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Benzydamine protection in a mouse model of endotoxemia
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Abstract. Objective Previous studies have shown that organ dysfunction and, ultimately, death. Lipopolysac-
benzydamine (40 mg/kg s.c.) is able to inhibit tumor necrosicharide (LPS) is a component of endotoxin released from
factor (TNF) production and to reduce mouse lethality whengram-negative bacteria and is largely responsible for the
administered before or concomitantly with LPS. The presenimorbidity and mortality associated with infections by these
study was designed to further investigate benzydaminenicroorganisms. Consequently, the injection of appropriate
activity against LPS-induced toxicity in terms of potency anddoses of LPS in experimental animals can produce effects
therapeutic effects. that are typical of the septic shock syndrome, thus providing
Methods Female Balb/c mice were used. A dose-responsea simple animal model for this inflammatory reaction [1,2].
curve of animal lethality versus endotoxin dose wasLPS-induced toxicity appears to be related to an over-
performed (LR, = 45ug/mouse). Therapeutic effects were production of cytokine such as tumor necrosis factor (TNF)
studied selecting the dose of LPS to achieve amggD and/or interleukin-1 (IL-1), since animals can be protected
(160ug/mouse). Mortality was assessed daily and mice werdrom endotoxic shock by neutralizing these inflammation
followed for 8 days. The potential mode of action of mediators [3,4].

therapeutically administered benzydamine was also investi- Benzydamine, or N,N-dimethyl-3-[[1-(phenylmethyl)-
gated. TNl and IL-13 levels were measured, at 5h after 1H-indazol-3-y1]oxy]-1-propanamine, is a non-steroidal
LPS injection, both in sera and in lungs. Moreover, the druganti-inflammatory drug mainly devoid of activity on
was assayed in a TNF-dependent cytoxicity test. arachidonic acid metabolism and endowed with local
Results Benzydamine, administered at 20 mg/kg s.c. simul-anaesthetic and analgesic properties [5]. The drug is
taneously with the endotoxin, significantly increased LPSextensively used in clinical practice for the topical treatment
LDsgo up to 23Qug/mouse (p< 0.05). Moreover, the drug of inflammatory conditions [6]. Recent studies have shown
significantly protected mice against LPS-induced lethalitythat benzydamine reduces TNF production and protects mice
when administered either 30min or 4h after endotoxinfrom LPS-induced mortality [7].

injection (p< 0.001). Benzydamine, therapeutically admin-  The aim of the present study was to further investigate
istered at 20mg/kg s.c., significantly reduced BNEBnd the protective activity of benzydamine against LPS-induced
IL-18 production induced by LPS both in serum and lungstoxicity in terms of potency and therapeutic effects using a
and it was shown to inhibit TNF-dependent cytoxicity on mouse model of endotoxemia.

L929 cells.

Conclusions These results clearly demonstrate the thera-

peutic activity of benzydamine in a simple model of pjaterials and methods

endotoxic shock. Available data confirm the potential role

of benzydamine as an anti-cytokine agent and providgndotoxin-induced shock

suggestions for novel therapeutic applications of this anti-

inflammatory drug. Balb/c female mice (18-20g) obtained from Charles River ltalia
. . (Calco, Como, Italy) were used. Procedures involving animals and their
Key words: Endotoxic shock — LPS — Mice — Inflammatory care were conducted in conformity with the institutional guidelines that
cytokines — TNk are in compliance with national and international laws and policies
(EEC Council Directive 86/609, OJ L 358, 1, December 12, 1987,
Italian Legislative Decree 116/92, Gazzetta Ufficiale della Repubblica
Italiana No. 40, February 18, 1992; NIH Guide for the Care and Use of
Introduction Laboratory Animals, NIH Publication No. 85-23, 1985). Shock was
induced by an intraperitoneal injection of Lipopolysaccharide (LPS)
B Escherichia coli 055:B5 (Difco Laboratories, Detroit, MI, USA)

Severe bacterial infections can result in profound physiolospension in sterile saline. Mice were injected with 20gontaining

gical changes such as hypotension, fever, tissue necrosigeses of LPS ranging from 5 to 649. A dose-response curve of
_ animal mortality versus endotoxin dose was performed in order to
Correspondence toA. Guglielmotti calculate LB, of the specific batch of LPS used (48/mouse).
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Therapeutic effects were studied selecting the dose of LPS to achieve 100— = = =
LD1qo (160ug/mouse). Benzydamine hydrochloride (ACRAF, Aprilia, |
Italy) was dissolved in sterile saline and administered subcutaneously |
(10 ml/kg body weight) at 20 or 10 mg/kg. Drug administration was 80 — > -
performed simultaneously to LPS injection for potency evaluation,
whereas for therapeutic studies benzydamine was given either 30 min or
4 h after endotoxin injection. In all experiments mortality was assessede () —
daily and mice were followed for 8 days. =

Survival

Cytokine determination

Cytokine measurements were performed using commercially available 20—
immunoenzymatic kits (Genzyme, Cambridge, MA, USA) according to
the manufacturer’s instructions. TNRnd IL-13 levels were evaluated,

at 5 h from the injection of an LBy dose of LPS (16@g/mouse), both 0 T T T

in sera and in lungs obtained from control mice and from mice treated 0 5 10 20 40 80 160 320 640
with benzydamine (20 mg/kg s.c.) 4 h after endotoxin injection. Blood

was taken from the retroorbital plexus after which mice were sacrificed LPS (ug/mouse)

and lungs removed immediately, weighed and frozen in liquid nitrogen _. . . .
and kept at—80°C until analysis. Lung cytokine determination was Fig. 1. Dose-response curves of mice lethality versus endotoxin dose.
carried out on homogenate prepared in a blender by diluting the tissue ii/C€ Were treated i.p. with LPS wit/li) or without @) a simultaneous

cold PBS buffer (1:3, w:v) containing 0.4 mM phenylmethylsulphonyl- Injéction of benzydamine (20mg/kg s.c.) and mortality was assessed
fluoride (Sigma, St. Louis, MO, USA). daily and expressed as a percentage (at least 10 mice/group). Animals

were followed for up to 8 days. Calculated £ LPS alone 459/
mouse vs. LPS with benzydamine 23§mouse (p< 0.05 by Litchfield

. . & Wilcoxon test).
TNF-induced cytotoxicity assay

The assay was performed using the TNF-sensitive L929 murinelable 1. Therapeutic effects of benzydamine on endotoxin-induced
fibrosarcoma cell line (ATCC, Rockville, MD, USA) [8]. The cells were lethality.
maintained in RPMI 1640 medium supplemented with 10% fetal bovine

serum (HyClone Laboratories, Logan, UT, USA), 1% penicillin- Benzydamine No. survivors/total mice
streptomicin, 2% L-glutamine and 20 mM Hepes (Flow Laboratories,(mg/kg s.c.)

Rickmansworth, UK). & 10* L929 cellsiwell were plated in flat- 30 min 4h
bottom microtiter plates; 24 h later the cells were treated withy00

well of Actinomicin D (2 mg/ml) for 2 h. Subsequently z0of medium 0 1/60 1/60
containing 1 U/ml of murine recombinant TNF (Genzyme, Cambridge,10 7/20* 3/20
MA, USA) and 50ul of benzydamine solution or vehicle were added. 20 40/50* 22/50*

The drug was tested at concentrations ranging from 12.5 tqu¥00

Control wells were also prepared by adding benzydamine in the absenagice were treated with LPS (16@/mouse, i.p.) with or without

of TNF in order to exclude a product-related toxicity. After 24 h the benzydamine (30 min or 4 h after endotoxin injection) and survival was

medium was removed, surviving cells were stained with the crystabissessed daily. Mice were followed up to 8 days.

violet dye and optical density values were measured at 540 nm. Threep < 0.001 vs. LPS alone by?2 test.

separate experiments were performed. Percentage of cytotoxicity was

calculated using the following formula: 100{b)/a, where a and b

represent the mean absorbancz_es of triplicate wells with culture medium Therapeutic effects obtained administering benzydamine

alone and test sample, respectively. 30min or 4h after intraperitoneal injection of the dose of

LPS to achieve LI (160ug/mouse) are shown in Table 1.

- . The drug, at 20 mg/kg s.c., was able to significantly protect

Statistical analysis mice against LPS-induced lethality when administered either

- _ _ _ at 30 min or at4 h (g 0.001). Benzydamine at 10 mg/kg s.c.

Statistical analyses were performed using the Litchfield & Wilcoxon provided partial protection with a significant reduction of

test for dose-response curve calculations and comparisons, agé the . . - ;
test for therapeutic activity. Cytokine levels were compared usingfendomxIn lethality only when administered 30 min after LPS

Student's t-test for unpaired data. Results of TNF-induced cytotoxicity!njection (p< 0.001).

assay were analyzed by the Dunnett's test. In all experiments, animals were followed for 8 days and
neither further deaths nor surviving, unhealthy mice were
Results observed after this period.

Effects on endotoxin-induced lethality

Effects on cytokine production
Dose-response curves of animal lethality versus endotoxin
dose are shown in Figure 1. Groups of at least 10 Balb/8enzydamine, given 4 h after endotoxin injection at the dose
female mice were injected intraperitoneally with LPS, atof 20 mg/kg s.c., was able to significantly reduce BiN&nd
doses ranging between 5 and @&mouse, with or without IL-13 serum levels as measured 5 h after LPS administration
simultaneous administration of benzydamine at 20 mg/kgTable 2). Moreover, measurement of cytokines in the
s.c.. Benzydamine significantly increased LPSgh.from  homogenate of lungs from the same animals showed a
45ug/mouse up to 23fg/mouse (p< 0.05). significant inhibition of TNF but not of IL-1 production
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Table 2. Effects of benzydamine on endotoxin-induced serum TNF Discussion

and IL-1.
Treatment TNE L1 Sepsis_ co_ntinue_s to be one of the most common cause _of
(ng/mi) (pg/ml) death in intensive care units, despite the use of spe(_:lflc
antibiotics, careful monitoring and aggressive operative
LPS 32+ 0.59 1488 + 13639 intervention. Most of the physiological effects of bacterial
Benzydamine D+ 0.14* 473 * 46.34* infection are mediated by a complex interaction of proin-

flammatory mediators such as cytokines, lipid metabolites

g’”ce Here trea(‘tzeod W}Lh LPS (iﬁég/mf‘t’use' iap') with or W.iths’“t ,and oxygen free radicals which ultimately cause organ
enzydamine mg/kg s.c., after endotoxin injection) an : : f
cytokines determined at 5h from LPS administration. Data are mealgySfunCtlon' Among cytokines, tumor necrosis factor (TNF)

+ SD (10 mice/group). is frequently considered as a central mediator in the sepsis

* p < 0.05 vs. LPS alone by Student’s t-test. syndrome and it is thought to play a pivotal role in the
pathogenesis of multiple organ failure [9,10]. In fact,
intravenous administration of TNF causes tissue damage

Table 3. Effects of benzydamine on endotoxin-induced TNF and IL-1 @and shock, as well as intravascular injections of endotoxin or

production in the lungs. gram-negative bacteria which induce similar lesions, prob-
ably by a mechanism mediated by a dramatic increase in
Treatment TNF IL-1 TNF serum concentration. Consequently, many attempts have
(ng/g) (ng/g) been made to find anti-cytokine agents of some clinical
LPS 21+ 110 118 + 1.61 relevance for the treatment of patients with sepsis [3,4,11—
Benzydamine ® + 0.84% 97+371 13] but so far trials have been unsuccessful in reducing
mortality significantly [14].
Mice were treated with LPS (16§@/mouse, i.p.) with or without Previous findings have shown that benzydamine, a non-

benzydamine (20mglkg s.c., 4h after endotoxin injection) andsterpidal anti-inflammatory agent devoid of effects on

cytokines determined on lung homogenate at 5h from LPS adminisy 4 -higonate metabolism, consistently inhibits the produc-

tration. Data are meart SD (10 mice/group). . T S . .

* p < 0.05 vs. LPS alone by Student's t-test. tion of TNF in vitro anq in vivo [5—7]. On this basis, the
present study was designed to verify the potency and the
therapeutic activity of this molecule in a simple animal

80 model of endotoxin-induced shock. The results obtained by
simultaneous administration of benzydamine with appro-
priate doses of LPS confirm the previously observed
protective activity of the molecule in this model and, in
terms of potency, show that the product can increase the

LDy more than 5-fold with respect to saline-treated animals.

In order to explore the therapeutic activity of benzydamine,

the product was then administered up to 4h after the

injection of an amount of LPS sufficient to give a 100%

* mortality; the dose of 20 mg/kg benzydamine significantly

protected mice when the drug was administered both at

30 min or 4 h after LPS, whereas at a lower dose (10 mg/kg),

100 the product exerted its effect only when given 30 min after

benzydamine (uM) endotoxin injection.

Fig. 2. Effects of benzydamine on TNF-inducedud/ml) cytotoxicit - Si_nce peak TNF and.”"l blood levels af_ter LPS
ingI'NF-sensitive L929>(/:ell line. Results reportedl(rgé/pre)seﬁt the mgans dpjections are reached within 1 h and 3 h, respectively [15],
the three experiments performed. *<®.01 vs. TNF alone by the protective effects on mortality observed with benzyda-
Dunnett’s test. mine given prophylactically can be reasonably explained by
the capacity of the drug to decrease the release of these
inflammatory cytokines from macrophages [7]. Such a
(Table 3); nevertheless, a 50% reduction in IL-1 lung contenteduction, however, can hardly explain by itself the
was observed in 3 out of 10 mice examined. improvement in survival obtained by administration of
benzydamine as late as 4 h after LPS injection. Nevertheless,
the paracrine function of TNF and the events at the cellular
Effects on TNF-induced cytotoxicity or tissue level associated with the release and activity of this
cytokine should be considered. In fact, Hadjiminas et al.
Figure 2 shows the effects of different concentrations ofhave detected significantly augmented TNF mRNA levels in
benzydamine on TNF-induced cytotoxicity in the TNF- various tissues (liver, spleen, lung) up to 6h after LPS
sensitive L929 cell line. Three different experiments wereinjection [10]. Moreover, as the IL-1 level is maximal at 3h
performed which all gave similar results. TNF alone inducedafter LPS injection and remains fairly elevated for several
death in about 70% of the plated cells, while the presence dfiours [15], the inhibiting activity of benzydamine on IL-1
benzydamine dramatically decreased the number of killedelease [7] could be responsible partially for its therapeutic
target cells. The protective effect was dose-dependent arafction. In line with this view, additional studies were
statistically significant at 50 and 1M (p < 0.01). designed to provide a possible explanation for the protective
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effects exerted by benzydamine when administered as late af?] Westphal O. Bacterial endotoxins. Int Arch Allergy Appl
4 h after endotoxin injection. Immunol 1975;49:1—43. , o o

In a series of experiments, the capacity of the product to (3 52050 2. [t T EBn £ T e It
reduce serum cytokine concentration on therapeutic admin- : ’ 590-RR0.
istration was examined. The results demonstrate that severaﬂ4] SETSC;O",I i?‘é‘};?ﬁ”;, %gfgn:rﬁeﬁgf ?,i,za%gg,%a?R Thompson RC.
hours after LPS injection TNF and ILglblood levels are Interleukin-1 receptor antagonist reduce mortality from endotoxin
still elevated in comparison to control mice and that the drug,  shock. Nature 1990;348:550—2.
administered at 4 h from endotoxin, can significantly lower [5] Cioli V, Corradino C, Scorza Barcellona P. Review of pharma-
both TNF and IL-B serum content measured 5 h after LPS - &Oiﬁgf%iatggz?gggﬁgamr;aér:g;;agsiiefezagrﬁiﬁ??Ze:\figsv—clnf”-
treatment. Furthermore, since an elevation of TNF and IL-1 o ' . : y

. ’ - clinical data. Int J Tiss Reac 1985;7:229-35.

Concen_trat'on has be.en feported in several prgans, Sl;'Ch aﬁ] Sironi M, Pozzi P, Polentarutti N, Benigni F, Coletta I, Gugliel-
lungs, liver or spleen, in the LPS-induced multi-organ failure motti A, et al. Inhibition of inflammatory cytokine production and
syndrome [10], the effects of benzydamine on lung cytokine  protection against septic shock by benzydamine. Cytokine 1996;
concentration were examined. The therapeutic administra-  8:710-6.
tion of the drug strikingly reduced TNF lung content [8] Matthews N, Neale ML. Cytotoxicity assay for tumor necrosis

measured 5h after LPS administration and also showed a factorandlymphotoxin. In: Clemens MJ, Morris AG, Gearing AJH,
editors. Lymphokines and Interferons: A practical approach.

partial effect on IL-B. , _ Oxford: IRL Press, 1987:221.
TNF is a protein which possesses cytotoxic and cytostatic (9] Bone RC. The pathogenesis of sepsis. Ann Intern Med

activity against a large variety of tumors and in particular 1991;115:457-69.

conditions, such as in response to endotoxin, is also cytotoxi€10] Hadjiminas DJ, McMaster KM, Peyton JM, Cheadle WG. Tissue
to normal tissues [3,16,17]. In order to better elucidate the  tumor necrosis factor mRNA expression following cecal ligation
mechanisms by which benzydamine may provide protection agg pugctuge or intraperitoneal injection of endotoxin. J Surg Res
. . ! H 1994,56:549-55.

in this endoFO.X'C shock model .Wher.] admlnlstered 4h after[ll] Noel P, Nelson S, Bokulic R, Bagby G, Lippton H, Lipscomb G,
LPS, the activity of the product in an in vitro TNF-dependent™ ~ gt a1, Pentoxifylline inhibits lipolysaccharide-induced serum
cytotoxicity test was analyzed. Such experiments showed  tumor necrosis factor and mortality. Life Sci 1990;47:1023-9.
that benzydamine is able to protect L929 fibroblast cells[12] Gadina M, Bertini R, Mengozzi M, Zandalasini M, Mantovani A,
from TNF-mediated lysis at concentrations which are Ghezzi P. Protective effect of chlorpromazine on endotoxin
comparable to those observed both in plasma and in inflamed toxicity and TNF production in glucocorticoid-sensitive and

; . h .. . glucocorticoid-resistant models of endotoxic shock. J Exp Med
tissues following systemic administration of the product 1991:173:1305-10.

[18,19]. . . [13] Schade UF, Engel R, Jakobs D. Differential protective activities
The overall results confirm and extend our previous  ° of site specific lipoxygenase inhibitors in endotoxic shock and
observations on the ability of the product to inhibit TNF- production of tumor necrosis factor. Int J Immunopharmacol

production after stimulation with LPS. Benzydamine, in fact, 1991;13:565-71.
besides reducing TNF and IL-1 concentrations in the generdft4] Hoffman WD, Suffredini F, Eichacker PQ, Danner RL. Selected

; ; . ; ; treatment strategies for septic shock based on proposed mecha-
circulation, was found to exert a similar action also in nisms of pathogenesis. Ann Intern Med 1994:120:771-83.

specific areatc” such as the lungs, which ar_e_ the pre_fere_ntl?iS] Evans GF, Snyder YM, Butler LD, Zuckerman SH. Differential
target organ in the shock syndrome. In addition, the in vitro™ ~ expression of interleukin-1 and tumor necrosis factor in murine
experiments on TNF-mediated cytoxicity show that the  septic shock models. Circ Shock 1989;29:279-90.
product is able to protect the cells from cytotoxic effects due[16] Carswell EA, Old LJ, Kassel RL, Green S, Fiore N, Williamson B.
to the massive TNF production that takes place in endotoxic ~ An endotoxin-induced serum factor that causes necrosis of tumors.
shock. However, it cannot be excluded that, besides activit - _'?rrggegaé' JACEZ Lil(z-:{rUBSALlogvcr?/;782|::366M6e_rr7y?/\./eather 3, Walpe S
ag.amSt cytokine formgtlon_ and_/or action, the therapeuti Milsark IV\/, etal. Shoc’kand tissue’injuryinduced by r’ecombinan’t
efficacy of benzydamine in this model may be due to  hyman cachetin. Science 1986;234:470-4.
additional mechanisms. [18] Catanese B, Grasso A, Silvestrini B. Studies on the absorption
It is worth stressing that although many different and elimination of benzydamine in the mouse, rat, dog and man.
compounds have been reported to decrease LPS-dependent Arzneim Forsch/Drug Res 1966;16:1354—7. o
inflammatory cytokine production both in vitro and in vivo [19] Giacalone E, Valzelli L. A method for the determination of

- .y . _ 1-benzyl-3[3-(dimethylamino)Propoxy]-1H-indazole (benzyda-
and/or to reduce mortality of endotoxin-treated animals [11 mine) in rat tissues. Med Pharmacol Exp 1966:15:1026.

13,20-22], tQ the besft of our knOWIedge'_ no deQS are[ZO] Moreira AL, Sampaio EP, Zmuidzinas A, Frindt P, Smith KA,
presently available which exert a therapeutic effect in this' ~ kaplan G. Thalidomide exerts its inhibitory action on tumor

experimental model. Hence, further work needs to be carried  necrosis facto by enhancing mRNA degradation. J Exp Med
out to better define the mode of action and the potential role = 1993;177:1675-80. )

of benzydamine as an anti-cytokine agent. In this respect, th#1] Novogrodsky A, Vanichkin A, Patya M, Gazit A, Osherov N,
results presented suggest therapeutic applications of this Levitski A. Prevention of lipopolysaccharide-induced lethal toxi-

ticinfl t d in di . hich cvtoki | city by tyrosine kinase inhibitors. Science 1994;264:1319-22.
antl-inflammatory drug In diséases In which cylokines p a'y[22] Proctor RA, Denlinger LC, Leventhal PS, Daugherty SK, van de

an etiopathogenetic or an amplification role. Loo JW, Tanke T, et al. Protection of mice from endotoxic death
by 2-methylthio-ATP. Proc Natl Acad Sci USA 1994;91:6017-20.
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