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Liver is the most important vital organ of our body and is the most responsible 

organ for metabolism and secretory activities. Jaundice is the major tause tor the 

morbidity and mortality across the world. Liver problems is the worldwide problem 
in humans. Jaundice is the diseases, which directly affect the liver organ and 

production of bilirubin increases. This disease can occur in adults, child and even 
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in elders. The jaundice is the life-threatening disorder, which is divide into the two 

parts, one is pre-hepatic, and another is post-hepatic. In jaundice bilirubin plasma 

level increases which results in dlarrhoea, gastrointestinal bleeding, anaemia, 

edema, weight-loss, lethargy, seizures, coma and even death. There are many 

medicinal plants used in treatment of jaundice with less side effects. There are 

wide varieties of herbs and plants that have high eficacy to cure the jaundice So, 

there is need to analyse this medicinal plant used for treatment of Jaundice. In 
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of conditions, an inflamed liver and hindrance in bile duct 
INTRODUCTION 

Liver diseases cause the morbidity and mortality across the 
The liver is one of the most important organs of our bodyits world. According to the WHO estimates, about 1.5 million 
main function of the liver is to metabolize and detoxify fo0d, cases of hepatitis A occur yearly and 2.5 billion people 

drug, and chemicals in the liver. Toxic substances such as worldwide are mostly infected with the hepatitis B virus. 

carbon tetrachloride, antibiotics, microorganism, and chronic Despite of immense advances made in allopathic medical 

alcohol consumption mainly cause liver damage. There are practices, herbs play an important role in the management of 

development of different types of liver diseases/dlsorder various liver diseases. A large number of plants and 

such as hepatitis A, hepatitis B, hepatitis C, jaundice, cirthoss, formulations have been declared to have hepatoprotective 
liver cancer, hemolytic anemia, etc. The common cause of activity. Jaundice is the most common of all liver disorders. 

the liver disorder is inflammation mainly caused due to the Woefully, conventional and synthetic drugs used in the 

excessive consumption of alcohol, poor diet, manutrition. treatment of liver diseases are insufficient and sometimes 

Jaundice is one of the common amongst the direrent Ypes can have serious side effects. Toxic liver injury produced by 

of liver disorders. Jaundice is not a disease, but t 1s a drugs and chemicals may practically imitate any form of 

symptom of the liver disease, which leads to indicates liver naturally occuring liver diseases. Hepatotoxicity from drugs 

malfunctioning. It is not a disease, but it isa symptom of the and chemicals is the commonest form of iatrogenic diseases.

liver disease, which indicates liver malfunctioning. Jaundice is Some Inorganic compounds producing hepatotoxicity are 

derived from the French word 'Jaune' means yellow' and itis Arsenic, Phosphorus, copper and iron. Organic compound 

distinguishing by yellow pigmentation. it is also known as including certain naturally occurring plant toxins such as 

icterus, which, means yellow pigmentation of skin, mucous Pyrrolizidine alkaloids, mycotoxins and bacterial toxins, I9 

membrane, and sclera due to an increase in the level of 

bilirubin in' the blood and this condition is called Introduction to Jaundice: 

hyperbilirubinemia. This may be caused by a various number 
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hematoma, 
results in significant increases in bilirubin 

which may 
overcome the conjugation process and lead to Jaundice is an occurring yellowing of the skin, whites or 

eyes and body fluids. There is an increase in amount or 

bilirubin in the blood. Bilirubin is a yellowish pigment that a state of unconjugated 
hyperbilirubinemia. 

Intrahepatic Causes: 
Unconjugated hyper blirubinaemia: 

of 

IS produced and it is secreted into the duodenum to be 

overcome of waste products such as bilirubin and excess 

cholesterol and to aid in the digestion of fats. Jaundice may 

arise from increased in red blood cells, changes in bilirubin 
metabolism, liver damage, and if there is interference with 

unconjugated 
degrees 

There 
are various 

hyperbilirubinemia, 
depending on the enzyme 

inhibition 

with each disease. Gilbert syndrome is a common, 

bile excretion. About 1% of our red blood cells retire every 
hereditary disorder that affects approximately 5% of the 

U.S. population. The disease results in a decrease in the 

day, to be replaced by fresh red blood cells. The liver and 

disposed of much of the resulting bilirubin leaves the body. 
According to the pathophysiology of jaundice and 

activity of the enzyme 
glucuronosyltransferase, causing an 

increase in the indirect serum bilirubin. Gilbert syndrome is 

metabolism of bilirubin, there are three types of jaundice, an incidental finding on routine liver function tests, when 

the bilirubin level is normally increased and all other liver 

which includes 
1. Pre-hepatic jaundice which give rise to due to the function values are within normal limits. Jaundice and 

haemolysis of red blood cell. increase of the bilirubin level may occur during periods of 

stress, fasting, or illness. 
2. Hepatic jaundice which give rise to due to the abnormal 

metabolism and excretion of bilirubin by the liver. 
Conjugated hyper bilirubinaemia:- 

3. Hepatic jaundice caused due to the obstruction in the 

bile duct.2 

EPIDERMIoLOGY: 
The prevalence of jaundice varies with age and sex, 

The mainly causes of conjugated hyperbilirubinemia are 

intrahepatic cholestasis and extrahepatic obstruction of 

the biliary tract, with preventing bilirubin from moving into 

the intestines. Autoimmune diseases, viruses etc. are the 

of hepatitis. Intrahepatic most common causes newborns and elder are most often affected. 

Approximately 20% of newborns develop jaundice in the inflammation disturb transport of conjugated bilirubin and 

causes jaundice Alcohol has been shown to affect bile acid 
first week of life, primarily because of immaturity of the 

uptake and secretion, resulting in the cholestasis. Chronic 
hepatic process. Hyperbilirubinemia is the most common 

alcohol use may cause in fatty liver, hepatitis, and cirrhosis, 
problem caused to infant in the immediate neonates. Viral 

with different levels of jaundice. Fatty liver, the most 
hepatitis A is the most frequently cause of jaundice in 

common progress to cirrhosis. Hepatitis occur due to 

alcohol use typically result into acute onset of jaundice and 
school-age children. Common duct stones, alcoholic liver 

disease and neoplastic jaundice occur in middle-aged 
more severe symptoms. Liver cell necrosis is indicated by 

highly elevated serum liver transaminase levels many drugs 

have been shown to play a role in the development of 

patients and in older patients. Hepatitis A was found to be 

the mostly cause of jaundice in children. Bile duct stones, 

drug-induced liver disease, and malignant biliary 
cholestasis jaundice. Agernts classically identified with drug
induced liver disease are acetaminophen, penicillin, ora 

chlorpromazine (Thorazine), 

obstruction occur in the elderly patients. Men have an 

increased prevalence of alcoholic and non-alcoholic 

contraceptives, and 
cirrhosis, chronic hepatitis B. women denate higher rates 

of gallbladder stones or cancer. Kernicterus, a complication estrogenic or anabolic steroids. Cholestasis can deveiop 

of severe jaundice may cause of death in neonates.4 during the first few months of oral contrace ptive use and 

ETIOLOGY: may result in jaundice.

Peri-hepatic cause Post hepatic: conjugated hyperbilirubinemia also 

may result from problems that occur after the 

bilirubin is conjugated in the liver. These post-hepatic 
Intra-hepatic causes 

Unconjugated hyper bilirubinaemia 

Conjugated hyper bilirubinaemia causes can be divided into intrinsic or extrinsic 

Post-hepatic causes obstruction of the duct system Jaundice also may 

Peri hepatic causes: arise secondary to pancreatitis. 

Unconjugated hyperbilirubinemia results from a deflect of The most common causes of pancreatitis are 

the necessary bilirubin conjugation in the hepatocyte. This gallstones and alcohol use.51 

problem occurred before bilirubin has entered the 

hepatocyte or within liver cell. Excessive heme PATHOPHYSIOLOGY: 
metabolism, from haemolysis or reabsorption of a large 

wJoyd 
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several functions like metabolism, secretion and storage 

Detoxificat ion of various dnugs and occurs in the liver. The bile 

secreted from the liver has an important role in digestion 

highly 
the cells from damage caused by 'free radicals'. the t 

reactive oxygen compounds. 

Medicinal plants are immunomodulatory property They 
are both nonspecific and specific immunity. These plants 

may promote host-resistance against the infection by re 

establishing the body-tissues. It is assume that the cure and 

Liver diseases are the most serious disorders. 

The medicinal plants contain phytochemicals, which 

possess strong antioxidant activities These antioxidant 

phytochemicals may be flavonoids (flavones, isoflavones, renewal power of these plant materials might be due to 

flavanones, anthocyanin, catechins, isocatechins, and their action on host immune system. The immune system is 

quercetin), terpenoids, polyphenols (ellagic acid, Gallic acid also a complex in nature, and it consist of multi-organ and cell 

and tannins), alkaloids. saponins, vitamins (A, C, E, K), It is one of the most sensitive systems of the body, which 

carotenoids, minerals (copper, manganese, zinc, iodine), works through a complex regulation of cellular and 

91 101 
enzymes (catalase glutathione peroxidase, humoral components. 
polysaccharides, saponins, lignin, xanthones and pigments, 

etc The antioxidants cure different diseases by protecting 

TabikS7 OF MEDICINAL PLANTS USED IN TREATMENT OF JAUNDICE -11 45 
PARTS USED ANALYTICAL 

BIOANALYTICAL 
SR SCIENTIFI cOMMON FAMILY CHEMICAL cONSTITUENTS AND 

NO CNAME NAME 

METHOO 
Kalmegh 14-deoxy Leaves and RP-HPLC, HPTLC Andrographolide, 

andrographolide, 14 

hydroandrographolide, 
stigmasterol, s Sitosteryl fatty acid 

Euphorbia Ricinus, 3-carboxy 4-methoxy N- 

Androgra Acanthac 

phis -deoxy 12- tender shoot eae 

8-Sitositerol, 

2 Ricinus Castor Roots, leaves HPLC, LC/S, ELISA 
Communi ceae methyl-2-Pyridone, N-dimethyl ricinine and seeds MALDI, FTIR, GC-MS 

Quercetin
Dried herbs HPLC, TLC, UPLC, Punarnava Nytaginac Punarnavine, s-sitosterol, liriodendrin, 

Boerhavine, Flavone, 5-7- dihydroxy 
Boerhavia 
diffusa eae AAS, HNMR, HPTLC 

Azadirach Neem Meliaceac n-hexacosanol and amino acid, 7- Aerial parts GC-MS ANALYSER, 

desacetyl-7-benzoyl azadiradione, 7- 

desacetyl-7-benzoylgedunin 
Zingebera Zingiberine, Curlone, arcurcumne, 

santalene, sesquiphelladrene (Z), 
ocimene,phellandrene 

ta indica e UV 

Curcuma Haldi Rhizome FT-IR, FT-NMR, FT 
onga ceae RAMAN, UV, NMR, 

HPLC, HPTLC, 

LCMS/MS 
Asteracea Phytosterol, amyrin, triterpene, 

luteolin, caffeic acid 
6 Eclipta Bhringraj Fruits LC/MS, UV, HPLC 

alba e HPTLC 

Whole plants Euphorbia Nitetralin, phltetralin, geraglin, 
corilagin, gallocatechin, epicatechin 

Phyllanth Bhuiamla HPTLC, HPLC 

Us niuris ceace 

8 Withania Ashwagan Solanacea Isopelletierene, anaferine, Leaves HPLC, HPTLC, UV 

cusoophygrine, withanolides 

Gentianac Xanthonoids, Flavanoids, Terpenoids, 
Somnifera dha e 

Swertia Clearning8 Entire herb RP-UFLC, RP-HPLC, 
Chirata nut eae Secoirridoid HPTLC 

10 Tinospora Gulvel Mennispe Furanolactone, diterpene, Tinosporina Whole plant HPLC, HPTLC 
Cordifolia rmaceae giloin 

11 Dioscorea Khoialoo Dioscorea Diosgenin, Sapogenin, Saponin, Leaves UHPLC, MASS 

belophylla Allantoin Spectroscopy, HPLC, ceae 

GC-MS 
12 Moringa Sajna Moringea p-Sitosterol, Vanilin, ssitostenone, 4- 

hydroxymellin, Octaicosanoic acid 
Leaf stem UV, HPLC, HPTLC, 

olifera ceae UPLC-ESI, MS/MS 
lam 

13 Langenari Lau Curcubita Curcubitatcin B,D,G,H, 22-deoxy Leaves, fruits, HPLC, HPTLC 
n Siceraria Ceae Curcurbitacin, Curcurbitacin B stem, roots 

C Pha: macy 



I Phorm Sci Bioscientific Res 2021. 10 (4): 219-225 

14 Kalanchoe Pathorchi Crassulac Bryophyllin, Bryophyllol, Bryophollone, Leaves LC/MS/MS, HPLC, 
pinnate Bryophollenone, Bryophynol, 

Bersaldegenin 

eae UV, RPLC, LC-MS 

15 Vitex Nishinda Verbenac Vitexin, canophotecin UV, HPLC Root 
negunado eae 

16 Mimosa Lozzabotia Fabaceae Alkaloid mimosine, d-xylose, d- UV-HPLC Stem 
Pudica L glucuronic acid, Quercetin, Jasmonic 

acid, Turgoin-plant hormone 

Vaiscine, quinazoline, vaiscinone, 
deoxyvasicine, adhatodic acid, 
adhatodine, adhatonine, vasicionol 

17 Justicia Bashok Acanthac UV-VIs, FTIR, LC 
MS/MS, RP-HPLC 

Leaf 
adhatoda eae 

18 Avverhora Kamranga Oxalidace Dihydroncyricetin, 2,3-dihydroflavanol Fruits HPLC, HPTLC, UV, 
Carambol ae FTIR, LC-MS 
al 

19 Nigella Kalonji Ranumcul Cuminaldehyde, Cuminic alcohol, 

nigellone, thymohydroquinone 
Arjunolic acid, arjunic acid, arjungenin, 

Seed HPLC, UV, HPTLC, 
sativa linn aceae UPLC 

20 Terminalia Arjuna Combreta Stem bark, UV, HPLC 
arjuna (arjuna ceae arjunone fruit 

Kahu 

dhaval) 

CONCLUSIONS: 5. Roche SP, Kobos R, Jaundice in the adult patient, 

American Academy of Family Physicians, 2004, 692): 
From this review study, it is clear that medicinal plants play 299-304. 
a significant role in treatment and management of 6. Matthew VF, Scott PG, Aaron S, Evaluation of Jaundice 

jaundice. Several medicinal plants are used for the in Adults, American Academy of Family Physicians, 
2017,95(3);164-168. 

7. Briggs CD, Peterson M, Investigation and management 

treatment of various liver diseases. The herbal medicines 
are safe and effective for world population and used in 

of obstructive jaundice, Hepatopancreatobiliary I I, 
2017; 25(2):74-80. 

8. Shukhla G, pala N A, chakravarty S, Plants for liver and 
jaundice treatment: A case study from forest fringe 
communites in north Bengal, India, Forestry ideas, 

2017; 2(54):145-151. 
9. Sofowora A, Ogunbodede E and Onayade A, The Role 

and Place of Medicinal Plants in the stratergies for 
diseases prevention, African Journal of Traditional 
Complementary and Alternative Medicine. 2013; 
10(5): 210-229. 

10. Pandey G, Medicinal plants against liver diseases, 
International Research Journal of Pharmacy,2011; 

developing countries for primary health care because 
better cutural acceptability, compatibility with human 

body and less side effect. In present review, we have 

included various analytical methods like HPLC, HPTLC, UV, 

LC-MS, FT-IR, FT-NMR, which were successfully developed 
and validated, for analysis of different medicinal plants 
used for treatment of Jaundice. 
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drug substance or drug product through catalyst, reagent, solvent or raw 

materials used in the manufacturing process. Nitrosamine impurities is avoided 

by taking precaution within the manufacturing of drug substance and drug 

products. Validated analytical methods are to be used to identification and 

quantification of Nitrosamine impurities hence it needs sensitive instrument 

which may detect Nitrosamine impurities to the trace level at given interim 

limit. Gas chromatography or Liquid chromatography together with mass 

detector is widely used for their determination and identification. Various 

regulatory authorities like USFDA, ICH Canadian Drug and Health Agencies are 
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INTRODUCTION I1 change is induced." While genotoxic impurities are 

defined as "Impurity that has been indicated to be 
Pharmaceutical impurities are the undesirable chemicals 

8enotoxic in a relevant genotoxicity test model, e, g. 
that remain within the active pharmaceutical ingredients 

(APIs) which are developed during formulation or due to 
bacterial gene mutation (Ames)test." 

the aging of both API as well as formulated APls to CLASSIFICATION OF GENOTOXIC IMPURITY 
medicines. 

Genotoxic impurities are classified as on the basiIS of their 
INTRODUCTION OF GENoTOXIC IMPURITY 2 risk analysis comprises a preliminary analysis of actual 

and potential impurities by performing database and 
international Council for Harmonisation in its guideline 

literature searches for carcinogenicity and bacterial 
CH S2 (R1) defines genotoxicity as "a broad term that 

mutagenicity data which classify genotoxic impurities 
refers to any undesirable change within the genetic 

into Class 1, 2, or 5. If data of pssification s not 
material, consideration for the mechanism by which the 
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perform Structure-Activity mutagenicity, teratogenicity, and carcinogenicity. 
can 

unkno 

available. we 
the 

Relationships (SAR) to predict the bacterial mutagenicity. INTRODUCTION OF NITROSAMINE IMPURITY 15.6 
This shall be classifieds it into Class 3, 4, or 5. Each class 

s defined as below. ICH M7 (R1) classifies Nitrosamine impurities as Class 1 

Genotoxic impurities, which is known to be mutagenic 
Class 1 These impurities have established mutagenic 

and carcinogenic, on the basis of both rodent 

mutagenicity and carcinogenic data and are known to be more serious 
data. 

carcinogenicity and These 
risk and essential to eliminate them by modifying the 

Nitrosamine impurities produce effect on the genetic 

material by means of mutations through chromosomal 
process 1f the aforementioned is not possible the 

mpurities are to be limited at "threshold of toxicologIcal 
breaks, rearrangements, covalent binding or insertion 

Concern (TTC)" as a last option. 
into the DNA during replication. These changes with1n the 

Class 2 These impurities have the well-established genetic materials produce by the exposure to very low 

levels of Nitrosamine impurities can result in cancer. 
mutagenic data, but their potential to cause carcinogen

sn't Known. Hence, these impurities must be controlled Thus, it's important to identify Nitrosamine impurities in 

usngthe TTC approach. drugs at very low levels to make sure safety to the 

general public. 
Cass 3 These adulterated substances are having viligant 

structures unrelated to the structure of the drug A total of 10 nitrosamine impurities is reported for 

5uDstances and of unspecified genotoxic potential. On mutagenic potential. 

tne basisof functional groups within their molecule, they 

wll be classfed as genotoxic. The toxicity of those 
1. N-nitrosodimethylamine 

2. N-nitrosodiethylamine 
mpurtes I5 Identified on the basis of the structure- 

3. N-nitrosomethylethylamine 
activity relationship (SAR). 4 N-nitrosodi-n-propylamine 

5. N-nitrosodiisopropylamine Cass 4 The structure of impurities is having similarity 

6. N-nitrosodi-n-butylamine witn the structure of drug substances and also includes 

functional or moiety which has potentially alert shared 

witn the parent structure and consider to be non 

7. N-nitrosodiphenylamine 

8. N-nitrosopyrrolidine 

9. N-nitrosopiperidine 
enotoxic 10. N-nitrosomorpholine 

Cass 5 Tnese impurities haven't any alert structures, ICH M7 GUIDELINE ON MUTAGENIC IMPURITIES 
and evidence indicates the absence of genotoxicity. 

These impurities should be considered as a normal ICH M7 guideline incorporated a concept first introduced 

mpurites and should be checked according to ICH by the Safety Working Party (SWp) within the EU 

guIdeline. guideline on genotoxic impurities. This is the threshold 

of toxicological concern (TTC) first developed within the 

related to food safety. The TTC thereby defined an INTRODUCTION OF NITROSAMINES B4 
appropriate intake (or risk) for any chemical with limited 

or no supporting safety data that may pose "a negligible 
risk of carcinogenicity or other toxic effects". A TTC value 

of 1.5ug/day, which corresponds to carcinogens noted 

Nitrosamines, or N-nitrosoamines, is an any molecule

that containing the (N-NO) nitroso functional group. N 
itrosamines are polar hydrophilic, uncharged molecule 

which have high vapor pressure and very high solubility in 
because the "cohort of concern" (COc), compriseswater. N-nitroso compounds are a large group of potent 

carcinogens which includes N-nitrosamine. These N aflatoxin-like-, N-nitroso, and alkyl-azoxy compounds; 
benzidine derivatives may additionally usefuly be 

included. Industry had always argued that the "cohort of 
Nitrosamines, which are derived from alkyl, alkaryl, aryl or 

cyclic amines. It is a group they share with N-nitrosamides 

concern structural classes were not possible to be 

encountered during 
which are derived from N-alkylureas, N 

alkylcarbamates, and simple N-alkylamides. These the routine synthesis of 

pharmaceutical drug substances. TTC is, "(a) compounds are related to nitrosamine impurities and 
inappropriately impact by various type of potent that nitrosamine impurities are probable human 
carcinogens of historic interest thathis difficyt to create 

thri. 2 ge oi Pharma 
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unknowingly as pharmaceutical impurities, and (b) that 

the many of reactive chemicals that might be useful to 

and catalysts), including recovery outsourced to 3 

parties who are do not seem to be tuned in to content of 

the materials they are processing and recovery processes synthetic chemists are among the smallest amount 

carried out in non-dedicated equipment. potent carcinogens within the underpinning supportive 

analyses". 
By Using contaninated starting 

intermediates supplied by vendors who use proces5es or 

materials and 

WHAT ARE THE PHARMACOLOGICAL MECHANISMS 

FOR NDMA HARM! raw materials which can contain residual nitrosamines or 

nitrosating agents. 
in animal models NDMA has been shown to cause liver 

damage and fibrosis. When exposure to NDMA in one Carry-over of nitrosamines intentionally generated (eg 

an1mal model that caused centrilobular congestion, as intermediates) during the manufacturing process. 

Kupffer cell hyperplasia, and liver fat accumulation after 
Cross-contamination because of different processes 

7 days and severe neutrophilic infiltration, multifocal 

collapse of liver parenchyma, and deposition of being run successively on the identical manufacturing 

line collagenous fibrosis after14 days. There are some cases 

where people around the world purposely poisoned by 
Carry-over of impurities between manufacturing process 

unknowingly consuming several 100 milligrams of NDMA, 
steps due to operator- related errors or inadequate 

which further leads to diarrhoea, hepatotoxicity, detailed batch records such as inadequate phase 

vomiting, and/or death. The International Agency for separations during work-up procedures. 
Research on Cancer has been categorized NDMA as a 

probable cause of carcinogen, within animal researches Degradation processes of active substances, starting 

disclosing tumour formation mostly within the 

gastrointestinal tract and liver but also within the lungs 

materials and intermediates including those effected by 

intrinsic reactivity (e.g. presence of oxime, nitro, or other 

and kidneys. NDMA, like other nitrosamine impurities, functionality) or by the presence of an exogenous 

activates ras oncogenes, and other NDMA metabolites by 

enzymeCYP2E1 which generate methyldiazonium, a 

known mutation inducer through methylation. As such, 

nitrosating agent. This might potentially occur also 

during finished product formulation or storage and will 

be influenced by crystal structure, crystal habit and 

NDMA is believed to induce both localized as well as storage conditions (temperature, humidity etc.). 
systemic carcinogenic effects. 

Use of specific packaging materials. Nitrosamine impurity 

SOURCES OF NITROSAMINE IMPURITY 9 has been observed in finished drug products stored in 

blister packs with lidding foil containing nitrocellulose. 
Formation of Nitrosamine impurity can occur when the 

use of sodium nitrite (NaNO2), or other nitrosating Nitrosamines are shown to make from nitrocellulose 

agents, in the presence of secondary or tertiary amines degradation products and low molecular weight amines 
within the identical or different steps of the present either in printing ink or within the Finished drug 

manufacturing process. Product during the blister heat-sealing process and to 

transfer to the product within the blister 
By Using sodium nitrite (NaNO2), or other nitrosating 

agents, in combination with catalysts, reagents, and 

solvents (eg. DMAC, DMF, and NMP), which are 

Reaction of nitrosatable nitrogen functionality in APIs or 

their impurities with nitrosating agents present in 

vulnerable to degradation to secondary or tertiary components of the drug Product during formulation or 
amines, within the identical or different process steps. storage 
Formation of Nitrosamine impurity can occur in presence KNOWN SOURCES OF NITROSAMINES 10 14) 
of degraded raw materials within the APl manufacturing 

process (e.g. solvents, reagents and catalysts). Food 

Use of contaminated recovered material and Sodium nitrite and sodium chloride are commonly used 

contaminated recycled materials (e.g. solvents, reagents as the curing agent in meats, however, because the 

meats Contain amines the combination othese 

CPhar 
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chemicals can form nitrosamines Intake levels range 

from 0.0004 to 0.23ug in cured meat. 0.0004- 1 02ug in 
ned 

The inhalation of airborne nitrosamines formo 
workplace atmospheres can present a significantr risk to 
workers. The presence of amines and nitrogen Or smoked meat, 0 0006-0 13ug in grilled meat and 0.07-

les 
with certain levels of humidity and temperaturea 

O07ug n bacon. NDMA level in a variety of fish and fish 

cause the formation of airborne nitrosamines. oroducts were tound between c0 1 to 4 2 ug/kg Average 

NDMA leves from vegetables was reported to be 0.075 
FORMATION AND DISTRUCTION OF NITROSAMINE 

Lgg In mik, NOMA was tound to be below O1 ug/kg 
IMPURITY AND TOXICITY OF NITROSAMINE I17 

detection lim1t) in most cases, while skim milk, powders, 

and other mk products had NOMA up to 0.7 ug/kg FORMATION OF NITROSAMINES 

Water The chemistry of nitrosamine formation is very complex. 

Formation of N-nitrosamines are done by the reactions 
-NItrOsamines such as NOMA are reported as by 

of organic amines and their derivatives with nitrosating 
orocucts formed after the disinfection of wastewater 

compounds; however, the most stable nitrosamines are 
ei uents bv chiorine and the drinking water chlorination 

formed from secondary amines. Generally, Amines are 
and oramination processes in the presence of 

categories as primary, secondary, and tertiaryamine. 
containing organic matter. N- Nitrosamines 

mght equally pose a risk to water resources and given 
Nitrosating agents can react with Primary amines and to 

ther potential adverse effects on human health the generate highly reactive, unstable diazonium ions, which 
oresence of these compounds is of more concern in 

continually decompose to release molecular nitrogen. 
drinking water than in wastewater. NDMA is introduced 

It's also feasible for the occurring diazonium ion to 
nto orinking water as a by- product of chlorination, 

reacting with the starting primary amine to formation of 
expOsing people to roughly 0.0003-0.001ug/kg of body 

a secondary amine, which might then undergo 
weght per day per a World Health Organization (WH0) 

nitrosamine formation. In the case of a molecule with 
Estumate. in the Integrated Risk Information Service (IRISs) 

two primary amines that are segregated by 4 to5 
catabase of the United States Environmental Protection 

carbons, a cyclic nitrosamine can form. However, indirect 
Agency (U. S. EPA), NDMA has been identified to have an 

nitrosation of primary amines is low producing because 
estimated 10-6 lifetime cancer risk level at a 

of the instability of the diazonium ion and the 
concentration of 0.7 ng/L in drinking water. 

requirement for two continuous reactions to take place. 

Cosmetics R-N-N=O RNH+ NO+H* 
Raw materials for the production of cosmetics have been 

found to contain nitrosamine impurities., therefore, 

these raw materials need to be screened before use. Both R-N=N-OH R-N�N +OH N+R 
Europe and Canada have banned nitrosamines in any 

cosmetic product. Formation of secondary nitrosamines 
igure 1 Nitrosamine formation from prinary amine 

can occur from reactions between some proteins and the 

preservatives, such diethanolamine Secondary amines are the foremost likely amines to react as or 

triethanlamine. These compounds are common and formation of nitrosamines occur, however the rate of 

additives in cosmetics used to adjust pH or act as a reaction is dependent on the both reactivity and 

wetting agent. NDMA was detected in various cosmetics concentration of starting materials. A characteristic 

chemical reaction procedure for secondary amines to and personal care products, including shampoos, hair 

conditioners and toners, bath and shower gels, creams formation of nitrosamines is provided in figure 
and oils, facial tonic sand cleansers. A past study showed 

that 50 of145 cosmetic sand personal care products in 

Germany contained NDMA, at a maximum of 24 ug/kg in 

a shampoo. 

Atmospheric nitrosamines 
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NO,+ H' HONO 

2HONO N,0, H0 
et 

RNH N,O, NO 

RN NO 
NO 

RN R,N NO H 

gure 2 Nitrosgmine formotion from secondary omines 
Figure 3 itrosomine formgtion from tertiary omine 

Tertiary amines are not directly reacting with nitrosating DESTRUCTION OF NITROSAMINES 
agents, but they can primary undergo nitrosative 

The destruction of nitrosamines requires strong reaction detachment to secondary amines, which may then after 

form nitrosamines. While this can be chemically feasible, 

the reaction is slow and generally requires more amount of 

conditions. Strong acids like hydrochloric acid can transfer 

nitrosamines into the related amines and nitrous acid, 

the nitrosating agent and high temperatures. It is criticalto which, if trapped with a nucleophile like a thiol, may 

note, that the tertiary amines (such as generally used resulting in to an irreversible reaction. Nitrosamines are 

disopropylethylamine and triethylamine) can contain often reduced by metals such as aluminium (with 

secondary amines as impurities and/or can decompose potassium hydroxide) and zinc (with acetic acid). 

into secondary amines that may then proceed to more Hydrogenation of nitrosamines is feasible within the 

readily form nitrosamines. Further Other compounds that presence of palladium, iron and nickel, as catalysts. 

Organometalic reagents like, phenylithium, Grignard's 
and tert-butyl lithium can eliminate nitrosamines. Finally, 

can contain a secondary amine as impurities or degradants 

and contain amide solvents like N-methyl-2-pyrrolidone 

(NMP), dimethylformamide (DMF), dimethylacetamide nitrosamines can be oxidized by strong oxidants like 

(DMAC), quaternary ammonium salts like asa tetra-n hydrogen peroxide and potassium permanganate in 

butylammoniumfluoride (TBAF) and tetra-n- sulfuric acid. 

butylammoniumbromide (TBAB), and also primary amines. 
NITROSAMINE TOXICITY 

Generally nitrosating agents are nitrites like as sodium tert 
butyl nitrite (t-BuONO), sodium nitrite (NaNO2), nitric The primary toxicity problem associated with nitrosamines 
oxide (NO), nitrous acid (HNO2), dinitrogen trioxide found within the human diet, environment, cosmetics 
(N203), and dinitrogen tetroxide (N204) and nitrosyl tobacco products, and as an impurity in marketed drug 
halides (XNO, X=halogen). However, nitrosation can occur products has been that these structures are genotoxic 
whether or not these reagents are not used into a reaction. 

Nitric acid (HNO3) can contain nitric oxide as an impurity 
chemical carcinogens. 

and/or can convert into nitrous acid if exposed to reducing In particular, N-nitrosodimethylamine (NDMA) produced 

agents. chloramines (e.g. NH2CI), Hydroxylamine (NH20H), tumours in a many of nonclinical species starting from fish, 

nitrates such as sodium nitrate (NaNO3), and ozone (03), rodents, amphibians, and other mammals after exposure 

can act as indirect nitrosating agents under several via various different routes. delicate and malignant 

conditions. Also, azides are generally quenched with 

nitrous acid or nitrites and these quenching reagents can 

tumours after exposure to NDMA were identified within 

the respiratory tract, digestive tract, kidney, hematopoietic 

produce nitrosate amines. Under oxidative conditions system, liver and bile duct, and female reproductive tract. 

hydrazine's can form nitrosamines andin absence of Also, tumours were identified after exposure of N 

nitrosodiethylamine (NDEA) in numerous nonclinical oxygen they act as nitrosating agents. 
Acidic conditions are generally assigned for nitrosation to species including dogs and pigs in liver, kidney, respiratory 

take place, although basic or neutral conditions can cause tract, and also the digestive tract. 

nitrosation if only in a presence of catalyst like an aldehyde 
Although number of epidemiological studies analysing the 

relationship of exposure to NDEA and human cancer have 
(especially formaldehyde). An aldehyde can act ass a 

catalyst by formation of an iminium ion intermediate with 

the amine first, and also the iminium ion can undergo been conducted, various population-based case-control 

studies and ecological studies were conducted in order to 
nitrosation more readily than the amine. 

assess the relationship between dietaryFources of NDMA 
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lamine 
nitrosodimethylamine (NDMA) and N-nitrosodiethylan and cancer Dose-related associations ofcolorectal, The U 

stomach, esophageal, and oropharyngeal cancers with (NDEA) mani 

estimated NDMA exposure were identified in various case CO 

N-nitrosodimethylamine (NOMA) and N- control studies Also, an increased risk related to lung 
nitrosodiethylamine (NDEA) is believed to have been 

introduced into the sartan products as a result of change in 

the manufacturing process of the active pharmaceutical 

cancer was identified with dose-related increases in 

estumated dietary exposure to NDMA. 

Therefore, NDMA, NDEA, and other structurally related ingredient (API). The contamination is in allpossibility 

related to a change within the manufacturing process in nitrosamines are suspected by regulatory authorities to act 

as carcinogens in humans based on the confirmation of Zhejiang Huahai Pharmaceuticals in 2012 

carcinogenicity in a different nonclinical species and a smal 
it is now known that these NDMA and NDEA impurities can 

number of case-control studies with humans. 
form during the production of sartan that contain a specific 

DIETARY CONSTITUENTS WHICH ARE KNOWN TO INHIBIT ring structure referred to as a tetrazole ring and formation 

THE FORMATION OF NITROSAMINES of this tetrazole ring employs the utilization of sodium 

nitrite, under certain conditions and when certain solvents, 

natural constituent s ant oxidant ascorbic acid (vitamin C), 
reagents like as dimethylamine within the common solvent 

a-tocopherol, caffec acid, caffeine and tannic acid. The dimethyl formamide (DMF) and other raw materials are 

atter three compounds are found in considerable used. 
quantities in common beverages like cola drinks, coffee, 

tea, beer, and wine Sodium azide and N, N-dimethylformamide (DMF) were 

used for the formation of the tetrazole ring in sartan drugs. 
Synthetc food additves: phenolic antioxidants (e.g. t Subsequently, more amount of sodium azide, remaining 
butyihydroquinone, propyl 8gallate, and butylated after the formation of the tetrazole ring, was quenched 
hydroxyanisole and hydroxy toluene), and isoascorbic acid, with sodiumnitrite under acidic conditions, leads to the 
sorbi acid and erythorbic acids. Also, cysteine and 

histidine, amino acids, a tripeptide and glutathione, which 

15 present in our body similarly as in normal diet, are all 

formation of nitrous acid. One potential source of NOMA 

and NDEA might be the degradation of DMF under the 

acidic conditions and reaction with nitrous acid. The 
known as inhibitors of nitrosamine formation. These 

formation of nitrosamines is only feasible when secondary 
nhibitors are believed to act as scavengers of nitrite via 

or tertiary amines react with nitrous acid. Nitrous acid itself 
varous oxidation-reduction pathways. is unstable but it can be formed in situ from nitrites (NO2) 

under acid conditions. 
HOW IMPURITIES CAME TO BE PRESENT IN VARIOUS 

PRODUCT Solvents and Materials can become cross-contaminated 

with nitrosamines or with impurities that might react HOW IMPURITIES CAME TO BE PRESENT IN SARTANS 17 
downstream to make nitrosamines, if equipment is not 22 
adequately cleaned. 

Before June 2018, NDMA and NDEA were not among the 
In addition, it is feasible that impurities were present in 

impurities estimated in sartan medicines and hence, 
several sartans because manufacturers had inadvertently detected by routine tests. 
used contaminated reagents or equipment within the 

USFDA first became aware of the NDMA and MDEA manufacturing process. 
impurities present in valsartan in July 2018, also Medicine 

These larger concerns have prompted the European Regulatory Authorities got an awareness of the problem. 
Medicines Agency(EMA) to request that marketing Then various Regulatory authorities like USFDA, EMA, WHO 
Authorisation Holders(MAHs) of all finished and many more has taken serious action to battle the

pharmaceuticals products(FPPs) conduct risk analysis to nitrosamine impurities reaching the publi. 
identification of the risk of nitrosamine content. 

In July 2018 contaminations of sartan containing drugs led 
HOW THE IMPURITY COME IN RANITIDINE 23251 

to various batch recalls due to their content of N 
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The U.S food and drug administration has requested a 

manufacture's market withdrawal of ranitidine, known 

In December 2019 Glenmark pharmaceutical Inc., USA, 

withdrew several batches of ranitidine tablets. In 

commonly by the name of Zantac. This Implies ranitidine December 2019, the FDA asked ranitidine and nizatidine 

product will not be available for new or existing8 

prescriptions or over the counter (OTC) use within the U.S. 

product manufacture to expand their NDMA trails to 

include all drug batches before making them available to 

consumers. 

This means that ranitidine will not be available to be used 

within the U.S. The agency is taking the action because FDA In January 2020, appco pharma LLC and northwind 

laboratory testing results show that the levels of NDMA in Pharmaceuticals withdrew some batches of ranitidine 

ranitidine may increase to unacceptable levels over time. capsule 

The tests also show NDMA levels increase in some In April 2020, the FDA requested all prescription and over 

ranitidine products when the drug is exposed to more than the-counter ranitidine products to be removed from the 

room temperatures. On the Basis of this findings., FDA has market immediately. 

determined that several currently marketed ranitidine drug 
HOW IMPURITIES CAME TO BE PRESENT IN METFORMINE 

products might expose consumers to unacceptable health 
25,26) 

risks. All the ranitidine drug products, including the oral 

liquid or syrup, are withdrawn by their manufacturers and 
Dimethyl amine (DMA), which is uses as a precursor of 

cannot be available on the U.S. market. This different from NDMA, and Dimethyl amine (DMA), is used in the synthesis 

the past actions because this is often the first time FDA is 
of Metformin. Thus, there is always a probability of NDMA 

requesting market withdrawal of all ranitidine products. 
present in lots of Metformin. The FDA has prior to found 

that the source of NDMA can be related to change in drug's 
In September 2019, the US Food and Drug Administration 

(USFDA) observed that several ranitidine drugs, including manufacturing process or its chemical structure, during its 

various products sold under the brand name of Zantac, testing process or even in the conditions in which they are 

stored or packaged. The presence of NDMA in metformin 

Drug could be primarily due to contamination during 

manufacturing as opposed to a fundamental instability of 

the drug molecule. But, feasible role of the drug itself 

contained a nitrosamine impurity called N nitroso 

dimethylamine (NDMA), classified as a possible human 

carcinogen. 

On13, September 2019, the USFDA first warned consumers cannot be ruled out entirely now. There may be more than 

that several ranitidine products also contain the one contamination point by which NDMA is introduced in 

unacceptable high amount of NDMA levels and were are to the drug product. NDMA may be formed due to contact 

being recalled. with oxidants in the process of synthesis of metformin. As 

the metformin manufacturing process should also be 

Many manufactures, including Sandoz, Apotex checked first. 
corporation, Aurobindo, Sanofi, and Dr Reddy labs, have 

had to recall products containing ranitidine because of the In addition, in December 2019, the FDA released a 

high amount of NDMA. statement that NDMA had been found in some metformin 

products outside of the United States. 
In October 2019, Sanofi replaced all over-the- counter drug 

by the brand name of zantac within the united states and In February 2020, the FDA determined that levels of NDMA 

Canada, perrigo issued a word wide ranitidine recall, Dr in United Statessamples of metformin were not detectable 

Reddy issued a recall of all ranitidine drug product 

withinthe united states market, and Novitium pharma 

displace all ranitidine hydrochloride capsules in the united 

states 

or below acceptable limits and no medication recalls were 

issued. However, in May 2020, additional FDA laboratory 

testing on extended- release metformin products yielded 

NDMA levels above the acceptable limit, triggering a 

voluntary recall of extended release metformin products in 
In November 2019 Amneal pharmaceuticals, American the United States. Unlike the ARBs, neither metformin nor 
health packaging,Aurbindo pharma ,Golden state medical ranitidine contains a tetrazole ring. confirming that a 
supply and precision dose recalled various batches of 

ranitidine tablet, syrup and capsule.
tetrazole ring is not a prerequisite for the development of 

nitrosamine contamination. 

C 



JPhorm Sc1 Bioscientific Res. 2021. 10 (5): 260-271 St. NO. 2271-5 

JPharm Sci Br 

REVIEW OF THE MANUFACTURING PROCESS15,271 raw material of valsartan from Zhejiang Huahai 

Pharmaceuticals. The Central Drugs Standard Control 

Organisation (CDSCO) has taken to action and all the 
The European Medicines Agency (EMA) has issued 

templates for marketing authorization holders to use when imported products are required to be tested before they 

are taken up for manufacturing. The health care filing results of product testing for Nitrosamine 

contamination. The following steps are required by the professionals have also been put on high alert. Novartis is 
manufacturer to control the review of Nitrosamine in India's one of the companies that manufactures the 
human medicinal products. 

product has initiated recal of specific batches of valsartan 

that contains NDMA. In spite of the starting of investigation Step 1. Risk evaluation 
into the issue, no stringent action should be taken to recal 

According to ICH Q9 and ICH M7 guidelines the marketing drugs containing valsartan in the Indian market. It to be 

authorisation holder along with drug substance and drug mentioned Valsartan manufactured by two Indian 

product manufacturer should perform a risk evaluation of Pharmaceuticals Hetero Pharma and Torrent 

Nitrosamine within six months. The risk assessment could pharmaceuticals in banned in USA due to impurity. 
be conducted in a priority manner that is the highest 
probability of contamination should be evaluated first. REGULATORY PERSPECTIVE 511 

Authorities should be informed about the risk evaluation US FOOD DRUG ADMINISTRATION (USFDA) 
results. If a risk of potential contamination has been 

identified, the marketing authorisation holder should Housed within the US Department of Health and Human 
proceed to go to the 2 steps as below. Services, the FDA is responsible for "protecting the public 

health by ensuring the safety, efficacy, and assurance of 

human and veterinary drugs products, biological products, 
Step I1. Confirmatory testing 

After risk evaluation, confirmatory testing activity should and medical devices...". The FDA's responsibilities contain 

be start instantly. By validated analytical methods that the regulating brand-name prescription drugs, generic 
having greater sensitivity that used for the product with drugs, as well as non-prescription (over the counter) drugs 

higher-risk must be analytically tested first as soon as products. FDA approval of a drug significantly that the FDA 

DOssible for Nitrosamine impurities. furthermore, 
has considered a medication effective and safe. however, 
problems influencing the safety of approved products do confirmatory testing of all the related drug product should 

be determine at the latest within three years of the occur. When problems influencing the safety of drugs 
products occur, these may result in a drug recall. A drug 
recall is defined as "a voluntary action taken by the 

publication of the notification or otherwise justified. If 

Nitrosamine is identified, the competent authorities are to 

be informed instantly, irrespective of the amount detected. company at any time to remove a deficient drug product 
from the market". A recall is introduced either by the FDA 

Step 11. Changes to the marketing authorisation or by the drug company when a pharmaceutical product is 
considered to be unsafe to patients or when FDA rules have 

Changes to the marketing authorisation like as a change in 

the manufacturing process of a drug substance or drug 
not been obeyed. Among the various reasons for drug 
recalls that are mislabelling, contamination, presence of 

product specifications are to be applied in a reliable impurities, and lack of sterility. By one way of counting, 226 
manner. If there is a presence of risk to public health the drug recalls were announced by the FDA within the past 2 
competent authorities must be informed immediately. All 

steps should be completed within three years in a 
years. The total number of drug recalls is likely even more, 

since "...not all recalls are announced on FDA.gov or in the 
prioritised manner. news media."In June 2018, FDA was aware by one of 

valsartan drug substances manufacture about the 

of impurity, 
Nitrosodimethylamine (NDMA). Further research by the 
presence an detected as N- 

IMPACT OF VALSARTAN RECALL IN INDIA 128 
FDA found out that other Nitrosamine impurities, that is, 

On July 20, 2018, After the news of contamination of N- Nitrosodiethylamine (NDEA) were also present at 

valsartan with NDMA, the Drug Controller General of India unacceptable levels in drug substances from multiple drug 
(DCGI) has initiated a survey into all companiesimporting substances manufacturer of valsartan and ther drygs in 

. 12rm2Cy 
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the ARB Class. As there was no acceptable limit in the and if required, make changes to their manufacturing 

specification for Nitrosamines, as a primary measure, the processes and to implement adequate testing methods. 

FDA published "interim acceptable limits" for these During the transition period sponsors must inform the TGA 

Nitrosamine impurities in ARB drugs. Drug substances and if they identify the presence of Nitrosamine compounds in 

drug product beyond these limit levels were recommended their medicines. Changes in to manufacturing processes 

to recall the drug product from the market. The FD 

recommended that the drug product manufacturers, that 

and/or controls if required should be lodged asa 'category 

3' request under section 9D (3) of the Therapeutic Goods 

they should test the samples of each drug product batch or Act 1989 (the Act). The TGA Laboratories has adapteda 

drug substances lot used for the drug product manufacture publically available USFDA test method 

for the US market to determine whether it has contained a 

Health Canada continues to hold manufacturers 

detectable amount of Nitrosamine impurities. FDA has also 
responsible for the safety and effectiveness of drugs sold 

published validated methods to identification and 
on the Canadian market and has take various actions to 

quantification of NDMA and NOEA impurities in all ARB 
mitigate the risk to Canadian. Health Canada proceed to 

drug substances and some drug products. 
work closely with international regulatory partners 

EUROPEAN MEDICINES AGENCY (EMA) including the FDA and the EMA to share information and 

coordinate efforts on inspections, risk assessments and 

EMA first initiated Nitrosamine impurities analysis in July, public communications. Health Canada has provided a 

2018 and found out that sartan containing medicines are method that has been developed to identification and 

contaminated with Nitrosamine impurities, which leads to quantification of the Nitrosamine impurities NDMA and 

recall of several drug products and come under review by NDEA in angiotensin Il receptor blockers (ARBs) 

the European Union (EU), thus it set strict new 

manufacturing requirements for these medicines.Earlierin 
ANALYTICAL METHOD 

January 2019 the EMA advised that companies making ANALYTICAL METHOD DEVELOPMENTIS 
sartan medicines review their manufacturing processes so 

that Nitrosamine impurities cannot be formed. Companies The basic task for the development of an analytical method 

were given a transition period to make crucial changes for Nitrosamine impurities is to develop the analytical 

during which strict temporary limits on levels of these 
method which can identify these impurities at very less 

impurities were applied. After this transition period amount and well below the TTC. The developed method 

companies will have to demonstrate that their sartan 
could have less variability by conducting a series of 

products have a safe level for these impurities before they controlled experiments thus to make quality and safety of 

can be used in the EU. The EMA noted that in the vast 
drug products. 

majority of sartan medicines, impurities were either not 

found or were present at very less amount. The EMAs ANALYTICAL METHODs I5.6.291 

Committee for Medicinal Products for Human Use (CHMP) 

will provide guideline on avoiding the presence of The development of analytical methods is to identification 

Nitrosamine impurities to marketing authorization holders, of Nitrosamines impurities is the challenging task due to 

which they should consider alongside their understanding 
which the developed method can identified the genotoxic 

of the manufacturing processes of their products. impurity at very less amount and below the TC present 

within the complex matrices. Identification of nitrosamines 

OTHER REGULATORY AGENCY in each drug is that the application of appropriate 

measurement technology focused on identifying very less 

Therapeutic Goods Administration (TGA) of Australia (nanogram)of nitrosamines 

intermediates, APls and finished dosage forms. Regulatory 

amount in solvents, 

prepared guidance in a public notice that it has introduced 

requirements for sponsors of 'sartan' blood pressure 
agencies and pharmaceutical manufacturing firms around 

the world have developed and validated analytical method medicines to take measures to avoid the presence of 

Nitrosamine impurities in medicines and implement strict 

testing of their medicines to identify the presence of any 

Nitrosamine impurities. The TGA provides a two-year 

focused on nitrosamine detection. 

The developed analytical methods also required to be 

transition period (2019- 2021) to allow sponsors to review validated to conform to GMP requirements. Several 

R.OFEL 
il uii ollege ol Pharmacy 
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Laboratory Controls Division reported that NDMA content 
should be detected using the HPLC method. Reported the 
NOMA detection limit in valsartan drug 0.0085ug/mL and 

methods are published by the FDA to cover determining nitrosamine content in various active pharmaceun utical ngredient (API}and finished product. The control strategy tor nitrOsamine mpurity involves d fferent process quantification limit 0.0285 ug/ml, respectively Darameters like temperature, and extra puritication. humidity. additional time cycles and such, duning A menutacturing and similar stringent controls during tormulation manufacturing Most manufacturers have 

LC-MS/Ms 

LC MS is sophisticated technique, which separates and Used LCMS systems to identifred NDMA, to ensure that 
quantify the components from a complex mixture with the 
help of mass spectrometer. Mass spectrometer separates 
and identified the charged com ponents. LC-MS iss a 

every batch is tested for NDMA before releasing the batch 
to the market so that the quality of the final product reaching patient is assured, so that recalls should not 

technique that use to analyse large, ionic, polar, non- 
overly burden the heaithcare system. The USFDA has volatile, and unstable organic compounds. LCMS/MS suggest that the use of an LC HRMS method for testing analysis can be done via soft ionization and impurity ranitidine due to lower temperature conditions method, analysis using various types of modern ionization sources hgher temperature conditions of some test method may including electrospray ionization (ESI) and matrix- assisted 
cause to generate NDMA 

laser desorption ionization (MALDI), APCI, APPI, Ci, El, FAB, 
SIM5, Z Spray, and TSP.ESI and APCI are widely used for 

Most of the methods used for testing of Nitrosamines in analysis of nitrosamine impurities present in various 
drug substance 

and drug product utilize the chromatographic techniques such as reversed-phase liquid 
samples. several methods are being developed and 
reported for routine QAQC for nitrosamine impurities using 

chromatography (LC) or gas chromatography (GC) LC MS/MS. combined with various detectors such as masSs spectrometry (MS), Ultraviolet spectrophotometry (UV) or GC-MS, GC-MS/MS, GC-MS-Head space, and GC ntrogen chemiluminescence (NCD) etc. QTOF 

GC-MS is a destructive and hard ionization technique for a 

HPLC (high-pressure liquid chromatography) 
qualitative and quantitative estimation of volatile organic 

Laud chromatography is a very important separation compound or APls. Although GC with various detectors can 
technique that has a considerable impact in the area of be used for nitrosamine detection, however, nitrogen phosphorous (NPD) 

chemiluminescence detector (NCD) are the most suitable 

pnarmaceuticals and chemistry. HPLC consists of following detector and nitrogen 
parts that include the solvent reservoirs, degasser, low- or nEh pressure gradient pump, guard column, sampling for the nitrosamine detection. port, main column, detector, and computer display. 

On 24th September 2018 FDA has released a gas 

Dfferent stationary phases such as C18, SuperC18, C8, C5, 
chromatography-mass spectrometry (GC/MS) headspace 

C4, C4- 300, phenyl hexyi, HILIC, PFP, CSH, DAB, RP-Amide, 
method for manufacturers and regulators to detect and 

SCX, CN-300, normal silica is available in the market for 
quantify NDMA in valsartan APl and finished drug products. 

good selectivity and sensitivity.C18/Phenylhexyl are the 
As per that NDMA impurity should be less than 0.3 ppm. 

most remarkable used for nitrosamine impurities 
Various methods 

reported for identify/quantify 
detection. Initially, NDMA detection using diode array 

nitrosamine impurities in sartans, and ranitidine using GC- 
detector (DAD) in the wavelength range 230-233 nm was 

MS, GC-Ms/MS, GCMS-Head space, and GC- QTOF 
reported. In recently, NDMA identification using UV 
detector at 228 nm in valsartan drug was reported by USFDA quantified/ detected the presence of four toxic 
French National Agency for Medicines and Health Products nitrosamine impurities, namely NDMA, NDEA, NEIPA, and 
Safety, and Official Medicines Control Laboratories NDIPA in valsartan drug using GC-MS/MS-Head space (HS)
(OMCLs) of the General European OMCL Network (GEON). technique. It is mentioning that reproducible analysis of nitrosamine 

ANALYTICAL METHOD VALIDATION IS 
using HPLC should be achieved by post-column photolysis 
and chemiluminescence detector (LC-PR-CLD). French 

A general definition of validation is establishing 
National Agency for Medicines and Health Products Safety 

documented evidence which provides a eh degre of 
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assurance that a specific procedure, process, equipment, 2) Gosar A, Sayyed H andShaikh T. Genotoxic 

activity or system will consistently produce a product Impurities and Its Risk Assessment in Drug Compounds 

meeting its predetermined specifications and quality Drug Designing & Intellectual Properties International 

attributes. Validation is an important characteristic after Journal, 2018, 2(04):224-229. 
the development of any analytical method because it is 

3) EMA, "Lessons learnt from presence of N 
closely related to the quality of the results of product. All 

nitrosamine impurities in 
analytical methods, whether qualitative or quantitative are 

sartanmedicinesOverviewandrecommendations. "2019EM 
necessary to be validated. The degree of validation is 

A/526934/2019 various for the type of method and its application. 

Validation is an essential activity in the process of 
Minakata D, Coscarelli E. Mechanistic insight into 4) 

impurities profiling where the developed analytical 
the degradation of Nitrosamine via Aqueous-phase UV 

method used for the detection of genotoxic impurities in 
Photolysis or a UV Based Advance doxidation Process. 

drug substances is validated in order to establish that the 
Quantum Mechanical Calculation, Molecules,2018, 

method is suitable for its aimed purpose. The analytical 
23(539):1-14. methods are validated with accuracy, precision, linearity 

specificity, ruggedness, robustness and forced degradation 5) 
parameters in accordance with ICH Harmonized Tripartite 

Shaikh T, Gosar A and Sayyed H. Nitrosamine 

Impurities in Drug Substances and Drug Products., Journal 
Guidelines. of Advances in Pharmacy Practices,2020;2(1): 48-57. 

CONCLUSION 6) Shaik K, Sarmah B and Wadekar G. Regulatory 

The present review describes the details regarding Updates and Analytical Methodologies for Nitrosamine 

genotoxic impurities in pharmaceuticals. Nitrosamines are Impurities Detection in Sartans, Ranitidine, Nizatidine, and 

genotoxic impurities, and due to their carcinogenic Metformin along with Sample Preparation Techniques, 

behavior, they pose an alarming warning to all creatures of Critical Reviews in Analytical Chemistry,2020;1-9. 

earth. Nitrosamine impurity formation can be avoided by 
7) David S, David E. Short commentary on NDMA (N- 

selecting proper reagent, catalyst and solvents in the 
nitrosodimethylamine) contamination of valsartan 

manufacturing of drug substances. To alleviate this global 
products, Regulatory Toxicology and 

issue, regulatory agencies such as CDSCO, US-FDA, and the 
Pharmacology,2019;103:325-329. 

European Medicines Agency (EMA) have given their 

continuous effort for quantitative determination of amine White M. Understanding and Preventing (N 8) 
impurities present in food stuffs, and in various Nitrosodimethylamine) NOMA Contamination of 
intermediates in organic synthesis. However, it isa Medications, Annals of Pharmacotherapy,2019;1-4. 
challenging task for researchers, and industrialists to 

explore innovative techniques, and methods for precise 9) EMA, "Questions and answers for marketing 

estimation of nitrosamine impurities from various authorisation holders/applicants on the CHMP Opinion for 

pharmaceutical APls. We report various modern analytical the Article 5(3) of Regulation (EC) No 726/2004 referral 

methods, for smooth quantification of nitrosamines from onnitrosamineimpuritiesinhumanmedicinalproducts."202 
complex mixtures. This review revealed broad analytical 0,5,726. EMA/409815 /2020. 

quantification, and detection of nitrosamine from a series 

of Valsartan drug, and ranitidine drugs and metformin 10) Djintchui N, Sebastien S. Analysis of nine N- 
nitrosamines using liquid chromatography-accurate mass 

drugs. 
high resolution mass spectrometry on a Q Exactive 

instrument, Analytical Methods,2015;7:5748-5759. REFERENCES 

Solanki R. Impurity profiling of active 11) Berrido A, Byrd J. Angiotensin Receptor Blockers 
pharmaceutical ingredients and finished drug products, and the Risk of Cancer: Insights from linical Trials and 
International Journal of Drug Research and Technology. Recent Drug Recalls, Current Hypertension Reports, 2020; 1- 
2012; 2 (3):231-238. 3. 

Muhiio i gC CiPnarmacy 



hr Sr Biziriprif Rps 2071 1 fs 760777 

research in pharmaceutical sciences. 2020;11(2) 2123 
121 ong Dor Sbes M, 7ene Zhong and 

2130 ptil 1 

formation hechgrig NDMA ro 

Ranitidine Trimpthylamine d Other Tertiay Amines 
3) Naseeh P, Ranjan A A review article on prevalence Chioraminatinn Comptationa Study 

ronmenmz Srienc& Technology 2014 8 8653-3663 

durin 
of colorectal cancer with ranitidine International lournal of 

Modern Pharmaceutical Research, 2020, 4(2) 7-13 13) Chowdhury 5 N irosodimethylamine (NOMA) 
24 How the impurity come in ranitidine, January oo Bnd Beverapes A Comparison in Contet to 

2020 Drimking Wate 
semet 2014 2005 1791 1312 

4yman pnd EcologicaRitk 

https //www fda gov/drugs/drug safety 

anavailability/questions-and answers-ndma-impurities Pathy Nitroatable Soubetances Reaactivity of 
Model NitrOsamine Precursors Their Formation and ranitidine commonly known-tantac 
Methods tor Quantification Journal of Medical and Clinical 

25) Shephard E. James Nitrosamine Impurities in 
Studies, 2039 2/04) 1 10 

Angiotensin Receptor 8lockers, Cardiology in 
Review, 2020,28(5) 262-265 aniguch Alte , Heinlein C and Cannon Nitrosamines in Pharmaceuticals Towicity, Risk Anylysis 
26) Ajith KPV, M Deepa. Metformin and nitrosam1ne 

Chemstry and Test Methdos American Pharmaceutical 
impurities, International lournal of Research in Medical 
Sciences, 2020,8(10):3778-3784 

the Revew of American Pharmaceutical Business & 
echnolopv.2020.23(1) 42 48 

27) Teasdale A. Regulatory Highlights. Organic 
Park Jung eun S, Jee-yeon L, Kwon H. 

Process Research & Development, 2020. 
Distributuon of Seven N Nitrosamines in Food, 
Tocological Research,2015.31 (3):279-288 

28) Deka S, Bhattacharjee A. Safety of a drug beyond 
molecule: what we have learned from recall of vaisartan 

17 Rao G.S N-Nitrosarnines from drugs and nitrite: 
international journal of current medical and 

potentia source of chemical carcinogens in humans, 
pharmaceutical research,2018,04(11):3884- 3887 Pharmacynternational, 2015, 190:187-190 
29) Yang , Marzan T, Sommers C, Rodriguez l,.et.al.A 

E) Tsutsumi T, Akiyama H and Yosuke D. Analysis of 
Cautionary Tale: Quantitative LC-HRMS Analyticai ar impurty. N Nitrosodimethylamine, in Valsartan Drug 
Procedures for the Analysis of N- Nitrosodimethylaminein 

Substances and Associated Products Using GC-MS, 
Metformin.the AAPS I.2020:22(89):1-8. Brological Pharmaceutical Bulletin 2019,42(4):547-551 

9 Parr M, joseph J. NDMA impurity in valsartan and 
otther pharmaceutical products Analytical methods for the 
determination of N nitrosamines, Journal of 

eraal ot 
Pharnaceutical Scilence and 

Pharmaceutical and Biomedical Analysis 2019, 164:536- 

Bloscientific Research Publicatlon 
549 

www.hnbe.erE wwjpb.com 
allee@rediimail.com, pubilah 

20) Gunasekaran P, Chertow G, Bhalla V and Byrd. 
0 Current Status of Angiotensin Receptor Blocker Recalls, 

Hypertension 2019,119 1 4 

21) EMAgency, "Sertan medicines: companies to review 

manufacturing processes toavoid presence of nitrosamine 
mpurites"2019,44,1-4 44EMA/248364/2019 

22) Bhat P, Balamuralidhara V, Gowrav M and 
Venkatesh M. Nitrosamines in Drug Substance and Drug 
Product-A Regulatory Challenge, International Journal of 



Phgm Sei Biostentfe Rrs 2021 11 (1) S1-58 

JOURNAL OF PHARMACEUTICAL SCIENCE AND 

BIOSCIENTIFIC RESEARCH (JPSBR) 
ArmpirvMtiwii Rexiewt pnmeta iro n that Priut rgee mnwtinn ant roativitipa 

A Brief Review on Migraine 

Ruchik Jain ', Anuradha Jaicwal, Ankit H. Merai, Chirag Desal 

Departmem ot harmcooev, ROFEL SNi 6 M Bis Comege of bharmaey. Vapi Gujarat, Inda 

Artirte History ARSTRACT: 
Rerciec 15 wov 2071 Migraine is a complev disorder presents with one sided headache and nausea type 

eeling t can be with aura or without aura There are seyeral factors, activities or 
At cepted 10 Det 7021 

AvaRabir oiline 20 Det 2071 
festyle modifications considered as triegers for migraine fiming gap between two 

ation meals, in sufficient sieep and stress are amongst the major triggers in migraine 
jain Jaigwal A Mera A , Desai ( 

Ere Review on Miprpine Pharm 5 

Biosrientifk Res 2021 111) 51-5 

Migraine impacted the quality of ife of patient too with repetitive frequency of 

attack Based on type and frequency and intensity preventive measures are also 

available. Extensive research has been done in treatment for migraine attack 

For Corespondence Conceptual correlation various cellular and molecular changes and its reflection on 

Ruchi Jain 
various body parts, advancement in treatment has already impacted the globe 

Understanding newer aspects in migraine and its complications prepares 
Department of Pharmacology ROFEL Shr 

GMBilakhe Colegr ol Pharmacy Vap 
populations to become more proactive and do avoid possible and probable 

triEgers. This review work prepared with an objective to make medical 

undergraduates better understand the various theories of migraine and attempt 
sujare ida 

(www.upsbroE to provide insight knowledge for development of safer and effective novel 

treatment in migraine. 

KEY WOROS: Migraine, CGRP, Aura, headache, nausea 

INTRODUCTION Serotonergic pathway: Serotonin has been linked in the 

pathophysiology of migraine in a number of 
Migraine 1s a compiex disorder presents with one sided 

investigations.It has been discovered that migraine 
headache and nausea type feeling. It can be with aura or 

attacks are linked to low serotonin levels (5-HT). Although 
without aura There are several factors or activities, or 

the mechanism underlying this association is yet unknown, 
Iifestyie modifications considered as triggers for migraine. 

it is probable that changes in cortical excitability or 
Timing gap between two meals, in sufficient sleep and 

susceptibility of the trigeminal system are 
stress are amongst the major triggers in migraine. Migraine 

mpacted the quality of ife of patient too with repetitive 
responsible.Previous research mentioned that cortical 

spreading depression was induced by a low 5-HT state, 
frequency of attack. Based on type and frequency and 

which favors activation of the trigeminovascular 
intensity preventive measures are also available. Extensive 

nociceptive pathway.one of the investigations found that 
research has been done in treatment for migraine attack. 

in the low S-HT condition, CSD development and CSD- 
Understand1ng newer aspects in migraine and its 

evoked trigeminal nociception were enhanced."The 
Complications prepares populations to become more 

pattern of CSD change found in this study in association 
proactive and do avoid possible and probable triggers. 

with decreased 5 HT Is remarkable. The presence of an 

elevated AUC could indicate that the repolarization 2.PATHOPHYSIOLOGY: The pathophysiology of migraine is 

complex and unclear though some studies suggest that low mechanism is disrupted in the S-HT deficient situation. This 

can result in an increase in cortical excitability as a result. it level of 5-HT is responsible for activation of Cortical 

spreading depression (CSD) which leads to activation of 

Trigeminovasuclar pathway which causes migraine 

is well known that different receptor subtypes of 5-HT have 

different modulatory effects on cortical neurons. In 

general, 5-HT1 receptor activation an nhibitory 

51 
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mening 

numb 

impact, whereas 5-HT2 receptor stimulation causes cortical 

activity, As a result, decreased 5-HT1 receptor activation 

nitric 
as well as other agents such as arachidonic acid and . 

oxide into the neocortex's extracellular space .3 

or increased 5-HT2 receptor activation could have resulted 

Seve 

Anitrm 
mis 

Vasodilation 
inflammation 

in higher cortical excitability in the low 5-HT group. It 

Mpninge 

was previously demonstrated that the 5-HT2A receptor 
Neot ortex . 

colateral 
CSD 

was upregulated in circumstances with low 5-HT, such as 
GG 

neyron 

PAIN 

migraine patients who overuse analgesics and SPG 

experimental rats who were persistently given Crana 

Ranglla 

acetaminophen. These findings suggest that the density of 

5-HT and 5-HT2 receptors is inversely related. According to 

TGG 

this theory, 5-HT depletion causes an up-regulation of 5 ranstom 
TGN 

HT2 receptors, which leads to an increase in cortical 

excitability. It is worth noting that 5-HT depletion has a 

knock-on efect on other neurotransmitter systems like 

dopamine, norepinephrine, and GABA. As a result, the 

presence of other transmitters in this process cannot be 
Figure 1 Initiation and propogation of CSD 

ruled out.4 A self-propagating CSD wave is generated after these 

agents are elevated to a critical threshold (for example, in 

Cortical spreading depression: Cortical spreading 

depression (CSD) is a slowly propagating wave of the case of K+, the threshold is 10-12 nM), and it 

depolarization/excitation followed by 
hyperpolarization/inhibition in cortical neurons and glia, 

progressively advances through the cortex at a modest 

pace of 3-5 mm/min.Neuronal swelling, dendritic 

resulting in a decrease in spontaneous cortical activity, beading, and a decrease in extracellular space are all 

according to some clinical caused by these ionic alterations. Despite the fact that 
preclinical 

investigations.During CSD, increased blood flowis 

followed by decreased perfusion, resulting in a wave of 

and 

astrocytes and glia are known to have a role in CSD, their 

cell volume remains constant. " Swelling and dendritic 

beading inside neurons result in the release of amino acids neuronal and glial depolarization and long-term 

suppression of neural activity.t is characterized by a and neurotransmitters, which propagate the spread of 

depolarization. One of these excitatory neurotransmitters 

implicated in the start and dissemination of CSD has been 
slow-moving wave of intense neuronal depolarization (2-3 

mm/min) that causes a transient spike in cortical electrical 

activity (on the order of seconds), followed by a long identified as glutamate. Sustained depolarization may be 

lasting reduction of electrical activity. Depolarization is caused by glutamate release and activation of N-methyl-D 
aspartic acid (NMDA) receptors. As glutamate levels rise, associated with an initial posterior hyperemic phase, which 

is followed by neural suppression and reduced cortical the generation of nitric oxide (NO) and arachidonic acid 

metabolites rises as well.Vasodilation and an increase in blood flow (30 minutes to 6 hours), which moves anteriorly 

at 2-3 mm/min throughout the cortex. The rate of 

advancement of spreading oligemia is identical to that of 

regional cerebral blood flow are caused by the 

depolarization wave, which is known as spreading 

cortical spreading depression, implying that CSD was the 

cause of the aura. Because it originates in a clinically silent 

hyperemia. This surge in blood flow lasts around 1-2 

minutes, which is slightly longer than the initial CSD event, 

and is followed by a 1-2 hour period of hypoperfusion. This area of the cerebral cortex, CSD is likely to occur in MO 

patients and produce headache without causing prior aura is referred to as spreading oligemia. These alterations in 

cerebral blood flow and oxygenation, as well as the higher signs.Figure depicts the sequence of events highlighting 
the involvement of CSD, its initiation and propagation, and metabolic demands associated with CSD, because a supply- 
the pain phase (as experienced during a migraine attack). demand mismatch and normal cerebrovascular 

homeostasis mechanisms are overwhelmed. Ischemia CSD is initiated mostly in the occipital brain in migraine 

patients with aura. progression has been linked to variations in blood flow. 

Animal studies have shown that a single CSD incident is 

enough to cause a significant reduction in blood supply to The initial membrane depolarization in the cortex 

mentioned in figure-1 is linked with a substantial eflux of 

potassium and hydrogen ion, influx of sodium and calcium, 
the dura. Activation of neurons in the trigeminal ganglia 

(TG) has been linked to changes in blog flow p the 
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itric 
meninges. CSD has been shown to activate the TG in a including dilation of cerebral and dural blood 

number of recent investigations. As a result, there are 

several lines of evidence pointing to CSD significance in 

vessels, release of inflammatory mediators from mast cells, 

and transmission of nociceptive information from 

intracranial blood vessels to the nervous system13.14CGRP

is thought to have a crucial role in the painful phase of migraine etiology mentioned in figure-2.0 

Trigeminovasculor pothway: In terms of cerebrovascular 

physiologic impacts, the trigeminocerebrovascular system 

has a unique and pivotal position. The trigeminovascular 

system is made up of neurons that innervate the cerebral 

migraine based on these findings mentioned in figure-3.3 

In migraine, neurogenic inflammation is thought to 

increase CGRP release. The effect of an inflammatory 

cocktail containing bradykinin, histamine, serotonin, and 

vessels and have their cell bodies in the trigeminal prostaglandin E2-agents that drive neurogenic 

ganglion. Bipolar cells, the peripheral fiber that makes a inflammation-on CGRP release in cultured trigeminal 

synaptic connection with the vessel, and other cranial neurons of Sprague-Dawley rats was investigated in vitro. 

structures, including the pain-producing large cranial 

vessels and dura mater, as well as the centrally projecting 

In order to mimic neurogenic inflammation, the neurons 

were treated with an inflammatory cocktail that resulted in 

fiber synapsing in the caudal brain stem or high cervical an increase in CGRP release that was at least as large as 

cord, are all found in the ganglion. The C2 and c3 dorsal that caused by potassium chloride or capsaicin. The 

roots, which also synapse with the central trigeminal discovery that trigeminal ganglion neurons release CGRP in 

conditions that simulate neurogenic inflammation 
neurons, innervate the more caudal vessels, whereas the 

trigeminal innervation is largely to the forebrain but 

extends posteriorly to the rostral basilar artery. Both 

cerebral (MCA) and extracerebral (middle meningeal 

supports the theory that CGRP plays a function in migraine. 

Increased CGRP synthesis and release could be mediated 

by MAPK pathway activation, which can be influenced by 

artery) arteries are involved in some of the endogenous inflammatory chemicals like TN-a. TNF-a-1 

projections.0There is evidence to support the hypothesis receptors were found on the majority of CGRP-containing 

that CSD is an underlying physiologic process that could rat trigeminal ganglion neurons, according to the 

contribute to trigeminal nerve activation in migraine.The research14) 

neurogenic theory is based on the tenet that neural events 

Such as neuronal dysfunction and a phenomenon similar to Retinal migraine: The ophthalmopathological 

CSD are responsible for occipital lobe dysfunction, which condition, retinal migraine is defined as a temporary 

results in nociceptive afferent activation and dilation of monocular scotoma or visual loss that is accompanied or 

blood vessels on the dura, triggering trigeminal nerve followed by a headache.) The visual loss is usually shorter 

activation.oThe ophthalmic branch (V1) supplies the than the migraine-associated aura, lasting less than 5 

majority of the cranial dura mater nerve fibres, whereas 
minutes but up to 30 minutes, the longest ocular migraine 

collaterals from the maxillary branch (V2), mandibular episode recorded was 7 hours, and the patient recovered 

branch (V3), and cervical root ganglion supply dural completely. Although there is a high family history of 

innervation to smaller caudal regions. This nociceptive migraine and ocular migraine, no unambiguous inheritance 

information is carried into the brainstem by afferents from patterns have been identified. Calcium channel mutations 

the T6, which mostly terminate at second order neurons in have recently been discovered in patients suffering from 

the trigeminocervical complex (TCC). (2The release of familial hemiplegic migraine. Increased endothelin-1, a 

CGRP is enhanced when trigeminal neurons are activated. potent vasoconstrictor whose levels have been 

CGRP, along with substance P and neurokinin A, has a role demonstrated to be higher during and between migraine 

in mediating neurogenic inflammation, which includes episodes, could also be a risk factor. Endothelin-1 has 

vasodilation, plasma protein extravasation, and mast cell showed considerable variation for a receptor identified to 

induce vasoconstriction in migraine patients. The 

pathogenesis of chronic visual auras is unknown; however 
degranulation.3) 

Calcitonin gene related peptide (CGRP): Calcitonin gene- it could be related to hyperexcitability of the N-methyl-D-

related peptide (CGRP) is a 37-amino-acid regulatory aspartate (NMDA) receptor or central inhibitory 

neuropeptide produced from the calcitonin/CGRP gene by 
alternative splicing.3) CGRP is the most potent 

dysfunction. A relationship between migraine aura and 

CSD has been demonstrated in several recent 

vasodilatory neuropeptide known, and it's thought to play investigations using magneto-encephalography, or high-

a role in a number of pathophysiological processes, field intensity, high-resolution magretic esonance 
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increases neurotransmitter release in reflex pathw. 
imaging. During migraine visual aura, for example, CSD 

generates a retinotopic visual percept as it propagates estinal 
Blocking 5-HT3 receptor actiVity can slow intect 

motility, whereas activating 5-HT3 receptors on ceral 
afferent fibers can cause emesis. Inflammation also cautae 

a reduction in serotonergic signaling in the mucosa 

Increased stomach accommodation and improvement in 

postprandial symptoms in patients with functional 

dyspepsia, as well as improvements in common 

inside the human primary visual cortex.Repeated 

occurrences of reversible monocular visual disturbance, 

including scintillations or blindness, which appear gradually 

over 5 minutes and persist 5 to 60 minutes are referred to 

as retinal migraine. When patients are assessed acutely 

during an episode, reversible vasospasm is rarely recorded. 

Calcium channel blockers can be used as a preventative gastroparetic symptoms such as nausea and vomiting in 

patients with gastroparesis, have been found in studies 
measure. 1) 

examining the effects of 5-HT1A agonists. a-CGRP and B. 

CGRP are CGRP isoforms that are mainly expressed in Migraine overcomes by vomiting: Migraine is usually 

associated with nausea and vomiting; nevertheless. The 
sensory and enteric neurons, respectively, and have been 

demonstrated to innervate a range of digestive system 

locations. Changes in the intestinal microbiota and gut 

pain-relieving ability of vomiting during migraine attacks 

has been noted by several migraineurs as an interesting 

phenomenon. Hundreds of online patient forums detail permeability in reaction to stress events, as well as the 

experiences of the participants with migraine attacks release of CGRP from parasympathetic perivascular and 

trigeminal fibers in migraine, can contribute to the release improving or disappearing after vomiting.Toxins, drugs, 

bacteria, viruses, and fungi that enter the gastrointestinal of proinflammatory mediators. As a result, nociceptive 
lumen and, as a result, indirectly stimulate the brainstem responsesin the trigeminal pathway can be affected, 

leading to migraine onset.20 Stimulation of cervical, 
thoracic, or cardiac vagal afferents suppresses second- 

order nociceptive neurons in the trigeminal nuclear 

emetic nuclei located within the dorsal vagal complex via 

release of local emetic neurotransmitters within the upper 

alimentary canal and subsequent activation of 

corresponding receptors on vagus nerves can cause nausea complex and the spinothalamic and spin reticular tracts of 
and vomiting.The enteric nervous system, the interstitial the spinal cord.23Thus by the suppression of Trigeminal 
cells of Cajal, fibroblast-like cells, gastric smooth muscle, nuclear complex pain perception is stopped and which can 
the CNS, and therefore the ANS ll work together to lead to stop migraine pain. 
regulate digestion under normal conditions. The vagus 

nerve transmits afferent sensory information from the GI SYMPTOMS: (28) 

tract to the brainstem's nucleus tractus solitarius (NTS), 

which ultimately leads to efferent sympathetic or Sensory sensitivities and Neck stiffness. 

parasympathetic innervation of the GI tract, which Photophobia 

modulates GI function by lowering or enhancing GI Phonophobia 

secretion and motility.20Enterochromaffin cells synthesize Osmophobia 
90% of the body's 5-hydroxytryptamine (serotonin, 5-HT) Allodynia 
and substantial amounts of substance P (SP) in the Nasal stuffiness and flushing 

gastrointestinal tract, which are both essential for Yawning 
motility, nausea, vomiting 

Enterochromaffin cells release 5-HT and/or SP in a calcium 

gastrointestinal and Mood change and fatigue 

Nausea and vomiting 

(Ca2+)-dependent manner in response to chemical, 
mechanical, or neurological emetogenic stimuli. 5-HT, 

Vertigo 

CGRP, and most likely SP stimulate their emetic receptors TREATMENT: For acute migraine treatment, a variety of 
(serotonin 5-HT3 and substance P neurokinin NK1 treatment options are available, including 5-HT18/1D 
receptors, respectively) on the vagal afferents, causing agonists, nonsteroidal anti-inflammatory medications 
nausea and vomiting.20,21The activation of serotonin 5- (NSAIDs), and steroids. B- Blockers, calcium channel 
HT3 receptors on vagal afferents by serotonin released by blockers, CGRP antagonist and anti-epileptics are 
enterochromaffin cells in the gastrointestinal tract plays a commonly used as prophylaxis in chronic attacks significant role in the start of vomiting.2Peristaltic and Riboflavin and vitamin B12 and other nutraceutical 
secretory reflexes are triggered by serotonin acting on 5- formulations are available that can aid with migraines 30) 
HT1P receptors, while 5-HT4 receptor stimulation 

54 



1 Phorm Sci Biost ientifie Res 2021 11 (1) 51-58 

Stress induced by physiological physical factors 

Release of Cortisone releasing hormone in hypothalamus 

Cortisol secretion from adrenal glands 

Change in microbiota profile 

Alteration in permeability of intestine 

CGRP signalling could be influenced by microbiota as such increase level of CGRP in dysbiosis. 

Increase CGRP leads to decreased acid secretion and Gl motility leads to gastropsresis which can 
cause nausea and vomitting 

As it will activate the vagal nerve which actiavte NTS and results from animal studies demonstrate that VNS inhibits nociceptive signaling within the trigeminal system in models of migraine pathology and orofacial pain. The inhibitory efects of VNS on trigeminal nerves likely involve the activation ot the opioid system and induction of the serotonergic descending inhibition pathway. 

ure3Pithophysiology part-ll (25,27) 
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nce ot low serotonin 1levels has been linked to migraine attacks (5-HT). The current study found that 
OW S-HTcondition, CSD formation and CSD-evoked trigeminal nociception were enhanced. 

A, CGRP helne d neuronsleads to increased secretion of CGRP. Togetherwith substance P and neurokinin 
A, LuR helps mediate neurogenic inflammation, a condition characterized by vasodilation, plasna proe extravasation, and mast cell degranulation. 

acGRP and BCGRP are isoforms of CGRP that are predominantly expressed in sensory and ente 
Tespecuvely, and have been shown to innervate a variety of areas within the digestive system.Botn tne eea 

CGRP Irom parasympathetic perivascular and trigeminal fibers in migraine and the alteraton l 
microbiota and gut permeability leads to migraine development. In peripheral blood and saliva, elevateda levels 

OT LGRP and SP were observed during migraine attacks in patients and in experimental animai ou odels. 

Normally., CGRP is present in the Delta (D) cells of the gastric mucosa. There, CGRP controls the synthesis and 
secretion of substances, one being somatostatin. Somatostatin, also known as GHIH, is a hormone produced 

partially in the periventricular nucleus of the hypothalamus. When released, it inhibits the secretion of gastric 
acid. Accordingly, we speculate that changes in CGRP would result inchanges in somatostatin synthesis and 

release, resulting in changes in gastric acid secretion, thus, CGRP may indirectly control the release of gastric 
acid, which is an essential part of the gastric emptying process.Therefore, CGRP could be a factor in slower 

gastric emptying; however, a connection between CGRP and gastroparesis has not been established and can be a focus in future research. 

Gastroparesis can leads to nausea and vomitting which will activate the vagal nerve and information is relayed to the vomiting centre via the nucleus tractus solitarius (NTS) in themedulla.The area postrema lacks a blood- brainbarrier and is accessible to emetogens in thebloodstream. Neuronal pathways extend from theCTZ to the NTS and the vomiting centre which leads to vomitting 

Animal studies demonstrate that VNS inhibits nociceptive signaling within the trigeminal system in models of migraine pathology and orofacial pain.The inhibitory effects of VNS on trigeminal nerves likely involve the activation of the opioid system and induction of the serotonergic descending inhibition pathway. 

Release of 5-HT within the spinal cord stimulates inhibitory neurons by the activation of 5-HT3 receptors to mediate release of the inhibitory neurotransmitter GABA and hence decrease trigeminal nociception. 

Figure 2 Pathophysiology part-1 (9,13,20,24-26) 
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cONCLUSION 

The Molecular Genetics of Migraine Toward the 

Extensive research has already been done in migraine pathogenesis provides opportunity 
preventive measures in last decade. Understanding various possible mechanisms in understanding of migraine offers 
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Accepted on 08 May 2018, optimize a sublingual tablet of Esomeprazole sodium which is 

DOI: 10.20959hwjpps20186-11717 indicated for the treatment of gastro oesophageal reflux disease, by 
direct compression method. The tablets were prepared using four 

different superdisintegrants such as sodium starch glycolate, cross 
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carmellose sodium, crosspovidone and Indion 414. The prepared 
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Patel tablets were evaluated for their physical characteristics and in vitro 

Department of drug release properties. In vitro release study was carried out using 

Pharmaceutics, Pioneer USP dissolution apparatus 2. The results revealed that the batch of 

Pharmacy Degree College, tablets(F-13) formulated containing Indion 414 provides short wetting 
Gujarat Technological 

time of 8.2 seconds and in vitro disintegration time of 18.7 seconds. 
University, Gujarat-390019, 
India. which facilitates its faster disintegration and drug content of 99.54%. 

and in-vitro drug release was found to be in formulation F-13 i.e. 

99.86% within 120 seconds. From the above results, it indicate that Formulation F-13 

emerged as the overall best formulation based on drug release characteristics with pH 6.8 

phosphate buffer as dissolution medium. Stability studies were carried out which indicated 

that the selected formulation F-13 was found to be stable. 

KEYWORDS: Sublingual tablet, Esomeprazole sodium, Gastro oesophageal reflux disease. 

Superdisintegrant, Indion 414. 

1. INTRODUCTION 

Gastroesophageal reflux disease (GERD) is a spectrum of disease that can be defined as the 

symptoms and/or signs of oesophageal or adjacent organ injury secondary to the reflux of 

gastric contents into the oesophagus or beyond, into the oral cavity or airways Injury is 

www.wipps.com Vol 7, Issue 6, 2018. 954 
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defined based on symptoms or organ damage resulung n esophagitis, larynn 
inlammation, or acute and/or chronic pulmonary injury. GERD encompasses 

heterogencous group of patients with differences in sensitivity to oesophageal acid exposure 
re, 

perception of pain, and physiological tissuc involvement. Though it is not usually life- 

threatening. GERD can have a major cffct on patient's well-being and quality of life. 

Esomeprazole, the S-isomer of omeprazole is a new pharmacological entity which have the 

superior acid control duc to an advantageous metabolism compared with racemate 

omeprazole, leading to improved bioavailability and enhanced delivery of the drug to the 

gastric proton pump.It has been well proven as an effective agent in the treatment of 

gastro-esophagitis reflux disease, (reflux esophagitis and non-erosive reflux disease), 

NSAID-induced gastric-intestinal symptoms and ulcers, Helicobacter pylori infection and 

Zollinger-Ellison syndrome. Esomeprazole has a good tolerability profile and a low potential 
for drug interaction." Among the various routes of drug delivery., oral route is the most 

suitable and most widely accepted one by the patients for the delivery of the therapeutically 
active drugs. But, after oral drug administration many drugs are subjected to presystemic 
clearance in liver, which often leads to a lack of correlation between membrane permeability, 
absorption and bioavailability. Within the oral route, the oral cavity is an attractive site for 

drug delivery due to ease of administration and avoids possible drug degradation in the 

gastrointestinal tract as well as first pass hepatic metabolism. Sublingual literally meaning 

is "under the tongue", administrating substance via mouth in such a way that the substance is 

rapidly absorbed via blood vessels under tongue. In terms of permeability, sublingual area of 

oral cavity is more permeable than buccal area which is in turn is more permeable than 

palatal area.Systemic drug delivery through the sublingual route provides immediate onset 
of pharmacological effect. Dysphagia (difficulty in swallowing) is a common problem of a 

age groups, especially elderly, children, and patients who are mentally retarded, 

uncooperative, nauseated or on reduced liquid intake/diets have difficulties in swallowing 

these dosage forms..lIn terms of permeability, the sublingual area of the oral cavity is 
more permeable than the buccal (cheek) area, which in turn is more permeable than the 

palatal (roof of the mouth) area. The differences in permeability are generally based on the 

relative thickness, the blood supply, and degree of keratinization of these membranes. In 

addition to the differences in the permeability of the various mucous membranes, the extent 

of drug delivery is also affected by the physicochemical properties of the drug to be 

delivered 
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2. MATERIALS AND METHODS 

2.1. Materials 

Esomeprazole sodium was obtained as a gift sample from RMS Research labs (P) Itd. 

Hyderabad. India. Indion 414 was received as a gift sample from lon exchange India Itd. 

Mumbai and microcrystalline cellulose (Avicel®PH-102) was reccived as a gift sample from 

Sun Pharmaccutical Industries Ltd., Dadra. Sodium saccharin was obtaincd as a gift sample 

from SD finc chemicals Mumbai. All other excipients and chemicals were of analytical 

grade 

2.2 Formulation and preparation of Sublingual tablets by direct compression method 

Sublingual tablets were prepared by direct compression method. All the ingredients were 

screened through sieve no. 100. Esomeprazole sodium was mixed manually with sodium 

starch glycolate (SSG), crosscarmellose sodium (CCS), crosspovidone, Indion 414, sodium 

saccharin, mannitol and microcrystalline cellulose PH 101 (MCC PH 101) as diluent for 10 

min. The blend was mixed with magnesium stearate and talc for 3-5 min and then powder 

blends of batches F1-F13 were evaluated for powder characteristics like bulk density, tapped 

density and angle of repose. Then the powder blend were compressed into tablets by the 

direct compression method using 8 mm flat faced punches using rotary tablet-punching 

machine. The compositions of batches F1-F13 are shown in Table 1. 

Table 1: Composition of Esomeprazole sublingual tablet 

Sr. Indion Sodium MagnesiumT Talc 
stearate 

MCC API SSG | CCS Crosspovidone 
No. 414 saccharine Mannitol 

PH 101 
F1 20 90 81 4 
F2 20 90 7 
F3 20 6 

F4 20 8 
20 

90 5 
73 90 

F5 
20 

90 77 
F6 90 75 
F7 20 8 90 73 
F8 20 
F9 20 
F10 200 

Fl1 20 
F12 200 

F13 20 
SSG- Sodium starch glycolate, CCS- Cross carmellose sodium, MCC PH 101- 
Microcrystalline cellulose PH 101 

4 90 
6 90 5 4 

90 73 

90 80 4 

90 79 
4 90 77 4 
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NoleEach tablet weighs 200mg) (All the quantities are expressed in mg8) 

2.3 Compatibility Study 

2.3.1 Drug Excipient Compatibility Study 
ne excipients were selected on the basis of preformulation study of drugs. All the excipients 

SClccted are listed in GRAS and lIG. The compatibility study of the drugs: excipients in 

physical mixture (1:1) were checked out using the Shimadzu FTIR spectrophotometer. 

nple compartment was purged with nitrogen gas before runs, and filled with dry desiccant 

OXOrD any moisture present. The sample pellets were prepared by making an 

approximately 10-15% of system with dry KBr (IR grade). Powders were triturated in a small 
S1Ze mortar and pestle until the powder mixture was fine and uniform. Pure KBr powder was 

uscd as background., and for bascline correction. Samples were placed in a sample holder. 

Afterwards, the sample was transferred to sample compartment and scanned in the region of 

4000-400 em' using a Shimadzu spectrophotometer. 

2.4 Evaluation of Tabler!'S.16 
2.4.1 Weight Variation 

20 tablets were taken at random for the test and were weighed, individually and the average 
weight was calculated. The % deviation of each tablet from the average weight was 

calculated. 

2.4.2. Hardness 

The hardness of the tablets were measured using a simple Monsanto hardness tester. In this, a 

tablet was placed between the plungers, and was tightened from one end, and pressure 
required to break the tablet diametrically was measured. 

2.4.3 Friability 

The test tablets were weighed and placed in a Roche Friabilator test apparatus. The friability 
was determined as the percentage loss in weight of the tablets 
% Friability = 1 - (wt. of tablets after test/ wt. of tablets before test) x 100 

2.4.4 Dimensions 

The dimensions of tablets were measured using the vernier caliper scale. Tablet thickness was 

controlled within a + 5% variation of the mean value. 
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2.4.5 Disintegration time (in vitro) 
The test was cartied out using a tablet disintegration apparatus (Cintex Ind Corp. Mumba. 
India) Distilled water was used as the disintegrating medium at 24 02°C. The time 

required to obtain complete disintegration of all the tablets was noted 

2.4.6 In litro Drug release Study 
The in vitro release of Esomeprazole sodium from the formulated tablet was carried out in 

SP dissolution test apparatus 1l using 900 mi. of dissolution medium maintained at 37.0 
0S°C and a stiming rate of 50 rpm. Each formulation was tested individually in 900 ml. 

phosphate buffer (pH 6 8). At every 30 seconds interval, samples of 5 mL were withdrawn 

from the dissolution medium and replaced with fresh medium to maintain the volume 

constant. A Rcr filtration and appropriate dilution, the amount of drug rclcascd in cach sample 

was determined spectrophotometrically. 

2.4.7 Stabiliny Studies" 
The tablets were stored at 40 2 °C/75 + 5 % RH for duration of one month. After an interval 

of fifteen days and thirty days samples were withdrawn and tested for various physical tests 

and drug release study. 

2.4.8 Wetting time 

The tablet was placed at the center of two layers of absorbent paper fitted into a petridish 

After the paper was thoroughly wetted with distilled water, excess water was completely 

drained out of the dish. The time required for the water to diffuse from the wetted absorbent 

paper throughout the entire tablet was then recorded using a stopwatch. The evaluation 

parameters of batches F1-F13 are shown in Table 2. 

2.4.9 Drug content 

Tablets (n = 5) were weighed individually, and the drug was extracted in phosphate buffer 

(pH 6.8), and the solution was filtered by Whatman tilter paper. Absorbance was measured 

after suitable dilution using a Shimadzu UV-1800 UV/ Vis double-beam spectrophotometer. 

958 
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3. RESULTS AND DISCUSSION 

3.1 COMPATIBILITY STUDY 

FTIR STUDY 
Esomeprazolc sodium cxhibits a pcak duc to N-H strctching at 3429.01 cm ,S=O strctchino 

at 1076.98 cm", -C-0 stretching at 1153.20 and C-N stretching at 1611.25 cm". It was 

observed that there were no changes in these main peaks in the FTIR spectra of a mixture of 

drug and excipients. Hence, it was concluded that no physical or chemical interactions of 

Esomeprazole sodium with excipients. FTIR spectra of a mixture of drug and excipients are 

shown in Figure1-11 

Fig.1 Fig. 2. 

Fig. 3. Fig. 4. 

Fig.5. Fig. 6. 
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Fig.7. Fig. 8. 

10 

Fig.9. Fig. 10. 

Fig. 11 

Fig. 1; Fig. 11: FTIR spectra of 

1. Drug 

2. Drug+Sodium Starch Glycolate 

3. Drug +Crosscarmellose Sodium 

4. Drug+ Crosprovidone 

5. Drug+ Indion414 

6. Drug+ Kyrone 314 
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7. Drug Sod. Saccharine 
8. Dnug Mannitol 

9. Drug Avicel PH 102 
10 Drug4 Magnesum Stearatc 

11. Drug Talc 

3.2 Ealuation of sublingual tablets 
The results of powder characteristics of blends of all batches showed good flow properties and compressibility The prepared tablets were evaluated for weight variation. hardness thickness. friab1lity. drug content, wetting time, in vitro disintegration time, and in vitro dissolution. It was observed that all the tablets formulation passed the test for weight ariation. as thc percentage of wcight variation was within the pharmacopeial limits. The prepared tablets in all formulations possessed good mechanical strength with sufficient hardness in the range of 4.1 to 4.9 kg/cm. The tablets mean thickness was almost uniform. hetw cen 3 03 to 3.11 mm in all formulations. Friability varied between 0.21% and 0.72% which is less than 1°o were an indication of good mechanical resistance of tablets. The drug content in all formulations was highly uniform and in the range of 98.13-100.53%. Wetting ume was found to be in the range of 8.2-114.2 sec. It was observed that formulation F13. containing 8% Indion 414 as super-disintegrant showed faster disintegration rate as compared with other formulations. The results of the evaluation parameters of the sublingual tablets are depicted in Table 4. Batch F13 showed the lowest disintegration time and wetting time, hence it was considered an optimized batch. In vitro drug release of batch F13 was 99.86 % in 2 min 

Table 2: Evaluation Parameters of Batches F1 to F13 
Diameter Thickness Hardness 

(mm) (kg/cm) Friability 
%) 

Disintegration 
time (Sec) 

(n=3) 

Weight 
uniformity 
(n-20) 
199.2 

Wetting Drug 
Formulations (mm) 

time content (n=5) 
8.04 

(n=5) (n=5) 
(Sec) ) 

114.2 99.45 
FI 3.11+0.14 4.8 + 0.27 0.37 131 1 0.056 

2.43 3.76 0.02 
100.53 

8.03+ 
199.84 

F2 3.03:0.18 4.7 + 0.27 0.29 80.7 1.52 74-2.73 
0.056 

1.89 0.523 F3 8.03+0 3.0310.94.9 +0.22 54.7 +3 199.78 45.8 99.44 0.45 
1.91 

199.63 
2.68 0.026 

28.2 
148 
96.6 

.60 

F4 8.0310 3.0310.74 4.5 0.35 0.36 31.7+ 1.52 99.436 
2.03 +0.030 

200.1 98.8 
F5 8.0310 3.03+1.37 4.3 0.27 0.67 102.3 1.52 

1.85 +0.055 
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8.03:0 3.08+1.16 4.8 0.27 200.68 + F6 0.72 71.3 1.52 62+1.58 
98.13 

1.81 0.041 
F7 8.03:0 3.08+1.38 4.3 0.44 200.47 44.6t 99.23 0.32 48 t 2 

L.68 1.67 0.032 8.04+ 
F8 3.08+0.1 4.6+0.41 0.34 89.7 + 2.51 

199.68 t 87.2+ 98.69 
0.056 I.86 1.30 40 
8.04t 52.8 

2.28 0.025 
F9 3.08+0.14 4.7+ 0.44 65 +1 

200.31 99.433 
0.056 0.51 

1.54 
8.03+ 199.84 99.556 F10 3.08+0.18 4.8 +0.44 0.30 44.3 2.51 321.58 0.056 2.38 0.015 

F11 8.03:0 3.08:0.9 4.1 0.41 
200.68 + 72.4 99.94 

0.57 79 + 2.64 
1.83 2.07 0.047 

8.03+ 200.31 34.2 99.55 F12 2 

3.08:0.18 4.9 +0.22 0.29 33+ 2.64 0.056 1.65 2.48 0.017 
199.94 8.2 99.543 

F13 8.030 3.08+0.94.3 + 0.57 0.21 18.7 1.52 
2.50 1.30 0.011 

Dissolution profile at low concentration of 

Superdisintigiant 
Dissolution profile at medium coacentration 

of superdisin tigrant 

120 120 

100 
80 

1 100 

80 
F2 

60 
0 

-F5 60 --F6 

40 
20 

F8 F9 
20 

-F11 0 T -F12 

0 30 60 90 120150 180 300 0 30 60 90 120 150 180 

Dissolutioa time(seconds) 
Dissolution time (seconds) 

Fig. 12: Dissolution profile at low conc. Fig. 13: Dissolution profile at medium conc. 

of superdisintigrant F2, F5, F8, F11 of superdisintigrant F3, F6, F9, F12. 

Dissolution profile at high concentration of 

superdisintigrant 
120 

100 
F4 

B0 
-F7 

50 

0 F10 

20 F13 

0 

30 60 90 120 150 

Dissolution time (seconds) 

Fig. 14: Dissolution profile at high cone. of superdisintigrant F4, F7, F10, FI13. 
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160 

114 
97 

87 
12 

131 

120 
102 

100 
74 9 62 1 

46 

ill 32 34 
19 

2B41s 16 17 18 19r0F 1F 1213 1 12 F3 4 F5 F6 F7 F8 F9 F10F11 F12 F13 

Fig. 15: Disintegration time of batches FI to F13. Fig. 16: Wetting time of batches F1 
to F13. 

3.3 Stability data of optimized formulation Table 3: Stability data of optimized formulation.
Condition

Weight uniformity Drug content 
99.543 0.011 

Initial 
199.94+2.50 15 Days 

40°C2°C/75% RH 5% RH 30 Days 

40°C 2°C/75% RH +5% RH 199.84 + 1.87 99.44 + 0.026 

199.89 + 1.82 99.45 +0.02 

120 

100 

Initial 60 

40 
S2 20 

30 60 90 120 150 

Time (Seconds) 
Fig. 17: In Vitro Drug release of Esomeprazole sodium from sublingual tablet after stability study 

Form the weight uniformity, drug content and dissolution profile of sublingual tablets it was observed that there was no major change either in weight uniformity, drug content and dissolution profile after stability studies. It indicates that, these formulations are able to retain 
their stability. 
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ONCLUSION 

Sublingual tablets of Esomeprazole sodum were prepared by direct compression method It 

was shown that with the developed fomulations. the disintegration time and release 

propertics of sublingual tablets can be controlled by changing the disintegrant type and 

concentration. The formulation FI3 consist of 4 mg of Indion 414 was selected as the hest 

fomulation Vanous physicochemical parameters tested for this formulation showed g00d 

results 

twas concluded that development of sublingual drug delivery of Esomeprazole sodium 

tablet was one of the alternative route of administration to avoid first-pass effect. This finding 

suggested that the Esomeprazole sodum tablets have a strong potential for use as a 

sublingual delivery system 
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ARSTRACT 

parameters like accuracy, For analytical methodologies, development and validation include optimitation of some critical 

semsitivity reproduciblity simplicity. cost effectiveness, fevibility and speed but other aspects like operator s safety and 

enyironmenta impact of analvtical methods are not commonly considered Beca 

search for practical alternative te prevent excess waste generation, use of safer solvent and auviliaries, energy saving and reduction 
of this Green Analytical Chemistry started as a 

of derivatitation 

Keywords Analytical Eco-scale, Chemometrics, Atom economy, Environmental factor 

INTRODUCTION bother about the environmental impact of analytical 

laboratories?". In the common sense there is an o0inion 
reen Chemistry the use of chemistry 

methodologies that reduce or eliminate the use 

and generation of feedstocks, products, by 
Droducts. solvents ete, that are hazardous to human 
health and environment.In 1999 the term "Green 
Analytical Chemistry was proposed and in the same year, 

the father of green chemistry, Anastas, drew the 

that the impact of analytical chemistry is small compared 

to pharmaceutical or petrochemical industries. The main 

reason why this problem is important and urgent are 

listed below 

One typical liquid chromatograph generates more than 1 

of organic waste daily; it is estimated that 130000 arein 

operation, which gives considerable amount of 34 million 

liters annually. 

attention to the need to develop green analytical 

methodologies. A simple question can be asked, "Why 

The 12 principles of Green Chemistry proposed by Anastas and Warner are 

Toxic reagents 
should be 

Reagents obtained 
from renewable 

eliminated o 
replaced 

energy source 
should be 

Avoidance of 
Derivatization 

preferred 

Multi-analyte or mult 
component method to 

be preferred at a time 

Avoiding 
sample 

pretreatment 

In situ 

measurement 
12 Principles of Green 

Analytical Chemistry 

Minimum energy 

used

Minimum sample 
Generation of less size 

volume ot 
analytical waste 
and their proper 

management 
Automated and 

miniaturized 
methods to be Safety of 

selected 
operator 

Integration of 
analytical process 
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Replacem 
On- -line 

determina 
Reagent 

free 
Minimizing Recovery 

of Multi ent o 

Toxic 
Solvent 

reagents 
and Wastes Compone 

nt HG-AFS methodol reagents tion 
ogies 

3) 
Table 1: Some green analytical methods proposed in the literature Green Strategy 
Flow method 

Analyte Reagent Green Aspects 

Use of Guava extra FIA-UV 
Fe 

colorimetric reagent Multi-Syringe FIA Nitro- substituted Guava leaf extract 
Flow-through disk-based system- UV 

phenols 
organic solvent extraction 

FIA-U Nitrate HCLO 6.7 Use of SPE to avoid 
interferences SIA_UV Phosphate 

Use Triton X-100 as mobile phase 
HPLC Colorants Triton X-100 

and to modify the C-18 column 

EtOH-water-acetic HPLC uv filters acid-hydroxypropyl Use cyclodextrin as mobile phase 
-cyclodextrin Replacement of toxic 

reagents Steroids, amino acids Aqueous mobile Use of thermos-responsive HPLC 
and protein phase copolymers as mobile phase 

Fluorimetry He(I) Clorophylla Use of chlorophyll as reagent 
Bismuth film Replacement of mercury-based 

electrode 

Anodic and cathodic 
Cd, Pb, Co, Ni electrode 

Stripping 
Voltammetry 

3-nitrofluoranthene Silver solid Replacement of mercury-based Adsorptive Stripping amalgam electrode electrode voltammetry 

P-FTIR avoids the use of VP-FTIR Ethanol 

chlorinated solvents 
Multicolumn-uv Cyclamate NaNO,/KI Solenoid Micropumps 
Multicolumn-uv Carbaryl PAP Solenoid valves 

Multicolum-HG- 
Hg 

Solenoid valves AFS 

Multicolumn- FTIR Benzene CHCl Solenoid valves 
FIA-FTIR Malathion CHCl Closed FIA-manifold 
FIA-U Chloride HglSCN),/Fe(l|) Hg(SCN) immobilized in epoxy resin Minimization of FIA Luminol or Controlled reagents released from a 

solid phase 
reagents and wastes chemiluminescence Chlorpyrifos periodate 

1,10 
phenanthroline/ 
formaldoxime/ 

Double-line SIA-uv Cu, Fe, Mn, Zn 

Zincon 

Acid and reducing FIA-SPS Fe(l) SPS-Reduce reagent consumption agent 

2-carboxy-2 
hydroxy-5- 

HFA-vis Cu(l) Micro-fluidic manifold I 

cf Pharhd 
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sulfoformary 
benzene 

Thiobarbiyurlc acid 

and ethyl acetate 
u uv assayV Malondialdehyde Micro extraction uv 

Reduction of the organic solvent 
Capillary HPLC Flavonoids Acetonitrile 

volume to less than Iml per run 

Reduction of the organic solvent 
UPLC Lovastatin Acetonitrile 

volume to less than 1 5ml per run 

Multicomponent (7) determination 
LC-MS Orugs Acetonitrile 

in only 8 min and 4ml per run 

Multicomponent (10) determination 
LC MS Pesticide Methanol 

in only 10 min and 3ml per run 

Acetonitrile/ Multicomponent (4) determination 
uCE MS Drugs 

Methanol only I 

Micromachine capillary 
Acetonitrile/ 

Ct Phenolic compound electrophoresis chip with a thin-film 
Methanol amperometric detector 

NIR Pesticide Acetonitrile 

Cation exchange column to 

Cyclic FIA-uv/vis Lead Arsenazo regenerate the reagent and retain 

Recovery of reagents toxic ionsS 

Distillation unit on-line recyciing o 

the CHCl 
Propyphenazone and 

FIA-F FTIR 
caffeine 

Decontamination of 
FIA-UV/vis Formetanate PAP/KIO 

wastes 

On-line 
Detoxification Tio 

and uv radiation 

Deactivation heavy 
Multi-component 

Hg metal matrix of 
-AFS 

Fe(OH) 

FT-Raman Iprodione Direct measurement in glass vials 

FT-Raman Sweeteners Direct measurement in glass viais 

NIR Pesticides Direct measurement in glass vials 

Reagent free 

methodologies 
NIR Peroxide value Direct measurement in oil 

Direct measurement of solid 
PAS Mancozeb 

pesticide 

Sample matrix reduce Hg ions to Hg 

(0) 
Sample matrix 

Hg uv radiation 
assisted Pl-CVC-AFS 

FIA:Flow Injection Analysis; uV: Uitraviolet; SPE: Sequential Injection Analysis, uFA: Mro Fiow Analysis; HG AFS Hydride Generation 
Atomic Fluorescence Spectrometry: PAP: p-aminophenol; MB: Methylene Blue; FTIR: Fourier Transform Infrared; HIFU: High Intensity 

Focused Ultrasound, SPS: Solid phase spectrometry; NIR: Near Infrared; PAS: Photoacoustic spectroscopy; Pl-CVC-AFS: Photo Induced 

Cold Vapor generation-Atomic Fluorescence SpectroscopY 

Table 2: Some green alternatives, obtained from papers in which one of the objectives was to make analytical methods 

ereener 

Amount solvent Extraction Analyte Solvent Sr.No Matrix 
method per sample 

Triazines Soil Water 30ml 
MAE 

Phenols Soil POLE: Water (5:95) 8ml 

Pesticide Residues Plants CO,/n-hexane 1ml 

SFE 
Pesticide Residues Strawberries CO,/acetone 10m 

Acetone 
Estrogens Soil 

Methanol/ethyl 
acetate/light petroleum 

3 ASE 
Carotenoids Food 
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Water Acetonitrile: Water (70:30) Phenols 
70ul 

SPME 
Thermal Desorption Snow Volatile organic compounds 

Benzyl alcohol: Ethyl 
acetate (80:20) 150ul 

5 SDME Aniline Derivatives Water 

DS: Sample+ HCI (0.5M) 

OS:1-Octanol AS: 7 ul 
6 LLME Phenoxy Herbicides Bovine milk 

AS: 0.1M NaOH 

DS: Sample +NaOH 

(pH=13) 
AS: 3 ul OS: Benzyl alcohol: Ethyl 

acetate (80:20) 

Aniline Derivatives Water 

AS: HCI (pH=2) 

DS: Samples 

NaCI(Saturated) 
MASE 

Pesticide Residues 
Juice AS: 800 ul 

AS: Cyclo-hexane Micelle 
Mediated 

Trichlorfon Cabbage 200ml SDS: 0.1M Extraction 

Modification 
Of Surfaces Copper 

Water HCI 0.1N 10m 10 SBSE 
Pesticide Residue 

Juice Thermal Decomposition MAt-Microwave assisted extraction; SFE-Supercritical Fluid Extraction; SPME-Solid Phase Micro Extraction; SBSE-Stir-bar 5orptive 
Extraction, SDME- Single Drop Micro Extraction; LLLME-Liquid Liquid Liquid Microextraction; MASE-Membrane Assisted solvent 

Extraction, AS: Acceptor Solvent; DS: Donor solvent; PHB-Poly-3-hydroxy-butyrate; POLE: Polyoxyethylene-10-lauryl ether; Os: Organic Solvent; 
Predictive tool for chemical process on larger scale Mass intensity Atom economy 

It is defined as the ratio of the total mass used in process 
This parameter is a ratio of the molecular weight of the target molecule to the sum total of the molecular weights of all the substances produced in the stoichiometric 

and the mass of the end product. It takes into account the yield, stoichiometry, solvent, and the reagents used in synthesis. equation for the reaction involved. The main use of this Process Profile parameter is to adopt reaction sequences in a way that transformations with low atom economy are limited to 
It takes into account all important factors involved in large scale production. These are: 

minimum. Cyclo additives are examples of 100% atom 

(a)Raw material cost (b) Yield (c)Throughput Time (d) Throughput Volume (e) Number of steps in synthetic sequence () Special equipment requirements g) Reproducibility h) Tolerance to abuse (i) Linearity of sequence G) Environmental Abuse potential (K) Potential occupational health and safety hazards 

economy. 

Environmental Factor (E-factor) 

This factor is the ratio of the weight of generated waste to the total weight of the end product. It is useful tool for rapid evaluation of processes based on generated waste. 
Environmental Quotient (EQ) 

Metrices for Green Analytical Chemistry The E-factor is multiplied by environmentally hazardous quotient Q. For example, a Q-value of 1 can be attributed to NaCl, while heavy metals can be assigned a value between 100-1000 on the basis of their toxicity. 

National Environmental Method Index (NEMI)' 
It results in a very simple to read pictogram stating if hazardous or corrosive reagents are used or procedure generates significant amount of waste. Effective mass yield 

It is defined as the percentage of the mass of desired product relative to the mass of all non-benign material used in synthesis. 
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PBT A chemical is listed as persistent, bio accumulative and Toxic. A toxic 
chemical is listed on the TRI or RCRA's D, F, P or U lists 
A method is "less green" if: Corrosive pH is 2 or >12 or if »1% concentrated 
mineral acids or bases are used, Waste: > 50 gm total waste or the ratio of 
work up materials to solid sample >1. Waste: > 50 gm total waste or the ratio 

of work up materials to Liquid sample >02 

Toxic Corrosive 

PBT Waste 

Disadvantage of this method is that the result of the analysis is qualitative only, it does not carry out any information 
about the quantity of hazards. 

Analytical Eco-Scale: 0 

each of these parameters, individual penalty points 
of various relative weights are assigned that takes 
into account all possible situations when setting up 

The tool uses a scale from 0 to 100 with 0 

representing a totally failed reaction (0% yield) and 
100 representing the ideal reaction which is defined 

as follows: Compound A (substrate) undergoes a 

reaction with inexpensive compounds B to give the 

desired compound C in 100% yield at room

temperature with a minimal risk for the operator 

an organic chemistry experiment. The penalty points 

are cumulative for all components of the 

preparation. In order to simplify the Eco[cale design, 
the usual differentiation between solvents (usually 
present in >10 equivalent) reagents, auxiliary or co 

reagents and catalysts (usually present in <0.1 

equivalent) is not made. 
and a minimal risk to the environment. 

6 general parameters which influence the quality of 

reaction conditions are analyzed (table-3). Within 

Table-3 Penalty points to calculate EcoScale" 

Sr. No Parameter Penalty points 

1 Yield (100-6yield)/2 
Price of reaction component (to obtain 10 mmol of end product) 

Inexpensive ($10) 0 

2 Expensive (>$10 and <$50) 3 

5 Very expensive (>$50) 

Safety, 
N (dangerous for environment) 

T (toxic) 

3 F (highly flammable) 
10 E (explosive) 
10 F+ (extremely flammable) 

T+ (extremely toxic) 10 

Technical setup 

Common setup 

Instruments for controlled addition of chemicalsb 
Unconventional activation techniques e 2 

4 3 Pressure equipment>1 atm 
1 Any additional special glassware 
1 (Inert) gas atmosphere 

Glove box 3 

Temperature/Time 
Room temperature <1hour 

5 1 Room temperature <24hour 

2 Heating <1hour 
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Heating 1hour 

Cooling to 0C 

Cooling&0c 

Workup and purification 

None 

0 Cooling to room temperature 

0 Adding solvent 

Simple filtration 

0 Removal of solvent with bp «150°C 

6 Crystallization and filtration 
Removal of solvent with bp »150°C 

Solid phase extraction 

Distillation 

Sublimation 
Liquid-Liquid extraction,. 

Classical Chromatography 
10 

5ased on the hazard warning symbols. Dropping funnel, Syringe pump, gas pressure regulator etc. Microwave irradiation, ultrasound or photochemical activation etc. If applicable the process includes drying with desiccant and filtration of desiccant 

Calculation of Eco-scale 
Chemometrics3 An ideal reaction has the EcoScale value of 100. The EcoScale score for a particular preparation of product in a 

Chemo metric is the science of extracting information for 
chemical system by data driven method. It is applied to solve both descriptive and predictive problems in experimental natural sciences especially in chemistry. In 
descriptive applications, properties of chemical systems are modeled with the intend of learning the underlying relationships and structure of the system (i.e., model understanding and identification). In 
application, properties of chemical system are modeled with the intend of predicting new properties or behavior 

high purity state (>98%) is calculated by lowering the maximum value of 100 by any applicable penalty points. 
Eco-Scale: 100 Sum of individual penalty 
Disadvantage of this method: 

a) The score does not carry any information about the predictive structure of the hazard. 

b) The assessment procedure considers hazard in semi- or interest. quantitative way. 

Techniques in chemometrics HPLC-EAT (High Performance Liquid Chromatography Environmental Assessment Tool)" Multivariate calibration 
It sums the safety, health and environmental impact of all 
solvents used in chromatography method and gives a final 
score, which reflects the overall greenness of the method 

The objective of multivariate calibration is to develop models which can be used to predict properties of interest based on measured properties of the chemical system such as pressure, flow, temperature, infrared, Raman, NMR, spectra and mass spectra. 

based on type and amount of solvent used. The lower the 
score, the greener is the method. The score is calculated 
according to the following equation: 

Classification of Multivariate calibration techniques: HPLC-AT S,m+Hm,+E,m,.S>m,+H2m,+E,mt. i. Classical method: The models are solved such that they are optional in describing the measured analytical responses (eg: spectra) and can therefore be considered optimal descriptors. Inverse: models are solved to be optimal in 
predicting the properties of interest (eg: 
concentration). 

+S,m+Hm,+E,m, 
Where S,H,E are safety, health and environment factors 
respectively (calculated according to Koller et al) for n 
number of solvents, and m is the mass of the solvent(s) ii. 

HPLC-EAT can calculate the volumes of different 
component of mobile phase even if it is mixture of three 
organic solvents in both isocratic and gradient programs. Advantage of this method 

non-destructive analytical 
measurements (such as optical spectrosopy) can be 

.Fast, cheap, or 
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used to estimate sample properties which would 

otherwise require time-consuming, expensive or 

destructive testing (such as LC-MS) 

the performance of two alternatives must be accounted 

for; (ii) The scales of the criteria are irrelevant as 

comparisons as performed on a pairwise base; (ii) Three 

cases are possible; alternative a is preferred to alternative 

b; alternative a and alternative b are indifferent; 
Multivariate calibration allows for accurate 

quantitative analysis in the presence of heavy 

interferences by other analyte alternative a and alternative b are comparable (iv) The 

method should be easily understandable by the decision 

Multivarlate curve resolution maker. (v) Weights must be assigned in a flexible manner 

It seeks to deconstruct data sets with limited or absent Dominance bosed Rough Set Approoch 
reference information and system knowledge. For 

example, a data set comprising fluorescence spectra from 

aseries of samples each containing multiple 

fluorophores, multivariate curve resolution methods can 

be used to extract the fluorescence spectra of the 

individual fluorophores, along with their relative 

concentration in each of the samples, essentially 

unmixing the total fluorescence spectrum into the 

contributions from the individual components. 

It was introduced by Greco and Slowinski. it can handle 

classification, choice, and ranking problems. 

It is based on information table whose rows are defined 

as alternatives, while the columns are divided into 

condition attributes; namely the criteria that are needed 

to assess the alternatives and decision attribute, which 

represent an overall evaluation of the alternative 

Lifecycle analysis (LCA) 
Multicriteria Decision Analysis 

It is systematic method for analyzing the environmenta! 

aspects of a product, process or service through a "cradie 

to grave" approach. In this approach, a product is 

examined from when and how their raw materials are 

It allows the ranking of analytical procedures, according 
to their greenness. 

Following are the methods of MCDA:" 
acquired, to its production, use, and finally destruction. 
Thus, it allows Multi Attribute Utility Theory (MAUT) comprehensive understanding of the 

It is a performance aggregation-based approach which 
requires the identification of utility functions and weights 
for each attribute that can then be assembled in a unique 

synthesizing criterion with thw additive and multiplicative 

aggregations being the most widely being applied. 

overall environmental effect of the process, allowing the 

analyst to recognize problems and solutions that a single 

-issue approach does not readily identify. 

The following steps should be considered in order to 

develop LCA:(a) Goal, definition and scope (b) 

Lifecycle inventory analysis (LCI) (c) Lifecycle impact 
assessment (d) Lifecycle interpretation. 

Analytical Hierarchy Process (AHP) 

It was introduced by Saaty with the aim of evaluating 

tangible and intangible criteria in relative terms by means 
of an absolute scale. It requires firstly the identification of 

a set of alternatives and a hierarchy of evaluation criteria 

(value tree) followed by pairwise comparison to evaluate 

alternative performance on criteria (scoring) and criteria 

(weighting). 

The focus on a product system in Life Cycle Assessment 

has some important implications for the nature of the 

impacts, which can be modelled in LCA: 

The product system is extended in time and space, 
and the emission inventory is often aggregated in a 

form which restricts knowledge about the 
among themselves All the 

weights/alternatives are compared in respect to the 
criteria by asking the DM his preference on a scale from 1 

to 9 with 1 indicating equal preferences and 9 absolute 

preference, Intermediate values are used to express

geographical location of the individual emission. 
The LCI (Life Cycle Impact) results are also typically 

unaccomplished by information about the temporal 

cours 
concentration in the receiving environment. 

of the emission or the resulting increasing preference performance for 
weight/alternative. 

one 

The functional unit of the LCA refers to the 
Elimination and Choice Expressing the Reality (ELECTRE) 

assessment of an often rather small unit. The 
This method was developed by Bernard Roy, in order to 

account for heterogenous criteria whose aggregation in a 

common scale is difficult to prevent compensation 

behavior and to account for differences in termof 

preferences, leading in this way to introduction of 

emissions to air, water or soil in the inventory are 

determined as the functional unit's proportional 

share of the full emission from each process. The 

LCIA (Life Cycle Impact Analysis) thus has to operate 

on mass loads representing a share of the full 

emission output from the process. thresholds. 

Preference Ranking Organization Method for Enrichment 

of Evaluation (PROMETHEE) 

This method was developed by J.P.Brans and is based on 

a set of prerequisites (i) The extend of difference between 
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Melcheit W.R, Rocha RP, Determination of Nitite and 
Nitrate in Water Samples by an Automated lydrodynani 

Sequential lnjection Method, Talanta, 65, 2003, 461 

cONCLUSION 
The use of Green Analytical Chemistry methods has 
proved to de a smart strategy to provide environmentar nd economic benetfits so we would like to propose the 
term Sustainable Analytical Procedures, for these 

Simonet M, Grases March 16, resenius, 
Determination of phosphate in urine by sequential injec tion 

analysis, Anal Chem, 369, 2001, 96 methods. 

8Vidotti t.C, Costa W, Oliveira C.C, Developnment of green 
chromatographic method for determination of colorants in 

Green Analytical Chemistry would be very beneficial tor both Humans and also tor the environment Following are food samples, Talanta, 6 (48|, 2006, 516 the strateges that could be applied to make analytical methods greener. 9 Salvador A, Chisvert A, Determination of uv ilters 
worldwide authorized in sunscreens by high performance 
liquid chromatography Use of cyclodextrins as mobile 

Use of chemometrics and statistics for the 
phase, Chromatogr 1, A 921, 2001, 20 

reduction of number of samples. 
Decrease in the use of hazardous reagents or their 10. Agnieszka Galuszka, Piotr Konieczka, 2dzisBaw M 

Migaszewski, Jacek Namies nik, Analytical Eco Scale for 
Assessing the Greenness of Analytical Procedures, Trends in 

Analytical Chemistry, Vol. 37, 2012 

replacement with some plant extracts or other natural reagents 

Miniaturization of methods to decrease the risk to the operator and environmental hazard. 11. Aken Koen Van, Strekowski Lucjan, Patiny Luc, Eco-scale, a 

semi-quantitative tool to select an organic preparation 
based on economical and ecological parameters, Beilstein 
Journal of Organic Chemistry, 2(3), 2006. 
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