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PART I
A SURVEY OF THE LITERATURE




INTRODUCTION

In recent years considerable attention has been
given to the concentrations of drugs in the various body
flulds as a guide to therapy. Althouéh clinical experi--
ence has shown that concentrations of antimicrobial sub-
stances are only loosely related to therapeutic results,
it hﬁs also shown that such information is valuable in
arriving at dosage schedules (1); The pﬁrposé of this
thesis is to review the work already done on antibiotics
in the cerebrospinal fluid and to point out that bécause
present methods of assay are inadequate, cerebrospinal
fluid concentrations of antibiotics are of little use in
determining the actual amounts of antibiotic agents reach-
ing the nervous tissues.

Animal experiments have demonstrated that penicil-
14n levels in tissues such as kidney and liver are com-
parable in magnitude to serum levels (2). Although
considerable attention has been given to the study of
antibiotic levels in the cerebrospinal fluid, there is
no clear evidence that these levels reflect the levels
within the nervous or meningeal tissues. Whether or not
the presence of an antibiotic in the cerebrospinal fluid
is necessary or even helpful in the control of meningeal

infection is uncertain. If the infection involves the



meningeal membranes primarily, it would seem that anti-
‘biotics would reach the involved tissues through their
blood supplies as they do elsewhere in the body. The
bacteria present in the spinal fluid may represent only
those shed from the inflamed‘membranes and would disap—
pear when that infection is controlled (3). But, if the
bacteria actually grow in‘the cerebrospinal fiuid, anti-
b;étic levels are, at leaét in cases of meningitis,'dnp
doubtedly significant. The success of intrathecal pénié
cillin treatment of experimental meningitis in dogs
reported by Pilcher and Meacham (4) is, perhaps, the most
valid evidence that cerebrospinal fluid concentrations
are important. They found that 500 units a day of peni-
¢illin intravenously had little beneficial effect on
experimentally induced staphyloGQCGbimeningitis but that
50 units a day 1ntfatheca11y réduced the mortality from
93% to 54%. 1In the absence of more definite information
it is probably safest to agree with the opinion of Boger
and Wilson (5) who feel that vefore antibiotic therapy
is instituted in diseases of the central nervous system,
there should be reasonable assurance that significant
cerebrospinal fluid levels can be obtained in 100% of
thecases. Readfearn et. al. (6) justify their investi-
gation of penicillin in the cerebrospinal fluid by saying,



"If penicillin appears in the cerebrospinal fluid, one
cannot say that all nervous tissue 1s being reached,
but if penicillin does not appear in the cerebrospinal
. fluid, one can say that not all nervous tissue is being

reached."

LEVELS ACHIEVED DURING THERAPY

In the absence of a more definite index, many 1nves-"
tigators have attempted to find means of achieving a
therapeutically significant level of penicillin in the
spinal fluid. Boger and Wilson (5) poéint out that no
single ideal level hae much meaning because it fails to
account for defense mechanisms of the individual and .the
sensitivity of the particular strain. Nevertheless, a
concentration of 0.03 units of penicillin per ml. has
been considered therapeutically significant because that
amount of penicillin is adequate to sterilize actively
growing cultures of almost all strains of gdnococcus,
Group A hemodytic streptococcus, pneumococcus, and about
one-half of the strains of meningococcus (5,7).

Intrathecally, rather high concentrations of peni-

cillin can be easily achieved and maintained. Ory et al (7)



reported that in thirteen patients with meningitis, 12
hours after intraspinal injection of 10 - 15,000 units,
10 - 40 units/ml. could be detected. Other investigators
(8, 9; 10, 11) have reported detectable amounts of peni-
¢illin from 24 to 31 hours after intrathecal injection,

Regardless of therapeutic levels achieved, intra-
thecal injection haé'many serious drawbacks. Malaise,
headache, vomiting, increased intrathecal pressure, men-
ingeal irritation with pleocytosis, lumbosacral arach-~
noiditis, and sciatic nerve palsey have all been ascribed
to injection>py;this route (7, 9, 12). Because of sec-
ondary 1rritétion it may be difficult to estimate the
effect of therapy and how long to continue therapy (12).
In cases where a block develops, intracisternal or intra-
ventficular administration may become necessary (12),.
Because of these disadvantages and because of the diffi-
culties and risks associated with repeated spinal punc-
tures, many investigators have attempted to deliver peni-
cillin into the cerebréispinal fluids by parenteral
injection (Table I).

Many of the early investigators were not successful
in detecting penicillin in the spinal fluid after intra- -
venous or intramuscular injections (7, 9,15, 16, Table‘I).
These failures may be attributed to the small dosage sched-

ules used. In subjects with uninflamed meninges single



TABLE I

Sampling wgs by lumbar puncture except where other ‘gite is indicated.
Aquecus crystalline pemicillin was used in all studies and all spinal
fluids were assayed by biologic methods. Except in cases with inflamed

«3 meninges, it will be noted that: early inves{igators failed to use:
large enough doses tg cguse diffugion into the apinal fluid. Even with
masgive doses very little penicillin reached the spinal fluid. Serum
levels were often 100 fold greater than spinal fluid levels.



_FLUID FOLLOWING PARENTERAL ADMINISTRATION

Time of Sampling After Conc. of Penicillin

2 hrs. and 3 hrs.

4-6 hrs by ventricular
puncture

12 & 84 hrs, after start
of RX

12 hrs after start RX

ttable peniecillin

In 2 hr., 14 of 18 showed
In 3brs-0.026 av.

detectable penicillin.
3 hrs., 15 of 18 showd
detectable penicillin

Administration Miscellaneous in CSF in units/ml
none
60"140 mino 0003"0035 .
3-4 hrs,. none
30 min.=6 hrs. 0.02 (approx.)
15-60 mine only 4 out of 9 showed 0s1-0.4
penicillin in CSF
2 hrs. serum levels 0;06-0.9 , none
units/ ml
10-150 min. none
25 min-24 hrs. only 6 out of 14 showed  0.09-0.156
penicillin. 2 had
inflamed meninges
immed. after infusion none
30 min. 77.7%4 of total group & none -
100% of group receiving 0.55
over 20,000,000 had de-
tectable penicillin
5 hes. 0.04-0.3
18 of 23 showed detec- 0.019-0.052

2hrs-0,031 av.

73% had assayable penicillin00.057 (mean)

0.14
0.04




injections of about 100,000 units are necessary before
detectable penicillin appears in the spinal fluid in a
significant proportion of subjects (19).

By continuous infusion, quantitatively larger amounts
of penicillin may be necessary to achieve comparable spinal
fluid levels. Neyman (16) could detect no penicillin in
the spinal fluid after 1,000,000 units were infused in-
travenously over a three hour period. Barton et. al. (18)
and Schwemlein (17) after delivering 25,000,000 units by
continuous drip intravenously for a 24 hour period achieved
levels in some cases only slightly higher than those ob-
tained by Boger et al (19) with a single intramuscular
injection of 100,000 units., These findings bear out the
suggestion of Redfearn et al (6) that intermittent dosage
may be more effective than continuous infusion in deliv-
ering penicillin into the cerebrospinal fluid.

Boger and Wilson (5) reported that 3 gm. of caro-
namide orally before injection of penicillin enhances the
plasma concentration three to five times and doubles the
cerebrospinal fluid concentration. Redfearn et al (6)
are in agreement in regard to the effect of caronamide
and also find that three doses of 500,000 units at 12,}8,
and 4 hours before punctu;e do not.give appreclably higher

levels in the spinal fluid than does a single injection




of 500,000 units 4 hours previous to & punctﬁre. 8uch
findings lend credence to the opinion expressed by Boger
et al (20) that high plasma concentrations, probably over
10 units/ml.,for a short period of time are necessary to
cause diffusion of penicillin into the cerebrospinal
fluid. |

When the subject was suffering from acute meniﬁgitis,
some of the earlier investigators (13, 11) detected peni-
cillin in the spinal fluid with doses as small as 20,000
units. Intrathecal injections of penicillin absorb more
rapidly in patients with inflamed meninges than in other
patients (15). By injecting fluorescein dye intravenously
Lange et al (2) found that diffusion into the spinsl fluid
was about three times greater in patients with inflamed
meninges. They ascribe this increased diffusion to the
increased capillarypermiability which accompanies infla-
mation,

Several investigators (5, 18) have used neurosyphili-
tic subjects and assumed thgt there was no alteration in
the "barrier" between the blbdod and the spinal fluid,
‘Redfearn et al (6), in one of the most careful and most
recent studies of the subject, have found significantly
higher levels in subjects with syphilis of the central
nervous system {Table I). These same investigators report

an increase in diffusion of penicillin into the spinal




fluid in almost all patients with lesions of the central
nervous system and that this increase is roughly parallel
to the increase in spinal fluid protein (Table II.). The
inference is that pathologic processes damage vascular
tissue either locally or generally and cause largér amounts

of both protein and penicillin to appear in the spinal fluid.

TABLE II
PENICILLIN AND FROTEIN DIFFUSION INTO CEREBROSPINAL FLUID
After Redfearn et al (6)

Diagnosis No. of Hean Penicillin  Mean Protein
: cases units/ml. mgm %

Naurologicglly normal

(psychiatric) 9 0.04 12
Idiopathic epilepsy 9 0.0¢ 12
Cerebral glioma 14 0.06 20
Cerebral arteriosclerosis 4 0.08 46
Neurosyphilis ‘ | 10 0.14 80

Penicillin was assayed by a capillary serial dilution method in
which penicillin sensitive hemglytis streptococci fermeht glucose
producing acid detectable by ph#nol red. 3Since sbout 0.037 units
.of penicillin alweys inhibited the test strain,.that amount and amounts
larger could be detected in the spinal fluid. Mean penicillin levels
are parallel to mean protein levels, but this relationship did not
necessarily hold true in each individual case studied.

Diffusion of penicillin in the elderly tends to be
increased even when protein is not increased (#6). An
increase in spinal fluid pressure does not alter the dif-

fusion of penicillin (26).




In contrast to penicillin, very 11£t1e study has
been made on the diffusion of other antibiotic agents
into the cerebrospinal fluids. B8treptomycin does not
readily diffuse into spinal fluid in normal persons, but,
when injected parenteraXly into patients with meningitis,
amounts sufficient to check growth of susceptible organ-
isms may reach the cerebrospinal fluid after repeated
injections (22).

Of the three important new antibiotices~chloram-
phenicol, aureomycin, and terramycin~-chloramphenicol
accumulates most rapidly iﬁ the serum, reaches the high-
est serum concentrations, and produces the highest cere-
brospinal fluid concentrations (1). That ahredmycin
does diffuse into the spinal fluid has been proven by
Lepper et al (23) who detected 0.06 to 0.13 microgramsh"L
in the spinal fluid following doses of 100 mgm intramus-
cularly and 300 to 700 mgm orally in 6 out of 9 patients,
Herrell and Heilman reported similar findings in a series
of & cases (24). Werner et al detected terramycin in
the spinal fluid in U4 out of 8 subjects and concluded
that concentrations of terramycin in the spinal fluld
after single large daily doses were»similar to those ob-
tained for aureomycin'(l).. But Herrell et ai’found a
measurable amount of terramycin in only one of six pati-
ents and concluded that unlike aureomycin, terramycin

does not traverse the "blood-brain barrier* (25).



INHIBITORY EFFECT OF BODY FLUIDS ON ANTIBIOTIOS

Table I indicates the only minute quantities of
penicillin reaches the cérebrospinal fluid even with
massive doses, In attempting to explain wpy only a small
proportion of an antibiotic agent pepetratéé tolthe spinal
fluid, one is confronted with the problem of the binding
of molecules by proteins. ,Interreactions’ih protein solu-
tions have long been known, such as the inhibitory effect
of milk or serum on many antiseptics.: Bedause sulfadié;
zine and sulfathiozole were found in spinal fluid in muach
lower concentration than in seruﬁ, they weré at one time
considered unesuitable forvthe treatment of meningitis,
Dialysis éxperiments have shown, however, that these
drugs were bound to plasma proteins to & degree which
accounted for their relative concentrations in.the blood
and spinal fluid, assuming the spinal fluid to be an
ultfafiltratg of blood. 8ince the unbound drug determines
the bacteriostdtic level of a given fluid, the effective
concentrations of these sulfa drugs were the same in both
serum and spinal fluid (26).

The dialysis experiﬁents of Chow and McKee (27) have
shown that penicillin combines with serum albumin. But,
unlike the sulfonamide-protein complex, the penicillin-

albumin~comp1ex possesses antibiotic activity. Assuming



spinal fluid to be an ultrafiltrate of blood, nome of
this penicillin-albumin complex with its antibiotic ac~
tivity would enter the spinal fluid so that the spinal
fluid would be poorer thén the serum in antibiotic ac-
tivity.. Bince current methods of assay are biolcgic and
measure thé antibacterial effect of the unknown, it is
conceivable that the binding of antibiotics by plasma
proteins accounté for the discrepancy between antibiotic
levels in the serum and in the spinal fluld. This ex-
planation could only be vaiid 4f the penicillin-protein
complex possesses a considerable proportion of the anti-
bactexial activity of the plasma,

That the penicillin-protein complex has antibiotic
activity to a significant degree is doubtful in view of
the work of Tompsettetal (28). By making series dilutions
of penicillin in broth in the presence of 10%, 20%, and
30% human serum and comparing inhibition to growth of a
test strain in these series to inhibition in series dilu-
tions in the absence of serum, these investigators found
that the effectiveness of penicillin was diminished in
proportion to the amount of serum present. They also
added bovine albumin to media in concentrations comparable
to those attained by adding serum and found a parallel
effect but an effect not as great in magnitude. In regard

to other antibiotics, it has been shown that aureomycin

~10-




is also inactivated by serum but that the effect is much
greater. In series dilution of aureomycin, the addition
of 50% serum causes a 20 - 50 fold raising of the end
point and in series dilution of penicillin, only a four
fold increase (29).

McDermott and Nelson (14) have shown that in concen-
trations ranging from 0.078 to 1.25 microgramJM?§.serum,
penicillin is diffusible through artificial membranes in
vitro and into ascitic fluid in vivo. B8ince at such low
serum levels penicillin will not diffuse into the spinal
fluid, it is apparent that the binding of penicillin to
non-diffusible elements in the serum is not the only
reason for the poor diffusion of pendcillin into the spin-
al fluid,

In 1948, Tucker (30) reported that human cerebro-
spinal fluid, itself, exerts an inhibitory effect on the
bactericidal activities of penicillins G, X, and X in
vitro as determined by serial dilution bioassay methods.
Penicillins G, X, and K proved identical in their sus-
ceptibility to the inhibitory effect of spinal fluid,
Further, the inhibitory effect resembled that of serum
and was proportional to the concentration of Spinal

fluid present (Table III),

]



TABLE III
After Tucker (30)
THE INHIBITCRY EFFECT OF CEREBROSPINAL FLUID
ON

THE ACTIVITY OF PENICILLIN

% CSF Present in the Activity Index of the Penicillin
Culture Medig Based on an Activity of 100 in
Plain Broth Culture
59 55 - 56
29.5 66 - 71
14.8 83 - 90
7.4 89 - 90
06 94 - 98

The activity index represents the percent of activity remaining
after inactivation of the penicillin by the varyirg proportions
of spinal fluid.

» Heating of the spinal fluid at 100 degrees C for
30 anutes followed by 8eitz filtration did not appreci-
ably change the inhibitory effect. Changing the P H
within the range of 7.3 to 8.4 did not alter the effect.
When various concentrations of penicillin were incubated
in 96% cerebrospinal fluid at 37 degrees C, there was
progressive loss of penicillin activity.

Although the inhibitory effect of human serum on

penicillin has been ascribed in large part to the bindiﬁg

-1~



effect of the plasma proteins, such an effect does not

explain the similar property of spinal fluid. For peni-

cillin G and X #n-the inhibitory effect of cerebrospinal

fluid was only 15% to 20% less than that of serum, while

the total protein content differed by a factor of 100 -

300 fold.

Further, heat coagulation of the protein and

its removal by means of Seitz filtration did not appreci-

ably modify the inhibitory effect. Finally, the fact the

penicillin incubated in the presence of cerebrospinal

fluid progressively lost activity, suggests that there

might be actual destruction of penicillin by some uniden-

tified mechanism.

Jordan and Hill (31) report that normal cerebrospinal

fluid exerts a similar inhibitory effect on the antibac-~

- terial action of streptomycin.

This effect is, to a

degree, proportional to the concentration of spinal fluid

present (Table IV).

TABLE IV

After Jordan and Hill (31)

THE INHIBITORY EFFECT OF CEREBROSPINAL FLUID ON THE ACTIVITY OF

Amt. CSF
_Present in ¥1.
0.5

0.25

0.1

Control no CSF

STREPTOMYCIN

~13-

Conc. 2t which Growth of
Test Strain Was Inhibited
inMajority of Cases.

3.1 micrograms/ml.

3.1 micrograms/ml.
0.7 micrograms/ml.

0.3 micrograms/ml.



Series dilutions of streptomycin were set up in broth and the amount
of ©SF was added that is indicated in the first column. Adjust-
ments wers made 80 that all tubes had an equal volume and 8o that
corresponding tubes in the various series had equal concentrations
of sireptomyein,

The determination of streptomycin in spinal fluid
by chemical méthods as developed by Boxer and Jelinek
(32) will detect 100 X 3% of the streptomycin added to
1l ml. of normal human spinal fluid. These authors re-
port that biological assay of the same samples will de-
tect only &5 ¥ 11%. This difference substantiates the
report of Jordan and Hill (31) that cerebrospinal
fluid inhibits the antibacterial activity of streptomy-
cin.

The discoveries of Tucker (30) and Jordan and Hill
(31) may very}well explain the discrepancy between the
apparent failﬁre of antibiotic agents to reach the spinal
- fluid in anything but minute quantities and the profound
therapeutic response frequently obtained in disease, as
for example, neurosyphilis. They sgggest that effective
concentrations of antibiotics may be present, but not
demonstrable by current in vitro methods of bioassay
because of the inhibitory effect of the spinal fluid it-

self upon the assay,

14




PART II
_ AN ORIGINAL' INVESTIGATION



BACKGROURD FOR THE INVESTIGATION

During the summer of 1950 a patient under treat-
ment for congenital syphiliti€ meningoencephalitis was
studied at the Nebraska Psychiatric Unit. As a part
of the study, the author was assigned to work with Dr,
McFadden of the Department of Bacterioloéy of the Uni-
versity of'Kebraska College of Medicine in determining
the amount of terramycin penetrating to the spinal
fluid, ,

With dilution bioassay methods (Appendix I) it
was found that although the patient's serum displayed
a definite inhibitory effect on the test organism, his
spinal fluid had no inhibitory effect. But concurrensg-
ly, spinal fluid changes indicated a rapid responsé to
treatment (Table V).

TABLE V

SPINAL FLUID FINDINGS IN PATIENT WITH CONGENITAL MENINGO--ENQEPHA?
LITIS UNDER TREATMENT WITH TERRAMYCIN

Date Eagle Mazini Cell Protein in Colloidal Gold
Count mgm. %

7/11/50 ¢ + 22 48 5554322111

8/1/50 + + 2222210000

8/8/50 + + 1 21 4321100000

8/15/50 ¢ + 4 36 3321100000

8/22/50 ¢+ + 4 30 3321100000

In neurosyphilis spinal fluid findings are the earliest index to the
offect of treatment upon the spriochete. If clinical improvemsnts
occur, they are the result of structural changes and do not appear
except over long periods of time (33). Far dosage of terramycin and
method of assay see Appendix I.

-15-



Although beneficial effects had been ascribed to
penicillin treatment of neurosyphilis without penicillin
ever penetrating to the spinal fluid (15,34}, no one had
ever explained why this apparently anomalous situation
sﬁould exist. Feeling that the circumstancés were simi-
lar and that there might be a simple answer to the prob-
lem, the anthor decided to attempt to find out why
terramycin was not entering the spinal fluid.

As mentioned in Part I, the studies of Herrell et.
al. (25) indicate that terramycin does not readily diffuse
into the spinal fluid. In their study, four patients
received 1 gm. of terramycin hydrochloride every 6 hours
for 24 hours prior to puncture. Serum of these patients
contained & micrograms/ml. Two additional patients
received 1 gm. every 6 hours for 12 hours prior to punc-
ture, Although these doses were twice as large as those
received by the patient under treatment at the time that
he was showing the greatest improvement in spinal fluid
findings, only one out of the six had more than a trace
of antibiotic activity in the spinal fluid. 'Herrelllet.
al. (25) concluded that terramycin does not readily tra-
verse the "blood-meningeal barrier” yet these same
studies indicated that terramycin diffuses into pleural
fluid and traverses the placenta. It did not seem likely
that terramycin could breath the placental barrier and

not the "blood meningeal barrier."
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INACTIVATION OF TERRAMYCIN BY CEREBROSPINAL FLUID

Bearing in mind that antibiotic agents are often
unstable and easily destroyed, it seemed reasonable that
there might be some substance in spinal fluid which in-
activates terramycin and, in that way, makes it undetec-
table. To test out this hypothesis fluid was obtained
from a routine pneumoencephalogiam and serial dilutions
were set up as indicated in Table VI. The cell count,
protein, sugar, and chlorides of this fluid were all
within normal limits,

The only difference between the control series and
the test series was that in the control the stock terra-
mycin solution was diluted to 25 micrograms/ml with water,
and in the test it wéérdiluted to 25 micrograms/ml with
spinal fluid. The 25 microgram/ml solutions were diluted
into brain heart infusion media‘in an identical fashion,
It was felt that dilufing by this method brought all of
the terramycin in the test serles into contact with spin-
al fluid,

After U8 hours incubation at 37 degrees C growth
had taken place at only 0.1 microgrems/ml in the control
but all the way up to and including 6.3 micrograms/ml in
the test'(Table V1I). Blood agar plates were streaked

from all tubes of the series and read in 24 hours. The

~17-




TABLE VI

METHOD OF DETERNMANING EFFECT OF SPINAL FLUID ON TERRAMYCIN

CONTROL:

-3l 0.7

Number under each tube indicates ‘the final concentrationn
of terramycin in micrograms/ml. in that tube. In order, the
final concentrations were 10, 6,3, 3.1, 1.6, 0.8, 6.4, and 0.1
micrograms/ml,

Each tube with the exception of the 25 microgram/ml, tubes
contained 9 ml, of brain heart infusion media before ditmtien,
The two 25 microgram tubes contained 9 ml. of sterile distilled
water and 9 ml, of CSF, respectively, The standard was made
up by dissolving 250 mgm, of terramycin in 1000 ml, of sterile
dist#lled water, After each transfer the contents of the tube
were throughly mixed before transfer to the next tube, Ine
oculation was accomplished from a 24 hr, blood agar culture
of hemolytic streptococcus by loop.




appearance of heﬁolytic colonies on the blood agar streaked
from the tubes 6.3 micrograms/ml to 0.1 micrograms/ml
in the test and only from tube 0.1 micrograms/ml in the
control verified the fube readinge of the previous day.
8imilar experiments were repeated with seven other
fluids obtained during routine diagnostic lumbar puncture.
0f these seven, two had elevated proteins (66 and 100
mgm %), one was the patient who had been treatedyiggra-
mycin for neurosyphilis, and the other four had no abnor-
mal spinal fluid findings. These trials differed from
the original trial only in the concentration of the stan-
dard terramycin solution, the quantity of diluent in the
first tube, and the use of medla instead of water as a
diluent in the first tube of the control (Appendix II
and Table VI'), The substitution of media for water was
to eliminate any poscible inhibitory effect which might
result from water dilution of the media in the control
series,

After 24 hours, growth was usually visible at 0.1
microgram/ml in both control and test. In 48 hours the
control grew to between O.4 and 1.6 micrograms/ml and
the test to between 3.1 and 6.3 micrograma/ml. The con-
trol series remained at the 48 hour level. In 72 hours
the test series all showed growth at 10 micrograms/ml,

the highest concentration in the series (Table VII).,

~18-



-8ubcultures on blood agar similar to those of the first
trial were used to verify the results after 72 hours.
The use of abnormal spinal fluid did not produce a no-

ticeable difference in effect,

TABLE VII

"~ GROWTH IN DILUTION THROUGH SPINAL FLUID EXPERIMENTS

Trial I
Sontuod 24 hrs. 48 hrs. / 72 hrs.
Gontrol o o.1w1ﬁw
Test 6.3u,0n/

Trials 2.7
Control‘ O.l*ﬁﬁml 0.4-1.6 ”jﬁ”/ 0.4-1.6
Test o.1-3/m/ 3.1-6.3“Ym/ 10

Growth eccurred at much higher conceﬁtrations when the terra~
mycin had been in contact with spinal fluid (see text).

Two other spinal fluids, both of which had elevated
proféins (60 and 42 mgm %) were set up so that the great-
est concentration was 33 microgram/ml in each series
(Appendix II). The control did not grow beyond 1.9 mic-
rograms/ml.w#At 48 hours one test series showed no growth
in the lémest tube of the series, 4,2. micrograms/ml, or
in any higher tube, while the other showed growth at 16.6
microgtams/ml and 20.8 micrograms/ml but not at lower
concentrations. In 72 hours the series which had shown

‘growth at 48 hours had growth in all tubes including 33.1

micrograms/ml, and the other series had growth in all but

-19-



the two lowest tubes, &.3 and 4,2 micrograms/ml. These

two trials demonstrated that growth would occur at consid-
erably highér concentrations than the top of the first
eight trials, 10 microgrems/ml. The beginning of growth

at the middle of these series suggested that the phenom-
enon depended upon the presence of spinal fluid in the
culture tube rather than on a passage of terramycin through
spinal fluid. For this réason an investigation was under-
taken to determine if there was a relationship between the
proportion of spinal fluid present in theé culture tube

and the reduction of antibiotic activity.

EFFECT OF VARYING THE PROPORTION OF SPINAL FLUID

Before an investigation of the effect of varying
proportions of spinal fluid on antibiotic activity could
be undertaken, it was necessary to know how much spinal
fluid could be added to brain heart infusion broth with-
out diluting the broth to a point where it would not sup-
port growth of the test strains of hemolytic streptococcus,
a very fastidious organism. For this reason several
series of varying proportions of spinal fluid in brain
heart infusion broth were set up, inoculated with the
test strain, and incubated for 72 hours. Diluting brain
heart media by 50% with spinal fluid did not cause inhibi-

tion to growth in 24 hours, but beyond 50% increasing
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periods of time were necessary for visible growth to
appear.,

Series with a range from 50 to 0.5 micrograms of
terramycin per ml., with equal final volumes, but with a
different proportion of spinal fluid in each series, were
set up as shown in Appendix III. The first trial had
2%, 10%, and 40% spinal fluid present in each of three
series., The tubes were ihoculated, incubated, and exam-
ined for visible growth at 37 hours, sixtiy hours, and 19
days. The results (Table VIII and accompanying curve)
indicated that increasing the percentage of spinal fluid
increased terramycin inactivation but that the relatioaw
ship wae not a direct one.

Because the difference in effect was more marked
between the 2% and 10% series than between the 10% and 40%
series and because spinal fluid in amdunts sufficient to
prepare the U4O% series were difficult to obtain, the next
two trials were run at %, 5%, andilo%. The results
(Table VIII and accompanying curves) were similar to those
of the first trial.

The gradual progression of growth up the control
series, both in these trials and in the previously des-
cribed experiments, bears somé resemblance to the be-
havior of aureomycin. Bliss and Chandler (29) found
that in series dilution tests of aureomycin the end poikt
moved up day by day. They attributed the progression

to the fact that aureomycin was bacteriostatic rather
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TABLE VIII

TERRAMYCIN INACTIVATION B3Y VARYING PROPORTIONS
OF CEREBROSPINAL FLUID

Although the methods used were biolofical in mature and
for tuat reasen rather crude, it appears evident that the
rate at which the organigm overcame terramycin was very
slow for the first 24 hrs. Betwesn 24 hrs. and 48 hrs.
the rate at which inhibition was overcome greatly accelerated.

In each series there came a concentration which the
orzanism could not overcome in a prolonged peried of time.
The height of this final inhibiting concentration appeared
to be a function of the preoportion of spinal fluid present
in the culture,

Early, the rate at which the organism was abids to
orercome inhihitien was about the game in all series.
But as the final inhibiting concentration was approached
in each series, the rate at which inhibition was overconme

decreased and wee for that rsason the curves divergs from
one another.

Data in trial 2 was insufficient to draw curves, but the
data tends to verify the findings in trials 1 and 3.

In frials 1 and 2 spinal fluid examinations were within
normal limits. In trial 3 the cell count was 5 mononuclear cells,
the protein was 39 myml, the serology was positive, and
the colleidal ;old cmrve was 555555542]1.



Trial'l

.. %
Highest concentration in 271 <10 %
in micrograms/ml. at ~
which growth appeared in- ‘§3°’
CSF 37 hrs. 60 hrs. 19 da. 22
0% none 1 1 gg;r.
2% none 5 10 F1
10% 1 15 25 gv/er 27
403 1 25 25 x&
LS
) 1 L L c CO’O)
Trial 2 M 49 72 /9 “J '
o Incy 8ateD
Highest concentration in Hours :
micrograms/ml., at which
growth appeared in -
CSF 62 hrs. 86 hrs.
0% 5 5
2% 20 20
5% 25 25
107% 25 40
Trial 3
Highest concentration in
micrograms/ml, at which
zrowth appeared 1a- ,
CSF 38 hrs. 65 Hprss: 5110 hiGs rA58 hiss 'ro, .
p Ia
0% 1 3 3 3 %] °
2% 1 5 5 5
5% 0.5 10 10 10 #T
10% 0.5 15 25 25
EI{-
IOy
RYL 5%
N
N
‘ o — ¢ (0%
‘§§ A r i ' r e
M M gq 96 20 ME et
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than bactericidal in its action and although it arrests
growth for the first 24 hours the organisms eventually
recover and reach maximum growth,

Whether the recovery of the organisms was a result
of destruction of the antibiotic agent or development
of resistant strains was not absolutely clear, But the.
fagt that storage of aureomycin in broth at 37 degrees C
for 18 hours reduced its activity by 60% (29) lends
suppdrt to the idea that destruction of the antibiotic
is responsible. Because of the similarity in their
actions and behavior, 1t‘seems probable that the terra-
mycin in the controls in this study, like aureomycin, was
being destroyed by incubation in broth.

The; similarity in shape between the test curves
and the control curve (Table VIII) suggests that the
method by which bacteria overcome terramycin is the same
in test and control., If this be true, it appears that
?ﬁterramycin incubated in the preéence of either broth or
spinal fluid is somehow inactivated or destroyed but that
the magnitude of this destruction 1s many times greater

in the presence of spinal fluid.
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PART III




DISCUSSION

Because of the inactivating effect of spinal
fluid on penicillin, streptomycin, and terramycin,
the currently used methods of dilution bioassay
for determining antibiotic levels in spinal fluid
are of doubtful value. Although the work which has
been done on spinal fluid concentrations of anti-
biotics is of significance in that it shows that
antibiotics do penetrate to the spinal fluid, such
work is qugntitatively inaccurate, for much larger
amounts of antibiotic agents may be entering the
spinal fluld than are detected by present methods.

Theoretically, a bioassay could be corrected
for the inactivating effect of spinal fluid by
adjusting all tubes in the control and in the test
series to the same concentration of spinal fluid with
pooled normal spinal fluid. This would equalize
the effect in all tubes. But such a procedure
would also tend to reduce the sensitivity of the
assay making the measurement of therepeutically
produced levels #tmpossible,

Tompsett et., al. (28) reported that the
effectiveness of penicillin was diminished in
proportion to the amount of serum present. The

addition of bovine albumim o culture media
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in concentrations comparaple to those of serum
. produced a parallel effect but one not as great
in magnitude. These findings suggest that the
inhibitory effect of serum may not be due entirely
to binding by proteins, That protein binding
may account for the inactivating effedt of spinal
fluid is doubtful, In Tucker's study (30) the
inhibitory effect on penicillin was 15% to 20% less
in spinal fluid than in serum while the protein
content differed by 100 to 3007f01d. Further,
heat coagulation of the protein and its removal
by Seitz filtration did not appreciably modify the
inhibitory effect. -

It is noteworthy that serum, spinal fluid,
‘and brain heart infusion broth all inactivate
certain antibiotics to some degree. The guéstion
arises as to whether all animal tissues inactivate
atiblotic agents. If such be true would the differ-
ence in magnitude between broth and spinal fluid
inactivation be due to a difference in processing
or to a difference in the tissues of origin?
If the tissue of origin should prove to govern the
magnitude of antibiotic inactivation, it may be

necessary in the future to choose antibliotics £er
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a particular patient not only whth a view to the
organism involved but also with a view to the organ
involved. 1In other words, we may have to considey
"tissue spectra®" as well as:the current "bacterial
spectra®, | '

If this inactivating property should turn out
to be an attribute of all animal tissue, one might
postulate that it is related to the mechanism
which renders antibiotic agents relatively non-
toxic and protects the animal cell from the fate
of the bacterial cell, ‘

SUMMARY

Numerous 1nvestigators have reported that on
parenteral administration only a ®wery small pro-
portion of most antibiotics penetrate to the
cerebrospinal fluid. Pathologic processes, which
damage vasdular tissue either locally in the nervous
system or generally, tend’to increase the amount of
penicillin penetrating to the spinal fluid, but,
even in these cases, levels are not comparable to
serum levels. Although antibiotic agents are
bound by serum proteins, protein binding does not
appear to offer a satisfactory expkanation for the

fdlure of antibiotics to reach the spinal fluid,



8ince antibiotic concentrations are measured by
bioassay, it is evident that a destruction of the
bactericidal activity of an antibiotic by spinal
flild would make the antibiotic undetectable and
would explain these apparantly low spinal fluid
concentrations, Such a destruction of the bacteri-
cidal activity of penicillin and of streptomycin
by spinal fluid have been reported. |

The failure of terramycin td pénetrate t0
the spinal fluid in a case of congenital syphilitic
meningoencephalitis led to a study of the in vitro
effect of spinal fluid on terramycin., This study
was undertaken without preliminary knowledge of
previously reported penicillin and streptomycin
inactivation. Terramycin incubated in the presence
of either broth or spinal fluid appeared to be |
destroyed but the magnitude of this destruction
was many times greater in the presence of spinal
fluid. |

The possible implications of antibiotie
inactivationsby >body fluids have been discussed.



CONCLUSIONS

1. No clear evidence exists that spinal fluid concentra-
tions of antibiotics reflect the level within the
nervous tissue,

2. The concentrations of antibioties in cerebro-
spinal fluid are probably of significance in the
treatment of meningitis,

3. On parenteral administration antibiotics reach
the spinal fluild only in very small amounts.

I, Processes which damage vascular tissue and
increase protein also increese the amount of antibilotic
reaching the spinal fluidi

5. Penicillin and streptomycin are inactivated
by spinal fluid.

6. Terramycin incubated in the presence of either
broth or epinal fluid is slowly inactivated, but
the magnitude of the inactivation is many times
greater in the presence of spinal fluid.

7. Current in vitro methods of bioassay of anti-
biotics in the cerebrospinal fluid are inadequate.

8. Most studies of antibiotic concentrations in
the cerebraspinal fluid are probably, at least
quantitatively, inaccurate.
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APPENDIX I

METHOD OF ASSAY OF BODY FLUIDS FOR TERRAMYCIN

CONTROL: Standard terramycin solution was made up by dissolving
250 mgm in 1000 ml. of sterile distilled water. Two ml.

of standard solution was pipetted into the first of a
series of 10 tubes containing 3 ml. of media each. The
standard was mixed carefully with the media in tube 1
and then 2 ml. were transferred ffom tube 1 to tube 2.
Subsequent mixtures and transfers were continued as
shown in Figure 1.

Medlatln each 3h1/ 3m 3m| 2/ 3 3] D/ anl any 3y
ube .

Concentration of
terramycin in /% 40 [ L4 16 OF as 2085 swbs 0 00/6

micrograms/ml.

Figure 1: Control Series =---Aseptic technique followed through-
out. Each tube was inoculated ahd2indubated at/37 degrees C
for 24 hours.

SPINAL FLUIDs Series dilutiones of the spinal fluid to be assayed
were set up in a similar fashion adding 3 ml. of unknown

to the first tubes and transferring down the series as

indicated in Figure 2.

Media in eac}; aml 3m 3w 39l sn/ W/ 3/ 3 Fa/ MY
tube

Proportion CSF /2 4 & /@ //5’-? fé‘%y /Q&'%W%A’f

in each tube

Figufe 2: Unknown Series----Aseptic technique followed throughout.
Each tube was inoculated and incubated at 37 degrees C
for 24 hours.



SERUM:

PEDIA AND

Same procedure as for spinal fluid.

TEST STRAINS: The media for first 3 tests was tryptose

 broth. The test organism was a strain of staphylococcus

aureus.  Because of the failure to detect terramycin

on previous tests, Richard's strain of hemolytic strepto-
coccus was used on the fourth test. This organism is
more sensitive to terramycin than was the original. The
use of hemolytic streptococcus requlred a richer medium,
brain heart infusion broth.

COLLECTION OF SAMPLES: Patient was on dose of 500 mgm. terramycin

hydrochloride every 6 hours. BSpinal fluid and blood

were withdrawn 2 hours after 6 a.m. dose, taken immedi-
ately to the laborsatory, refrlgerated, and assayed

either the same morning or early the same afternoon.
Assays were done after the patient received 2 gm. of
terramycin and at weekly intervals for 3 successive weeks.
For 3 days before final assay dose was l.5 gm. every 6
hours.,

READING AND CALCULATION: After inoculation by looping or pipette
~ from broth or plate culture and after 24 hours of incu--

bation at 37 degrees C, the tubes were examined for growth
in a bright light. Knowing the amount of terramycin in
the control which completely inhibited growth in 24 hours
and the dilution of the unknown which would completely
inhibit growth, it was possible to calculate the amount
of terramyein in the unknown. For example, if the con-
trol showed complete inhibition of growth at 0.4 micro-
grams and the spinal fluid series showed complete inhi-
bition at a dilution of 4 but not at $, there would be

2 X 0.4 micrograms, or 0.8 micrograms.of terramycin in
the spinal fluid.




APPENDIX II

DETAIL3 OF DILUTION THROUGH SPINAL FLUID. EXPERIMENTS

TRIAL I:
_ See tableWl

TRIALS 2 - 72
- Standard - 50 mgm. terramycin in 400 ml. sterile distilled

water = 125 micrograms/ml.

Control:
1 ml. standard in 4 ml, brain heart infusion broths 25 mlcrograms/ml.
Dilutions from 25 mlcrograms/hl. .down were 10, 6, 3 3.1, 1.6,
0.8, 0.4, and 0.1 mlcrograms diluted as in trial 1’ (Tableﬂ )

Test:
1 ml. standard in 4 ml, spinal fluid = 25 mlcrograms/ml.
Dilutions from 25 micrograms/ml. down were same as control and
were made as shown in trial 1 (Table¥L )

TRIALS 9 - 10 :
3tandard - 50 mgm. terramyein in 400 ml. sterile distilled
water = 125 micrograms/ml. :

Control:

0.3 ml of 125 micrograms/ml in 3 ml brainheart = 14.7 micrograme/ml
0.2 ml of 125 mlcrograms/hl in 3 ml brain heart- 7.8 micrograms/ml
0.1 ] " " " Hn " = 4‘0 " "
i.0" " 7.8 " LA " "= 1.9 " "
1.0" " 4,0 " "ow anw " " s 1.0 " "
i.o®* " 1.0 " oo oW " " = 0.25 " "
Test: oo . . -

2 ml of 125 micrograms/ml in 1 ml CSF = 83.3 micrograms/ml.

2 ml of 83.3 "3" " - 33.3 " L

3 ml of 33,3 " L I R T " L

1 ml of 16,6 " won e - 4,2 " ",

1 ml of 83.3 " T ) - 20.8 ™ .

2 ml of 20.8 " " " LI i " - 8.3 L] .



PREPARATION OF SERIES WITE VARYING PROPORTIONS OF SPINAL FLUID

Stock;

Stockits ~

TEST:

GSF in
each
series

27 (0.04)
5% (0.10)
10% (0.20)

407% (0.80)

3% (0.04)
5% (0.10)
107% (020)

40% (0.80)

APPENDIX IXIIX

1l - 50 mgm. terramycin in 250ml. water
Stock;2 = 3 ml. of stockyl in 3 ml. B.H,
0.5 Ml. of stocki2 in 4.5 ml. B, H,

200 mier

= 100
= 10

Final concentration of terramycin in

micrograms/ml. in each tube

50 40 25
S , B.H. § , B.H. § , B.L
1.0, 0.96 0.8 , 1.16 0.5 , 1.48
1.0, 0.90 0.8 , 1,10 0.5 , 1440
1.0, 0.80 0.8 , 1.0 0.5 , 1.30
1.0, 0420 0.8 , 0.4 0.5 , 0,70
20 15 10
0.4, 1.56 0.3 , 1,66 0.2, 1.76
0u4, 1.50 0.3 , 1,60 0.2, 1.70
0.4, 1.40 0.3 , 1,50 0.2, 1.60
0.4, 0.80 0.3 , 0.90 0.2 , 1.00

S above means stocki2 = 100 micrograms/ml.

2% (0.04)
55% (0.10)
10% (0.20)

40% (0.80)

5 1 0.5

1.0, 0,98 0.2, 1.76 0.1, 1.86
1.0, 0,90 0.2, 1.70 0.1, 1.80
1.0, 0,80 0.2, 1.60 0.1, 1.70
1.0, 0.2C 0.2, 1.00 0.1, 1,10

S above means stock;3 - 10 micrograms/ml.

g rams,/ml.



CONTROL 2
Final concentratien of terramycin in

CSF in micrograms/hl. in each ftube

sach 10 5 3

séries S , B.H. S , B.X. S, B.H.

none 2.0, O 1.0, 1.0 0.6, 14
) T4 0.5

noune 002, 1.8 O.l, 1.9

S abeve means stecl3 w 10 micrograms /iml,

S means stock, B.H. means brain heart infusien media, and
all figures in the chart refer to ml. except where etherwise
indicated. The figure in parehthesis after % CSF is the amount
of CSF added te each tube in the series.

All guantities indicated were delivered directly inte
the culture tube by sterile pipette., There were ne transfers
as in earlier expsriments.

Inoculation was from a 28 hr. culture ef Richard's strain
of hemolytic streptococcus in brain heart infusion media.
The 28 hr. cultures used for all three trials were of the
same turbidity as measured by a cemparator. The brain heart
infusion culture was, itself, inoculated from a 24 hr. blood
agar culture. Each tube in the test and in the control
was inocculated with one drop ef the 28 hr. culture from
a tuberculin syringe through a No. 22 needle. The same
needle and syringe were used in all trialsg.

A1l samples of spinal fluid were negative for sccult
bleod to the benyidine test. Visual readings were verified
at the end of the observation period b: subculture on bloecd
agar.
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