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Abstract: Since the use of antioxidants can potentially reduce the risk of chronic diseases related to 

oxidative stress, such as metabolic dysfunction-associated steatotic liver disease (MASLD), we 

analyzed the effects of aqueous infusions from natural sources with a high antioxidant capacity on 

a model of MASLD. We applied a central composite rotatable design to establish the extraction 

conditions for Citrus sinensis (orange) leaves with maximum antioxidant capacity. These conditions 

were then applied to Baccharis articulate (carqueja) leaves. This approach resulted in antioxidant 

capacities of 71.6 ± 2.2 % and 51.5 ± 1.3 % for orange and carqueja leaves, respectively. Only 

flavonoids were significantly higher in Baccharis articulata (0.44 ± 0.08 mg/mL) than in Citrus sinensis 

(0.14 ± 0.04 mg/mL), as confirmed by HPLC. We developed an in vitro MASLD model with human 

hepatic cells, specifically Hep-G2 cells. MASLD cells were treated with both infusions for 48 h. Our 

results demonstrate that only Baccharis articulata could inhibit lipid accumulation in the MASLD 

cells (1.11 ± 0.21 AU [infusion-treated MASLD cells] vs. 2.19 ± 0.32 AU [MASLD cells], p < 0.05). We 

suggest that despite the different components of the infusions, the high concentration of flavonoids 

could be responsible for such activity. 
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1. Introduction 

It is currently estimated that approximately 1.5 billion adults are overweight globally, and out 

of these, nearly 500 million are obese [1]. This is one of the main causes of the development of 

metabolic syndrome and comorbidities such as type 2 diabetes mellitus, non-alcoholic fatty liver 

disease (NAFLD), hypertension, and cardiovascular diseases, among others. In fact, NAFLD was 

reported as the main chronic liver pathology worldwide, impacting more than 30% of the world’s 

population [2]. Recently, the nomenclature for NAFLD has been updated to metabolic dysfunction-

associated steatotic liver disease (MASLD), because the latter is more accurate to the pathology and 

less stigmatizing [2]. The prevalence of MASLD runs in parallel to the increase in obesity. 

MASLD is characterized by at least 5 % lipid accumulation in the liver in the absence of other 

known causes of fatty liver, such as alcohol or drug use. This disease has been shown to be the leading 

cause of chronic liver disease and a major cause of liver mortality and morbidity [3]. If the disease is 

not detected and treated early, it can progress to metabolic dysfunction-associated steato-hepatitis 

(MASH), with inflammatory infiltrates in the hepatic lobes, apoptotic bodies, and fibrosis [4]. In the 

most severe cases, with prolonged fibrosis, this disease can lead to cirrhosis, which results in a liver 

unable to carry out its normal activities, or even further, to the possible development of liver 

carcinoma. In both cases, the only possible treatment is a liver transplant. 
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The progression from MASLD to metabolic dysfunction-associated steato-hepatitis (MASH) 

and, finally, to cirrhosis can be explained through the double-impact theory [5], which suggests a first 

attack that involves insulin resistance, generating lipogenesis and the accumulation of fatty acids 

(mainly oleic and palmitic) in the liver. Since the accumulation of fatty acids is toxic, they are 

processed by hepatocytes in the mitochondria and peroxisomes through β-oxidation or packaged 

into vesicles in the cytoplasm and exported outside of the liver [6]. But, if the rate of vesicle 

elimination is lower than the rate of formation, steatosis develops. The second attack is caused by the 

constant oxidative stress generated by the high production of reactive oxygen species (ROS) in 

mitochondrial beta-oxidation, causing cellular damage. ROS are neutralized through the antioxidant 

defense mechanisms of the cells, but the constant release of ROS can deplete these defenses, inducing 

cell apoptosis and fibrosis and leading to cirrhosis. To avoid the harmful effects of ROS, two different 

systems are used: intrinsic antioxidant systems, such as antioxidant enzymes, and dietary antioxidant 

molecules, such as polyphenols derived from plant sources, including flavonoids. When any of these 

systems fail, a state of oxidative stress can arise [7]. Particularly in MASLD, oxidative stress is 

generated by an excessive influx of fatty acids into the liver, generating the accumulation of lipids 

called lipotoxic lipids [8]. 

Despite the worldwide prevalence of MASLD, there are currently no pharmacological 

treatments, so once diagnosed, it is treated in the same way as obesity [9]. Therefore, new approaches 

are necessary [10]. One option is antioxidant therapy using N-acetylcysteine [11]. Therefore, the use 

of extracts obtained from some plants that demonstrate antioxidant capacity can be evaluated. 

Alcoholic extracts obtained from Sycyos angulatus leaves showed a capacity to inhibit lipid 

accumulation in NAFLD—mainly those with high flavonoid content, especially flavone glycosides 

[12]. 

The central composite rotatable design (CCRD) has been established as a powerful strategy for 

maximizing the extraction of bioactive compounds from various plants [13]. In this study, we 

employed CCRD to identify extraction conditions that maximize the antioxidant activity of Citrus 

sinensis (CS) extracts within a determined set of variables. The best conditions obtained for CS were 

then applied to prepare Baccharis articulata (BA) extracts. Subsequently, the effects of both extracts on 

an in vitro human model for metabolic dysfunction-associated steatotic liver disease (MASLD) were 

evaluated. 

2. Results 

2.1. Extraction Conditions for Maximum Antioxidant Capacity in Infusions 

This study employed a Central Composite RotableDesign (CCRD) to establish the extraction 

conditions that maximize the antioxidant capacity (AC) of extracts from Citrus sinensis (CS). The 

effects of three independent variables – extraction temperature, incubation time and extract 

concentrationon the AC were evaluated. The chosen ranges for these variables (Table 1) were selected 

to reflect conditions typically used by consumers when preparing infusions [14]. Table 1 presents the 

studied variables, their corresponding experimental levels, and the Antioxidant Capacity (AC) values 

of the infusions prepared under the CCRD. The AC values ranged from 10% to 49% in these infusions. 

To evaluate the factors influencing these variations in AC, we performed a statistical analysis using 

a quadratic model. The regression for the quadratic model was significant at the 95% confidence level 

(Adjusted R²:0,8265). The ANOVA (Table 2) results indicated that the quadratic model showed no 

lack of fit for the data (p-value: 0.8805). 

Table 1. Central Composite Rotatable Design (CCRD) Matrix and its Relationship with the 

Experimental Response. 

Run Codified variables Decodified variables Response 

 A:Time B:Temperature 
C:Extract 

Concentration 
A B C 

AC: DPPH 

Inhibition 

(minutes) (°C) (mg/mL) (minutes) (°C) (mg/mL) (%) 

1 1 1 -1 21 82 10 16 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 October 2024 doi:10.20944/preprints202410.0635.v1

https://doi.org/10.20944/preprints202410.0635.v1


 3 

 

2 -1 1 1 6,8 82 22 37 

3 1 -1 1 21 58 22 38 

4 -1 1 -1 6,8 82 10 18 

5 0 0 -1,68 13,9 70 5,9 10 

6 0 0 0 13,9 70 16 43 

7 1 1 1 21 82 22 39 

8 0 -1,68 0 13,9 49,8 16 22 

9 1,68 0 0 25,8 70 16 17 

10 -1 -1 -1 6,8 58 10 10 

11 0 0 1,68 13,9 70 26 42 

12 0 0 0 13,9 70 16 46 

13 -1,68 0 0 1,9 70 16 18 

14 1 -1 -1 21 58 10 14 

15 0 1,68 0 13,9 90,2 16 20 

16 -1 -1 1 6,8 58 22 28 

17 0 0 0 13,9 70 16 32 

Table 2. Analysis of variance of the values for Antioxidant capacity of the infusions prepared in the 

experimental conditions. 

Factor Sum of square DF Mean square F value p valuea 

Regression  2168,52 6 361,42 24,59 0.0003 

Residual 263,71 10 26,37   

Lack of fit   155,04 8 19,38 0,3567 0,8805 

Pure error  108,67 2 54,33   

Total SS 243,24 16    

a significant at the 95% confidence level. 

The generated regression coefficients of the model of the AC response are shown in Table 3. The 

analysis of variance (ANOVA) revealed that extract concentration was the most significant factor 

influencing AC of Citrus sinensis leaf infusions (p < 0.0001). Within the studied range, the effects of 

incubation time (p = 0.5309) and extraction temperature (p = 0.4013) were not statistically significant 

when considered independently. However, their quadratic effect suggests an optimal range for 

maximizing AC. The negative quadratic effects obtained for incubation time (p=0.0010) and 

temperature (p = 0.0035) suggest that increasing these variables favored the antioxidant capacity (AC) 

of the infusions up to a maximum level, after which there was a decrease. These estimated peak 

values for AC were observed at approximately 14 minutes and 70 °C (as shown in Figure 1a). On the 

other hand, the quadratic effect of extract concentration is also significant (p = 0.0248), although it 

appears negative. As observed in Figure 1b, the AC of the infusions increases with increasing extract 

concentration and incubation time until it reaches a maximum, followed by a deceleration in growth. 

Notably, the maximum AC is achieved at an incubation time of approximately 14 minutes across the 

entire range of extract concentrations evaluated. Additionally, these behaviors are most pronounced 

at an incubation temperature of 70°C. Our first results suggested that maximum AC was achieved at 

70°C incubation for 14 min. Additionally, higher extract concentrations were found to be crucial for 

maximizing AC. Consequently, we further investigated AC at higher extract concentrations up to 

80mg/mL, 70°C incubation temperature, and an incubation time of 14 minutes. Maximum AC was 

determined with 30 mg/mL of Citrus sinensis. 

Table 3. Significant regression coefficients for the coded variables of the quadratic model of the 

Antioxidant Capacity response. 

Parameters  Coefficient Standard error pa 

M Mean 40,03 2.96 0.0003 

A Time 0,90 1,39 0,5309 

B Temperature 1,22 1,39 0,4013 

C Extract concentration 10,09 1,39 <0.0001 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 October 2024 doi:10.20944/preprints202410.0635.v1

https://doi.org/10.20944/preprints202410.0635.v1


 4 

 

A² Time2 -7,04 1,53 0.0010 

B² Temperature2 -5,80 1,53 0.0035 

C² Extract concentration 2 -4,04 1,53 0.0248 

a significant at the 95% confidence level. 

 

Figure 1. Response surfaces for Antioxidant Capacity of Citrus sinensis infusions (DPPH 

Inhibition%). 1a: Temperature (°C) x Time (minutes) at fixed extract concentration (16mg/ mL); 1b: 

Extract Concentration (mg/mL) x Time (minutes) at fixed Temperature (70°C). 

2.2. Infusion 

2.2.1. Infusion Characterization 

The first parameter evaluated was infusion antioxidant capacity using 30 mg/mL of Citrus 

sinensis infusion or Baccharis articulate infusion (Table 4). N-acetylcyteine (NAC) was used as a 

positive antioxidant capacity control (Scavenging activity against DPPH of 5 mM NAC: 96.11 ± 0.63 

%). Concentration protein, polyphenols and flavonoid were determined. Regarding them, Baccharis 

articulate showed higher content of flavonoids and proteins compared to Citrus sinensis (Table 4), 

while no significant difference was observed in polyphenol content. 

Table 4. Characterization of infusions. 

Sample 
DPPH 

inhibition (%) 

Proteins 

(g/mL) 

Polyphenols 

(GAE mg/mL) 

Flavonoids 

(RE mg/mL) 

Citrus sinensis infusion 71.65 ± 2.19 0.526 ± 0.115 0.542 ± 0.163 0.14 ± 0.04 

Baccharis articulate infusion 51.48 ± 1.34 9.947 ± 0.115 0.427 ± 0.048 0.43 ± 0.09 

Samples were obtained with 30 mg/mL as total concentration, at 70°C for 14min and, parameters were 

determined. (mean ± SD of triplicate experiment). GAE: gallic acid equivalents, RE rutin equivalents, SD: 

standard deviation. 

As shown in the Figure 2 both infusions present gallic acid in high concentration. The other 

components are lower than galic acid. No rutin was observed in these samples. 
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Figure 2. HPLC profiles at 280 nm. HPLC profiles at wavelength detection of 280 nm. C18 reverse-

phase analytical column was employed with binary gradient mode (water-acetonitril), injection 

volume 100ul and total flow 1 ml/min. (A) Standard mixture with Gallic Acid (Gal) and Rutin (Rut), 

(B) Citrus sinensis infusion and (C) Baccharis articulata infusion are shown. Active compounds of the 

infusions were identified. Gallic acid (1), Benzoic acid (2 and 4), Luteolin (3), Quercetin (5). 

Inserted in figure: table with peak retention times, area and height of compounds present in each 

analyzed infusion. 

2.2.2. Infusion In Vitro Toxicity 
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Toxicity was evaluated through MTT assay on Hep-G2 cells by adding different concentrations 

of the infusions for 48 h. Both original infusions were toxic (Figure 3), while a 1:10 dilution showed 

no significant difference between no treated cells and treated cells (100 ± 6 [No treated cells] vs 106.7 

± 12.5 [Citrus sinensis, 14 µg RE/mL: CS infusion] or vs 73.3 ± 15.5 Baccharis articulata, 43 µg RE/mL: 

BA infusion], both showed no significant difference). Therefore, all the experiments were performed 

with CS infusion and BA infusion 

 

Figure 3. Cell viability assay evaluation with infusions: (1) Untreated cells (maximum viability 

control), (2) 50 mM of hydrogen peroxide (toxicity control), (3) Citrus sinensis (140µg RE/mL), (4) 

Citrus sinensis (CS infusion: 14 µg RE/mL), (5) Baccharis articulate (430µg RE/mL), (6) Baccharis articulate 

(BA infusion: 43 µg RE/mL). The absorbance of the untreated cells was evaluated and set to 100. Each 

bar represents the mean ± SD of a triplicate experiment, and each result was compared to the 

untreated cells (1). SD: Standard deviation. * p < 0.05. RE: rutin equivalent. 

2.3. MASLD Model 

2.3.1. Model Development 

MASLD was developed by adding different oleic acid concentrations to Hep-G2 cells for 48 h. 

The neutral lipid content was assessed by staining the cells with Oil Red O and photographed (Figure 

4a). Afterward, colorant retention was determined by extracting it with isopropyl alcohol. No 

significant difference was observed between the control cells and the 0.1 mM Oleic Acid-treated cells 

(0.128 ± 0.019 [control] vs. 0.134 ± 0.017 [0.1 mM Oleic Acid]). The maximum lipid content was 

observed with 1mM Oleic Acid (0.212 ± 0.018 [1 mM] vs 0.134 ± 0.017 [0.1 mM], p <0.01), as shown in 

Figure 4b. 
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Figure 4. Oil Red O-stained neutral lipid in Hep-G2 cells. The lipid accumulation was evaluated after 

applying different concentrations of oleic acid to the cells. (A) Lipid droplets were stained with Oil 

Red O and photographed; representative results from one of four experiments with similar results are 

shown. (B) The Oil Red O content was extracted from the cells, and the absorbance was determined 

at 510 nm. Each point represents the mean ± SD of a quadruplicate experiment, and each result was 

compared to 0.1 mM of oleic acid. SD: Standard deviation. p < 0.01. 

Since it has been described that oleic acid can produce a cytotoxic effect during MASLD model 

development, we assessed the extracellular concentrations of two of the main liver enzymes, alanine 

transaminase (ALT) and aspartate transaminase (AST), to evaluate a possible protective effect of the 

infusions against cellular damage. Oleic acid and the infusions (CS or BA) were added to the cells, 

and after 48 h, the conditioned medium was collected to determine the enzyme activities. The activity 

of the oleic acid treatment (model) was evaluated and set to 100. Citrus sinensis (CS infusion) was 

effective in decreasing the release of both enzymes (63.1 % [ALT] and 39.7 % [AST] compared to no-

treated model) while Baccharis articulate (BA infusion) only showed a significant effect on AST (54.6% 

compared to no-treated model). 

2.4.2. Infusion Effect on MASLD Model 

After incubating the Hep-G2 cells with both Oleic Acid and infusions (CS or BA), the 

intracellular neutral lipid content was measured with Oil Red O staining, and then the photographs 

were analyzed using the image analysis software ImageJ (Figure 5). The model cells showed twice 

the lipid content than the control (1.07 ± 0.14 AU [control] vs. 2.19 ± 0.32 AU [model], p<0.05). The CS 

infusion did not show a significant difference from the model. On the other hand, the BA infusion 

inhibited almost 50% of the lipid droplet content (1.11 ± 0.21 AU [BA infusion] vs. 2.19 ± 0.32 AU 

[model], p < 0.05). 
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Figure 5. Oil Red O-stained neutral lipids in Hep-G2 cells. The lipid accumulation after 48 h 

treatments was evaluated by staining the lipid droplets with Oil Red O: untreated cells (control), Oleic 

Acid treatment (model), Oleic Acid and CS infusion treatment (CS), Oleic Acid and BA infusion (BA). 

The absorbance of the control was evaluated and set to 100. Each bar represents the mean ± SD of a 

quadruplicate experiment, and each result was compared to the untreated cells (Control). SD: 

Standard deviation. * p < 0.05. 

3. Discussion 

As previously mentioned, there are currently no specific treatments for MASLD. However, due 

to the nature of this disease, where progress is mainly driven by cellular damage caused by oxidative 

stress, the use of antioxidants to treat it is a therapeutic alternative of current importance and interest 

[7]. 

Among the antioxidants that have been studied, one of the greatest clinical interests is N-

acetylcisteine (NAC), a drug that has been previously demonstrated to inhibit lipid accumulation in 

adipocytes [15–19]. It is a precursor in the synthesis of glutathione (GSH), one of the key molecules 

of ROS processing. It can be directly oxidized by several free radicals; NAC effects on liver diseases 

can be considered responsible for the degradation of ROS generated during the development of 

MASLD [11]. Here, we used natural extracts obtained using the CCRD approach. It has recently been 

shown that an aqueous infusion from Hura crepitans L had a better antioxidant capacity than extracts 

obtained with methanol [20], which are generally used for extractions of compounds such as 

polyphenols or flavonoids present in raw material. Here, aqueous extractions were carried out at 

high temperatures, trying to mimic a possible use of these raw materials in the hands of consumers. 

It is noteworthy that, in our hands, the experimental temperatures were higher than 50°C and we did 

not observe significant differences in the antioxidant capacity in our extracts with different incubation 

temperatures. On the contrary, Vasallo et al. showed significant differences in the obtained extracts’ 

antioxidant capacity according to the treatment temperature between 20°C and 100°C, suggesting 

that lower temperatures are not convenient for extraction procedures. Considering the CCRD results, 

we decided to use 70°C as the temperature to obtain our aqueous infusions. Both infusions showed a 

high antioxidant capacity compared to the N-acetycysteine control and other reports. Since most 

compounds of Citrus sinensis or Baccharis articulata leaves can be extracted with alcohol solvents, few 

articles have evaluated aqueous extracts. Regarding Citrus sinensis, one of them showed almost 14% 

scavenging activity for DPPH using one-third of the concentration employed in this study [21]. 

Meanwhile, regarding Baccharis trimera leaves, using more than twice the concentration that we used 

for aqueous extraction produced almost 70% DPPH radical scavenging activity [22], suggesting that 

our approach achieved similar results to those previously published. 
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Although significant differences were observed in the protein and flavonoid contents between 

the infusions, no significant differences were observed in the polyphenol contents. HPLC showed 

that both infusions presented the phenolic compounds of gallic and benzoic acid, while only Baccharis 

articulata showed flavonoid contents such as luteolin and quercetin, coinciding with a higher 

flavonoid content in this infusion compared to Citrus sinensis. Other reports indicate that Baccharis 

articulata extracts are mainly composed of flavonoids [23], coinciding with our results. Several studies 

have shown that flavonoids have powerful antioxidant properties, which could be related to their 

chemical structure, giving them an excellent capacity to capture free radicals [24,25]. 

The MASLD model was developed using oleic acid as an inducer. Because of the lipid 

accumulation in the cells, oxidative stress can be expected, with cellular damage as a consequence. 

Therefore, both ALT and AST enzymes were released during the experiments. We observed that both 

infusions reverted an oleic effect on the release of hepatic enzymes, suggesting the hepatic protector 

effect of the infusions used here. Nevertheless, only the Baccharis articulata infusion significantly 

decreased the lipid content in the model. It was recently reported that Baccharis trimera leaf aqueous 

extract could suppress lipid accumulation in two different models [23,26]. Concerning the 

relationship between the antioxidant capacity of these infusions and their effects on the MASLD 

model, we speculate that flavonoids present in this infusion could be important in producing an 

inhibitory effect on lipid accumulation. Based on this, it has been reported that flavonoids, such as 

quercetin, could affect lipid metabolism by inhibiting lipogenesis and reducing oxidative stress in 

obesity animal models [27]. It has also been reported that extracts with high concentrations of 

flavonoids improved dyslipidemia in patients with metabolic syndrome [28]. 

We obtained Citrus sinensis and Baccharis articulata infusions with high antioxidant capacity, 

which mainly depends on the weight of the leaves used for incubation to obtain them. Only the 

Baccharis articulata infusion was effective in decreasing the lipid content in the model. We suggest 

that flavonoids could be the compounds related to the effect on liver cells. Our approach to 

developing aqueous incubation at a high temperature over a short duration could bring a possible 

consumer of these plants closer. 

4. Materials and Methods 

Reagents and Cells 

Gallic acid and rutin were purchased from Sigma Aldrich, Inc., USA. The human Hep-G2 cell 

line was obtained from the American Type Culture Collection (MD, USA). 

Infusions Preparation 

Leaves from Citrus sinesis and Baccharis articulata were collected in Buenos Aires Province, 

Argentina (latitude 34°28’16´´S, longitude 58°45´29´´W), during the vegetative phase; they were 

identified as such by botanical faculty members. The plant material was air-dried and ground smaller 

than 500 µm. The obtained powder was used immediately for the extraction process. Extracts were 

prepared by incubating 0.08-0.8 g of powdered leaves suspended in 10mL of PBS (phosphate-

buffered saline 50 mM, pH 7.4) at 50-90°C for 2-30 min. After the incubation, the infusions were 

filtered through a 22 µm membrane and stored at -20°C until use. 

Experimental Design 

In order to investigate the extraction conditions for maximizing the antioxidant capacity of Citrus 

sinensis infusions within a range that reflects consumer practices, a central composite rotatable design 

(CCRD) was employed. This design strategy was utilized with axial points at ±1.68 and included 17 

experimental runs with 3 replicates at the center point. The CCRD allowed for a comprehensive 

evaluation of the effects of three independent variables: the incubation time (6.8-21 min), extraction 

temperature (58-82 °C), and extract concentration (the weight-to-volume ratio of the plant material, 

10-22 mg of leaf powder/mL PBS). 
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To analyze the effects of the independent variables and their interactions on the dependent 

variable (antioxidant capacity), the response surfaces and regression analysis were generated using 

the Design-Expert Program (version 11). The significance of each variable and interaction was 

assessed using the p-value. To visualize the relationships among the variables, response surface plots 

were generated, offering a graphical representation of the complex interactions. The AC data were 

analyzed using an exponential regression model to estimate the ideal extract concentration in the 

Design-Expert Program (version 11). 

Subsequently, the best conditions obtained for Citrus sinensis were applied to Baccharis articulata. 

Antioxidant Capacity Evaluation 

The infusion antioxidant capacity was determined using a 2,2-difenil-1 picrilhidrazil (DPPH) 

assay [29], and the results were expressed as percentages of DPPH free radical scavenging by the 

samples. NAC was used as an antioxidant control. 

Infusion Characterization 

The obtained infusions were chemically characterized. The total protein concentration was 

quantified using the Bradford assay [30]; the total flavonoid concentration was quantified using the 

aluminum chloride procedure [31], using rutin (1mg/mL) as the standard solution; the total 

polyphenol content was quantified using the colorimetric Folin technique [32], using gallic acid 

(0.1mg/mL) as the standard solution. 

HPLC Determinations 

The samples were analyzed using AKTA Purify Amersham Bioscience Limited, employing a 5µ 

C18 reverse-phase analytical column (250 x 4.6 mm), an injection volume of 100 µl, total flow of 1 

ml/min, and a binary gradient elution of two solvents, H2O + trifluoro acetic acid 0.1% (solvent A) 

and acetonytril + trifluoro acetic acid 0.1% (solvent B). 

The first step of the gradient elution program was 6%-10% of solvent B for 15 minutes. The 

second step of the gradient followed 10%-22% of solvent B over the next 17 minutes. In the third step, 

22% of solvent B was isocratically held for 15 minutes. The HPLC elution was detected at a 

wavelength of 280 nm. The column was washed with 100% of solvent B to ensure no cross-

contamination between the samples. The chromatographic data obtained were evaluated with 

UnicornTM system software. Peak integration was used to identify and measure the retention time, 

area, and height of each component. 

Cell Culture and Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD) Model Establishment 

Hep-G2 cells were cultured in Dulbecco’s Minimum Essential Media (DMEM), supplemented 

with 10% fetal bovine serum (FBS), vitamins (Sigma Aldrich, Inc., USA), non-essential amino acids 

(Sigma Aldrich, Inc., USA), and antibiotics (1% penicillin, 1% streptomycin, and 0.25% anfotericyn; 

Sigma Aldrich, Inc., USA). The culture conditions were 37°C and 5% CO2 in an incubator. The 

MASLD model was developed by adding to the cells oleic acid (1 mM) for 48 h [33]. With the aim of 

evaluating model development, the cells were observed with an optical microscope at a total 

magnification of 400X, and the intracellular lipid droplets were visualized after treatment. 

Toxicity Assay 

The MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) cell viability assay 

was used to evaluate the toxicity of the infusions on Hep-G2 cells. This technique is based on the 

reduction of the MTT by mitochondrial enzymes present in viable cells; the product of this reduction 

generates a purple product that is measured at 550 nm [34]. Briefly, the cell media were changed to 

media containing MTT (1 mg/mL), and the cells were incubated for 1h. Afterward, the media was 

removed, and the cells were treated with ethanol for 10 min to extract the remaining dye into the 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 October 2024 doi:10.20944/preprints202410.0635.v1

https://doi.org/10.20944/preprints202410.0635.v1


 11 

 

cells. Then, the absorbance was measured at 550 nm. The untreated cells and infusion-treated cells 

were evaluated. Then, 50mM of H2O2 was used as a toxic control. 

Oil Red O Staining and Lipid Quantification 

The Oil Red O technique was used as described [35]. Briefly, cells were washed 3 times with PBS 

and then fixed with 4% formaldehyde for 30 min. The cells were washed with PBS and then stained 

with 0.4% Oil Red O (ORO) solution (Sigma Aldrich, Inc., USA) for 30 min at room temperature. After 

staining, the cells were washed with water. The stained lipid droplets were observed under a 

microscope and photographed. Droplet quantification was obtained from the photographs using 

ImageJ software (http://imagej.nih.gov/ij). Then, the dye was extracted with isopropanol, and its 

absorbance was determined at 510 nm to quantify the stained lipids. Four independent experiments 

were evaluated. 

The untreated cells, oleic acid-treated cells, and oleic acid plus infusion-treated cells were 

evaluated. The infusions’ effects on intracellular lipid accumulation were determined by incubating 

the cells with both Oleic Acid (1 mM) and infusions (CS or BA) for 48 h. CS: Citrus sinensis infusion 

(14 µg RE/mL); BA: Baccharis articulate infusion (43 µg RE/mL) 

Hepatic Enzyme Determination 

The enzyme release of alanine transaminase (ALT) and aspartate transaminase (AST) from the 

cells was determined using a commercial kit (Wiener SRL, Argentina). The conditioned media from 

the cells were collected, and the activity of the enzymes was measured. The conditioned media from 

the oleic acid-treated cells (model) and oleic acid plus infusion-treated cells were evaluated. The 

infusions’ effects were determined by incubating the cells with both Oleic Acid (1 mM) and infusions 

(CS or BA) for 48 h. CS: Citrus sinensis infusion (14 µg RE/mL); BA: Baccharis articulate infusion (43 µg 

RE/mL). The model (oleic acid treated cells) absorbance was considered as 100%. 

Statistical Analysis 

All the results are expressed as the mean ± standard deviation from 3 or 4 independent 

experiments. Statistical analysis was performed using one-way analysis of variance (ANOVA).  
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