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Abstract

Berberine-containing plants are used medicinally in virtually all traditional medical
systems, and have a history of usage in Ayurvedic and Chinese medicine dating back
atleast 3,000 years. Berberine has demonstrated significant antimicrobial activity against
bacteria, fungi, protozoans, viruses, helminths and chlamydia. In addition, berberine’s
actions include: antagonism of the effects of cholera and E. coli heat-stable enterotoxin,
inhibition of intestinal ion secretion, inhibition of smooth muscle contraction, inhibition
of ventricular tachyarrhythmias, reduction of inflammation, elevation of platelet count in
patients with primary and secondary thrombocytopenia, and stimulation of bile secretion
and bilirubin discharge. Berberine’s most common clinical uses include: bacterial
diarrhea, intestinal parasites, and ocular trachoma infections. Evidence also suggests
intravenous berberine administration can play a role in preventing the onset of reentrant
ventricular tachyarrhythmias and sudden coronary death after myocardial ischemic
damage.
(At Med Rev1997;2(2):94-103)

Berberine is an akaloid present in a number of clinically-important medicinal plants,
including Hydrastis canadensis (goldenseal), Coptis chinensis (coptis or goldenthread), Berb-
eris aquifolium (Oregon grape), Berberis vulgaris (barberry), and Berberis aristata (tree tur-
meric) (See Table 1 for alist of these plants and the part used medicinally). Extracts and decoc-
tions of these plants have been used in Ayurvedic and Chinese medicinefor at least 3000 years.
Berberine has been shown to exhibit significant antimicrobial activity against a variety of bac-
teria, >’ fungi,®° protozoans,*'*¢ helminths,*’ chlamydia,’*?°and viruses. ?* In addition to this
antimicrobial activity, berberine has been found to have numerous pharmacological effects.

Amin et a screened atotal of 54 microorganismsfor sensitivity to berberine, and found
the alkaloid possesses antimicrobial activity against gram-positive and gram-negative bacteria,
fungi, and protozoa (see Table 2). In addition to those listed, Mycobacterium tuberculosis, Tri-
chophyton mentagrophytes, and some strains of Escherichia coli, Klebsiella pneumoniae, and
Cryptococcus neoformans exhibited moderate sensitivities. Berberine has been shown to in-
hibit HIV-1 reverse transcriptase.?

Bacterial Diarrhea

Much of the research on berberine has focused on its use in cases of diarrhea, including
that caused by Vibrio cholerae* and Escherichia coli.?*%6 Studies have demonstrated a direct
antibacterial effect of berberine against V. cholerae,* and berberine has been shown to inhibit
theintestinal secretory response caused by E. coli heat-stable enterotoxin (ST)? and V. cholerae
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Table 1. Selected Berberine-Containing Plants and Part of Plant Used Medicinally

Part Used

Oregon Grape Rhizome, Roots

Tree Turmeric Root

Barberry Outer Bark of Stem, Root
Coptis or Goldenthread Rhizome

Common Name

Latin Name

Berberis aguifolium
Berberis aristata
Berberis vulgaris
Coptis chinensis

Hydrastis canadensis Goldenseal

Rhizome, Root

enterotoxins.2* In addition to its direct
antimicrobial action, berberine has also been
shown to block the adherence of Strep.
pyogenes® and E. coli’ to erythrocytes and
epithelial cells. Thus, it is possible berberine
exerts an antibiotic effect, even against
organisms that do not exhibit in vitro
sensitivity to the alkaloid.

A series of 63 adult males with
enterotoxigenic E. coli (ETEC) diarrhea of
similar clinical characteristics were serially
assigned to either an experimental

toxin, or aslong as four hours after exposure
(p<0.02), and did not require direct mucosal
contact to be effective. In discussing their
results, theauthorsnote, “....itisalso of clinical
importance the berberine has not been reported
to have significant side effects at the doses used
clinically in humans (5 to 10 mg/kg per day
ordly)...”?

In patients with cholera, analysis by
factorial design equations revealed a reduc-
tion in diarrhea stools by one liter and a re-

group or a control group by use of a
random number table. Thirty-three
people were given asingle dose of 400
mg berberine sulfate (BS) orally. The
control group received no treatment.
Both groups received 1V rehydration
therapy, and were observed for aperiod
of 24 hours. During the total observa-
tion period, the experimental group had
a48% reduction in mean stool volumes
compared with the controls (p<0.05).
Also, when compared with the control
group, significantly more of those re-
ceiving BS stopped having liquid diar-
rheal stools during the observation
period (42% vs. 20%, p<0.05).2
Berberine has been shown to
inhibit theintestinal secretory response

Chemical Structure of Berberine

due to cholera toxins. Using a ligated
rabbit intestinal loop model, Sack and
Froehlich® were able to demonstrate a
significant suppression of the intestinal
secretory response following exposure to V.
cholerae crude enterotoxin. This effect was
similar whether the berberine was
administered immediately prior to the cholera

duction in cyclic adenosine monophosphate
concentrationsin stools by 77% in the groups
given berberine.?® In other studies of diarrhea
due to Mibrio cholerae and ETEC, berberine
(200 mg) reduced stool volumes 30-50% in
diarrheal patients without significant side ef-
fects.?* Berberine's effectiveness in reducing
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Table 2. Microorganisms Sensitive
InVitro To Berberinel9.10.13,14

Bacillus pumilus

B. cereus

B. subtilis

Corynebacterium diphtheriae
Shigella boydii
Staphylococcus aureus

S. abus

Streptococcus pyogenes
Vibrio cholerae

Candida utilis

C. dbicans

C. tropicalis

C. glabrata
Sporotrichum schenkii

Entamoeba histolytica
Giardialamblia
Trichomonas vaginalis
Leishmaniasis sp.

water and el ectrolyte secretionsinduced by ST
and cholera toxin appear to be enhanced in a
dose-dependent manner.3°

Whilethe precise mechanism of action
of berberine remains to be elucidated, in
addition to the direct bacteriocidal action,
severa other mechanisms may account for its
ability toinhibit infectious diarrhea. Metabolic
inhibition of certain organisms,* inhibition of
the formation of toxins, direct antagonism of
the toxins,® inhibition of intestinal ion
secretion, 22" and inhibition of smooth muscle
contraction?-?® may all play aroleinthisplant
extract’s antidiarrheal activity.

The antidiarrheal properties of
berberine may be mediated, at least in part, by
its ability to delay small intestinal transit
time.3>32 Berberine has been shown to block
muscarinic receptors * and to exhibit a
noncompetitive inhibition of the contractile
responseinduced by acetylcholine, thusacting
to inhibit spontaneous peristalsis in the

intestine.* In animal studies, thetransit of the
small intestinewassignificantly delayed at 15
and 100 minutes after the highest doses of
BS.3! In humans, 1.2 grams of berberine
significantly delayed small intestine transit
time after an oral dose.®

Intestinal Parasites

Berberine sulfate has been shown to
possess growth inhibitory activity against Gia-
rdia lamblia, Trichomonasvaginalis, and En-
tamoeba histolytica in axenic culture.® It was
observed the crude extract was more effective
than the salt. The greater inhibitory activity of
the crude extract may be due to the cumula
tive contributions of berberine along with other
alkaloids and pharmacologically active con-
stituents.*?

Subbaiah and Amin reported that BS
was effective against the protozoan Entamoeba
histolytica in a study that evaluated both in
vitro and in vivo outcomes. In vitro testing in-
dicated berberine “...is amebicidal at a con-
centration of 0.5-1.0 mg/ml, and that it acts
rapidly.” After addition of berberine, morpho-
logical changes could be observed in the tro-
phozoites, including encystation, degenera-
tion, and lysis. Preliminary results also indi-
cated berberine may be cysticidal as well.*°

Golden hamsters were given either 3
or 5 mg/kg body weight of BS orally three
timesat 4-hour intervals. Theinitial dose was
given prior to intrahepatic infection with E.
histolytica, the second at the time of infection,
and the third 4 hours later. At 5 mg/kg, 100%
of the animals showed normal livers upon
necropsy four days later with no trophozoites
found, while at 3 mg/kg, 33% showed small
hepatic abscesses. In the control group, 75%
of the animals demonstrated liver abscesses
with trophozoites. Similar results were found
in rats infected with E. histolytica via the
intestinal tract, where the control group
developed intestinal amebiasis while the
berberine group did not.*
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Giardialamblia, another common pro-
tozoan infecting humans, has al so been found
to be sensitive to berberine. Nearly 20 years
ago, Choudhry et a reported on 40 children
(ages 1-10 years) infected with Giardia, who
received either B-vitamin syrup (which they
termed “aplacebo”), berberine (5 mg/kg/day)
or metronidazole (10 mg/kg/day). The sub-
stances were administered in three divided
dosesfor 6 days. Following the placebo, 15%
of the subjects became symptom-free and 25%
demonstrated no Giardia in the stool. After
taking berberine, 48% became asymptomatic
and 68% were Giardia-free upon stool analy-
sis. All of those receiving metronidazole
showed no Giardia remaining, but only 33%
of them had resolution of symptoms.®

In another study, a total of 137 chil-
dren (ages 5 months to 14 yr, mean age 5 yr)
with documented giardiasis were given either
5 mg/kg/day or 10 mg/kg/day of berberinein
divided doses, for a period of either 5 or 10
days. They werethen compared with 242 sub-
jects placed on conventional therapy, includ-
ing 88 who received metronidazole (20 mg/
kg/day for 5-7 days). Ninety percent of those
receiving berberine (10 mg/kg/day for 10 days)
had negative stool specimens after 10 days,
and 83% remained negative one month later,
which compared favorably with those treated
with metronidazole (95% and 90%, respec-
tively). The author concludes by citing
berberine's “...convenience of administration
and freedom from unpleasant side effects.”

Invisceral leishmaniasis, berberine has
also shown significant effectiveness. One
percent BS inoculated intralesionally on four
occasions at weekly intervalswas found to be
highly effective against cutaneous
leishmaniasis in domestic dogs.* Berberine
was evaluated in golden hamstersinfected with
L. donovani amastigotesintwo separatetrials.
In the 8-day model, berberine was
administered intraperitoneally at 50 and 100
mg/kg/day for 4 days beginning on the third

day following infection, and compared with
infected controls. On necropsy, the liver
parasite burden was determined: the 50 and
100 mg/kg/day berberine groups showed 0.86
+/- 0.09 and 0.65 +/-0.10 cells x 108
respectively, compared with infected controls
which showed 1.67 +/- 0.63 cells x 108
(p<0.05).%

In an extended 60-day model,
uninfected hamsters, infected controls, and
infected animals treated with berberine were
observed. The experimental group was
administered berberine intraperitoneally (50
mg/kg/day) for 5 days, beginning 1 month after
infection. After a five-day interval the
berberine course was repeated. Upon
evaluation, the berberine group was found to
have a reduction in both liver and spleen
parasite burden of 90% compared to infected
controls (p<0.001). In addition, leukocyte
counts were normalized: normal hamsters =
9343 +/- 1627; infected controls = 2862 +/-
534; berberine group = 7112 +/- 13.7 celld/
mm3 (p<0.001). “In vivo, berberinewasfound
to be as effective as pentamidine and had the
advantage of being better tolerated.”*°

Ocular Trachoma Infections

Aqueous solutions of berberine have
also been employed in cases of ocular infec-
tions, especially those resulting from Chlamy-
dia trachomatis.’®*? Fifty-one people attend-
ing an out-patient eye clinic having stage | or
stage Il trachoma lesions were recruited into
the study. Subjects were divided into three
groups. Group | received 0.2% berberine chlo-
ride eye drops, 2 drops per eye 3 times daily
for 3weeks; Group |1 received eye drops con-
taining 0.2% berberine chloride plus 20% sul -
facetamide according to the same schedule;
Group 111 received eye drops containing only
20% sulfacetamide.

After 3 weeks, subjects in Group |11
had a dlightly better clinical improvement as
judged by conjunctival congestion, number of
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follicles and papillary reaction. The
conjunctival scrapingsof all subjectsin Group
[11 still tested positive for C. trachomatis, and
these subjectswere likely to have arel apse of
symptoms. Subjectsin Groups| and Il showed
a significant improvement in symptoms
compared to their initial examination, and
following the experimental period had only
very mild symptoms remaining. All subjects
in Groups | and |1 had conjunctival scrapings
whichwere negativefor C. trachomatis. Those
in Groups| and Il had no incidence of relapse
up to one year later.®®

To further determine if these anti-tra-
choma effects were related to direct anti-
chlamydial properties of berberine or to host-
mediated factors, a series of in vitro and in
Vivo experimentswere carried out using chick
embryos. Three different C. trachomatis iso-
lates were incubated in vitro with 0.2% ber-
berine chloride prior to inoculation into chick
embryos. A different set of embryos was ini-
tially infected with the C. trachomatisisol ates,
and then subsequently given 3 doses of 0.2%
berberine chloride. Thein vitro incubation of
C. trachomatis with berberine had no effect
in reducing the lesion scores or mortality of
the organism, whereas administration of the
berberine to infected embryos resulted in
elimination of both lesion and mortality. This
suggeststhat, with C. trachomatis, berberine's
method of action is by “...stimulating some
protective mechanism in the host.”1°

The clinical serological response to
topical treatment of trachoma with berberine
wasstudied in 32 microbiol ogically confirmed
cases. Efficacy of berberine 0.2% when com-
pared to sulfacetamide 20% was found to be
superior in both theclinical courseof trachoma
and in achieving a fall in serum antibody ti-
ters against Chlamydia trachomatis.®

Cardiovascular Effects
Experimental results in animals and
clinical trials in humans suggest intravenous

berberine may be effective in preventing the
onset of reentrant ventricular tachyarrhythmias
and sudden coronary death after myocardial
ischemic damage.*’

In vitro, berberine increases, in a
concentration-dependent manner, the action
potential duration in canine Purkinje and
ventricular muscle fibers without effecting
other parameters of the action potential. The
authors suggest, “...berberine exerts Class 111
antiarrhythmic and proarrhythmic actions in
cardiac muscle of the dog in vitro.”

In 18 dogswith ischemic left ventricu-
lar failure, berberine was able to improve
impaired left ventricular function by its posi-
tiveinotropic effect and mild systemic vasodi-
lation.*® Berberine increased coronary artery
flow of anesthetized open-chest canines and
isolated guinea pig hearts. Rabbits were pro-
tected by berberine from ischemic ECG
changes caused by posterior pituitary hor-
mones. Spasm of isolated swine coronary ar-
terial rings was prevented and treated effec-
tively by berberine.®°

In humans, 12 patients with refractory
congestive heart failure were studied before
and during berberine intravenous infusion at
rates of 0.02 and 0.2 mg/kg per min for 30
minutes. Thelower infusion dose produced no
significant circulatory changes, apart from a
reduction in heart rate (14%). The 0.2 mg/kg
per min dose elicited several significant
changes. A 48% decrease in systemic and a
41% decrease in pulmonary vascular resis-
tance, along with a 28% decrease in right
atrium and 32% decrease in left ventricular
end-diastolic pressures were observed. Mea-
surable increases in cardiac index (45%),
stroke index (45%), and left ventricular gjec-
tion fraction (56%) were found. Also noted
were increases in hemodynamic and
echocardiographic indices of left ventricular
performance and a decrease in arteriovenous
oxygen uptake (28%) with no changesin total
body oxygen uptake, arterial oxygen tension,
or hemoglobin dissociation properties.**
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The effects of berberine on 100
individual swith ventricular tachyarrhythmias
observed with 24 to 48 hour ambulatory
monitoring has also been reported. Theresults
indicate 62% of patients had 50% or greater,
and 38% of patients had 90% or greater
suppression of ventricular premature
contractions (VPC). No severe side effects
were observed; however, mild gastro-
enterol ogic symptoms were reported by some
patients.*

Several mechanisms have been pro-
posed to explain the observed effects of ber-
berine. Zhou observed berberine works as a
C&* channel agonist,” while Hua and Wang
suggest the antiarrhythmic action of berberine
might be due to its potassium channel block-
ing effects.** Experiments on the rat fundus
indicate berberine inhibits the entry of extra-
cellular calcium into the cell.* Evidence also
suggests berberine, by reducing tyrosine hy-
droxylase activity, has an inhibitory effect on
catecholamine biosynthesis.*

Anti-inflammatory

Among Dberberine’s multiple
pharmacological actionsis anti-inflammatory
activity. In vitro, a consistent and progressive
inhibitory influence of berberine with
increasing concentrations was identified with
all mitogens and was most pronounced with
pokeweed mitogen.*” Berberine (20 mg/kg/d)
inhibited platelet aggregation and platel et
adhesion induced by ADP, arachidonic acid,
and collagen in rats. The same dose of
berberinealso inhibited thrombusformation.*

Berberine may inhibit the release of
arachidonic acid from cell membrane phos-
pholipids and exerts an effect on arachidonic
acid metabolites. Berberine dose-dependently
inhibits collagen-, ADP-, and arachidonic acid
(AA)-induced thromboxane A2 release from
platelets. Berberine given intravenously low-
ers rabbit plasma level of PGI2.# While an
extract of the bark from Berberis aquifolium

has been shown to inhibit 5-lipoxygenase with
an 1C50 value of 50 microM,* berberine has
not been shown to exert a significant inhibi-
tory effect.®05!

In experimental animals, berberine has
been shown to reduce the purging effects of
castor oil or Cassia angustifolia leaf,
significantly inhibit drug-induced vascular
permeability, and inhibit drug-induced
swelling in a dose-dependent manner.>
Berberine has shown an inhibitory effect
against induced ear edema in experimental
animals.®

Other Effects

Berberine also has other
immunostimulatory effects. Sabir and Bhide
havereported berberine stimulatesblood flow
to the spleen.? Berberine has been shown to
activate macrophages.> Berberine sulfate has
demonstrated antipyretic effectsin experimen-
tally-induced fevers in rats. This effect has
been found to be approximately three times
greater than the antipyretic effect of sodium
sdicylate.®

In vitro, experimental, and clinical re-
sultsindicatethat berberineisan excellent dis-
infectant for infective deciduous root canal .
Because of its ability to block adhesion of E.
coli and to suppress synthesis and assembly
of fimbriae by uropathogenic organisms, ber-
berine may be beneficia in E. coli-induced
urinary tract infections.®

Berberine sulfate, given as
monotherapy and in combined treatment 3
times aday for 15 daysin adose of 5 mg 20
minutes before meal's, increases platel et count
in patientswith primary and secondary throm-
bocytopenia.®’

Results indicate berberine has
antinephritic effects partly due to antiplatelet
action and improved renal hemodynamics.
Berberine at doses of 0.5, 1.0 and 5.0 mg/kg/
day, i.p., was effective in inhibiting urinary
protein excretion, elevation of serum
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cholesterol and creatinine levels, and
glomerular histopathological changes. In
addition, berberine given orally at 20 mg/kg/
day inhibited urinary protein excretion
throughout the experimental periods.
Berberine inhibited platelet aggregation in
bothinvitro and in vivo assays, and inhibited
the decline of renal blood flow. Berberinealso
inhibited an increase in thromboxane B2
formation, and increased the formation of 6-
keto-prostaglandin F1 alpha in platelets and
isolated glomeruli.®

The excretion of bilirubin has been
found to be stimulated by the acute adminis-
tration of berberine, although the effect dimin-
ished with chronic administration.>® Berberine,
in vitro, has been shown to be a potent
displacer of bilirubin. In vivo administration
of berberine to adult rats resulted in asignifi-
cant decrease in mean bilirubin serum protein
binding, due to a displacement effect and a
persistent elevation in steady-state serum con-
centrations of unbound and total bilirubin,
possibly due to inhibition of metabolism.®°

The accumulation of tyramine and its
derivatives in individuals with cirrhosis is
associated with lowered peripheral resistance,
high cardiac output, reduced renal function,
and cerebral dysfunction. Berberine (600-800
mg/day) was shown to correct the
hypertyraminemia in patients with liver
cirrhosis, thusindicating its possible use asan
adjunctive supplement.5t

Experimental evidence suggests ber-
berine increases the concentration of polar
drugs in the skin when applied concurrently
as atopical preparation; it al'so enhances skin
permeation in amanner similar to surfactants.®

Dosage and Toxicity
Berberineisgenerally considered to be
nontoxic at doses used in clinical situations.
Berberine shows no genotoxic activity; is
unable to induce significant cytotoxic,
mutagenic or recombinogenic effects; and it

is not a potent mutagenic agent in dividing
cells® The LD, of berberine sulfate in mice
Isapproximately 25 mg/kg, whileintravenous
administration of berberine to dogs at doses
up to 45 mg/kg does not produce gross toxic
effects.?® High doses of berberine canresultin
the following side effects: lowered blood
pressure, dyspnea, flu-like symptoms,
gastrointestinal discomfort, and cardiac
damage. M ost berberine-containing plantsare
considered uterine stimulants or
emmenogogues, so historically it has been
recommended they be used with care during
pregnancy. Because of these considerations
and because of berberine’s ability to displace
bilirubin, the use of berberine should be
avoided in pregnant women, as well as
jaundiced neonates.

The therapeutic dose of berberine for
conditionsresponsiveto oral supplementation
istypically 200 mg two to four times daily.

Summary

Berberine-containing plants have been
used in traditional and folk medicine around
the world for centuries. Many of these uses
have centered around conditions caused by
various micro-organisms, including bacteria
and parasites. Current scientific research has
not only validated these historic applications,
but also provided valuable insight into the
mechanisms by which this alkaloid acts on
organisms and tissues. Because of the wide
variety of pharmacol ogic actions of berberine,
it islikely future research will identify other
clinical conditions which are responsive to
supplementation of berberine-containing
plants or with the alkaloid berberine.

References

1 Amin AH, Subbaiah TV, Abbasi KM. Ber-
berine sulfate: antimicrobial activity, bioassay,
and mode of action. Can J Microbiol 1969;
15:1067-1076.

Page 100

Alternative Medicine Review O Volume 2, Number 2 0 1997
Copyright©1997 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission




10.

11

12.

13.

14.

Rabbani GH, Butler T, Knight J, et al. Ran-
domized controlled trial of berberine sulfate
therapy for diarrhea due to enterotoxigenic
Escherichia coli and Vibrio cholerae. J Inf Dis
1987;155:979-984.

Sack RB, Froehlich JL. Berberine inhibits
intestinal secretory response of Vibrio cholerae
and Escherichiacoli enterotoxins. | nfect
Immun 1982;35:471-475.

Akhter MH, Sabir M, Bhide NK. Anti-
inflammatory effect of berberinein rats
injected locally with choleratoxin. Indian J
Med Res 1977,65:133-141.

Zhu B, Ahrens FA. Effect of berberine on
intestinal secretion mediated by Escherichia
coli heat-stable enterotoxin in jejunum of pigs.
Am J Vet Res 1982;43:1594-1598.

Sun D, Abraham SN, Beachey EH. Influence
of berberine sulfate on synthesis and expres-
sion of Pap fimbria adhesin in uropathogenic
Escherichia coli. Antimicrob Agents
Chemother 1988;32:1274-1277.

Sun D, Courtney HS, Beachey EH. Berberine
sulfate blocks adherence of Streptococcus
pyogenes to epithelial cells, fibronectin, and
hexadecane. Antimicrob Agents Chemother
1988;32:1370-1374.

Mahagjan VM, SharmaA, Rattan A. Antimy-
cotic activity of berberine sulphate: An
alkaloid from an Indian medicina herb.
Sabouraudia 1982;20:79-81.

Nakamoto K, Sadamori S, Hamada T. Effects
of crude drugs and berberine hydrochloride on
the activities of fungi. J Prosthet Dent
1990;64:691-694.

Subbaiah TV, Amin AH. Effect of berberine
sulphate on Entamoeba histolytica. Nature
1967;215:527-528.

Gupte S. Use of berberine in treatment of
giardiasis. AmJ Dis Child 1975;129:866.

KanedaY, Tanaka T, Saw T. Effects of
berberine, aplant alkaloid, on the growth of
anaerobic protozoain axenic culture. Tokai J
Exp Clin Med 1990;15:417-423.

Kaneday, Torii M, Tanaka T, Aikawa M. In
vitro effects of berberine sulphate on the
growth and structure of Entamoeba histolytica,
Giardialamblia and Trichomonas vagindis.
Ann Trop Med Parasitol 1991;85:417-425.

Vennerstrom JL, Lovelace K, Waits VB, et al.
Berberine derivatives as antileishmanial drugs.
Antimicrob Agents Chemother 1990;34:918-
921.

15.

16.

17.

18.

19.

20.

21

22

23.

24,

25.

26.

27.

28.

Ghosh AK, Bhattacharyya FK, Ghosh DK.

L eishmania donovani: Amastigote inhibition
and mode of action of berberine. Exp Parasitol
1985;60:404-413.

Choudhry VP, Sabir M, Bhide VN. Berberine
in giardiasis. Indian Pediat 1972;9:143-146.

Singhal KC. Anthelmintic activity of berberine
hydrochloride against Syphacia obvelatain
mice. Indian J Exp Biol 1976;14:345-347.

Mohan M, Pant CR, Angra SK, Mahajan VM.
Berberine in trachoma. Indian J Ophthal mol
1982;30:69-75.

Babbar OP, Chhatwal VK, Ray IB, MehraMK.
Effect of berberine chloride eye drops on
clinically positive trachoma patients. Indian J
Med Res 1982;76(Suppl):83-88.

Sabir M, Mahgjan VM, Mohapatra LN, Bhide
NK. Experimental study of the antitrachoma
action of berberine. Indian J Med Res
1976;64:1160-1167.

Gudima SO, Memelova LV, Borodulin VB, et
al. Kinetic analysis of interaction of human
immunodeficiency virus reverse transcriptase
with alkaloids. Mol Biol (Mosk) 1994;28:1308-
1314.

Zhu B, Ahrens F. Antisecretory effects of
berberine with morphine, clonidine, L-
phenylephrine, yohimbine or neostigmine in
pig jejunum. Eur J Pharmacol 1983;96:11-19.
Khin-Maung-U, Myo-Khin, Nyunt-Nyunt-
Wali, et d. Clinical trial of berberine in acute
watery diarrhoea. Br Med J 1985;291:1601-
1605.

Rabbani GH. Mechanism and treatment of
diarrhoea due to Vibrio cholerae and Escheri-
chiacoli: roles of drugs and prostaglandins.
Dan Med Bull 1996;43:173-185.

Sabir M, Akhter MH, Bhide NK. Antagonism
of choleratoxin by berberine in the gastro-
intestinal tract of adult rats. Indian J Med Res
1977;65:305-313.

Taylor CT, Baird AW. Berberine inhibition of
electrogenic ion transport in rat colon. Br J
Pharmacol 1995;116:2667-2672.

Tal Y-H, Fedler JF, Marnane WG, Degjeux J-F.
Antisecretory effects of berberinein rat ileum.
AmJ Physiol 1981;241:G253-G258.

Akhter MH, Sabir M, Bhide NK. Possible
mechanism of antidiarrhoeal effect of ber-
berine. Indian J Med Res 1979;70:233-241.

Alternative Medicine Review O Volume 2, Number 2 0 1997
Copyright©1997 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission

Page 101



29.  Sabir M, Bhide NK. Study of some pharmaco- 42.  Huang W. Ventricular tachyarrhythmias treated
logical actions of berberine. Indian J Physiol with berberine. Chung Hua Hsin Hsueh Kuan
Pharmacol 1971;15:111-132. Ping Tsa Chih 1990;18:155-156,190.

30. Yamamoto K, Takase H, Abe K, et a. Pharma- 43.  Zhou Z,LanT, Li H, et a. Effects of berberine
cological studies on antidiarrheal effects of a on single Ca?* channel current in cultured
preparation containing berberine and geranii embryonic chick ventricular myocytes. Hua
herba. Nippon Yakurigaku Zasshi 1993; Hsi | Ko Ta Hsueh Hsueh Pao 1995;26:287-
101:169-175. 290.

31. Eaker EY, Sninsky CA. Effect of berberine on 44.  HuaZ, Wang XL. Inhibitory effect of ber-
myoelectric activity and transit of the small berine on potassium channels in guinea pig
intestine in rats. Gastroenterology 1989;96: ventricular myocytes. Yao Hsueh Hsueh Pao
1506-1513. 1994;29:576-580.

32.  YuanJ, Shen XZ, Zhu XS. Effect of berberine 45.  LinWC, Chang HL. Relaxant effects of
on transit time of human small intestine. berberine on the rat fundus. Res Commun Mol
Chung Kuo Chung Hsi | Chieh Ho Tsa Chih Pathol Pharmacol 1995;90:333-346.
1994;14:718-720. 46. LeeMK, KimHS. Inhibitory effects of

33. Tsai CS, Ochillo RF. Pharmacological effects protoberberine alkal oids from the roots of
of berberine on the longitudinal muscle of the Coptis japonica on catecholamine biosynthesis
guinea-pig isolated ileum. Arch Int in PC12 cells. Planta Med 1996;62:31-34.
Pharmacodyn Ther 1991;310:116-131. 47.  CklessK, Schiottfeldt JL, Pasgual M, et al.

34. Takase H, Yamamoto K, Ito K, Yumioka E. Inhibition of in-vitro lymphocyte transforma-
Pharmacological studies on antidiarrheal tion by the isoquinoline alkaloid berberine. J
effects of berberine and geranii herba. Nippon Pharm Pharmacol 1995;47:1029-1031.
Yakurigaku Zasshi 1993;102:101-112. 48. Wu JF, Liu TP, Effects of berberine on platelet

35.  AhujaA, Purohit SK, Yadav JS, Netra PR. aggregation and plasma levels of TXB2 and 6-
Cutaneous leishmaniasis in domestic dogs. keto-PGF1 alphain rats with reversible middle
Indian J Public Health 1993;37:29-31. cerebral artery occlusion. Yao Hsueh Hsueh

36. KhoslaPK, Neergj VI, Gupta SK, Satpathy G. Pao 1995;30:98-102.

Berberine, a potential drug for trachoma. Rev 49. Huang CG, Chu ZL, Yang ZM. Effects of
Int Trach Pathol Ocul Trop Subtrop Sante berberine on synthesis of platelet TXA2 and
Publique 1992;69:147-165. plasma PGI2 in rabbits. Chung Kuo Yao Li

37. XuZ,CaoHY, Li Q. Protective effects of Hsueh Pao 1991;12:526-528.
berberine on spontaneous ventricular fibrilla- 50. Muller K, ZiereisK. The antipsoriatic Maho-
tion in dogs after myocardial infarction. Chung nia aguifolium and its active constituents; 1.
Kuo Yao Li Hsueh Pao 1989;10:320-324. Pro- and antioxidant properties and inhibition

38. Riccioppo Neto F. Electropharmacological of 5-lipoxygenase. Planta Med 1994;60:421-
effects of berberine on canine cardiac Purkinje 424,
fibres and ventricular muscle and atrial muscle 51. MiskV, Bezakova L, Malekova L, Kostalova
of the rabbit. Br J Pharmacol 1993;108:534- D. Lipoxygenase inhibition and antioxidant
537. properties of protoberberine and aporphine

39.  Huang WM, Yan H, Jin JM, et a. Beneficial akaloids isolated from Mahonia aquifolium.
effects of berberine on hemodynamics during Planta Med 1995,61:372-373.
acute ischemic left ventricular failure in dogs. 52. Zhang MF, ShenY Q. Antidiarrheal and anti-
Chin Med J 1992;105:1014-1019. inflammatory effects of berberine. Chung Kuo

40.  Huang W. The role and mechanism of ber- Yao Li Hsueh Pao 1989;10:174-176.
berine on coronary arteries. Chung Hua Hsin 53. YasukawaK, Takido M, IkekawaT, et a.
Hsueh Kuan Ping Tsa Chih 1990;18:231-234. Relative inhibitory activity of berberine-type

41.  Main-Neto JA, Maciel BC, SecchesAL, Gallo alkaloids against 12-O-tetradecanoylphorbol -
Junior L. Cardiovascular effects of berberine 13-acetate-induced inflammation in mice.
in patients with severe congestive heart failure. Chem Pharm Bull 1991;39:1462-1465.

Clin Cardiol 1988;11:253-260.
Page 102 Alternative Medicine Review O Volume 2, Number 2 0 1997

Copyright©1997 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission




55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Kumazawa, Itagaki A, Fukumoto M, et al.
Activation of peritoneal macrophages by
berberine alkaloids in terms of induction of
cytostatic activity. Int J Immunophar macol
1984;6:587-592.

Sabir M, Akhter MH, Bhide NK. Further
studies on pharmacology of berberine. Indian J
Physiol Pharmacol 1978;22:9-23.

Su RY. The effect of berberine in sterilizing
infective root canal of deciduous teeth. Chung
Hua Kou Chiang Hsueh Tsa Chih 1992;27:
302-315,319.

Chekalina SI, Umurzakova RZ, Saliev KK,
Abdurakhmanov TR. Effect of berberine
bisulfate on platelet hemostasis in thrombocy-
topenia patients. Gematol Transfuziol 1994,
39:33-35.

Hattori T, FurutaK, Nagao T, et a. Studieson
the antinephritic effect of plant components
(4): Reduction of protein excretion by ber-
berine and coptisine in rats with original-type
anti-GBM nephritis. Jpn J Pharmacol 1992;
59:159-169.

Chan MY. The effect of berberine on bilirubin
excretion in the rat. Comp Med East West
1977;5:161-168.

Chan E. Displacement of bilirubin from
albumin by berberine. Biol Neonate 1993;
63:201-208.

Watanabe A, Obata T, Nagashima H. Berberine
therapy of hypertyraminemiain patients with
liver cirrhosis. Acta Med Okayama 1982;
36:277-281.

NambaT, Sekiya K, Toshinal A, et al. Study
on baths with crude drug. 11.: the effects of
coptidis rhizoma extracts as skin permeation
enhancer. Yakugaku Zasshi 1995;115:618-625.

Pasgual MS, Lauer CP, Moyna P, Henriques
JA. Genotoxicity of the isoquinoline alkaloid
berberine in prokaryotic and eukaryotic
organisms. Mutat Res 1993;286:243-252.

Harborne JB, Baxter H. Phytochemical
Dictionary: A handbook of bioactive com-
pounds from plants. Bristol, PA: Taylor &
Francis;1995:197.

Alternative Medicine Review 0 Volume 2, Number 2 0 1997

Page 103

Copyright©1997 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission




