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1. Some biographies as HPLChromatography —User

Dr. Chromato “Graph Er"

» Graduated, pharmacist 1994, HUP, 13 Le Thanh Tong St, Hanoi, used to be an analyst in NIDQC,
HPLChromatography —User, Merck — Hitachi 655 12A since 1995

* In 1995 June, trained in 17 — 19 Le Thanh Tong St, Faculty of Chemistry, Hanoi University
(university of natural sciences), the first time met Prof. Pham Hung Viet

* In 1997 July — August., trained in Chromatography Development and Education Center, Prof.
Nguyen Xuan Dung, (EDCVN, edcvn@hn.vnn.vn, Building C10B, University of Science and
Technology (so call PolyTechnics Univerisity) No. 1 Dai Co Viet)

* 1996, 1998, NIDQC purchased 03 HP1100 (Hewlett Packard, changed to Agilent), Chemstation
Softwere...HP AminoQuant (1998,) Shimadzu GC17A — ECD (1999)... conducted many studies of
pesticides analysis, multi-residues pesticides analysis using Hewlett Packard GC-MS 5890
(2003), Shimadzu GC — MS QP2010 (2005)

« 2004, NIDQC purchased the first LC-MS, Thermo Finnigan LCQ Advantage MAX LCMS, ion
trap, 2009 purchased Thermo — Finnigan TSQ Quantum Ultra Triple Quadrupoles;

e 2010 — 2020: NIDQC & IDQC HCMC purchased more than 20 LC — MS (IT-TOF, Triple
Quadrupoles, Q-Trap, Q-Tof)...etc...
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Development of HPLC, LC MS in drug quality control and in chemistry research, for the last 30 years before
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Thermo Finnigan LCQ Advantage Thermo — Finnigan TSQ Quantum Ultra
MAX, NIDQC, Hanoi, 2004 Triple Quadrupoles, 2009

~ PGS. TS. Trinh Van Quy
PGS. Doan Hiru Khac g

Merck -Hitachi,  Hewlett-Packard
655-12A,NIDQC, HP-1100 NIDQC,

Hanoi 1987 Hanoi 1996
2010 — to date many LC-MS/MS triple quad have
GS.VS. Bang Vi Minh GS.TS. Luu Vin Boi been equibled in many Labs of Vietnam
GS.TSKH. Tran Van Sung = st n
PGS.TS. Tran Viét Hung
1 m In IDQC HCMC, we ;
. have 12 LC-MS from
| - Agilent, Shimadzu,
Waters
- The last equipped
B
: : Thermo LTQ XL (Orbitrap), Waters Xevo G2-Xs
Varian 900-MS Series FTICR MS
: : ’ Faculty of Chemistry, University Qtof, IDQC HCMC
R O CTEnisty, VAST, of Natural Sciences, 2009 2019

2009



2. Unforgettable memories, grateful to Prof. Pham Hung Viet

* 1995 in Faculty of Chemistry, 17-19 Le Thanh Tong, St;
1996 Prof PH Viet gave lectures of UV-Vis, HPLC and
trainings in NIDQC, 48 Hai Ba Trung St., Hanoi

« 2002, participated in the scientific conference held by the
Research Center for Environmental Technology and
Sustainable Development, on Analysis for Endocrine
Disrupying Compouds in the environments — EDCs,

Hanoi Feb., 2020, VAST, 18
Hoang Quoc Viet St.,

Ban T4 chire tran trong kinh m&i Ong/Ba
The Organizer requests the pleasure of your company

« 2003, participated the 10th Asian Chemical Congres,
Hanol
— Mutiresidues analysis of organochlorine pesticides in
Panax ginseng using Solid Phase Micro-Extraction —
GC - MS

PGS.TS. TRAN VIET HUNG

@én dy va trinh bay bdo cdo/ to join and present a presentation
7t ANALYTICA VIETNAM CONFERENCE

Théi gian: ngay 12 thang 5 nam 2022

+ After nearly 20 years, honorably invite , '@ =

12, 2022, 7th ANALYTICA VIETNAM _
Published papers since ST TN
1998... Journal of Analytical 2
Science, Chemistry,

PHAN TiCH

HOA , LY VA SINH HOC
o I of Analytical Sciences

Physic and Biology



Analyst In the field of drug quality control, but most of the
experimental works for 20 years 1996 — 2016 are listed below:

Drug quality control, assay, qualitative, quantitative =» precise, accurate amount to 104 g
Limit test in Drug quality control, food safety analysis, environment analysis =» trace analysis 10° to 104 g

» Anti-counterfeiting and commercial fraud (chemical drugs illegally added in traditional
medicines, dietary supplements...: corticoids, antidiabetics, PDES inhibitors analogues,
sibutramine (2004 — 2010, 2018, 2019);

» Residues of antibiotics (chloramphenicol, streptomycin)...in seafood, aquaculture (2005 -
2007);

« Analysis of aflatoxin, mycotoxins in food and herb, pharmaceutical materials (2002 —
2005);

* Analysis of melamine in milk and dairy products (2005 — 2006);,

« Residues of clenbuterol, salbutamol in pork meat (2006 — 2007),



Analyst In the field of drug quality control, but most of the
experimental works for 20 years 1996 — 2016 are listed below:

Herbicide residues 2,4 - D, 2,4,5—-T... (2004-2005)

Pesticides (organic chlorine, organophosphorus, pyrethroid) in medicinal herbs, herbal
products... (1999 — 2005)

Analysis of drugs in biological fluids during new drug development, for clinical evaluation
and monitoring, bio equivalence (BE)...(2006 — to date)

In forensic toxicology research: analysis of synthetic drugs of amphetamine group (ATS),
Narcotic addictive group (2008 — to date);

Analysis of doping substances in sports (2009 — 2011);

Analysis of war poison dioxin...etc



3. Brief report of history and analytical method for nitrosamine impurities
control in the Words and in Vietham

NEW LIQUID CHROMATOGRAPHY TANDEM
MASS SPECTROMETRY METHOD FOR QUALITY CONTROL OF
NITROSAMINE IMPURITIES (NDMA, NDEA, AND NMBA) IN SOME
PHARMACEUTICAL PRODUCTS (VALSARTAN, IRBESARTAN,

LOSARTAN, CANDESARTAN, AND TELMISARTAN TABLETYS)



« History of nitrosamine impurities
Regulations of FDA and EDQM

FDA EDQN tﬁ?egr::e investigation FDA EDQM

- Tested and expanded the recall " “‘ - . - EDQM released test
to other manufacturers’ valsartan forfdDMAJimpurity in valsartan APls RE'EES?{’ ttim method for NDMA
sroducts Based on the EDQM test results and resulls for tne andINDEAL:

o . the response received from the el

- -NDEA mpurity found in one P sartans by using

valsartan containing product manufaclturers, EDQM exiended the : UHPLC-APCI-
suspension to a few more CEPs. quad method is STIS

issued
GC-MS3/MS triple
quad method is
jgsued

= EDQM in coordination with OMCLs
is working on developing test
procedures to control these

JU|Y-20‘| ] impurities_

EDQM continuing
the CEPs review for
sartans

September-2018

August-2018 October-2018

. FDA EDQM EDOM
pNDMAlidentified in one valsartan EMA alerted the EDQM FDA Q

API producer (ZHP-China) by and suspended the = FDA placed Zhejiang = MDEA]detected in valsartan
voluntary reporting valsartan CEP for Huahai Pharmaceuticals made by ZHP
valsartan recall initiated due to the Zhejiang Huahai on import alert on = EDQOM extended the

resence o : eptember 28, investigation for all kinds o
p f NDMA Pharmaceuticals (ZHP) September 28, 2018 i igation for all kinds of
Proposed 96 ng NDMA, is - EDQM initiated the review = FDA reminded Mitrggamines including NDMA
considered reasonably safe for manufacturing process manufacturers that it is andMDEAlto other sartans

eased 3 methods
in valsartan:
MS (HS-Single quad), HPLC-
UV and APCI-UHPLC-MS/MS

thej 0 = 0
develop and use suitab
methods to detect
impurities

of other manufacturers




* History of nitrosamine impurities
Regulations of FDA and EDQM

FDA

FDA EDQM
= FDA continued the testing and recall of - EDQM suspended CEPs of ZHP for =
nitrosamine impurities containing sartan Irbesartan and Losartan.
products and updating the test results. -

- FDA updates table of |r1ter|m limits for

DA posted new testing methods: direct
|n|ect|on GC-MS method godbagd

NS method fog MDM
NDEA MDIPAJand MEIPATT ies.

by using LC-MS

November to December-
2018

EDA January to May-
2019

FDA has updated lists of valsartan products

DQM proposed temporary limits for

proposed test method for

products and

results.

June to December-

2019

FDA

under recall and valsartan products not - FDA continued the testing
under recall. EDQM and recall nitrosamine

FDA posted Q&A for healthcare = EDQM suspended CEPs impurities containing
professmnals and patients of a few more sartan products and

FDA artan manufacturers updating the test results.
pr{:duct and Mylan and Teva s valsartan = FDA announced ongoing
products. efforts to resolve safety -
FDA published combined head space and issue with ARB

comblned direct injection GC-MS methods

FDA propos
for ARBs

medications.

FDA continued the -
testing and recall of
nitrosamine impurities
containing sartan

updating the test

EDQM

EDQM created a new web page for nitrosamine

contamination

= EP launches a public consultation (APR to JUM-
2020) on a new general chapter for the analysis of
nitrosamines.

- The general chapter proposes three procedures an
are validated as limit tests with a target concentrati
of 30 ppb; for given active substances.

From 1 October 2020, applicants and CEP holders
should systematically include a risk assessment
regarding the potential formation of nitrosamines in
any new CEP application.

EDQM
European Commission has
issued its final legally binding
decision for medicines
containing valsartan,
candesartan, irbesartan,
losartan and clmesartan_ It
defines a transition period of
2 years.

After the transition period
(from April 2021) sartans with

oo must oot
| contain quantifiable levels of
MNOMA and MODEA

{corresponding to less than
0.03 ppm)

January-2020
to-date




FDA and EQDM Regulations on Ranitidine and Nizatidine

FDA

FDA updated laboratory test results for ranitidine and

nizatidine.

FDA has set the acceptable daily intake Iimitfc: at

0.096 micrograms or 0.32 ppm for ranitidine
FDA initiated recall and advised compagies to recall their
ranitidine if testing shows levels nabmre the

acceptable daily intake.

September to October-

2019

DA
FDA foundMDMA fimpurity in ranitidine

and alerted healthcare professionals.
FDA worked with international regulators
and industry partners to detarmine the
source of this impurity in ranitidine

FDA initiated recall of NDMA containing
ranitidine products

FDA identified haatiogthe sample
produced more —hence LC-MS
procedure was recommended.

FDA released another LC-MS method with
widely used triple quad technology

FDA

Amneal Pharmaceuticals voluntarily =
recalled nizatidine oral solution (15

mg/mL) from the market.

FDA advised companies to recall
their nizatidine if testing shows
levels o above the
acceptable daily intake limit (96
nanograms per day).

January-2020

(@)

=/

EDQM

EMA's human medicines
committee (CHMP)
recommended the suspension
of all ranitidine medicines in the
EU due to the presence of low
levels of an impurity called Il
nitrosodimethylamine

November to December-

epam 2019

In September 2019, EDQM
was informed about the
aoce of low levels of

in ranitidine HCI| and

the CEPs for ranitidine HCI
were suspended until more
information on the

mechanis dgasring the
formation 0m in this
substance becomes

available.

FDA
The agency has determined that the
impurity in some ranitidine products
increases over time and when stored at
higher than room temperatures and may
result in consumer exposure to
unacceptable levels of this impurity

April-2020
to-date
FDA

FDA requests removal of all ranitidine
products {Zantac) from the market.




FDA and EQDM Regulations on Metformin

FDA

npdated laborato = =sults for metformin. . \
FDA puhllshed LC-HRMS methodNor the detection metformin n rifapentine drug substante and drug product.
drug substance and drug products

DEC-2019

FDA

The FDA is aware that some metformin
diabetes medicines in other counttas were
reported to have low levels of NDMA

The acceptable daily intake limit fof NDMA
in the U.5. is 96 nanograms.

FDA initiated testing fo NDMA]n
metformin.

N\

JAN-2020

EDQM
In December 2019, EDQM was_informed
about the presence of traces un
metformin HCI and contacted allTielders of
metformin CEPs and requested them to
address this issue. At this stage there is no

indication that metformin HC| drug substance
is affected

=/
Sep-2020

FDA
FDA recalled several extended release
(ER) metformin tablets and published the
list including details about metformin
products.
Bayshore Pharmaceuticals
voluntarily recalled two lots of extended
release (ER) metformin (one lot of 750
mg tablets and one lot of 500 mg tablets)




Regulations on management of Nitrosamine impurities in Sartan of
Drug Administration of Vietnam, DAV- CV, 5853/QLD-CL, controlling API
Ingredients for manufacturing sartans finished products on April 19, 2019

Acceptable Acceptable Acceptable
Max intake intake Limit intakec Limit intakec Limit

A A 7 i v

Sulpftance
s [ Tén duge

> [
chit

Valsartan

Losartan

Irbesartan

Azilsartan

Olmesartan

Eprosartan

Candesartan

Telmisartan

(Cuc Quan ly Duoc sé tié:l? tuc cdp nhat vé gioi han cdc tap chat khdc thudc
nhém nitrosamine sau khi co két qua danh gia nguy co).



Regulations on management of Nitrosamine impurities in Sartan of Drug

Administration of Vietham, documentary DAV- CV, 16813/QLD-CL;
Report on detection of ranitidine-containing drugs containing NDMA impurities
exceeding the allowable limit on October 2, 2019

In case the batch of Ranitidine pharmaceutical ingredients
contains NDMA impurities, the allowable limit of NDMA
Impurities must not be exceeded according to the acceptance
limit specified in ICH M7; specifically: The temporary
acceptable NDMA limit should not exceed 0.32ppm (calculated
on the maximum acceptable dose of NDMA is
96/nanogram/day and the maximum using dose of Ranitidine
IS 300mg/day).




Regulations on NDMA in Metformin, documentary DAV-CV 297/QLD-CL
Metformin quality control dated January 25, 2021

The only batches of pharmaceutical ingredients Metformin may
be put Into production, which meet quality standards and
contain NDMA impurities that must not exceed the allowable
limit of NDMA Impurities according to the acceptance limit
specified in ICM M7: The temporary acceptable NDMA limit
should not exceed 0.32ppm (calculated on the maximum
acceptable dose of NDMA is 96 nanogram/day).



Nitrosamine impurity analysis methods

* In the world

— US Pharmacopoeia (USP 43): Analysis of nitrosamines in the
Sartan group (APl and finished products):. GC MS/MS and
HPLC MS/MS

— British Pharmacopoeia (BP 2021): Analysis of nitrosamines
In the group of Sartans (APl and finished products): GC
MS/MS and HPLC MS/MS; methods-Singapore: Analysis of
NDMA in metformin (APIl) and finished products: GC MS/MS



USP 2021

4 proceduce: effective December 1, 2021

-Proceduce 1: Quantitation of NDMA, NDEA, NDIPA, NEIPA, NMBA, NMPA, and
NDBA in selected sartans (valsartan, irbesartan, and losartan potassium) by HPLC-
HRMS

-Proceduce 2: Quantitation of NDMA, NDEA, NDIPA, and NEIPA in selected sartans
(valsartan, irbesartan, losartan potassium, olmesartan medoxomil, candesartan cilexetil,
and telmisartan) by headspace GC-MS

-Proceduce 3: Quantitation of NDMA, NDEA, NDIPA, NEIPA, NMBA, and NDBA In
selected sartans (valsartan, losartan potassium, olmesartan medoxomil, candesartan
cilexetil, and telmisartan) by HPLC-MS/MS

-Proceduce 4: Quantitation of NDMA, NDEA, NDIPA, NEIPA, NMPA, and NDBA In
selected sartans (valsartan, losartan potassium, and candesartan cilexetil) by GC-MS/MS
(triple-quad)



BP 2021

3 proceduce:
- Proceduce A (LC MS/MS)
- Proceduce B (GC MS)

- Proceduce C : guantitative test

limit test (30ppb)

Table 2.5.42.-1. - Scope of the validation

Active
substance
{monograph
number)

NDMA NDEA NDBA NMBA NDiPA

NEiPA

NDPA

Candesarian
cilexetd!

oy
|:_'|, .l_ll

Irbesartan
(2465)

Losartarn
potassium

(2232}

Olmesarian
medoxomil
{2600)

Valsartan

[£4.23)

A*BC

A*RC

L L

A*BC

A*RC

ABC

ABC

ABL

ABC

ABC

AC

AC

Al

AC

AC

AC

AC

AL

AC

AC




Nitrosamine impurity analysis methods in Vietham

* NIDQC, Hanoi, MOH (ISO/IEC 17025, GLP, WHO Prequalified Labs)
— NDMA, NDEA: GS-MS/MS, headspace and direct injection),
— NMBA: LC-MS/MS

 IDQC HCMC, HoChiMinh City, MOH (ISO/IEC 17025, GLP, WHO
Prequalified Labs)

NDMA, NDEA, NMBA: LC-MS/MS simultaneous gquantitation

« TSL Testing Center (ISO/IEC 17025)
Not reveal, may be using USP 43 Monographs, GC-MS/MS and LC-MS/MS



IDQC HCM Method for nitrosamine Impurities
(NDMA, NDEA and NMBA) in some pharmaceutical

products g0
e N il CH, O
[Genotoxic Impurity] N O L N cH O N
| T T T N OH
CH,
N-nitrosodimethylamine, NDMA  N-nitrosodiethylamine, NDEA N-Nitroso-N-Methyl-4-Amino
C,H¢N,0, 74.08 g/mol C,H;,N,0, 102.13 g/mol Butyric Acid, NMBE

146.14g/mol

Chromatographic conditions

- UPLC Waters (USA)
chromatography system
composed by: binary solvent
manager ACQUITY |, mass
spectrometry detector (Xevo TQ-
S Micro); sample manager FTN-
and software controller MassLynx
4.1




Chromatographic conditions
Mobile phase: a gradient programme is as follows:

Time (min) 10 mM acetate buffer solution Acetonitrile (%)
pH 3.0 (%)
0 98 2
5 98 2
9 40 60
10 98 2
13 98 2

MS conditions
lonization: Electrospray lonization (ESI), Scan settings: See Table

Nitrosami Acquisitio Polarit Transitions Collisio Cone
ne n mode y n voltag
Impurity energy e (V)
V)
MRM-1
NDMA MRM Positive 75.17 amu — 58.18 8 28
amu
NDEA MRM Positive 103.09 amu — 10 28
28.90 amu
NMBA MRM Positive 147.19 amu — 11 8
44.14 amu
NDMA-d6 MRM Positive 81.22 amu —» 46.11 12 28

amu




Table 1. Limit of sartan impurities, sample weight, dilution factor and test
concentration of relevant drug substance

Sample weight m

Drug Impurity Limit (ppm) () (ma) Test concentration

SRslance /Dilution factor V (ml) (ng/mi)
NDMA 0.3 40
Valsartan NDEA 0.083 1000 mg/ 7.5 ml 11.1
NMBA 0.3 40
NDMA 0.96 40
Losartan NDEA 0.27 625 mg/ 15 ml 11.2
NMBA 0.96 40
NDMA 0.32 40
Irbesartan NDEA 0.088 625 mg/ 5 ml 11.0
NMBA 0.32 40
NDMA 3.0 40
Candesartan NDEA 0.83 200 mg/ 15 ml 11.1
NMBA 3.0 40
Telmisartan  NDMA 1.2 40
NDEA 0.33 500 mg/ 15 ml 11.0

NMBA 1.2 40




Sample Name: Nitrosamines SST-4

F1:MEM of 2 channels,ES+

75.17 = 58.18

3.755e+003

Sample Name: Nitrosamines SST-4
F3:MRM of 3 channels,ES+

147.16 > 44.14

5.354e+004

Sample Name: Nitrosamines SST-4
F1:MRM of 2 channels ES+
81.22 > 46.11
NDMA-dé 4.257e+003
1.71
1652.86
1.65e3

100

IIlIIIIlIIIIIIIlIIlIImin
2.5 5.0 7.5 10.0 12.5

Sample Name: Nitrosamines SST-4
F2:MRM of 2 channels,ES+
MNDEA 103.09 > 28.9
757 7.183e+002
106.60
1.07e2




Table 2, 3. System suitabllity testing results, retention time ratio of standard and sample

No. Peak response ratio of S/IN \
NDMA/NDEA/NMBA to NDMA-d6
NDMA NDEA NMBA NDMA NDEA NMBA NDMA-d6
1 0.632 0.065 17.571 12.94 6.32 359.42 4470.00
2 0.656 0.063 18.771 18.90 7.39 828.55 4712.00
3 0.633 0.061 17.619 10.67 15.55 519.74 4376.00
4 0.610 0.064 17.679 18.77 7.39 835.17 4723.00
S 0.653 0.063 18.630 12.86 6.14 358.13 4472.00
6 0.601 0.068 17.931 10.92 16.31 514.46 4367.00
Average 0.631 0.064 18.034 14.18 9.85 569.25 4520.00
RSD (%) 3.53 3.54 2.96
No. Retention time ratio of Retention time ratio of
NDMA/NDEA/NMBA to NDMA-d6 in NDMA/NDEA/NMBA to NDMA-d6 in
sample chromatograms of valsartan standard chromatograms of valsartan
NDMA NDEA NMBA NDMA NDEA NMBA
4 1.045 4.459 2.012 1.066 4.459 2.012
2
1.022 4.459 2.035 1.045 4.459 2.012
3 1.022 4.459 2.035 1.045 4.459 2.012
4
1.022 4.459 2.012 1.022 4.437 2.012
5
1.022 4.459 2.035 1.045 4.459 2.012
6
1.022 4.459 2.035 1.045 4.459 2.012
Average 1.026 4.459 2.027 4.456 2.012
1.044
RSD (%) 0.81 0.00 0.57 1.33 0.20 0.00

Deviation (%) 1.75 0.07 0.74




Table 4. Limit of detection (ppm) of NDMA, NDEA, and NMBA

Drug substance NDMA NDEA NMBA
Drug substance Drug substance Drug substance
Drug product Drug product Drug product
Valsartan 0.0080 0.0080 0.0022 0.0022 0.0080 0.0080
Irbesartan 0.0080 0.0080 0.0022 0.0022 0.0080 0.0080
Losartan 0.0080 0.0080 0.0022 0.0022 0.0080 0.0080
Candesartan 0.0080 0.0080 0.0022 0.0022 0.0080 0.0080
Telmisartan 0.0080 0.0080 0.0022 0.0022 0.0080 0.0080




Table 6. Results of repeatability precision

Valsartan drug product Valsartan drug substance
Peak response ratio of of NDMA/NDEA/NMBA to NDMA-d6
No. of sample solution NDMA NDEA NMBA NDMA NDEA NMBA
1 0.280 0.040 10.789 0.246 0.018 8.194
2 0.308 0.035 10.222 0.200 0.019 7.802
3 0.276 0.037 10.214 0.188 0.016 8.050
4 0.334 0.044 11.268 0.254 0.018 8.298
) 0.306 0.037 10.146 0.193 0.015 7.946
6 0.273 0.039 10.034 0.200 0.020 7.643
Average (1-6) 0.296 0.039 10.445 0.213 0.017 7.989
RSD (%) (1-6) 8.08 7.77 4.60 13.47 9.48 3.05
Irbesartan drug product Ibersartan drug substance
Peak response ratio of of NDMA/NDEA/NMBA to NDMA-d6

No. of sample solution NDMA NDEA NMBA NDMA NDEA NMBA
1 0.150 0.015 5.007 0.220 0.019 7.307
Z 0.168 0.016 4.823 0.243 0.017 7.679
3 0.174 0.015 5.015 0.254 0.016 7.543
4 0.169 0.017 4777 0.243 0.017 7.719
) 0.141 0.015 4.937 0.227 0.019 7.978
6 0.142 0.016 5.173 0.222 0.020 7.398
Average (1-6) 0] 1577 0.016 4.955 0.235 0.018 7.604

RSD (%) (1-6) 9.44 5.16 2.90 5.85 8.38 3.18




Table 6. Results of repeatability precision

Candesartan drug product Candesartan drug substance

Peak response ratio of of NDMA/NDEA/NMBA to NDMA-d6
No. of sample solution NDMA NDEA NMBA NDMA NDEA NMBA
1 0.205 0.023 7.311 0.169 0.023 6.961
2 0.222 0.024 7.358 0.161 0.019 6.904
3 0.205 0.027 8.200 0.164 0.023 6.848
4 0.201 0.027 8.373 0.181 0.018 6.459
5 0.205 0.028 8.057 0.229 0.019 6.749
6 0.223 0.024 7.329 0.181 0.017 6.413
Average (1-6) 0.210 0.026 7.771 0.181 0.020 6.723
RSD (%) (1-6) 4.72 7.03 6.32 13.70 13.14 3.47

Telmisartan drug product Telmisartan drug substance

Peak response ratio of of NDMA/NDEA/NMBA to NDMA-d6
No. of sample solution NDMA NDEA NMBA NDMA NDEA NMBA
1 0.161 0.017 5.000 0.244 0.022 8.230
2 0.163 0.015 5.229 0.243 0.023 8.048
3 0.166 0.014 4.874 0.248 0.025 7.991
4 0.158 0.019 5.089 0.219 0.023 7.675
5 0.163 0.014 4.903 0.253 0.025 8.008
6 0.149 0.014 4.696 0.242 0.028 8.706
Average (1-6) 0.160 0.015 4.965 0.241 0.025 8.110
RSD (%) (1-6) 3.77 12.69 3.73 4.88 8.64 4.23

Losartan drug product Losartan drug substance

Peak response ratio of of NDMA/NDEA/NMBA to NDMA-d6
No. of sample solution NDMA NDEA NMBA NDMA NDEA NMBA
1 0.326 0.029 11.350 0.190 0.019 7.270
2 0.370 0.035 12.000 0.178 0.022 6.832
3 0.359 0.031 11.612 0.191 0.019 7.218
4 0.295 0.035 11.510 0.148 0.020 6.655
5 0.290 0.030 11.243 0.179 0.022 6.774
6 0.318 0.038 11.557 0.157 0.019 6.706
Average (1-6) 0.326 0.033 11.545 0.174 0.020 6.909

RSD (%) (1-6) 10.09 10.80 2.26 10.12 6.80 3.86




Table 7. LOD of NDMA, NDEA, and NMBA in sartan drug substance as well as tablets using
various analytical procedures (*LOD obtained from the proposed method)

NMBA

No.

No.

D 01 B WN

Method

LC-MS (ESI, Positive)

LC-MS/MS (APCI,
Positive)
LC-HRMS

RapidFire-MS/MS

Method

LC-MS (ESI, Positive)
HS-GC-MS
LC-MS/MS
GC/MS-HS

GC/MS-HS
GC-MS/MS

GC-MS/MS
GC-MS/MS

LC-HRMS

Analytical Instrument

Acquity UPLC I-Class Plus + Xevo TQ-S Micro
Shimadzu HPLC + Sciex QTrap 5500

HPLC or UHPLC system equipped with temperature-controlled autosampler
and column compartment Q ExactiveTM hybrid quadrupole-orbitrap mass
spectrometer or Q ExactiveTM HF-X hybrid quadrupole-orbitrap mass
spectrometer (ThermoFisher Scientific)

Mass Spectrometry

(Agilent 6460C)

NDMA

Analytical Instrument

Acquity UPLC I-Class Plus + Xevo TQ-S Micro

Shimadzu GC-2010Plus + GC-MS QP2020 + HS-Auto-sampler
Agilent Infinity 1290 UHPLC + 6460 APCI-QQQ-MS
Agilent 7890B GC + Agilent 5977A MSD + Agilent 7697A HS Auto-sampler

Agilent 7890B GC + Agilent 5977A MSD + Agilent 7697A HS Auto-sampler

Gas Chromatograph with Liquid Autosampler and a Triple Quadrupole Mass
Selective Detector

Gas Chromatograph with Liquid Autosampler and a Triple Quadrupole Mass
Selective Detector

Gas Chromatography System with a Quadrupole Mass Spectrometry
Detector and Headspace Auto-sampler

HPLC or UHPLC system equipped with temperature-controlled autosampler
and column compartment Q ExactiveTM hybrid quadrupole-orbitrap mass
spectrometer or Q ExactiveTM HF-X hybrid quadrupole-orbitrap mass

Drug Product, LOD

(ppm)
0.0080*

NA

0.01 (8)

0.05 (9)

Drug Product, LOD

(ppm)
0.0080*

0.02 (3)
0.05 (11)
NA

NA
0.015 (5)

0.008 (6)
0.01 (7)

0.005 (8)

Drug Substance, LOD

(ppm)
0.0080*

0.0086 (10)

0.01 (8)

0.05 (9)

Drug Substance, LOD

(ppm)
0.0080*

0.02 (3)
0.10 (11)
0.05 (4)

0.005 (2)
0.010 (5)

0.005 (6)
0.01 (7)

0.005 (8)



Table 7. LOD of NDMA, NDEA, and NMBA in sartan drug substance as well as tablets using

various analytical procedures (*LOD obtained from the proposed method)

NDEA

No.

Method

LC-MS (ESI, Positive)

GC-MS/MS
LC-MS/MS

GC/MS-HS

HS-GC-MS
GC-MS/MS

GC-MS/MS

GC-MS/MS

LC-HRMS

Analytical Instrument

Acquity UPLC I-Class Plus + Xevo TQ-S Micro

Agilent 7890B_7000D
Agilent Infinity 1290 UHPLC + 6460 APCI-QQQ-MS

Agilent 7890B GC + Agilent 5977A MSD + Agilent 7697A HS Auto-
sampler
Shimadzu GC-2010Plus + GC-MS QP2020 + HS-Auto-sampler

Gas Chromatograph with Liquid Autosampler and a Triple
Quadrupole Mass Selective Detector

Gas Chromatograph with Liquid Autosampler and a Triple
Quadrupole Mass Selective Detector

Gas Chromatography System with a Quadrupole Mass
Spectrometry Detector and Headspace Auto-sampler

HPLC or UHPLC system equipped with temperature-controlled
autosampler and column compartment Q ExactiveTM hybrid
quadrupole-orbitrap mass spectrometer or Q ExactiveTM HF-X
hybrid quadrupole-orbitrap mass spectrometer (ThermoFisher
Scientific)

Drug Product, LOD
(Ppm)

0.0022*

0.005 (1)
0.02 (11)

NA

0.02 (3)
0.015 (5)

0.002 (6)

0.01 (7)

0.016 (8)

Drug Substance,
LOD (ppm)

0.0022*

0.005 (1)
0.04 (11)

0.02 (2)

0.02 (3)
0.010 (5)

0.001 (6)

0.01 (7)

0.016 (8)




CONCLUSION

 Under the conditions described, the New Liquid Chromatography
Tandem Mass Spectrometry Method has been developed to
simultaneously quantify NDMA, NDEA, and NMBA in the “sartan” tablets
for Quality Control purpose. The method was fully validated according to
the International Conference on Harmonisation guideline ICH (Q2R1) on
Validation of Analytical Procedures and was determined to be repeatable
and specific as a analytical procedure for impurity limit test. The
detection limit for NDEA and NMBA met the requirement of the Drug
Administration of Vietnam. The method of analysis can be useful
reference material by laboratories and regulatory agencies including
pharmacopoeia commissions in quality control or developing
monographs.



Method

Instruments

Sample
preparation

Chromatograp
hic condition

Analysis NDMA, NDEA using GC-MS headspace or GC-
MS/MS direct injection, and analysis NMBA by LC-MS-MS

NDMA, NDEA

GC-MS: Agilent 7890 GC with Agilent 5977 A MSD and
Agilent 7697 A HS Autosampler

NMBA LC-MS: UPLC Waters with Xevo TQD and ESI
Soucre

GC MS Headspace: 500 mg API + 5ml NMP into 20 ml vial
headspace, vortex; GC MSMS Direct Injection: 500 mg API +
5ml IS (NDMA C13-d6) + 2 ml MeCl2, vortex 1 min,
centrifuge 4000 rpm for 2.5 min; LCMS (NMBA) : 500 mg API
+ 2ml IS NDMd6 Stock+ 5 ml Diluent (MeOH- H20 =1:1), SA
30 min, centrifuge 900 rpm x 10 min, filter through 0,2 um
membrane

NDMA NDEA
GC MS Headspace

GC/MS - HS Parameters
Instrument:

Agilent 7890B GC with Agilent 5977A MSD and Agilent 7697A HS
Auto-sampler

Column: DB-1701,30m x 0.25 mm, 1.00 pm (PN: 122-0733), or equivalent
Inlet Temperature: 220°C

olumn Flow: 1 mL/min

Split Ratio 5:1

Oven Program: 40 °C for 0.5 min.; 20 °C/min to 160 °C, hold for 0 min; 10 °C/min to 240 °C,
hold for 2 min.

N D MA N D EA GC Run Time 16.5 min.
GC Cycle Time: 25 min.

GC MS MS injection

Gas Chromatograph (GC) Conditions

250°C

250°C

Pulsed Splitless: 12.285 psi until 0.5min

2L

1 mL/min

40 °C for 0.5 min—>200 °C at 20 °C/min->250
°C at 60 °C/min and hold for 3 min

NMBA

12.33 min

LC MS/MS

Simultaneous analysis of NDMA ,NDEA, NMBA bang LC-
MS/MS

UPLC AQUITY Class | WATERS
Detector TQS Micro ESI Source

Weigh x mg APl +V ml Diluent (buffer —~ACN 98:2), =>
NDMA,NDEA, NMBA concentrations are 40,11,40 ng/ml,
sonicate forl5 min, centrifuge 4000 rpm x 5 min. pipet 2 ml +
150 ul IS NDMA-d6 loc qua mang loc 0,22 um

NDMA NDEA NMBA

UPLC MS/MS: Column: HSS T3 C18 (100 x 2.1; 1.7 um);
Mobile phase A: amoni acetate 10 mM pH 3.0; Mobile phase
B: Acetonitril; Flow rate: 0,3 ml/min; Injection volume: 50 ul
Autosampler: 15 oC
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Analysis of nitosamine impurities by NIDQC and IDQC HCMC, Metformin

Method LC-MS/MS LC-MS/MS

Instruments GC-MS: Agilent 7890 GC with Agilent 5977 A MSD and Agilent 7697 AHS ~ Hé théng UPLC AQUITY Class | WATERS
Autosampler Pau do Xevo TQS Micro ESI Source

Sample
preparation

Chromatograp
hic condition

2.2.2.2 Phirong phap chuédn bi mau:
- Dung mgéi: Dicloromethan
- Chudn néi: NDMA — d6 néng dé 50 ng/ml trong HCI IN.

- Mé&u chuén: Tir chuan gbc NDMA 5000 ppm trong methanol va NDEA 5000 ppm trong methanol
pha lofing véi dicloromethan dé duge diy chudn hén hep ¢d ndng d6 NDMA va NDEA la: 100,
80, 40, 20, 10, 5 va 2.5 ng/ml c6 sin NDMA- dé néng dd 50 ng/ml lam chuan ndi.

- Méu thir (nguyén liéu): Can chinh xac khoang 500 mg Metformin vio lo thuy tinh nip xoay dung
tich 33 ml. Thém chinh xdc 5.0 ml chuin ndéi (NDMA —d6 ndéng d& 50 ng/ml trong HCI 1N). Lic
xody 1 phut. Sau d6 thém 5,0 ml dicloromethan, lic xoay 2 phut. Ly tam 3500 vong/ phut trong 5
phut. Két qua thu dugc la 16p nude bén trén va lép dung méi hitu co & phia duéi. Dung pipette
hut khoang 2 ml dicloromethan & 16p dudi, loc qua mang loc 0,45 um va chuyén vao vial dem
phéan tich.

- Maéu thir (ché phdm): Lay 10 vién nghién thanh bdt min. Can 1 lrgng mau thir twong tng véi 500
mg Metformin vao lo thuy tinh nip xoay dung tich 33 ml. Thém chinh xic 5,0 ml chuin néi
(NDMA —d6 néng do 50 ng/ml trong HCI 1N). Lic xo4y 1 phit. Sau d6 thém 5,0 ml dicloromethan,
lac xody 2 phut. Ly tam 3500 véng / phut trong 5 phut. Két qua thu duge 1a lop nwée bén trén va
16p dung méi hiru co & phia duéi. Dung pipette hut khoang 2 ml dicloromethan & lop duoi, loc
qua mang loc 0,45 pm va chuyén vao vial dem phéan tich.

Song song chuan bi mau spike trong tir, ding dung dich cl;uén NDMA 3.2 ng/ml, NDEA néng
d6 8.8 ng/ml, chuin ndi NDMA — d6 ndng d6 50 ng/ml chuin bi trong HCl 1N dé danh gia hiéu
suit phuong phap

Gid r chi it

Ché dg tiém Pulsed Splitless: 25 psi until 0.5 min

Nhiét 6 budng titm mau  [ERIE

Nhigt dd cot 40°% (15 phat), téng 20°C/phit dEn 200%C, tEng

60°C/phit dén 250°C va gilt 3 phut

Tong thv gian phan tich 13.333 pht
2
The tich tiem 2ul

Heli L0 mi/phit

- Pdi v&i mau nguyén liéu: C&an chinh xac khoang 3.0000 g nguyéEn
lidu metformin vao binh ndn vt mai SO0 ml. thém chinh xac 10 ml
murcre, lic sigdu Sm 15 phut. d& ngudi. Iy tédm dung dich thu dwuoc woi
téec 48 4000 vang'phit trong 5 phat. Hat chinh xac 2 ml dung dich I
téam trén vao Sng nghigém thuy tinh., thém chinh xac 100 pl ndi chuin
IS1 vao Sdng nghidm tré&n. l&c xoay 1 phuat. Nap 1 ml dung dich trén 1&n
cHt SPE Strata C18-FE (55 pun. 70 A): SO00mg/6ml, ira giai v&i tde da 1
it/ gidy. thu dich loc. Tiép tuc 1tra giai lap lai nhwr trén v&i 1 ml dung
moi A, gop cac dich Ioe wva loc gqua mangeg loc 0.22 pan.

- 281 v&i mau thudc vién nén: Can khdi lugng ctia 20 vién. nghién
min, trén déu. Can khbi luvong bot thudce twong g 3.0000 g metfor-
min cho wvaoc binh ndn vt mai SO0 ml. thém chinh xac 10 ml mawdc
sigdu dm 15 phat. Ly tém dung dich thu dueoc vw&i tde d8 4000 vongphiit
trong 5 phtut. HGt chinh xac 2 ml dung dich ly tédm & trén vao dng
nghigm thuy tinh. thé&mn chinh xac 100 pl ndi chuidn IS1 vao dng
nghigém trén. ldc xoay 1 phat. WNap 1 ml dung dich trén 1&n cdtt SPE
Strata C18-FE (55 pum. 70 A): S00meg/6ml, mra giai vdi tde d6 1 giots
sidy. thu dich loc. Tidp tuc 1ra giai lap lai nhw trén v&i 1 ml dung moéi

AL, gop cac dich loc va loc gqua mang Iloc O.22 puan.

Column: HSS T3 C18 (100 x 2,1 mm; 1,8 pum); autosampler tem.: 15 °C
Inj.vol: 50 pl; : Gradient

Theén mian (phat) Dung mdi A (o) Dung mdor B (%0)

0 o8 2
4 o8 2
7 0 100
15 0 100
16 o8 2
21 o8 2



Analysis of nitosamine impurities by NIDQC and IDQC HCMC, Ranitidin

Method

Instruments

Sample
preparation

Chromatograp
hic condition

LC MSMS

Sciex Qtrap 6500+

* Phan tich tap NDMA — trong Raniﬁdin:(tiép)

+ Dung dich chuin noi lam viéc:

* Chuén bi dung dich chuén noi lﬁm viéc trong nudc co nf")ng do NDMA-d6 1a
I pg/mL

+ Dung dich chuén:

* Chuén bi diy cac dung dichmchuezm trong nrée c6 ndng d6 NDMA lan luot 1a
2,4, 10, 20, 40 ng/mL va chuan noi NDMA-d6 1a 5 ng/mL

+ Dung dich thir:

Can chinh xac khoéng 134 mg nguyén li¢u Ranitidin HCI (twong duong 120
mg Ranitidin) vao binh dinh mirc 10 mL.. Thém 6 mL nudc, thém 50uL dung
dich NDMA-d6 ndng d6 1pg/mL. Lic xoay cho tan hét. Lam diy bing nuéc

30°C
0,8 mL/phut
Acid formic 0,1%,/Methanol
Acid formic 0,1%%/Nuwérc
Chwrotng trinh gradient Thi gian Pha dong A% Pha ddng B %
(phuit)
Q 5 95
1,2 5 95
3 20 20
b 100 0
7.4 100 0
7.5 5 95
12 5 95
10 pL

6 °C

LC MSMS

UPLC AQUITY Class | WATERS,
Xevo TQS Micro ESI Source

- P61 v&i1 mau nguyén lidu: Can chinh xac khoang 1.000 g nguyén lidu
ranitidine hofc metformin vao binh nén nfat mai 50 ml, thém chinh
xac 10 ml nude. lic siéu am 15 phut. dé ngudi, ly tdm dung dich thu
duoe véi tée d6 4000 vong/phit trong 5 phat. Hit chinh xéc 2 ml dung
dich ly tAm trén véo éng nghiém thuy tinh, thém chinh xac 100 ul néi
chuén IS1 vao éng nghiém trén, lic xoay 1 phut. Nap 1 ml dung dich
trén 1&n cdt SPE Strata C18-E (55 pm. 70 A); 500mg/6ml, rra giai véi
tée dé 1 giot/ gidy. thu dich loc. Tiép tuc rra giai lap lai nhw trén vaéi
1 ml dung méi A, gdp céc dich loe va loe qua mang loe 0.22 pm.

- Hé théng UPLC — MS/MS

= Cot: C18 (100 x 3 mm: 3 pm)
o MNhiét dd cdt: nhiét 46 phong
e Nhiét dd auntosampler: 15 °C
e Thé tich tiém: 10 pul

e Chwong trinh chay: Gradient

Thér gmian (phat) Dung mdl A (%) Dung mds B (%o)

0 98 2
4 98 2
7 0 100
15 0 100
16 98 2
21 o8 2




VIEN KIEM NGHIEM THUOC THANH PHO HO CHI MINH
Institute of Drug Quallty Control — HoChiMinh City, Ministry of Health
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* IDQC HCMC Labs
equipments, the
future of multi-
functional QC labs,
guality control for
food,
pharmaceuticals,
cosmetics, vaccine
and bio-medical
products, seeking
for research co-
operation, support
and service from
State bodies and

private companies 200 Co Bac St, Co Giang Ward, Dit. 1, HoChiMinh City
https://www.vienkiemnghiem.gov.vn; www.nigc.gov.vn
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R&D, academic researches: drug discovery & drug development, industrial

R&D labo, QC Labs... Analysis of active ingredient structure (NMR, MS,
1~ \ | IR,...), quantification, purity determination

Bruker NMR
Spectrometer 400MHz

Times
(min)

Spectra

1mg Acid salicyclic/ MeOD,;
400MHz; Prodigy



In IDQC HCMC, we have 12 LC-MS from Agilent, Shimadzu,
Waters, 65 HPLC with variety of detector ‘




Drug Discovery and Development - DDD

CHs

= Drug discovery s~ Ao L=

 Chemical synthesis Ir ) im(%
 Natural screening Y f L
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Long time ago, many active substances were isolated from herbs and plants =» Phytochemistry, botanical
chemistry

OCHg

Reserpin OCHjs

OCHs
OCHg

Ej/ glucose

Salicin

e
N CO,CH3
H
O
: O
Cocain Atropin Hyoscm



2008 — 2010, NIDQC research collaboration
National Research Project

1R Ol gEguyen Hung Thu

japonicae Chlorogenic acid \ B
Acid 3-[[3-(3,4-

" Dihydroxyphenyl)-1-ox0-2- ~  _A"\_A"
propenylloxy]-1,4,5- trinydroxy
cyclohexane-carboxylic
C,6H150¢ ; 354.3 H..

Asso.Prof. Trinh Van Lau
Tran Viet Hung, NIDQC | iorin

OCHz  Acacetin-7-O-B-
D-rutinoside

CogH3,044, 592.5
Flos Chrysanthemi indici

F=-Rutinose

Nuciferin
5,6,6a,7 tetrahydro-1,2-
dimethoxy-6-methyl-Dia
benzoquinolin; C;gH,;NO,.

295,2
N/CH3

H;CO

H3CO

ortex
H Hollarenae
| antidysenterica

Extraction, isolation, purification and characterization
active ingredients from medicinal plants

OH
Conessin
(3beta)-N,N- HO Kaempfe rol
dimethylcon-5- _
enin-3-amine; OH 3,5,7-trihydroxy-2-(4-

hydroxyphenyl) -4H-1-
benzopyran-4-one;
CisH1Og; 286.2

CyaH 0N, 56.6

=

Prof. Chau Van Minh _
2. Holothurin B

2

Holothurigenol-3-O-[6”-deoxy-p-D-
glucopyranosyl-(1"—2’)-p-D-
xylopyranosit]- 4'-O-sulfat natri
C,HssNaO,;S; 882.5

- Holothuria scabra
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Asso.Prof. Le Viet Dung

Phyllanthin
HsCO
3 ~S0CH,
... OCH
H3CO e 3
(2R 3R)-1,4-bis(3,4-
dimethoxyphenyl)-2,3-
bis(methoxymethyl)bu OCHjs

tane; Cy,H3404.418.5

Prof. Pham Thanh Ky
Myricetin

OH
HO 0 O
‘ | OH

OH 3,3'4'5,5,7-

OH O Hexahydroxyflavone

C15H1008

Asso.Prof. Trinh Thi Diep
Silybin

A
OH O

3,5, 7-trihydroxy-2-[3-(R)-(4-hydroxy-3-
methoxyphenyl)-2-(R)-(hydroxymethyl)-
2,3-dihydro-1,4-benzodioxin-6-
yl]chroman-4-one); C,sH,,0,,; 482.4

Prof. Phan Van Kiem

~ Malloapelta B

1-(5,7-dimetoxy-2,2-dimetyl-
2H-cromen-8-yl)-but-2’-en-

Folium Mallotus apeltae




Bioequivalence (BE) study of generic drugs

O

atented drug,
Invented Drug

* Generic drug

» Super generic drug
(China, India, Brasil)

Bristol-Myers Squibb, 03/03/1992 (U.S. Patents) = 02/03/2012



Analytical method development and validation

1€ Fond and Driia Adem

Drug Substance Specification

Attribute Acceptance Criteria | Analytical Procedure
(typical values) (for example)
Identity Matches Standard IR or HPLC/UV
Assay 98-102% HPLC
Appearance Color Visual
Impurities <1%to few % HPLC
(Related Substances)
Inorganic Impurities | Heavy Metals (ppm) | Spectroscopy

Na, etc ~ %

Residue on [gnition

Residual Solvents

ppm to 0,.5%

Head-space GC

Particle Size Case-by-case Sieve, Laser Diffract,
Solid-State Form Conforms/limit Powder X-Ray; IR
Water Content Few % Chemical or wgt. loss

Microbial Limits
Or
Sterility

f of total acrobes and
fungi per gram
Pathogen (-)

Growth in special
media

Etablishing
Chemical
Reference
Standards

2



PCR gene sequencing, DNA identification of medicinal plant, herb
medicines

KET QUA PINH DANH DUQC LIEU
Tén mau: Sam Ngoc linh tuoi
S phan tich: 38G0913
Ngay giri mau: 26/07/2019

Két qua: Giai trinh tu 2 chiéu

W
— iy Lt

| ]
MHUE Tai ligu tham khao: PMC - Scientific Reports, “DNA based identification of medicinal
.t 10 materials in Chinese patent medicines”, Rong Chen,Juan Dong, Xin Cui, Wei Wang, Afshan

YYasmeen, Yun Deng, Xiaomao Zeng,and Zhuo Tang.

<F>

CGCTGAGAGCTAGCAGAACGACCCGCGAACACGTTACAATACCGGGTGAGGGACGAGGGGTGCGCAAGCTCCCC
AAGTTGCAAACCCATGGTCGGGGACCGCCCTTGGGTGGCTCTCGTCCGAACAACGACCCCCCGGCGCGGAATGCG
CCAAGGAAATCAAACTGAACTGCGCGCGTCCCCCCCGTTTGCGGGCGGCGGAAGCGTCTTTCTAGAACACAAACG
ACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCA
GAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCATTAGGCCGAGGGCACGTCTGCCTGGG
CGTCACACATCGCGTCGCCCCCCAACTCATCACTCCCTCACGGGAGTCGAGGCGGAGGGGCGGATAATGGCCTCC
CGTGTCTCACCGTGCGGTTGGCCCAAATGCGAGTCCTTGGCGATGGACGTCACGACAAGTGGTGGTTGTAAAAAG
CCCTATTCTCATGTCGTACGGTGACCCGTCGCCAGCAAAAGCTCTCATGACCCTGTTGCGCCATCCTCGACGCGCGC
TCCGACCGCGACCCCAGGTCAGGCGGGACTACCCGCTGAGTTTAAGCTATCAAAAAACCGGGGGAAAGAAAAAG

GAT
Query ID ld|Query_70145 Database Name nr
Description Description Nudeotide collection
- Molecule type nu Program BLASTN 2.8.1+ b (it
Query Length 67

Color key for alignment scores
W <40 W40-50 50-80 Ws0-200 W ==200
Query
| 1 | | | | 1
1 100 200 300 400 500 600

MiniSeq™ cua Illumina Panax vietnamensis




Some other machinery

.y

microclimate cabinet

Extraction and
evaporation system,

Tabletting machine
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