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Abstract

AIM: To evaluate the effect of an extract of Geranium schiedeanum as a hepatoprotector agent against ethanol-induced toxicity in rats. 

METHODS: Male Wistar rats weighing 200-230 g were subjected to a 70% partial hepatectomy; they were then divided into three groups (groups 1-3). During the experiment, animals in Group 1 drank only water. The other two groups (2-3) drank an aqueous solution of ethanol 40% v/v. Additionally, rats in group 3 received a geranium extract daily at a dose of 300 mg/kg BW i.g. Subsequently, to identify markers of liver damage in serum, alanine aminotransferase, aspartate aminotransferase, albumin and bilirubin were measured by colorimetric methods. Glucose, triglyceride and cholesterol concentrations were also determined. In addition, oxidative damage was estimated by measuring lipid peroxidation [using thiobarbituric-acid reactive substances (TBARS)] in both plasma and liver and by measuring the total concentration of antioxidants in serum and the total antioxidant capacity in liver. In addition, a liver mass gain assessment, total DNA analysis and a morpho-histological analysis of the liver from animals in all three groups were performed and compared. Finally, the number of deaths observed in the three groups was analyzed.
RESULTS: Administration of the Geranium shiedeanum extract significantly reduced the unfavorable effect of ethanol on liver regeneration (restitution liver mass: PH-EtOH group 60.68% vs PH-Gs-EtOH group 69.22%). This finding was congruent with the reduced levels of hepatic enzymes and the sustained or increased levels of albumin and decreased bilirubin in serum. The extract also modified the metabolic processes that regulate glucose and lipid levels, as observed from the serum measurements. Lower antioxidant levels and the liver damage induced by ethanol administration appeared to mitigate by the extract, as observed from the TBARs (PH-EtOH group 200.14 mmol/mg vs PH-Gs-EtOH group 54.20 mmol/mg; p < 0.05), total status of antioxidants (PH-EtOH group 1.43 mmol/L vs PH-Gs-EtOH group 1.99 mmol/L; p < 0.05), total antioxidant capacity values, liver mass gain and total DNA determination (PH-EtOH group 4.80 mg/g vs PH-Gs-EtOH 9.10 mg/g; p < 0.05). Overall, these processes can be related to decreased mortality in these treated animals.

CONCLUSION: The administered extract showed a hepatoprotective effect, limiting the ethanol-induced hepatotoxic effects. This effect can be related to modulating oxido-reduction processes.
Keywords: Geranium schiedeanum; Ethanol; Liver regeneration; Free radicals
© The Author(s) 2015. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The geranium is an alternative preventive agent to protect the liver from diverse substances that cause cellular damage, such as ethanol (EtOH). In this paper, according to the phytochemical studies, administering geranium and its compounds, primarily tannins, provided evidence of potentially being protective against liver damage caused by Et-OH.
Madrigal-Santillán E, Bautista M, Gayosso-de-Lucio JA, Reyes-Rosales Y, Posadas-Mondragon A, Morales-González A, Soriano-Ursúa MA, García-Machorro J, Madrigal-Bujaidar E, Álvarez-González I, Morales-González JA. Hepatoprotective effect of Geranium schiedeanum against ethanol toxicity during liver regeneration. World J Gastroenterol 2015; In press
Introduction

When there is a lesion in the liver, hepatic regeneration normally presents via a complex process that can be stimulated by diverse processes. Experimentally, the most utilized hepatic lesion model is one that is surgically induced through a partial hepatectomy (PH), which restores the liver function and hepatic mass[1-5]. Through this procedure, the anatomical (80%) and functional restitution of the regenerating liver occurs approximately 8 days after the PH. Thus, it is a good model for studying the liver regenerative process under physiological and pathological conditions[1,6,7].

Because the liver is the main organ that metabolizes ethanol, it suffers the most important harmful effects due to both the molecule and the products of its metabolism, including acetaldehyde and free radicals, which significantly contribute to alcohol-related liver disease[8-10]. Various studies have been conducted to identify the adverse effects of ethanol (EtOH) administration on the physiology of this organ and during the liver regeneration process. Alterations in oxidative stress (OS), hepatic metabolism and histological changes, among others[10-14] have been identified, with OS being the main component in the physiopathology of alcohol-related liver disease.

Conversely, the use of herbal treatments is increasingly being used to treat diverse pathologies, including hepatopathies. There are reports of the hepatoprotective effects of diverse plants and natural extracts against agents that induce the production of free radicals, such as EtOH. The bioactivity of these extracts has been shown to be directly related to the sequestering capacity of free radicals[15-22], a property that situates them as an excellent antioxidant. 

One order of plants that contain substances with potential antioxidant properties and can therefore function as a hepatoprotector is the geranium (Geraniales)[23,24]. Studies are lacking that demonstrate the capacity of this order. Among the compounds that have been attracting attention to these plants are the hydrolyzable tannins, which contain the dehydrohexahydroxydephenyl group, such as geraniin (Figure 1a). These tannins can be isolated as condensed derivatives with acetone and, from some geraniums (Family: Geraniaceae) such as acetonyl-geraniin (Figure 1b), compounds that exhibit different characteristics from their precursors under biological conditions[25].

Within the genus Geranium, 423 accepted species are distributed into the following three subgenera: Erodioidea, Geranium, and Robertium. To date, eight different species have been classified in the state of Hidalgo, Mexico[26], and only three have been studied so far. Phytochemical studies on these species indicate the invariable presence of geraniin[23,24]. From this compound, adducts have been described by condensation with ascorbic acid or acetone[27]; however, these acetone condensates are known to be much more stable under pH conditions with solute concentrations similar to those of plasma; thus, they can be adequate alternatives for pharmacological studies[25,28]. Currently, tannins are well known for their antioxidant properties[27,29]. Tannin-protein complexes in the gastrointestinal tract provide persistent antioxidant activity, yielding the hypothesis that studying an additional genus could reveal a novel, useful hepatoprotective agent to prevent alcohol-related liver damage.

In this study, we evaluated the hepatoprotective effect of the acetone-water extract of Geranium schiedeanum (Gs) on the toxicity induced by EtOH on partial post-hepatectomy liver regeneration in rats. 

MATERIALS AND METHODS

Animals

We utilized male Wistar rats with an initial body weight (BW) of 200-230 g that were obtained from the Escuela Superior de Medicina (ESM) Bioterium of the Instituto Politécnico Nacional. The rats were housed in cages in the Bioterium (ESM). They were maintained at a temperature of 22 ºC with 12-h/12-h light-dark cycles and received standard rat-pellet food (Purina de México, S.A.) and water ad libitum prior to the treatments. After 14 d of adaptation, the procedure was initiated. The protocol and the experimental procedures were conducted according to the Mexican Official Norm for the use and care of laboratory animals (NOM-062-ZOO-1999, México)[30].

Obtaining the extract
We obtained the extract as has been previously described[21]. In brief, 1 kg of the dried and ground aerial parts of Geranium shiedeanum were extracted by maceration over 7 d with 20 L acetone-water (at a ratio of 7:3) and were concentrated by reduced pressure until obtaining a volume of 3 L, which was extracted with CHCl3, yielding obtaining 12.75 g of F-CHCl3 and 105 of F-Ac). Twenty grams of F-Ac was submitted to chromatography in a column with Sephadex LH-20, utilizing mixtures of H2O-MeOH (1:0; 9:1; 4:1; 7:3; 3:2; 1:1; 2:3; 3:7; 1:4; 1:9, and 0:1) with 300 mL in each one (Gayosso-de-Lucio et al[21] 2014). The fractions were grouped based on their chromatographic profiles using thin-layer chromatography (TLC), and subsequent chromatographies (silica gel and C-18) achieved identification of the following four majority components: ellagic acid, gallic acid, 3-O-a-L arabinofuranoside-7-O-a-L-ramnopyranoside of Kaempferol, and geranium acetonitrile. Notably, the latter represents approximately 40% of the F-Ac; thus, we suggest that it is the active compound[28].
Surgical procedures 

Surgical removal of two-thirds of the liver using a technique known as a PH was performed according to the procedure described by Higgins and Anderson[1]. The surgical procedures were performed between 08:00 and 10:00 am under light anesthesia with ethyl ether. As a surgical control, we utilized sham rats on which we only carried out laparotomy, without removing the hepatic mass.

Experimental design

After the surgical procedure, the rats were housed individually. They were grouped (n = 5-6, for each experimental group) in the following manner: (1) Control group (sham); (2) group with PH; (3) group with PH plus intragastric (i.g.) administration of EtOH (PH-EtOH); (4) group receiving a hepatectomy, the Gs extract and EtOH (PH-Gs-EtOH); and (5) group receiving a PH and the Gs extract (PH-Gs). The rats in all groups received food and water throughout the treatment period.

EtOH-treated animals received an i.g. dose of 1.5 g/kg BW (an EtOH solution at 40% in isotonic saline solution), equivalent to blood alcohol values between 75 and 150 mg/dL, which have been reported to be capable of inhibiting the liver regenerative process, as reported previously[7,31,32]. The geranium extract dose was 300 mg/kg BW i.g., as reported previously[21]. All treatments (EtOH solution and geranium extract) were administered daily for 7 d.

Serum and liver samples

On day 8, the animals were sacrificed by decapitation after being previously anesthetized with pentobarbital sodium (40 mg/kg BW). Blood samples were obtained and centrifuged in a clinical centrifuge to obtain the serum, which were frozen at -70 °C for later use. The liver was isolated, weighed, rapidly placed in cold phosphate-buffered saline solution (PBS) solution with a phosphate tampon, pH 7.5), and washed to completely eliminate the blood. The liver was placed in 9 volumes of cold Tris-HCl solution (Tris-HCl: 50 mmol/L; KCL: 180 mmoles/L; EDTA: 10 mmol/L, and butylated hydroxytoluene: 0.02, at pH 7.4). The liver was homogenized using a homogenizer with a piston-type driver with a Teflon tip. The homogenate was divided into aliquots and frozen at -70 ºC until later use. The total concentration of protein of the homogenate was determined by the method of Lowry[33], utilizing Bovine serum albumin (BSA) solution as a standard.

Parameters of liver regeneration 
Liver regeneration was determined by calculating the liver restitution weight and determining the total DNA concentration. After the rats were killed, the liver of each animal was resected and washed as previously described. To estimate the percentage of restitution of the hepatic mass, we employed a previously reported procedure[34]. For this, we proceeded as follows: the resected liver was weighed, and that weight was divided by 0.7 to obtain the estimate of the initial weight (pre-PH) of each liver. The percentage of restituted hepatic mass was calculated using the following formula: remnant liver weight/initial liver × 100 [34]. The results of each group were utilized to calculate the average restitution of hepatic mass in each corresponding group. The DNA concentration was determined in liver samples according to the technique of Labarca and Paigen[35] as modified by Ramírez-Farías et al[6]. 
Liver histology

Hepatic samples from each group were used for the light microscopy. Samples were fixed with formaldehyde (10% in isotonic solution), embedded in wax, and stained with hematoxylin-eosin. Biopsy specimens were coded and read blindly without knowledge of the other data by independent observers at two different laboratories (J.A.M.G and J.B.R.). The criteria used to analyze the morphological abnormalities were the same as those reported by Morales-González et al[10] as follows: fatty infiltration (+, mild; ++, moderate; +++, severe; and ++++, very severe); inflammation ( +, zonal localization, focal inflammatory cells; ++, moderate, not restricted to one zone of the acinus; +++, diffuse); and hepatocellular disorganization (+, isolated foci in zone 3 of the liver acinus; ++, more widespread; and +++, definitively diffused in the hepatic acini). 
Determination of enzymes and metabolites in serum

The activities of the serum enzymes alanine aminotransferase [ALT; expansion coefficient (EC) 2.6.1.2] and aspartate aminotransferase (AST, EC 2.6.1.1) were measured colorimetrically using diagnostic kits (Spinreact de México, SA de CV), following the manufacturer’s instructions; the results are reported in units/L.

Serum concentrations of glucose, triacylglycerides, cholesterol, bilirubin, and albumin were determined by spectrophotometric techniques using diagnostic kits (Spinreact de México, SA de CV), following the instructions provided by the manufacturer, reporting the results in mg/dL, except for albumin, which was reported in g/dL.

total antioxidant status in serum
The total antioxidant status (TAS) was determined utilizing the Randox Kit (Randox Laboratories Ltd., United Kingdom) and is reported in mmol/L.
Total antioxidant capacity in liver

The total antioxidant capacity (TAC) was determined using a BioAssay Systems DTAC-100 (CA, United States), reporting the result in µmol/mg (Trolox).

Determination of thiobarbituric acid reactive substances

We determined thiobarbituric acid reactive substances (TBARS) using the DTBA-100 Assay Kit (BioAssay Systems, CA, United States), following the manufacturer’s instructions and reporting results in µmol/mg of protein.
Assay of hepatic enzymes 

Enzymes in the samples of liver homogenate were determined according to standard techniques described previously[6,10,36-38]. We determined the specific activity of the following enzymes: ALT (EC 2.6.1.2) and AST (EC 2.6.1.1). The result is expressed as μmol/min/mg of protein.
Statistical analysis

The results were analyzed using Sigma Plot ver. 12.3 statistical program software. The results are expressed as the average mean ± SE, as required. We carried out a statistical analysis using Student’s t-test and/or Analysis of variance (ANOVA). We considered differences among the groups to be statistically significant when p < 0.05.

Results
effect of Gs extract on liver regeneration
The PH-Gs group did not show differences compared with the PH group in terms of any study indicator, which demonstrated that the Gs extract does not exert a toxic effect, in agreement with the previously reported results[21].

Effect of ethanol and of the Gs extract on the survival and parameters of liver regeneration
Survival as well as changes in liver regeneration indicators and DNA concentrations in hepatic tissue for each study group are depicted in Table 1. The PH-EtOH group presented a significant diminution in hepatic indicators (Table 1) compared with the PH group. Similarly, we observed that the PH-EtOH group resulted in 30% mortality compared with the PH group (p < 0.05). In contrast, administration of the Gs extract (PH-Gs-EtOH) significantly diminished mortality (p < 0.05) compared with the PH-EtOH group.

With respect to the weight gain of the liver, the experimental group treated with EtOH in combination with the Gs extract (PH-Gs-EtOH) demonstrated a restored weight gain in the liver, obtaining values comparable to those of the PH group; the difference between the groups was 6.67%. Conversely, the PH-EtOH group had an increase of only 60.68% in restoring hepatic mass with the latter significantly lower than the pH group (75.89%; p < 0.05). Additionally, we observed that treatment with EtOH significantly diminished the concentration of DNA compared with the PH group (4.80 mgDNA/g vs 9.20 mgDNA/g; p < 0.05). In contrast, the PH-Gs-EtOH group showed values of 9.10 mgDNA/g.

Effect of the Gs extract on histological indicators (fatty change, inflammation, and hepatocellular disorganization)

In Table 2, we can observe the effect exerted by Gs on histological changes during liver regeneration and ethanol administration. A significant increase in the parameters of fatty change and inflammation in the PH-EtOH group was observed compared with the PH group. In the PH-Gs-EtOH group, however, administering geranium significantly diminished the increases in fatty change and inflammatory histological parameters caused by ethanol. In addition, the geranium extract moderately increased hepatocellular disorganization.
Effects of treatment with Gs extract on the serum concentration of glucose, triacylglycerides, and cholesterol
Table 3 illustrates the concentration of serum metabolites whose metabolism primarily occurred in the liver at 8 d in all of the experimental groups. In the pH group, the glucose levels exhibited similar levels to those of the sham group 8 days post-surgery. In contrast, the PH-EtOH group presented a decrease in serum glucose levels compared with those of the sham (120 mg/dL; p < 0.05) and the PH (112 mg/dL; p < 0.05) groups. In contrast, the PH-Gs-EtOH group normalized glucose levels, which differed from the PH-EtOH group (124 mg/dL vs 86 mg/dL; p < 0.05).

The concentration of serum cholesterol in the PH-EtOH group (34 mg/dL) was statistically significant compared with those obtained in the sham (57 mg/dL; p < 0.05) and the PH (41 mg/dL; p < 0.05) groups. Conversely, the concentration of serum cholesterol in the PH-Gs-EtOH group (55 mg/dL) was found to be similar to the sham group (57 mg/dL). Independently to the experimental group, the concentration of triacylglycerides was found to be lower than that of the sham group (Table 3).

Effects of treatment with Gs extract on serum concentration of albumin and bilirubin

The results of the metabolic integrity of the liver are presented in Table 4. Similar concentrations of bilirubin and albumin in serum were present in the sham group animals and the PH group animals. In contrast, in the PH-EtOH group, a significant decrease in the serum concentration of albumin (2.72 vs 3.03 g/dL; p < 0.05) and an increase in bilirubin (0.15 vs 0.07 mg/dL; p < 0.05) occurred compared with the PH group. However, in the PH-Gs-EtOH group, we found that the albumin concentration increased to 3.0 g/dL but that the bilirubin values decreased to 0.11 mg/dL.

Activity of ALT and AST in serum and liver after treatment with Gs
The effect of the Gs extract was evaluated through determining the activity of the enzymes ALT and AST because these enzymes classically reflect liver function that is dependent on morphofunctional integrity.

Figure 2 depicts the AST activity in serum (upper panel) and liver (lower panel) in the diverse experimental groups. Whereas the AST activity was not different in the PH group compared with the sham group, alcohol administration in rats with PH induced a significant increase in AST activity in serum at day 7 post-surgery (Figure 2, upper panel; p < 0.05). In addition, AST activity in liver presented the following behavior (Figure 2, lower panel): the PH-EtOH group showed a decrease in AST activity compared with the sham (50%; p < 0.05) and the PH (53%; p < 0.05) groups. In contrast, the PH-Gs-EtOH group presented levels similar to those in the sham group.

Figure 3 illustrates the ALT activity in serum (upper panel) and in liver (lower panel) in the experimental groups. In both cases, there was a significant increase in ALT activity in the PH-EtOH group compared with the sham and PH groups. In serum (upper panel), the activity of the enzyme in the sham group was 45 U/L, whereas a decrease was observed in the PH group (37.5 U/L) and an increase was observed in the PH-EtOH group (60 U/L; p < 0.05). ALT activity in the liver (lower panel) in the sham group was 53.23 μmol/min/mg without a significant difference in the PH group (60.08 μmol/min per mg); conversely, the PH-EtOH group reported a significant increase compared with the two prior groups (399.75 μmol/min per mg; p < 0.05).

In contrast, rats in the PH-Gs-EtOH group exhibited a significant decrease in the serum ALT levels, reaching values comparable to those reported for the sham group. When comparing the ALT levels of this group with those of the group administered EtOH, we observed the following findings: serum (upper panel), PH-EtOH 60 U/L vs the PH-Gs-EtOH group, 33 U/L; p < 0.05; liver (lower panel), and the PH-EtOH group, 399.75 μmol/min/mg vs PH-Gs-EtOH, 75.20 μmol/min/mg; p < 0.05.

Effect of the Gs extract on the TBARS concentration in rats with PH and treatment with EtOH

To evaluate the damage produced by reactive oxygen species (ROS), we determined the TBARS concentration in the liver and serum of animals treated with EtOH and the Gs extract. Regarding the TBARS concentrations in serum (Figure 4, upper panel), the PH-EtOH group presented a significant increase of 32% relative to the sham group. In contrast, when the Gs extract was administered to EtOH-intoxicated rats, there were no differences between the serum TBARS concentrations compared with those observed in the PH and sham groups. The hepatic concentrations of TBARS in the different study groups are presented in Figure 4 (lower panel). As observed in the figure, there was an increase in TBARS in the PH-EtOH group of 200.14 mmol/mg, which was 3.5 and 6.1 times greater in comparison with the sham group (56.07 mmol/mg) and the PH group (32.38 mmol/mg), respectively. In contrast, the PH-Gs-EtOH group demonstrated a decrease in the hepatic concentration of TBARS (54.20 mmol/mg); this result was significant compared with the PH-EtOH group (54.20 mmol/mg vs 200.14 mmol/mg; p < 0.05).

Effect of treatment with the Gs extract on the TAS and TAC concentrations

In Figure 5, the levels of TAS are shown as quantified in serum (upper panel) and TAC as determined in the liver (lower panel).

The level of TAS diminished significantly due to the administration of EtOH (1.43 mmol/L) compared with the sham group (1.65 mmol/L; p < 0.05) and the PH group (1.7 mmol/L; p < 0.05). Administration of the Geraninum extract resulted in a concentration of 1.99 mmol/L in the PH-Gs-EtOH group; this finding was significant compared with the sham group, as can be observed in Figure 5 (upper panel).

In Figure 5 (lower panel), the levels of TAC determined in the liver are illustrated. The regenerative process increases the TAC levels, as observed in the PH group compared with the sham group as follows: 409 µmol/mg[Trolox] vs 237 µmol/mg[Trolox], respectively. Conversely, EtOH administration diminished the TAC levels in the PH-EtOH group (360 µmol/mg[Trolox]) compared with the PH group. Finally, in the PH-Gs-EtOH group, we found values of 275 µmol/mg[Trolox].
Discussion

Chronic degenerative diseases are increasingly exhibiting an increase in morbidity and mortality. Among these pathologies, cirrhosis of the liver and liver cancer have been found to represent a public health problem in Mexico and worldwide[39]. One of the diverse causal agents of these diseases is chronic consumption of alcohol; according to the World Health Organization, alcohol consumption has increased in recent years[40,41]. A good model for studying the mechanisms of damage due to EtOH and the hepatoprotective effect of diverse agents is liver regeneration induced by PH in rats[1-3]. Liver regeneration is a highly regulated process in which diverse molecular changes and metabolic adjustments intervene, which have been characterized by an increase in DNA synthesis and cellular proliferation[42]. Acute EtOH administration negatively alters PH-induced liver regeneration, resulting in a decrease in cellular regeneration parameters in the liver remnant[10,43]. However, a 1-1.5-g/kg dose of EtOH has been shown to strongly inhibit thymidine kinase and thymidylate synthase enzymatic activity in the remnant liver of rats subjected to PH[10,44]. These enzymes are closely related to the synthesis of DNA. Due to the high morbidity and mortality represented by hepatic cirrhosis, studying therapeutic agents that can prevent or limit the damage caused by EtOH to the liver is necessary. A relatively new field consists of using phytochemicals that protect the liver from damage caused by EtOH. In a recent study, we reported the chemical composition and protective effects that are possessed by the Gs extract on damage caused by Thioacetamide to the liver[21]. Therefore, in this work, we evaluated the use of the Gs extract as an alternative in liver lesions utilizing the liver regeneration model in rats, seeking to form part of the pioneering reports aiming to show the potential relevance of using phytochemical extracts to treat hepatopathies.

Weight gain correlates with DNA concentration, both of which are cellular proliferation parameters (Table 1). The increase in DNA concentration is due to the activity of thymidine kinase and thymidylate synthase enzyme, which increase in the early phase of PH-induced liver regeneration[10,45]. One of the mechanisms of damage of EtOH to the hepatocyte, which inhibits the proliferative process of this organ, is the production of free radicals[6,46-48]; this inhibition is reverted by the use of diverse antioxidant agents such as vitamins[6,47,48]. The results demonstrate that in animals with only PH, the DNA concentration is twice as high as that of the sham group (Table 1). The concentration of DNA diminished in EtOH-treated PH rats, which correlates with a gain in liver weight; however, in the PH-Gs-EtOH group, weight gain and DNA concentrations were restored to levels similar to the PH group. This result and the previous studies support the possible protective effect of antioxidants on liver regeneration because of their capacity to eliminate the free radicals formed by EtOH metabolism; however, there are differences in the protective capacity of each antioxidant. Thus, it is noteworthy that there are differences in their physicochemical properties, dose, administration route, and mechanism of action; thus, it is necessary to conduct more studies that are targeted at finding the best protective agents. Our data demonstrate the protective effect of Gs extract on inhibiting the effects of EtOH on liver regeneration and has not been previously reported, to the best of our knowledge.

Morphologically, at 8 d after PH, cellular changes were no longer observed. The administration of ethanol during liver regeneration results in the presence of fat drops and moderate-to-severe grade inflammation (Table 2). However, when the Gs extract was administered, the accumulations of fat drops and inflammation were similar to those in the group in which only PH was performed. Additionally, structural changes in hepatocellular disorganization occurred because of the Gs extract administration. These changes are associated with weight gain of the remnant liver and the concentration of DNA in the hepatocytes (Table 1) and are in direct correlation with the proliferative process, which agrees with the previously reported results[10,14].

A good indicator of the harmful effect of EtOH on hepatocyte function during liver regeneration are the serum metabolites, such as glucose, triacylglycerides, and cholesterol, which directly regulate this organ.

We previously demonstrated that the regenerative process of the liver in itself gives results in a decrease in the serum concentration of glucose and cholesterol and an elevation in triacylglyceride levels that return to their basal levels after completing the regenerative process[10,46]. However, a high dose of EtOH (5 g/kg) administered immediately after PH has been shown to increase the serum levels of glucose and triacylglycerides[38]. In contrast, administering a low dose of EtOH (1.5 g/kg) at different post-PH liver regeneration times causes a decrease in the serum concentration of these metabolites[10,46]. Some reports[10,34] have demonstrated that EtOH consumption increases lipid deposits in the liver and diminishes protein synthesis; thus, this finding can be associated with a decrease in serum cholesterol in the EtOH-treated rats compared with the sham group. Orrego et al[34] also suggested a reduction in cholesterol transport through the organ due to the decrease in the proteins required for transport. Our results demonstrate that treatment with EtOH (1.5 g/kg) for 7 d caused a decrease in the serum concentrations of the three metabolites (glucose, cholesterol, and triacylglycerides) to levels lower than those of the sham group. This decrease in triacylglyceride concentration was correlated with a decrease in liver regeneration (liver weight and DNA concentration gain) because the increase in serum triacylglyceride levels was found to be a consistent characteristic of hepatic proliferation advancement, which has been attributed to liver permeability for the lipids[49]. In our study, administration of the Gs extract normalized the serum concentrations of these metabolites (Table 3), which is in agreement with findings by Nakanishi et al[50], who compared the protective effect of three compounds (geraniin, ellagic acid, and gallic acid) on liver damage caused by carbon tetrachloride, D-galactosamine, and Thioacetamide. Three hepatotoxic compounds were found to increase the serum levels of triacylglycerides and cholesterol, but pre-treatment with geraniin and ellagic acid avoided this increase, instead exhibiting a protective effect against the cellular damage in liver caused by carbon tetrachloride, D-galactosamine, and Thioacetamide. Similarly, it was reported that the compounds contained in the Gs extract were gallic acid, ellagic acid, and acetonyl-geraniin, and a flavonoid, 3-Oα-L-arabinofuranoside-7-O-β-D-ramnoside of Kaempferol, which possesses a protector effect according to previous results[21].
EtOH has been thought to be an important cause of damage to hepatic cells. The hepatic metabolites (albumin and bilirubin) are indicators of good liver functioning and can be utilized to identify the protective effect of the Gs extract. The serum concentrations of albumin and bilirubin and AST and ALT enzymatic activities are the most sensitive evidence of diagnosing hepatic diseases[51]. In this study, we observed that rats treated with EtOH presented with a decrease in the serum albumin concentration and an increase in the bilirubin concentration (Table 4), which is in agreement with the results reported previously by our group[10,46]. These studies demonstrate a hepatotoxic effect of EtOH; the decrease in serum albumin is possibly directly related to a decrease in ATP generated in the liver; this effect is due to EtOH consumption and not to the PH, in which the level of this protein is similar to the control group[10]. In our results, we observed that in the PH-Gs-EtOH group, the serum concentrations of albumin and bilirubin were normalized (Table 4). The latter is most likely due to the protective effect of the Gs extract on liver damage caused by EtOH during liver regeneration, which, in turn, is most likely due to the antioxidant effect of the extract’s components. Various reports have demonstrated the protective effect of the antioxidants (e.g., Vitamin C, Vitamin E, glycine, geraniin, ellagic acid) on the diverse toxic, free radical-generating agents that cause damage to the liver, including the following agents: EtOH, carbon tetrachloride, D-galactosamine, and Thioacetamide[10,46,50,52]. Among the biological results, we found a normalization of the albumin and bilirubin levels in serum. In our work, we found a protective effect in the liver of the Gs extract, which was similar to the findings reported for other antioxidants, because of the components of the extract, most likely the acetonyl-geraniin component.
The release of AST, lactic dehydrogenase, ALT, glutamate dehydrogenase (GDH), and ornithine transcarbamylase enzymes by the hepatocyte and the increase in serum of their enzymatic activity post-PH of 70% has been reported previously[6,10,37,46,53]. The increase of enzymatic activity in serum during liver regeneration has been interpreted in the following two ways: first, as a consequence of a necrotic event in the liver and second, as an increase in the permeability of the cellular and mitochondrial membrane. 

In previous studies, alcohol administration in early stages of liver regeneration in rats with PH has been shown to diminish the serum activity of these enzymes, and this activity was not related to liver necrosis but with the selective release of these enzymes during liver regeneration[10]. This activity could be a mechanism of interorgan signaling, which depends on the dose and the EtOH administration route and on the liver regeneration stage being studied. In fact, the increase in the serum activities of some enzymes post-PH could be due to a release from the damaged cells or from cells with alterations in permeability, resulting in greater synthesis and enzyme release[10].

The enzymatic rise in serum in late stages of liver regeneration when EtOH was administered daily for 1 week can most likely be attributed to damage to the structural integrity of the liver cells. As a result, these enzymes are found in the cytoplasm and are released into the circulation after cellular damage; EtOH could possibly damage other organelles such as the mitochondria, causing their enzymes [GDH, AST, and malate dehydrogenase (MDH)] to be released into the blood. This finding indicates that this xenobiotic causes damage to the plasma membrane as well as to the mitochondrial membrane[6,37,46,54]. In the PH-Gs-EtOH group, we observed a decrease in the activity of AST and ALT enzymes in serum, suggesting a possible capacity of the extract to preserve the normal structure of the liver (Figures 2 and 3). 

Our results correlate with previous reports by various authors. Gayosso de Lucio et al[21] reported that using Gs pre-treatment for 3 d resulted in a decrease in AST and ALT enzymatic serum activity after elevation by Thioacetamide administration, concluding that this extract protects against liver damage caused by Thioacetamide. Nakanishi et al[50] compared the protective effect of the three compounds (geraniin, ellagic acid, and gallic acid) on the damage caused to the liver by carbon tetrachloride, D-galactosamine, and Thioacetamide; they authors found that geraniin and ellagic acid significantly decreased the serum levels of both enzymes, which had been increased by exposure to these hepatotoxic agents. Both studies were conducted when the liver was not regenerating; however, our study was performed when this process was present, induced by PH, and when EtOH and the extract were administered at the same time.

Some mechanisms by which EtOH inhibits liver regeneration are known to be due to the increase of free radicals produced by EtOH metabolism, causing cellular damage as well as altering liver functions[55]. Our results suggest that the Gs extract eliminates free radicals and consequently eliminates the inhibiting effect of EtOH on liver regeneration, thereby diminishing damage in the cellular membrane and consequently lowering the concentration of lipid peroxidation in serum as well as in the liver, as can be observed in Figure 4, which correlates with findings reported by various authors[21,50,52].
Alterations in TAS, together with an important increase in the concentration of TBARS, are characteristic of OS[56]. As noted, our results indicate that OS is caused by the administration of EtOH, similar to the findings reported by our group[6]. Some investigators have used these to understand other types of xenobiotics, such as Paracetamol and Thioacetamide[21,57].

The administration of xenobiotics (EtOH, Paracetamol, Thioacetamide) during PH-induced liver regeneration promotes an increase in antioxidant mechanisms as a system of defense in an attack of the ROS that are produced during the OS generated by these hepatotoxins[20]. The decrease in TAS (serum) and increase in TAC (liver) found in our study (Figure 5) agree with previous studies, indicating that EtOH favors OS in this model, as demonstrated by the high TBARS levels found (Figure 4). The increase in the TBARS concentration indicates severe damage in cellular membranes throughout the organism, in experimental models with laboratory animals, and with alcohol-related liver disease. Ingesting antioxidant supplements has been shown to significantly diminish the TBARS levels in serum and restores antioxidant mechanisms to their normal levels in the liver[6,46]. Our results suggest that the geranium extract increases the antioxidant defenses (TAS and TAC), importantly diminishing OS (TBARS), thus improving liver function (e.g., albumin, bilirubin, triacylglycerides) and the liver’s proliferative capacity (weight and DNA gain). 

We report, to our knowledge, the first evidence that Gs, most likely acetonyl-geraniin, is a good hepatoprotective agent of damage caused by EtOH on liver regeneration.
The biological importance of this work consists of contributing some advances in the mechanisms of action implied in the hepatoprotective effect of Gs against the toxic action of alcohol. We found that Gs possesses an antioxidant effect in vitro that is most likely also expressed in vivo, as proposed for other species[58], which indicates the need to conduct more studies to confirm this effect. In addition, to our knowledge, there are no biological or pharmacological reports about its use. Our results also constitute, to our knowledge, the first report of the protective effect of Gs (most likely through the acetonyl-geraniin component) on damage caused by EtOH on liver regeneration. This study contributes new knowledge on a potential therapeutic alternative to treat alcohol-related liver damage and is relevant to public health because this damage constitutes one of the main causes of morbidity and mortality worldwide.

In summary, we have addressed the protective effect shown by the geranium extract on the damage caused by ethanol on liver regeneration. However, knowing the cellular or molecular mechanisms of action of the phytochemicals is important and will be an interesting area for future studies. Various reports have demonstrated that the polyphenol compounds act to activate the Nuclear factor erythroid-2-related factor 2 (Nrf-2) transcription factor and/or directly as free radical scavengers. Thus, molecular and cellular studies will be needed to study the specific effect of the components of Gs, such as acetonyl-geraniin, on the regulation of the Keap1-Nrf2-ARE pathway and the principal antioxidant enzymes and their gene expression, amount of protein and specific activity.
comments
Background

Hepatopathies associated with consuming alcohol comprise a group of diseases of interest due to their great social impact. Plant extracts have been poorly applied as a protective agent of the damage caused by alcohol consumption. This article describes the hepatoprotective effect of an extract of Geranium schiedeanum (Gs) on a model of regenerative liver.

Research frontiers
Studying the effect of natural products on limiting the damaging effect of alcohol consumption and the mechanisms for this protective effect is currently a hot topic.

Innovation and breakthroughs 
This article presents an innovative approach for evaluating the hepatoprotective effects of plant extracts. This approach includes biochemical markers of metabolism, antioxidative performance and damage in serum and liver and observations on the mortality of the studied animals.

Applications

The results presented in this article strongly suggest the use of Geranium extract as a hepatoprotective agent. Moreover, this application can be extended to other processes in which limiting oxidative phenomena can be beneficial.

Terminology

Partial hepatectomy: the operations consisted of removing the median and left lateral lobes of the liver. Liver regeneration after partial hepatectomy in the rat has been widely employed as an experimental model to study mammalian cell proliferation.
Peer-review

We investigated the protective effect of a Gs extract (exGs) in regenerative livers of rats receiving ethanol as hepatotoxin. For this purpose, we measured alanine aminotransferase, aspartate aminotransferase, albumin, bilirubin and some markers of carbohydrates and lipid metabolism in plasma as well as a biochemical, particularly antioxidant profile and histological consequences in liver. Rats treated chronically with ethanol and exGs showed a significant decrease in mortality, oxidative stress and biochemical parameters of liver damage compared with rats that were not treated with exGs. In addition, the treatment with exGs was associated with an increase in liver regeneration.
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Table 1 Liver regeneration parameters in each experimental group after 7 d of treatment with partial hepatectomy, ethanol, and the Geranium schiedeanum extract
	Group
	Mortality
(%)
	Resected liver mass
(g)
	Final liver weight
(g)
	Restitution of liver mass
(%)
	mgDNA/g liver

	Sham
	--------
	----------
	9.41 ± 0.47
	100
	4.40 ± 0.35

	PH
	0
	6.185 ± 0.30
	6.705 ± 0.29
	75.89 ± 3.5
	9.20 ± 0.20ª

	PH-EtOH
	30c,e
	6.374 ± 0.29
	5.525 ± 0.27ª,c,e
	60.68 ± 2.8c,e
	4.80 ± 0.15c,e

	PH-Gs-EtOH
	0
	6.797 ± 0.33
	6.721 ± 0.31
	69.22 ± 1.4
	9.10 ± 0.27ª


Values are expressed as the average mean ± SE in each experimental group (n = 5-6). aP < 0.05 vs sham group; cp < 0.05 vs PH group; ep < 0.05 vs PH-Gs-EtOH group. PH: Partial hepatectomy; EtOH: Ethanol; Gs: Geranium schiedeanum.
Table 2 Histopathological changes induced by partial hepatectomy, ethanol and Geranium schiedeanum extract treatment in liver cells

	Group
	Fatty change
	Inflammation
	Hepatocellular disorganization

	Sham
	0
	0
	0

	PH
	+
	0
	0

	PH-EtOH
	++/+++
	++/+++
	0

	PH-Gs-EtOH
	+
	+
	+/++


Histopathological parameters were evaluated as described in the material and methods. PH: Partial hepatectomy; EtOH: Ethanol; Gs: Geranium schiedeanum.
Table 3 Concentration of serum metabolites in the diverse study groups
	Group
	Glucose
(mg/dL)
	Cholesterol

(mg/dL)
	Triacylglycerols
(mg/dL)

	Sham
	120 ± 10.50
	57 ± 7.80
	76 ± 3.0

	PH
	112 ± 5.30
	41 ± 2.50
	44 ± 4.05a

	PH-EtOH
	86 ± 4.20a,c,e
	34 ± 4.3a, e
	43 ±6.0a

	PH-Gs-EtOH
	124 ± 8.45
	55 ± 2.81c
	39 ± 0.88a


Metabolites are expressed as average mean ± SE (n = 5-6). Partial hepatectomy (PH), ethanol (EtOH), and the extract of Geranium schiedeanum (Gs). aP < 0.05 vs sham group; cp < 0.05 vs PH group; ep < 0.05 vs PH-Gs-EtOH group. 
Table 4 Serum concentration of albumin and bilirubin in the different study groups
	Group
	Albumin
(g/dL)
	Bilirubin
(mg/dL)

	Sham
	3.03 ± 0.12
	0.07 ± 0.06

	PH
	2.85 ± 0.15
	0.13 ± 0.01ª

	PH-EtOH
	2.72 ± 0.05a, c
	0.15 ± 0.06ª

	PH-Gs-EtOH
	3.00 ± 0. 10
	0.11 ± 0.08ª


Metabolites are expressed as the average ± Standard error of the mean (SEM) (n = 5-6). Partial hepatectomy (PH), ethanol (EtOH), and Geranium schiedeanum (Gs) extract. aP < 0.05 vs sham group; cp < 0.05 vs PH-Gs-EtOH group.
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Figure 1 Chemical structure of geraniin (a), and of acetonyl-geraniin (b).
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Figure 2 Aspartate aminotransferase activity in serum (upper panel) and in liver (lower panel) in the distinct study groups. Values are expressed as average mean ± SE in each experimental group; n = 5-6). aP < 0.05 vs sham group; cp < 0.05 vs PH group; ep < 0.05 vs PH-Gs-EtOH group. PH: Partial hepatectomy; EtOH: Ethanol; Gs: Geranium schiedeanum.
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Figure 3 Alanine aminotransferase enzymatic activity in serum (upper panel) and in liver (lower panel) in the distinct groups of the study. Values are expressed as the average mean ± SE (n = 5-6). aP < 0.05 vs sham group; cp < 0.05 vs PH group; ep < 0.05 vs PH-Gs-EtOH group. PH: Partial hepatectomy; EtOH: Ethanol; Gs: Geranium schiedeanum.
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Figure 4 Thiobarbituric acid reactive substances concentration in serum (upper panel) and in liver (lower panel) during liver regeneration and intoxication with ethanol. Values are expressed as average mean ± SE (n = 5-6). aP < 0.05 vs sham group; cp < 0.05 vs PH group; ep < 0.05 vs PH-Gs-EtOH group. PH: Partial hepatectomy; EtOH: Ethanol; Gs: Geranium schiedeanum.
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Figure 5 Effect of the Geranium schiedeanum extract on the concentration of the total antioxidant status in serum (upper panel) as well as the total antioxidant capacity in liver (lower panel) on liver regeneration and intoxication with ethanol. Values are expressed as average mean ± SE (n = 5-6). aP < 0.05 vs sham group; cp < 0.05 vs PH group; ep < 0.05 vs PH-Gs-EtOH group. PH: Partial hepatectomy; EtOH: Ethanol; Gs: Geranium schiedeanum.
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