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Appendix A . Batch Data and Certificate  of Analysis 

In this appendix the  analytical data for three independent  batches of Arcofolin®, certificates of 
analysis, and Swissmedic  certificate of GMP compliance are provided. 
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       Summary of Analytical Batch Release Data for Arcofolin® 

Batch 

 

ESY0008-XX ESY0009-XX ESY0010-XX Specification 

 Inspection Lot 890000066482 890000066484 890000066483 

Appearance 

Appearance  color Beige beige beige white   to 
 yellow or  

beige 
Appearance  texture Powder powder powder Powder 

 Identity (IR-Spectrum) 
 Identity  / IR Ok ok ok ok** 

Water   content  (KF, Coulometric) 

 Water  content, %w/w 0.2 0.2 0.2  <=   1.0 %* 
 IC (Cations) 

 Identity  retention  time sodium  conforms  to 
reference 

 conforms  to 
reference 

 conforms  to 
reference 

 conforms  to 
reference* 

 Assay  Sodium  (IC), %w/w 4.5 4.7 4.5  4.0  to  5.0 %* 
 Residual  Solvent (GC) 

 Assay Ethanol,  %w/w 0.06 0.07 0.06  <=   0.5 % 
 Assay  Isopropanol, %w/w 0.00 0.00 0.00  <=   0.5 % 

 Specified  Elemental Impurities 

 Boron  (ICP-OES), ppm  <  LOQ (5)  <  LOQ (5)  <  LOQ (5)   <=  10 ppm 
 Platinum  (ICP-MS), ppm  <  LOQ (5)  <  LOQ (5)  <  LOQ (5)   <=  10 ppm 

 Arsenic  (ICP-MS), ppm  <  LOQ (1.5)  <  LOQ (1.5)  <  LOQ (1.5)   <=  1.5 ppm 
 Cadmium  (ICP-MS), ppm  <  LOQ (0.5)  <  LOQ (0.5)  <  LOQ (0.5)  <=   0.5 ppm 

 Lead  (ICP-MS), ppm  <  LOQ (1.0)  <  LOQ (1.0)  <  LOQ (1.0)   <=  1.0 ppm 
 Mercury  (ICP-MS), ppm  <  LOQ (1.5)  <  LOQ (1.5)  <  LOQ (1.5)   <=  1.5 ppm 

 Assay  & 
(HPLC) 

 Related  Compounds 

 Identity  retention  time HPLC  conforms  to 
reference 

 conforms  to 
reference 

 conforms  to 
reference 

 conforms  to 
reference 

 Assay  Mefolinate,  acid  as  is, % 95.2 95.4 94.3   >=  91.0 %* 
4-Aminobenzoylglutamic  

 (ABGA), % 
acid  0.06 0.09 0.06   <=  0.5 % 

 Hydroxymethyl-THFA 
 (HOMeTHFA), % 

0.11 0.29 0.11   <=  1.0 % 

 Mefox, % 0.02 0.02 0.02  <=   1.0 % 
 Tetrahydrofolic  acid  (THFA), % 0.07 0.07 0.10  <=  0.5 % 

7,8-Dihydrofolic   acid  (DHFA), % 0.01 0.01 0.01   <=  0.5 % 
 Folic  acid  (FA)  , %  <  LOQ (0.01)  <  LOQ (0.01)  <  LOQ (0.01)  <=   0.5 % 

 Methylenetetrahydrofolic 
 (CH2THFA), % 

 acid 0.02 0.02 0.02   <=  0.5 % 

Methyltetrahydropteroic  
 (MeTHPA), % 

 acid 0.11 0.12 0.13   <=  0.5 % 

 Dimethyl-THFA  (DiMeTHFA), % 0.05 0.05 0.06  <=   0.15 % 
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Batch ESY0008-XX ESY0009-XX ESY0010-XX Specification 

 Inspection Lot 890000066482 890000066484 890000066483 

 Sum of  all   related  compounds, % 0.62 0.85 0.65   <=  2.5 % 
 Diasteriomeric  Purity 

(6R)-Mefolinate 
(HPLC) 0.3 0.3 0.3   <=  1.0 

area 
%  

 Microbial  Enumeration Tests 
 Microbial  Count  (TAMC), CFU/g  <  LOQ (10)  <  LOQ (10)  <  LOQ (10)   <=  100 

CFU/g 
 Microbial  Count (TYMC),CFU/g  <  LOQ (10)  <  LOQ (10)  <  LOQ (10)   <=  100 

CFU/g 
 Specified  Microorganisms (SMO) 

 Escherichia coli   [in.house test] absent   in  1 g  absent in   1 g  absent in  1  g absent   in  1 g 
   

                   
*Arcofolin® specific acceptance criteria 

**at time of CoA issuing “report result”. IR Reference is now being established and specification updated to “conform to reference” 
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  Certificate of Analysis 

  

      

  

    

   

    

          

    

     

    

                 

Material No. 5.54176.2900 

Material Description Arcofolin®, (6S)-5-Methyltetrahydrofolic acid monosodium salt 

Molecular Formula C20H24N7NaO6 

Molecular Weight 481.44 g/mol 

Batch No. ESY0008-XX 

Inspection Lot No. 890000066482 

Retest Date 31 March 2019 (Retest period of CoA expired) 

Storage Conditions +2°C to +8°C 

Manufacturing Date 13 March 2018 

Batch Size 21.11 Kilogram 

The vibrant M, SAFC, Metafolin and Arcofolin are trademarks of Merck KGaA Darmstadt, Germany or its affiliates. 

Merck & Cie A Subsidary of Merck KGaA, Darmstadt, Germany 
Im Laternenacker 5 

Page 1/4 CH-8200 Schaffhausen 
Switzerland Print Date: 05/11/2020 

Tel. +41 52 630 72 72 
Fax +41 52 630 72 55 

The life science business of Merck KGaA, Darmstadt, Germany 
operates as MilliporeSigma in the US and Canada. 
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Certificate of Analysis 
Inspection Lot No. 890000066482 

 Test  Specification  Result 

Appearance    
-  Appearance  color  white  to  yellow  or  beige  beige 

-  Appearance texture  powder  powder  
   

Identification  
-  IR-spectrum  (ATR) ok   ok 

   
 Water  (KF,  Coulometric) 

-  Water  content  NMT  1.0%  0.2  % 

   
 Residual solvents   (GC) 

-  Ethanol  NMT  0.5%  0.06  % 

-  2-Propanol  NMT 0.5%   <LOQ  (0.03%) 

   
 IC  (Cations) 

-  Identity retention   time  Sodium  conforms  to  reference  conforms  to  reference 

-  Assay  Sodium  4.0  to  5.0  % 4.5%  
   

 Elemental Impurities  
-  Assay  Boron  (ICP-OES)  NMT  10  ppm  <LOQ  (5  ppm) 

-  Assay  Platinum  (ICP-MS) NMT   10  ppm  <LOQ  (5  ppm) 

-  Assay  Arsenic (ICP-MS)   NMT  1.5  ppm  <LOQ  (1.5  ppm) 

-  Assay  Cadmium (ICP-MS)   NMT  0.5  ppm  <LOQ  (0.5  ppm) 

-  Assay  Lead  (ICP-MS)  NMT  1.0 ppm   <LOQ  (1.0  ppm) 

-  Assay  Mercury (ICP-MS)   NMT  1.5  ppm  <LOQ  (1.5  ppm) 

   
Assay  &  Related  Compounds  (HPLC)    
-  Identity  retention  time  HPLC  conforms to   reference  conforms  to  reference 

-  Assay Mefolinate  (acid   as  is)  NLT  91.0%  95.2% 

-  4-Aminobenzoylglutamic  acid  (ABGA)  NMT  0.5%  0.06% 

- Hydroxymethyl-THFA   (HOMeTHFA)  NMT  1.0%  0.11% 

-  Mefox  NMT 1.0%   0.02% 

- Tetrahydrofolic   acid  (THFA)  NMT 0.5%   0.07% 

- 7,8-Dihydrofolic   acid  (DHFA)  NMT  0.5%  0.01% 

-  Folic  acid  (FA)  NMT  0.5%  <LOQ  (0.01%) 

- Methylenetetrahydrofolic  acid   (CH2THFA) NMT   0.5%  0.02% 

-  Methyltetrahydropteroic  acid  (MeTHPA)  NMT  0.5%  0.11% 

-  Dimethyl-THFA  (DiMeTHFA)  NMT 0.15%   0.05% 

- Sum   of related  compounds   NMT  2.5%  0.62% 

Merck & Cie A Subsidary of Merck KGaA, Darmstadt, Germany 
Im Laternenacker 5 

Page 2/4 CH-8200 Schaffhausen 
Switzerland 

Tel. +41 52 630 72 72 
Fax +41 52 630 72 55 

The life science business of Merck KGaA, Darmstadt, Germany 
operates as MilliporeSigma in the US and Canada. 
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Certificate of Analysis 
Inspection Lot No. 890000066482 

Test Specification Result 

Diastereomeric Purity (HPLC) 
- (6R)-Mefolinate NMT 1.0% area 0.3% area 

Microbial enumeration Test 

- Total Aerobic Microbial Count (TAMC) NMT 100 CFU/g <LOQ (10 CFU/g) 

- Total Combined Yeasts and Molds Count NMT 100 CFU/g <LOQ (10 CFU/g) 
(TYMC) 

Absence of Specified Microorganisms 

Escherichia coli absent in 1 g absent in 1 g 

The  abbreviation  LOQ  represents  the  Limit  of  Quantitation  or,  if  applicable,  the  Reporting  Threshold.  The  
Limit  of  Detection  is  abbreviated  as  LOD.  

Merck  &  Cie  Schaffhausen,  05  November  2020  

Dr.  Timo  Huxel  Jean-Pierre  Knapp  
Quality  Services  Quality  Services  

Merck & Cie A Subsidary of Merck KGaA, Darmstadt, Germany 
Im Laternenacker 5 

Page 3/4 CH-8200 Schaffhausen 
Switzerland 

Tel. +41 52 630 72 72 
Fax +41 52 630 72 55 

The life science business of Merck KGaA, Darmstadt, Germany 
operates as MilliporeSigma in the US and Canada. 
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Certificate of Analysis 
Inspection Lot No. 890000066482 

Disclaimer  

We  provide  information  and  advice  to  our  customers  on  application  technologies  and  regulatory  matters  

to  the  best  of  our  knowledge  and  ability,  but  without  obligation  or  liability.  Existing  laws  and  regulations  

to  be  observed  in  all  case  by  our  customers.  This  also  applies  in  respect  to  any  rights  of  third  parties.  Our  

information  and  advice  do  not  relive  our  customers  of  their  own  reasonability  for  checking  the  suitability  

of  our  products  for  the  envisaged  purpose.   

Merck & Cie A Subsidary of Merck KGaA, Darmstadt, Germany 
Im Laternenacker 5 

Page 4/4 CH-8200 Schaffhausen 
Switzerland 

Tel. +41 52 630 72 72 
Fax +41 52 630 72 55 

The life science business of Merck KGaA, Darmstadt, Germany 
operates as MilliporeSigma in the US and Canada. 
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Certificate of Analysis 

Material No. 5.54176.2900 

Material Description Arcofolin®, (6S)-5-Methyltetrahydrofolic acid monosodium salt 

Molecular Formula C20H24N7NaO6 

Molecular Weight 481.44 g/mol 

Batch No. ESY0009-XX 

Inspection Lot No. 890000066484 

Retest Date 31 March 2019 (Retest period of CoA expired) 

Storage Conditions +2°C to +8°C 

Manufacturing Date 13 March 2018 

Batch Size 25.35 Kilogram 

The vibrant M, SAFC, Metafolin and Arcofolin are trademarks of Merck KGaA Darmstadt, Germany or its affiliates. 

Merck & Cie A Subsidary of Merck KGaA, Darmstadt, Germany 
Im Laternenacker 5 

Page 1/4 CH-8200 Schaffhausen 
Switzerland Print Date: 05/11/2020 

Tel. +41 52 630 72 72 
Fax +41 52 630 72 55 

The life science business of Merck KGaA, Darmstadt, Germany 
operates as MilliporeSigma in the US and Canada. 
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Certificate of Analysis 
Inspection Lot No. 890000066484 

 Test  Specification  Result 

Appearance    
-  Appearance  color  white  to  yellow  or  beige  beige 

-  Appearance texture  powder  powder  
   

Identification  
-  IR-spectrum  (ATR) ok   ok 

   
 Water  (KF,  Coulometric) 

-  Water  content  NMT  1.0%  0.2  % 

   
 Residual solvents   (GC) 

-  Ethanol  NMT  0.5%  0.07  % 

-  2-Propanol  NMT 0.5%   <LOQ  (0.03%) 

   
 IC  (Cations) 

-  Identity retention   time  Sodium  conforms  to  reference  conforms  to  reference 

-  Assay  Sodium  4.0  to  5.0  % 4.5%  
   

 Elemental Impurities  
-  Assay  Boron  (ICP-OES)  NMT  10  ppm  <LOQ  (5  ppm) 

-  Assay  Platinum  (ICP-MS) NMT   10  ppm  <LOQ  (5  ppm) 

-  Assay  Arsenic (ICP-MS)   NMT  1.5  ppm  <LOQ  (1.5  ppm) 

-  Assay  Cadmium (ICP-MS)   NMT  0.5  ppm  <LOQ  (0.5  ppm) 

-  Assay  Lead  (ICP-MS)  NMT  1.0 ppm   <LOQ  (1.0  ppm) 

-  Assay  Mercury (ICP-MS)   NMT  1.5  ppm  <LOQ  (1.5  ppm) 

   
Assay  &  Related  Compounds  (HPLC)    
-  Identity  retention  time  HPLC  conforms to   reference  conforms  to  reference 

-  Assay Mefolinate  (acid   as  is)  NLT  91.0%  95.4% 

-  4-Aminobenzoylglutamic  acid  (ABGA)  NMT  0.5%  0.09% 

- Hydroxymethyl-THFA   (HOMeTHFA)  NMT  1.0%  0.29% 

-  Mefox  NMT 1.0%   0.02% 

- Tetrahydrofolic   acid  (THFA)  NMT 0.5%   0.07% 

- 7,8-Dihydrofolic   acid  (DHFA)  NMT  0.5%  0.01% 

-  Folic  acid  (FA)  NMT  0.5%  <LOQ  (0.01%) 

- Methylenetetrahydrofolic  acid   (CH2THFA) NMT   0.5%  0.02% 

-  Methyltetrahydropteroic  acid  (MeTHPA)  NMT  0.5%  0.12% 

-  Dimethyl-THFA  (DiMeTHFA)  NMT 0.15%   0.05% 

- Sum   of related  compounds   NMT  2.5%  0.85% 

Merck & Cie A Subsidary of Merck KGaA, Darmstadt, Germany 
Im Laternenacker 5 

Page 2/4 CH-8200 Schaffhausen 
Switzerland 

Tel. +41 52 630 72 72 
Fax +41 52 630 72 55 

The life science business of Merck KGaA, Darmstadt, Germany 
operates as MilliporeSigma in the US and Canada. 
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Certificate of Analysis 
Inspection Lot No. 890000066484 

 Test  Specification  Result 

 Diastereomeric  Purity (HPLC) 
- (6R)-Mefolinate   NMT  1.0%  area  0.3%  area 

   
 Microbial  enumeration  Test 

- Total   Aerobic  Microbial Count  (TAMC)   NMT  100  CFU/g  <LOQ (10   CFU/g) 

- Total   Combined Yeasts   and Molds   Count  NMT  100  CFU/g  <LOQ  (10 CFU/g)  
(TYMC)  

 Absence of   Specified  Microorganisms 

Escherichia   coli  absent  in  1  g  absent in   1  g 

The  abbreviation  LOQ  represents  the  Limit  of  Quantitation  or,  if  applicable,  the  Reporting  Threshold.  The  
Limit  of  Detection  is  abbreviated  as  LOD.  

Merck  &  Cie  Schaffhausen,  05  November  2020  

Dr.  Timo  Huxel  Jean-Pierre  Knapp  
Quality  Services  Quality  Services  

Merck & Cie A Subsidary of Merck KGaA, Darmstadt, Germany 
Im Laternenacker 5 

Page 3/4 CH-8200 Schaffhausen 
Switzerland 

Tel. +41 52 630 72 72 
Fax +41 52 630 72 55 

The life science business of Merck KGaA, Darmstadt, Germany 
operates as MilliporeSigma in the US and Canada. 
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Certificate of Analysis 
Inspection Lot No. 890000066484 

Disclaimer  

We  provide  information  and  advice  to  our  customers  on  application  technologies  and  regulatory  matters  

to  the  best  of  our  knowledge  and  ability,  but  without  obligation  or  liability.  Existing  laws  and  regulations  

to  be  observed  in  all  case  by  our  customers.  This  also  applies  in  respect  to  any  rights  of  third  parties.  Our  

information  and  advice  do  not  relive  our  customers  of  their  own  reasonability  for  checking  the  suitability  

of  our  products  for  the  envisaged  purpose.   

Merck & Cie A Subsidary of Merck KGaA, Darmstadt, Germany 
Im Laternenacker 5 

Page 4/4 CH-8200 Schaffhausen 
Switzerland 

Tel. +41 52 630 72 72 
Fax +41 52 630 72 55 

The life science business of Merck KGaA, Darmstadt, Germany 
operates as MilliporeSigma in the US and Canada. 
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Certificate of Analysis 

Material No. 5.54176.2900 

Material Description Arcofolin®, (6S)-5-Methyltetrahydrofolic acid monosodium salt 

Molecular Formula C20H24N7NaO6 

Molecular Weight 481.44 g/mol 

Batch No. ESY0010-XX 

Inspection Lot No. 890000066483 

Retest Date 31 March 2019 (Retest period of CoA expired) 

Storage Conditions +2°C to +8°C 

Manufacturing Date 13 March 2018 

Batch Size 23.37 Kilogram 

The vibrant M, SAFC, Metafolin and Arcofolin are trademarks of Merck KGaA Darmstadt, Germany or its affiliates. 

Merck & Cie A Subsidary of Merck KGaA, Darmstadt, Germany 
Im Laternenacker 5 

Page 1/4 CH-8200 Schaffhausen 
Switzerland Print Date: 05/11/2020 

Tel. +41 52 630 72 72 
Fax +41 52 630 72 55 

The life science business of Merck KGaA, Darmstadt, Germany 
operates as MilliporeSigma in the US and Canada. 
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Certificate of Analysis 
Inspection Lot No. 890000066483 

 Test  Specification  Result 

Appearance    
-  Appearance  color  white  to  yellow  or  beige  beige 

-  Appearance texture  powder  powder  
   

Identification  
-  IR-spectrum  (ATR) ok   ok 

   
 Water  (KF,  Coulometric) 

-  Water  content  NMT  1.0%  0.2  % 

   
 Residual solvents   (GC) 

-  Ethanol  NMT  0.5%  0.06  % 

-  2-Propanol  NMT 0.5%   <LOQ  (0.03%) 

   
 IC  (Cations) 

-  Identity retention   time  Sodium  conforms  to  reference  conforms  to  reference 

-  Assay  Sodium  4.0  to  5.0  % 4.7%  
   

 Elemental Impurities  
-  Assay  Boron  (ICP-OES)  NMT  10  ppm  <LOQ  (5  ppm) 

-  Assay  Platinum  (ICP-MS) NMT   10  ppm  <LOQ  (5  ppm) 

-  Assay  Arsenic (ICP-MS)   NMT  1.5  ppm  <LOQ  (1.5  ppm) 

-  Assay  Cadmium (ICP-MS)   NMT  0.5  ppm  <LOQ  (0.5  ppm) 

-  Assay  Lead  (ICP-MS)  NMT  1.0 ppm   <LOQ  (1.0  ppm) 

-  Assay  Mercury (ICP-MS)   NMT  1.5  ppm  <LOQ  (1.5  ppm) 

   
Assay   &  Related  Compounds (HPLC)    
-  Identity  retention  time  HPLC  conforms to   reference  conforms  to  reference 

-  Assay Mefolinate  (acid   as  is)  NLT  91.0%  94.3% 

-  4-Aminobenzoylglutamic  acid  (ABGA)  NMT  0.5%  0.06% 

- Hydroxymethyl-THFA   (HOMeTHFA)  NMT  1.0%  0.11% 

-  Mefox  NMT 1.0%   0.02% 

- Tetrahydrofolic   acid  (THFA)  NMT 0.5%   0.10% 

- 7,8-Dihydrofolic   acid  (DHFA)  NMT  0.5%  0.01% 

-  Folic  acid  (FA)  NMT  0.5%  <LOQ  (0.01%) 

- Methylenetetrahydrofolic  acid   (CH2THFA) NMT   0.5%  0.02% 

-  Methyltetrahydropteroic  acid  (MeTHPA)  NMT  0.5%  0.13% 

-  Dimethyl-THFA  (DiMeTHFA)  NMT 0.15%   0.06% 

- Sum   of related  compounds   NMT  2.5%  0.65% 

Merck & Cie A Subsidary of Merck KGaA, Darmstadt, Germany 
Im Laternenacker 5 

Page 2/4 CH-8200 Schaffhausen 
Switzerland 

Tel. +41 52 630 72 72 
Fax +41 52 630 72 55 

The life science business of Merck KGaA, Darmstadt, Germany 
operates as MilliporeSigma in the US and Canada. 
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Certificate of Analysis 
Inspection Lot No. 890000066483 

 Test  Specification  Result 

 Diastereomeric  Purity (HPLC) 
- (6R)-Mefolinate   NMT  1.0%  area  0.3%  area 

   
 Microbial  enumeration  Test 

- Total   Aerobic  Microbial Count  (TAMC)   NMT  100  CFU/g  <LOQ (10   CFU/g) 

- Total   Combined Yeasts   and Molds   Count  NMT  100  CFU/g  <LOQ  (10 CFU/g)  
(TYMC)  

 Absence of   Specified  Microorganisms 

Escherichia   coli  absent  in  1  g  absent in   1  g 

The  abbreviation  LOQ  represents  the  Limit  of  Quantitation  or,  if  applicable,  the  Reporting  Threshold.  The  
Limit  of  Detection  is  abbreviated  as  LOD.  

Merck  &  Cie  Schaffhausen,  05  November  2020  

Dr.  Timo  Huxel  Jean-Pierre  Knapp  
Quality  Services  Quality  Services  

Merck & Cie A Subsidary of Merck KGaA, Darmstadt, Germany 
Im Laternenacker 5 
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Certificate of Analysis 
Inspection Lot No. 890000066483 

Disclaimer  

We  provide  information  and  advice  to  our  customers  on  application  technologies  and  regulatory  matters  

to  the  best  of  our  knowledge  and  ability,  but  without  obligation  or  liability.  Existing  laws  and  regulations  

to  be  observed  in  all  case  by  our  customers.  This  also  applies  in  respect  to  any  rights  of  third  parties.  Our  

information  and  advice  do  not  relive  our  customers  of  their  own  reasonability  for  checking  the  suitability  

of  our  products  for  the  envisaged  purpose.   

Merck & Cie A Subsidary of Merck KGaA, Darmstadt, Germany 
Im Laternenacker 5 

Page 4/4 CH-8200 Schaffhausen 
Switzerland 

Tel. +41 52 630 72 72 
Fax +41 52 630 72 55 

The life science business of Merck KGaA, Darmstadt, Germany 
operates as MilliporeSigma in the US and Canada. 
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CERTIFICATE OF GMP COMPLIANCE 

We certify herewith 

that the company Merck & Cie, Weisshausmatte, 6460 Altdorf UR, Authorisation No. 
511206-102638264 with its site Merck & Cie, Im Laternenacker 5, 8200 Schaffhausen, 
Switzerland, Site No. 1003730 has been duly authorised to perform the manufacturing 
activities according to the table below; 

that the company is keeping the required level for Good Manufacturing Practices for 
Medicinal Products (GMP) according to the Swiss regulations in force. These regulations are 
in accordance with the requirements for good practices in the manufacture and quality control 
of the Pharmaceutical Inspection Convention/Co-operation Scheme (PIC/S) as well as with 
The Good Manufacturing Practice requirements referred to in the Agreement of Mutual 
Recognition between the European Union/Canada and Switzerland; 

that the manufacturing plant of the company is subject to official periodic inspections; the last 
regular inspection was conducted on 26.04.2019 (dd.mm.yyyy). 

No. 0 eration Seo e• 

3 MANUFACTURE OF ACTIVE SUBSTANCES 

3.1 Manufacture of active substance by chemical synthesis 

3.1 .1 Manufacture of active substance intermediates 
3.1.2 Manufacture of crude active substance 
3.1.3 Salt formation I Purification steps: Complexation, crystallization, re-crystallization 

3.5 General finishing steps 

3.5.1 Physical processing steps: drying, milling, filling 
3.5.2 Primary packaging 
3.5.3 Secondary packaging 

3.6 Quality control testing of medicinal products 

3.6.1 Physical / Chemical testing 
3.6.2 Microbiological: testing (excluding sterility testing) 

3.7 Other activities: Manufacturing of non-sterile APls for clincal trials. 

3.8 List of active substances: Zinc Histidine Dihydrate 
Vemakalant HCL 
Calcium Folinate Hydrate 
Calcium Levofolinate Hydrate 
Levomefolate Calcium 
Morphine HCL 
Tepotinib unmicronized 

Schweizerisches Heilmittelinstitut 
lnstitut suisse des produits therapeutiques 
lstituto svizzero per gli agenti terapeutici 

l-303.AA.04-A02e I V1 .0 / bja / gme / smi / 01.01 .2019 Swiss Agency for Therapeutic Products 

Swissmedic I Hallerstrasse 71 Postfach I CH-3000 Bern 8091  www.swissmedic.ch I Tel. +41 58 462 0211 I Fax +41 58 462 02 12 



)w,ssmedic 

• Scope of authorisation: 
HN Human and veterinary medicinal products, without investigational products 
V Veterinary medicinal products only, without investigational products 
I Human investigational medicinal products 

Not specified 

Berne, 18.09.2020 (dd.mm.yyyy) Swissmedic, Swiss Agency for 
No. GMP-CH-1001361 Therapeutic Products 

Schweizerisches Heilmittelinstitut 
lnstitut suisse des produits therapeutiques 
lstituto svizzero per gli agenti terapeutici 
Swiss Agency for Therapeutic Products 

Marianne Baumann 

I-303.AA 04-A02e I v1 .o / bja / gme / smi / 01.01.2019 

Swissmedic I Hallerstrasse 7 I Postfach I CH-3000 Bern 91 www.swissmedic.ch I Tel. +41 58 462 02 11 I Fax +4 1 58 462 02 12 81 
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,2020 USP- NF 

Printed on: Thu Apr 30 2020, 10:51:40 am 

Printed by; J.P. Knapp 

Official Status: Not Yet Official on 30,Ap1-202.0 
Official l>ate: 1-May-2020 
Document T)'l>e: DIETARY SUPPLEMENTS 
Oocld: 1.,GUfl).367663C9-F049-IOB2-SBSO.:Z196AF9E71 FtU..on-US 
Printed ftom: https:t/onlin• ,uspnf.com/uspnf/documen1/1_GUI0-367663C9aF04~082-885o-2196.A.F9E71F6-3...0n-US 
0 2020USPC 

Calcium L-5-Methyltetrahydrofolate 

C H CaN 0 · xH 0 C H CaN 0.(anhydrous) 497.52 
20 23 7 6 2 20 23 7

N-[4-[1(2-Amino-1.4,5,6, 7,8-hexahydro-5-methy~oxo-( 6S)-pteridinyl) methyl]amino]benzoyl)-l--gl utamic acid, calcium salt (1 : 1 ); 

N-{4-[[((6S)-2-Amino-1,4,5,6,7,8-hexahydro-5-methy l-4-oxo-6-pteridinyl)methyl]amino)-benzoyl}1.--glutamic acid, calcium salt (1 :1) 

[151533-22-1]. 

DEFINITION 
Calcium L-5-Methyltetrahydrofolate contains NLT 95.0% and NMT 102.0% of calcium 5-methyltetrahydrofolate (C H CaN 0.), the sum 

20 23 7

of the L- and 1>-diastereoisomers, calculated on t he anhydrous and solvent-free basis, of which NMT 1.0% corresponds to calcium 1>-5-

methyltetrahydrofolate. 

IDENTIFICATION 

Change to read: 

• A. ""SPECTRosco•1c .,ooJ•ICATION T£sTs 1197), Infrared SP..ectroscOP.Y.= 1 97K.,. (CN 1-MA,•2020) 

[Nore-If the spectra obtained show dif ferences. d issolve the substance to be examined and the USP Calcium DL•5-

~y~hydrofolate RS separately in the minimum quantity of water, and add dropwise sufficient acetone to produce a precipitate. 

Allow to stand for 15 min, centrifuge to collect the precipitate, wash the precipitate twice with a minimum quantity of acetone, and 

dry. Record new spectra using the residues.) 

• B. IPENTJEICAJl9N Jµrs- G••EB•L, Calcium (19])· A 5-mg/ml solution meets the requirements. 

• C. HPLC: The retention time of the major peak o f the Sample solution corresponds to that of the Standard solution, as obtained in the 

Assay. It complies with the acceptance criteria of the test for Enantiomeric Purity. 

ASSAY 
• P ROCED<JR£ 

Buffer: 7.8 g/L of sodium dihydrogen phosphate dihydrate in water 

Solution A: Adjust the Buffer with 32% (w/v) sodium hydroxide solution to a pH of 6.5. 

Solution B: Methanol and Buffer (35:65). Adjust w ith 32% (w/v) sodium hydroxide solut ion to a pH of 8.0. 

Mobile phase: Gradient elut ion. See .Ial2L 

Table 1 

0

f jr "lin) Solution A (%) Solution B {%) 

100 0 

45 55 

17 0 100 

24 0 100 

24.01 100 0 

33 100 0 

[Nor e- After analysis the column should be flushed and stored in a mixture of methanol and water (85:15).] 
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30.4.2020 USP-NF 

System suitability solution: Transfer 25 mg of USP Folic Acid RS and 25 mg of USP 4-AminobenzoyJglutamic Acid RS to a 100-ml 

volumetric flask. Add about 1 5 mg each of sodium hydrogen carbonate and sodium carbonate to the flask, add sufficient water, 

sonicate to dissolve, and dilute with water to volume. Transfer 1 .0 ml of this solution to a second 100-ml volumetric flask 

containing 50 mg of USP Calcium DL-5:Methy.lre!rabydrofo!ate RS. dissolve, and dilute with water to volume. 

[NorE-The following Standard and Sample solutions must be injected immediately after preparation and injected only once.] 

Standard solution: 0.5 mg/ml of USP Calcium DL-5-Methyltetrahydrofolate RS in water 

Sample solution: 0.5 mg/ml of Calcium L-5-Methyltetrahydrofolate in water 

Chromatographic system 

(See Chromatogr,2,my_(lli},_sr.stem Suitability.) 

Mode: LC 

Detector: UV 280 nm 

Column: 4.6-mm x 25-cm; 5-µm packing L 1 

Column temperature: 32' 

Flow rate: 1. 1 ml/min 

Injection volume: 1 O µL 

System suitability 

Samples: System suitability solution and Standard solution 

[NorE-For the System suitability solution the relative retention times of the component peaks are listed in Table 2. The L- and o­

isomers of 5-methyltetrahydrofolate co-elute as a single peak. The 4a-hydroxy-5-methyltetrahydrofolic acid, 5-

methyltetrahydropteroic acid, and dimethyltetrahydrofolic acid are included as minor components in USP Calcium DL-5-

Mfilby.lre!rabydrofo!ate RS.] 

Suitability requirements 

Resolution: System suitability solution 

NLT 6 between 4-aminobenzoylglutamic acid and 4a-hydroxy-5-methyltetrahydrofolic acid 

NLT 8 between folic acid and 5-methyltetrahydrofolic acid 

NLT 15 between 5-methyltetrahydrofolic acid and dimethyltetrahydrofolic acid 

Relative standard deviation: Prepare three separate Standard solutions, and inject each immediately and only one time. NMT 2.0%; 

peak response factor from three injections 

Analysis 

Samples: Standard solution and Sample solution 

Calculate the percentage of calcium 5-methyltetrahydrofolate (C H .BCaNp ), the sum of the L- and o-diastereoisomers, in the 

portion of Calcium L-5-Methyltetrahydrofolate taken: 

Result= (r Jrs) x (C JCJ x 100 

r u = peak response from the Sample solution 

rs = peak response from the Standard solution 

Cs = concentration of USP Calcium DL-5-Methyltetrahydrofolate RS in the Standard solution (mg/ml) 

Cu = concentration of Calcium L-5-Methyltetra hydrofolate in the Sample solution (mg/ml) 

Acceptance criteria: 95.0%-102.0% on the anhydrous and solvent-free basis 

IMPURITIES 
• CHLORIDE 

Sample: 300 mg 

Blank: Mix 1 ml of nitric acid with 75 ml of water. 

Titrimetric system 

(See Titrimetry_( 541 .. 

Mode: Direct titration 

Titrar'' '<; M silver nitrate VS 

Enr' ,nto ... 'ion: Potentiometric 

A11al. · Diss, , the Sample in 75 ml of water (heat to maximum of 40'), add 1 ml of nitric acid, and titrate with the Titrant. Perform 

, Bia. . .nination, and make any necessary correction. 

''llculate the percentage of chloride (Cl) in the Sample taken: 

Result= [(Vs - VB) x M x F!W] x 100 

Vs = volume of Titrant consumed by the Sample (ml) 

VB = volume of Titrant consumed by the Blank (ml) 
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.4.2020 USP-NF 

M = actual molarity of the Titrant (mmol/mL) 

F = equivalency factor, 35.45 mg/mmol 

W = Sample weight (m g) 

Acceptance criteria: NMT 0.5% 

• ELEMENTAL IMPuRfTJEs- PAoceoURES ~ -

Acceptance criteria 

Boron: NMT 50 µg/g 

Platinum: NMT 10 µg/g 

Arsenic: NMT 1.5 µg/g 

Cadmium: NMT 0.5 µg/g 

Lead: NMT 1 .0 µg/g 

Mercury: NMT 1 .5 µg/g 

• R,S,DUAL Sot.VENTS ~ 

Acceptance criteria 

Ethanol: NMT 0.5% 

2-Propanol: NMT 0.5% 

[NOTE- For acceptance criteria for any other residual solvents, see Residual Solvents (467).] 

• R ELATED COMPOUNDS 

Solution A, Solution B, Mobile phase, System suitabil ity solution, Standard solution, Sample solution, Chromatographic system, 

System suitability, and Suitabil ity requirements: Proceed as directed in the Assay. 

Analysis 

Samples: Standard solution and Sample solurion 

[No,e- The impurities are listed in Table 2.] 

Calculate the percentage of each impurity, as free acid, in the portion of Calcium L-5-Methyltetrahydrofolate taken: 

Result = (rj r ) x (C/CJ x F x 1
5

{M, /M,) x 00 1

r u = peak response of the corresponding impurity from the Sample solution 

rs = peak response of the principal peak from the Standard solution 

C = concentrat ion of USP Calcium OL- 5-Methyltetrahydrofo!ate RS in the Standard solution (mg/m l ) 
5 

Cu = concentration of Calcium L-5-Methyltetra hydrofolate in the Sample solution (mg/ml) 

F = relative response factor for the corresponding impurity peak. (see Table 2) 

M,, = molecular weight of L-5-methyltetrahydrofolic acid, 459.46 

M, = molecular weight of calcium L-!wnethyltetra hydrofolate, 497.52 
2 

Acceptance criteria 

[Nore- Disregard any impurity peak less than 0.05%.] 

Individual impurities: See Table 2. 

Table 2 

Name Relative Retention Time Relative Response Factor 

Acceptance Criteria, NMT 

(%) 

4-Aminobenzoylglutamic 

acid!. 0.29 0.91 0.5 

4a-Hydroxy-5-methyl 

tetrahydrofolic acid!! 0.37 1.09 1.0 

{6R}-Mefoxs.!1 0.49 1.05 

( 6S)•Mefoxc.!I a.so 1.05 1.0 (sum of 6R and 6S) 

Tetrahydrofolic aci~ 0.65 1.0oJ! 0.5 

7,8-0ihydrofolic acicJ! 0.83 0.95 0.5 
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,4.2020 USP-NF 

Name Relative Retention Time Relative Response Factor 

Ac-ceptance Criteria, NMT 

(%) 

Folic acid9 0.85 0.83 0. 5 

5,10-

Methylenetetrahydrof olic 

aci<Jl! 0.88 1.ooJi 0.5 

5--Methyltet rahydrop teroic 

acid' 1 .10 0.67 0.5 

Dimethyl tetrahydro folic acidi 1.25 1.0oJi 0 .15 

Total impurit ies 2.5 

• N-(4-Aminobenzoyl)-i.-glutamic acid. 

b N-{4-({[(6S)-2-Amino-4~ hydroxy-&-methyl-4-o)(C>-1,4,4a,5,6,7,8,8a-<>ctahydropteridin-6-yl)methyl}amino}benzoylJ-i.-9lu1amic acid. 

c 2-Amino-S-methyl-4, 9-<lioxo-7-methyl-p-aminobenzoyl-g lut amat e-6,7,8,9-tetrahydro-4Hi>yrazino-(1,2-a)-s-triazine. 

d Report the impurity Mefox as the sum of 6S- and 6R-Mefox. 

• N-[4-({[(S}-2-Amino-4-oxo-1,4,5,6,7,8-hexahydropt eridin-6-yllmeth yl}amino)benzoyli-t-glutamic acid. 
1 N-{4-{[(2-AminC>-4-oxo-1,4,7,8-tetrahydropterid in-6-yl)methyl)amino}benzoyl)-1.-91utamic acid. 

9 N-{4-([(2-AminC>-4-oxo-1,4-dihydropterid in+yl)methyllamino)benzoyl)-1.-9lutamic acid. 

h N-{ 4-(3-Amino-1-<ixo-5,6,6a,7-tetrahydroim idazo[1 , S.-~pteridin-8(1 H,4H,9H}-yl)benzyl}-,-glutamic acid. 
1 (S)-4-([(2-Amino-5-methyl-4-<>xo-1 ,4,5,6, 7,8-hexahydropteridin+yl)methyl]amino}benzoic acid. 

l N-{4-( ([(S)-5-Methyl-2-(methylamino }-4-oxo-1,4,5,6, 7,8-hexahydropteridin+yl[methyl)amino )benzoylh -9lut ami c acid. 

~ Estimated factor . 

• ENA.NTIIOMERIC PuArrv 

Buffer: 4. 54 g /L of sodium dihydrogen phosphate dihydrate in water 

Mobile phase: Acetonitrile and Buffer (3:97). Adjust wi th 32% (w/v) sodium hydroxide to a pH o f 6.8. 

Standard solution: 0.5 mg/ml of USP Calcium o,_-5--Methyltetrahydrofolate RS in water 

Sample solution: 0.5 mg/ml of Calcium ,-5-Methyltetrahydrofolate in wat er 

System suitability solution: Transfer 1 .0 ml of Standard solution to a 50-m l volumetric flask, and dilut e with Sample solution to 

volume. 

Chromatographic system 

(See Chromatog@lll)y_(f!Zl).,.§y_stem SuitabiUty,) 

Mode: LC 

Detector: UV 280 nm 

Column: 4.0-mm x 1 5-<:m; 5-µm packing L79 

Column temperature: 40• 

Flow rate: 1.0 m l/min 

Injection volume: 1 O µL 

System suitability 

Sample: System suitability solution 

[NoTE-The relative retention times of L-5-m ethyl tetrahydrofolate and o-5-methyltetrahydrofola te are about 1 and 1.5, respectively.) 

Suitability requi~ments 

Resolution: NLT 1.5 between c-5-methyltetrahydrofolate and o-5-methyltetrahydrofolate 

Analysis 

Sample: Sample solution 

Calculate the percentage of o-5-methyltetrahydro folate in the portion of Calcium ,-5--Methyltetrahydrofolate taken: 

Result= [(rJ (r + r) x 100) 
0 

r" = peak response o f o-5-methyltetrahydrofolate from the Sample solution 

r, = peak response o f ,-5--methyltetrahyd'rofolate from the Sample solution 

Acceptance criteria: NMT 1.0% of o-5--methyltetra hydrofolate 

SPECIFIC TESTS 

• C ALCIUM 
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Sample: 250 mg 

Blank: 150 ml of wat er, 15 ml of 1 N sodium hydroxide, and 300 mg of hydroxy naphthol blue 

Titrimetric system 

(See Titrimerry_(2il)..) 

Mode: Direct titration 

Titrant: 0.05 M edet ate disodium VS 

Endpoint detection: Visual 

Analysis: Dissolve the Sample in 1 SO m l of water, add 15 ml of 1 N sodium hydroxide and 300 mg of hydroxy naphthol blue, and 

titrate with the Titranr until the solution is deep blue in color. Perform a Blank determ ination, and make any necessary correction. 

Calculate the percent age of calcium (Ca) in the Sample taken: 

Result= [(Vs - V,) x M x F/W] x 100 

Vs = volume of Titrant consumed by the Sample {ml) 

V = volume of Tirrant consumed by the Blank (ml) 
8 

M = actual molarity of the Titranr (mmol/ml) 

F = equivalency factor, 40.08 mg/mmol 

W = Sample weight (m g) 

Acceptance criteria: 7.0%- 8.5% on the anhydrous and solvent-free basis 

• WAIEA DET(RMINAJJON, Method /cl.22.ll 
Sample: Transfer 40 mg of Calcium L-5-Methyltetrahydrofolate to a 21)-mL headspace vial, and cap tightly. Heat the vial in a suitable 

Karl Fischer oven at 250•. 

Analysis: The released and evaporated water is transferred into the titration-cell in a stream of dry nitrogea at a flow rate of about 40 

ml/min as directed in Water Determination. Method le (921) 

Acceptance criteria: 6.0%-1 7.0% 

ADDITIONAL REQUIREMENTS 
• PACKAGING AND SrooAGE: Store in a tight container, in a cool and dry place . 

• USP REFERENCE STANDARDS ill). 
USP H min2bAO?nyJgl•11aa(:& Add BS 
N-{4-Aminobenzoyl)-,.ijlutamic acid. 

c ,,H,.N 0 266.25 2 5 
use Cal"iuro 1!1-s.M!fl!b)'.ll!!l!ilby~ 

N[4-[((2-Amino-1,4,5,6,7,8-hexahydro-5-methyl-4-oxo-f>i>teridinyl)methyl]amino]benzoylh.-glutamic acid, calcium salt (1:1). 
c ,.H,,CaN706 497.52 

USP FoHc Acid RS 

Au.1lb,ylnlormat10 .. Please .ciw:k.12Ly.Ql.!r question in the FADs_ before cont acting USP. 

Topic/Question Contact Expert Committee 

CALCIUM l-5- Natalia Davy:dova NBDS2015 Non-botanical Dietary 

METHYLTETRAHYDROFOlATE Scientific Liaison Supplements 2015 

Chromatographic Database Information: -129Ei?:hic. Patabau 

Most Recentfy AppeareD 
Pharmaoopeial FOtVm: V<)h,1me: 

Page l nfor, 

USP4: 15 · 483: 
t· "2 ~.-v 

41•N, 

' OoclD: GUID•367663C9•FD49•40B2•8B50•2196AF9E71 F6_3.en•US 

87 
https://online,uspnf,com/uspnf /documenV1 _ GUI D-367663C9-FD49-40B2-8B50-2196AF9E71 F6 _ 3 _ en-US ?source=Bookmarks?source=Bookmarks 515  



  

Appendix  C.  Stability  Study 

1909102.000 - 2438 
88 



Merck & Cie · Switzerland 

Stability Report Document Number 

Stability of Arcofolin® Bulk Powder B-08-32- 223 

Version 3 

Scope Merck Schaffhausen 

Purpose Discussion of Arcofolin@ stability data der ived from stability studies so far. 
A conclusion with regard to retest period and recommended storage 
condition is given. 

Drafted: 
R. Itel / Chemical Analytics 

Itel Remo 
Itel Remo 
- lch bin Autor dieses 

Dokuments 
28.05.2021 15:04:35 
+02:00 

Reviewed: 

-----------------Ch. Furst / Chromatography ~ .,...

Furst 
Furst Christin 
- lch bin Pruter dieses 

Christin 
Dokuments 
28.05.2021 16:35:18 
+02:00 

-J J.-P. Knapp / Qua lity Services 

Knapp Knapp Jean-Pierre 
- lch bin Pruter dieses 

Jean-Pierre Dokuments 
28. 05.2021 18:29 :27 
+02:00 

____ I_I __ 
Approved: 
A. Stamm Spalinger / Quality Assurance 

Stamm Stamm Spalinger Anna 
- lch genehmige dieses 

Spalinger Doku ment 

Anna 31. 05.2021 08 38:25 
+02:00 

A rcofolin ™ i s a t r adem a r k of Merck KGaA , D a rmstadt , Ge r m a ny 

Die in diesem Dokument enthaltenen lnformationen sind Eigent um der Merck & Cie, Schweiz. Diese lnformationen dOtfen, auch auszugsweise, nur mit 
vorgan giger Genehmigung von Merck & Ci e an Dri tte weitergegeben werden. 
The cont ents of this document a re p roprietary information of Merck & Cie, Switzerl and . The contents, as a whole or parts of it, m a y not be disclosed to, or used 
by any third party/ parties w it hout p r ior written consent of Merck & Cie. 

89 Page 1 o f 14 

B-08-32-223 Gultig ab: 31 .05.2021 Gultig bis: 01 .10.3020 



Merck & Cie · Switzerland 

Table of Contents 

1 SUMMARY ................................................ .............................................. ........ 2 

2 STABILITY TESTING PROGRAM ............................................... ........... ........... 2 

2.1 PACKAGING•••••••••••••••••••• • •••••••••••••••••••••••••••••••••• • ••• ...................... . . .. ....... . ......... 2 
2.2 INCLUDED BATCHES ....................................................................... ..... ... ............. 2 
2.3 PARAMETERS & SPECIFICATIONS .................... ......................... ........ . . . .................. 3 

3 STATISTICS .................. ................................................................................. 3 

4 RES UL TS ....................................................................................................... 3 

4.1 WATER CONTENT ........................................ . ............ . ....... .................................. 4 

4.2 HPLC - ASSAY ........................................... .. ............ ........................................ 5 
4.3 H PLC - RELATED COMPOUNDS (RC) ...................... ... .......... .................................. 6 

5 DISCUSSION ........................................................ ... .................................... 10 

6 CONCLUSION ............................................ . ... ............................................... 10 

7 FURTHER APPLICABLE DOCUMENTS . ............... ............................................ 10 

90 Page 2 o f 14 

B-08-32-223 Gultig ab: 31.05.2021 Gultig bis: 01 .10.3020 



Merck & Cie · Switzerland 

1 Summary 

Arcofolin@, also known as Monosodium (6S)-5-Methyltetrahydrofolate, is an essential B vitamin 
which is used for nutritional applications. 

The aim of this report is to justify the current recommendations for the retest period and storage 
conditions for Arcofolin@, and to suggest future options for storage and retest period. 1 

Presently, the re-test period for Arcofolin@ is 24 months at the recommended storage condition 
of S0 C. The re-test period was originally set based on 12 months stabi lity data of 3 production 
batches together with 24 months data of a laboratory scale batch [1]. Furthermore, some parts 
of the 24 months stability data of the 3 production batches were already discussed for an 
extension of the retest period of the latter batches [2]. 

In this report the stability data of 3 production batches over 36 months are presented and 
discussed. 

Based on the presented real time data it is concluded that: 

� The current re-test period for Arcofolin:~ of 12 months at the recommended storage 
condition of 5°C is confirmed. 

� Due to the excellent stability both at S°C and 2S°C/60% RH an extension of the re-test 
period up to 36 months at 5°C would be justified. 

� Moreover, due to the excellent stabil ity both at 25°C/ 60% RH (36 months) and 
40°C/7S% RH (12 months), a change of the re-test period to 36 months is also supported 
for a recommended storage condition of 2 5°C. 

2 Stability Testing Program 

The follow-up stability testing conditi ons are presented in this report: 

• -20°C ± 5°C 

• S°C ± 3°C (currently recommend long-term condition) 

• 25°C ± 2°C / 60% ± 5% RH (current accelerated condition) 

• 40°C ± 2°C / 7S% ± S% RH (additional accelerated condition) 

2.1 Packagi ng 
Samples were portioned into polyethylene bags as primary packaging. Heat sealed aluminium 
composite foil was used as secondary packaging. Steel drums were used as outer packaging. 

2.2 Included batches 
The stability studies were started in April 2018. 

Batch 
Manu-

factured 

-20°C, Months 
completed 

(total} 

5°C, Months 
completed 

(total} 

25°C/60%RH, 
Months completed 

(total} 

40°C/75%RH, 
Months completed 

(total} 

ESY0008-XX 03l'.2018 36 (60) 36 (60) 36(60) 12 (12) 

ESY0009 -XX 03/2018 36 (60) 36 (60) 36(60) 12 (12) 

ESY0010-XX 03/ 2018 36 (60) 36 (60) 36(60) 12 (12) 

1 The stability data of the laboratory scale batch EUY-0001-A, included in version 01 of this document [ 1] , are not 

further evaluated in this report. 
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2.3 Parameters & Specifications 
The following parameters are presented in this report. Specifications were taken from the 
testing instruction for Arcofolin<!il A-08-24-736. 

Parameter Specification 

Water Not more than 1.0% w/ w 

Assay free acid (MeTHFA) Not less than 91.0% w/ w 

ABGA Not more than 0.5% w/ w 

HOMeTHFA Not more than 1.0% w/ w 

Mefox Not more than 1.0% w/ w 

THFA Not more than 0.5% w/w 

DHFA Not more than 0.5% w/w 

FA Not more than 0.5% w/w 

CH2THFA Not more than 0.5% w/w 

MeTHPA Not more than 0. 5% w/w 

DiMeTHFA Not more than 0. 15% w/ w 

Sum of related compounds Not more than 2.5% w/ w 

Further parameters, which were tested but are not d iscussed in this report are "Appearance" and 
"TAMC/TYMC" (microbiological tests). No trends o r 00S were observed for these parameters. 

3 Statistics 

Scatter plots w ere generated with software Rand R Studio (Version 4.0.2 and Version 1.3.1056). 

4 Results 

All results are presented as scatter plots for graphic rep resentation. In general the progression 
of the stability plots is not uncommon and s imilar curves are described in current literature2 • 

2 Waterman, K.C. ; Understanding and Predicting Pharmaceutical Product Shelf-Life. In: 
Handbook of Stability Testing in Pharmaceutical Development; Huy nh-Ba , K., Eds.; Spr inger: 
New York, 2009; pp 115- 135. 
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4.1 Water content 

Under all investigated storage conditions no significant change of the water content was 
observed. Over the whole stability testing period the water content remained within the limits of 
specification for all batches. 

Figure 1: Water content vs storage time 

  
                          

 
 








 



 

                             















                   



Scatterplot of all batches at all available storage conditions. Content of water 
[% w/w] is plotted against storage duration [months] . The specification limit is indicated by the 
red dotted line. 
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4.2 HPLC - Assay 

The storage conditions -20°C, 5°C and 25°C/ 60% RH were investigated and thereby, no 
significant change of the assay of MeTHFA was observed and the specification limit (not less tha n 
91.0% w/w) was met for any time point and storage condition. 

Figure 2: Assay of MeTHFA vs storage time 

  


  
 
  

         


        

Scatterplot of all available samples stored at -20° C, 5° C and 25°C/ 60% RH including linear 
regression and confidence interval at 90% probability. The assay of MeTHFA [% w/ w] is plotted 
against storage duration [months]. The specificat ion limit is indicated by the red dotted lines. 

flgure 3: Assay of MeTHFA at accelerated conditions vs storage time 

 






 


  

  
  

    
       



Scatterplot of samples stored at accelerated conditio ns ( 40°C/75% RH) for 12 months . The assay 
of MeTHFA [% w/ w] is plotted against storage duration [months]. The specification limit is 
indicated by the red dotted lines. 
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4.3 HPLC - Related Compounds (RC) 

Under all investigated storage conditions no significant change of the concentration of the related 
compounds were observed for all three batches. 

All results were below the relevant specification limits (chapter 2.2). 

No significant increase of any of the related compounds could be observed not even at 
accelerated conditions. 

Figure 4: Impurities with 0.5% specification limit vs storage time 

  

  





   














   

                  



















Scatterplot of related compounds w ith specification limit of ::; 0.5% including all batches at all 
available st orage condit ions. Content of related compound [ % w/ w] is plotted against storage 
duration [months]. The specification limit is indicated by the red dotted line. 
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Figure 5: Impurities with 1 % specification limit vs storage time 

  

 



 



   

    
  



 
       

 



  


            

     


   



























Scatterplot of related compounds wit h specification limit of :S 1.0% includ ing all batches at all 
available storage conditio ns. Content of related compound [% w/ w] is plotted against storage 
duration [months]. The specification limit is indicated by the red dotted line. 
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Figure 6: Impurities with 0.15% specification limit vs storage time 

  

              

 

 

 

  

           


        

 

  

 

       

 

 

 



  

                  

           











Scatterplot of related co mpounds with specification limit of ~ 0.15% including a ll ba tches at all 
available storage conditions. Content of related compound [ % w/ w] is plotted against storage 
duration [months]. The specification limit is indicated by the red dotted line. 
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Figure 7: Impurities with 2.5% specification limit vs storage time 

 









   








         
 

 








        
 






                         







Scatterplot of related compounds w ith specification limit of~ 2.5% including all batches at all 
available storage conditions. Content of related compound [% w/ w] is plotted against storage 
duration [months]. The specification limit is indicated by the red dotted line. 
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5 Discussion 

Generally, it can be observed that the production batches have a comparable stabil ity at -20°C, 
5°C and 25°C/60% RH. At all three conditions, all investigated parameters such as water content, 
assay and related compounds remain within the specifications during the observation period (36 
months) for all three production batches. 

Results for samples stored at accelerated conditions (40°C/75% RH) were available for 12 
months and also remained within the specified limits. 

6 Conclusion 

Based on the presented real time stability data it is concluded that: 

� The current re-test period for Arcofolin@ of 12 months at the recommended storage 
condition of 5°C is confirmed. 

� Due to the excellent stability both at 5°C and 25°C/60% RH an extension of the re-test 
period up to 36 months at 5°C would be justified. 

� Moreover, due to the excellent stability both at 25°C/60% RH (36 months) and 
40°C/75% RH (12 months), a change of the re-test period to 36 months is also supported 
for a recommended storage condition of 25°C. 

7 Further applicable documents 

[1] Stability Report "Stability of Arcofolin™ Bulk Powder" (Doc. No. B-08-32-223, v01) 
[2] Report "Extension of the Retest Period of ESY0008-XX, ESY0009-XX & ESY0010-XX" 

(Doc. No. B-08-35-270) 

History 

Version Date Editor Chanaes 
01 26.07.2019 J.P. Knapp/ 

v. Schewe 
New document 

02 08.12.2020 R. Itel Addition of further stability data for ba tches ESY0008-XX, 
ESY0009-XX, ESY0010-XX 
Removal stability data for lab scale batch EUY-0001-A 

03 10.05.202 1 R. Itel Update with 36 months data. 
Start of stability study was corrected. Stability time points 
were analyzed correctly. ') 

~ 0 
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Ill u rl 

OJ LotNr.: ESY0008-XX u '0 >< 
I /ti '0 I"' 

0 Date of production: 03.2018 ::i n 
0) Stal>l~y start· 04.2018 a. tD ;;;· 

I X :::, Cf) 

(.,.) ::: 
tv -20"C 

...... 0. i:r 
Ill 

I Period Date Inspection Lot TYMC n 1 

tv "" OJ 
:, 

tv tD Cl. 
months ctu/ QI 

(.,.) 0 04.2018 890000066482 cumP!~s 95.15 0.02 n.d 0.00 0.02 0.04 0.62 0.5 r+ u, n 
G) 12 04.2019 890000082227 comple,s 94.43 0.02 n.d 0.00 0.03 0.03 0.70 :::,-

24 04.2020 890000096479 complies 0.3 94.29 0.07 0.33 0.02 n.d 0.10 n.d 0.01 0.00 0.01 0.00 0.11 n.d 0.05 0.04 0.89 
c: 36 04.2021 890000113440 cumplitls 0.3 95.37 0. 10 0.47 0.03 11.d o.oe 0.008 0.01 0.00 0.02 0.00 0.1 1 11.d 0.05 o.oe 1.05 m 
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0 
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.....i.. 
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La1 Nr · ESY0009-XX i t t (t) I"' I l 0 Date of production: 03.2018 
~ i t ::J n 

0) Slabilny s1ar1: 04.2018 t a. iii" 

1\ T T T t T x· I L L L L Cf) 

(.,.) 
N 

::: 
I\) -20'C i:r 

Ill 
I Period Date Inspection Lot TYMC 1 

I\) "" OJ 
::, 

I\) Cl. 
months 1/, % CIU! QJ 

(.,.) 
0 04.2018 890000066484 complies 0.2 95.43 0.09 0.29 0.07 0.01 0.00 n.d 0.05 0.5 r+ 

ri 
G) 12 04.2019 890000082232 complies 0.3 94.24 O.D7 0.15 0.03 n.d 0.12 n.d 0.01 0.00 0.02 0.00 0.12 n.d 0.05 0.04 0.76 :::, 
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60 03.2022 

i"C / 60% rF 
Inspection Lot TYMC 

clU/, 
04.2018 890000066484 complies 0.2 95.43 0.09 0.02 n.d 0.07 0.01 0.00 0.02 0.12 n.d 0.05 0.05 0.85 0.5 
07.2018 890000071320 complies 0.3 95.39 0.04 0.04 n.d 0.05 0.13 0.01 0.02 11.d 0.14 n.d 0.05 0.03 0.91 
10.2018 890000075126 complies 0.4 94.85 0.08 0.08 n.d 0.08 n.d 0.02 0.01 0.0,2 0.01 0.13 n.d 0.06 0.02 0.65 

9 01.2019 890000078609 complies 0 3 95.05 0.08 0.13 0.03 n d 0.13 0.004 0.02 002 0.03 0.01 0.13 0.014 0 05 0.04 0.81 

G) 12 04.2019 890000082234 complies 0.3 94.48 O.D7 0.14 0.03 n.d 0.13 n.d 0.01 0.01 0.02 n.d 0.14 n.d 0.05 0.04 0.77 0.5 0.5 

c: 18 10.2019 890000089532 complies 0.3 95.88 0.06 0.09 0.03 n.d 0.13 n.d 0.01 0.01 0.01 0.00 Q.12 n.d 0.05 0.03 0.70 
24 03.2020 890000096486 complies 0.3 94.41 0.09 0.34 0.03 0.005 0.11 0.009 0.01 0.01 0.02 0.00 0.12 n.d 0.05 0.05 1.01 0.5 0.5 ...... 36 03.2021 890000113446 complies 0.3 95.11 0.11 0.43 0.04 n.d 0.08 0.009 0.01 0.01 0.02 0.01 0:13 

. 
n.d 0.05 0.06 1.10 co· 48 03.2022 

O" 60 03.2022 

cii' • 40'C I 75% rF 

0 
Period Date Inspection Lot TYMC 

....lo. months % ci..1/i. 

....lo. 0 04.2018 890000066484 cornplies 0.2 95.43 0.09 0.29 0.02 0.00 0.05 0.5 

0 3 07.2018 890000071321 complies 0.3 95.63 0.04 0.25 0.05 n.d 0.01 
6 10.2018 890000075125 complies 0.5 94.70 0.09 0.13 0.07 n.d 0.04 n.d 0.01 n.d 

(.,.) 9 01 .2019 890000078610 complies 0.4 95.29 0.09 0.13 0.04 0.006 0.12 0.011 0.01 0.01 0.02 0.01 0.12 n.d 0.05 0.04 0.85 
0 'U 12 04.2019 890000082235 complies 03 9432 0.08 0.15 0.03 n.d 012 0.005 001 0.02 0.01 n.d 0.14 n.d 0 05 0.06 083 
I\) Ill 

0 IC 
ID 

..... 
N 
0 ...,, 
..... 
.j>. 
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Sodium Acrofoliri; Stabilil~ testing Program 

t 
)> 3: 

+ t Ill "Cl ii 
OJ , + t "Cl >< 

I 
LotNr.: ESY0010-XX 

t (t) I"' 

0 Dale or production: 03.2018 - I ::J n 
0) Stability stM: 04.2018 I r a. ;;;· 

I \\ I ( x· Cf) 

(.,.) w ::: 
I\) i:r -20"C Ill 

I 
Period Date lnspectoo Lot TYIIC 

1 
I\) "" OJ 

::, 

I\) Cl. 

(.,.) months % % % ¼ % ¼ % % % cfu/ QI 

0 04.2018 890000066483 complies 94.26 0.11 0.10 0.01 0.00 0.02 0.00 0.13 0.06 0.04 0.65 0.5 
,.... 
n 

G) 12 04.2019 890000082236 corn plies 94.94 0.15 n.d 0.12 0.01 0.01 0.03 0.00 0.15 n.d 0.06 0.04 0.82 :r 
c: 24 04.2020 890000096487 complies 94.51 ,; 0.08 0.30 0.001 0.13 0.01 0.00 0.02 0.00 0.14 n.d 0.06 0.04 0.96 m 
...... 36 04.2021 890000113447 complies 95.79 0.13 0.50 .._0.10 n.d 0.07 n.d 0.01 0.01 0.01 0.01 0.14 n.d 0.06 0.03 1.13 Ul 

co· 48 04.2022 , -< 
60 04.2023 0 

ru 0 .... 
O" +5'C 0 

Period Date lnspectK>n Lot TYIIC 
I 

X 
(.,.) months cfu/c X 
....lo. 

0 04.2018 890000066483 complies 0.2 94.26 0.06 0.11 0.10 0.01 0.00 0.02 0.00 0.13 0.06 0.04 0.5 

0 3 07.2018 890000071322 complies 0.3 95.92 0.03 0.21 ,..0.,04 n.d 01)5 0.13 0.01 0.02 0.00 0.15 n.d 0.06 0.03 0.95 

CJl 6 10.2018 890000075127 complies 0.4 94.61 0.08 0.13 0.07 n.d ow n.d 0.02 0.01 0.02 0.00 0.13 n.d 0.00 0.02 0.63 

I\) 
9 01.2019 890000078613 complies 0.3 95.14 0.08 0.14 0.02 n.d 0.12 n.d 0.01 0.01 0.03 0.00 0.14 n.d 0.00 0.04 0.84 
12 04.2019 890000082237 complies 0.3 95.07 0.08 0.16 0.03 n.d 0.12 n.d 0.01 0.01 0.03 0.00 0.15 n.d 0.06 0.05 0.86 0.5 0.5 

0 18 10.2019 890000089534 complies 0.3 95.74 0.05 0.08 0.02 n.d 0.15 n.d ,. 0.01 0.00 0.01 0.00 0.14 n.d 0.00 0.03 0.69 
I\) 24 04.2020 890000096489 complies 0.3 95.77 0.10 0.36 0.03 0.003., 0.11 0.003 0.01 0.01 0.02 0.00 0.14 n.d 0.06 0.05 1.05 0.5 0.5 
....lo. 36 04.2021 890000113446 complies 0.3 95.23 0.11 0.43 0.09 n.d 0.08 n.d 0.01 0.01 0.01 0.01 0.14 n.d 0.06 0.02 1.05 

48 04.2022 
60 04.2023 

Period lnspectK>n Lot TYIIC 

months cfu/, 
0 04.2018 890000066483 complies 0.5 

07.2018 890000071323 complies 0.3 96.00 0.04 0.23 0.04 n.d 0.04 0.13 0.01 0.02 0.00 0.15 n.d 0.06 0.03 0.97 
10.2018 890000075128 complies 0.4 94.74 0.08 0.12 0.03 n.d 0.10 n.d 0.01 0.01 0.02 0.01 0.14 n.d 0.06 0.04 0.73 

G) 9 01.2019 890000078614 complies 0.3 95.11 0.08 0.12 0.03 n.d 0.1 3 0.010 0.01 0.01 0.03 0.01 0.14 n.sJ 0.00 0.04 0.84 

c: 12 04.2019 890000082236 complies 0.3 94.96 0.08 0.14 0.03 n.d 0.12 n.d 0.01 0.01 0.03 0.00 0.15 n.d 0.06 0.04 0.80 0.5 0.5 
18 10.2019 890000089535 complies 0.3 95.55 0.06 0.09 0.03 n.d 0.14 0.004 0.01 0.01 0.01 0.00 0.14 n.d 0.06 0.03 0.74 ...... 24 04.2020 890000096490 complies 0.3 94.81 0.09 0.29 0.03 0.005 0.13 0.007 0.01 0.01 0.02 0.00 0.14 n.d 0.06 0.04 1.00 0.5 0.5 co· 36 04.2021 890000113449 complies 0.3 95.63 0.12 0.42 0.10 n.d 0.08 n.d 0.01 0.01 0.01 0.01 0.14 n.d 0.06 0.03 1.05 

O" 48 04.2022 

cii' 60 04.2023 

0 Period Ins pcction Lot TYIIC 
....lo. 

....lo. months cfu/, 

0 0 04.2018 890000066483 complies 0.2 94.26 0.06 0.11 0.10 0.01 0.00 0.02 0.00 0.13 0.06 0.04 0.65 0~5 
3 07.2018 890000071324 complies 0.3 95.77 0.08 0.26 0.03 007 0.01 0.01 0.01 0.00 0.14 0.05 0.04 0.84 

(.,.) 6 10.2018 890000075129 complies 0.5 95.34 0.09 0.13 0.04 0.10 n.d 0.01 0.02 0.02 0.00 0.14 n.d 0.00 0.04 0.76 
0 -u 9 01.2019 890000078615 complies 0.3 95.34 0.09 0.13 0.04 0.003 0.12 0.008 0.01 0.01 0.03 0.00 0.14 n.d 0.00 0.04 0.86 
I\) Ill 12 04.2019 890000082239 complies 0.3 95.09 0.09 0.16 0.04 0 0.11 n.d 0.01 0.01 0.02 0.00 0.15 n.d 0.00 0.05 0.87 
0 IC 

ID 

..... 
\;.I 

0 ...,, 
..... 
.j>. 
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Appendix  D. PubMed  Literature  Searches 

 
  

 
         

       
         

         
        

             
     

   
         

       
         

         
       

           
             

   
         

       
         

         
       

           
             

  
 

         
       

         
        

       
            
              
       

      
            

  
  

 

          

Search Terms 
# of 

citations 
((arco folin OR 2246974-96-7 OR monosodium l-mefolinate OR monosodium l-5-
methyltetrahydrofolate OR l-methylfolate OR l-5-methyltetrahydrofolic acid, monosodium 
salt OR (6S) methyltetrahydrofolic acid, monosodium salt OR N- (2-amino-1,4,5,6,7,8-
hexahydro-5-methyl-4-oxo- (6S) pteridinyl) methyl amino benzoyl l glutamic acid OR 5-
methyltetrahydrofolate OR L-5-MTHF OR L-5-methyltetrahydrofolate)) AND (safe* OR 
toxicity OR toxicol* OR acute OR chronic OR subchronic OR mutagenicity OR genotox* OR 
reproduc* OR development* OR terat*) 
Filters: English; Field: Title/Abstract 

250 

((arco folin OR 2246974-96-7 OR monosodium l-mefolinate OR monosodium l-5-
methyltetrahydrofolate OR l-methylfolate OR l-5-methyltetrahydrofolic acid, monosodium 
salt OR (6S) methyltetrahydrofolic acid, monosodium salt OR N- (2-amino-1,4,5,6,7,8-
hexahydro-5-methyl-4-oxo- (6S) pteridinyl) methyl amino benzoyl l glutamic acid OR 5-
methyltetrahydrofolate OR L-5-MTHF OR L-5-methyltetrahydrofolate)) AND ("randomized 
controlled trial"[pt] OR "controlled clinical trial"[PT] OR "Clinical Trial"[pt] OR randomized 
OR randomised OR "controlled trial" OR "clinical trial" OR crossover OR cross-over OR 
pilot) 
Filters: English; Field: Title/Abstract 

119 

((arco folin OR 2246974-96-7 OR monosodium l-mefolinate OR monosodium l-5-
methyltetrahydrofolate OR l-methylfolate OR l-5-methyltetrahydrofolic acid, monosodium 
salt OR (6S) methyltetrahydrofolic acid, monosodium salt OR N- (2-amino-1,4,5,6,7,8-
hexahydro-5-methyl-4-oxo- (6S) pteridinyl) methyl amino benzoyl l glutamic acid OR 5-
methyltetrahydrofolate OR L-5-MTHF OR L-5-methyltetrahydrofolate)) AND ("randomized 
controlled trial"[pt] OR "controlled clinical trial"[PT] OR "Clinical Trial"[pt] OR randomized 
OR randomised OR "controlled trial" OR "clinical trial" OR crossover OR cross-over OR 
pilot) AND infant 
Filters: English 

14 

((arco folin OR 2246974-96-7 OR monosodium l-mefolinate OR monosodium l-5-
methyltetrahydrofolate OR l-methylfolate OR l-5-methyltetrahydrofolic acid, monosodium 
salt OR (6S) methyltetrahydrofolic acid, monosodium salt OR N- (2-amino-1,4,5,6,7,8-
hexahydro-5-methyl-4-oxo- (6S) pteridinyl) methyl amino benzoyl l glutamic acid OR 5-
methyltetrahydrofolate OR L-5-MTHF OR L-5-methyltetrahydrofolate)) AND (metabolism 
OR metabolic OR metabolite OR absorption OR bioavailability OR pharmacokinetics OR oral 
OR pharmacodynamics OR RBC folate OR plasma folate OR serum folate OR urinary folate 
OR homocysteine) AND (folic acid OR folate) 
Filters: English; Field: Title/Abstract; Date limit 2017/01/01 

62 

5-MTHF OR methyltetrahydrofolate OR methyl folate trap OR methyl trap AND mask* 
vitamin B12 deficiency 
No filters applied 

9 

Searches originally conducted in December 2019 and updated in April 2020. 
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Report of the GRAS Panel Concerning the Generally Recognized As Safe 
(GRAS) Status of the Use of Arcofolin®, a Monosodium Salt of L-5-

Methyltetrahydrofolic Acid, As a Source of Folate 

Introduction 

The undersigned, an independent panel of experts, qualified by their scientific training and 
experience to evaluate the safety of food and food ingredients (the “GRAS Panel”), was specially 
convened by Hyman, Phelps & McNamara, PC to evaluate the safety and “generally recognized 
as safe” (“GRAS”) status of the intended uses of Arcofolin® a monosodium salt of L-5-
methyltetrahydrofolic acid, as a source of folate. Arcofolin® is intended to be used as an 
alternative to folic acid in select uses for which folic acid is an approved added nutrient, 
specifically breakfast cereals, corn grits, infant formula, medical foods, food for special dietary 
use, and foods represented to be meal-replacement products. The GRAS panelists are: Drs. J. 
Gregory, C. Kruger, and P. Pressman. 

For the purpose of this review, “safe” or “safety” means that there is “a reasonable certainty in 
the minds of competent scientists that the substance is not harmful under the conditions of its 
intended use,” as defined by the U.S. Food and Drug Administration (FDA, or the “Agency”) in 
21 C.F.R. § 170.3(i). 

Exponent, Inc. (“Exponent”) performed a search of the scientific literature, through April 2020, 
relevant to the safety of Arcofolin®, a monosodium salt of L-5-methyltetrahydrofolic acid (L-5-
MTHF-Na), as a source of folate. Exponent summarized the results of the literature search and 
prepared a safety dossier, “Documentation Supporting the Generally Recognized As Safe 
(GRAS) Conclusion of the Use of Arcofolin®, a Monosodium Salt of L-5-Methyltetrahydrofolic 
acid As a Source of Folate” (April 17, 2020) for consideration by the GRAS Panel. 

The GRAS Panel members critically evaluated Exponent’s safety documentation (the dossier), 
and other available data and information that the members of the Panel believed to be pertinent 
to the safety of the intended use of Arcofolin® as a source of folate. In particular, the Panel 
reviewed the following: identity of Arcofolin®, information on the manufacture of the 
Arcofolin®, specifications for Arcofolin®, a review of uses of salts of L-5-MTHF, and the safety 
of Arcofolin® and similar salts. 

On April 1 and 27, 2020, the Expert Panel convened via teleconference, and independently, 
jointly, and unanimously concluded that Arcofolin®, is manufactured under current good 
manufacturing practice (cGMP), meets appropriate food grade specifications and is safe and 
suitable for its intended use as an alternative to folate in select uses for which folic acid is an 
approved added nutrient under 21 C.F.R. § 172.345, specifically breakfast cereals, corn grits, 
infant formula, medical foods, food for special dietary use, and foods represented to be meal-
replacement products. The Panel further concluded unanimously that the safety and GRAS 
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status of Arcofolin® is based on scientific procedures.  It is also the consensus opinion of this 
GRAS Panel that other qualified experts would concur with these conclusions. 

Summarized below are the data and information upon which the Panel’s conclusions relied 

Description 

Arcofolin® is a  monosodium salt of L-5-methyltetrahydrofolic  acid (L-5-MTHF-Na) that is a 
source  of folate.  Specifications for Arcofolin® define the produ ctas2:91 .0% [6S]5-MTHF,:'.S 
2.5% related compounds, 4.0 – 5.0% sodium, not more than 0.5% ethanol, not more than  0.5% 
iso-pr opanol, and :'.S 1 % water (with appropriate specifications to control elemental impurities 
and microbiological  contaminants).  Arcofolin® is produced under cGMP. 

Intended Use  

Arcofolin® is intended to be  used as an  alternative  to folic  acid for the  following uses for which 
folic acid is an approved  added nutrient: breakfast  cereal; corn grits; infant  formula; medical  
foods; food for special dietary use; and foods represented to be meal-replacement  products, as 
specified in 21 C.F.R. § 172.345. 

Estimated Daily Intake (EDI)  

Arcofolin® is intended for use as substitute  for folic acid in foods.  Thus, the use  of Arcofolin®  
will not increase the dietary exposure  to folic  acid and total folate in the  U.S. population.  

Safety Information 

Folate, which converts to several reduced forms of folate in the body, is a naturally occurring 
water-soluble B vitamin found in many widely consumed foods (ODS, 2020).  Folate is essential 
to healthy growth and development, and folate deficiency results in various adverse health 
outcomes.  There are several folates available in foods and supplements.  The chemical forms of 
dietary folate include folate (mono- and poly-glutamates), folic acid, L-5-MTHF salts, and L-5-
FTHF (L-5-formyl-tetrahydrofolate), which is also known as L-folinic acid. Folic acid is a 
synthetic form of folate commonly found in dietary supplements (ODS, 2020). All folates 
interconvert following absorption, ultimately forming the natural diastereoisomer of 5-
methyltetrahydrofolate ([6S]-5-MTHF that is herein referred to as L-5-MTHF).  Since all folate 
forms share a common metabolic fate, namely conversion to L-5-MTHF, once absorbed, the 
pattern of circulating folates is indistinguishable. 

The safety of Arcofolin® is supported by pivotal published studies evaluating the bioavailability 
of this product as well as bioavailability and safety of the compositionally equivalent salt, 
Metafolin®. 
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• 

• 

• 

• 

• 

• 

Both Arcofolin® and Metafolin® are salts of L-5-MTHF (Arcofolin®:  L-5-MTHF-
Na and Metafolin®: L-5-MTHF-Ca), which are manufactured using similar 
production methods and have similar specifications.  These salts are expected to 
completely dissociate in vivo 

The publicly available data indicate that the bioavailability of the L-5-MTHF-Ca is at 
least as high as that of folic acid and that the fate of L-5-MTHF-Ca is 
indistinguishable from that of other absorbed and metabolized natural folate forms 
(ODS, 2020).  In 2004, an EFSA panel concluded that the bioavailability of L-5-
MTHF-Ca is at least as high as that of folic acid.  In a 2008 assessment, FSANZ 
similarly concluded that the available evidence supports that L-5-MTHF and folic 
acid are “essentially bioequivalent.” 

The comparable bioavailability of Arcofolin® and Metafolin® is corroborated by 
findings from clinical data evaluating the pharmacokinetic response with respect to 
total plasma folate for each salt compared to folic acid administration. 

The IOM (1998) and EFSA (2014) both established a tolerable upper intake levels 
(UL) for folate from fortified foods or supplements (folic acid form) as 1 mg/day for 
adults.  This UL was established based on the relationship of folate intake and 
neurological dysfunction; folate has the potential to reverse megaloblastic anemia due 
to vitamin B12 deficiency, thereby delaying the timely diagnosis and appropriate 
treatment of the disease and allowing the neurological dysfunction caused by B12 

deficiency to progress.  L-5-MTHF supplementation reduces the potential for 
masking the symptoms of vitamin B12 deficiency as well as the hematological 
manifestations of the deficiency, which formed the basis for the UL.  Thus, the 
current UL derived for supplemental folate in the form of folic acid is conservative. 

In 2016, FDA conducted a safety review and risk assessment on folic acid and 
concluded that the approved uses of folic acid in foods are safe. 

Other authoritative bodies have performed risk assessments and corroborated the 
safety of the ingestion of L-5-MTHF-Ca in foods and supplements.  JECFA 
considered the safety of L-5-MTHF-Ca and reported no safety concern for its 
proposed use in dry crystalline or microencapsulated form as an alternative to folic 
acid used in dietary supplements, foods for special dietary uses, and other foods 
(JECFA, 2005).  FSANZ also concluded that the use of L-5-MTHF-Ca for the 
fortification of certain foods would not raise public health or safety concerns 
(FSANZ, 2008). In the United States, NDINs were filed for the use of L-5-MTHF (is 
this the Ca salt) in dietary supplements as a source of folate and the notifications were 
accepted for filing and acknowledged without objection by FDA.  Recently, EFSA 
concluded that the proposed uses of L-5-MTHF-Ca as a folate source in infant 
formula, follow-on formula, processed cereal-based food, and baby food for infants 
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(<12 mo in age) and young children (12-36 mo in age) is safe and that the compound 
does not pose any concern for allergenicity (EFSA, 2020).  

• In a series of studies published by Niederberger et  al. (2019), L-5-MTHF-Ca was 
found to be non-genotoxic, and developmental toxicity studies of standard design did  
not reveal any toxic potential to fetuses or pregnant dams.  A 13-week rat  gavage  
study also published in Niederberger et al. (2019) established a NOAEL for L-5-
MTHF-Ca of 400 mg/kg bw/day based on the  absence of any treatment-related effects 
at this highest  tested  dose.    

• Unpublished genotoxicity studies on Arcofolin®  were  negative, providing 
corroborative evidence  of non-genotoxicity.  Although there are  reports of possible  
adverse  effects of high folic  acid intake  on cancer growth, underlying mechanisms 
have  yet to be  elucidated and more  research is necessary to establish a causal  
relationship.  A review of the  potential adverse effect of folic  acid or biosynthesized 
folate  on colorectal cancer risk does not offer any consistent or conclusive evidence  
of cause  and effect  and consequently does not appear to impact  the conclusion on the  
safety of folate by the IOM, EFSA, and FDA.   

• Assuming Arcofolin® will serve  as an alternative to folic acid for the following uses 
for which folic  acid is an approved added nutrient: breakfast cereal; corn grits; infant  
formula;  medical foods; food for special dietary use; and foods represented to be  
meal-replacement products, as specified  in 21 C.F.R. § 172.345, the  95th percentile  
cumulative intake is 919 µg/day among age group 51 -70 years (FDA, 2016b).  Using 
a default body weight of 60 kg, a cumulative intake of 15.3 µg/kg bw/day can be 
estimated, which is below the  IOM established UL. 

 Safety Assessment 

      
   

 
   

 
   

Collectively, the publicly available data support that the proposed use of Arcofolin® as a source 
of folate when used as an alternative to folic acid for use in  breakfast cereals, corn grits, infant 
formula, medical foods, food for special dietary use, and foods represented to be meal-
replacement products as specified in 21 C.F.R. § 172.345, is safe within the meaning of the 
Federal Food, Drug, and Cosmetic Act, i.e., and meets the standard of reasonable certainty of no 
harm under the conditions of intended use. 
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 Conclusion of the GRAS Panel 

 
  

 
  

  
 

  
  

 
 

   
 

 

__________________________________________ ______________________ 

__________________________________________ ______________________ 

We, the undersigned qualified GRAS panel members, have, both individually and collectively, 
critically evaluated published and unpublished data and information pertinent to the safety of the 
intended use of Arcofolin® as an alternative to folic acid for use in  breakfast cereals, corn grits, 
infant formula, medical foods, food for special dietary use, and foods represented to be meal-
replacement products as specified in 21 C.F.R. § 172.345. We unanimously conclude that the 
intended use of Arcofolin®  manufactured in accordance with cGMP, and meeting appropriate 
food grade specifications, is safe and is GRAS based on scientific procedures. 

It is our opinion that other qualified experts would concur with our conclusions. 

By: 

__________________________________________ ______________________May 20, 2020  
Date Jesse F. Gregory, PhD 

Professor Emeritus of Food Science and Human Nutrition 
University of Florida 
Gainesville, FL 32611 

Claire Kruger, Ph.D., DABT, CFS Date 
Spherix Consulting Group 

Peter Pressman, MD, MS, FACN Date 
The Daedalus Foundation 
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__________________________________________ ______________________ 

Conclusion of the GRAS Panel 

We, the undersigned qualified GRAS panel members, have, both individually and collectively, 
critically evaluated published and unpublished data and information pertinent to the safety of the 
intended use of Arcofolin® as an alternative to folic acid for use in  breakfast cereals, corn grits, 
infant formula, medical foods, food for special dietary use, and foods represented to be meal-
replacement products as specified in 21 C.F.R. § 172.345. We unanimously conclude that the 
intended use of Arcofolin®  manufactured in accordance with cGMP, and meeting appropriate 
food grade specifications, is safe and is GRAS based on scientific procedures. 

It is our opinion that other qualified experts would concur with our conclusions. 

By: 

__________________________________________ ______________________ 
Jesse F. Gregory, PhD Date 
Professor Emeritus of Food Science and Human Nutrition 
University of Florida 
Gainesville, FL 32611 

Claire Kruger, Ph.D., DABT, CFS 
Spherix Consulting Group 

May 20, 2020 ______________________ 
Date 

Peter Pressman, MD, MS, FACN Date 
The Daedalus Foundation 
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Conclusion of the GRAS Panel 

We, the undersigned qualified GRAS panel members, have, both individually and collectively, 

critically evaluated published and unpublished data and information pertinent to the safety of the 

intended use of Arcofolin® as an alternative to folic acid for use in breakfast cereals, corn grits, 

infant formula, medical foods, food for special dietary use, and foods represented to be meal­

replacement products as specified in 21 C.F.R. § 172.345. We unanimously conclude that the 

intended use of Arcofolin® manufactured in accordance with cGMP, and meeting appropriate 

food grade specifications, is safe and is GRAS based on scientific procedures. 

It is our opinion that other qualified experts would concur with our conclusions. 

By: 

Jesse F. Gregory, PhD Date 
Professor Emeritus of Food Science and Human Nutrition 
University of Florida 
Gainesville, FL 32611 

Claire Kruger, Ph.D., DABT, CFS Date 
Spherix Consulting Group 
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From: Nga Tran 
To: Morissette, Rachel 
Subject: RE: [EXTERNAL] RE: request for a meeting to discuss GRN 001023 
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CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you 
recognize the sender and know the content is safe. 

Dear Rachel, 
Following FDA’s recommendation, Merck is requesting a meeting with the Agency to discuss issue 
concerning HEM in January 2022 and that the Agency cease to evaluate this GRAS notice. 
We look forward to further discussion with the review team. 
Best regards and Happy Holidays. 
Nga 

From: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov> 
Sent: Monday, December 20, 2021 9:49 AM 
To: Nga Tran <ntran@exponent.com> 
Subject: RE: [EXTERNAL] RE: request for a meeting to discuss GRN 001023 

Thank you! 

Rachel 

mailto:ntran@exponent.com
mailto:Rachel.Morissette@fda.hhs.gov
mailto:ntran@exponent.com
mailto:Rachel.Morissette@fda.hhs.gov
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Rachel Morissette, Ph.D. 
Regulatory Review Scientist 

Division of Food Ingredients 
Office of Food Additive Safety 
Center for Food Safety and Applied Nutrition 
U.S. Food and Drug Administration 
rachel.morissette@fda.hhs.gov 

From: Nga Tran <ntran@exponent.com> 
Sent: Friday, December 17, 2021 3:52 PM 
To: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov> 
Subject: RE: [EXTERNAL] RE: request for a meeting to discuss GRN 001023 

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you 
recognize the sender and know the content is safe. 

Dear Rachel, 
I have passed this information to Merck and I probably will not hear back from them until Monday.  I 
will follow up early next week with their decision (before you leave for vacation). 
Thanks 
Nga 

From: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov> 
Sent: Friday, December 17, 2021 12:33 PM 
To: Nga Tran <ntran@exponent.com> 
Subject: RE: [EXTERNAL] RE: request for a meeting to discuss GRN 001023 

Dear Nga, 

Thank you for getting back to us. We discussed Merck’s proposal. Unfortunately, the use of QSAR 
and read across to support the GRAS status of HEM is not going to be sufficient to establish safety 
and general recognition of safety. We have significant safety concerns about this toxic and possibly 
carcinogenic impurity and cannot move forward with a no questions letter for the intended use of L-
5-MTHF-Na with HEM used in the manufacturing. We are happy to set up a meeting after the New 

mailto:rachel.morissette@fda.hhs.gov
https://urldefense.com/v3/__http:/www.fda.gov/__;!!HGYKHdhaPg!BD4NDUqUwNHBX-Tu2ezhrUhb4rY39hmZUaoDhXeLlZHRk2JQGHQBtwuMfNTBDg$
https://urldefense.com/v3/__https:/www.facebook.com/FDA__;!!HGYKHdhaPg!BD4NDUqUwNHBX-Tu2ezhrUhb4rY39hmZUaoDhXeLlZHRk2JQGHQBtwtYPY_zEg$
https://urldefense.com/v3/__https:/twitter.com/US_FDA__;!!HGYKHdhaPg!BD4NDUqUwNHBX-Tu2ezhrUhb4rY39hmZUaoDhXeLlZHRk2JQGHQBtwtsAfE1-A$
https://urldefense.com/v3/__http:/www.youtube.com/user/USFoodandDrugAdmin__;!!HGYKHdhaPg!BD4NDUqUwNHBX-Tu2ezhrUhb4rY39hmZUaoDhXeLlZHRk2JQGHQBtwuv_LLuFA$
https://urldefense.com/v3/__http:/www.flickr.com/photos/fdaphotos/__;!!HGYKHdhaPg!BD4NDUqUwNHBX-Tu2ezhrUhb4rY39hmZUaoDhXeLlZHRk2JQGHQBtwsJ3PkMfw$
https://urldefense.com/v3/__https:/www.fda.gov/about-fda/contact-fda/subscribe-podcasts-and-news-feeds__;!!HGYKHdhaPg!BD4NDUqUwNHBX-Tu2ezhrUhb4rY39hmZUaoDhXeLlZHRk2JQGHQBtwvcmEjMvA$
mailto:ntran@exponent.com
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Year to discuss this issue further, but at this time we are recommending that Merck request that we 
cease to evaluate this GRAS notice. Please let me know how Merck wishes to proceed. I will be 
around until next Wednesday, but then am off for Christmas until Jan. 3. 

Best regards, 

Rachel 

Rachel Morissette, Ph.D. 
Regulatory Review Scientist 

Division of Food Ingredients 
Office of Food Additive Safety 
Center for Food Safety and Applied Nutrition 
U.S. Food and Drug Administration 
rachel.morissette@fda.hhs.gov 

From: Nga Tran <ntran@exponent.com> 
Sent: Friday, December 10, 2021 1:45 PM 
To: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov> 
Subject: RE: [EXTERNAL] RE: request for a meeting to discuss GRN 001023 

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you 
recognize the sender and know the content is safe. 

Dear Rachel, 

I had a chance to discuss the questions raised in your email and phone call from last week with 
Merck.  Merck would like to request that we remove the proposed use of Arcofolin in infant formula 
from the current GRN 001023. 

Regarding the use of HEM in the manufacturing, it is an integral part of the manufacturing process 
and there is no suitable alternative for Merck.  As such, we would like to provide the Agency with a 
formal QSAR and the published tox data on the read-across as the result the formal QSAR 
assessment to support the safety of Merck’s internal reporting threshold (< 0.05%) for HEM. Given 
the upcoming holiday season and December being such a short month, would it be possible for us to 

mailto:rachel.morissette@fda.hhs.gov
https://urldefense.com/v3/__http:/www.fda.gov/__;!!HGYKHdhaPg!G889ohSzDSqjueTfuqNaPtj_BxP9wB-Y8XpLb8I4av6QztKjQk6CHxOf9-TKNw$
https://urldefense.com/v3/__https:/www.facebook.com/FDA__;!!HGYKHdhaPg!G889ohSzDSqjueTfuqNaPtj_BxP9wB-Y8XpLb8I4av6QztKjQk6CHxNi4hA50A$
https://urldefense.com/v3/__https:/twitter.com/US_FDA__;!!HGYKHdhaPg!G889ohSzDSqjueTfuqNaPtj_BxP9wB-Y8XpLb8I4av6QztKjQk6CHxPFjlR0RA$
https://urldefense.com/v3/__http:/www.youtube.com/user/USFoodandDrugAdmin__;!!HGYKHdhaPg!G889ohSzDSqjueTfuqNaPtj_BxP9wB-Y8XpLb8I4av6QztKjQk6CHxM_G_XafQ$
https://urldefense.com/v3/__http:/www.flickr.com/photos/fdaphotos/__;!!HGYKHdhaPg!G889ohSzDSqjueTfuqNaPtj_BxP9wB-Y8XpLb8I4av6QztKjQk6CHxMdj_Gj6g$
https://urldefense.com/v3/__https:/www.fda.gov/about-fda/contact-fda/subscribe-podcasts-and-news-feeds__;!!HGYKHdhaPg!G889ohSzDSqjueTfuqNaPtj_BxP9wB-Y8XpLb8I4av6QztKjQk6CHxPctdewzw$
mailto:ntran@exponent.com
mailto:Rachel.Morissette@fda.hhs.gov
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provide this updated narrative for HEM in January for your review as part of the current GRN? 

We appreciate your guidance. 
Best, 
Nga 

From: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov> 
Sent: Friday, November 19, 2021 2:10 PM 
To: Nga Tran <ntran@exponent.com> 
Subject: RE: [EXTERNAL] RE: request for a meeting to discuss GRN 001023 

Thank you. Have a great weekend. 

Rachel 

Rachel Morissette, Ph.D. 
Regulatory Review Scientist 

Division of Food Ingredients 
Office of Food Additive Safety 
Center for Food Safety and Applied Nutrition 
U.S. Food and Drug Administration 
rachel.morissette@fda.hhs.gov 

From: Nga Tran <ntran@exponent.com> 
Sent: Friday, November 19, 2021 2:05 PM 
To: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov> 
Subject: RE: [EXTERNAL] RE: request for a meeting to discuss GRN 001023 

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you 
recognize the sender and know the content is safe. 

mailto:Rachel.Morissette@fda.hhs.gov
mailto:ntran@exponent.com
mailto:rachel.morissette@fda.hhs.gov
https://urldefense.com/v3/__http:/www.fda.gov/__;!!HGYKHdhaPg!D334a4PXJqTfp-1TiNK-11Xq2gIGiS28dVkRdxmJ5W2Tg42OU6-vr6uql8ilBw$
https://urldefense.com/v3/__https:/www.facebook.com/FDA__;!!HGYKHdhaPg!D334a4PXJqTfp-1TiNK-11Xq2gIGiS28dVkRdxmJ5W2Tg42OU6-vr6t0r-HxlQ$
https://urldefense.com/v3/__https:/twitter.com/US_FDA__;!!HGYKHdhaPg!D334a4PXJqTfp-1TiNK-11Xq2gIGiS28dVkRdxmJ5W2Tg42OU6-vr6tEasBSYA$
https://urldefense.com/v3/__http:/www.youtube.com/user/USFoodandDrugAdmin__;!!HGYKHdhaPg!D334a4PXJqTfp-1TiNK-11Xq2gIGiS28dVkRdxmJ5W2Tg42OU6-vr6vSaIro6g$
https://urldefense.com/v3/__http:/www.flickr.com/photos/fdaphotos/__;!!HGYKHdhaPg!D334a4PXJqTfp-1TiNK-11Xq2gIGiS28dVkRdxmJ5W2Tg42OU6-vr6t6UAD6gA$
https://urldefense.com/v3/__https:/www.fda.gov/about-fda/contact-fda/subscribe-podcasts-and-news-feeds__;!!HGYKHdhaPg!D334a4PXJqTfp-1TiNK-11Xq2gIGiS28dVkRdxmJ5W2Tg42OU6-vr6sxHROM_Q$
mailto:ntran@exponent.com
mailto:Rachel.Morissette@fda.hhs.gov
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I just accepted as well as forwarded to Mary Murphy.  She will be joining the call. 
Thanks 
Nga 

From: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov> 
Sent: Friday, November 19, 2021 1:02 PM 
To: Nga Tran <ntran@exponent.com> 
Subject: RE: [EXTERNAL] RE: request for a meeting to discuss GRN 001023 

Thank you. I scheduled our meeting for Dec. from 2-3 pm. Please let me know if you didn’t receive 
the Zoom call-in instructions. 

Best regards, 

Rachel 

Rachel Morissette, Ph.D. 
Regulatory Review Scientist 

Division of Food Ingredients 
Office of Food Additive Safety 
Center for Food Safety and Applied Nutrition 
U.S. Food and Drug Administration 
rachel.morissette@fda.hhs.gov 

From: Nga Tran <ntran@exponent.com> 
Sent: Friday, November 19, 2021 12:54 PM 
To: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov> 
Subject: [EXTERNAL] RE: request for a meeting to discuss GRN 001023 

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you 
recognize the sender and know the content is safe. 

Dear Rachel, 
Thursday 12/2 from 1-3 works for us. 

mailto:Rachel.Morissette@fda.hhs.gov
mailto:ntran@exponent.com
mailto:rachel.morissette@fda.hhs.gov
https://urldefense.com/v3/__http:/www.fda.gov/__;!!HGYKHdhaPg!FYh44IOb9dduraUUILy6d016UYRnyC3Q0x0bSICoHEh1OLoHgl2xNQoQyQSYEQ$
https://urldefense.com/v3/__https:/www.facebook.com/FDA__;!!HGYKHdhaPg!FYh44IOb9dduraUUILy6d016UYRnyC3Q0x0bSICoHEh1OLoHgl2xNQpZ37wGjw$
https://urldefense.com/v3/__https:/twitter.com/US_FDA__;!!HGYKHdhaPg!FYh44IOb9dduraUUILy6d016UYRnyC3Q0x0bSICoHEh1OLoHgl2xNQpTJQCs2Q$
https://urldefense.com/v3/__http:/www.youtube.com/user/USFoodandDrugAdmin__;!!HGYKHdhaPg!FYh44IOb9dduraUUILy6d016UYRnyC3Q0x0bSICoHEh1OLoHgl2xNQrKSICdPQ$
https://urldefense.com/v3/__http:/www.flickr.com/photos/fdaphotos/__;!!HGYKHdhaPg!FYh44IOb9dduraUUILy6d016UYRnyC3Q0x0bSICoHEh1OLoHgl2xNQqmEn0B9g$
https://urldefense.com/v3/__https:/www.fda.gov/about-fda/contact-fda/subscribe-podcasts-and-news-feeds__;!!HGYKHdhaPg!FYh44IOb9dduraUUILy6d016UYRnyC3Q0x0bSICoHEh1OLoHgl2xNQoPu4bVLw$
mailto:ntran@exponent.com
mailto:Rachel.Morissette@fda.hhs.gov
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Thanks 
Nga 

From: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov> 
Sent: Friday, November 19, 2021 12:39 PM 
To: Nga Tran <ntran@exponent.com> 
Subject: [EXTERNAL] request for a meeting to discuss GRN 001023 

CAUTION: This Email is from an EXTERNAL source. Ensure you trust this email address before 
replying or clicking on any links or attachments. 

Dear Dr. Tran, 

We would like to schedule a phone call to discuss GRN 0001023, as we have a number of concerns 
with certain data and information that were provided in the notice, as well as information that is 
lacking. Although this is not a complete list of our questions for this notice, the high-level concerns 
we would like to discuss include the following: 

1. The use of hydroxyethylmorpholine (HEM) in the manufacturing process. 
2. The lack of dietary exposure data to sodium L-5-MTHF (i.e., folic acid) in infants (and 

therefore inability to evaluate downstream issues like sodium intake). 
3. The insufficient safety discussion/studies related to use by infants. 

The following dates and times are currently available for our team, so please let me know if any of 
these 1-hour slots will work for you as soon as possible, as our calendars tend to fill up quickly. If not, 
I can extend later into December. 

Tues. Nov. 30 from 12-2 pm 
Thurs. Dec. 2 from 12-3 pm 
Mon. Dec. 6 from 9-10 am, 11-12 pm, or 2-3 pm 

Best regards, 

Rachel 

Rachel Morissette, Ph.D. 
Regulatory Review Scientist 

Division of Food Ingredients 
Office of Food Additive Safety 
Center for Food Safety and Applied Nutrition 
U.S. Food and Drug Administration 
rachel.morissette@fda.hhs.gov 

mailto:Rachel.Morissette@fda.hhs.gov
mailto:ntran@exponent.com
mailto:rachel.morissette@fda.hhs.gov
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