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Abstract

Oral administration of Kakkon-to (KT) (5.0 mg per mouse three times daily), a herbal medicine, for 8 days from 1

day before influenza virus infection exhibited therapeutic efficacy in the infected mice. The effect of KT-treatment on

the levels of cytokines, especially interleukin (IL)-12, was evaluated in the early phase of infection. KT was significantly

effective in reducing the weight loss of infected mice, prolonging their survival times and reducing mortality. In infected

mice administered with KT, virus yield in the bronchoalveolar lavage fluid (BALF) of lungs was significantly lower

than that in the control on day 3 after infection. On day 2 after infection, only the level of IL-12 in the BALF increased

significantly in KT-administered mice as compared with the control. Thus the significant enhancement of IL-12

correlated with the reduction of virus yields in BALF in the early phase of infection. This suggested a key role of IL-12

in the alleviation of influenza in the KT-treated mice. # 2002 Elsevier Science B.V. All rights reserved.
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Interleukin (IL)-12 has been shown to contri-

bute to the development and activation of the

innate immune response and the inhibition of virus

replication in the early phase of influenza infection

in mice (Monteiro et al., 1998). We have pre-

viously shown that the augmentation of IL-12

production or administration of supplementary

IL-12 at the optimal dose and timing in the

respiratory tract of influenza virus-infected mice

is significant in reducing virus yield in the bronch-

oalveolar lavage fluid (BALF) in early influenza

infection and played a role in the alleviation of

influenza (Tsurita et al., 2001). The augmentation

of IL-12 level in the early phase of influenza

infection has been verified to be important in

alleviation of the infection.

Cytokines, such as IL-12 inducing Th1 immune

response, interferon (IFN)-g as a Th1 cytokine,

IL-4 and -10 as Th2 cytokines and IL-1a, IL-1b,

IL-6 and tumor necrosis factor (TNF)-a as in-
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flammatory cytokines, have been shown to be
produced locally and systemically in influenza

infection models in animals (Baumgarth et al.,

1994; Baumgarth and Kelso, 1996; Conn et al.,

1995; Hennet et al., 1992; Monteiro et al., 1998;

Peper and Van Campen, 1995; Swiergiel and

Dunn, 1999; Van Reeth, 2000). These cytokines

modified the course of influenza virus infection,

although the administration of IL-4, IL-12 and
antibodies to TNF-a and IL-6 to influenza virus-

infected mice did not influence their mortality

(Moran et al., 1996; Kostense et al., 1998; Peper

and Van Campen, 1995; Swiergiel and Dunn,

1999).

Traditional medicines have been used in the

treatment of influenza infection in the Asian

countries. It is important to understand the
mechanism of their action, if they show the

beneficial effects. In this aspect, we have docu-

mented their efficacies in animal models and

clarified the mechanism of action in herpes simplex

virus infection and influenza infection (Nagasaka

et al., 1995; Kurokawa et al., 1996a,b). Further the

active compounds in traditional medicines have

been identified and reproduced the efficacies of
herbal medicines in animal infection models (Kur-

okawa et al., 1998a,b, 1999, 2001). In an influenza

virus-intranasal infection model in mice, Kakkon-

to (KT), a herbal medicine, has been shown to be

effective in reducing fever production by suppres-

sing the rise of IL-1a production, the severity of

pneumonia and the mortality, although they did

not exhibit direct anti-influenza virus activity in
vitro (Kurokawa et al., 1996b, 1998b). In these

cited studies KT showed therapeutic activity

against influenza infection in mice.

In this study, we examined IL-12 and Th1- and

Th2-cytokine levels in the BALF of lungs and

serum in influenza virus-infected mice adminis-

tered orally with a dose of KT that exhibited

therapeutic efficacy. The augmentation of IL-12
level by KT in the early phase of influenza was

shown to be associated with the alleviation of signs

of the disease. This was consistent with our

previous results (Tsurita et al., 2001) and con-

firmed that IL-12 production in the early phase

was an important factor controlling the alleviation

of influenza.

KT, a dried herbal medicine, is composed of
seven medicinal herbs as described previously

(Nagasaka et al., 1995; Kurokawa et al., 1996b).

This herbal medicine was supplied from Kanebo

Ltd., Tokyo, or Tsumura Co., Tokyo, Japan. KT

was suspended in distilled water at 20 mg/ml and

then used for oral administration to mice (Kur-

okawa et al., 1996b).

Female DBA/2 Cr mice (6-week-old, 17�/19 g,
Sankyo Labo Service Co., Ltd., Japan) were

intranasally infected or mock-infected with 103

plaque forming units of influenza virus [A/PR/8/34

(H1N1)] under ether anesthesia (Kurokawa et al.,

1996a). KT or water was administered orally by

gavage to mice three times daily, at approximately

8 h intervals, for 8 days starting a day before

infection. The dose of KT used in this study was
5.0 mg/0.25 ml�/3 per mouse per day, which has

been shown to be effective in reducing severity of

pneumonia and prolonging survival times in mice

(Kurokawa et al., 1996b). The body weights of

infected mice were measured daily. BALF was

prepared from six mice in each group on days 2

and 3 after infection and the virus titers of BALF

were determined by the plaque assay using
Madin�/Darby canine kidney cells as described

previously (Kurokawa et al., 1996b). On days 2, 4

and 6 after infection, BALF and serum were

prepared from four to six mice in each group for

the determination of cytokine-concentrations

(Kurokawa et al., 1996a). The levels of cytokines

in the BALF or serum were determined by using

the enzyme-linked immunosorbent assay (ELISA)
kits (Amersham Pharmacia Biotech Inc., Piscat-

away, USA) according to the manufacturer’s

instructions.

Efficacy of KT was confirmed in an intranasal

influenza virus infection model in mice as shown in

Fig. 1. The body weight of infected mice decreased

markedly later than 2 days after infection. How-

ever, KT significantly delayed the decrease of body
weight in the early phase of infection (P B/0.05,

Fig. 1A), prolonged the survival times of infected

mice and reduced mortality (P B/0.05, Fig. 1B).

Virus yield in the BALF of lungs of KT-adminis-

tered mice was significantly lower than that in the

control on day 3 after infection (P B/0.05, Fig.

1C). KT was effective in reducing virus yield in the
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BALF and the weight loss of infected mice after

infection and in alleviating the infection.

Levels of IL-12, IFN-g, IL-4 and IL-10 were

examined in the BALF and serum of influenza

virus-infected mice administered with KT on days

2, 4 and 6 after infection. In comparison with

mock-infected mice, the levels of IL-4 and -10 and

IFN-g rose after infection in the BALF of infected

mice administered with water, especially on day 6,

but marked change was not observed in the levels

of IL-12 after infection (Fig. 2A). In infected mice

administered with KT, changes in the levels of IL-

4 and -10 and IFN-g after infection were similar to

those in infected mice administered with water.

However, the level of IL-12 on day 2 was

significantly higher than that of infected mice

administered with water (P B/0.05). In BALF,

the level of IL-12 was increased by KT in the

early phase of influenza infection.

In comparison with the sera of mock-infected

mice (Fig. 2B), the levels of IL-10 and IFN-g
increased significantly on day 6 after infection in

infected mice administered with water, but no

significant difference was observed in the levels

of IL-4. In infected mice administered with KT,

the level of IL-4 was significantly lower on day 6

than that in infected mice administered with water,

although there was no significant difference in the

levels of IL-10 and IFN-g between KT- and water-

administered mice. IL-12 was less than detectable

level in all sera examined. The levels of IFN-g
increased markedly on day 6 in the infected mice.

In serum, no remarkable changes were observed in

the levels of IL-10, IFN-g and IL-12 by different

treatments.

KT modified cytokine production locally and

systemically in influenza virus-infected mice. KT

might locally induce Th1 immune response in the

early phase of infection and promote cell-mediated

immunity resulting in alleviation of the infection.

Fig. 1

Fig. 1. (A) Changes in the mean body weights of influenza

virus-infected mice. KT (') and water (j) were administered

to the infected mice (five mice in a group) and the body weights

of infected mice were measured daily. m indicates mock-

infected group (n�/5). Bars indicate standard errors. *P B/

0.05, statistical significance compared with the infected mice

with water-administration for days 0�/7 after infection by the

repeated measures of two way analysis of variance followed by

the Dunn’s procedure as a multiple comparison procedure. (B)

Effect of KT on the survival time of influenza virus-infected

mice. Mice were intranasally infected with influenza virus. KT

(') and water (j) were orally administered as described in text.

Five mice were used in each group. *P B/0.05, statistical

significant prolongation of mean day to death compared with

the water-administered group by the Kaplan�/Meier method for

9 days after infection. **P B/0.05, statistical significance

compared with the water-administered group by the Fisher’s

exact test. (C) Effect of KT on virus yields in the BALF of

infected mice. Mice were intranasally infected with influenza

virus and KT (j) or water (I) was orally administered as

described in text. The virus titers in the BALF were determined

from six mice in each group on days 2 and 3 after infection.

Bars indicate standard errors. An asterisk indicates statistical

significance vs. water-administered group on day 3 by the

Student’s t -test.
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We previously showed that the augmentation of

IL-12 production by the administration of clari-

thromycin and the intranasal administration of IL-

12 in the respiratory tract of influenza virus-

infected mice reduced virus yield in the BALF

and was crucial for the alleviation of influenza

infection (Tsurita et al., 2001). In this previous

study, IL-12 production was augmented in BALF

on day 2 after infection. The significant higher

level of IFN-g, Th1 cytokine, in BALF was

detected in the clarithromycin-administered mice

only on day 3 and, thereafter, the elevated levels of

IFN-g were similar in mice administered with and

without clarithromycin (Tsurita et al., 2001). In

this study, the augmentation of IL-12 production

by KT was observed in the BALF on day 2 and the

increased levels of IFN-g were similar in mice

treated with and without KT on days 4 and 6,

which coincided with the previous study. Although

we did not measure the IFN-g levels on day 3, it

might be possible that the IFN-g level on day 3

was also elevated by KT similarly to the case of

clarithromycin. This possibility was supported by

the facts that virus yields in BALF on day 3 were

Fig. 2. Changes of cytokine levels in BALF (A) and serum (B) of influenza virus-infected mice administered with KT. KT was

administered to the infected mice and BALF and serum were prepared from the mice (n�/4 or 6) on days 2, 4 and 6 after infection. The

levels of IL-4, -10 and -12 and IFNg were determined by ELISA. Bars indicate standard errors. Asterisks indicate statistical

significance vs. infected mice with water administration on each day by the Student’s t -test.
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significantly reduced by either of clarithromycin or

KT. Thus, this study using KT confirmed our

previous results with IL-12 augmentation and

suggested that KT induced dominant Th1 re-

sponse in the early phase of infection in mice.

The level of IFN-g was markedly increased in the

BALF and serum by influenza virus infection on

day 6 (Fig. 2A and B). Th1 immune response may

have augmented locally and systemically on day 6.

Since IFN-g suppresses the generation of Th2

immune response the inhibition of growth of Th2

cells (Mosmann and Coffman, 1989), the systemic

diminution of level of IL-4 in KT-administered

mice on day 6 (Fig. 2B) may be based on Th1

response strengthened by the augmented IL-12

secretion. Thus, KT may contribute the alleviation

of infection mainly by the development of Th1

immune response.

IL-12 has been shown to be a factor for

controlling the alleviation of influenza infection

by using anti-IL-12 antibody (Monteiro et al.,

1998). However, the intraperitoneal administra-

tion of IL-12 to infected mice daily for days 1�/4

after infection was not effective in prolonging the

survival times of infected mice (Kostense et al.,

1998). In this study, IL-12 production by KT was

augmented on day 2 and might be responsible for

the significant prolongation of survival times and

reduction of mortality. The alleviation of influenza

infection in mice is primarily mediated by anti-

influenza CD8�/cytotoxic lymphocyte activity

(Eichelberger et al., 1991; Bender et al., 1992;

Kambayashi et al., 2000; Zhang et al., 2000). IFN-

g and cytolytic activities are important as the other

factors to lead to the alleviation (Baumgarth and

Kelso, 1996; Bender et al., 1994; Price et al., 2000).

These factors are based on Th1 immune response.

Further, the generation of serum neutralizing

antibody is crucial for the alleviation, which is

developed by Th2 immune response followed by

humoral immune response (Palladino et al., 1995).

KT timely augmented IL-12 production on day

2. The timely augmentation might promote Th1

immune response in contributing the prolongation

of survival times. Such increase in IL-12 produc-

tion in the early phase of influenza was confirmed

to influence the survival of infected mice. The

augmentation of IL-12 production played a role in
the alleviation of influenza infection.

Acknowledgements

We thank T. Okuda and Y. Yoshida for their

excellent technical assistance.

References

Baumgarth, N., Kelso, A., 1996. In vitro blockage of gamma

interferon affects the influenza virus-induce humoral and

the local cellular immune response in lung tissue. J. Virol.

70, 4411�/4418.

Baumgarth, N., Brown, L., Jackson, D., Kelso, A., 1994. Novel

features of the respiratory tract T-cell response to influenza

virus infection: lung T cells increase expression of gamma

interferon mRNA in vivo and maintain high levels of

mRNA expression for interleukin-5 (IL-5) and IL-10. J.

Virol. 68, 7575�/7581.

Bender, B.S., Croghan, T., Zhang, L., Small, P.A., Jr, 1992.

Transgenic mice lacking class I major histocompatibility

complex-restricted T-cells have delayed viral clearance and

increased mortality after influenza virus challenge. J. Exp.

Med. 175, 1143�/1145.

Bender, B.S., Bell, W.E., Taylor, S., Small, P.A., Jr, 1994. Class

I major histocompatibility complex-restricted cytotoxic T-

lymphocytes are not necessary for heterotypic immunity to

influenza. J. Infect. Dis. 170, 1195�/1200.

Conn, C.A., McClellan, J.L., Maassab, H.F., Smitka, C.W.,

Majde, J.A., Kluger, M.J., 1995. Cytokines and the acute

phase response to influenza virus in mice. Am. J. Physiol.

268, 78�/84.

Eichelberger, M., Allan, W., Zijlstra, M., Jaenisch, R., Doherty,

P.C., 1991. Clearance of influenza virus respiratory infection

in mice lacking class I major histocompatibility complex-

restricted CD8�/T cells. J. Exp. Med. 174, 875�/880.

Hennet, T., Ziltener, H.J., Frei, K., Peterhans, E., 1992. A

kinetic study of immune mediators in the lungs of mice

infected with influenza A virus. J. Immunol. 149, 932�/939.

Kambayashi, T., Assarsson, E., Michaelsson, J., Berglund, P.,

Diehl, A.D., Chambers, B.J., Ljunggren, H.G., 2000.

Emergence of CD8�/T cells expressing NK cell receptors

in influenza A virus-infected mice. J. Immunol. 165, 4964�/

4969.

Kostense, S., Sun, W.H., Cottey, R., Taylor, S.F., Harmeling,

S., Zander, D., Small, P.A., Jr, Bender, B.S., 1998. Inter-

leukin 12 administration enhances Th1 activity but delays

recovery from influenza A virus infection in mice. Antiviral

Res. 38, 117�/130.

Kurokawa, M., Imakita, M., Kumeda, C.A., Shiraki, K.,

1996a. Cascade of fever production in mice infected with

influenza virus. J. Med. Virol. 50, 152�/158.

M. Kurokawa et al. / Antiviral Research 56 (2002) 183�/188 187



Kurokawa, M., Imakita, M., Kumeda, C.A., Yukawa, T.A.,

Shiraki, K., 1996b. Kakkon-to suppressed interleukin-1a
production responsive to interferon and alleviated influenza

infection in mice. J. Traditional Med. 13, 201�/209.

Kurokawa, M., Hozumi, T., Basnet, P., Nakano, M., Kadota,

S., Namba, T., Kawana, T., Shiraki, K., 1998a. Purification

and characterization of eugeniin as an anti-herpes virus

compound from Geum japonicum and Syzygium aromati-

cum . J. Pharmacol. Exp. Ther. 284, 728�/735.

Kurokawa, M., Kumeda, A., Cristina, Yamamura, J., Ka-

miyama, T., Shiraki, K., 1998b. Antipyretic activity of

cinnamyl and related compounds in Kakkon-to, a tradi-

tional medicine, in influenza virus-infected mice. Eur. J.

Pharm. 348, 45�/51.

Kurokawa, M., Basnet, P., Ohsugi, M., Hozumi, T., Kadota,

S., Namba, T., Kawana, T., Shiraki, K., 1999. Anti-herpes

simplex virus activity of moronic acid purified from Rhus

javanica in vitro and in vivo. J. Pharmacol. Exp. Ther. 289,

72�/78.

Kurokawa, M., Hozumi, T., Tsurita, M., Kadota, S., Namba,

T., Shiraki, K., 2001. Biological Characterization of eu-

geniin as an anti-herpes simplex virus type 1 compound in

vitro and in vivo. J. Pharmacol. Exp. Ther. 297, 372�/379.

Monteiro, J.M., Harvey, C., Trinchieri, G., 1998. Role of

interleukin-12 in primary influenza virus infection. J. Virol.

72, 4825�/4831.

Moran, T.M., Isobe, H., Fernandez-Sesma, A., Schulman, J.L.,

1996. Interleukin-4 causes delayed virus clearance in influ-

enza virus-infected mice. J. Virol. 70, 5230�/5235.

Mosmann, T.R., Coffman, R.L., 1989. Th1 and Th2 cells:

different patterns of lymphokine secretion lead to different

functional properties. Ann. Rev. Immunol. 7, 145�/173.

Nagasaka, K., Kurokawa, M., Imakita, M., Terasawa, K.,

Shiraki, K., 1995. Efficacy of Kakkon-to, a traditional herb

medicine, in herpes simplex virus type 1 infection in mice. J.

Med. Virol. 46, 28�/34.

Palladino, G., Mozdzanowska, K., Washko, G., Gerhard, W.,

1995. Virus-neutralizing antibodies of immunoglobulin G

(IgG) but not of IgM or IgA isotypes can cure influenza

virus pneumonia in SCID mice. J. Virol. 69, 2075�/2081.

Peper, R.L., Van Campen, H., 1995. Tumor necrosis factor as a

mediator of inflammation in influenza A viral pneumonia.

Microb. Pathog. 19, 175�/183.

Price, G.E., Gaszewska-Mastarlarz, A., Moskophidis, D., 2000.

The role of alpha/beta and gamma interferons in develop-

ment of immunity to influenza A virus in mice. J. Virol. 74,

3996�/4003.

Swiergiel, A.H., Dunn, A.J., 1999. The roles of IL-1, IL-6, and

TNFalpha in the feeding responses to endotoxin and

influenza virus infection in mice. Brain Behav. Immun. 13,

252�/265.

Tsurita, M., Kurokawa, M., Imakita, M., Fukuda, Y., Wata-

nabe, Y., Shiraki, K., 2001. Early augmentation of inter-

leukin (IL)-12 level in the airway of mice administered orally

with clarithromycin or intranasally with IL-12 results in

alleviation of influenza infection. J. Pharmacol. Exp. Ther.

298, 362�/368.

Van Reeth, K., 2000. Cytokines in the pathogenesis of

influenza. Vet. Microbiol. 74, 109�/116.

Zhang, Y., Acuna, C.L., Switzer, K.C., Song, L., Sayers, R.,

Mbawuike, I.N., 2000. Corrective effects of interleukin-12

on age-related deficiencies in IFN-gamma production and

IL-12Rbeta2 expression in virus-specific CD8�/T cells. J.

Interf. Cytok. Res. 20, 235�/245.

M. Kurokawa et al. / Antiviral Research 56 (2002) 183�/188188


	Effect of interleukin-12 level augmented by Kakkon-to, a herbal medicine, on the early stage of influenza infection in mice
	Acknowledgements
	References


