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ABSTRACT í 

It is well demonstrated that serial endotoxin injections produce endotoxin tolerance and elevate 
natural resistance. However, such injections may also*have-harmful effects such as high fever, 
hypotension and abortion. For this reason LPS^injections are not suitable to enhance nonspe­
cific resistance in endotoxin-sensitive mammalian species including man. Various techniques 
have been designed (physical, chemical, etc.) for the detoxification of endotoxins while the 
beneficial effects were maintained. Perhaps one of the best detoxification techniques is treat­
ment with ionizing radiation. The irradiation of LPS with 6 0 Co (100-200 kGy) decreased its 
toxicity in a dose-dependent manner. Such radiodetoxified endotoxin (RD-LPS) preparations 
showed decreased toxicity whereas the beneficial effects were preserved (150 kGy:TOLERIN®). 
These findings have been confirmed in other laboratories. Irradiation causes marked chemical 
alteration in LPS, such as the decrease of glucosamine, KDO and fatty acids. A single parenteral 
injection of TOLERIN® is capable of preventing the various forms of shock in experimental 
animals. This preparation has a membrane-stabilizing effect and thereby can prevent the mem­
brane-damaging effect of LPS and of some cytostatic agents. Unlike endotoxin, TOLERIN has 
barely any hypotensive effect and pretreatment with this preparation can prevent practically all 
the haemodynamic changes induced by LPS. LPS plays an important role in the pathogenesis of 
the intestinal syndrome of radiation disease, which may be prevented by up to 70% in rats with 
RD-LPS pretreatment. TOLERIN retains the adjuvant activity of LPS and it is a good adjuvant 
for inactivated virus vaccines. TOLERIN can also evoke the regeneration of the immune system 
in irradiated animals. The decrease of nonspecific resistance in immunodeficient or immunosup-
pressed patients is the most important cause of opportunistic infections that may lead to sepsis, 
endotoxaemia, pneumonia and so on. Organ transplant recipients commonly die of septicaemia. 
Antilymphocyte serum (ALS) is used in such patients as an immunosuppressant. The augmenta­
tion of natural resistance and the induction of endotoxin tolerance are of major significance in 
such patients. We found that in ALS-treated rats RD-LPS induced tolerance against the lethal 
dose of LPS. This experiment demonstrated that in spite of the suppressive effect of ALS on T 
lymphocytes the induction of LPS tolerance (the enhancement of natural resistance) was normal. 
Facultative pathogenic organisms may flourish and cause disease when specific and nonspe­
cific resistance is impaired. RD-LPS could produce significant proliferation of lymphoid cells 
in germ-free animals which are immunodeficient. Many other beneficial effects are preserved 
by RD-LPS preparations, such as the activation of macrophages and of the reticuloendothelial 
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system, antitumour activity, etc. On the basis of these favourable experimental results, TOL­
ERIN was tested on 350 surgical patients suffering from gastrointestinal tumours, on other 
patients suffering from AIDS and on cancer patients treated with CYSPLATINC. TOLERIN 
treatment prevented sepsis and activated bone marrow function in these patients. 

1. INTRODUCTION 

At the beginning of the last century Wright [1] first studied natural resistance (NR). He observed 
that after vaccination with killed bacteria a 'negative' phase occurred which was followed by 
increased natural resistance tied to the production of specific antibodies. Landy [2] and Rowley 
[3] made similar observations later independently, and demonstrated that this preimmune resist­
ance was due to the LPS content of the vaccines used. It was also observed that changes in 
immune status were closely related to the production of natural antibodies [4]. The properdin 
system, which was originally discovered by Pillemer et al. [5], was also stimulated by LPS. 
Beeson [6] discovered that low doses of toxic LPS given repeatedly led to the induction of 
endotoxin tolerance and prevented the pyrogenic effect of LPS (pyrogen tolerance). It was also 
observed that small LPS doses could decrease the severity of various forms of experimental 
shock and of the lethal effect of radiation. Later it was demonstrated that LPS functions as an 
immunological adjuvant, capable of inducing tumour necrosis: it stimulated bone marrow activ­
ity and increased the production of interferon. Moreover, it was possible to prevent the develop­
ment of infectious diseases by small endotoxin doses, which increased natural resistance signifi­
cantly. These observations evoked great interest in the phenomenon of endotoxin tolerance [7]. 

The question was posed whether or not endotoxin tolerance could be used for the prevention 
of endotoxin shock and of shock due to other causes. It was clear that during endotoxin toler­
ance no lysosomal membrane damage ocpurred even if LPS was given repeatedly [8], and the 
animals survived the endotoxin challenge [9]. However, the use of endotoxin for preventive 
treatment was limited by the excessive sensitivity of man and of higher animals to LPS. For this 
reason, numerous attempts were made using physical, chemical and immunological approaches 
to produce LPS preparations that would maintain its ability to induce tolerance, increase natural 
resistance, act as an adjuvant and exert a necrotic effect on tumours while decreasing or entirely 
eliminating its toxicity. Methylation [10] and the modification of the structure of LPS molecule 
of the so-called monophosphoryl lipid A [11-13] were successful in detoxifying LPS but the 
capacity to induce natural resistance was best preserved when ionizing radiation ( 6 0Co-gamma) 
was used for detoxification [14-17]. 

2. THE PRODUCTION AND BIOLOGICAL EFFECTS OF RADIODETOXIFIED LPS 

In our laboratory E. coli bacteria are produced in bulk by fermentation and extracted by the 
phenol-water method of Westphal with some modifications [14]. The LPS is further purified by 
ultracentrifugation and dissolved in water by 6 0 Co T gamma radiation using 50, 100, 150 or 200 
kGy doses. The toxicity of LPS is decreased as shown in Fig. 1. 

The biological effects of radiation-treated LPS are presented in Table I. The harmful effects 
of LPS are decreased after radiation, whereas its capacity to induce tolerance, to function as an 
immunoadjuvant and immunomodulator, to protect against shock and radiation and to stimulate 
natural resistance are preserved to a large extent. The lethal effect of such preparations (LD 5 0 
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Figure 1. Blood pressure decreasing effect of endotoxin ({.PS) and radiodetoxified endotoxin (RD-LP$: 2 0 0 kGy) 

in dogs 4 - 6 minutes after the treatment, (mean ±SEM for LPS:61±24 Hgmm; RD-LPS: 9.8±8.S Hgmm; with n=14; 

P<0.01). 

and LDM) is dependent on the amount of radiation applied [14,16,17]. It was shown that the 
anti-complement and platelet-aggregating effect (indicating membrane damage) of detoxified 
endotoxin was partly maintained [18], which was dependent on the radiation dose used (Fig. 2). 
The decrease of membrane perturbation by radiated LPS was proven in these studies by the 
measurement of 3H-concanavalin binding [19]. Table I shows the comparison of major effects 

•i 
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Figure 2. Effect of endotoxin (LPS) and radiodetoxified endotoxin (RD-LPS: 150 kGy) on human thrombocytes (in 

vitro). Scanning electronmicroscopic studies (15000X) (n=5). (a) untreated, (b) LPS-treated, (c) RD-LPS-treated [18]. 

of LPS and RD-LPS. 
It was demonstrated in mice that toxic LPS increased the blood level of very low density 

lipoprotein (VLDL) whereas the RD-LPS did not, indicating that hyperlipidaemia is a marker 
of LPS toxicity [20]. We also found that RD-LPS inhibited membrane-bound adenylate cyclase 
(AC) less than its toxic counterpart [21]. 

Depending on the radiation dose used, RD-LPS preparations do not release or show a 
decreased release of lysosomal enzymes (beta-glucuronidase, cathepsin D). The capacity to 
induce the Sanarelli-Shwartzman reaction was decreased by half, as was pro-coagulant activity 
as measured with rabbit leukocytes [8,22,23]. 

We found that radiation treatment of mice (10 Gy; ^Co-gamma) significantly increased their 
LPS sensitivity and 300 |xg doses led to 100% mortality on days 3 and 7 after treatment, whereas 
identical doses of RD-LPS induced no ill effects. It was also observed that animals bearing 
Lewis lung carcinomas showed increased sensitivity to LPS but RD-LPS had no ill effects in 
such animals [24]. 

It is long recognized that bacterial endotoxins have significant metabolic effects. In the liver 
microsomal monooxygenase enzyme systems are sensitive to endotoxin [25]. Because of the 
potential anti-shock effect of RD-LPS, we examined its effect on the microsomal monooxygen­
ase system. The metabolic inactivation of narcotic agents is dependent on microsomal enzyme 
activity. We demonstrated that RD-LPS, in contrast with toxic LPS, exerts a significantly 
decreased inhibitory effect on liver microsomal mono-oxygenase enzymes. In LPS-treated 
animals phenobarbital was unable to induce these enzymes, whereas in RD-LPS (150 kGy) 
treated animals enzyme induction was present. The mechanism of enzyme inhibition by LPS is 
unknown. It is-possible that LPS damages the cytochrome P-450 enzyme [25]. 

We studied the mechanism of endotoxin detoxification by radiation. It was indicated that a 
dose-dependent induction of free radicals in the water phase induced or led to the induction of 
structural changes in endotoxin. This led to the decrease of glucosamine, keto-deoxy-octonic 
acid and fatty acids [26,27]. Ionizing radiation has been used in several other laboratories for the 
detoxification of endotoxin and confirmed our observations [17,28-32]. 
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4. THE EFFECT OF RD-LPS ON THE ENDOCRINE SYSTEM v 

4.1. Thyroid gland $ - . 

LPS affects the membrane and TSH receptor of follicular cells in the thyroid [34,35]. We dem­
onstrated in rats that RD-LPS, although it decreases T4 (thyroxin) level in the serum, has no 
significant effect on the membrane and TSH receptor of follicular cells, and TSH was found to 
be effective in the stimulation of T4 production. This indicates that RD-LPS is not capable of 
inducing membrane alterations, which would damage membrane receptors, yet it affects mem­
branes as indicated by the induction of endotoxin tolerance [36,37]. Similar results were found 
in irradiated animals or in various animal models of experimental shock [35,38,39]. 

4.2. Pituitary-adrenal axis 

It is known from experiments in rats that LPS, either by direct effect or via cytokines - increases 
the circulating level of stress hormones (ACTH, corticosteroid, beta-endorphin) and activates the 
pituitary-adrenal axis. Such activation is present in the absence of the paraventricular nucleus, 
which secretes releasing neuropeptides towards the hypophysis [40,41]. In contrast, RD-LPS 
does not increase significantly ACTH, corticosteroid or beta-endorphin levels. These results 
indicate that ionizing radiation destroys the capacity of LPS to induce cytokines and to activate 
the pituitary-adrenal axis [37,42]. 
/ 

5. THE EFFECT OF RD-LPS ON ARACHIDONIC ACID METABOLISM IN MACRO­
PHAGES. 

Endotoxin tolerance is so far the best model to study natural resistance. For this reason it is 
imperative that we understand its mechanisms. During the mediator production of macrophages 
is altered, which is considered to be of significance for the induction of natural resistance. There­
fore, it was warranted to study in rats the effect of RD-LPS on macrophages in comparison with 
unaltered LPS. Our results indicate that RD-LPS is capable of inducing macrophage activation 
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Figure 3. Nitrite production (A) and iNOS activity (B) by J774 macrophages exposed to DMEM only (control), RD-

LPS or native LPS (10 ng/ml) for 24 h. Each value represents the mean ± SEM of N=18 wells from three independent 

experiments. Pc 0.01 versus control. 

A. NO formation control: I ± 0.8 uM B. iNOS activity control: 0.1 ± 0 pM(mg/min)' 1 

RD-LPS: 2.3 ± 2 . 0 uM RD-LPS: 0.3 ± 0 . 0 1 pMOng/min)-1 

LPS: 8.3 ± 3.8 uM LPS: 0.9 ± 0.02 pMOng/min)-1 

I 
similar to toxic LPS, and LPS tolerance is>also induced. Its capacity to induce arachidonic acid 

production persisted significantly longer than its capacity to inhibit endotoxin shock [43]. 

6. THE PROTECTION OF RES BY RD-LPS AGAINST RADIATION AND ALCO­
HOL-INDUCED INJURY 

The reticuloendothelial system (RES) plays an important role in host defence by the removal 
of foreign material. For this reason we have examined the effect of RD-LPS on RES activity. 
A method of isotope ( 9 9 mTc-labelled nanoalbumon microcolloid) removal from the blood was 
established. This method is very sensitive and is suitable for the detection of grahulopetic activ­
ity and efficiency. The clearance curve that described RES activity was of exponential nature 
and it was well characterized by the granulopectic index. The liver, spleen and bone marrow 
cells took up the ""Tc-labelled nanoalbumon microcolloid. The extent of RES damage was 
measured by colloid clearance and organ distribution. The effect of radiation and chronic alcohol 
consumption has.been investigated. Under these conditions colloid clearance was decreased, as 
was phagocytic activity in the liver, spleen and bone marrow. It was shown that large doses of 
LPS damaged the RES system, whereas identical doses of RD-LPS were actually stimulatory 
on phagocytosis. Moreover, the harmful effects of damaging agents on RES activity could be 
decreased or fully prevented by treatment with RD-LPS. It is likely that the increase in RES 
activity plays a role in the stimulation of natural resistance [44,45]. 
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Figure 4. Effect of RD-LPS or LPS pretreatment in rats on rjlasma nitrate/nitrite levels (A), peritoneal macrophage (Mr) 

nitrate/nitrite levels (B) and lung iNOS activity (C) after subsequent endotoxin challenge. Rats, given sublethal doses of 

RD-LPS, LPS (1 mg/kg i.p.) or saline solution only (control) for four days, were challenged with a high dose of LPS (15 

mg/kg i.p.) on the fifth day. Open columns represent basal values before lethal LPS challenge; filled columns represent 

values obtained 6 h after high-dose LPS challenge. Each value represents the mean ± SEM of five rats for each group. 

*P < 0.01 versus control. # P < 0.01 versus LPS pretreatment. 

7. THE EFFECT OF RD-LPS ON NITRIC OXIDE (NO) PRODUCTION 

During the study of pro-inflammatory mediators the importance of nitric oxide (NO) has been 
recognised. NO plays an important role in endotoxin-induced circulatory and metabolic altera­
tions. LPS stimulates the production of the inductive NO synthase enzyme (iNOS) in various 
cell types. This mechanism contributes to LPS toxicity. For this reason we have examined the 
effect of LPS and RD-LPS on the NO system. LPS-treated (10 ng/ml) macrophages (J774 cell 
line) produced iNOS, which resulted in increased NO production. If, however, the cells were 
pretreated 24 hours earlier with RD-LPS (10 ng/ml), no NO response was detected after the 
subsequent LPS treatment. In contrast, when the cells were pretreated with LPS, no change was 
observed in the NO response to subsequent LPS challenge. The treatment of rats with repeated 
LPS injections (1 mg/kg/day ip. for 4 days) prevented the rise of nitrate/nitrite levels in the 
blood. These results indicate that RD-LPS induced tolerance towards NO induction by toxic 
LPS [46] (Figs. 3 and 4). 
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8. RD-LPS INCREASES NATURAL RESISTANCE, PROTECTS AGAINST VARIOUS 
FORMS OF SHOCK, AND EXERTS ADJUVANT AND ANTITUMOUR EFFECTS. 
POSSIBLE MECHANISMS OF ACTION. 

8.1. Endotoxin shock 

It is well known that an adequate dose of endotoxin is capable of inducing severe shock [47,48]. 
This phenomenon is readily induced in sensitive animals simply by LPS injection into the blood­
stream or into the peritoneal cavity. We demonstrated that RD-LPS pretreatment of rats, mice, 
hamsters, guinea pigs, dogs, piglets, horses and monkeys was capable of inducing full endotoxin 
tolerance. Tolerance will develop within 24 hours and will disappear between 1 and 4">weeks. 
The protective effect of RD-LPS was further supported by the measurement of circulatory 
parameters. LPS caused major alterations in blood pressure and cardiac output. Pretreatment 
with RD-LPS moderated, or fully protected against, the haemodynamic effects of toxic LPS 
[49]. 

8.2. Peritonitis caused by intestinal bacteria and septic shock 

The prevention of peritonitis due to faecal bacteria and of sepsis is important in clinical practice. 
Therefore, we studied the effect of RD-LPS in experimental models of these conditions. It was 
shown that pre-treatment with RD-LPS protected 90% of the animals against lethal peritonitis or 
septic shock [9,47,50]. Other investigators confirmed these results [51]. It is indicated that RD-
LPS may be used prior to abdominal surgery for the elevation of natural resistance [7,9,52]. 

t 

8.3. Haemorrhagic shock * 

Haemorrhagic shock is a significant problem in surgery. Fine and co-workers [53] presumed 
several years ago that endotoxaemia plays a role in the pathology of this condition. For this 
reason we studied the effect of RD-LPS on haemorrhagic shock and demonstrated that the pre­
treatment of dogs resulted in survival of the majority (70%) of the animals affected by lethal 
shock [47,49,54]. 

8.4. Intestinal ischaemic shock 

The occlusion of the superior mesenteric artery (artéria mesenterica superior or cranialis) leads 
to severe intestinal ischaemia in man, which frequently results in death even when the occlusion 
is successfully removed by surgery. In animals the experimental intestinal ischaemia induced by 
temporary closure of the superior mesenteric artery is an excellent model for the examination of 
that injury. It has been demonstrated earlier that LPS absorbed from the gut during reperfusion 
plays an important role in the pathogenesis of this condition [48,53,55-57]. We studied the effect 
of RD-LPS in experimental intestinal ischaemia and showed that the majority of rats (70%) were 
saved from lethal intestinal ischaemic injury by our preparation [9,48]. 

8.5. Pulmonary shock 

This condition is of clinical importance and bacterial endotoxins play an important role in its 
pathogenesis. In animal model systems LPS is used for induction, which evokes a characteris-
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Table II Protection by radiodetoxified endotoxin (RD-LPS) against various forms of experimental shock, 
radiation disease and infections. 

tic neutrophilic granulocyte infiltration into the lungs. TJiis condition can only be moderately 
induced by RD-LPS, and pretreatment with radiodetoxified LPS (endotoxin tolerance) protects 
against the LPS-induced lung infiltration [58]. v . . . . 

8.6. Tourniquet shock £ 

Bacterial endotoxins may play a significant role in the pathogenesis of this condition as well. 
Pre-treatment with RD-LPS prevented endotoxin shock induced by ischaemia of the hind leg in 
60% of the rats tested [9,59,60]. 

8.7. Foetal death and abortion induced by LPS 

Bacterial endotoxins play a role in the pathogenesis of these conditions during urogenital infec­
tions [61]. It is not possible to protect against LPS-induced abortion by pharmaceutical means 
[62,63]. Therefore, we studied whether or not RD-LPS would prevent LPS-induced foetal death 
and abortion. We found that RD-LPS hardly exerts any toxic effect on the foetus, yet it protects 
90% of the animals against LPS-induced foetal death and abortion [62]. 

8.8. Radiation-induced disease 

It has been known for some time that the toxic form of LPS in small doses protects against 
radiation, but such treatment was not practical because of the imminent danger of toxicity. We 
showed earlier that bacterial endotoxins play an important role in the intestinal syndrome of 
radiation disease [9,64-66]. It is also known that ionizing radiation damages the bone marrow, 
which results in deficient haematopoiesis. For these reasons, it was warranted to study the effect 
of RD-LPS on radiation-induced disease. Our experiments revealed that RD-LPS protected 70% 
of rats from a lethal radiation dose [9]. This result prooves the effectiveness of this preparation. 

8.9. Immunosuppression 

It is well known that sub-lethal radiation significantly decreases natural resistance and adap­
tive immunity, increases the susceptibility to infection, may lead to the activation of dormant 
infection, and could lead to further sepsis induced by facultative pathogenic organisms. Thus, 
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sub-lethal radiation damages all forms of immune function and leads to general immunosup­
pression [4,67]. Early observations in radiation biology revealed the atrophy of immune organs 
(e.g., spleen, thymus, lymph nodes) and the hypertrophy of the adrenal gland. The lymphoid 
organs represent the anatomical basis of host defence and for this reason it is understandable 
that radiation damage to these organs leads to a profound or complete immunosuppression. 
It is imperative that after radiation the regeneration of the immune system be accelerated as 
much as possible. Such situations occur daily during radiation treatment of cancer patients. We 
have examined the effect of RD-LPS on immune regeneration after non-lethal irradiation in 
rats. RD-LPS given 21 days after radiation damage (at this point no adaptive immune response 
was present) produced significant improvements in immune function and accelerated immune 
regeneration [67]. Radioresistant T-helper cells seem to be important in the mediation of the 
immunostimulatory effect of RD-LPS [19]. ' * 

i 
8.10. Immunosuppression due to antilymphocyte serum 

RD-LPS induces endotoxin tolerance and elevates natural resistance. It is well known that 
transplant patients die because of infectious disease rather than inadequate surgical proce­
dures. In most cases sepsis or endotoxaemia is the cause of death. These patients receive strong 
immunosuppressive agents in order to prevent graft rejections. It is common knowledge that 
immunosuppressive drugs decrease natural resistance to a large extent and for this reason the 
patients become susceptible even to bacteria that have moderate pathogenicity. Antilymphocyte 
serum is also used in these patients as an immunosuppressive agent. We examined whether or 
not RD-LPS is capable of inducing endotoxin tolerance and enhanced natural resistance in anti­
lymphocyte serum treated animals. It was found in rats immunized with sheep red blood cells 
that antilymphocyte serum treatment, that led to?complete immunosuppression, did not prevent 
the induction of endotoxin tolerance in response to RD-LPS. Therefore, endotoxin tolerance 
and indeed tha increase of natural resistance was independent of the suppression of adaptive 
immunity by antilymphocyte serum. A possible reason for this is that endotoxin tolerance is 
primarily related to B-cell function. On the basis of these experiments it is possible that RD-
LPS would protect transplant patients from septicaemia and endotoxaemia [9,68]. The results of 
these experiments are summarized in Table II. 

8.11. RD-LPS as an immunological adjuvant 

It has long been known that bacterial endotoxins are excellent immunological adjuvants [67,69]. 
However, the use of endotoxins in vaccine production was limited due to the undesirable side 
effects (fever, local inflammation). Nevertheless, the efficacy of some combination vaccines is 
improved by the small amount of LPS present. We observed in rats that RD-LPS maintains its 
adjuvant potential [67,69,70]. The adjuvant effect of RD-LPS could also be demonstrated by 
thymidine incorporation in human white blood cells treated with phytohaemagglutinin [19]. For 
this reason it is possible that RD-LPS would be useful also for the potentiation of viral antigens. 
Inactivated viral vaccines are often used in order to avoid the danger of reversion of attenu­
ated viruses to pathogenic strains. However, inactivated viruses are less immunogenic, which 
requires the use of adjuvants for the production of acceptable vaccines. Good adjuvants are in 
short supply. This warranted the trial of RD-LPS for the potentiation of viral vaccines. We pro­
duced a vaccine against foot and mouth disease with RD-LPS, which was superior to the vaccine 
in use when tested in mice and pigs. We also succeeded in the production of vaccines against 
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equine and human influenza viruses, which were significantly better than the ones in use (these 
findings are the subject of several patents) [71-73]. 

It should be noted that the RD-LPS adjuvant also increased natural resistance in the vacci­
nated animals that lasted for 1 to 3 weeks. Therefore, it provides natural protection prior to the 
induction of adaptive immunity [52]. 

Newborn mice become more susceptible to the lymphocytic choriomeningitis virus if treated 
with LPS or RD-LPS. This is related to the immunoadjuvant effect of LPS/RD-LPS [74]. Ion­
izing radiation does not affect the stimulation of the lymphoid system by LPS [74-76]. Similar 
results were obtained in experiments with Haemophilus influenzae [77,78]. 

In other experiments we treated newborn germ-free miniature piglets aged a few days with 
a single dose of RD-LPS and examined the effect on the lymphoid system. In contrast with 
untreated germ-free animals that had an underdeveloped immune system, the animals treated 
with RD-LPS showed a fully developed lymphoid system in a short period (10-14 days), which 
was comparable histologically to the immune system of conventional animals of similar age 
[52]. < 

It is likely that natural resistance, or rather its decrease, plays an important role in tumour 
progression. It is known that killed bacterial cultures [79] and bacterial endotoxins exert antitu-
mour activity [11,80]. It is unfortunate that the'use of LPS is limited again in this situation by 
the harmful effects it may have. One of the mos | important cytokines induced by LPS is tumour 
necrosis factor (TNF), which has been tested for tumour therapy with great expectations. Unfor­
tunately, the expected results did not materialize. It became clear that TNF is responsible in part 
for LPS toxicity. Thus, the toxic effect is related to the antitumour activity. This assumption is 
supported by the observation that it is possible to inhibit most of the harmful effects of LPS by 
anti-TNF monoclonal antibodies. One should note, however, that a chemically detoxified toxin 
preparation, monophosphoryl lipid A, exerts some anti-tumour effect [11]. 

It is very important that LPS preparations enhance natural resistance [2,3,5]. It is common 
knowledge that radiation treatment, chemotherapeutic agents, radiation sensitizing agents, ster­
oids, local heat treatment and even surgical procedures induce a profound decrease in natural 
resistance. For this reason the patients become sensitive to infectious agents and a significant 
proportion fall victim to sepsis caused by Gram-negative bacteria, become endotoxaemic or 
develop pneumonia. Anticancer agents as well as ionizing radiation are harmful not only to 
tumour cells but also to normal cells, especially to the membranes. For instance, formyl-leuro-
sine (Kőbányai Gyógyszerárugyár, Budapest), which was effective in animal experiments, could 
not be used on patients because of cardiotoxicity. It causes hypotonia and membrane damage of 
cardiac muscle [81]. For this reason we tested the effect of RD-LPS pretreatment on formyl-leu-
rosine cardiotoxicity. It was observed in dogs that RD-LPS pretreatment had a minimal effect on 
the hypotensive effect of formyl leurosin; however, after 30 minutes blood pressure and cardiac 
function returned to normal. Examination of the cardiac muscle of RD-LPS treated dogs did 
not show the pathological changes of membrane injury, which were present in formyl-leurosine 
treated animals [82]. This experiment indicates that treatment with RD-LPS may protect against 
the side effects of chemotherapeutic agents and radiation treatment. 

It is possible that the mechanism of protection by RD-LPS is mediated by the so-called lyso­
somal membrane 'concentration'. In RD-LPS tolerant animals no lysosomal membrane damage 
occurs after LPS challenge and consequently lysosomal enzymes are not released (beta-glucuro-
nidase, cathepsin D, etc.) [8]. 

Most of the desirable effects of LPS are preserved with RD-LPS treatment. These are RES 
activation, stimulation of phagocytosis and macrophage activity, elevation of natural antibody 
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and properdin levels, and so on. RD-LPS is capable of activating the entire immune system, 
which includes both humoral and cellular immunity. This is the reason for the effectiveness of 
RD-LPS against diverse noxious agents [9]. It is possible that RD-LPS will gain application in 
complex therapeutic approaches to neoplasia. 

8.12. Hepato-protection by RD-LPS in experimental myocardial infarction. 

We examined in dogs whether or not RD-LPS would protect against liver damage caused by 
myocardial infarction elicited by the occlusion of the left coronary artery. It was observed that in 
RD-LPS treated dogs there was moderate or no disturbance of permeability, and liver function, 
including detoxification, remained normal [47,83]. These results indicate that RD-LPS may be 
useful in several clinical situations. 

i 
8.13. The effect of RD-LPS on haematopoiesis 

It has long been known that endotoxin affects bone marrow function [84]. Numerous drugs 
(such as chemotherapeutic agents) and medical procedures (radiation therapy) impair the host 
defence system. Damage to the bone marrow and lymphatic system leads to the decrease of 
natural resistance. The number of stem cells will decrease in the bone marrow, which leads to 
a decreased production of white blood cells (especially granulocytes) and agranulocytosis will 
develop. 

For these reasons we examined whether or not RD-LPS treatment could improve or restore 
bone marrow function under these conditions. Rabbits were used for these experiments. The 
animals were given immunosuppressive agents (Imuran, hydrocortisone) in order to suppress 
and damage the bone marrow. Comparative bldod count was performed after RD-LPS treat­
ment. RD-LPS increased significantly the production of white blood cells in healthy animals 
and restored, alrnost completely bone marrow function in Imuran- and hydrocortisone-treated 
rabbits [52]. 

8.14. The effect of RD-LPS on apoptosis 

It is known that HIV-infected lymphocytes show increased apoptosis. We studied the effect of 
RD-LPS on this phenomenon. Lymphocytes were isolated from healthy HIV-infected individu­
als (CD4 < 500/ul) and treated in vitro with interleukin-2 (hrIL-2). Twenty-four hours later the 
cells were treated with HIV peptides or with RD-LPS. It was observed that the HIV peptides 
increased apoptosis in all experiments, whereas RD-LPS inhibited this reaction in over 60 per­
cent of the experiments. These experiments suggest the use of RD-LPS for the prevention of 
apoptosis in HIV-infected individuals [52]. 

8.15. The effect of RD-LPS on the stimulation of HIV-infected lymphocytes 

In man there is an asymptomatic phase after HIV injection, while the virus proliferates in 
infected lymphocytes and macrophages. The loss of CD4+ T lymphocytes is central to the devel­
opment of acquired iramunodeficiency,syndrome (AIDS). It is possible that the augmentation of 
immune function would delay the development of AIDS. Therefore, we examined lymphocytes 
from patients with different stages of HIV infection for the reaction to RD-LPS and to some 
other agents. These studies indicated that during the initial stage of AIDS RD-LPS stimulated 
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immature T-lymphocytes [85]. 

9. THE EVALUATION OF RD-LPS (TOLERIN®) FOR HUMAN USE ON VOLUN­
TEERS 

These experiments have been performed with the permission of the Hungarian Ministry of 
Health, using human volunteers. The first experiment included five subjects (4 male and 1 
female). It was observed that TOLERIN given at the dose of 7 ug/kg subcutaneously (1000 
u.g/ml solution was used) caused no adverse effects (circulatory, respiratory, urinary tract, car­
diac function, nausea, vomiting, diarrhoea) within the 24-hour observation period. A moderate 
febrile reaction, increase in blood pressure and some swelling at the injection site have been 
observed. These symptoms significantly diminished or disappeared completely within the 24-
hour observation period. Repeated laboratory testing revealed no changes in blood coagulation, 
liver and kidney function. In contrast, the C3 complement component was elevated in the blood 
and at 24 hours so was the leukocyte count. On this basis it may be concluded that the dose 
applied does not elicit a greater reaction than vaccines do, and may be considered harmless and 
suitable for further clinical studies. * " ' • • „ . 

For the second experiment 40 volunteers were recruited from university students. We observed 
that TOLERIN administered subcutaneously at a dose of 4 ug/kg did not produce clinical symp­
toms (circulatory, respiratory, urinary, cardiac damage, nausea, diarrhoea) at all. At various 
times after application there was a moderate elevation in body temperature with a maximum 
of 37.9 °C in one individual. There was a moderate swelling at the site of application. These 
changes disappeared within 24 hours after application. The laboratory tests performed at 24 
hours did not show any alteration in blood coagulation, liver and kidney function. In the serum 
of treated individuals, taken at 24 hours, TNF was detected. There was also a moderate elevation 
of serum T4 (thyroxin) in most individuals. The leukocyte count and the C3 complement fraction 
in the serum were also increased. The treated individuals were followed for three weeks, and two 
individuals developed a mild form of cold syndrome during that period. It may be concluded on 
the basis of both experiments that TOLERIN is essentially harmless and it causes only a very 
mild clinical reaction and therefore it is suitable for further clinical trials. 

9.1. Clinical trials with RD-LPS (TOLERIN®) 

After our initial clinical trials had been completed, the Hungarian National Agency of Public 
Health and Infectious Diseases gave permission for the trial of TOLERIN in 9 health institutions 
in both open and double-blind experiments. During these studies 110 surgical patients were 
treated with TOLERIN and 241 patients receiving similar medical treatment served as control. 
The majority of patients had been operated on for colon carcinoma. TOLERIN was given to 
patients 2 4 ^ 8 hours prior to surgery. It has been observed so far that in the treated individuals 
there was a decrease of infections and complications and natural resistance was increased on the 
basis of laboratory tests (increase in white blood cell count and C3 complement levels). 

We also studied testicular carcinoma patients treated with Cysplatin for the correction of 
granulocytopenia. The experiment performed on five patients is presented in Fig. 5 [52]. TOL­
ERIN treatment stimulated bone marrow function, and leukocyte and granulocyte counts were 
increased significantly. This experiment indicates that TOLERIN may be used for the correction 
of bone marrow suppression caused by chemotherapeutic agents. 
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Figure 5. Effect of radiodetoxified endotoxin (RD-LPS: TOLERIN) on the number of leucocytes in CYSPLATIN treated 

patients bearing testis tumours. 

We also treated five individuals suffering from immunodeficiency in addition to the usual 
treatment regimes given to these patients. Although TOLERIN increased CD4 number in 
patients with full-blown AIDS, no clinical improvement was obvious in the treated individuals. 
This observation correlates with our in vitro studies performed earlier. However, in one patient 
aged 28 year§ there was a significant clihical'improvement after TOLERIN treatment. This 
patient suffered from severe meningitis and encephalitis of unknown origin, Candida sepsis and 
mixed bacterial infections. The CD4+ and CD8+ T-cell count was 250 and 261, respectively. 
TOLERIN was given two times at 280 ug subcutaneously (the second treatment was given 60 
days after the first), and it increased significantly the CD4+ and CD8+ lymphocyte count. There 
was improvement already after the first treatment and after the second treatment the CD4+/ 
CD8+ ratio was 1.05. One year later the CD4+/CD8+ ratio increased to 2.0, which is slightly 
over normal. Bone marrow function was normalized by this treatment [86]. 

REFERENCES 

1. Wright AE. A short treatise on anti-typhoid inoculation, containing an exhibition of 
the principle of the method and summary of the results achieved by its application. 
Westminster: Constable; 1904. 

2. Landy M, Pillemer L. Elevation of properdin levels in mice following administration of 
bacterial lipopolysaccharides. J Exp Med 1956;103:823-830. 

3. Rowley D. Stimulation of natural immunity to Escherichia coli infections. Lancet 1965;1: 
232-240. 

4. Merétey К. Changes of immunological balance.in the mirror of the production of natural 

antibody (Hungarian) [PhD Thesis Hung Acad Sci]. Budapest: 1972. 



303 

5. Pillemer L, Blum L, Lepow IH, Ross OA, Todd EW, Wardlaw AC. The properdin system 
and immunity. Science 1954;120:279-284. 

6. Beesőn RB. Tolerance of bacterial pyrogens. J Exp Med 1947;86:29-35. - -
7. Bertók L. Bacterial endotoxins and nonspecific resistance. Acta Microbiol Immunol Hung 

1997;44:361-365. 
8. Szilagyi T, Csernyanszky H, Gazdy E, Bértok L. Studies on lysosomal enzyme liberating 

and endotoxin tolerance inducing capacity of radio-detoxified endotoxin. Acta Microbiol 
Acad Sci Hung 1982;29:155-159. 

9. Bertók L. Radiodetoxified endotoxin as a potent stimulator of nonspecific resistance. Persp 
Biol Med 1980;24:61-66. 

10. Nowotny A. Endotoxin preparations. Nature 1963;197:221-230. 
11. Ribi E, Amano K, Cantrell J, Shwartzman S, Parker R, Takayama K. Preparation and 

antitumour activity of nontoxic lipid A. Cane Chemother Pharmacol 1982;12:91-96. 
12. Toyoda T, Kassell NF, Lee KS. Induction of tolerance against ischemia/reperfusion injury 

in the rat brain by preconditioning with the endotoxin analog diphosphoryl lipid A. J 
Neurosurg 2000;92:435-441. 

13. Xi L. Nitric oxide-dependent mechanism of anti-ischemic myocardial protection induced 
by monophosphoryl lipid A. Zhongguo Yaó Li Xue Bap .1999;20:865-871. 

14. Bertók L, Kocsár L, Várterész V, et al. inventors; Method for the production of ionizing 
radiation induced detoxified bacterial endotoxin preparation. (Hungarian). Budapest; 
Hungarian Patent;(No: 162,973/-61-k-27/02,23/00)1973. 

15. Previte JJ, Chang Y, El-Bisi HM. Detoxification of Salmonella typhimurium 
lipopolysaccharide by ionizing radiation. J Bacteriol 1967;93:1607-1612. 

16. Naidu MD, Chander R. Immunomodulation of macrophages by radio-detoxified 
lipopolysaccharide of Salmonella typhimurium. Indian J Exp Biol 1999;37:283-289. 

17. Nerkar DP, Bandekar JR. Stimulation of macrophages and antitumour activity of 
radiodetoxified endotoxin. Microbiol Immunol 1986;30:893-897. 

18. Kubasova T, Somosy Z, Bertók L, Köteleski J. Effect of endotoxin and radio-detoxified 
endotoxin on cell membranes in vitro. Acta Microbiol Acad Sci Hung 1982;29:235-243. 

19. Temesi A, Bertók L, Pellet S. Stimulation of human peripheral lymphocytes with endotoxin 
and radiodetoxified endotoxin. Acta Microbiol Acad Sci Hung 1983;30:13-17. 

20. Gaál D, Kremmer T, Bálint Z, Holczinger L, Bertók L, Nowotny A. Effects of bacterial 
endotoxins and their detoxified derivatives on serum and liver lipids in mice. Toxic Appl 
Pharmacol 1984;75:437-443. 

21. Takáts A, Borsos В, Bertók L. A possible mechanism of the inhibitory effect of endotoxin 
on adenylate cyclase. Acta Biochim Biophy Hung 1989;23:191-202. 

22. Szilágyi T, Csernyanszky H, Gazdy E, Bertók L. Haematologic effect and Shwartzman 
reactivity of radiodetoxified endotoxin. Acta Microbiol Acad Sci Hung 1978;25:159-
164. 

23. Szilágyi T, Csernyanszky H, Gazdy E, Bertók L. The procoagulant activity of leukocytes 
pretreated with radiodetoxified endotoxin. Acta Microbiol Acad Sci Hung 1980;27:191-
194. 

24. Walker RI, Ledney GD, Bertók L. Reduced toxicity of irradiated endotoxin in mice 
compromised by irradiation, tumours or infections. J Trauma 1983;23:225-230. 

25. Bertók L, Szeberényi S. Effect of radio-detoxified endotoxin on the liver microsomal drug 
metabolizing enzyme system in rats. Immunopharmacol 1983;6:1-5. 

26. Elekes E, Ltideritz O, Galanos C, Bertók L. Alterations in the chemical composition and 



304 

antigenicity of Escherichia coli 089 lipopolysaccharide and lipid A after 6OC0 gamma 
irradiation. Acta Microbiol Acad Sci Hung 1988;35:301-305. 

27. EI Sabbagh M, Galanos C, Bertók L, Füst G, Liideritz O. Effect of ionizing radiation on 
chemical and biological properties of Salmonella minnesota R595 lipopolysaccharide. 
Acta Microbiol Acad Sci Hung 1982;29:255-261. 

28. Csákó G, Tsai CM, Slomiany BL, Hep A, Elin RJ. Modification of the chemical composition 
and structure of the US reference standard endotoxin (RSE) by 60Co radiation. Radiat Res 
1986;105:283-288. 

29. Csákó G, Elin RJ, Hochstein HD, Tsai CM. Physical and biological properties of US 
standard endotoxin EC after exposure to ionizing radiation. Infect Immun 1983;41(1): 
190-194. 

V 

30. Csákó G, Tsai CM, Hochstein HD, Elin RJ. The concentration, physical state, and purity 
of bacterial endotoxin affect its detoxification by ionizing radiation. Radiat Res 1986;108: 
158-163. 

31. Csákó G, Suba EA, Tsai CM, Mocca LF, Elin RJ. Dose-dependent changes in the 
antigenicity of bacterial endotoxin exposed to ionizing radiation. J Clin Lab Immunol 
1987;24:193-198. 

32. Elin RJ, Csákó G. Response of humans to gamma-irradiated reference Escherichia coli 
endotoxin. J Clin Lab Immunol 1989;29:17-23. 

33. Füst G, Bertók L, Juhász-Nagy S. Interactions of the radio-detoxified E.coli endotoxin 
preparation with the complement system. Infect Immun 1977;16:26-31. 

34. Nagy SU, Csaba G, Bertók L. Effect of thyrotropin (TSH) treatment on the responsiveness 
of the thyroid gland during endotoxin shock in adult rats. Acta Physiol Hung 1983;62: 
187-190. 

35. Nagy SU, Bertók L. Influence of experimentally induced endotoxemias on the thyroid 
function of rats. Acta Physiol-Huno 1990;76:137-144. 

36. Bertók JL, Nagy SU. The effect of endotoxin and radio-detoxified endotoxin on the serum T4 
level of rats and response of their thyroid gland to exogenous TSH. Immunopharmacology 
1984;8:143-146. 

37. Bertók L. Endotoxins and endocrine system. Domest Anim Endocrinol 1998;15:305-
308. 

38. Bertók L, Nagy SU. Effect of irradiation on serum T4 level and response of thyroid gland 
to exogenous TSH in rats. J Radiat Res (Tokyo)1986;27:225-229. 

39. Nagy SU, Bertók L. Effect of experimental shock conditions on the serum T4 level of rats 
and response of their thyroid gland to exogenous TSH. Z Exp Chir Transplant Kunstliche 
Organe 1987;20:113-116. 

40. Elenkov IJ, Kovács К, Kiss J, Bertók L, Vizi ES. Lipopolysaccharide is able to bypass 
corticoetrophin-releasing factor in affecting plasma ACTH and corticosterone levels: 
evidence from rats with lesions of the paraventricular nucleus. J Endocrinol 1992;133: 
231-236. 

41. Herzyk DJ, Ruggieri EV, Cunningham L, Polsky R, Herold С, Klinkner AM, et al. Single-
organism model of host defense against infection: a novel immunotoxicologic approach to 

evaluate immunomodulatory drugs. Toxicol Phathol 1997;25:351-362. 

42. Barna I, Bertók L, Koenig JI,. Makara GB. Radiodetoxified lipopolysaccharide fails to 
activate the hypophyseal-pituitary-adrenal axis in the rat. Neuro Immunomodulation 
2000;8:128-131. 

43. Bertók L, Takáts A, Chen H, Cook J. Radiodetoxified endotoxin-induced tolerance, effect 



305 

on endotoxin lethality and macrophage arachidonic acid metabolism. Acta Microbiol 
Immunol Hung 1995;42:409-417. 

44. Gál К, Bertók L. The effect of X-radiation on reticuloendothelial system and its treatment 
with radiodetoxified-endotoxin and trace elements in rats. Acta Microbiol Immunol Hung 
1994;41:457-463. 

45. Gál К, Bertók L. Effect of radiodetoxified endotoxin and trace elements on reticulo­
endothelial system damaged by ethanol in rats. Acta Microbiol Immunol Hung 1994;41: 
465-471. 

46. Gilad E, Zingarelli B, O'Connor M, Salzman AL, Bertók L, Szabó С. Effects of 
radiodetoxified endotoxin on nitric oxide production in J774 macrophages and in 
endotoxin shock. J Endotoxin Res 1996;3:513-519. 

47. Balogh Á. Inhibition of the irreversible surgical shock by radiodetoxified endotoxin 
pretreatment (Hungarian) [PhD Thesis Hung Acad Sci]. Budapest: 1981. ^ 

48. Kisida E. Experimental study of the phathophysiológy óf thevascular ileus (Hungarian) 
[PhD Thesis Hung Acad Sci]. Budapest: 1975. f 

49. Balogh Á, Bertók L, Nemes A, Juhász-Nagy S. Effect of radiodetoxified endotoxin 
(TOLERIN) on the blood circulation in the endotoxin-shock of dogs (Hungarian). Orv 
Hetil 1974;115:2055-2056. ' 

50. Balogh Á, Bertók L. Experimented Abwehjrdes septischen und hamorrhagischen Schocks 
durch Vorbehandlung mit detoxifiziertem Endotoxin. Acta Chir Acad Sci Hung 1974;15: 
21-27. 

51. Conall TP, Zhang J, Vaziri ND, Schwartz RJ, Kaupke CJ, Oveisi F, et al. Radiodetoxified 
endotoxin-induced tolerance alters monocyte but not neutrophil C D l l b and CD18 
expression in response to lipopolysaccharide. Arch Surg 1994;129:1152-1156. 

52. Bertók L. Nonspecific resistance: The role of bile acids and bacterial endotoxins 
(Hungarian). Studia Physiologica (Monographic Serie) 12 (2nd edit.). Budapest: 
Scientia;2002. 

53. Fine J. Shock. In: Hamilton WF, Dow P, editors. Handbook of Physiology. Washington; 
American Physiology Society, 1965;2031-2046. 

54. BaloghÁ,BertókLJuhász-NagyS.WirkungderVorbehandlungmitstrahlendetoxifiziertem 
Endotoxin auf den Endotoxinschock bei Hunden. Acta Chir Acad Sci Hung 1981 ;22: 
23-29. 

55. Cuevas P, Fine J. Demonstration of a lethal endotoxemia in experimental occlusion of the 
superior mesenteric artery. Surg Gynecol Obstet 1971;33:81-87. 

56. Cuevas P, Ischimayania M, Koizumi S, Woodruff PWH, Kaufmann A, Fine J. Role of 
endotoxemia of intestinal origin in early death from large burns. Surg Gynecol Obstet 
1974;138:725-732. 

57. Fine J, Frank ED, Ravin HA, Rutenburg JH, Schweinburg FB. The bacterial factor in 
traumatic shock. New England J Med 1959;260:214-220. 

58. Szabó LG, Tóth ТВ, Benedek G, Bertók L. Prevention of endotoxin-induced leukocytic 
infiltration of lung with radio-detoxified endotoxin (TOLERIN) pretreatment. Acta Chir 
Hung 1987;28:309-313. 

59. Orbán I. About prognosis and complications of acute limb-ischaemias: Experimental 
studies (Hungarian) [PhD Thesis Hung Acad Sci]. Budapest: 1977. 

60. Orbán I, Bertók L, Regős J, Gazsó L. Die Rolle der bakteriellen Endotoxin beim Tourniquet 
Schock der Ratte. Acta Chir Acad Sci Hung 1978;19:399-404. 

61. Skarnes RC, Harper MJ. Relationship between endotoxin induced abortion and the 



306 

synthesis of prostaglandin К Prostaglandins 1972;1:191-203. 
62. Csordás T, Bertók L, Csapó Z. Experiments on prevention of the endotoxin-abortifacient 

effect by radiodetoxified endotoxin pretreatment in rats. Gynecol Obstet Invest 1978;9: 
57-64. 

63. Szőcs G, Csordás T, Bertók L. Study of the endotoxin sensitivity of pregnant rats and their 
fetuses. Acta Chir Hung 1990;31:263-269. 

64. Bertók L, Kocsár L. Die Rolle des Endotoxins beim intestinalen Syndrom der 
StrahlenkrankheitWiss. Z К Marx-Univ Leipzig (Math-Naturwiss) 1974;23:65-66. 

65. Bertók L, Jr., Sztanyik LB, Bertók L. Possible role of bile deficiency in the development of 
intestinal syndrome of acute radiation disease. Acta Physiol Hung 1992;79:29-32. 

66. Bertók L, Jr., Sztanyik LB, Bertók L. The effect of kanamycin treatment of rajis on the 
development of gastro-intestinal syndrome of radiation disease. Acta Microbiol Hung 
1992;39:155-158. t 

67. Elekes E. Nonspecific stimulation of antibody production in intact and immuno-depressed 
animals (Hungarian) [PhD Thesis Hung Acad Sci]. Budapest: 1978. 

68. Bertók L, Elekes E, Merétey К. Endotoxin tolerance in rats treated with antilymphocyte 
serum. Acta Microbiol Acad Sci Hung 1979;26:135-137. 

69. Merétey К, Elekes E, Bertók L. Antibody production in rats treated with endotoxin. Ann 
Immunol Hung 1973;17:63-66. 

70. Elekes E, Bertók L, Merétey К. Adjuvant activity of endotoxin preparations in normal and 
irradiated rats. Acta Microbiol Acad Sci Hung 1978;25:17-21. 

71. Sólyom F, Bertók L. Application of radio-detoxified endotoxin as adjuvant for experimental 
foot and mouth disease vaccine. Acta Microbiol. Acad Sci Hung 1985; 32:233-239. 

72. Bertók L, Tanyi J, Nemesi M, Sólyom F. Production of a new, potent horse influenza 
vaccine. (Hungarian). Budapest: Hungarian Patent;2001. 

73. Bertók L, Jankovics I. Production of a new, potent human influenza vaccine. (Hungarian). 
Budapest: Hungarian Patent;2001. 

74. Bános Z, Szeri I, Anderlik P, Wessely M, Bertók L. Effect of endotoxin preparations on the 
course of lymphocytic choriomeningitis virus infection in suckling mice. Acta Microbiol 
Acad Sci Hung 1982;29:99-103. , 

75. Anderlik P, Szeri I, Bános Z f Wessely M, Bertók L, Radnai B. Effect of an irradiated 
Escherichia coli endotoxin preparation on the sensitivity to a lymphotropic cytostatic agent 
in germfree and conventional mice. Acta Microbiol Hung 1983;30:239-245. 

76. Bános Z, Anderlik P, Szeri I, Wessely M, Bertók L. Bacterial modulation of the cellular 
immune response in mice. II. Stimulation by endotoxin of the reduced cellular immune 
response to LCM virus infection in aged mice. Acta Microbiol Hung 1983;30:233-237. 

77. Csukás Z, Horváth J, Slowik F, Bertók L. Respiratory effect of Haemophilus influenzae 
endotoxin in mice. Acta Microbiol Hung 1983;30:139-146. 

78. Csukás Z, Horváth J, Slowik F, Bertók L. Effect of irradiated Haemophilus influenzae 
endotoxin preparations in mice. Acta Microbiol Hung 1983;30:247-253. 

79. Coley WB. The treatment of malignant tumors by repeated inoculation of erysipelas. Am 
J Med Sci 1883;105:487-492. 

80. Fukushi K, Asano H, Sasaki J. Bacterial endotoxin as an antitumor agent. Jap J Med Sci 
Biol 1982;35:105-109. 

81. Juhász-Nagy S, Sótonyi P, Bertók L. Haemodynamic pattern of formyl-leurosine induced, 
acute cardiovascular depression in the dog! Acta Chir Acad Sci Hung 1985;26:35-49. 

82. Bertók L, Juhász-Nagy S, Sótonyi P. Prevention of cardiac damages induced by formyl-



leurosine, a potent cytostatic agent, by radio-detoxified endotoxin (TOLERIN) in dogs. 
Immunopharmacol 1984;8:13-17. 

f 83. Balogh Á, Furka I, Sótonyi P, Dalmy L, Bertók L. Leberprotektive "Wirkung der 
I Vorbehandlung mit strahlendetoxifiziertem Endotoxin (Tolerin)R beim akutén 

Myokardifarkt des Hundes. Z Exper Chirurg 1981;14:156-164. 
84. Bán A. Studies of the bone-marrow function by bacterial lipopolysaccharides (Hungarian) 

[PhD Thesis Hung Acad Sci]. Budapest: 1968. 
< 85. Ongrádi J, Hadden JW, Bertók L, Specter S, Nelson R, Friedman H. Human herpesvirus 

6 variant A enchances in vitro HIV-1 replication by soluble mediators, which effect is 
diminished by endotoxin. (Hungarian). Orv Hetil 1995;136:653-659. 

86. Bánhegyi D, Várnai F, Horváth A, Bertók L. Treatment of severe immune deficiency with 
radio-detoxified endotoxin. J Med 1992;23:154-156. 


