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	Alanine Aminotransferase

	APTT
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	BW
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	CAT
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	CBC
	Complete Blood Count

	CCl4
	Carbon Tetrachloride

	CMC
	Carboxymethyl Cellulose 

	Cmax
	Maximum Serum Concentration

	CNS
	Central Nervous System

	D
	Day

	DNA
	Deoxyribonucleic Acid

	DNAP
	Deoxyribonucleic Acid Polymerase 

	ELISA
	Enzyme-Linked Immunosorbent Assay

	GHS
	Globally Harmonized System

	GSH
	Glutathione

	GGT
	Gamma-Glutamyl Transferase

	HBeAg
	Hepatitis B envelope Antigen

	HBsAg
	Hepatitis B surface Antigen

	HBV
	Hepatitis B Virus

	HCT
	Haematocrit

	HPLC
	High Performance Liquid Chromatography

	IP
	Intraperitoneal

	LD50
	Median Lethal Dose 

	LDH
	Lactate Dehydrogenase

	LOAEL
	Low-Observed Adverse-Effect Level

	MCH
	Mean Corpuscular Haemoglobin

	MCV
	Mean Corpuscular Volume

	MDA
	Malondialdehyde

	MNPCE
	Micronucleated Polychromatic Erythrocytes

	NA
	Not Applicable 

	NAFLD
	Non-Alcoholic Fatty Liver Disease

	NASH


NNZNZ,hkhgk
	Non-Alcoholic Steatohepatitis


	NCE
	Normocromatic erythrocytes
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1. [bookmark: h.1t3h5sf][bookmark: _Toc525131542]SUMMARY
Heptex is a herbal medicinal product that is a combination of the extracts of 2 herbs widely known for their hepatoprotective ability; Dukung Anak (Phyllanthus niruri L.) and Milk Thistle (Silybum marianum L).  Heptex capsule is filled with brown fine powder of hot water solvent extraction from aerial parts of Phyllanthus niruri L. and hydro-alcoholic solvent extraction from fruits of Silybum marianum L.
Dukung Anak (Phyllanthus niruri L.) is an important traditional medicinal herb belonging to the family Euphorbiaceae that has been used for a long time in China, India, Brazil, and the Southeast Asian countries for the treatment of digestive disease, jaundice, renal calculus and for the treatment of hepatitis in ethnomedicinal systems.  More than 510 compounds have been isolated from Phyllanthus, the majority of which are lignins, triterpenoids, flavonoids, and tannins.  Lignins and tannins exhibit various activities and are considered to be the biologically active compounds [1].  Phyllanthus extract is indicated to have significant free radical scavenging anti-oxidant activity [2]; it restores the superoxide dismutase, catalase level and the non-protein thiol-glutathione to normal [2, 3], as well as enhances lipid peroxidation, which strongly accounts for its remarkable hepatoprotective activity against liver toxicity [3].
Milk Thistle extract bioactive compounds are called Silymarin.  Silymarin A is a natural compound derived from the species Silybum marianum L., a plant native to the Mediterranean region and belongs to the Compositae family.  The plant contains at least seven flavonolignans.  The most important flavonolignans present include silybin, silydianin and silychristin [4].  Flavonolignans are characterized by their anti-oxidant effect, which is attributed to the radicle scavenging ability of both free radicals and ROS [5].  Silymarin has been used worldwide for many years as a complementary alternative medicine because of the beneficial effects associated with the treatment of hepatic diseases.  The hepatoprotective effects of silymarin are accomplished via several mechanisms including ant oxidation [6], inhibition of lipid peroxidation [7,8], stimulation of ribosomal RNA polymerase and subsequent protein synthesis leading to enhanced hepatocyte regeneration [9], and enhanced liver detoxification via inhibition of phase I detoxification [9] and enhanced glucuronidation and protection of glutathione depletion [10].
Heptex formula passed through phytochemical standardization, preclinical studies and is being prepared for the programmed phase II clinical studies, investigating its anti-oxidant activity in patients with apparent risk factors of Nonalcoholic Steatohepatitis (NASH).
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2. [bookmark: _Toc525131544]INTRODUCTION
Heptex, as a combination of two of the most commonly used herbals in traditional medicine known for their hepatoprotective activities, Dukung Anak (Phyllanthus niruri L.) and Milk Thistle (Silybum marianum L.) [1], serves as a promising hepatoprotective herbal medicine.  The synergistic effect resulting from combining the two herbs is believed to magnify the hepatoprotective capacity of the drug.  Heptex safety and efficacy are being evaluated through intensive phytochemical standardization, pre-clinical and clinical studies. Heptex safety and efficacy have been evaluated through intensive phytochemical standardization, pre-clinical and clinical studies.

[bookmark: h.17dp8vu][bookmark: _Toc525131545]2.1. Background:
[bookmark: _Toc462931836][bookmark: _Toc525131546]2.1.1. Phyllanthus niruri L.:
Phyllanthus niruri L. is a small herb of Euphorbiaceae family that is distributed throughout the tropical and subtropical regions of both hemispheres.  This plant is popular in folk medicine where whole plant, fresh leaves and fruits are used in the treatment of various diseases [2, 3].  
The active phytochemicals, flavonoids, alkaloids, terpenoids, lignans, polyphenols, tannins, coumarins and saponins, have been identified from various parts of Phyllanthus niruri L. [4].  Extracts of this herb have been proven to have therapeutic effects in many clinical studies [5].  The plant is of medicinal importance for numerous ailments like dysentery, influenza, vaginitis, tumors, jaundice, kidney stone, dyspepsia and diabetes. It has been also used as diuretics, anti-hepatotoxic, anti-hepatitis, anti-hyperglycemic and also as anti-viral and anti-bacterial [6].  Recently, it has attracted the attention of researchers because of its hepatoprotective properties.  In modern research, a wide number of experimental studies have demonstrated the hepatoprotective potential of Phyllanthus plants in in-vitro and in-vivo systems [7-9].  Phyllanthus niruri L. was specifically tested for its hepatoprotective activity [10, 11] and its anti-oxidant activity [12, 13].
The active phytochemicals, flavonoids, alkaloids, terpenoids, lignans, polyphenols, tannins, coumarins and saponins, identified from various parts of Phyllanthus niruri L. exhibited different structural characteristics with various pharmacological actions.  The lignans had excellent hepatoprotective and anti-viral properties, whereas terpenes exhibited anti-cancer, as well as anti-microbial activity, flavonoids showed anti-oxidant activity and the alkaloids exhibited anti-spasmodic activity [14].
Researches have shown that carbon tetrachloride and galactosamine induced cytotoxicity in rat hepatocytes can be decreased by the Phyllanthus niruri L. hexane extract.  Phyllanthin and hypophyllanthin protects against the CCl4 induced cell lesions and GalN induced hepatotoxicity [15].  Also, it was found that Phyllanthus niruri L. protects the liver from nimesulide induced liver toxicity in mice [16].  In another trial, serum parameters i.e. serum bilirubin, serum alkaline phosphatase (ALP), serum aspartate aminotransferase (AST), serum alanine aminotransferase (ALT), hepatic reduced glutathione (GSH) became controlled after treatment with Phyllanthus niruri L. hexane extract [17].  Protein isolated from this plant was found to enhance cell viability induced against tertiary butyl hydroperoxide cytotoxicity and cell death; and it protects hepatocytes against thioacetamide induced cytotoxicity.  The extract was found to prevent alterations in GSH levels and it also reduces the lipid peroxidation induced by thioacetamide (TAA).  By the DPPH assay, it was found that the isolated protein has radical scavenging activity.  This protein protects the liver from the carbon tetra chloride induced hepatotoxicity and this can be measured by the liver enzymes and reduced levels of anti-oxidant enzymes [18-20].
Phyllanthus niruri L. was reported to be mostly safe after many years of research as there have been minimal to no side effects or toxicity reported for this herb.  A dose of 2000 mg/mL aqueous leaf extract of Phyllanthus niruri L. showed no acute toxicity at the levels of bilirubin, ALT, AST, total protein, albumin, globulin, ALP, GGT, urea, creatinine, full blood count, and haemoglobin [21].  Treatment with the ethanol extract of over a period of 90 days at doses of 30 and 300 mg/kg body weight showed no genotoxic effect at the test of PCE/NCE ratio in rats [22].  Reproductive toxicity of Phyllanthus niruri L. was tested using estrogen values, progesterone values, and testosterone levels. The estrogen and progesterone levels increased more than 1.5-fold above the control group after receiving 50 and 500 mg/kg aqueous leaf extract for 90 days, reminding us of the cytotoxic of male antifertility properties [23]. The effects of various concentrations of aqueous extract of Phyllanthus niruri L. on plasma glucose level and some hepatospecific markers were investigated in STZ-induced diabetic Wistar strain rats.  The acute toxicity studies showed that the aqueous leaf extract of Phyllanthus niruri L. produced an LD50 of 516.2 mg/kg [24].
It is important to note that in all the research published over the last 20 years, no signs of toxicity or side effects have been reported in any of the human or animal studies, even in acute or chronic use.  It has only been documented in human [25] and animal [26] studies with diuretic effects.  Chronic and acute use of this plant may be contraindicated in various other medical conditions where diuretics are not advised as chronic long-term use of any diuretic can cause electrolyte and mineral imbalances; however, human studies with Phyllanthus (for up to three months of chronic use) has not reported any side effects.
In an experiment to determine the bioavailability of four lignans; phyllanthin, hypophyllanthin, phyltetralin and niranthin from Phyllanthus niruri L. in plasma, a simple analytical method using HPLC with fluorescence detection was developed.  Following intravenous administration, the lignans showed a gradual decline in its plasma concentrations with corresponding longer half-lives between 3.35 and 4.40 h.  Following oral administration, all four lignans showed a rapid rise with a Tmax of 1 h followed by a gradual decline to 0 after 24 h.  Their mean Cmax values were 0.18, 0.56, 0.12 and 0.62ng/ml for 1, 2, 3 and 4, respectively.  Absorption after oral administration was incomplete as evidenced by AUC, of 18, 7, 3 and 4 times lower for 1, 2, 3 and 4, respectively, compared to those from intravenous administration despite their oral doses being 10 times higher.  The calculated absolute bioavailability values for 1, 2, 3 and 4 were 0.62, 1.52, 4.01 and 2.66%, respectively [27]. 
Rajesh Bhattacharjee  et al demonstrated the antioxidant activity of the protein fractions of Phyllanthus niruri plays against acetaminophen induced hepatic disorder. The partially purified protein fraction of P. niruri was injected intraperitoneally in mice either prior to (preventive) or after the induction of toxicity (curative). Levels of different liver marker enzymes in serum and different antioxidant enzymes, as well as lipid peroxidation in total liver homogenates were measured in normal, control (toxicity induced) and P. niruri protein fraction‐treated mice.  The results demonstrated that the protein fraction of P. niruri protected liver tissues against oxidative stress in mice, probably acting by increasing antioxidative defense. [28]


In a study by Raghdaa Hamdan Al Zarzour et al, the Progression of Non-Alcoholic Fatty Liver Disease was alleviated by Phyllanthus Niruri Standardized Extract also it decreased atherosclerotic risk in Sprague–Dawley Rats. NAFLD was induced in male Sprague–Dawley rats using a special high-fat diet (HFD). A 50% methanolic extract (50% ME) exhibited the highest inhibitory effect against NAFLD progression. It significantly reduced hepatomegaly (16%) and visceral fat weight (22%), decreased NAFLD score, prevented fibrosis, and reduced serum total cholesterol (TC) (48%), low-density lipoprotein (LDL) (65%), free fatty acids (FFAs) (25%), alanine aminotransferase (ALT) (45%), alkaline phosphatase (ALP) (38%), insulin concentration (67%), homeostatic model assessment of insulin resistance (HOMA-IR) (73%), serum atherogenic ratios TC/high-density lipoprotein (HDL) (29%), LDL/HDL (66%) and (TC–HDL)/HDL (64%), hepatic content of cholesterol (43%), triglyceride (29%) and malondialdehyde (MDA) (40%) compared to a non-treated HFD group. [29]
Florica Naftanaila et al studied the evaluation of hepatoprotective effect of Phyllanthus Niruri, Sylimarin extract, and Choline combination. The hepatoprotective effect of the combination silymarin/ Phyllanthus niruri extract/ choline was investigated in comparison with silymarin alone in patients with hepatic steatosis, in an open clinical study. 101 patients with non-alcoholic hepatic steatosis confirmed by high values of serum transaminases and ultrasonography were included in the study.  The patients were divided into two groups, group A received 150 mg silymarin three times daily, and group B a hepatoprotective complex (120 mg silymarin/ 225 mg Phyllanthus niruri extract/ 60  mg  choline)  three  times  daily,  for  6  months.  The hepatoprotective effects were assessed through the evolution of the following laboratory parameters: aspartate transaminase (AST), alanine transaminase  (ALT),  gamma- glutamyl  transferase  (GGT),  alkaline  phosphatase,  serum  bilirubin  and  serum  cholesterol  at  3  and  6  months  after  the  initiation  of  the  hepatoprotective  treatment. The combination silymarin/ Phyllanthus niruri extract/ choline induced a better liver protection than silymarin alone. [30]
In 2010, a trial was conducted by Patel et.al. indicating the hepatoprotective effect of Phyllanthus amarus.  The study was conducted on 107 Indian patients suffering from liver disease with treatment duration of 30-45 days.  The authors reported significant decrease in SGPT and bilirubin level and increase in hemoglobin [31].
In 2011, Nikam et al. reported the role of Phyllanthus amarus in the treatment of hepatitis C where the author strongly suggested that therapy with Phyllanthus amarus increases various anti-oxidants and reduces lipid peroxidation of hepatic cellular and intracellular membranes and thus plays and important role in the protection of the liver against damage due to free radicals in hepatitis C [32].
[bookmark: h.3rdcrjn][bookmark: _Toc525131547]2.1.2. Silybum marianum L.:
Silybum marianum L., a member of the aster family (Asteraceae or Compositae), is an annual or biennial native to the Mediterranean, but now widespread throughout the world.  Extracts of milk thistle have been used as medical remedies since the time of ancient Greece; the active extract of milk thistle is silymarin, a mixture of the flavonolignans, silydianin, silychristin, and silybin, with the latter being the most biologically active.  The flavonoids appear to be active as free radical scavengers and stabilizers of plasma membranes.  Concentrations of silymarin are highest in the fruit of the plant, as well as in the seeds and leaves [33].  Silymarin has been used for centuries as a natural remedy for diseases and disorders of the liver and biliary tract including hepatitis, cirrhosis and jaundice, and to protect the liver against poisoning from chemical and environmental toxins, including snake bites, insect stings, mushroom poisoning and alcohol [34, 35].  It has been reported to work as an antioxidant, scavenging free radicals [36] and inhibiting lipid peroxidation [37].  Studies also suggest that it increases hepatocyte protein synthesis by stimulating RNA polymerase I activity [38], decrease the activity of tumor promoters [39], and chelate iron [40].
Milk thistle consists of approximately 70-80% of the silymarin flavonolignans and approximately 20-30% of a chemically undefined fraction, comprising mostly polymeric and oxidized polyphenolic compounds.  The most prevalent component of the silymarin complex is silybin (50-60%), which is the most active photochemical and is largely responsible for the claimed benefit of the silymarin.  Besides silybin, which is a mixture of two diastereomers (A and B) in approximately 1:1 proportion, considerable amounts of other flavonolignans are present in the silymarin complex, namely silychristin (20%), silydianin (10%), isosilybin (5%), dehydrosilybin, and a few flavonoids, mainly taxifolin. The seeds also contain betaine, trimethylglycine, and essential fatty acids that may contribute to silymarin’s hepatoprotective and anti-inflammatory properties [41-51].
Peak plasma concentration of orally administered silymarin is achieved in 6-8 h.  The oral absorption of silymarin is only about 23-47%, leading to low bioavailability of the compound; it is administered as a standard extract (70-80% silymarin).  After oral administration the recovery in bile ranges from 2-3%.  Silybin and the other components of silymarin are rapidly conjugated with sulfate and glucuronic acid in the liver and excreted through the bile [42, 43-45].
Studies on the acute toxicity of silymarin after intravenous infusion have been carried out in mice, rats, rabbits, and dogs.  The LD50 values were 400 mg/kg (mice), 385 mg/kg (rats), and 140 mg/kg (rabbits and dogs) where values will vary depending on the infusion rate.  With slow infusion (over 2-3 h) the LD50 was 2 g/kg in rats and after oral administration it was 10 g/kg [46].  In another study, an intravenous bolus dose of silymarin as the hemisuccinate sodium salt has been used to carry out acute toxicity studies in beagle dogs, rabbits, Wistar rats, and NMRI mice.  The LD50 was 1050 mg/kg (male mice), 970 mg/kg (female mice), 825 mg/kg (male rats), 920 mg/kg (female rats), and 300 mg/kg (rabbits, dogs) [45].  These data demonstrate that the acute toxicity of silymarin is very low. Similarly, its sub-acute and chronic toxicity are also very low [47].
Several clinical trials in humans have been performed to evaluate the safety and efficacy of silymarin treatment in hepatic diseases [48].
According to Polyak et al., the various formulations of milk thistle taken as a whole have an excellent safety track record.  Nevertheless, side effects, laboratory parameters, and concomitant medications should be monitored closely at higher dose ranges [49].  In a review of the use of silymarin in the treatment of liver disease, the available safety data using adverse events published in nine clinical trials were summarized.  Daily doses ranged from 240 mg to 600 mg.  No deaths or serious adverse events were reported for 296 subjects treated in randomized, double-blinded, placebo-controlled clinical trials.  Moreover, incidence of deaths and serious adverse events was lower in the silymarin-treated than in the placebo-treated population and the overall incidence of adverse events was 2.4% in the randomized trials.  Of 3612 subjects treated in unblinded studies, the incidence of adverse events was 1%.  Considering all published randomized trials, uncontrolled studies, and case reports, only one serious adverse event has been considered related to silymarin (diarrhea, vomiting, and collapse in a 57-year-old woman) [49].  The most common symptom seen in silymarin treated patients is laxative effect.  Other known symptoms associated with silymarin have included nausea, epigastric discomfort, arthralgia, pruritus, and urticaria, although in clinical trials, the incidence of these side effects have been reported to be similar between treatment and placebo arms [50].
With regards to efficacy, clinical studies investigating silymarin benefit in many liver diseases, including alcoholic liver disease, non-alcoholic fatty liver disease, non-alcoholic steatohepatitis, hepatic fibrosis and cirrhosis, and hepatitis C and B, have been conducted concluding that further clinical studies of higher scientific quality analyzing long-term application and clinical outcomes are needed to support evidence for the use of silymarin in different types of chronic liver disease [51].
There has been no recent studies investigating the role of silymarin in alcoholic liver disease, however older trials showed improvement in clinical parameters associated with alcoholic liver disease.  In 1981, Di Mario conducted a randomized, placebo-controlled clinical trial where 43 patients with alcohol-induced liver disease were given Silymarin 420 mg per day for two months.  Results reported statistically significant reduction in ALT, AST, bilirubin, and prothrombin in the blood with improvement of clinical symptoms like weakness, anorexia, and nausea under silymarin treatment [51].  In 1982, Salmi and Sama conducted a randomized, double-blinded, placebo-controlled study on 97 patients with acute or sub-acute alcoholic liver disease where 420 mg milk thistle extract was given over a period of one month.  Results showed decreased liver transaminase levels compared to the non-treated group [52].  In another trial in 1989, 140 mg of silymarin were given three times a day to 36 patients suffering from chronic alcoholic liver diseases.  Results showed normalization of ALT and AST levels and reduction in gamma-GT and pro-collagen levels in the silymarin group with clinical improvement in liver function [53].  In 1990, another study was conducted which included 12 patients treated with 420 mg milk thistle extract per day for six months and focused predominantly on anti-oxidative effects of silymarin [54], however results failed to reveal significance.
The data obtained from clinical studies conducted on silymarin in non-alcoholic fatty liver disease (NAFLD) or nonalcoholic steatohepatitis (NASH) provide a rationale for silymarin as a co-medication.  In 2009, Hajani et al. conducted an open label comparative trial on patients suffering from NAFLD, in which 71 silymarin-treated patients received Silymarin 70 mg for three times a day opposed to 71 patients who received vitamin E 400 IU per day over a period of 12 weeks.  At the end of the study, the authors concluded a potential for both substances to lower AST and ALT levels [55].  In 2009, Hashemi et al. conducted a comparative randomized placebo-controlled trial and reported significant reduction in ALT and AST levels compared to placebo on administration of 140 mg silymarin two times a day to 50 NAFLD patients in contrast to 50 patients receiving placebo for 24 weeks [56].  Likewise, Masoodi et al. conducted a comparative, double-blind, placebo-controlled trial in 2013 where also 140 mg silymarin were given to 50 NAFLD patients two times daily for 12 weeks in contrast to 50 patients receiving placebo and also reported the tendency to reduce ALT and AST levels in silymarin-treated patients [57].  In 2014, Solhi et al. gave 70 mg silymarin three times daily to 30 NASH patients in contrast to 31 patients receiving placebo in a comparative randomized reporting significant reduction in ALT and AST levels in the silymarin-treated group compared to placebo group [58].  Hajiaghamo-hammadi et al. compared silymarin to pioglitazone and metformin where 22 NAFLD patients received Silymarin 140 mg per day, 22 NAFLD patients received pioglitazone 15 mg per day, and 22 NAFLD patients received metformin 500 mg per day for 8 weeks in a comparative randomized trial and reported even more significant change in ALT and AST levels [59].
A meta-analysis was previously conducted to assess the therapeutic effect of silymarin in the treatment of patients with NAFLD. It included eight randomized clinical trials (RCTs) with a total of 587 patients. It showed that patients receiving silymarin (whether monotherapy or in combination) had significantly lower AST and ALT levels than those in control patients (p = 0.0002 & p = 0.1 respectively) [60].
In 2013, Fulvio Cacciapuoti et al studied the effect of Sylimarin in non-alcoholic fatty liver diseases. In 72 patients affected by NAFLD, main metabolic, hepatic and anti-inflammatory parameters were assayed after 3 months of a restricted diet and before silymarin treatment (twice a day orally). The brightness of liver echography texture (hepatorenal ratio brightness) was also defined at same time. These evaluations were repeated after 6 months of treatment. It was found that Serum levels of some metabolic and anti-inflammatory data non-significantly lowered after 6 months of silymarin. On the contrary, Steato test, alanine aminotransferase (ALT), aspartate aminotransferase (AST) and gamma-glutamyl transpeptidase were significantly (P < 0.001) reduced. Instead, the AST/ALT ratio unchanged. Finally, the hepatorenal brightness ratio, as an index of hepatic steatosis, significantly (P < 0.05) dropped. The obtained results indicated that silymarin appears to be effective to reduce the biochemical, inflammatory and ultrasonic indices of hepatic steatosis. Some parameters indicative of early stage of atherosclerosis were also lowered [61].
[bookmark: _Toc525131548]2.2. Rationale for Heptex:
Liver is the largest gland in the body weighing about 1500 g in adults, occupying 2.5% of total body weight [62] and provides a multitude of functions that are necessary for maintaining normal physiological homeostasis.  It is composed of five types of specialized parenchymal and non-parenchymal cells; together they are responsible for many essential functions related to digestion, metabolism, immunity and storage of nutrients within the body.
The liver has the capacity to detoxify endogenous (waste metabolites) and/or exogenous (toxic compounds) substances of organisms, as well as being involved in the biochemical processes of growing, providing nutrients, supplying energy and reproducing [63].  In addition, it aids in the metabolism of carbohydrates and fats, in the secretion of bile and in the storage of vitamins [64].  Total number of functions performed by liver vary on different estimates, but in general, textbooks have cited it being around 500 [65].  Because of the large multitude of these functions, hepatic disease, which is any damage to the cells, tissues, structure, or liver function, continue to be among the principal threats to public health, and they possess a problem worldwide.
In spite of the vast progresses seen in modern medicine nowadays, completely effective drugs that stimulate hepatic function, offer complete protection to the organ, or aid in regenerating hepatic cells is still beyond reach, additionally, some may cause side effects.  Thus, identifying an alternative approach for the treatment of hepatic diseases with the aim of being more effective and less toxic has gained increasing importance over the past few years.
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3. [bookmark: _Toc525131550]PHYSICAL, CHEMICAL, STANDARDIZATION AND FORMULATION

3.1. [bookmark: _Toc462822961][bookmark: _Toc525131551]Drug Substances:
1. [bookmark: _Toc478386029][bookmark: _Toc478386070][bookmark: _Toc478386123][bookmark: _Toc478386518][bookmark: _Toc479768386][bookmark: _Toc488238644][bookmark: _Toc488242796][bookmark: _Toc488740406][bookmark: _Toc488742988][bookmark: _Toc488743140][bookmark: _Toc488743292][bookmark: _Toc488743347][bookmark: _Toc488744143][bookmark: _Toc488744200][bookmark: _Toc488749283][bookmark: _Toc488749454][bookmark: _Toc488749798][bookmark: _Toc491336395][bookmark: _Toc524959075][bookmark: _Toc524959398][bookmark: _Toc524959440][bookmark: _Toc525048555][bookmark: _Toc525048596][bookmark: _Toc525117922][bookmark: _Toc525131552][bookmark: _Toc462822962]
2. [bookmark: _Toc478386030][bookmark: _Toc478386071][bookmark: _Toc478386124][bookmark: _Toc478386519][bookmark: _Toc479768387][bookmark: _Toc488238645][bookmark: _Toc488242797][bookmark: _Toc488740407][bookmark: _Toc488742989][bookmark: _Toc488743141][bookmark: _Toc488743293][bookmark: _Toc488743348][bookmark: _Toc488744144][bookmark: _Toc488744201][bookmark: _Toc488749284][bookmark: _Toc488749455][bookmark: _Toc488749799][bookmark: _Toc491336396][bookmark: _Toc524959076][bookmark: _Toc524959399][bookmark: _Toc524959441][bookmark: _Toc525048556][bookmark: _Toc525048597][bookmark: _Toc525117923][bookmark: _Toc525131553]
3. [bookmark: _Toc478386031][bookmark: _Toc478386072][bookmark: _Toc478386125][bookmark: _Toc478386520][bookmark: _Toc479768388][bookmark: _Toc488238646][bookmark: _Toc488242798][bookmark: _Toc488740408][bookmark: _Toc488742990][bookmark: _Toc488743142][bookmark: _Toc488743294][bookmark: _Toc488743349][bookmark: _Toc488744145][bookmark: _Toc488744202][bookmark: _Toc488749285][bookmark: _Toc488749456][bookmark: _Toc488749800][bookmark: _Toc491336397][bookmark: _Toc524959077][bookmark: _Toc524959400][bookmark: _Toc524959442][bookmark: _Toc525048557][bookmark: _Toc525048598][bookmark: _Toc525117924][bookmark: _Toc525131554]
3.1. [bookmark: _Toc478386032][bookmark: _Toc478386073][bookmark: _Toc478386126][bookmark: _Toc478386521][bookmark: _Toc479768389][bookmark: _Toc488238647][bookmark: _Toc488242799][bookmark: _Toc488740409][bookmark: _Toc488742991][bookmark: _Toc488743143][bookmark: _Toc488743295][bookmark: _Toc488743350][bookmark: _Toc488744146][bookmark: _Toc488744203][bookmark: _Toc488749286][bookmark: _Toc488749457][bookmark: _Toc488749801][bookmark: _Toc491336398][bookmark: _Toc524959078][bookmark: _Toc524959401][bookmark: _Toc524959443][bookmark: _Toc525048558][bookmark: _Toc525048599][bookmark: _Toc525117925][bookmark: _Toc525131555]
3.1.1. [bookmark: _Toc525131556]Names:
[bookmark: _Toc462822963]Dukung Anak Powdered aqueous extract & Milk Thistle Powdered hydro-alcoholic extract.
3.1.2. [bookmark: _Toc525131557]Botanical Name:
[bookmark: h.ihv636][bookmark: h.32hioqz][bookmark: _Toc462822964]Aerial parts of Phyllanthus niruri L. family Phyllanthaceae & fruits of Silybum marianum L. family Astraceae.
3.1.3. [bookmark: _Toc525131558]Chemical Structures of the Marker Compounds:
Corilagin [1] (Phyllanthus niruri L.):
(1s, 19r, 21s, 22r, 23r)-6,7,8,11,12,13,22,23-octahydroxy-3, 16-dioxo-2,17,20trioxatetracyclo[17.3.1.04,9.010,15]tricosa-4,6,8,10,12,14-hexaen-21-yl3,4, 5-trihydroxybenzoate. Its empirical formula is C27H22O18 with a molecular weight of 634.45 g/mol. It has the following structural formula:
[image: Corilagin.png]




Silymarin [2] (Silybum marianum L.):
(2R, 3R)-3,5,7-trihydroxy-2-[(2R,3R)-3-(4-hydroxy-3-methoxyphenyl) 2(hydroxymethyl)-2,3-dihydrobenzo[b][1,4]dioxin-6-yl]chroman-4-one. 
Its empirical formula is C25 H22 O10 with a molecular weight of 482.44 g/mol.  It has the following structural formula:
[image: silibinin.png]

[bookmark: h.1hmsyys][bookmark: h.41mghml][bookmark: _Toc458501760][bookmark: _Toc462822965]


[bookmark: _Toc525131559]3.1.4.	Standardization of the Drug Substances [Data on file]:
The standardization of the two drug substances has been conducted according to the Malaysian guideline NRDHM (National Committee for Research and Development in Herbal Medicine).
To ensure that a herbal drug product is made consistently with good quality, the NRDHM specifies, in addition to final product testing, appropriate quality control testing for the botanical raw material and adequate in‐process controls during manufacturing and final process validation, especially for the herbal drug substance.
The quality control testing of the drug substances includes chemical identification and assay of the marker compounds by HPLC; percentage of Corilagin (a marker compound of Dukung Anak) was 5.6% w/w, while the percentage of Silymarin (marker compound of Milk thistle) was 80.26%. Chemical, physical and microbial testing have been also conducted.
3.2. [bookmark: _Toc462822966][bookmark: _Toc525131560]Drug Product:
3.2.1. [bookmark: h.2grqrue][bookmark: _Toc462822967][bookmark: _Toc525131561]Name:
Heptex
3.2.2. [bookmark: h.vx1227][bookmark: _Toc462822968][bookmark: _Toc525131562]Physical Characteristics:
[bookmark: h.3fwokq0][bookmark: _Toc462822969]Brown fine powder.
3.2.3. [bookmark: _Toc525131563]Active Ingredients:
[bookmark: h.4f1mdlm][bookmark: _Toc462822971]	Dukung Anak Powdered Extract (from aerial parts of Phyllanthus niruri L. by hot water solvent extraction).  Extraction ratio from 38:1.
Milk Thistle Powdered Extract (from fruits of Silybum marianum L.) by hydro-alcoholic solvent extraction).  Extraction ratio from 50:1.
[bookmark: _Toc462931850][bookmark: _Toc525131564]3.2.4. Excipients:
 Rice Bran as diluent.
[bookmark: h.1pxezwc][bookmark: _Toc462931851][bookmark: _Toc525131565]3.2.5. Dose Form and Route of Administration:
  Oral hard capsules.

[bookmark: h.2u6wntf][bookmark: _Toc462822972][bookmark: _Toc525131566]3.2.6. Storage & Handling:
[bookmark: h.19c6y18][bookmark: _Toc462822973]  Heptex capsules are packed in 100 cc HDPE bottles, to be stored in a dry place not      exceeding 30˚C.

 References:
[1]	National Center for Biotechnology Information. PubChem Compound Database; CID=73568, https://pubchem.ncbi.nlm.nih.gov/compound/73568 (accessed Aug. 28, 2016).
[2]	National Center for Biotechnology Information. PubChem Compound Database; CID=31553, https://pubchem.ncbi.nlm.nih.gov/compound/31553 (accessed Aug. 28, 2016).
[Data on file]: Studies performed by Natural Wellness research team in cooperation with different universities, governmental and private research centers. Study reports are available upon request.



4. [bookmark: h.147n2zr][bookmark: _Toc462822974][bookmark: _Toc467518179][bookmark: _Toc525131567]NONCLINICAL STUDIES 
[bookmark: h.3o7alnk][bookmark: _Toc254291158][bookmark: _Toc462931855][bookmark: _Toc525131568]4.1. Nonclinical Pharmacology [Data on File]:
[bookmark: h.23ckvvd]The objective of the pharmacological study was to assess the anti-oxidant activity of Heptex with respect to oxidative stress markers (SOD, catalase, reduced glutathione and lipid peroxides level), in addition to inflammatory marker (TNF-α). This study has been performed in order to characterize the pharmacodynamics of Heptex as represented in the table below. 
	Species Tested
	Number/Sex of animals per group
	Unit Dose
	Dose interval
	Route of Administration
	Duration of Dosing
	Duration of post-exposure follow-up

	Sprague-Dawley rats.
	8 ♂/group
	0, 62.5, 125, 250, 500 and 1000 mg/kg
	Once daily
	Oral
	1 day
	0



DESIGN:
Rats were divided into 8 groups of 6 rats each.  The first group served as control and took water orally followed by intraperitoneal (IP) injection of corn oil after 4 hrs. The second group was injected once with 1 ml/kg of CCl4-corn oil 50% mixture.  Groups 3 to 7 were pre-treated by oral administration injection of Heptex (62.5, 125, 250, 500 and 1000 mg/kg, respectively), then given one IP injection of the CCl4 mixture after 4 hrs of the pre-treatment.  Group 8 was pre-treated with milk thistle at a dose of 1000 mg/kg.
Blood samples were collected by cardiac puncture and allowed to clot. The serum was separated by centrifugation at 3000 rpm for 10 min, and then stored at -80°C till needed. Sera were used to measure hepatotoxicity parameters: AST, ALT, ALP, LDH, TG, TC, creatinine, urea, glucose and total bilirubin. Rats were sacrificed and liver tissues were dissected. Representative tissue from each lobe was cut and fixed in 10% formalin and then embedded in paraffin for histopathological examination.  The remaining liver tissues were re-weighed, washed and homogenized in ice-cold PBS to yield 10% w/v homogenates and then stored at -80°C till needed.
Biochemical Analyses:  Activities of serum  ALT, AST, ALP and LDH, serum levels of total bilirubin, total cholesterol (TC), triglycerides (TG), glucose, creatinine and urea were determined colorimetrically using Mindray BS-120 clinical chemistry auto-analyzer (Shenzhen Mindray Bio-medical Electronics Co. Ltd., Shenzhen, China).  Levels of antioxidant molecules glutathione (GSH), Malondialdehyde (MDA) and the activities of antioxidant enzymes superoxide dismutase (SOD), and catalase (CAT) were determined using commercial kits (Biodiagnostics, Cairo, Egypt).
Determination of TNF-α was performed using commercial ELISA kit, Assaypro, LLC (St. Charles, MO, USA).
RESULTS AND DISCUSSION 
· Hepatotoxicity Markers: 
As presented in previous studies [1-3] and confirmed by our results, CCl4 causes drastic increases of serum levels of AST, ALT, ALP and LDH. These effects can be attributed to the hepatocellular damage it causes during the course of its metabolism [4-5].
After the CCl4 challenge, there was significant leakage of ALT & AST outside the cells compared to the corresponding control group. Serum levels of ALP and LDH were significantly increased too. Pretreatment of animals with Heptex significantly reduced these levels as compared to the CCl4 model group. Moreover, pretreatment with milk thistle normalized the levels of ALT, ALP and LDH that were not statistically different from the corresponding control group.  On the other hand, acute CCl4 intoxication did not cause significant changes in TB, Glucose, TC, TG, urea or creatinine. In addition, no changes were observed with pretreatment by Heptex.
· Oxidative Stress Markers: 
CCl4 toxicity is largely due to free radical mediated damage [6]. Lipid peroxidation is recognized as one of the principal steps of CCl4-induced liver injury. Therefore, antioxidant activity is a very important property in a hepatoprotective drug. In this study, there was an increase in MDA with concomitant decrease in GSH after CCl4 challenge. However, their levels in the pretreated group were comparable to that of the control group, indicating that Heptex has significant free radical scavenging antioxidant activity. MDA has long been used as a biomarker of oxidative stress [7-8], and the increase of MDA reflects enhanced lipid peroxidation and tissue injury. GSH on the other hand, represents the non-enzymatic part of the host antioxidant defense mechanism, whereas SOD and CAT constitute the major enzymatic part. GSH can effectively scavenge free radicals, where it is oxidized by GSP into glutathione disulfide which can be reduced back to GSH by GR with the consumption of NADPH [9]. CCl4 significantly depleted GSH and caused about 6-fold increase in MDA levels compared to the control group. These changes were successively restored by Heptex pretreatment in a dose related manner. Concerning activities of the antioxidant enzymes, SOD activity was significantly decreased by the CCl4 challenge and approached normal levels by the pretreatment. On the other hand, CAT activity was not affected by CCl4 or Heptex pretreatment 
· TNF-α ELISA: 
Although liver injury results initially from the metabolism of CCl4 to the trichloromethyl radical and the resulted oxidative stress chain, secondary damage occurs from inflammatory processes that are initiated by the activation of Kupffer cells [10].  Activated Kupffer cells release a number of proinflammatory mediators which activate other cells in the liver (endothelial cells, stellate cells and hepatocytes), inducing the expression of chemokines which attract and activate circulating inflammatory cells [11].  One of these pro-inflammatory mediators is TNF-α [12].  Our results showed marked increase in its levels in the CCl4 group, whereas Heptex suppressed its expression. TNF-α stimulates the release of other cytokines from Kupffer cells, in addition to induction of phagocyte oxidative metabolism and nitric oxide production [13]. NO in turn can exacerbate oxidative stress by reacting with reactive oxygen species (ROS), forming peroxynitrite [14].  NO has pleiotropic effects. It has been reported that NO plays an important role in various kinds of liver injury [15, 16], where the liver produces large quantities of NO by hepatocytes [17], Kupffer cells [18] and endothelial cells [19] in response to tissue damage and inflammation induced by a variety of xenobiotics including CCl4.
CONCLUSION:
Heptex has a potential protective effect against CCl4-induced oxidative stress. This was attributed – at least partly – by reduction of oxidative stress and inflammatory response.
[bookmark: _Toc462931856][bookmark: _Toc525131569]4.2. Pharmacokinetics and Product Metabolism in Animals.
Pharmacokinetics and Product Metabolism in Animals have not been conducted.
[bookmark: _Toc462931857][bookmark: _Toc525131570]4.3. Toxicology [Data on file]:
Heptex nonclinical toxicology program has been conducted according to OECD guidelines.  Sprague-Dawley rats were selected as the test species for the general toxicology studies because of the regulatory acceptance of this species. The drug was administered orally in these studies to be similar to the route of administration in the clinical studies. The toxicology program included single dose in Sprague-Dawley rats, followed by 28-day and 90-day repeated-dose oral administration studies in this species. In addition, Genotoxicity studies including in-vivo chromosomal aberration test and in-vivo micronucleus test in rats. The reproductive toxicity of Heptex has also been investigated. A listing of these studies is presented in the below table.
	Type of Study/Dose Duration
	Route of Administration
	Species 
(Heptex Dosage)
	Animals/
Sex/Group

	Single Dose (Acute Toxicity) 
	Oral
	Sprague–Dawley rats.
(0, 2000 mg/kg)
	3 ♀

	Repeat Dose
	
	
	

	Sub- acute/ 28 days
	Oral
	Sprague–Dawley rats.
(0, 250, 500, 1000 mg/kg)
	-  30♀, 30♂ (5/sex /group & 5 satellite/sex for control & dose 1000)

	Sub-chronic/ 90 days
	Oral
	Sprague–Dawley rats.
(0, 250, 500, 1000 mg/kg)
	50♀, 50♂ (10/sex/group & 5 satellite/sex for control & dose 1000)

	Genotoxicity 
In-vivo Chromosome aberration & Micronucleus/ 14 days 
	Oral 
	Sprague–Dawley rats.
(0, 250, 500, 1000 mg/kg)
	25♀ & 25♂ (5/sex/group)

	Reproductive Toxicity/
70 days premating ♂
30 days mating
21 days post mating♀
21 days post-partum ♀
	Oral
	Sprague–Dawley rats.
(0, 250, 500, 1000 mg/kg)
	120♀ &120♂ (30/sex/group)

	Reproductive Developmental Toxicity/
14 days premating
14 days mating
14 days post-mating
	Oral
	Sprague–Dawley rats.
(0, 250, 500, 1000 mg/kg)
	80♀ & 80♂ (20/sex/group)

	Prenatal Developmental Toxicity/
19 days Gestation
	Oral
	Sprague–Dawley rats.
(0, 250, 500, 1000 mg/kg)
	15 pregnant ♀/ group


List of Toxicology Studies Performed During the Development of Heptex
4.3.1 [bookmark: _Toc462931858][bookmark: _Toc525131571]Single Dose Studies (Acute Toxicity):
DESIGN:
The aim of this study was to determine LD50 of Heptex extract.  3 animals were dosed on day one, sacrificed on day 15 and another 3 animals dosed on day two, sacrificed on day 16 (post-dosing period of 14 days) using CO2 asphyxiation technique. Fasting body weights of animals were recorded. Necropsy of all animals was carried out and the weights of the organs including liver, kidneys, adrenals, thymus, spleen, brain, heart were recorded.
RESULTS AND DISCUSSION:
The acute toxicity of Heptex was tested on female Sprague-Dawley rats according to OECD guideline # 423 [20]. Based on previous evidence from literature about the safety of Dukong Anak and Milk thistle, limit test was performed. Heptex was administered orally using gastric feeding needle at a dose of 2000 mg/kg BW (10 mL/kg dosing volume). No mortality was recorded for the tested animals after 24 hrs of administration of Heptex. The same result was obtained when the test was repeated using three additional animals at the same dose. Thereafter, the animals were monitored daily for behavioral changes and weekly for changes in body weight. Our study indicated that there were no significant alterations in animals’ behavior or body weight after administering Heptex compared to control. Necropsy was done at day 14 after administration of the single dose of the powder and no gross pathological changes were observed in comparison to healthy control animals.
CONCLUSION:
According to the Acute Toxic Class Method reported in OECD guideline# 423 [20], Heptex is considered to be unclassified with LD50 cut-off value >5000 mg/kg (according to Globally Harmonized System (GHS) for classification of chemicals) which reflect that the tested drug is of high degree of safety in rodents.
4.3.2. [bookmark: _Toc27904163][bookmark: _Toc40776187][bookmark: _Toc44831012][bookmark: _Toc44831244][bookmark: _Toc44831356][bookmark: _Toc52080660][bookmark: _Ref52086761][bookmark: _Toc52168210][bookmark: _Toc52347781][bookmark: _Toc15287940][bookmark: _Toc17607843][bookmark: _Toc52684610][bookmark: _Toc52771617][bookmark: _Ref52772008][bookmark: _Ref52851349][bookmark: _Toc52875429][bookmark: _Ref52957967][bookmark: _Ref52957996][bookmark: _Toc53824457][bookmark: _Toc81889107][bookmark: _Toc81897332][bookmark: _Toc81898832][bookmark: _Toc81905312][bookmark: _Toc81905437][bookmark: _Toc81905639][bookmark: _Toc81971040][bookmark: _Toc81975144][bookmark: _Toc81976605][bookmark: _Toc81980093][bookmark: _Toc82506841][bookmark: _Toc82857551][bookmark: _Toc82941324][bookmark: _Toc83108405][bookmark: _Toc83112258][bookmark: _Toc83184352][bookmark: _Toc83184538][bookmark: _Toc83184850][bookmark: _Toc83194275][bookmark: _Toc83194394][bookmark: _Toc83200340][bookmark: _Toc83461787][bookmark: _Toc83462793][bookmark: _Toc83543634][bookmark: _Toc83613381][bookmark: _Toc83698799][bookmark: _Toc83702776][bookmark: _Toc83801644][bookmark: _Toc84044219][bookmark: _Toc84049576][bookmark: _Toc84057709][bookmark: _Toc84061800][bookmark: _Toc84840199][bookmark: _Toc84847466][bookmark: _Toc84847612][bookmark: _Toc84906439][bookmark: _Toc84906717][bookmark: _Toc84991934][bookmark: _Toc84994122][bookmark: _Toc85857507][bookmark: _Toc85858890][bookmark: _Toc85872965][bookmark: _Toc85955244][bookmark: _Toc85967104][bookmark: _Toc85967322][bookmark: _Toc85972919][bookmark: _Toc85985680][bookmark: _Toc85991358][bookmark: _Toc85993738][bookmark: _Toc85999836][bookmark: _Toc86002797][bookmark: _Toc86003015][bookmark: _Toc88285564][bookmark: _Toc88303179][bookmark: _Toc88309682][bookmark: _Toc88370884][bookmark: _Toc89665942][bookmark: _Toc89678488][bookmark: _Toc90114969][bookmark: _Toc90115426][bookmark: _Toc90116346][bookmark: _Toc90353680][bookmark: _Toc90784812][bookmark: _Toc90785044][bookmark: _Toc90785276][bookmark: _Toc90787181][bookmark: _Toc90789033][bookmark: _Toc90790371][bookmark: _Toc90790603][bookmark: _Toc90791033][bookmark: _Toc90800782][bookmark: _Toc90803608][bookmark: _Toc246747686][bookmark: _Toc254291190][bookmark: _Toc462931859][bookmark: _Toc525131572]Repeat-Dose Studies:
4.3.2.1. Sub-Acute Toxicity (Repeat Dose 28-day Toxicity):
The study was conducted to assess the toxicity of Heptex administered orally to rats for 28 days & to determine target organ toxicity, “No observed adverse effect level (NOAEL)”,and Reversibility of signs of toxicity after recovery period.
DESIGN:
60 rats (30♀, 30♂) were randomly divided into four groups of 5 animals per sex for daily oral dosing up to 28 days (sacrificed at day 29) for control and three dose levels (1000, 500 & 250 mg/kg BW) and 5 animals per sex as satellite groups (sacrificed at day 43) for control and high dose level (1000 mg/kg BW). Body weight, Food consumption, general/detailed clinical signs & Mortality were evaluated at day 0, 7, 14, 21, 28, and for satellite groups at 35, & 42.
On day 29 and on day 43, all animals were fasting over-night, blood samples were collected through Cardiac puncture on the following morning using blank syringe for blood chemistry (Serum), hematology (CBC) (whole blood), PT & APTT analysis (Plasma). All the animals were sacrificed on day 29 except for satellite group animals which were sacrificed on day 43 i.e. post-dosing period of 14 days, using CO2 asphyxiation technique 
Necropsy of all animals were carried out and the weights of the organs including liver, kidneys, adrenals, epididymis, thymus, spleen, brain, heart, thyroid, uterus and testes/ovaries were recorded. Tissue samples of 38 organs from control and treated animals at dose levels of 1000, 500 and 250 mg/kg were preserved in 10% formalin (except testes & epididymis were preserved in Bouin’s solution), and they were subjected to histopathological examination.
RESULTS AND DISCUSSION:
In this study, sub-acute toxicity of Heptex was evaluated in experimental rats of both sexes according to OECD guideline # 407 [21], with respect to: body weight changes, hematological assessment, blood chemistry, organ weights and histopathological changes. Repeat-dose toxicity studies are generally conducted to evaluate the adverse effects of a test substance after prolonged use. They are carried out to provide information about the possible health hazards likely to arise from repeated exposure over a relatively limited period of time including information about target organs, the possibilities of cumulative effects, and an estimate of the dose at which there is no observed adverse effect.
Concerning survival findings, nearly all animals were survived throughout the study with only one died from the control group and two animals died at the highest dose 1000 mg/kg. One animal has displayed signs of toxicity at the highest dose 1000 mg/kg. Necropsy findings failed to show any abnormality.  The previous observations provide some clues about the long-term safety of Heptex treatment.  
A decrease in body weight would be an indicator of adverse effects [22].  In this study, no significant decrease in body weight was detected in female and male rats during 28 days or in satellite groups, except for female rats treated with Heptex (1000 mg/kg dose). Interestingly, animals have generally shown significant increases in body weight and weight gain all over the tested doses.
Analysis of blood parameters is relevant to risk evaluation of alterations of the haematological system in humans [23]. Moreover, there were minor changes in hematological parameters mostly at Heptex dose (1000 mg/kg) in both male & female rats. Moreover, most of blood parameters were generally improved upon treatment with Heptex in both male and female rats. Similarly, blood chemistry has shown some changes in the measured parameters. For males & females, some parameters like glucose, cholesterol, ALP, total bilirubin, creatinine and urea were significantly decreased upon treatment with Heptex (1000mg/kg) in the satellite groups. Interestingly, kidney is a sensitive organ, whose function is known to be affected by a number of factors such as drugs including phytochemicals of plant origin that ultimately lead to renal failure [24]. Assessment of possible renal damage due to Heptex was made by assaying plasma urea and creatinine levels [25]. Moreover, there was no effect on the levels of AST and ALT, which are considered to be sensitive indicators of hepatocellular damage and within limits can provide a quantitative evaluation of the degree of damage to the liver [26]. It is reasonable to deduce, therefore, that Heptex did not induce any damage to the liver or kidneys.
As for organ weights, most of the organ weight changes were detected at Heptex (1000 mg/kg). The weight of organs like spleen, liver & brain were significantly decreased while others like thymus and kidneys were increased. Histopathological examination of all tissues from each animal showed no pathological changes except in scattered rats. However, these changes did not have major impact on animal morbidity or mortality.
Since the oral dose of 500 mg/kg per day of Heptex administered for 28 consecutive days did not induce significant biochemical, haematological, anatomical, and histopathological signs of toxicity, it can be defined as the no-observed adverse-effect level (NOAEL) for rats of both sexes under the experimental conditions used.
CONCLUSION
The study has evaluated the sub-acute toxicity of Heptex in experimental rats. It can be concluded that administration of Heptex in three different doses (1000, 500 & 250 mg/kg) could be considered relatively safe except for minor changes that may arise at the highest dose level. No significant mortality or morbidity was detected under the current experimental conditions. The oral dose of 500 mg/kg per day of Heptex administered for 28 consecutive days could be defined NOAEL for rats of both sexes under the experimental conditions used.
4.3.2.2. Sub-Chronic Toxicity (Repeat Dose 90-day Toxicity):
The aim of the study was to assess the toxicity of Heptex administered orally to rats for 90 days and also to determine target organ toxicity, “No observed Adverse effect level (NOAEL)”, and reversibility of signs of toxicity after recovery period.
DESIGN:
100 rats (50♀, 50♂) were randomly divided into four groups of 10 animals per sex for daily oral dosing up to 90 days for control and three dose levels; 1000, 500 & 250 mg/kg BW (sacrificed at day 91) and 5 animals per sex as satellite groups for control and one dose level; 1000 mg/kg BW (sacrificed at day 105). Body weight, Food consumption, general/detailed clinical signs & Mortality were evaluated at day 0, 7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, 84, 91 and for satellite groups at 98 &105.
On day 90 and on day 104, all animals were fasting over-night, blood samples were collected through Cardiac puncture on the following morning using blank syringe for Blood chemistry (Serum), haematology (CBC) (whole blood), and PT & APTT analysis (Plasma).All the animals were sacrificed on day 91 except for satellite group animals which were sacrificed on day 105 i.e. post-dosing period of 14 days, using CO2 asphyxiation technique
Necropsy of all animals were carried out and the weights of the organs including liver, kidneys, adrenals, epididymis, thymus, spleen, brain, heart, thyroid, uterus and testes/ovaries were recorded. Tissue samples of 38 organs from control and treated animals at dose levels of 1000, 500 and 250 mg/kg were preserved in 10% formalin (except testes & epididymis were preserved in Bouin’s solution), and they were subjected to histopathological examination.


RESULTS AND DISCUSSION:
In this study, sub-chronic toxicity of Heptex was evaluated in experimental rats of both sexes. The sub-chronic toxicity study provides information on the possible health hazards likely to arise from repeated exposure over a prolonged period of time covering post-weaning maturation and growth well into adulthood. The study also provides information on the major toxic effects, indicate target organs and the possibility of accumulation, and can estimate a no-observed-adverse-effect level (NOAEL) of exposure which can be used in selecting dose levels for chronic studies and for establishing safety criteria for human exposure, according to OECD guideline #408 [27].
Concerning survival findings, nearly all animals were survived throughout the study with only one died from the control group and at Heptex dose (1000 mg/kg), while two animals died at each of doses 500 & 250 mg/kg. One animal/treatment group has displayed signs of toxicity or lesions. Necropsy findings failed to show any abnormality. The previous observations provide some clues about the long-term safety of Heptex treatment.
In the study, an initial increase in body weight and body weight gain was detected in female and male rats (D0 –D21) with Heptex dose (1000 mg/kg). However, during later weeks of study, there were significant decreases in body weight gain of both sexes mostly with 1000 mg/kg dose. These changes in body weight were linked to the pattern of food consumption, where an initial increase followed by significant decrease in the amount of ingested food near the end of study were detected in both rat genders.
Some changes were detected and manifested by significant increase of MCV, HCT, Neutrophils, Eosinophils, Monocytes, PLT, with decreases of other parameters like MCHC, PT & APTT. Interestingly, these minor changes in haematological parameters were observed mostly at Heptex dose (1000 mg/kg) in both female and male rats.
Blood chemistry has shown some changes in the measured parameters. Notably, TGs, ALT and Creatinine were significantly increased upon treatment with Heptex (1000 mg/kg) in female rats. A comparative pattern of effects on blood chemistry was observed in male animals at 1000 mg/kg. However, these changes did not have major impact on animal morbidity or mortality. There were not any significant increases in serum creatinine or urea in female & male rats, compared to the control group, except at the highest dose (1000 mg/kg). Moreover, there was no effect on the levels of AST and ALT at lower Heptex doses (250 & 500 mg/kg). It is reasonable to deduce, therefore, that Heptex (at lower doses: 500 & 250 mg/kg) did not induce any damage to the kidneys or liver. 
In addition, all organs’ weights were not significantly decreased after 90 days of Heptex treatment. Indeed, some organs’ weights were significantly increased in female animals at 1000 mg/kg dose like: uterus, thyroid & spleen, but liver & adrenal glands’ weights were significantly decreased at the same dose level. In male animals, epididymis, liver, kidneys, adrenal gl. & brain weights were significantly decreased upon treatment Heptex 1000 mg/kg compared to control. Moreover, grip strength was significantly decreased in female rats upon treatment with Heptex (1000 mg/kg) compared to control. No changes were detected in male group. As for urine analysis, it is worthy noted that proteins in urine were significantly increased upon treatment with Heptex (1000 mg/kg) compared to control, in both male and female animals. This might correlate with the increase in serum creatinine at the same Heptex dose.  Concerning the histopathological changes, abnormal findings were detected in only scattered animals, without major impact on animal morbidity and mortality.
Since the oral dose of 250 mg/kg per day of Heptex administered for 90 consecutive days did not induce major biochemical, haematological, anatomical, and histopathological signs of toxicity, it can be defined as the no-observed adverse-effect level (NOAEL) for rats of both sexes under the experimental conditions used. 
CONCLUSION:
The study has evaluated the sub-chronic toxicity of Heptex in experimental rats. It can be concluded that administration of Heptex in three different doses (1000, 500 & 250 mg/kg) could be considered relatively safe except for minor changes that may arise at the highest dose level. No significant mortality or morbidity was detected under the current experimental conditions. The oral dose of 250 mg/kg per day of Heptex administered for 90 consecutive days could be defined NOAEL for rats of both sexes under the experimental conditions used.
4.3.3. [bookmark: _Toc462931860][bookmark: _Toc525131573]Carcinogenicity:
Carcinogenicity study have not been conducted.
4.3.4. [bookmark: _Toc15287942][bookmark: _Toc17607845][bookmark: _Toc27904166][bookmark: _Toc40776190][bookmark: _Toc44831015][bookmark: _Toc44831247][bookmark: _Toc44831359][bookmark: _Toc52080663][bookmark: _Toc52168213][bookmark: _Toc52347784][bookmark: _Toc52684615][bookmark: _Toc52771622][bookmark: _Toc52875438][bookmark: _Toc53824466][bookmark: _Toc81889116][bookmark: _Toc81897341][bookmark: _Toc81898841][bookmark: _Toc81905321][bookmark: _Toc81905446][bookmark: _Toc81905648][bookmark: _Toc81971049][bookmark: _Toc81975153][bookmark: _Toc81976614][bookmark: _Toc81980102][bookmark: _Toc82506850][bookmark: _Toc82857560][bookmark: _Toc82941333][bookmark: _Toc83108415][bookmark: _Toc83112268][bookmark: _Toc83184356][bookmark: _Toc83184545][bookmark: _Toc83184857][bookmark: _Toc83194282][bookmark: _Toc83194401][bookmark: _Toc83200347][bookmark: _Toc83461794][bookmark: _Toc83462800][bookmark: _Toc83543641][bookmark: _Toc83613388][bookmark: _Toc83698806][bookmark: _Toc83702783][bookmark: _Toc83801651][bookmark: _Toc84044226][bookmark: _Toc84049583][bookmark: _Toc84057716][bookmark: _Toc84061807][bookmark: _Toc84840206][bookmark: _Toc84847473][bookmark: _Toc84847619][bookmark: _Toc84906446][bookmark: _Toc84906724][bookmark: _Toc84991941][bookmark: _Toc84994129][bookmark: _Toc85857514][bookmark: _Toc85858897][bookmark: _Toc85872972][bookmark: _Toc85955251][bookmark: _Toc85967111][bookmark: _Toc85967329][bookmark: _Toc85972926][bookmark: _Toc85985687][bookmark: _Toc85991365][bookmark: _Toc85993745][bookmark: _Toc85999843][bookmark: _Toc86002804][bookmark: _Toc86003022][bookmark: _Toc88285571][bookmark: _Toc88303186][bookmark: _Toc88309689][bookmark: _Toc88370891][bookmark: _Toc89665949][bookmark: _Toc89678495][bookmark: _Toc90114976][bookmark: _Toc90115433][bookmark: _Toc90116353][bookmark: _Toc90353687][bookmark: _Toc90784819][bookmark: _Toc90785051][bookmark: _Toc90785283][bookmark: _Toc90787188][bookmark: _Toc90789040][bookmark: _Toc90790378][bookmark: _Toc90790610][bookmark: _Toc90791040][bookmark: _Toc90800789][bookmark: _Toc90803615][bookmark: _Toc246747691][bookmark: _Toc254291195][bookmark: _Toc462931861][bookmark: _Toc525131574]Reproductive Toxicity
4.3.4.1. One Generation Reproductive Toxicity: 
The study was conducted to provide general information concerning the effects of Heptex administered orally to rats on male and female reproductive performance; such as gonadal function, oestrous cycle, mating behavior, conception, parturition, lactation and weaning. Also to determine the No Observed Adverse Effect Level “NOAEL”.

DESIGN:
240 rats (120♀, 120♂) were randomly divided into four groups of 30 animals per sex for control and three dose levels (1000, 500 and 250 mg/kg BW); 120 male rats were dosed daily for 70 days before mating to cover at least one complete spermatogenic cycle and 120 females were dosed daily for 14 days before mating to cover at least two oestrous cycles. Rats have been subjected to mating for 3 weeks in 1:1 ratio. After mating, males were terminated and reproductive organs were subjected to histopathological examination. Females were allowed to deliver its pups after 21 days and to lactate till weaning (about another 21 days).  Pups have been examined till weaning.
The rats were monitored for signs of toxicity daily. Body weight, Food consumption, and general/detailed clinical signs have been recorded weekly. All the animals have been sacrificed using CO2 asphyxiation technique.
Necropsy of all animals was carried out with special attention paid to the organs of the reproductive system. Tissue samples of ovaries, uterus, cervix, vagina, testes, epididymides, seminal vesicles, prostate, coagulating gland, and pituitary gland of all animals from control and treated animals at the three dose levels of 1000, 500 & 250 mg/kg were preserved in 10% formalin (except testes & epididymis were preserved in Bouin’s solution).
RESULTS AND DISCUSSION:
The study was carried out according to OECD guideline #415 “One Generation Reproductive Toxicity Study” so as to get information about the reproductive toxicity of Heptex [28]. The test was designed to provide general information concerning the effects of a test substance on male and female reproductive performance, such as gonadal function, oestrous cycle, mating behavior, conception, parturition, lactation and weaning. In this study, Heptex was administered in graduated doses to several groups of males and females. Males should be dosed during growth and for at least one complete spermatogenic cycle (approximately 70 days in the rat) in order to elicit any adverse effects on spermatogenesis by Heptex.
Data have indicated that oral administration of Heptex resulted in dose-related death pattern (4, 2 and one female died at 1000, 500 and 250 mg/kg, respectively). Only one male rat died at each dose level.  In addition, spontaneous death of 3 female and 2 male animals was observed in the control group. No animal showed signs of toxicity at all the tested doses. Necropsy findings demonstrated minor abnormality in only 3 male rats at 500 mg/kg dose level. Furthermore, histopathological examination has shown minor changes in scattered animals at the same dose level such as: relative increase in luminal secretion of coagulating gland and epididymal lining hyperplasia. 
There was a progressive decrease in body weight and weight gain of pregnant female rats during gestation with Heptex highest dose (1000 mg/kg). Similar patterns of body weight decrease were observed with both non-pregnant females and male rats. Regarding food consumption in pregnant females, there were initial increases in the amount of ingested food at all doses followed by significant decrease in food consumption mostly at the higher dose levels. Food consumption by males was significantly decreased from the beginning of the study.  Furthermore, the ovaries and uteri weights in pregnant females were significantly increased upon treatment with Heptex (1000 mg/kg) compared to control. In addition, the testis and epididymis weights in male rats were significantly increased upon treatment with Heptex (1000 mg/kg) compared to control. These findings afford some suggestions about the safety of Heptex in experimental rats at doses less than 1000 mg/kg.
As regards to semen analysis, the number of viable sperms was significantly decreased upon treatment Heptex (1000 mg/kg) compared to control. In addition, the sperm motility was slightly affected upon treatment with Heptex, especially at the higher dose levels (1000 & 500 mg/kg). Interestingly, these minor changes did adversely affect male fertility at Heptex dose (1000 mg/kg), compared to the control group. Concerning female fertility, no significant changes were observed in the tested parameters except for Heptex (1000 mg/kg) that showed significant decrease in females with +ve copulation evidence, compared to the control. In addition, the assessed developmental parameters have shown significant changes at Heptex (1000 mg/kg) dose such as: decreased live pups/dam. It is worthy noted that starting from gestational D7, specific areas of the CNS begin to form in the forebrain, midbrain, and hindbrain, following several developmental processes of proliferation, migration, differentiation, synaptogenesis, apoptosis, and myelination. In addition, the structure and function of various organs are controlled by the brain [29]. Thus, the observed normal birth weight of fetuses in the exposed groups could give clues about the safety of Heptex and its low incidence to cause disturbances in these processes during development [30].
CONCLUSION:
The study has evaluated the reproductive toxicity of Heptex in experimental female & male rats. It can be concluded that administration of Heptex in three different doses (1000, 500 & 250 mg/kg) could be considered relatively safe except for minor changes that may arise at the higher dose levels. No significant mortality or morbidity was detected under the current experimental conditions. The oral dose of 250 mg/kg per day of Heptex could be defined NOAEL for rats of both sexes under the experimental conditions used.
4.3.4.2. Reproductive Developmental Toxicity:
The study was conducted to provide initial information on possible effects of Heptex powder administered orally on reproduction and/or development, at an early stage of assessing the toxicological properties of chemicals. Also to determine the No Observed Adverse Effect Level.
DESIGN:
80 Adult males (20 per group, for 4 groups of control, 1000, 500 & 250 mg/kg) are dosed on a daily basis for 42 days (14 days premating, 14 days mating, and 14 days post-mating). 80 Adult females (20 per group, for 4 groups of control, 1000, 500 and 250 mg/kg) are dosed on a daily basis for about 54 days (14 days premating, 14 days mating, 22 days gestation/post-mating, and 4 days post-partum). Administration of the test substance and vehicle in control is orally by gastric tube (Gavage). The rats were monitored for signs of toxicity daily. Body weight & Food consumption were recorded weekly.
All the animals are sacrificed using CO2 asphyxiation technique. Necropsy of all animals was carried out with special attention paid to the organs of the reproductive system. All rats are terminated, dissected, tissue collected and sent for histopathological examination.
Tissue samples of ovaries, uterus, testes, epididymis of all animals from control and treated animals at dose levels of 1000, 500 & 250 mg/kg were preserved in 10% formalin (except testes & epididymis were preserved in Bouin’s solution).
RESULTS AND DISCUSSION:
The study was conducted according to OECD guideline #421 “Reproduction/Developmental Toxicity Screening Test” [31] with the purpose of gaining information about the reproductive toxicity of Heptex.  The test was designed to provide initial information concerning the effects of a test substance on male and female reproductive performance, such as gonadal function, mating behavior, conception and parturition. In this study, Heptex was administered in graduated doses to several groups of males and females. Males and females should be dosed during growth and for at least two weeks prior to mating.
All animals were checked daily for clinical signs, mortality and evidence of abortion. Body weights and food consumption were measured at predetermined intervals throughout the course of the studies. The existing data have shown that oral administration of Heptex resulted in spontaneous death of only 2 males at 1000 & 500 mg/kg. No toxic signs or lesions were detected in control and other treated groups. Histopathological examination of all tissues from each rat showed no pathological changes in both treated and control animals. 
There was a progressive decrease in body weight and weight gain in pregnant and non-pregnant females with all tested doses of Heptex. However, no significant changes were detected in body weight and body weight gain in non-pregnant female either in 500 and 250 mg/kg Heptex, when compared to the control. In addition, males show significant decrease in their body weights and weight gain upon treatment with Heptex, compared to the control group.  Furthermore, there were significant decreases in the amount of ingested food in both female and male rats all-over the study.  In addition, there was significant decrease in the amount of ingested food male rats upon treatment with Heptex compared to control. However, this effect was inversed at D7 post mating at Heptex 500 mg/kg, where there was a significant increase in food consumption, compared to Control.
Fascinatingly, all organs’ weights to body weight ratios were not significantly changed upon treatment with Heptex at the three dose levels of 1000, 500 and 250 mg/kg compared to Control in all female and male groups except for increased ovaries weight in non-pregnant and pregnant females upon treatment with Heptex (1000 mg/kg) compared to control. These findings give some hints about the relative safety of Heptex in experimental rats.
Male and female rats received Heptex at daily doses up to 1000 mg/kg. In the preceding repeat-dose studies in the rats, there were no treatment-related changes to the testes or ovaries in terms of organ weight and histopathology. Concerning fertility, no treatment-related effects on mating behavior, pregnancy success or on the other reproduction parameters were seen. Thus, there was no evidence of disturbances of fertility.
No significant changes were observed in the tested parameters like: number of females being pregnant, number of living dams, corpora lutea and number of implantations, upon treatment with Heptex at all tested doses except in higher dose 1000mg/kg. Thus, the observed normal birth weight of foetuses in the exposed groups could give clues about the safety of Heptex and its low incidence to cause disturbances in these processes during development.

CONCLUSION:
The study has evaluated the reproductive toxicity of Heptex in experimental female & male rats. It can be concluded that administration of Heptex in three different doses (1000, 500 & 250 mg/kg) could be considered relatively safe except for minor changes that may arise at the higher dose levels. No significant mortality or morbidity was detected under the experimental conditions. The oral dose of 250 mg/kg per day of Heptex could be defined NOAEL for rats of both sexes under the experimental conditions used.
4.3.4.3. Prenatal Developmental Toxicity
The aim of the study was to provide general information concerning the effects of Heptex on prenatal exposure of the pregnant test animal and on the developing organism; this may include assessment of maternal effects as well as death, structural abnormalities, or altered growth in the foetus and establishment of a maternal NOAEL.
DESIGN:
At the starting day of the study; adult ♀ rats (not less than 160 gm) are mated with adult ♂ rats in mating ratio (♂:♀ = 1:1 or 1:2). Starting from the second day of mating, a vaginal plug test is performed for all ♀ rats for detecting evidence of copulation. The +ve ♀ rats are randomly divided into four groups (control, 1000, 500 and 250 mg/kg BW). All +ve ♀ rats in control, 1000, 500 and 250 mg/kg groups are dosed daily for up to 19 days. The dosing of all animals starting from first day after +ve evidence of copulation for each animal individually. 
The rats were monitored for signs of toxicity daily. Body weight & Food consumption were recorded every 3 days. All the animals were sacrificed on day 20 of gestation using cervical dislocation technique. Necropsy of all animals were carried out, the uterine content were examined, and the fetuses are evaluated for soft tissue and skeletal changes.
DISCUSSION:
This study was conducted according to OECD guideline #414 “Prenatal Developmental Toxicity Study”, in order to gain information about the reproductive and developmental toxicity of Heptex [32].  It was administered to pregnant rats during the time of implantation to the term of pregnancy to describe the effects of Heptex on embryonic/fetal development.
Data indicates that the prenatal oral administration of Heptex did not induce maternal mortality, as no animal died or humanely killed all-over the experiment except for one animal that died at the dose level 250 mg/kg. In addition, foetuses with external and/or internal malformations were found in all groups including the control. Necropsy findings have not shown any gross abnormalities at any of the tested doses. It is worth mentioning that the malformations observed in this study are of the types that occur spontaneously among the control rat fetuses [33-36]. In fact, these abnormalities did not have any major impact on both maternal & fetal mortality and morbidity. 
In this study, the body weights and body weight gains of female pregnant rats treated with Heptex (1000, 500 & 250 mg/kg dose) were not significantly changed all-over the experiment when compared to the control. Food consumption showed a significant increase in the amount of ingested food at day 3 upon treatment with Heptex (1000 mg/kg). On contrary, a significant decrease in the amount of ingested food was observed only at day 6 upon treatment with Heptex (250 mg/kg), compared to control. Otherwise, No significant changes in food consumption were detected all over the experiment.
Regarding developmental parameters, the dams exposed to Heptex 500 mg/kg showed significant increase in early resorptions compared to control. However, the number of live/dead foetuses; the incidence of fetal resorption; litter uterine & fetal weights; sex ratio and the number of corpora/dam; were not significantly changed from the control group. Interestingly, there was a significant increase in number of foetuses showing soft tissue damage at Heptex (500mg/kg) relevant to all foetuses compared to control. 
These findings indicate that Heptex is nontoxic to embryonic/fetal survival or fetal growth when administered during the time of implantation to the term of pregnancy at the dose 250 mg/kg. Thus, the observed normal birth weight of fetuses in the exposed groups could give clues about the safety of Heptex and its low incidence to cause disturbances during development. 
CONCLUSION:
The previous findings suggest that a conservative estimate of the LOAEL for the teratogenic dose of Heptex is 250 mg/kg in rats when administered during the time of implantation to the term of pregnancy.
4.3.5. [bookmark: _Toc462931862][bookmark: _Toc525131575]Genotoxicity (Mutagenicity):
In-Vivo Mammalian Bone Marrow Chromosome Aberration Test & Mammalian Erythrocyte Micronucleus Test:
The aim of the study was to evaluate the potential genotoxic effects of Heptex administered orally in rat bone marrow cells. Chromosome aberration test and the mammalian in-vivo micronucleus test are especially relevant to assessing mutagenic hazard in that it allows consideration of factors of in-vivo metabolism, pharmacokinetics and DNA-repair processes although these may vary among species, among tissues and among genetic endpoints.
DESIGN:
50 rats (25♀, 25♂) were randomly divided into five groups of -ve control, +ve control and three dose levels for both chromosome aberration and micronucleus tests. Before starting the study, rats are grouped as mentioned above and left for acclimatization for one week.
At the day zero of the study, all rats are weighed and doses are calculated according to body weight. Start the oral dosing according to body weight from day 1 to day 14 as following:
	
	Dosing procedure

	-ve control
	Inject 10 ml/kg body weight with vehicle (oral dosing) from day 1 to day 14.

	+ve control
	Inject a single dose of 50 mg/kg Cyclophosphamide intraperitoneal once at 24 hours before the termination.

	1000 mg/kg
	Inject 10 ml/kg body weight with 100 g/L test substance in tab water (oral dosing) from day 1 to day 14.

	500 mg/kg
	Inject 10 ml/kg body weight with 50 g/L test substance in tab water (oral dosing) from day 1 to day 14.

	250 mg/kg
	Inject 10 ml/kg body weight with 25 g/L test substance in tab water (oral dosing) from day 1 to day 14.


· In-Vivo Mammalian Bone Marrow Chromosome Aberration Test:
At day 15 all rats are injected intraperitoneally with 5 ml/kg body weight of 0.5% colchicine as a metaphase arresting substance at 2 hours before the termination. All animals then sacrificed by cervical dislocation and femoral bone marrow was collected. Bone marrow slides were prepared and stained with Giemsa stain. One hundred good metaphase spreads from bone marrow of each animal were examined microscopically to detect the different types of chromosomal abnormalities.
· Mitotic Index Determination:
The mitotic index was used to determine the rate of cell division. The slides prepared for the assessment of chromosomal aberrations were also used for calculating the mitotic index. Randomly selected views on the slides were monitored to determine the number of dividing cells (metaphase stage) and the total number of cells. At least 1000 cells were examined in each preparation. The mitotic index was calculated as the ratio of the number of dividing cells to the total number of cells, multiplied by 100.
· In-Vivo Mammalian Micronucleus Test:
Micronucleus BM spread on slides as a smear.  Prepared slides are air dried, fixed for 5 min in absolute methanol, followed by staining in May-Grűnwald-Giemsa for 5 min then washed in distilled water and mounted. Scoring for each animal, 2000 polychromatic erythrocytes (PCEs) were scored per animal and the numbers of micronucleated PCEs were recorded.
RESULTS:
· Chromosomal Aberrations Study:
The results show that Heptex extract induced insignificant decrease in the frequencies of most individuals and total chromosomal aberrations than those of control group.  Meanwhile, cyclophosphamide caused significant increase in the mean values of total chromosomal aberrations than those of control and Heptex treated groups (P≤0.05).
· Mitotic Index:
Results showed that there were no significant differences between mitotic activities of Heptex three doses in bone marrow cells of rat both sexes.  While cyclophosphamide as expected, significantly reduced the activity of mitotic index (P≤0.05) than control and Heptex groups.
· Bone Marrow Micronucleus Test:
The ability of Heptex to induce chromosome mutations was analyzed using the polychromatic erythrocytes micronucleus test in male and female rats. Results showed that Heptex extract three doses caused statistically insignificant decrease in the frequencies of micro-nucleated polychromatic erythrocytes (MNPCEs) than the control value. Meanwhile, cyclophosphamide significantly increases the frequency of MNPCEs (P≤0.05) over control and Heptex extract tested doses.
DISCUSSION:
Although there has been some reports on the health benefits of Phyllanthus niruri L. elsewhere but information regarding the genotoxic activity of this plant is very limited. This study was therefore undertaken to evaluate the genotoxicity of Heptex extract in Sprague-Dawley rats according to OECD guideline # (474 & 475) [37-38].
Heptex extract potential genotoxicity was evaluated by means of in-vivo chromosomal aberration and micronucleus test in Sprague-Dawley rat bone marrow cells. Results indicated that Heptex at three doses didn’t induced significant changes in the frequencies of total chromosomal aberrations and MNPCEs in bone marrow cells of both sexes of Sprague-Dawley rats. The result of this study was in accordance with previous study [39] which showed that ethanolic extract of Phyllanthus niruri L. was not able to promote micronuclei at PCE bone marrow cells of adult rats treated with a single dose of 30 or 300 mg/kg.  Previous study reported that Phyllanthus niruri L. possesses potent antioxidant activity which may be responsible for its antitumor, anticarcinogenic and remedy for hepatitis B viral infection mechanism [40].
CONCLUSION:
The data revealed that under test conditions, Heptex not exhibit genotoxic potential in bone marrow cells and it may has the ability to protect the cells from the genetic toxicity.

4.4. [bookmark: _Toc462931863][bookmark: _Toc525131576]Summary of Nonclinical Findings
As discussed in section 4.1 that includes Nonclinical Pharmacology, the antioxidant activity of Heptex was assessed. It was concluded that Heptex has an antioxidant effect against CCl4-induced oxidative stress. This was attributed – at least partly – by reduction of inflammatory response. 
Furthermore, section 4.2 discusses rat Toxicological Studies. Single dose administration of Heptex reflected that the tested Heptex is of high degree of safety in rodents, Heptex is considered to be unclassified with LD50 cut-off value >5000 mg/kg according to Globally Harmonized System (GHS) for classification of chemicals.
Repeated Dose 28 day Sub-Acute Toxicity study showed that administration of Heptex in three different doses (1000, 500, 250 mg/kg) could be considered relatively safe except for minor changes that may arise at the highest dose level. No significant mortality or morbidity was detected under the experimental conditions. The oral dose of 500 mg/kg per day of Heptex administered for 28 consecutive days could be defined NOAEL for rats of both sexes under the experimental conditions used. Repeated Dose 90 day Sub-Chronic Toxicity revealed that the oral dose of 250 mg/kg per day of Heptex administered for 90 consecutive days could be defined NOAEL for rats of both sexes under the experimental conditions used.
Concerning testing effect of Heptex on reproductive performance, Reproductive Toxicity study showed that the oral dose of 250 mg/kg per day of Heptex could be defined NOAEL for rats of both sexes under the experimental conditions used. Reproductive Developmental Toxicity study showed that no significant mortality or morbidity was detected under the experimental conditions. The oral dose of 250 mg/kg per day of Heptex could be defined NOAEL for rats of both sexes under this experimental conditions used. Prenatal Developmental Toxicity suggests that a conservative estimate of the LOAEL for the teratogenic dose of Heptex is 250 mg/kg in rats when administered during the time of implantation to the term of pregnancy. Finally Genotoxicity study was conducted on rats’ bone marrow, data revealed that Heptex did not exhibit genotoxic potential in bone marrow cells and it may have the ability to protect the cells from the genetic toxicity. 
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5. [bookmark: h.37m2jsg][bookmark: _Toc525131578]EFFECTS IN HUMANS
[bookmark: h.1mrcu09]Extracts of Dukung Anak and Milk Thistle are traditionally known for their potent effect on many of the human diseases.  As stated by the numerous preclinical trials conducted on it, their medicinal properties include but are not limited to anti-hepatotoxic, anti-oxidant activity and anti-hepatitis B.  Conducting the upcoming clinical trials on Heptex will lay the foundations for marketing Heptex as a botanical drug with therapeutic claims rather than as herbal product especially with its very limited side effects, if any.
The operational guidance for information needed to support clinical trials of herbal products, issued by WHO, states that: ''Phase I studies in normal volunteers are generally unnecessary for herbal traditional medicines.  The substantial prior human use of traditional dose regimens of herbal medicines generally conveys reasonable confidence that these regimens can safely be administered to small numbers of carefully monitored clinical subjects in Phase II trials'' [1].
Heptex has been marketed for years in the Malaysian market with a formula contains Phyllanthus niruri L. and Silybum marianum L. powdered extracts. Accordingly, safety of the formula has been ensured to a great extent. It is technically difficult to assess the pharmacokinetics of an herbal formula, as the active constituents that correspond to the activity are likely to be unknown [1], and even if one marker compound is to be assessed, the concentration of the marker can't be correlated to the activity of the formula.
The ICH E8 guideline of general considerations for clinical trials states that: "Preliminary studies of activity or potential therapeutic benefit may be conducted in Phase I as a secondary objective.  Such studies are generally performed in later phases but may be appropriate when drug activity is readily measurable with a short duration of drug exposure in patients at this early stage" [2]. For being a herbal formula, Pharmacodynamics are much better to be measured in a Phase II study in which there is a relatively larger sample size and a longer duration of the study.
A phase II, A Phase II, Randomized, Double Blind, Placebo-Controlled Clinical Trial to Investigate the Anti-oxidant Activity of Heptex in Patients with Apparent Risk Factors of  Nonalcoholic Steatohepatitis (NASH).
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6. [bookmark: h.206ipza][bookmark: _Toc525131580]SUMMARY OF DATA AND GUIDANCE FOR THE INVESTIGATOR
Liver disease is a term that indicates damage to the cells, tissues, structure, or liver function.  This damage can be induced by biological factors (bacteria, virus, and parasites), autoimmune diseases (immune hepatitis, primary biliary cirrhosis), as well as by the action of different chemicals, such as some drugs (high doses of paracetamol) and also excessive consumption of alcohol, which can eventually lead to various liver ailments like hepatitis, cirrhosis and alcoholic liver disease [1].
Nonalcoholic fatty liver disease (NAFLD) is a chronic condition in which excessive fat is accumulated in the liver without alcohol causing it [2]. There are two types of NAFLD; simple fatty liver and nonalcoholic steatohepatitis (NASH). The difference between these two is that NASH includes inflammation and liver cell damage along with fat accumulation in the liver [3]. NASH is the advanced form of NAFLD, which can progress to fibrosis, cirrhosis and then hepatocellular carcinoma [4 - 6].
Conventional drugs used in the treatment of liver diseases are sometimes inadequate and can have serious adverse effects.  The number of drugs actually used successfully in humans is very small and a new general agreement has now been developed among hepatologists that the number of useful liver drugs currently available is far from sufﬁcient, and that there is a need for a range of safe and efﬁcient therapeutic agents [7].
Herbal medicines are in great demand in the developed as well as developing countries for primary healthcare because of their wide biological and medicinal activities, higher safety margins and lesser costs [8].
A large number of plants and formulations have been claimed to have hepatoprotective activity.  Analysis of the literature indicates that 160 phytoconstituents from 101 plant families have anti-hepatotoxic activity [9, 10].  Silymarin; has been widely used from ancient times because of its excellent hepatoprotective action as well as Phyllanthus which is another important plant best known for its use as a hepatoprotective in Ayurvedic system of medicine.
Our investigational product Heptex with its potent poly-herbal combination of silymarin and Phyllanthus is strongly believed to be able to fulfill the role of a plant-based hepatoprotective drug that is effective against a variety of liver disorders.  The preclinical investigations already conducted by Natural Wellness team along with the published clinical literature discussed in this brochure are strongly encouraging to proceed with our clinical studies.
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