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ABSTRACT

The current investigation was aimed to study the minimization of the effect of Rifampicin
induced hepatotoxicity by the use of Racemethionine molecule which is an anti dote for
paracetamol over dosage in humans. Racemethionine, a drug used for the treatment of toxic
effects of paracetamol, was studied for its hepatoprotective activity against anti tubercular
drug (Rifampicin) induced hepatotoxicity in wistar albino rats. The serum samples collected
were estimated for various biochemical parameters. Racemethionine showed normalization
of bio chemical parameters like serum glutamyl oxaloacetate transaminase (ASAT), serum
glutamyl pyruvate transaminase (ALAT), alkaline phosphatase (ALP). Total cholesterol (TC)
levels were found to be dlightly raised in the Racemethionine treated group as compared to
the anti tubercular drug treated group. The results indicated that Racemethionine showed to
be a more potent hepatoprotective drug against Rifampicin induced hepatic injury in
experimental animals. Hence racemethionine could be used for hepatoprotective study
modelsin albino rats indicated by its reduction ability of ASAT, ALAT, ALP and TC in serum.

Keywords. Racemethionine, Rifampicin, Hepatoprotective aigtivi otal cholesterol.

INTRODUCTION

The liver is the most important organ in which druaye structurally altered. Some of the
resulting metabolites may be biologically inactigeme active and some toxic. The liver is
exposed to drugs in higher concentrations than ramst organs because most are
administrated through the liver to reach the systecirculation. Because of this liver is
vulnerable target for injury from chemicals and gdguand disorder hepatic function is an
important cause of abnormal drug handling and nespoThe liver is the largest organ in the
body which is situated in the upper quadrant ofahdomen. It is respected by the surgeons
for its inherent myths as well as because it isaitbe most vesicular organ in the abdomen.
It is an organ that seldom forgives its violation.
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The blood supply to the liver is peculiar in thais supplied by portal vein, draining the
intestines as well as by the hepatic artery, wpiddominantly nourishes the bile veins. The
blood draining away from the liver reaches the hégrmeans of hepatic multiple veins
through the inferior vena cava. The anatomicalcstime of liver was showed in figure 1.

Coronary Ligament Caudate Lobe Left Hepatic Vein Inferior
A " Vena Cava
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Figure 1: Various anatomical partsof Liver and their organisation

Liver cells called hepatocytes, every second perfgeveral complex biochemical and a
number of important functions, including bile pratian, extraction of bilirubin, cholesterol,
hormones and drugs. It is also responsible for boditam of fats, proteins, carbohydrates,
enzymes activation, and storage of glycogen, vitamminerals and synthesis of plasma
proteins such as albumin, globulin and clottingdes. Toxic liver injury produced by drugs
and chemicals are similar to natural liver dise&mtinuous use of agents like paracetamol,
tetracycline, anti tubercular drugs, oral contréiseys of hormonal origin, chemicals used as
food preservatives and agrochemicals are threagjehmintegrity of liver. Further addiction
of alcohol and other drugs aggravated the probledchmaalnutrition also an important cause
of liver damage.

About 20,000 deaths found every year due to liveorders. Hepatocellular carcinoma is one
of the 10 most common tumors in the world with o2¢50,000 new cases each year. In
India, about 40 polyherbal commercial formulati@rs being used for hepatoprotection. It
has been reported that 160 phytoconstituents froinplants have hepatoprotective activity
[1]. Liver protective herbals contain a variety stieal constituents like phenols, coumarins,
lignans, essential oils, monoterpenes, carotinoglgcosides, flavonoids, organic acids,

lipids, alkaloids and xanthenes. Plant extractsnahy crude drugs are also used for the
treatment of liver disorders. Extracts of 25 diffiet plants have been reported to cure liver
disorders [2].

Drug Metabolism in Liver:

Biotransformation is the biochemical modificatioh gharmaceutical substances by living
organisms, usually through specialized enzymatstesys, Liver is central to the metabolism
of virtually every foreign substance. Most drugsl aenobiotics are lipophilic (lipid soluble),

enabling them to cross the membranes of intestiglid. (more a substance is lipophilic more
it is diffused) Drugs are rendered more hydrophlby biochemical processes in the
hepatocyte, yielding water-soluble products th& excreted in urine or bile.This hepatic
biotransformation involves oxidative pathways, ity by way of the cytochrome P-450
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enzyme system. After further metabolic steps, whidually include conjugation to a
glucuronide or a sulfate or glutathione, the hytitip product is exported into plasma or bile
by transport proteins located on the hepatocyte Inne@ne, and it is subsequently excreted by
the kidney or the gastrointestinal tract.

Drug induced Hepatotoxicity:

Drugs are an important cause of liver injury. Méiman 900 drugs, toxins, and herbs have
been reported to cause liver injury, and drugs @aeicdor 20-40% of all instances of
fulminant hepatic failure. Approximately 75% of tidiosyncratic drug reactions result in
liver transplantation or death. Drug-induced hepatjury is the most common reason cited
for withdrawal of an approved drug. Physicians masstvigilant in identifying drug-related
liver injury because early detection can decrehseseverity of hepatotoxicity if the drug is
discontinued. The manifestations of drug-induceplah@toxicity are highly variable, ranging
from asymptomatic elevation of liver enzymes tarfulant hepatic failure. Knowledge of the
commonly implicated agents and a high index of musp are essential in diagnosis [3].

Risk factorsfor drug-induced liver injury

Race: Some drugs appear to have different toxiciiessed on race. For example, blacks and
Hispanics may be more susceptible to isoniazid {INdxicity. The rate of metabolism is
under the control of P-450 enzymes and can vam firadividual to individual. Age: Apart
from accidental exposure, hepatic drug reactioesrare in children. Elderly persons are at
increased risk of hepatic injury because of deewadearance, drug-to-drug interactions,
reduced hepatic blood flow, variation in drug bimgliand lower hepatic volume. In addition,
poor diet, infections, and multiple hospitalizasoare important reasons for drug-induced
hepatotoxicity. Sex: Although the reasons are umknohepatic drug reactions are more
common in females. Alcohol ingestion: Alcoholic pens are susceptible to drug toxicity
because alcohol induces liver injury and cirrhatltanges that alter drug metabolism.
Alcohol causes depletion of glutathione (hepatamidie) stores that make the person more
susceptible to toxicity by drugs. Liver diseasegémeral, patients with chronic liver disease
are not uniformly at increased risk of hepatic igjuAlthough the total cytochrome P-450 is
reduced, some may be affected more than othersmbuification of doses in persons with
liver disease should be based on the knowledgéh@fspecific enzyme involved in the
metabolism. Patients with HIV infection who areintected with hepatitis B or C virus are
at increased risk for hepatotoxic effects whenté&@avith antiretroviral therapy. Similarly,
patients with cirrhosis are at increased risk ofodepensation by toxic drugs. Genetic
factors: A unigue gene encodes each P-450 prddanetic differences in the P-450 enzymes
can result in abnormal reactions to drugs, inclgddiosyncratic reactions. Debrisoquine is
an antiarrhythmic drug that undergoes poor metabmobecause of abnormal expression of P-
450-11-D6. This can be identified by polymerase inheeaction amplification of mutant
genes. This has led to the possibility of futuréedgon of persons who can have abnormal
reactions to a drug.

Host factorsthat may enhance susceptibility to drugs, possibly inducing liver disease:
Female - Halothane, nitrofurantoin, sulindac
Male - Amoxicillin-clavulanic acid (Augmentin)
Old age - Acetaminophen, halothane, INH, amoxieitliavulanic acid
Young age - Salicylates, valproic acid
Fasting or malnutrition - Acetaminophen
Large body mass index/obesity - Halothane
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Diabetes mellitus - Methotrexate, niacin

Renal failure - Tetracycline, allopurinol

AIDS - Dapsone, trimethoprim - sulfamethoxazole
Hepatitis C - Ibuprofen, ritonavir, flutamide

Pre existing liver disease - Niacin, tetracyclimethotrexate

Pathophysiology and mechanisms of drug-induced liver injury

Disruption of the hepatocyte: Covalent bindingloé tirug to intracellular proteins can cause
a decrease in ATP levels, leading to actin disamptiDisassembly of actin fibrils at the
surface of the hepatocyte causes blebs and ruptfutbe membrane. Disruption of the
transport proteins: Drugs that affect transporttggns at the canalicular membrane can
interrupt bile flow. Loss of villous processes anterruption of transport pumps such as
multidrug resistance—associated protein 3 prevéet éxcretion of bilirubin, causing
cholestasis. Cytolytic T-cell activation: Covaldnmding of a drug to the P-450 enzyme acts
as an immunogen, activating T cells and cytokines stimulating a multifaceted immune
response. Apoptosis of hepatocytes: Activation hed apoptotic pathways by the tumor
necrosis factor-alpha receptor of F as may triglgercascade of intercellular caspases, which
results in programmed cell death. Mitochondrial rgpgion: Certain drugs inhibit
mitochondrial function by a dual effect on both @&ekidation energy productions by
inhibiting the synthesis of nicotinamide adenineutieotide and flavin adenine dinucleotide,
resulting in decreased ATP production. Bile dugtinyt Toxic metabolites excreted in bile
may cause injury to the bile duct epithelium.

Drug toxicity mechanisms:

The classic division of drug reactions is into eddt 2 major groups, 1) drugs that directly
affect the liver and 2) drugs that mediate an imentesponse. Intrinsic or predictable drug
reactions: Drugs that fall into this category causgroducible injuries in animals, and the
injury is dose related. The injury can be due te tirug itself or to a metabolite.
Acetaminophen is a classic example of a known risiti or predictable hepatotoxin at
supertherapeutic doses. Another classic examptarison tetrachloride. Idiosyncratic drug
reactions: ldiosyncratic drug reactions can be sudhed into those that are classified as
hypersensitivity or immunoallergic and those thate ametabolic-idiosyncratic.
Hypersensitivity: Phenytoin is a classic, if notmooon, cause of hypersensitivity reactions.
The response is characterized by fever, rash, asthaphilia and is an immune-related
response with a typical short latency period ofdetks.

Hepatic function tests and their interpretations are asfollows:

Bilirubin (total) - To diagnose jaundice and assesgerity

Bilirubin (unconjugated) - To assess for hemolysis

Alkaline phosphatase - To diagnose cholestasisrdifitative disease

AST/serum glutamic oxaloacetic transaminase (SGOT) diagnose hepatocellular
disease and assess progression of disease

ALT/serum glutamate pyruvate transaminase (SGFADT- relatively lower than AST in
persons with alcoholism

Albumin - To assess severity of liver injury (HI\Wfection and malnutrition may
confound this)

Gamma globulin - Large elevations suggestive obiaunhune hepatitis, other typical
increase observed in persons with cirrhosis

Prothrombin time after vitamin K - To assess sayai liver disease
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Antimitochondrial antibody - To diagnose primaryidoiy cirrhosis
ASMA - To diagnose primary sclerosing cholangitis

The risk of Hepatotoxicity is apparently greaterpersons 70 years old or older occur in
liver, by only 2% of all adverse reactions in chéid of 0-14 years old occur in the liver.
Hence there is an increase in interest and neeexfaoring research frontiers in the area of
drug induced Hepatotoxicity, their mechanisms imedland pathways to bring down the risk
factor of liver exposure to the toxic effects olugs. Hence the present investigation is
conducted to study the Racemethionine Hepatopregeattivity against Rifampicin induced
Hepatotoxicity in albino rats.

MATERIALSAND METHODS

Materials used:

Racemethionine is used as a drug for evaluatingh&gato protective activity against
Rifampicin induced hepatotoxicity. This drug wastadbed as gift sample from Lincon
Pharmaceuticals, Ahmedabad. Various kits used fwreral biochemical parameters
estimation were procured from, i.e. ASAT Kit — MierdVilumbai. ALAT Kit- Merck,
Mumbai. Alkaline phosphatase (ALP) kit - Merck, Mbai. Cholesterol CHOD-PAP Kit —
Fortess Diagnostics, Mumbai. Equipments list. Saatb analyzer — Maysun Technology,
Mumbai. Cooling centrifuge of Remi motors, Mumbalbino rats were obtained from - sri
animals and breeders, madhavaram.

Selection of animals:

Wistar albino rats of either sex of weight rangesaeen 180-200 g were procured from sri
animals and breeders, madhavaram were used fatudg. The Animals were housed and
acclimatized under standard laboratory conditionspropylene cages in the approved
departmental animal house at 30£20C, Light and dgdkes of 10hr and 14hr respectively
throughout the experiment. Animals were fed witmatercial pelleted rat chow (lle and Co,
Chennai) and water ad libitum

The animals were segregated in to four groupsxo&simals each and the drug was given for
2 days as follows.

Groupl - Control group (Tween 80 1ml/kg b.w.p.o.)

Group Il - Intoxicated group (Rifampicin 1gm/kg b.w.p.o.)

Group Il - Drug treated group (Rifampicin and Racemethionine 1gm/kg and 200 mg/75kg b.w.p.o.
respectively)

Group IV - Intoxicated Control group (Rifampicin and Slymarin 1gm/kg and 20 mg/kg b.w.p.o. respectively)

Ethical Clearance
The institutional Animal Ethical Committee approwabs obtained for carrying out the
experimental protocol with Registered no (IAEC Z®'2).

Serum collection [4]

1. The respective drugs were administered to tiraarmgroups for a period of 2 days

2. Blood was collected from all the groups frontroedrbital plexus

3. Te blood was allowed to clot at room temperatarel serum was separated by
centrifugation at 2500 rpm for 10 min using cooloentrifuge (Remi motors, Ltd.)
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4. The serum was analyzed on semi-auto analyzemé&asuring the following biochemical
markers, which are: a. Aspartate aminotransferdsAT), b. Alanine aminotransferase
(ALAT) c. Alkaline phosphatase (ALP) and d. Totabtesterol (TC)

Bio chemical Parameters estimation:
Aspartate aminotransferase (ASAT) estimation [5]:
Principle:

L-Aspartate + 2-oxoglutaraté®*’— Glutamate + Oxalactate
Oxalactate + NADH +H —“P%- | -Malate + NAD

The rate of NADH consumption is measured photormaityi and is directly proportional to
the ASAT concentration in the sample

Procedure:

1. 100 pl of serum was taken in a clean eppentinbt.

2. 1000 pl of reagent — 1 (TRIS, L-Aspartate, Maldehydrogenase (MDH) and Lactate
dehydrogenase (LDH) was added to the tube.

3. The tube was mixed well and incubated for 5 ati8?C

4. 250 pl of reagent — 2 (2-Oxoglutarate and NAD)E added, mixed and incubated for 1
min at 37C.

5. After I min, decrease in absorbance was read/engute

6. Activity of the enzyme was calculated by usihg tollowing formula

ASAT activity (U/l) = AA/min x factor

Alanine aminotransferase (ALAT) estimation [5]:
L-Alanine + 2-oxoglutarate®™ L-Glutamate + Pyruvate

Pyruvate + NADH +H-P5- | -Lactate + NAD

The rate of NADH consumption is measured photorratyi and isdirectly proportional to
the ALAT concentration in the sample

Procedure:

1. 100 pl of serum was taken in a clean eppentiubé.

2. 1000 pul of reagent — 1 (TRIS, L_Alanine and b#etdehydrogenase (LDH) was added to
the tube.

3. The tube was mixed well and incubated for 5 ati87C

4. 250 pl of reagent — 2 (2-Oxoglutarate and NADE added, mixed and incubated for 1
min at 37C.

5. After | min, decrease in absorbance was readyaneute for 3 min at 334 nm, 340 nm
and 365 nm.

6. Activity of the enzyme was calculated by usihg tollowing formula

ALAT activity (U/l) = AA/min x factor
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Alkaline phosphatase (AL P) estimation [6]:
Principle:

p-Nitrophenylphosphate +4@ —ASAT

Phosphate + p-Nitrophenol

The increase in absorbance due to formation of tréphienolate is measured
spectrophotometrically and is directly proportiot@ALP activity in sample.

Procedure:

1. 20 ul of serum was taken in a clean eppendubfé.t

2. 1000 pul of reagent — 1 (Diethanolamine and Maiyme chloride) was added to the tube.

3. The tube was mixed well and incubated for 5 ati8?C

4, 2?)0 Ul of reagent — 2 (p-Nitrophenylphosphata$ wdded, mixed and incubated for 1 min
at 37C.

5. After | min, decrease in absorbance was read/ewaute for 3 min at 405 nm.

6. Activity of the enzyme was calculated by usihg tollowing formula

ALP activity (U/l) = AA/min x factor

Total Cholesterol estimation [7]:

Principle:

Cholesterol is present in serum as Cholesterolssted free Cholesterol. The Cholesterol
esters present in serum are hydrolyzed by Chotdststerase and the Cholesterol is then
measured by oxidizing with Cholesterol oxidasedont hydrogen peroxide. The hydrogen
peroxide inturn reacts with phenol and 4-aminoamine present to form the red
qguinonimine dye. The intensity of dye formed isedilty proportional to the level of
Cholesterol present in the sample.

Procedure:

1. 10 pl of serum was mixed with 1000 pl reagenpd® buffer, Cholesterol oxidase,
Cholesterol esterase, 4- aminoantipyrine, Peroridasl Phenol) in a test tube.

2. For the blank 10 ul of DD¥ was mixed with 1000 pl of same reagent in another
testtube.

3. The tubes were then incubated for 10 min at®@Gdr for 5 min at 3%C

4. Absorbance was measured at 500 nm against rtehlgak. The end point is stable for 60
min at 37C.

5. Cholesterol level was calculated using the il formulaAbsorbance of sample

Total Cholesterol = Absorbance of standard x Sahdéntration

RESULTSAND DISCUSSION

Liver plays a major role in detoxification and eston of many endogenous and exogenous
compounds, any injury to it or any impairment te #functions may leads to many
complications on one’s health. Management of lideseases is still a challenge to the
modern medicine which has a little to offer forealhtion of hepatic diseases or ailments [8].

Bio chemical parameters. Albino rats were treated with drug and anti tubkncudrug
(Rifampicin) which leads to the toxicity of the éiwcells. The drug regimen was given for 2
consecutive days and the results were tabulatbdlow table ie. Table 1.
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Table 1: Hepatopr otective effect of Racemethionine on Rifampicin induced hepatotoxicity in Albino rats

Animal groups

Group | Group Il Group I11 Group IV
S.no. Parameter Control group In toxicated Drug treated group In toxicated Control
(Tween 80) group (RMP) (RMP+RMT) group (RMP+SYM)
((SZ)) ((SZ)) un U
Aspartate
1 aminotransferase 133+1.25 187.4+1.45% 146+1.94** 149.11+1.18*
(ASAT)
Alanine
2 aminotransferase 29.4+1.6 50.3+1.03** 34.1+0.83** 36.1+0.63**
(ALAT)
Alkaline - - -
3 phosphatase (ALP) 6.2+0.58 17.2+0.66 10.78+1.1 10.8+0.91
4 | Total fﬁgie“ero' 49.240.8 53,6058 57.5+0.66* 52.06£0.51*

* non significant, **P<0.05, ***P<0.001vs Control (Group ), Student t test
RMP-Rifampicin, RMT- Racemethionine, SYN- Slimarym
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Figure 2: Effect of Racemethionine on Aspartate aminotransferase (ASAT)
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Figure 3: Effect of Racemethionine on Alanine aminotransferase (ALAT)
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Figure 4: Effect of Racemethionine on Alkaline phosphatase (AL P)
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Figure5: Effect of Racemethionine on Total Cholesterol (TC)

A significant increase in Aspartate aminotransferd@SAT), Alanine aminotransferase
(ALAT), Alkaline phosphatase (ALP) was observedthe intoxicated control group which
was treated with. Total cholesterol level in theoxicated group was also found to increase
slightly compared to the control group rats. Thiesehemical marker enzymes levels were
decreased to near normal values in the grup of @leitneated with racemethionine. Results
of racemethionine treated animals were found toresdec significantly in the case of
parameters like ASAT, ALAT, ALP when compared wilie intoxicated group. Cholesterol
levels were found to be not much effected when @retgh with bio chemical levels of anti
tubercular drug treated animals.

Rifampicin is rapidly eliminated in the bile andtem hepatic circulation ensues. During this
time the drug is progressively deacetylated,suah dfter 6 hours nearly all of the antibiotic

in the bile will be in the deacetylated form. Iriteal reabsorption is reduced by deacetylation
and metabolism thus facilitates elimination of dr{igj.
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The effect of Racemethionine on Aspartate aminsteaase (ASAT), Alanine
aminotransferase (ALAT), Alkaline phosphatase (AL&#)d total cholesterol (TC) was
indicated in figures 2, 3, 4 and 5.

Rifampicin is rapidly metabolized to deacetyl rifgicin, which actively and specifically
binds to RNA polymerase which inhibits the synthedi all forms of RNA. Thus inhibiting
nucleic acid and protein synthesis it induces figr and finally cirrhosis. This causes fatal
liver damage acute hepatic failure, which is accanmgd by increase in the activity of some
serum enzymes [10].

The enzyme alanine aminotransferase (ALAT) whick @stimated in the present study. It is
a very specific and sensitive marker of liver igjufhe major usefulness of ALAT assay for
detecting liver disease is based on the fact thalevation correlates only with the extent of
liver disease and therefore, follows the courskepfatic disease process [11].

Reduction in the levels of ASAT and ALAT towardsetimormal values and decline in
alkaline phosphate levels suggests the stabilitythefbilayer functions during injury with
rifampicin, after administration of racemethioninghis is a sign of regeneration process
stimulated by racemethionine against the harmfidce$ of rifampicin on the hepatic cells.
Thus the study indicates that racemethionine hasd goeepatoprotective activity when
toxicated with anti tubercular drug, rifampicin @days.

CONCLUSION

Among the adverse effects of anti tubercular the@d T), hepatotoxicity is a well known
complication. The severity ranges from alteratioriiver enzymes, chronic active hepatitis
and incidence of acute hepatitis, occasionally @ased with complicated acute liver failure
carrying very high moratality which demands liverisplantation [12].

In the current investigation an attempt was madenmtoimize the effect of Rifampicin
induced hepatotoxicity by the use of Racemethiominech is used as an anti dote for
paracetamol ovedose [13]

The research study showed that Racemethionine eddtie increasing levels of serum
glutamyl oxalo acetate transaminase (ASAT), serlanige aminotransferase (ALAT) and

Alkaline phosphatase (ALP). Total cholesterol (TGhowed an increase in the

Racemethionine treated group compared to the @mgrcular drug treated group. The results
indicated that Racemethionine showed to be a motenp hepatoprotective drug against
Rifampicin induced hepatic injury in experimentalraals.
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