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The previously known cytotoxic cytochalasan, cytochalasin B (1), was isolated and purified from the ethyl 
acetate extract of the rice fermentation culture of the Alpine asphodel-associated Dothideomycetes fungus, 
Sparticola triseptata after iterative chromatographic purifications. The structure of 1 was established 
through extensive 1D and 2D-NMR spectroscopic experiments along with high-resolution electrospray 
ionization mass spectrometry (HRESIMS) and by comparison of its spectroscopic data with the literature. 
The potential of cytochalasin B (1) as antidiabetic and anti-obesity compound was screened using 
microplate, colorimetric enzyme inhibitory assays. Thus, 1 displayed significant in vitro α-glucosidase 
and porcine pancreatic lipase inhibitory activities with IC50 values of 5.46 µM and 8.43 µM, respectively 
when compared to the positive drug controls, acarbose and Orlistat®. Molecular simulation experiments 
using molecular docking showed moderately strong affinity of 1 onto the active sites of α-glucosidase 
and porcine pancreatic lipase with binding energies (BE) of -8.6 kcal/mol and -7.5 kcal/mol, respectively.
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Introduction
Diabetes and obesity represent two of the most complex metabolic disorders that pose 
a significant challenge to public health worldwide. The prevalence of these chronic 
diseases has shown substantial increase over the past decades and have been recognized 
as an epidemic by the World Health Organization (WHO) [1]. According to WHO in 
2019, diabetes caused 1.5 million deaths. Of these, 13% of adults aged 18 suffered 
obesity and diabetes. 

A bidirectional relationship between these conditions has also been established, resulting 
in various metabolic complications [2]. Obesity is a well-known risk factor for type 2 
diabetes as it causes insulin resistance, which disrupts glucose homeostasis. Diabetes, 
on the other hand, can aggravate obesity since insulin insufficiency or resistance can 
affect lipid metabolism and promote weight gain [3]. Therefore, novel avenues in 
natural products-derived therapeutics targeting these two metabolic disorders have been 
explored. Among the initial approaches for discovering new agents against diabetes and 
obesity are inhibitors of the enzymes α-glucosidase and lipases. Relevant to our study, a 
limited number of fungal-derived secondary metabolites from different taxa have been 
illustrated to exhibit inhibition against these two enzymes [4].

The Dothideomycetes, one of the largest fungal classes of Ascomycota, produces a 
spectrum of secondary metabolites that display structural complexity and a number of 
biological properties. Our initial efforts on the discovery of structurally unique secondary 
metabolites from the newly introduced genus Sparticola Phukhamsakda, Ariyawansa, 
Camporesi, & K.D. Hyde, gen. nov. [5-7] in particular the synonymized ascomycete 
soil-fungus from the decaying branches of the perennial herb, Tofieldia calyculata 
(L.) Wahlenb with Massariosphaeria triseptate (Lophiostomataceae), S. triseptata 
Phukhamsakda, Camporesi & K.D. Hyde, sp. nov. (family Sporormiaceae), led to the 
identification of unprecedented rearranged cytochalasin derivatives with antimicrobial, 
antiproliferative, and cytotoxic properties [8]. Cytochalasins possess a diverse spectrum 
of promising biological activities, including antimicrobial, antiviral, and antiparasitic 
properties [9–13], modulation of cytoskeletal growth, cellular motility, disruption of 
cytokinesis [14–15], regulation of hormonal functions [16–17], inhibition of cholesterol 
synthesis [18] and bacterial biofilms [19], interference with the glucose transport system 
[19–20], and intracellular Ca2+ regulation [21–22]. In this paper, we describe the isolation 
and identification of cytochalasin B from the solid rice culture of  S. triseptata. As part 
of our growing interest to discover new antidiabetic and anti-obesity natural scaffolds 
[23-24], the enzyme inhibitory activities of cytochalasin B (1) against α-glucosidase and 
porcine pancreatic lipase were also explored in vitro and in silico.

Materials and Methods

General Experimental Procedures. Specific optical rotations ([α]D) were measured on 
a Perkin Elmer 241 polarimeter in a 100 mm × 2 mm cell at 20 °C. Nuclear magnetic 
resonance (NMR) spectroscopic data were acquired on an Agilent DD2 MR Varian- 
500 MHz (1H 500 MHz, 13C 125 MHz) and were obtained at 25 °C in MeOH-d4, with 
reference to residual 1H or 13C signals of the deuterated solvent. 
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HR-ESI mass spectrum of 1 was measured using Agilent 6200 series TOF and 6500 
series Q-TOF LC/MS system. HPLC-DAD purification of fungal fractions was 
performed on a Shimadzu Prominence Liquid Chromatograph LC-20AT coupled with 
SPD-M20A Photodiode Array Detector (Shimadzu Corp., Tokyo, Japan) using semi-
preparative reversed-phase C18 column, Inertsil ODS-3 (10 mm I.D. x 250 mm, 5 μm, 
G.L. Sciences, Tokyo, Japan) as stationary phase. The mobile phase was composed of 
ultrapure water (Milli-Q, Millipore, Schwalbach, Germany) as solvent A and acetonitrile 
(HPLC grade) as solvent B. 

Fungal Material. The ascomycete Sparticola triseptata (Leuchtm.) Phukhamsakda & 
K.D. Hyde, representing an ex-type strain of the species, was previously isolated from a 
decayed branch of Tofielda calyculata (L.) Wahlenb., and its morphological characters have 
previously been described by Leuchtmann et al. [27]. Based on a polyphasic taxonomic 
investigation that incorporated molecular phylogenetic and morphological approaches, 
this species was recently reassigned to the genus Sparticola by Phukhamsakda et al. [28]. 
The ex-type living culture is deposited at the KNAW Westerdijk Fungal Biodiversity 
Centre, Utrecht, the Netherlands (CBS 614.86).

Fermentation, Extraction, Isolation, and Structure Characterization. The fungus 
was cultured on malt extract agar plates for 8 – 10 weeks until the culture developed 
a characteristic brownish pigmentation. Five agar blocks of well-grown fungal culture 
were sub-cultured on a solid rice media (70 g brown rice, 0.3 g peptone, 0.1 g corn 
syrup, and 100 mL ultrapure water) in 15 x 1000 mL sterilized Fernbach culture flasks, 
followed by autoclaving (121 °C, 20 min) and incubated under static conditions at 25–30 
°C for 12 weeks until the fungal hyphae have proliferated and the rice medium turning 
black in color. Fermentation was terminated by the addition of ethyl acetate (EtOAc) (3 
x 300 mL). The combined extracts were concentrated on a rotary evaporator to afford 
the crude extract (30 g). The crude EtOAc extract was reconstituted with 300 mL 10% 
aqueous methanol and extracted with n-heptane (3 x 100 mL). The combined organic 
layer was concentrated in vacuo to afford a dark brown methanolic crude extract (8.8 g).

The methanolic crude extract was fractionated using silica gel column chromatography 
and elution was carried out using the following solvent systems: petroleum ether-EtOAc 
(1:1, 2:3, 3:7, 1:4, 1:9), EtOAc, dichloromethane (DCM), DCM-MeOH (9:1, 1:4, 7:3, 
3:2, 1:1) and methanol to afford five combined main fractions. Fraction 3 (3.40 g) was 
chromatographed with DCM-MeOH (5:1) yielding three subfractions. The second 
subfraction (3.29 g) was subsequently eluted with DCM-MeOH (40:1) affording five 
subfractions. Fraction 3.2.1 (1.54 g) was further resolved using petroleum ether-EtOAc 
(2:1, 1:1) and DCM-MeOH (100:1, 80:1) to yield three pooled subfractions. The last 
subfraction, Fraction 3.2.1.3 (889 mg) was subjected to semi-preparative reversed phase 
HPLC using the following gradient system: 40% solvent B for 5 min, 40% – 100% 
solvent B for 20 min, 100% solvent B  for 5 min and 100% – 40% solvent B  for 5 min 
resulting to 10 fractions. Fraction 3.2.1.3.5 (53.8 mg) was purified twice using similar 
gradient conditions to yield compound 1 (6.87 mg, flow rate = 4.0 mL min−1, UV 
detection 200−600 nm, tR = 22.85 min).
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Cytochalasin B (1): white flakes; [α]D25 +30 (c 0.1, MeOH); TLC (CH2Cl2:MeOH, 9:1 
v/v): Rf = 0.46;  UV (c 0.1, MeOH) λmax (log Ɛ) 208 (3.69), 213 (3.72), 229 (3.74) nm; 
1H and 13C NMR data, Table 1; IR (KBr): 3555, 3283, 3250, 2865, 2840, 2450, 1720, 
1700, 1635, 1600, 1455, 1270, 1090, 1035 cm-1. HR-ESI-MS m/z: [M + H]+ calcd for 
C29H38NO5, 480.2750; found, 480.2745; m/z [M + Na]+ calcd for C29H37NaNO5, 502.2569; 
found, 502.2562.

α-Glucosidase Assay. The substrate p-nitrophenyl α-glucopyranoside (p-NPG) and 
α-glucosidase were purchased from Sigma, USA. Acarbose was used as positive control. 
The α-glucosidase inhibitory assay was performed by following the standard protocol 
with minor modifications [29-30]. Six various concentrations of 1, 10, 100. 250, 500, 
and 1000 µg/mL were prepared for compound 1. The glucosidase assay was carried out 
by incubating the mixture containing 8 µL test compound, 112 µL NaH2PO4-Na2HPO4 
buffer (pH 6.8) and, 20 µL glucosidase solution (0.2 U/mL) at 37 °C for 15 minutes. 
Initial absorbance was measured at 405 nm. After which, a volume of 20 µL of 2.5 
mM p-NPG was added and the mixture was incubated for another 15 minutes at 37 
°C. The reaction was halted by the addition of 80 µL 0.2 M Na2CO3 solution. The final 
absorbance of the reaction mixture was measured at 405 nm. The enzymatic hydrolysis 
of p-nitrophenyl glucopyranoside to p-nitrophenol was assessed thru the change in the 
absorption at 405 nm according to the formula:

The glucosidase inhibitory activity of each test compounds was plotted against the 
logarithmic concentrations and the IC50 values were reported.

Pancreatic Lipase Assay. The lipase inhibitory activity of compound 1 was identified 
using a colorimetric assay that quantifies the release of p-nitrophenol butyrate (p-NPB) 
as previously described in the protocol with slight modifications [31–32]. Orlistat® was 
used as positive control. A stock solution of 1 mg/mL test compounds in DMSO were used 
from which four different working solutions with the following concentrations of 0.1, 
1.0, 10, and 100 µg/mL were prepared. The lipase enzyme solution was freshly prepared 
by dissolving 1 mg porcine pancreatic lipase in 1 mL Tris-HCl buffer (25 mmol Tris, 
pH=7.4 and 25 mmol NaCl). Lipase assay was performed in triplicate measurements by 
pre-incubating the mixture containing 20 µL of each test compound, 10 µL of pancreatic 
lipase enzyme, and 70 µL Tris-HCl buffer in a 96-well microtiter plate at 25 °C for 
15 minutes. The enzymatic hydrolysis was started upon the addition of 15 µL p-NPB, 
which was then incubated at 37 °C for 30 minutes. The amount of p-nitrophenolate ions 
generated by the reaction was monitored by measuring the absorbance at 405 nm using 
a Glomax microplate reader. 
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Orlistat and DMSO were used as the positive and negative control, respectively, and 
the lipase activity was also evaluated with and without inhibitor by using the following 
formula:

where A is the activity without inhibitor, a is the negative control without inhibitor, B is 
the activity with an inhibitor and b is the negative control with an inhibitor.

IC50 values of compound 1 were calculated using the least-squares regression line of 
the plots of the logarithm of the sample concentration (log) versus the pancreatic lipase 
inhibitory activity (%). 

Molecular docking simulations. To prepare cytochalasin B (1) as a ligand, its SMILES 
notation was inputted in Avogadro (version 1.20), processed via geometry optimization, 
and saved as mol2 file. Protein targets like α-glucosidase and porcine pancreatic lipase 
were obtained from the Protein Data Bank using their PDB IDs 5ZCC and 1ETH, 
respectively. Both proteins were prepared and minimized in UCSF Chimera (version 
1.16) using the steepest descent method with 100 steps (0.02 Å step size) [29–30]. The 
actual docking protocol followed the “flexible ligand into the flexible active site” using 
a generated grid in accordance with the Gasteiger charge method. Interactions were 
visualized in BIOVIA Discovery Studio (version 4.1) [33–34].

Results and Discussion

The EtOAc crude extract of Sparticola triseptata from the large-scale rice fermentation 
culture was partitioned between n-heptane and 10% aqueous MeOH. The resulting 
aqueous methanolic crude extract was fractionated and purified using silica gel column 
chromatography and semi-preparative HPLC to afford the previously known cytotoxic 
compound, cytochalasin B (1). The structure of 1 was identified based on its 1D and 2D 
NMR spectroscopic data, HRESIMS spectrum, and by comparing its spectroscopic data 
with the literature [35].

Figure 1. Structure of Cytochalasin B
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Compound 1 was obtained as optically active, white needles. The molecular formula 
C29H37NO5 was deduced from its positive-ion HRESIMS data based on a protonated 
molecular ion [M + H]+ detected at m/z 480.2745 (calcd 480.2750), implying 12 degrees 
of unsaturation. Detailed analysis of its 1H, 13C, and HSQC-DEPT spectroscopic data 
revealed 29 carbon signals (with two carbon signals overlapping with MeOH-d4) 
corresponding to two carbonyl carbons, three quaternary carbons (two sp2 and one sp3), 
five aromatic methines, four olefinic methines, seven sp3 methines (two oxygenated 
and five non-oxygenated), five methylene carbons, one exomethylene carbon, and two 
methyl carbons. Interpretation of the 1D NMR spectra allowed the identification of a 
cytochalasin core and supported by 2D NMR spectroscopic data (Table 1).

The perhydro-isoindolone moiety was identified via HMBC correlations primarily from 
the resonance signals of H–3 (δH 3.32)  to C–1 (δC 173.9) and C–4 (δC 48.5), from H–4 
(δH 2.85) to C–5 (δC 32.9),  C–6 (δC 151.4) and C–9 (δC 85.4), H3–11 (δH 0.85) to C–4, 
C–5 and C–6, from H2–12 (δH 5.08, 5.28) to C–5 and C–7 (δC 71.5), from H–8 (δH 
3.32) to C–1 and C–9 (δC 85.4). In the COSY spectrum, a three-distinct spin system 
displaying cross peaks of H–2′/H–6′ (δH 7.13) and H–3′/H–5′ (δH 7.26), and of H–4′ (δ H 
7.18) corresponding to C–2′/C–6′ (δC 131.0) to C–4′ (δC 127.8), along with the HMBC 
correlations from H–2′/H–6′ to C–10, and from H2–10 (δH 2.82) to C–1 and C–2′/C–6′ led 
to the attachment of the phenyl moiety to the perhydro-isoindolyl subunit. The remaining 
part of 1 was determined to be a 13-membered macrocyclic ring which was supported by 
the five-proton spin system resonating from H–7 → H–8 → H–13 → H–14 → H2–15, 
three-proton spin system from H–24 → H–16 → H–17 and additional four distinct spin 
system from H–19 → H–20 → H–21 → H–22 (Figure 2). Finally, HMBC correlations 
from H–13 (δH 5.83) to C–8 (δC 49.2), C–7 (δC 71.5), and C–9 (δC 85.4), as well as 
resonances from H–22 (δH 5.77) to C–23 (δC 166.4) and C–9 suggested the connectivity 
of the 13-membered macrocyclic ring residue to the 10-phenylperhydro-isoindolone 
moiety. Based on HMBC correlations and corroboration with homonuclear COSY 
experiments, the proton and carbon signals of the cytochalasin core and the macrocyclic 
ring fragment were noted to be characteristic of cytochalasin B. Comparison of the 1H 
and 13C NMR spectroscopic data of 1 and cytochalasin B indicated similar resonance 
signals [36].

Figure 2. COSY (bold lines) and HSQC (red arrows) correlations of cytochalasin B
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Diabetes mellitus is a chronic metabolic disorder characterized by elevated blood 
glucose levels, which results either from insufficient or impaired insulin production. The 
rapid absorption of glucose from dietary carbohydrates is one of the primary causes of 
postprandial hyperglycemia. In the small intestine, α-glucosidase facilitates the digestion 
of complex sugars. These enzymes hydrolyze glycosidic bonds in carbohydrates to 
release glucose for absorption. As a result, α-glucosidase activity significantly influences 
the rate at which glucose enters the bloodstream. Thus, α-glucosidase inhibitors have 
emerged as a novel medicinal strategy to mitigate postprandial hyperglycemia by 
lowering the enzymatic activity that could lead to delayed carbohydrate breakdown and 
allow a more gradual release of glucose into the bloodstream [37]. Currently, a number 
of pharmaceutical drugs, namely sulfonylureas, biguanides, and thiazolidinediones are 
used in the management of this disease [38]. 

Table 1. NMR spectroscopic data of 1 in MeOH-d4. 

position δC
a 1

δH
b (J in Hz) HMBC

1 173.9, C -
3 54.8, CH 3.32, m (1H)
4 48.5, CH 2.85, m (1H)
5 32.9, C 3.19, m 3, 4, 5, 7
6 151.4, C - 2, 3, 4, 5, 7
7 71.5, CH 3.79, d (10.9, 1H) 1, 3, 4, 5, 7
8 49.2, CH 3.32, m (1H) 9, 1, 10
9 85.4, C -

10a
44.1, CH2 2.82, m (2H)

10b
11 14.1, CH3 0.85, d (6.6, 3H)
12a

114.3, CH3

5.08, br s (1H) 11, 13, 15, 20
12b 5.28, br s (1H)
13 128.7, CH 5.83, ddd (15.0, 9.8, 1.7, 1H) 11, 15, 20
14 136.7, CH 5.23, ddd (15.0, 3.6, 1.7, 1H) 11, 12, 13, 15
15a

35.4, CH2

1.58 – 1.52, m (1H)
15b 1.90, ddd (14.1, 4.0, 2.2, 1H)
16 34.5, CH 1.23, m (1H) 19, 18, 17, 15
17a

36.6, CH2

0.57, m (1H)
17b 1.71, m (1H) 19, 15, 20
18a

21.5, CH2

1.31 – 1.27 (m, 1H) 19, 17, 15, 20
18b 1.48 – 1.41 (m, 1H)
19a

43.2, CH2

1.65, m (1H)
19b 2.08, m (1H)
20 71.2, CH 4.43, m (1H)
21 154.7, CH 6.92, dd (15.7, 4.5, 1H)
22 119.5, CH 5.77, dd (15.7, 1.8, 1H)
23 166.4, C -
24 20.7, CH3 0.87, d (6.8 Hz, 3H),
1′ 138.3, C -

2′/6′ 131.0, CH 7.13, d (7.4, 2H)
3′/5′ 129.6, CH 7.26, dd (7.4, 7.4 2H)
4′ 127.8, CH 7.18, dd (7.4, 7.4, 1H)

aRecorded at 150 MHz, bRecorded at 600 MHz; Carbon multiplicities were deduced from HSQC-DEPT-135 spectra; 
cHMBC correlations, optimized for 10 Hz, are from the proton(s) stated to the indicated carbon(s).
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Figure 3. (a) Dock pose and (b, c) interactions of cytochalasin B (1) in the active site of α-glucosidase.

Figure 4. (a) Dock pose and (b, c) interactions of cytochalasin B (1) in the active site of 
porcine pancreatic lipase.
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However, a number of undesirable gastrointestinal side effects have been reported. In 
our study, compound 1 was screened for in vitro inhibition of α-glucosidase and resulted 
to a strong inhibition (IC50 = 5.46 µM) with comparable results to the positive control, 
acarbose (IC50 = 3.36 µM) (Table 2).

Cytochalasin B (1) was also assessed for its inhibitory activity against pancreatic lipase, a 
hydrolase responsible for the breakdown of complex triacylglycerides to free fatty acids 
and monoacylglycerol for absorption. Targeting this enzyme may present a therapeutic 
approach for the management of obesity since it regulates triacylglycerol absorption 
and consequently prevents associated-metabolic complications [39]. Cytochalasan 
1 demonstrated strong inhibition of porcine pancreatic lipase (IC50 = 8.43 μM). The 
reference drug control Orlistat® showed an IC50 of 5.49 μM (Table 2). Our in vitro enzyme 
inhibition data show potential for cytochalasin B against α-glucosidase and pancreatic 
lipase for designing compounds that may control blood glucose levels and obesity.

To probe the putative binding mechanisms and modalities of cytochalasin B (1), molecular 
docking experiments against α-glucosidase and pancreatic lipase were conducted. 
Congruent to the in vitro results, compound 1 showed comparable binding affinity to 
α-glucosidase (BE = - 8.6 kcal/mol) with the positive control acarbose (BE = - 8.5 kcal/
mol) (Table 2; Figure 3a). It formed H-bond with Gln328 and Met 285; π-anion with 
Asp327; and alkyl or π-alkyl interactions with Ala200, Phe225, Phe144, and Arg411. 
Interestingly, amino acid Asp327 was both targeted by 1 and acarbose (Table 2; Figure 
3b-c). Docking results with porcine pancreatic lipase (PPL) illustrated almost similar 
binding propensities for 1 (BE = - 7.5 kcal/mol) and positive control Orlistat® (BE = 
-7.3 kcal/mol) (Table 2; Figure 4a). Compound 1 was bound to the active site of PPL via 
π-π interaction with Tyr115; and alkyl or π-alkyl interactions with Ile79, Phe78, Val260, 
Phe216, Ala261, Ala179, and Pro181. 

Table 2. In vitro (expressed as IC50) and in silico (expressed as binding energies or BE) inhibitory activities of cytochalasin 
B (1), and positive controls vs target enzymes α-glucosidase and pancreatic lipase.

Test 
compounds

IC50 vs 
α-glucosidase 

(μM)

BE vs 
α-glucosidase 

(kcal/mol)
Interactions

IC50 vs 
pancreatic 
lipase (μM)

BE vs PPL 
(kcal/mol) Interactions

Cytochalasin 
B (1) 5.46 -8.6

Gln328, Met285 
(H-bond), Asp327 
(π-anion), Phe163 (π- π), 
Ala200, Phe225, Phe144, 
Arg411 (alkyl / π-alkyl)

8.43 -7.5

Tyr115 (π-π), Ile79, Phe78, 
Val260, Phe216, Ala261, 
Ala179, Pro181 (alkyl / 
π-alkyl)

Acarbose 3.36 -8.5

His203, Asp382, Ser145, 
Ser142, Glu141, Asp327 
(H-bond), Asp327 (at-
tractive charge), Ile143, 
Thr409, Gln256, Glu141 
(C-H bond / π-donor 
bond) 

- - -

Orlistat - - - 5.49 -7.3

His264, Phe78, Ser153 
(H-bond), Asp80 (attrac-
tive charge), Phe216 (π-σ), 
Leu265, Tyr115, Pro181, 
Val260, Arg257, Trp253, 
Ile79, Ala261 (alkyl / 
π-alkyl)

(-) = not determined / not applicable; IC50 values are represented as mean based on triplicate measurement; 
PPL = porcine pancreatic lipase; BE = binding energy.
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Phe78, Phe216, Pro181, Val260, Ala261, and Ile79 were the common target residues 
of both 1 and Orlistat® (Table 2; Figure 4b-c). In general, results of molecular docking 
simulations are considered significant in drug discovery due to identification of important 
target amino residues. Specific chemical moieties which may bind or repel residues in 
the active site may reveal structural specificity and thus provide details in designing new 
generation of natural product-based drug pharmacophores against diabetes- and obesity-
implicated enzymes [30, 40-42].

Conclusion

The known cytochalasan derivative 1 was isolated and identified from the MeOH sub-
extract of the Sporormiaceous species Sparticola triseptata. Its structure was confirmed 
using extensive spectroscopic experiments and by comparison with the literature. 
Cytochalasin B exhibited in vitro and in silico inhibitions against α-glucosidase and 
porcine pancreatic lipase demonstrating its potential to be developed as antidiabetic and 
anti-obesity agent.
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