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Liver diseases remain one of  the serious health problems as it is exposed to various 

toxins.  

Hepatic encephalopathy is a challenging complication of  advanced liver disease. 

Management of  patients with liver diseases/HE needs drugs that lower blood and brain 

ammonia levels and having hepato-protective and anti-oxidant activities.

Therefore, combination therapy with ammonia lowering agents and anti-oxidant 

activities plays key role in management of  patients with liver diseases/HE.

In this regard, combination of  LOLA with silymarin and vitamin B complex offers 

various benefits in these populations. 

LOLA is an effective strategy for lowering blood and cerebral ammonia levels and 

attenuating its toxic effects in patients with HE.

On the other hand, silymarin due to its hepatoprotective and anti-oxidant properties 

reduces progression of  liver diseases and it is also effective for the management of  

jaundice. 

Thus, combination of  LOLA with silymarin and vitamin B complex may present as an 

effective and safe therapy for the management of  various liver diseases and HE. 

INTRA LABS

Another randomized controlled trial determined the effect of  silymarin on the outcome of  patients with cirrhosis. A total of  170 

patients with cirrhosis received 140 mg silymarin three times daily and 83 patients received a placebo. All patients received the 
15

same treatment until the last patient entered had finished 2-years of  treatment. The mean observation period was 41 months.

The 4-year survival rate was 58 ±9% (S.E.) in silymarin-treated patients and 39 ±9% in the placebo group (p = 0.036). 

No side effects of  drug 
15treatment were observed in this study.

A randomized double-blind clinical trial was conducted to investigate the efficacy of  silymarin in the treatment of  

physiological neonatal jaundice. A total of  170 patients were randomized receive oral 0.75mg/kg of  silymarin twice daily plus 

phototherapy (n=85) and placebo and phototherapy (n=85). Total serum bilirubin (TSB) was measured every 24h, Serum 

Glutamic-Pyruvic Transaminase (SGPT) and Serum Glutamic Oxaloacetic Transaminase (SGOT) level were measured 

before and after therapy for both groups.

The mean duration of  phototherapy was found to be significantly reduced from 5.3± 0.82 days in the control group to 

4.2± 0.76 days in silymarin-treated group (p=0.001). SGPT and SGOT levels were significantly normalized (p=0.001).

Thus, silymarin dose of  3.75 mg/kg twice daily along with phototherapy was more effective than phototherapy alone in 
16

treating full term healthy neonates with jaundice.

Analysis 

of  subgroups indicated that treatment was effective in patients with alcoholic cirrhosis (p = 0.01). 
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Liver Diseases/ Hepatic encephalopathy: An Overview

Hepatic encephalopathy: A Potential Complication of  Liver Disease 

Hyperammonemia: A Pivotal Biomarker of  HE

Liver diseases remain one of  the serious health problems as liver is exposed to various toxins.  

Hepatic or porto-systemic encephalopathy (HE) is one of  the most serious complications of  chronic 

or fulminant liver failure, associated most commonly with cirrhosis and encompasses a spectrum of  neuropsychiatric 
3

symptoms and signs.

The prevalence of  overt encephalopathy in cirrhosis ranges from 30% to 40% and is even higher in the advanced stages. 

Liver damage ranges 

from acute hepatitis to hepatocellular carcinoma, being caused through apoptosis, necrosis, inflammation, immune 
1response, fibrosis, ischemia, altered gene expression, and regeneration.

As viral hepatitis and fatty liver diseases continue to increase in prevalence, it also results in more cases of  hepatic 
2encephalopathy.  

As challenging complication of  advanced liver disease, it occurs approximately in 30-45% of  patients with cirrhosis and 

in 10-50% of  patients with transjugular intrahepatic portosystemic shunt, while minimal hepatic encephalopathy affects 
4

approximately 20-60% of  patients with liver disease. 

Once encephalopathy develops, the prognosis worsens rapidly. In patients who do not undergo liver transplantation, the 
2survival rate at 1 year is 42%, and the survival rate at 3 years is 23%.

Hyperammonemia and associated cerebral edema cause neurological abnormalities in liver disease patients. The 

systemic accumulation of  ammonia neurotoxic concentrations seems to be the most prominent factor, while the inter 
3,5

organ ammonia and amino acid metabolism is of  pivotal importance in the pathogenesis of  HE.

The glutamate-glutamine system plays a major role in the pathophysiology of  HE (Figure 1). The ammonia elevation is 

mainly caused by the inability of  the liver to transform ammonia to urea via the urea cycle in periportal hepatocytes, the 
3diminished glutamine synthesis in centrilobular hepatocytes and the portosystemic shunts.
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According to available data, silymarin may play a role in the therapy of  liver cirrhosis and it has a good safety 
11

record.

Thus, LOLA benefits both overt and minimal HE patients in the improvement of  HE by reducing the serum ammonia 
13concentration compared with the placebo/no-intervention control.

LOLA and Silymarin in Liver Diseases: Clinical Studies

LOLA in Cirrhotic patients with HE

According to this study results, LOLA was safe and associated with relatively rapid improvement and shorter hospital stay in 

cirrhotic patients with advanced HE.

A randomized, placebo controlled study was conducted to evaluate the efficacy of  LOLA as an adjuvant therapy in cirrhotic 

patients with HE. A total of  120 patients with HE were randomized to receive LOLA or placebo. Number connection test-A 
12(NCT-A), ammonia level, clinical grade of  HE and duration of  hospitalization were assessed.

The study results revealed greater improvement in HE (n=40, 66.7%) with LOLA group as compared to the placebo group 

(n=28, 46.7%, p=0.027) (Figure 2). Further, there was also a greater improvement with LOLA than placebo (35.3% vs. 

20%;p=0.667) in patients with grade I or less encephalopathy. Patients with HE grade II and above showed improvement in 

34 (79.1%) and 25 (55.6%) cases in LOLA and placebo group respectively (p=0.019). 

Moreover, duration of  hospitalization was shorter in LOLA than placebo groups (93.6 ± 25.7 hours vs. 135.2 ± 103.5 
12hours)(Figure 3). The treatment  was well tolerated and there were no side effects recorded in this study.

 

A meta-analysis of  several randomized, controlled trials evaluated the effectiveness of  LOLA in the treatment of  HE in 
13

patients with cirrhosis. This meta-analysis included data from 8 randomized controlled trials with 646 patients.

LOLA was significantly more effective in the improvement of  HE in the total (RR: 1.49, 95% confidence interval [CI]: 1.10 to 

2.01), overt HE (RR: 1.33, 95% CI: 1.04 to 1.69), and minimal HE patients (RR: 2.25, 95% CI: 1.33 to 3.82) compared to 

placebo/no-intervention control.  Furthermore, the reduction of  fasting ammonia significantly favored LOLA (post-

treatment value, MD: -18.26, 95% CI: -26.96 to -9.56; change, MD: 8.59, 95% CI: 5.22 to 11.96).  LOLA and lactulose 

demonstrated similar effectiveness in the improvement of  HE (RR: 0.88, 95% CI: 0.57 to 1.35).

Silymarin in Liver Diseases 

Silymarin is the most commonly used herbal product for chronic liver disease; yet, whether silymarin protects against liver 

disease progression remains unclear.

The Hepatitis C Antiviral Long-Term Treatment against Cirrhosis (HALT-C) trial assessed the effects of  silymarin use on 

subsequent liver disease progression in patients who had advanced fibrosis or cirrhosis and who had failed prior peg 
14interferon plus ribavirin treatment.

A total of  1049 were treated with silymarin and were followed up for liver disease progression (two point increase in Ishak 

fibrosis score across baseline, year 1.5, and year 3.5 biopsies) and over 8.65 years for clinical outcomes.

At baseline, 34% of  patients had used silymarin, half  of  whom were current users. Baseline users had less hepatic collagen 

content on study biopsies and had less histological progression (HR: 0.57, 95% CI: 0.33-1.00; p-trend for longer duration of  

use=0.026).

There was an inverse association between baseline silymarin use and liver disease progression (Table 1). Baseline silymarin use 

was associated with less liver disease progression as measured by a two-point increase in Ishak fibrosis score (TPI)  as well as 

in the distribution of  fibrosis scores in follow-up biopsies.

After multivariate adjustment, the RR for current versus never use of  silymarin was 0.57 (95% CI: 0.33–1.00; p-trend=0.042) 

for TPI and 1.09 (95% CI: 0.77–1.56; p-trend=0.89) for clinical outcomes.

Thus, silymarin use among patients with advanced hepatitis C-related liver disease was associated with reduced progression 

from fibrosis to cirrhosis.

Rationale for Use of  Ammonia Lowering Agents /Anti-oxidants and Vitamin B complex in Liver 

Diseases 

L-ornithine-L-aspartate (LOLA) and Silymarin: Role in Liver Diseases/HE

Ammonia Lowering Agents

Anti-oxidant/Hepatoprotective Agents 

Vitamin B-complex

L-ornithine-L-aspartate: Effectively Lowers Ammonia Levels

Silymarin: As Anti-oxidant/Hepatoprotective agent 

In patients with cirrhosis, HE is frequently triggered by conditions that cause an increase in circulating ammonia. Because 

levels of  ammonia in the blood and brain are elevated in these patients, the most popular strategies currently used to manage 

and treat HE involve reducing ammonia production or increasing ammonia metabolism (i.e., the conversion of  ammonia into 

harmless molecules) outside the brain. 

As chronic liver disease is almost always characterized by increased oxidative stress, regardless of  the cause of  liver disease, 
7agents with anti-oxidant properties plays key role in management of  chronic liver disease.  In this regard, 

It has been well reported that 60% of  liver cirrhosis patients have low circulating plasma vitamin B levels. Therefore, 
9

supplementation with vitamin B6 should be included in the nutritional management of  patients with liver cirrhosis.

L-ornithine-L-aspartate (LOLA) is a stable salt of  two amino acids, which administered to a hyperammonemic patient 

effectively lowers the blood and brain ammonia levels. This is achieved by precipitating ammonia metabolism both in liver and 

muscles, through the urea cycle (stimulating hepatic urea and glutamate synthesis by offering more substrates) and glutamine 
3

synthesis (stimulating glutamine synthetase within the muscle), respectively.

Moreover, ornithine is able to cross the blood brain barrier and increase the cerebral ammonia disposal. 

Silymarin is most commonly, most widely used in complementary and alternative medicine (CAM) patients with liver disease 
7owing to its purported hepatoprotective properties.

Silymarin acts as an antioxidant by increasing the antioxidant defense system and neutralizing reactive oxygen 

species. Silymarin has been demonstrated to have anti-inflammatory and immunomodulatory properties via 

inhibition of  NF-KB (nuclear factor K-light-chain-enhancer of  activated B cells). Silymarin has been tested in acute 

and chronic viral hepatitis, alcoholic liver disease, primary biliary cirrhosis and toxic and drug-induced liver 
7,10injury.  

Several treatment agents, particularly L-ornithine-L-aspartate (LOLA) aim to lower 
3,6blood and cerebral ammonia levels and thereby attenuate its toxic effects in patients with HE.

silymarin is a 

hepatoprotective drug obtained from Silibum marium and plays key role in management of  liver diseases due to its 
8

hepatoprotective and antioxidant activity.

Oral LOLA has been 

proven to be a safe, well tolerated treatment with a good compliance rate and a beneficial therapeutic effect in patients with 
3cirrhosis and stable, overt, chronic HE.

Figure 2: Greater Improvement in HE with LOLA vs. Placebo 
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LOLA Non-users Former users Current users p-trend

Cohort, No. (%) 661 (66.6) 165 (16.6) 167 (16.8)

Case, No. (%) 271 (70.6) 60 (15.6) 53 (13.8)

Crude, RR (95% CI) 1.00 (Ref) 0.87 (0.66–1.15) 0.73 (0.54–0.98) 0.029
†Multivariate #1,  RR (95% CI) 1.00 (Ref) 0.89 (0.67–1.18) 0.73 (0.54–0.99) 0.038

 ‡Multivariate#2,  RR (95% CI) 1.00 (Ref) 0.74 (0.56–0.99) 0.84 (0.62–1.13) 0.089 

Cohort, No. (%) 368 (67.3) 91 (16.6) 88 (16.1)

Case, No. (%) 116 (76.3) 21 (13.8) 15 (9.9)

Crude, RR (95% CI) 1.00 (Ref) 0.75 (0.47–1.19) 0.54 (0.32–0.93) 0.015
† Multivariate #1, RR (95% CI) 1.00 (Ref) 0.75 (0.47–1.20) 0.56 (0.32–0.97) 0.025
‡ Multivariate #2, RR (95% CI) 1.00 (Ref) 0.82 (0.51–1.32) 0.57 (0.33–1.00) 0.042

Cohort, No. (%) 701 (66.8) 178 (17.0) 170 (16.2)

Case, No. (%) 187 (68.3) 46 (16.8) 41 (15.0)

Crude, RR (95% CI) 1.00 (Ref) 1.00 (0.73–1.38) 0.86 (0.61–1.20) 0.42
†Multivariate #1,  RR (95% CI) 1.00 (Ref) 1.07 (0.77–1.48) 0.89 (0.63–1.26) 0.65
‡Multivariate #2,  RR (95% CI) 1.00 (Ref) 0.77 (0.54–1.08) 1.09 (0.77–1.56) 0.89

TPI + 
*clinical outcomes

TPI

Clinical outcomes

Table 1: Association of silymain use with liver disease progression in 1049 participants of the HALT-C trial

Abbreviations: TPI, two point increase in Ishak fibrosis score; No, Number; RR, relative risk; CI, confidence interval.
* †Excluding 56 participants with fibrosis at baseline who did not receive follow-up biopsies or have a clinical outcome.  Adjusted for continuous 

age, lifetime alcohol use, and coffee intake along with categorical variables for education (high school or less, some post high school, completed 

college), race/ethnicity (Caucasian, African American, Hispanic, and other), sex, diabetes, and ever use of other herbal products besides silymarin, 

such as green tea, garlic, ginseng, and Echinacea.
‡Additionally adjusted for continuous mental and physical SF-36 quality of life scores, AST/ALT ratio, albumin, platelets, bilirubin, as well as 

categorical variables for cirrhosis status at baseline and presence or absence of esophageal varices.
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Figure 3: Shorter duration of Hospitalization with LOLA vs. Placebo 
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Figure 1: Glutamate-glutamine system and  Hyperammonemia in Pathophysiology of HE
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