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Fig. 2 Effects of TJ-41 on BALF cell analysis in a LPS-induced
acute lung injury model. TJ-41 was administered for 8 weeks
before LPS challenge and then was continued to 120 h after LPS
challenge. BALF was collected and cell differentiation was
determined before and at the indicated times after the intranasal

Fig. 3 Effects of TJ-41 on KC concentration

administration of LPS, as described in Materials and Methods.
Data are presented as the mean + SEM (n = 5-10 in each group).

*p < 0.05 compared with the control mice at each time point
after LPS challenge

* p=0002
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peaked at 24 h after LPS challenge and thereafter
rapidly decreased (Fig. 3). This elevation was signifi-
cantly attenuated by the preadministration of TJ-41
(p = 0.002; Control: 390.17 + 79.37 pg/ml vs. TJ-41:
264.96 = 47.02 pg/ml) (Fig. 3). On the other hand, the
serum levels of GM-CSF in TJ-41-treated mice at 72 h
after LPS challenge tended to be lower than those in
untreated mice (p = 0.172; Control: 33.53 + 7.64 pg/ml
vs. TJ-41: 24.28 + 9.06 pg/ml).

Effects of TJ-41 on Histopathologic Changes

After LPS challenge, edematous thickening of alveolar
septa with the infiltration of neutrophils and macro-
phages and a few lymphocytes were observed
(Fig. 4B-D). Neutrophils also infiltrated the alveolar
space (Fig. 4B-D). At 24 h after LPS challenge, the
alveolar thickening and cellular infiltration became
most severe (Fig. 4B). After LPS challenge, alveolitis
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Fig. 4 Effects of TJ-41 on histopathologic changes in LPS-
induced acute lung injury model. Representative pictures of lung
tissue specimens from mice that received ordinary feed for 8
weeks (A-D) and those that received feed mixed with TJ-41 for
8 weeks (E-H). Histopathology was compared between the two
groups at 0 h (A, E), 24 h (B, F), 72 h (C, G), and 96 h (D, H)
after LPS challenge. No effect on the lung tissue findings was

and neutrophil infiltration in the alveolar space was
less severe in TJ-41-treated mice than in control mice
(Fig. 4F-H).

Discussion

Although Ohtake et al. [10, 11] demonstrated that the
oral administration of Sho-saiko-to ameliorated lung
injury induced by intranasal LPS instillation in BALB/
¢ mice, Ishizaki et al. [S] showed that Sho-saiko-to
tended to induce acute pneumonitis by allergic-
immunologic mechanisms in patients with chronic
active hepatitis. Indeed, in some cases, Shosaiko-to
leads to interstitial pneumonia, especially when used
together with IFN, and some cases become serious.
Therefore, we have tried to find other Japanese herbal
medicines that have a protective effect on ALI/ARDS
without such adverse effects. In this study we examined
the preventive effects of Hochu-ekki-to on an LPS-
induced ALI model. In BALF. the preadministration
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observed in mice that consumed feed mixed with TJ-41 for 8
weeks (E) compared with mice that consumed ordinary feed for
8 weeks (A). Alveolar thickening with the cellular infiltration of
monocytes, neutrophils, and a few lymphocytes and neutrophil
infiltration in the alveolar space are seen, particularly at 24 h
after LPS challenge (B, F); however, these features were less
severe in TJ-41-treated mice (F) [original x 100]

of TJ-41 caused a significant reduction in the total cells,
neutrophils, and macrophages. The preadministration
of TJ-41 significantly inhibited the increase in serum
KC concentration at 24 h after LPS challenge. Fur-
thermore, the histopathologic findings indicated that
alveolitis was less severe in TJ-41-treated mice than in
control mice. These findings suggest that the pread-
ministration of TJ-41 could be expected to show an
inhibitory effect on ALI/ARDS via the modulation of
proinflammatory cytokines.

Clinical and experimental studies have provided
circumstantial evidence of the occurrence of neutro-
phil-mediated injury in ALIVARDS. Histologic studies
of human lung specimens obtained early in the course
of the disorder show marked accumulation of neu-
trophils [16]. Neutrophils predominated in pulmonary
edema fiuid and BALF obtained from the affected
patients, and many animal models of ALI are neutro-
phil-dependent [16]. In the acute phase of ALVARDS,
neutrophils are shown to adhere to the injured capillary
endothelium and then migrate through the interstitium
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into the air space, which is filled with protein-rich
edema fluid. In the air space, alveolar macrophages
secret cytokines, IL-1, IL-6, IL-8, and IL-10 and TNF«,
all of which act locally to stimulate chemotaxis and
activate neutrophils [16]. As shown in Figure 3, the
serum levels of KC, which is a chemotaxin for neu-
trophils similar to human IL-§, in LPS-induced ALI
mice receiving TJ-41 were significantly lower than
those in control mice at 24 h after LPS challenge. These
reductions may have contributed to the decreased
neutrophil count in BALF of the LPS-induced ALI
model treated with TJ-41 (Fig. 2B). It is of interest that
KC production was affected by TJ-41, and a study of its
suppression mechanism is now underway.

As shown in Figure 2C, the preadministration of
TJ-41 caused a significant reduction in the macro-
phages in BALF of the LPS-induced ALI model. In
one study of BALF from patients with ALI/ARDS,
GM-CSF has been shown to increase [8]. GM-CSF is
thus considered to play a role in the proliferation,
differentiation, and survival of macrophages, while also
regulating the expansion and maturation of their pre-
cursors [1]. The serum levels of GM-CSF in TJ-41-
treated mice at 72 h after LPS challenge tend to be
lower than those in untreated mice but the difference is
not significant. The administration of TJ-41 decreased
BALF concentrations of GM-CSF after influenza virus
infection in mice [9]. We could not detect GM-CSF in
the BALF by ELISA at any time after LPS challenge
in our LPS-induced ALI model (data not shown).
Further analysis is thus required to investigate the
mechanism of the suppressive effect of TJ-41 on mac-
rophage infiltration in the lungs of LPS-induced injury.

One possible explanation for the preventive effect of
TJ-41 on ALI in this mouse model is its antioxidant
effect. We expect that TJ-41 suppresses ROS produc-
tion in an LPS-induced ALI model. We measured the
amount of LPO in the BALF and serum, which was an
indicator of oxidative stress [3]. The results of this
study, however, demonstrated that the serum and
BALF levels of LPO did not decrease in TJ-41-treated
mice. These findings suggest that TJ-41 might have
only a slight effect on ROS production in the lungs of
the LPS-induced ALI model.

In summary, the results of this study proved that the
preadministration of TJ-41 reduced LPS-induced ALI
in BALB/c mice. The ameliorating effects of neutrophil
infiltration on the lung seemed to be due to reduced KC
production by TJ-41. These findings suggest that the
preadministration of TJ-41 may therefore modulate the
process of ALI/ARDS via regulating proinflammatory
cytokine production. However, the precise mechanism
by which TJ-41 modulates proinflammatory cytokine

production remains obscure. Further studies are
required to elucidate this issue.
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