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ABSTRACT

AIM: To observe whether challenge of bacterial lipopolysaccharide (LPS) with D-galactosamine (D-GalN) in mice
will result in apoptotic characteristic of vital organs.  METHODS:  The experimental group of mice was challenged
directly with bacterial LPS (0.05 µg) in the presence of D-GalN (20 mg), and the control group of mice was
challenged either with bacterial LPS or with D-GalN alone.  The organs including brain, kidney, heart, spleen, lung,
and liver were removed at an indicated time point under ether anethesia, and immediately homogenized, from which
DNA was extracted.  The DNA obtained from these organs was analyzed by agarose gel electrophoresis to deter-
mine whether the DNA laddering phenomenon existed.  The amount of plasma LDH and GOT was detected in mice
challenged with bacterial LPS in the presence of D-GalN, and either bacterial LPS or D-GalN alone.  RESULTS:
Apoptotic DNA fragmentation was initially seen at 4 h after challenge only in the livers of mice challenged with
bacterial LPS and D-GalN, all mice in this group challenged with bacterial LPS and D-GalN died at 7 h after
challenge; in contrast, the animals in the control group were all alive and the DNA was integral.  CONCLUSION:
The liver is the only specific target organ where apoptotic DNA fragmentation was present in mice treated with
D-GalN and challenged with bacterial LPS and the liver impairment might be the critical cause of the lethality of
mice elicited by bacterial LPS.

INTRODUCTION

Bacterial lipopolysaccharide (LPS) is a component
located in Gram-negative bacteria wall.  It usually leads
to a high lethality due ultimately to the development of
sepsis and shock.  However, there is much significant
discrepancy between various species of experimental
animals after application of purified bacterial LPS upon
these animals, even in the same animal species.  Galanos[1]

reported that simultaneously administering the experi-
mental animals with D-galactosamine (D-GalN) was able
to tremendously increase the sensitivity of these ani-
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mals to lethality of bacterial LPS, thereafter to extremely
decrease the amount of bacterial LPS from 100 µg to
0.001 µg (ie, D-GalN is able to increase the sensitivity
of mice to bacterial LPS up to 100 000-fold).  The
present study was designed to observe whether
lethality of mice treated with D-GalN and challenged
with non-lethal amount of bacterial LPS (0.05 µg) was
due to concomitance of characteristic DNA fragmen-
tation of apoptosis in some vital organs.

MATERIALS AND METHODS

Chemicals  Bacterial LPS was prepared from
Salmonella abortus equi[2]. D-GalN hydrochloride,
phenol, and chloroform were purchased from Carl Roth
Company (Karlsruhe, Germany), and ethanol from JT
Baker B V-Devente Company (the Netherlands).

Mice  Mice were handled, and cared for in accor-
dance with the Guide for the Care and Use of Labora-
tory Animals in Germany, as legally required.  The ex-
perimental protocol was carried out in compliance with
Germany regulations and with local ethical committee
guidelines for animal research.  In this study, C57BL10/
ScSn (ScSn), 10-week-old mice weighing approximately
22-25 g of both sexes were used and were housed in
stainless steel wire cages with free access to food and
water under specific pathogen-free conditions (SPF)
of the Max-Planck Institute für Immunobiologie.  There
was no difference in either male or female of mice in
this model.  After about a one-week equilibration period,
the animals were randomly divided into 6 groups for
experiment.

Challenge of D-GalN-treated mice with bacte-
rial LPS, lethality and induction of DNA fragmen-
tation  In this study, all reagents, including D-GalN
and bacterial LPS were dissolved in PBS buffer (pH
7.2, Gibco BRL, Freiburg, Germany) with pyrogen-free.
D-GalN (20 mg) and bacterial LPS (0.05 µg) were

mixed into a total volume of 200 µL and injected via
lateral tail vein in the experimental group; in the control
group, the mice were administered with a total volume
of either bacterial LPS (0.05 µg) or D-GalN (20 mg).
In some experiments, the organs of interest were timely
removed with time-course of lethality and emergence
of characteristic apoptotic DNA fragmentation in mice
challenged with bacterial LPS plus D-GalN, while in
the other experiment, the organs of interest were re-
moved 6 h after challenge with bacterial LPS in the
presence of D-GalN.  Blood was collected under ether

anesthesia by puncturing the axillary vessels; plasma
thereof was prepared and stored at -80 ºC until assay.

Removal of organs from mice and homogeni-
zation  The organs of interest (liver, spleen, lung, heart,
kidney, and brain) were removed under ether anesthesia,
and placed in 1 mL of lysis buffer solution [Tris-HCl 10
mmol/L, pH 7.5, ethylene diaminetetraacetic acid 100
mmol/L, SDS 0.5 %, 0.1 mg/L proteinase K (Merck,
Heidelberg, Germany), which was added shortly be-
fore use] and immediately pressed with the flat end of a
sterile syringe piston through a metal mesh placed on
ice.  Alternatively, the organs were placed in a glass
homogenizer containing 1 mL of lysis buffer, and ho-
mogenized at a high-speed vortexing on ice for 5 min.
The suspensions were kept at -40 ºC until DNA
extraction.

Extraction and preparation of RNA-free DNA
Usually 0.4 mL of the homogenized organ suspension
described above was used for DNA extraction.  The
extraction procedure used was basically described as
the literature[3].  DNA from each sample was extracted
twice with phenol, once with phenol-chloroform-isoamyl
alcohol (PCI, 25:24:1; v:v:v) and once with chloroform.
The procedure was detailed as follows: an equal vol-
ume of phenol (0.4 mL) was added to 0.4 mL suspen-
sion of homogenized organ, and mixed well by vortexing
vigorously for 5 min.  After centrifugation at 17 300×g
at 4 ºC for 10 min, the supernatant (aqueous phase) con-
taining DNA was pipetted into a clean microcentrifuge
tube.  To this an equal volume of phenol was added and
extraction repeated as described above.  The resulting
supernatant was extracted once with PCI and once with
chloroform to remove residual phenol.  After centrifu-
gation at 17 300×g,4 ºC for 10 min, the supernatant
was transferred to a clean tube and DNA precipitated
by adding 2.5 volumes of absolute ethanol and sodium
acetate to a final concentration of 0.3 mol/L and kept at
-20 ºC for 30 min (or overnight).  Then it was centri-
fuged (17 300×g at 4 ºC for 10 min) and pellet dis-
solved in TE buffer (Tris-HCL 10 mmol/L, pH 7.4,
ethylene diaminetetraacetic acid 1 mmol/L, pH 8.0) con-
taining RNase (0.1 mg/L) at 37 ºC for 1 h.  Subsequently,
the suspension was re-extracted once with phenol, PCI
and chloroform, and precipitated as described above.
Finally, the concentration of DNA was measured in a
spectrophotometer (PM6, Zeiss, Jena, Germany).

Analysis of DNA ladder by agarose gel elec-
trophoresis Before electrophoresis, the DNA concen-
tration of samples was adjusted to the approximately
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equivalent concentration.  Usually 2-3 µg of DNA sample
was mixed with loading buffer (40 % sucrose, 0.25 %
xylene cyanol, 0.25 % bromophenol blue) and placed in
the well of agarose gel.  The gel agarose (1.5 %, w/v)
in electrophoresis buffer (Tris-botalic-ethylene diamine-
tetraacetic acid buffer) was run at 100 volt until the
purple tracer marker migrated to approximately 2 cm
before the end of the gel.  The gels stained with ethidium
bromide (Sigma) at a concentration of 2 µg/L were pho-
tographed under UV light using a Mitrubishi Video Copy
Processor (Gibco BRL, Heidelberg, Germany), and the
graphs were stored in a magnetic disc.  Alternatively
the photos were printed out directly for immediate analy-
sis of the results.

TNFα bioassay  Plasma TNFα was measured in
a cytotoxicity test using a TNF-sensitive L929 cell line
in the presence of actinomycin D as described previ-
ously[4].  The detection limit of the assay was 50 pg
TNF per mL plasma.

Assay of lactate dehydrogenase (LDH) and
glutamic-oxaloacetic transaminase (GOT) in mice
plasma  ScSn mice were challenged with 0.05 µg of
bacterial LPS alone or with D-GalN (20 mg), and/or
combination of both for 5 h, and exsanguinated under
ether anesthesia.  Plasma was collected and the amount
of plasma LDH and GOT was detected by automated
clinical chemistry analyzers (Roche/Hitachi 917,
Mannheim, Germany) according to the instruction of
the manufacturer in the central laboratory, Freiburg Klinik
Medical Centre.  Samples in triplicate were diluted with
PBS (Gibco BRL, Heidelberg, Germany) before assay.

Statistical analysis  Values were expressed as
mean±SD and compared with Student’s t-test.  A P
value of less than 0.05 was considered significant, and
a P value of less than 0.01 as highly significant.

RESULTS

DNA fragmentation analysis  In order to ob-
serve whether there was apoptotic phenomenon in some
vital organs of the mice challenged with non-lethal
amount of bacterial LPS in the presence of D-GalN, the
animals in the experimental group (n=6 each group)
were directly challenged with bacterial LPS (0.05 µg)
plus D-GalN (20 mg).  An obvious haemorrhagic lesion
was seen in liver.  When the samples containing DNA
extracted from the selected organs of interest, includ-
ing liver, spleen, lung, kidney, heart, and brain were
run through agar-gel electrophoresis, the phenomenon

of DNA fragmentation was seen only in liver, not in
other organs (spleen, lung, kidney, heart, and brain) of
those mice challenged with a non-lethal amount of bac-
terial LPS in the presence of D-GalN (Fig 1A).  On the
contrary in the control group of mice challenged either
with bacterial LPS (0.05 µg) or with D-GalN (20 mg)
alone, DNA fragmentation was also absent in the or-
gans of interest including spleen, lung, kidney, heart,
and brain (Fig 1B).  It was clearly indicated that liver
was a vital target organ accompanying characteristi-
cally with apoptotic DNA fragmentation in mice.

Time-course in the onset of DNA fragmenta-
tion of D-GalN-treated mice challenged with bacte-
rial LPS  After challenge with bacterial LPS (0.05 µg)
in the D-GalN (20 mg)-treated mice, the DNA frag-
mentation in liver of the affected mice was not seen at
3 h.  Up to 4 h after challenge, a little part of DNA from
liver of the affected mice was fragmented, and with the
time forward, DNA in liver of the affected mice chal-
lenged with bacterial LPS in the presence of D-GalN
was amputated off completely.  At 5 h after injection of
bacterial LPS and D-GalN, a typical DNA laddering
phenomenon was seen in these mice (Fig 2).

Increased release of LDH and GOT in mice
challenged with bacterial LPS/D-GalN  A macro-
scopically hemorrhagic lesion of liver was acompanied
with detectable DNA fragmentation in mice challenged
with bacterial LPS/D-GalN. To evaluate whether it was
simultaneously involved in the impact of plasma con-

Fig 1.  Organ specificity of LPS-induced DNA fragmenta-
tion in D-GalN-sensitized mice.  Organs in part A and B
from left to right were: brain (lane 1), kidney (lane 2), heart
(lane 3), spleen (lane 4), lung (lane 5), and liver (lane 6).
A:  Challenged with LPS plus D-GalN; B: Challenged with
D-GalN only.
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tent of LDH and GOT, the activity of plasma LDH and
GOT was determined in this sutdy.

After challenge with bacterial LPS and D-GalN,
plasma LDH was (1146±305) U/L and GOT was
(256±72) U/L.  However, in the control group, chal-
lenged with bacterial LPS (0.05 µg) alone, plamsa LDH
was (178±58) U/L, and GOT was (86±7) U/L, while in
the control group challenged with D-GalN alone, plasma
LDH was (278±58) U/L and GOT was (133±3) U/L.
The difference of plasma LDH and GOT between the
experimental and control groups was significantly dif-
ferent (P<0.01, Fig 3) .  The results indicated that in-
creased  release of LDH and GOT from liver into plasma
in mice challenged with bacterial LPS and D-GalN was
intimately related to the onset of apoptotic reaction in
liver.

Lethality of mice challenged with D-GalN and
non-lethal amount of bacterial LPS  There was no
lethality (up to 24 h after challenge) in the control group
challenged either with bacterial LPS or with D-GalN
alone.  However, all mice in the experimental group
challenged with bacterial LPS and D-GalN died at 7 h
after challenge.  The results showed that lethality of
mice was intimately correlated with hepatic lesion with
onset of apoptotic DNA fragmentation (Tab 1) .

DISCUSSION

LPS is an important pathogenic substance exist-
ing in the cell wall of Gram-negative bacteria.  Injection

of purified bacterial LPS in experimental animals such
as mice is capable of imitating the pathogenesis during
the infection by Gram-negative bacteria.  It is clear cur-
rently that LPS molecules do not directly induce the
pathogenesis roles, but rather their effects are caused
indirectly through the action of endogenous mediators,
such as TNFα[5,6] that is produced after interaction of
bacterial LPS with specific targets in the organism.  Yet,
in this study, the activity of plasma TNFα was not de-
tectable (data not shown) due to the low amount of
bacterial LPS (0.05 µg only) applied.  The reason may
be that LPS was insufficient to induce these mice to

Tab 1.  A striking correlation between lethality of the mice
challenged with non-lethal amounts of bacterial LPS plus
D-GalN and DNA fragmentation in liver.

     Challenge          Lethality (dead/total)    DNA fragmentation

                    in liver

LPS/D-GalN 6/6 +
LPS 0/6 –
D-GalN 0/6 –

+ fragmentation present; – fragmentation absent.

Fig 3.  Increased release of LDH and GOT in mice treated
with LPS plus D-GalN.  Plasma level of LDH (A) or GOT (B)
in ScSn mice 5 h after challenge with LPS (0.05 µg) in the
presence of D-GalN, and with LPS or D-GalN alone were
analyzed.  n=6.  Mean±SD.  cP<0.01 vs  LPS or D-GalN alone
group.

Fig 2.  Kinetic experiment of DNA fragmentation in
C57BL10/ScSn mice challenged with LPS plus D-GalN.
C57BL10/ScSn mice were challenged with LPS (0.05 µg)
plus D-GalN (20 mg) for different time. Livers were re-
moved after sacrificing the mice under ether anethesia at
the indicated time point. About 3 µg of purified DNA in
each lane was electrophoresed in agarose-gel. Lane 1, 2: 3 h;
Lane 3, 4: 4 h; Lane 5, 6: 5 h after challenge, respectively.
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produce free forms of TNFα in circulation, though it
was still able to produce local TNF molecules in liver,
in particular by Kupffer cells, which was not deter-
mined in this study.  Much rationally, when TNFR2

deficient mice (TNFR2-/-) were challenged with the
equivalent amounts of both LPS and D-GalN, as was
applied in ScSn mice, both DNA fragmentation in liver
and the lethality of mice were still present (data not
shown), suggesting that lethality of mice and DNA frag-
mentation in liver were involved with TNFα molecules
which were further signalled through TNF receptor 1.

It is known that biopharmacological effects of
D-GalN are confined to hepatocytes, which is due to
the lower level of uridine triphosphate (UTP) in liver[7].
This decrement impairs biosynthesis of RNA and other
macromolecular cell constituents (such as membrane
glycoproteins and glycogen), resulting in damage and
ultimate death of hepatocytes, and therefore greatly in-
creasing the sensitivity of mice not only to bacterial
LPS, but also to TNFα[1,8-10].  However whether the
lower level of UTP in liver by D-GalN also causes dam-
age to protective proteins in liver at either transcrip-
tional site or translation level, is merely assumption so
far.  Nevertheless, in the case of mice challenged with
bacterial LPS/D-GalN, these results in both DNA frag-
mentation in liver and lethality of the affected mice sug-
gested that there was a close correlation between hem-
orrhage of the damaged liver and apoptosis in liver in
the affected mice.

DNA fragmentation is a vital characteristic in
apoptosis.  With respect to the mechanism, it has been
known that there are plenty of species of endogenous
DNases existing as a status of zymogen in the cytoplasm.
DNase molecules can recognize a specific sequence
between adjacent chromosomes.  When the zymogen
of a given DNase is activated, DNA molecules within
cells will be chopped up into various fragments with
different lengths, thus leading to DNA fragments with
180-200 bp and their integral times, where a typical
DNA laddering can be seen[11-13] in agarose-gel after
electrophoresis, which has been regarded as a vital
marker in apoptosis that is distinctively different from
necrosis.  In this study, separate exposure of mice to a
non-lethal amount of bacterial LPS or D-GalN was not
able to induce DNA fragmentation in liver, DNA frag-
mentation can only be seen in the case of combination
of both non-lethal amount of bacterial LPS and D-GalN.
There is no clear evidence whether the effect of D-GalN
can influence the activity of zymogen, such as turning

into activated DNase, or, increasing their activity fol-
lowing application of such lower amount of bacterial
LPS.  And further studies may be necessary.  Generally,
however, if there is an individual cell with demise via
apoptosis, its content would not release, but rather it is
engulfed by some adjacent cells such as macrophages,
epithelial cells.  Thus, after application of non-lethal
amounts of bacterial LPS in the presence of D-GalN in
this experiment, the releasable contents of LDH, GOT
into circulation were significant higher than those in
control group challenged with either bacterial LPS or
D-GalN alone.  The possible cause might be that injury
to hepatocyte progress due to from initial apoptosis to
secondary necrosis, ultimately destroying the integrity
of cytoplasmic membrane in liver.

The lethality in concomitance with the character-
istic marker of apoptotic DNA fragmentation in liver of
mice treated by D-GalN and challenged with a non-
lethal amount of bacterial LPS may be of clinical
implication.  Bacterial LPS usually abundantly existing
in the gastrointestinal tract and permeating into the in-
testinal barrier[14] and entering the circulation via the
portal vein in some special situations, may become the
cause of severe complications, such as multi-organ
failure, in which the Kupffer cells may be activated by
a minute amount of bacterial LPS and production of
local TNF (free form and bound form of TNF
molecules), leading to fulminating hepatic necrosis, dis-
seminated intra-vascular coagulation (DIC), shock and
even ultimate death[15,16], especially in individuals who
have been administered with some chemicals or infected
simultaneously with virus which usually disturbs the
synthesis of proteins including some proteins with vital
function in host cells.  Both cases are capable of
affecting, and even increasing the reactivity of liver to
bacterial LPS and/or TNF in given individuals.  How-
ever actual mechanism of mortality in some individuals
needs to be further elucidated, especially in those who
are infected by Gram-negative bacteria and simulta-
neously by Gram-positive bacteria.
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