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Abstract :

In Valsartan drug products impurity have been found such as N-nitrosodimethylamine (NDMA) which is
Carcinogenic in nature and also produce toxic effect to the Human being and also to the animals ,so that
action taken by the regulatory agencies .batch recalls for valsartan containing drugs products in July 2018 .1t
was found that NDMA was produced during synthesis of APl means active pharmaceutical ingredient from
the reagent nitrite and solvents dimethylformamide. This review summarizes various methods for
determination of NDMA these are HPLC-MS/MS, Liquid chromatography /mass spectroscopy ,High
resolution LC-MS/MS ,GC-MS/MS .also this review focus on valsartan synthesis routes ,properties ,
valsartan recalls ,NDMA risk assessment tools ,ICH M7 guidelines ,Valsartan impurity profiling .

Key words: NDMA N-nitrosodimethylamine, recalls, carcinogenic, risk assessment, ICH M7guidelines,
valsartan synthesis route.

Introduction:

In July 2018 contamination of Valsartan containing drugs batch recalls because N-nitrosodimethylamine (

NDMA) found in the drugs as impurity which is Carcinogenic in nature .It was discovered in the batch
which has been produced by Chinese company Zhejiang Huahai Pharmaceutical(1) . The product recall
involved nearly 2300 batches( 2) that had been dispatched to Germany, Norway, Finland, Sweden, Hungary,
the Netherlands, Austria, Ireland, Bulgaria, Italy, Spain, Portugal, Belgium, France, Poland, Croatia,
Lithuania, Greece, Canada, Bosnia and Herzegovina, Bahrain and Malta.

. EMA indicated that the impurity of concern (N-nitrosodimethylamine i.e NDMA) had formed as “a result
of a change in the manufacturing process”(2) .In September 2018, EMA(3) stated: “Medicines containing
valsartan made by Zhejiang Huahai in China have been recalled by national authorities. Medicines containing
valsartan from another company Zhejiang Tianyu are no longer being distributed in the EU.” In July 2018
the Danish Medicines Agency (4) recalled a variety of valsartan containing products .According to IARC
(International Agency for Reasearch on Cancer) N-nitrosodimethylamine is Genotoxic ,Carcinogenic .and
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also by according to ICH M7N-nitrosodimethylamine is DNA reactive mutagenic impurity which is highly
potency carcinogens also called as cohort of concern.(5)

Material and Methods:

Structure of valsartan and NDMA contamination in valsartan(6)

o) OH

Fig. 1. Structure of valsartan.

Table 1
Typical levels of NDMA Contamination in Valsartan tablets (FDA, 2018a).
Supplier Product NDMA Levels (ug/
tablet)
Prinston Pharma Valsartan 320 mg tablets 15-16
Prinston Pharma Valsartan 320mg/HCTZ 25 mg tablets 13-20
Torrent Pharma Valsartan 320mg/Amlodipine 10mg/ 10-12
HCTZ 25 mg
Torrent Pharma Valsartan 320mg/Amlodipine 10 mg 5-9
Teva Pharma Valsartan 320 mg tablets 8-17
Teva Pharma Valsartan 320mg/HCTZ 25 mg 7-10
Hetero Labs Ltd Valsartan 320 mg tablets 0.3-0.4
SN o
N7

|
\/N\/

N-nitrosodimethylamine (7)

Valsartan is angiotensin II receptor antagonist which is used in the congestive heart failure , hypertonia
,myocardial infraction .

1)caicinogenecity :

N-Nitrosodimethylamine caused tumor in the rats ,mice ,pig ,hamsters ,guinea ,rabbit ,frog ,fish newts which
is caused tumor of liver ,kidney ,respiratory tract ,blood vessels(8) , Malingnant and benign tumors of liver
or bile(9) duct found in the :

Due to inhalation of NDMA caused lungs tumor

a) oral administration in the rat ,mice rabbits ,pigs ,fish ,guinea ,hamsters
b) Prenatal exposure in mice
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¢) Subcutaneous administration in the Hamsters and newborns
d) Intramuscular injection in rats
e) Exposure due to tank water in the frog and fish

2) Properties :

N-Nitrosodimethylamine is a Nitrosoamine compound is yellow liquid at room temperature .1t is soluble in
the water ,chloroform ,vegetable oils ,alcohols , Methylene chloride .which is less soluble in the more acidic
solutions.(10)

Properties Information
Molecular weight 74.1a
Specific gravity 1.0048 at 20c/4ca
Melting point <25¢ch
Water solubility 1.000g/L at24c b
Boiling point 151c to 153ca
LogKow -0.57a
Vapour density relative to air 2.56a
Vapour pressure 2.7 mm Hg at 20c b

Table no : 1 Properties of NDMA .
3) Uses:

0.1%N —nitrosodimethylamine is an impurity(9) .N-nitrosodimethylamine use in the control of nematodes,
in active metal anode —electrolyte system ,as plasticizer for rubber and acetonitrile polymers ,to inhibit
nitrification in soil ,as a solvents in the fiber and plastics industry,in the preparation of Thiocarbonyl fluoride
polymers ,as an antioxidant ,a softner copolymers and as lubricants.

4) N-Nitrosodimethylamine impurity limits:

According to the International council for the harmonisation of technical requirement for the pharmaceutical
human use (ICH)for Valsartan 320 mg/d a reporting threshold of 0.05 %, an identification threshold of 0.10
%, and a qualification threshold of 0.15 % is reported (11). However, there are lower limits for (potentially)
carcinogenic impurities lying far below the identification threshold (NDMA: 96 ng/d i.e. 0.30 ppm , NDEA:
26.5ng/d i.e. 0.082 ppm; when no carcinogenicity data is available: 1.5 pg/d i.e. 4.7 ppm)(12,13) daily intake
of 96 ng/d for NDMA and 26.5 ng/d for NDEA associated with this risk level. This would correspond to 0.3
ppm for NDMA and 0.08 ppm for NDEA in valsartan 320 mg tablets. How these impurities came to present
in manufacture of sartans yet to be fully established such as valsartan.

NDMA detected in the food(14) and drinks having cut off value 5g/L(15) .in the ground drinking water
with maximum concentration level in the lower ng/L(16) rang .Additional contamination of water NDMA
can occurs and so that WHO i. e World health organization has set the drinking water guideline values to
the100ng/L(17) .according to the U.S. Environmental Protection Agency (EPA) set limit in the guideline
EPA screening level of 0.4ng/L in the tab water .(18)

Valsartan in 2018 regulatory agencies including US FDA and the European medicine agency (EMA)have
issued allowable limits of Genotoxic impurity in the pharmaceutical product to ensure their safety is 1.5ug
per day .for valsartan standard daily dose of 80mg /day .(19)
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Required LLOQ < 1.5ug allowed nitrosoamine/0.080g daily
dose

Required LLOQ < 18.75 pg/g

5) Formation of N —Nitrosodimethylamine impurity as follows:

In the synthesis of valsartan (S)-valin methyl ester and 4’-(bromomethyl){1,1'-biphenyl }-2-carbonitrile or 2
—cyano -4-formylbiphenyl .which is final step formation of the tetrazole moiety is formed by the reaction
with azidotributyltin (20) formation of the tetrazole ring from the cyano intermediate and biphenyl coupling
by using an activated tetrazole as aduct .and also by the use of sodium nitrite (NaNO2) in product generation
and azide removal (21,22,23) .In the Zheijing Huahai Pharmaceutical(24) shows the formation of tetrazole
by using anhydrous zing chloride and sodium azide (NaN3 in the polar solvents where( DMF )
dimethylformamide followed by the quenching with NaNo2 DMF have a limited stability which may be
have result in traces of dimethylamine and also shows formation of NDMA(25) which is carcinogenic in the
nature and toxic agent .

Valsartan

COOCH; 8r

HsC
. NHa J

CHs

Figure 2 : Synthesis pathway of valsartan and its structure.(20)
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6) Analytical methods for the determination of NDMA:

e 1)HPLC-MS/MS (19)
e 2)Liquid chromatography /mass
A )Chromatographic spectroscopy
methods ¢ 3)High resolution LC-MS/MS experiments

* a)UV —photolysis and chemiluminescence
detection method

B)Non * b) Griess reaction
chromatographic * c) Colorimetric assay
methods e d )Liebermann nitroso reaction
* e) Yeast based biosensor system

Figure 3: Analytical methods for the determination of NDMA
A) Chromatographic method :
1) By HPLC-MS /MS (19)
a)System:

The SCIEX Triple Quad 4500 system is sensitive and robust for determination and quantitation EXionLC
system pair seamlessly with SCIEX mass spectrometers providing a complete LC-MS/MS solutions .

b) Methods :
sample preparation :

Samples were prepared by the 80 mg capsule dissolve in the 40 ml of 1:1 Me OH : water to get concentration
2mg/ml .This mixture was Sonicated for 20min .the solution allowed to settle for one hours at a room
temperature and then centrifuge for 5min at 14k RPM then this solution was transferred in the to the HPLC
vials for LC-MS /MS .then find the rang and then make final concentration 0.1,02,1.0,2.0,5.0,10,20ng/ml
.the 0.1ng /mL in the extract equivalent to the 0.05ug/g in the tablet .

c) Analytical conditions:

ASCIEX EX ionLC and SCIEX triple Quards 4500 system were used for analysis if NDMA with a
Phenomenex kinetex F5,2.5 um,50x2.1mm HPLC column for the separation .
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Mobile phase Mobile phase A: water with 0.1% formic acid
Mobile phase B :Methanol
Column oven temperature 40cc
Total flow rate 0.5ml/min
In the mass spectrometer Nebulizer
Current 3HA
Curtain gas 30psi
GS1 35psi
CAD 8
Temperature 350°c

Table No 2: Analytical conditions for HPLC-MS /MS
HPLC gradients :

Time Buffer Buffer
0.0 85 15
0.5 85 15
5.0 5 95
5.1 85 15
6.5 85 15
Table No 3 : HPLC gradients
d) Results:
Linearity :

Working standard solution were prepared by the preparation of stock in the sample dilution buffer to
0.1,0.2,5.0,10 and 20ng/mL.The liner dynyamic rang from 0.1ng to 20ng / mL. Were correlation coefficient
> 0.998

Area

Concentration

Figure 4: Calibration curves for eight Nitrosoamine compounds.
Specificity

By dissolving standard 2mg/mL and then spiked with the 0.5ng/mL ,5.0ng/mL and 15ng /mL to make
0.25,2.5,and7.5ug/g API samples and the additional samples are prepared by the by dissolving a sultan
capsule to a 2.0ng /mL concentration the prepared sample where analyzed by the LC-MS/MS .The NDMA
where quantitated to 0.2ng/mL, the equivalent of 0.1ug/g the product which is below the threshold of
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toxicological value.
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Figure 5: Sultan capsule analysis .

Recovery and reproducibility :

Compound %Recovery %RSD
NDMA
0.5ng/mL 92.9 2.34
5.0ng/mL 90.4 2.68
15.0ng/mL 89.5 1.44

Table no 4 :Recovery and reproducibilityLLOQ reproducibility:
LLOQ Reproducibilty of NDMA was found to be 2.11% RSD.
2) Liquid chromatography /mass spectroscopy(26)

A SCIEX X500R Qq TOF system with a turbo V™ source was used for information dependent analysis
(IDA) and DIA the separation was carried out by the EXionLC HPLC system containing binary gradient
,pump, autosampler ,column oven ,stationary phases ,a synergy polar 100x2mm column with 2.5um and a
luna omega polar 100x2mm,1.6um were used in the gradient separation for IDA and DIA respectively.

Mobile phase Flow rate Run time Injection volume
0.1% of formic acid 900/ min - 10pL
(mobile phase A):
Methanol (mobile
phase B)
60%A which was kept 600uL 8.5 3uL
for 0.5 in .in 4.5 min
was decreased to 0%
and kept for 1.5
90%A was kept for - 7.5 -
0.1 min.in4.9min, a
was decreased to 0%
and kept for 2 min
Table no 5 : Chromatographic conditions for Liquid chromatography /mass
spectroscopy

Mass calibration and tuning was achieved using the integrated calibrant delivery system (CDS) with the Twin
Sprayer probe (dual APCI needle). The QqTOF system was tuned to a resolution of over 27,000 at m/z 266
and over 40,000 at m/z 922 with a mass error of less than 2 ppm. For best MS/MS coverage, Dynamic
background subtraction (DBS) was activated with an intensity threshold of 10 counts per second. High purity
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nitrogen gas was used as nebulizer, curtain, auxiliary, and collision gas. Variable SWATH window sizes
were used . The window size was optimized by using SWATH acquisition variable window calculator tool.

3) High resolution LC-MS/MS experiments:
a) Sample preparation:(27,28,29)

Take 5 tablets weighed accurately and then crush tablets in the tablet 300-600 mg sartan (irbesartan ,valsartan
,.eprosartan in case of one tablet ),two tablets in case of 16-100mg sartans (azilsartan,condensaratn
Jlosartan,olmesartan,telmisaratan ,valsaratan)one of the ground portion was accurately weighed in a 1.5mL
centrifuge tube and dissolved in the 500uL of Methano I,then mix shake and then sinicate for 5 min and then
suspension was diluted to final volume of 1000uL MilliQ®- water then shake for 5 min and then sonicate
for 5 min the sample were centrifuged at 9727 g for 35 min at 4°c.then sample were transferred to amber
colour glass vials.

4) GC-MS/MS:(30)
a) Instrument :

Gas chromatography wirh liquid auto sampler and a triple Qudrupole mass selective detector class A glass
ware centrifuge ,VF-W A X ms GC column 30mx0.25mm ,1.00pum vortex mixer ,15mLdisposable glass
centrifuge tubes 0.45um Nylon filters 5mL Syringes.

b)Standard preparation:
NDMA 1ug/mL standard stock solution :

Utilizing a 100 pL gas-tight syringe, transfer 200uL of NDMA stock standard to a 20 mL volumetric flask
containing approximately 18mL of IS. Add 20pL of NDEA std via a 100uL gas-tight syringe. Dilute to
volume with IS and mix well.

NDMA Standard Dilutions
NDMA 100ng/mL Standard (Std 1) 1:10 dilution of Standard Stock with IS
utilizing class A glassware.
NDMA 10ng/mL Standard (Std 2) 1:10 dilution of Std 1 with IS utilizing class A
glassware.
NDMA 5ng/mL Standard (Std 3) 5:10 dilution of Std 2 with IS utilizing class A
glassware.
NDMA 2.5ng/mL Standard (Std 4) 5:10 dilution of Std 3 with IS utilizing class A
glassware
NDMA 50ng/mL Standard (Std 5) 5:10 dilution of Std 1 with IS utilizing class A
glassware
NDMA 25ng/mL Standard (Std 6) 5:10 dilution of Std 5 with IS utilizing class A
glassware.
NDMA 80ng/mL Standard (Std 7) 2:25 dilution of Standard Stock with IS
utilizing class A

Table no 6 :NDMA standard preparation

c) Sample preparation for drug:
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By using pill cutter ,quarter one tablets place the pieces into 15mL glass centrifuge tube .add 5mL of IS by
the volumetric pipette .cap tube vortex sample for 1 min and then tablet placed in the centrifuge rotate at
4000 rpm for 2.5 minutes using disposable pipette take 2mL of MeCI2 layer to a 5mL syringe then filtered
with nylon filter 0.45um _filter sample approximately 0.5mL sample into 2 ml vial .

d) Chromatographic conditions:

Gas chromatography (GC) Conditions
Inlet temperature 250°c
Transfer line temperature 250°c
Injection volume 2uL
Injection type Pulsed Splitless : 12.285psi until 0.5min
Oven temperature 400C for 0.5min12000C at 200C/min(12500C
at 600C/min and hold for 3min
Flow rate ImL/min
Run time 12.33 min
Mass spectrometer (QQQ) conditions
El sources temperature 250°c
Quard 1 temperature 150°c
Quard 2 temperature 150°c
QQQ stop time 8.5min
NDMA MRM start time 4.00min
Helium quench gas 4mL/min
Nitrogen collision gas 1.5m/min
Solvent delay 6.5 min
Electron energy -30Ev
NDMA MRM: MS1 and MS2 MS1: Unit MS2: Wide
Resolution

Table no 7: Chromatographic conditions for GC

Calculation:

Plot the response factor of the NDMA and NDEA peak areas to the IS peak area against the standard
concentration (ng/mL). Determine the intercepts, slopes and coefficients of determination for each linear
curve. Calculate the NDMA and NDEA impurities (ppm) using the formula below:

(ppm) =[(y —b)/ m] x EV x 1ug/1000ng =+ wt.

where: y = NDMA or NDEA to IS response factor
b = intercept of the linear curve
m = slope of the linear curve
EV = Extraction Volume =5 mL
wt. = Valsartan API weight (Q)
Report any NDMA peak > 0.3 ppm and any NDEA peak > 0.08 ppm

System suitability:

JETIR1712188 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 57


http://www.jetir.org/

© 2017 JETIR December 2017, Volume 4, Issue 12 www.jetir.org (ISSN-2349-5162)

The coefficient of determination (R2) of the linear curves should be be > 0.998. The S/N ratio of the 5 ng/mL
linearity standard should be > 10.

Chromatograms:
NDMA LOQ (0.05ppm)
V+EI MRM CID@15.0 (74.0000 -> 44.0000) JTW18i013016.D
x10 2 Noise (PeakToPeak) = 1.24; SNR (7.354min) = 10.4
141 7.354 1
0.8
0.6
044 6574
0.2 L
AL NN A M AN A AN AN
0

69 7 71 72 73 74 115 1716 117
Counts (%) vs. Acquisition Time (min)

*The peak at 7.354min 5 NDMA.
Figure 6:Chromatogram of NDMA .

6.6 6.7 6.8

e) Conclusion:

Impurity Drud substance limit of Drud product limit of
Quantitation (LOQ),ppm Quantitation (LOQ),ppm
N- 0.05 0.08
nitrosodimethylamine(NDMA)
Impurity Drud substance limit of Drud product limit of
Detection (LOD),ppm Detection (LOD),ppm
N- 0.010 0.015
nitrosodimethylamine(NDMA)

Table no 8 :LOD and LOQ
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NDMA and NDEA Extracted from Drug Substance (0.25ppm for both impuritie s)

x10 2 |+E! MRM CID@10.0 (102.0000 -> 85.0000) JTW181 015003.D

141 1|2 7.945 2
0.8
0.6
0.4
0.2

8.430

(s} U — S O ————

66 67 68 69 7 71 72 7.3 74 75 76 7.7 78 79 8 81 82 83 84
Counts (%) vs. Acquisition Time (min)

NDMA elutes at 7.351min and NDEA at 7.945min.

NDMA and NDEA Extracted from Drug Product (0.3ppm for both impuritie s)
= 1|2 ~7.948 2

N

0.8

0.6 i

0.4 M

0.2 N
M T e .

o

66 67 68 69 7 71 72 73 74 75 76 7.7 78 79 8 81 82 83 84
Counts (%) vs. Acquisition Time (min)

NDMA elutes at 7.352min and NDEA at 7.948min

Figure 7: Chromatogram of NDMA.

B) Non chromatographic method :
a)UV —photolysis and chemiluminescence detection method :

In the water(32) NDMA were determine by the UV —photolysis and Chemiluminescence (31) detection and
then spectrophotometry after photolysis .

b) Griess reaction:

This reaction shows formation of NO2- with sulphonamide and also N-(1-naphthyl ) ethylenediamine(39)
in concenterated hydrochloric acid(33) was used in the food industries .so that generation of NO2-,NO3-
ions vary with photolysis conditions in the NDMA analysis .which is based on the amount of NO2- were
photo produced (34) .this method was only used when there is high concentration of NDMA pg/mL.

c) Colorimetric assay :

Cleavage of the nitrososamine using HBr in acetic acid it gives nitrite which can be detected by the
colorimetry .In the colorimetric assay(37) detection of the final product was determine by the formation of
coloured compound from nitrite .which is a Viole- purple color complex when reaction with PdCI2(38) and
diphenylamine (Preussmann reagent ).This method based on the Eisenbrand preussman reaction (35,36) .In
the general colorimetric assay were reported to relatively high limit of detection with 0.1ug of NDMA

d )Liebermann nitroso reaction :

when reaction with Phenol to p-nitrosophenol reaction with a second phenol to a blue quinon —imine (40) or
reaction with NEDSA (41) reagent .The latter was reported by Fan and Tanenbaum (41)

e) Yeast based biosensor system :
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In the 2005 ,Walsh et.al (42) by using yeast based biosensor system for the determination of carcinogen and
procarcinogens.This is generally based on the genetically modified yeast strain that can cause DNA damage
(RAD54-GFP) .for the activation of procarcinogens modidfied strains with additional cytochrome
P450(CYP) enzyme were also introduced .and then this is tested for the detection of NDMA gives positive
signal at a concentration ofl1.6mg/L (43) used for similar system and also found positive signal at a
concentration of 3mg/L.

OH OH
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NH,

O,N

aminopyrimidine amitriptyline
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chlorpromazine diphenhydramine

promazine
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Figure 8 :Chemical structure of API containing NDMA(44)
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Figure 9: Chemical structure of additional precursors .(44)

8) Valsartan impurity profiling :
a) General unknown comparative screening (GUCS):

Valsartan tablet samples and different generic brands and originators were analysed using the GUCS
approach. GUCS allows the comparison of a reference, e.g. ‘gold’ standard versus one or multiple samples
by selected features. The workflow comprises the collection of LCHRMS/MS data using IDA or DIA and
extracting MS chromatograms from that data. From each of these extracted ion chromatograms (XIC), peak
intensity, mass spectrometric data, and retention time information was compiled to compose a peak list for
every sample. In the next step, the relevant features distinguishing the samples from each other were
calculated by comparing the peak data of each sample with the peak list from the ‘gold’ standard. The peaks
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and mass spectrometric data contained in those features most correspond to contaminants or excipients that
distinguish the drug products from each other. At the same time, the collected HRMS data was useful for the
identification of the underlying chemical compound. Sum formulae were calculated from isotope distribution
and exact mass of the pre-cursor, whereas fragment spectra were fed into a database we used Chem Spider
database (45) to calculate putative structures for the unknown compounds.

b) Valsartan product differentiation (46)

Valsartan tablets sample of different generic brands are analysed by performing five replicate injection using
the DIA .the peak aeration between the originator and generic for peak detected

7) ICH M7 guidelines on mutagenic impurity:

ICH M7 was firstly introduced by the Safety working party (SWP).in the EU guideline on genotoxic
impurities .which is Threshold toxicological concern (TTC) .TTC were define as an appropriate intake for
any chemical with limited or no supporting safety data that would be show a minimum risk of carcinogenicity
A TTC value of 1.5ug/day .where carcinogens referred to as the cohort of concern(COC) .Example of
cohorts of concern are as follows : aflatoxin —like, N —nitroso-, and alkyl-azoxy compounds ,benzidine
derivatives. Indusry had always argued that cohorts of concern structural classes were very unlikely to be
encounter during the routine synthesis of the pharmaceutical drug substances( 47) highlighted that the TTC
which are potent carcinogenic concern was, “(a) unduly influenced by many classes of potent carcinogens of
historic concern which would be impossible to generate unknowingly as pharmaceutical impurities, and (b)
that the majority of reactive chemicals that would be useful to synthetic chemists are among the least potent
carcinogens in the underpinning supportive analyses”.

Indeed, the N-nitroso structural class is significantly over-represented in the compound libraries that underpin
the TTC, with over 100N-nitroso compounds, ca. 14% being present in the Kroes (47), and Cheeseman
databases (48). If carcinogenic potency data are available, as is the case for NDMA and many other N-
nitrosamines in the CPDB (Carcinogenic Potency Database(49) (The Carcinogenic Potency, 2018), it is
possible to determine compound specific acceptable intake (AI) limits using established methodology (ICH
M7)(50)in the SWATH were calculate and then subjected to PCA after scaling and then centering was
conducted to clusters sample based on their MS/MS ALL profile and then to find distinguish differences
between sample by inspecting the loading plots .

9) Recalls of sartans :

Saratans are contaminated with N-nitrsoamine as such a product recalls based on the cohorts of concern such
as impurity i.e NDMA that appeared be unknowingly generated .The initiall EMA(51) recalls was rapidly
followed by FDA product recalls (52) and a similar action in the India(53) at the end of August 2018 ,
valsartan drugs from sixteen different supplier to the US market has been implicated (54) .after this EMA
extended the review contains sartans such as olmesartan ,candensartan , irbesartan ,losartan was prompted
by the detection of of very low level of N-nitrosodimethylamine .overall NDMA has been detected in the
valsartan produced by several APl manufacturers .

Impact of valsaran recalls from India after this news contamination of valsartan with NDMA on July 20,2018
the Drug controller General of India has initiated a prob into all companies .the important importing raw
material of valsartan was produced by the Zhejiang Huahai .the central drug standard control organization
has taken action and then all imported products where tested before they are taken up for the manufacturing
the heathcare profession has been put on high alert. Novartis, India one of the companies that manufactures
the product has initiated recall of specific batches of valsartan that contains NDMA.. Despite the initiation of
investigation into the issue, no stringent action has been taken to recall drugs containing valsartan in the
Indian market. It to be mentioned Valsartan manufactured by two Indian Pharmaceuticals Hetero Pharma
and Torrent pharmaceuticals in banned in USA due to impurity.
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10) Risk assessment for NDMA :

It seems reasonable to ask what constitutes a virtually safe dose (VSD) for NDMA, particularly as the
substance is a known environmental contaminant that is routinely found in foodstuffs dairy products and
vegetables and also drinking water. Intake levels range from 0.0004 to 0.23ug in cured meat, 0.0004—1.02ug
in smoked meat and 0.0006-0.13pg in grilled meat and 0.07-0.07ug in bacon (55). Based on a daily
consumption of ca. 20g of processed meat per day, Danish researchers found that this resulted in a daily of
exposure for adults of 33 ngkg/bw/day of nonvolatile nitrosamines and 0.34ngkg/bw/day of volatile
nitrosamines these are latter class would include NDMA and NDEA (56).

NDMA can also be formed endogenously following consumption of nitrate-containing food stuffs (57).
NDMA is an unintended by-product of the chlorination of waste waters and drinking waters in chemical
processes that use chloramines as the disinfecting agent (58) . Inhalation and dermal exposure can occur in
several industries . FDA has indicated that levels of NDMA up to 0.096ug/day, i.e. 0.1ug/day are safe, which
is equivalent to 0.3ppm (0.096x1000/320) in Valsartan tablets (59) . A compound-specific assessment using
ICH M7(R1)2,3 methodology also produces a value of 0.096pg/day for whole lifetime exposure based on
the CPDB harmonic-mean TD50 of 0.096mg/kg/day (60).

Another risk assessment by Fitzgerald and Robinson based on a comprehensive lifetime liver-cancer dose-
response study in rats (listed in the CPDB) produced TDI(tolerable daily intake) in the range 0.2—0.6ug/day,
based on a bodyweight of 60kg(61) Since exposure via pharmaceuticals is unlikely to last more than a few
years the ICH M72,3 less-than-lifetime (LTL) approach can be applied to the most conservative value of
0.096ug/day resulting in limits of 10/1.5x0.096=0.64ng/day if exposure is<10 years and
20/1.5%0.096=1.28ug/day if exposure is<1 year(62) .

Assuming that use of existing supplies of potentially contaminated valsartan is sanctioned by regulatory
authorities for up to one year then the above risk assessment would lead to a limit of 4.0ppm NDMA in
valsartan. Alternative risk-assessment metrics are permitted under ICH M7 (R1)2,3 which states: “.other
established risk assessment practices such as those used by international regulatory bodies may be applied
either to calculate acceptable intakes or to use already existing values published by regulatory authorities.”
One such alternative metric, sometimes called “reference point” or “point of departure — POD” is the
BMDL10 — benchmark dose lower bound corresponding to a 10% increase in tumour incidence(63) .
Specialist software is available that enables modelling of dose-response producing a fitted dose-response
model and estimation of BMDs (small butmeasurabletreatment-relatedchanges,usuallysetat5or10%)with
confidence intervals.

When dealing with genotoxic and carcinogenic impurities, EFSA (European Food Safety Authority) has
concluded that: “a margin of exposure of 10,000 or higher, if it is based on the BMDL10 from an animal
carcinogenicity study, and taking into account overall uncertainties in the interpretation, would be of low
concern from a public health point of view”, where margin of exposure (MOE) is the ratio of BMDL10 to
estimated consumer intake. In relation to NDMA, SCCS (Scientific Committee on Consumer Safety) has
determined a BMDLI10 of 27ug/kg/day (64), equivalent to 1620ug/day in a 60kg consumer.

10) Change to synthetic route:

Zhejianjg Huahai modified the chemistry during 2011or 2013(65) in this by replacing tributyltin azide with
the more reactive sodium azide as reagent used in the formation of a tetrazole ring structural moiety in which
introduction of NaNO2 to remove excess azide reagent .under acidic condition nitrite can also forms nitrous
acid .Impurity in the solvents DMF is dimethylamine but also dimethylamine reacted with nitrous acid it
gives NDMA .

Also there is risk producing procedures from various companies in that diazonium generating reactions such
as Sandmyer ,Bachmann, Gomberg ,Balz-Schiemann or in this particular case the use NaNO2 to remove
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excess of azide in this aliphatic secondary amine becomes as impurity .thus formation of N-nitrosamine by
product .During risk assessment process EU regulators have long identified potential presence of class 1
solvents for example toluene ,acetone,alkyl alchohols , methanol ,ethanol ,it is disappointing that risk
assessment process failed to identify aliphatic amines as potential impurity in the DMF .

11) Risk assessment for NDMA :

In the routine NDMA was found in the foodstuff ,dairy milk products ,cured meats and drinking water .intake
level rangs are as follows:

Food products Level of intake
Cured meat 0.0004-0.23 pg
Smoked meat 0.0004-1.02ug
Grilled milk 0.0006-0.13 ug
Bacon 0.07-0.07 ug

Table no :9 Level of intake of NDMA by food (65)
Conclusion:

This review contains total information about N-nitrosodimethylamine impurity present in the Valsrtan drug
Which gives carcinogenic and toxic effect . The objective of this paper to provide various analytical methods
for determination of NDMA such as HPLC-MS/MS, Liquid chromatography /mass spectroscopy ,High
resolution LC-MS/MS ,GC-MS/MS which gives .accurate ,sensitive of chromatographic methods for
determine NDMA impurity in the Valsartan. .
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