FOLIA MICROBIOLOGICA

Vol. 5, 1960

Attempts to Influence Antibody Formation by Tetracycline

By F. PATOCKA, C. JOHN, V. KUBELKA, J. KORB and E. SRAJBR

Institute of Medical Microbiology and Immunology, Charles University, Prague

Recerved July 18, 1959

Clinical and experimental findings by
a number of authors (Weinstein & Tsao,
1946; Rantz, Boisvert & Spink, 1946;
Harrison, 1946; Skinses & Woolridge.
1948; Loge & Kilbourne, 1948; Jordan,
1949; Weinstein, Bachrach & Perrin,
1949; Schwartzman, 1950), providing
evidence that treatment of infectious
processes with massive doses of antibiotics
inhibits humoral 1mmunity mechanisms,
were summed up by Green, Wohl and
Waife (1951) and Stevens (1953). In such
cases, 1nadequate 1mmunity 1s due to
rapld suppression of the causative agent
and its prompt elimination from the body of
the host. The depressive effect of anti-
biotics on antibody formation has also
been studied as a general immunological
problem, however. One team of workers
investigated the protective effect of anti-
biotics against the action of bacterial
cndotoxins (Miller & Boor, 1946; Miller,
Hawk & Boor, 1948; Spink, 1954, 1956).
Other authors studied inhibition of anti-
body formation by antibiotics 1n immu-
nization with widely different types of anti-
gens (Marchal, Nicot & Fery, 1949; Green,
Wohl & Waife, 1951; Slanetz, 1953, 1954;
Carpenter ef al. 1955; Averyanova, 1957;
Chumachenko, 1957a, b; Uraleva, 1958;
Kokushkina & Yegorova, 1959; Toshkov,
Sheikova & Zachariev, 1959; Toshkov,
Sheikova & Boyadzhiyeva, 1959). In
a series of experiments, Lamensans and
Farhi (1955, 1956), Farhi (1957a b), and
Farhi and Lamensans (1955,1956a, b) who
studied the inhibitory effect of chloram-
phenicol on antibody formation and
lowering of the defences of the organism
after the administration of antibiotics,

also determined modifications in the anti-
genlc structure of the bacterial agent as
a result of the effect of the antibiotic.

In the present work the authors in-
vestigated the effect of different doses of
tetracycline on antibody formation, using
several different types of antigen: (a) in-
activated corpuscular Brucella antigen,
emulsified in liquid paratfin accordilnl
to Freund’s principle, and plain Bruceag
bacterin; (b) active influenza virus emulsi-
fied in peanut oil; (c) killed Coxiella
burneli antigen emulsified inliquid paraf-
fin.

In the final series of experiments, the
formation of neutralizing antibodies was
studied in rabbits infected subcutaneously
with Herpes simplex virus.

MATERIALS AND METHODS

Rabbits of several strains, weighing
2.6—3 kg., were used. They were divided
into groups of ten, according to sex. The
Coxiella burnetr immunization experiment
was carried out in groups of twelve male
gulnea plgs weighing 550 g. Before the
experiment all the animals were tested to
ensure that their serum contained no
antibodles against the given antigens.

In the experiment in which Brucella
antigen was used, strain Br O of Brucella
abortus was inactivated for one hour
at 58° C, using a 48-hour culture grown
on Huddleson’s agar. Standard bacterial
suspensions were obtained by measuring
on a Hilger absorptiometer. Inoculum for
long-acting 1mmunization was prepared
by emulsification of the Brucella antigen
in liquid paraffin, using lanolin as
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emulsifier (three parts liquid paraffin, one
part lanolin, two parts antigen). Bacterin
and antigen, with lipoid adjuvant, were
administered intramuscularly (John &
Schindler, 1958). Long-acting inoculum
was administered in amounts of 1 ml.
into the muscles of the right hind limb.

Blood for determining antibodies by
agglutination and the complement-fixa-
tion reaction was usually collected at
weekly intervals by cardiac puncture.
Both reactions were carried out by stan-
dard laboratory methods (John, 1958).
The geometric means of the individual
serological results were computed accord-
ing to the formula: geometrical mean =

~(ft)
n

antilog , In which f is the frequency

of the reciprocal value of the titre, [ is the
logarithm of the reciprocal value of the
titre and » is the number of animals in the
group examined.

A skin allergy test was carried out with
the following antigens: (a) Brucella bacte-
rin; (b) the supernatant fluid obtained by
centrifugation (12,000 r.p.m. for 30 min-
utes) of a Brucella suspension in physio-
logical saline, shaken with glass beads for
60 minutes; (¢) non-antigenic allergen F
(Bioveta, Nitra). All three types of antigen
were Injected intradermally in 0.1 ml.
physiological saline. The degree of allergic
reaction was evaluated according to the
scheme of Romer and Joseph, as interpret-
ed by Metaxas (Metaxas & Metaxas-
Buehler 1949, 1954, 1955): 4 - ““co-
carde” reaction with livid centre, pallid
intermediate zone and erythematous
periphery; marked induration, reaction
lasting for several days, usually followed
by necrosis; ++ -— pale papule, with
erythema and mild induration; 4 -
erythema and mild oedema, reaction not
lasting longer than 48 hours; 4+ — signs
of erythema.

For immunization with influenza virus,
living strain A, virus was used purified
by Takatsy’s method by reducing the
Na(Cl ion concentration. The virus was
emulsified In peanut oil, using 49 alu-
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minium stearate as the emulsifier, in the
ratio of one part peanut oil with alumi-
nium stearate to one part purified virus
in physiological saline (Patotka et al.
1958).

The inoculation dose of 1 ml. emulsion,
containing 800 haemagglutination units
virus, was injected intramuscularly. Sera
were collected from the rabbits by cardiac
puncture at regular intervals and were
examined for HI antibodies and comple-
ment-fixing antibodies. A neutralization
experiment was carried out with sera
collected six weeks after immunization.
In this experiment, 100 ID,, of the virus
was mixed gradually with double the
serum dilution. After 24 hours’ incubation
In a refrigerator at 4° C, the virus was
injected into the allantois of chick em-
bryos. The dilution at which the virus
could no longer be demonstrated in the
allantoic fluid by the haemagglutination
test was taken as the neutralization titre
of the serum.

Gulnea pigs were immunized with
killed Coziella burneti antigen (Bioveta)
containing four C¥ units/0.1 ml. The anti-
gen was emulsified in liquid paraffin,
together with lanolin, in the same way as
for Brucella antigen. The inoculation dose
for each animal, which was administered
intramuscularly into the right hind limb,
was 0.4 ml., containing 10 CF units.
Sera, were collected by cardiac puncture
three and five weeks after immunization
and were examined by fixation of comple-
ment and by microagglutination on a
slide.

In the herpes simplex experiment, a
group of twenty rabbits was infected by
the intracorneal administration of a 109,
brain suspension from mice infected with
the laboratory strain HC herpes simplex,
and the interval from the development
of keratitis to encephalitis was observed.

Another group of twenty rabbits was
infected subcutaneously with 1 ml. mouse
brain suspension containing herpes virus
(strain HC, LD, for mice on intracerebral
administration 10-%%). After 28 days
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blood was collected {from the experimental
and the control group) by cardiae pune-
ture. The sera of five rabbits from the same
group were always pooled i equal propor-
tion, giving two pooled sera from cach
group for the neutralization reaction.
The nentralization test was done in white
mice weighing 20 g Hqual amounts of
serum wore mixed with deeimal dilutions
of brain suspenzion from miee infected
with strain HC, to a final dilution of 10-7,
The pooled serum, together with different
dilutions of brainsuspension, was incubated
for two hours at laboratory temperature.
Amounts of 0.03 ml. of each dilution were
then used for the intracerchral infection
of groups of five mice, The virng was
simultaneously titratod without the pres-
ence of neutralizing antibedies.

Tetracycline was always administered
to the experimental animal intramuseu-
larly, in the doses given in the results.
Administration was always commenced
on the same day as immunization or
infection, Tetracvklin Bayer was used—
first the preparation for intramuscuiar
administration, but in most of the experi-
ments the preparation for intravenous
administration (eryetallino tetracyeline
hydrochloride, without other ingredients).
The intravenous preparation was also
administered intramuscularly and was
well tolerated.

Procaine penieillin was  administered
intramuscularly to one group of rabbits
{70,000 units daily}.

Cortisone was administered in the form
of the intramuscular preparation (Corti-
sone, Continental Pharma).

The faeces of the experimental animals
were regularly examined by aerobie and
anaerobic culture; 0.1 g. facces was diluted
with physiological saline and after cultur-
ing constant amounts of these dilutions on

blood agar and counting the number of

colonies, the results were expressed as the
number of microorganisms per gramme
of faeces.

While administering tetracycline the
rabbits were weighed regularly and any

¥ol, &

L
increage or Joss in weight was record-
ed.

RESULTS

The groups of rabbits immunized intra-
muacularly with Brucella antigen emulsi-
fled in liguid paraffin (1.5 x 1010 inactiv-
ated brucellae) reccived 25 mg. tetra-
eveline inframuseularly daily per animal
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Fig. 1. Geometrical ineans of sgglulinin titres in
rabbita imrounized wilh Brucelle abortus (1.5 = 101
microorganisins}  emulsified in  liquid  paraffin
(rurve 11 and in rabbits immunizod in the same way,
o which 23 wg, tetracycline was adminiatored
intramuaenlarly daily foe 11 days feurva 2.

fur cleven days from the day of immuniza-
tion. The relatively lew dose of tetra-
eycline in this case markedly reduced the
agglutinin level (Fig. 1) and the CF anti-
hody level {Fig. 2} as compared with

Antibooy oorgs
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Fig. 1. Qeometrical meana of complement-fixing
antibodies under same experimental condilions as
in Fig, 1.
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Table 1. Intenslty of skin allergy tests in rabbits immunized with corpuscular Brucella antigen emulsified
in liquid paraffin. The first group recewed tetracycline (25 mg. daily i, m.) for 11 days from the day of
| 1mmumz&t1011

_ - Degree of delayed allergic reaction
Number of inactivated

brucellae 0

| - Number of rabbits
L +- + + S | f

— e

++

Long-acting immunization -+ tetracycline

12 x 107 i 4 2 1 8

12 x 108 4 2. 2 8

: 12 x 103 ) 3 3 ' 8

;’ Long-acting immunization

12 x 107 | 7 I - 8
12 x 108 X 5 2 1 8
12 X 10 1 g 2 1} 8

Table 2. Intensity of skin a.llergy tests in rabbits immunized with Brucella suspension. The first group
received tetracycline (40 mg. daily i. m.) for 11 days from the da,y of immunization

Degree of delayed allergic reaction

Number of rabbits

‘Allergen | -
0 . -+ -+ - sl nle
Smgle immunization dose of inactivated
brucellae - tetracycline
Inactivated brucellae
- 12 x 108 7 3 10
Soluble antigen | 6 4 10
Allergen F 4 6 10
Single immunization dose of inactivated brucellae
Inactivated brucellae *
12 x 108 5 | 1 2 8
Soluble antigen 3 5 8
Allergen K 1 3 4 8

the controls. After discontinuing the
antibiotic both types of antibodies relative-
ly soon reached approximately the same
levels as in the controls.

During administration of the anti-
biotic, weight gains were determined in
both groups of animals. In the group to
which tetracycline was administered, the
total weight gain per rabbit on the last
(11th) day amounted to 15—25 dkg.
(from the outset of the experiment), and
was the same as in the controls.

- When studying changes in the intestinal
flora during administration of the above
doses of tetracycline, it was found that
after five days’ administration of tetra-
cycline, the number of FEscherichia coli
organisms, which in normal rabbits ranges
from tens to hundreds of millions,
decreased, indeterminately and inconsist-
ently, to a few milion, while after eight
to ten days it could be expressed in
hundreds of thousands. After eleven
days’ administration of tetracycline, a
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marked reduction in the number of
anaerobic bacteroids was found. In
general, there were no changes in the
numbers of micrococei, enterococei,
Gram-positive sporulating aerobic bacteria
and the rarer anaerobic Clostridia.

Antibody titres

Fig. 3. Geometrical means of agglutinin titres in
rabbits subjected to long-acting Immunization
with Brucella abortus (1.5 X 10!° microorganisms)
emulsified in liquid paraffin (curve 1), in rabbits
immunized in the same way, to which tetracycline
(curve 2) was administered for 14 days and in ani-
mals to which cortisone was administered 14 days
from the day of immunization (curve 3).

In rabbits subjected to long-acting
immunization and simultaneously to
marked sensitization, the intensity of the
delayed allergic reaction after the intra-
dermal injection of Brucella bacterin was
studied. The degree of the allergic reaction
was evaluated according to the scheme
of Romer and Joseph (v. above). The
reaction was done four weeks after
immunization, i. e. 17 days after discontin-
uing tetracycline. The administration
of tetracycline markedly reduced the
intensity of the allergic reaction (Tab. 1).
In all eight experimental rabbits, to
which tetracycline was administered for
eleven days, the degree of sensitization
was much less than in the controls.

Under similar experimental conditions,
antibody formation was studied during
long-acting immunization, using the same
inoculum but raising the dose of tetra-
cycline (40 mg. for 14 days). This experi-
ment included an additional group of
animals to which 10 mg. cortisone was

Vol. 5

administered intramuscularly for 14 days.
In the group to which tetracycline was
administered, agglutinin formation al-
ready decreased during the first week
after immunization (Fig. 3) and did not
approach the level in the immunized
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Fig. 4. Geometrical means of agglutinin titres in

rabbits immunized with Brucella bacterin (4 x 101

microrganisms; curve 1). Curve 2 gives the geo-

metrical means of agglutinin titres in animals

immunized in the same way, to which tetracycline
was administered for 11 days.

controls until the fourth week. Cortisone
also markedly reduced antibody forma-
tion. This is an interesting finding, since
cortisone usually depresses antibody form-
ation only if its administration 1s
commenced several days before immuniza-
tion (Fagreus, 1952). Its depressive effect
was most marked during the third week
of the experiment, i.e. a week after
administration of the final dose. It is
interesting to note the subsequent sharp
increase in antibodies during the fourth
week, when the long-acting antigen still
provided an adequate stimulus for anti-
body formation after the cortisone screen
had disappeared. The eftect of cortisone
was much stronger than that of tetra-
cycline. Neither substance, however,
markedly reduced the production of
complement-fixing antibodies under the
given experimental conditions.
Relatively poor inhibition of the pri-
mary immune response was obtained 1n
rabbits immunized intramuscularly with
a single dose of corpuscular Brucella
antigen (4 X 109 microorganisms), to
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which 40 mg. tetracycline was administer-
ed intramuscularly daily for eleven days
(Fig. 4). The geometrial means of the
agglutination titres differed only slightly
from the average for the control group.
There was likewise no discernible difference
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Fig. 5. Geometrical means of agglutinin titres in

rabbits immunized with Brucella bacterin (2 x 1010

microorganisms), to which doses of 100 mg. tetra-

cycline were administered (curve 2). Curve 1 shows

the geometrical means of agglutinin titres in the
control group.

in the primary immune response in the
production of complement-fixing anti-
bodies.

In the given experimental arrangement,
however, tetracycline depressed the de-
velopment of hypersensitivity to the three
different types of Brucella allergen. The
intensity of skin allergy tests carried
out four weeks after primary immuniza-
tion was less marked in rabbits treated
with tetracycline than in the controls.
In animals not subjected to long-acting
immunization and in the controls, sensitiv-
ity was naturally less marked than 1n
animals to which an adjuvant was admin-
1stered.

Depression of antibody formation was
most pronounced on raising the daily dose
of tetracycline to 100 mg. and administer-
ing it for twelve days (Fig. 5). Immuniza-
tion was carried out intramuscularly
with Brucella bacterin, the dose contain-
ing 2 X 1010 micro-organisms in 0.5 ml.
physiological saline. In this group depres-
sion of complement-fixing antibodies was
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also recorded (Fig. 6). The large dose of
antibiotic had a marked effect on the
weight of the experimental animals,
however. After three days the animals
began to lose weight and by the twelfth day
their weight had dropped to 87 — 789,

Antibody titres
il
o
| -

1 2 3 A 5

Fig. 6. Geometrical means of complement-fixing
antibodies under same experimental conditions as
in Fig. 5.

of the original value. Quantitative evalua-
tion of the intestinal flora showed that
five days after the administration of
100 mg. doses of tetracycline the number
of Kscherichia colt per gramme faeces
could be expressed in tens of thousands
and thousands only, and by the 10th to
12th day it was impossible to detect any
in some of the animals. Anaerobic
bacteroids were significantly inhibited,
while no significant changes occurred in
the numbers of 1Intestinal micrococei,
enterococci, Gram-positive sporulating
aerobic bacteria and anaerobic Clostridia.

In another series of experiments,
100 mg. doses of tetracycline were admin-
istered for seven days after long-acting
immunization of a group of rabbits with
living influenza virus (A,) emulsifiied in
peanut oil. Marked depression of the
formation of haemagglutination-inhibiting
antibodies was observed in rabbits treat-
ed with tetracycline (Fig. 7). The appear-
ance of these antibodies in the serum was
delayed, their level was very low and
after nine weeks fell below significant
values, while in the serum of control
animals marked HI antibody titres could
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which 40 mg. tetracycline was administer-
ed intramuscularly daily for eleven days
(Fig. 4). The geometrial means of the
agglutination titres differed only slightly
from the average for the control group.
There was likewise no discernible difference
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Fig. 5. Geometrical means of agglutinin titres in

rabbits immunized with Brucella bacterin (2 x 101

microorganisms), to which doses of 100 mg. tetra-

cycline were administered {(curve 2), Curve 1 shows

the geometrical means of agglutinin titres in the
control group.

in the primary immune response in the
production of complement-fixing anti-
bodies.

In the given experimental arrangement,
however, tetracycline depressed the de-
velopment of hypersensitivity to the three
different types of Brucella allergen. The
intensity of skin allergy tests carried
out four weeks after primary immuniza-
tion was less marked in rabbits treated
with tetracycline than in the controls.
In animals not subjected to long-acting
immunization and in the controls, sensitiv-
ity was naturally less marked than in
animals to which an adjuvant was admin-
istered.

Depression of antibody formation was
most pronounced on raising the daily dose
of tetracycline to 100 mg. and administer-
ing 1t for twelve days (Fig. 5). Immuniza-
tion was carried out intramuscularly
with Brucella bacterin, the dose contain-
ing 2 X 10° micro-organisms in 0.5 ml.
physiological saline. In this group depres-
sion of complement-fixing antibodies was
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also recorded (Fig. 6). The large dose of
antibiotic had a marked effect on the
weight of the experimental animals,
however. After three days the animals
began to lose weight and by the twelfth day
their weight had dropped to 87 — 78%
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Fig. 6. Geometrical means of complement-fixing
antibodies under same experimental conditions as
in Fig. 5.

of the original value. Quantitative evalua-
tion of the intestinal flora showed that
five days after the administration of
100 mg. doses of tetracycline the number
of Escherichia coli per gramme faeces
could be expressed in tens of thousands
and thousands only, and by the 10th to
12th day it was impossible to detect any
in some of the animals. Anaerobic
bacteroids were significantly inhibited,
while no significant changes occurred in
the numbers of intestinal micrococei,
enterococci, Gram-positive sporulating
aerobic bacteria and anaerobic Clostridia.

In another series of experiments,
100 mg. doses of tetracycline were admin-
istered for seven days after long-acting
immunization of a group of rabbits with
living influenza virus (A,) emulsifiled In
peanut oil. Marked depression of the
formation of haemagglutination-inhibiting
antibodies was observed in rabbits treat-
ed with tetracycline (Fig. 7). The appear-
ance of these antibodies in the serum was
delayed, their level was very low and
after nine weeks fell below significant
values, while in the serum of control
animals marked HI antibody titres could
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still be demonstrated six months after
immunization. Seven days’ intramuscular
adminigtration of procaine penicillin
{50,000 units daily) produced only a mild
decrease in the antibody level. The same
applies, to a less marked degree, to
complement-fixing antibodies.

Although HI antibodies can be regard-
ed as a sensitive indicator of the immunity
of an organism, neutralization tests were
carried out with pooled sera collected six
weeks after immunization. In animals to
which .procaine penicillin was adminis-
tered, heutrahzmg antibodies attained a
titre of 1:256—the same as in long-
acting ‘immunization without antibiotics.
In the group to which tetracycline was
administered the titre was-1 : 64.

In an attempt to determine the depres-
sor effect of tetracycline on immunogenesis,
using different types of antigen, the anti-
biotic was administered for ten days from
the day of immunization, in amounts of
25 mg/kg. body weight, to a group of
guinea pigs subjected to long-acting
immunization with inactivated Coxiella
burneti emulsified in liquid paraffin. In
this experiment relatively slight depression
of the formation of complement-fixing
antibodies was determined three to five
weeks after 1mmunization (Fig. 8).
A similar rela.tlonshlp applies to agglutin-
ating antibodies, in which depression was
more pronounced.

512-
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Fig. 7. Geometrical means of HI antibody titres in
rabbits immunized with influenza virus emulsified
in peanut oil (curve 1). Curve 3 shows the geometri-
cal means of HI antibodies after the administration
of procaine penicillin (50,000 units daily for seven
days) and curve 2 the values after the administration
of tetracycline (100 mg. daily for seven days).
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In the infection experiment the effect
of tetracycline on the formation of neutral-
izing antibodies against herpes simplex
virus was studied. Rabbits infected sub-
cutaneously with 1 ml. of a 109%, mouse
brain suspension contalning the herpes

12— 5. —
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Fig. 8. Geometrical means of complement- ﬁxmg
antibody titres in gumea, pigs - immunized with
Cozxtella burneti emulsified in liquid paraffin (2) and
in guinea pigs immunized in the same way, to which
tetracycline (1) was administered for ten days

strain HC received 25 mg. tetracycline
daily (intramuscularly) for ten days from
the day of infection.

The neutralization tests with pooled
sera collected 28 days after immunization,
which were carried out intracerebrally in
white mice, showed that the neutralization

index of pooled sera from the control

rabbits was 1,076, while in sera from
rabbits treated with tetracycline it was
only 315.

Preliminary experiments showed that
in Intracorneally infected rabbits with
marked keratitis, the administration of
tetracycline (25 mg. daily, intramuscu-
larly) is followed by lethal encephalitis
within seven days from the onset of
keratitis, whereas in control rabbits the

interval is ten days.

DISCUSSION

The experimental data show that the

depressor effect of antibiotics is directly

correlated to the dose of broad-spectrum
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antibiotics in particular. The gradated
character of the phenomenon shows that
it is not merely an experimental coincid-
ence. In Stevens’ experiments (1953), in
which the intensity of primary response
was proportionate to the loss of iodine-
labelled bovine gamma globulin, a positive
result was obtained by the daily adminis-
tration of 100 mg. doses of tetracycline
antibiotics to the experimental animals.
The present authors are aware that this
range of over-dosing with tetracycline
antibiotics only rarely has a parallel in
clinical practice.

Slanetz (1953, 1954), who studied anti-
body formation following the addition of
antibiotics to the animals’ food, emphasiz-
ed the importance of long-term admin-
istration of the antibiotic.

Attention was drawn to the importance
of the time relationship between the first
dose of antibiotic and the first immuniza-
tion stimulus by Carpenter ef al. (1955).

It is obvious that antibiotics have
different effects on different types of anti-
bodies. Kokushkina and Yegorova (1959)
found a discrepancy between -circulating
antibodies demonstrated serologically n
vitro and the protective activity of the
sera. Marchal, Nicot and Fery (1949) found
a difference in the formation of anti-O
and anti-H agglutinins after the admin-
istration of penicillin and streptomycin.

The present authors showed that the
administration of an antibiotic from the
moment of immunization can influence
the level of antibodies of the agglutinin
type, HI antibodies and neutralizing
antibodies. The CF antibody level is not
greatly affected by the administration
of tetracycline. gty

One hundredygramme doses of tetra-
cycline depress antibody formation to a
greater degree after immunization with
influenza virus than after immunization
with Brucella antigen. The systematic
administration of tetracycline also modifies
the primary immune response in the
initial phase of long-acting immunization,
in which the antigen persists over a long
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period in an encapsulated granuloma,
which (in rabbits) is itself a source of a
stable type of antibody.

The findings of Lamensans and Farhi
(1955, 1956), who demonstrated that the
treatment of unvaccinated infected ani-
mals with antibiotics led to their survival,
but left them incapable of coping with
further infection, are of clinical and
practical importance. .

The depressor effect of tetracycline in
some respects resembles the effect of
cortisone on antibody production. Cor-
tisone interferes primarily in the inductive
phase of antibody formation, which 1s
very sensitive to substances which damage
metabolic functions. From the above
experiments it is evident that the admin-
istration of tetracycline affects the initial
phase of the productive period, 1. e. the
interval immediately following the indue-
tive phase. Administration of the antibiotic
when the productive phase is fully develop-
ed is ineffective, as demonstrated by
Carpenter et al. (1955).

Depression of macrophage activity by
antibiotics, discussed by Stevens (1953)
also has a parallel in cortisone experi-
ments. It has been demontrated (Fagreus,
1952) however that cortisone activates
the phagocytic activity of macrophages,
but inhibits the destruction and resorp-
tion of phagocytosed antigenic material.
With both cortisone and tetracycline,
inhibition of antibody formation is only
a temporary phenomenon. This i1s also
seen in the experiment in which agglutinin
levels reached the same values as in the
control animals two weeks after discon-
tinuing both tetracycline and cortisone.
It was found that the administration of
tetracycline considerably reduced the
delayed allergic reaction in sensitized
animals. This again is analogous to the
disappearance of the delayed allergic
reaction always observed after the ad-
ministration of cortisone.

The authors studied the extent to
which antibody formation can be in-
fluenced by tetracycline. The question of
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why, according to the results of a number
of authors, a series of antibiotics with
completely different chemical configura-
tion and effect should inhibit antibody
production, still remains open.

SUMMARY

The effect of tetracycline on antibody
formation was studied in experiments in
which different types of antigen, emulsi-
fied in lipoid adjuvant, and an mmactivated
Brucella suspension (Brucella abortus)
were administered intramuscularly to
rabbits.

(1) In rabbits immunized with Brucella
abortus emulsified in liquid paratfin, anti-
body formation was depressed by the
daily intramuscular administration of
25 mg. tetracycline for eleven days from
the day of immunization. Tetracycline
also markedly depressed the intensity
of the delayed allergic reaction to the
intradermal administration of Brucella
bacterin.

(2) On increasing the daily dose of
tetracycline to 40 mg. (for 14 days), using
the same immunization technique, the
antibody level curve was the same.

(3) The inhibitory effect of cortisone
on antibody formation was more marked
than the effect of tetracycline.

(4) Inhibition of the primary immune
response in rabbits immunized with cor-
puscular Brucella antigen, to which 40 mg.
tetracycline was administered daily for
14 days, was relatively little marked.

(5) Depression of antibody production
was most pronounced after immunization
with Brucella and influenza antigen, on
increasing the daily dose of tetracycline
to 100 mg., administered for 7—12 days.

In an infection experiment the effect of
tetracycline on the formation of neutraliz-
ing antibodies against herpes simplex
wvirus was studied. In pooled sera from
rabbits not treated with tetracycline,
the neutralization index was 1,076, while
in rabbits to which tetracycline was
administered it was only 315.

References

Averyanova, L. L.: Influence of antibiotics on the
immunological reactivity of the organism. Zhurnal
mikrob., epidem., immun. 28 : 37, 1957 (ABepn-
HoBa, JI. JI. sRypn. MmuUKp. anun. uaMmyH. 20 : 37,
1957).

Carpenter, C. H., Nelson, E. 1., Klein, S. J., Raw-
lings, B. E., Boak, R. A., Weimer, H. E.: Effect
of oxytetracycline (terramycin) on agglutinin titres
in  guinea pigs with experimental brucellosis.
J. Immunol. 74 : 281, 1955.

Chumachenko, N. V.: Inhtbition of vmmunogenesis
by some antibiotics. Antibiotiki 2 :1957 a (YywMma-
qyeuko, H. B.: Anprnowornkn 2:17, 1957a).

Chumachenko, N. V.: Kffect of some antibiotics on
active tmmunity wn white mice. Bjul. Eksp. Biol.
Med. 22:87, 1957b. (Yymawenrko, H. B.:
BroJa. aren. Owmon. men. 22:87, 19570).

Fagreus, A.: Role of ACTH and cortisone in resist-
ance and immuntty. Acta path. microb. scand.
Suppl. 93 : 20, 1952,

Farhi, A., Lamensans, A.: Aetion du chloramphénicol

sur la production d’anticorps vis-a-vis d’un anti-
géne soluble. Compt. Rend. Acad. Sc. 241 : 1894,
1955.

Farhi, A., Lamensans, A.: Action di chloramphenicol
sur la production d’anticorps vis-a-vis de germes
tués. Compt. Rend. Acad. Sc. 243:613, 1956a.

Farhi, A., Lamensans, A.: Facteurs wnfluencant
Paction du chloramphénicol sur les antigénes des
Salmonelles. Compt. Rend. Acad. Sc. 243 : 1572,
1956b.

Farhi, A.: Action des antibiotiques dans les infections
expérimentales de la Souris. Cas d’une vaccination
antérieure a Uinfection. Compt. Rend. Acad. BSe.
244 : 2201, 1957a.

Farhi, A.: Action des antibiotiques dans les infections
expérimentales de la Souris. Cas d’une vaccination
associée a lDinfection. Compt. Rend. Acad. Sc.
244 : 2262, 1957b.

Green, S., Wohl, M. G., Waife, S. O.: The effect of
penteillin on typhoid antibody production. J. infect.
Dis. 89 : 169, 1951.

Harrison, P. E.: Comparative effect of penicillin and
sulfonamide drugs on the immune response of
rabbits to pneumococcus infection and the relation
of immunity to bacterial chemotherapy. J. infect.
Dis. 79 : 101, 1946. |

John, C., Schindler, J.: Depotni imunisace rozdéle-
nymi ddvkami. Acta Unjyersitatis Carolinae -
Medica 1—3 : 332, 19

John, C.: Brucely. Descnbed’ in Mikrobiologicke
vySetfovact metody. Stat. zdrav. nakl., Praha 1958.

Jordan, W. S.: Immunological studies on patients
with pneumococcal pneuwmonia treated with peni-
cillin. J. Clin, Inv. 28 : 792, 1949.

Kokushkina, T. M., Yegorova, M. N.: Effect of anti-
biotics on the formatwn of artifictal antibacterial
immunity undor experimental condifions. Sympo-
sium on antibiotics, Prague 1959.

Lamensans, A., Farhi, A.: Action de chloramphénicol
sur la production d’anticorps vis-d-vis d’un anii-




k=l —

1960

gene particulaire. Compt. Rend. Acad. Sc. 241 :
2015, 1955.

Lamensans, A., Farhi, A.: Actions de la pénicilline
et de Uoxytetracycline sur la production d’anticorps
vis-a-vis d’un anttgéne particulaire. Compt. Rend.
Acad. Se. 242: 1089, 1956.

Loge, J. P., Kilbourne, E. D.: Penicillin treatment
of streptococcal pharyngitis. Ann, Int. Med. 29 :
698, 1948.

Marchal, J. G., Nicot, R., Fery, H.: Influence de la
pénicilline et de la streptomycine sur la formation
des anticorps au cours de la vaccination antityphot-
dique chez le lapin. Compt. Rend. Soc. Biol.
143 : 1369, 1949,

Metaxas, M. N.j Metaxas-Buehler, M.: Uber Tbc-
Infektion ber passiv allergischen M eerschweinchen.
Schw. Z. Path, Bakt. 12 : 468, 1949.

Metaxas, M. N., Metaxas-Buehler, M.: Friihreaktion
und Spdtreaktion ber der Serwmallergie des
Meerschweinchens und thre Trennung durch
passive Ubertragung. Schweiz. Z. Allg., Path.
17 : 128, 1954.

Metaxas, M. N., Metaxas-Buehler, M.: Studies on
the cellular transfer of tuberculin sensitivity in the
guinea pig. J. Immunol. 75 : 333, 1955.

Miller, C. P., Boor, A. K.: Protection of mice against
lethal action of gonococcal endotoxin by penicillin.
Proc. Soc. exp. Biol. 61 : 18, 1946,

Miller, C. P., Hawk, W. D., Boor, A. K.: Protection
against bacterial endotoxins by penicillin and s
vmpurities. Science 107 : 118, 1948.

Pato¢ka, F., Kubelka, V., Srajbr, E., John, C.,
Korb, J., Schén, E.: Nékteré nase zkusenosti
s epidemii chiipky 1957/58. 1V. viédeckd konfe-
rence fak. vseob. lékarstvi KU, Praha, 1958.

Rantz, A. L., Boisvert, P. J., Spink, W.: Hemolytic
streptococcal sore throat; antibody response following
treatment with penicillin, sulfadiazine and salicyl-
ates. Science 103 : 352, 1946.

Schwartzman, G.: Advances in the dragnosis of
bacterial wnfection. Bull. New York Acad. Med.
26 : 617, 1950.

Skinses, 0. K., Woolridge, R. L.: The relationship
of biological defence mechanisms to the antibiotics
actwwity of penicillin. J. infect. Dis. 83 : 79, 1948,

Slanetz, C. A.: The influence of antibiotics on anti-
body production. Antibiotics and Chemotherapy
3 :629, 1953.

Slanetz, C. A.: The influence of cortisone, antibiotics
and granulestine on antibody production. Science
119 : 296, 1954,

Spink, W. W.: Ezperimental studies on the signifi-
cance of endotoxin in the pathogenesis of brucellosis.
J. Clin. Invest. 33 : 540, 1954. |

Spink, W. W.: The nature of brucellosis. University
of Minnesota Press, 1956.

Stevens, K. M.: The effect of antibiotics upon the
immune response. J., Immunol. 71 : 119, 1953.
Toshkov, A., Sheikova, G., Zachariev, M.: Effect of
administration of some anitbiotics on antibody
formation in experimental animals during immuni-
zatton  with bacterial and wvirus preparations.

Symposium on antibiotics, Prague, 1959,

TETRACYCLINE INFLUENCE ON ANTIBODY FORMATION 19

Toshkov, A., Sheikova, ., Boyadzhiyeva, A.: Eﬁect
of peneeellen on the de fefnee reactions of the O'rganeem
Sympoemm on antibiotics, Prague, 1959. |

Uraleva, V. 8.: Effect of antibiotics on phagocytosis
of Brucella e?n vitro. Antibiotiki 3 : 58, 1958 (Vpa-
gesa, B. C.: Anrudumoruku 3: 58, 1958).

Weinstein, L., Tsao C. L.: Effects of types of treat-
ment on development of antistreptolysin wn patients
with scarlet fever. Proc. Soc. exp. Biol. 63 : 449,
1946, , . L

Weinstein, L., Bachrach, L., Perrin, T. S.: Studies
of the wnfluence of penicillin on the immune
reactions in streptococcal pharyngitis. J. Clin. Inv,

28 : 817, 1949,

ONBITH BO3IENCTBUA
TETPAIIUKJIUHOM HA OBPA3OBAHUE
AHTUTEJI

®. Hamouxra, I]. UHon, B. Ky6eaka,
H. Kop6 u 3. Hlpaiibp

B onbiTax BHYTPUMBITIEYHOTO BBEICHU s
pPasiIMYHBIX TUIIOB aHTUTE€HOB, SMYJILIUPO-
BaHHLIX B JUIIOMJAHOM adiuvans, u cycrieH-
3uyu MHaKTUBNpoBaHHBIX Brucella abortus
MCCJIeJ0BANOCh [IeNCTBUE TeTPAaINKINHA Ha
oOpasoBaHUEe aHTUTeE]I.

(1) ¥ KpoJsiMKOB, BCIIOMOTATE IBHO NMMY-
uusuposanuex B. abortus, smynasrupo-
BAHHOM B IapaMHOBOM Macjie, MOAHO JO-
OUTBCA YTHCTEHUSA 00pasoBaHUA aHTUTE
HyTeM CiKe[IHEBHBIX BHYTPUMBIIICYHBIX
BNPHICKUBaHUN 20 MT TeTPanuKInHa (B Te-
genue 11 pHell coO JHA uUMMyHU3aIUH).
Terpauukiaun BBIpa3uTeIbHO yrHeTaeT H
MHTCHCUBHOCTE IO3J{HEH aJiJIiePrudecroi
pPeaKnuy Ha BHYTPUKOKHOE BBejieHne DaK-
TepuHa B. abortus.

(2) ABHanoruuHBI XapakKTep HOCHAT U
KpUBBIe YPOBHEN aHTUTEJI NPU HOBHIEHN N
eMelHeBHOU 03Bl TeTpammuKkianna 1o 40 mr
(B Teuenue 14 mHeM) ¢ coxpaHeHUEM TOH ke
CXeMbl MMMYHU3AIMHN.

(3) Hopmasusawomee paeicTBUE KOPTU3OHA
Ha obpasoBaHme anTtuTeJl OOJiee WMHTCH-
CABHO, 4CM JleUCTBHE TETPAIMKJIINHA.

(4) UpaBHUTEIBHO MAJIO BBIPABHATEIABHOC
yrHeTeHUEe IMePBUYHOU pPeaKnuu UMMYHHI-
TeTa OBLJI0 HOJIYYEeHO Y KPOJIMKOB, MMMYHU-
3UPOBAHHBIX KOPIYCKYJIAPHBIM aHTUTEHOM
B. abortus, koropriM B Teuenme 14 puei
exieflHeBHO BBojauiim 1o 40 mr Terpa-
OV KJIAHA.
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() Hambonee BripasuTenbHOe YyrHeTe-
HY¢ IPOAYKIMHA aHTHTEJI PM MMMYHH3a-
nuy OpyHeJUIe3HBIM M I'PUNIO3HBIM aHTH-
reHaMu OBIO IIOJIYYEHO UPU NOBBIMICHUU
esKeHeBHOM M03H TeTpanuiinaa no 10QMr
(BBejienme B TeueHHe 7—12 mHen).

B onpltax 3apaykeHHAa UCCJEXOBalIM
BIMAHKE TeTpamMKJIMHA Ha oOpasoBaHHe

Yol. 5

AU PYCHEHTPAJM3YIOIUX aHTUTEJI IIPOTHUB
Herpes simplex. WHnexkc HeiTpanu3anun
B CMECH CHIBOPOTOK KPOJIMKOB, He IIOJ-
BepraBmuxcs [eHCTBHIO TeTpanuKInHa,
npencrapiAn 1076, Torma Kak HMHJEKC
HedTpaju3anuyd B CBIBOPOTKAX TeTpaluK-
JIAHUPOBAHHBIX  KPOJHMKOB  COCTaBJIAN
TOJIBKO 319.




