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Abstract The herbal medicine, maoto, has been tradi-

tionally prescribed to patients with influenza in Japan. To

better understand the efficacy of maoto for the treatment of

influenza, a randomized trial was conducted for compari-

son with oseltamivir or zanamivir. Adult patients with

influenza symptoms, including fever, positive for quick

diagnostic kit for influenza within 48 h of fever onset were

assessed for enrollment. The data of 28 patients randomly

assigned to maoto (n = 10), oseltamivir (n = 8), or za-

namivir (n = 10) were analyzed for the duration of fever

([37.5�C) and total symptom score from symptom cards

recorded by the patient. Viral isolation and serum cytokine

measurements were also done on days 1, 3, and 5. Maoto

granules, a commercial medical dosage form, are made

from four plants: Ephedra Herb, Apricot Kernel, Cinnamon

Bark, and Glycyrrhiza Root. Median durations of fever of

patients assigned maoto, oseltamivir, or zanamivir were 29,

46, or 27 h, respectively, significantly different for maoto

and oseltamivir. No significant between-group differences

were found in total symptom score among three groups.

Viral persistent rates and serum cytokine levels (IFN-a, IL-

6, IL-8, IL-10, and TNF-a) during the study period showed

no differences among three groups. The administration of

oral maoto granules to healthy adults with seasonal influenza

was well tolerated and associated with equivalent clinical

and virological efficacy to neuraminidase inhibitors.

Keywords Influenza � Anti-influenza drug � Herbal

medicine � Maoto � Neuraminidase inhibitor � Oseltamivir �
Zanamivir

Introduction

The development of the currently available anti-influenza

drugs, M2 proton channel inhibitors (amantadine and

rimantadine) and neuraminidase inhibitors (oseltamivir and

zanamivir), has made a remarkable contribution to the

treatment of seasonal influenza [1]. These antivirals pre-

vent the replication and spread of influenza virus, resulting

in early recovery from flu symptoms. Neuraminidase

inhibitors have also been effective for patients infected

with pandemic influenza 2009. However, adverse effects,

compliance problems, limited supply, and high cost are

major concerns of neuraminidase inhibitors [1, 2]. In

addition, the efficacy of these antivirals may be limited in

the future as stable and transmissible drug-resistant strains

emerge, as happened recently with A/H1N1 [3]. Thus,

more attention is being paid to active, natural substances

for influenza treatment, although current evidence tested by

randomized trials is sparse and limited [4].

Traditional herbal medicines have played an important

role in countries in the Far East, especially Japan, China,

and Korea [5]. Kampo is a term for traditional herbal
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medicines that are commonly used in clinical practice

throughout Japan. The principles of Kampo were originally

based on traditional Chinese medicine, introduced to Japan

about 1,500 years ago. Thereafter, Kampo established its

own unique medical system, built up over the centuries

through the clinical experiences of its practitioners [6]. In

1976, Kampo medical formulations were accepted by the

national medical insurance system of Japan, allowing the

widespread use of Kampo medicines. Maoto, one of these

Kampo medicines, is prescribed mainly for acute febrile

infectious diseases, such as colds, bronchitis, and influenza,

although little is known about the precise pharmacological

mechanisms. Recently, it was reported that maoto had a

clinical antipyretic effect for children with seasonal influ-

enza A [7] and that the duration of fever after treatment

with maoto or maoto plus oseltamivir was significantly

shorter than treatment with oseltamivir alone. In 2009 we

also reported the efficacy of maoto for the treatment of

adult seasonal influenza [8]. This report confirmed that

maoto alone relieves the febrile response to influenza and

the influenza symptoms as well as oseltamivir and that the

antipyretic effect of maoto was remarkable at a very early

stage of illness.

Symptoms and fever associated with influenza are

related to viral replication and to a cytokine cascade

response [9, 10]. Pro-inflammatory cytokines, such as

interleukin (IL)-1, IL-6, interferon (IFN)-a, and tumor

necrosis factor (TNF)-a, play important roles in both viral

clearance and local inflammation. Several researchers have

reported that local and systemic TNF-a and IL-6 levels are

positively correlated to inflammatory reaction, such as viral

load, influenza symptoms, and fever [11–14]. IFN-a is a

key cytokine that inhibits the replication of influenza virus

by inducing intracellular antiviral molecules, such as Mx

GTPase, OAS, and PKR [15]. In the present study, we

designed a randomized controlled trial, in a small group, to

assess the efficacy of maoto on the flu symptoms and fever

of patients with seasonal influenza and compared it with

the modern antiviral drugs oseltamivir or zanamivir. We

also assessed the viral persistence, serum cytokine con-

centration, and safety of these drugs.

Patients and methods

Patients

Eligible patients were aged 20–64 years, presented within

48 h of onset of flu symptoms, including fever (body tem-

perature[38�C), and were positive by quick diagnostic test kit

(Espline Influenza A & B-N; Fuji Rebio, Tokyo, Japan) for

influenza virus antigens from nasal swabs. Patients with

ischemic heart disease, hyperthyroidism, or prostate

hypertrophy, or chronic infectious diseases, or who were

receiving steroids, immunosuppressants, antivirals, or other

herbal medicines, were excluded from this study. Sample size

was designed to be 30 patients, considering the average

number of influenza patients in past winter seasons in our

clinic. During the study period (January–May 2009), subtypes

A/H1N1, A/H3N2, and type B were epidemic. No patients

with pandemic influenza A/H1N1 2009 were included in the

groups studied. All patients provided written informed

consent.

Study design

We followed the principles of the Declaration of Helsinki;

the study protocol was designed as an open-labeled, ran-

domized controlled trial according to the Consolidated

Standards of Reporting Trial statement and was done in the

influenza season (from January to May 2009) in the out-

patient clinic of Fukuoka University Hospital. The insti-

tutional review board of Fukuoka University Hospital

approved the study protocol (#12-10-08-75), and this pro-

tocol was uploaded on the Clinical Trial Registry

(UMIN000001653) before the onset of patient enrolment in

January 2009. The medical history, vital signs, physical

examination data, age, sex, onset date/time of influenza

symptoms, maximum body temperature, vaccination his-

tory, and duration from onset to study entry were recorded.

Baseline virological and blood samples were collected

before treatment. Patients were randomly assigned maoto,

oseltamivir, or zanamivir. Randomization was performed

by Clinical Support (Fukuoka, Japan) using a computer-

generated system. The allocation method was concealed

after the trial was completed.

The primary efficacy endpoint was the length of time

from the start of medication to resolution of influenza ill-

ness (fever and symptoms). Secondary endpoints were viral

persistence, safety, and serum cytokine concentration. For

5 days, each patient noted on a symptom card seven

influenza symptom scores, body temperature three times a

day (morning, afternoon, and at night), and the time of each

dose of maoto, oseltamivir, or zanamivir. Symptoms were

scored on a 4-point scale according to the severity of the

symptom (0, none, to 3, severe). Symptoms were stuffy

nose, rhinorrhea, sore throat, cough, myalgia/arthralgia,

headache, and malaise. Total symptom score was the

addition of each symptom score [9]. After 1 week, the

symptom cards were mailed back to our hospital. The first

time that a patient reported a fever of 37.5�C or higher was

defined as the time of fever onset, according to the past

reports [9, 16, 17]. The day on study entry was defined as

day 1. The duration of fever and symptoms was recorded,

the former from the time of the initial administration to

becoming afebrile (\37.5�C) time and the latter from
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initial administration time to the time that total score was 7

or less. If the patients had a total score [7 on the last day,

symptom duration was defined as hours from the time of

the initial administration to the last recorded time. Adverse

reactions were also recorded on the symptom cards.

Laboratory tests

Of the 28 participants, 18 were tested for blood counts and

serum chemistry on days 1, 3, and 5 for the detection of

adverse effects and cytokine measurement. Nasal swabs for

virus isolation were also collected on days 1, 3, and 5. Serum

specimens were stored at -80�C until the cytokine assay.

Virus isolation was performed by standard methods using

Madin–Darby canine kidney cells on specimen obtained

from the nasal swabs. Subtype determination of influenza

virus was performed by hemagglutinin inhibition (HAI) test

with serum HAI antibodies (Denka Seiken, Tokyo, Japan).

For determination of serum cytokines, IL-1, IL-6, IL-8,

IL-10, and TNF-a were measured simultaneously by bead-

based flow cytometry (FACSCalibur; Becton-Dickinson

Biosciences) using human cytokine bead array reagents (Bio-

Plex; Bio-Rad, Hercules, CA, USA). In cytometric bead

array measurement, different bead populations with distinct

fluorescence intensities are coated with capturing antibodies

specific for different cytokines. After incubation with 50 m

serum, the beads are mixed with phycoerythrin-conjugated

detection antibodies to form sandwich complexes. Fluores-

cence flow cytometry of the beads provides simultaneous

quantification of a panel of cytokines. IL-1 concentration of

all the samples was below the detection limit. Because of the

low sensitivity in detection of serum IFN-a by cytokine bead

array reagents, IFN-a level was determined by the bioactivity

using luciferase-generated bioluminescence (iLite; Pestka

Biomedical Laboratories, Piscataway, NJ, USA).

Drugs

Maoto is a multicomponent formulation extracted from

four plants: Ephedra Herb, Apricot Kernel, Cinnamon

Bark, and Glycyrrhiza Root. Maoto granules (Tsumura,

Tokyo, Japan), a commercial medical dosage form, are

made from the extracts through decoction, concentration,

drying, and the addition of an excipient. Maoto was pro-

vided by Tsumura & Co. After being dissolved in warm

water, Maoto granules were orally administered at 2.5 g

TID for 5 days. Oseltamivir (Tamiflu; Roche) was orally

administered at 75 mg BID for 5 days. Zanamivir (Relen-

za; GlaxoSmithKline) was dosed by inhalation at 20 mg

BID for 5 days. No other drugs were coadministered,

except acetaminophen (400 mg) in the case of high fever or

severe headache. All patients started administration before

2 p.m. and took a full dose on day 1.

Statistical analysis

Between-group differences in symptom scores, body tem-

peratures, and serum cytokine levels of the maoto, osel-

tamivir, and zanamivir groups were analyzed by

Wilcoxon–Mann–Whitney test. Between-group differences

of viral persistence rates in three groups were analyzed by

chi-square test. P \ 0.05 was considered significant.

Results

Patient characteristics

Forty-one eligible patients were assessed, and 33 were

enrolled in the study (Fig. 1). Eight eligible patients

refused to enter this study because the study was ran-

domized controlled and could not allow the participants

to choose anti-influenza drugs. They were also treated in

our clinic using the standard neuraminidase inhibitors,

and no severe case was found. Of 33 patients enrolled, 1

stopped taking the prescribed medication (oseltamivir)

and 4 did not return their symptom cards; thus, the data

of 28 patients (14 males; mean age, 28.7 years) were

available for analysis. Samples for virus isolation and

cytokine measurements were obtained from 18 patients.

Patient characteristics are shown in Table 1. No signifi-

cant differences were found in age, female to male ratio,

or vaccination status. We followed the enrolled patients

whether they showed any complications of influenza,

such as sinusitis, pharyngitis, or pneumonia, but they did

not show any complications throughout the study period.

Median hours from fever onset to study entry were 17,

22, and 26 h in the maoto, oseltamivir, and zanamivir

groups, respectively, with no significant between-group

difference. Maximum body temperature before study

entry was not significantly different among the three

groups. Reduced peripheral lymphocyte number was

reported to be a risk factor of serious complications

of influenza [18]. Mean lymphocyte numbers (/ll)

were 883, 842, and 997 in the maoto, oseltamivir,

and zanamivir groups, respectively, with no significant

difference.

All virus types in the maoto group were A by quick

diagnostic test kit (Table 1). Virus isolation was performed

for seven patients in the maoto group, four of whom were

subtype H1N1 and three H3N2. In the oseltamivir group,

two patients had type B and six type A (three were subtype

H1N1 and one was H3N2 by virus isolation). In the za-

namivir group, two patients had type B and eight type A

(three were subtype H1N1 by virus isolation). Type B in

the oseltamivir and zanamivir group was confirmed by

virus isolation.
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Duration of fever and symptoms

Duration of fever and symptoms from the initial adminis-

tration is a useful parameter for the efficacy of anti-influ-

enza drugs [19, 20]. The median duration of fever in

patients assigned maoto, oseltamivir, or zanamivir was 29,

46, or 27 h, respectively (Fig. 2a). In the maoto group,

duration of fever was significantly shorter than in the

oseltamivir group. Median durations of symptoms repre-

sented by the total symptom scores of patients assigned

maoto, oseltamivir, or zanamivir were 83, 87, or 94 h,

respectively, with no significant differences (Fig. 2b).

Maoto was identical to oseltamivir and zanamivir in its

effectiveness in reducing the duration of fever and symp-

toms of patients with influenza.

Time course of fever and total symptom score

For precise analysis, body temperature and total symptom

score were plotted by time (Figs. 3, 4). The median body

temperature of the three groups transiently increased at

night on day 1, followed by a gradual decrease thereafter

(Fig. 3a). There were no significant differences in median

body temperature among the three groups at any point

during the time course. The individual body temperature of

patients treated with maoto is shown in Fig. 3b. Compar-

ison with the oseltamivir (Fig. 3c) and zanamivir groups

(Fig. 3d) showed that individuals in the maoto group were

less febrile (37.5�C or more) in the latter phase of the time

course. There were four individuals with fever on days 3, 4,

and 5 (numbers 2, 3, 5, and 7 in Table 1) in the oseltamivir

group, and three (numbers 3, 4, and 8) in the zanamivir

group, but there was only one febrile patient (number 9) in

the maoto group on days 3, 4, and 5. The median total

symptom score of the three groups gradually reduced by

day 5 (Fig. 4a), with no significant differences at any point

during the time course (Fig. 4b–d).

Viral persistence

To investigate the antiviral effect of the three drugs, we

took nasal specimens containing influenza virus for virus

isolation assay before and after the treatment (Table 2).

Virus sampling was done for some of the patients of each

group on days 1, 3, and 5. On day 3, virus was positive for

four of seven patients (57.1%) in the maoto group, two of

six (33.3%) in the oseltamivir group, and three of five

(60%) in the zanamivir group. On day 5, virus was positive

for one of seven patients (14.3%) in the maoto group, one

of six (16.7%) in the oseltamivir group, and one of five

(20.0%) in the zanamivir group. No significant between-

group difference was found in the viral persistence rate on

days 1, 3, or 5.

Serum cytokine concentration

Pro-inflammatory cytokines in response to influenza virus

infection were closely related to influenza symptoms and

viral clearance. We next examined the serum concentration

of IFN-a, IL-6, IL-8, IL-10, and TNF-a before and after

Assessed for eligibility (n=41)

- Flu symptoms with positive for 

Excluded:

quick diagnostic kit
- Aged 18-64
- Flu onset within 48 h

Refused to participate (n=8)

Randomized (n=33)

Maoto (n=11) Oseltamivir (n=10) Zanamivir (n=12)

Lost to follow up:

1 patient did not reply 
h d

1 patient did not reply 
the symptom card and

Lost to follow up: Lost to follow up:

2 patients did not reply 
th t dthe symptom card

1 stopped taking drug

Analyzed for the 
clinical efficacy (n=10) 

e symptom car

Analyzed for the 
clinical efficacy (n=8) 

Analyzed for the 
clinical efficacy (n=10) 

- analyzed for virus and 
cytokine response 
(n=6)   

- analyzed for virus and 
cytokine response 
(n=5)   

- analyzed for virus and 
cytokine response 
(n=7)   

Fig. 1 Trial profile
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treatment to determine if cytokines involved in influenza

virus infection were differently influenced by maoto than by

neuraminidase inhibitors (Fig. 5). IFN-a, one of the most

critical cytokines in viral clearance, was increased in all

groups on day 1, and gradually reduced over time. No sig-

nificant differences were found among the three groups. IL-6

and IL-10 levels were also increased in all groups on day 1,

and gradually reduced over time. The TNF-a and IL-8 levels

of the groups did not change significantly throughout the

study period. The serum cytokine study in this study did not

show remarkable differences among the three groups.

Safety

One patient in the maoto group (number 9) and one in the

oseltamivir group (number 4) showed a mildly elevated

serum aminotransferase level after treatment (data not

shown). The level of aminotransferase of these patients was

Table 1 Characteristics of study subjects

Patient number Sex Age

(years)

Time to study

entry (h)

Max bta (�C) Lymph.

no.b (/ll)

Vacc Virus type Virus

subtype

Maoto

#1 M 20 15 38.0 1,044 - A H1N1

#2 M 20 14 38.8 426 ? A ND

#3 M 20 24 38.4 571 - A H3N2

#4 M 20 16 38.0 1,037 - A H1N1

#5 F 23 25 38.3 1,044 - A H3N2

#6 M 24 29 38.6 1,174 - A ND

#7 F 26 17 38.2 570 ? A H3N2

#8 F 38 11 38.2 986 ? A ND

#9 M 45 45 38.3 976 ? A H1N1

#10 F 56 5 38.9 1,002 ? A H1N1

Mean ± SD 29.2 ± 12.7 20.1 ± 11.3 38.4 ± 0.3 883 ± 258

Oseltamivir

#1 F 20 27 38.5 788 - A H1N1

#2 F 22 10 38.9 913 - A ND

#3 M 26 16 38.0 736 ? B B

#4 F 26 28 38.0 1,044 ? A H1N1

#5 F 26 32 38.6 664 ? B B

#6 M 30 16 38.1 838 ? A H1N1

#7 M 47 38 39.0 763 ? A H3N2

#8 F 63 14 39.0 989 - A ND

Mean ± SD 32.5 ± 14.8 22.6 ± 10.0 38.5 ± 0.4 842 ± 131

Zanamivir

#1 M 20 26 38.0 542 - A ND

#2 F 20 27 39.0 882 - A ND

#3 M 22 46 39.7 663 - B B

#4 M 22 38 39.0 819 - A ND

#5 M 22 14 38.0 1,828 - A ND

#6 F 23 12 38.0 1,011 - A ND

#7 F 25 27 38.9 874 ? A H1N1

#8 F 25 26 38.0 1,253 - B B

#9 M 32 21 38.4 855 - A H1N1

#10 F 40 15 38.0 1,042 ? A H1N1

Mean ± SD 25.1 ± 6.3 25.2 ± 10.7 38.5 ± 0.6 997 ± 358

ND not determined, # number
a Body temperature
b Lymphocyte (Lymph.) number
c Inactivated trivalent influenza vaccine done within 6 months

538 J Infect Chemother (2012) 18:534–543
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reduced to normal within 2 weeks. No other adverse

reactions were seen.

Discussion

The administration of oral maoto granules was associated

with significant clinical efficacy for healthy adults with

naturally occurring influenza and was generally well toler-

ated. The efficacy is equivalent to oseltamivir and zanami-

vir, the most commonly used neuraminidase inhibitors in

Japan. Our previous study, not randomized, also showed the

effectiveness of maoto for influenza, but only showed dif-

ferences between the background of study groups prescribed

maoto and oseltamivir [8]. In addition, the virological

analysis of the present study was designed to investigate the

viral persistence rate of patients with influenza. Through

these two studies, we confirmed that maoto granules have

anti-influenza virus efficacy equal to these neuraminidase

inhibitors, the standard anti-influenza drugs.

One of the major symptoms in influenza is fever. Maoto

significantly shortened the duration of fever in comparison

with oseltamivir and was approximately equal to zanamivir

in effect. This influenza was not caused by the recently

emerged subtype of A/H1N1 that is resistant to oseltamivir

treatment [21–23], none of which was found in the study

period in Japan. However, two patients with a duration of

fever [80 h in the oseltamivir group were infected with

influenza B (patients 3 and 5). It has been reported that the

antiviral effect of oseltamivir to influenza B is relatively

low compared with that of zanamivir [17, 24]. It is a major

concern whether maoto would have antiviral efficacy

against influenza B. Alleviation of influenza symptoms

(stuffy nose, rhinorrhea, sore throat, cough, myalgia/

arthralgia, headache, and malaise) was not different among

the three groups. Because patients with typical influenza

not taking medication suffer from high fever and flu-like

symptoms for 3–7 days, these drugs were obviously

effective. It is possible that maoto is as effective as non-

steroidal antiinflammatory drugs against influenza
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zanamivir. Each patient

recorded body temperatures

three times per day (in morning,
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5 days on a symptom card.
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from day 1 to day 5. Median

body temperature in patients

assigned maoto, oseltamivir, or

zanamivir (a). Individual body

temperature in patients treated

with maoto (b), oseltamivir (c),
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symptoms. If maoto had few or no antiviral effects, patients

assigned maoto would have shed influenza virus for longer

periods, but our viral persistence examination of clinical

isolates on days 3 and 5 showed that maoto had an antiviral

effect similar to that of neuraminidase inhibitors.

The Japanese traditional herbal medicines included in

Kampo are characterized by drugs made of the extracts of

several boiled plants. Kampo was originally introduced

from ancient China and has been developed over many

centuries in Japan [5, 6, 25]. Maoto is traditionally pre-

scribed for acute febrile diseases, such as influenza, mea-

sles, typhoid fever, and pneumonia. It was reported to have

been used in Japan during the ‘Spanish Flu’ pandemic and

to have had some efficacy [26]. It is interesting that maoto

is effective for several acute infectious diseases caused by a

variety of viruses, although neuraminidase inhibitors and

M2 proton channel inhibitors are specific for influenza

virus infection. Unfortunately, because there are few

modern clinical trials in herbal medicines for influenza [4,

27], maoto has not been able to generate the general con-

sensus necessary to build a worldwide following as an anti-

influenza drug. Maoto consists of four plants: Ephedra

Herb, Apricot Kernel, Cinnamon Bark, and Glycyrrhiza

Root. Recently, a Chinese research group reported the

efficacy of antiwei, a traditional Chinese herbal medicine,

in a randomized, double-blind, placebo-controlled trial

[28]. Antiwei is surprisingly similar to maoto. It is made of

seven plants, including the four plants comprising maoto.

Maoto has also been reported to have an antipyretic effect

in the treatment of children with influenza A [7]. These

studies provide a rationale for continuing the study of

traditional herbal medicines as anti-influenza drugs. Eco-

nomically, these herbal drugs are generally of low cost; In

Japan, maoto costs about ten times less than neuraminidase

inhibitors over 5 days of treatment.

The major component of Ephedra Herb is ephedrine,

which activates both the sympathetic and central nervous

systems and hence may produce unwanted symptoms such

as insomnia, palpitation, rapid pulse, elevation of blood

pressure, and dysuria [29]. Maoto is not recommended for

patients with ischemic heart diseases, hyperthyroidism, or

prostate hypertrophy or for the frail elderly. Short-term

administration (3–5 days) is necessary to avoid the harmful

effects of Ephedra. The protocol of the present study

excluded patients with these conditions.

It is not known precisely how maoto acts on influenza.

The life cycle of the influenza virus is classified into sev-

eral steps: binding to the host cell membrane, fusion and

uncoating, replication, translation, assembly, and release of

virion. It is known that anti-influenza virus drugs inhibit

this cycle at some point [30]. In vitro, Mantani et al. [31]

reported that the Ephedra Herb inhibits the fusion of
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Fig. 4 Time course of total symptom score in influenza patients

during treatment with maoto, oseltamivir, or zanamivir. Symptoms

(stuffy nose, rhinorrhea, sore throat, cough, myalgia/arthralgia,

headache, malaise) were scored on a 4-point scale according to

severity of the symptom (0, none, to 3, severe). Each patient recorded

the symptom score three times per day (in morning, afternoon, and at

night) for 5 days. Total symptom score was the addition of each

symptom score. Maoto, oseltamivir, or zanamivir was administered

from day 1 to day 5. Median total symptom score in patients assigned

maoto, oseltamivir, or zanamivir (a). Individual total symptom scores

in patients treated with maoto (b), oseltamivir (c), or zanamivir (d)
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influenza A virus to the cell membrane through the inhi-

bition of acidification of endosomes. Maoto may act on

several points of the virus life cycle because it is a multi-

component formulation that includes three herbal plants in

addition to Ephedra Herb. It is also possible that maoto

may act on the induction of pro-inflammatory cytokines

that play critical roles in virus eradication in the early

phase of influenza, through the induction of intracellular

antiviral molecules. Several pro-inflammatory cytokines,

such as IL-1, IL-6, IL-8, IFN-a, and TNF-a, are produced

after the pattern recognition receptors (PRR) in host cells

after stimulation by influenza virus, whereas IL-10 inhibits

these pro-inflammatory cytokines [9–11, 32, 33]. IFN-a is a

key cytokine in the inhibition of virus replication through

the induction of intracellular antiviral molecules, such as

Mx GTPase, OAS, and PKR [15]. In severe cases of

influenza, such as avian influenza, attenuated IFN-a
response may contribute to the pathogenesis [34, 35]. TNF-

a and IL-6 have been detected in patient sera and nasal

lavage fluid and have correlated well with viral titer and

symptom score [32]. In the present study, maoto did not

increase or decrease the serum IFN-a, TNF-a, IL-6, IL-8,

or IL-10 levels compared with oseltamivir and zanamivir,

suggesting that maoto did not eradicate influenza virus

through the induction of pro-inflammatory cytokines. In

our in vitro experiment on influenza infection, maoto and

oseltamivir did not elevate the level of pro-inflammatory

cytokines (data not shown).

Table 2 Influenza virus isolation during the study period

Patient number Virus subtype Day 1 Day 3 Day 5

Maoto (n = 7)

#1 A/H1N1 ? ? -

#3 A/H3N2 ? ? -

#4 A/H1N1 ? ? -

#5 A/H3N2 ? - -

#7 A/H3N2 ? - ?

#9 A/H1N1 ? ? -

#10 A/H1N1 ? - -

Survival rate (%) 100 57.1 14.3

Oseltamivir (n = 6)

#1 A/H1N1 ? - -

#3 B ? ? ?

#4 A/H1N1 ? - -

#5 B ? ? -

#6 A/H1N1 ? - -

#7 A/H3N2 ? - -

Survival rate (%) 100 33.3 16.7

Zanamivir (n = 5)

#3 B ? ? ?

#7 A/H1N1 ? - -

#8 B ? ? -

#9 A/H1N1 ? - -

#10 A/H1N1 ? ? -

Survival rate (%) 100 60.0 20.0
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Fig. 5 Serum cytokine

response in influenza patients

treated with maoto, oseltamivir,

or zanamivir. Sera from patients

assigned maoto (n = 7),

oseltamivir (n = 6), or

zanamivir (n = 5) on days 1, 3,

and 5 were measured for

interferon (IFN)-a, interleukin

(IL)-6, IL-8, IL-10, and tumor

necrosis factor (TNF)-a. Maoto,

oseltamivir, or zanamivir was

administered from day 1 to day

5. Each dot indicates median

level of serum cytokine
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We recognize that this study has some potential limi-

tations, such as small subject number and the exclusion of

high-risk patients. In addition, maoto was not assigned to

patients with influenza B virus infection, and the effec-

tiveness of maoto to influenza 2009 pdm was not con-

firmed. Further large-scale studies are needed to investigate

the effectiveness of maoto against other influenza subtypes,

for patients at high risk, children, and influenza-related

pneumonia. To better understand the antiviral mecha-

nism(s) of maoto, we are preparing in vitro experiments

using maoto with human cell lines infected with influenza

virus.
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