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a b s t r a c t 

Pueraria lobata is one of the most important medicinal herbs used traditionally in China. According to 

Shanghan Lun ( Treatise on Exogenous Febrile Disease ), it has been used traditionally to relieve body heat, 

eye soring, dry mouth, headache associated with high blood pressure, and stiff neck problems. Modern 

studies in the 1970s revealed that isoflavonoids extracted from P. lobata were the bioactive components 

of an herbal remedy namely Yufeng Ningxin Tablets for the treatment of patients after stroke. This article 

reviews recent application of P. lobota in the treatment of diabetics and in reducing alcohol drinking. In 

view of its low toxicity profile, P. lobota stands an excellent chance to be developed as a phytomedicine 

for treating human diseases. 

© 2019 Tianjin Press of Chinese Herbal Medicines. Published by Elsevier B.V. All rights reserved. 
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. Historical use of Pueraria lobata 

Pueraria lobata (Willd) Ohwi ( Fig. 1 ) , commonly named kudzu,

s an ancient Chinese medicinal plant used for diabetes, alcohol

ntoxication, stroke, and cardiovascular disease. It is a long and in-
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ricate climbing vine that coils and trails. It is also known by other

ames like “mile-a-minute vine” and “foot-a-night vine” because 

f its ability to grow out of control in a very short time span. 

The P. lobata root is just one of the parts of the P. lobata plant

hat is used for herbal remedies. It is a perennial leguminous vine

nd has been also used as food in Japan and China. The root

f kudzu was first described in the Chinese literature ( Shengnong

encao Jing , 1278AD) as sweet and acrid in taste, cool in
ll rights reserved. 
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Fig. 1. P. lobata and its roots . 
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nature, and useful as an antipyretic, antidiarrhetic, diaphoretic,

and anti-emetic agent ( Keung & Vallee, 1998 ). Kudzu was also

listed in the most comprehensive medical book of the time, Bencao

Gangmu ( Compendium of Materia Medica ), compiled by Li Shi-zhen

(Li, 1596), in which it was said to treat diabetes and reduce liver

intoxication induced by alcohol. However, these claims of efficacy

are difficult to assess because the evidence is anecdotal and there

were many different preparations over the centuries. 

2. General pharmacology of P. lobata 

Modern clinical studies of kudzu and other herbal products

tend to be flawed by large dropout rates, no measures of medica-

tion adherence, relatively few assessments, and no information on

the source or dose of the preparation. We have analyzed a variety

of commercial kudzu preparations and found they varied widely

in their isoflavone concentrations, even within the same manufac-

turer. These issues highlight the difficulties of evaluating the effi-

cacy of dietary supplements. While randomized clinical trials are

the best method for studying efficacy, such trials often fail be-

cause of methodological weaknesses ( Linde, 20 0 0 ). We found that
Fig. 2. HPLC tracing of isoflavone of kudzu extract (1: puerarin; 2: 3 ′ –m
ommercial kudzu products do not contain enough of the active

soflavones to be effective, and so over the past 15 years we have

eveloped a kudzu extract that has been standardized with 25%

soflavones, compared to the 0%–13% in the over-the-counter prod-

cts that we have analyzed. Interestingly, the wild type of P. lobata

ontains much higher isoflavonoids (up to 12%) than cultivated and

atable species (1%–3%) ( P. thomsonii Benth.). 

Kudzu roots have low toxicity. In a study evaluating the acute

oxic effect, a high dose of 5 g/kg/d (ethanolic extract), which cor-

esponds to approximately 500 mg/kg puerarin, was administered

o rats orally (po) for 21 d. No significant deviations from nor-

al histology were found in liver, kidney, pancreas, and spleen. In-

eed, there were no major abnormalities in a series of biochemical

arameters such as creatinine, creatinine kinase, ALT, AST, and

amma-glutamyltransferase in serum compared with the control

roup ( Bebrevska et al., 2010 ). The LD 50 intraperitoneally (ip) of

rude isoflavone extract of kudzu roots was 5.97 g/kg in rats. The

D 50 (iv) of puerarin was 70 0–80 0 mg/kg in mice ( Liu, 2015 ). In

 clinical trial, 500 mg of kudzu extract (19% puerarin, 4% daidzin,

nd 2% daidzein) po three times a day for 7 d produced no signifi-

ant variation in vital signs, liver function, hematology, or urinaly-

is profile during the course and 4 weeks afterwards ( Lukas et al.,

005, 2013a, 2013b ). These data suggested that kudzu extract is

afe at least sub-chronically. We believe that in any attempt to im-

rove health and promote resilience with any kind of dietary sup-

lement, safety is the utmost important factors to be considered. 

. HPLC fingerprint analysis of P. lobata extract 

Analytical HPLC has been used routinely to establish qual-

ty assurance references prior to formulation. For instance, the

rude kudzu extract received from China can be analyzed ini-

ially by a reverse phase (C-18) HPLC method that has been val-

dated in Dr. Lee’s laboratory for the analysis of various isoflavones

n P. lobata . It can be used as an internal standard for qualita-

ive and quantitative quality assurance because puerarin is the

ajor isoflavone component of the kudzu extract. Fig. 2 showed

he HPLC fingerprint of initial aqueous acetone extract of kudzu.

he HPLC conditions are as follows: YMC C-18 analytical column

4.6 mm × 15 cm); 70% methanol: 30% water, at 1.0 mL/min; UV

onitor at 254 nm. The major peaks are identified and assigned

ased on our studies. This standardized HPLC fingerprint serves as

 reference standard for inter-batch quality control. 

Kudzu extracts contain several compounds, with the highest

oncentration being isoflavones. The three major ones, puerarin,

aidzin and daidzein have been the focus of attention for their

ikely contributions to the effects of the raw roots on drink-

ng. While some investigators have focused on daidzin because

f its weak antabuse-like effect ( Arolfo et al., 2009 ), we believe

hat puerarin is responsible for bioactivities of kudzu. While it

s less potent than the others, there is far more of it in the

lant, and it turns out that puerarin has a unique pharmacology.
ethoxy puerarin; 3: 3 ′ -methoxydaidzin; 4: daidzin; 5: daidzein). 
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Fig. 3. Structures of isoflavone of kudzu extract. 
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uerarin belonging to isoflavone compounds, is one of the major

ioactive components of P. lobata . These isoflavones are common

onstituents of plants of the Leguminosae family and possess rear-

anged flavonoid skeletons ( Fig. 3 ); i.e., the B ring is attached to the

-3-position instead of the C-2-position of the hetero ring. Inter-

stingly, the glucose unit in puerarin is attached to the isoflavone

hrough a unique carbon-carbon bond (C-glycoside) that is sub-

tantially more resistant to enzymatic hydrolysis and metabolic de-

ctivation than the ordinary carbonoxygen linkage ( O -glycoside). 

. Obesity and metabolic syndrome: major global health 

hreats 

Overweight and obesity have increased markedly in the last

wo decades in the United States. Among adults over age 20, 65.1%

re overweight or obese, and more than 150 million adults have

iabetes ( Hedley et al., 2004 ). Even more alarming is the fact that

bout 25% of children in the US are overweight or obese, which

ould lead to the emergence of type 2 diabetes in this previ-

usly unaffected population. The numbers of overweight and obe-

ity worldwide are expected to double by the year 2025, with es-

ecially severe health impact in less developed countries ( Haslam,

0 05, 20 06 ). Obesity is associated with several risk factors and dis-

ases, including metabolic syndrome, diabetes, cardiovascular dis-

rders, and certain kinds of cancer. Obesity is a chronic disease

nd involves a complex interplay between genes and environment.

pidemiological studies suggest that environmental factors play a

arge role in the current prevalence. The main treatment options

re dietary intervention, physical activity, behavior modification,

harmacotherapy, and surgery (AGA, 2002). Although surgery is

he most effective, it is reserved for the severely obese. Caloric

estriction, physical exercise, and behavior modification constitute

he standard mode, but these methods alone or in combination

enerally have poor long-term outcomes (NTFPTB, 1996). Drugs

ave shown only limited success, and some, such as fenfluramine

nd dexfenfluramine, are unsatisfactory due to severe side effects

nd have been withdrawn from the market. None of the many di-

tary supplements has shown conclusive evidence of efficacy in the

orm of double-blind, placebo-controlled clinical trials, nor are they

ell-characterized, and safety is a major concern ( Dwyer, Allison,

 Coates, 2005 ). Given the traditional use of kudzu extract in Asia,

e believe that rigorous scientific investigation of it for preventing
 c  
eight gain and metabolic syndrome has the potential to make a

ignificant positive impact on public health. 

. Kudzu in preventing metabolic syndrome and treating 

iabetes 

An estimated 371 million people worldwide have diabetes, and

bout 90% of cases are type 2 diabetes. The number has almost

oubled since 1980. Based on the current trend, by 2030 there

ill be 550 million cases of type 2 diabetes. The increasing global

revalence is tied closely to the rising rate of obesity as a conse-

uence of social trends toward higher energy intake and reduced

nergy expenditure. Obesity is a major risk factor for the develop-

ent of diabetes and related metabolic disorders. Lifestyle changes,

ncluding diet, play a key role in the management of obesity and

ype 2 diabetes. There is increasing scientific evidence that certain

atural product dietary supplements, including kudzu extract, pro-

ide additional benefits ( Riccardi, Capaldo, & Vaccaro, 2005 ), but

he specific bioactive components and their modes of action re-

ain undefined. Adipose tissue plays an important role in the de-

elopment of obesity and its co-morbidities. Two functionally dif-

erent types of fat tissue are present in mammals: white adipose

issue (WAT) is the primary site of triglyceride storage, and brown

dipose tissue (BAT) is for thermogenic energy expenditure. BAT is

pecialized to dissipate chemical energy in the form of heat and

as recently been shown in humans. Thus, increasing the amount

nd function of brown fat has become an attractive approach for

he prevention and treatment of obesity. Whether or not botanical

ietary supplements directly affect adipocyte differentiation and

unction has not yet been clearly elucidated. 

Previous studies have shown that kudzu extract and its bioac-

ive isoflavones such as puerarin ( Fig. 1 ) could be useful clinically

or treatment of diabetes ( Hsu et al., 2003; Liu et al., 2018; Yang

t al., 2016 ) and cardiovascular diseases such as hypertension ( Ai

t al., 2015 ), atherosclerosis ( Bao et al., 2015; Xiao et al., 2004 ),

yslipidemia ( Duan, Li, & Luo, 20 0 0; Liu, Ma, & Sun, 2011 ), and

yocardial infarction, as well as metabolic syndrome ( Caballero,

003; Wenjun et al., 2015; Yudkin, 2003 ). Although the common

athogenesis of metabolic syndrome is still not fully understood,

ecent studies suggest that kudzu root extract and puerarin could

everse the pathological abnormalities induced by high glucose

evels in vitro and in vivo . In high glucose-treated preadipocytes,

o-incubation of puerarin considerably potentiated glucose uptake
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dose-dependently ( Xu et al., 2005 ). A similar effect was ob-

served in isolated rat soleus muscle ( Hsu et al., 2003 ). Puer-

arin promoted insulin-induced preadipocyte differentiation and

upregulated mRNA expression of PPAR ӱ ( Xu et al., 2005 ). PPAR ӱ is

a nuclear receptor that plays a regulatory role in the expression

of genes related to preadipocyte differentiation, insulin sensitivity,

and inflammation ( Semple et al., 2005; Xu et al., 2005 ). Activation

of PPAR ӱ enhanced insulin sensitivity and triggered adipogenesis,

which is responsible for the reduction of adiposity and release of

detrimental adipokines ( Chiarelli & Di Marzio, 2008 ). 

Another mechanism that may contribute to the glucose lower-

ing activity of puerarin is alteration in the expression of the glu-

cose transporter (GLUT). Diabetes was induced by streptozotocin

(STZ) 60 mg/kg iv puerarin 15 mg/kg iv noticeably diminished blood

glucose level and upregulated the mRNA and protein expression of

the GLUT subtype 4 (GLUT-4) in soleus muscle cells ( Hsu et al.,

20 03 ). Puerarin 10 0 mg/kg/day ip decreased the levels of blood

glucose and insulin and the protein expression of GLUT-4 at the

plasma membrane of skeletal muscle ( Song & Bi, 2004 ). In a sep-

arate study, puerarin 15 mg/kg iv reduced blood glucose level and

increased endorphin content in the absence of insulin stimulation

in STZ-diabetic rats ( Hsu et al., 2004 ). Interestingly, supplementa-

tion of 0.2% kudzu root extract in normal diet for 2 months re-

duced arterial pressure, body weight, fasting blood glucose, plasma

total cholesterol, and insulin levels in both ovariectomized and

non-ovariectomized SHR rats ( Peng et al., 2009 ). Excessive intra-

hepatic triglyceride content in obese persons is a robust marker of

metabolic abnormalities. Recent results showed that puerarin sig-

nificantly decreased the triglyceride and total cholesterol content

in liver of non-alcoholic fatty liver disease. 

6. Kudzu in reducing alcohol drinking 

Ethyl alcohol is the most widely used psychoactive drug in the

world and was recently rated as “the most harmful” of all drugs to

self plus others, exceeding that of heroin, crack cocaine, metham-

phetamine, and tobacco ( Nutt, King, & Philips, 2010 ). Because it

disrupts psychomotor performance while altering mood, it con-

tributes to about 10 0 0 0 0 deaths annually in the U.S. alone. In

its most recent publication, The National Survey on Drug Use and

Health ( SAMSHA, 2011 ) reported that rates of current alcohol use

were 51.8% among persons aged 12 or older or about 131.3 million

people. These estimates were similar to the rates reported in 2009

so there is no change in drinking among our young adults. How-

ever, 23% (58.6 million) of persons 12 or older engaged in binge

drinking in the 30 d prior to the survey and 6.7% of those surveyed

reported heavy drinking. 

There are no uniformly effective pharmacotherapies for treat-

ing alcohol use disorders (AUD). Although there are some promis-

ing medications, many gaps remain ( Kranzler, 20 0 0 ). Litten, Fertig,

Mattson, and Egli (2005) and Johnson et al. (2010) reviewed and

identified the various agents used to treat alcoholism and noted

that none of these medications are universally effective in reduc-

ing drinking and have modest effects; Some are not yet FDA ap-

proved; All are available only by prescription and most have side

effects that limit their use. The efficacy of the four FDA-approved

medications is modest and all have significant side effect profiles.

Garbutt (2009) reviewed the current status of medications and

noted that disulfiram is somewhat effective when taken, but pre-

scription rates were the lowest of all ( Mark et al., 2003 ) and have

plummeted in recent years ( Mark, Kassed, Vandivort-Warren, Levit,

& Kranzler, 2009 ). The toxic reaction with alcohol can be fright-

ening and as such it may be useful only in short-term treatment

with careful monitoring ( Skinner, Lahmek, Pham, & Aubin, ) as 87%

of treatments were stopped at (or before) the expiration of the

first prescription ( Pedersen, Alva-Jørgensen, Raffing., & Tønnesen,
011 ). Acamprosate was initially promising in European trials, but

he results of Project COMBINE ( Anton et al., 2006 ) and another

arge U.S. based trial ( Mason, Goodman, Chabac, & Lehert, 2006 )

ound that it is no different from placebo. It was demonstrated

hat oral naltrexone (NTX) was effective, but it had little thera-

eutic effect ( Krystal, Cramer, Krol, Kirk, & Rosenheck, 2001 ) and

early 86% are never refilled of all prescriptions written for NTX

 Kranzler, Stephenson, Montejano, Wang, & Gastfriend, 2008 ). The

ouza, Angeles, Muñoz, and Amate (2004) meta-analysis of NTX

rials revealed: (a) it reduces the likelihood of relapse to heavy

rinking; (b) there is some evidence that it enhances abstinence

ate; (c) efficacy is modest; (d) the overall tolerability is accept-

ble. The COMBINE Study ( Anton et al., 2006 ) supported these

ndings and reported that patients who received oral NTX were

ignificantly more likely to experience vomiting, diarrhea, somno-

ence and AST or ALT levels more than five times the upper nor-

al limits. Clinician concerns about efficacy contribute to limited

se of NTX ( Mark et al., 2003 ) and parallels the low efficacy liter-

ture. It is not surprising that some clinicians fail to see a robust

linical response if they prescribe oral NTX to a limited number of

atients. No significant effect of extended release NTX was found

or number of heavy drinking days, but it delayed the time to

rst drink. Injection site reactions were more common in the NTX

roup ( Kranzler, Wesson, & Billot, 2004 ) and nausea, decreased ap-

etite, dizziness, and injection-site pain were significantly more

ommon among patients receiving 380 mg extended-release NTX

 Garbutt et al., 2005 ). In conclusion, many patients cannot tolerate

he side effects of these prescription medications and are unwill-

ng to take them. Thus, the importance of offering patients viable

ptions for treatment of such a widely prevalent disorder such as

erbal therapy is extremely important. 

The use of complementary and alternative therapies has in-

reased at an explosive pace ( Barnes, Bloom, & Nahin, 2008 ). The

ajority of the increase in use of alternative therapies was due to

erbal medicines as they were used by 2.5% of the population in

990 by 12.1% in 1997, and in 2007, 38.3% of adults used some form

f complementary and alternative medicine (CAM). The rates of

se, as determined by this national survey, ranged from 32% to 54%

f the population and spanned all socio-demographic groups. In

eneral, use was the highest among women (48.9% vs 37.8%), those

ith some college education versus no college (50.6% versus 36.4%)

nd in 35–49 year olds (50.1%). Also, 58.3% of the respondents paid

or their alternative therapy out-of-pocket, which equated to $33.9

illion in 2009. These data indicate that the U.S. public makes mil-

ions of visits to CAM providers each year and spends billions of

ollars for these services. Wolsko et al. (20 0 0) concluded that the

AM use is wider than generally appreciated and includes individ-

als from a wide spectrum of socioeconomic status. Thus, a CAM

roduct that reduces alcohol consumption would be well received

y the public. 

In fact, the use of medicinal plants to treat alcohol-related dis-

ases dates to 600 A.D. One such Chinese herbal medicine, Xing Jiu

ing (NPI-028), has long been used to reduce the inebriation that

esults from alcohol consumption. NPI-028 contains the extracts

f several plants including P. lobata and Citrus reticulata Blanco,

hich were recorded in an ancient Chinese Materia Medica enti-

led Bencao Gangmu ( Li, 2006 ) and have long been used to lower

ntoxication ( Sun, 600 ). Until recent publication by Lukas et al. in

005, there had been only one clinical trial of kudzu as a treatment

or alcohol abuse. Shebek and Rindone (20 0 0) found no effect of

udzu in promoting sobriety or reducing alcohol craving among

eterans. However, their study has a number of weaknesses (many

f which the authors noted). These included a large dropout rate,

o measure of compliance, only one assessment per month, and

o information on the source or dose of kudzu was provided. A

ariety of OTC preparations were analyzed and found them to vary
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idely in their isoflavone concentration. A lack of standardization

ighlights the difficulties of evaluating the efficacy of complemen-

ary and alternative therapies. While randomized clinical trials are

he best method for studying efficacy, such trials often fail because

f significant methodological weaknesses ( Linde, 20 0 0 ). Keung and

allee (1993b) performed the first study demonstrating that kudzu

educed alcohol intake in an animal model—after a single injec-

ion! However, the hamsters received a concentrated injection of

he kudzu root—a dose that is difficult to achieve using the supple-

ents available in health food stores. The original Chinese method

f preparing kudzu root involves concentrating it in a tea for drink-

ng; the commercial products just do not contain enough of the

ctive isoflavones to be effective. Lukas et al., developed a kudzu

xtract with a highly standardized total isoflavone content of 25%

ncluding the individual isoflavones puerarin, daidzin and daidzein

n a ratio of 19:4:2 ( Fig 2 ). 

.1. Animal study 

According to several preclinical studies, these isoflavones sup-

ressed alcohol intake in Syrian Golden hamsters ( Guerra et al.,

0 0 0; Keung & Valle, 1993a,b ), in alcohol preferring P rats

 Benlhabib, Baker, Keyler, & Singh, 2004 ) and in HAD, FH rats and

onkeys ( Overstreet et al., 1996, 1997, 2011; Penetar, Toto, Lee, &

ukas, 2015 ). 

Interestingly , there is a great deal of preclinical evidence that

soflavones/phytoestrogens contained in kudzu are “protective” of

iver function. Based on our animal drinking study, daidzin is the

ost active isoflavone isolated from kudzu and is three times more

otent than puerarin. Lin et al. (1996) showed that 100 mg/kg/d

orally in food) of daidzein, daidzin, and puerarin in female P rats

ecreased alcohol consumption by 75%, 50%, and 42%, respectively.

he effectiveness of was increased to 65% reduction when the

uerarin dose was increased to 300 mg/kg/d. However, daidzin is

n O -glycoside, and its sugar unit can be easily hydrolyzed under

hysiological conditions to give the aglycone (daidzein), which is

 less hydrophilic metabolite. The glucose unit not only enhances

ater solubility but also facilitates the molecule passing the blood-

rain barrier because puerarin has a non-cleavable glucose moiety.

nterestingly, flavonoid compounds such as 7,8-dihydroxyflavone

nd chrysin (5,7-dihydroxyflavone) were totally inactive in sup-

ression of alcohol intake ( Keung & Vallee, 1993a ). These prelimi-

ary findings demonstrated that a minor structural variation could

esult in a significant difference in effect on ethanol intake. Based

n our animal drinking studies, we found that the 3 ′ –methoxy

nalogs of puerarin is three times more potent than puerarin, and

he 7–hydroxyl group is not necessary for the observed activity.

ith this limited SAR information at two separate regions (A and

), it is conceivable that the activity of the extract of kudzu is

ttributed to a mixture of three major isoflavones ( Fig 3 ) as a

hole, and our formulation contains all three (as well as the ac-

ive 3 ′ methoxy compounds) in the same proportion that is found

n nature. 

.2. Mechanism of action of puerarin in reducing alcohol 

onsumption and secondary benefits 

The actual mechanisms of how kudzu-related compounds

educe alcohol consumption are still not clear. Some postu-

ated options include enhancing hepatic anti-oxidant defense sys-

ems by increasing alcohol and aldehyde dehydrogenase activity

 Penetar et al., 2015 ), and increased superoxide dismutase and

atalase ( Pandey, Yadav, Pandey, & Tripathi, 2013 ), all of which can

elp clear alcohol from the system and protect the liver from dam-

ge that can ensue from chronic alcohol. An added benefit of this
pproach will be a reduction in liver morbidity. Puerarin appears

o increase cerebral perfusion and reduces vascular resistance. In-

ravenous puerarin (NPI-031G) improved heart function in patients

ith chronic heart failure ( Duan et al., 20 0 0 ). Similar iv puerarin

dministration in rats observed increased cerebral blood flow in

he pia mater in SHRs ( Wu et al., 2014 ). Puerarin is injected iv in

atients to treat coronary heart disease ( Gao, Wei, & Qian, 2015 ).

inally, we have just completed a study revealing that puerarin up-

egulates VMAT2 (dopamine transporter) gene expression, which

as been implicated in the etiology of alcoholism ( Xiong et al.,

016 ). 

Alkontrol-herbal may have an additional positive effect in al-

oholic brain if it improves cerebral perfusion. This would be im-

ortant since alcoholism is associated with reduced cerebral per-

usion ( Christie et al., 2008; Tolentino et al., 2011 ). The frontal

obes appear especially vulnerable to chronic alcohol-induced cere-

ral perfusion changes ( Day, Kahler, Ahern, & Clark, 2015; Gunder-

en, van Wageningen, & Grüner, 2013 ). As the frontal lobes play

ivotal roles in mediating executive function, a cognitive domain

ritical for appropriate behavioral responses (e.g., treatment com-

liance) and one that is impaired in alcoholics ( Day et al., 2015;

ixon et al. , 2013 ), frontal impairments could negatively impact on

reatment outcome ( Bernardin, Maheut-Bosser, & Paille, 2014; Loe-

er et al., 2010 ). While executive function appears to recover in

bstinence ( Fein, Torres, Price, & Di, Sclafani, 2006 ), the recovery

ate is slow (e.g. , versus the rate of perfusion improvements), at

east in older alcoholics ( Caputo et al., 2012 ). Thus, treatments that

nhance frontal blood flow may also accelerate functional recovery,

hich would provide additional benefits from the treatment with

his product. 

.3. Clinical studies 

.3.1. Kudzu extract reduces alcohol consumption in outpatient 

etting 

Seventeen non-treatment seeking alcohol-dependent 23–24 

ears old males who had been drinking regularly since age 17–18

articipated. Although the sample size was relatively small ( n = 10

nd 7 completers of 3 weeks of kudzu and placebo, respectfully),

here was an overall main effect for time on number of drinks

er week [F (5,75) = 9.49, P < 0.001, h 

2 
Partial = 0.388] and

here was an interaction for all kudzu extract treatment weeks [F

5,75) = 2.56, P = 0.034, h 

2 
Partial = 0.146] ( Fig 4 ). Both kudzu ex-

ract and placebo treated individuals reduced their drinking during

he first treatment week (Tx1), but they were significant only for

he kudzu treated group ( Lukas et al., 2013a ). As shown in Fig 4 ,

 significant reduction from baseline drinking continued for the

udzu treated group for treatment weeks 2–4. 

There was a trend towards a significant difference between

lacebo and kudzu extract at Tx3 ( P = 0.055). Fig 4 B shows the

ffects of treatment on the number of heavy drinking days per

eek. An overall main effect was observed for both time ([F

5,75) = 3.684, P < 0.005, h 

2 
Partial = 0.197] and for drug

F(1,15) = 9.428, P = 0.008, h 

2 
Partial = 0.386]. There were no signifi-

ant changes in the placebo-treated group, while significant reduc-

ions were observed in treatment weeks 1, 3, and 4 for the kudzu-

reated group. Additionally, there was a significant difference

etween the two drug treatments during treatment week 4. Many

ubjects, regardless of treatment, reduced consumption during the

ollow up, which included additional briefings about the values of

ower alcohol intake. 

Other metrics of alcohol consumption are percent days absti-

ent and number of consecutive days of abstinence. Kudzu extract

lso caused significant changes in these as compared to placebo

reated individuals ( Fig 5 ). It is noteworthy that these participants
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Fig. 4. Panel-Kudzu extract and Placebo effects on weekly alcohol consumption 

among heavy drinkers in an outpatient setting (A). Subjects reported drinking 

via ActiWatchScore wrist actigraphy and daily diaries. Individual data are plotted 

as symbols and the average value as a thick (kudzu extract) or thin (placebo) 

line. Panel-Kudzu extract and Placebo effects on number of heavy drinking days 

per week (B). BL-Baseline; Tx1-Treatment Week 1; Tx2-Treatment Week 2; Tx3- 

Treatment Week 3; Tx4-Treatment Week 4; FU-Follow-up. ∗Indicates significantly 

different from baseline; † indicates significantly different from placebo ( Lukas et al., 

2013a ). 
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Fig. 5. Effects of kudzu extract and placebo on percent study days in which participants w

during weeks 3-6 of the study. ∗Indicates significantly different from placebo treatment u
ere daily drinkers and only one of the placebo-treated partic-

pants and two of the kudzu-treated participants achieved 3 or

ore consecutive days of abstinence during baseline phase (4 and

 d, respectively). However, during the treatment phase, 7 out of 9

f the kudzu-treated and only 1 out of 5 of the placebo-treated

articipants achieved 3 or more consecutive days of abstinence.

his resulted in an odds ratio of 14.0 (Exact Test, StatXact v6.3,

ytel Softward Corp, Cambridge, MA) to achieve 3 or more consec-

tive days of abstinence. 

We have made extensive use of wrist actigraphy as a measure

f sleep/wake activity and as a method of tracking alcohol drinking

ehavior. The patterns of drinking during baseline and after kudzu

reatment are shown for one representative subject in Fig 6 . Note

hat binge drinking (arrows) occurred on all three nights during

aseline, but drinking occurred on only one night while this sub-

ect was taking kudzu extract. As noted by the medication compli-

nce (red circles). The vertical lines represent locomotor activity. 

.3.2. Puerarin is an active isoflavone in kudzu extract 

Natural Pharmacia International supplied us with puerarin (NPI-

31G) so that we could study the effects of the major isoflavone

n kudzu extract on alcohol consumption in the same naturalistic

etting that we used to study kudzu extract ( Lukas et al., 2005 ).

uerarin (600 mg, twice a day) was administered in a double-blind,

lacebo-controlled, crossover design for one week prior to an

fternoon 1.5 h drinking session. During the drinking session, par-

icipants had access to up to six bottles of their preferred brand

f beer (in addition to juice and water). Drinking behavior was

ecorded by a custom-built end table that housed a concealed elec-

ronic scale that was connected to a computer in the control room.

A time course of drinking and sip volumes were obtained by

ecording the weight of the mug and beer between sips. Over the

0-minute session, participants consumed an average (3.29 ± 0.7)

eers when treated with placebo and (2.28 ± 0.6) beers when

reated with puerarin. Participants delayed opening beers by an

verage of 10 additional minutes (23%) and took 4 min longer to

onsume beers (18%). Fig. 7 depicts the effects of puerarin on the

mount of beer consumed ( Penetar, Toto, Farmer, & Lukas, 2012 ).

e conclude that puerarin is an active isoflavone that has effects

hat parallel kudzu extract ( Lukas et al., 2005 ). However, the com-

ination of the other two major isoflavones (daidzin and daidzein)

n the Alkontrol-herbal preparation enhances the total efficacy in

educing alcohol drinking, and therefore is a superior strategy than

ocusing in a single entity. 
ere abstinent (A) and number of consecutive days of abstinence (B) from drinking 

sing baseline drinking as a covariate at P < 0.05. 
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Fig. 6. Three-day samples of wrist actigraphy data from one subject during baseline 

(top) and after 10 d of kudzu extract treatment (bottom); arrows depict alcoholic 

drinks. Vertical lines depict locomotor activity. Kudzu administration is depicted by 

red ovals. 

Fig. 7. Amount of beer consumed during drinking session after either placebo or 

puerarin treatment for 7 d. 
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Fig. 8. Effects of a single dose of kudzu extract or matched placebo on intake of prefer

pretreatment for 2.5 h. (mean ± SEM, n = 10). 
.3.3. Effects of a single dose of kudzu extract on drinking behavior 

In a recent completed study, 20 alcohol drinkers partici-

ated in a baseline drinking session and then a second ses-

ion during which they consumed either kudzu extract (2 g) or

atched placebo, 2.5 h before a 90-minute drinking session began

 Lukas et al., 2005 ). Consumption of their preferred brand of beer

as recorded using a custom end table that contains a digital scale

nd records the sip-by-sip drinking activity ( Fig. 8 ). An acute dose

f kudzu extract significantly ( P = 0.014) reduces alcohol intake af-

er a single dose ( Fig. 8 A) and a reduction in breath alcohol level

t the end of the drinking session ( Fig. 8 B) ( P = 0.026). The effects

f a 2.5 h pretreatment are strikingly similar to our 7-day pretreat-

ent study ( Lukas et al., 2005 ). Collectively, our progress to date

eveals that kudzu extract represents a safe and modestly effective

reatment for alcohol abuse/dependence. 

.4. Objective measures of drinking 

A number of methods have been used to monitor alcohol in-

ake during an extended period of time. The values obtained with a

wab test for salivary ethanol levels (QED 

®, STC Diagnostics, Beth-

ehem, PA) correspond well with breath estimates and blood levels

 Drummer , 2008 ). We will continue to monitor all drinking activ-

ty via four methods: 1) daily diaries, 2) Actiwatch Score ® entries

 Fig. 9 ), 3) frequent breathalyzer samples, and 4) the QED 

® units.

n addition, because of the added value that biomarkers offer, we

ill collect blood samples for measuring liver function and CDT

 Marques et al., 2010 ). Both liver function tests and carbohydrate

eficient transferrin (CDT) were used in combination to identify

ifferent patterns of drinking ( Tavakoli, Hull, & Michael Okasinski,

011 ). 

. Conclusion 

In summary, P. lobata has been used traditionally in China for

reating various diseases including heart, stroke, high blood pres-

ure, etc. This review summarized its recent applications in obe-

ity, diabetic and alcohol drinking. Further investigation by using

 combination of cellular, molecular, genomics, and proteomics ap-

roaches to understand the mechanisms of P. lobata will add valu-

ble scientific information and provide a conduit for speeding up

he development of P. lobata as an evidence-based phytomedicine

n managing obesity, diabetes, and metabolic syndrome. 
red brand of beer (A). Breath alcohol levels at end of drinking sessions (B) with 
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Fig. 9. ActiWatch Score wrist actigraphy device. Note large response button that 

advances the two-digit display (currently showing a “4”). 
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