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We all make assumptions: New technology will be beneficial or
Game Changer to our Industry but everything has a seamy / dark
side.
Today, I will present the Darker side of the Technology which lead to
heavy loses to Pharmaceutical Industries.
Particularly Genotoxic Impurities observed in Sartans, after several
years of implementing the Improved Technology.
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History of Sartans Recall

 Valsartan

 July 5th 2018 EMA made a press Release relating to Recall of Valsartan ,
Manufactured by Chinease Supplier - “Zhejiang Huahai Pharmaceuticals”
due to the presence of NDMA .
 Subsequently the same impurity was founds in others Supplier such as
Tianyu Pharmaceuticals, China, & Hetero Drugs Ltd., India.
 Other companies Teva & Auribindo also recalls Valsaratan : NDMA &
NDEA
 104 lots of Losartan, Torrent Pharmaceuticals Ltd, India -- NMBA
 Macleods Pharmaceuticals
-- NDEA

 Losartan potassium
 Solco Healthcare - API Manufactured by Zhejiang Huahai
Pharmaceuticals , due to the presence of NDMA .

 Irbesartan

 So Far 50 batches of different sartans alone or in combination have been
withdrawn for these three Impurities – NDMA, NDEA & NMBA

US-FDA Update : History of Recall / Statements
Date

Recall / Statement / Update

13/7/2018

FDA announces voluntary recall of several medicines containing Valsartan following detection of an impurity

18/7//2018

FDA updates health care professionals and patients on recent Valsartan recalls

24/7/2018

FDA publishes a list of valsartan-containing products not part of the recall

27/7/2018

Analysis of N-Nitrosodimethylamine (NDMA) Levels in Recalled Valsartan in the U.S.

27/7/2018

FDA updates recalled Valsartan-containing product information

2/8/2018

FDA updates recalled Valsartan-containing product information and reminds API manufacturers to evaluate
processes for unsafe impurities

9/8/2018

FDA updates recalled Valsartan-containing product information

20/8/2018

FDA updates recalled Valsartan-containing product information and presents NDMA levels in some foods

22/8/2018

FDA updates recall lists and releases method for the detection and quantification of NDMA in Valsartan

24/8/2018

FDA updates recall lists

30/8/2018

Statement from FDA Commissioner Scott Gottlieb, M.D., and Janet Woodcock, M.D., director of the Center for
Drug Evaluation and Research on FDA’s ongoing investigation into Valsartan impurities and recalls and an
update on FDA’s current findings

13/9/2018

FDA provides update on its ongoing investigation into Valsartan products; and reports on the finding of an
additional impurity identified in one firm’s already recalled products

US-FDA Update : History of Recall / Statements
Date

Recall / Statement / Update

24/9/2018

FDA updates recall lists and releases method for the detection and quantification of NDMA in Valsartan

28/9/2018

FDA places Zhejiang Huahai Pharmaceuticals on import alert

5/10/2018

FDA posts laboratory analysis of NDMA levels in recalled Valsartan products

11/10/2018

FDA releases method for detection and quantification of both NDMA and NDEA

16/10/2018

FDA releases additional NDMA/NDEA detection method

24/10/2018

FDA updates recalled Valsartan-containing product information

30/10/2018

FDA alerts patients and health care professionals to ScieGen’s Irbesartan recall due to NDEA

9/112018

FDA alerts patients and health care professionals to Sandoz’s Losartan potassium and hydrochlorothiazide
recall of one lot due to NDEA

21/11/2018

FDA alerts patients and health care professionals to Mylan’s recall of Valsartan products due to NDEA

27/11/2018

FDA alerts patients and health care professionals to Teva’s recall of Valsartan products due to NDEA

6/12/2018

Mylan expands its voluntary recall of Valsartan-containing products

11/12/2018

FDA warns API manufacturer involved in Valsartan recall, provides information for patients taking these
medications

12/12/2018

FDA updates NDMA and NDEA detection methods, announces posting of ZHP warning letter

US-FDA Update : History for Recall / Statements
Date

Recall / Statement / Update

19/12/2018

FDA presents interim limits of nitrosamines in currently marketed ARB

20/12/2019

FDA alerts patients and health care professionals to Torrent’s recall of Losartan medication due to NDEA

2/1/2019

FDA alerts patients and health care professionals to Aurobindo’s recall of Valsartan medication due to NDEA

3/1/2019

Torrent expands its voluntary recall of Losartan

18/1/2019

Irbesartan distributed by Solco Healthcare voluntarily recalled

23/1/2019

Torrent further expands its voluntary recall of Losartan

25/1/2019

Statement from FDA Commissioner Scott Gottlieb, M.D., and Janet Woodcock, M.D., director of the Center for
Drug Evaluation and Research on the FDA’s ongoing investigation into Valsartan and ARB class impurities and
the agency’s steps to address the root causes of the safety issues

25/2/2019

Losartan distributed by Macleods Pharmaceuticals voluntarily recalled

28/2/2019

FDA is posting the updated table of interim acceptable intake limits for nitrosamine impurities to reflect NNitroso-N-methyl-4-aminobutyric acid (NMBA) limits, which are the same as those for NDMA

1/3/2019

FDA provides update on its ongoing investigation into ARB drug products; reports on finding of a new
nitrosamine impurity in certain lots of Losartan and product recall

1/3/2019

Aurobindo expands its voluntary recall of Valsartan and Amlodipine/Valsartan

1/3/2019

Torrent again expands its voluntary recall of Losartan; Hetero also voluntarily recalls Losartan

US-FDA Update: History for Recall / Statements
Date

Recall / Statement / Update

20/3/2019

FDA not objecting to Losartan with NMBA below 9.82 ppm remaining on the market

22/3/2019

FDA updates recalled Valsartan-containing and Losartan-containing medicine information

4/4/2019

Statement from FDA Commissioner Scott Gottlieb, M.D., and Janet Woodcock, M.D., director of the Center for
Drug Evaluation and Research on the agency’s list of known nitrosamine-free Valsartan and ARB class
medicines, as part of agency’s ongoing efforts to resolve ongoing safety issue

19/4/2019

Torrent further expands its voluntary recall of Losartan; FDA posts new nitrosamine testing methods

29/4/2019

FDA alerts patients and health care professionals to Teva’s recall and Legacy’s expanded recall of Losartan
medication due to NMBA

2/5/2019

Laboratory analysis of Valsartan products

6/5/2019

FDA alerts patients and health care professionals to Vivimed’s recall of Losartan medication due to NMBA

Carcinogenic Impurities & it’s Limit in Sartan Drugs
as per International Agency for Research on Cancer (IARC) & M7
The acceptable intake is a daily exposure to an impurity, that approximates a 1:100,000 cancer risk after 70 years exposure.
Impurity

Acceptable Intake (ng/day)

NDMA ( Nitrosodimethylamine)

96

NDEA (Nitrosodiethylamine)

26.5

NMBA ( Nitroso-4-Methylbutyric acid)

96

Maximum Dose
(mg/day)

Acceptable Intake
NDMA (ppm)

Acceptable Intake
NDEA (ppm)

Acceptable Intake
NMBA (ppm)

Valsartan

320

0.3

0.083

0.3

Losartan potassium

100

0.96

0.27

0.96*

Irbesartan

300

0.32

0.088

0.32

Olmesartan medoxomil

40

2.4

0.66

2.4

Candesartan cilexetil

32

3.0

0.83

3.0

API

* FDA is temporarily allowed in case of losartan potassium with NMBA below 9.82 ppm remaining on the market

Sartans Recall : Key Points

Issue arose due to a change in the manufacturing process in 2012.
 The process for the manufacturing the Tetrazole Ring using Tributyltin
chloride & Sodium azide , replaced to higher yielding process - Sodium azide
+ Zinc chloride in the presence of DMF.
 The sequence for building up Tetrazole Ring in Valsartan along with other
Sartans was Changed.

Route of Synthesis for Sartans

Why RoS of Sartans was changed ?
The previous synthesis were having two steps extra. (Protection &
protection of Trityl group)
 Required more time in the production.
 More effluent
More number of reactors
 Capacity reduce to ~ 50 % due to removal of de-protection step.

de-

 Use of Tributyltin chloride and Sodium azide were replaced due to safety
point of view, since Tributyltin chloride is lacrimatric & the by-product
Tributyltin oxide is also very toxic. People working in the plant can get
respiratory problem.

Analysis : For the Formation of N- Nitrosamine Impurities in
Sartans

- Theoretically for the formation of N-Nitrosamine – one require
secondary amine and Nitrous acid.
- From where Nitrous acid & Secondary amines are getting
generated ?

Different Reagents, Solvents & Conditions used for synthesis of Tetrazole
Reagent

Solvents
Catalyst
o-Xylene,
Tri-n-butyltin chloride
Water
o-Xylene
TEA.HCl, PEG-400
Toluene
TEA.HCl, PEG-400
Toluene N,N-Dimethylpiperazine dihydrochloride
DMF
TEA.HCl
Sodium azide
NMP
Pyridine.HCl
NMP
Aluminum halide
NMP
Trimethylsilyl chloride
Water / IPA
Zinc halide
DMF
Ammonium chloride

Analysis : For the Formation of Nitrosamine Impurities in Sartans

 For The formation of Tetrazole ring, Sodium azide is reacted in presence of
Lewis acid with Cyano Intermediate.

 In the reaction, sodium azide is used in excess, which leads to highly Toxic and
Explosive chemical - Hydrazoic acid.
- For quenching the toxic Hydrozoic acid & excess of Sodium azide, Sodium
nitrite and Conc. HCl is used.
2NaN3 + 2 NaNO2 + 4 HCl

3N2 + 2NO + 4NaCl + 2H2O

2HN3 + 2NaNO2 + 2 HCl

3N2 + 2NO + 2NaCl + 2H2O chemicals

Analysis : For the Formation of Nitrosamine Impurities in Sartans

 Questions remain to answer, from where the Dimethyl / Diethyl amine and 4(Methylamino)butyric acid are originating ?
 It was attributed to the solvents used in the reaction - DMF, NMP and the Lewis
acid TEA. HCl.

Formation of NDEA
Formation of NDEA

Formation of other N-Nitrosamines
Formation of N-Nitrosodiisopropylamine & N-Nitrosoethylisopropylamine

Formation of N-Nitrosodibutylamine

Formation of N-Nitrosodibutylamine

Formation of NMDA & NMBA
Formation of NMDA

Formation of NMBA

Summary of the NDMA, NMBA & NDEA Formation
NDMA :
Formation of NDMA is attributed to the generation of dimethyl amine due to the
hydrolysis / decomposition of DMF & use excess of NaNO2 and HCl, used for
quenching the excess Sodium azide / HN3.
NMBA :
Formation of NMBA is attributed to the generation of 4-(Methylamino) butyric acid due
to the hydrolysis of NMP & excess of NaNO2 and HCl, used for quenching the excess
Sodium azide / HN3.
NDEA :
Formation of NDEA is attributed to the generation of diethyl amine due to the de ethylation of triethylamine (TEA) & excess of NaNO2 and HCl used for quenching the
excess Sodium azide / HN3.

Formation of N-Nitrosamine Valsartan
EMA – 14th Feb, 2019 :
EMA/217823/2019

Formation of N-Nitrosamine of Valsartan Intermedaite

This Impurity is non mutagenic in Ames test and can be formed during the manufacturing of
Valsartan and currently controlled as an Unspecified impurity, NMT 0.10 % i.e. 1000 ppm.

Other N-Nitrosamine Impurity to be Evaluated

Possible Formation of N-Nitrosotetrazole Sertans

This impurity is also possible during the manufacturing of Tetrazole Sartans due to use of
Sodium azide, Sodium nitrite & Conc. HCl.

Analysis - Contd.

 According to this analysis all the sartans should have these impurities,
barring those molecule where, for the synthesis of Tributyltin chloride
and Sodium azide is used.
 According to this hypothesis, all the sartans should have this problem.
while problem so far has been observed only with three sartans, namely
1) Valsartan
2) Irbesartan
3) Losartan potassium
 According to literature report, non of these impurities are present in
Olmesartan Medoxomil & Candesartan Cilexetil.

Angiotensin II Receptor Blockers having Tetrazole Ring : Sartan Drugs
Recall due to the Nitrosamine impurities

NDMA
NDEA
Valsartan

Losartan potassium

NMBA

Irbesartan

No recall due to the Nitrosamine impurities although having Tetrazole ring

Olmesartan Medoxomil

Candesartan cilexetil

Reasons for the absence of Nitroso Impurities in Olmesartan Medoxomil &
Candesartan Cilexetil
- Although these Sartans contain common part- Tetrazole Ring, The
tetrazole ring cannot be incorporated at the later stage of the synthesis
due to the different structure. Hence,

- Formation of Tetrazole Ring was carried out at the early stage.
- For tetrazole ring formation amidic solution was not used .
- Steps to API after Tetrazole Ring Formation : 5-6 Steps
- Hence, these impurities are getting removed at various atages, Since
they have a very high purge factor(M7).
 Question : Prior to changing the RoS, why none of the sartan was having
this problem?
Answer :
The reasons as above.

Why These Impurities were not Identified during Development ?
and lesson learned

 Nobody thought the side reaction due to the chemicals used for the
quenching & reaction between decomposed product of the solvents
(DMF, DMAc, NMP)/ lewis acid (TEA.HCl) used in the reaction .
 Lesson Learned :
- evaluate the technology from every point of view
- what sort of impurities can generate during the reaction
- possibilities of inter reaction of impurities and the reagents used
- During the Genotoxic evaluation of RoS , evaluate the side products
for the same

Control Strategy for the Formation of N-Nitrosamines Impurities
 Use the reaction conditions were the possibility for the formation of
N-Nitrosoamines impurities are avoided.
 Don’t use the Molar excess of NaNO2 + HCl for decomposing Sodium
azide / Hydrazoic acid.
 After quenching the excess of azide, remaining Nitroso ion should be
decomposed immediately.
 Use alternatives to NaNO2 for azide quenching.
 Don’t recover the solvents where the N-Nitrosamines formation are
possible.
 If the contamination in recovered solvents is due to NDMA, NDEA,
wash the solvents with water prior to recovery.
 Step involving for Tetrazole Ring formation should be carried out as
earlier as possible synthetic sequence.

Conclusion

 Every technology has some hidden parameters, while developing the
technology all the pros & cons should be deliberated prior to
implemented at commercial scale to harvest the fruit of the same.
 As a proactive approach, all other API , having tetrazole ring should
be evaluated for Carcinogenic impurities .

Properties of NDMA, NDEA & NMBA
NDMA

NDEA

NMBA

Boiling Point

151° C - 153° C

175° C - 177° C

--

Melting Point

--

--

34° C - 36° C

Water Solubility

1000 g/L at 24° C

106 g/L at 24° C

--

Solubility

Ethanol, Ether

Ethanol, Ether, MDC

Methanol, DCM, ACN, water

Purge Factors

Parameters
Reactivity

Solubility

Volatility

Factor

Purge factor

Highly reactive

100

Moderately reactive

10

Low reactivity / un-reactive

1

Freely soluble

10

Moderately soluble

3

Sparingly soluble

1

Boiling point >20° C below that of the reaction / process solvent

10

Boiling point within ± 10° C of that of the reaction / process solvent

3

Boiling point >20° C above that of the reaction / process solvent

1

Analytical Methods for NDMA, NDEA & NMBA
Agency

API

NDMA

NDEA

Valsartan
USFDA

Sartans

NMBA
--

--

--

Valsartan

--

--

EDQM

API

--

--

EDQM

Valsartan

--

--

EDQM

Valsartan

--

--

EDQM

Sartans

Analytical Methods for NDMA, NDEA , NEIPA, NDIPA & NDBA
Agency

USFDA

API

Impurity

API

NDMA
NDEA
NEIPA
NDIPA
NDBA

GC-MS/MS

LC-HRMS

Classification of - Sartans API based on common structure

There are eight Sartan Drugs are in the Market.
 Five sartan shares the common part i.e. Tetrazole Ring
 Three sartan Drugs are not having - Tetrazole Ring
 Based on the above analysis only Tetrazole ring having
sartans were considered for these impurities.

Angiotensin II Receptor Blockers : Sartan Drugs
Sartans Having Tetrazole Ring

Sartans Having No-Tetrazole Ring
Azilsartan
Medoxomil

Valsartan

Losartan potassium

Irbesartan
Telmisartan

Eprosartan
Mesylate

Olmesartan Medoxomil

Candesartan cilexetil

