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"STILL NEWER ANTIBIOTICS"

The continuing introduction of new antimicrobial agents provides the health
professions with a greater capability to manage infections, yet, concomitantly,
makes the rational and appropriate use of antibiotics more complex. Not only has
selection of an optimal antibiotic become more complex, but just as environmental
pollution has assumed general recognition, antibiotic pollution is becoming appre-
ciated and likely will come under voluntary or regulatory control, thus also
making the decision to initiate antibiotic therapy more complex.

The extent of antibiotic pollution is reflected by data from the Food and
Drug Administration, which is required to certify antibiotics prior to distribu=-
tion. According to Dr. C. E. Edwards, in 1971 the FDA certified 2,000,000,000
tetracycline capsules and approximately 20,000,000,000 (billion) doses of anti-
microbial agents for human use (1). 1t seems obvious that this represents over-
- usage; What is the potential health hazard of this practice? |s this responsible
at least in part for the increasing prevalence of gram-negative bacillary infec-
tions? |s this responsible for the progressive decline in susceptibility of the
anaerobe Bacteroides fragilis to tetracycline? Has a similar phenomenon in Mexico
been responsible for the appearance of chloramphenicol-resistant strains of
Salmonella typhi in Mexico? These questions are unanswered, but of obvious signi-
ficance. There is evidence that curtailment of antibiotic usage within closed
environments such as hospitals can greatly modify the patterns of antimicrobial
susceptibility found in bacterial isolates, with elimination of selected anti=-
biotics being associated with an increased prevalence of susceptible isolates (2,
L). However, it has required only brief reintroduction to select multiply
resistant isolates (4).

The Joint Commission on Accreditation of Hospitals requires Infection
Control Committees to ''review periodically the use of antibiotics as they relate
to patient care within the hospital' (5). In the Dallas County Hospital District,
the usage of selected antibiotics has been assembled (Table 1). Are these rates
of usage at Parkland excessive? From the standpoint of control, the evidence
suggests that patterns of antibiotic usage influence not only the recipients of
the drugs, but other patients within the hospital who may acquire an infection
caused by a resistant organism. Thus, individual control in the use of anti-
microbials with increased reliance on other measures, e.g., aseptic practices,
isolation procedures, drainage of closed space infections, is assuming an increased
importance if regulatory control is to be minimized. Even when appropriate indivi-
dual antibiotic usage is practiced, there may be circumstances whereby within the
hospital setting, which includes its outpatient facilities, it is advantageous to
reserve the use of specific agents for infections due to specific organisms in
specific patient groups.

It is against this background, as well as the individual consjderations of
efficacy, lack of toxicity, ease of administration and cost, that some of the
newer antimicrobial agents will be reviewed and compared. The review will follow
two approaches: first, a comparison of '"newer' agents with the agents which might
be considered as standards; and second, an assessment of the role of ''newer'
agents in the treatment of selected infectious disease problems. The problems
have been selected either because the ''newer' agents appear to be the agents of
choice or because they are in the vogue. )
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I. COMPARISON OF "NEWER" WITH STANDARD AGENTS

PENICILLINS

TABLE 2
PENICILLINS

First Generation Newer Penicillins versus Penicillin G

a. Penicillinase~Resistant Penicillins

Standard: None Newer: Methicillin
Nafcillin
Oxacillin
Cloxacillin
Dicloxacillin
Flucloxacillin

b. '""Broad Spectrum'' Penicillinase~Susceptible
Penicillins

Standard. Penicillin G  Newer: Ampicillin

c. Anti-Pseudomonal Broad Spectrum Penicillinase-
Susceptible Penicillins

Standard: None Newer: Carbenicillin

Methicillin was the first of the penicillins which was significantly
resistant to staphylococcal penicillinase and as such represented a major advance
in antistaphylococcal therapy. Since it was introduced into clinical practice
during the apogee of occurrence of staphylococcal disease in the late 1950s
(1960), it enjoyed immediate widespread use. With the subsequent introduction of
other penicillinase~resistant penicillins, it is appropriate to compare this group
of agents (Table 3).

From review of Table 3, it is apparent that there are three major determi-
nants in the selection of one or more penicillinase-resistant semisynthetic peni-
cillins: 1) oral versus parenteral administration, 2) extent of protein binding,
3) potential for producing nephropathy and if other aspects are essentially equal,
cost.

Serum albumin was shown to interfere with the antibacterial activity of
sul fonamides by Davis and Tompsett, Shultz and McDermott demonstrated interference
with the antibacterial activity of penicillin (11,12). Clinically it was noted
that commercial lots of penicillin containing large amounts of penicillin K, which
is highly bound to serum albumin, were less effective in the treatment of syphilis
than amorphous penicillin which contained only a small amount of penicillin K (13).
In view of these observations, evaluation of new antimicrobials must include an
assessment of the effects of proteins on antimicrobial activity. With the peni-
cillins, binding in serum takes place almost entirely with the albumin fraction.
While there is no significant difference in extent of binding between sera of
different human subjects, there are differences in the degree of binding between
sera of different animal species, e.g., oxacillin in dog serum is 35% free while
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in human serum it is only 6-7% free (14). The importance of binding to therapy is
indicated by the following properties of drug-albumin complexes (15).

Distribution: complexes tend to be retained in the intravas-
cular space

Adetivity: protein-bound drug has little or no antibacterial
activity

Renal Clearance: glomerular filtration is almost entirely
) restricted to free drug. Active tubular
secretion is so efficient that even highly
bound drugs may be cleared rapidly

Thus, protein binding determines the level of free (active) drug in the serum
which in turn determines the level available for diffusion into tissues. The con-
centration of free antibiotic in tissues cannot be higher than the peak level of
free drug in the serum since this is the maximal concentration gradient for pas-
sive diffusion. The differences between 95% and 98% binding may not seem great;
however, since it is the free drug which is active, if two agents had total levels
of 10 pg/ml, drug A would have free (active) levels of 0.5 pg/ml while drug B
would have 0.2 pg/ml, i.e., less than one-half as much. The effect of protein on
the efficiency of three penicillins is illustrated in Table &4 (16):

TABLE 4

EFFECT OF PROTEIN BINDING ON ANTIBACTERTIAL ACTIVITY
OF PENICILLINS AGAINST A STRAIN OF STAPH. AUREUS

Average MIC (ug/ml) (% efficiency)

Penicillin G Oxacillin Methicillin

Diluent

Trypticase soy broth  0.021 (100%) 0.156 (100%) 0.936 (100%)

Human serum 0.079 ( 27%) 2.03 ( 8%) 1.09 ( 86%)

It is common to find studies in the literature that equate achievement of
higher blood levels with more effective gastrointestinal absorption when the ob-
served differences may. be explained largely by the extent of protein binding. A
useful approach is comparison of blood levels after equal doses are given orally
and by injection; the more highly bound drug would be expected to yield higher
blood levels even when given in the same dose even when the gastrointestinal tract
is bypassed. The value of such studies is illustrated in Figure 1 (from Kunin,
ref. 15).



FIGURE 1
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Concentrations of total and free (unbound) ])L'IliL‘i”iIl analogues achieved in the serum
of a group of healthy yvoung men given cach drug by oral and intramuscular routes.

Note (in upper lefit panel), dicloxacillin gave the highest concentration of total
drug after an oral dose. However, estimation of the free drug in serum revealed
highest concentrations for ampicillin (22% protein bound) and cloxacillin (lower
left panel). When given by injection, free methicillin concentrations were at
least 10-fold higher than the other penicillinase-resistant penicillins. The
relationships of levels of ''free'' penicillin following a given oral dose of oxa-
cillin, cloxacillin, dicloxacillin and flucloxacillin are 1:2:2:4 (10).



It is on the basis of these considerations that we have continued to use
methicillin parenterally despite the greater, albeit small, risk of nephropathy
and to use cloxacillin orally.

Ampicillin was the first of the semisynthetic penicillins, with increased
activity against gram-negative bacilli, being approximately one order of magnitude
more effective against certain strains of gram-negative bacilli than is penicillin
G. Percival et al. found penicillin G to be hydrolyzed more than 10 times as
rapidly as ampicillin and suggested that this resistance accounted for ampicillin
superiority (17). However, Sabath and Finland found this difference in suscepti-
bility to hydrolysis is not the only factor in determining differences in anti-
microbial activity {18).

More recently, three additional 'broad spectrum' penicillins (each of which
is susceptible to staphylococcal penicillinase and not effective against strains
of Pseudomonas aeruginosa) have been marketed or are in clinical trial (Table 5):

TABLE 6

SECOND GENERATION PENICILLINS VERSUS
FIRST GENERATION NEWER PENICILLINS

"Broad Spectrum'' Penicillinase-Susceptible Penicillins

Standard: Ampicillin Newer : Hetacillin
Pivampicillin
Amoxicillin

Hetacillin is closely related to ampicillin, being made by the reaction of
acetone with ampicillin. 1In the presence of water, the reverse reaction takes
place liberating ampicillin and acetone. The antibacterial spectra and in vitro
activities of hetacillin and ampicillin are identical and it is probable that the
antibacterial activity of hetacillin is that of its hydrolysis product ampicillin
" (22). Electrophoretic studies of serum after the administration of hetacillin
indicated the majority of circulating antibiotic to be in the form of ampicillin.
While Bunn and Tuano et al. found equivalent or slightly higher blood levels with
hetacillin than with ampicillin, in cross-over studies Sutherland and Robinson
found ampicillin to produce consistently and substantially higher peak blood
levels (19,20,22). Also, urinary excretion over 6 hours was less with hetacillin
than ampicillin. Thus, there appear to be few if any advantages to hetacillin.

Despite its relatively good acid stability, the gastrointestinal absorption
of ampicillin is far from complete, as indicated by the observation that 75% of an
|V dose is excreted insthe urine by 6 hours, whereas only 25 to 35% of an orally
administered dose is recovered in the same interval (23). Pivampicillin is an
acyloxymethyl ester of ampicillin which is hydrolyzed under the influence of non-
specific esterases present in blood and tissues to ampicillin (Figure 2). Cross-
over studies in volunteers showed pivampicillin to be better absorbed than ampi-
cillin with higher peak ampicillin concentrations in serum and a higher rate of
urinary recovery (Table 6) (24,25). Two capsules of pivampicillin (358 mg ~ to
250 mg of ampicillin) given orally results in drug levels comparable to 500 mg of
ampicillin intramuscularly (25). In toxicology studies, there has been some evi-
dence of hepatotoxicity; thus, clinical studies have been delayed.
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FIGURE 2

HYDROLYSIS OF PIVAMPICILLIN
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Amoxicillin is a new semisynthetic penicillin with an antibacterial
spectrum similar to that of ampicillin (Figure 3).

FIGURE 3

STRUCTURE OF AMOXICILLIN
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Penicillin-sensitive strains of staphylococci, streptococci and pneumococci are
sensitive to < 0.1 pg/ml (26-28). Strains of H. influenzae are inhibited at < 0.5
pg/ml, while most strains of E. coli, Proteus mirabilis, Salmorella sp. and entero-
cocci were sensitive to < 5.0 pg/ml. Shigella strains were more variable in sus-
ceptibility, while penicillinase producing Staph. aureus, Ps. aeruginosa, indole
positive proteus, Klebstella sp., Enterobacter sp. and Serratia sp. were resistant
to > 50 pg/ml. Oral administration to volunteers produced serum concentrations
which were twice as high as those obtained with similar doses of ampicillin (Fig.
4, Table 6). Absorption was not greatly influenced by food. Early clinical trials
suggest efficacy at least comparable with ampicillin and no increased toxicity. |If

borne out by further trials, amoxicillin may well become the oral "ampicillin' of
choice, especially in the management of infections due to H. influenzae-
FIGURE 4

MEAN SERUM CONCENTRATIONS OF AMPICILLIN AND
AMOXICILLIN FOR 8 FASTING VOLUNTEERS, AFTER
500 mg ORAL DOSES

n g et
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Recently, two additional ''broad spectrum' penicillins (which are susceptible
to staphylococcal penicillinase, but are effective against strains of Pseudomonas
aeruginosa) have been marketed or are in clinical trial (Table 7).

TABLE 7

ANTI-PSEUDOMONAL BROAD SPECTRUM
PENICILLINASE SUSCEPTIBLE PENICILLINS

Standard: Carbenicillin Newer: Carbenicillin, indanyl sodium
BRL 2288

Carbenicillin cannot be administered orally as it is poorly absorbed and/or acid
labile. The 5-indanyl ester of carbenicillin is acid stable and well absorbed
from the Gl tract, then rapidly hydrolyzed in vivo to carbenicillin (29). While
blood levels are low, urinary concentrations (274-2160 pg/ml) exceed the MICs for
E. coli, Pr. mirabilis, indole (+) proteus, Ps. aeruginosa, some but not all
Enterobacter sp., Klebsiella sp. and enterococci (30,31). Clinically it is
effective in the treatment of urinary tract infections, 19/26 patients showing

v |



13

eradication of bacteriuria during therapy; however, in two patients initial iso-
lates acquired increasing resistance during treatment (31). |Its place is perhaps
best summarized by Wallace et al.

"'"Al though most patients with infections confined to the bladder can be
successfully treated with the indanyl ester of carbenicillin, for
practical purposes it performs not better than a host of drugs already
available for the treatment of most urinary tract infections. !n addi-
tion, its widespread use may limit the usefulness of the parenteral
form of carbenicillin by causing selection of resistant strains of
pseudomonas in hospitalized patients.' (31)

BRL 2288 is a new semisynthetic penicillin, which is similar in structure to
carbenicillin (Table 8) (32).

CARBENICILLIN INDANYL SODIUM

I CHs
. Cﬂﬂd

O (3()tha
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While there have been a number of recent penicillins, there have and will be

an even greater number of cephalosporin derivatives (Tables 9, 10 [33-46],
TABLE 9
NEWER CEPHALOSPORINS VERSUS CEPHALOTHIN

Standard: Cephalothin  pewer: Cephaloridine
Cephaloglycine
Cephalexin
Cephapirin
Cephanone
Cefazolin
Cephacetrile
Cephamycin C

Fig. 5):
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FIGURE 5

STRUCTURE OF CEPHALOSPORINS
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Review of the table from the standpoint of advantages and disadvantages suggests
that cephapirin may have advantages over cephalothin in view of less phlebitis and
cephanone may have advantages over cephaloridine in producing higher blood levels,
although the higher degree of protein binding may negate this possible advantage.

There are several other general comments regarding the cephalosporins which
should be emphasized. From the standpoint of spectrum of antimicrobial activity,
the cephalosporins (with the possible exception of cephaloglycin and cephacetrile)
have unpredictable activity against enterococci. Cephalothin should not-be em-
ployed as the alternative agent in the management of penicillin allergic patients
with enterococcal endocarditis. The cephalosporins also are less active than many
other agents against Bacteroides fragilis , hence should not be used in lieu of
penicillins as alternative agents in the management of infections associated with
fecal spillage or the female genital tract. Recently there has been increasing
evidence that cephalothin alone or in combination with known nephrotoxic agents
may show nephrotoxicity (21,47). Finally, the cephalothin should not be used as
the alternative agent in the management of bacterial meningitis in penicillin
allergic patients,as the desacetyl form, which penetrates into the CSF, has 2 to 16
times less antibacterial activity against both pneumococci and meningococci and
failures can be expected (48-50).

AMINOGLYCOSIDIC ANTIBIOTICS

AMINOGLYCOSIDIC ANTIBIOTICS WITH
ANTIPSEUDOMONAL ACTIVITY

Standard: Gentamicin Newer: Tobramycin

Gentamicin has achieved a major role in the management of serious aerobic
gram-negative bacillary infections. In a combined series of 152 adults with bac-
‘teremia, the mortality in patients treated with gentamicin in a usual dosage of
2.5 to 5.0 mg/kg/day was 32%, with ranges between 80% and 15%. The most common
form of toxicity has been nephrOTOX|C|ty, with a prevalence of approximately 5%.

The patient with acute leukemia represents a special constellation of cir-
cumstances. In a combined series of 102 patients with bacteremia complicating
acute leukemia, treated with gentamicin alone or in combination with other agents,
usually carbenicillin or cephalothin, the mortality from infection was 50%. Bodey
and associates have noted that combination of gentamicin and carbenicillin was
particularly effective against infections caused by Pseudomonas sp. and Proteus
sp., while effectiveness was less against E. coli, Klebstella sp., Enterobacter
sp. and Serratia sp. (51). The effectiveness of gentamicin also was related to
the patients' neutrophile_counts, being effective in 57% of patients with neutro-
phile counts of > 1000/mm3 but belng effective in only 22% of patients with
neutrophile counts of < 100/mm3 (52). In contrast, carbenicillin is effective
even in severely neutropenic patients (52). In these patients, toxicity occurred
with a higher frequency than in other groups of patients: nephrotoxicity in 30%,
auditory toxicity 3%, one patient developed an erythematous rash and three
patients developed bullous lesions which subsequently became necrotic at sites
where the gentamicin infiltrated into the skin (52).
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These variations in the frequency of toxicity may reflect marked differ-
ences in blood levels of gentamicin (Fig. 6) (52A).

FIGURE 6
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Despite standard dosage regimens, serum levels have been observed to vary between
0.8 and > 6.7 ug/ml 30 minutes after an 80 mg intramuscular dose (53) or 1.5 to 6.2
pg/ml 60 minutes after a 40 mg intramuscular dose (54). To achieve adequate thera-
peutic levels and minimize the likelihood of toxicity, it is becoming more appa-
rent that therapy with aminoglycosides should be monitored with blood level deter=-
minations, especially in patients with renal impairment or older patients.

The antimicrobial spectrum of gentamicin does not predictably include pneu=-
mococci, enterococci (Streptococcus fecalis) or most anaerobic organisms such as
Bacteroides sp. Hence, when these organisms are likely etiologic possibilities,
alternative agents must be administered instead of or in addition to gentamicin.
Failure to recognize this requirement has resulted in fatal pneumococcal sepsis,
enterococcal endocarditis and peritonitis secondary to fecal contamination,

Nebramycin is another aminoglycoside antibiotic complex, reported in 1967.
Nebramycin factor 6, which was found to possess the greatest antibacterial
activity, was designated tobramycin in 1970. Tobramycin has undergone extensive
in vitro testing and is now in clinical trial (55-63). The in vitro susceptibi-
lities of 1,456 isolates from Parkland are listed in Table 11 (64).
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0f particular interest are the susceptibilities of strains of Ps. aeruginosa to
lower concentrations of tobramycin than to gentamicin and the susceptibility of
some ''gentamicin resistant' strains of Ps. aeruginosa to tobramycin. In contrast,
gentamicin is effective against more strains of Serratia marcescens than is tobra-
mycin. :

II. ROLE OF "NEWER" AGENTS IN THE TREATMENT
OF SELECTED INFECTIOUS DISEASE PROBLEMS

Infections due to Anaerobes
Non-Sporulating Gram-Negative Bacilli:

In recent years, there have been reports of an increase in the number of
tetracycline resistant bacteroides (65,66). For example, in studies by Sutter,
Kwok and Finegold, prior to 1960, 14 of 15 strains were -sensitive to tetracycline,
12 of 22 isolated from 1960 to 1969 and only 24 of 63 (38%) isolated from 1970
were susceptible (67). |In view of these observations, the increasing awareness of
the importance of anaerobes, especially Bacteroides sp., in clinical infections
and the recognition that many strains were sensitive in vitro to erythromycin,
lincomycin and clindamycin, there has been major interest in the management of
anaerobic infections with newer agents.

The antimicrobial susceptibility of a group of anaerobic bacteria is sum-
marized in Table 12. Noteworthy was the observation that only metranidazole was
consistently bactericidal. Published clinical observations on the efficacy are
limited but have supported the validity of the in viiro effectiveness of |incomy-
cin and clindamycin. Tracy and associates reported 6 patients, three of whom
failed to respond to tetracycline, five of whom rapidly responded to lincomycin
(71). Bartlett, Sutter and Finegold reported the treatment of 25 patients with
lincomycin (11 cases) and clindamycin (14 cases) with favorable responses in all
but one of the patients on lincomycin (72). The average dose of lincomycin was
2.8 gm/day (IM), while for clindamycin it was 1.3 gm/day (po in 9 cases and IM in
5 cases). The manufacturer's summary catalogues 84 cases of anaerobic infection
with 57 excellent results, 19 good and 8 poor (73). With the availability of
parenteral clindamycin phosphate, we would recommend its use in a dosage of 600 mg
(diluted in 100 ml) intravenously over a 20-minute period administered every 6
hours, i.e., 2.4 gm/day. The dosage does not have to be modified with either
moderate renal or hepatic disease. In addition to its efficacy against these
anaerobes, Mohr, Rhoades and Muchmore have reported four patients with actinomy-
cosis treated successfully with lincomycin (74).

While therapy with lincomycin and clindamycin appears to offer considerable
promise in the area of anaerobic infections, recent observations of acute colitis
syndromes associated with their use should introduce a note of caution. Nor-

gaard has observed 7 such cases (2 on lincomycin and 5 on clindamycin) at Methodist

Hospital (75).
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TABLE 12
ANTIMICROBIAL SUSCEPTIBILITY OF ANAEROBIC BACTERIA (% INHIBITED-MIC)
G ~~
. wmn
o~ — o~
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o N o | — o~ . wn o ~
~ —_— ~ o ~ . \O . . w
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Bacteroides
(2) v om BB w m m om = ow om o= YOO
(3) 0 18 38 100 56 100 100 O O 100 O
Fusobacterium 100 78 83 100 89 100 100 27 5 100 3
Cl. perfringens 97 100 82 100 97 100 91 0 O 100 6
Peptococcus 96 98 59 98 58 96 95 13 30 98 24
Peptostreptococcus 98 99 73 100 73 100 100 23 33 94 12
Veilonella 100 100 85 100 23 100 100 38 31 100 2
Proprionobacterium o0 100 100 100 88 100 100 19 56 100 2
acnes
Eubacterium 64 64 71 100 85 100 100 64 85 93 2
Bacteroides melan- g5 93 79 100 96 96 100 34 45 96 5

INGenicus

(1) Ref. 68
(2) Ref. 67
(3) Ref. 69
% Ref. 70



10.

11.

13.
14,

15.

25

BIBLIOGRAPHY -

Personal communication. C. E. Edwards, M.D. September 1972.

Lepper, M. H., Moulton, B., Dowling, H. F., Jackson, G. G., and Kofman, S.:
Epidemiology of erythromycin-resistant staphylococci in a hospital population.
Effect on therapeutic activity of erythromycin. Antibiotics Annual 1953-1954,
pp 308-313, 1953. .

Lowbury, E.J.L., Kidson, A., Lilly, H. A., Ayliffe, G.A.J., and Jones, R. J.:
Sensitivity of Pseudomonas aeruginosa to antibiotics: emergence of strains
highly resistant to carbenicillin. Lancet 2:448-452, 1969.

Lowbury, E.J.L., Babb, J. R., and Roe, E.: Clearance from a hospital of
gram-negative bacilli that transfer carbenicillin resistance to Pseudomonas
aeruginosa. Lancet 2:941-945, 1972.

Accreditation Manual for Hospitals. Standard 1V, page 86. December 1970.
Data from C. K. Raley, Assistant Director, Pharmacy Services.

Gilbert, D. N., and Sanford, J. P.: Methicillin: Critical appraisal after a
decade of experience. Med. Clin. No. Amer. 54:1113-1125, 1970.

Marcy, S. M., and Klein, J. 0.: The isoxazolyl penicillins: oxacillin,
cloxacillin and dicloxacillin. Med. Clin. No. Amer. 54:1127-1143, 1970.

Klein, J. 0., and Finland, M.: Nafcillin. Antibacterial action <n vitro and
absorption and excretion in normal young men. Am. J. Med. Sci. 246:10-25,

1963.

Sutherland, R., Croydon, E.A.P., and Rolinson, G. N.: Flucloxacillin, a new
isoxazolyl penicillin compared with oxacillin, cloxacillin and dicloxacillin.
Brit. Med. J. L4:455-460, 1970.

Davis, B. D.: The binding of sulfonamide drugs by plasma proteins. A factor
in determining the distribution of drugs in the body. J. Clin. Invest. 22:753-
762, 1943,

Tompsett, R., Shultz, S., and McDermott, W.: The relation of protein binding
to the pharmacology and antibacterial activity of penicillins X, G, dihydro F
and K. J. Bact. 53:581-595, 1947.

Committee on Medical Research, The United States Health Service and the Food
and Drug Administration. JAMA 131:271, 1946.

Rolinson, G. N.: The significance of protein binding of penicillins. Post-
grad. Med. J. 40:20-22, 1964 (Supplement).

Kunin, C. M.: Clinical significance of protein binding of the penicillins.
Ann. N. Y. Acad. Sci. 145:282-290, 1967.



16.

17.

18.

20.

21.

22.

23.

24,

_25.

26.
26A.

27-

28'

29-

26

Quinn, E. L.: Protein binding of semisynthetic penicillins. Postgrad. Med. J.
40:23-30, 1964 (Supplement). '

Percival, A., Brumfitt, W., and de Louvois, J.: The role of penicillinase in
determining natural and acquired resistance of gram-negative bacteria to peni-
cillins. J. Gen. Microbiol. 32:77-89, 1963.

Sabath, L. D., and Finland, M.: Resistance of penicillin and cephalosporins
to beta-lactamases from gram-negative bacilli: some correlations with antibac-
terial activity. Ann. N. Y. Acad. Sci. 145:237-245, 1967. ’

. Tuano, S. B., Johnson, L. D., Brodie, J. L., and Kirby, W.M.M.: Comparative

blood levels of hetacillin, ampicillin and penicillin G. New Eng. J. Med.
275:635-639, 1966. :

Kirby, W.M.M., and Kind, A. C.: Clinical pharmacology of ampicillin and heta-
cillin. Ann. N. Y. Acad. Sci. 145:291-297, 1967.

Benner, E. J.: Renal damage associated with prolonged administration of
ampicillin, cephaloridine and cephalothin. Antimicrobial Agents & Chemo-
therapy-1969, pp 417-420, 1970.

Sutherland, R., and Robinson, 0.P.W.: Laboratory and pharmacological studies
in man with hetacillin and ampicillin. Brit. Med. J. 2:804-808, 1967.

Daehne, W. von, Godtfredsen, W. 0., Roholt, K., and Tybring, L.: Pivampicil=
lin, a new orally active ampicillin ester. Antimicrobial Agents & Chemo=
therapy~-1970, pp 431-437, 1971.

Foltz, E. L., West, J. H., Breslow, 1. H., and Wallick, H.: Clinical phar-
macology of pivampicillin. Antimicrobial Agents & Chemotherapy-1970, pp Lk42-
LsL, 1971.

Jordan, M. C., de Maine, J. B., and Kirby, W.M.M.: Clinical pharmacology of
pivampicillin as compared with ampicillin. Antimicrobial Agents & Chemo-

- therapy-~1970, pp 438-441, 1971.

Five papers in Antimicrobial Agents & Chemotherapy-1970, pp L07-k430, 1971.

Bodey, G. P., and Nance, J.: Amoxicillin: In vitro and pharmacologic studies.
Antimicrobial Agents & Chemotherapy 1:358-362, 1972.

Gordon, R. C., Regamey, C., and Kirby, W.M.M.: Comparative clinical pharmacol-
ogy of amoxicillin and ampicillin administered orally. Antimicrobial Agents &
Chemotherapy 1:504-507, 1972.

Sutherland, R., Croydon, E.A.P., and Rolinson, G. N.: Amoxicillin: A new
semisynthetic penicillin. Brit. Med. J. 3:13-16, 1972.

English, A. R., Retsema, J. A., Ray, V. A., and Lynch, J. E.: Carbenicillin
indanyl sodium, an orally active derivative of carbenicillin. Antimicrobial
Agents & Chemotherapy 1:185-191, 1972.



30.

31,

32.

33.

34,

35.

36.

37.

38.

39,

Lo.

L,

L2,

L3,

Ly,

Lo
~

Butler, K., English, A. R., Knirsch, A. K;, and Rorst, J. J.: Metabolism and
laboratory studies with indanyl carbenicillin. Del. Med. J. 43:366-375, 1971.

Waliace, J. F., Atlas, E., Bear, D. M., Brown, N. K., Clark, H., and Turck,
M.: Evaluation of an indanyl ester of carbenicillin. Antimicrobial Agents &
Chemotherapy-1970, pp 223-226, 1971.

Four papers in Antimicrobial Agents & Chemotherapy-157., pp 385-5cé, 1971.

Axefrod, J., Meyers, B. R., and Hirshman, $. Z.: Cephapirin: I 2ITro anti-
bacterial spectrum. Appl. Microbiol. 22:304-908, 1971.

Wiesner, P., MacGregor, R., Bear, D., Berman, S., Holmzs. K., ana Turck, M.:
Evaluztion of a new cephalosporin antibiotic, cephapirin. Antimicrooial Agents
& Chemotherapy 1:303-309, 1972.

Lane, A. Z., Taggart, J. G., and lles, R. L.: Relative incidence of phlebitis
caused by continuous intravenous infusion of cephapirin and cephalothin.
Antimicrobial Agents & Chemotherapy 2:234-235, 1972.

Bran, J. L., Levison, M. E., and Kaye, D.: Clinical and i»n »Zi{rc evaluation
of cephapirin, a new cephalosporin antibiotic. Antimicrobial Agents & Chemo-
therapy 1:35-40, 1972.

McCloskey, R. V., Terry, E. E., McCracken, A. W., Sweeny, M. J., and Forland,
M. F.: Effect of hemodialysis and renal failure on serum and urine concentra-
tions of cephapirin sodium. Antimicrobial Agents & Chemotherapy |:90-93, 1972.

Levi<on, M. E., Bran, J. L., Jepson, J. H., and Kaye. _.: HNeutrop=nia asso-
ciated with cephapirin therapy. Antimicrobial Agents ¢ Chewotnerapy 1:174-
176. 1372,

Meyers, B. R., Hirschman, S. Z., and Nicholas, P.: C(epnanone: <in viiro
antibacterial activity and pharmacology in normal huwan volunteers. Anti-
microbial Agents & Chemotherapy 2:250-25%, 1972.

Wick, W. E., and Preston, D. A.: Biological properties oi 3-hetzrocyclic
thiomethy! cephalosporin antibiotics. Antimicrobiai A cnts ¢ Chemotherapy I:
221-234L, 1972.

Nishida, M., et al.: In vitre and 7 vive evaluation o. cephazolin, a new
cephalosporin C derivative. Antimicrobial Agents & (heumotherapy-I19:9, pp 23€-
243, 1979. :

Ishiyama, S., et al.: Absorption, tissue concentration and organ distributicn

L7

of cerazolin. Antimicrobial Agents & Chemotherapy-13/G. pp 476-4&0, 1971.

Phair, J. P., Carleton, J., and Tan, J. S.: Comparison of cefazulin, a new
cephalosporin antibiotic, with cephalothin. Antimicrebial Agents © Chemo=
therapy 2:329-330, 1972.

Hodgson and Holloway: Cephacetrile. Presented at Wilmington, Delauare, May
1972.



45,

Le.

L7.

48,

L9.

50.

51.

52.

52A.

53.

54,

55.

56.

57.

58.

59.

2€&

Stapley, E. 0., et al.: Cephamycins, a new family of beta-lactam antibiotics.
l. Antimicrobial Agents & Chemotherapy 2:122-131, 1972.

Miller, A. K., et al.: Cephamycins, a new family of beta-lactam antibiotics.
[11. In vitro studies. Antimicrobial Agents & Chemotherapy 2:281-286, 1972.

Bobrow, S. N., Jaffe, E., and Young, R. C.: Uremia and acute tubuiar necrosis
associated with gentamicin and cephalothin. JAMA 222:1546-1547, 372,

Southern, P. M., Jr., and Sanford, J. P.: Meningococcal meningitis. Sub-
optimal response to cephalothin therapy. New Eng. J. Med. 280.1163-1165, 196€9.

Brown, J. D., Mathies, A. W., Jr., lvler, D., Warren, W. S., and Leedom, J. M.:
Variable results of cephalothin therapy for meningococcal meningitis. Anti-
microbial Agents & Chemotherapy-1969, pp 432-440, 1970.

Wick, W. E.: In vitro and in vivo comparison of cephalothin and desacetyl-
cephalothin. Antimicrobial Agents & Chemotherapy~1965, pp 870-875, 1966.

Rodriguez, V., Whitecar, J.P., Jr., and Bodey, G. P.: Therapy of infections
with the combination of carbenicillin and gentamicin. Antimicrobial Agents &
Chemotherapy-1969, pp 386-390, 1970.

Bodey, G. P., Middleman, E., Umsawadi, T., and Rodriguez, V.: Infections in
cancer patients. Cancer 29:1697-1701, 1972.

Riff, L. J., and Jackson, G.G.: Pharmacology of gentamicin in man. J. Inf.
Dis. 124:598-5105, 1971.

Schimpff, S., Satterlee, W., Young, V. M., and Serpick, A.. Empiric therapy
with carbenicillin and gentamicin for febrile patients with cancer and granu-
locytopenia. New Eng. J. Med. 284:1061-1065, 1971.

Yoshioka, H., Monma, T., and Matsuda, S.: Placental transier of gentamicin.
J. Ped. 80:121-123, 1972.

Stark, W. M., Hoehn, M. M., and Cox, N. G.: Nebramycin, a new broad-spectrum
antibiotic complex. |I. Detection and biosynthesis. Antimicrobial Agents &
Chemotherapy-1967, pp 314-323, 1968.

Black, H. R., and Griffith, R. S. Preliminary studies with nebramycin factor
6. Antimicrobial Agents & Chemotherapy-1970, pp 314-321; 1971.

Brusch, J. L., Barza, M., Bergeron, M. G., and Weinstein, L.: Cross-
resistance of pseudomonas to gentamicin and tobramycnn Antimicrobial Agents
& Chemotherapy 1:280- 28] 1972.

Del Bene, V. E., and Farrar, W. E., Jr.: Tobramycin: In vifre activity and
comparison with kanamycin and gentamicin. Antimicrobial Agents & Chemotherapy

1:340-342, 1972.

Dienstag, J., and Neu, H. C.: In vitro studies of tobramycin, an aminoglyco~
side antibiotic. Antimicrobial Agents & Chemotherapy 1:41-45, 1972.



60.

61.

62.

63.

6h.

65.

66.

67.

68.

69.

70.

71.

72,

73.
7h.

75.

29

Preston, D. A., and Wick, W. E.: Preclinical assessment of the antimicrobial
activity of nebramycin factor 6. Antimicrobial Agents & Chemotherapy-1970,
pp 322-327, 1971.

Traub, W. H., and Raymond, E. L.: Evaluation of the Zn vitro activity of
tobramycin as compared with that of gentamicin sulfate. Appl. Micro. 23:4-7,
1972.

Weinstein, M. J., Drube, C. G., Moss, E. L., Jr., and Waitz, J. A.: Micro-
biologic studies related to bacterial resistance to gentamicin. J. Inf. Dis.
124 (Suppl) : 11-17, 1971.

Wick, W. E., and Welles, J. S.: Nebramycin, a new broad-spectrum antibiotic
complex. |V. In vitro and in vivo laboratory evaluation. Antimicrobial Agents
& Chemotherapy-1967, pp 341-348, 1968.

Burger, L. M., Sanford, J. P., and Zweighaft, T.: Tobramycin: bacteriological
evaluation.. Am. J. Med. Sci. (in press).

Keusch, G. T., and 0'Connell, C. J.: The susceptibility of bacteroides to the
penicillins and cephalothin. Am. J. Med. Sci. 251:428-432, 1966.

Bodner, S. J., Koenig, M. G., and Goodman, J. S.: Bacteremic bacteroides in-
fections. Ann. Int. Med. 73:537-544, 1970.

Sutter, V. L., Kwok, Y. Y., and Finegold, S. M.: Standardized antimicrobial
disc suqceptibil[tx testing of anaerobic bacteria. 1. Susceptibility of
Bacteroides fragilis to tetracycline. Appl. Microbiol. 23:268-275, 1972.

Martin, W. J., Gardner, M., and Washington, J. A.: In vitro antimicrobial
susceptibility of anaerobic bacteria isolated from clinical specimens.
Antimicrobial Agents & Chemotherapy 1:148~158, 1972.

Kislak, J. W.: The susceptibility of Bacteroides fracilis to 24 ancibiotics.
J. Inf. Dis. 125:295-299, 1972.

Nastro, L. J., and Finegold, S. M.: Bactericidal activity of five anti-
microbial agents against Bacteroides fragilis. J. Inf. Dis. 126:104-107, 1972.

Tracy, 0., Gordon, A. M., Moran, F., Love, W. C., and McKenzie, P.: Lincomy-
cins in the treatment of bacteroides infections. Brit. Med. J. 1:280-282,
1972.

Bartlett, J. G., Sutter, V. L., and Finegold, S. M.: Treatment of anaerobic
infections with lincomycin and clindamycin. New Eng. J. Med. 287:1006-1010,
1972. , .

Therapeutic profile, Cleocin Phosphate. Upjohn H-2L61-9, January 1973.

Mohr, J. A., Rhoades, E. R., and Muchmore, H. G.: Actinomycosis treated with
lincomycin. JAMA 212:2260-2262, 1970.

Richard P. Norgaard, M.D.: Personal communication



