
ABSTRACT:

Hydrastis canadensis is also known as “Goldenseal”, 

“Orangeroot” and “Yellow puccoon”. It is a small perennial herb 

found in the damp forest of the eastern United States and Canada. 

Its rhizomes and roots are used traditionally in the treatment of 

many ailments, such as gastrointestinal disturbances, urinary 

disorders, skin, mouth, eye infections, hemorrhage, and 

inflammation. Goldenseal extract consists of berberine, canadine, 

corypalmine, hydrastidine, canadalin, canadinic acid, etc. These 

components are known to possess antibacterial, antifungal, 

antiprotozoal, antitubercular activities. Hydrastine was formerly 

used as an astringent and vasoconstrictor. 

Aim: Evaluation of minimum inhibitory concentration (MIC) of 

Hydrastis Canadensis extract against periodontal pathogens.

Materials and methods: Goldenseal extract is obtained from Dr. 

Willmar Schwabe, Noida, India. Its minimum inhibitory 

concentration against Porphyromonas gingivalis, Tanerella 

forsythia, Fusobacterium nucleatum, Aggregatibacter 

actinomycetemcomitans and Prevotella intermedia were 

determined by using tube dilution method.

Results: The present study showed that all the tested periodontal 

pathogens were sensitive to the goldenseal extract at specific 

concentrations.

Conclusion: Goldenseals extract exhibit promising anti-bacterial 

activity against selected periodontal pathogens.
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Introduction:

Periodontitis is a common chronic and infectious disease caused 
by the growth of bacteria, leading to the destruction of the 
surrounding periodontal structure. The elementary treatment of 
periodontitis is to lessen the load of subgingival pathogenic bacte-
ria by instrumental debridement. However, complete removal of 
pathogenic biofilm is unattainable since some pathogens are 
embedded in soft tissue or located in anatomically inaccessible 
areas such as interdental area, subgingival niche, etc. Therefore, 
antibiotics or antiseptics are frequently applied as adjuvant 
treatment for periodontal infection in combination with mechanical 
instrumentation.1

Despite several chemical agents being commercially available in 
the market, these can amend oral micro biota and have 
disagreeable side-effects such as vomiting, diarrhea and tooth 
staining. Furthermore, the standard allopathic medicine has had 
only limited success in the anticipation of periodontal disease and 
to cure of a variety of oral diseases. Hence, the search for substitute 
products continues and natural phytochemicals isolated from 
plants used in traditional medicine are considered as favorable 
alternatives to synthetic chemicals.2

The expedition of botanicals used in traditional medicine, may lead 
to the development of new preventive or therapeutic strategies for 
oral health. As most of the oral diseases are caused by bacterial 
infections and it has been well-documented that medicinal plants 
confer considerable anti-bacterial activity against diverse 
microorganisms.2 There is a growing awareness in the use of 
traditional medicine for the treatment of periodontal disease.3

Goldenseal botanically named as Hydrastis Canadensis belongs 
to a family of Ranunculaceae (buttercup). It is also known as 
eyebalm, eyeroot, golden root, ground raspberry, orange root, 
Indian dye, Indian turmeric, jaundice root, yellow root, yellow 
pucoon. Hydrastis canadensis is an herbaceous perennial growing 
from a short yellow rhizome. The rhizome has a knotty appearance 
bearing remnants of stems or stem scars. H. canadensis is an 
understory plant found growing in patches in rich open woodlands, 
hill slopes and along stream banks. The natural distribution range 
includes Ontario Canada, through New York south to Tennessee 

and Georgia, and it was historically abundant in Ohio, Kentucky 
and West Virginia, however it has been experiencing significant 
population decline in recent decades.4

Goldenseal extract consists of isoquinoline alkaloids: hydrastine, 
berberine, berberastine, hydrastinine, tetrahydroberberastine, 
canadine, and canal idine. A related compound, 8-
oxotetrahydrothalifendine was identified in one study.5 (Table 1)

Table 1: Isoquinoline alkaloids of Hydrastis Canadensis

The pharmacological effects of the goldenseal extract have been 
attributed to the major isoquinoline alkaloids berberine and â-
hydrastine.6 Berberine is known to exhibits antibacterial, antifungal 
and antiprotozoal activities. It has been stated that berberine from 
roots of commercial H. Canadensis powder showed antitubercular 
activity. Hydrastine was formerly used as an astringent, 
vasoconstrictor, and uterine stimulant. Various oral rinses and 
toothpastes containing goldenseal have been introduced to U.S. 
market. As a part of search for new plant-derived oral antimicrobial 
agents, a MeOH extract from goldenseal was found to show 
substantial antimicrobial activity against oral pathogens, 
Streptococcus mutans and fusobacterium nucleatum.[7] The 
purpose of this study was to evaluate the minimum inhibitory 
concentration (MIC) of Hydrastis Canadensis extract against perio-

KEY WORDS: Periodontal pathogens, Goldenseal, Minimum inhibitory concentration.

Major alkaloids  Minor alkaloids

ß-Hydrastine

 
Hydrastinine

Canadine

 

Canadaline

 

1-β-hydrastine

Isohydratidine

5-hydroxytetrahydroberberine

Corypalmine

Isocorypalmine

Tetrahydropalmatine

Berberastine

8-oxotetrahydrothalifenedine

Canadinic acid



Nine dilutions of extract were made with BHI for MIC. In the initial 
tube 20 ìl of extract was added into the 380 ìl of BHI broth. For 
dilutions 200 ìl of BHI broth was added into the next 9 tubes 
separately. Then from the initial tube 200 ìl was transferred to the 
first tube containing 200 ìl of BHI broth. This was considered as 10-
1 dilution. From 10-1 diluted tube 200 ìl was transferred to second 
tube to make 10-2 dilution. The serial dilution was repeated up to 
109 dilution for this extract. F rom the maintained stock cultures of 
requireorganisms, 5 ìl was taken and added into 2 ml of BHI broth. 
In each serially diluted tube 200 ìl of above culture suspension was 
added. The tubes were incubated for 24 hours and observed for 
turbidity.9

RESULTS:

The selected periodontal pathogens were sensitive to the drug at 
certain concentrations. The Porphyromonas gingivalis and 
Prevotella intermedia were sensitive to the drug at 0.4 µg/ml.  
Fusobacter ium nucleatum, Tannerel la forsythia and 
Aggregatibacter actinomycetemcomitans showed sensitivity at 0.8 
µg/ml, 25 µg/ml and 12 µg/ml respectively (Table 3)

Table 3: Minimum inhibitory concentration of periodontal 
pathogens to Goldenseal extract

S: Sensitive to drug 

R: Resistant to drug

DISCUSSION:

Oral health is vital to general well-being and relates to the 
quality-of-life that extends further than the functions of the 
craniofacial complex. The association between oral diseases and 
the behavior of microbial species that form part of the microbiota of 
the oral cavity is well-recognized.1Periodontitis includes 
inflammation around the tooth. It is a severe gum infection that 
damages the soft tissue and bone that supports the tooth. 
Periodontitis is associated with oral microbiota including 
Aggregatibacter actinomycetemcomitans, Eikenella corrodens, 
Fusobacterium nucleatum, Porphyromonas gingivalis, Prevotella 
intermedia, Tannerella forsythia, Enterococcus faecalis and 
Treponema denticola.11 P. gingivalis, P. intermedia and A. 
actinomycetemcomitans are regarded as the key pathogens in 
advancing periodontitis.12The increase in the use of herbal 
medicines has renewed concern in the effects of plant extracts to 
control plaque and other oral diseases.13 Goldenseal has been 
ascribed the following herbal properties (whole herb): bitter, 
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pathogenic bacteria.

Materials and methods: 

Plant material: Goldenseal extract (tincture) of 60% alcohol base 
was used for this study (Dr. Willmar Schwabe,Noida, India). (Figure 
1 and 2)

Figure 1: Goldenseal plant          Figure 2: Goldenseal tincture

Production of tincture: Herbs are put in a container and a spirit of 
60% or more ethanol is added, for example, 80 proof vodka or 190 
proof rectified spirit. The jar is left to stand for 2–3 weeks and 
shaken occasionally in order to maximize extraction. Measurement 
can be done by combining 1 part herbs with a water ethanol mixture 
of 2–10 parts, depending on the herb itself. For most tinctures, 
however, 1 part water to 5 parts ethanol is typical.8

Test organisms: MIC against following selected periodontal 
pathogens was evaluated:

1. Porphyromonas gingivalis (Pg), 

2. Tanerella forsythia (Tf), 

3. Fusobacterium  nucleatum (Fn), 

4. Aggregatibacter actinomycetemcomitans (Aa), 

5. Prevotella intermedia (Pi). 

The bacterial cultures were collected from Maratha Mandal's 
Nathajirao G. Halgekar institute of Dental Sciences and Research 
Centre, Belgaum. For dilution, Brain-Hearts Infusion (BHI) broth 
was used (HIMEDIA M210-500G). (Table 2)Determination of 
minimum inhibitory concentration values: (Figure 3, 4 and 5)

Figure 3: Schematic representation of MIC procedure

Less the turbidity denotes less microbial growth

 
 

Ingredients
 

Gms/litre

Calf brain

 

200.00

Beef heart

 

250.00

Proteose peptone

 

10.00

Dextrose 2.00

Sodium chloride 5.00

Disodium phosphate 2.50

Final pH (at 25ºC) 7.4+/-0.2

 

Figure 4: Serial dilution tubes 
showing decreasing turbidity

Figure 5: Laboratory view of Serial 
dilution tubes used for this study
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inhibit the growth of influenza A. berberine acts post-translationally 
to inhibit virus protein trafficking/maturation which in turn inhibits 
virus growth. Berberine was also evaluated for its ability to inhibit 
production of TNF-á and PGE2. Their studies revealed strong 
inhibition of production of both mediators and suggest that this 
effect is distinct from the anti-viral effect. They have found strong 
effectiveness of berberine-containing ethanol extracts from 
goldenseal at high concentrations for inhibition of influenza A 
growth. Although upon dilution extracts were somewhat less 
effective than purified berberine. Taken together, their results 
suggest that berberine may indeed be useful for the treatment of 
infections with influenza A.14

Cech et al studied quorum quenching and antimicrobial activity of 
goldenseal against Methicillin-Resistant Staphylococcus aureus 
(MRSA). The wild type S. aureus strains were used in this study. The 
plant extracts were prepared according to standard procedures 
employed in the manufacture of hydroethanolic Hydrastis 
canadensis supplements. Their results shows that H. canadensis 
leaf extracts at sub-inhibitory concentrations quench the agr 
quorum sensing system, and that this activity is not due to the major 
alkaloids berberine, hydrastine, or canadine. The most likely 
mechanism by which this quorum quenching effect occurs is 
attenuation of signal transduction through the AgrCA two-
component system. Such attenuation would cause the observed 
reduction in toxin production by H. canadensis exposed MRSA. 
Their findings lend support for the traditional application of crude H. 
canadensis extracts in the treatment of prevention of infection.18

Side effects and contraindications:

Berberine is not considered toxic at doses used in clinical 
situations, nor has it been reported to be cytotoxic or mutagenic. 
Side-effects can result from high dosages and may include 
gastrointestinal discomfort, dyspnea, lowered blood pressure, flu-
like symptoms, and cardiac damage. The therapeutic dosage for 
most clinical situations is 200 mg orally two to four times daily.19 
The Botanical Safety Handbook classifies H. canadensis in Class 
2(b): “Not to be used during pregnancy” and mentioned that the 
fresh plant may cause irritation of the mucosa.20

It should not be ingested by neonates due to the potential of 
berberine to displace bilirubin from serum protein.21 Large doses 
used topically are known cause severe skin irritation or ulceration. 
The British Herbal Pharmacopoeia contraindicated H. canadensis 
in hypertension, however that contraindication has been removed 
in the more recent British Herbal Compendium.22

Limitations:

1. Commercially available plant material was used instead of 
freshly made extract.

2. Treponema denticola which is one of the potential periodontal 
pathogen was not included in the study.

Future perspective:

1. Further studies should be carried out by using 95% or 100% 
alcohol base as it it can enhance the potency of the plant 
extract.

2. Other methods for determination of MIC like agar and broth 
microdilution.

3. In vivo studies should be conducted to authenticate its clinical 
usage in day-to-day practice.

CONCLUSION:

Goldenseals extract exhibit promising anti-bacterial activity against 
selected periodontal pathogens. With respect to natural products 
for oral health, there is a need to boost research efforts and funding 
aimed at identifying more natural products that have antimicrobial 
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hepatic, alterative (restorative), anticatarrhal, antiinflammatory, 
antimicrobial, laxative, oxytocic,5  skin and eye infections, upper 
respiratory disorders, diarrhea, and cancer.14Our study results 
showed that goldenseal extract is effective as an antibacterial 
agent on periodontal pathogens studied. The Porphyromonas 
gingivalis and Prevotella intermedia were sensitive to the drug at 
0.4 µg/ml, Fusobacterium nucleatum at 0.8 µg/ml, Aggregatibacter 
actinomycetemcomitans at 12 µg/ml and Tannerella forsythia at 25 
µg/ml. The periodontal pathogens adhere to other surface by 
fimbrae which facilitates the biofilm formation. It has been shown in 
an in vitro study that berberine causes decline in the synthesis of 
fimbrial subunits and the expression of assembled fimbriae. This 
mechanism blocks the adhesion of bacteria.15,16

Studies with berberine have reported the effects on a variety of 
cellular processes. Berberine has been shown to inhibit the growth 
of definite tumor-derived cell lines and to avoid the growth of certain 
bacteria. Berberine can efficiently inhibit the growth of several 
viruses including human cytomegalovirus and herpes simplex 
virus. Berberine has also been shown to inhibit synthesis of 
cytokines, inflammatory lipids, and nitric oxide from macrophages 
treated with LPS. Inhibition of cytokine synthesis also occurs in vivo 
in mice treated with LPS, signifying berberine has potential for the 
treatment of endotoxemia.14

Hwang et al studied the antibacterial activity of goldenseal extract 
against selected oral pathogens. Two new C-methyl flavonoids, 
6,8-di-C-methylluteolin 7-methyl ether and 6-C- methylluteolin 7-
methyl ether were isolated from a commercially available sample of 
the roots of goldenseal, along with seven known compounds, 
berberine, â-hydrastine, canadine, canadaline, isocorypalmine, 
canadinic acid and â-sitosterol 3-O-â-D-glucoside. They have 
included Streptococcus mutans and Fusobacterium nucleatum in 
their study. The Streptococcus mutans showed sentivity at 1.25 
ìg/ml and Fusobacterium nucleatum was sensitive at 2.5 ìg/ml. 
Their results also suggest that berberine contributes considerably 
to the antibacterial acivity of the crude MeOH extract of goldenseal 
against the two oral pathogens studied.7

Mahady et al showed that the Helicobacter pylori (HP) was 
susceptible to goldenseal extract. The crude methanol extract of 
goldenseal was used in this study. The MIC values were determined 
with whole goldenseal plant extract and with its individual 
constituents also (berberine and â-hydrastine). The extracts were 
obtained by processing of goldenseal rhizome powder with 95% 
and then 100% of methanol. A 10 mg sample of each plant extract 
or pure compound was tested for antibacterial activity using the HP 
in vitro susceptibility assay. The HP was sensitive to whole 
goldenseal plant extract and to berberine at 12.5 ìg/ml and to â-
hydrastine at 100.0 ìg/ml.15

Junio et al determined the synergistic effect of individual 
constituents from goldenseal extract for their antibacterial activity . 
Three synergists from goldenseal were identified, sideroxylin, 8-
desmethyl-sideroxylin, and 6-desmethyl-sideroxylin. These 
flavonoids synergistically enhance the antimicrobial activity of the 
alkaloid berberine against Staphylococcus aureus by inhibition of 
the NorA multidrug resistance pump. The MIC value of 
H.Canadensis extract and berberine against Staphylococcus 
aureus was 100 ìg/ml and 150 ìg/ml respectively. The flavonoid 
synergists are present at higher concentration in extracts from H. 
canadensis leaves, while the antimicrobial alkaloid berberine is 
present at higher levels in H. canadensis roots. They have 
suggested that using a combination of goldenseal roots and leaves 
may produce an extract with optimal activity against 
Staphylococcus aureus.17

Cecil et al tested whether the isoquinoline alkaloid berberine can 
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on toxicological safety of natural products, clinical trials on efficacy 
and safety, isolation and characterization of active chemical 
compounds.

Acknowledgement: 

The authors are grateful to Dr. Kishor Bhat and his team 
(Department of microbiology, Maratha Mandal's Nathajirao G. 
Halgekar institute of Dental Sciences and Research Centre, 
Belgaum) for their constant help and support for this 
study.References:

1. Kim MH, Choi YY, Lee HJ, Lee H, Park JC, Yang WM. Topical 
application of herbal formula for the treatment of ligature-
induced periodontitis. J Periodontal Implant Sci. 
2015;45(4):145-51. 

2. Torwane NA, Hongal S, Goel P, Chandrashekar BR. Role of 
Ayurveda in management of oral health. Pharmacogn Rev. 
2014;8(15):16-21. 

3. Yaghini J, Shahabooei M, Aslani A, Zadeh MR, Kiani S, 
Naghsh N. Efficacy of a local-drug delivery gel containing 
extracts of Quercus brantii and Coriandrum sativum as an 
adjunct to scaling and root planing in moderate chronic 
periodontitis patients. J Res Pharm Pract. 2014;3(2):67-71. 

4.  Pengelly A, Bennett K, Spelman K, Tims M. Appalachian 
plant monographs: Hydrastis canadensis L, goldenseal. 
Appalachian Center for Ethnobotanical Studies. 2012:1-41.

5. Wikipedia contributors. Goldenseal. Wikipedia, The Free 
Encyclopedia. February 20, 2017, Available at: 
https://en.wikipedia.org/w/index.php?title=Goldenseal&old
id=766563101. Accessed March 23, 2017.

6. Brown, P. N., & Roman, M. C. Determination of hydrastine and 
berberine in goldenseal raw materials, extracts, and dietary 
supplements by high-performance liquid chromatography 
with UV: Collaborative study. Journal of AOAC International. 
2008;91(4), 694-701.

7. Hwang BY, Roberts SK, Chadwick LR, Wu CD, Kinghorn AD. 
Antimicrobial constituents from goldenseal (the Rhizomes of 
Hydrastis canadensis) against selected oral pathogens. 
Planta Med. 2003;69(7):623-7.

8. Wikipedia contributors. Tincture. Wikipedia, The Free 
Encyc lopedia .  October  4 ,  2016.  Ava i lab le a t :  
https://en.wikipedia.org/w/index.php?title=Tincture&oldid=
742610653. Accessed March 24, 2017.

9. Schwalbe R, Steele-Moore L, Goodwin CA. Antimicrobial 
Susceptibility Testing Protocols. Boca Raton: CRC Press, 
2007.

Bhandari et al


