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Abstract 

A new mycotoxin (ACT1) was obtained from the mycelium of Aspergillus candidus Link isolated from 
rough rice stored under tropical conditions. AcT1 with the mol-formula C28H400 showed bright greenish 
blue fluorescence under uv (254 nm). The spectral and other characteristics indicated that the compound was 
a new one. The LDs0 of the toxin on white rats was found to be 4.5 mg/Kg when injected intraperitoneally. 

Introduction 

Aspergillus candidus Link is a common mould 
of food grains stored under hot and humid condi- 
tions prevailing in tropical countries. A number of 
toxic compounds have been reported from A. can- 
didus such as candidusins (8), Kojic acid (2, 4, 11), 
citrinin (1, 7, 9), toxin A (8) and ochratoxin com- 
plex (6). Detailed studies of a toxin isolated from 
A. candidus, obtained from rice in an earlier work 
(3), was undertaken. The purified compound does 
not appear to be the same as any known mycotox- 
ins and has been assigned the name AcT 1. 

Materials and methods 

Organ&m 

Aspergillus candidus Link was isolated as a dom- 
inant colonizer of rough rice in natural storage (3) 
and was maintained on salt (NaC1, 10%) malt (2%) 
agar (2%) slants. 

Production of the toxin 

Production of the toxin (ACT1) was initially car- 
ried out by growing the organism at 30+2~  on 

rough rice in which the moisture level was elevated 
to 16% following Nandi & Haggblom (5). Further 
studies of the toxin production were, however, car- 
ried out by growing the organism in six Erlenmay- 
er's flasks, each containing 500 ml of glucose pep- 
tone broth (glucose, 20.0 g; peptone, 0.5 g; 
KzHPO4, 0.5 g; MgSO4.7H20 , 0.25 g; distilled 
water, 1.0 1) and incubated in still condition at 
30_+2~ for 21 days. The mycelium was then har- 
vested, and air dried at 80~ for 48 h to get con- 
stant dry weight. 

Extraction and purification of the toxin 

Dry mycelium (10 g) was extracted with 500 ml 
of chloroform-methanol (5:3, v/v) in a Waring 
Blendor for 10 min. The extract was filtered 
through Whatman No. 4, the filtrate evaporated to 
dryness and a brownish mass thus obtained was 
then chromatographed over a silica gel 
(60-120 mesh, BDH, 100 gin) column 
(2.5 x 48 cm). The column was eluted with 300 ml 
each of petroleum ether (60-80~ petroleum 
ether-benzene (1:1,  v/v), benzene, benzene- 
chloroform (1:1, v/v) and 800 ml of chloroform in 
succession. The fractions were monitored for the 
AcT~ by thin layer chromatography (TLC) on silica 
gel G coated (0.5 mm wet thickness) plates using 
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benzene-ethyl acetate (1:1, v/v) as the developing 
solvent. The toxin (AcTs) was eluted only from the 
chloroform fraction and showed bright  greenish 
blue fluorescence under UV lamp (254 nm). This 
fraction was evaporated to dryness and the yellow- 
ish residue (4 gin) thus obtained was 
rechromatographed over silica gel (60-120 mesh, 
DBH, 40 gin) column (2• cm) using benzene- 
chloroform (1:4, v/v) as eluant. The flow rate was 
adjusted to 2 ml/min and 5 ml fractions were col- 
lected in each tube. AcTs was found to be present 
in the tubes between 75 and 105. These fractions 
(75-105) were then mixed together, evaporated to 
a small volume (near dryness) and subjected to 
preparative layer chromatography (1.5 mm wet 
thickness) on silica gel G using benzene-ethyl ace- 
tate (5:1, v/v) as the mobile phase. The plates were 
then air-dried, and the process of development 
repeated twice in order to achieve successful separa- 
tion of the toxin. The plates were observed under 
UV lamp (254 nm) and the band having bright 
greenish blue fluorescence was scraped off  from 
the plates and eluted with chloroform to furnish 
the pure toxin (ACT1) for further studies. 

Rf values 

Purified AcT1 was subjected to analytical silica 
gel TLC (0.5 mm wet thickness) using various de- 
veloping solvents viz., toluene-ethyl acetate-formic 
acid (6:3:1, v/v), ethyl acetate-toluene (3:1, v/v), 
chloroform-methanol (19:1,  v/v), benzene- 
chloroform-methanol (10:10:1, v/v), benzene-ethyl 
acetate (1:1 and 5:1, v/v) for determining its homoge- 
neity and the Rf values. The homogeneity was con- 
firmed by charring the chromatoplates after spray- 
ing with 50~ methanolic sulphuric acid. 

Spraying reagent 

The developed plates were observed under UV 
(254 nm) in three different conditions: (i) without 
using any additional reagent; (ii) using 15% H2SO 4 
in MeOH; (iii) using NH4OH solution. 

Thermostability 

The plates developed as before were exposed to 
different temperatures ranging between 80 and 

206 ~ for 1 h and the thermostability of the com- 
pound was tested by TLC technique, fluorescence 
under UV lamp (254 nm), spraying reagents and 
toxicity response. 

Solubility 

Solubility of the compound was tested in various 
organic solvents (petroleum ether, benzene, chloro- 
form, acetone, ethyl acetate, toluene, methanol and 
ethanol) and water. 

Spectroscopic studies 

Ultraviolet (UV), infrared (IR), and high resolu- 
tion mass spectra of AcT 1 were carried out. 

2,4-Dinitrophenyl hydrazone (DNP) derivative 

2,4-dinitrophenyl hydrazine (10 mg) was dis- 
solved by heating a mixture of ethanol (5 ml) and 
hydrochloric acid (2 drops). AcT 1 (10 rag) in 
ethanol was added to it and warmed for 5 minutes 
on a water bath followed by cooling to room tem- 
perature. The orange-red precipitate was then 
filtered and the derivative was recrystallised from 
ethanol. The homogeneity of the DNP derivative 
was checked through TLC on silica gel G coated 
plates using solvent systems, chloroform (Rf 0.69), 
benzene:ethyl acetate (3:1, Rf 0.93), benzene:chlo- 
roform:methanol (50:50:5, Rf 0.55) and keeping 
them in a iodine chamber over night. 

Animal toxicity 

Animal toxicity of AcT 1 was studied on white rats 
(Rathus norvegicus) ranging in body weight from 
105 to 108 g. The single median lethal dose (LDs0) 
for white rats was determined by intraperitoneal 
(ip) injection of the toxin in propylene glycol 
(0.5 ml). 

In another set, the toxin was applied through 
feeding the rats with the toxin (10 mg/100 g body 
weight) mixed with a commercial rat ration. The 
toxin-contaminated material was ingested in a sin- 
gle feeding. Subsequently, the treated animals were 
maintained on standard ration. Necessary controls 
for the two treatments, intraperitoneal injection 
and feeding tests, were maintained. 



Results and discussion 

About 120 mg of AcT 1 was isolated from 10 g 
of dry mycelium. The pure toxin was a colourless, 
thick liquid showing Rf values that varied from 
0.21 to 0.85 (Table 1) depending on the developing 
solvents. On TLC plates developed with benzene- 
ethyl acetate (1:1, v/v), the compound which initial- 
ly showed bright greenish blue fluorescence under 
UV (254 nm), changed to light yellow when sprayed 
with 15% H2SO 4 in methanol and to intense blue 
with NH4OH solution. 

Table 1. Rf values of the toxin (AcT 1 in different mobile 
phases on TLC plates coated with silica gel G). 

Mobile phases Rf 

Benzene-ethyl acetate (5:1, v/v) 
Benzene-ethyl acetate (1:1, v/v) 
Benzene-chloroform-methanol (50:50:5, v/v) 
Ethyl acetate-toluene (3:1, v/v) 
Toluene-ethyl acetate-formic acid (6:3:1, v/v) 
Chloroform-methanol (95:5, v/v) 

0.21 
0.66 
0.68 
0.74 
0.77 
0.85 

Long exposure to temperatures between 80 ~ and 
206 ~ did not reduce the toxicity. The compound 
was soluble in all the organic solvents tested but the 
highest solubility was recorded in chloroform and 
the lowest in petroleum ether. The compound was 
insoluble in water. 

High resolution mass spectrum (Fig. 4) registered 
a molecular ion peak at m/z  392. 3088) ionizing volt- 
age 70 eV and ion source 170 ~ having as molecular 
formula C28H400. The ultraviolet spectrum in 
chloroform (Fig. 1) exhibited X cHct3 nm 324, 275 max 
and 285 (sh). The IR spectrum in KBr (Fig. 2) 
showed peaks at 2955, 2920 and 2840 ( C - H  
stretching), 1720 (>  C = O  stretching), 1280 (>  
C - H  bending) and 740 (>  C = C  < cis-olefinic 
C - H  bending) cm -1. The most prominent peak at 
1720 cm -1 clearly indicates the presence of a satu- 
rated 6-membered ring ketone in AcT 1. The forma- 
tion of a 2,4-dinitrophenyl hydrazone derivative 
also confirmed that the only hetero atom present in 
the molecule is a carbonyl function (Fig. 3). 

Literature survey revealed that Ergosta-4,6,8[14], 
22-tetraen-3-one (10) is the only known fungal 
metabolite having the same molecular formula, 
C28H400. Some of  the characteristic differences 
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Fig. 1. Ultraviolet spectrum of AcT 1. (Instrument: UV spec- 
trophotometer, Beckman, Model 26; Solvent: Chloroform; 
Scan speed 50 nm/min.) 

between the Ergosta-4,6,8114],22-tetraen-3-one and 
the AcT are placed in Table 2, which shows that 
these two compounds are not identical. 

Animal toxicity 

By intraperitoneal application of the toxin, the 
animals became lethargic within 3 to 5 mins fol- 
lowed by ~i symptom of convulsion of limb muscles 
and often of  the entire body, the cardiac rate in- 
creased, asphyxia developed. Death occurred within 
15 rains to 48 h depending upon the dosage show- 
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Fig. 2. Infrared spectrum of AcT 1. (Instrument: IR spectrometer, Beckman, Acculab 10.) 

Table 2. Comparison between Ergosta-4,6,8114] 22-tetraen-3-one (I) (10) and AcT 1. 

(I) AcT 1 

(a) Source 
(b) Melting point 
(c) TLC on silica gel G 

[benzene-chloroform- 
methanol (50:50:5)] 

(d) Visualisation: using 15070 
H2SO 4 in MeOH followed by 
observation under UV 

(e) UV maxima (nm) 
(f) UV maximum of 

2,4-dinitrophenyl hydrazone 
derivative 

(g) IR peaks (cm-l)  
(h) Toxicity data 

Fomes officinalis 
113-  114~ 
Rf: 0.65 

Intense green fluorescence 

Ethanol 348, 282, 238 

Ethanol 409 

1670, 1640, 1595, 968, 873, 760, 695 
Not reported 

Aspergillus candidus 
Thick liquid 
Rf: 0.68 

Greenish blue fluorescence 

Chloroform 324, 285(sh), 275 

Ethanol 414 

2955, 2920, 2840, 1720, 1280, 1120, 1070, 742 
LDs0 , 4.5 mg/Kg white rats 
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Fig. 3. Ultraviolet spectrum of 2,4-dinitrophenyl hydrazone derivative of ACT]. (Instrument: UV spectrophotometer, Beckman, 
Model 26; Solvent: Ethanol; Scan speed 20 nm/min.) 
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ing a sympton of  violent tossing about in pain. On 
opening the body cavity immediately after death it 
was found that the finer blood vessels were rup- 
tured throughout the body cavity. The single medi- 
an lethal dose (LDs0) was 0.45 rag/100 g of  white 
rats, which corresponded to 4.5 mg/Kg of  white 
rats. 

The toxin was less toxic in oral application than 
when administered intraperitoneally. The lower 
toxicity in oral administration was most probably 
due to either partial detoxification in the digestive 
track or partial failure of  the toxin to be transport- 
ed across the intestinal wall or both. The rats fed on 
the toxin gradually became lethargic, showed a 
progressive loss of  appetite, decrease in body 
weight followed by death (showing the same symp- 
tom of  violent tossing about in pain) within 3 to 4 
months. 
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