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1. FFEEORIE CETICAET 3 XRMNFR

I1-1. One-shot delayed-type hypersensitivity
reaction in the mouse liver causes a sus-
tained liver injury to picryl chloride

The developmental characteristics of liver injury
induced by a delayed-type hypersensitivity (DTH)
mechanism against picryl chloride were examined
for 9 consecutive weeks in 3 mouse strains, BALB/
¢, Kunming and ICR mice. The changes of most
biochemical parameters were similar in these three
strains, namely, the activities of serum tran-
saminases, lactic dehydrogenase, and prolidase
were elevated significantly on day 1, during the first
several weeks, and almost throughout the duration,
respectively, of liver injury. The content of liver
hydroxyproline was also increased after 1-9 weeks
of liver injury. In addition, a significant decrease of
liver weight, serum alkaline phosphatase and albu-
min level was observed in BALB/c and Kunming
mice. Similar changes in liver histology were also
found in the three strains. The hepatocellular ne-
crosis and inflammatory infiltration into the portal
area were the predominant features on day 1 and
were still distinct during the subsequent several
weeks. The mild or moderate hepatocellular degen-
eration, regeneration and connective tissue hyper-
plasia were observed after 1 or 3 weeks. A bridging
necrosis between portal and portal was observed in
several BALB/c and ICR mice, reflecting the possi-
bility of exacerbation of liver injury. These results
suggest that the liver injury could be caused and
sustained by a one-shot DTH reaction to picryl
chloride. The chronicity of the biochemical and
histopathological characteristics may be helpful in
elucidating the mechanisms of chronic development
of liver injury.

1-2. Role of CD4" and CD8* T cells in regulating
the chronic development of liver injury
induced by delayed-type hypersensitivity to
picryl chloride ‘

In this study we first investigated the cellular
immune responses in mice with chronic liver injury
induced by delayed-type hypersensitivity to picryl
chloride (PCl). A continuous reduction, after week
3 of liver injury, was observed in the level of PCI-

induced contact sensitivity but not in sheep red
blood cells-induced footpad reaction, suggesting the
presence of PCl-specific suppression. When spleen
cells from mice whose liver had been injured for 1
week were systemically transferred into syngeneic
recipients with the liver injury, the elevation in
serum lactic dehydrogenase and the decrease in
alkaline phosphatase and albumin levels in recipient
mice were significantly exacerbated. However,
when the liver damage in the donor mouse was
allowed to proceed for 3, 5 or 7 weeks, above
biochemical changes in recipients were recovered to
near normal levels. A flow cytometric assay demon-
strated that the number of CD4* T cells in both
spleen cells and liver nonparenchymal cells de-
creased dramatically during the late phase of liver
injury, while CD8* counts did not. These findings
suggest that CD4* and CD8* T lymphocytes may
contribute to the positive and negative regulation,
respectively, of the early and late phases in the
chronic development of liver injury.

I-3. LFA-1/ICAM-1 interaction is essentially
involved in the pathogenesis of delayed -
type hypersensitivity -induced liver injury
to picryl chloride

The kinetics of lymphocyte function associated
antigen 1 (LFA-1) expression on spleen cells (SPC)
and liver non-parenchymal cells (NPC), and inter-
cellular adhesion molecule 1 (ICAM-1) expression
on hepatocytes (HC) was examined in acute liver
injury mice induced by a DTH reaction to picryl
chloride (PCl). The peak expression of LFA-1 on

SPC was seen at 6 hr after eliciting liver injury, and

then that of LFA-1 on NPC and ICAM-1 on HC

appeared at 12 hr. Thereafter, the serum ALT ele-
vation reached to a peak at 18 hr. A splenectomy
before the PCI elicitation significantly reduced the

ALT elevation. Both SPC and NPC from liver

injury mice induced a remarkable release of ALT

from HC in wvitro, in parallel with their LFA-1
expression. The pretreatment of NPC or SPC with
anti-LFA-1 mAb, irrespective of the presence of
complement, completely blocked the ALT release.

Also, when HC was prebound with anti-ICAM-1

mADb, neither NPC nor SPC showed a cytotoxicity

against the HC. Furthermore, the treatment of NPC



with either anti-Thyl.2 or anti-CD4 mAb in the
presence but not absence of complement, showed a
complete abolishment of ALT release. Anti-CD8
mADb plus complement also tended to inhibit ALT
release. The twofold increase in CD4*LFA-1* and
mild increase in CD8* LFA-1* populations were
also confirmed in NPC at 12 hr. These results sug-
gest that PCl elicitation in liver may trigger an
increased expression of LFA-1 on SPC and NPC
and ICAM-1 on HC. LFA-1/ICAM-1 interaction
between liver-infiltrating NPC, mainly including
CD4* and CD8* T cells, and HC may be an essential
step for the hepatocyte damage in PCI-DTH liver
injury. HC reached a peak 12 hr after the eliciting.
After the peak, the expressions of both LFA-1 and

Peripheral
lymphoid organs

Fig. 1 Proposed process for hepatocyte damage in
PCI-DTH liver injury mice. PCl challenge in the
liver of PCl-sensitized mice may cause an in-
creased expression of both LFA-1 and ICAM-1
molecules. LFA-1-positive lymphocytes infiltrate
to the liver and enhance the expression of LFA-1
on NPC and ICAM-1 on HC. ICAM-1 expression
on HC may be up-regulated by Thl-like cytokines
such as IFN-y and IL-2. Liver-infiltrating NPC
induces HC damage through LFA-1/ICAM-1 inter-
action, leading to the ALT and AST elevation in
plasma and liver tissue damage. Such effector cells
are mainly CD4* and CD8* T cells.
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ICAM-1 were reduced and maintained in a level
slightly higher than that on 0 hr. The serum ALT
activity significantly elevated at 12 hr and reached a
peak at 18 hr after the challenge. These findings
indicate that the increased expression in LFA-1 on
SPC and NPC as well as in ICAM-1 on HC may be
linked to the production of liver injury (Fig. 1).
I1-4. Role of Thl and Th2 cytokines in regulat-
ing the liver injury induced by delayed-type
hypersensitivity to picryl chloride
The present study observed an interesting
kinetics of several Thl and Th2-like cytokines in
the liver injury model induced by DTH reaction to
picryl chloride. Serum IL-2 and IFN-y appeared in
the earlier stage with a peak productibn at 6 and 12
hr, while IL-5 and IL-4 reached their maximum
levels at 18 and 24 hr of liver injury, respectively. By
means of the co-culture assay between liver nonpar-
enchymal cells (NPC) and hepatocytes (HC), both
recombinant murine IFN-y and IL-2 triggered the
interaction between NPC or spleen cells and HC at
0 hr of liver injury and consequently led to a
remarkable elevation of ALT in co-culture super-
natant, with an enhancement in expressions of both
LFA-1 on NPC and ICAM-1 on HC. Oppositely, the
10 hr-preincubation with IL-4 and IL-5 of NPC at
12 hr of liver injury completely abolished its he-
patotoxicity without influencing the expressions of
adhesion molecules. These results suggest that there
is an involvement of Thl and Th2 regulatory sys-
tem in this liver injury, respectively contributing to
the up- and down-regulation of hepatic damage.
The acquisition of the hepatotoxic potential for
liver-infiltrating cells by IL-2 and IFN-y may be
associated with the enhancement in the expressions
of both LFA-1 and ICAM-1, and the roles of 1L-4
and IL-5 might be reflected in the induction of the
functional dysregulation of NPC. Such Thl and Th2
balance may critically contribute to the production
of or recovery from the liver injury.

II. PCI-DTH FFEZZEMFMEFLELTD
FRHS SUFRHERRD new strategy

II-1. Liver injury model induced in mice by a

cellular immunologic mechanism — Study

for use in immunopharmacological evalua-
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tions
Various drugs for clinical hepatitis were applied
to a new model of liver injury induced in mice by the
delayed-type hypersensitivity to picryl chloride

(PCI-DTH). The hepatoprotective agent, biphenyl

dimethyl dicarboxylate showed a remarkable

improvement against the elevation of serum tran-
saminase levels as well as the histopathological
changes when given during the induction phase but
not during the effector phase.of DTH reaction.

Cyclophosphamide (Cy), an immunosuppressive

agent, significantly inhibited the enzymatic eleva-

tion given in both induction and effector phases.

However, Cy did not affect the sustaining of liver

injury 4 weeks after the liver injury eliciting. More-

over, the consecutive administration of prednisolone

(Pred), in both induction phase and sustaining proc-

ess of liver injury, conversely caused a more severe

liver damage. Such exacerbation by Pred might be
resulted from its toxic action to hepatocytes. As an
immunomodulatory and antiinflammatory agent,
glycyrrhizin remarkably improved the sustaining
process but not the acute phase of the liver injury.

Krestin and malotilate also showed an improving

effect on the sustaining development of liver injury.

These findings that most of above drugs showed an

improving action in their respective manner suggest

that this model may be useful for the phar-

macological evaluation of drugs especially im-

munomodulating agents for hepatitis.

II-2. A new strategy for regulating the im-
munological liver injury —Effectiveness of
DTH-inhibiting agents on DTH-induced
liver injury to picryl chloride

Aqueous extracts from various crude drugs show-
ing a selective inhibition on the induction or effector
phase of delayed-type hypersensitivity (DTH) reac-
tion were applied to the new model of liver injury
induced in mice by picryl chloride (PCl)-induced

DTH. The inhibiting drugs to the induction phase of

DTH, Fructus triburi (FT) and Er-Miao-San

(EMS), showed a remarkable improvement against

the elevation in serum transaminase levels as well

as in histopathological changes when given during
this phase. The administration in effector phase by

Rhizoma Swiilacis glabrae (RSG) and Cortex

Dictamni (CD), selectively inhibiting the phase of
DTH, also significantly improved the liver damage.
In addition, RSG and CD showed an almost com-
plete recovery of serum alkaline phosphatase from
a persistent decrease in the sustaining process of
liver injury when given consecutively for 4 weeks
after the elicitation of liver injury. Cyclophos-
phamide, an immunosuppressive agent, significantly
inhibited the enzymatic elevation given in either of
the phases, while did not affect the sustaining of
liver injury. When above extracts were given in a
combined manner to a same mouse during these two
phases, reépectively, FT with RSG and EMS with
CD showed a distinct synergism against the liver
injury. RSG or CD also enhanced the activity of
prednisolone in suppressing PCl-induced ear con-
tact sensitivity. These findings suggest that this
immunological liver injury may be regulated by a
set of selective suppressants to DTH reaction and
the suitable application of such agents may pave a
new strategy for treating liver damage.

M. PEEEREE LV €DK S astilbin DEKIEF
HRUFEEICHT 35 L WEAER

[-1. A selective dysfunction of liver-infiltrating
cells that cause hepatocyte damage by astil-

bin, a flavanoid isolated from Rhizoma
Smilacis Glabrae, contributing to a new

way of hepatoprotection from liver injury

The present study demonstrated that astilbin, a
flavanoid isolated from Rhizoma Swmilacis Glabrae
(RSG), and aqueous extract from RSG (RSG ext)
significantly improved the liver injury induced by
DTH reaction to picryl chloride in mice, when
administered during the effector but not induction
phase. Their selective activity was associated with
the dysfunction of liver nonparenchymal cells
(NPC) that cause hepatocyte (HC) damage.
Against the release in culture supernatant of tran-
saminases from HC by NPC from liver injured
mice, the pretreatment of NPC with the drugs
caused a concentration- and time-dependent inhibi-
tion. Such dysfunction was also confirmed in astil-
bin or RSG ext-administered mice, where NPC
isolated from the mice showed a significant incom-
petence of hepatotoxicity i wvitro, as well correlat-



ed with the inhibition of serum ALT elevation.
When the pretreatment was performed on HC,
however, neither astilbin nor RSG ext blocked the
hepatotoxicity. Similarly, 6-day preventive adminis-
tration of them failed to protect CCl,-induced liver
damage in mice. Furthermore, astilbin or RSG ext
significantly promoted the apoptosis of NPC at 12
hr of liver injury, whereas did not influence the NPC
and spleen. cells from naive mice. These results
suggest that astilbin displays the improving activity
against liver injury through a selective dysfunction
of liver-infiltrating cells rather than through the
hepatoprotective manner so far, and is one of the
effective principles contained in RSG. Such charac-
teristics of astilbin will be of significance to pave a
new way for the therapy of immunologically -
related liver diseases and for the development of
new drugs.
[I-2. Anti-inflammatory activity of the aqueous
extract from Rhizoma Swiilacis glabrae
Our previous paper has reported that the aqueous
extract from Rhizoma Swilacis glabrae (RSG)
(RSG ext) selectively inhibited the effector phase
of delayed-type hypersensitivity (DTH) without
suppressing humoral immune response. In the pres-
ent study, a remarkable inhibitory activity was
exhibited by the extract against both primary and
secondary hind paw swelling of adjuvant arthritis in
rats. RSG ext also significantly reduced the inflam-
matory edema induced by carrageenan in either
naive or bilaterally adrenalectomized rats, suggest-
ing the independence of the anti-inflammatory
action on the function of pituitary-adrenal axis.
The PGE, content in the carrageenan-induced
inflammatory tissue was also decreased remarkably
by the extract. Furthermore, RSG ext showed a
distinct inhibition on the formation of cotton-in-
duced granuloma formation. However, as compared
with a steroidal agent, prednisolone, the extract did
not affect the vitamin C content in adrenal gland as
well as the weights of some organs. These results
suggest that RSG ext may act as a therapeutic
agent of immunoinflammatory diseases through a
selective suppression on the cellular immune
response involved in inflammations as well as
through a direct anti-inflammatory mechanism in-
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cluding inhibiting PGE,.
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