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EXPERIMENTAL STUDY OF ORIENTED ANTIBIOTIC TRANSPORT IN
SUPPURRTIVE-INFLAMMATORY DISEASES OF THE LIVER AND
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The relatively high frequency of suppurative-inflammatory complications in surgery of the biliary tract, in which they are
the main cause of death, despite the widespread use of modern antibjotics, makes the search not only for new preparations, but
also for more effective methods of administering them, an urgent problem [2, 3]. The attention of research workers in recent
years has been drawn to the development of methods of oriented transport of therapeutic and diagnostic preparations directly
into a pathological focus [1, 7]. Oriented transport of antibiotics directly into the zone where they exert their chemotherapeutic
action would allow the systemic toxicity of these substances to be reduced, while enhancing their therapeutic effectiveness. These
problems have not been studied experimentally. The urgency of the problem also is due to the fact that none of the existing
methods of antibiotic administration enables a therapeutic concentration of the preparation to be maintained for a long time in
the liver and portal system [S]. As regards the treatment of inflammatory diseases of the liver and biliary tract, the use of
erythrocyte ghost carriers is particularly interesting, for it has been shown [7] that they are ingested by erythrophagocytic cells of
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Fig. 1. Necrosis and phlegmonous inflammation of gali bladder wall. Here and
in Figs. 2 and 3: hematoxylin and eosin. 160x.

the liver (stellate endotheliocytes). From the point of view of biological compatibility, it is advantageous 10 use autologous
erythrocyte ghosts.

The aim of this investigation was to study the stability of antibiotic retention by autologous erythrocyte ghost carriers in
the blood stream and the possibility of using them in the treatment of suppurative-inflammatory diseases of tie liver and biliary
tract.

EXPERIMENTAL METHOD

Experiments were carried out on 25 mongrel dogs weighing 12-20 kg in which a model of destructive cholecystitis was
produced surgically. For this purpose, after premedication (droperidol 0.5 mg/kg, diphenhydramine 1.5 mg/kg, analgin 50 mg/kg),
a midline laparotomy was performed under thiopental anesthesia (10 mg/kg), the gall bladder was punctured, bile withdrawn
from it, and a 7% solution of acetic acid injected into its lumen in a volume of 0.1 ml/kg body weight. The acetic acid solution
was withdrawn after 5 min and a 20% fecal suspension injected into the lumen of the gall bladder in a volume of 0.7 ml/kg body
weight. The criteria of development of acute cholecystitis were as follows: the presence of the corresponding clinical symptoms
(apathy, raised body temperature, vomiting, guarding of the abdominal muscles, refusal to eat) and the results of blood tests. The
final conclusion regarding the character of the changes in the gall bladder was based onr visual and histologic investigations. The
surface of the gall bladder 48 h after creation of the model was dull and covered with fibrin. The walls were strongly infiltrated
and, consequently, thickened and tense. Purulent or mucopurulent contents were present in the lumen of the gall bladder. The
mucous membrane was dull, sometimes with areas of hyperemia and hemorrhage. The microscopic picture was one of phleg-

monous-gangrenous cholecystitis (Fig. 1). As a rule colonies of microorganisms could be identified in the wall of the gall
bladder.
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Fig. 3. No signs of inflammation preseni. Normal picture of histologic struc
ture of mucosa of gall bladder.
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TABLE 1. Concentration of Kanamycin Administered by
Different Methods (in ug/g)

Liver Blood serum
Mode of ad-
g@g}‘stra- 24 h l 48 l 72h] 24-h I 48h | 72 h
Traditional 0 0 0 3708 0 0
Oriented
transport 42402 19402 0 0 0 0

In the experimental model thus created, all the animals thus developed destructive cholecystitis after 48 h.

From the results of the total blood count a simplified hematologic index of the toxic manifestations was calculated by an
appropriate equation [3]. The blood tests were carried out before creation of the model of acute cholecystitis, 48 h after its
creation, and also during and after the course of treatment. The animals began to be treated with kanamycin 48 h after creation
of the model of acute cholecystitis. Depending on the method of treatment the animals were divided into two groups: control
and main groups. Kanamycin (30 mg/kg) was injected intravenously once a day into animals of the control group. In the main
group, kanamycin (30 mg/kg), incorporated into autologous erythrocyte ghosts by the method of hypoosmotic hemolysis [6, 7],
was injected once daily, intravenously. Thus in the main group, oriented transport of the antibiotic was carried out into the liver.

The method of incorporation of the antibiotic by hypoosmotic hemolysis into erythrocyte ghosts was modified a little in
our experiments. After removal of the blood plasma, the erythrocytes were washed twice with physiological saline by centrifuga-
tion at 3000 rpm for 5 min at 4°C. Seven volumes of distilled water, cooled to 0°C, was added to the erythrocyte residue, and
the contents were centrifuged at 8000 rpm for 25 min at 4°C. Seven volumes of antibiotic, dissolved in distilled water cooled to
0°C, was added to the resulting erythrocyte ghosts. The suspension was incubated for 20 min at 4°C, after which one-ninth of
the volume of 9% sodium chloride solution was added to restore the integrity of the membrane of the erythrocyte ghosts, and
the sample was incubated for 30 min at 37°C. After incorporation of the antibiotics into the erythrocyte ghosts, they were
injected intravenously. The dose of antibiotic was calculated on the assumption that 30% of the preparation was incorporated
into erythrocyte ghosts.

To study the stability of retention of the antibiotic by the erythrocyte ghosts and its desorption from them in the blood
stream, special experiments were carried out with gentamicin. Erythrocyte ghosts with incorporated gentamicin were washed
twice with physiological saline and then incubated in autologous plasma at 37°C for 25 min.

The course of antibiotic therapy lasted 5 days in the two groups. The animals were withdrawn from the experiment 24 h
after the last injection of the antibiotic and killed in accordance with the ethical rules, laparotomy was repeated, and the state of
the gall bladder and liver assessed visually; the gall bladder was investigated histologically. The concentration of the antibiotic in
the liver tissue of the dogs was determined 24, 48, and 72 h after the last injection of the antibiotic by the agar diffusion method
[4]. Bacillus subtilis ATCC 6633 was used as the test microorganism.

EXPERIMENTAL RESULTS

Experiments with desorption of the antibiotic from erythrocyte ghost carriers (using gentamicin) showed that the
gentamicin concentration in the supernatant after the first washing of the erythrocyte ghosts with physiological saline was 0.4 =
0.03%, falling after the second washing to 0.04 + 0,007%. The gentamicin concentration in the blood plasma after incubation of
the erythrocyte ghosts in it was 0.2 + 0.008%, i.., it was minimal. The gentamicin concentration in the erythrocyte ghosts
themselves, after washing twice and incubation in autologous blood plasma, was 2.3 + 0.01% compared with 3.1 = 0.3% in the
erythrocyte ghosts of the control group, in which the concentration of the antibiotic was determined immediately after a single
washing of the ghosts. The facts described above demonstrate the adequate resistance of the erythrocyte carriers to desorption of
gentamicin from erythrocyte ghosts in the blood stream and the possibility of their use for oriented antibiotic transport.

Comparative analysis of the traditional intravenous method of injection of antibiotics and of oriented transport in
erythrocyte ghosts showed that the latter method is highly effective. For instance, in the main group of animals after only 2 days
of treatment the dogs’ body temperature was back to normal, they became more active, and ate food. The control animals
remained apathetic and febrile and were not interested in eating. The hematologic index of the toxic manifestations of the dogs
of the main group was 14.8 * 5.1 before creation of acute experimental cholecystitis, 124.3 + 67.4 after creation of the model,
and back to normal at 13.9 * 3.3 after the end of the course of treatment. Meanwhile, in the control group the hematologic in-
dex of toxicity showed no tendency to return to normal, and amounted to 17.8 = 11.2, 42.2 + 21.9, and 134.4 *+ 80.5 respectively.
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Pharmacokinetic studies revealed considerable differences in the kanamycin concentration in the liver tissue depending on the
method of administration of the antibiotic (Table 1). »

It will be clear from Table 1 that kanamycin, when given by the traditional method, was not determined in the liver
tissue at the times of investigation. When kanamycin was administered by oriented transport directly into the liver in erythrocyte
carriers, it was found after 24 and 48 h in the liver tissue but was absent from the blood serum. This is an important fact in
connection with reducing the systemic toxicity of the antibiotic, while maintaining an adequate concentration of it for a long time
actually in the liver and biliary tract.

The facts described above established a sound pharmacokinetic basis for the efficacy of oriented antibjotic transport in
erythrocyte ghost carriers into the liver and indicated that iis use is indicated in the treatment of suppurative-inflammatory
diseases of the liver and biliary tract.

Visual assessment of the gall bladder and liver revealed that in dogs of the control group the gall bladder as a rule was
surrounded by adhesions, the serous membrane was dull, and residual inflammatory changes were present. In three animals
abscesses and foci of infiltration could be seen around the gall bladder. In dogs of the main group, adhesions also were present
around the gall bladder but the serous membrane of the gall bladder was smooth and shiny, and no residual inflammatory
changes could be detected. The results of the visual examination were in agreement with histological changes in the gall bladder
wall. With the traditional method of administration of kanamycin (Fig. 2) foci of leukocytic infiltration of the mucosa, penetrat-
ing a little way into the muscular coat, were found in the wall of the gall bladder. At the same time numerous areas of lympho-
cytic infiltration were seen. With oriented transport of kanamycin into the liver (Fig. 3) virtually no residual inflammatory
changes could be found in the gall bladder wall.

Amnalysis of these results thus demonstrates the resistance of erythrocyte ghosts to possible desorption of the antibiotic
into the blood stream. The results of general clinical, pharmacokinetic, and morphological investigations described above indicate
that oriented transport of an antibiotic into the liver can be used in the treatment of suppurative-inflammatory diseases of the
biliary tract. The fact that this method is more effective than the traditional intravenous method of injection of the antibiotic
demonstrates that the introduction of this method into clinical practice is indicated.
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