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Abstract

:

The hepatoprotective effects of natural products have been a significant focus in recent decades due to the growing demand for the help in the treatment of hepatic impairments. This review specifically delves into the findings of clinical trials involving 13 selected natural products, namely plants and their derived compounds (e.g., artichoke, berberine, and turmeric), algae (e.g., spirulina), probiotics, and other products like phospholipids and vitamin D. A literature search was performed in the Scopus database, PubMed, and Google Scholar, covering all articles found up to June 2024. Artichoke, berberine, chlorella, chicory, green tea, probiotics, phospholipids, schisandra, silymarin, spirulina, and vitamin D caused a decrease in liver enzymes, while for cinnamon and turmeric such an effect was either not observed or not convincing. The presented results indicate that some natural products might satisfactorily improve hepatic outcomes in NAFLD, NASH, and other liver disorders; however, further studies and metanalyses are needed to clearly demonstrate their effectiveness.
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1. Introduction


The liver is one of the most important organs of the human body, with a crucial role in physiological processes such as bile secretion, synthesis of vital proteins like albumins and fibrinogen, and also storage and metabolism. The latter role is especially critical in terms of drug metabolism within the body, impacting the safety, pharmacological effectiveness, and potential hepatotoxicity of medications. Despite all of those integral functions, hepatic impairments continue to become a major health concern worldwide [1]. Damage to hepatocytes, connective tissue, or the liver as an organ itself may be induced by autoimmune diseases (primary biliary, cirrhosis, or immune hepatitis) and biological factors (viruses, bacteria, and other organisms). The overuse of chemicals (e.g., thioacetamide, carbon tetrachloride, and ethanol) or drugs (e.g., acetaminophen, antituberculars, antiepileptics, and cytostatics) could also affect hepatic functioning [2]. Chronic liver diseases have become a main cause of mortality and morbidity over the last decade, with as many as two million annual deaths globally [3]. The common reasons for chronic liver disease are non-alcoholic fatty liver disease (NAFLD), hepatitis B and C, cirrhosis, and hepatocellular carcinoma which, as complications, contribute to liver-related mortality [4]. Metabolic risk factors for NAFLD include features of the metabolic syndrome that indicate increased cardiovascular risk. According to Bedogni et al. [5], 91% of those affected by NAFLD are overweight or obese [5]. Additionally, 55% of individuals with NAFLD also suffer from impaired glucose regulation or type 2 diabetes mellitus (T2DM), as noted by Ballestri et al. [6]. Other contributing factors may include hypertension, hyperlipidemia, family history, and the use of certain drugs such as tamoxifen, methotrexate, and diltiazem.



NAFLD is a public health problem with a high prevalence, directly impacting around 11–16% of the world population. This pathological syndrome is characterized by excessive build-up of lipids in hepatocytes. The mechanism of this state is an imbalance between the input and output of free fatty acid metabolism in liver tissue [7]. Pathogenesis of NAFLD was recently linked to metabolic disturbances and changes in the glucose–insulin relation. Therefore, the name of NAFLD was re-evaluated to the newer name of metabolic (impairment)-associated fatty liver disease (MAFLD).



Despite great discoveries in modern pharmacology, no effective medication may cure completely or show an enormous improvement in hepatic functioning and the regeneration of hepatocytes [8]. The pharmacological treatment options for NAFLD include insulin sensitizers (metformin, rosiglitazone, and semaglutide), lipid-lowering drugs (clofibrate, gemfibrozil, and atorvastatin), angiotensin receptor blockers (telmisartan and candesartan), pentoxifylline, ursodeoxycholic acid, and antioxidants, but also herbal medicines [9]. A well-established therapy includes weight loss and dietary intervention that may significantly increase the effectiveness of medication treatments [10]. Recently, the treatment methods recommended by gastroenterology guidelines include lifestyle intervention as a holistic approach, drug treatment, and surgical procedures [11]. However, some natural products, both as drugs and as diet elements and dietary supplements, have been widely used as supports in liver functioning or in the prevention of liver diseases’ development. The use of these natural products is based on their traditional uses, but the effectiveness of some of them have been examined in animal and human studies. However, the question arises of which natural product is worth choosing, in terms of its effectiveness in liver disorders. Thus, the aim of this review is to collect the data on the so far performed clinical trials of natural products, including plants, their derived compounds, and algae, microorganisms, or vitamins, and to critically compare their use in NAFLD and some other liver diseases.




	
Search strategy








A literature search was conducted in the Scopus database, PubMed, and Google Scholar, covering all articles found up to July 2024. Initially, the search term “liver and clinical trials and plants” was used, and then the term “liver and clinical trials and silymarin” was used in combination with the following: chicory, turmeric, artichoke, schisandra, berberine, vitamin D, green tea, spirulina, and probiotics. For example, “liver and clinical trials and silymarin” found 1708 articles. An additional criterion was introduced to include only English language results. After checking the titles and abstracts, 456 items were excluded due to being trials other than clinical and/or human trials or reviews. Only 289 were included with relevance to this review. Of the remaining 202 articles, a total of 84 were used for this review (Figure S1).



For the purposes of this review, the details of the studies performed are gathered in the appropriate tables in the Supplementary Material. To facilitate the understanding of the presented effects of the examined substances on liver functioning, different outcome measures are briefly characterized below.




	
Liver functioning outcome measurements








Determination of the levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), or gamma-glutamyl transferase (GGT) can assist in identifying specific areas of the liver that may be experiencing damage and, based on their pattern of elevation, can aid in proper diagnosis. Elevations in ALT and AST in comparison to the elevations in ALP and bilirubin indicate hepatocellular disease [3]. Conversely, an elevation in ALP and bilirubin in comparison to ALT and AST would indicate a cholestatic pattern [2]. The activity of these enzymes is presented in the manuscript as a percentage difference between baseline parameters and post-intervention results in both the intervention and placebo groups.



The fatty liver index (FLI) is a comprehensive algorithm that incorporates body mass index (BMI), waist circumference (WC), GGT, and triglyceride (TG) levels. It has been shown to be an effective tool in predicting the presence of NAFLD, due to its strong correlation with both imaging and histological indicators of the disease [4].



The lipid accumulation product (LAP) is an index that combines WC and TG levels to assess lipid accumulation. Higher LAP results indicate a more severe liver condition [12].



The hepatic vein waveform typically shows a triphasic pattern, characterized by retrograde flow during atrial contraction and two antegrade pulses during both ventricular systole and ventricular diastole [7].



A liver ultrasound is a non-invasive and straightforward diagnostic tool used to assess for a variety of liver conditions, such as cirrhosis, fatty liver disease, cancer, and other abnormalities: adipose accumulations within the hepatic organ, indicative of potential steatosis, fibrous tissue development or sclerosis within the hepatic organ, potentially signaling cirrhotic changes, abnormal growths within the liver, possibly suggestive of malignancies or infectious processes, or manifestations of hepatitis, inclusive of hepatic inflammation [9]. These include (i) the hepatorenal index, a semiquantitative ultrasonographic examination to estimate liver steatosis, calculated by dividing the mean brightness of the liver by the mean brightness of the kidneys; (ii) doppler flow, comprising the hemodynamic parameters of the portal vein, including flow pressure, flow volume rate, and wall shear stress (WSS); (iii) the liver–spleen (L/S) attenuation ratio, of significant value in the diagnostic assessment of hepatosteatosis due to its inherent benefits, including its ability to be measured within the same cross-sectional imaging study and its relative insensitivity to the presence of most systemic diseases; (iv) the diameter of the portal vein, which typically falls within a range of approximately 7–15 mm; and (v) the liver fatty content, where ultrasound technology is utilized to measure the attenuation of ultrasound waves in the liver for the purpose of assessing hepatic fat content [11].




2. Plants and Compounds Derived from Plants


2.1. Artichoke


Artichoke (Cynara cardunculus L.) is a plant widely consumed in the Mediterranean diet. Pharmacological effects are related to the presence of antioxidants, such as cynarin, chlorogenic acid, caffeic acid and its derivatives, and the volatile sesquiterpene and flavonoids, including the glycosides of luteolin [13]. The hepatoprotective mechanism is connected to cholesterol reduction, as artichoke is well known for decreasing the reactive oxygen species level, lipid peroxidation, protein oxidation, the oxidation of LDL-cholesterol, and causing an increase in glutathione peroxidase activity [14,15].



A total of eight randomized clinical trials were conducted to evaluate the impact of artichoke on liver enzymes in patients with NAFLD (n = 299) or hypercholesterolemia (n = 267). The research took place in various countries including Iran, Italy, France, and Germany. In the case of patients with NAFLD, the artichoke extract was administered in a range, from 300 to 2700 mg/day, over a period of 2–4 months, and in one case the artichoke was combined with a bergamot polyphenolic fraction (Table S1). The results indicated a significant decrease in liver parameters (ALT and AST), with a clear correlation between the dosage used and the observed effectiveness, demonstrating that the higher doses of the artichoke extract were more effective in inducing hepatic enzyme changes compared to the lower ones. Moreover, liver ultrasonography showed a significant improvement in terms of fat accumulation in the liver in two artichoke groups [16]. Doppler sonography ultimately revealed that analogous advantageous effects were unveiled due to the increase in hepatic vein flow, the enlargement of the liver size, and the reduction in portal vein diameter [17]. The beneficial effects of the artichoke combined with the bergamot polyphenolic fraction were manifested as an improvement in the hepatorenal index and liver brightness [18].



For patients with hypercholesterolemia, artichoke extract alone, but also other plant extracts and vitamins included in the combination, was administered in a range, from 20 to 450 mg/day, for a period of 4 to 8 weeks. However, the results of these studies are inconclusive, as two trials revealed significant changes observed in liver enzymes [14,19], while the other two showed the opposite effects [15,20]. Interestingly, in one of the studies, despite no observed effect on liver enzymes, the NAFLD indexes (lipid accumulation product and fatty liver index) were significantly improved [20]. The highest daily dose used in the studies was 2700 mg of the artichoke extract [21].




2.2. Berberine


Berberine is a quaternary isoquinoline alkaloid found in an ancient Chinese herb, Coptis chinensis Franch., and Berberis aristata DC., which has been used to treat diabetes for many years [22]. The efficacy of berberine in liver-related issues is connected to its cholesterol-lowering effect by the induction of the expression of LDL-cholesterol in hepatocytes’ post-transcription mRNA stabilization to encoding receptors [23]. Berberine has been proven to significantly reduce hepatic fat content in rats with NAFLD by decreasing methylation of the MTTP (microsomal triglyceride transfer protein) promoter and mitigating the hepatic steatosis caused by a high-fat dietary regimen in rodent models [24].



In total, five randomized clinical trials (Table S2) conducted in China, the USA, and Iran evaluated the impact of berberine on liver enzymes in patients with NAFLD and NASH [22,23,24,25,26]. A total of 478 patients aged 40–54 with liver impairment participated in the studies, which included assessments of ALT, AST, and GGT levels. Berberine dosages ranged from 1 to 6.25 g/day, with intervention periods lasting from 6 to 18 weeks. The results demonstrated a significant improvement in liver parameters, with a clear dose–response relationship observed in one study comparing 1 and 2 g doses. Higher doses of berberine were associated with greater reductions in hepatic enzyme levels. Additionally, a study by Yan et al. [23] showed a significant reduction in liver fat, which was assessed by a proton magnetic resonance spectroscopy, in the berberine group compared to the placebo and reference groups [23]. A greater reduction in liver fat content, measured by spectroscopy, was also confirmed by Harrison et al., with a dose-dependent effect noted for berberine compared to the placebo group [25].




2.3. Chicory


Chicory (Cichorium intybus L.) has been traditionally used for the treatment of liver diseases for thousands of years. It has antioxidant properties which are likely to be due to the presence of polyphenolic compounds [27,28]. Many trials have suggested that inulin, which is 40% present in chicory root extract, is effective in enhancing the expression of iron genes, enzymes, and ferritin in enterocytes, which corresponds to a reduction in serum ferritin and a change in liver enzyme levels [29].



A total of 374 individuals with NAFLD or cirrhosis or hepatobiliary issues were studied (Table S3) to evaluate their liver parameters following the consumption of chicory [27,28,29,30,31,32,33,34,35]. One study from India and eight studies from Iran were included in the analysis. Six studies focused solely on chicory in various forms, such as a water–plant, chicory leaf, a powder extract of the root, and powdered seeds. The interventions involved different doses of the mentioned extracts over a period ranging from 4 weeks to 6 months. Only one of the nine studies did not show significant improvements in liver parameters, with 61 NAFLD patients, where the intervention group received the lowest dose of chicory at 500 mg/day of powdered chicory root, while both the intervention and placebo groups were advised to make lifestyle modifications to meet dietary requirements. The results did not demonstrate significant changes between the intervention and placebo groups [30]. Overall, improvements in liver parameters may be attributed to lifestyle changes and dietary adjustments.



Outstanding results were noted in a study by Ghaffari et al., where the intervention included turmeric and chicory, alone or in combination. The highest impact in ALT serum levels was seen in the turmeric group at −21.1%, then in the group taking a combination of both substances at −17.5%, and the lowest was seen in the chicory group at −14.0%, vs. the placebo group at −3.5% [31]. A significant reduction in liver parameters was noted by Huseini et al., in which chicory was one of eight herbal ingredients (Liv-52). Unfortunately, it cannot be clearly stated if the effect was related to chicory or the synergistic impact of the other ingredients [32]. Another study was conducted by Parveen et al. on 30 subjects with hepatobiliary disease where the intervention included the combination of chicory and Solanum nigrum, but with no placebo group. The results showed significant improvements in liver parameters [28]. Significant decreases in the grade of sonographic examinations were assessed in a study by Sheybani et al. compared to the placebo group [33]. Marzaban et al. found a similar outcome in terms of the grade of NAFLD [27].




2.4. Cinnamon


Cinnamon is widely used as a spice in food preparation and herbal remedies for some diseases and inflammation. This herbal product is found in candy, toothpaste, and perfumes. Cinnamaldehyde is the main compound of cinnamon and can regulate immunological function via anti- and pro-inflammatory gene expression. This has been confirmed in many in-vitro and in-vivo studies. Traditionally, it is used as antioxidant and for the regulation of lipid profiles and glucose [36].



A sole, double-blind RCT study describing the impact of cinnamon (Cinnamomum verum J. Presl) on the liver was performed by Askari et al. [36] on 45 patients diagnosed with NAFLD in Iran. The researchers aimed to investigate a potential association between the daily consumption of 1.5 g of concentrated cinnamon extract (n = 23, 10 F, 13 M mean age 44.8, and BMI 29.9) over a 12-week period compared to a placebo group (n = 22, 13 F, 9 M mean age 45.4, and BMI 30.3). The trial focused on assessing the levels of liver enzymes such as ALT, AST, and GGT. The results showed a notable improvement in all liver parameters in the group that received the intervention. The ALT levels decreased by 37.25% compared to 2.07% in the placebo group, AST levels decreased by 36.73% compared to 2.77% in the placebo group, and GGT levels decreased by 32.47% compared to 3.46% in the placebo group [36].




2.5. Curcumin


Curcumin is a phenolic compound found in the roots of turmeric (Curcuma longa L.), a plant widely grown in India, China, and Indonesia [37]. Curcumin has been intensively studied for its anti-inflammatory, lipid-regulation, anti-arthritic, antioxidant, immunomodulatory, antidepressant, and anti-cancer potential. However, the health benefits of the compound in humans are problematic due to its low bioavailability [38].



A total of 575 patients with NAFLD and/or liver cirrhosis were included in the analysis. The studies (Table S4) were conducted in Italy and Iran [37,38,39,40,41,42,43,44]. Most of the studies were conducted using curcumin. Only one study included turmeric at a daily dosage of 2 g, with the remaining studies focusing on the standardization of curcumin. The most recent formulations of curcumin that have been studied include synacurcumin (80 mg), an amorphous dispersion curcumin formulation (equivalent to 70 mg of curcumin), 800 mg of phytosomal curcumin, and a combination of 500 mg of curcuminoids with 5 mg of piperine, which is used to enhance the bioavailability of curcuminoids. The majority of the studies (seven out of eight) reported improvements in liver parameters. The follow-up period of the studies ranged from 4 weeks to 6 months.



Hepatic fibrosis was assessed as a parameter by Saadati et al., with a significant reduction in the curcumin group only [38]. Ultrasonographic examination in another study demonstrated an improvement of the reduction in liver fat content in 78.9% of participants in the curcumin group, compared to only 27.5% in the placebo group. No instances of increased liver fat content were observed in the curcumin group, whereas 17.5% of individuals in the placebo group experienced an increase in liver fat content [39]. The findings by Cicero et al. demonstrated similar outcomes in relation to the parameters of fatty liver index and liver steatosis [40]. Jazayeri-Tehrani et al. indicated that the administration of nano-curcumin to overweight/obese patients with NAFLD resulted in improved liver function and a reduction in fatty liver severity [41]. Nouri-Vaskeh et al. discovered that curcumin supplementation had positive impacts on disease activity scores and the severity of cirrhosis [37]. Panahi et al. [42] elucidated that the administration of curcuminoids together with piperine resulted in a considerable reduction in the severity of NAFLD, a phenomenon that was found to be statistically distinct in comparison to the placebo group. Moreover, it was observed that individuals in the placebo group did not exhibit any alterations from their initial baseline measurements [42]. The ultrasonographic findings of Panahi et al. [43] showed a significant improvement of NAFLD severity in 75.0% of subjects in the curcumin group, compared to only 4.7% in the control group. Additionally, the occurrence of increased liver fat content was lower in the curcumin group at 4.5%, while 25.6% of subjects in the placebo group experienced an increase. Analysis between the groups demonstrated notable enhancements in hepatic vein flow, portal vein diameter, and liver volume in the curcumin group compared to the placebo group [44].




2.6. Green Tea


Green tea is defined as the unfermented leaves of Camellia sinensis (L.) Kuntze. It is the second most popular drink, after water, especially in Southeast Asia. Consumption of tea is related to flavanols and other polyphenols known as catechins, but also caffeine, which may be health beneficial [45]. Epigallocatechin-3-gallate (EGCG) is the major present catechin in green tea [46]. The medical properties are as follows: cytotoxic, anti-diarrheal, anti-microbial, antioxidative and anti-inflammatory, anti-obesity, and anti-diabetic [47].



A total of 253 patients diagnosed with NAFLD and NASH were administered green tea catechin at dosages ranging from 550 to 1080 mg per day, or a green tea extract of 500 mg standardized for its epigallocatechin gallate (EGCG) content (31.43% to 52.6%), for a duration of 12 to 24 weeks (Table S5). These patients were from two different locations in Japan, as well as from Iran and Pakistan [48]. The impact of the treatment was assessed based on various liver parameters, including ALT levels, as measured in all five studies, as well as AST in four studies, GGT in one study, and ALP in one study. Results across all clinical trials consistently showed a significant decrease in these liver parameters. It is important to note that a study conducted by Pezeshki et al. (2016) revealed a reduction in hepatic outcomes among placebo groups, suggesting a potential correlation with lifestyle modifications [45].



Fukuzawa et al. shown that green tea catechins, in combination with structured dietary plans and exercise regimens, can improve key anthropometric parameters in ultrasonographic findings, such as the ratio of visceral fat to subcutaneous fat (V/S) area, as well as the liver-to-spleen (L/S) ratio. This suggests that these interventions may help to prevent the progression of NASH by utilizing their antioxidant and anti-inflammatory properties to reduce oxidative stress in patients with NASH [46]. Hussain et al. [48] revealed a significant 67.5% reduction in fatty liver changes in ultrasounds among participants who consumed green tea extract, in comparison to those who received a placebo showing only a 25% regression. This suggests that green tea extract may play a promising role in inhibiting the advancement of NAFLD [48]. Sakata et al. [49] discovered that individuals who consumed a high-density catechin supplement experienced a significant decrease in body fat compared to those taking a placebo or low-density catechin supplement over a period of 12 weeks. Furthermore, all participants in the high-density catechin group exhibited a notable improvement in their liver-to-spleen CT attenuation ratio as compared to those in the placebo and low-density catechin groups after the same duration of consumption [49].




2.7. Schisandra


Schisandra (Schisandra chinensis (Turcz.) Baill.) fruits are traditional East Asian medicine used in obesity and diabetes [50]. The fruits are rich in lignans called schisandrins with antioxidative, anti-inflammatory, and cytotoxic properties [51]. Schisandrin B reduced hepatic lipids in rat studies [52]. The probable mechanism of action of schisandra fruits involves the inhibition of adipogenesis in preadipocyte cells, as noted in the in vivo studies [50].



A total of 100 patients (Table S6) with mild liver injury or dysfunction were included in two studies to assess the impact of schisandra on hepatic outcomes. The trials were conducted in Indonesia and Taiwan. Patients were administered a schisandra extract (7.5 mg daily) or schisandrin B (0.24–0.48 mg) combined with sesamin.



The first study, conducted by Ardiyanto et al., found that the schisandra extract was just as effective as a traditional herbal medicine (used in the placebo group) in treating liver disturbances, as evidenced by confirmed results in ALT and AST levels [51].



The second study showed a significant decrease in liver parameters among patients in the intervention group who were given a combination of schisandrin B and sesamin. Moreover, a marked improvement in the ultrasonographic examinations of fatty liver and liver function was observed. However, it should be noted that this study did not establish the effectiveness of schisandrin B on its own, but rather in combination with sesamin [52].




2.8. Silymarin


Silymarin is a flavonolignan fraction of milk thistle (Silybum marianum (L.) Gaertner), comprising mainly silybin, silydianin, silychristin, and isosilybin. The seeds of milk thistle have a long history of use in liver disorders [53]. The use of milk thistle (silymarin) is believed to have several potential benefits in the field of hepatology. These include preventing the entry of toxins such as alcohol, carbon tetrachloride, and heavy metals into liver cells, stimulating protein synthesis for liver regeneration, acting as an antioxidant to scavenge free radicals, and modulating the immune response. Research studies have shown hepatoprotective effects of silymarin in cases of fatal fulminant hepatic failure caused by Amanita phalloides mushroom poisoning in both animal and human subjects, even when administered after exposure. While some randomized controlled trials have reported inconclusive results, particularly in cases of alcoholic liver disease, chronic hepatitis B (HBV), or hepatitis C (HCV) infections, further research is needed to fully understand the potential benefits of milk thistle/silymarin supplementation in these conditions [54].



A total of 676 patients diagnosed with various liver conditions, including NAFLD, NASH, acute/chronic hepatitis, cirrhosis, and other liver disorders, were included in the studies (Table S7) to evaluate the impact of silymarin on liver health outcomes [53,54,55,56,57,58,59,60]. The patients ranged in age from 29 to 63 years old. The studies were conducted in multiple countries, including Iran, Australia, Spain, Egypt, Finland, and Denmark. Patients were administered varying dosages of milk thistle extract—with some standardized for silymarin amounts ranging from 140 to 600 mg daily, with a standard dose of 420 mg for a follow-up period of 4 weeks to 12 months. While three out of the eight studies did not demonstrate significant improvements in liver outcomes, one study conducted by Fried et al. (2012) revealed that a higher dose of silymarin, specifically 720 mg daily, was more effective in reducing liver parameters compared to the standard 420 mg dosage [55]. The histological examination conducted by Salmi and Sarna (1982) revealed a statistically significant improvement in the silymarin group compared to the placebo group in terms of fatty liver transformation and the score of hepatitis [56].





3. Algae and Probiotics


3.1. Chlorella


Chlorella (Chlorella vulgaris Beijer.) is a unicellular green algae known worldwide as a functional food and used as a traditional medicine in Asia [61]. It is rich in choline, β-carotene, and amino acids. Numerous essential vitamins and minerals are present in chlorella, including thiamine, riboflavin, niacin, pantothenic acid, pyridoxine, biotin, folic acid, cobalamin, ascorbic acid, tocopherols, sodium, potassium, calcium, magnesium, phosphorous, copper, zinc, manganese, iodine, and iron. Its bioactive compounds, mainly pigments, include chlorophyll, beta-carotene, astaxanthin, canthaxanthin, violaxanthin, lutein, and pheophytin, essential for many bioactivities [17]. In animals, many health-beneficial effects were found, such as anti-microbial, cytotoxic, and anti-diabetic effects, but also improvements in liver function were noted. However, there has been a limited number of trials on human subjects [62]. The mechanism underlying the improvement of hepatic outcomes might be related to the weight loss effects of chlorella, observed as a decrease in hepatic triglyceride content and gluconeogenesis, which eventually results in a reduction of liver parameters [17].



In a total of 271 patients diagnosed with NAFLD or hepatitis C, the interventions involved the administration of chlorella in powdered tablets, ranging from 1 to 3 g daily for a period of 8 to 12 weeks. The majority of the studies (Table S8), four out of five, were conducted in Iran, with one study originating from the USA [63]. All five studies demonstrated overall enhancements in liver parameters, with the exception of Panahi et al. (2012) where a placebo group administered with metformin showed a greater decrease in ALT and ALP serum levels compared to the chlorella intervention group [17]. It is important to note that only AST levels showed improvement in this particular study. Additionally, Ebrahimi et al. (2014) conducted a notable study which exhibited some reduction in liver parameters in the placebo group (which received only vitamin E supplementation) [61]. A study by Azocar and Diaz (2013) showed a statistical decrease in HCV viral load. The HCV RNA levels were confirmed in 69.23% of the participants [63]. Other studies have not assessed physical liver function [17,61,62,64,65].




3.2. Spirulina


Spirulina (Arthrospira platensis) is a green–blue, multicellular microscopic algae mostly found in alkaline lakes. This filamentous cyanobacterium is cultivated in human-controlled conditions for global consumption [66]. It has been used for thousands of years but recently is becoming more popular, as it is a rich source of essential nutrients including vitamins such as thiamine, riboflavin, niacin, cobalamin, ascorbic acid, cholecalciferol, and tocopherol; minerals including potassium, calcium, iron, magnesium, phosphorus, selenium, sodium, and zinc; pigments (e.g., chlorophyll A, xanthophylls, β-carotene, zeaxanthin, canthaxanthin, diatoxanthin, β-cryptoxanthin, C-phycocyanin, and allophycocyanin); and enzymes (such as lipase), as well as eight crucial amino acids. The ratio of saturated palmitic acid in the total fatty acids is 25.8%, while the percentage of γ-linolenic acid in the total fatty acids is 40.1%. Spirulina serves as a valuable dietary supplement to address essential fatty acid deficiencies and provide antioxidants (including chlorophyll, phycocyanin pigments, and phenolic compounds which equate to 26.64 mg of gallic acid per gram of extract) [67]. Spirulina has revealed positive outcomes in trials of NAFLD, diabetes, arterial hypertension, and hypercholesterolemia [65].



A total of 128 patients with NAFLD or chronic viral hepatitis were included in a study (Table S9) analyzing the effect of spirulina on liver function. Two studies were conducted in Iran, with additional studies from Romania, Mexico, and Greece. Spirulina doses ranged from 1 to 4.5 g in the form of powdered tablets, taken daily for 4 weeks to 6 months. Only two out of the five studies included a placebo group. Overall, significant improvements in hepatic liver enzymes were reported in all studies, with the exception of the study by Baicus and Tănăsescu (2002) which focused on patients with viral chronic hepatitis (with etiology of infection with hepatitis virus B or C), potentially indicating different results compared to those with NAFLD [68]. Notably, a case report from Mexico involving three patients with NAFLD demonstrated significant impacts on liver parameters, observed as a notable enhancement in liver ultrasonography. All patients exhibited an improvement in liver ultrasonography related to NAFLD. Two patients showed a decrease in parenchyma heterogeneity and the third patient experienced a complete resolution of the “bright liver” phenomenon. However, the results can only be treated as preliminary. The authors opted not to perform liver biopsies due to the high risk involved for ambulatory patients and the limited technical and medical resources available in the laboratory to manage potential complications [69]. On the contrary, the study by Mazokopakis et al. (2014) did not reveal any significant alterations in sonographic results within the two groups under observation [67].




3.3. Probiotics


Probiotics are traditionally described as a variety of bacteria in the intestine with a full spectrum of health benefits for the host. The mechanism of how those microbes work in patients with NAFLD is not fully understood [70]. It is suggested that it might be connected to the interaction of eradicating pathogenic bacteria in the intestine [71]. Potential mechanisms of action related to liver disease involve the reduction of circulating levels of pro-inflammatory mediators, such as TNF-α, IL-1β, or IL-6. Additionally, there may be a decrease in hepatocyte ballooning and the development of liver lobular fibrosis [72]. Intestinal dysbiosis is called intestinal bacterial overgrowth (SIBO). This acts via the blocking of adhesion sites, degradation of toxin receptors, and absorption of gut-derived lipopolysaccharides [73].



A total of 682 patients diagnosed with NAFLD, NASH, minimal hepatic encephalopathy, or obesity-related liver disease in children were included in the reviewed studies, evaluating the efficacy of probiotics and prebiotics on liver parameters. The studies (Table S10) originated from multiple countries, with three from Iran, two from India and Italy, and single ones from Spain, Egypt, Ukraine, the USA, Brazil, and Hong Kong [64,70,71,72,73,74,75,76,77,78,79,80,81]. The interventions in the studies varied, with three utilizing a single strain of bacteria, including Lactobacillus rhamnosus (12 billion CFU) (dsm2 21690), L. acidophilus (2 billion CFU) (DSM B3208, DSM 24735), or Bifidobacterium longum (2 billion CFU) (DSM 24736), as well as combinations such as L. bulgaricus and Streptococcus thermophilus (500 million CFU) (DSM 24731) or various multi-strain formulations ranging from 15 million to 112.5 billion CFU.



The notable research conducted by Javedi et al. (2017) indicated a more pronounced decrease in liver parameters within the probiotic plus prebiotic group when compared to the probiotic group alone [72]. In addition, a study by Malaguarnera et al. (2012) revealed a considerable decrease in liver parameters within the placebo group, which the authors attributed to lifestyle interventions within both groups [75].



Subsequent liver biopsies were conducted by Duseja et al. (2019) one year post-initiation in a cohort of 10 patients (52.6%) within the probiotic group and five patients (25%) within the placebo group. Significant enhancements in hepatocyte ballooning, lobular inflammation, and NAS score were observed at the one-year mark in the probiotic group compared to baseline levels. Furthermore, significant improvements were noted in the NAS score, hepatocyte ballooning, and hepatic fibrosis in the probiotic group when compared to the placebo group [76]. Famouri et al. (2017) discovered that after their trial, normal liver sonography was reported in 17 (53.1%) of the patients in the intervention group and five (16.5%) of the patients in the placebo group. This demonstrates the beneficial effect of probiotic supplementation [77]. The research conducted by Javadi et al. (2017) demonstrated that the use of a probiotic (capsules containing B. longum and L. acidophilus at a dosage of 2 × 107 CFU per day), a prebiotic (group 2, high-performance inulin administered at a dosage of 10 g per day), and a combination of the probiotic and prebiotic (group 3) led to improvements in the severity of fatty liver in patients with NAFLD [72]. Malaguarnera et al. (2012) demonstrated that the combination of B. longum supplementation with prebiotics and lifestyle modifications significantly reduced steatosis and the NASH activity index compared to lifestyle modification alone [75]. After the intervention, Wong et al. (2013) found that liver fat decreased by a mean of 7.7%, as observed through proton-magnetic resonance spectroscopy. In contrast, the usual-care group showed a static hepatic fatty content with a mean reduction of only 1.0% [78]. On the contrary, Monem (2017) demonstrated that probiotic treatment did not lead to any notable changes in abdominal ultrasound results [79].





4. Other Natural Products


4.1. Essential Phospholipids


Phospholipids are the main components of mammalian cells and lipoproteins [82]. They are necessary for the formation, regeneration, and movement of membrane structures and the restoration of membranes’ structure and fluidity, the inhibition of fibrotic processes, and the modification of lipid metabolism, and therefore have anti-inflammatory and antioxidant properties [83]. Essential phospholipids (EPLs) are the purified fraction obtained from soybeans and are widely used in liver diseases [84].



In total, 705 patients with NAFLD and NASH were enrolled in trials involving essential phospholipids for the improvement of liver enzymes (Table S11) [82,83,84,85,86,87,88,89]. Among these trials, only three out of eight were randomized controlled trials with a placebo group, while the rest were open-label studies. The participants in these studies ranged in age from 41 to 59, with a BMI between 28.2 and 29.3. The studies were conducted in various countries including China (three studies), Poland, India, Russia, the United Arab Emirates, and Sweden.



All studies utilized the same dosage of 1800 mg of essential phospholipids per day, administered in divided doses. The duration of follow-up ranged from 4 to 48 weeks. Results from all studies consistently showed a decrease in liver parameters. One study by Yin and Kong (2000) included a comparative analysis with metformin [85]. However, the effectiveness of different dosages could not be assessed as all studies used the same dosing regimen.



The ultrasound studies conducted by Poongothai et al. (2005) demonstrated that hepatic echotexture improved in 54.5% of the study subjects following EPL treatment. Conversely, no change was observed in 40.9% of the participants, and only one patient (4.5%) experienced a worsening of hepatic echotexture [86]. In a study conducted by Gonciarz et al. (1988), it was demonstrated that EPL exhibited significant effectiveness in reducing liver size, likely due to its ability to decrease liver fat content. This finding was corroborated by histological evaluations of post-treatment biopsies, which indicated the absence of fatty infiltration in four patients from the Essentiale Forte group exclusively [82].




4.2. Vitamin D


Cholecalciferol (vitamin D) is crucial for maintaining phosphate and calcium balance [90]. Those subjects affected by D-deficiency are more likely to develop impaired glucose tolerance and increase the amount of free fat in their liver which is directly linked to the development of NAFLD [90,91]. In recent decades, research has conclusively demonstrated the role of vitamin D in modulating various immune–inflammatory and metabolic processes [92]. Subsequently, there has been a focus on studying the interaction between the active form of vitamin D—1,25-dihydroxy-vitamin D—and the vitamin D receptor (VDR) in relation to disruptions in metabolic pathways within various organs and tissues. This includes but is not limited to the skeletal muscle, adipose tissue, and liver, which are crucial players in metabolic regulation [93].



A total of 461 individuals with NAFLD were included in the studies to assess the effectiveness of vitamin D on liver parameters (Table S12) [90,91,92,93,94]. The dosage of vitamin intake ranged from 800 IU daily to 50,000 IU weekly when taken orally, or from 200,000 IU to 600,000 IU in a single intramuscular injection when administered parenterally. The average age of the participants ranged from 38.3 to 54, with a BMI range from 27.0 to 31.2. The studies were conducted in Iran, Egypt, and India, with follow-ups ranging from 10 weeks to 12 months. Four out of five studies demonstrated statistical improvements in liver function, with no observed correlation between dosage and effectiveness.



Notably, a study by Shidfar et al. (2019) highlighted the synergistic effect of vitamin D combined with calcium on liver enzymes ALT and AST compared to vitamin D alone. This suggests that a combination of both substances may be beneficial in maintaining optimal levels of vitamin D and calcium in the body [92].



Sakpal et al. (2017) discovered that there was no variance in the baseline level of steatosis and hepatic fibrosis stage between the two groups who received either vitamin D or a placebo [93]. Gad et al. found that a single monthly intramuscular dose of 200,000 IU cholecalciferol effectively improved laboratory and fibroscan parameters of the liver in patients with NAFLD [91].





5. Discussion


Our review comprised thirteen natural products often used in supporting liver disorders as herbal drugs or dietary supplements. The presented results indicate that some of the presented natural products might satisfactorily improve hepatic outcomes in NAFLD, NASH, and other liver disorders. None of the studies indicated a significant toxic effect of these non-synthetic remedies on liver function.



Apart from the well-known natural products, like silymarin, artichoke, or essential phospholipids, often used by patients with liver disorders, some new, often surprising candidates for liver support can be indicated, based on the results of the studies cited in this review (Figure 1). These may particularly include the representatives of algae, namely chlorella and spirulina, but also the probiotics. The latter candidate seems to be of the highest interest, as the clinical studies on probiotic use in liver disorders comprised almost 600 patients/participants (as compared to the often-used silymarin, with 676 participants), and were properly designed, which could be a solid evidence-based argument for their use. The studies concerning algae, despite the smaller number of participants, revealed interesting potential of both chlorella and spirulina in supporting liver disorders, and these studies deserve continuation to deliver more clear evidence.



The studies presented in this review have some limitations. Firstly, using hepatic parameters such as ALT, AST, and ALP as direct markers for NAFLD diagnosis is not obvious, and there are no other effective measure outcomes to use in clinical trials. The number of studies performed and, in particular, the sizes of the groups included within the studies were relatively low or not satisfactory. Additionally, some studies lacked a control/placebo group, while in a few the reference group was receiving a drug affecting the metabolism (e.g., metformin), which might have disturbed the final results and conclusions drawn. Moreover, the majority of the studies were carried out in Iran; therefore, the effect of polymorphism was not investigated. The effect of sex was not investigated in this review because most trials have not quantified participants by male or female. Concerning the forms and doses used in the clinical trials cited, the direct comparison of the results for particular natural products was difficult, due to the high diversity of the examined products, e.g., an extract, standardized extract, pulverized natural product, or an isolated fraction containing the dominant compounds. This was mainly observed for artichoke, chicory, and silymarin, where the unification of the products used in the studies needs improvement in the future. In contrast, the studies concerning essential phospholipids were easier to compare, as the dose used was the only difference between the studies. On the other hand, among the studies performed on essential phospholipids, the vast majority (six out of eight) were open label studies without a control group, which impairs their credibility.




6. Conclusions


In conclusion, the results of the studies included in this review indicate the improvement in some liver outcomes’ measurements after the use of artichoke, berberine, chlorella, chicory, green tea, probiotics, phospholipids, schisandra, silymarin, spirulina, and vitamin D in liver injury and NAFLD. In contrast, other studies with cinnamon and turmeric have not significantly changed liver enzymes in response to herbal supplementation. However, it is important to underline that these studies refer to the effects of the mentioned products in patients with already identified liver diseases, while their hepatoprotective or perhaps hepatoprophylactic potential has not been assessed during the actual exposure to hepatotoxic agents. These results thus need confirmation in future larger-scale meta-analyses to seek the optimally effective doses of the examined natural products on liver enzymes, with longer supplementation periods, with NAFLD of varying severities, and with the assessment of other liver parameters (liver size, hepatic steatosis, and hepatic fibrosis).
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