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Introduction

Fusaric acid (FA) is a host non-specific toxin. The high production of 

which has been correlated with the Virulence of plant Pathogenic strains 

of Fusarium spp. FA (5-butylpicolinic acid) was first discovered during 

(Paterson et al., 1991) laboratory culture of Fusarium heterosporum 

nees by Yabuta et al. It has a natural contaminant or mycotoxin 

accumulating during infection in corn and cereal grains is extremely 

toxic to animals and human beings by enhancing toxicity of other 

Fusarium metabolites EG-: Trichothecenes (Stepfen et al 2005). It is not 

only moderately toxic to animals but also has antibiotic, insecticidal and 

pharmacological activity in both brain and pineal neurotransmitter and 

metabolites are affected (Baron et al.,1996). It cause wilt disease 

symptoms in pepper, corn and used to select with resistance in plant. 

(Peterson et al.,1991).

The most expansive producer of this toxin is Fusarium oxysporum or, its 

special forms F.Spp.lycopersici (Stefan et al., 2005) Fusarium spp are 

ubiquitous fungi found in soil world wide as both pathogenic and non 

pathogenic strains. FA could elicit various plant defense response at 

100nm without toxic effect. Large FA concentration reduces root and 

root-hair growth and induce a rapid transient membranes 

Hyperpolarisation (Brahim et al., 2006).It represses the production of 

PCN (Phenazine 1- Carboxamide) and of the quorum sensing signal N-

hexanoyl-L-homoserine lactones (C6-HSL). It is toxic for Eukaryotes 

and Prokaryotes involved in fungal defense against Pseudomonas Spp. 

Biocontrol strains by repressing the production of antifungal 

metabolites. (Tjeerd et al., 2005) FA Showed higher nematicidal 

activity against B.xylophilers. (Hyeok et al., 2007). The biosynthesis of 

FA involves the condensation reaction involving a polyacetate unit and 

Aspartic acid. (Hill et al., 1966) The specific role of FA are Picolinic 

acid and involvement of ethylene in disease development is not known 

(David et al.,1978) Mycelial growth could not be used to measure or 

estimate the production of FA. FA causes rot of potato tubers (Sonja 

et al., 1996). FA has a Tumoricidal activity for head and neck squamous 

cell cancer. (HNSCC). In plant, most of the studies and FA reported 

toxic effect at concentration greater than 10-5 M. FA can be involved in 

Fungal pathogenicity by decreasing cell viability. It could induce typical 

early defense response such as reactive O2 species. (ROS prdn). 

(Brahim et al., 2006). FA is detected using HPLC, TLC, Mass 

spectroscopy, NMR.

The phytotoxic pathogenicity factor FA represses the production of 2,4 

diacetyl phloroglucinol (DAPG) a key factor in the antimicrobial 

activity of biocontrol strain Pseudomonas fluorescence. The effect of 

FA, a dopamine beta hydroxylase inhibiter, was determined on 

aggression motor activity and brain monoamines at dose of 3.2 to 60 

mg/kg. FA is a mycotoxin with low to moderate toxicity, which is, of 

concern, since it might be synergistic with other occurring mycotoxin. 

FA decreases contractile response elictor with nor-epinephrine, 

histamine, serotonin, acetylchdine and KCl. FA does not interfere with 

Dopamine uptake.

lFA represses the PCN production under different environmental 

condition.
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Fig1: Structure of Fusaric acid
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min to 6 hrs after injection. Increase in dose decreases the blood 

pressure in great level with increasing FA concentration there was 

marked decrease of nor-epinephrine in angiovascular system is thought 

to be the cause of hypotensive effect. (Hiroyoshi et al, 1969)

lAdministration of alpha-methyl-para-tyrosine (AMPT) & FA helps 

the withdrawal in human's addicted to narcotics (or) amphetamines.

lFA strongly inhibited root & leaf cell function physiologically 

responsible for fusarium wilt of watermelon.( Hongsheng et al., 

2008)

lFusaric acid induce endogenous ethylene production in tomato 

cutting.(David et al., 1978)

lFA is used to examine the cell death in saffron roots.

lFA increases the mitochondrial & plasma membranes permeability 

(Leili et al., 2006)

lFA is used for selecting resistance in barley plants (Luz et al., 1990)

lFA is known as an inhibitor of metal-containing oxidative enzymes, 

mycotoxin and antibiotics (hyeok et al, 2007).

lIt is used as a marker compound for Fusarium contamination of 

grains(Bacon et al., 1996)

FA causes necrotic spots on leafs blade, Shriveling & drying of leaves 

and shrinking & wilting of stem & petioles in tomato cutting (Kazuyuki 

et al., 1996)

Deoxynivalenol (DON) is a fusarim trichothecene mycotoxin, the 

consumption of which causes growth depression, loss of appetite, 

vomiting and lesions of intestinal tract (Nannemaches et al, 1991)

Other applications

Negative Effects 

lModerate FA doses (50-100um) induce apoptotic features, while high 

FA dose (>200um) stimulates necrosis.

lDecarbonylation of FA gives Co (C-7) and 3-butyl pyridine, which is 2

oxidized with KMnO4 to nicotinic acid. 

lThe activity is found mainly in positions 2, 3, 5, 9&11 of fusaric acid. 

The low activity at C-2 & C-3 of pyridine ring & presence of pyridine 

ring & presence of activity at C-4 & C-7 are consistent with the 

participation of 4C Krebs's cycle acid (or) its equivalent(hill et 

al.,1966)

lIt has been shown to produce both ethylene & ethylene like symptoms 

(David et al.,1978)

lFusaric acid can be used as selective agent (Wenzel et al.,1990)

lFA show nematicidal activity agent B.xylophilus (Hyeok et al.,2007)

lFA inhibits dopamine B-hydroxylane (Hiroyoshi et al, 1969).

lSome other fusarial mycotoxins are trichothecene, deoxynivalenol, 

F.graminearum toxic, T-2 and beauverin. (Hongsheng et al.,2008)

FA acts as an enzyme  inhibitor, dopamine agent and nucleic acid 

synthesis inhibitor.

FA can chelate divalent cations, esp., Zn & inactivate Zn finger proteins 

involved in DNA repair & protein synthesis. FA has tumoricidal activity 

for head & neck squamous cell cancer (HNSCC). Invivo studies 

demonstrated that daily intralesional theraphy for 1 month showed 

reduced onset of growth & overall growth of cell. Thus FA appears to 

have a tumoristatic/tumoricidal effect on HNSCC. As an orally active 

agent, it may have potential role in treatment of HNSCC. (Ruda et al)

Hydrochloride beta-(N,N-diethylamino) ethylamide of FA(DAEA) 

exerted an antiarrhythmic activity in adrenaline-induced arrhythmic in 

rats. DAEA single pretreatment in dose of 1-5 mg/kg prevented the 

disorder of rhythm & conductivity in most animals. A pronounced 

Antiarrhythmic effect was manifest at doses of 2 & 4mg/kg of DAEA.It 

prevents the development of arrhythmic in 50% of animals in a dose of 

1.7mg/kg. (Savina et al)

The effect of FA 150-450mg daily on tardine dyskineria & mental state 

was studied in 15 chronic psychogeriatric patients. FA significantly 

relived orofacial dyskineria, tremor & rigidity & its improved the 

mental state of patient (BPRS). Akineria & Anxiety were not altered. 

(Viukari et al ). 

When 20mg/kg of FA was injected intraperitoneally into rabbits, rats, 

cats,(or) dogs. Decrease of blood presure was observed from about 30 

Applications

1. FA, An antitumor agent 

2. FA, An antiarrhythmic agent

3. Effect of FA on tardine dyskineria & mental state in 

psychogeriatric patients

4. Effect of FA ( An hypotensive agent) on blood pressure of 

rabbit 

Reaction scheme1: I; Fusaric acid, 
II; 3-Butylpridine, III; Nicotinic acid.
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FA is toxic to various plants, fungi and bacteria.

FA causes wilt disease symptoms in pepper, corn etc ( Luz et al., 1990)

FA cause rot in potato tubers.

Leete had suggested that the molecule may be formed biologically from 

a branched chain derivative from five acetate units.

Vining had proposed a slightly different condensation involving a 

polyacetate unit and aspartic acid.

The fungus was maintained on malt agar (or) difco potato dextrose agar 
0slants at 4 C, with regular subculturing every 2 months. Inoculum was 

prepared by transferring a suspension of the mycelium to 125 ml 

Erlenmeyer flasks containing sterile, water saturated rice. After 5 days 

in the dark, the conidia were harvested by shaking the mixture with 

sterile, distilled water (60ml).This spore suspension was transferred to a 

250 ml Erlenmeyer flask and incubated on a shaker in the dark for 24 h 

.Ten millilitres of this inoculum was added to 250 ml of czapek's 

medium in 1 litre Erlenmeyer flasks, and the fungus was grown in the 

dark in shake culture. Czapek's medium has the following composition 

(g/l); Sucrose, 40; Sodium nitrate, 3; Monopotassiumphosphate, 1; 

Magnesium sulfate, 0.5; Potassium chloride, 0.5; Ferrous sulfate, 0.01; 

all in distilled water. The pH of the medium was adjusted to 5.5 before 

autoclaving.

The fungus from shake culture that was 3days old was collected by low-

speed centrifugation. The harvest from two culture flasks was 

resuspended in czapek's medium (50ml) and used to inoculate fresh 

medium (200ml). Six flasks were normally used for each tracer 
14experiment. Aqueous solution of sodium acetate-1- C (or) sodium 

14acetate-2- C were prepared and divided equally between the six flasks. 

After the flasks were shaken for 24hrs in the dark, they were removed 

and the fusaric acid was extracted from the culture filtrate.

Samples were counted in a Nuclear-Chicago model 725 liquid 

scintillation counter using as solvents either (a)toluene containing 0.4% 

2,5-diphenyl oxazole(PPO) and 0.005% 1,4-bis-2-(5phenyl oxazolyl)-

benzene(POPOP) or (b) dioxane-ethyl cellosolve (5:1) containing 5% 

naphthalene,0.4% ppo and 0.01% POPOP. Sample activities were 

determined in duplicate, with a counting error of 5% or less in each 

determination.

Fusarium oxysporum, Gibberella fujikuroi, Fusarium moniliforme, 

Fusarium verticilloides, Fusarium arthrosporioides.

14Biosynthesis of Fusaric acid from C-labelled acetate in 

Gibberella fujikuroi:

Conditions of culture

Administration of labeled compounds

Assay of radioactivity

Materials and methods

Microorganism

Incubation period

Recovery

Assay

HPLC

GC-MS

HPLC

TLC

Mass Spectrometry

Cultures were incubated for 7 days at 24'C on a rotary shaker (180 rpm).

Fungal biomass was collected by centrifugation for 15 minutes. One 

part of supernatant was filtered and stored. In addition, the supernatant 

was acidified to pH 2 and shaken vigorously for 1 minute. The organic 

phase was separated from aqueous phase by filtering and brought to 

dryness in vacuo. 

HPLC, Mass spectroscopy, Thin layer chromatography, NMR, Gas 

chromatography are used for assay.

The residue was dissolved in 1ml of methanol and analyzed by HPLC 

equipped with a reverse phase column packed with nucleosil 120 - 5  

C18 and set at 50'C. The samples were eluted with linear methanol. The 

fraction containing the FA standard from the HPLC was collected, and 

the presence of FA was qualitatively and quantitatively confirmed by 

Mass spectroscopy on a TSQ 3000 triple quadrupole mass spectrometer 

with electrospray ionization. (Regina et al., 2002).

 The presence of FA in the corn samples was confirmed by GC-MS of the 

trimethysilyl ester of an authentic standard on a Hewletl-packard 5890 

series II Gas chromatograph with an HP-5970 mass-selective detector. 

Additional confirmation of FA was performed by chromatography with 

an authentic standard of FA developed on precoated TLC sheets. 

(C.W.Bacon et al., 1996).

Preparative HPLC separations of the FA analogs were carried out on a 

Prep LCI catridge. Samples were eluted with water-acetonitrile (90:10) 

at 100ml/min, and the eluent was monitored with a refractive index 

detector at a sensitivity of 20.      

Crystalline FA, DHFA and the diacid analog of FA, DOAFA used as 

TLC standards were purified by HPLC and recrystallisation until they 

gave a single spot on TLC plates coated with 0.25 mm thick silica gel 

60F-254 with fluorescent indicator.

Low resolution mass spectra was obtained by chemical ionization with 

isobutane as the reagent gas in a Finnigan 4535/TSQ.  High resolution 

electron impact mass spectrometry was determined at 70 eV with a 

Fusarium oxysporum

Gibberella fujikuroi

Fusarium moniliforme
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Nuclide 12-90 DF instrument. Samples were introduced with a direct 

insertion probe.

13Proton 1H and carbon13 ( C) NMR spectra were recorded at 300 and 75 

MHz respectively in deuterium oxide on a Bruker WM -300 instrument 

with sodium 3-tri methyl silyl propionate-2, 2, 3, 3, d4 as the internal 

standard.

Samples were ground and extracted with methylene chloride and 

analyzed by a modified TLC as described by Bacon et al. After 

evaporating methylene chloride to dryness, the residue was re dissolved 

in 3ml ethanol and applied on silufol plates together with FA standard. 

The plates were developed in n-butanol: acetic acid: ethyl acetate: water 
0(3:2:2:2,v/v). Plates were subsequently dried at 80 C and FA was 

detected under UV light .  FA content  was quantif ied 

spectrophotometrically on a specord M 40 spectrophotometer.
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TABLE 1: Production of Fusaric acid using Fusarium species:
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Fusarium
Oxysporum

Media Incubation Period AssayTemperature

Gibberella fujikuroi 
mating populations
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Fusarium moniliforme
NRRL 13,163 

Fusarium verticilloides

Fusarium 
arthrosporioides

Malt broth 2%,

Czapek Dox medium,

R2 broth

Carrot agar, potato

Dextrose agar, 
Seed grade field 
yellow corn

BactoYM agar

Malt agar, Potato 
dextrose agar.

PDB(potato 
glucose broth/ agar)

7 days

4 weeks

3 days at ambient 
temperature 
followed by
18 days

5 weeks

24-48h

24 C0

26 to 28 C0

 15 C0

17 ,21 ,25 C0 0 0

025 C

HPLC

Mass 
Spectrometry

HPLC

GC-MSA

HPLC
TLC
MS
NMR

TLC
HPLC

TLC
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