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biological aspects, chemical constituents and pharmacological

relevance. The in vivo studies of extracts from Ammannia baccifera
showed antitumor, antiinflammatory, antiarthritic, antianalgesic, antipyretic, antidiuretic, and
wound healing pharmacological activities which can be attributed to the presence of
flavonoids, tannins, polyphenols, triterpenes and sterols. The plant was evaluated and
validated for the traditional medicinal activity against microorganisms and antimalarial
properties using in vitro studies. Tetrolane derivatives were found to have antitubercular

activity and high toxicity against brine shrimp.

KEY WORDS: Ammannia baccifera, Phytocompounds, Pharmacology, Ethnomedical.

WWW.Wjpr.net Vol 3, Issue 6, 2014. 1771




Muthusamy et al. World Journal of Pharmaceutical Research

INTRODUCTION

The genes Ammannia (Fam: Lythraceae) was named by Linnaeus in honour of Paul Ammann
(Professor of Botany at Leipzig, Germany) ™. Ammannia comprises 25 cosmopolitan species
and reported as weeds of the rice fields. Some species are well defined and others are highly
variable with taxonomic problems!?. A.baccifera was first reported from Guadeloupe in
1930’s®!. A.baccifera and some species including A.coccinea, A.auriculata and A.multiflora
were well studied when compare to other species like A.verticillata, A.robusta, A.prieureana,
A lotifolia, etc. Several studies on A.baccifera were available in literature and the plant was
proved to have broad spectrum of therapeutic and pharmacological properties. Therefore, this
review was carried out to enumerate the benefits of the species A.baccifera. The aim of this
review is to provide a contemporary overview of botany, traditional uses, biological activities,

ethnopharmacological relevances and chemical constituents.

Plant Description

Ammannia baccifera L. commonly known as Red Stems, Acrid Weed and Blistering
Ammannia ®. Abaccifera is an erect or procumbent herb, grows up to 40 cm high.
Branches are usually opposite. It is capable of producing extensive spongy aerenchymatous
phellem on submerged stems ®. Septate fibers in the stem are absent and young stem is
quadrangular and green. The leaves are linear oblong, sessile, lower opposite, upper
sometimes alternate, 3-4 cm length, 0.6 - 0.8 cm width, with odor specific. Leaf base at lower
leaves are attenuate and upper leaves obtuse or cuneate. Type of venation is pinnate and
camptodromous. Flowers are reddish in dense axillary clusters, forming whorls, apetalous.
Fruits are depressed globose capsules partially covered by calyx. Seeds are superhemisheric,
numerous, small, semi-ovoid to obovoid, 0.3-1.0x 0.2mm and dark brown color. Pollen is
heterocolpate, sexine thicker than nexine or as thick as nexine. Fruting and flowering during
September to Marcht’®1% The embryosac is perfectly normal and usual 8-nucleate type
with three antipodal cells *2.
Vernacular names

Table 1.Different names of A.bacciferal*® 4,

S.No. | Region/ Language/
Sysgtem of mgdic?ne Name
1. Ayurveda Agnidarbha, Kshetravasdhini, Kurandika
2. Hindi Aginbuti, Dadmari, Jangli mehendi, Banmirich
3. Sanskrit Agni-garbha, Brahmasoma, Kshetrabhusha,
Kshetravashini, Mahasyama, Pasanabheda
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4. Tamil Kaluruvi, Nirumelneruppu
5. Telugu Agnivendra, Agnivendramu, Agnivednapaku, Agnijawala
6. Malayalam Kallur vanchi
7. Kannada Kaadugida
8. Gujarat Jalmukhi, Jalaagiyo
9. Bengali Banmarich
10. Oriya Dadmari, Ramdauni
11. Marathi Aginbuti, Bharajambhula
12. Punjabi Dadarbottie
13. Nepali Ambar
14, Arabic Hannta bariya
15. Benin Worougboko, Worukoho
16. . Blistering Ammannia, Acrid Weed, Monarch Red Stem,
English )
Bhatjambol

Natural distribution

The plant is native to tropical and subtropical Asia and Africa "lbut widely distributed
throughout India and also found in Greece!*®, Australia™”), north to Formosa in the pacific
31 Europe 8! Bhutan, Myanmar, Nepal®, Ceylon®!, Afghanistan, Pakistan®?and China.

In India, the species spread in Darjeeling, Gujarat, Goa, Uttar Pradesh [?*), Karnataka, Andhra
Pradesh  and Tamil Nadu 2%-252¢],

Fig.1.Distribution of Ammannia baccifera

Ayurvedic Preperations

In Ayurveda A.baccifera was used in PASHANABHEDA as herbal stone crushers by kerala
vaidyas®?” 28 in the treatment of vesical calculus, gravels, dysuria, anuria and stone breakup
in kidney and bladder and used as substitute for Aerva lanata Juss. Ex Schult in Ghrita-

Shatavaryadi ghrital® 331,

WWW.Wjpr.net Vol 3, Issue 6, 2014. 1773




Muthusamy et al. World Journal of Pharmaceutical Research

Traditional Uses

In Indian medicinal systems like Ayurveda, Unani, Sidda, the leaves of A.baccifera are
considered as laxative, stomachic, appetizer, hepatopathy, rubifacient, aphrodisiac,
lithontripptic and useful for treating strangury. It is useful in vitiated condition of kapha and
pitta. Table 2 list the ethnomedical uses of A.baccifera. Leaves are commonly used to raise
blisters in rheumatic pain ** *! relieve swelling ¥, biliousness ®% and to alleviate spleen
disorder . Dried leaves are used to treat venereal disease and also employed as an
ingredient to betel leaf chewing mixture for human adults ). The oral infusion acts against
syphilis®®l. A baccifera is also extensively used in traditional Chinese herbal formulations
for treatment of spinal disease !, gastroenteropathy “°!, hemorrhoids “*, common cold %,
abscess, sore, itching and other skin infectionst**!.

Biological Aspects of A.Baccifera

The plant was reported with activities like hypothermic, hypertensive, antisteriodogenic,
antimicrobial, antiurolithic, antiinflammatory, antitumor, antitubercular, antipyretic,
antidiuretic, antityphoid and CNS depressant activity®*>*®!. Das and Maiti, were conducting
a field study in Rakha mine, Jharkhand (India) and found that roots of A.baccifera having
accumulation of more Zn and Ni in their underground tissue when compared to shoots®™”.
Higher than toxic levels of metal concentration indicates the presence of internal metal
detoxification, tolerance mechanism mainly to copper tailings and Cu accumulator in metal
mine wastel®® 5%,

Pharmacological relevance / Reported Biological activities of A.baccifera

Scientific investigation on the medicinal properties of A.baccifera dates back to the 1930s. A
summary of the findings of these studies is presented below.
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Table 2. Traditional uses and extract preparations

S. | Geographical region/ | Tribes/  village | Plant parts / preparations Ethnomedicial uses | References
No. | state/ people (group)
1. | Orissa Jhara, Keuta, | 5-6 Shoots are grinded with 7 fruits of Piper nigrum, the mixture | Ring worm %]
Dhivara applied to cure ring worm with in half to one hour.
Orissa Kutia Kandha Leaf juice with honey in empty stomach. Plant leaves with common salt | Typhoid Skin 4]
(Eastern ghat region) was also used to cure disease ring worm,
2. | Western ghats Kanikkars 10gms of A.baccifera mixed with Citrus aurantifolia (Chrishm.) | Eczema 1]
Swingle juice applied 2 times a day for a week.
3. | Andra pradesh Sugali Oral administration of 20g whole plant powder for every four hours with | Snake bite. 471
hot cow milk works against Bungarus fasciatus(banded krait) bite.
Chenchus, A.baccifera and Andrographis paniculata leaf powder in equal | Scorpion sting
Yerukulas and | quantities administered orally for every 1 hour up to 10 min works
Yanadis or Irulas. | against Scorpion sting.
4. | Kerala Muthuvas Leaf juice Poisonous bites 145}
5. North- west Himalaya | Gujjars and | The decoction prepared from 10g of fresh leaves with 10g of Cyperus | Intermittent fever %3]
Bhotiyas rotundus roots and 5¢g of fresh ginger is used.
Whole plant is burned and ashes are mixed with til oil (Sesamum | Skin eruptions
indicum) and the ashes of whole plant mixed with til oil.
Leaf infusion with warm water Decrease sexual
desire in axon
6. | Gujarat Maher Two spoonful decoction of entire plant was taken orally twice a day for | Gonorrhoea >0
a week.
7. | Rajasthan Shekhawati Decoction of whole plant is taken twice a day Fever 1]
Leaf paste and inflorescence to skin itching
8. | Jaipur Santal- Leaves bruised and applied externally Ringworm, parasitic 52
Kantabania skin infection
9. |Benin Bariba and Wama | Leaves Jaundice, fever, 53]
ethnic groups malaria,  eliminate
blood clots.
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Antioxidant

The preliminary qualitative chemical assays of ethanol extract indicated the presence of
tannins, saponins, steroids, terpenoids, flavonoids % ®and absence of alkaloids *“and
flavonoids are found to be the major constituents of the genus Ammannial®. The Chinese
dietary supplement includes A.baccifera, because of the taste of licorice and showing
promising activity against lung cancer cells® ¢ The quantitative estimation of methanol
extract revealed 95.7 £ 1.6, 6.2 + 4.2 and 43.3 £ 0.1 g/100 g of total phenolics, tannins and
flavonoids, respectively. The free radical scavenging assays that include DPPHe, Superoxide,
Hydroxyl and Nitric oxide scavenging activities of extract showed the IC50 value of DPPHe
as 8.3 g/mL. This value was lower when compared with the positive standards BHA (9.7
g/mL) and rutin (17.4 g/mL). The other assays exhibit higher radical scavenging activity than
the positive standards BHA and Rutin®®!. Vijayakumar et al.investigated ethanol extract of
A.baccifera (600 or 800 mg/Kg b.w/day) against CCl, induced erythrocyte damage in rats
and found that extract protected the loss of functional integrity and lipid alteration in red
blood cells. Pretreatment of animals with ethanol extract exhibited inhibition on the
accumulation of lipid peroxidation products, decreased the membrane fluidity that was
induced by CCl, and maintained the activities of superoxide dismutase and catalase, proving
the inhibition of free radical attack on bio-membrane. Phenolic compounds had a major
contribution to various biological activities which are related to antioxidants®®!.

Anticancer

The methanol extract of A.baccifera leaves displayed significant anticancer activity than the
aqueous extract in the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]
assay. The methanol extract produced selective cancer cell line cytotoxicity with 1Cso values
of 0.55, 0.59 and 0.91 mg/mL against gastric, colon and breast cancer cells, respectively and
also proved no evident cytotoxicity against healthy mouse fibroblast cells ). Another in
vitro study showed methanol extract had potent cytotoxicity against the cancerous cell line
HelLa with IC50 value of 0.13 mg/mL. In vivo studies were carried out using Dalton’s ascites
lymphoma (DAL)-bearing Swiss albino mice and compared with the drug 5-Flurouracil. The
extract treatment resulted in significant decreases in tumor volume, tumor weight, and viable
cell count and enhanced the life span of DAL bearing mice with normal level of RBC,

hemoglobin and lymphocyte count ¢,
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Anti-inflammatory and antiarthritic

The ethanol extract of whole plant exhibited significant dose dependent activity in both acute
and chronic inflammatory models. Gopalakrishnan et al. evaluated that 100mg/kg bw and
200mg/kg bw of extract produced 38.27% and 43.39% inhibition in anti-inflammatory model
(carrageenan induced paw oedema in albino rats) that was comparable with the standard drug
indomethacin (48.52%)°).Loganayaki et al. reported that high dose of methanol extract
produced significant non-inflammatory activity. In frend’s adjuvant induced arthritis model,
the dose of 100mg/kg bw and 200mg/kg bw of ethanol extract produced 38.83% and 44.08%
inhibition, respectively. Whereas, 55.47% inhibition was reported for the drug!®®..
Antianalgesic

The ethanol extract of whole plant was investigated in chemical models of nociception in
mice which showed a dose dependent analgesic activity. Abdominal writhes induced by acetic
acid in mice was inhibited by 20.7%, 43.4% and 72.9% with the dose of 200, 400 and
600mg/kg i.p, respectively. Whereas in the formalin test those doses did not produce any
effect during the first phase (0-5min) of but produce a dose-dependent analgesic effect in
second phase (15-20min) with inhibitions of licking time of 27.3%, 47.7% and 57.4%,
respectively ['%.

Antimicrobial activity

Several studies have found A.baccifera to possess antibacterial and antitubercular activity.
The methanol extract of the whole plant exhibited potential activity against fungi and
bacterial™ ">"1. The methanol and choloform extract of leaves showed activity against
human pathogenic bacterial strains Staphylococcus aureus, Bacillus cereus, Enterococcus
faecalis, Esherichia coli, Salmonella typhi and Proteus mirabilist’. The root extract showed
anti-acne activity against Propionibacterium acnes”. But Bagchi et al. reported that the
seeds had low antimicrobial activity!”®!(Table 3).
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Table 3. Antimicrobial activity of A.baccifera

Tested dose and

Tested material | mode of | Controls Method/model used/ MIC/ Other effective results Experimental evidence Reference
C . assessment
administration
Ethanol extracts | 6mm diameter | Ampicillin, Tetracycline | Disc diffusion method: Dose dependent study. il
of leaves Whatmann No. 1| (30pg/disc) positive | Diameter of zone of inhibition for 5000 pg: Positive evidence base
filter paper disks | control;  Ethanol and | P. aeruginosa (12mm); S. aureus (14mm); M. luteus (10mm);
impregnated  with | water negative control. M. roseus (11mm); C.albicans (12mm);
1000pg to 5000 ug Ampicillin: (24-36 mm) Teracyline: (26mm) on C.albicans
Ethanol extract | Disc diffusion | Clindamycin  standard | Disc diffusion method:MIC &MBC>5mg/ml against P. acnes | Not dose dependent 7]
of roots method: 100mg/ml | 10pg/ml and S.epidermidis study; Inconclusive
conc. evidence base
Hexane , 300pg/disc Gentamycin (10 pg/disc) | Disc  diffusion method: Diameter zone of inhibition | Dose dependent study 78]
methanol and | concentration Amoxycilin + Clavulonic | P.aeuroginosa: extracts- hexane (26mm), methanol (27mm) and
agueous extract acid(AC) (20 + 10 |aqueous (26mm); Gentamycin: 26.6mm; AC: 12.0mm.
of plant ng/disc) C.albicans:  extracts- hexane &  methanol  (21mm);
Griseofulvine K.mamlamus: extract- methanol 20mm; Griseofulvine(14mm)
80% Ethanol | 1000pg/ml Not reported Agar dilution-streak method: MIC 1000pg/ml; partial growth | Not dose dependent 7]
whole plant inhibition against S.aureus smith strain; S.gallinarum; | study; Inconclusive
M.smegmatis ; C albicans. No activity against E.coli; and | evidence base
K.pneumoniae;
95% ethanol | Concentration 1000 | Control Ciprofloxacin | Disc diffusion assay: Highest activity - Whole plant : 22.7+ | Positive evidence base 15l
extract of Whole | and 125 pg/disc 25ug/disc;  Fluconazole | 0.47 mm (E.coli), 24.6 +0.63mm (C.krusei), 26.0+/-0.54mm
plant 10 ng / disc; | (A.niger) ; Leaf : 22.0 0.8 mm (S.typhi), 23.7+£0.38mm
and other parts Amphotericin B 100 units | (C.albicans), 27.3+ 0.09mm (A.niger);
leaf, stem and / disc. Root : 18.5 £ 0.27mm (S.typhi); Stem : 20.1+0.31mm (P.
root mirabilis) MIC at 62.5ug/ml of whole plant. Low activity -
P.aeruginosa, P.mirabilis, K.pneumoniae, S.aureus, N.faecalis,
V.cholerae, C.tropicalis.
Aqueous  and | 0.1ml extract. Negative Control: | Agar disc diffusion and agar well diffusion method. Not dose dependent 172]
methanol extract Distlled water  and | Methanol extract: E.coli (15mm), P.Pseudoalcaligenes | study
methanol (25mm), B.cereus (15mm), K.pneumoniae (12mm)

No activity in aqueous extract.
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Anti-Tubercular activity

80% ethanolic extract of the whole plant exhibited antimycobacterial activity % 8,
Upadhyay et al. reported the phytocompound 4-hydroxy-o-tetralone and 4-o-myricitoyl-a-
tetralone to have in vitro anti-tubercular activity against Mycobacterium tuberculosis H37RV
by BACTEC-460-radiometric susceptibility assay with MIC as 50ug/ml. The lower
concentration of bioactive compound inhibited the growth of the organism and exhibited
significant antitubercular activity®.

Wound healing

Wound healing property of the creams prepared with chloroform, ethyl acetate and ethanol
extracts of A.baccifera leaf was evaluated by Rajasekaran et al. with the standard drug
“Framycetin” cream. Rats of both the sex did not produce any signs of toxicity and mortality
up to a dose of 2000mg/kg of extracts for 14 days. The cream prepared with 5% chloroform
extracts (w/w) showed faster wound contraction and complete healing on 14 day in excision
wound model and increased tensile strength in resutured incision wound and the results were
comparable to the drug framycetin®®. According to Udupa et al. increase in tensile strength
may be attributed to the increase in collagen concentration, stabilization of the fibers and

enhanced action of myofibroblasts that are responsible for elasticity of the tissuet®*!,

Anti-pyretic and Diuretic activity

Brewer’s yeast induced pyrexia method is followed by Joanofarc et al. to evaluate the
antipyretic activity of the extracts of A.baccifera against wister albino male rats. Chloroform
extract at 200mg/kg dose level exhibited significant activity compared to paracetamol at
100mg/kg after 270 minutes of drug administration. The diuretic activity of ethyl acetate,
ethanol and petroleum ether extracts was significant even at 4™ hour where as petroleum
ether extract showed significant level at 24™ hour. Chloroform extract was completely devoid
of diuretic activity!®. They also reported that the diuretic effect of PEE, EAE and EE may be
like that of frusemide which brings about local prostaglandin synthesis.

Anti-Steroidogenic activity

Dhanapal et al. evaluated the steroidogenic activity in mature female albino mice ovaries.
The ethanol extract significantly reduced the weight of ovaries, increased the cholesterol and
ascorbic acid content in ovaries and significantly inhibited the key enzyme A5-3p hydroxy
steroid dehydrogenase (A5-3p-HSD) and glucose-6-phosphate dehydrogenase (G-6-PD)

which are involved in the ovarian steroidogenisis®®!.
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Larvicidal action

Methanol extract of aerial part of the plant caused larval mortality of fourth instar larval in
Aedes aegypti and Culex quinquefasciatus. The probit analysis of methanol extract for 24h
and 48h produced LCs value of 164.00 and 107.00 (mg/L) and LCgo values of 310.00 and
261.00 (mg/L) on C. quinquefasciatus. LCsy values for A. aegypti were 226.00 and 186.00
(mg/L) and LCgovalues were 476.00 and 309.00 (mg/L). Methanol extract showed potent
lavicidal activity than the ethyl acetate and chloroformf®”. The aqueous extract of aerial parts
also showed activity against Anopheles subpictus (LC50=257.61) and Culex quinquefasciatus
(LC50 = 210.88). The green synthesized silver nanoparticles showed significant toxic effects
against the larvae of A. subpictus (LC50 = 29.54 ppm) and C. quinquesfasciatus (LC50 =
22.32ppm) 8,

Antiurolithic

The plant A.baccifera showed promising antiurolithiatic activity. Ethanolic extract
(2gm/kg/day po.) was found to be effective in reducing the formation of urinary stones
(prophylactic) as well as dissolving pre-formed ones (curative) that were induced by
implantation of zinc discs in the urinary bladders of rats that resulted in the significant
increase of calcium, magnesium and oxalate during urine excretion. The stones formed were
mainly of magnesium ammonium phosphate with traces of calcium oxalate. Treatment with

A.baccifera also significantly reduced calcium and magnesium levels #°.

Toxicological activity

Lavanya Goodla et al. screened the ethanolic extract of A.baccifera for its acute and sub-
acute toxicological effects on rats. Acute oral toxicological studies revealed that all the
animals tolerated the test doses up to 2000 mg/kg body weight. Sub-acute toxicity studies
indicated that the doses of 50, 100, 250 and 500 mg/kg body weight /day did not produce any
significant dose-related changes in haematological, biochemical parameters and
histopathology of vital internal organst®. Using brine shrimp test (BST) Deeseenthum et al.
reported that compounds 1,4-napthoquinone and 4-hydroy-1-tetralone from A.baccifera
showed high toxicity against brine shrimp with LCso of 10.56 and 17.88 ppm, respectively[gl].
Phytochemicals in A.baccifera

The leaves of A.baccifera contain carbohydrates, glycosides, saponins, proteins, steroids,
flavanoids, tannins and phenolic constituents. The plant was reported to have chemical
components like Vitamin C, Quercetin, Rutin, Kaempferol, Lupeol, Betulinc acid, Ellagic
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acid, p-sitosterol and Tetralone derivatives and were listed in Table 4 and 5. 839293

Table 4. Reported compounds of A.baccifera

Rutin (Quercetin-3-rutinoside)

-3-

Kaempferol
glucopyranoside

OH OH

Quercitrin
(Quercetin-3-0-a-L-
rhamnoside)

sitosterol-3-O-3-
glucopyran03|de

2 g8+

Stigmasteryl-3-O-p-D-
glucopyranoside

OH q—IO :
o
o q

Quercetin 4hydroxy —a- tetralone Tetralone-4-O-B- D-
glucopyranoside
HO 0 o]
HO
O o : OH
HO OH
o OH
Ambacinol Ambacinin
CH OH OH MoH
HHSC, *oH HG

HsC CHy

H3C  CHj3

1,4, napthoquinone

or lawsone
(@]

@)

Dotricontanol
CH3-(CH2)30-CH20H

Hentiracontane
CH3-(CH2)29-CH3

1,30-Tricontanediol
HOCH2-(CH2)28-
CH20H
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Table 5. Chemical group, part of the plant studied and compounds isolated from

Ammannia baccifera L.

Phytochemicals Solvent Part of the plant | References
Sesquiterpenes
Ambacinol Ethyl acetate Whole plant 1921
Ambacinin Ethyl acetate Whole plant 1921
Betulinic acid Petroleum ether | Root 53]
Lupeol Petroleum ether | Root 193]
Flavanoids
Rutin (quercetin-3-rutinoside) n- Butanol Whole plant 1921
Kaempferol -3- O- - glucopyranoside n- Butanol Whole plant %21
Quercitrin (Quercetin-3-O-a-L-rhamnoside) | n- Butanol Leaves 1921
B sitosterol-3-O-B-glucopyranoside n- Butanol Whole plant 1921
Stigmasteryl-3-O-p-D-glucopyranoside n-Hexane Whole plant %]
Whole plant & [94][93]
4hydroxy —a- tetralone n-Hexane, Leaf & root
Tetralone-4-O-B- D-glucopyranoside Methanol Leaf & root %3]
Coumarin
Ellagic acid Petroleum ether | Leaves %3]
Alkanes
Dotricontanol Petroleum ether | Fruit & leaves %]
Hentiracontane Petroleum ether | Fruit & leaves %]
1,30-Tricontanediol Petroleum ether | Fruit & leaves %]
1,4, napthoquinone or lawsone n-Hexane Whole plant %]
Alkyl trans-4-hydroxycinnamate n-Hexane Whole plant %]

CONCLUSION

The extensive literature survey revealed A.baccifera to be an important medicinal plant
documented for diverse applications and used in ethnomedical treatments. Pharmacological
studies carried out for the crude extracts and isolated compounds of A.baccifera provide a
practical support for its numerous traditional uses. Recent studies have been focused on
evaluating activity against cancer, inflammatory, arthritic, analgesic, tubercular, larvicidal,
microbial activities. The mentioned treatments are conceivable by the presence of
phytochemical constituents like alkanes, coumarins, flavonoids and sesquiterpenes. Some of
the mentioned pharmacological studies were aimed on validating its traditional uses. It was
found that, some of its traditional uses like anti-inflammatory, antimicrobial, etc had been
extensively explored by research groups. However, no experimental evidence is available
substantiating its traditional use in blood clots, gonorrhea, etc., which can be explored further
and there is a need of phytochemical standardization and bioactivity guided identification of
bioactive metabolites. Further investigation is necessary to determine the possible benefits on

formulation of A.baccifera extracts to phytotherapeutic agents against urinary stone, common
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cold, skin eruptions, gastroenteropathy and hemorrhoids problems. Studies on the mode of

action is anticipated to lead the way for new agents with improved and intriguing

pharmacological properties. The outcome of these studies will further expand the existing

therapeutic potential of A.baccifera and provide a convincing support to its future clinical use

in modern medicine.
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