are known, and the future must
be concerned with a better understanding of the
interrelation of structure, function, and toxicity
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among these compounds.

These three classes of antibiotics, penicillins,
cephalosporins, and aminoglycosides, will continue
to grow in their dominance as the base of general
antimicrobial chemotherapy. Erythromycin and
tetracyclines will surely continue to have important
uses, but this is likely to be less true for poly-
myxins and chloramphenicol. The emerging sub-
stantiation of the importance of anaerobic microbes
and the developing capacity to identify and speciate
them indicates that the lincomycins will be useful
in these infections. Other new drugs effective
against pathogenic anaerobic species are likely to
be found. Antibiotics available for the treatment
of yeast and fungal infections are not easy to use,
pleasant for the patient, nor uniformly effective.
Improvements can be made and should be expected.
However, the number of cases with virulent infec-
tions and without other serious diseases in the
host has not been great enough to stimulate the
development of better drugs. Progress has been
slow, and clinial investigation of the newest anti-
fungal drugs is insufficient for conclusive evaluation.

The great need for antiviral chemotherapy to
treat both acute and the increasing number of
recognized chronic viral diseases dictates that the
finding of antiviral drugs has a high scientific and
medical priority for the future. Improvements in
virologic diagnosis and more effective use of avail-
able drugs are necessary, but if the base of anti-
viral chemotherapy is to be broadened, some new
agents and further success must be obtained.
Although the clinical and biological complexities
of antiviral chemotherapy are greater and our
knowledge poorer than in the inhibition of bacterial
growth, the inhibition of bacterial growth, the in-
hibition of viruses by chemicals offers opportunities
for specific interruption without major toxicity to
the host cell, just as in other fields of chemotherapy.
Thiosemicarbazone, idoxuridine, cytosine arabino-
side, amantadine, heterocyclic dyes, interferon, and
interferon inducers have opened the door and given
us glimpses of what is possible. Also, they have
re-emphasized the difficulties—technical, biological,
and logistical—in the application of antiviral chemo-
therapy.

Mechanisms of Antimicrobial Action

If in the future less time will be engaged in the
screening and evaluation of new drugs, more time
and discoveries can be expected in the fascinating
and important area of the specific mechanisms of

Table 1.

Mechanism of action in chemotherapy

1) Protein denaturation—Antiseptics
2) Competitive inhibition of folic acid
—Sulfonamides
3) Inhibition of cell wall synthesis
A. Transpeptidase and Carboxypeptidase
—Penicillin, Cephalosporin
B. Muramic acid, Hexosamine bonds
—Vancomycin, Bacitracin, Ristocetin
4) Plasma membrane disruption—Polymyxins
5) Ribosomal dysfunction
A. m-RNA Binding—Chloramphenicol
B. t-RNA Binding—Tetracyclines
C. Translation—Aminoglycosides
D. Protein Synthesis—Macrolides
6) DNA Replication—Griseofulvin, Nalidixic Acid

With
increasing biochemical sophistication, the concepts

action of chemotherapeutic agents (Table 1).

and knowledge of chemotherapy have progressively
moved from that of protein denaturation upon con-
tact with antiseptics to the recognition of competi-
tive inhibition of essential nutrients, characterized
by the interference of sulfonamides with folic acid
metabolism, to the specific inhibition of synthetic
With the B-lactam antibiotics, there is
interference with transpeptidase and carboxypepti-
dase required to make the alanine-glycine bonds
necessary for structural integrity of the bacterial

functions.

cell wall, but they cause no apparent damage to
the cell membrane. Vancomycin, ristocetin, and
bacitracin also disrupt the cell wall by attacking
it at the structural skeleton of the muramic acid-
glucosamine complexes. Polymyxins damage the
plasma membrane apparently disrupting protein
sequences affected by phosphate bonding. At the
intracellular level, some alterations in ribosomal
function produced by chloramphenicol, tetracyclines,
and aminoglycosides have been found to be altered
by binding of messenger or transport RNA or
promiscuous translation in protein synthesis. Other
drugs interfere with microbial DNA replication or
the enzymes required for its proper function. As
these details become better known and their speci-
ficity in the antimicrobial effect established, chemo-
For the
knowledgeable physician, chemotherapy will become

therapy must become more specific.

more effective with less toxicity.
Antagonists of Antibiotic Action

In parallel, with better understanding of the
mechanisms of action, information is being developed
about inhibitors of antibiotic action other than those
that destroy or degrade the drug. These may be
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specific compounds which provide essential materials
-that permit by-pass of the site of drug action or
they may relate to the milieu as a functton of pH,
osmolality, or ionic strength of certain elements.
The latter need have no effect on the antibiotic,
its site, or specific mechanism of action. An ex-
ample is the inhibitory action of calcium and mag-
The effect is
specific for Ps. aeruginosa among the common Gram
negative bacilli.

nesium on aminoglycoside antibiotics.

By studying spheroplasts and
intact bacteria, we have been able to localize the
principal site of the antagonistic action of calcium
against gentamicin to the cell wall of Ps. aeruginosa.
This is not the site of action of gentamicin but a
barrier to the access of the drug to the ribosomal
factories of the bacterium which it does affect.
Ionic calcium cannnot serve the same protective
function for other bacteria; thus, it is a microbe-
specific inhibitor of drug action by a certain class
of drugs rather than a drug inhibitor.
permeations and permutations of such interrelation-
ships must exist in the interaction of microbial
cells and chemotherapeutic agents. The future
should reveal many more of them to us.
Quantitative Chemotherapy

Numerous

With benzyl penicillin, it was pragmatically cor-
rect to have little concern with quantitation, except
that the dosage was large enough and experience
has shown that doctors have little reluctance to
prescribe large doses of penicillin.
synthetic penicillins and cephalosporins became
available, toxic effects on the kidney, bone marrow,
and liver began to appear, and limitation of the
dose to the minimum that would be effective was
in the patient’s best interest.

When semi-

Recently, the develop-
ment and use of the aminoglycoside antibiotics has
shown the other side of the need for concern about
the size of the dose; many patients, perhaps one-
third of those with life-threatening infection, such
as bacteremia with Ps. aeruginosa, received too
little drug to be effective. Because these drugs
can have serious toxic effects, the need for indivi-
dualization of the dosage, assay of the serum
concentration, and special adjustments to accommo-
date to the renal function of the patient have been
recognized. Rapid assay procedures have been
developed which provide physicians the capability
of more quantitative control of chemotherapy and
more understanding of the need to use it.

Thus, the clinical pharmacology of antibiotics
has been progressively developed as a part of the

broader scientific assessment of drugs and their
interactions.  Quantitative measurements of the
absorption, serum protein binding, diffusion into
body fluids and secretions, serum and tissue inac-
tivation, hepatic, enteric, and renal excretion, and
in the case of the latter, the relative efficiency of
glomerular filtration and tubular reabsorption or
secretion of antibiotics have become important
information. For example, differences in the renal
clearance relative to creatinine and the persistence
in the serum of different cephalosporins indicate:
the specific characteristics of each drug analogue
within the class. Physicians of the future will
need to become familiar with pharmacological terms
which indicate clearance ratios in diferent organs
for different drugs and permit them to make the
necessary adjustment of maintenance dosage for
patients with various degrees of renal insufficiency.
Quantitative individual control of chemotherapy
will provide the optimal therapeutic benefit and the
prevention of adverse reactions to the drug.

Bacterial Resistance

The spread of antibiotic resistant strains in the
future will in large part determine the agents used
and the success or failure of chemotherapy. As the
use of different penicillin and cephalosporin analo-
gues becomes more prevalent, the bacterial p-lac-
tamases and the relative resistance of the modified
antibiotics to them will become more important..
Cephalosporins as a class are relatively resistant.
to the penicillinases of staphylococci, but the B-
lactamase from enterobacter bacilli is a more active:
cephalosporinase than it is a penicillinase. Other
Gram negative bacilli, E. coli, Klebsiella, and Pseu-
Most.
of them are bound to the cell wall, and some
require the presence of a penicillin analogue for

domonas, all produce different [B-lactamases.

enzyme induction. Each modification of the anti-
biotic can change its degree of stability to degrada-
tion by these bacterial enzymes. It seems quite
likely that a cephalosporinase-resistant, semi-syn-
thetic cephalosporin with good antibacterial activity
can be expected in the future.

Similarly, enzymatic inactivation of aminoglyco--
sides has been demonstrated as a pricipal mechanism
of bacterial resistance. Specific microbial acetylases
or adenylases conjugate the amino groups in the
amino sugars or in the 2-deoxy streptamine nucleus
of gentamicin. Another enzyme has the capability to
phosphorylate the 3-hydroxyl group in kanamycin,

neomycin, and paromomycin. As these reactions.
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have bee worked out, they have explained the
specificity of resistance or cross-resistance among
the aminoglycoside antibiotics. Transfer of the
ability to produce a drug-inactivating enzyme as an
R factor among bacteria of the same and different
species can spread bacterial resistance. As scientists
extend their study of the prevalence and epide-
miologic extensions of bacterial R factors, future
-antibiotic formulation and practices must be evolved
to overcome the potential impotence of chemotherapy
with the presently available drugs and minimize

this mode of spread of bacterial resistance.
Summary

It is clear from the past that chemotherapy has
affected our lives on many sides——the discovery of
new drugs, their critical evaluation in the laboratory
.and clinic, the education of physicians and the
public about them, and adapting to new legal,
-economic, and social constraints they helped create.
The miraculous effect of antibiotics on Infectious
Diseases produced a transient lull in the attention
.given them, but this initial unrealistic appraisal
has been succeeded by a strong stimulus to cell
‘biology and rich harvest of medical and scientific
knowledge. From many antibiotics given preli-
minary trial, a few have become dominant in clinical
«chemotherapy. Common practices in their use are
established, and certain consequences beyond the
primary aim of treatment of the patient have been
recognized.

With the experience of the past, one can determine
some of what is ahead. Surely, we must continue
to.seek new antimicrobial drugs, always looking
for those that will be more effective and less toxic.
It seems likely that most of them will come from
«chemists and organic synthesis, but occasional new,
natural products may be expected to open new
horizons. Some needs that could be met are:

1) a non-toxic aminoglycoside

2) a beta lactamase-stable cephalosporin, orally
.absorbable, and not nephrotoxic

3) more effective chemotherapy for infections
with pseudomonas and proteus bacilli

4) antibiotic formulations with analogues of
different molecular structure to minimize the effect
of a single R factor transfer and destruction of
antibiotic action by enzymatic degradation

5) improved agents for the treatment of yeast
and fungal infections

6) new drugs for antiviral chemotherapy which
can specifically inhibit viral replication and delete
residual viral genomes that exert a detrimental
effect on the host cells.

The clinical investigator will continue to be a
key person in the evaluation of new drugs and as
a critical observer of chemotherapy. In the future,
more than in the past, the efficacy and safety of
each drug will need to be demonstrated by com-
parison with other treatment. Informative studies
of drug pharmacokinetics and the mechanisms of
their action will come quickly along with clinical
results. Patients will know more about chemo-
therapy, and we will all need new and modern
methods to help us learn from the world-wide
experience.

In the sphere of practice, one should expect:

1) more individualized dosage and better quan-
titative monitoring of chemotherapy,

2) standardization of laboratory methods to sup-
port clinical chemotherapy,

3) more careful evaluation of the host status
regardinh hypersensitivity, renal function, altered
defense mechanisms, and cumulative drug toxicity,
and

4) more concern with the ecologic changes in-
duced in patients and the hospital environment
from clinical use of antibiotics.
the course ahead will keep
The directional

In chemotherapy,
changing as it has in the past.
turns will be more specific and the science more
sophisticated. Each change will bring new chal-
lenges, new opportunities, and new information
which should provide excitement in discovery, new
understanding of biology, and further knowledge
which can be applied for the cure of disease by
chemotherapy.
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BLCMBEOSS Y 51, FOMBEFE, MR G
R D TE T, LA XD TELRIERIZKRD
IO EFELDHTENTE B,
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(1) WEMEoBEEOE( (GEFLE)

BR2MBRE ORI, PiRRB O, THEEEORK
fTirETe r OFEEIL BB LI A HMEOERCE LA 4E
UTC &t BEELHOWMA L & &I HhDTEH L O
BEREDTHEOD DL DX ETDOERDOENLLED, R
DTHEALND X 5 InERBH L TE i, £OREE
X EREOE A DEBEINL T, FEOTEFOFHIE
EBEILHDEELDND, ZOXIRETEDTOE
VR 2 CARTARAZEMNCRDS L, OB
OEEME, WEME B SNRERE O # HEA,
BIR%) R AP A T, FEAIMREES 0L
ZERDT BRI D, BT BERESAZLRBRERCTET S
EOZEFZRL, WD D1 2DEFNET, ¥~V
A vDWD THEEF] v HELOERNCE OB
D73 “evolutional change” TH B,

(2) MBS o FEHI P

M ORI 225 L,

(a) BIRERTALMC DL DkoLR s, Rt
HSE DMt & Tk, SEEHAC S it oA (LRABHEIT
BWTHED LWERADRS, B OHEDOHIEELY
THANCEDTERETNEMBETH %0

(b) MHERCRDBVEE, RIS WERDD, L
TR D THRBEOBEIL “WHEAEF OER»BE%E LT
< o

(c) FEHEOL bR, FFACK\T, HE

T, HIRAW LB TH %, BlziE, PC, CE %o
IEFNe L, P-lactamase O EHTH b, CP i
%f L CP @ acetyltransferase 2Dk FRHT, #
REMTHB LR AWMHEECIISEBOETH D, 2D
EXRDOREDETREVCFELIN DV EE AL EL DD
THbo

(d) FEMMERLEL F R I h %, HlziE PCase,
CATase, ¥ 7 r 54 Fifthiz LIt ]A < FEMMEN L
bh, BERCHh? L ZomMEREL L LR T
Bo MEOAEREE, FACHTHEHO SN SERT
NERETH B,

(e) MWHEXENC, HREEES (=vvy-
L, 7TAIT) BRERIND, THbbEIIFENT
FET HRIEBIC IOTEHAMMEL S 2 bh, ZO&E
HOEBIL F LA % D “epidemic spread” DER
RLTWhe =¥V — A, 7523 FAVREHROM
S C 213, B hbOREHTKT 5
DOWERDOLEEERTEDOTH b,

(3) MHEOHME

B O MBI IR D 4 20 E 2 bh b,

(a) HBRMEEOFAEL, FHIC X 53R

(b) REHEE» O E~NDOER

(¢) MHEBREFOTIAI F~DLEIHIH

(d) MEBEFO=EY ~a~DEHIH

F OEEHHFET OV T DS R~ b o

&1 7/ EEGHEHEOTELERE

Drug Microorganism Mechanism of inactivation Reference
. UMEZAWA et al. (1968 a)
E. coli R* Adenylylation YAMADA ef al. (1968)
) phorylation OZANNE et al. (1969)
Streptomycin DoI et al. (1968)
P. aeruginosa Phosphorylation KOBAYASHI ef al. (1971a,b,c)
S. aureus Adenylylation KAWABE ef al. ('1971 b) i
E.coli R* Acetylation (A and B) UMEZAWA et al. (1967 a)
: Phosphorylation (A,B and C) UMEZAWA et al. (1967 b)
. UMEZAWA et al. (1968 b)
Kanamyein P. aeruginosa Phosphorylation Dor et al. (1968 a)
KOBAYASHI et al. (1971a)
S. aureus Phosphorylation DoI et al. (1968 b)
- . P. aeruginosa Phosphorylation KOBAYASHI et al. (1971a, 1971d)
Lividomycin E.coli R* Phosphorylation YAMAGUCHI et al. (1971)
P.aeruginosa Acetylation (Cy, Cy, and Cyp) MITSUHASHI et al. (1971a)
Gentamicin C E.coli R* Acetylation (Cqy and C,) BENVENISTE and DAVIS (1971)
components K. pneumoniae | Adenylylation (C;,Cq and C,) KOBAYASHI et al. (1971e)
E.coli R* Adenylylation (Cy,Cy, and C,) KOBAYASHI et al. (1971)
. . . . MITSUHASHI et al. (1971b)
Sisomicin P.aeruginosa Acetylation i O'HARA et al. (1971)
I‘If?;i‘;;nycm E.coli R* Acetylation [ BENVENISTE and DAVIS (1971)
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(4) WHEEODOEE

(a) TEEOEFIC I ZRNE ZOEERKIC X 55
BfcTo R

(b) WMHED77—PRRIBEA, TOHRRISVY
RECHEL ADIhD BT Lo ThHT FVRESHMHE
DERTHHZ LXEHIREL TS,

(¢) =¥V —arX5EH. REFHMORAE %
LI 5723052 ETH %,

EHITHEEIC AT 5585

EHMEE OB, ETERKRC X 5 HtEE O 55
POZDORENRAZ —FIhD, EHDT, SHEOEHE
TRETH HHEERE oD, T EhiBERT
IrHOSHEL, KBHEE~NOSEESHLE L TET
2D THb, DX LTHEDORLEDEY, &
B, MEBEOS(LENHRELY LB L TSEORNE
NEZHIh 5,

(a) BEHORAZ YV —=VI/CELFYE O T
15 IR RAROMEEC X bRThER b In
vitro T8 H R AT LT3 R TR

(b) FE1w7 3/ EEGRNELOBEKT, ZToWR
FEERBEWIR L, BRERIREL, EEOWREN
FOEBRFHE LT D, DX ITHREERY Y — X —
ETHEVEOT I BEGOHRIT, T ONE LB
OfE#» S DKB #ELHETIED,

(¢) FBEMEEOSZ LLIEFEFADOHE, &
BOIREOHARIL I DOFEE VB S, CP 04D
BHoFe CP B E LRI ORXH b, 1D
T CP fifkic g b0 b A bh b,

(d) FEHTFRCERCERT2EHOWNRE

(1) DKB offFicHbhlck 5EMELI B
b2 EsiL, ThiToEHEVL2>E5T<h
1o d DR HE T B

(2) FECERCERT EFOMRB. Zhix=
VY VORI TSR ANERI NS, FIRIELEE
FOMEHDL 1 2OWEHAE V2 %,

CP p{yE < CP NE(LEER OB\ HEER TR T
PONRRREINTWB,

(e) KM-a & KM-b, = & -CixrnfbEiiss k 2/-
OHY 2/-NH, 0 TH S, L L KM BEELEER
3 2 iEH T KM-a 53 KM-b O3+ 7
<4 v/t KM-b o 3'-deoxy & ThH2>T, GM R
EEERCEN LR T, chboFEE, {LEHELit
T ARTEL IR B EAICEFR S & &7, BERRIG
DHTFETAHIBED D, BEMEH Ok BB OFHE
HERL T3,

(f) A2V ==V /AR THEORRIZET

FTREIZHE LT 5, MEHIEMTHEL SR
HEELTWS, &I “minor component” % f{elic O
HUBTBPARECEET, MEZOL T4 v ik
X7 5= v factor 6, DF b, W DOnDaVE
RYPDLIDTHAHIEERL T D,

(8) =¢V'—a4a, 75 R3I FufFoECH UBREE
CEYREROAZ Y —= v 70 B 2IMREXRESC
RELZOMELZAZ~PL, WO D%k HDt
oo BB L LTEIALERAL Y VT, =Y — 4
BEOENIHIALRETS VR IDTERBCREIh
BT LB, ZOHEDHIEIC 1 DDOFFEME RS
HDTH5bo

z % X W
1) Transmissible drug resistance factor R : k"
MR &
2) 7FvREoOMECRE  H2HER 7 ¥ vRE
ey v R v A, vy, 1971,

4 PEWEOBRKFEC 2 AT %M
&

HHEHBE= =K UK
KRR —paft

B FIOBKEEIC 2 A L TR BEE ST ERIC e
b ORGHEC L LIcE, EOBREOBESREYRT
hEwdEl, BWFROBED2ETHD, TD5D,
MAREZES LcHEOBBRREEEC LT, #5Lc
PLAEFZ WSR3 5 N E D HIE DWW TR B

RYFEDEBE I DN EBHCERL, ELLPHE
HERTRE D LOBEROTIR, ALk IV HA G
JREETANT, FERRSE ORI, FRRSD
RUBREEORIEE S, BRIEORHRE, HEED
HIE, (LEEEATR OFR OB & 2 FERCIEE LE
BIXOwipotez i, LEREOREE S L 2
Do fHx DEBICH T 5 HIEILIE B 5 RE D@
bichbEh, Ainl &Y EREROEL T 5 BE
DBHBHED L O, FHRHBE S »ORBERCT
5 DEOHBHATIE, HEBR DHf— LiciklEcHl
EBTHZENEE L

Ll, Z0X5REKERCEE2ZE 1 BE
L, ®DEACK T 2HAEFOERSEOHELXELL
T Brel LT, HEFIOBKIHEE W5 Rt s
L, SLREOSRCEERZREL E D X 5 HE3 500
MR 2T\ D,

CHECRAREHEY VES Y ATE VBT bhi
WO DOHiEFIORBIBRSDREE LTS, SHSE
4, BMEREDEA O X 5 I BARBRER O\ EE TR,
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KFFOEKPEHE 80% L EOBEERL, WoUF
S BB IR RSE, [KENREORREDO X5
KBTI, BHRMEL, 1 OB AEEEL
itnwZ L, EHOBECERRIBDLNLIHEETD
Bo TDXIMEBHILEBERAL TS, —BACHE
ARZ b+ 5 ADRGER L DIKWEH OIS B, BEE
REDOTRHERES H —FTHZ L LIBELTHVER
REFL, FCHBENBEACEEIRBZ LS
HEBHOTH, BAFORS BEHF X VEVWERHRY
RTTEDRE

 ZCH BN E O RYEC R T 5 RS R BE Y
BT H#HRTFEINETHLETROEEVTH S,

[A]l WREGUERT

a) FREREDHEL FOMEM

b) FRREOEHFIRZE

c) FEREOEH

[B] fExfETF

a) WREBORME

i) HRBREROEE

i) FEMHRRENEEBTLO, ¥ X IERY
FYRBEHE(LOREE D LITRIT5 5D

b) HRAORE

c) BEOES, ¥ ZTofoStksi:

d) & 6t i

[C] EHMARF

a) HEHOME

b) HiEMEYE LEAOREBTHE

c) FHFHREHY

d) #5E HBEHE

e) FHESHME

f) PrRAEHKOEE

PDEo% oRTF X hiikFoBRIrL L L8
BZITHOT, HrOEMCH LTHER YIRS L
AORBHEN, MMCHERCTRVWELE LTS, %
DA DEBRIRFEE W 5 BTN TL, LiR0HE
RFEERA U TERT S LIXRTHETDH %,
Tinbb, EFOFMEEHNE LT, HEEDEDO
RUBEITIROBEE, BEOHEYHNE LT, BE
DRI R T BBANCIEE T 5 & & D7D DR FHEEH
ELTFMECE 2, WRE, B, EH3EZEOLMELSL
VR BRHEORIICONT, XS DEELYHS O
EhRb b,
{EEFEOM#SIT X D, HB R B Y DRI
IR EIeBELYR Ui o7 Bife, EBEAD BV
BOHEDFEET 5 RYUEN RO EpbmML, L
ZD X5 REE, MOHEIRRTHERH O RIS

LARBRMRERYENLE LY D BHERCAWT, Zok
5 7o\ bW B BB RRSEC R/ A P F OB R EN &
O TEBELFETD D, ¥, O 5 nERERY
BFT5 75 s AMRERMECH LT T Shi iy
ATHEEYEOMRBEYEL L L i, BRECRWT
3, ThOHRBPECHERC DL DRI
?T‘%Z)o

5) ALERIEF OB

RAR B-M AR T
BEEAREE -

P BRI G OMABEED 5\ IiXE, BERARKRE
FEELT, TOBHRLRETHH, ThEFABCE b
ORI S, HEBREEVCTEERY 6T 23,
DLAYURELEX B

ZORIWERCIX7T vA¥—, BEEDSL VX P EL
EBEERAC I OTHE 54 0L, TREIEE 2 HfER
BRCIBY 2 v 7 DX 3TN DENRD B,
SEREENLEER OV TR R,

ZOEMEWERZRERFLOL5 L, TobHELE
LEZENRD 2 SREIMEX RV, 525 Tk
PELYRIINVET, FENCPERCERTSCL
3D, TUAF—BFCIDOTEIBZ LLHDOT,
ZDOWThE R FDHIOERFE Ui LSBT 5,

IR BBIEC S E 2EOLRELT v 7~ MR
EE BT IO 1967~1970 EORBC L 5 &, FREK
& UTUREGERAC OWTES L OMRGAFT 28% *
L Tx b, ERHNTHDE, FikFic i im K, FE
%, HKEBIV Y a v 073‘1:[:’55289%‘»@733335 BHXnhb,

CHhBERDEFREFRE R LT WHERIZZET S
&, ¥Yaw2ix PC, SM, CP % X 0% Cephalosporin C
iz, M= CP, AB-PCiz, FFREZir EM, OM, TC,
SM, CP %<, BEE R IV HERESEL Aminoglu-
coside L& ZEdbh b,

DER 121 DDERICDOWTHR B,

Ve v Z7IEHAEFIC I DL ONRENN, ZTD5HTH
PC-G ©30s 3%, 7 7yr AKXV vC CP T}
% Zxbh, Land AB-PC i &Ko PC TIXHBET
LIRZOTWLABHANERSh %,

FEFNTBRERC CER LT, 2EC by
a v ZHERFRZ L DTH B2, InDF>THE
REELTCARBE 3 ARICS CER OffEx 51 THs
b, CER #5%2300 % 5 b, WOATOLENE
CERL, KEOEERL &L, Z O STk CER
CXBEWFRTHHZ LERDIEVEEFRIE I h TW
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b0 FOTRABEGZTI2 X 57 DOT, FEWE
BLIWETF L BELLATH D, ZUDTEWERT
HOoTh, KRIXv 2w 7 DX RBEELEREYELD
RN 5%@“’6‘@50

FrEEL, 1968 £ D E T # T 0 £5F Tk EM-estolate
LU Triacetyl-OM 1 X %5 & D%\ 0%, 1971 £
BEOEH T, Th BT X % 4 DB Iy DI,
EOHANROIC LRI BDOTHH S, SM, CP it X
230 EDLLRBHEMES K LD D,

BREE L iAW E L ORI OV T A4
Aoe PEHETHBEHEREEOEDOLSREH LTV 5,
$/lsbB, Bacitracin, Amphotericin B, Polymyxin B,
Kasugamycin, Neomycin 25§ <, 2> \»T Viomycin
BV Colistin 12 B h, D> Aminoglucoside,
CER, TC k3 BT OBHMEIRDHh, LIXLD
POBEEDHHACHETHIEDVERLET D, ¥
JoBT Aminoglucoside & Dextran J %\ % Argimate
&, Plasma expander & DHFFRFICEEENS
Epabh, BREILE S CERTREC LTS,

ERHERIZ, 3EAETRTOEHCONTED LD
SWEETH DN, HAEFTLRAKT, REOBILED
HTHV, Ffo KM, SM 7z ¥ Aminoglucoside Rixff
g, LB MMHRCEEY ST LA LI
hTHB,

R ks i LEHOBEEREY L0 L DD
frrsdbol, ARIEBOEAETREEL X
BUIABEDOAREFERERIT, Wb 58HEED
BORTUAF—RELZBhB 0D D, WThILD
WTHGECRRIGHE ¥ A X 7ENE M 25 EE B 5
THILIUREX O D,

BER R E CHREWREDTHE LBRERBAED
FEREHG, EXFIHER T3, 410 CP fainic h &
bhaa, BEOfER & LT AB-PC, Cephalosporin %
DLORPEDZLN TS, ¥ MmKEEOH G TIk
HERD 5 b CPIrPLEkIBA B A B S <, TC X
CE OO FUAER TR B D § DA%,
CP ofEEEY, AY v+~ RNA o Ribosome
OB EITF AERAC X B E VL hHEHL DB, ¥
av?, EBIn0DD, TVvAF—-BFELLIELS
RETHEVHER S,

BED X 5 iR 0T o3RI & [k, A
OREfEAE LI D Z LIXEET, S LTLEEAYE
FTHIO5CBDH LIXEMOENTH D, EMi/D
CRERBEGREIEHORIFRC DWW TOMBELERL
TR EDRFIRCDETH %, TinbbEADRIER
i, WOTHEVELILIDTHB LI T L, LDEKH

CILE S WO EBIERA R T bR unh &5 FEa i
Wz CBBECHIIEENLETH S,

EHNC IO TREE CORGMMN R B EHARD
D, LBTEL LEIERORRRICEII Y,

EFOFAZ Ui\ Z BI13MAT, B LESTHE
EETCHES RETH B,

BERCEREL, & CEYTRERILORE
EOWTEHMCHZT 5 KT TH D, bhbho
HHTH 1B CBREENRA LD BR D,

F, B, mEEEROEFAFRL, ZToNEE B
BOIBHREEOHBTE b EL, TOEHE ERIWT
BHHIR 2 ER T 5BERD D,

EHFERAFORBEELRSIT RV, BFHORR
RoOtcdOBRELHE LEHBRCHL 5 N&ThH 5,

¥ ERAGEEOBETL, FANEELC X2 TRED
TbDTHBHZ LR ILHEHAL, BHEOHBHLI-LE
X, ThirBEc#iz, BFEOHFRERPRET, BE
I REIMLDERICE L Ieh Dl ic DT, b2
FChWEERED &L ZATTFHIEE LD 5,

BT X HEYEEL BHTICTRETEL, &R
CFHOBEMCERTTNETH %,

BROBHE S5, BIOEZEBMLTRS,

1) Bife PC =® Cephalosporin 7g & OBEUE%L T4
T HIHDITERRIEHE T inhbh T 523100% Bk
H5HDTHEV. FRNEDEFC I DOTEZ DD
PREBDOCHEBLREENERIATE DY, bhbh
 AMERRERIE, BIMIREMRIG 3 X U Cytotoxity
Test g X% 1Tie\, D HBREOERELETH5H, B
RENS SBHICRIRd & LIZTRTETH D, Lrd
100% FESEIR DI\ ZHITBEIE DB IR 4«
Birb300nDBTECIBEEBDRBLY, YT L
FeDBFEERLTET A b B X OCRRKHHEERT
ThEELEZ 5,

2) HEHIORIBEOWER SO L TTDEPRL
LA —MOEIEBOMRY, Lich>T, ZOFHERYT
O'Cb;) 5 o

¥R BBIEORBEOMELEETH %,

FA—AT2FL RGBERANRR DR DY,
SM & KM &\ 5 BloEACBBRIEEZ 8T 0,
B D5 EEEEO BT X 5 KG E LT S EBET
XBH, TOMOED X 5 CILFHNTIZ & A L EiFD 2
FERELTWwAE EXREOBRUNDELEZ b,

3) (LEEEYE XD LR IDOTHBEEDDR
LONEBLRDTRERIITSGD V5 EEX 5,

#- & 213 EM-estolale G i3 FFREEM S\ 28 & L0
EM Base TR hiHbhinninENEehTHA 5o



