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Protection by boswellic acids against galactosamine/endotoxin-induced hepatitis in
mice

(Received 20 September 1990; accepted 4 January 1991)

In the preceding communication of this series we reported
that crude ethanolic extracts of the gum resin exudate from
Boswellia serrata [1] inhibited by leukotriene B, (LTB,)
production from endogenous arachidonic acid by rat per-
itoneal polymorphonuclear leukocytes in vitro, most likely
by decreasing the activity of the 5-lipoxygenase (5-LO).
We identified boswellic acids as the active principle (manu-
script in preparation). However, it is not clear whether such
an effect can also be observed in an in vivo animal model
after oral administration of the drug.

Recent reports showed that administration of endotoxin
to rats led to an increase of leukotriene secretion into the
bile (2] and that leukotriene synthesis and action inhibitors
exerted protective effects against galactosamine/endo-
toxin-induced lethality [3] and hepatitis [4] in mice in vivo.
The liver damage biochemically is evidenced by increases
in serum sorbitoldehydrogenase (SDH), aspartate amino-
transferase (SGOT) and alanine aminotransferase (SGPT)
activities [4].

In the present study, we investigated the in vivo effect
of the acetyl-boswellic acids (ac-BA) after oral application

on the galactosamine/salmonella endotoxin-induced liver
damage in mice. The data indicate that pretreatment by
ac-BA 1hr before the intoxication substantially reduced
increased levels of serum enzyme activities.

Materials and Niethods

D-Galactosamine HCI (GalN) was purchased from Serva
(Heidelberg, F.R.G.), endotoxin (Salmonella abortus equi
lipolysaccharide) from Sebak (Berlin, F.R.G.) and sodium-
heparin from Braun (Melsungen, F.R.G.).

The acetyl-boswellic acids (ac-BA) tested in this study
were isolated from the gum resin of Boswellia serrata
according to Winterstein and Stein [5] and characterized
by 'TH-NMR, MS,i.r. and UV-spectra (manuscript in prep-
aration). The ac-BA mixture applied in the present study
was composed of acetyl-B-BA (95%), acetyl-a-BA (2%)
and acetyl-11-keto-$-BA (3%).

Male albino mice (han-NMRI) were purchased from the
Zentralinstitut fur Versuchstiere (Hannover, F.R.G.) and
kept on standard diet (Altromin, Lage, F.R.G.) with free
access to food and water under 12 hr dark/light rhythm.
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Their average weight was 32 g. GalN/endotoxin-evoked
hepatitis was induced according to Wendel and Tiegs [4].
Briefly, tested drugs suspended in tylose or vehicle (1%
tylose) were orally applied 1 hr before the intraperitoneal
injection of 700 mg/kg GalN and 33 ug/kg salmonella endo-
toxin as a mixture in phosphate buffered saline. After 8 hr
blood was withdrawn from the arteria carotis externa into
2.5% heparin. Serum aspartate aminotransferase (SGOT)
and alanine aminotransferase (SGPT) activities were quan-
tified with commercial kits from Boehringer Mannheim
(F.R.G.), and sorbitole dehydrogenase (SDH) according
to Gerlach [6]. Data are given as means *+ SD. Statistical
significance was evaluated according to Student’s t-test.

Results and Discussion

As demonstrated by the data of Fig. 1A and previously
reported by others [4] the intraperitoneal administration of
GalN/endotoxin dramatically increased SGOT roughly by
10 times within 8 hr compared to the serum enzyme activity
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Fig. 1. Protection by oral acetyl-boswellic acids (ac-BA)
pretreatment against galactosamine/endotoxin-induced
hepatitis in mice: SGPT (A), SGOT (B) and SDH levels
(C). Galactosamine (700 mg/kg) and endotoxin (33 ug/kg)
were injected intraperitoneally as a' mixture in phosphate-
buffered saline. Serum enzyme activities were assayed after
8hr and expressed as units/L (means * SD; number of
observations in parentheses). Ac-BA in tylose or tylose
were orally applied 1 hr prior to the galactosamine/endo-
toxin injection. *P =<0.001 vs non-treated  animals;
** P =< 0.001 vs tylose controls.
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in untreated animals. In parallel, the SGPT activity had
risen from 30 to 2520 units/L (Fig. 1B) and the serum SDH
from 10 to 1320 units/L (Fig. 1D). When pretreated 1 hr
before the application of GalN/endotoxin, ac-BA (1500
mg/kg body wt) substantially and significantly reduced the
increase in the activities of SGOT, SGPT and SDH (Fig.
1A-C).

It was demonstrated previously that the in vivo model
used here is sensitive to modulators of eicosanoid metab-
olism which inhibit the formation of leukotrienes (LT),
whereas compounds which preferentially block the cycloxy-
genase product formation such as aspirin or ibuprofen have
no effect on GalN/endotoxin-induced liver injury {2, 4]. It
was shown that crude ethanolic extracts of the gum resin
of Boswellia serrata [1] as well as purified boswellic acids
(manuscript in preparation) inhibit in vitro the production
of LT type mediators of inflammation, most likely by
decreasing directly the activity of the key enzyme for the
synthesis of LT metabolites from arachidonic acid. There-
fore, we suggest that the prevention of the signs of GalN/
endotoxin-induced hepatitis by ac-BA might be related to
its ability to inhibit the 5-lipoxygenase pathway. In line
with this interpretation, established 5-LO inhibitors (i.e.
diethylcarbamazine and ebselen) were reported to be effec-
tive in this inflammatory model. In conclusion, our findings
indicate that the inhibition of leukotriene formation may
underlie the hepatoprotective as well as the anti-inflam-
matory activity of boswellic acids.

Insummary, intraperitoneal application of galactosamine
and salmonella endotoxin caused acute liver injury in male
albino NMRI mice. Within 8 hr serum sorbitoldehydro-
genase (SDH), aspartate aminotransferase (SGOT) and
alanine aminotransferase (SGPT) activities had risen from
10 to 1330, from 170 to 1700 and from 30 to 2520 units/L,
respectively. When perorally given 1 hr before the intoxi-
cation with galactosamine/endotoxin acetyl-boswellic acid
isolated from the gum resin exudate of Boswellia serrata
potently and significantly reduced serum enzyme activities.
Since it is known that cyclooxygenase pathway inhibitors
are not effective in this in vivo animal model the protection
by acetyl-boswellic acids is interpreted in terms of their
recently recognized ability to inhibit the formation of leuko-
trienes.
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