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Abstract

It was investigated whether the botanical drug combination Sinupret is able to modulate the resistance of mice to a
Ž .respiratory tract infection with Sendai virus Parainfluenza Õiridae if given prophylactically to the animals. Three doses of

Ž . Ž . Ž .Sinupret drops SD and Sinupret tablets ST, p.o. , and two active controls, the chemical secretolytic ambroxol p.o. and
Ž .the immunomodulator Muramyldipeptide MDP, i.v. were used. Test and reference substances were applied at days y3 and

y1 before infection, except MDP, which was given once on day y1 before infection. CD4q and CD8q lymphocyte
subpopulations were measured after infection as indicators of immunological treatment response. Groups of 20 mice each
were infected by intranasal application of Sendai virus under anaesthesia. We found that the 1= and 5= human doses of

Ž .Sinupret drops significantly prolonged the survival times p-0.05 compared to placebo. Additionally, ambroxol and MDP
were comparably less effective. In all groups, changes in CD4q and CD8q T-lymphocyte subpopulations of the peripheral
blood were observed, but no clear relationship to the treatment results was seen.

It was concluded that Sinupret increases the resistance to an experimentally induced respiratory tract infection in mice.
Ž .Moreover, the effect of Sinupret was superior to that of an immunostimulant MDP and of a synthetic secretagogue

Ž .ambroxolhydrochloride . q 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

The herbal preparation used in our investigations
Ž wSinupret , manufacturer Bionorica Arzneimittel,

.Germany , is one of the most popular herbal
medicines in Germany for the treatment of sinusitis
and infections of the respiratory tract. It has been
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formulated in 1934 as a combination of five medici-
Ž .nal plants see below and remained unchanged since

that time. Several controlled clinical studies support
w xthe effectiveness of this combination 1,2 . As main

pharmacological activities, secretolytic, anti-in-
flammatory, immunomodulatory, and recently, an-
tiviral activities of the combination and its ingre-

w xdients were reported 3,4 . Based on the clinical,
pharmacological and toxicological data, the prepara-
tion was approved by the German regulatory authori-

Ž .ties BfArM in 1997. From the clinical data, and
from pharmacological investigations, a protective ef-
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fect of Sinupret against airway infections was postu-
lated. A pilot study conducted at the school of
veterinary medicine in Hannover supported this hy-
pothesis, showing a 40% reduction of mortality in a
bacterial infection model. Therefore, a project com-
prising two studies investigating prophylactic and
therapeutic activities, respectively, were designed and
realised at Battelle Institute, Frankfurt, using a murine
infection model with Parainfluenza virus, strain

Ž .Sendai Paramyxoviridae . Here, the study of the
activities of a prophylactic treatment protocol is re-
ported. The second study was conducted using a
therapeutic treatment regimen. In both experimental
studies, the efficacy of different formulations and
dosages of the herbal preparation were analysed with
respect to mortality rate and survival function, by
comparison with a placebo treatment. As active
controls, a drug with known secretagogue activities
Ž .ambroxol and a drug with documented immuno-

Žstimulating activities N-acetyl-muramyl-L-alanyl-
.D-iso-glutamine, MDP , were included. Repeated

measurements of peripheral CD4q and CD8q T-
lymphocyte counts served to monitor the response of
the immune system upon the different treatments.

2. Methods

2.1. Animals and animal keeping

The whole study was carried out under Good
Ž .Laboratory Practice GLP conditions. For the infec-

tion with Parainfluenza virus, strain Sendai, female
Ž .mice, 8–12 weeks old 25 g of the DBAr2J strain

were used. Animals were purchased specific pathogen
Ž .free SPF from Charles River, Wiga. All animals

were left in quarantine over a period of up to 1 week,
followed by an examination by a veterinary physi-
cian to monitor the housing conditions. The animals
were housed in groups of six in Makrolon cages
within a quarantine station. Water and standard nutri-
tion were fed ad libitum.

2.2. Dose range-finding tests for Parainfluenza Õirus,
strain Sendai

The viral agent selected for the study was the
Enders strain of Parainfluenza virus 1, strain Sendai.

To increase the infectivity and the viral titer of the
purchased virus, the stock virus was passaged on
chick embryos. For this purpose 12-day embryonated
hen’s eggs were inoculated into the allantois using

Ždifferent virus stock dilutions serial 10-fold dilu-
.tions ; 72 h later, the allantoic fluid was collected by

aspiration, cleared by ultracentrifugation and infec-
tivity titers were determined with a group of 50
DBAr2J mice at least. Concentrations between 100

and 10y3 were able to kill reproducibly 70% to 90%
of the animals within 14 days. Thus, a pool of these
three virus concentrations was used to infect the
animals to ensure equal conditions in the infection
model and to avoid loss of infectivity due to longer
storage.

2.3. Dosage of test substances, application and ex-
perimental groups

The Sinupret doses administered to the animals
Ž .are multiples of the human doses per kilogram : for

Ž . Ž . Ž .the drops SD the 1-fold 1= , 5-fold 5= and
Ž . Ž .50-fold 50= were chosen; for the tablets ST the

1= , 5= and 20= doses were used. Additionally, a
group of animals received ambroxol to assess the

Žcontribution of a secretagogue compound 1= hu-
.man dose . The bacterial immune response modifier

Ž .Muramyldipeptide MDP was used at a dose of 0.1
Ž .mgranimal i.v. . All other treatments were applied

Žintragastrically the ground Sinupret sugar-coated
.tablets were suspended in pyrogen-free 0.9% saline .

Daily freshly prepared test and reference
solutionsrsuspensions were used. Control animals

Ž .received 0.2 ml saline 0.9% . The different treat-
ment groups for the prophylactic as well as for the
therapeutic application protocol for the second study
comprised eight treatment groups and one control
group each with 20 animals. Main outcome criteria
were mortality rate or survival time, rsp., and CD4q
and CD8q lymphocyte counts as the immunological
response variable.

2.3.1. Test substances: Sinupret, ambroxol and N-
( )acetyl-muramyl-L-alanyl-D-iso-glutamine MDP

Ž .Sinupret drops 100 g contain 29 g of an aque-
Žous–alcoholic extract extraction agent: ethanol 59%

. Ž .vrv of 0.2 g Gentianae radix gentian root , 0.6 g
Ž .Primulae flos primrose flowers , 0.6 g Rumicis
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Ž . Žherba sour dock herbs , 0.6 g Sambuci flos elder
. Žflowers and 0.6 g Verbenae herba shop vervain

.wort herbs . One human dose is 3 ml of the final
product. The composition of Sinupret sugar-coated
tablets is identical regarding the medicinal plants.

Ž .One dragee contains 6 mg of G. radix gentian root ,
Ž .18 mg of P. flos primrose flowers , 18 mg R. herba

Ž . Ž .sour dock herbs , 18 mg S. flos elder flowers and
Ž .18 mg V. herba shop vervain wort herbs . One

human dose is two dragees. The preparation is given
three times a day. The quality of the herbal ingredi-
ents is defined by strong selection criteria reaching
beyond the specifications of the German Pharma-

Ž .copoeia DAB 10 1996 , the standard registrations
Žand the DAC 1986 and 1991 German pharmaceuti-

.cal codex . The preparation is produced according to
the guidelines of Good Manufacturing Practices
Ž .GMP . Specifications and standardised production
processes guarantee high batch-to-batch comparabil-
ity. Sinupret drops and sugar-coated tablets were
supplied by the manufacturer. The latter were ground
as a whole and applied as suspension. Ambroxol-hy-

Ž .drochloride commercial preparation was supplied
by Ratiopharm; N-acetyl-muramyl-L-alanyl-D-iso-

Ž .glutamine MDP was purchased from Sigma.

2.4. Experimental groups in the Sendai Õirus infec-
tion model for the prophylactic application

The different Sinupret formulations, ambroxol and
Ž .0.9% saline placebo were given on days y3 and
Ž .y1. MDP 0.1 mgranimal in 0.2 ml 0.9% saline

was administered i.v. on day y1 only, due to previ-
ous experiences with murine infection models.

2.5. Infection of the animals with Parainfluenza Õirus
strain Sendai

The animals were infected by the natural, i.e.
intranasal, route. Before, they were anesthesized with

w Ža mixture of Ketanest ketaminhydrochloride solu-
. wtion Parke Davies and Rompun 2% solution

Ž .Bayer . Then, the virus solution was administered
i.n. with a hamilton syringe and the day of the
infection is called day 0. After infection, the animals

were observed for the following 14 days; mortality
was recorded daily.

2.6. Determination of CD4q and CD8q T-cells
( )FACS analysis with peripheral blood

Ž .CD4-positive T-helper lymphocytes and CD8-
Ž .positive lymphocytes cytotoxic T-cells were deter-

Ž .mined by flow cytometry FACS as immune re-
sponse endpoints. As FACS analyses were repeated
at least six times, only small blood volumes per
animal could be obtained to avoid additional health
problems due to blood loss. Thus, the samples had to
be pooled from seven, seven and six animals, respec-
tively, to enable three independent determinations
for each time point in each group. Blood was taken
from the retro-orbital plexus by means of a hep-
arinised microcapillary tube and directly transferred
into Eppendorf tubes. Staining of the cells was per-

Žformed with FITC-conjugated antibodies Becton
.Dickinson, anti-L3T4 and anti-Ly2 . The negative

control was a nonspecific mouse IgG isotype. Biotest
Institute, Frankfurt, Germany, kindly performed the
FACS analyses. The determination of lymphocyte
subpopulations in the prophylactic treatment was
performed at days 0, q1, q4, q8, q11 and q14.

2.7. Statistics

Survival time was the primary outcome variable.
Mice that were still alive at the end of the observa-

Ž .tion time 14 days were treated as censored observa-
tions. Survival times were compared using the Cox
Proportional Hazards Regression Model. Treatment
was the only covariate used in the model. This model

Ž .implies, that the hazard of death h of each animal
depends on a basic risk, the treatment and the obser-

Ž . Ž .vation time t . The basic risk sh is represented
by the placebo treatment, whereas the risk in the
verum group is expressed by the term h . Thus, theŽi.
following equation results:

h t sc h t .Ž . Ž .Ž i. Ž i. placebo

Ž .c is the risk ratio sRR or the relative hazard ofŽ i.
death under verum compared to placebo. If RRs1,Ž i.
the hazard of death under verum is the same com-
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Table 1
Cox regression analysis of maximum likelihood estimates, conditional risk ratio and 95% confidence limits

Variable DF Parameter Standard Wald Pr) Risk Lower Upper
estimate error chi-square chi-square ratio

MDP 1 y0.479640 0.44145 1.18053 0.2772 0.619 0.261 1.470
Ambroxol 1 y0.426338 0.44115 0.93396 0.3338 0.653 0.275 1.550
ST1= 1 y0.137052 0.40846 0.11259 0.7372 0.872 0.392 1.942
ST5= 1 y0.178810 0.40852 0.19158 0.6616 0.836 0.376 1.862
ST20= 1 0.290877 0.39367 0.54596 0.4600 1.338 0.618 2.893
SD1= 1 y1.633811 0.64606 6.39534 0.0114 0.195 0.055 0.692
SD5= 1 y1.207638 0.53288 5.13595 0.0234 0.299 0.105 0.849
SD50= 1 0.113700 0.39359 0.08345 0.7727 1.120 0.518 2.423

Table 1 summarises the risk ratios for the different treatment groups and shows, for example, that the lower concentrations of the Sinupret
Ž .drops SD 5= and 1= human dose were clearly more effective in decreasing the risk ratio compared to the highest doses of both Sinupret

Ž .formulations SD 20= and ST 50= human dose .

pared to placebo. RR-1 indicates that the hazard of
death under verum is lower relative to placebo. All
calculations were done using the statistical software
SAS PROC PHREG. The survivor function estimates
were not calculated by the Kaplan–Meier-Method,
but are generated from the regression results.

To have sufficient amounts of volume, blood
samples for the FACS-analyses had to be pooled. An
unknown bias is introduced with increasing mortality
rates. Thus, we restrict interpretation of lymphocyte

counts to the first two measurements, where only
little, if any, mortality was recorded. The original
data were adjusted to form a common baseline; all
evaluations are seen on an exploratory level.

3. Results

Table 1 and Figs. 1–3 summarise the results of
the Cox regression analyses for the prophylactic

Ž . Ž .Fig. 1. Compares the survival time days for the treatment groups ASinupret dropsB SD1= , SD5= and the two active controls ambroxol
and muramyldipeptide vs. placebo, given prophylactically to the animals. It can be seen that the prophylactic treatment of the animals with

Ž .1= and 5= human dose of the Sinupret drops significantly enhanced the survival time of the animals p-0.05 .
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Ž . Ž .Fig. 2. Illustrates the suvival time days of animals for the prophylactic treatment with the Sinupret tablet formulation ST1= and ST5=
vs. placebo. Compared to the Sinupret drops, the Sinupret tablets were weakly effective.

treatment. Fig. 1 compares the survival time of the
animals treated with the lower doses of the Sinu-
pret drops and the two active controls vs. placebo. It
can be seen that the prophylactic treatment of ani-
mals with 1= and 5= human dose of the Sinupret

Ž .drops SD1= , SD5= decreases the hazard to 19%

Ž . Ž .SD1= resp. 30% SD5= , compared to placebo;
.see Fig. 1 and Table 1 . Both results are statistically

Ž .significant Wald chi-square, p-0.05 . Remark-
ably, the two active controls, ambroxol and mu-
ramyldipeptide, were less effective than the Sinupret

Ž .drops Fig. 1 . In contrast, the Sinupret tablet formu-

Ž . Ž .Fig. 3. summarizes the survival time days of the animals prophylactically treated either with Sinupret drops 50= human dose or
Ž .Sinupret tablets 20= human dose vs. placebo treatment.
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Ž .lation ST given prophylactically proved to be hardly
effective in protection of the animals compared to

Ž .the drops see Fig. 2 ; the hazard for ST5= was
Ž83%, for ST1= 87% of the placebo hazard p)

.0.5 . The highest doses of both Sinupret formulations
Ž .ST20= , SD50= , Fig. 3 did not result in a better
protection of the animals. The hazard of death for the
animals given ST20= was 134%, for SD50= it

Žwas 112% of the placebo hazard compare Fig. 3,
.not significant .

3.1. Results of the FACS analyses for T-helper and
T-suppressorrcytotoxic T-cells

As mortality increases with time, blood volumes
obtainable for lymphocyte staining were reduced for
FACS analyses. The data from the first two observa-

Žtions day 0, and day 1 under prophylactic condi-
.tions, day 0 and day 4 under therapeutic conditions

are valid and unbiased by mortality. No consistent
pattern of correlation between survival time and the
CD4qrCD8q ratios can be detected between the

Žgroups. However, smaller, therapeutic doses 1= ,
.5= of SD increased this ratio and mean survival

time under prophylactic conditions as did smaller
Ž .doses 1= , 5= of ST under therapeutic condi-

tions. Further investigations into the mechanisms are
recommended.

4. Discussion

The infection of mice with Parainfluenza virus
Ž .type 1 Paramyxovirus , strain Sendai, was used to

investigate effects of a well established herbal com-
bination for the treatment of airway diseases on the
course of disease. Our results show a marked protec-
tion from this virus-induced mortality in the prophy-
lactic treatment schedule, demonstrating that Sin-
upret was generally more effective than both active
controls, MDP and ambroxol. The intra-nasal infec-
tion with Sendai virus is characterized by an acute

w xbronchiolitis and an interstitial pneumonia 5 . Nor-
mally, the disease is completely resolved after 10–14

Ž .days depending upon the dose of infection pre-
dominantly by cell mediated antiviral immunity. In
our study, the virus load was such that up to 90% of
the animals died after this time. Also speculative at

the moment, the protection of animals after peroral
application of Sinupret may be a hint for the involve-
ment of the mucosal immune system. Nevertheless,
Sendai virus infections are strictly limited to the
respiratory tract, where a successful clearance of
virus depends on the immunological site mainly but
not completely upon virus-specific CD8-positive T-

w xlymphocytes 6,7 . Mucociliary clearance as the
physiologic mechanisms is the basic underlying
mechanism.

Generally, immunopotentiating drugs, acting
through the antigen-specific stimulation of the
immune response, accompanied later by cytokine-

Ž .mediated e.g. non-antigen specific enhancement of
effector functions of immune cells, participate in
successful virus clearance. However, a prophylactic
treatment of animals before viral challenge, as in our
study, stimulates mainly nonspecific functions of the
immune system, such as phagocytosis, release of
type 1 interferons or synthesis of T-and B-cell acti-
vating cytokines like TNF-alpha, Interleukin-1b or
Interleukin-2. Nevertheless, the latter factors can help
to potentiate specific antiviral immunity later on
during the course of infection by further activationr
recruitment of the antigen-activated precursor T-cells
of the CD8q andror CD4q phenotype.

Concerning our results of the FACS analysis, it
w xhas been reported 8 that the antigen-specific activa-

tion of precursor T-cells in the regional lymph nodes
takes place between days 0 and q4 to q5 after
infection. Cells recovered from the blood during this
period consequently represent a mixture of T-helper

Ž .and cytotoxic T-cell precursors Th , CTL . As thep p

flow-cytometric differentiation of lymphocytes into
CD4- and CD8-positive T-cells can only identify
cells phenotypically but not functionally, the applica-
tion of Sinupret may at least partially be related to
changes in the numbers of antigen-specific CD4q
and CD8q T-cells in the peripheral blood, due to
the mainly mucosal and local activation of T-cells
w x8 .

With regard to the results of MDP, showing a
Žslightly better protection compared to placebo Fig.

.1 , this result was not unexpected, but those of
ambroxol under prophylactic conditions. MDP was
shown in numerous reports to be an efficient im-
munostimulant, capable of enhancing nonspecific

w ximmunity 9 . Among multiple mechanisms, secre-
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tion of cytokines and activation of monocytesrmac-
ropahges, NK-cells and B-lymphocytes were de-

w xscribed 9–14 .
Concerning the mechanisms of action involved in

the positive outcomes of this study, the prophylactic
design with two applications of the herbal drugs and
ambroxol on days y3 and y1 and one application
of MDP on day y1 is a clear hint on immunomodu-
lating effects of responder groups, as a secretolytic
activity surely is lasting not more than a few hours.
Of interest, ambroxol was shown recently not only to
be a potent secretolytic drug. It inhibits the secretion
of several pro-inflammatory cytokines and oxygen

w xderived mediators in-vitro 15,16 , which may con-
tribute to the amelioration of the virus-induced local
cell damage, possibly explaining the unexpected ef-
fects of ambroxol in prophylaxis. Since a broad
spectrum of immunopharmacological activities has
been identified for the herbal combination and its

w xingredients 17 , the results described here confirm
the relevance of these in-vitro data. Especially, some
nonspecific immune mechanisms like phagocytosis
and cytokine production by human leukocytes were
dose-dependently influenced by the single compo-

w xnents 17 , that partially evoked also contradictory
effects, which is interesting in the light of the seem-
ingly inhibitory effects of higher concentrations of
Sinupret formulations on mortality rates. For exam-
ple, high concentrations of R. herba reduced the
zymosan-stimulated oxidative burst in human granu-
locytes, whereas G. radix or P. flos were inactive
w x17 .

The combination Sinupret stimulated the granulo-
cytes, but to a lesser extent than the single compo-
nents V. herba and S. flos. Similarly, a monocytic
cell line, MonoMac 6, showed augmented phago-
cytosis after pretreatment with SD and P. flos as
well as SD increased the synthesis of Interleukin-1b

w xin MonoMac 6 cells 17 . The latter cytokine plays a
key role in autocrine-mediated T-cell and B-cell

w xdifferentiation 18 .
Concerning the marked enhancement of survival

rates for the Sinupret drops at lower concentrations,
the cytokine modulating capacities of Sinupret and
some of its components seem to be important for the
observed effects. The lower protection rates and
somewhat contrasting results with high-dose Sin-
upret formulations may be otherwise sub-effectiÕely

Žconcentrated substances with anti-inflammatory in-
.hibitory characteristics. A prophylactic treatment

with immunomodulating agents usually triggers pri-
marily nonspecific defense mechanisms, simply be-

Žcause they do not contain specific antigens except
.for vaccinations and some bacterial lysates . In sum-

mary, the present results indicate that the herbal
combination remedy Sinupret exhibits activities that
reach far beyond secretolysis, and may contribute to
explain its excellent therapeutic efficacy.
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