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Editorial
Hepatic Encephalopathy (HE) is a neurological syndrome that is progressive but potentially 

reversible cause of cerebral dysfunction. The failure to detoxify ammonia and other nitrogen derived 
products predominantly found in the intestine is considered to be responsible for the pathogenesis 
of the disease [1]. The disease which can occur in patients with chronic liver disease and acute liver 
failure is associated with neuropsychiatric, cognitive and motor symptoms such as asterixis, ataxia, 
somnolence, bradykinesia, confusion, dysarthria, myelopathy, nystagmus, progressive alterations 
in muscular reflexes, seizures, transient focal deficits and coma [2,3]. The disorder has significantly 
contributed to increase in mortality of patients with cirrhosis [4]. Cirrhosis is a widespread 
disorganized nodules in the liver often combined with fibrosis. It can be compensated cirrhosis 
(liver continues to function) or decompensated cirrhosis (liver fails to function adequately). 
Hepatic encephalopathy is subdivided into type A (when associated with acute liver failure), type 
B (if connected to portosystemic bypass or shunting) and type C (when related to cirrhosis). Type 
C is classified into episodic (triggered by recognized risk factors), persistent (presence of chronic 
neuropsychiatric signs and symptoms) and minimal (diagnosed only with neuropsychological 
or neurophysiological tests) hepatic encephalopathy. Diagnosis can be accomplished by blood 
ammonia determination, computed tomography scans, magnetic resonance imaging of the brain 
and electroencephalogram triphasic waves [2].

The management of the hepatic encephalopathy in cirrhosis may include identification of 
triggering factors (constipation, gastrointestinal bleeding, hypokalemia, sepsis, uremia etc); 
eliminating probable causes of encephalopathy and treatment with therapeutic agents capable 
of lowering production and/or absorption of ammonia or enhancing its clearance. Some of the 
therapeutic agents that have been utilized for effective treatment of the disease include lactulose and 
lactitol (non-absorbable disaccharides), rifaximin (antibiotic), neomycin (rarely used currently due 
to nephrotoxicity and/or ototoxicity), metronidazole (antibacterial), flumazenil (benzodiazepine 
antagonist) and L-ornitine L-aspartate (LOLA, amino acids).

Effective treatment of disease can be assessed by measuring the drug concentration(s) in the 
biological fluids [5]. Measurement of drug concentration requires accurate, precise, sensitive, 
selective and specific analytical methods in order to accurately quantify the drug in biological fluids. 
Such analytical methods often used are spectroscopic and chromatographic methods. Among the 
chromatographic methods, high performance liquid chromatography or gas chromatography 
is mostly employed either as hyphenated or non-hyphenated system. Hyphenation is an on-line 
combination of a separation technique and one or more spectroscopic detection techniques. 
Biological fluids are very important to life and help maintain body homeostasis. Several biological 
fluids can be analyzed however, blood (whole blood, serum or plasma); urine; Cerebrospinal Fluid 
(CSF) are the ones very often analyzed for drugs content.

In the present article, it was considered an interest to examine analytical methods that determine 
these drugs used to treat hepatic encephalopathy in biological fluids. They include:

1.	 Rifaximin (an antibiotic) determined in (a) human plasma, Balasekhara et al. [6], Parka et 
al. [7], Blandizzi et al. [8] by hyphenated systems; Descombe et al. [9] by non-hyphenated system; 
(b) human urine, Blandizzi et al. [8] by hyphenated systems.

2.	 Metronidazole (antibacterial) determined in (a) human plasma, Ezzeldin et al. [10], 
Gulaid et al. [11], Emami et al. [12], Safdar et al. [13] by non-hyphenated system; Silva et al. [14] by 
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hyphenated systems.

3.	 Flumazenil (benzodiazepine antagonist) determined in 
(a) human serum, Djordjević et al. [15] by hyphenated systems; (b) 
human plasma, Fisher et al. [16], Zedkova et al. [17], Chan and Jones 
[18] by non-hyphenated system Lavén et al. [19], Kratzsch et al. [20], 
Song et al. [21] by hyphenated systems.

4.	 L-ornitine L-aspartate (LOLA): determined in (a)Human 
plasma, Babu et al. [22], Schwarz et al. [23], Moller [24] by non-
hyphenated system; (b) Human serum, Turnell and Cooper [25] by 
non-hyphenated system; (c) Human urine, Turnell and Cooper [25].

Conclusion
Drug metabolism depends on adequate hepatic function. Hepatic 

dysfunction, either acute (sudden onset) or chronic (extended 
duration) leads to diseases such as hepatitis (inflammation of the 
hepatocytes), fibrosis (increase in connective tissue in the liver), 
cholestatis (static bile flow), steatosis (fatty infiltration), necrosis (cell 
death) and cirrhosis (disorganized nodules in the liver combined with 
fibrosis) etc. Hepatic encephalopathy as one of the well-recognized 
complications of chronic liver diseases has been treated with the 
above-named therapeutic agents. Monitoring these therapeutic 
agents in biological fluids has been accomplished mostly by liquid 
or gas chromatography (HPLC OR GC). These chromatographic 
systems are often times combined with spectroscopic systems to 
enhance accuracy, precision sensitivity and selectivity. Finally, as these 
therapeutic agents are poorly absorbed into the systemic circulation, 
it will not be incorrect to suggest that hyphenated or non-hyphenated 
chromatographic analytical methods are the analytical methods of 
interest to be used in their quantification in biological fluids.

References
1.	 Prakash R, Mullen KD. Mechanisms, diagnosis and management of hepatic 

encephalopathy. Nat Rev Gastroenterol Hepatol. 2010;7(9):515–25.

2.	 Córdoba J. New assessment of hepatic encephalopathy. J Hepatol. 
2011;54(5):1030-40.

3.	 Khungar V, Poordad F. Hepatic encephalopathy. Clin Liver Dis. 
2012;16(2):301-20.

4.	 AASLD, EASL. Hepatic encephalopathy in chronic liver disease: 2014 
practice guideline by the European Association for the Study of the Liver 
and the American Association for the Study of Liver Diseases. J Hepatol. 
2014;61(3):642–59.

5.	 Gibaldi M. Biopharmaceutics and Clinical Pharmacokinetics, 4th ed, Lea & 
Febiger: Philadelphia; 1991. p. 24-79.

6.	 Balasekhara RC, Koalah MR, Rao CB, Micheal F. HPLC Method for 
determination of rifaximin in human plasma using tandem mass 
spectrometry detection. East Centrl Afri J Pharm Sci. 2010;13:78-84.

7.	 Parka YS, Kimb DP, Kimb KT, Parkb HC, Kimb YH, Kima YN, et al. 
Validated liquid chromatography-electrospray ionization tandem mass 
spectrometric method for quantification of rifaximin human plasma 
for pharmacokinetic study: a randomized, open-label, two-period, 
comparative crossover study in healthy korean male volunteers. J Pharm 
Biol Sci. 2016;11(6):21-8.

8.	 Blandizzi C, Viscomi GC, Scarpignato C. Impact of crystal polymorphism 
on the systemic bioavailability of rifaximin, an antibiotic acting locally 
in the gastrointestinal tract, in healthy volunteers. Drug Des Devel Ther. 
2014;9:1-11.

9.	 Descombe JJ, Dubourg D, Picard M, Palazzini E. Pharmacokinetic study 
of rifaximin after oral administration in healthy volunteers. Int J Clin 
Pharmacol Res. 1994;14(2):51-6.

10.	Ezzeldin E, El-Nahhas TM. New analytical method for the determination 
of metronidazole in human plasma: Application to bioequivalence study. 
Trop J Pharm Res. 2012;11(5):799-805.

11.	Gulaid A, Houghton GW, Lewellen ORW, Smith J, Thorne PS. 
Determination of metronidazole and its two major metabolites in 
biological fluids by high pressure liquid chromatography. Br J Clin 
Pharmacol. 1978;6(5):430-32.

12.	Emami J, Ghassami N, Hamishehka H. A rapid and sensitive hplc method 
for the analysis of metronidazole in human plasma: application to single 
dose pharmacokinetic and bioequivalence studies. DARU. 2006;14(1):15-
21.

13.	Safdar KA, Baqir S, Naqvi S, Usman S. Development and validation of 
HPLC analytical method for quantitative determination of metronidazole 
in human plasma. J Chem Soc Pak. 2016;38(5):889-97.

14.	Silva M, Schramm S, Kano E, Koono E, Porta V, Serra C. Development and 
validation of a HPLC-MS-MS method for quantification of metronidazole 
in human plasma. J Chromatogr Sci. 2009;47(9):781-4.

15.	Djordjevic S, Jovic-Stosic J, Kilibarda V, Segrt Z, Perkovic-Vukcevic N. 
Determination of flumazenil in serum by liquid chromatography-mass 
spectrometry: Application to kinetics study in acute diazepam overdose. 
Vojnosanit Pregl. 2016;73(2):146-51.

16.	Fisher LE, Perch S, Bonfiglio MF, Geers SM. Simultaneous determination 
of midazolam and flumazenil concentrations in human plasma by gas 
chromatography. J Chromatogr B, Biomed Appl. 1995;665(1):217-21.

17.	Zedkova L, Rauw GA, Baker GB, Coupland NJ. A rapid high pressure 
liquid chromatographic procedure for determination of flumazenil in 
plasma. J Pharmacol Toxicol Methods. 2001;46(1):57-60.

18.	Chan K, Jones RD. Simultaneous determination of flumazenil, midazolam 
and metabolites in human biological fluids by liquid chromatography. J 
Chromatogr. 1993;619(1):154-60.

19.	Laven M, Appel L, Moulder R, Tyrefors N, Markides K, Langstrom B. 
Determination of flumazenil in human plasma by liquid chromatography-
electrospray ionisation tandem mass spectrometry. J Chromatogr B Analyt 
Technol Biomed Life Sci. 2004;808(2):221-27.

20.	Kratzsch C, Tenberken O, Peters FT, Weber AA, Kraemer T, Maurer HH. 
Screening, library-assisted identification and validated quantification of 23 
benzodiazepines, flumazenil, zaleplone, zolpidem and zopiclone in plasma 
by liquid chromatography/mass spectrometry with atmospheric pressure 
chemical ionization. J Mass Spectrom. 2004;39(8):856-72.

21.	Song D, Khaykis V, Kohlhof K. Determination of flumazenil in plasma by 
gas chromatography-negative ion chemical ionization mass spectrometry. 
J Chromatogr B Biomed Appl. 1995;663(2):263-73.

22.	Babu SVS, Shareef MM, Kumar Shetty AP, Taranath Shetty KT. HPLC 
method for amino acids profile in biological fluids and inborn metabolic 
disorders of aminoacidopathies. Ind J Clin Biochem. 2002;17(2):7-26.

23.	Schwarz EL, Roberts L, Pasquali M. Analysis of plasma amino acids by 
HPLC with photodiode array and fluoerescence detection. Clinic Chim 
Acta. 2005;354(1-2):83-90.

24.	Moller SE. Quantification of physiological amino acids by gradient ion-
exchange high-performance liquid chromatography. J Chromatogr. 
1993;613(2):223–30.

25.	Turnell DC, Cooper JDH. Rapid assay for amino acids in serum or urine 
by precolumn derivatization and reversed phase liquid chromatography. 
Clin Chem. 1982;28(3):527-31.

https://www.ncbi.nlm.nih.gov/pubmed/20703237
https://www.ncbi.nlm.nih.gov/pubmed/20703237
http://www.ncbi.nlm.nih.gov/pubmed/21145874
http://www.ncbi.nlm.nih.gov/pubmed/21145874
http://www.ncbi.nlm.nih.gov/pubmed/22541700
http://www.ncbi.nlm.nih.gov/pubmed/22541700
https://www.journal-of-hepatology.eu/article/s0168-8278(14)00390-0/abstract
https://www.journal-of-hepatology.eu/article/s0168-8278(14)00390-0/abstract
https://www.journal-of-hepatology.eu/article/s0168-8278(14)00390-0/abstract
https://www.journal-of-hepatology.eu/article/s0168-8278(14)00390-0/abstract
https://pdfs.semanticscholar.org/622f/0bd3951e4c333ec2396c2d669fc8b6dc5f7a.pdf
https://pdfs.semanticscholar.org/622f/0bd3951e4c333ec2396c2d669fc8b6dc5f7a.pdf
https://www.researchgate.net/publication/229476646_HPLC_Method_for_Determination_of_Rifaximin_in_Human_Plasma_Using_Tandem_Mass_Spectrometry_Detection
https://www.researchgate.net/publication/229476646_HPLC_Method_for_Determination_of_Rifaximin_in_Human_Plasma_Using_Tandem_Mass_Spectrometry_Detection
https://www.researchgate.net/publication/229476646_HPLC_Method_for_Determination_of_Rifaximin_in_Human_Plasma_Using_Tandem_Mass_Spectrometry_Detection
http://www.iosrjournals.org/iosr-jpbs/papers/Vol11-issue6/Version-6/C1106062128.pdf
http://www.iosrjournals.org/iosr-jpbs/papers/Vol11-issue6/Version-6/C1106062128.pdf
http://www.iosrjournals.org/iosr-jpbs/papers/Vol11-issue6/Version-6/C1106062128.pdf
http://www.iosrjournals.org/iosr-jpbs/papers/Vol11-issue6/Version-6/C1106062128.pdf
http://www.iosrjournals.org/iosr-jpbs/papers/Vol11-issue6/Version-6/C1106062128.pdf
http://www.iosrjournals.org/iosr-jpbs/papers/Vol11-issue6/Version-6/C1106062128.pdf
https://www.ncbi.nlm.nih.gov/pubmed/25565769
https://www.ncbi.nlm.nih.gov/pubmed/25565769
https://www.ncbi.nlm.nih.gov/pubmed/25565769
https://www.ncbi.nlm.nih.gov/pubmed/25565769
https://www.ncbi.nlm.nih.gov/pubmed/7836025
https://www.ncbi.nlm.nih.gov/pubmed/7836025
https://www.ncbi.nlm.nih.gov/pubmed/7836025
https://www.ajol.info/index.php/tjpr/article/view/85696
https://www.ajol.info/index.php/tjpr/article/view/85696
https://www.ajol.info/index.php/tjpr/article/view/85696
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1429550/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1429550/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1429550/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1429550/
https://www.researchgate.net/publication/228627973_A_rapid_and_sensitive_HPLC_method_for_the_analysis_of_metronidazole_in_human_plasma_Application_to_single_dose_pharmacokinetic_and_bioequivalence_studies
https://www.researchgate.net/publication/228627973_A_rapid_and_sensitive_HPLC_method_for_the_analysis_of_metronidazole_in_human_plasma_Application_to_single_dose_pharmacokinetic_and_bioequivalence_studies
https://www.researchgate.net/publication/228627973_A_rapid_and_sensitive_HPLC_method_for_the_analysis_of_metronidazole_in_human_plasma_Application_to_single_dose_pharmacokinetic_and_bioequivalence_studies
https://www.researchgate.net/publication/228627973_A_rapid_and_sensitive_HPLC_method_for_the_analysis_of_metronidazole_in_human_plasma_Application_to_single_dose_pharmacokinetic_and_bioequivalence_studies
https://pdfs.semanticscholar.org/eb60/761edca51f8a23f36657e0316d3e61c127e0.pdf?_ga=2.100603038.187049444.1567685665-91892860.1566895376
https://pdfs.semanticscholar.org/eb60/761edca51f8a23f36657e0316d3e61c127e0.pdf?_ga=2.100603038.187049444.1567685665-91892860.1566895376
https://pdfs.semanticscholar.org/eb60/761edca51f8a23f36657e0316d3e61c127e0.pdf?_ga=2.100603038.187049444.1567685665-91892860.1566895376
http://www.ncbi.nlm.nih.gov/pubmed/19835688
http://www.ncbi.nlm.nih.gov/pubmed/19835688
http://www.ncbi.nlm.nih.gov/pubmed/19835688
https://www.ncbi.nlm.nih.gov/pubmed/27071281
https://www.ncbi.nlm.nih.gov/pubmed/27071281
https://www.ncbi.nlm.nih.gov/pubmed/27071281
https://www.ncbi.nlm.nih.gov/pubmed/27071281
https://www.ncbi.nlm.nih.gov/pubmed/7795795
https://www.ncbi.nlm.nih.gov/pubmed/7795795
https://www.ncbi.nlm.nih.gov/pubmed/7795795
https://www.ncbi.nlm.nih.gov/pubmed/12164261
https://www.ncbi.nlm.nih.gov/pubmed/12164261
https://www.ncbi.nlm.nih.gov/pubmed/12164261
https://www.ncbi.nlm.nih.gov/pubmed/8245156
https://www.ncbi.nlm.nih.gov/pubmed/8245156
https://www.ncbi.nlm.nih.gov/pubmed/8245156
https://www.ncbi.nlm.nih.gov/pubmed/15261815
https://www.ncbi.nlm.nih.gov/pubmed/15261815
https://www.ncbi.nlm.nih.gov/pubmed/15261815
https://www.ncbi.nlm.nih.gov/pubmed/15261815
https://www.ncbi.nlm.nih.gov/pubmed/15329838
https://www.ncbi.nlm.nih.gov/pubmed/15329838
https://www.ncbi.nlm.nih.gov/pubmed/15329838
https://www.ncbi.nlm.nih.gov/pubmed/15329838
https://www.ncbi.nlm.nih.gov/pubmed/15329838
https://www.ncbi.nlm.nih.gov/pubmed/7735474
https://www.ncbi.nlm.nih.gov/pubmed/7735474
https://www.ncbi.nlm.nih.gov/pubmed/7735474
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3454125/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3454125/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3454125/
https://www.ncbi.nlm.nih.gov/pubmed/15748603
https://www.ncbi.nlm.nih.gov/pubmed/15748603
https://www.ncbi.nlm.nih.gov/pubmed/15748603
https://www.ncbi.nlm.nih.gov/pubmed/8491808
https://www.ncbi.nlm.nih.gov/pubmed/8491808
https://www.ncbi.nlm.nih.gov/pubmed/8491808
https://www.ncbi.nlm.nih.gov/pubmed/7067099
https://www.ncbi.nlm.nih.gov/pubmed/7067099
https://www.ncbi.nlm.nih.gov/pubmed/7067099

	Title
	Editorial
	Conclusion
	References

