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 Abstract
Herbal medicines that block bacteria or cancer cells from 

adhering to their target cells offer a novel therapeutic approach. 
These medicines can potentially help prevent and treat a range 
of infections or cancers. Vaccinium macrocarpon (cranberry) is 
the best-studied of these medicines. It has been shown to be 
useful both in prevention and treatment of urinary-tract in-
fection in some patients. There is growing interest in using 
cranberry or its close relatives—V. angustifolium or V. corym-
bosum (blueberry); V. myrtillus (bilberry); and V. ovalifolium, 
V. ovatum, or V. parvifolium (huckleberry)—to block Helico-
bacter pylori and Streptococcus spp. adhesion. Camellia sinensis 
(tea) also has promise as an antiadhesion agent, particularly 
against Streptococcus mutans. Other herbs with antiadhesion ef-
fects in vitro or in animal studies include Panax ginseng (Asian 
ginseng), Artemisia capillaris (yin-chen wormwood), Humu-
lus lupulus (hops), propolis, Asarum sieboldii (xi xin), Asarum 
canadense (wild ginger), Asarum europaeum (European wild 
ginger), Cladosiphon okmuranus (mozuku), Fucus vesiculosus 
(bladderwrack), and Fucus evanescens.

Introduction

Some herbal medicines block adhesion of pathogenic mi-
crobes to epithelial cells. This mechanism of action demon-
strates the diversity of antimicrobial activity in medicinal 
herbs and provides a therapeutic approach not available in 
antibiotic drugs. The continued failure of most of conven-
tional medicine to appreciate the value of antiadhesive bo-
tanicals, even if they are not as potent or immediate in their 
actions as drugs, does a disservice to patients. Some studies 
have shown that common antibiotics such as trimethoprim-
sulfamethoxazole do not inhibit bacterial adhesion directly 

and actually seem to increase levels of more virulent uro-
pathogens after cessation of treatment.1

There is some evidence that the antiadhesive properties of 
botanicals also affect movements of cancer cells and may pro-
vide protection against local invasion and metastasis.

Vaccinium spp. and Urinary-Tract Infection

Vaccinium macrocarpon (cranberry) fruit is one of the best-
studied and most well-known antiadhesion herbs. This Eri-
caceae family herb contains proanthocyanidins that have 
been shown to block the adhesion of Escherichia coli to human 
urothelium in vitro and in clinical trials.2 This same effect has 
been demonstrated by other members of the same genus, nota-
bly blueberry (V. angustifolium and V. corymbosum).3–5 V. myrtil-
lus and (bilberry), and various huckleberries (V. ovalifolium, V. 
ovatum and V. parvifolium) contain similar constituents and are 
presumed to have antiadhesive activity. Table 1 presents clini-
cal trials that have provided some degree of quantification of 
how effectively cranberry reduces E. coli adhesion.

Cranberry clearly does not deliver the same immediate re-
sults as antibiotics in most patients with uncomplicated UTIs. 
As a monotherapy, cranberry juice or various encapsulated 
products have not been rigorously proven effective for treating 
UTIs.6 This is not surprising as cranberries do not have potent, 
direct toxicity to bacterial cells and antiadhesive effects are less 
likely to be helpful in an already-established infection.

Trials on prevention of UTI, however, at least in women with 
recurrent UTIs, show that cranberry products (juice and vari-
ous powdered extracts) can, over 12 months’ time, effectively 
reduce the incidence of UTI.7,8 These products achieve this 
effect with minimal toxicity, though long-term studies have 
fairly high levels of dropouts, mainly because patients stop tak-
ing cranberry juice as a result of time and taste issues.
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Participants taking either form of cranberry had significantly 
fewer UTIs compared with the placebo group. Because of reduced 
antibiotic use and less time off work, the cranberry-treated groups 
spent less money on treatment than the placebo group. Tablets 
proved to be twice as cost effective as juice in this trial. Though 
these results need to be independently replicated, they provide 
strong evidence that ongoing use of cranberry products can pro-
vide a significant benefit in women with recurrent UTIs.9

Vaccinium spp. and Helicobacter pylori

Adhesion of Helicobacter pylori to stomach epithelium and 
possibly mucus is important to this bacterium’s ability to stay in 
the body and create disease.10 In vitro, cranberry extract has been 
shown to reduce H. pylori adhesion to human gastric mucus.11 
Cranberry extracts also blocked adhesion directly to gastric epi-
thelium in vitro.12 Cranberry extracts showed additive inhibi-
tory effects on H. pylori in vitro when combined with Origanum 
vulgare (oregano) extracts.13 The mechanisms of action shown 
in this study included inhibition of urease and disruption of en-
ergy production by blocking proline dehydrogenase.

In a double-blind, randomized clinical trial, 225 adults in 
Linqu County, China, took either 250 mL of cranberry juice 
twice daily or an artificially cranberry-flavored juice.14 This 
area of China has one of the highest stomach cancer rates 
in the world. Only 189 subjects completed the trial with full 
compliance. All participants had positive 13C-urea breath 
tests documenting H. pylori infection at the outset of the trial. 
By the end of the 90-day trial, significantly more subjects who 
drank real cranberry juice had negative breath tests compared 
with the placebo group (14.4% versus 5.4% were negative in 
each group, respectively).

While clearly much less effective than antibiotics, the lack of 
side-effects and ability to incorporate the treatment regularly 
suggest cranberry could, if the results of this trial are durable,14 

Cranberry has also been assessed for cost effectiveness. In a 
12-month trial, 150 sexually active women were randomly as-
signed to drink cranberry juice and take placebo tablets, take 
cranberry tablets and drink placebo cranberry-flavored juice, or 
drink placebo cranberry-flavored juice and take placebo tablets.9 
Juice doses were 250 mL, three times per day; tablets containing 
a dried extract of juice (30:1) were taken twice per day. 

Table 1. A Sample of Studies Quantifying 
Escherichia coli Antiadhesive Effects of Cranberry
Trial (type) Daily dose Results
Sobotaa 1984 15 oz juice 15 of 22 subjects had 
(open, n = 22)  significantly decreased 
   adhesion 1–3 hours  
   after drinking juice.
Valentova, et al.b  400 or 1200 mg 1200 mg only re- 
2007 (controlled,  dried juice duced adhesion sig- 
n = 65)  nificantly compared  
   with placebo.
Greenberg, et al.c  42.5 g dried 3 of 5 subjects had 
2005 (controlled,  fruit reduced adhesion 
n = 5)  after cranberries,  
   none after raisins or  
   at baseline.
Di Martino, et al.d  8.5 or 25 oz 8.5 oz of cranberry 
2006 (randomized  cranberry juice juice reduced adhe- 
double-blind,   sion 45% and 25 oz 
n = 20)  62% compared with  
   placebo drink.
Latin binomial for cranberry is Vaccinium macrocarpon.
aRef. 2; bValentova K, Stejskal D, Bednar P, et al. Biosafety, antioxidant status, 
and metabolites in urine after consumption of dried cranberry juice in healthy 
women: A pilot double-blind placebo-controlled trial. J Agric Food Chem 
2007;55:3217–3224; cGreenberg JA, Newmann SJ, Howell AB. Consumption of 
sweetened dried cranberries versus unsweetened raisins for inhibition of uro-
pathogenic Escherichia coli adhesion in human urine: A pilot study. J Altern Com-
plement Med 2005;11:875–878; dDi Martino P, Agniel R, David K, et al. Reduction 
of Escherichia coli adherence to uroepithelial bladder cells after consumption of 
cranberry juice: A double-blind randomized placebo-controlled cross-over trial. 
World J Urol 2006;24:21–27.

Vaccinum macrocarpum (cranberry).Vaccinium corymbosum (blueberry).
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A similar study found the same constituents active also at 
inhibiting biofilm development by S. mutans in vitro.17 Crude 
cranberry juice has also been shown to block glycosyltrans-
ferases, inhibit binding to teeth, and reduce acidogenicity of 
S. mutans.18 High molecular weight compounds in cranberry 
reduce the hydrophobicity of streptococci, which has been 
shown to be directly related to inhibiting biofilm formation.19 
Cranberry does not kill S. mutans directly.20

Another question is whether cranberry can break up a bio-
film. In vitro, high molecular weight materials from cranberry, 
presumed to be high in proanthocyanidins, have been shown 
to promote Streptococcus sobrinus actually breaking out of bio-
films (“desorption”).21 This same extract has previously been 
shown to help prevent biofilm formation in the first place.22

Only 1 human trial was located on the effect of cranberry on 
oral health. A mouthwash with high molecular weight cran-
berry compounds added was compared with placebo mouth-
wash in 59 healthy volunteers for 6 weeks.23 The count of S. 
mutans was significantly lower in the cranberry group com-
pared with placebo, while no differences in plaque or gingival 
indices were noted. This provides preliminary evidence for the 
value of cranberry in helping with various dental diseases.

Highly sweetened cranberry juices should be avoided, as sugar 
is simply not healthy. (However, most studies on cranberry for 
UTIs have been done using a sweetened cranberry drink.) Some 
patients tolerate unsweetened juice, but most will not. Rather 
than using synthetic sweeteners with unknown long-term con-
sequences and scant evidence of reduced weight gain,24,25 we 
suggest that patients either try mixing blueberry and cranberry 
juice in equal parts or diluting cranberry juice with water and the 
lowest amount of grape juice possible. For patients who cannot 
or will not tolerate juice or find it too expensive, encapsulated 
products should be used (combinations of juice and capsules are 
of course possible). We generally recommend 2–4 oz of juice 
twice per day for prevention, increasing the dose to 4 times per 
day or more for acute problems. For capsules, 1000 mg twice per 
day for prevention and 2000 mg four or more times per day for 
acute problems are recommended.

represent a potentially huge reduction in gastric cancer rates in 
an endemic area. It is not known if these results would apply to 
western populations, particularly because the Chinese villagers 
in this study had no prior exposure to antibiotics, not to men-
tion the enormous dietary and cultural differences between 
China and the West.

In a double-blind clinical trial in Israel, 177 adults with 
breath test–confirmed H. pylori infection drank 250 mL twice 
daily of either cranberry juice or a cranberry-flavored placebo 
drink (during drug treatment and for 2 weeks after).15 All 
subjects took a combination of clarithromycin, amoxicillin, 
and omeprazole for 7 days. An additional unblinded control 
group of 712 adults took the drugs without placebo or cran-
berry. Overall, cranberry was no more effective than placebo or 
no additional treatment in eradicating H. pylori as assessed by 
breath testing. However, when looking at just women in the 
trial, cranberry was associated with a nonsignificant, 8% higher 
rate of eradication compared with placebo, and a significant 
15% higher rate of eradication compared with the antibiotic-
only group. Women did have higher levels of H. pylori growth 
than men in this trial. More work is needed, and higher doses 
probably need to be used, but this trial provides evidence that 
women undergoing H. pylori eradication treatment may ben-
efit from adding cranberry to their regimens.

Vaccinium spp. and Oral Flora

Various extracts and constituents from cranberry have been 
studied for their effect on oral microbes that can play a role in gin-
givitis, cavity formation, periodontal disease, and other problems. 
Flavonoids and proanthocyanidins from fresh cranberry fruit 
were found to moderately block glycosyltransferases and acid pro-
duction by Streptococcus mutans.16 Glycosyltransferases are critical 
enzymes for this microbe to form compounds that let it adhere to 
tooth surfaces. A combination of quercetin-3-arabinofuranoside, 
myricetin, and procyanidin A2 extracted from cranberry was more 
effective than any one component in isolation.

Organisms Against Which Cranberry Has 
Shown Antiadhesive Activity

Escherichia coli

Helicobacter pylori

Influenza

Proteus mirabilus 

Pseudomonas aeruginosa

Streptococcus mutans

Sources: Ref. 11; Schmidt DR, Sobota AE. An examination of the anti-adherence 
activity of cranberry juice on urin ary and non-urinary bacterial isolates. Microbios 
1988;55:173–181; Weiss EI, Houri-Haddad Y, Greenbaum E, Hochman N, et al. Cran-
berry juice constituents affect influenza virus adhesion and infectivity. Antiviral 
Res 2005;66:9–12.

Vaccinum spp. (huckleberry).
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or worsening of arteriosclerotic lesions. A green-tea extract 
has been shown to induce annexin-I expression in lung-cancer 
cells in vitro.32 This compound is believed to play a role in nor-
mal cell–cell adhesion, and to help prevent cancer cells from 
spreading locally and/or distantly. Further study is clearly war-
ranted in these areas.

Human research on tea as a preventive against dental car-
ies is fairly extensive. A review of several clinical trials in-
volving several thousand subjects found that various forms 
of tea did have a preventive effect against caries.33 Typi-
cally 3–5 g of green, Oolong, or black tea leaf or powder, are 
mixed with 1 cup of water and 3–5 cups are drunk per day. 
For oral disease prevention or treatment, the tea should be 
swished around in the mouth before being swallowed for 
optimal efficacy.

Miscellaneous Antiadhesive Herbs

Panax ginseng (Asian ginseng) root carbohydrates have 
shown some ability to interfere with H. pylori binding to 
human cells based on a qualitative in vitro assay.34 A quanti-
tative assay as well as scanning electron microscopy has con-
firmed that concentrations as low as 0.2 mg/mL of Asian 
ginseng carbohydrates can significantly reduce H. pylori 
adhesion.35 The immune- and inflammation-modulating 
actions of Asian ginseng may also have some relevance in 
mitigating the effects of H. pylori infection.36,37 Human tri-
als should be undertaken.

Artemisia capillaris (yin-chen wormwood, capillary mug-
wort), a bitter herb used primarily in traditional Asian medi-
cine, contains polysaccharides that block H. pylori adhesion 
to erythrocytes; this has been noted in a quantitative in vitro 
assay.38 Yin-chen wormwood polysaccharides were approxi-
mately one third as potent as Asian ginseng polysaccharides 
at blocking H. pylori adhesion in vitro.35 Yin-chen worm-
wood, like its European cousin Artemisia absinthium (worm-
wood), contains terpenoids that are also antimicrobial with 
some potential to attack H. pylori directly.39 This herb’s bit-
ter qualities improve digestive function, which creates a less-
hospitable environment for this microbe.40,41

Humulus lupulus (hops) bracts yield polyphenolic compounds, 
which were shown to be significantly more potent than green 
or Oolong tea leaves at blocking adhesion of S. mutans and S. 
sorbinus in vitro.42 Other compounds in hops have been shown 
to be directly antimicrobial against S. mutans.43

An extract of these compounds at a 0.1% concentration was 
formulated into a mouthwash and tested in 29 healthy male 
volunteers.44 After total plaque removal, they refrained from 
any oral hygiene for 3 days except using the hops mouthwash 
or a placebo. New plaque formation was significantly lower in 
the hops group compared with the placebo group at the end 
of this period.

Propolis, which is a bee-harvested mixture of plant and tree 
resins, is a well-known and often-used herbal antimicrobial. It 
is simultaneously quite active at inhibiting adhesion of a wide 

Camellia sinensis 

Camellia sinensis (tea) is a subshrub native to China, now 
widespread there and in India, Sri Lanka, Indonesia, and many 
other parts of the world. The popularity of its leaves (in various 
forms) as a beverage globally is rivaled only by water, coffee, 
and soft drinks. Of these, only green tea and water offer major 
health benefits with minimal risks at reasonable doses.26 This 
is not to say that black tea is not bioactive, but that it has more 
potential for increasing the risk of gastrointestinal (GI) can-
cers with long-term regular use. Among the most overlooked 
of green tea’s effects are its antiadhesive properties.

An acidic polysaccharide from green tea inhibited H. pylori 
adhesion to gastric cells at very low concentrations (0.01 mg/
mL).27 The polysaccharide was also highly active in this study 
against adhesion of Staphylococcus aureus and Propionibacterium 
acnes, but did not interfere with adhesion of normal gut mi-
crobes. Ethanol (50% or 95%) extracts of black tea were very 
effective, even at 0.5% dilution, at inhibiting S. mutans adhe-
sion in vitro.28 The tea extracts clearly inhibited glycosyltrans-
ferases of this microbe as well.

Epigallocatechin gallate and other polyphenols from green 
tea potently blocked in vitro adhesion of Porphyromonas gingi-
valis, which plays a role in dental disease.29 Oolong tea, which 
contains partially fermented tea leaves, has been shown to re-
duce caries formation in rats infected with S. mutans.30

Antiadhesive effects of C. sinensis may extend beyond their 
utility against microbes. Theaflavins, polyphenolic compounds 
related to flavonoids, from black tea have shown the interest-
ing ability in vitro to block adhesion of monocytes to vascular 
endothelium.31 Blocking this oxidized low density lipopro-
tein–stimulated process could be key to preventing formation 

Fucus vesiculosus (bladderwrack). Drawing© Kathy Abascal, B.S., J.D., R.H. (AHG).
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Environ Microbiol 2005;71:8558–8564.
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range of microbes, including Candida albicans, streptococci, 
staphylococci, and enterococci, in vitro, and at killing these or-
ganisms outright.45

Asarum sieboldii (xi xin) root finds use in traditional Asian 
medicine for respiratory-tract infections. Ethanolic and aque-
ous extracts of this medicinal plant have been shown to inhibit 
glycosyltransferases, acid production, growth, and adhesion of 
S. mutans in vitro.46 There are similar species of this genus na-
tive to the United States (Asarum canadense) and Europe (A. 
europaeum), generally known as wild ginger because of their 
spicy taste (though they have no relationship to Zingiber of-
ficinale or true ginger otherwise). These herbs should be used 
with caution as they contain the carcinogenic and nephrotoxic 
compound aristolochic acid.

Numerous medicinal algae have also shown potential as 
antiadhesive agents. Fucosylated Lewis b antigen is a recep-
tor to which H. pylori strains can bind.47 Numerous algae 
contain fucoidans, glycosaminoglycans that may interfere 
with H. pylori adhesion, including Cladosiphon okmuranus 
(mozuku) and Fucus vesiculosus (bladderwrack). In vitro, fu-
coidans from these algae blocked H. pylori adhesion to hu-
man gastric cells.48 Presumably the fucoidans are acting as 
“false receptors,” looking like what H. pylori wants to bind to 
but not actually being attached to anything, so the microbe 
just drifts away down the GI tract. Though unproven in hu-
man trials, fucoidans from Cladosiphon and Fucus have been 
shown to protect Mongolian gerbils from infection and those 
that were infected from developing gastritis.49

Fucoidan from Fucus evanescens, native to the Okhotsk sea, 
has been shown to moderately inhibit metastasis of lung can-
cer cells in mice.50 Though fucoidan had some direct antineo-
plastic activity, it also had antiadhesive activity. This was true of 
fucoidans from a range of algae in a separate study that looked 
at breast-cancer adhesion.51

Conclusion

Antiadhesive herbal medicines represent an intriguing and 
unique approach to helping patients with a range of infections 
and cancers. Because these agents do not necessarily kill the 
microbes or cancer cells directly, the agents may be less likely 
to promote evolution of resistance. They may also represent a 
significantly useful synergistic addition to treatment with di-
rect antimicrobial and antineoplastic agents, because they act 
through such distinctive mechanisms. Much research remains 
to be done, but some antiadhesive herbs (cranberry and tea) 
are already in widespread use, have been validated clinically 
to varying degrees, and can realistically be prescribed now for 
clinical benefit with minimal risk.  n
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