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Abstract: Emerging infectious diseases and the increase in incidence of drug resistance among pathogenic 
bacteria have made the search for new antimicrobials inevitable. Despite the increased knowledge of microbial 
pathogenesis and application of modern therapeutics, the morbidity and mortality associated with the microbial 
infections remains high. Therefore, there is a demand in discovering novel strategies and identify new 
antimicrobial agents to develop the next generation of drugs or agents to control microbial infections. Fungi 
produce a wide range of secondary metabolites with high therapeutic value as antibiotics, cytotoxic substances, 
and insecticides compounds that promote or inhibit growth and are gaining importance for their 
biotechnological applications. The present research work deals with the synthesis of secondary metabolites 
from one mould fungi, Penicillium spp culture filtrate and to evaluate the effect of bioactive compounds against 
selected bacteria pathogens. The antimicrobial activities of compounds were also tested by adding 15µl of 
compounds in antibiotic discs. The cytotoxicity studies of crude bioactive compound from Penicillium spp 
showed that L2 had the least inhibition on cell viability and a drastic decrease in the cell viability was recorded 
when the concentration of crude extract U3 and U4 increased beyond 50ug/ml. 
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Introduction 

The increased use of antibacterial and antifungal agents in recent years has resulted in the development 
of resistance to these drugs. The significant clinical implication of resistance has led to heightened interest in 
the study of antimicrobial resistance from different angles. Endophytes provide an abundant reservoir of 
bioactive metabolites for medicinal exploitation and an increasing number of novel compounds are being 
isolated from endophytic fungi. The metabolite produced by the endophytic fungus could be an alternative 
source of antimicrobial agents against clinical pathogens. Fungi are common in nature and consider as good 
natural sources for antimicrobial agents1,2. So far, several antibiotics have been discovered from the secondary 
metabolites produced by fungi and actinomycetes3,4. Nevertheless, during the last decade, research interests 
were focused on the bioactive compounds due to an increase of microbial resistance to the available drugs, 
hence, more fungi needs to be examined for new antimicrobial agents5. Most soil fungi are regarded as, 
decomposing organic matter and contributing to nutrient cycling. Also, recognized as prolific secondary 
metabolite producers, fungi have provided several bioactive compounds and chemical models currently used as 
pharmaceutical. Soils are traditionally the main source of fungal genetic resources for bioprospection 
programs6. The array of alkaloids and other chemicals synthesized by the endophytes endow the plant with 
more resistance to nematodes, insect herbivores and livestock are gaining importance for their biotechnological 
applications7.Penicillium is a large anamorphic (asexual state) ascomycetous fungal genus with widespread 
occurrence in most terrestrial environments. This genus comprises more than 200 described species and many 
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are common soil inhabitants, as well as food borne contaminants or food ingredients used in the preparation of 
cheese and sausages8,9. Penicillium spp produce diversified array of active secondary metabolites, including 
antibacterial, antifungal, immune suppressants, cholesterol-lowering agents and also potent mycotoxins,10,11,12. 
Thousands of Penicillium isolates have probably been screened in bio-prospecting programs since the discovery 
of penicillin and new bioactive metabolites continue to be discovered from these fungi nowadays13,14,15,16, 
indicating their current importance as sources of high amounts of novel bioactive molecules to be used by 
pharmaceutical industry17. The present study is an attempt to produce secondary metabolites (SM) from mould 
fungi; Penicillium spp viz., P. chrysogenum and P. citrinum and to test its (SM) antibiosis nature against 
pathogenic bacteria with cytotoxicity assay. 

Materials and methods 

Extraction of Bioactive Compounds 

Penicillium spp were cultured in the Sabouraud Dextrose Broth and allowed to grow up to 25 days. 
After the complete color change, the broth was decanted slowly and subjected to mix with ethyl acetate and 
chloroform at equal ratio (1,1) in a separating funnel. With a continuous shaking for five minutes the separating 
funnel was kept at stand in still condition and slowly the lower part containing the bioactive compounds was 
collected in a separate conical flask. The separated compound was kept in the rotary evaporator for extracting 
the bioactive compounds. 

Antimicrobial activity Test  

Disc diffusion method was used for checking the antimicrobial activity of bioactive against bacterial 
pathogens and also to confirm the dose dependant concentration.  The zone of inhibition was measured and 
compared with the control in its raw form. 

Cytotoxicity studies for crude bioactive compound 

A fungal crude extract of bioactive compound was extracted by using rotary evaporation evaporator and 
was assayed for cytotoxicity activity by using the MTT assay. 

a) Cytotoxic assay 

b) Cell culture and Cytotoxic activity 

The mouse cell line L929 (fibroblast) was used in this study, to measure the in vitro inhibitory effects of 
the compounds using MTT assay. Mouse fibroblast cells was purchased from National Centre for Cell Science 
(NCCS), Pune and maintained  at  37°C in a humidified atmosphere containing 5% of CO2 using a Dulbecco’s 
modified Eagle’s medium (DMEM) supplemented with 10% of fetal bovine serum (FBS) at pH 7.2. Penicillin, 
Streptomycin and Gentamycin were used as antibiotic mixture. Cell culture reagents was purchased from 
(Himedia) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium salt (MTT) from SRL. On the first day, 
cells were detached by trypsinization and seeded in a 24-well plate at a concentration of 1 x 105 cells / ml. After 
24 hours, the medium was decanted. Solutions of the crude extract namely the lower phase (L1, L2, L3, L4 of 
20mg/ml) and upper phase (U1, U2, U3, U4 of 10mg/ml) obtained after rotary evaporation was prepared in 
water. The final concentrations (10µg/ml, 25µg/ml, 50µg/ml, 75µg/ml and 100µg/ml) were achieved by direct 
dilution into the medium. The samples was added and incubated for 24 hours. After the interval, 100µl of the 
MTT solution (2mg/ml in medium) was added to each well after decanting the medium and the cells was 
incubated for an additional 3 hours. After the formation of formazan crystals, 100 µL of cell lysis buffer was 
added and incubated for 4 hours. Cell viability was determined by absorbance measurements at 570nm taken in 
Elisa Reader. The crude extract of Penicillium spp comprising upper and lower part was assessed for cytotoxic 
activity. The results of the cytotoxicity of the crude extract of Penicillium was interpreted by calculating the 
percentage of viability using the formula, % viability = (Atest/Acontrol)*100.  

Results and Discussion 

For the production of secondary metabolites, the Penicillium spp culture broth was subjected to 
chloroform and ethyl acetate at equal ratio of the filtrate in a separating funnel which showed the clear 
separation of the bioactive compound20. Slowly the lower part containing the bioactive compounds was 
collected in a separate conical flask and kept in the rotary evaporator for extracting the bioactive compounds. 
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The present work especially on fungi like bacteria and actinomycetes are important group of microorganisms in 
our environment that have served as a rich source of secondary metabolites like bioactive compounds and 
commercial antibiotics was carried out to derive high commercial value bioactive compounds and antibiotics 21. 

Antimicrobial activity Test  

The bioactive compounds were treated against the pathogens viz., Staphylococcus aureus, E. coli and 
Proteus vulgaris and zone of inhibition measured which was compared with standard antibiotic discs (Table 1). 
The dose dependant concentration confirm that 15 µl showed the zone of inhibition was more in E. coil 
followed by Staphylococcus aureus and Proteus vulgaris. But in all the cases the pathogens did not respond to 
the antibiotic disc Penicillin G. The maximum zone of inhibition was recorded by Staphylococcus aureus 
(18mm) followed by E. coli (15mm), and Proteus vulgaris (10mm). The zone of inhibition was increased when 
15µl of compounds added with standard antibiotic discs (tetracycline, vancomycin,ampicillin, amoxicillin and 
penicillin G) (Table 1). Production of some biologically active secondary metabolites from marine-derived 
fungus, Varicosporina ramulosa was done by Atalla and his coworkers (2008) and they found the SM derived 
by them was suitable as antibiotics for different pathogens19.  
 

Table 1: Comparison of bactericidal efficacy of drugs with bioactive compounds against pathogens. 

Antibiotics without$ and with bioactive compounds  
Pathogens 

Bioactive compound 
Samples Tetracycline Vancomycin  Ampicillin  Amoxicillin Penicillin-G 

 
S. aureus  

Antibiotics$ 
P. chrysogenum 

P. citrinum  

28 
31 
29 

16 
18 
19 

6 
11 
11 

11 
14 
13 

6 
8 
9 

 
E. coli  

Antibiotics$ 
P. chrysogenum 

P. citrinum  

19 
24 
22 

10 
7 
10 

6 
9 
10 

6 
9 
11 

6 
10 
7 

 

P. vulgaris  

Antibiotics$ 
P. chrysogenum 

P. citrinum  

25 
29 
27 

15 
19 
21 

9 
12 
10 

10 
15 
11 

6 
10 
9 

 

Cytotoxicity studies for crude bioactive compound from Penicillium spp 

The cytotoxicity assay showed the reduced cell viability at higher concentration (100µg) of the crude 
extract (Table 1). Five concentrations tested was found varying in the range 10µg/ml to100µg/ml and it was 
determined that at the concentration of 100 µg/ml, the crude extract U1, U3 and U4 inhibited 50% cell viability 
in L929 cells. In this assay, L2 showed the least inhibition on cell viability. There is a drastic decrease in the 
cell viability when the concentration of crude extract U3 and U4 increased beyond 50ug/ml (Table 1). The 
CC50% of HeLa cells was 7100µg/ml after 48 hrs. Other extracts, aqueous, ethanolic crude extracts and 
secondary metabolites extracts (rutin and alkaloids) of mature fruit of C.spinosa caused less inhibition activity 
on the growth of Hep-2 and HeLa tumor cell lines. The CC50% for all these extracts were more than 10000 
µg/ml18. Biological evaluation of the two compounds towards 6 different types of tumor cell lines showed weak 
effect of compound 3 at different concentrations on the viable cell count of the different tumor cell lines. While 
compound 10 showed different activities against the viable cell count of the 6 different tumor cell lines. It kills 
50% of the viable infected liver and lung cells at concentrations equal to 99.7 µg/mL,74.9µg/mL, respectively. 
Compound 10 can be recommended as new anticancer compounds18,19. 

Table 2: Evaluation of viability of L929 cell line challenged with Bioactive compounds of Penicillium spp 
using MTT assay. 

Various Concentration of Bio-active compounds (µg/ml) Bio-active 
Compound of 
Penicillium spp 10µg/ml 25µg/ml 50µg/ml 75µg/ml 100µg/ml 

L1 95.43±0.94 93.58±1.08 92.60±2.46 91.73±0.79 81.31±2.9 
L2 95.43±0.65 90.14±0.29 88.09±1.16 79.92±0.65 76.23±0.50 
L3 98.81±0.50 93.37±1.08 89.01±0.43 77.25±2.54 69.60±1.16 
L4 90.67±2.86 86.8±2.1 80.41±0.9 76.89±6.9 60.89±8.7 
U1 92.62±5.81 90.92±6.04 88.65±3.47 57.20±3.30 55.43±4.4 
U2 100.34±0.82 95.31±1.82 78.86±8.08 67.64±1.27 65.65±1.27 
U3 97.80±2.93 96.33±1.47 71.43±1.43 43.27±3.50 42.27±2.36 
U4 96.41±1.04 93.07±1.61 67.72±1.69 57.20±2.41 47.05±3.05 
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Similar studies would help in order to prompt the pharmaceutical companies to look upon fungi as 

prolific resources of secondary metabolites which would be used as drugs to combat human diseases. 
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