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ABSTRACT
The liver is the largest gland in the human body, which plays important vital functions like metabolism, bile production, detoxification, storage of nutrients, regulation of blood sugar level, etc. Active detoxification of the body occurs in the liver since it's more prone to get injuries. Hepatitis virus infection, autoimmune disease, genetic disease, cancer and other growth, and metabolic diseases like NAFLD, NASH, etc. are the common liver problems that are increasing day by day. In Ayurveda liver disease is explained in the context of Yakrut vikara, Kamala, pleeharoga, Haleemaka, etc. References to yakrut-related diseases and treatments are minimal in the Bruhatrayis, but when moving to the Nighandu period, various drugs that have hepatoprotective actions are observed. Madanapala Nighandu is one of the important Ayurvedic lexicons that mentioned drugs for various types of liver disease. In Madanapala Nighantu, out of 525 drugs, 20 drugs have hepatoprotective action. The purpose of this study is to enlist the drugs that have hepatoprotective action and critically analyse them according to the modern research studies done upon them.

INTRODUCTION
Liver is an important organ in human body which perform multiple vital function like bile production, glucose process, maintain amino acid etc. Liver plays a major role in fat metabolism since it is the commonest place for accumulation of fat. 
Chronic liver disease has become one of the major global health problems and is considered one of the leading causes of human death. The etiological factors behind the development of chronic liver disease include alcohol abuse, obesity/metabolic disease, autoimmune hepatitis, and viral hepatitis (HBV and HCV) [1]. The common condition of non-alcoholic fatty liver disease (NAFLD) is considered the primary cause, representing more than 50% of cases. In Ayurveda, NAFLD may be correlated with Yakṛutroga (liver disease) and Medoroga (obesity).[2]                                                                                            Intracellular deposition of lipids in hepatocytes is called NAFLD and is often associated with a wide spectrum of metabolic abnormalities, such as obesity, diabetes, dyslipidaemia, hypertension, and insulin resistance. This is a spectrum of disorders characterized by fatty infiltration of the liver, steatosis, steatohepatitis, and cirrhosis. absence of secondary causes of hepatic steatosis, such as significant alcohol consumption, chronic use of medications that can cause hepatic steatosis, or hereditary disorders. NAFLD has several phases of progression, which include simple steatosis, steatohepatitis, fibrosis, and cirrhosis, and ultimately could even progress to hepatocellular carcinoma. Obesity, diabetes, dyslipidaemias, insulin resistance, and metabolic syndrome are known to be associated with the development of non-alcoholic fatty liver disease (NAFLD).

In Ayurveda, the liver is considered a vital organ and is primarily associated with the Pitta dosha, which governs metabolism, digestion, and transformation in the body. The liver (referred to as ‘Yakrut’ in Sanskrit) plays a central role in maintaining the balance of Pitta and ensuring proper functioning of Agni (digestive fire). In Ayurveda hepatoprotective diseases are mentioned in different contexts, like Kamala, Yakrutodara, Haleemaka, Kumbha Kamala, Yakrutvidradi, etc[3]. Among Yakrut vikaras, Kamala is considered one of the important diseases in Ayurveda classics. It is characterized by yellowish discoloration of eyeballs, skin, face, nails, and urine associated with constitutional features like loss of appetite and weakness.[4]
While explaining Udara roga, Acharya considers pleehodara and yakrudora to have the same treatment protocol, so the drug that has pleeharagahara properties can also be considered to have hepatoprotective activity [5]. References to Yakrut vikaras are minimal in Ayurveda, especially in Samhita Kala, but when moving to Nighandu time, a number of single herbs are mentioned under hepatoprotective activity. Compiling the names of drugs from different Nighantu with its modern views is very important to relive the hepatoprotective action with scientific evidence, and also these compilations hope to be very helpful for research scholars to easily select the drug for their hepatoprotective study. Madanapala Nighantu is one of the important Nighantu written during the medieval period that is broadly used for reference in Dravyaguna Vigyan to collect different therapeutic effects of single herbs [6]. The purpose of this analytical review is to bridge classical ayurvedic knowledge with modern pharmacological understanding. 
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Table 1. Hepatoprotective drugs in Madanapala nighandu [7]
	SL no
	Sanskrit Name 
	Botanical Name
	Family
	Karma
	Varga and sloka number

	1
	Haritaki
	Terminalia chebula
	Combretaceae
	Kamalahara
pleeharogahara
	Abhayadivarga

	2
	Guduchi
	Tinospora cordifolia
	Menispermaceae
	Kamalahara
	Abhayadivarga

	3
	Indravaruni
	Citrulus colocynthis 
	Cucurbitaceae
	Kamala 
Pleeharogahara
	Abhayadivarga

	4
	Neelini
	Indigofera tinctoria
	Fabaceae
	Pleeharogahara
	Abhayadivarga

	5
	Sehunda
	Euphobia neriifolia
	Euphorbiaceae
	Pleeharogahara
	Abhayadivarga

	6
	Devadali
	Luffa echinata
	Cucurbitaceae
	Kamalahara
	Abhayadivarga

	7
	Dronapushpi
	Lucas cephalotes
	Lamiacea
	Kamalahara
	Abhayadivarga

	8
	Rohitaka
	Tecoma undulata
	Bignoniaceae
	Yakrutpleehodarahara
	Abhayadivarga

	9
	Sharapunkha
	Tephrosia purpurea
	Fabacea
	Yakrutrogahara,
Pleeharogahara
	Abhayadivarga

	10
	Arka
	Calotropis gigantea
	Asclepiadaceae
	Pleeharogahara
	Abhayadivarga

	11
	Kumari
	Aloe vera chinensis
	Liliaceae
	Yakrut pleeharogahara
	Abhayadivarga

	12
	Pippali
	Piper longum
	Piperaceae
	Pleeharogahara
	Shundyadi varga

	13
	Peelu
	Salvodara persica
	salvaraceae
	Pleeharogahara
	Vatadi varga

	14
	Vikangada
	Flacourtia indica
	 Flacourtiaceae
	Kamalahara
	Phaladi varga

	15
	Koshataki
	Luffa acutangula
	cucurbitaceae
	Pleeharogahara
	Shakadi varga

	16
	Bimbi
	Coccinia indica
	cucurbetaceae
	Kamalahara
	Shakadi varga

	17
	Karavelaka
	Momordica charantia
	Cucurbitaceae
	Kamalahara
	Shakadi varga

	18
	Vastuka
	Chenopodium mural
	Chenopodiaceae
	Pleeharogahara
	Shakadi varga

	19
	Shobhanjana
	Moringa oleifera
	Moringaceae
	Pleeharogahara
	Shakadi varga

	20
	Chili
	Chenopodium album
	
Chenopodiaceae
	Pleeharogahara
	Shakadi varga




 Table 2. Number of Hepatoprotective drug according to Varga
	Sl no
	Name of Varga
	Number of drugs

	1
	Abhayadi varga
	11

	2
	Shundyadi varga
	1

	3
	Vatadi varga
	1

	4
	Phaladi varga
	1

	5
	Shakadi varga
	6



 Table 3. Hepatoprotective drugs and its experimental and clinical study
	SL
	Name of drugs
	Part used
	Mode of study
	Type of extract

	1
	Terminalia chebula
	Fruits 
	In vitro and Invivo
	Aqueous and Ethanol [8]

	
	
	
	In vitro and Invivo
	Ethanol [9]

	
	
	Fruits
	Invivo (Ethanol induced)
	Ethanol [10]

	
	
	Fruits 
	Invivo and Invitro
	Aqueous [11]

	2
	Tinospora cordifolia
	Stem
	Invivo
(CCl4 intoxicated rats)
	Aqueous [12]


	
	
	Aerial root 

	Invivo(Rifampicin-and Pyrazinamide-induced)
	Powder [13]

	
	
	Stem 

	Invivo(diethylnitrosamine-induced)
	Diterpenoid [14]

	
	
	Stem and leaves 
	Invivo(lead-induced hepatotoxicity
	Aqueous [15]


	
	
	Roots 
	Invivo(aflatoxin-B1 induced)
	Ethanol [16]

	
	
	Whole plant 
	Invivo (Nnitrosodiethylamine (diethylnitrosamine) induced
	Ethanol [17]

	
	
	Stem
	Invivo(Cadmium induced)
	Methanolic [95]

	
	
	Stem
	Invivo(Arsenic induced)
	Ethanol[96]

	
	
	Whole plant
	bleomycin (BLM)-induced toxicity
	Ethanol[97]

	3
	Citrullus colocynthis
	Fruit

	Invivo(paracetamol induced)
	Methanolic [18]


	
	
	Fruit

	In vivo (paracetamol induced)
	Ethanolic[19]


	
	
	Fruit

	In vivo(ameliorates cisplatin-induced)
	Ethanolic[20]


	
	
	Fruit

	Invitro(carbon tetrachloride induced )
	Ethanolic [21]

	
	
	Seed 
	Invivo(CCl4 Induced)
	Seed milk [22]

	4
	Indigofera tinctoria
	Aerial part
	Invivo((CCl4 Induced)
	Petroleum ether extract [23]

	
	
	Whole plant
	Invivo(D-galactosamine and carbon tetrachloride)
	Methanol [24]

	
	
	Leaves
	Invivo(paracetamol induced)
	Aqueous [25]

	5
	Euphorbia neriifolia
	Leaves
	Invivo(CCl4-induced)
	Ethanol [26]

	
	
	Leaves
	Invivo(Against DENA-induced liver carcinogenesis)
	Hydro ethanolic [27]

	
	
	Leaves
	  Invivo-(N-nitrosodiethylamine-induced)
	Ethanol [28]

	6
	Luffa echinata
	Fruits
	Invivo(CCl4 induced)
	Petroleum ether Acetone, methanolic [29]

	
	
	Root and stem bark
	Invivo(Tetrachloromethane Induced)
	Hexane [30]

	
	
	Roots
	Invivo(CCl4 induced)
	Hexane [31]

	7
	Lucas cephalotes 
	Whole plant
	Invivo(Isoniazid and rifampicin induced)
	Methanolic [32]

	
	
Lucas aspera
	Whole plant
	Invivo(D-galactosamine)
	Aqueous [33]

	
	
	Whole plant
	Invivo(CCL4  Induced)
	Methanolic [34]

	
	
	Aerial part
	Invivo(CCL4 Induced)
	Methanol [35]

	
	
	Whole plant
	Invivo (N-nitrosodiethyl amine (NDEA) induced)
	Methanol [36]

	
	
	Whole plant
	Invivo( Paracetamol induced)
	 As powder[104]

	8
	Tecomella undulata
	Stem bark
	Albino rats (subcutaneous injection of thioacetamide induced.)
	Ethanolic [37]

	
	
	Stem bark
	Invitro and Invivo (CCL4 Induced
	Methanolic [38]

	
	
	Leaves
	Invivo (Alcohol and paracetamol induced)
	Methanolic [40]

	
	
	Bark
	Invivo (paracetamol-induced)
	Ethanolic [41]

	9
	Tephrosia purpurea
	Aerial part
	Invivo (D-galactosamine HCI (acute) and CCl4).
	As powder [42]

	
	
	Aerial part
	Invivo(subcutaneous injection of thioacetamide induced)
	Aqueous -Ethanolic [43]

	
	
	Root powder 
	Invivo(CCl4 induced)
	Ethyl acetate fraction [44]

	
	
	Aerial part
	Invivo(Arsenic induced)
	Hydro-alcoholic (Ethanol) [45]

	
	
	Leaves
	Invivo(CCl4 induced)
	Ethanolic [45]

	
	
	Whole plant
	Invivo(CCl4 induced)
	Aqueous [46]

	
	
	Whole plant
	Invivo(CCl4 induced)
	Methanol [47]

	
	
	Root
	Invivo(Thioacetamide-Induced)
	Ethanolic [48]

	
	
	Whole plant
	Invitro and Invivo(Alcohol and CCl4  Induced)
	Hydro-alcoholoic[98]

	
	
	Whole plant
	Invivo (acetaminophen-induced )

	Ethanol[99]

	
	
	Whole plant
	 Invivo (D-galactosamine and lipopolysaccharide induced)
	Hydro ethanolic[100]

	10
	Calotropis gigantea

	Stem 
	Invivo (CCl4 induced)
	Ethanolic [49]

	
	
	Leaves
	In vivo (CCl4 induced)
	Acetone, Chloroform, Methanol, Petroleum ether [50]

	
	
	Leaves
	Invivo (CCl4 induced)
	Methanolic [51]

	
	
	Flowers 
	In vivo (Cyclosporine-induced)
	Ethanolic [52]

	
	
	
	In vivo (CCl4 induced)
	Ethanolic [53]

	
	
	Flowers
	
	Hydro-alcoholic [54]

	
	Calotropis procera
	Root bark
	Invivo(CCl4 Induced)
	Methanolic [55]

	
	
	Root
	Invivo (paracetamol- induced)
	Chloroform [56]

	
	
	Flower
	Invivo (Rifampicin Induced) 
	Hydro alcoholic [57]

	
	
	Flowers- C.procera
	In vitro and Invivo (paracetamol- induced)
	Hydro-Ethanolic [58]

	
	
	Flower
	 Invivo (CCl4 induced) 
	Ethanolic [59]

	11
	Aloe barbadensis miller 
	Whole plant
	Invivo(paracetamol induced)
	Aqueous [60]

	
	
	Whole plant 
	Invivo( Aflatoxin B1 induced)
	Polysaccharide extract  [61]

	
	
	Leaves
	Invivo(CCL4 induced)
	Aqueous [62]

	
	
	Leaves
	  Invivo  (cartap and malathion induced)
	Aqueous [106]

	
	
	Leaves
	Invivo(CCl4 induced)
	Ethanol [107]

	12
	Piper longum
	Fruits
	In vivo(Rifampicin and pyrazinamide)
	Aqueous [63]

	
	
	Fruits
	Invivo(CCl4 induced)
	Ethanolic [64]

	
	
	Fruits
	Invivo(CCl4 induced)
	Oil extract[101]

	
	
	Fruits
	Invivo (MAFLD induced by a high-fat diet )
	From natural alkaloids[102]

	13
	Salvadora persica
	Stem
	In vivo(paracetamol induced)
	Aqueous [65]

	
	
	Stem 
	In vivo(paracetamol induced)
	Aqueous [66]

	14
	Flacourtia indica
	Aerial parts
	In vivo (paracetamol induced)
	Petroleum ether, Ethyl acetate, Methanol [67]

	15
	Luffa acutangula
	Fruits
	Invivo and Ex vivo
	Ethanolic [68]

	
	
	Fruits
	Invivo(CCl4 induced)
In vivo (CCl4 and rifampicin induced)
	Aqueous [69]

	
	
	Fruits
	
	Aqueous and Ethanol [70]

	
	
	Fruits
	Invivo (CCl4 induced)
	Ethanol [71]

	
	
	Leaves
	Invivo (CCl4 induced)
	Ethyl acetate and Ethanol [72]

	16
	Coccinia indica
	Leaves 
	Invivo (CCl4 induced)
	Diethyl ether [73]

	
	
	Fruits
	[bookmark: _Hlk204948777]Invivo (CCl4 induced)
	Ethanolic [74]

	
	
	Leaves
	Invivo (CCl4 induced)
	Ethanolic [75]

	
	
	Leaves
	Invivo (Enalapril induced)
	Diethyl [76]

	17
	Momordica charantia
	Leaves
	In vivo (CCl4 induced)
	Aqueous [77]

	
	
	Fruits
	In vivo (acetaminophen-induced)
	Aqueous [78]

	
	
	Leaves
	In vivo
	Hydroalcoholic extract [79]

	
	
	Fruits
	Invivo(Alloxan induced)
	Methanolic [80]

	18
	 Chenopodium mural
	Whole plant
	Invivo (CCl4 induced)
	Ethanolic [81]

	
	
	Leaves
	Invivo(paracetamol induced)
	Aqueous methanolic [82]

	
	
	Whole plant
	Invivo(CCl 4induced)
	Ethanol [83]

	
	
	Aerial part
	Invivo (Diethylnitrosamine induced)
	Hydroethanolic [84]

	19
	Moringa oleifera
	Leaves






Leaves
	Invivo (Antitubercular drug induced)
	Ethanolic [85]

	
	
	
	Invivo(Cadmium induced)
	Hydroalcoholic [86]

	
	
	
	Invivo(CCl 4induced)
	Ethanolic [87]

	
	
	
	Invitro (CCl4 induced)
	Hydro alcoholic [88]

	
	
	Leaves
	Invivo (CCl induced)
	Ethanolic [89]

	
	
	
	Invivo (acetaminophen-induced liver fibrosis)
	Ethanolic [108]

	
	
	Leaves
	Invivo(Lead acetate induced)
	Aqueous [109]

	
	
	Stem and Leaves
	Ivivo (fatty liver induced with selected diet)
	Metahnol [110]

	
	
	Leaves
	Invivo(CCl4 Induced)
	Aqueous [111]

	20
	Chenopodium album
	Seed
	Invitro (CCl4   Induced)
	Ethanolic [90]

	
	
	Leaves
	 Invitro and Invivo (CCl4 Induced)
	Ethanolic [91]

	
	
	Aerial part
	Invivo (paracetamol induced)
	Aqueous [92]

	
	
	Leaves
	Invivo(CCl4    Induced)
	Ethanolic [93]

	
	
	Aerial part
	Invivo(CCl4   Induced)
	Methanol, Ethyl acetate, Pet-ether [94]

	
	
	Leaves
	Invivo(Cyclophosphamide induced)
	Hydroethanolic [105]



DISCUSSION
  Ayurveda the ‘The science of Life’ have many effective herbs to be evaluated for its own identity. Understanding of medicinal plant with proper identification and standardisation is very important therefore most essential to be familiar with branch of Ayurveda pharmacology ie ‘Dravyaguna vigyana’ which dealing with properties and action of Drugs. Ayurveda history can be divided in to 3 periods, Vedic period, Samhita period and Nighantu period   The Nighantu period known as the Goldan period of Ayurvedic Literature. The word Nighantu is one of the important aspects in the study of Dravyaguna Vijnana (Materia medica). The importance of Nighantu was highlighted for the first time by Acharya Narahari Pandit in his work called Raja Nighantu during 14th century A.D. He states that a physician without the knowledge of Nighantu, a scholar without the knowledge of Vyakaranam (Grammar) and a soldier without the knowledge of Ayudha (Weapons) are laughing stalk in the world. Madanapala Nighantu is one of the classical ayurveda lexicon which describe important information about identification and pharmacological actions of different medicinal plants. 
In the current analytical review, several hepatoprotective drugs in Madanapala Nighantu are identified and critically analyzed with their contemporary scientific validation.In Madanapal Nighantu, all substances have been kept in thirteen sections called "vargas," with a total of 1521 verses. 525 medicinal plants are mentioned in different vargas, Among these different vargas, 5 groups are described about hepatoprotective drugs; the drugs that have Yakrutrogahara, Pleeharogahara, and Kamalahara properties can be considered as hepatoprotective drugs. The groups of drugs, like Abhayadi varga, Sundyadi varga, Vatadi varga, Phaladi varga, and Shakhadi varga, show hepatoprotective action. These five vargas include a total of 20 medicinal plants as hepatoprotective. Among 13 vargas, the first varga is Abhayadi varga (here Abhaya is Terminalia chebula), which contains a total of 165 drugs, and among these, 11 drugs have hepatoprotective activity (8 drugs that cure Pleeharoga (splenic disorder), 5 drugs with Kamalahara (which cures jaundice), and 3 drugs that cure both splenic and liver disease). The maximum number of hepatoprotective medicinal plants are observed in Abhayadi varga (11); next to Abhayadi varga, the maximum number of hepatoprotective drugs are available in Shakhadi varga (6). Shakhadi vargas include food articles like leafy vegetables, fruits, vegetables, etc., because Ayurveda considersAhara (food) as Mahabhaishajya (great medicine). A total of 6 medicinal plants were explained in the shaka varga. (Four drugs that cure splenic disorder and two drugs for jaundice). Sundyadi ,phaladi( group of fruits) and Vatadi (a group of large trees) describe the minimum number of hepatoprotective drugs(one in each group)
In total 20 hepatoprotective drugs  7 drugs are specifically mentioned as kamala hara (which cures jaundice/hepatoprotective action), 12 drugs are mentioned as having pleeha rogaghna property (which cures splenic disease), and 3 drugs are mentioned as Yakrutrogahara.(Liver disorder). Many experimental studies were carried out to establish the hepatoprotective activity of these drugs. Both in vivo and in vitro studies were conducted. Most of them are in vivo studies where animals are induced with different hepatotoxic substances like carbon tetrachloride, paracetamol, antituberculosis drugs (Rifampicin), Aflatoxin-B1, Thioacetamide, Dimethylnitrosamine, Lead acetate, cyclophosphamide, Arsenic, N-triethylamine, Tetrachloromethane, Bleomycin etc.  Carbon tetrachloride and paracetamol were used mostly. Experimental studies are conducted with different extract has been discussed in Table 3, different parts like Root, Stem, leaves, seeds ,stem bark, fruits and whole plant also used for different studies. Extracts like Ethanol, Aqueous, Methanol, Hydro alcoholic, Petroleum ether, Acetone, Ethyl acetate etc. were used in these studies.
Reverse pharmacology is modern approach in clinical research that begin with clinical or traditional knowledge that described in different Ayurvedic texts likes Nighantus and moves backwards to experimental validation that further provides drug development with standardization, safety and efficacy. Nighantus like Madanapala nighandu provide great opportunity for research scholars to select single drugs with its given therapeutic action which can be validated with proper experimental studies. The source of knowledge in Different Nighantus integrate Ayurveda, Ethnomedicine and modern biomedicine. Nighantus provide textual basis of drug use and Reverse pharmacology validate this knowledge scientifically. This integrated approach reduces cost and time of drug discovery 
CONCLUSION
The Madanapala Nighantu also known as madanavinoda/madana nighandu is a significant ayurvedic lexicon compiled by Madanapala from the medieval period, contain significant pharmaco-therapeutic knowledge, particularly in the form of hepatoprotective herbs. This analytical review reveals the comprehensive mention of different medicinal plants within the text that are traditionally indicated for hepatoprotective action. Modern pharmacological investigations have done to validate many of these traditional claims, revealing hepatoprotective mechanisms of these medicinal herbs. This meeting of classical Ayurvedic wisdom and contemporary research works establish the safety and effectiveness in hepatoprotective activity of particular drug.
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