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Abstract
Lovastatin was endorsed for the treatment of hypercholesterolemia. In the current work, culture parameters (temperature, initial pH, incubation period, and carbon & nitrogen sources) were optimized for lovastatin production by Aspergillus fumigatus. Different concentrations of glucose and peptone had been also examined that enhances lovastatin production by Aspergillus fumigatus. The lovastatin yield of (0.869 mg/ml) was obtained at an optimum temperature of 30˚C; pH of 6; glucose concentration 35g/l; peptone concentration 7.769 g/l and at an incubation period of 10 days. Impact of produced lovastatin, had been examined on an experimental model of hypercholesterolemic rats that was established by feeding normolipidemic diet (NLD) supplemented with 4% cholesterol, 1% cholic acid and 0.5% thiouracil, w/w for three months. Current study uncovered that hypercholesterolemic rats recorded a significant elevation in total lipids (TL), total cholesterol (TC), triglycerides (TG), low density lipoprotein cholesterol (LDL-C), very low density lipoprotein cholesterol (VLDL-C) and phospholipids (PL), whereas high density lipoprotein cholesterol (HDL-C) was decreased. In comparison the produced lovastatin instigated noteworthy decline in serum TL, PL, TC, TG, LDL-C, VLDL-C levels. On other hand, lovastatin treatment to hypercholesterolemic rats improved the lipid profile in hepatic tissues. In addition, lovastatin treatment expanded hepatic enzyme levels AST and ALT compared to Hypercholesterolemic rats. Meanwhile there was a significant decrease in lipid peroxidation alongside with significant elevation of total antioxidant (TAO) as SOD, CAT and GSH in the liver. Bringing down of these parameters, may in charge of both lipid-bringing down and antioxidative action of lovastatin, which shield liver from hyperchlorestrimia.
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Introduction

Hypercholesterolemia is a regular metabolic issue connected with expanded danger for cardiovascular morbidity and mortality [1]. Statins are a class of cholesterol-bringing down medications that hinder the key enzyme, 3-hydroxy-3- methylglutaryl coenzyme A (HMG-CoA) reductase, of the endogenous cholesterol biosynthesis [1]. Among all statins, lovastatin is the initially endorsed by USFDA for the treatment of hypercholes-terolemia in 1987 [2]. Lovastatin is a surely well-known natural statin, which is utilized for bringing down plasma cholesterol levels particularly hindering HMG-CoA reductase, a rate restricting stride of cholesterol biosynthesis [3-4]. On other hand, Kallas Ade et al. [5] showed that the lipophilic statin lovastatin diminishes the avoidance of cardiovascular illnesses. Along these lines, Lovastatin is a powerful hypercholesterolemic drug utilized for bringing down blood cholesterol [6]. Lovastatin are fungal secondary metabolites, [7] and it has been accounted to be produced by submerged fermentation (SmF) and solid state fermentation (SSF). Lovastatin is acquired from various genera and types of filamentous fungi. A few fungal genera including Aspergillus, Penicillium, Monascus, Paecilomyces, Trichoderma, Scopolariopsis, Doratomyces, Phoma, Phythium, Gymnoascus, Hypomyces and Pleurotus are accounted for as lovastatin producers [8-9]. Aspergillus terreus is known to be the best lovastatin- producing species [10]. Moreover, even the Basidiomycetes mushrooms have been as of late reported to be utilized for lovastatin production [11]. What's more, marine actinomycete has clinical utilizations of lovastatin have been all archived [13- 14]. For example, diminishing occurrences of fringe vascular, illnesses, avoidance of strokes, stabilization of artheromatous plaques, enhanced endothelial capacities functions and counteractive action of thrombus development [15-16]. Malignancy: The antiproliferative properties of lovastatin might be utilized as a successful anticancer medication [15]. Around 20 %– 55% diminishment in siteparticular cancers (colorectal, bosom, prostate, lung and pancreatic) was seen with the utilization of statin therapy [17]. Also Kallas et al., [5] focused at the antitumor capability of lovastatin. On other hand lovastatin demonstrated a lessening of Alzheimer's disease level in animal cell culture; while in the human trial does not give a 100% productivity result [18]. Patients, who administrated with lovastatin, had indicated keeping from various sclerosis, furthermore there was a diminished level of inflammatory reaction [19]. Lovastatin likewise impacted the intercellular flagging pathway, which assumes a significant role in cell signal transduction and cell activation. These aides in the counteractive action of kidney harm [19]. Garrett et al., [20] contemplated the impact of lovastatin in the bone development; studies were done by infusing the nano lovastatin particles with the high dosage of lovastatin. On other hand, lovastatin stimulated ivigorated bone arrangement both in-vivo and in-vitro, also immunomodulation and altered endothelial capacity by lovastatin may help to decline issues connected with Rheumatoid Arthritis [14]. With its different applications, statins in future may assume a crucial role in medicopharmaceutical field [15]. In like manner, late studies demonstrated statins in vitro antifungal action against yeasts and filamentous fungi [21]. It is worthwhile to mention that Lovastatin serves as a forerunner for other essential statins as simvastatin and wuxistatin [22]. Lovastatin has been produced commercially through fermentation just [23]. Henceforth, it is vital to quantify the content of lovastatin precisely in the fermentation broth [2]. The aim of the present research was to develop the optimization of lovastatin production by Aspergillus fumigatus in parallel with investigation of the effect of the produced crude lovastatin on the level of blood cholesterol in Wistar albino rats.

Experimental

Culture preparations

Lovastatin producing strain used in the present study (Aspergillus fumigatus) was isolated and identified in a previous study by the author Mouafi et al. [24]. The fungal cultures were kept at 4°C. Transfers were made at 2 weeks intervals. In 250 ml capacity Erlenmeyer flasks 50 ml of the production medium (g/l): dextrose 29.59 g/l, NH4Cl 3.86 g/l, KH2PO4 1.73 g/l, MgSO4·7H2O 0.86 g/l, and MnSO4·H2O 0.19 g/l [25] was autoclaved, cooled and inoculated with a subcultures. The flasks were incubated in a rotary shaker incubator at 150 rpm and 30°C, if not otherwise stated.

Optimization of culture conditions

Influence of different cultural parameters on lovastatin production was determined by “one factor at a time” method. Different carbon sources; glucose, dextrose, glycerol and lactose and different nitrogen sources; peptone, yeast, NH4Cl and urea were supplemented to the basal submerged fermentative medium at equal carbon and nitrogen content, respectively. Different concentrations of glucose (20-40 g/l) and peptone (6.5 – 9.0 g/l) were tested as well. Also the production was determined at various pH (5.5, 6.0; 6.5; 7.0 and 7.5), different temperatures (from 30 to 40°C) and different incubation periods (from 0 to 14 days). For evaluation of a single factor, the other factors were kept constant for all experiments.

Extraction of lovastatin

After completion of the fermentation, the fermentation broth and fungal mycelium were filtered on Whatman No.1 filter paper for separation of fungal cell biomass. Then the filtrate was clarified, centrifuged (at 1500 rpm for 20 min), dried (at 50°C) and extracted with ethyl acetate (pH 3.0) in 250 ml Erlenmeyer’s flasks. It was then, incubated at 28°C in a rotary shaker at 200 rpm for 2 h. The supernatant was stored in glass bottles at 4°C until used for further analysis [26].To 1 ml of the supernatant; 1 ml of acetic acid (1%) was added and incubated for 10 min. From the above solution, 1 ml was taken, diluted 10 times with methanol, and its absorbance was read at 238 nm, using UV-Visible spectrophotometer [27].

All the experiments carried out in triplicate and the mean values of the lovastatin yield were reported. The strategy adopted for standardization of fermentation parameters is to evaluate the effect of an individual parameter and incorporate it at the standard level before standardizing the next parameter.

Preparation of lovastatin extraction

The culture was extracted with ethyl-acetate in the same amount. After evaporation lovastatin β-open-hydroxy-acid was obtained [28].

Experimental animals

Twenty-four adult male Wistar albino rats (Rattus rattus) with weight of 180–200 g were obtained from the holding company for biological product and vaccines (VACSERA), Cairo, Egypt. The animals were acclimated to laboratory conditions of 20–22°C with a 12-h light/dark cycle for two weeks before experimentation. All rats were fed with a standard pellet diet and water ad libitum. Care and use of animals were conducted under supervision of the animal Care Committee of Mansoura University, Egypt.

Experimental design

After 2 weeks of acclimation, the animals were divided into four main groups with six rats each. In group 1, the rats were received standard diet without any treatment. In group 2, the rats supplemented diet with 4% cholesterol, 1% cholic acid and 0.5% thiouracil, w/w for 3months [29]. In group 3, the rats were fed on a chow diet with lovastatin at a dose of 0.4 mg/rat/day orally [30] for 3 months. In group 4, the rats supplemented diets with 4% cholesterol, 1% cholic acid, and 0.5% thiouracil, w/w with lovastatin at a dose of 0.4 mg/rat/day orally for 3 months.

Serum collection and liver homogenate

At the end of the experimental period (3 months), overnight fasted animals were euthanized and sacrificed by cervical dislocation. Trunk blood samples were collected from the sacrificed animals in centrifuge tubes. Serum was separated from coagulant blood by centrifugation at 5000 r.p.m. for 20min, and then quickly frozen at 20ºC for further biochemical analysis. Liver samples were rapidly excised, cleaned and weighted, then immediately homogenized in ice-cold saline [0.9% NaCl]. The homogenate was centrifuged at 5000 rpm and the supernatant was used for determination of other biochemical analysis

Biochemical analyses

Aspartate transaminase (AST), alanine transaminase (ALT), kits were purchased from Diamond Diagnostic Company (Dokki, Giza, Egypt). Total lipids, total cholesterol, phospholipids, triglycerides, high-density lipoprotein cholesterol (HDL-c) and low-density lipoprotein cholesterol (LDL-c),) were estimated using kits supplied by Biodiagnostic Company for diagnostic reagents (Dokki, Giza, Egypt). Malondialdehyde (MDA), total antioxidant capacity (TAO), reduced glutathione (GSH, superoxide dismutase (SOD) and catalase (CAT) kits were purchased from Randox Laboratories Co. (UK).

All other chemicals were of analytical grade and were products of BDH Chemicals Ltd. (Poole, England) Statistical analysis: All results obtained in the present study were evaluated by One-way ANOVA test and post comparison was carried out with Tukey-test. The values were expressed as means ±SE and values of P< 0.05 were considered statistically significant [31].

Results and Discussion

Results

Effect of incubation temperature on lovastatin production

So as to assess the impacts of the temperature, lovastatin production was researched in a range from 25°C to 40°C in SmF (Figure 1). A progressive increment in lovastatin production was observed when the incubation temperature was expanded from 25°C to 30°C. The most extreme lovastatin production, 231.50 mg/ml was seen at 30°C. While the production of lovastatin was 0.138, 0.047 and
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Effect of initial pH on lovastatin production
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The lovastatin production by Aspergillus fumigatus profiles under different pHs are appeared in Figure 2. Lovastatin production was progressively increased in the range of pH (5.5- 6.0) where maximum lovastatin production (0.228 mg/ml) was gotten at pH 6.0.

Effect of carbon sources on lovastatin production

To decide the impact of carbon sources on lovastatin yield, distinctive carbon sources as glucose, Dextrose, Glycerol and lactose, was supplemented to the basal submerged fermentative medium. Figure 3 exhibited that Glucose upgraded lovastatin yield 0.2090 mg/ml, while lovastatin yield was 0.2010, 0.1997 and 0.01802 mg/ml with dextrose, glycerol and lactose respectively. In spite of lactose addition demonstrated the most reduced yield of lovastatin
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lovastatin production by A. fumigatus, however peptone and yeast extract showed about 0.31837 and 0.30266 mg/ ml. respectively. While lovastin yield was around 0.1381 mg/ ml with urea and NH4Cl displayed around 0.09103 mg/ ml.

Effect of glucose concentration on lovastatin
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yield of lovastatin increased. It achieved maximum (0.48 mg/ml) at 3.5% glucose concentration.

Effect of Peptone concentration on lovastatin production

To optimize peptone concentration, different peptone concentrations were tested in the culture medium where maximum lovastatin production (0.39 mg/ml) was at (7.769
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increased up to 9 days and then, apparently, increased to 0.87 (mg/ml) at the tenth day. At the eleventh day, the peak
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As shown from Figure 8, administration of lovastatin to normal rats did not produce any significant changes in all tested parameters in comparison to control rats, indicating its non toxic effect at applied dose. However feeding rats on hypercholesterolemic diet revealed a significant increase in serum total lipids, total cholesterol, triglycerides, phospholipids, LDL-C and VLDL-C levels, accompanied with a significant decrease in HDL-C level compared to the
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diet recorded a significant elevation in liver lipid profile (total lipids, total cholesterol, triglycerides and phospholipids).

Effect of fungal lovastatin on hypercholesterolemic

[image: Figure 8. Effect of hypercholesterolemia and lovastatin on the lipid profile [total lipids (TL),phospholipids(PL),total cholesterol (TC), triglycerides (TG), low-density lipoprotein (LDL-c) high-density lipoprotein (HDL-c), and very-low-density lipoprotein (VLDL-c)] expressed as mg/dl in the serum of rats in different groups. The values are expressed as the means ± SEM.(n =6).(*) indicate comparisons with respect to the control group. (#) indicate comparisons with respect to the]Figure 8. Effect of hypercholesterolemia and lovastatin on the lipid profile [total lipids (TL),phospholipids(PL),total cholesterol (TC), triglycerides (TG), low-density lipoprotein (LDL-c) high-density lipoprotein (HDL-c), and very-low-density lipoprotein (VLDL-c)] expressed as mg/dl in the serum of rats in different groups. The values are expressed as the means ± SEM.(n =6).(*) indicate comparisons with respect to the control group. (#) indicate comparisons with respect to the
hypercholesterolimic group. C=control group, L=lovastatin hypercholesterolemic +lovastatin group.

As shown in Figure 10 Treatment with lovastatin caused an improvement in all parameter if compared to hypercholesterolemic rats group. Additionally, the hypercholesterolemic rats showed a significant increase in the activity of serum AST and ALT, together with a reduction of their activities in liver .

Figure 11 showed the activity of these enzymes was ameliorated significantly with administration of lovastatin. On the other hand, a significant increase in the level of hepatic MDA, with concomitant decreases in the GSH, SOD, CAT and TAC were obtained in hypercholesterolemic -fed rats.

group, H=hypercholesterolemic group and H-L=

[image: Figure 10. Effect of hypercholesterolemia and lovastatin on the activities of AST and ALT expressed as U/L and U/g in the serum and the liver of rats in different groups. The values are expressed as the means ± SEM. (n =6). (*) indicate comparisons with respect to the control group. (#) Indicate comparisons with respect to the hypercholesterolemic group. C=control group, L=lovastatin group, H=hypercholesterolemic group and H-L= hypercholesterolimic+lovastatin group.]Figure 10. Effect of hypercholesterolemia and lovastatin on the activities of AST and ALT expressed as U/L and U/g in the serum and the liver of rats in different groups. The values are expressed as the means ± SEM. (n =6). (*) indicate comparisons with respect to the control group. (#) Indicate comparisons with respect to the hypercholesterolemic group. C=control group, L=lovastatin group, H=hypercholesterolemic group and H-L= hypercholesterolimic+lovastatin group.
[image: Figure 9. Effect of hypercholesterolemia and lovastatin on the lipid profile [total lipids (TL), total cholesterol (TC),phospholipids(PL) and triglycerides (TG)] expressed as mg/g in the liver of rats in different groups.The values are expressed as the means ± SEM.(n =6).(*) indicate comparisons with respect to the control group. (#) indicate comparisons with respect to the hypercholesterolemic group. C=control group, L=lovastatin group, H=hypercholesterolemic group and]Figure 9. Effect of hypercholesterolemia and lovastatin on the lipid profile [total lipids (TL), total cholesterol (TC),phospholipids(PL) and triglycerides (TG)] expressed as mg/g in the liver of rats in different groups.The values are expressed as the means ± SEM.(n =6).(*) indicate comparisons with respect to the control group. (#) indicate comparisons with respect to the hypercholesterolemic group. C=control group, L=lovastatin group, H=hypercholesterolemic group and
[image: Figure 11. Effect of hypercholesterolemia and lovastatin on the on the levels of MDA (nmol/g), TAO (mM/g), SOD (U/g), CAT (U/g) and GSH(mg/g) in the liver in the different animal groups. The values are expressed as the means ± SEM.(n =6).(* ) indicate comparisons with respect to the control group. (#) indicate comparisons with respect to the hypercholesterolemic group. C=control group, L=lovastatin group, H=hypercholesterolemic group and H-L= hypercholesterolemic+lovastatin]Figure 11. Effect of hypercholesterolemia and lovastatin on the on the levels of MDA (nmol/g), TAO (mM/g), SOD (U/g), CAT (U/g) and GSH(mg/g) in the liver in the different animal groups. The values are expressed as the means ± SEM.(n =6).(* ) indicate comparisons with respect to the control group. (#) indicate comparisons with respect to the hypercholesterolemic group. C=control group, L=lovastatin group, H=hypercholesterolemic group and H-L= hypercholesterolemic+lovastatin
group.

Discussion:

According to Figure (1) maximum lovastatin production was observed when the incubation temperature was expanded from 25°C to 30°C. it may be because of this temperature is best for the sporulation, growth and proliferation of mycelial mass for lovastatin production .This obtained result is as per [32-34] Additionally it is firmly related to the work of Praveen et al., [10] and Atalla et al., [34]. Lovastatin production was gradually diminished with an expansion of temperature from 30°C to 40°C. While further increment or diminishing in temperature lead to poor production of lovastatin. On opposite the optimum temp of lovastatin production for another species was 25°C [35].Thus, temperature was surely appeared to be an important environmental factor that enhances lovastatin titers, likely by inducing genes or activating enzymes involved in lovastatin production [32]. Besides the temperature shift might be strain and/or fermentation mode subordinate and may be entirely related to the physiological age of the organism [13].

According to Figure 2 Lovastatin production reached its maximum production at pH 6. Where most of the fungi grow become effectively at acidic pH which is fundamental for transport of various components across the cell membrane thus along these lines firmly unequivocally affecting the development of secondary metabolites. This outcome is as per [6, 10, 36]. At that point it was diminished by expanding the underlying pH above 6.0. On contrary Bizukojc et al., [37] reported that neutral and alkaline pH values give preferable lovastatin titers over acidic ones. Figure 3 portrayed that Glucose upgraded lovastatin yield to respect 0.2090 mg/ml when compared to other carbon sources, where lovastatin yield was 0.2010, 0.1997 and 0.01802 mg/ml with dextrose, glycerol and lactose respectively. This result is as per [38]. In spite of lactose addition demonstrated the most reduced yield of lovastatin Figure.1 as lactose is slowly metabolized carbon source, this result is in accordance with Praveen et al., [10]. On contrary Chanakya et al. [36] found that addition of lactose has a positive effect on lovastatin production.

The results obtained with different nitrogen sources (Figure 4) indicated that however peptone and yeast extract showed the most extreme lovastatin yield these results are in accordance with [36-39]. On other hand urea displayed around 0.1381 mg/ml lovastatin yield, and NH Cl 4 demonstrated the most reduced lovastatin yield. In perspective of these outcomes, biosynthesis of lovastatin has been found to rely on the carbon and nitrogen sources [40]. More over as lovastatin does not contain any nitrogen in its structure (C H O ), lovastatin production is connected with 24 36 5 the stationary phase of nitrogen restricted development when overabundance carbon can be diverted into secondary metabolism [13]. Where, the growth has been arrested and lovastatin production might be repressed by nitrogen limitation [35].

It has been accounted for that the nature and concentration of the carbon source manages lovastatin biosynthesis [40,41]. So far, another experiment was completed to advance glucose concentration of (20 – 40 g/l) (Figure 5). Where yield of lovastatin was achieved maximum (0.48 mg/ml) at 3.5% glucose concentration. This result is closely related with [35] as glucose is an accessible soluble monosaccharide gets metabolized so act as a promptly wellspring of energy.

The N-source must not be high but rather in the meantime not very low, which may likewise disable lovastatin production [8]. Therefore, optimization of peptone concentration was carried out where maximum lovastatin production (0.39 mg/ml) was at (7.769 g/l) peptone concentration (figure 6).

Lovastatin production, gradually, increased to a maximum yield 0.87 (mg/ml) at the tenth day (Figure 7) while at the eleventh day, the peak decreased to 0.36 (mg/ml).The decrease of the yield after ten days maybe due to onset of death phase of the organism due to depletion of nutrients and accumulation of toxins. This result is in accordance with Pei-Lian and co-workers 2007 [42] who reported maximum lovastatin yield at 11 days with Aspergillus terreus. On other hand Casas et al., [40] found that the maximum lovastatin yield accomplished on day 7, after which the yield was gradually diminished.

The utilization of excessive calories and eating diet containing unsaturated fats and cholesterol prompts hypercholesterolemia for human or animals [43]. Hypercholesterolemia prompts oxidative stress, which is known to have adverse effects on the integrity of cells [44]. Lovastatin is a vital compound to overcome the hypercholesterolemia disease since its action could hinder the hydroxymethylglutaril-coenzyme A (HMG-CoA) reductase, which catalyzes the rate-limiting step in cholesterol biosynthesis [32-45].

In the present study Figure 8 demonstrated that, feeding rats on hypercholesterolemic diet showed a significant increase in serum TL, PL,TC, TG, LDL-C and VLDL-C levels accompanied with a significant decrease in HDL-C level compared to control group. On other hand, there was a huge increment in hepatic TL, TC, TG and PL levels as shown in Figure 9. These findings were in the same line as with those outcomes reported by [46, 47]. Also oxidation of LDL is a lipid peroxidation process bringing about arrangement of an extensive variety of naturally active products, including peroxides and malondialdehyde. oxidation of cholesterol fractions (specifically, LDL) has been acknowledged as an imperative part in the atherosclerotic process [48]. In addition the oxidatively lipids and their debasement are believed to have pro inflammatory genius incendiary, immunogenic, and cytotoxic properties which add to both the initiation and progression of atherosclerotic sores [49]. Fungal lovastatin from A. fumigatus could essentially diminish serum cholesterol, triglycerides and LDL when was expanded in treated group. This outcome is in concurrence with [30]. Whereas, Lovastatin blocked cholesterol biosynthesis. An attractive characteristic of these inhibitors is that they selectively reduce levels of lowdensity-lipoprotein LDL (bad lipoproteins). These results are in agreement with Kusmana et al., [30] who also found that the lovastatin extract produced by Aspergillus flavus diminished total cholesterol, triglycerides and LDL contents. Additionally it was suggested that LDL contents decreased, while, levels of high-density lipoprotein HDL (good lipoproteins) stay unaffected where, HDL cholesterol can anticipate atherosclerotic disease [50], since it serves as a transporter of overabundance carrier of excess cholesterol from cells to the liver [14-30]. The present work uncovers that capability of lovastatin to standardize the lipid and antioxidant profiles, elevated cholesterol fed rats, while cholesterol- fed rats delivered liver harm as demonstrated by checked rise in serum hepatic enzyme levels AST and ALT (Figure 10). These results are in agreement with Arhan et al., [51]. On other hand the obtained results indicated that rats fed cholesterol –enriched diet exhibited significant decrease in the activity of hepatic GSH, SOD and CAT accompanied by significant increment in hepatic lipid oxidation (as measured by malondialdehyde (MDA) content) in liver of rats. Additionally Lovastatin treatment for these rats diminished tissue lipid peroxidation alongside fundamentally lifted of antioxidant enzyme activities SOD and CAT and non-enzymatic antioxidant GSH (Figure 11). These outcomes are in concurrence with Sanjay et al., [52]. In like manner Cooper and Kristal [53] reported that, GSH assumes a pivotal guarded role against oxidative put-down as an endogenous scavenger of free radicals. Likewise, its level in the blood is a touchy pointer of antioxidant status in circulation [54]. These results are accompanied by significant increment in hepatic lipid oxidation as the level of malondialdehyde (MDA) in liver of rats (Figure 11) that considered as a biomarker of lipid peroxidation [55]. On other hand, Arhan et al., [51] observed that cholesterolinduced steatosis leads to a weakened antioxidant defense system and caused peroxidation in the hepatic tissue. What's more, oxidative anxiety prompts a debilitated cancer prevention agent so enhances lipid peroxidation and free radical generation era [44]. The present examination demonstrates that lovastatin enhances the lipid and antioxidant profiles of hypercholesterolemic rats showing its antihyperlipidemic, antiperoxidative and antioxidant −2 properties (Figure 11). As superoxide (O ), one of the parental types of intracellular ROS, is an extremely responsive molecule that can be changed over to H2O2 by superoxide dismutase (SOD) then to oxygen and water by a several enzymes include catalase (CAT) [56]. In spite of administration of lovastatin to those animals succeeded to induce a significant improvement in all these parameters through overcoming the oxidative stress. (Figure 8-11), it is noteworthy that administration of lovastatin to normal rats did not produce any toxic effect at applied dose (0.4mg/rat/day orally) for 3 months.

Conclusion

In the present study, the point was to explore the impact of various environmental and physiological parameters (the temperature, initial pH, incubation period, carbon and nitrogen sources) so as to establish optimum growth conditions for the maximum production of lovastatin by the A. fumigatus under submerged fermentation. In like way, to assess the viability to investigate hypolipidemic, free radical and antioxidative activity of the produced lovastatin on hypercholesterolemic exploratory rats. As such, to evaluate the adequacy of advanced lovastatin, through examining its effect on TL, PL, TC, TG, HDL, LDL, VLDL, AST, ALT, LPO, GSH and TAO levels on rats. In this manner, Lovastatins may be a specialist key to control or deal with numerous real diseases later on.
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