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In bacterial infections, the host responds
to the presence of the microorganism by
dynamic, complex, and variable processes
referred to as the inflammatory reaction.
Some of the biochemical properties of the
tissues and body fluids within the resulting
zone of inflammation are markedly different
from normal. For example, as a result of
cell injury, various chemical factors or medi-
ators, including polypeptides (leukotaine),
euglobins (necrosin), are liberated and
changes may also occur in pH and glycolyt-
ic activity (1,2). In the treatment of dis-
ease, therefore, it is most likely that the
interaction between an antibiotic and mi-
crobe takes place in tissues or fluids quite
unlike those in the normal in vivo environ-
ment. Thus, the chemotherapeutic efficacy
of an antibiotic, in addition to its inherent

antimicrobial activity, depends upon its
ability to reach and to maintain effective
concentrations in such modified physiologi-
cal environments instead of in normal tis-
sues and fluids.

The present studies were initiated to de-
termine the efficacy of a-6-deoxyoxytetra-
cycline [DOOTC,'(3,4,5)] in an experi-
mental situation that mimics the modified
physiological environment in which therapeu-
tic agents are expected to function. Antibiotic
concentrations were determined in the inflam-
matory exudate produced within a granuloma
pouch as well as in the serum of rats. For
comparative purposes, 3 other commercially-
available tetracyclines were included in the
studies.

1 Vibramycin, Chas. Pfizer and Co., Inc.
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Methods. The antibiotics, DOOTC, 6-meth-
ylene oxytetracycline (MOTC)? 6-demeth-
ylchlortetracycline (DMCT)* and tetracy-
cline (TC)*, used in these studies were re-
search quality hydrochloride salts.

The granuloma pouch was produced in
male rats weighing about 100 gm (Blue
Spruce Farms, Altamount, New York) util-
izing, in general, the technique of Robert
and Nezamis (6). Briefly, the pouch was
formed by injecting 25 ml of air under the
dorsal skin in the midline of the neck. The
chemical irritant, 0.8 ml of turpentine, was
next introduced into the pouch. Pouches
were partially deflated 2 days after produc-
tion by the removal of 10 ml of air. Three
days later, groups of 3 rats were dosed oral-
ly with an antibiotic and sacrificed at vari-
ous times later; blood was collected and
pouch contents were aspirated with a sterile
pipette. Blood and pouch contents, respec-
tively, from a group of 3 rats were pooled
and treated as single samples. Each time
sample, therefore, is represented by groups
of different rats. Serum was removed after
allowing blood to clot at refrigerator temper-
ature. Antibiotic concentrations in both
serum and inflammatory exudate were as-
sayed using the Bacillus cereus var. my-
coides plate technic (7). Standard curves
for the assay of antibiotic in rat serum and
in inflammatory exudate were prepared, re-
spectively, in normal rat serum or in inflam-
matory exudate from control rats or in a
solution containing sufficient bovine albumin
to compensate for either serum protein or
inflammatory exudate binding. Any dilu-
tions necessary of test samples also utilized
control sera, inflammatory exudate, or the
albumin solution mentioned above. Each ex-
periment was replicated 3 times. Assays
were carried out and replicated as often as
possible on portions of the same samples by
2 different Pfizer laboratories. All assay val-
ues, usually 8 or 9, were added and the

2 Rondomycin, Chas. Pfizer and Co., Inc.

3 Declomycin, Lederle Laboratories, American
Cyanamid Co., Inc. I wish to thank Dr. B. W. Carey,
Lederle Laboratories, Pearl River, New York for
my supply of DMCT.

4 Tetracyn, Chas. Pfizer and Co., Inc.

ACTION OF a-6-DEOXYOXYTETRACYLINE

TABLE I. Percentage Binding of DOOTC and
Other Tetracyclines in Inflammatory Exudate of
the Granuloma Pouch and in Serum of Rats.

Binding (%,, mean + SE)

Tetracycline  Inflammatory exudate Serum
DOOTC 67.7 6.3 63 +26
MOTCG 56 +4.0 64 +24
DMCT 64.6 + 1.3 714+ 21
TC 67 +87 67.3 + 2.6

mean and standard error of the mean were
calculated. These values are represented as
total antibietic concentration in sera and in
inflammatory exudate.

The percentage binding of each antibiotic
to rat serum proteins and in inflammatory
exudate was determined by a microbiologi-
cal plate procedure described by Scholtan
and Schmid for tetracyclines (8) and recent-
ly utilized by this laboratory with mouse
sera for the same antibiotics used in the
present study (5). Scholtan and Schmid re-
ported that their data obtained by this
procedure for several tetracyclines, in gener-
al, compared favorably with literature val-
ues from several other methods (8). As an
example, a comparison was made between
zone sizes produced against B. cereus var.
mycoides by equal concentrations of each
antibiotic in, respectively, pooled normal rat
serum (pH 7.4), and pH 7.4-buffered-
saline. The inhibition zone produced by a
tetracycline in buffered saline is larger than
that produced when in rat serum and such
difference in inhibition area is interpreted to
be a consequence of serum binding, i.e., the
tetracycline in buffer, which is present as
unbound antibiotic, has a faster diffusion
rate than the serum-tetracycline combina-
tion when tested in agar.

The percentage binding in inflammation
exudate was done in identical manner except
exudate was substituted for serum. The pH
of the exudate in these studies was consis-
tently 7.3-7.4, therefore, the pH 7.4 buffer
used in serum binding was also used in the
exudate binding studies. The percentage val-
ues presented in Table I for both serum and
inflammation exudate are means of 5 differ-
ent experiments. The standard error of the
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TABLE II. Total Antibiotic Concentration in Inflammation Exudate and Sera after Oral Administration

to Rats.

Total antibiotic conc at hours (ug/ml mean + SE)

Inflammation exudate Serum
Tetra- Oral
cycline  (mg/kg) 1 2 4 6 8 24 1 2 4 [ 8 24
DOOTC 125 022 036 059 080 055 0 147 137 143 116 051 O
“+.11 .10 =+.07 .11 =+.04 +.11 .09 =+.16 +.14 =+.03
MOTC 12.5 0 0 014 026 O 0 047 104 071 074 0 0
+.09 =+.17 +.11 +22 +.12 +.35
DMCT 12.5 0 014 048 014 O 0 072 091 082 018 0 0
+.13 +.16 =+.09 +.12 .18 +.09 =+.11
TC 125 0 0 010 021 O 0 143 192 124 070 033 O
+.10 =+.14 +.05 +.3%3 +.08 +.33 =+.01
DOOTC 25 034 078 177 174 120 0.08 333 364 330 201 124 0.08
+.10 =+.07 =+.07 +.09 .12 .05 +.22 +22 +22 +.17 =+.14 +.05
MOTC 25 0 023 094 073 034 O 126 096 152 160 039 0
+.14 +.08 =+.31 .11 +.20 +.19 .07 55 .20
DMCT 25 0 035 087 051 025 O 222 194 187 0.72 0.72 0.06
+.09 +.13 +.04 +.12 +46 =+.36 +.10 =+.06 =+.14 =+.06
TC 25 018 097 132 097 050 0 230 4.0 395 176 095 0
+11 =12 +22 +.17 =+.10 +.17 +20 +.16 +21 =0
DOOTC 50 073 110 145 186 153 0.36 204 529 363 3.06 238 022
+44 +.10 +.07 =+.14 +25 =+.06 +41 +64 +53 +.17 +28 +.05
MOTC 50 0 084 040 052 030 © 132 283 071 154 041 0O
+.32 +.14 +29 =+.16 +.58 +1.24 +.17 +.30 =+.28
DMCT 50 0 052 106 082 022 O 112 255 146 155 038 0
+.18 +.20 ~+.17 =+.11 +.07 +.56 +.10 +.77 =14
TG 50 ° 016 1.67 112 152 095 0 324 413 328 278 163 0
+.16 +.55 +.18 =+45 =+.10 +78 +12 =+.16 *.29 =+.19

mean is also presented. Unbound antibiotic
in sera and inflammatory exudate was calcu-
lated from total antibiotic minus the amount
bound based on the percentage binding de-
termined in sera or the exudate.

Data and Discussion. Mean percentage
binding values for DOOTC and the other
tetracyclines are presented in Table I for rat
serum and inflammatory exudate. The
data, with the exception of tetracycline, for
binding in rat serum are quite comparable
to those reported earlier for mouse serum.
(5). Tetracycline is bound to a greater extent
in rat serum (67.3% = 2.6%) than in mouse
serum (54.8% =+ 2.2%).

Percentage binding values in inflamma-
tion exudate with their standard error are
quite similar for these 4 tetracyclines. In
addition, the binding values of each tetracy-
cline are similar for serum and inflammation
exudate. Thus, although the composition of
serum and exudate may be quite different,
these data indicate that relevant to binding,
the two environments appear similar. Asche-
im and Zweifach (9) have demonstrated
that the protein concentration in edema
fluids during inflammation is essentially the
same as that of the plasma. In agreement
with this, electrophoresis studies made on
representative inflammation exudates and
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TABLE III. Unbound Antibiotic Concentrations in Inflammation Exudate and Rat Sera after Oral
Administration.®
Antibiotic at hours (xg/ml)
Inflammation exudate Serum
Dosage
Drug  (mg/kg) 1 2 4 6 8 24 1 2 4 6 8 24
DOOTC 125 007 012 019 026 0.18 0 054 051 053 043 019 O
MOTC 0 0 006 0.11 0 0 0.17 037 026 027 0 0
DMCT 0 005 017 005 0 0 020 026 023 005 O 0
TC 0 0 003 007 0 0 047 063 040 023 011 O
DOOTC 25 011 025 057 056 039 003 123 135 122 074 046 003
MOTC 0 0.10 041 032 015 0 045 034 055 058 014 0
DMCT 0 0.12 031 018 009 O 063 055 053 020 020 0.02
TG 006 032 043 032 016 O 075 131 129 058 024 0
DOOTC 50 024 036 047 060 050 0.12 075 196 134 113 088 0.08
MOTC 0 037 018 023 013 0 048 102 026 055 015 0
DMCT 0 0.18 038 029 008 O 032 073 042 044 011 O
TC 0.05 055 037 050 031 O 106 135 107 091 053 0O

¢ Calculated from mean values for percentage binding to rat serum and inflammation exudate (Table
I) and mean value for total antibiotic in rat serum and inflammation exudate after oral administration

(Table II).

serum from the same rats in the present
studies showed a very similar band pat-
tern.®

Mean concentrations, expressed as total
antibiotic, of the tetracyclines detected in
inflammation exudate and sera of rats after
oral drug administration are presented in
Table II. It is generally believed that only
the unbound portion of the drug exerts di-
rect chemotherapeutic activity (5); therefore,
these data serve primarily as a reference
point for calculation of unbound antibiotic.
Emphasis is placed in the present report on
the unbound drug concentration.

Mean values of DOOTC and the other
antibiotics, expressed as unbound antibiotic,
in inflammation exudate and serum are
presented in Table III. In an overall sum-
mation of the 3 dosages used, DOOTC and
the other antibiotics readily appeared in the
localized area of inflammation. The concen-
trations of DOOTC, expressed as mean val-
ues of unbound antibiotic in inflammation
exudate or serum, were consistently greater
than the values for MOTC and DMCT.
Although DOOTC concentrations were gen-

5 I wish to thank Dr. T. M. Lees for these electro-
phoresis studies.

erally greater than those of TC in both
inflammation exudate and serum, the differ-
ences were not as striking as when DOOTC
is compared with MOTC and DMCT.

It should be noted that the mean concen-
tration of DOOTC as well as other tet-
racyclines expressed as unbound antibiotic
in both inflammation exudate and serum
(Table III), were generally above their
minimal inhibitory concentrations for bac-
teria commonly associated with suppurative
disease. In a previous study the MIC values
of DOOTC, MOTC, DMCT, and TC
ranged from 0.1 to 0.2 #g/ml against Sta-
phylococcus aureus and 0.03—0.04 pg/ml
against Streptococcus pyogemes (5). Thus,
one could easily presume effective antimicro-
bial activity in the modified physiological en-
vironment, i.e., inflammation exudate, as well
as in serum,

At all dosages studied, DOOTC persisted
in inflammation exudate at higher concen-
trations for a longer period of time than did
the other antibiotics. For example, on the
12.5 mg/kg regimen, 0.18 pg/ml of un-
bound DOOTC was present in the exudate
at 8-hours post oral dosage. Activity was not
detected with the other tetracyclines at this
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time. Similarly, 24 hours after oral dosage
of 50 mg/kg, 0.12 pg/ml of unbound DOOTC
was present in inflammation exudate while
activity was not detected for any of the other
tetracyclines at this time period.

A time-dosage relationship exists be-
tween the unbound drug concentration in
inflammation exudate and serum. As presented
in Table IV, concentrations in the exudate
in the early hours were considerably less than
those in serum. The ratio gradually increased
over the time period until the ratio between
the exudate and sera approached 1 or the
trend of the data indicated that 1.0 would be
reached with the possible exception of tetra-
cycline. It is noticeable that DOOTC, even
on the low dosage of 12.5 mg/kg gave pro-
gressive ratios of 0.12 at 1 hour to 0.90 at 8
hours. In contrast, the other antibiotics on
this dosage gave ratios in the range of 0.10 to
0.41 and only in the 4-6 hour samples. An-
other point of interest is that the exudate con-
centration of DOOTC at 24 hours after oral
dosage of 50 mg/kg was higher than the serum
level, hence the ratio was 1.5.

The presence of DOOTC, as well as the
other tetracyclines, in inflammation exudate
after oral administration, is the result of
many complex pharmacodynamic processes.
The final equilibrium distribution of the
drug is determined by competitive forces
and rates involving such factors as: (i) ab-
sorption from the intestinal tract, (ii) dis-
tribution in the animal body, (iii) binding
to serum, tissue, and exudate, and (iv) rate
of excretion. The phramacodynamic proper-
ties of DOOTC are such that an advantage
is conferred so that DOOTC appears faster
and persists longer and at higher concentra-
tions in sera and exudate than do the other
tetracyclines. As the degree of exudate and
serum binding in the rat (Table I) are so
similar for these tetracyclines, this offers lit-
tle in the way of explanation. Probably the ra-
pidity of DOOTC’s appearance in inflamma-
tion exudate is associated with its more
efficient absorption from the gastrointestinal
tract. This has been shown experimentally
for a variety of animal species (5, 10, 11) in-
cluding man. The persistence of DOOTC in
inflammation exudate probably is a conse-
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TABLE IV. Ratios of Unbound DOOTC and Other
Tetracyclines in Inflammation Exudate and Sera.

Inflammation exudate conc./
serum conc

Sample (on mg/kg oral dosage)
time
Tetracycline  (hours) 12.5 25 50
DOOTC 1 0.12 0.09 0.32
2 0.24 0.19 0.18
4 0.36 0.47 0.35
6 0.60 0.76 0.53
8 0.90 0.85 0.56
24 0 0.67 1.50
MOTC 1 0 0 0
2 0 0.29 0.36
4 0.23 0.74 0.69
6 041 0.55 042
8 0 1.07 0.87
24 0 0 0
DMCT 1 0 0 0
2 0 0.22 0.25
4 0.10 0.56 0.90
6 0.35 0.90 0.66
8 0 0.45 0.72
24 0 0 0
TC 1 0 0.08 0.06
2 0 0.25 0.41
4 0.10 0.33 0.35
6 0.35 0.55 0.55
8 0 0.66 0.58
24 0 0 0
e Inflammation exudate concentration not de-
tected.

quence of its slower rate of urinary excre-
tion and slow release from body compart-
ments as has been shown in the dog (10) and
postulated for man (11).

Summary. The presence of DOOTC, as
well as MOTC, DMCT, and TC, in inflam-
mation exudate within the granuloma pouch
demonstrated that these tetracyclines can
pass from the blood into localized areas of
inflammation. In addition, unbound concen-
trations of DOOTC and the other antibiotic
were generally greater than the MIC values
for bacteria commonly associated with sup-
purative disease. One could readily presume
effective antimicrobial chemotherapy under
the condition of these modified physiological
conditions. The DOOTC appeared in the
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inflammation exudate more rapidly, to a
greater concentration, and persisted longer
than did the other antibiotics studied.

It is a pleasure to acknowledge the very capable
technical assistance of Camilla Dunegan and Julia I.
Leveckas in these studies. In addition, the bioassay
work of J. J. Smith and T. J. Kelly and their
associates is sincerely appreciated.

1. Dubos, R. J. and Hirsch, J. G,, eds., “Bacterial
and Mycotic Infections of Man”, 4th ed., Lippincott,
Philadelphia, Pennsylvania, 1965,

2. Menkin, V., “Dynamics of Inflammation,” p.
78. Macmillan, New York 1940.

3. English, A. R, Proc. Soc. Exptl. Biol. Med.
122, 1107 (1966).

4. English, A. R. and Lynch, J. E, Proc. Soc.

GROWTH oF M. pneumoniae STRAIN FH

Exptl. Biol. Med. 124, 586 (1967).

5. English, A. R, Proc. Soc. Exptl. Biol. Med. 126,
487 (1967).

6. Robert, A. and
docrinol. 25, 105 (1957).

7. Grove, D. C. and Randall, W. A., “Assay Meth-
ods of Antibiotics,” Med. Encycl. New York, 1955.

8. Scholtan, W. and Schmid, J., Arzneimittel-
Forsch. 13, 288 (1963).

9. Ascheim, E. and Zweich, B. W,
Physiol. 202, 554 (1962).

10. Schach Von Wittenau, M. and Delahunt, C. S.,
J. Pharmacol. 152, 164 (1964).

11. Migliardi, J. R. and Schach Von Wittenau,
M., “Intern. Congr, Chemotherapy,” p. 165. Vienna,
1967.

Nezamis, J. E., Acta En-

Am. ]J.

Received Jan. 15, 1968. P.S.E.B.M., 1968, Vol. 128.

Growth Morphology of Mycoplasma pneumoniae Strain FH on
Glass Surface (33009)

Worrcanc Brept! (Introduced by Viola M. Young)

Microbiology Service, Infections Laboratory Services, Clinical Pathology Department,
Clinical Center, National Institutes of Health, Bethesda, Marvland 20014

The variable morphology of mycoplasma
still evokes different views about growth and
multiplication of these microorganisms (1).
The results of experiments to determine
morphology are further complicated by the
possibility of artifacts due to the prepara-
tion. The ability of Mycoplasma pneumoni-
ae to adhere on a glass surface (2), provides a
chance of observing living organisms with-
out further manipulation. The following ex-
periments were undertaken to study the
growth morphology of M. pneumoniae on a
glass surface in a fluid environment.

Material and Methods. Mycoplasma. Myco-
plasma pneumoniae strain FH used in the
study was kindly supplied by Dr. Del Giud-
ice, Baltimore Biological Laboratories (BBL).

Media. The growth medium consisted of
PPLO broth or PPLO agar (Difco Lab.),
both supplemented with 20% horse serum
and 10% yeast extract (Microbiological As-

1 Supported by a fellowship from the Deutsche
Forschungsgemeinschaft, Bad Godesberg, Germany.
On leave from the Institut for Hygiene and Microbi-
ology, University of Wurzburg, Wurzburg, Germany.

soc.) (1). For biochemical tests 1% glucose
was added together with final concentra-
tions of 0.005% phenol red, 0.025% 2,3,
5-triphenyltetrazolium chloride (Tetrazoli-
um) or 0.0029% methylene blue. To
demonstrate the lysis of red blood cells
(RBC), 39% sheep RBC were added to
PPLO agar or the enriched PPLO agar.
Growth chamber. A coverslip chamber de-
scribed for the demonstration of cytophilic
antibody (3) was used. Glass rings
(9 mm i.d., 2-3 mm high) were mounted on
22-mm square coverslips by silicone grease.
The chambers were autoclaved, inoculated
with about 0.2 ml of 1:10 dilution of a
24-hour culture, sealed by a second sterile
coverslip and incubated at 37°C. Growth
was observed by phase contrast microscopy.
Identification tests. After opening and re-
moval of broth, the chambers showing
growth were either filled with the test medi-
um, or, after removing the rings, the cov-
erslips with the adherent organisms were
placed upside down on a test agar plate.
Serological identification by growth inhibi-



