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Abstract: Ranitidine is a well known H, blocker antihistaminic drug used for symptomatic relief
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of heartburn, indigestion, acid indigestion, peptic ulcer and hyperacidity. However, On 13" Sep-
tember 2019, the United States Food and Drug Administration (USFDA) has given an alerting
statement regarding the presence of nitrosamine impurity called N-nitrosodimethylamine
(NDMA) in ranitidine containing products. Recently, some pharmaceutical companies have also
recalled their ranitidine containing products from the market. Thus, there is a need to understand

DOI: about these impurities in ranitidine containing products. The first part of this article highlights the
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mechanism of action of ranitidine in established therapeutic indications along with its adverse

drug reactions and contraindications. Further, the introduction of genotoxic impurities in pharma-
ceutical products along with its types and mechanism of toxicity of ranitidine containing genotox-

ic impurity have been discussed.
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1. INTRODUCTION

Genotoxic impurities are found in pharmaceuti-
cal products. The well known genotoxic impurity
in pharmaceutical products is N-
nitrosodimethylamine(NDMA) which is classified
by the International Agency for Research on Can-
cer (IARC) as a probable human carcinogen (a
substance that could cause cancer). It is found in
water and foods, including meats, dairy products,
and vegetables at low levels. Recently, On 13"
September 2019, Food and Drug Administration
(FDA) has given an alerting statement regarding
the presence of nitrosamine impurity called N-
nitrosodimethylamine (NDMA) in ranitidine con-
taining products.

Ranitidine is an antihistamine drug (H, blocker)
which was approved by the United States Food
and Drug Administration (USFDA) in 1999 for
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symptomatic relief of heartburn, indigestion, acid,
peptic ulcer and hyperacidity by decreasing the
amount of acid created in the stomach [1]. It is
available in the market in the form of tablets
(75mg, 150mg, 300mg), injection (25mg/ml), syr-
up (15mg/ml), and capsules (150mg, 300mg). The
Daily Defined Dose (DDD) of ranitidine is 25
mg/ml (in injection form), 7 mg/5ml (as oral lig-
uid), 150 mg (as tablet). It is used for various indi-
cations such as in gastroesophageal reflux disease,
imparts relief in heartburn, in gastrointestinal hy-
persecretory conditions like Zollinger Ellison syn-
drome, involves eradication of helicobacter pylori
which is responsible for duodenal ulcers and in
stress-induced ulcer [1]. Over-the-counter (OTC)
ranitidine is approved to prevent and relieve heart-
burn associated with acid ingestion and sour stom-
ach. Ranitidine contains a furan ring in its struc-
ture as shown in Fig. (1), with the molecular
weight 314.404 g/mol.

2. PHARMACOKINETICS

Most forms of ranitidine are absorbed orally in
the stomach due to its predominant unionized
form. It is metabolized presystemically in the liver
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Fig. (1). Structure of ranitidine.

and approximately 50% of it reaches to systemic
circulation [2]. In systemic circulation, it binds
with albumin and is metabolized in the liver by
CYP450 into an active metabolite. Its onset of ac-
tion is 55-65 minutes. The half-life of oral
ranitidine is 2.5-3h. Approximately more than
90% of this drug is excreted in 15-18h through
urine [3].

3. MECHANISM OF ACTION OF RANITI-
DINE IN ESTABLISHED THERAPEUTIC
INDICATION

In the gastrointestinal tract, mainly in the stom-
ach, hydrochloric acid is formed by gastric parietal
cells. When food enters the stomach, signals are
transmitted to the brain that stimulates the vagus
nerve which results in the release of acetylcholine
and gastrin. The released acetylcholine acts on the
muscarinic receptor present in the gastro-intestinal
tract (GIT) which stimulates histaminocytes and
results in the release of histamine. Further, hista-
mine acts on H, receptors present on oxyntic cells
and results in the release of H' ions. These H' ions
combine with the chloride ion and there occurs the
formation of hydrochloric acid. Acetyl choline al-
so induces release of gastrin that binds to its re-
spective gastrin receptors and results in the release
of histamine. Normally, HCI plays a vital role in
breakdown, digestion and absorption of nutrients
such as proteins. However, excess of HCl damages
gastric linings and results in gastric ulcer.
Ranitidine is a competitive H, antagonist which
reduces formed HCL in the stomach as shown in

Fig. (2) [4].

4. ADVERSE EFFECTS AND CONTRAIN-
DICATIONS

Various adverse drug reactions are associated
with the use of ranitidine such as dizziness, in-
somnia, vertigo, arrhythmia, hepatotoxicity, jaun-
dice, hepatitis, etc. [4]. It reduces the absorption of

H

drugs like antifungals, azoles and vitamin B, [3].
It should not be used in combination with the
drugs that reduce gastric acid secretion in patient
suffering from porphyria as well as in pregnancy.
Ranitidine is concerned with bradycardia when
administered through i.v route [3].

5. GENOTOXIC IMPURITIES

The synthesis of any drug involves reagents,
solvents, catalysts, and other processing aids. As a
result of chemical synthesis or subsequent degra-
dation, impurities reside in all drug substances and
associated drug products. Impurities are basically
substances that have no therapeutic value but have
the tendency to cause a harmful effect. Genotoxic
impurities are defined as impurities having a ten-
dency to cause mutations in genetic material so
that there is a loss of functionality and integrity of
cell.

5.1. Types of Genotoxic Impurities

Various genotoxic impurities are nitrosamines,
sulfonates, alkyl halides, hydrazines and epoxides
which are commonly found in pharmaceutical
products. The brief discussion regarding these im-
purities is given below.

5.1.1. Nitrosamines

These are the chemical compounds having a ni-
troso group bonded to the amine group. These are
reaction byproducts of nitrite and amines at a
higher temperature. The well-known nitrosamine
containing genotoxic impurity found in pharma-
ceutical products is N-nitroso dimethylamine
(NDMA). The well-known angiotensin receptor
blocker i.e. valsartan was recalled from the market
in 2018 due to the presence of this impurity [5].
Other nitrosamine impurities found in pharmaceu-
tical products are N-nitrosodiethylamine (NDEA)
and N-methyl-4-aminobutyricacid (NMBA) [6].
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Fig. (2). Mechanism of action of ranitidine in established therapeutic indication. (4 higher resolution / colour version of this

figure is available in the electronic copy of the article).

5.1.2. Sulfonates

Salt formation is a useful technique for optimiz-
ing the physicochemical processing (formulation),
biopharmaceutical or therapeutic properties of ac-
tive pharmaceutical ingredients (APIs), and sul-
fonate salts are widely used for this purpose.
However, sulfonic acids can react with low mo-
lecular weight alcohols such as methanol, ethanol,
or isopropanol to form the corresponding sulfonate
esters which are potential genotoxic and carcino-
genic agents.

5.1.3. Alkyl halides

Alkyl halides are also formed during the salt
formation in the drug formulation process [7,8].
These compounds react with DNA through nucle-
ophilic substitution and result in a mutagenic ef-
fect.

5.1.4. Hydrazines

These compounds are used as a starting materi-
al in the synthesis of various types of drugs and
found to have genotoxic effects. These compounds

react with DNA and result in the formation of me-
thyldiazonium and methyl free radicals, inducing
gene mutations [8,9].

5.1.5. Epoxides

Epoxides are another genotoxic impurities
found in pharmaceutical products. These are the
electrophilic alkylating compounds which have the
tendency to react with DNA directly [10-12].

Various tests are available to check the geno-
toxicity of chemicals such as bacterial Ames test,
comet assay, and cytogenetic assays such as mi-
cronucleus and chromosomal aberration assays,
elc.

6. GENOTOXIC IMPURITY IN RANITIDINE
CONTAINING PRODUCTS

Recently, nitrosamine impurity i.e. NDMA in
ranitidine has been highlighted by the USFDA as
an area of concern. This impurity is classified as a
probable human carcinogen and is believed to have
been introduced into the finished products as a re-
sult of the manufacturing process.
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Table 1. Recall of ranitidine containing products from the market [13].

IS“I;' Company Name Brand Name(s) Recall Date Product Description
1. American Health Packaging | ~A™erican Iﬁghh Packag- 27™ Feb 2020 Ranitidine Tablets, USP 150mg
2. Denton Pharma, Inc. dba Northwind 8" Jan 2020 Ranitidine Tablets 150mg and 300mg
Northwind Pharmaceuticals
3. Appco Pharma LLC Ani 7™ Jan 2020 Ranitidine Tablets 150mg and 300mg
4. | GlenmarkP Ei‘crmace“mals’ Glenmark 17" Dec 2019 Ranitidine Tablets 150mg and 300mg
Ranitidine Tablets, 150 mg and 300 mg,
5. Amneal Pharmaceuticals, LLC Amneal 22" Nov 2019 and Ranitidine Syrup (Ranitidine Oral
Solution, USP), 15 mg/mL
6. Precision Dose Inc. PrecisionDose 19" Nov 2019 Ranitidine Oral Solution, USP 150
mg/10 mL
7. GSMS, Inc. GSMS Incorporated 15" Nov 2019 Ranitidine HCI 150mg and 300mg
Capsules
8. American Health Packaging AHP 8™ Nov 2019 Ranitidine Liquid Unit Dose Cups
9. Aurobindo Pharma USA, Inc. Aurobindo & DG Health 6" Nov 2019 Ranitidine
10. Novitium Pharma Novitium Pharma 25" October 2019 | Ranitidine Hydrochloride Capsules 150
mg and 300 mg
Ranitidine Syrup (Ranitidine Oral
th
11. Lannett Company, Inc. Lannett Company, Inc. 25" October 2019 Solution, USP), 15mg/mL
12. | Dr.Reddy’s Laboratories, Ltd. Dr. Reddy’s, Kroger, 23" October 2019 Ranitidine Tablets & Capsules
Walgreens, and others
13. Perrigo Company plc Perrigo Company plc 23" October 2019 Ranitidine (all pack sizes)
14. Apotex Corp. Apotex Corp. 25" September 2019 Ranitidine Tablets 75mg and 150mg
15. Sandoz Inc. Sandoz Inc. 23" September 2019 Ranitidine Hydrochloride Capsules

6.1. Mechanism of Toxicity of NDMA

N-nitroso dimethylamine (NDMA) is metabo-

lized in the liver by enzymatic cytochrome P-
4502E1 into hydroxy methyl nitrosamine. This hy-
droxy methyl nitrosamine under non-enzymatic con-
ditions is converted into methyl diazonium ion and
formaldehyde. Further, methyl diazonium ion un-
dergoes methylation of macromolecules such as pro-
teins and hepatocytic DNA[14-16]. The formed for-
maldehyde is reduced into methanol which results in
liver toxicity and activation of the inflammatory sig-
naling pathway as shown in Fig. (3). These process-
es generate extreme oxidative stress which causes
hepatocyte damage and necrosis[17-19].

N-nitroso dimethylamine (NDMA) also favors
the entry of bacterial endotoxin such as lipopoly-

saccharide (LPS) due to increased gut permeabil-
ity. Basically, LPS is a component cell wall of
gram-negative bacteria which activates Kupffer
cells [20,21]. These activated Kupffer cells pro-
duce cytokines and tumor necrosis factor-o. (TNF-
o), transforming growth factor-fl1 (TGF-B1) that
further activates hepatic stellate cells [22-24].
NDMA also activates lymphocytes that produce
several inflammatory cytokines such as ILI1J,
IL13, IL6, TNF-a and TGFp1, and further there is
direct activation of stellate cells [25-27]. In addi-
tion, there is sinusoidal endothelial cell damage
due to which there is a production of factors such
as connective tissues growth factor-1 (CTGF) and
fibroblast growth factor-10 (FGF-1) [28-30]. Due
to the damage of sinusoidal endothelial cells, there
is a release of Factor VII which is responsible for
the platelet aggregation which further produces
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Fig. (3). Metabolic degradation of N-nitroso dimethylamine (NDMA) in the liver. (4 higher resolution / colour version of this

figure is available in the electronic copy of the article).
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Fig. (4). Mechanisms involved in NDMA induced hepatic fibrosis. (4 higher resolution / colour version of this figure is availa-

ble in the electronic copy of the article).

TGF-B1, platelet-derived growth factor (PDGF)
and CXC chemokine ligand 4 (CXCL4) [31,32].
There are major interstitial collagenases which are
present in human as Matrix metalloproteinase-1
(MMP-1), MMP-13. These MMPs have a tenden-

cy to degrade matrix proteins as collagens and it
plays an important role in remodeling of connec-
tive tissue matrix during the pathogenesis of he-
patic fibrosis [17]. Hepatic fibrosis results in cir-
rhosis, carcinoma and death as shown in Fig. (4).



6 Applied Clinical Research, Clinical Trials & Regulatory Affairs, 2019, Vol. 7, No. 0

CONCLUSION

In conclusion, genotoxic impurities are formed
during the synthesis of drugs which could result in
mutations or can cause cancer. These impurities
should be in acceptable limits in various pharma-
ceutical products and should be monitored by the
regulatory bodies. The NDMA level in ranitidine
containing products was checked by the U.S. FDA
by conducting various tests in the stomach and in-
testine environment and no NDMA formation was
found during these processes. In addition, the U.S.
FDA has advised companies to voluntarily recall
the ranitidine batches if it crosses the permissible
limits (96 ng or 0.32 parts per million per day) of
NDMA but on the other side, if the levels of
NDMA lie in the acceptable limit then there is no
need to recall the drug and it will be considered as
safe [33].
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