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Abstract: Liver fibrosis is a common consequence of chronic liver injury that is induced by a variety of etiological factors that leadleading to liver cirrhosis. Silymarin (SIM) has shownis known to exert anti-fibrogenicantifibrogenic effects in animal models. SIM contains three flavonoids. Silybin , of which silybin (SIB) is the most potent and pharmacological active component of SIM and which, like other flavonoids, is not well absorbed. SilybinA SIB–phosphatidylcholine complex (SPC) in a phytosome, provides enhanced bioavailability over conventional SIM with demonstrated in vitro proven liver protectionhepatoprotective effects. In experimental studies, parenteral administration has shown to protect the liver from ethanol induced oxidative damages. If the complex is dispersed A further increase in an oily medium in a soft gel capsule, bioavailability could increase even more and enhance its hepato-protectivehepatoprotective properties. The aim of this study was to compare the plasmaticWe compared the plasma levels of SIB byafter a dose of SPC equivalent to 45 mg SIB in an oily -medium soft -gel capsules versuswith that after conventional 70-mg SIM preparation. A pharmacokinetic study was performed intablets using a two -way, balanced, prospective, blind, single -dose crossover pharmacokinetic study with a one -week washout period comparing SPC equivalent to 45mg SIB versus a conventional 70 mg SIM tablet in a population of 23 healthy volunteers (11 women, 12 men, aged 22–31 years old) under fastenfasting conditions. 17 Blood samples were taken from 0 time (sample before dosing) uppredose to 8 h after dosing, estimating to estimate Cmax, AUC0–1, and Tmax (h) parameters.. Plasma was obtained and analyzed for silybinSIB concentration using a validated UPLC-MS/MS method. Pharmacokinetic parameters were obtained by non-compartmentalnoncompartmental analysis and values were compared by analysis of variance for a crossover design. Ratios of Cmax and AUC were obtained and 90% confidence intervals were calculated. Study was performed according to Good Clinical Practices procedures. Informed consent were obtained in written from all participants and the Relevant Ethics Committee approved the study. 23 healthy subjects participated in the study (11 Women, 12 Men) aged from 22-31 years old (average: 28), weight 64.8 kg, height 1.65 m and body mass index 23.5 kg/m2. The content of SIB in the conventional tablets was 29.5 mg and in the SPC capsules was 47.1 mg preparations. Expected adverse reactions were reported in 1% Silybin–phosphatidylcholine complex in an oily medium in a Soft Gel Capsule, increases 9.6 times No unexpected adverse reactions were reported and tolerability was good. A soft gel capsule containing 1% SPC in an oily medium increased the bioavailability of Silybin in comparisonSIB 9.6 times compared with conventional SilimarinSIM tablets. Tolerability was good in both groups. Clinical studies must be performed to demonstrate itsthe clinical relevance in theof this treatment offor liver diseases.	Comment by Author: Please note that the journal instructions require Abstracts to be a single paragraph (maximum 200 words). Please consider removing nonessential information.	Comment by Author: Please ensure that all relevant abbreviations are defined at their first instance in the Abstract and main text, and included in the list of abbreviations at the end of the document.
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1. Introduction	Comment by Author: The headings have been numbered as required by the journal instructions.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Silymarin (SIM) is a mixture of flavonolignans extracted from the milk thistle (Silybum marianum) that has been used traditionally for long time as a “hepatoprotectorhepatoprotective” product. The main components of Silymarin are principal components of silymarinSIM include the diastereoisomers silibinin A and silibinin B in a roughlyat a ratio of approximately 1:1 ratio, the diastereoisomers isosilibinin A and isosilibinin B, silicristin, and silidianin [1,2]. ItSIM has been used for more than 2000 years to treat some hepatobiliary diseases such as gallstones disease, hepatitis, and cirrhosis, etc. for its hepatoprotective effect [1]. The is some Some scientific evidence, that help us to understand has indicated the mechanisms of action through which silybin (SIB) interacts with various tissues. In addition the action of silybin shows in the modulation ofSIB also modulates inflammation and apoptosis, which, together with its antioxidant power, represent the key points that led to using itreasons for its use in different diseases [3,4].	Comment by Author: Please consider providing relevant citations to support this statement.
Accordingly to pharmacokinetics, silymarin is a Pharmacokinetics indicate that SIM has low bioavailability compound if administered per osorally, with a lack inlow solubility in water. This is dueowing to both its inefficient absorption in the intestine and an elevated metabolism of thein its first liver passage after its absorption; twoboth mechanisms that decrease haematicits blood concentration and consequently theits arrival at the target organ [5,6].
However, this limitation has been surpassed efficaciously surpassedeffectively by the introduction of complexinga complex of SIB with phosphatidylcholine that(SPC), which has a better absorption, and. These new silibinin glyco-conjugatesSIB glycoconjugates (gluco,‑, manno,-, galacto,-, and lacto-conjugates), which lactoconjugates) have both a high solubility in water and a strong antioxidant power [7]. The elevatedimproved absorption of these compounds has led to assessingthe need to assess the safety of silymarin in its the therapeutic use. Its of SIM although its high tolerability was demonstrated by toxicity studies onin animals treated long-term with silymarin for a long time, whereas other SIM, and studies onin humans highlighted,showed that among the most common side effects, its of prolonged and high dosage use,-dose SIM were headaches and itching [8]. The aim of this bioavailability study was to compare the plasmaticplasma levels of silybinSIB generated by aan SPC in oily -medium soft -gel capsules versus that generated by conventional silymarinSIM dragees.
2. Results	Comment by Author: Please note that the Materials and Methods section has been moved to follow the Discussion as required by the journal instructions.
2.1. UPLC/MS/MS Analysis
In this UPLC/MS/MS method, no interferences were observed in interference of human plasma. was observed. The calibration curve was reproducible and linear in the range of 1 to 150 ng/mL). Overall. The participants’ mean age was 27.54  5  (S.E..) 8.566 years, with thea range among groups of 18 to 44 years.	Comment by Author:  We note that this age range differs from those cited in the Abstract and in the Methods.
2.2. Pharmacokinetic Characteristics
The SIB content of SIB in the SPC capsules was 47.1 mg and inof the silymarinSIM dragees was 29.5 mg. The plasma silybin pharmacokineticpharmacokinetics parameters of plasma SIB deriving from the SPC and the conventional silymarinSIM dragees are summarized in Table 1 and Figure 1.
Table 1. Pharmacokinetics parameters for Silybin of of plasma silybin deriving from SPC in oily -medium soft -gel capsules versus silymarin dragees.
	
	SPC-Soft Gel Capsule soft gel capsule
Mean  SE
	SIM Film-Coated Tabletsfilm-coated tablets Mean  SE
	p

	Tmax (h)
	1.4  0.9
	2.1  1.2
	p < 0.0001

	Cmax (ng/mL)
	201.5  13.3
	12.2  6.5
	p < 0.0001

	AUC0–T
	286.6  26.1
	26.2  13.6
	p < 0.0001

	AUC 0–
	292.6  26.2
	30.3  4.3
	p < 0.0001




Figure 1. Mean plasma levels of silybin ofderived from SPC in oily -medium soft -gel capsules versus silymarin dragees.
After administration of the formulations, it was observed that silybin the SIB plasma concentrations were much higher after administration of SPC than after SIM dragees, as shown in the parameters obtained (mean ± SE): Tmax 1.4  0.9  and 2.1  1.2 h, Cmax 201.5  13.3 and 12.2  6.5 ng/mL, AUC0–T 286.6  26.1 ng.h/mL and 26.2  13.6 and AUC0– 292.6  26.2 and 30.3  4.3 ng.h/mL.Table 1 and Figure 1. All pharmacokinetic parameters were statistically significantsignificantly different (p < 0.0001). The plasma silybin pharmacokinetic parameters from the SPC and conventional silymarin tablets are summarized in Table 1 and Figure 1.	Comment by Author: This text has been deleted because instructions state that information should not be repeated in tables and the text. This information is repeated in Table 1.
Both formulations were well tolerated at the administered doses and no significant adverse reactions were observed or reported. A total of 2two adverse events were reported during the study, one of them. One was considered to be probably related to the administration of conventional silymarinSIM dragees (mild epigastric pain) and the other one consideredwas probably related to the administration of SPC (mild headache).
3. Discussion
Our results shown ashow superior silybin(9.6 times higher) SIB bioavailability of the silybin-phosphatidylcholine complexSPC in an oily -medium soft -gel capsulescapsule versus that of conventional silymarinSIM dragees in healthy volunteers. This increase was observed 9.6 times. This is the first study to demonstrated it. Also we believeddemonstrate this effect. We believe that itthis is important because there are some controversies onis controversy about the effects of silymarinSIM and/or silybinSIB. Some studies with silymarinSIM and silybinSIB are sometimes considered contentious and they became a have become the subject of numerous re-assessmentsreassessments [1,9,10]. The effectiveness of silymarineSIM in human liver disease has not been firmly established. This may be because of concerns about the scientific quality of the study methods or the published reports or both. Most frequently, but not consistently, possible benefits have been shown in improvementby improvements in liver function tests (mainly serum alanine aminotransferase). Survival and other clinical measures have been reported rather rarely, with both positive and negative findings. Mechanisms of action, diseaseddisease populations likely to benefit, optimal formulations of milk thistle, and the optimal duration of therapy are undefined.
Recently two important studies on the use of SIM for the treatment of nonalcoholic fatfatty liver disease have been published [11,12]. Interestingly in both studies , neither study reported the formulation of Silymarin was not reported SIM used and the results are contradictories. Also the same observationwere contradictory. Similar observations were made in other clinical studies in patients with chronic hepatitis C patientsinfection [13,14].
We believedbelieve that futuresfuture clinical studies using the appropriatedappropriate formulation are needneeded to showestablish the effectiveness of the simlymarin which SIM as shown in experimental studies have been shown [15,16].
In conclusion a , we demonstrated the superior silybinSIB bioavailability of the silybin-phosphatidylcholine complexin healthy volunteers of an SPC in an oily -medium soft -gel capsules versuscompared with conventional silymarinSIM dragees in healthy volunteers. Also. In addition, this compound was well tolerated. However, more clinical studies must be performed to demonstrate its clinical relevance in the treatment of liver diseases.
4. Materials and Methods
Twenty -four healthy volunteers of both genderssexes, aged between 18 to 50 years, and with body mass indexindexes between 18 to 27 kg/m2 were selected to participate in a two -way, balanced, prospective, blind, single -dose crossover study with a one-week wash-out period. The volunteers were free from significant cardiac, hepatic, renal, pulmonary, neurological, gastrointestinal and hematological diseases, as assessed by clinical examination, ECG, and the following laboratory testtests: blood glucose, urea, creatinine, AST, ALT, GGT, alkaline phosphatase, total bilirubin and fractions, uric acid, total cholesterol, triglycerides, albumin and total protein, and routine urinalysis. All subjects were negative for HIV, HBV, and HCV.	Comment by Author: This age range does not correspond with that quoted in the abstract. Please check this.
All the subjects provided written informed consent; the protocol was approved by anthe Ethics & Investigation Committee of Nucleo Clínico de Bioequivalencia, S.A. de C.V. (NABIO) and by the Mexican Health Authority (COFEPRIS). The study was conducted in accordance with the provisions of the Declaration of Helsinki (2013), General Health Law in Mexico and ICH Good Clinical PracticesPractice procedures (2005). After the screening and wash-out period, individuals who qualified were confined for 2the two study periods.
The volunteers were admitted at 7 p.m.,. one day before the beginning of the study. Volunteers received specialized assistance and care induring the two treatment periods, in order to evaluate their adherence to the requirements of the clinical protocol. A Xanthinexanthine-free standard meal (dinner) was administered at 8 p.m., (dinner). on the day before the study. After an overnight fast (approximately 10 h), on the trial day at 7 a.m., the subjects received either a dose of the SPC or conventional silymarinSIM dragees. on the first trial day at 7 a.m. The formulations were administered directly into the volunteer´svolunteer’s mouth. Water (250 mL) was given immediately after the drug administration.. Blood was sampled from the subjects at the following time points after drug administrationsadministration: 0 h (sample before dosing), 0.16; 0.33; 0.50; 0.66; 0.83; 1; 1.25; 1.50; 2; 2.50; 3; 3.50; 4, 5, 6, and 8 h. All volunteers were required to remain on fastfasting until 4 h after dosedrug administration, when a xanthine-free standard breakfast was available. After 8 h of blood sampling, a standardized meal was served, and after a medical evaluation, volunteers were sent home. At fixed time periods, systolic and diastolic arterial pressure (measured non-invasivelynoninvasively with a sphygmomanometer), heart rate, and temperature were recorded.
The study began with 24 volunteers, but one was eliminated due to the fact thatbecause he took nonauthorized medication during the washout period took non authorized medication. At the end. Finally, 23 healthy volunteers (Per Protocolper protocol) completed the clinical study.
4.1. Formulations
The following formulations were employed: silybinSIB-phosphatidylcholine complex (SPC) in oily -medium soft -gel capsules equivalent to a 45 mg silybinSIB (NeoCholal-S®, lot No 601031, expiry date 01/2018; manufacturer Laboratorios Italmex S.A. Mexico) and silymarinSIM dragees equivalent to 70 mg of silymarinSIM (Legalon®, lot No 11149075, expiry data 05/2019; manufacturer Laboratorios Takeda S.A. México).	Comment by Author: Please consider including the city as well as the country at the first mention of each manufacturer.
4.2. Chemicals and Reagents
4.2.1. Analytical Method
Blood samples were obtained at selected times over an eight-hour8-h period. The plasma samples were Plasma was obtained from the blood samples after a protein precipitation step, which consists of as follows: a) Place 0.5 mL sample was placed into a 15 mL conical centrifuge tubestube and mixmixed for 10 secondss with a vortex mixer, b) 0.75 mL methanol werewas added and mixmixed for 90 secondss more, then samples were centrifuged at 4000 rpm for 15 min at 6 C, c) the organic phase iswas filtered through Nylona nylon 0.2 m acrodiscAcrodisc.
The samples were stored at −–80 C  20 C until analysis. Plasma was obtained and analyzed for silybinSIB concentration using a validated UPLC-MS/MS method.
4.2.2. Pharmacokinetic and Statistical Analysis
Bioavailability of silybin betweenSIB in the two formulations was assessed by calculating individual ratios of SPC and silymarinSIM dragees ratios for the peak of concentration (Cmax), the area under the curve (AUC) of the plasma concentration from zeropredose until 8 h post dose (AUC0–T) and the area under the curve between the first sample (pre-dosagepredose) and infiniteinfinity (AUC 0–). The Cmax and the time taken to achieve this concentration (Tmax) were obtained directly from the curves. ThisThese pharmacokinetic parameters were obtained by non-compartmentalnoncompartmental analysis and values were compared by analysis of varianzevariance for a crossover design. Ratios of Cmax and AUC were obtained and 90% confidence intervals were calculated.
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