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A B S T R A C T

Ethnopharmacological relevance: Buyang Huanwu Decoction (BHD) is a multi-herbal composition commonly
prescribed in the treatment of cerebrovascular diseases such as stroke. Although studies have been conducted at
the cellular (in vitro), animal and human (in vivo) level, there was no detailed analysis on how the composition
and proportion of BHD is modified according to target diseases.
Aim of study: The purpose of this study is to investigate the composition and proportion of each herb in BHD to
summarize how the original BHD was modified according to the target disease.
Materials and methods: Electronic literature searches were performed in three databases, collecting sixty-eight
studies for the final analysis. The studies were divided into three types: cell studies, animal experiments and
clinical trial. In the analysis, the decoction formula including the composition and the weight proportion of the
herbs in BHD used in the studies and the target diseases were examined.
Results: The result showed that in cell studies, the targets were mostly cell differentiation, cell injury and im-
mune activation. In animal studies, cerebrovascular diseases such as cerebral ischemia were the most identified
target diseases followed by nervous system and cardiovascular diseases. While the proportions of the herbs in
BHD used in these studies were in general similar to the original formula, some studies reduced the amount of
Astragali Radix to half of the original amount. Modified BHDs were used in four studies for cerebrovascular and
peripheral nerve diseases. However, no significant correlation has been observed between the target diseases and
the change of the proportion of the herbs in BHD.
Conclusions: The most commonly used formula was the original composition of BHD, and modified BHDs were
reported to be used to treat cerebrovascular and nervous diseases. Further studies about the effects of BHD by
composition and proportion of herbs are needed in the future.

1. Introduction

Buyang Hwanwu Decoction (BHD) is a type of herbal medicine
which in recent years is used to treat stroke, vascular dementia and
coronary artery disease. Clinical studies of BHD reported significant
improvement of symptoms especially to cerebrovascular diseases such
as stroke (Hao et al., 2012; Li et al., 2014; Shu, 2010; Zhang et al.,
1995). In previous studies, effects of BHD such as increase of regional
cerebral flow, protective effect of microglial cell and suppression of
thrombosis were reported through experiments (Cha et al., 2011; Han
et al., 2018; Hung et al., 2015; Kim et al., 2001; Oh and Park, 2012;

Park et al., 2000; Son and Park, 2009). In systematic reviews and meta-
analyses about BHD targeting cerebral ischemic animal model (Wei
et al., 2013), BHD had substantial neuroprotective effect which were
significant for all doses in animal models. In addition to studies on
cerebrovascular diseases, various studies about protective effects of
cardiomyoblast cell, hyperlipidemia, endometriosis, dementia and in-
juries of spinal cord and peripheral nerve were conducted, which
unanimously showed promising effects of BHD (Chen et al., 2001; Jung
et al., 1997; Lee et al., 2005; Lim et al., 2010; Seo et al., 2008; Dong
et al., 2016). The study of Li et al. (2014) stated that BHD has possi-
bilities to be applied to diseases such as stroke and cardiovascular
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diseases due to Qi deficiency and blood stasis pattern, through the
principle of activating blood circulation by Qi tonifying effect, the ap-
plications of which are enabled through a dosage form of BHD with
enriched Astragali Radix (AR; Astragalus membranaceus (Fisch.)). This
implies that the therapeutic effect of a herbal formula can be extended
to target a variety of diseases and that the clinical application of BHD
can be broadened by changing the composition and proportion of the
herbs.

The first record of BHD can be found in Yilin Gaicuo (Correction on
Errors in Medical Classics), a medical text written by Wang Qingren
during Qing Dynasty in China. BHD is composed of seven kinds of
medicine: AR, the hairy roots of Angelicae Gigantis Radix (AG; Angelica
acutiloba (Siebold & Zucc.) Kitag.), Paeoniae Radix Rubra (PR; Paeonia
lactiflora Pall.), Cnidii Rhizoma (CR; Cnidium officinale Makino),
Persicae Semen (PS; Prunus persica (L.) Batsch, Prunus davidiana
(CarriŠre) Franch.), Carthami Flos (CF; Carthamus tinctorius L.) and
Lumbricus (LB; Lumbricus terrestris) (Wang, 2016). It is stated in Yilin
Gaicuo (Correction on Errors in Medical Classics) that BHD “treats
hemiplegia, facial nerve palsy, sluggish speech, driveling saliva around
mouth, dry stool, frequent urination and enuresis” (Wang, 2016). Fur-
thermore, variations of the original formula of BHD are presented in
Yilin Gaicuo for the treatment of wider range of symptoms. For example,
one record in Yilin Gaicuo stated that “that one qian, of Saposhnikoviae
Radix (SR; Saposhnikovia divaricata (Turcz.) Schischk.) should be added
when using BHD to treat the early stage of hemiplegia.” (Wang, 2016).

Herbal decoctions in clinics are often modified to treat the patients'
symptoms, and this is done by adjusting the weight and types of herbs
from the original formula found in medical classics. The result is that
the therapeutic effect of the modified formula is more individualized to
each patient to which the formula is adjusted, since the modification
thoroughly considered the characteristics of each patient's symptoms.
Modified BHD, which include new herbs to the original formula, has
also been applied to a number of studies: Polygalae Radix (PGR;
Polygala tenuifolia Willd.) and Acori Graminei Rhizoma (AGR; Acorus
gramineus Solander, Acorus tatarinowii Schott) were added to BHD for
treating Alzheimer's disease and impairment of learning and memory
studies, and Salviae Miltiorrhizae Radix (SMR; Salvia miltiorrhiza
Bunge), Achyranthis Radix (ARR; Achyranthes bidentata Blume) and
Cinnamomi Ramulus (CNR; Cinnamomum cassia (L.) J.Presl) were
added to BHD for treating cerebral ischemia and infarction studies
(Choi et al., 2011; Han and Park, 2010; Moon and Lee, 2000; Oh et al.,
2015; Seo et al., 2008).

On the other hand, the modification of the herbal formula through
changing the proportion of the amount of each herb also leads to the
change of therapeutic effects. Normally a herb providing principal ac-
tion in the herbal formula, or the sovereign herb, is used in a large
quantity, while other herbs with the role of helping the principal are
used in small quantities (Kim et al., 2015). The importance of the
amount of the herbs within the formula implies the change of effects
according to the ratio of the amounts of herbal components even among
the herbal medicines with similar compositions. For example, Guizhi-
tang and Xiaojianzhong-tang share similar components while the effects
are distinctively different, which can be explained by the ratio of the
amount of herbal components. The amount of PR in Xiaojianzhong-tang
is doubled compared to that in Guizhi-tang, and in addition, Oryzae
Gluten (OG; Oryza sativa Linné, Oryza sativa Linné var. glutinosa Mat-
sumura) is added for tonification. As a result, Guizhi-tang disperses
wind and cold, while Xiaojianzhong-tang is used for the treatment of
interior deficiency (Hong et al., 2010; Kim et al., 2011).

Among the seven herbs in BHD, AR is the sovereign herb with the
largest amount for the purpose of treating blood stasis caused by Qi
deficiency, by tonifying Qi (Wang, 2016). The proportion of the com-
ponents in the original BHD—AR, AG, PR, CR, PS, CF and LB is
120:6:4.5:3:3:3:3, and the amount of AR is very much larger than the
other herbs (Table 1). Medical classic explains that the weight of the AR
can be adjusted from one liang to eight liang according to the symptoms
(Wang, 2016) and such adjustment can be found in recent prescriptions.
In some studies, the amount of AR was reduced to less than tenth of that
of the other herbs, a much smaller amount compared to original for-
mula; in other studies, the proportion of the other six herbs were ad-
justed from the original formula (Chen et al., 2001; Li et al., 2016; Wu
et al., 2009).

Among the previously published BHD studies, most were experi-
ment and clinical studies which investigated the therapeutic effective-
ness of the formula. Similarly, previous reviews (Li et al., 2014; Wei
et al., 2013) focused on the therapeutic effectiveness and target diseases
of BHD. On the other hand, no analysis has been done on the compo-
sition and proportion of the herbs that is adjusted to target different
diseases. Therefore, this study aimed to conduct an analysis on the
modification of the herbs in the BHD and the target diseases by re-
viewing the studies which used BHD in their experiment. The final goal
of this study is to enhance the understanding of the composition and
proportion of each herb in BHD and to provide the database for the
expansion of the clinical application of BHD.

Table 1
Descriptive table of the ingredients in Buyang Hwanwu Decoction (BHD).

Formula Korean Name Chinese Name Latin Name Academic Name Parts used

Original BHD Dang-gwi Dang-gui Angelicae Gigantis Radix Angelica acutiloba (Siebold & Zucc.) Kitag. Root
Hwang-gi Huang-qi Astragali Radix Astragalus membranaceus (Fisch.) Bunge Root
Hong-hwa Hong-hua Carthami Flos Carthamus tinctorius L. Flower
Cheon-gung Chuan-xiong Cnidii Rhizoma Cnidium officinale Makino Rhizome
Gu-in or Ji-ryong Di-long Lumbricus Lumbricus terrestris Body
Jeog-jag-yak Chi-shao-yao Paeoniae Radix Rubra Paeonia lactiflora Pall. Root
Do-in Tao-ren Persicae Semen Prunus persica (L.) Batsch

Prunus davidiana (CarriŠre) Franch.
Seed

Modified to BHD U-seul Niu-xi Achyranthis Radix Achyranthes bidentata Blume
Achyranthes japonica (Miq.) Nakai

Root

Seok-chang-po Shi-chang-pu Acori Graminei Rhizoma Acorus gramineus Solander
Acorus tatarinowii Schott

Rhizome

Shi-ho Chai-hu Bupleurum chinensis Bupleurum chinense DC. Root
Gye-ji Gui-zhi Cinnamomi Ramulus Cinnamomum cassia (L.) J.Presl Seed
Swae-yang Suo-yang Cynomorium songaricum Cynomorium songaricum Rupr. Stem
Sok-dan Xu-duan Dipsacus asper Dipsacus asper Wall Root
Du-chung Du-hong Eucommia ulmoides Eucommia ulmoides Oliv. Bark
Sam-chil San-qi Panax notoginseng Panax notoginseng (Burkill) F.H.Chen Root
Ban-ha Ban-xia Pinellia ternata Pinellia ternata (Thunb.) Makino Rhizome
Won-ji Yuan-zhi Polygalae Radix Polygala tenuifolia Willd. Root
Dan-sam Dan-shen Salviae Miltiorrhizae Radix Salvia miltiorrhiza Bunge Root
Bang-pung Fang-feng Saposhnikoviae Radix: Saposhnikovia divaricata (Turcz.) Schischk Root
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2. Methods

Electronic literature searches for studies of BHD were performed in
three databases: PubMed, Embase and Cochrane Library. The date of
the studies were included in the search so that studies before the date
July 24, 2018 was included, and search words were as follows: ‘Buyang
Huanwu’, ‘BYHW*’, ‘BYHW decoction’, ‘BYHW’, ‘Bu yang Huan wu’,
‘Bu-yang Huan-wu’, ‘Bu-yang-Huan-wu’, ‘Buyanghuanwu’, ‘Bo yang
whan oh tang’, ‘Bo-yang-whan-oh-tang’, ‘Boyangwhanohtang’,
‘Boyangwhanoh-tang’, ‘Bo yang hwan oh tang’, ‘Bo-yang-hwan-oh-
tang’, ‘Boyanghwanohtang’, ‘Boyanghwanoh-tang’, ‘Bo yang hwan o
tang’, ‘Bo-yang-hwan-o-tang’, ‘Boyanghwanotang’, ‘Boyanghwano-
tang’. First, the duplicates of the searched studies were excluded from
the database. Further exclusion of the studies was based on the fol-
lowing exclusion criteria: a) not related to BHD, b) non-experimental
studies such as reviews or chemical component studies, c) not original
articles such as comments, letters or editorials, d) articles of which the
full text were unavailable, and e) studies are not written in Korean or
English.

The final selected studies were divided into in vitro study, animal
study and clinical trials. From the selected studies, information such as
the subjects, target diseases or disease models in the case of animal
studies, the extraction methods and durations of administration were
collected. The collected information was analyzed while focusing on the
modified composition and proportions of the herbs. Furthermore, the
relationship between the modification of the composition and propor-
tions of the herbs and the target diseases were examined. The Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
checklist was used to guide the reporting of the review (Moher et al.,
2009).

3. Results

From the databases, a total of 622 studies were collected from the
initial search. Except 213 duplicate studies, 341 studies: no relationship
to BHD (n = 143), non-experimental studies such as reviews or che-
mical component studies (n = 48), not original articles (n = 9), full
article unavailable (n = 97), written in Chinese (n = 44), out of 401
studies, were excluded by predetermined inclusion/exclusion criteria,
so that 68 studies were included in the analysis (Fig. 1). From the year
2001, studies on BHD have been published steadily every year except
for 2005, and the number of the published studies have increased al-
though there are annual deviations (Fig. 2).

3.1. Outcome of analysis on reported studies based on study methods

Out of the 68 studies included in the analysis, 17 studies were cell
studies (in vitro). Among 17 in vitro studies, nine were on cells extracted
from the animals after the administration of the herbal decoction (post
treatment ex vivo, in vitro). The other eight studies either used cells or
blood samples taken from animals without prior administration of the
herbal decoction (pre-treatment ex vivo, in vitro), or immortalized cells
(Table 2). 50 studies were animal studies (Table 3), and one study was a
clinical trial, specifically a case report (Table 4).

3.1.1. Analysis of cell studies
Cell studies were divided into two types: studies using cells derived

from the animals with the administration of herbal decoction (n = 9),
studies using cells or blood samples extracted from the animals without
the administration of herbal decoction or normal cultured cells (n = 8).
In target diseases analysis of animal-derived cell studies after admin-
istration of herbal decoction to animals, cerebral ischemia was targeted
in two out of nine studies reporting an increase of vascular endothelial
growth factor (VEGF) expression (Yang et al., 2015) and suppression of
NF-κB and TNF-α (Jin et al., 2013) after administration of BHD. Other
studies targeted cell immune system, differentiation and proliferation.

In detail, activation of humoral immunity response by stimulation of B
lymphocyte (Kim et al., 2002), promotion of growth and differentiation
of neural progenitor cells (Sun et al., 2007a; Sun et al., 2007b), and
suppressed proliferation of vascular smooth muscle cells by suppression
of EPK1/2 pathway (Chen et al., 2011) after administration of BHD
were identified (Table 2).

In 8 studies treating decoction to cells or bloods extracted from
animals without administration of herbal decoction to the animals, the
main outcome were cerebral ischemia, promotion of cell differentia-
tion, and cell protective effect (Fig. 3). In detail, protective effects of
Schwann cells by activating SOD and suppressing Caspase 3 to oxida-
tive injury (Yang et al., 2011b), immune effects related to activation of
lymphocytes and increases of IL-2 (Ha et al., 2001; Kim et al., 2004),
and promoted differentiation of bone marrow mesenchymal stem cells
by MAPK pathway regulation (Zheng et al., 2012a) after treatment of
BHD were identified (Table 2).

In the analysis of extraction methods, when a variety of extraction
methods were used in one study, the methods were counted as one
method if multiple methods were used consecutively for one experi-
ment. If different methods were used for each extraction and experi-
ments were conducted separately, the methods were counted sepa-
rately. Among 17 studies, ten studies used hot water extraction and four
studies did not describe their extraction method. The remaining three
studies used ethanol extraction, precipitation and chromatography re-
spectively (Fig. 4A).

In the analysis of route of administration, intragastric administra-
tion was identified in 8 studies, and administration method was not
described in one study (Fig. 4B).

3.1.2. Analysis of animal experiment studies
Target diseases of 50 animal experiment studies are presented in

Table 3. Cerebrovascular diseases were the most common target disease
in 26 studies (52%), and 20 studies out of 26 targeted cerebral
ischemia. Out of cerebral ischemia studies, 14 studies targeted cerebral
ischemia/reperfusion (causing cerebral ischemia by occlusion of cere-
bral artery and reperfusing blood), and 2 studies targeted focal cerebral
ischemia. In the studies of cerebral ischemia, effectiveness of BHD was
mainly estimated by infarction size, neurological deficit and prolifera-
tion of neural cells. For cerebral ischemic models after the adminis-
tration of BHD, activation of VEGF in study by Cai et al. (2007), in-
creased expression of angiopoietin in study by Shen et al. (2014) and
increase of glutamate transporter and synthase expression in study by
Ding et al. (2015) were reported. In other cerebrovascular disease
studies, increase of ERK2 and CaMKII in hippocampus CA1 in vascular
dementia by Tang et al. (Tang et al., 2013) and activation of VEGF
transporter intracerebral hemorrhage study by Cui et al. (2015) were
also identified.

A total of 13 studies (26%) targeted nervous system diseases.
Among these studies, seven studies targeted spinal diseases and three
studies targeted peripheral nerve diseases. In studies on spinal diseases,
protective effects by suppression of apoptosis factor (Dong et al., 2016)
and increased expression of Notch1 (Guo et al., 2015) in spinal injury
model and suppression of CDK5 in spinal ischemia/reperfusion models
(Wang and Jiang, 2013) after administration of BHD were examined.
One study about sciatic nerve injury model by Chang et al. (2016) re-
ported that distal extension of axons was improved and expression of
GAP-43 increased in BHD treated group. In the Alzheimer's disease
study by Fei et al. (2018), increased expression of LRP1 and ApoJ were
examined; in the encephalitis study by Wang et al. (Wang et al., 2018b),
suppression of TLR4/Myd88/NF-κB pathway were reported.

Eight studies (16%) targeted cardiovascular diseases. Six studies
targeted heart diseases such as myocardial ischemia and coronary heart
disease. The target outcomes were anti-inflammatory effects of BHD
through the activation of SOD and suppression of the expression of
CD40 and CD40L to myocardial ischemia models in study by Liu et al.
(2011) and decrease of heart weight/body weight ratio and left

Y.-S. Lee, et al. Journal of Ethnopharmacology 255 (2020) 112765

3



ventricle dimension in myocardial infarction models in study by Zhou
et al. (2012). Furthermore, decreased expression of collagen in pul-
monary fibrosis models (Wang et al., 2018a) and suppressed angio-
genesis to hepatocellular carcinoma (Min et al., 2016) were in-
vestigated (Fig. 3).

In the 51 animal experiment studies, 43 used material extracted in
hot water, while 2 used differential extraction in organic solvents and 6
others had not described their method of extraction (Fig. 4A). In only
one study was intraperitoneal administration used while all others were
intragastric (Fig. 4B).

3.1.3. Clinical trial
One case study (Hijikata et al., 2006), reporting on outcomes in

three individuals diagnosed with refractory epilepsy, was analyzed
(Table 4). Each of the patients suffered a specific symptom pattern,
which were diagnosed as Moyamoya disease, hemiplegia-hemiconvul-
sion-epilepsia syndrome (frontal lobe spikes) and loss of consciousness
with fatigue and stress (temporal lobe activity). All patients were

diagnosed with blood stagnation pattern. Upon the BHD treatment to
all three patients, decreased frequency and severity of seizures were
reported. Moyamoya disease is characterized by frequent recurring
seizures. BHD treatment for two months decreased the frequency of
seizures and abated the problems with loss of appetite and indigestion.
In the case of hemiconvulsion-epilepsia syndrome, fatigue and stress
trigger an increase in the frequency of seizures. Not only did a year of
BHD treatment reduce frequency of seizures but this was evident by
examination of frontal lobe activity. In the latter case of temporal lobe
epilepsy, two years of BHD treatment resulted in symptomatic relief.
However, no details on extraction method, dosage form or route of
administration of BHD were declared.

3.2. Analysis of BHD used in included studies

3.2.1. Weight proportion of medicines & target diseases
Twenty studies followed the same proportion as the original for-

mula (AR:AG:PR:CR:PS:CF:LB = 120:6:4.5:3:3:3:3) and in the other 13

Fig. 1. Flow diagram for selection of studies.

Fig. 2. Publication date of articles.
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studies, five herbs except for AR and LB were used equally
(AR:AG:PR:CR:PS:CF:LB = 120:10:10:10:10:10:4.5). Fourteen studies
increased the amount of only the Paeoniae Radix Rubra
(AR:AG:PR:CR:PS:CF:LB = 120:6:6:3:3:3:3 in 11 studies, and
AR:AG:PR:CR:PS:CF:LB = 120:6:5:3:3:3:3 in 3 studies). Other studies
decreased the amount of AR less than half of the amount found in the
original formula, and a variety of weight proportions were identified
(Table 5).

In the analysis of association between weight proportion of herbs
and target diseases, studies using the original formula mostly targeted
cerebral ischemia, cardiovascular and nervous system diseases. Among
the 20 studies using the original formula
(AR:AG:PR:CR:PS:CF:LB = 120:6:4.5:3:3:3:3), cerebral ischemia and
cardiovascular diseases were target diseases in 3 studies, and spinal
injury and sciatic nerve injury were target diseases in two studies each.
Encephalitis and thrombosis were target diseases in other studies.

In 11 studies using five herbs in equal amount except for AR and LB
(AR:AG:PR:CR:PS:CF:LB = 120:10:10:10:10:10:4.5), the weight pro-
portion of AR was about 69% of the total weight. Compared to the
original formula, proportion of AR decreased by about 15% and pro-
portion of the other herbs increased. Out of 11 studies using this pro-
portion, seven studies targeted cerebral ischemia, and Alzheimer's dis-
ease and myocardial infarction were also included.

In the studies using an increased weight of PR
(AR:AG:PR:CR:PS:CF:LB = 120:6:6:3:3:3:3 in 11 studies and
AR:AG:PR:CR:PS:CF:LB = 120:6:5:3:3:3:3 in 3 studies), there was little
difference except for a slightly increased weight of PR compared to the
original formula. Out of 14 studies using this proportion, 7 studies
targeted cerebral ischemia and 3 studies targeted spinal ischemia/re-
perfusion, which implied that this proportion was often used to is-
chemic diseases of central nervous system. In addition, carcinoma and
muscle atrophy were also identified as target diseases.

Except for the studies using modified formula, nine studies were
found in which the weight of AR were reduced (weight of AR about
50%–73% of the total weight). Among these nine studies, five studies
were cell studies investigating the activation of lymphocyte, differ-
entiation of bone marrow stem cell and proliferation of vascular cell.
The other four studies targeted intracerebral hemorrhage, spinal injury
and aortic intimal hyperplasia. The BHD studies using reduced weight
of AR also reported significant results.

3.2.2. Modified medicines
Out of 68 studies, modified BHDs were used in 4 studies. In animal

experiment studies, 3 studies were identified, and they targeted about
sciatic nerve injury (Chen et al., 2001), focal cerebral ischemia (Choi
et al., 2011) and vascular dementia (Oh et al., 2015), respectively. The
remaining one study was a clinical trial in which modified BHD were
used for the treatment of the third case patient suffering from loss of
consciousness with fatigue and stress (Hijikata et al., 2006).

In the modified formula, ARR, AGR, PGR, CNR and SMR were
commonly added. In two studies adding the five kinds of aforemen-
tioned herbs, reduced infarction size and neurological deficit to
ischemia/reperfusion models (Choi et al., 2011) and anti-inflammatory
effects of hippocampus to vascular dementia models induced by hy-
poperfusion at cerebral artery (Oh et al., 2015) were reported respec-
tively. Other herbs added to BHD included Dipsacus asper (Dipsacus
asper Wall. ex C.B. Clarke), Cynomorium songaricum (Cynomorium
songaricum Rupr.), Eucommia ulmoides (Eucommia ulmoides Oliv.),
Panax notoginseng (Panax notoginseng (Burkill) F.H.Chen), Bupleurum
chinensis (Bupleurum chinense DC.), and Pinellia ternata (Pinellia ternata
(Thunb.) Makino) (Table 5).

4. Discussion

This study conducted an analysis on the modification of the com-
position and proportion of the herbs and the corresponding targetTa
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diseases of BHD by reviewing cell (in vitro), animal (in vivo) and human
studies (clinical trials) which used BHD in their experiment. The goal of
this study was to enhance the understanding on the composition of BHD
and to provide database for the expansion of the clinical application of
BHD. The result showed that cerebrovascular diseases such as cerebral
ischemia were the most identified target diseases followed by nervous
system and cardiovascular diseases. Modified BHD were found in some
studies, and these studies targeted cerebrovascular and peripheral
nerve diseases. However, from our data there was no significant cor-
relation between the target diseases and the change of the proportion of
the herbs in BHD.

BHD is comprised by seven kinds of medicinal herbs and is mainly
known for the treatment of blood stagnation caused by Qi deficiency.
Medical classics state that AR in BHD plays the most important role in
treating Qi deficiency by tonifying Qi. Hairy root of AG, PR, CR, PS, and

CF remove blood stagnation. LB treats hemiplegia caused by stroke by
relieving obstruction of collateral vessels. In sum, traditional medicine
understands that BHD treats blood stagnation with AR tonifying in-
sufficient Qi and other medicines activating blood and unblocking the
meridian (Kim et al., 2011; Wang, 2016).

The results of our study correspond to this understanding from the
medical classics by showing that among the target diseases in selected
animal studies, cerebrovascular diseases occupied the largest portion
(52%). Among the studies targeting cerebrovascular diseases, 20 stu-
dies targeted ischemic cerebrovascular diseases, two studies targeted
vascular dementia induced by cerebral artery occlusion, and one study
targeted post-stoke depression (PSD). Among the 20 cerebral ischemia
studies, 11 studies induced brain injuries by blood reperfusion after
occluding cerebral artery. Two studies on hemorrhagic cerebrovascular
diseases were about intracerebral hemorrhage caused by injection of

Fig. 3. Target diseases of cell and animal studies.
Target diseases of cell studies (left, n = 17) and animal studies (right, n = 50). Types, numbers, and proportions of target diseases in cell and animal studies were
presented by pie graph.

Fig. 4. Methods of extraction and administration in selected studies.
(A) Methods of extraction in selected studies. Extraction methods were analyzed in two groups by targets of studies: Cell studies (n = 17) and animal studies
(n = 51). (B) Methods of administration of decoction in selected studies. The studies including administration of decoction to animal were analyzed (n = 59).
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collagenase into the brain tissue. In addition, BHD showed therapeutic
effects to diseases in the peripheral nerve system as well as those in the
central nervous system. Furthermore, it also had effects on ischemic
cardiovascular diseases. Target diseases besides the aforementioned
cerebrovascular diseases were nervous system diseases (26%) and car-
diovascular diseases (16%). Similar results were reported in the pre-
vious studies, in which cerebrovascular diseases occupied a large por-
tion (Li et al., 2014).

The therapeutic effects of a herbal decoction is determined by the
composition and weight proportion of the used herbs (Kim et al., 2015).
One example of the changing composition would be adding Armeniacae
Semen (Prunus armeniaca L. var. ansu Maxim) and Magnoliae Cortex
(Magnolia officinalis Rehder & E.H.Wilson) to Guizhi-tang to direct Qi
downward when a patient have symptoms of dyspnea (Shin, 1988).
Similarly, BHD was modified in four studies in our data to expand the
range of target diseases. These studies include three animal experiment
studies and one case report, and the target diseases of the animal ex-
periment studies were cerebral ischemia, sciatic nerve injury and vas-
cular dementia, respectively, which are cerebrovascular and peripheral
nervous diseases. In the case report, modified BHD was used to the
patient suffering from loss of consciousness with fatigue and stress.
Modified BHD in which the five herbs were modified (ARR, AGR, PR,
CNR and SMR) were used for the improvement of cerebral ischemia
induced by cerebral artery occlusion. ARR, CNR and SMR treat blood
stagnation (Kim et al., 2011), all of which the anti-inflammatory and
protective effects of brain and vessels were reported in recent studies
(Jeong et al., 2008; Li et al., 2018; Oh et al., 2012; Park and Kim, 2014).
In addition, neuroprotective effects about AGR and PR to cerebral
ischemia were also reported (Han et al., 2000; Kim et al., 2000, 2003).
In sum, the modified BHD aimed for enhancing anti-inflammatory and
cerebral protection effects to cerebral ischemia injuries.

Yilin Gaicuo states that medicines in BHD could be modified to
correspond to the patient's condition from the following sentence:
“When a patient first becomes hemiplegic, add one qian of SR. If patient
have already been suffering for 2–3 months and have taken too much of
medicines with cold qualities, add 4–5 qian of Aconiti Lateralis Radix
Preparata (processed root of Aconitum carmichaelii Debeaux). If too
much of wind-dissipating medicines have been applied, add 3–4 qian of
Codonopsis Pilosulae Radix (Codonopsis pilosula (Franch.) Nannf.).”
(Wang, 2016) Likewise, the target of the herbal decoction in the present
clinical approach is modified through changing the composition or the
weight proportion of the formula. On the other hand, there is a lack of
study about the different effects of modified BHD formulas. Therefore,
it seems necessary to further research on the various therapeutic effects
according to the modification of the formulas.

As we mentioned above, there are two ways in the modification of
the medicine to increase effectiveness of the herbal decoction to the
target disease, and one approach is to add herbs according to the target
symptoms such as neuroprotective medicines. For example, in
Buzhongyiqi-tang, whose principal herb is AR, CNR and SR are added
for excessive sweating and Alismatis Rhizoma (Alisma orientale (Sam.)
Juz.) and Plantaginis Semen (Plantago asiatica L.) are added for urinary
retention (Shin, 1988). Furthermore, the interaction between herbs are
considered when adding a herbs to the prescription. For instance, the
side effect becomes more severe when Euphorbiae Pekinensis Radix
(Euphorbia pekinensis Rupr.) and Glycyrrhizae Radix et Rhizoma (Gly-
cyrrhiza glabra L.) are combined because toxicity of Euphorbiae Peki-
nensis Radix remains in the body for a longer time (Kim et al., 2011).
This implies the possibility of reduced therapeutic effects or increased
side effects when AR is combined with other herbs; however, few stu-
dies have been conducted on the interaction between AR and other
herbs.

Sometimes it is necessary to avoid adding further herbs to the BHD
mix to curb potential negative interactions. Thus, BHD optimisation by
modifying relative weight proportions of the herbs is a superior ap-
proach. For example, Pingwei-san and Duijinyinzi consist of the same

medicines: Atractylodis Rhizoma (Atractylodes lancea (Thunb.) DC.;
Atractylodes chinensis (DC.) Koidz, Atractylodes japonica Koidz),
Magnoliae Cortex, Citri Unshius Pericarpium (Citrus unshiu (Yu.Tanaka
ex Swingle) Marcow.) and Glycyrrhizae Radix et Rhizoma. However,
the principal herb in Pingwei-san is Atractylodis Rhizoma, which treats
food stagnation; the principal herb in Duijinyinzi is Citri Unshius
Pericarpium, which treats internal damage due to alcohol (Kim et al.,
1998, 2011; Na, 2013; Shin, 1988). As with the previously mentioned
approach, there are few studies about the modification of weight pro-
portion of the herbs in BHD. Therefore, further studies are required to
increase the clinical value of BHD.

On the other hand, it is noteworthy to mention that although AR
occupies the largest portion in BHD, the studies reducing its weight
have also reported valid results. Yilin Gaicuo states that the weight of
AR in BHD could be adjusted flexibly at the following explanation:

“if a patient is unwilling to take AR, use 1–2 liang, and then gra-
dually increase to 4 liangs. If the effect is too low, double the daily
dosage of the decoction. [While one may wonder] why it is not 8
liangs, doubled dosage may be taken for 5–6 days and then reduced
to the normal dosage.” (Wang, 2016)

If the therapeutic effects are maintained with the reduced weight of
AR which originally occupies 84% of the total weight in BHD, questions
on the original weight of 120 g in the original formula may be raised;
indeed, a modified formula of BHD is in the market as over-the-counter
drug in Japan, which contains AR about 26% of total weight (Kang
et al., 2007; Kim et al., 2008). In addition, reduced AR may prevent the
possible adverse effects for AR that have been reported including
bleeding (Lu and Lu, 2014), lowered blood pressure and increase of
body temperature (Denzler et al., 2016). Therefore, further studies are
required on the effectiveness of the decreased weight of AR and the
effectiveness of BHD on the target diseases.

Limitations of the studies included in our review are as follows.
First, there were only a few explanations about the modified formula in
the studies. Future studies need to elaborate on the modification and
the consequential changes of target diseases. In the case report included
in our review, no descriptions were provided about the production and
administration of BHD such as dosage and number of doses for a day,
extraction method and dosage form, which need to be explained in the
future studies. Second, Latin name and binomial name of the herbs
were mixed throughout the studies. For instance, AR was written as:
‘Astragali Radix’, ‘Astragalus Membranaceus (Fisch.) Bunge’, ‘Radix
Astragali seu Hedysari’, ‘Milkvetch Root’, ‘Huangqi’, etc. Among the
studies using modified BHD in Table 5, two studies wrote modified
herbs in Latin name, while others wrote in binomial name, which may
cause confusion. For example, when only written in binomial name,
‘Cinnamomum cassia (L.) J.Presl’, we can't distinguish ‘Cinnamomi
Cortex’ (bark of the plant) from ‘Cinnamomi Ramulus’ (little branch of
the plant). Similarly, ‘Achyranthis Radix’ does not provide the origin of
the herbs in the name such as ‘Achyranthes bidentata Blume’ or ‘Achyr-
anthes japonica (Miq.) Nakai’. To prevent these problems, it is desirable
to describe herbs in both Latin and binomial names in studies.

Third, the used part of AG was unclear. The original formula states
that the hairy roots of AG called ‘Danggui-wei’ should be used in BHD.
Its effects were explained differently by its parts: the main body roots
have blood-tonifying effect, hairy roots activate blood and resolve
blood stagnation and using it as a whole tonifies and harmonizes blood
(Kim et al., 2011). One study investigating the effects of different parts
of Angelica gigas Nakai to ischemic stroke rat models showed that hairy
root is the most effective for suppression of ischemic brain injuries
compared to other parts, showing the effects may be different by the
parts within one herb (Shin and Park, 2014). However, most studies
included in our review did not specify which part was used in the study,
and it is appropriate to specify in the studies which part of the AG was
used, such as use the hairy root as recorded in original formula.

Lastly, there was a lack of information about the extraction and
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process of BHD. In the case of hot water extraction, the medicine
constituents and yield depend on quantity of water, temperature and
time of extraction and process after extraction. Even though the same
amount of BHD was administered to animals, there could be a differ-
ence in BHD concentration due to variation in the extraction and pro-
cess method. As there were limited information regarding the method
of production in some studies, it is necessary for the future studies to
present exact process of making BHD. If there is uniformity in its
making processes, difference in BHD between studies will decrease.

Although BHD is known as a commonly used formula in China, most
studies could not be searched or included due to full-text access issue.
However, most studies selected in this study were conducted in China,
so this study is believed to reflect the current state of Chinese studies;
therefore, it can be assumed that this limitation of language did not
have a great effect on the actual study collection. Nevertheless, a lack of
diversity of the collected studies can be improved by including Chinese
database in the future studies.

In conclusion, this is the first study to investigate the modified
composition and weight proportion of each herbs and the target dis-
eases of BHD. This study is significant in focusing on analyzing mod-
ified composition and weight proportion of BHD in the published stu-
dies. Most studies used the original formula, and some studies reported
neuroprotective effects of modified BHD targeting cerebrovascular and
nervous diseases. However, there was no significant correlation be-
tween the effects or target diseases by proportions of the herbs in BHD.
More BHD studies about the effects by composition and proportion of
medicines are needed, and further studies on the target diseases besides
cerebrovascular diseases should be conducted. From this study, the
target diseases and increased clinical application of BHD may be ex-
panded in the future.

Declarations of competing interest

None.

Author's contribution

Ye-Seul Lee and Seong-Cheon Woo performed data analysis and
drafted the manuscript. Song-Yi Kim contributed to the conception of
the work and assisted with protocol development. Ji-Yeun Park de-
signed the study, coordinated the acquisition of all study data, inter-
pretation of results and writing of the article. All co-authors were in-
volved in critical revision of initial drafts.

Acknowledgement

This research was supported by a grant of the Korea Health
Technology R&D Project through the Korea Health Industry Develop-
ment Institute (KHIDI), funded by the Ministry of Health & Welfare,
Republic of Korea (grant number: HI17C0096) and Basic Science
Research Program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Science, ICT & Future Planning (NRF-
2018R1C1B3004424 and NRF-2018R1A6A1A03025221).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jep.2020.112765.

References

Cai, G., Liu, B., 2010. Buyang Huanwu decoction increases vascular endothelial growth
factor expression and promotes angiogenesis in a rat model of local cerebral
ischemia. Neural Regen. Res. 5 (22), 1733–1738.

Cai, G., Liu, B., Tan, X., Rong, J., Chen, X., Tong, L., Shen, J., 2007. Buyang Huanwu
Decoction can improve recovery of neurological function, reduce infarction volume,
stimulate neural proliferation and modulate VEGF and Flk1 expressions in transient

focal cerebral ischaemic rat brains. J. Ethnopharmacol. 113 (2), 292–299.
Cha, J.D., Lee, J.S., Shin, J.W., Kim, S.J., Kang, H., Sohn, N.W., 2011. Neuroprotective

effects of Boyanghwano-tang on intracerebral hemorrhage-induced rats using im-
munohistochemistry. Kor. J. Orient. Physiol. Pathol. 25 (5), 799–806.

Chang, I.A., Lim, H.D., Kim, K.J., Shin, H., Namgung, U., 2016. Enhanced axonal re-
generation of the injured sciatic nerve by administration of Buyang Huanwu decoc-
tion. J. Ethnopharmacol. 194, 626–634.

Chen, A., Wang, H., Zhang, J., Wu, X., Liao, J., Li, H., Cai, W., Luo, X., Ju, G., 2008.
BYHWD rescues axotomized neurons and promotes functional recovery after spinal
cord injury in rats. J. Ethnopharmacol. 117 (3), 451–456.

Chen, G., Wu, L., Deng, C.Q., 2011. The effects of BuYang HuanWu Decoction and its
effective components on proliferation-related factors and ERK1/2 signal transduction
pathway in cultured vascular smooth muscle cells. J. Ethnopharmacol. 135 (1), 7–14.

Chen, H., Song, H., Liu, X., Tian, J., Tang, W., Cao, T., Zhao, P., Zhang, C., Guo, W., Xu,
M., Lu, R., 2017. Buyanghuanwu Decoction alleviated pressure overload induced
cardiac remodeling by suppressing Tgf-beta/Smads and MAPKs signaling activated
fibrosis. Biomed. Pharmacother. 95, 461–468.

Chen, H.J., 2012. Metabolomics study of buyang huanwu tang decoction in ischemic
stroke mice by 1H NMR. Metabolomics 8 (5), 974–984.

Chen, Y.S., Cheng, W.C., Yao, C.H., Hsieh, C.L., Lin, J.G., Lai, T.Y., Lin, C.C., Tsai, C.C.,
2001. Effects of buyang huanwu decoction on peripheral nerve regeneration using
silicone rubber chambers. Am. J. Chin. Med. 29 (3–4), 423–432.

Chen, H.J., Shen, Y.C., Shiao, Y.J., Liou, K.T., Hsu, W.H., Hsieh, P.H., Lee, C.Y., Chen,
Y.R., Lin, Y.L., 2015. Multiplex brain proteomic analysis revealed the molecular
therapeutic effects of buyang huanwu decoction on cerebral ischemic stroke mice.
PloS One 10 (10), e0140823.

Choi, Y., Kim, S.K., Choi, I.Y., Ju, C., Nam, K.W., Hwang, S., Kim, B.W., Yoon, M.J., Won,
M.H., Park, Y.K., Kim, W.K., 2011. Amelioration of cerebral infarction and im-
provement of neurological deficit by a Korean herbal medicine, modified Bo-Yang-
Hwan-O-Tang. J. Pharm. Pharmacol. 63 (5), 695–706.

Cui, H., Liu, T., Li, P., Yang, A., Zhou, H., Luo, J., Hu, E., Hu, W., Wang, Y., Tang, T.,
2018. An intersectional study of LncRNAs and mRNAs reveals the potential ther-
apeutic targets of buyang huanwu decoction in experimental intracerebral hemor-
rhage. Cellular physiology and biochemistry. Int. J. Exp. Cell. Physiol. Biochem.
Pharmacol. 46 (5), 2173–2186.

Cui, H.J., Yang, A.L., Zhou, H.J., Wang, C., Luo, J.K., Lin, Y., Zong, Y.X., Tang, T., 2015.
Buyang huanwu decoction promotes angiogenesis via vascular endothelial growth
factor receptor-2 activation through the PI3K/Akt pathway in a mouse model of in-
tracerebral hemorrhage. BMC Compl. Alternative Med. 15, 91.

Denzler, K., Moore, J., Harrington, H., Morrill, K., Huynh, T., Jacobs, B., Waters, R.,
Langland, J., 2016. Characterization of the physiological response following in vivo
administration of Astragalus membranaceus. Evid. base Compl. Alternative Med. :
eCAM 2016, 6861078.

Ding, W., Yu, P., Liu, W., Zhou, L., Guan, L.I., Lin, R., 2015. Buyang Huanwu decoction
increases the expression of glutamate transporter-1 and glutamate synthetase in as-
sociation with PACAP-38 following focal ischemia. Biomed. Rep. 3 (5), 651–656.

Dong, X.H., He, X.P., Gao, W.J., 2016. Neuroprotective effects of the Buyang Huanwu
decoction on functional recovery in rats following spinal cord injury. J. Spinal Cord
Med. 39 (1), 85–92.

Fan, L., Wang, K., Cheng, B., 2006. Effects of buyang huanwu decoction on apoptosis of
nervous cells and expressions of Bcl-2 and bax in the spinal cord of ischemia-re-
perfusion injury in rabbits. J. Tradit. Chin. Med. 26 (2), 153–156.

Fan, X.H., Shi, W.Z., Cheng, Y.X., Yang, X.F., 2014. Effects of Buyang Huanwu Decoction
on antioxidant and drug-metabolizing enzymes in rat liver. Chin. J. Nat. Med. 12 (6),
449–454.

Fei, H., Han, Y., Zhong, L., Gao, L., Zhou, Z., 2018. Effect of buyanghuanwu decoction on
hippocampal morphology and expression of LRP1 and apoj in APP/PS1 mice. Int. J.
Clin. Exp. Med. 11 (2), 704–712.

Guo, Z.P., Huang, M.N., Liu, A.Q., Yuan, Y.J., Zhao, J.B., Mei, X.F., 2015. Buyang Huanwu
decoction up-regulates Notch1 gene expression in injured spinal cord. Neural Regen.
Res. 10 (8), 1321–1323.

Ha, J.C., Kim, Y.H., Woo, W.H., Nam, S.Y., 2001. Promotion of nonspecific cytotoxic T
lymphocyte activity by bo-yang-hwan-oh-tang. Korean J. Pharmacogn. 32 (3),
226–232.

Han, C.H., Kim, M., Cho, S.Y., Jung, W.S., Moon, S.K., Park, J.M., Ko, C.N., Cho, K.H.,
Kwon, S., 2018. Adjunctive herbal medicine treatment for patients with acute is-
chemic stroke: a systematic review and meta-analysis. Compl. Ther. Clin. Pract. 33,
124–137.

Han, C.H., Park, Y.K., 2010. The effect of modified Bouanghwano-tang on the brain in-
farction through the anti-apoptosis of neuronal cells in ischemic rats. J. Kor.
Acupuncture Moxibustion Med. Soc. 27 (4), 29–38.

Han, S.H., Park, J.H., Kim, J.S., Lee, S.M., 2000. Effects of Astragali Radix and Polygalae
Radix on cerebral ischemic and reperfused injury. Yakhak Hoeji 44 (4), 371–377.

Hao, C.Z., Wu, F., Shen, J., Lu, L., Fu, D.L., Liao, W.J., Zheng, G.Q., 2012. Clinical efficacy
and safety of buyang huanwu decoction for acute ischemic stroke: a systematic re-
view and meta-analysis of 19 randomized controlled trials. Evid. base Compl.
Alternative Med. : eCAM 2012, 630124.

Hijikata, Y., Yasuhara, A., Yoshida, Y., Sento, S., 2006. Traditional Chinese medicine
treatment of epilepsy. J. Alternative Compl. Med. 12 (7), 673–677.

Hong, J.W., Lee, W.J., Hahn, S.B., Kim, B.J., Lew, D.H., 2010. The effect of human pla-
centa extract in a wound healing model. Ann. Plast. Surg. 65 (1), 96–100.

Hung, I.L., Hung, Y.C., Wang, L.Y., Hsu, S.F., Chen, H.J., Tseng, Y.J., Kuo, C.E., Hu, W.L.,
Li, T.C., 2015. Chinese herbal products for ischemic stroke. Am. J. Chin. Med. 43 (7),
1365–1379.

Jeong, M.Y., Lee, J.S., Lee, J.D., Kim, N.J., Kim, J.W., Lim, S., 2008. A combined extract of
Cinnamomi Ramulus, Anemarrhenae Rhizoma and Alpiniae Officinari Rhizoma

Y.-S. Lee, et al. Journal of Ethnopharmacology 255 (2020) 112765

12

https://doi.org/10.1016/j.jep.2020.112765
https://doi.org/10.1016/j.jep.2020.112765
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref1
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref1
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref1
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref2
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref2
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref2
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref2
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref3
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref3
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref3
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref4
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref4
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref4
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref5
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref5
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref5
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref6
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref6
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref6
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref7
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref7
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref7
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref7
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref8
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref8
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref10
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref10
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref10
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref9
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref9
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref9
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref9
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref11
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref11
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref11
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref11
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref12
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref12
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref12
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref12
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref12
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref13
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref13
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref13
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref13
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref14
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref14
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref14
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref14
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref15
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref15
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref15
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref87
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref87
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref87
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref16
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref16
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref16
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref17
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref17
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref17
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref18
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref18
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref18
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref19
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref19
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref19
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref20
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref20
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref20
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref21
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref21
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref21
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref21
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref22
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref22
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref22
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref23
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref23
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref24
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref24
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref24
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref24
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref25
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref25
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref26
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref26
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref27
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref27
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref27
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref28
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref28


suppresses production of nitric oxide by inhibiting NF-kappaB activation in RAW
264.7 cells. Phytother Res. : PTR 22 (6), 772–777.

Jin, Y., Dong, L., Wu, C., Qin, J., Li, S., Wang, C., Shao, X., Huang, D., 2013. Buyang
Huanwu Decoction fraction protects against cerebral ischemia/reperfusion injury by
attenuating the inflammatory response and cellular apoptosis. Neural Regen. Res. 8
(3), 197–207.

Jung, W.S., Ko, C.N., Cho, K.H., Kim, Y.S., Bae, H.S., Lee, K.S., 1997. Experimental study
on the effects of Boyanghwanoh-tang on blood pressure and hyperlipidemia. J.
Intern. Kor. Med. 18 (2), 246–267.

Kang, J.M., Park, H.J., Choi, Y.G., Choe, I.H., Park, J.H., Kim, Y.S., Lim, S., 2007.
Acupuncture inhibits microglial activation and inflammatory events in the MPTP-
induced mouse model. Brain Res. 1131 (1), 211–219.

Kim, D.H., Kim, N.J., Bae, E.A., Han, M.J., 1998. Scientific analysis of Daekumeumja and
Pyungwesan by the metabolism of hesperidin. Kor. J. Pharmacogn. 29 (2), 136–141.

Kim, E.H., Lee, J.C., Kim, J., Son, Y.O., Chung, G.H., Jang, Y.S., 2002. Modulation of
antigen-specific immune responses by the oral administration of a traditional medi-
cine, bo-yang-hwan-o-tang. Immunopharmacol. Immunotoxicol. 24 (3), 423–440.

Kim, H.U., Ryu, J.Y., Lee, J.O., Lee, S.Y., 2015. A systems approach to traditional oriental
medicine. Nat. Biotechnol. 33 (3), 264–268.

Kim, I.R., Kim, H.C., Guk, Y.B., Park, S.J., Park, Y.G., Park, J.H., Seo, B.I., Seo, Y.B., Song,
H.J., Lee, Y.J., Lee, Y.C., Lee, J.H., Lim, K.B., Jo, S.I., Jung, J.G., Ju, Y.S., Choi, H.Y.,
2011. Herbology, 3th ed. Yeong Lim Publisher, Seoul.

Kim, K.H., Jeong, H.W., Lee, D.W., Kim, J.S., Kim, Y.G., Cho, S.I., 2003. Effects of Radix
Polygalae extract on sociopsychological stress. Kor. J. Herbol. 18 (1), 99–108.

Kim, K.J., Namgung, U., 2018. Facilitating effects of Buyang Huanwu decoction on axonal
regeneration after peripheral nerve transection. J. Ethnopharmacol. 213, 56–64.

Kim, N.Y., Lee, I., Jang, H.Y., Im, J.M., Kim, S.M., Cho, H.G., Cha, Y.S., Moon, B.S., 2001.
Effect of Boyanghwanoh-tang extract on blood pressure and regional cerebral blood
flow in rats. Kor. J. Orient. Physiol. Pathol. 15 (5), 682–686.

Kim, S.T., Jeon, S., Park, H.J., Hong, M.S., Jeong, W.B., Kim, J.H., Kim, Y., Lee, H.J.,
Chung, J.H., 2008. Acupuncture inhibits kainic Acid-induced hippocampal cell death
in mice. J. Physiol. Sci. 58 (1), 31–38.

Kim, Y.H., Ha, J.C., Do, J.S., Choi, Y.H., Choo, Y.K., Woo, W.H., Yi, H.K., Hwang, P.H.,
Nam, S.Y., 2004. In vitro immunomodulatory activity of Bo-yang-hwan-o-tang.
Immunopharmacol. Immunotoxicol. 26 (4), 631–644.

Kim, Y.O., Kim, Y.S., Leem, K.H., Suk, K.H., Kim, S.Y., Park, J.Y., Ahn, D.K., Kim, H.C.,
2000. Neuroprotective effects of Acori Graminei rhizoma on the brain ischemia in-
duced by four-vessel occlusion in rats. Kor. J. Herbol. 15 (2), 79–85.

Kong, X., Su, X., Zhu, J., Wang, J., Wan, H., Zhong, M., Li, L., Lin, N., 2014.
Neuroprotective effect of buyang huanwu decoction on rat ischemic/reperfusion
brain damage by promoting migration of neural precursor cells. Rejuvenation Res. 17
(3), 264–275.

Lee, Y.J., Rhim, E.K., Jeong, H.A., Shin, S.H., 2005. Protective effects of Boyanghwanoh-
tang on Zinc-mediated cytotoxicity in H9c2 cardiomyoblast cells. J. Intern. Kor. Med.
26 (5), 409–419.

Li, C., 2012. Buyang Huanwu decoction enhances cell membrane fluidity in rats with
cerebral ischemia/reperfusion. Neural Regen. Res. 7 (21), 1605–1610.

Li, J.H., Liu, A.J., Li, H.Q., Wang, Y., Shang, H.C., Zheng, G.Q., 2014. Buyang huanwu
decoction for healthcare: evidence-based theoretical interpretations of treating dif-
ferent diseases with the same method and target of vascularity. Evid. base Compl.
Alternative Med. : eCAM 2014, 506783.

Li, X.M., Bai, X.C., Qin, L.N., Huang, H., Xiao, Z.J., Gao, T.M., 2003. Neuroprotective
effects of Buyang Huanwu Decoction on neuronal injury in hippocampus after tran-
sient forebrain ischemia in rats. Neurosci. Lett. 346 (1–2), 29–32.

Li, Z., Wang, H., Wang, Q., Sun, J., 2016. Buyang huanwu decoction vigorously rescues
PC12 cells against 6-OHDA-induced neurotoxicity via Akt/GSK3beta pathway based
on serum pharmacology methodology. Rejuvenation Res. 19 (6), 467–477.

Li, Z.M., Xu, S.W., Liu, P.Q., 2018. Salvia miltiorrhizaBurge (Danshen): a golden herbal
medicine in cardiovascular therapeutics. Acta Pharmacol. Sin. 39 (5), 802–824.

Lim, S.M., N, L.D., Seo, I.B., Kim, H.J., 2010. Effects of Boyanghwano-tang on the de-
velopment of experimentally-induced endometriosis in the rats. J. Orient. Obstet.
Gynecol. 23 (3), 56–77.

Liu, B., Cai, G., Yi, J., Chen, X., 2013. Buyang Huanwu Decoction regulates neural stem
cell behavior in ischemic brain. Neural Regen. Res. 8 (25), 2336–2342.

Liu, B.Y., Song, X.L., Yi, J., Chen, X.M., Yu, Y., Liu, H., Cai, G.X., 2014. Buyang Huanwu
Decoction (补阳还五汤) reduces infarct volume and enhances estradiol and estradiol
receptor concentration in ovariectomized rats after middle cerebral artery occlusion.
Chin. J. Integr. Med. 20 (10), 782–786.

Liu, X., Min, Y., Gu, W., Wang, Y., Tian, Y., 2015. Buyanghuanwu Tang therapy for
neonatal rats with hypoxic ischemic encephalopathy. Int. J. Clin. Exp. Med. 8 (10),
18448–18454.

Liu, Y., Lin, R., Shi, X., Fang, Z., Wang, W., Lin, Q., Zhang, J., Zhang, H., Ji, Q., 2011. The
roles of buyang huanwu decoction in anti-inflammation, antioxidation and regulation
of lipid metabolism in rats with myocardial ischemia. Evid. base Compl. Alternative
Med. : eCAM 2011, 561396.

Lu, W.I., Lu, D.P., 2014. Impact of Chinese herbal medicine on american society and
health care system: perspective and concern. Evid. base Compl. Alternative Med. :
eCAM 2014, 251891.

Luo, L., Deng, S., Yi, J., Zhou, S., She, Y., Liu, B., 2017. Buyang huanwu decoction
ameliorates poststroke depression via promoting neurotrophic pathway mediated
neuroprotection and neurogenesis. Evid. base Compl. Alternative Med. : eCAM 2017,
4072658.

Min, L., Ling, W., Hua, R., Qi, H., Chen, S., Wang, H., Tang, L., Shangguan, W., 2016.
Anti-angiogenic therapy for normalization of tumor vasculature: a potential effect of
Buyang Huanwu decoction on nude mice bearing human hepatocellular carcinoma
xenografts with high metastatic potential. Mol. Med. Rep. 13 (3), 2518–2526.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D., 2009. Preferred reporting Items for sys-
tematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 6, e1000097
Public Library of Science.

Moon, S.S., Lee, S.R., 2000. Effects of KakamBoyanghwanohTang (KBT) on inhibition of
impairment of learning and memory, and acetylcholinesterase in amnesia mice. J.
Orient. Neuropsychiatr. 11 (1), 19–36.

Na, C.S.e.a., 2013. General Provisions of Korean Medicine Euiseongdang, Seoul.
Oh, T.W., Jung, H.W., Park, Y.K., 2015. Effect of modified Bo-yang-Hwan-o-Tang, a

polyherbal medicine on the hippocampal neuronal damage in a rat model of global
ischemia. Phcog. Mag. 11 (43), 665–673.

Oh, T.W., Park, K.H., Lee, M.Y., Choi, G., Park, Y.K., 2012. Effects of the water extract
from Achyranthis Radix on serum-deprivation-induced apoptosis in PC12 cells and
transient cerebral middle artery occlusion-induced ischemic brains in rats. Kor. J.
Herbol. 27 (2), 77–83.

Oh, T.W., Park, Y.K., 2012. Neuroprotective effect of modify Bo-Yang-Hwan-O-Tang on
global ischemia in rat. Kor. J. Herbol. 27 (6), 83–90.

Pan, R., Cai, J., Zhan, L., Guo, Y., Huang, R.Y., Li, X., Zhou, M., Xu, D., Zhan, J., Chen, H.,
2017. Buyang Huanwu decoction facilitates neurorehabilitation through an im-
provement of synaptic plasticity in cerebral ischemic rats. BMC Compl. Alternative
Med. 17 (1), 173.

Park, C.H., Kim, Y.S., 2014. Effects of Salviae Miltiorrhizae Radix on blood-brain barrier
impairment of ICH-induced rats. Kor. J. Herbol. 29 (1), 19–26.

Park, S.Y., Park, J.H., Han, Y.H., Jun, C.Y., Kim, D.U., Park, S.G., Lee, C.J.H., Go, S.H., Go,
J.C., Choi, Y.K., 2000. The effects of Boyanghwanotang on the thrombosis related
factors. J. Intern. Kor. Med. 21 (5), 829–837.

Seo, S.H., Jung, I.C., Lee, S.R., 2008. The effects of KakamBoyangHwanohTang(KBHT)
hot water extract & ultra-fine powder on the Alzheimer's disease model. J. Orient.
Neuropsychiatr. 19 (3), 69–84.

Shen, J., Zhu, Y., Huang, K., Jiang, H., Shi, C., Xiong, X., Zhan, R., Pan, J., 2016. Buyang
Huanwu Decoction attenuates H2O2-induced apoptosis by inhibiting reactive oxygen
species-mediated mitochondrial dysfunction pathway in human umbilical vein en-
dothelial cells. BMC Compl. Alternative Med. 16, 154.

Shen, J., Zhu, Y., Yu, H., Fan, Z.X., Xiao, F., Wu, P., Zhang, Q.H., Xiong, X.X., Pan, J.W.,
Zhan, R.Y., 2014. Buyang Huanwu decoction increases angiopoietin-1 expression and
promotes angiogenesis and functional outcome after focal cerebral ischemia. J.
Zhejiang Univ. - Sci. B 15 (3), 272–280.

Shen, Y.C., Lu, C.K., Liou, K.T., Hou, Y.C., Lin, Y.L., Wang, Y.H., Sun, H.J., Liao, K.H.,
Wang, H.W., 2015. Common and unique mechanisms of Chinese herbal remedies on
ischemic stroke mice revealed by transcriptome analyses. J. Ethnopharmacol. 173,
370–382.

Shin, J.Y., 1988. Explanation of Bangyakhappyeon. Seongbosa, Gyeonggi.
Shin, Y.J., Park, Y.G., 2014. Effects of different parts of Angelica gigas Nakai on brain

damages and neuronal death in transient middle artery occlusion/reperfusion-in-
duced ischemic rats. Kor. J. Herbol. 29 (6), 85–93.

Shu, J., 2010. Meta-analysis of Buyang Huanwu decoction for vascular dementia. Gansu
J. Tradit. Chin. Med. 23 (8), 14–16.

Son, H.Y., Park, Y.K., 2009. Anti-inflammatory effects of different fractions isolated from
modified Boyanghwano-tang extract in LPS-stimulated microglial cells. Kor. J.
Herbol. 24 (4), 173–179.

Sun, J., Bi, Y., Guo, L., Qi, X., Zhang, J., Li, G., Tian, G., Ren, F., Li, Z., 2007a. Buyang
Huanwu Decoction promotes growth and differentiation of neural progenitor cells:
using a serum pharmacological method. J. Ethnopharmacol. 113 (2), 199–203.

Sun, J.H., Gao, Y.M., Yang, L., Wang, X., Bao, L.H., Liu, W.J., Yew, D., 2007b. Effects of
Buyang Huanwu Decoction on neurite outgrowth and differentiation of neuroe-
pithelial stem cells. Chin. J. Physiol. 50 (4), 151–156.

Wang, H.W., Liou, K.T., Wang, Y.H., Lu, C.K., Lin, Y.L., Lee, I.J., Huang, S.T., Tsai, Y.H.,
Cheng, Y.C., Lin, H.J., Shen, Y.C., 2011a. Deciphering the neuroprotective mechan-
isms of Bu-yang Huan-Wu decoction by an integrative neurofunctional and genomic
approach in ischemic stroke mice. J. Ethnopharmacol. 138 (1), 22–33.

Wang, L., Huang, Y., Wu, J., Lv, G., Zhou, L., Jia, J., 2013. Effect of Buyang Huanwu
decoction on amino acid content in cerebrospinal fluid of rats during ischemic/re-
perfusion injury. J. Pharmaceut. Biomed. Anal. 86, 143–150.

Wang, L., Jiang, D.M., 2009. Neuroprotective effect of Buyang Huanwu Decoction on
spinal ischemia/reperfusion injury in rats. J. Ethnopharmacol. 124 (2), 219–223.

Wang, L., Jiang, D.M., 2013. Neuroprotective effect of Buyang Huanwu Decoction on
spinal ischemia-reperfusion injury in rats is linked with inhibition of cyclin-depen-
dent kinase 5. BMC Compl. Alternative Med. 13, 309.

Tang, J., Gao, W., Li, J., Qian, T., Zhang, H., Liu, S., 2013. The molecular and electro-
physiological mechanism of buyanghuanwu decoction in learning and memory
ability of vascular dementia rats. Brain Res. Bull. 99, 13–18.

Wang, Q.R., 2016. In: Baek, Y.S., Jeong, H.S., Tran (Eds.), Yilingaicuo. Bubinbooks, Seoul.
Wang, W.R., Lin, R., Zhang, H., Lin, Q.Q., Yang, L.N., Zhang, K.F., Ren, F., 2011b. The

effects of Buyang Huanwu Decoction on hemorheological disorders and energy me-
tabolism in rats with coronary heart disease. J. Ethnopharmacol. 137 (1), 214–220.

Wang, X., Li, X., Wang, L.N., Pan, J.J., Yang, X., Wei, Y.L., 2018a. Buyang huanwu de-
coction ameliorates bleomycin-induced pulmonary fibrosis in rats via down-
regulation of related protein and gene expression. Evid. base Compl. Alternative Med.
: eCAM 2018, 9185485.

Wang, X.Q., Yang, C.Y., Li, Y.H., Liu, J.C., Zhang, H.Z., Tian, Q.Q., Yu, J.Z., Guo, S.D.,
Wang, Q., Chai, Z., Xiao, B.G., Ma, C.G., 2018b. Immunoregulative effect of buyang
huanwu decoction in experimental autoimmune encephalomyelitis. Int. J. Clin. Exp.
Med. 11 (5), 4565–4574.

Wei, R.L., Teng, H.J., Yin, B., Xu, Y., Du, Y., He, F.P., Chu, K.T., Luo, B.Y., Zheng, G.Q.,
2013. A systematic review and meta-analysis of buyang huanwu decoction in animal
model of focal cerebral ischemia. Evid. base Compl. Alternative Med. : eCAM 2013,
138484.

Y.-S. Lee, et al. Journal of Ethnopharmacology 255 (2020) 112765

13

http://refhub.elsevier.com/S0378-8741(19)34512-X/sref28
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref28
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref29
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref29
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref29
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref29
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref31
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref31
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref31
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref32
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref32
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref32
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref33
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref33
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref34
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref34
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref34
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref35
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref35
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref36
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref36
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref36
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref37
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref37
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref38
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref38
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref39
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref39
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref39
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref40
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref40
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref40
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref41
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref41
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref41
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref42
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref42
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref42
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref43
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref43
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref43
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref43
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref44
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref44
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref44
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref45
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref45
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref46
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref46
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref46
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref46
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref47
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref47
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref47
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref48
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref48
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref48
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref49
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref49
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref50
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref50
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref50
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref51
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref51
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref52
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref52
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref52
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref52
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref53
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref53
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref53
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref54
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref54
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref54
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref54
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref55
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref55
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref55
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref56
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref56
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref56
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref56
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref57
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref57
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref57
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref57
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref58
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref58
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref58
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref59
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref59
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref59
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref60
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref61
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref61
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref61
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref62
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref62
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref62
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref62
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref63
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref63
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref64
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref64
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref64
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref64
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref65
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref65
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref66
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref66
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref66
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref67
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref67
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref67
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref68
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref68
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref68
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref68
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref69
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref69
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref69
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref69
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref70
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref70
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref70
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref70
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref71
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref72
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref72
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref72
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref73
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref73
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref74
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref74
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref74
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref75
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref75
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref75
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref76
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref76
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref76
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref77
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref77
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref77
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref77
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref78
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref78
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref78
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref79
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref79
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref80
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref80
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref80
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref30
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref30
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref30
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref81
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref82
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref82
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref82
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref83
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref83
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref83
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref83
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref84
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref84
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref84
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref84
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref85
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref85
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref85
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref85


Wu, L., Zhang, W., Li, H., Chen, B.Y., Zhang, G.M., Tang, Y.H., He, F.Y., Deng, C.Q., 2009.
Inhibition of aortic intimal hyperplasia and cell cycle protein and extracellular matrix
protein expressions by BuYang HuanWu Decoction. J. Ethnopharmacol. 125 (3),
423–435.

Yang, G., Fang, Z., Liu, Y., Zhang, H., Shi, X., Ji, Q., Lin, Q., Lin, R., 2011a. Protective
effects of Chinese traditional medicine buyang huanwu decoction on myocardial
injury. Evid. base Compl. Alternative Med. : eCAM 2011, 930324.

Yang, J., Gao, F., Zhang, Y., Liu, Y., Zhang, D., 2015. Buyang huanwu decoction (BYHWD)
enhances angiogenic effect of mesenchymal stem cell by upregulating VEGF ex-
pression after focal cerebral ischemia. J. Mol. Neurosci. : MN 56 (4), 898–906.

Yang, S., Gao, Q., Xing, S., Feng, X., Peng, L., Dong, H., Bao, L., Zhang, J., Hu, Y., Li, G.,
Song, T., Li, Z., Sun, J., 2011b. Neuroprotective effects of Buyang Huanwu decoction
against hydrogen peroxide induced oxidative injury in Schwann cells. J.
Ethnopharmacol. 137 (3), 1095–1101.

Yu, P., Guan, L., Zhou, L., Guo, J., Guo, R., Lin, R., Ding, W., Li, X., Liu, W., 2017.
Upregulation of glutamate metabolism by BYHWD in cultured astrocytes following
oxygen-glucose deprivation/reoxygenation in part depends on the activation of p38
MAPK. Exp. Therapeut. Med. 13 (6), 3089–3096.

Zhang, H., Liang, M.J., Ma, Z.X., 1995. Clinical study on effects of buyang huanwu de-
coction on coronary heart disease. Chin. J. Integr. Tradit. Western Med. 15 (4),
213–215.

Zhang, Z., Song, J., Jia, Y., Zhang, Y., 2016. Buyanghuanwu decoction promotes angio-
genesis after cerebral ischemia/reperfusion injury: mechanisms of brain tissue repair.
Neural Regen. Res. 11 (3), 435.

Zhang, H., Wang, W.R., Lin, R., Zhang, J.Y., Ji, Q.L., Lin, Q.Q., Yang, L.N., 2010a. Buyang
Huanwu decoction ameliorates coronary heart disease with Qi deficiency and blood
stasis syndrome by reducing CRP and CD40 in rats. J. Ethnopharmacol. 130 (1),
98–102.

Zhang, J., Li, C., Guo, X., Wang, G., 2001. Effect of buyang huanwu decoction on platelet
activating factor content in arterial blood pre- and post-arterial thrombosis in rats. J.
Tradit. Chin. Med. 21 (4), 299–302.

Zhang, J., Yao, H., Wu, Y., Chen, Z., Li, Z., 2007. In vitro effects of buyang huanwu
decoction and its ingredients on inhibiting the specific binding of 3H-platelet acti-
vating factor to its receptor in rabbits. Neural Regen. Res. 2 (8), 497–501.

Zhang, L., Wei, C., Ruan, Y., Zhang, Y., Zhou, Y., Lei, D., 2018. Serum containing Buyang
Huanwu decoction prevents age-associated migration and invasion of human

vascular smooth muscle cells by up regulating SIRT1 expression. Biosci. Trends 12
(3), 282–290.

Zhang, M., Chai, Y., Liu, T., Xu, N., Yang, C., 2015. Synergistic effects of Buyang Huanwu
decoction and embryonic neural stem cell transplantation on the recovery of neu-
rological function in a rat model of spinal cord injury. Exp. Therapeut. Med. 9 (4),
1141–1148.

Zhang, Y., 2006. Influences of Buyanghuanwu decoction and its decomposed formulas on
cell apoptosis and expressions of Bcl-2 and Bax protein in rats with cerebral ischemia/
reperfusion. Chin. J. Tissue Eng. Res. 10 (43), 196–199.

Zhang, Y.K., Han, X.Y., Che, Z.Y., 2010b. Effects of buyang huanwu tang combined with
bone marrow mesenchymal stem cell transplantation on the expression of VEGF and
Ki-67 in the brain tissue of the cerebral ischemia-reperfusion model rat. J. Tradit.
Chin. Med. 30 (4), 278–282.

Zhao, L.D., Wang, J.H., Jin, G.R., Zhao, Y., Zhang, H.J., 2012. Neuroprotective effect of
Buyang Huanwu decoction against focal cerebral ischemia/reperfusion injury in rats–
time window and mechanism. J. Ethnopharmacol. 140 (2), 339–344.

Zheng, J., Liang, J., Deng, X., Chen, X., Wu, F., Zhao, X., Luo, Y., Fu, L., Jiang, Z., 2012a.
Mitogen activated protein kinase signaling pathways participate in the active prin-
ciple region of Buyang Huanwu decoction-induced differentiation of bone marrow
mesenchymal stem cells. Neural Regen. Res. 7 (18), 1370–1377.

Zheng, J., Wan, Y., Chi, J., Shen, D., Wu, T., Li, W., Du, P., 2012b. The active principle
region of Buyang Huanwu decoction induced differentiation of bone marrow-derived
mesenchymal stem cells into neural-like cells: superior effects over original formula
of Buyang Huanwu decoction. Neural Regen. Res. 7 (4), 261–267.

Zhong, F.F., Wu, C.L., Zhang, X.Y., Sun, X.F., Xie, M.J., 2017. Effects of buyang huanwu
decoction combined with edaravone on mitochondrial apoptotic pathway of nerve
cells in mice with cerebral ischemia-reperfusion injury. Int. J. Clin. Exp. Med. 10 (4),
6749–6755.

Zhou, L., Huang, Y., Xie, H., Mei, X., 2018. Buyang Huanwu Tang improves denervation-
dependent muscle atrophy by increasing ANGPTL4, and increases NF-kappaB and
MURF1 levels. Mol. Med. Rep. 17 (3), 3674–3680.

Zhou, Y.C., Liu, B., Li, Y.J., Jing, L.L., Wen, G., Tang, J., Xu, X., Lv, Z.P., Sun, X.G., 2012.
Effects of buyang huanwu decoction on ventricular remodeling and differential
protein profile in a rat model of myocardial infarction. Evid. base Compl. Alternative
Med. : eCAM 2012, 385247.

Y.-S. Lee, et al. Journal of Ethnopharmacology 255 (2020) 112765

14

http://refhub.elsevier.com/S0378-8741(19)34512-X/sref86
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref86
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref86
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref86
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref88
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref88
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref88
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref89
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref89
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref89
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref90
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref90
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref90
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref90
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref91
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref91
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref91
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref91
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref92
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref92
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref92
http://refhub.elsevier.com/S0378-8741(19)34512-X/optjwLXOHiaDE
http://refhub.elsevier.com/S0378-8741(19)34512-X/optjwLXOHiaDE
http://refhub.elsevier.com/S0378-8741(19)34512-X/optjwLXOHiaDE
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref93
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref93
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref93
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref93
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref94
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref94
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref94
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref95
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref95
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref95
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref96
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref96
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref96
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref96
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref97
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref97
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref97
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref97
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref98
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref98
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref98
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref99
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref99
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref99
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref99
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref100
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref100
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref100
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref101
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref101
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref101
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref101
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref102
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref102
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref102
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref102
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref103
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref103
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref103
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref103
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref104
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref104
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref104
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref105
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref105
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref105
http://refhub.elsevier.com/S0378-8741(19)34512-X/sref105

	Understanding the multi-herbal composition of Buyang Huanwu Decoction: A review for better clinical use
	Introduction
	Methods
	Results
	Outcome of analysis on reported studies based on study methods
	Analysis of cell studies
	Analysis of animal experiment studies
	Clinical trial

	Analysis of BHD used in included studies
	Weight proportion of medicines &#x200B;&&#x200B; target diseases
	Modified medicines


	Discussion
	Declarations of competing interest
	Author's contribution
	Acknowledgement
	Supplementary data
	References




