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A composition of , method for producing , and use of an 
amorphous lyophilized Phenobarbital Sodium having high 
purity are presented . The amorphous lyophilized Phenobar 
bital Sodium is storage - stable being essentially void of 
impurities ( e.g. , phenylethylacetylurea ( PEAU ) , 2 - ethyl - 2 
phenylmalonamide ( 2EPMM ) , and / or alpha - phenylbu 
tyrylguanidine ( PBG ) ) upon reconstitution in water . 



Patent Application Publication Mar. 25, 2021 Sheet 1 of 39 US 2021/0085608 Al 

Fig. 1A 

  

Fig. 1B 

 

Patent Application Publication Mar. 25 , 2021 Sheet 1 of 39 US 2021/0085608 A1 

Fig . 1A 

Fig . 1B 



Patent Application Publication Mar. 25, 2021 Sheet 2 of 39 US 2021/0085608 Al 

Fig. 1c 

 

Patent Application Publication Mar. 25 , 2021 Sheet 2 of 39 US 2021/0085608 A1 

Fig . 1C 

Fig . 1D 



Patent Application Publication Mar. 25, 2021 Sheet 3 of 39 US 2021/0085608 Al 

Fig. 1E 

 

Patent Application Publication Mar. 25 , 2021 Sheet 3 of 39 US 2021/0085608 A1 

Fig . 1E 

Fig . 17 
1 . ) :::::::: . PO !!!!! ... ..... :::::: 



Patent Application Publication Mar. 25, 2021 Sheet 4 of 39 US 2021/0085608 Al 

Fig. 2A 

  

              

ea { me, 
nes Tin ee ate OTN ett pennant Ne Ae Pinte prac | 

      
     

Patent Application Publication Mar. 25 , 2021 Sheet 4 of 39 US 2021/0085608 A1 

Fig . 2A 

2 ? 

?? 
SampleName Blank 



Patent Application Publication Mar. 25, 2021 Sheet 5 of 39 US 2021/0085608 Al 

Fig. 2B 

  

  

  

        

  

  

Fea fame 

  

  

                

  

rharbilai |4 
 

Patent Application Publication Mar. 25 , 2021 Sheet 5 of 39 US 2021/0085608 A1 

Fig . 2B 

Result 18533 

USP 



Patent Application Publication Mar. 25, 2021 Sheet 6 of 39 US 2021/0085608 Al 

Fig. 2C 

  

sant 

      

  

gone}   ae pop saan tenon dnonet epemtarenenconetanne epee rep 
20 Zin ao a ba 2 Beal 140 

Minus 

SampleName RS_W_STD_0.2% Regul id 1044   

  

Se 

FeakName | RT 1 Area lAreaint an Flats 

count 

  

  

kn
) 

La
e)
 

e
n
e
d
 

eo
 

Oo
 

pac
e] 

ae
s 

bt
n 1) Phenobarhital 4 S97 13                    

Patent Application Publication Mar. 25 , 2021 Sheet 6 of 39 US 2021/0085608 A1 

Fig . 2C 

9184 Hort 

293 

Peak Name 
USP 

Tailing 



Patent Application Publication Mar. 25, 2021 Sheet 7 of 39 US 2021/0085608 Al 

Fig. 2D 

  

    

    

  

  

          TT Tor fp rr rt rt 

fe Py 
ane BB       

  

AM ip Real le of2 

  

                        
 

Patent Application Publication Mar. 25 , 2021 Sheet 7 of 39 US 2021/0085608 A1 

Fig . 2D 

SampleName 2EPNM imp 

ZEPYN 



Patent Application Publication Mar. 25, 2021 Sheet 8 of 39 US 2021/0085608 Al 

Fig. 2E 

  

        

    
  

          

  

  

  

                       

Patent Application Publication Mar. 25 , 2021 Sheet 8 of 39 US 2021/0085608 A1 

Fig . 2 

BU 

ainoastaani 

SampleName PBG imp 



Patent Application Publication Mar. 25 , 2021 Sheet 9 of 39 US 2021/0085608 A1 

Fig . 2F 

USP 
Peak Name | R Area sin 

I 

Sam pellame PEAU_0.3 % Channel Description W2489 CHA 210nm Result id 28698 



Patent Application Publication Mar. 25, 2021 Sheet 10 of 39 US 2021/0085608 A1 

Fig. 2G 

SEE   

29002 

"92004 

ORR 

      
iiTERES 

—— SanpleName Blank Reatid 16430

Patent Application Publication Mar. 25 , 2021 Sheet 10 of 39 US 2021/0085608 A1 

Fig . 2G 

2 

SanpleName Blank 



Patent Application Publication Mar. 25 , 2021 Sheet 11 of 39 US 2021/0085608 A1 

Fig . 2H 

? 

Sample Name Assay W_STO 

USP 
Peak Name Area Amount s'n 

Count 



Patent Application Publication Mar. 25 , 2021 Sheet 12 of 39 US 2021/0085608 A1 

Fig . 3A 

40 ? 

the cotta 
1 

{ 

1 . 246 

SampleName RLD_058407_65 mg / m 

USP USP 
Resolution 



Patent Application Publication Mar. 25 , 2021 Sheet 13 of 39 US 2021/0085608 A1 

Fig . 3B 

trenobarbital ** . 537 
Blank 1.358 

1 1 Benzyl Alcohol -3.391 
RRT 1:82 - 8 319 

SampleName RLD 65 mg_RT_G4 Result : 24859 ; Channel Name 254 0nm 
... ::::::::: . 

say USP 
Resolution Talling 

1 Benzyl Alcohol 33011 87091 

1.22 



Patent Application Publication Mar. 25 , 2021 Sheet 14 of 39 US 2021/0085608 A1 

Fig . 30 

Phenobarbital 4.836 Blank 1357 PEAU 
1 1 1 1 1 t . : 1 

Bla mk . 1.357 
hapa Benzyl Alcohol 3.392 DRRT 1.82 8321 

} 3 

USP USP 

237 



Patent Application Publication Mar. 25 , 2021 Sheet 15 of 39 US 2021/0085608 A1 

Fig . 3D 

166 36125 € 08Z 678 1. Youndwi oua4d 

PIEZG11 Benzyl alcohot : 1.065021505 henobarbital 5.238.178007 treno degrdnproudct.9 PEAU 

? 3 

SampleName RLD_058407_65 mg / ml Channel Descnption 2998 ( 205 * 00nm Result id 3537 ?????? " 

USP USP 
Peak Name 

USP 
Resolution 

3 



Patent Application Publication Mar. 25 , 2021 Sheet 16 of 39 US 2021/0085608 A1 

Fig . 3E 

} Benzyl Alcohol - 3391 Sodium 1093 para o program CRI 0299 Pla 
CLET : ( 89EASE PEAU 

31 . 

RRI.1.82 - 8.3 

List 

Samplelame RLD 65 mg_RT_8X Result id 24718 , Channel Name 210.0nm 

Peak lane 



Patent Application Publication Mar. 25 , 2021 Sheet 17 of 39 US 2021/0085608 A1 

Fig . 3F 

Benzyl Alcohol.3.392 lank 1.1.302 BJ ) 6870 IN 
0 -RRT 0.322.12 RT 0.338 Pla RRI 0.37 -1.61 

RRT 1 999.000 

Resolution Taiting 
1 Benzyl Alcohol 3392 3833550 21.50 15.701 mg.ml 
2 Phenobarbital 4.536 13183528 73.94 51 257 mg / ml 



Patent Application Publication Mar. 25, 2021 Sheet 18 of 39 US 2021/0085608 A1 

Fig. 3G 

  

  

  
  

      
= 
at 

84 
Ese] 

pes) 

ts 
aoeon 

2 

ov “ 
oy oi 

a 
T € T ¥ + ’ 1 1 E ¥ I i     

  

PeakName | RT 

    ee
e:
 

)/Pheonoharhial | 1 34                      

Patent Application Publication Mar.25.2021 Sheet 18 of 39 US 2021 / 0085608A1 

Fig . 3G 

2GE ?? ???? ? 
' s 

1.326.1068 ? 

J 

200 



Patent Application Publication Mar. 25 , 2021 Sheet 19 of 39 US 2021/0085608 A1 

Fig . 3H 

Ahenobarbital -4.5.35 M30 

Benzyl Alcohol 3.391 
RRI 1.828.322 

1 

SampleName RLD 130 mg RT_GH ResultId24891 Channel Name 254.07 

RT Resolution Tailing 
1 Benzyl Alcohol 3391 3232 

8.322 



Patent Application Publication Mar. 25 , 2021 Sheet 20 of 39 US 2021/0085608 A1 

Fig . 31 

789 * 1 epi quegou a hot 
PEAU 

PBenzyl Alcohol -3.391 EZE 8.78184 

Peak Name 

1 Benzyl Alcohol 3391 43440 

8.323 2742 



Patent Application Publication Mar. 25 , 2021 Sheet 21 of 39 US 2021/0085608 A1 

Fig . 31 

1.162 23704 Denizytatott B3 henobarbital - 5.265 1766 1964 RRILE Pheno degrdmproudct . 9 

1 : ! I 3 1 

SampleName RD_058409_130 mgmt Channel Description 2998 205-400 nmn Resilt ld 3539 

USP 
RT 1 Area % Area Plate 

Count 



Patent Application Publication Mar. 25 , 2021 Sheet 22 of 39 US 2021/0085608 A1 

Fig . 3K 

2023 Sodium 1091 SRT 0.338 ( Pla KIRT 0.3716 
1 091 ! 

670 2 08 RRI_182-8.320 
u 3 

1 3 . 

Samplellame RLD 130 mg RT 68 : Result id 24720 : Channel Name 210 Inn TE 

Peak Name USP 
Resolution Tailing 

2 Phenobarbital 4.538 14347574 07.06 111.585 so'ml 
8.320 



Patent Application Publication Mar. 25 , 2021 Sheet 23 of 39 US 2021/0085608 A1 

Fig . 3L 

Premaritan Sodium 1.092 lank 1 1305 eld ) 687 0 1 Blank : 1.437 PRI 0 338 Pla 

RRT 1.82 -8.322 } : 

OP 80.2030 
IRRI 1949 8984 

Sampleltame RLD 130 mg_ACC_6 % 

1 VV UL 

Samplelame RLD 130 mg ACC & Ressit id 24721 : Channel Name 210.00 

Peak Name 

1 Benzyl Alcohol 3391 1984788 12.10 16.258 mg mi 

3 RRT 1.82 



Patent Application Publication Mar. 25 , 2021 Sheet 24 of 39 US 2021/0085608 A1 

Fig . 4A 

Sodiu in .1.153 . 36.26 Pienobarbital -127608 
Vues 

SampleName NPH1907_L10_65mgml_lnial Channel Decription W2489 CB 254nm Reutlo 

USP Peak Name RT Area Amount Units Assay Resolution Plate 

21 Sagan 



Patent Application Publication Mar. 25 , 2021 Sheet 25 of 39 US 2021/0085608 A1 

Fig . 40 

Tudium / B lank 1.129.100.37 2009 Telefotota 
::::: :::::::: .... 

Peak Name RT Area Amount Units Agay ... ::: 



Patent Application Publication Mar. 25 , 2021 Sheet 26 of 39 US 2021/0085608 A1 

Fig . 40 

- Sodium / Blank 1.122 * 5564 ano bathtabi i ERU 

USP 
Resolucion 

22 

27 



Patent Application Publication Mar. 25 , 2021 Sheet 27 of 39 US 2021/0085608 A1 

Fig . 4D 

Sodium 1168 134 8.3 
RRT 0.371.6 8870.80 Phenobarbital 4.715 18143119 . 

Samplellam e NPH1007_Lyo_66mgim L_Initial ; Chamel Description 192489 CHA 210nm Result id 

USP 

207 



Patent Application Publication Mar. 25 , 2021 Sheet 28 of 39 US 2021/0085608 A1 

Fig . 4E 

Hitta 09 80821 itte bote Ozora phenobarbital - 4.665-10206037 >> PEAU . 8.276.4512 

1 1 1 1 1 1 

SamoleName NPH1907_66mg_RI_6W Channel Description W2489 CHA 210nm Result id 31629 

Peak Name RT Area Area Amount Units Resolution so Plate Tailing 



Patent Application Publication Mar. 25, 2021 Sheet 29 of 39 US 2021/0085608 A1 

Fig. 4F 

  

      

    

  

  
    

  

  

      

Pe piesa = _ 

eee Som) 
od Fan 
o RES 

Soa ae 
aa. en 

Sey od Geeks = a 

pos = 
; a _ na fe : 
$oe7. ea) £ 
one ai a 

TH at rh 

2 we : ~ 
i ES, — xe 

3 = : 
tear a | =e Eo E F 
ey Ped a 

a __|2-—~ Aa aay = oe = a 
= 

fa 
Oo 

t 1 7 } y FS 1 { ry t 1 € ¥ T I i Y ? 7 a ¥ { v 1 ¥ A T 

       
    TO ESOIBIOR WEESe CHACHA 

  

Se Area | Amount | Unis) _ 

  

  

  

  

  

  

                                 

Patent Application Publication Mar. 25 , 2021 Sheet 29 of 39 US 2021/0085608 A1 

Fig . 4F 

Phenobarbital * .56118083753 
11 1 

USP 



Patent Application Publication Mar. 25 , 2021 Sheet 30 of 39 US 2021/0085608 A1 

Fig . 4G 

Sodium - 1.161 2171 Phenobarbital 4704. 11:53 

1 1 1 1 1 . 1 1 1 1 1 

2.00 



Patent Application Publication Mar. 25 , 2021 Sheet 31 of 39 US 2021/0085608 A1 

Fig . 4H 

a Sodium / Blank 1.133-4686 

1 1 1 t 5 3 } 

C 

SampleName NPH 1912_130mg_RT_6M ; Channel Descripton W2489 ChB 254nm Result id 31325 ..... :::: ............. 

USP Peak Name RT Area Amount Units Assay Resolution 
s'n Plate Tailing 



Patent Application Publication Mar. 25, 2021 Sheet 32 of 39 US 2021/0085608 A1 

Fig. 4] 

  

  
  

        Descipion WEES Che 2o4nm: Resulid 31238 

  

USF 

Tailing 

  

Area | Amoual |Units| Asay) afn | Plats 

  

    

                       

Patent Application Publication Mar.25.2021 Sheet 32 of 39 US 2021 / 0085608A1 

Fig.41 

10 ??? ??? ???? 
L 

USP 
Plate 



Patent Application Publication Mar. 25 , 2021 Sheet 33 of 39 US 2021/0085608 A1 

Fig . 41 

sodium 1 : 1667967 Phenobarbital - 4.113.18027682 
SampleName # IPH1912_Lyo_130mgiml_initial : Channel Description W2469 CHA 210nm Result ild 

Plate 
* Resolution 



Patent Application Publication Mar. 25 , 2021 Sheet 34 of 39 US 2021/0085608 A1 

Fig . 4K 

??? 9 0.37 1.6909642 Phenobarbital . 7572.16240170 SPEAU - 8.291 - 4082 

Sodium 
1 .. 1 1 T ! 

SampleName NPH1912_130mg_RI_6M , Channel Description W2489 CHA 210am . Realtid 31637 

PeakName RT Area Area Antount Units Resolution 50 

#O 



Patent Application Publication Mar. 25 , 2021 Sheet 35 of 39 US 2021/0085608 A1 

Fig . 4L 

Xe 

Phenobarbital 07018122066 PEAU 8.292 - 5060 

pg 
1 

... : 

Peak Name RT 
Resolution 



Patent Application Publication Mar. 25, 2021 Sheet 36 of 39 US 2021/0085608 A1 

Fig, SA 

  

  1006 Pome FEL TRESS RET SS 588 | t 

  

000 b 

SOE & 

4000 

SG 

in
te
ns
it
y 

in
au
nt
s}
 

  
euoe          
  

po er 

8 § 3 re 38 38 30 38 ab 
traction angle (25)

Patent Application Publication Mar. 25 , 2021 Sheet 36 of 39 US 2021/0085608 A1 

???? ????? ?? 
28 



Patent Application Publication Mar. 25, 2021 Sheet 37 of 39 US 2021/0085608 A1 

Fig. 5B 

  2008 
  

  TEA O800 RATA S5 Ft 
  

1808 

1000 fF 

  

in
ia
na
it
y 

fe
os
at
e}
 

S00     
  8 40 38 20 Bs 38 BS 48 

ahrantion angie 2283

Patent Application Publication Mar. 25 , 2021 Sheet 37 of 39 US 2021/0085608 A1 

** 



Patent Application Publication Mar. 25, 2021 Sheet 38 of 39 US 2021/0085608 A1 

Fig, 5¢ 

  
  [mE OBST RET SASS 
  

%. f 

  

bv
te

ny
sd

y 
fe
an
iv
is
 

    
  

pie: 48 2 28 38 38 ag 
difacton angie (25) 

w
e
e

Patent Application Publication Mar. 25 , 2021 Sheet 38 of 39 US 2021/0085608 A1 

? ? ? ? ? ? ? ? wwwwwww 



Patent Application Publication Mar. 25, 2021 Sheet 39 of 39 US 2021/0085608 A1 

Fig, SD 

  
  
waite POUTGBUD BRT Age? 
swiss FEN IGEN? RRL 28258 
somes TCRVOSOG RXT. 2828 e       
  

  

  

      
& 18 48 20 25 38 38 aS 

difractinn angle P 2a}

Patent Application Publication Mar. 25 , 2021 Sheet 39 of 39 US 2021 / 0085608A1 

Fig . 5D 

?????????? ????? 
?????????? 



US 2021/0085608 A1 Mar. 25 , 2021 
1 

LYOPHILIZED COMPOSITIONS OF 
PHENOBARBITAL SODIUM SALT 

RELATED APPLICATIONS 

[ 0001 ] This application claims the benefit of U.S. Provi 
sional Patent Application No. 62 / 903,511 , filed on Sep. 20 , 
2019 , which is incorporated by reference in its entirety . 

FIELD OF THE INVENTION 

[ 0002 ] The present disclosure relates to compositions of 
storage - stable lyophilized Phenobarbital Sodium having 
high purity that are essentially void of impurities upon 
reconstitution in water . 

BACKGROUND OF THE INVENTION 

formulation . For example , Gupta , V. D. , ( J. Pharm Sci . , 
1984 , 73 : 1661-1662 ) describes the effects of ethanol , glyc 
erol , and propylene glycol on the stability of Phenobarbital 
Sodium in aqueous solutions . Specifically , Gupta discloses 
that ethanol has the best effect followed by propylene glycol 
and glycerol relative to water alone . Years after Gupta , 
Parker et al . , ( WO 2017/085687 ) focused on minimizing the 
total amount of water to reduce the hydrolysis and conse 
quently the formation of the degradation products . Parker 
addresses the hydrolysis issue by limiting the amount of 
water ( e.g. , to no more than 50 mg / mL ) in the liquid 
formulation . Parker's minimized water formulations also 
include a C1 - C4 alcohol such as ethanol and a glycol such 
as propylene glycol . However , while the amount of impu 
rities in Parker's liquid formulation may have decreased 
compared to prior formulations , impurities such a PEAU are 
still present in undesirable amounts , particularly after 
extended storage . 
[ 0008 ] In addition to the degradation impurities , the cur 
rent marketed liquid formulation of Phenobarbital Sodium 
( e.g. , Phenobarbital Sodium for Injection USP , 65 mg / mL or 
130 mg / mL ) , includes organic solvents such as alcohol , 
which are not desirable in general and indeed not suitable for 
administration to newborns as described in the art , e.g. , 
Williams et al . , 1998 , “ Evaluating Toxic Alcohol Poisoning 
in the Emergency Setting , ” Laboratory Medicine , Vol . 29 , 
No. 2 ; Wood et al . , 2007 , J. of Perinatology , 27 : 183-185 ; 
Kumar , 1985 , “ Adverse Drug Reactions in the Newborn , " 
Annals of Clin . And Lab . Sci , Vol . 15 , No. 3 ; and Cuzzolin , 
2018 , J. Pediatric and Neonatal Individualized Med . , doi : 
10.7363 / 070112 . 
[ 0009 ] Accordingly , there is still a need for a stable 
Phenobarbital Sodium formulation in a formulation that is 
storage stable and void or essentially void of degradation 
impurities upon solubilization in water . 

22 

SUMMARY 

[ 0003 ] The background description includes information 
that may be useful in understanding the present disclosure . 
It is not an admission that any of the information provided 
herein is prior art or relevant to the presently claimed 
invention , or that any publication specifically or implicitly 
referenced is prior art . 
[ 0004 ] All publications and patent applications herein are 
incorporated by reference to the same extent as if each 
individual publication or patent application were specifically 
and individually indicated to be incorporated by reference . 
Where a definition or use of a term in an incorporated 
reference is inconsistent or contrary to the definition of that 
term provided herein , the definition of that term provided 
herein applies and the definition of that term in the reference 
does not apply . 
[ 0005 ] Phenobarbital Sodium is a well - known barbiturate 
that is most commonly administered as an anti - convulsant 
for the treatment of seizures and may also be administered 
as a sedative , a sleep aide , or a pre - anesthetic . Phenobarbital 
Sodium is typically a liquid formulation administered intra 
muscularly ( IM ) or intravenously ( IV ) with crystalline gran 
ules or crystals dissolved in an aqueous solvent . For 
example , WO 2017/085687 to Parker et al . discloses a liquid 
formulation of Phenobarbital Sodium dissolved in water 
along with a C1 - C4 alcohol and a glycol . 
[ 0006 ] The stability of solubilized Phenobarbital Sodium 
has been a recurring problem because it readily hydrolyzes 
in water forming various degradation products . In particular , 
in water alone or in water with an increase in pH , Pheno 
barbital Sodium forms the degradation products phenylethy 
lacetylurea ( PEAU ) , 2 - ethyl - 2 - phenylmalonamide 
( 2EPMM ) , and alpha - phenylbutyrylguanidine ( PBG ) . While 
these degradation impurities may not directly compromise 
the effectiveness of the Phenobarbital Sodium for its thera 
peutic activity , these degradation impurities are toxic and 
cause severe side effects . Specifically , PEAU was previously 
administered as Pheneturide for severely affected epileptics . 
However , the Food and Drug Administration ( FDA ) with 
drew approval of Pheneturide due to its toxic effects . In 
particular , Pheneturide is reported to be a potent liver 
enzyme inducer that disrupts both calcium and folate 
metabolism . ( Nayyar et al . , 2012 , J. of Appl . Pharm Sci . , 
2 : 230-235 . ) Prior to its removal as an FDA - approved drug , 
patients treated with Pheneturide showed low levels of 
serum calcium and folate . 
[ 0007 ] Over the years of medical administration , efforts 
have been made to decrease the formation of the toxic 
degradation products in the Phenobarbital Sodium liquid 

[ 0010 ] Disclosed herein are compositions of , methods of 
producing , and use of a lyophilized Phenobarbital Sodium 
formulation . The contemplated composition is an amor 
phous lyophilized Phenobarbital Sodium with high stability 
and purity . The lyophilized composition may include no less 
than 98 % Phenobarbital Sodium . The amorphous composi 
tion is a storage - stable form of lyophilized Phenobarbital 
Sodium . 
[ 0011 ] The lyophilized amorphous formulation that was 
produced resulted in surprising , unexpected and desirable 
results . The quantity of undesirable and / or toxic degradation 
impurities that are produced from this formulation are less 
than those in current commercial products . And the stability 
of this formulation is superior to that of current commercial 
products . These results are particularly surprising and unex 
pected in view of the fact that conventional wisdom teaches 
that crystalline material is more stable than amorphous 
material ( see e.g. , C. Ahlneck and G. Zografi “ The Molecu 
lar Basis for Moisture Effects on the Physical and Chemical 
Stability of Drugs in the Solid - State , ” Int . J. Pharm . 1990 , 
62 , 87-95 ) . Thus , one of ordinary skill in the art would want 
to avoid using amorphous material in pharmaceutical for 
mulations . 
[ 0012 ] Preferably the percentage of the lyophilized for 
mulation that is amorphous is at least 20 % , 25 % , 30 % , 35 % , 
40 % , 45 % , 50 % , 55 % , 60 % , 65 % , 70 % , 75 % , 80 % , 85 % , 
90 % , or 95 % . Alternatively , the percentage of the lyo 
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philized formulation that is amorphous can be 100 % . In 
addition , the percentage of the lyophilized formulation that 
is amorphous can be within any range between ( and includ 
ing ) 20 % to 100 % ( e.g. , 20 % -100 % , 25 % -95 % . etc. ) . 
[ 0013 ] Methods for producing the storage - stable form of 
lyophilized Phenobarbital Sodium composition result in a 
lyophilized powder in which the impurity phenylethylacety 
lurea ( PEAU ) is below detection limit and is never more 
than 0.2 % of the specification limit even after storage of the 
lyophilized Phenobarbital Sodium for up to 6 months under 
accelerated stability conditions ( 40 ° C. , 75 % RH ) . In some 
embodiments , the method for producing the storage - stable 
lyophilized Phenobarbital Sodium includes adding Pheno 
barbital Sodium to water to form a Phenobarbital Sodium 
solution , having a pH between 9.2 to 10.2 , and lyophilizing 
the bulk solution . In some embodiments , the water is Water 
for Injection . 
[ 0014 ] In preferred embodiments , the Water for Injection 
is sparged with nitrogen prior to adding the Phenobarbital 
Sodium . Typically , the Water for Injection is sparged with 
nitrogen for at least 30 minutes prior to adding the Pheno 
barbital Sodium . In additional embodiments , the water ( e.g. , 
Water for Injection ) is cooled to or between 2 to 8 ° C. prior 
to adding the Phenobarbital Sodium . 
[ 0015 ] For adjusting the pH of the Phenobarbital Sodium 
solution , the method for producing the storage - stable form 
of lyophilized Phenobarbital Sodium composition may also 
include measuring the pH of the Phenobarbital Sodium 
solution , wherein if the pH is higher than 10.2 , the adjusting 
includes adding hydrochloric acid ( HCI ) . 
[ 0016 ] Typically , the resulting lyophilized Phenobarbital 
Sodium forms no more than 0.1 % PEAU when reconstituted 
in an aqueous solution after storage of the lyophilized 
Phenobarbital Sodium for up to 6 months both at RT and 
accelerated stability conditions . More typically , the resulting 
lyophilized Phenobarbital Sodium forms no more than 
0.05 % PEAU when reconstituted in an aqueous solution 
after storage of the lyophilized Phenobarbital Sodium for up 
to 6 months at room temperature ( RT ) and under accelerated 
stability conditions ( 40 ° C. ) . Additionally , or alternatively , 
the resulting lyophilized Phenobarbital Sodium forms either 
an amount below the quantitative limit ( BQL , 0.05 % ) or no 
detectable amount of PEAU , 2 - ethyl - 2 - phenylmalonamide 
( 2EPMM ) , or alpha - phenylbutyrylguanidine ( PBG ) when 
reconstituted in the aqueous solution after storage of the 
lyophilized Phenobarbital Sodium for up to 6 months at RT 
and accelerated stability conditions . 
[ 0017 ] According to contemplated embodiments as dis 
closed herein , the amorphous lyophilized Phenobarbital 
Sodium composition is stable up to at least 6 months under 
accelerated stability conditions which is equivalent to 24 
months at RT . In this respect , in some embodiments , the 
stability of the lyophilized Phenobarbital Sodium is deter 
mined by reconstituting the lyophilized Phenobarbital 
Sodium in an aqueous solution and measuring the amount of 
or the presence of phenylethylacetylurea ( PEAU ) , 2 - ethyl 
2 - phenylmalonamide ( 2EPMM ) , and / or alpha - phenylbu 
tyrylguanidine ( PBG ) . 
[ 0018 ] Additional embodiments include the method for 
producing the storage - stable form of lyophilized Phenobar 
bital Sodium composition as disclosed in which the Pheno 
barbital Sodium solution is filtered prior to lyophilization . 
[ 0019 ] Further embodiments include the method for pro 
ducing the storage - stable form of lyophilized Phenobarbital 

Sodium composition as disclosed in which the Phenobarbi 
tal Sodium solution is aliquoted into a vial prior to lyo 
philization , and after lyophilization , a closure is applied to 
the vial under vacuum . 
[ 0020 ] Aspects of the present disclosure also include a 
method of reducing formation of degradation products of 
Phenobarbital Sodium reconstituted in an aqueous solution , 
in which the method includes adding Phenobarbital Sodium 
to water to form a Phenobarbital Sodium solution , adjusting 
the pH of the Phenobarbital Sodium solution to or between 
9.2 to 10.2 , and lyophilizing the Phenobarbital Sodium 
solution to form stable white lyophilized powder of Pheno 
barbital Sodium . 
[ 0021 ] In preferred embodiments , the Water for Injection 
is sparged with nitrogen prior to adding the Phenobarbital 
Sodium . Typically , the Water for Injection is sparged with 
nitrogen for at least 30 minutes prior to adding the Pheno 
barbital Sodium . In additional embodiments , the water ( e.g. , 
Water for Injection ) is cooled to or between 2 to 8 ° C. prior 
to adding the Phenobarbital Sodium . 
[ 0022 ] For adjusting the pH of the Phenobarbital Sodium 
solution , the method of reducing formation of degradation 
products of Phenobarbital Sodium reconstituted in an aque 
ous solution may also include measuring the pH of the 
Phenobarbital Sodium solution , wherein if the pH is higher 
than 10.2 , the adjusting includes adding Hydrochloric acid 
( HCI ) . 
[ 0023 ] In typical embodiments , the degradation products 
of Phenobarbital Sodium reconstituted in an aqueous solu 
tion include phenylethylacetylurea ( PEAU ) , 2 - ethyl - 2 - phe 
nylmalonamide ( 2EPMM ) , and / or alpha - phenylbutyrylgua 
nidine ( PBG ) , and analysis of the formation of the 
degradation products includes reconstituting the stable lyo 
philized Phenobarbital Sodium in an aqueous solution to 
form a reconstituted solution , and quantitating the amount of 
or presence of PEAU , 2 EPMM , and / or PBG in the recon 
stituted solution . 
[ 0024 ] In typical embodiments , the method of reducing 
formation of degradation products of Phenobarbital Sodium 
reconstituted in an aqueous solution results in the reconsti 
tuted solution having no less than 96 % Phenobarbital 
Sodium . In more typical embodiments , the reconstituted 
solution has no less than 97 % Phenobarbital Sodium . In 
some preferred embodiments , the reconstituted solution has 
no less than 98 % Phenobarbital Sodium , and in other 
preferred embodiments between 95 % and 105 % Phenobar 
bital Sodium . In additional or alternative embodiments , the 
reconstituted solution has no more than 0.2 % PEAU , 2 
EPMM , and / or PBG , and preferably has 0.05 % or less 
PEAU and no detectable amount of 2 EPMM or PBG . 
[ 0025 ] Further aspects of the present disclosure include 
methods of treating an individual in need of Phenobarbital 
Sodium . These methods include adding saline or dextrose to 
the lyophilized powder of Phenobarbital Sodium as dis 
closed herein immediately prior to administration to form a 
Phenobarbital Sodium reconstituted solution and adminis 
tering the Phenobarbital Sodium reconstituted solution to 
the individual . In some embodiments , the individual in need 
of Phenobarbital Sodium suffers from epilepsy . In particular 
embodiments , the individual in need of Phenobarbital 
Sodium is a newborn suffering from neonatal epilepsy . In 
other embodiments , the lyophilized amorphous Phenobar 
bital Sodium is a powder dose of 65 mg , 130 mg , 100 mg or 
200 mg . In typical embodiments , the administering of the 
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Phenobarbital Sodium reconstituted solution to the indi 
vidual includes intramuscular injection or intravenous injec 
tion . 
[ 0026 ] Additional aspects of the present disclosure include 
a pharmaceutical product including a vial containing the 
white lyophilized powder of Phenobarbital Sodium for 
reconstitution prior to administration , in which the compo 
sition was lyophilized in the vial and the vial includes a 
closure positioned in order to seal the vial under vacuum 
after Lyophilization . 
[ 0027 ] Therefore , the inventors also contemplate lyo 
philized Phenobarbital Sodium . 
[ 0028 ] Various objects , features , aspects , and advantages 
will become more apparent from the following detailed 
description of preferred embodiments , along with the 
accompanying drawings . 

BRIEF DESCRIPTION OF DRAWINGS 
[ 0029 ] FIG . 1A is a polarized light photomicrograph of the 
presently disclosed Phenobarbital Sodium in water during 
Lyophilization microscopy at -50 ° C. , as indicated . 
[ 0030 ] FIG . 1B is a polarized light photomicrograph of the 
presently disclosed Phenobarbital Sodium in water during 
Lyophilization microscopy at -45.5 ° C. as indicated . 
[ 0031 ] FIG . 1C is a polarized light photomicrograph of the 
presently disclosed Phenobarbital Sodium in water during 
Lyophilization microscopy at -40.0 ° C. as indicated . 
[ 0032 ] FIG . 1D is a polarized light photomicrograph of the 
presently disclosed Phenobarbital Sodium in water during 
Lyophilization microscopy at -39.6 ° C. as indicated . 
[ 0033 ] FIG . 1E is a polarized light photomicrograph of the 
presently disclosed Phenobarbital Sodium in water during 
Lyophilization microscopy at -39.2 ° C. as indicated . 
[ 0034 ] FIG . 1F is a polarized light photomicrograph of the 
presently disclosed Phenobarbital Sodium in water during 
Lyophilization microscopy at -38.8 ° C. as indicated . 
[ 0035 ] FIG . 2A is a chromatogram from an injection of a 
" blank solution ” for assay by high performance liquid 
chromatography ( HPLC ) at a detection wavelength of 210 
nanometers ( nm ) , as described herein . 
[ 0036 ] FIG . 2B is a chromatogram from an injection of the 
“ Sensitivity solution ” of Phenobarbital for related sub 
stances by HPLC at a detection wavelength of 210 nm , as 
described herein . 
[ 0037 ] FIG . 2C is a chromatogram from an injection of a 
" related substance ” ( RS ) working standard at 0.2 % impurity 
level ) for assay of related substances by HPLC at a detection 
wavelength of 210 nm , as described herein . 
[ 0038 ] FIG . 2D is a chromatogram from an injection of 
2 - ethyl - 2 - phenylmalonamide ( 2EPMM ) for assay of related 
substances by HPLC at a detection wavelength of 210 nm , 
as described herein . 
[ 0039 ] FIG . 2E is a chromatogram from an injection of 
alpha - phenylbutyrylguanidine ( PBG ) for assay of related 
substances by HPLC at a detection wavelength of 210 nm , 
as described herein . 
[ 0040 ] FIG . 2F is a chromatogram from an injection of 
phenylethylacetylurea ( PEAU ) for assay of related sub 
stances by HPLC at a detection wavelength of 210 nm , as 
described herein . 
[ 0041 ] FIG . 2G is a chromatogram from an injection of a 
“ blank solution ” for assay by HPLC at a detection wave 
length of 254 nm , as described herein . 

[ 0042 ] FIG . 211 is a chromatogram from an injection of an 
“ assay working standard ” for assay by HPLC at a detection 
wavelength of 254 nm , as described herein . 
[ 0043 ] FIG . 3A is a chromatogram from an injection of a 
marketed liquid formulation of Phenobarbital Sodium at 65 
mg / mL at initial time point for assay by HPLC at a detection 
wavelength of 254 nm , as described herein . 
[ 0044 ] FIG . 3B is a chromatogram from an injection of a 
marketed liquid formulation of Phenobarbital Sodium at 65 
mg / mL at 6 months from initial time point at room tem 
perature ( RT ) for assay by HPLC at a detection wavelength 
of 254 nm , as described herein . 
[ 0045 ] FIG . 3C is a chromatogram from an injection of a 
marketed liquid formulation of Phenobarbital Sodium at 65 
mg / mL at 6 months from initial time point at accelerated 
stability conditions ( ACC ) for assay by HPLC at a detection 
wavelength of 254 nm , as described herein . 
[ 0046 ] FIG . 3D is a chromatogram from an injection of a 
marketed liquid formulation of Phenobarbital Sodium at 65 
mg / mL at initial time point for related substances by HPLC 
at a detection wavelength of 210 nm , as described herein . 
[ 0047 ] FIG . 3E is a chromatogram from an injection of a 
marketed liquid formulation of Phenobarbital Sodium at 65 
mg / mL at 6 months from initial time point at room tem 
perature ( RT ) for related substances by HPLC at a detection 
wavelength of 210 nm , as described herein . 
[ 0048 ] FIG . 3F is a chromatogram from an injection of a 
marketed liquid formulation of Phenobarbital Sodium at 65 
mg / mL at 6 months from initial time point at accelerated 
stability conditions ( ACC ) for related substances by HPLC 
at a detection wavelength of 210 nm , as described herein . 
[ 0049 ] FIG . 3G is a chromatogram from an injection of a 
marketed liquid formulation of Phenobarbital Sodium at 130 
mg / mL at initial time point for assay by HPLC at a detection 
wavelength of 254 nm , as described herein . 
[ 0050 ] FIG . 3H is a chromatogram from an injection of a 
marketed liquid formulation of Phenobarbital Sodium at 130 
mg / mL at 6 months from initial time point at room tem 
perature ( RT ) for assay by HPLC at a detection wavelength 
of 254 nm , as described herein . 
[ 0051 ] FIG . 31 is a chromatogram from an injection of a 
marketed liquid formulation of Phenobarbital Sodium at 130 
mg / mL at 6 months from initial time point at accelerated 
stability conditions ( ACC ) for assay by HPLC at a detection 
wavelength of 254 nm , as described herein . 
[ 0052 ] FIG . 3J is a chromatogram from an injection of a 
marketed liquid formulation of Phenobarbital Sodium at 130 
mg / mL at initial time point for related substances by HPLC 
at a detection wavelength of 210 nm , as described herein . 
[ 0053 ] FIG . 3K is a chromatogram from an injection of a 
marketed liquid formulation of Phenobarbital Sodium at 130 
mg / mL at 6 months from initial time point at room tem 
perature ( RT ) for related substances by HPLC at a detection 
wavelength of 210 nm , as described herein . 
[ 0054 ] FIG . 3L is a chromatogram from an injection of a 
marketed liquid formulation of Phenobarbital Sodium at 130 
mg / mL at 6 months from initial time point at accelerated 
stability conditions ( ACC ) for related substances by HPLC 
at a detection wavelength of 210 nm , as described herein . 
[ 0055 ] FIG . 4A is a chromatogram from an injection of the 
disclosed reconstituted lyophilized formulation of Pheno 
barbital Sodium at 65 mg / mL at initial time point for assay 
by HPLC at a detection wavelength of 254 nm , according to 
embodiments of the present invention . 
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[ 0067 ] FIG . 5A is an X - ray powder diffraction ( XRPD ) 
pattern of Phenobarbital Sodium Grade P 
[ 0068 ] FIG . 5B is an XRPD pattern of Phenobarbital 
Sodium for Injection , USP , 65 mg / vial . 
[ 0069 ] FIG . 5C is an XRPD pattern of Phenobarbital 
Sodium for Injection , USP , 130 mg / vial . 
[ 0070 ] FIG . 5D is a stack plot of the XRPD patterns of 
FIGS . 5A , 5B , and 5C . 

DETAILED DESCRIPTION 

as 

[ 0056 ] FIG . 4B is a chromatogram from an injection of the 
disclosed reconstituted lyophilized formulation of Pheno 
barbital Sodium at 65 mg / mL at 6 months from initial time 
point at room temperature ( RT ) for assay by HPLC at a 
detection wavelength of 254 nm , according to embodiments 
of the present invention . 
[ 0057 ] FIG . 4C is a chromatogram from an injection of the 
disclosed reconstituted lyophilized formulation of Pheno 
barbital Sodium at 65 mg / mL at 6 months from initial time 
point at accelerated stability conditions ( ACC ) for assay by 
HPLC at a detection wavelength of 254 nm , according to 
embodiments of the present invention . 
[ 0058 ] FIG . 4D is a chromatogram from an injection of the 
disclosed reconstituted lyophilized formulation of Pheno 
barbital Sodium at 65 mg / mL at initial time point for related 
substances by HPLC at a detection wavelength of 210 nm , 
according to embodiments of the present invention . 
[ 0059 ] FIG . 4E is a chromatogram from an injection of the 
disclosed reconstituted lyophilized formulation of Pheno 
barbital Sodium at 65 mg / mL at 6 months from initial time 
point at room temperature ( RT ) for related substances by 
HPLC at a detection wavelength of 210 nm , according to 
embodiments of the present invention . 
[ 0060 ] FIG . 4F is a chromatogram from an injection of the 
disclosed reconstituted lyophilized formulation of Pheno 
barbital Sodium at 65 mg / mL at 6 months from initial time 
point at accelerated stability conditions ( ACC ) for related 
substances by HPLC at a detection wavelength of 210 nm , 
according to embodiments of the present invention . 
[ 0061 ] FIG . 4G is a chromatogram from an injection of the 
disclosed reconstituted lyophilized formulation of Pheno 
barbital Sodium at 130 mg / mL at initial time point for assay 
by HPLC at a detection wavelength of 254 nm , according to 
embodiments of the present invention . 
[ 0062 ] FIG . 411 is a chromatogram from an injection of 
the disclosed reconstituted lyophilized formulation of Phe 
nobarbital Sodium at 130 mg / mL at 6 months from initial 
time point at room temperature ( RT ) for assay by HPLC at 
a detection wavelength of 254 nm , according to embodi 
ments of the present invention . 
[ 0063 ] FIG . 41 is a chromatogram from an injection of the 
disclosed reconstituted lyophilized formulation of Pheno 
barbital Sodium at 130 mg / mL at 6 months from initial time 
point at accelerated stability conditions ( ACC ) for assay by 
HPLC at a detection wavelength of 254 nm , according to 
embodiments of the present invention . 
[ 0064 ] FIG . 4J is a chromatogram from an injection of the 
disclosed reconstituted lyophilized formulation of Pheno 
barbital Sodium at 130 mg / mL at initial time point for 
related substances by HPLC at a detection wavelength of 
210 nm , according to embodiments of the present invention . 
[ 0065 ] FIG . 4K is a chromatogram from an injection of the 
disclosed reconstituted lyophilized formulation of Pheno 
barbital Sodium at 130 mg / mL at 6 months from initial time 
point at room temperature ( RT ) for related substances by 
HPLC at a detection wavelength of 210 nm , according to 
embodiments of the present invention . 
[ 0066 ] FIG . 4L is a chromatogram from an injection of the 
disclosed reconstituted lyophilized formulation of Pheno 
barbital Sodium at 130 mg / mL at 6 months from initial time 
point at accelerated stability conditions ( ACC ) for related 
substances by HPLC at a detection wavelength of 210 nm , 
according to embodiments of the present invention . 

[ 0071 ] The inventors have surprisingly discovered a 
method for making a storage - stable and highly purified 
Phenobarbital Sodium composition that is void of any 
detectable impurities in its lyophilized powder form and is 
essentially void of impurities upon reconstitution in water . 
The contemplated Phenobarbital Sodium composition is a 
lyophilized powder that is no less than 98 % Phenobarbital 
Sodium and is stable ( 25 ° C. , 65 % RH and 40 ° C. , 75 % RH ) 
for up to at least 6 months under accelerated conditions 
which is equivalent to 24 months at RT . Upon reconstitution 
( e.g. solubilization / resuspension ) in water , the lyophilized 
Phenobarbital Sodium forms no more than 0.05 % of 2 - ethyl 
2 - phenylmalonamide ( 2EPMM ) or alpha - phenylbutyrylgua 
nidine ( PBG ) , and phenylethylacetylurea ( PEAU ) . 
[ 0072 ] The Phenobarbital Sodium composition 
described herein refers to Phenobarbital Sodium having an 
IUPAC ( International Union of Pure and Applied Chemis 
try ) name of sodium 5 - ethyl - 4,6 - dioxo - 5 - phenyl - 1H - pyrimi 
din - 2 - olate , a Chemical Abstract Service ( CAS ) No. 57-30 
7 , and a molecular formula of C12H1N12NaOz . 
[ 0073 ] In order to avoid hydrolysis of Phenobarbital 
Sodium and therefore the formation of its toxic degradation 
products , the inventors have unexpectedly discovered that a 
lyophilized Phenobarbital Sodium formed by the methods 
disclosed herein results in a storage - stable lyophilized pow 
der of Phenobarbital Sodium . In particular , with reference to 
the polarized light photomicrographs of FIGS . 1A - 1F and 
the XRPD analysis shown in FIG . 5A - 5D , the storage - stable 
lyophilized powder of Phenobarbital Sodium has an amor 
phous structure . Wit wishing to be bound by any theory 
or hypothesis , the lyophilized Phenobarbital Sodium pro 
duced following the methods according to embodiments of 
the present disclosure produces an amorphous structure that 
contributes to the observed stability of this composition 
upon reconstitution in water . Irrespective of the mechanism 
of action , the contemplated lyophilized Phenobarbital 
Sodium composition is stable and upon reconstitution in 
water , does not form significant ( e.g. , not measurable or not 
detectable ) amounts of the toxic degradation products 
namely PEAU , 2EPMM , or PBG . 
[ 0074 ] The contemplated method for producing a storage 
stable lyophilized Phenobarbital Sodium composition 
includes adding purified Phenobarbital Sodium to water . 
Preferably the purified Phenobarbital Sodium solid is pur 
chased from a chemical supplier ( e.g. , Siegfried , USA ) that 
adheres to the United States Pharmacopeia ( USP ) manufac 
turing and synthesis guidelines . The USP grade of the 
Phenobarbital Sodium is preferably USP “ purified ” or “ prac 
tical ” ( P ) grade indicating that it is a good quality chemical . 
As understood in the art , the USP grade ( P ) active pharma 
ceutical ingredient ( API ) of Phenobarbital Sodium is not 
suitable for administration because it is not sterile , is hygro 
scopic , and as such , maintaining anhydrous conditions of 
this grade of API is not feasible . Structurally , the analyzed 
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Sodium solid are weighed prior to mixing in order to 
determine an actual weight of the Phenobarbital Sodium 
after pH measurement and adjustment . For example , to 
produce 65 mg or 130 mg doses of lyophilized Phenobar 
bital Sodium , a batch may be dissolved , mixed , pH adjusted 
if necessary , and filtered and then aliquoted into single use 
dose vials for lyophilization . In a specific example , a 50 mL 
batch of Phenobarbital Sodium solution may be prepared 
where for 65 mg doses , 3.25 grams of Phenobarbital Sodium 
solid ( e.g. , USP Grade P ) is added to 40 ml of water ( e.g. , 
nitrogen sparged Water for Injection cooled to 5 to 8 ° C. ) and 
for 130 mg doses , 6.5 grams of the Phenobarbital Sodium is 
added to the 40 ml of water . Following dissolution , pH 
adjustment if necessary , adjusting final volume to 50.0 mL 
and filtering , 1 ml aliquots of this Phenobarbital Sodium 
solution are added to open ( e.g. , unstoppered ) vials and then 
loosely stoppered ( e.g. , with lyophilization rubber stoppers ) 
prior to lyophilization . Following lyophilization , each vial 
contains 65 mg or 130 mg of lyophilized Phenobarbital 
Sodium . 
[ 0080 ] In further embodiments , following lyophilization , 
the vials may be completely closed ( e.g. , stoppered ) under 
vacuum . 

USP grade P API ( Siegfried , USA ) is polymorphous— 
containing both crystalline and non - crystalline material . 
With reference to FIG . 5A , an X - ray powder diffraction 
( XRPD ) pattern is shown of this compound . 
[ 0075 ] Considering the need to avoid hydrolysis of the 
Phenobarbital Sodium , the Phenobarbital Sodium is prefer 
ably added to Water for Injection and later lyophilized to 
obtain a stable lyophilized finished product . In order to 
remove dissolved oxygen ( 02 ) gas from the water ( e.g. , 
Water for Injection ) , it is also preferred that the water is 
sparged with nitrogen ( N2 ) or other inert gas prior to the 
addition of the Phenobarbital Sodium solid . For effective 
sparging , a volume of about 100-200 ml water is sparged 
with nitrogen gas for at least 30 minutes . In exemplary 
protocols for producing either 65 mg , 130 mg of lyophilized 
Phenobarbital Sodium , 100 milliliters ( ml ) of Water for 
Injection is nitrogen sparged for 30 minutes . In additional 
embodiments , the water may also be cooled to approxi 
mately 2 to 8 ° C. In preferred embodiments , the water is 
cooled to approximately 2 to 8 ° C. 
[ 0076 ] The addition of the Phenobarbital Sodium solid to 
the water ( e.g. , deionized nitrogen sparged water cooled to 
2 to 8 ° C. ) may be carried out using any suitable mixing . 
Preferably , the water ( e.g. , Water for Injection ) is first added 
to a glass / stainless steel container for nitrogen sparging and 
cooling , and this prepped water remains in the glass / stain 
less steel container or a measured amount is transferred to a 
preferably weighed glass container / stainless steel container 
and the Phenobarbital Sodium solid is added thereto . For 
mixing , any suitable mixing may be used . For example , a 
magnetic stir bar may be added to the glass / stainless steel 
container . Upon addition of the Phenobarbital Sodium solid 
to the water , the mixture is stirred . 
[ 0077 ] An additional consideration for stability of the 
Phenobarbital Sodium is maintaining a pH between 9.2 and 
10.2 in the bulk solution of Phenobarbital Sodium . After 
dissolution of the Phenobarbital Sodium solid in the water , 
the pH is adjusted to within this range of 9.2 and 10.2 . 
Accordingly , the pH of the water solubilized Phenobarbital 
Sodium is first measured upon dissolution . If the pH is 
higher than 10.2 or lower than 9.2 , the pH is adjusted . For 
example , if necessary , the pH may be lowered to or between 
9.2 and 10.2 using Hydrochloric acid ( HCl ) and the pH may 
be increased to or between 9.2 and 10.2 using Sodium 
Hydroxide ( NaOH ) . 
[ 0078 ] Following the pH measurement and any adjust 
ment , the Phenobarbital Sodium solution is preferably fil 
tered to remove any foreign particles . For example , the 
Phenobarbital Sodium solution may be filtered using a 0.2 
um ( or 0.22 um ) membrane filter . For example , the mem 
brane filter may be polyvinylidene difluoride ( PVDF ) or any 
other compatible filter membranes such as Polyethersulfone 
( PES ) filter . 
[ 0079 ] According to aspects of the contemplated method , 
the Phenobarbital Sodium solution dissolved in the water 
( e.g. , nitrogen sparged Water for Injection cooled to 2 to 8 ° 
C. ) having a pH of or between 9.2 and 10.2 and preferably 
filtered is ready for Lyophilization . Depending on the 
desired amount of the lyophilized Phenobarbital Sodium 
product , the Phenobarbital Sodium solution may be lyo 
philized in any amount or the solution may be aliquoted into 
sterile containers ( e.g. , vials ) . For example , in order to 
obtain a measured dose of lyophilized Phenobarbital Sodium 
in a container , the glass container , water , and Phenobarbital 

[ 0081 ] Another embodiment is directed to a pharmaceu 
tical composition that consists of lyophilized amorphous 
Phenobarbital Sodium . 
[ 0082 ] Another embodiment is directed to a method of 
producing a storage - stable form of lyophilized Phenobarbi 
tal sodium that forms no more than 0.2 % phenylethylacety 
lurea ( PEAU ) when reconstituted in an aqueous solution . 
The method comprising : includes adding Phenobarbital 
Sodium to water to form a Phenobarbital Sodium solution , 
if necessary , adjusting the pH of the Phenobarbital Sodium 
solution to or between 9.2 to 10.2 ; and lyophilizing the 
Phenobarbital Sodium solution . 
[ 0083 ] In one embodiment , the water is Water for Injec 
tion . 
[ 0084 ] In another embodiment the Water for Injection is 
sparged with nitrogen prior to adding the Phenobarbital 
Sodium . 
[ 0085 ] In another embodiment , the Water for Injection is 
sparged with nitrogen for at least 30 minutes prior to adding 
the Phenobarbital Sodium . 
[ 0086 ] In another embodiment , the water is cooled to or 
between 2 to 8 ° C. prior to adding the Phenobarbital Sodium . 
[ 0087 ] In another embodiment , the adjusting includes 
measuring the pH of the Phenobarbital Sodium solution , and 
if the pH is higher than 10.2 , the adjusting includes adding 
Hydrochloric acid ( HCI ) . 
[ 0088 ] In another embodiment , the lyophilized Phenobar 
bital Sodium forms no more than 0.1 % phenylethylacety 
lurea ( PEAU ) when reconstituted in an aqueous solution 
after storage of the lyophilized Phenobarbital Sodium for up 
to 6 months at room temperature ( RT ) and accelerated 
stability conditions ( ACC ) . 
[ 0089 ] In another embodiment , the lyophilized Phenobar 
bital Sodium forms no more than 0.05 % phenylethylacety 
lurea ( PEAU ) when reconstituted in an aqueous solution 
after storage of the lyophilized Phenobarbital Sodium for up 
to 6 months at room temperature ( RT ) and accelerated 
stability conditions ( ACC ) . 
[ 0090 ] In another embodiment , the lyophilized Phenobar 
bital Sodium forms no detectable amount of 2 - ethyl - 2 
phenylmalonamide ( 2EPMM ) or alpha - phenylbutyrylguani 
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[ 0102 ] In a comparison analysis , the presently disclosed 
lyophilized powder of Phenobarbital Sodium at 65 mg or 
130 mg doses was reconstituted in water and assayed for 
impurities and stability along with marketed liquid formu 
lation of Phenobarbital Sodium for Injection USP , 65 
mg / mL or 130 mg / mL ( Westward Pharmaceuticals ) . The 
formulation details for this comparative analysis are pre 
sented in Table 1. Representative chromatograms from 
HPLC analysis are shown in FIGS . 2A - 2H , 3A - 3L , and 
4A - 4L . 

TABLE 1 

Formulation Details 

Dosage form Liquid Lyophilized 

Components Chemical name mg / ml mg / vial 
65 or 130 65 or 130 Drug 

Substance 
Inactive 
ingredients 

705 NA 

Phenobarbital 
Sodium 
Propylene 
Glycol 
Benzyl alcohol 
Ethanol 
HCL 
Water for 
Injection 

15.6 
78.9 

For pH adjustment 
QS 

( Quantity Supplied ) 

NA 
NA 
NA 
NA 

Lyophilized Phenobarbital Sodium for Injection USP , 65 mg / vial and 130 mg / vial 
Liquid Phenobarbital Sodium for Injection USP , 65 mg / mL or 130 mg / mL 

dine ( PBG ) when reconstituted in an aqueous solution after 
storage of the lyophilized Phenobarbital Sodium for up to 6 
months at room temperature ( RT ) and accelerated stability 
conditions ( ACC ) . 
[ 0091 ] In another embodiment , the lyophilized Phenobar 
bital Sodium is stable up to at least 6 months at accelerated 
stability conditions ( ACC ) which is equivalent to 24 months 
at room temperature ( RT ) . 
[ 0092 ] In another embodiment , the stability of the lyo 
philized Phenobarbital Sodium is determined by adding the 
lyophilized Phenobarbital Sodium to an aqueous solution to 
form a reconstituted lyophilized Phenobarbital Sodium and 
analyzing to quantitate the amount of phenylethylacetylurea 
( PEAU ) , 2 - ethyl - 2 - phenylmalonamide ( 2EPMM ) , and / or 
alpha - phenylbutyrylguanidine ( PBG ) in the reconstituted 
lyophilize Phenobarbital Sodium . 
[ 0093 ] In another embodiment , the Phenobarbital Sodium 
solution is at a concentration of 65 mg / mL , 100 mg / mL , 130 
mg / mL or 200 mg / mL . 
[ 0094 ] In another embodiment , the method further 
includes filtering the Phenobarbital Sodium solution prior to 
lyophilizing 
[ 0095 ] In another embodiment , the method further 
includes aliquoting the Phenobarbital Sodium solution into 
a vial prior to lyophilization ; and after lyophilization , apply 
ing a closure to the vial under vacuum . 
[ 0096 ] Another embodiment is directed to a method of 
treating an individual in need of Phenobarbital Sodium . The 
method includes adding saline or dextrose to a composition 
containing lyophilized amorphous Phenobarbital Sodium 
immediately prior to administration to form a Phenobarbital 
Sodium solution ; and administering the Phenobarbital 
Sodium solution to the individual . 
[ 0097 ] In another embodiment , the individual suffers from 
epilepsy . 
[ 0098 ] In another embodiment , the individual is a new 
born suffering from neonatal epilepsy . 
[ 0099 ] In another embodiment , the composition is a pow 
der dose of 65 mg , 100 , 130 mg or 200 mg . 
[ 0100 ] In another embodiment , the administering includes 
intramuscular injection or intravenous injection . 
[ 0101 ] Surprisingly , the inventors have determined that 
the presently disclosed method produces a storage - stable 
lyophilized Phenobarbital Sodium that maintains its stability 
up to at least 6 months under accelerated stability conditions 
which is equivalent to 24 months at RT . With reference to 
FIGS . 58-5C , the lyophilized Phenobarbital Sodium is 
amorphous . In particular , the lyophilized Phenobarbital 
Sodium is non - crystalline unlike the USP grade PAPI shown 
comparatively in FIG . 5D . The lyophilized Phenobarbital 
Sodium is stable and ready for reconstitution in either water 
for injection , 0.9 % Saline or 5 % Dextrose for intravenous 
( IV ) or intramuscular ( IM ) administration . The presently 
disclosed formulation does not contain any organic solvents 
or preservatives which is specifically advantageous for 
administration to newborns and neonates . Moreover , the 
resulting lyophilized Phenobarbital Sodium forms below the 
quantitation limit of 0.05 % phenylethylacetylurea ( PEAU ) , 
and no detectable amount of 2 - ethyl - 2 - phenylmalonamide 
( 2EPMM ) or alpha - phenylbutyrylguanidine ( PBG ) when 
reconstituted in water after storage of the lyophilized Phe 
nobarbital Sodium for up to 6 months under accelerated 
stability conditions which is equivalent to 24 months at RT . 

[ 0103 ] With reference to Tables 2 and 3 , the presently 
disclosed 65 mg lyophilized Phenobarbital Sodium compo 
sition was reconstituted in water and compared to the 65 mg 
Liquid Phenobarbital Sodium for Injection USP ( 65 mg / mL 
marketed Liquid Formulation ) ( Table 2 ) ( FIGS . 3A - 3F , 
FIGS . 4A - 4F ) , and the presently disclosed 130 mg lyo 
philized Phenobarbital Sodium for Injection USP ( 130 
mg / vial ) composition was reconstituted in water and com 
pared to the 130 mg liquid Phenobarbital Sodium for Injec 
tion USP ( 130 mg / mL marketed Liquid Formulation ) ( Table 
3 ) ( FIGS . 3G - 3L , FIGS . 4G - 4L ) . In addition to the noted 
characteristics of each product , the products were assayed 
for the degradation products phenylethylacetylurea 
( PEAU ) , 2 - ethyl - 2 - phenylmalonamide ( 2EPMM ) , and 
alpha - phenylbutyrylguanidine ( PBG ) by HPLC analysis , as 
further described in the Examples . As indicated in both 
Tables 2 and 3 , the initial amount of PEAU ( phenylethyl 
acetylurea ) assayed in the 65 mg / mL and 130 mg / mL liquid 
formulations was 0.5 % and 0.5 % , respectively . Compara 
tively , no initial amount of PEAU was detected in either the 
65 mg or 130 mg lyophilized Phenobarbital Sodium com 
positions . Furthermore , after 3 and 6 months from the date 
of manufacture , both the liquid and lyophilized formulations 
at 65 mg / mL and 130 mg / mL stored at room temperature 
( RT ) ( 25º C. ) and under accelerated stability conditions 
( ACC ) at 40 ° C. were analyzed by HPLC for assay and 
related substances . Under these conditions , the amount of 
PEAU assayed in the 65 mg / mL liquid formulations at 3 
months was 1.0 % ( RT ) and 3.7 % ( ACC ) and at 6 months 
was 1.4 % ( RT ) and 5.8 % ( ACC ) ( Table 2 ) . Similarly , the 
amount of PEAU assayed in 130 mg / mL liquid formulations 
at 3 months was 0.9 % ( RT ) and 2.8 % ( ACC ) and at 6 months 
was 1.1 % ( RT ) and 4.3 % ( ACC ) ( Table 3 ) . In contrast , for 
the presently disclosed lyophilized compositions , the 
amount of PEAU assayed at 3 and 6 months for the 65 mg 
and the 130 mg lyophilized Phenobarbital Sodium compo 
sitions was below quantitation limit ( BRL ) ( 0.05 % ) both at 
RT and ACC stability conditions ( Tables 2-3 ) . 
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TABLE 2 

65 mg / ml Liquid Formulation and 65 mg / vial Lyophilized Powder 

Product Name 

Phenobarbital Sodium for Injection USP , Phenobarbital Sodium for Injection USP , 
65 mg / mL ( Marketed product ) 65 mg Vial ( Nivagen formulation- NPH1907 ) 

Formulation Type 

Liquid Lyophilized powder 

Stability Data 

3 Months 6 Months 3 Months 6 Months 15 Months 

RT ACC RT ACC RT ACC RT ACC RT ** 
25 ° C. , 40 ° C. , 25 ° C. , 40 ° C. , 40 ° C. , 25 ° C. , 40 ° C. , 

75 % 
25 ° C. , 
60 % 

25 ° C. , 
60 % 60 % 75 % 60 % 75 % 75 % 60 % 

Test Initial RH RH RH RH Initial RH RH RH RH RH 

CCVS CCVS CCVS CCVS CCVS WLP WLP WLP WLP WLP WLP 
NA NA NA NA NA CCS CCS CCS CCS CCS CCS 

Description 
Appearance 
after 
reconstitution 
Identification 
pH * 
% Assay of 
Phenobarbital 
Sodium 

$ $ $ $ $ $ $ $ $ $ $ 

9.3 9.8 9.7 9.6 9.6 9.8 9.6 9.6 9.7 9.7 9.8 

102.4 97.6 103.1 96.3 86.7 99.1 98.7 97.4 100.0 99.3 96.0 

% ND ND BQL BQL BQL ND ND ND ND ND ND 

degradation 
( Area 
percent ) 
2 EPMM 

PBG ND ND ND ND ND ND ND ND ND ND ND 

PEAU 0.5 1.0 3.7 1.4 5.8 ND BQL BQL BQL BQL 
BQL 

BQL 
BQL BQL BQL 0.1 BQL 0.3 BQL 0.07 0.06 0.04 Any 

unspecified 
degradation 
product 

Total 0.5 1.0 3.8 1.4 6.1 BQL BQL BQL 0.07 0.06 0.04 

degradation 
products 

CCVS : Clear Colorless Viscous Solution ; 

CCS : Clear Colorless Solution ; 

WLP : White Lyophilized powder 
$ : In Assay analysis , the retention time of Phenobarbital in standard and sample solutions should be same . 
BQL : Below Quantitation Limit ; ( QL - 0.05 % ) ; 
ND : Not Detected 

2EPMM : 2 - Ethyl - 2 - Phenylmalonamide , monohydrate ; 
PBG : a - phenylbutyrylguanidine , 
PEAU : phenylethylacetylurea or Pheneturide 
* pH of both liquid and lyophilized formulations are measured at 65 mg / mL concentration 
** The samples were stored at 30 = 2 ° C. , 65 % RH = 5 

Notably , the Lyophilized powder was stable even after 15 
months , and no significant increase in the impurities was 

observed , rendering such formulation superior to known 
liquid formulations and enable easy administration . 
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TABLE 3 

130 mg / mL Liquid Formulation and 130 mg / vial Lyophilized formulation 
Product Name 

Phenobarbital Sodium for Injection USP , Phenobarbital Sodium for Injection USP , 
130 mg / mL ( Marketed product ) 130 mg / vial ( Nivagen formulation - NPH1912 ) 

Formulation Type 
Liquid Lyophilized powder 

Stability Data 

3 Months 6 Months 3 Months 6 Months 15 Months 

RT 
25 ° C. , 
60 % 
RH 

ACC 
40 ° C. , 
75 % 
RH 

RT 
25 ° C. , 
60 % 
RH 

ACC 
40 ° C. , 
75 % 
RH 

RT 
25 ° C. , 
60 % 
RH 

ACC 
40 ° C. , 
75 % 
RH 

RT 
25 ° C. , 
60 % 
RH 

ACC 
40 ° C. , 
75 % 
RH 

RT ** 
25 ° C. , 
60 % 
RH Test Initial Initial 

CCVS 
NA 

CCVS 
NA 

CCVS 
NA 

CCVS 
NA 

CCVS 
NA 

WLP 
CCS 

WLP 
CCS 

WLP 
CCS 

WLP 
CCS 

WLP 
CCS 

WLP 
CCS 

$ 
9.5 

100.8 
9.9 

95.5 

$ 
9.9 

92.9 

$ 
9.8 

95.2 
9.7 

90.9 

$ 
9.8 

98.3 

$ 
9.8 

100.1 

$ 
9.8 

97.9 

$ 
9.8 

100.2 

$ 
9.8 

99.4 

$ 
10.0 
98.3 

Description 
Appearance 
after 
reconstitution 
Identification 
pH * 
% Assay of 
Phenobarbital 
Sodium 
Related 
Substances 
( % Area ) 
2 EPMM 
PBG 
PEAU 
Any 
unspecified 
degradation 
product 

ND ND BOL BQL BQL ND ND ND ND ND ND 

ND 
0.5 
ND 

ND 
0.9 
BQL 

ND 
2.8 
0.1 

ND 
1.1 

BQL 

ND 
4.3 
0.4 

ND 
ND 
BQL 

ND 

BQL 
BQL 

ND 

BQL 
BQL 

ND 

BQL 
0.05 

ND 

BQL 
0.05 

ND 

BQL 
0.04 

0.5 0.9 2.9 1.1 4.7 BQL BQL BOL 0.05 0.05 0.04 Total 
degradation 
products 

CCVS : Clear Colorless Viscous Solution ; 
CCS : Clear Colorless Solution ; 
WLP : White Lyophilized powder 
$ : In Assay analysis , the retention time of Phenobarbital in standard and sample solutions should be same . 
BQL : Below Quantitation Limit ; ( QL - 0.05 % ) ; 
ND : Not Detected 
2EPMM : 2 - Ethyl - 2 - Phenylmalonamide , monohydrate ; 
PBG : a - phenylbutyrylguanidine , 
PEAU : phenylethylacetylurea or Pheneturide 
* pH for liquid formulation is measured at 130 mg / mL and for lyophilized formulation at 100 mg / mL dilution 
** The samples were stored at 30 = 2 ° C. , 65 % RH = 5 

[ 0104 ] In typical embodiments , the method of reducing 
formation of degradation products of a lyophilized Pheno 
barbital Sodium composition reconstituted in water results 
in the reconstituted solution having no less than 96 % Phe 
nobarbital Sodium . In more typical embodiments , the recon 
stituted solution has no less than 97 % Phenobarbital 
Sodium . In more preferred embodiments , the reconstituted 
solution has no less than 98 % Phenobarbital Sodium . In 
additional or alternative embodiments , the reconstituted 
solution has no quantitative amount ( e.g. , 0.05 % or less ) of 
PEAU , 2 EPMM , or PBG . 
[ 0105 ] According to contemplated embodiments , assaying 
the stability of the lyophilized Phenobarbital Sodium com 
position includes reconstituting the composition in water at 
a concentration of 65 mg / mL , 100 mg / mL , 130 mg / mL or 
200 mg / mL . 
[ 0106 ] Further aspects of the present disclosure include 
methods of treating an individual in need of Phenobarbital 

Sodium . For administration to an individual ( e.g. , a human 
patient ) the lyophilized powder of Phenobarbital Sodium 
powder may be reconstituted in saline or dextrose as dis 
closed herein immediately prior to administration to form a 
Phenobarbital Sodium reconstituted solution . In particular 
embodiments , the individual in need of Phenobarbital 
Sodium suffers from epilepsy . In preferred embodiments , the 
individual in need of Phenobarbital Sodium is a newborn 
suffering from neonatal epilepsy . In other embodiments , the 
lyophilized Phenobarbital Sodium is a powder dose of 65 
mg , 100 mg , 130 mg or 200 mg . In typical embodiments , the 
administering of the Phenobarbital Sodium reconstituted 
solution to the individual includes intramuscular injection or 
intravenous injection . 

Examples 
[ 0107 ] Lyophilization Microscopy . Lyophilization micros 
copy ( FIGS . 1A - 1F ) was performed using a Leica DM LP 
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-continued 
Parameters Conditions 

15 Minutes 
30 ° C. 

25 ° C. 

Run time 
Column Oven 
Temperature 
Sampler Cooler 
Temperature 
Retention 
Time 
Pump Mode 

About 5 minutes for Phenobarbital 

Isocratic 

microscope equipped with a Linkam FDCS196 stage , 
TMS93 controller , vacuum pump , LNP unit , and a Spot 
Insight color camera . A 20x , 040 N.A. objective was used 
with crossed polarizers and a first order red compensator to 
view sample . Images were acquired using Spot Advanced 
software ( v.4.5.9 ) . 
[ 0108 ] Lyophilization parameters for the lyophilization 
microscopy including a start temperature of -50 ° C. with 
heating at 1 ° C./minute to -40 ° C. followed by heating at 
0.5 ° C./minute to -32.0 ° C. 
[ 0109 ] HPLC Assays . High Performance Liquid Chroma 
tography ( HPLC ) was used to assay Phenobarbital Sodium 
standards and sample solutions as disclosed herein ( e.g. , 
Tables 2 , 3 , FIGS . 3A - 3L , and 4A - 4L ) . Both Ultra High 
Performance Liquid Chromatographic system ( UHPLC ) and 
High - Performance Liquid Chromatographic system ( HPLC ) 
( Thermo Fisher / Waters ) were used together with Data Acqui 
sition Software ( Empower 3 ) , equipped with UV and Pho 
todiode Array Detector ( UV and PDA ) , column thermostat 
and auto sampler compartments or equivalent HPLC system 
and software . 
[ 0110 ] An exemplary HPLC assay protocol is provided in 
the following : 
[ 0111 ] Instruments / Apparatus : HPLC with UV detector / 
PDA Detector , Analytical balance , Sonicator , Volumetric 
flasks , Beakers , Pipettes . 
[ 0112 ] Reagents , Solvents , Standards : Phenobarbital Ref 
erence Standard , Deionized water / Water for Injection , 
Potassium Monobasic Phosphate , Acetonitrile . 
[ 0113 ] Preparation of Mobile Phase Solutions : Potassium 
phosphate monobasic ( 7 mM ) and Acetonitrile ( 70:30 ) pH 
4.5-6.5 ; Diluent : Mobile phase as a diluent . 
[ 0114 ] Wash Solvent : Water : Acetonitrile ( 70:30 ) 
[ 0115 ] CHROMATOGRAPHIC CONDITIONS : The liq 
uid chromatography equipped with a UV and PDA detector , 
an injector and a data processor is operated as follows : 

[ 0116 ] Phenobarbital Assay Standard Solution : 0.2 mg / mL 
to 0.8 mg / mL in diluent ; Phenobarbital Related Substances 
Standard Solution : 0.26 ug / mL to 15.6 ug / mL in diluent ; 
Phenobarbital Related Substances resolution standard solu 
tion : 0.475 mg / mL Phenobarbital and about 1 ug / mL for 
related substances ( 2 - Ethyl - 2 - Phenyl malonamide , monohy 
drate ( 2EPMM ) , Phenylbutyrylguanidine ( PBG ) and Phe 
nylethylacetylurea ( PEAU ) in diluent ; Phenobarbital 
Sodium Sample Solution for Assay : 0.26 mg / mL to 0.78 
mg / mL in diluent 
[ 0117 ] Phenobarbital Sodium related Substances sample 
solution : 0.52 mg / mL of Phenobarbital Sodium and related 
substances 2 - Ethyl - 2 - Phenylmalonamide , monohydrate 
( 2EPMM ) , Phenyl butyrylguanidine ( PBG ) and Phenylethy 
lacetylurea ( PEAU ) and any unspecified degradation prod 
ucts at 0.26 ug / mL to 13. 2 ug / mL 
[ 0118 ] SYSTEM SUITABILITY REQUIREMENTS : The 
relative standard deviation of Phenobarbital peak from Six 
replication injections of related substances standard should 
not be more than 6.0 % . The related standard deviation of 
Phenobarbital peak from five replicate injections in assay 
standard solution should not be more than 2.0 % . Tailing 
factor for the Phenobarbital is not more than 2.0 . USP Plate 
count for the Phenobarbital is not less than 2500. The S / N 
Ratio of the Sensitivity Standard Solution is NLT 10 for 
related substance test . The resolution between Phenobarbital 
peak and nearest impurity peak is NLT 1.5 
[ 0119 ] Two alternative formulations are disclosed in Table 
6. One of these formulations is 200 mg / vial , Phenobarbital 
Sodium reconstituted in 10 mL of Water for Injection or 5 % 
Dextrose to obtain a concentration of 20 mg / mL . A second 
formulation is 200 mg / vial of Phenobarbital Sodium along 
with 90 mg Sodium Chloride reconstituted in 10 mL of 
Water for Injection to obtain a concentration of 20 mg / mL 
Phenobarbital Sodium for Injection and 9 mg / mL or 0.9 % 
Sodium Chloride . 

Parameters Conditions 

Column 

Flow rate 
Detection 
Wavelength 
Injection 
volume 

L7 packaging column , 150 x 4.6 mm , Particle Size : 
5 um or equivalent 
0.9-1.2 mL / min . 
254 + 2 nm for assay and 210 = 2 nm for 
Related Substances 

??? 10 

TABLE 6 

Phenobarbital Sodium for Injection , USP , 200 
mg / vial in 10 mL vial . Formulation Details . 

NPH2031B 
( Bulk Solution @ 

NPH2031A 100 mg / mL 
( Bulk Solution @ Phenobarbital 

100 mg / ml Sodium and 45 mg / mL 
Phenobarbital Sodium ) Sodium Chloride ) 
Compounding at 2-8 ° C. Compounding at 2-8 ° C. 

Fill Volume : 2.1 mL 

mg / mL ( after mg / mL ( after 
reconstitution ) mg / vial reconstitution ) Ingredients Manufacturer mg / vial 

20 200 20 200 Phenobarbital 
Sodium 

Siegfried 
USA , LLC 
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TABLE 6 - continued 

Phenobarbital Sodium for Injection , USP , 200 
mg / vial in 10 mL vial . Formulation Details . 

NPH2031B 
( Bulk Solution @ 

NPH2031A 100 mg / mL 
( Bulk Solution @ Phenobarbital 

100 mg / ml Sodium and 45 mg / mL 
Phenobarbital Sodium ) Sodium Chloride ) 
Compounding at 2-8 ° C. Compounding at 2-8 ° C. 

Fill Volume : 2.1 mL 

Ingredients 
mg / mL ( after mg / mL ( after 
reconstitution ) mg / vial reconstitution ) mg / vial Manufacturer 

JT Baker NA NA 9 90 

qs In house 
Airgas 

qs 
NA 

qs 
NA NA 

qs 
NA 

Wheaton 
Part # 223686 

Sodium 
Chloride 
DI Water 
100 % Nitrogen 
10 mL Tubular 
Serum Bottle 
clear 
20 mm Igloo 
Bromobutyl 
stopper 
Seal 20 mm 
Filp - Cap , Red 

Datwyler 

Wheaton 
Part # 224203 

Reconstitution Volume 10 mL ; Diluents that can be used are Water for Injection , 0.9 % Saline or 5 % Dextrose . 

[ 0120 ] These formulations along with the previously dis 
closed formulations were developed to enable physicians 
and medical staff at hospitals to easily reconstitute to a 
desired concentration ( e.g. , 20 mg / mL ) and administer the 
medicine to patients in need thereof . The reconstituted 
solution is stable at 2-8 ° C. for 24 hrs and 3 to 4 hrs when 
stored at RT ( see e.g. , Tables 7 , 8 and 9 ) . 

TABLE 7 

Reconstituted Solution Stability of Phenobarbital Sodium for Injection USP , 200 mg / vial 
( NPH2031A Phenobarbital Sodium @ 200 mg / vial ) ( Reconstitution in 10 mL Water ) 

Initial 
DOA : 

Reconstituted Solution Stability after 20 hrs 
DOA : Jun . 6 , 2020 

Test Spec . Jun . 5 , 2020 2-8 ° C. RT 

WLP 
CCS 

9.2-10.2 

WLP 
CCS 
9.9 

WLP 
CCS 
9.7 

WLP 
CCS 
9.8 

90.0-105.0 100.1 100.1 100.1 

NMT 0.2 % BQL ND ND 

Description 
Appearance 
pH ( 20 
mg / mL ) 
% Assay 
Phenobarbital 
Sodium 
Related 
Substances 
( % Area ) 
2EPMM 
PBG 
PEAU 
Any 
unspecified 
degradation 
product 

NMT 0.2 % ND 

NMT 0.2 % 
NMT 0.2 % 

ND 
BQL 
BQL 

0.03 
0.06 

ND 
0.03 
0.24 

NMT 1.5 % BQL 0.09 0.27 Total 
degradation 
products 
Water Content 
by Karl Fischer 

NMT 3.0 % 0.84 NA NA 
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TABLE 7 - continued 

Reconstituted Solution Stability of Phenobarbital Sodium for Injection USP , 200 mg / vial 
( NPH2031A Phenobarbital Sodium @ 200 mg / vial ) ( Reconstitution in 10 mL Water ) 

Initial 
DOA : 

Reconstituted Solution Stability after 20 hrs 
DOA : Jun . 6 , 2020 

Test Spec . Jun . 5 , 2020 2-8 ° C. RT 

Note Book Reference 192045-163-183 192045-163 to 
189 

DOA : Date of Analysis ; 
WLP : White Lyophilized Powder ; 
CCS : Clear Colorless Solution , 1 minute after reconstitution ; 
ND : Not Detected ; 
NMT : Not More Than ; 
BQL : Below Quantitation Limit ( 0.05 % ) 
2EPMM : 2 - Ethyl - 2 - Phenylmalonamide , monohydrate ; 
PBG : a - Phenylbutyrylguanidine ; 
PEAU : Phenylethylacetylurea 

TABLE 8 TABLE 8 - continued 
Reconstituted Solution Stability of Phenobarbital Sodium 

for Injection USP , 200 mg / vial in Sodium Chloride ( NPH2031B 
Phenobarbital Sodium @ 200 mg / vial and Sodium Chloride 

@ 90 mg / vial ) ( Reconstitution in 10 mL Water ) 

Reconstituted Solution Stability of Phenobarbital Sodium 
for Injection USP , 200 mg / vial in Sodium Chloride ( NPH2031B 

Phenobarbital Sodium @ 200 mg / vial and Sodium Chloride 
@ 90 mg / vial ) ( Reconstitution in 10 mL Water ) 

Reconstituted Solution Stability 
after 20 hrs 

Reconstituted Solution Stability 
after 20 hrs 

Test Specification Initial 2-8 ° C. RT 
Test Specification Initial 2-8 ° C. RT degradation 

product WLP 
CCS 

9.2-10.2 
90.0-105.0 

WLP 
CCS 

9.8 
103.3 

WLP 
CCS 
9.7 

WLP 
CCS 
9.8 

NMT 1.5 % BQL 0.09 0.3 

103.4 102.8 

Total 
degradation 
products 
Water Content 
by Karl Fischer 

NMT 3.0 % 0.84 NA NA 

NMT 0.2 % BQL ND BQL 

Description 
Appearance 
pH ( 20 mg / mL ) 
% Assay 
Phenobarbital 
Sodium 
Related 
Substances 
( % Area ) 
2EPMM 
PBG 
PEAU 
Any 
unspecified 

ND NMT 0.2 % 
NMT 0.2 % 
NMT 0.2 % 

ND 
0.03 
0.06 

ND 
0.03 

WLP : White Lyophilized Powder ; 
CCS : Clear Colorless Solution , 1 minute after reconstitution ; 
ND : Not Detected ; 
NMT : Not More Than ; 
BQL : Below Q on Limit ( 0.05 % ) 
2EPMM : 2 - Ethyl - 2 - Phenylmalonamide , monohydrate ; 
PBG : a - Phenylbutyrylguanidine ; 
PEAU : Phenylethylacetylurea 

BOL 
BQL 0.27 

TABLE 9 

Reconstituted Solution Stability of Phenobarbital Sodium for injection 
USP , 130 mg / vial ( NPH2030 ) ( 20 mg / mL dilution In Water ) 

Time 

Shelf life 2 hrs 4 hrs 24 hrs 

Tests Specifications Initial 2-8 C. RT 2-8 C. RT 2-8 C. RT 

Appearance 
pH ( 20 mg / mL 
dilution ) 

CCS 
9.2-10.2 

CCS 
9.5 

CCS 
9.5 

CCS 
9.6 

CCS 
9.6 

CCS 
9.5 

CCS 
9.6 

CCS 
9.5 

Assay of 90.0 % -105.0 % 99.8 102.1 100.8 101.7 101.2 100.4 100.3 

NMT 0.2 % ND ND ND ND ND ND BQL 

Phenobarbital 
Sodium 
Related 
Substances 
( % Area ) 
2EPMM 
PBG 
PEAU 

NMT 0.2 % 
NMT 0.2 % 

ND 
BQL 

ND 
BQL 

ND 

BQL 
ND 
BQL 

ND 

BQL 
ND 
BQL 

ND 
BQL 
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TABLE 9 - continued 

Reconstituted Solution Stability of Phenobarbital Sodium for injection 
USP , 130 mg / vial ( NPH2030 ) ( 20 mg / mL dilution In Water ) 

Time 

Shelf life 2 hrs 4 hrs 24 hrs 

Tests Specifications Initial 2-8 C. RT 2-8 C. RT 2-8 C. RT 

NMT 0.2 % 0.015 0.02 0.04 0.02 0.06 0.04 0.18 Any unspecified 
degradation 
product @ 
RRT 0.37 

NMT 1.5 % 0.015 0.02 0.04 0.02 0.06 0.04 0.18 Total 
degradation 
products 
Osmolality 
mOsmol / Kg 

To be reported 158 NP NP NP NP 159 158 

CCS : Clear colourless solution ; 
ND : Not detected ; 
BQL : Below Quantitation limit , 
NP : Not performed ; 
2EPMM : 2 - ethylphenylmalonamide monohydrate ; 
PBG : Phenylbutyrylguanidine ; 
PEAU : Phenylethylacetylurea 

[ 0121 ] Six months stability data for Phenobarbital Sodium 
for Injection , USP , 65 mg / vial is included in Table 10. Six 
months stability data for Phenobarbital Sodium for Injec 
tion , USP , 130 mg / vial is included in Table 11. Three months 
stability data for Phenobarbital Sodium for Injection , USP , 

200 mg / vial is included in Table 12. Three months stability 
data for Phenobarbital Sodium for Injection , USP ( Pheno 
barbital Sodium and 9 % Saline ) , 200 mg / vial is included in 
Table 13 . 

TABLE 10 

Product Name 

Vial Make 

API Mfg . 

Phenobarbital Sodium for Injection USP , Batch # NPH2020 Date Manufactured : 
65 mg / vial Fill Volume : 1.05 mL Jan. 20 , 2020 
2 mL Fiolax Clear Blow Back Vial ( Schott , Article # 1590892 ) ; Date Initiated : 

Feb. 14 , 2020 
Phenobarbital Sodium , USP Grade P , C - IV : Siegfried USA , LLC Lot # 1845X007 ; Re - test Date : Nov. 16 , 2023 
Aptar stelmi 13 mm Grey Bromobutyl 2 leg Lyophilization Flip Off Seals : Wheaton , 13 mm 
Rubber stopper ( C1621 6730GC 6 TP3 ) Red Plastic top flip off with 

Aluminum Seal , Lot # 224202 
Inverted Stability 25 ° C. , 60 % RH ( RT ) & 40 ° C. , 

75 % RH ( ACC ) 

Stopper Used 

Configuration 

Initial 
DOA : 

1 Month 
DOA : Mar. 29 , 2020 

3 Months 6 Months 
DOA : May 20 , 2020 DOA : Sep. 4 , 2020 

Test Spec . Feb. 18 , 2020 RT ACC RT ACC RT ACC 

WLP 
CCS 

9.2-10.2 
90.0 % -105.0 % 

WLP 
CCS 
9.9 

WLP 
CCS 
9.9 

301.6 

WLP 
CCS 
9.9 

WLP 
CCS 
9.9 

101.3 

WLP 
CCS 
9.9 

WLP 
CCS 
9.5 

WLP 
CCS 
9.5 

101.2 98.6 101.5 100.5 100.0 

NMT 0.2 % BQL ND ND ND ND ND ND 

Description 
Appearance 
pH ( 65 mg / mL ) 
% Assay 
Phenobarbital 
Sodium 
Related 
Substances 
( % Area ) 
2EPMM 
PBG 
PEAU 
Any 
unspecified 
degradation 
product 
Total 
degradation 
products 

ND ND ND NMT 0.2 % 
NMT 0.2 % 
NMT 0.2 % 

ND 

BQL 
BQL 

ND 

BQL 
BQL 

BQL 
BQL 

ND 

BQL 
BQL 

BQL 
BQL 

BQL 
ND 

BQL 
BQL BQL 

NMT 1.5 % BQL BQL BQL BQL BQL BQL BQL 
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TABLE 10 - continued 

0.6 0.9 1.3 1.4 1.5 1.5 2.1 Water Content NMT 3.0 % 

by Karl Fischer 
Note Book Reference 192039-150 to 158 192046-23 to 45 192045-135 to 153 192051-84 to 122 

DOA : Date of Analysis ; 
WLP : White Lyophilized Powder ; 
CCS : Clear Colorless Solution , 1 minute after reconstitution ; 
ND : Not Detected ; 
NMT : Not More Than ; 
BQL : Below Quantitation Limit ( 0.05 % ) 
2EPMM : 2 - Ethyl - 2 - Phenylmalonamide , monohydrate ; 
PBG : G - Phenylbutyrylguanidine ; 
PEAU : Phenylethylacetylurea 

TABLE 11 

Product Name 

Vial Make 

API Mfg . 

Phenobarbital Sodium for Injection USP , Batch # NPH2020 Date Manufactured : 
65 mg / vial Fill Volume : 1.05 mL Jan. 20 , 2020 
2 mL Fiolax Clear Blow Back Vial ( Schott , Article # 1590892 ) ; Date Initiated : 

Feb. 14 , 2020 
Phenobarbital Sodium , USP Grade P , C - IV : Siegfried USA , LLC Lot # 1845X007 ; Re - test Date : Nov. 16 , 2023 
Aptar stelmi 13 mm Grey Bromobutyl 2 leg Lyophilization Flip Off Seals : Wheaton , 13 mm 
Rubber stopper ( C1621 6730GC 6 TP3 ) Red Plastic top flip off with 

Aluminum Seal , Lot # 224202 
Inverted Stability 25 ° C. , 60 % RH ( RT ) & 40 ° C. , 

75 % RH ( ACC ) 

Stopper Used 

Configuration 

Initial 
DOA : 

1 Month 
DOA : 

Mar. 23 , 2020 

3 Months 
DOA : 

May 20 , 2020 

6 Months 
DOA : 

Sep. 4 , 2020 

Test Spec . Feb. 18 , 2020 RT ACC RT ACC RT ACC 

WLP 
CCS 
9.9 

98.6 

WLP 
CCS 
9.9 

101.6 

WLP 
CCS 
9.9 

101.5 

WLP 
CCS 
9.9 

101.3 

WLP 
CCS 
9.9 

100.5 

WLP 
CCS 
9.5 

100.0 

WLP 
CCS 
9.5 

101.2 

BQL ND ND ND ND ND ND 

Description WLP 
Appearance CCS 
pH ( 65 mg / mL ) 9.2-10.2 
% Assay 90.0 % -105.0 % 
Phenobarbital 
Sodium 
Related NMT 0.2 % 
Substances 
( % Area ) 
2 EPMM 
PBG NMT 0.2 % 
PEAU NMT 0.2 % 
Any NMT 0.2 % 
unspecified 
degradation 
product 
Total NMT 1.5 % 
degradation 
products 
Water Content NMT 3.0 % 
by Karl Fischer 
Note Book Reference 

ND 

BQL 
BQL 

ND 
BQL 
BQL 

ND 
BQL 
BQL 

ND 
BQL 
BOL 

ND 

BQL 
BOL 

ND 
BQL 
BQL 

ND 

BQL 
BQL 

BQL BQL BQL BQL BQL BQL BQL 

0.6 0.9 1.3 1.4 1.5 1.5 2.1 

192039-150 to 158 192045-23 to 45 192045-135 to 153 192051-84 to 122 

DOA : Date of Analysis ; 
WLP : White Lyophilized Powder ; 
CCS : Clear Colorless Solution , 1 minute after reconstitution ; 
ND : Not Detected ; 
NMT : Not More Than ; 
BQL : Below Quantitation Limit ( 0.05 % ) 
2EPMM : 2 - Ethyl - 2 - Phenylmalonamide , monohydrate ; 
PBG : a - Phenylbutyrylguanidine ; 
PEAU : Phenylethylacetylurea 

TABLE 12 

Batch # NPH2031A 
Fill Volume : 2.1 mL 

Product 
Name 
Vial 
Make 

Phenobarbital Sodium for 
Injection USP , 200 mg / vial 
10 mL Tubular Serum Bottle Clear 
Wheaton , Part # 223586 ; Batch # 5192875 ) ; 

Date Manufactured : 
Jun . 3 , 2020 
Date Initiated : 
Jun . 9 , 2020 
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TABLE 12 - continued 

API Mfg . 
Stopper Used 

Phenobarbital Sodium , USP Grade P , C - IV : Siegfried USA , LLC Lot # 1924X009 ; Re - test Date : Jul . 20 , 2024 
Datwyler 20 mm Igloo Bromobutyl Flip Off Seals : Wheaton , 20 mm 
Lyophilization Rubber stopper Red Plastic top flip off with 

Aluminum Seal , Lot # 224203 
Inverted Stability 25 ° C. , 60 % RH ( RT ) & 40 ° C. , 

75 % RH ( ACC ) 
Configuration 

Initial 
DOA : 

3 Months 
DOA : Sep. 4 , 2020 

Test Spec . Jun 5 , 2020 RT ACC 

WLP 
CCS 

9.2-10.2 
90.0-105.0 

WLP 
CCS 
9.9 

100.1 

WLP 
CCS 
9.6 

98.1 

WLP 
CCS 
9.7 

101.0 

NMT 0.2 % ND ND ND 

Description 
Appearance 
pH ( 20 mg / mL ) 
% Assay 
Phenobarbital 
Sodium 
Related 
Substances 
( % Area ) 
2 EPMM 
PBG 
PEAU 
Any 
unspecified 
degradation 
product 

NMT 0.2 % 
NMT 0.2 % 
NMT 0.2 % 

ND 
BQL 
BQL 

ND 
0.03 
0.06 

ND 
0.04 
0.05 

NMT 1.5 % BQL 0.09 0.09 Total 
degradation 
products 
Water Content 
by Karl Fischer 
Note Book Reference 

NMT 3.0 % 1.1 1.0 1.3 

192051-84 to 122 192045-163 to 
189 

DOA : Date of Analysis ; 
WLP : White Lyophilized Powder ; 
CCS : Clear Colorless Solution , 1 minute after reconstitution ; 
ND : Not Detected ; 
NMT : Not More Than ; 
BQL : Below Quantitation Limit ( 0.05 % ) 
2EPMM : 2 - Ethyl - 2 - Phenylmalonamide , monohydrate ; 
PBG : a - Phenylbutyrylguanidine ; 
PEAU : Phenylethylacetylurea 

TABLE 13 

Product 
Name 
Vial 
Make 
API Mfg . 
Stopper Used 

Phenobarbital Sodium for Batch # NPH2031A Date Manufactured : 
Injection USP , 200 mg / vial Fill Volume : 2.1 mL Jun . 3 , 2020 
10 mL Tubular Serum Bottle Clear Date Initiated : 
Wheaton , Part # 223586 ; Batch # 5192875 ) ; Jun . 9 , 2020 
Phenobarbital Sodium , USP Grade P , C - IV : Siegfried USA , LLC Lot # 1924X009 ; Re - test Date : Jul . 20 , 2024 
Datwyler 20 mm Igloo Bromobutyl Flip Off Seals : Wheaton , 20 mm 
Lyophilization Rubber stopper Red Plastic top flip off with 

Aluminum Seal , Lot # 224203 
Inverted Stability 25 ° C. , 60 % RH ( RT ) & 40 ° C. , 

75 % RH ( ACC ) 
Configuration 

Initial 
DOA : 

3 Months 
DOA : Sep. 4 , 2020 

Test Spec . Jun . 5 , 2020 RT ACC 

WLP 
CCS 

9.2-10.2 
90.0-105.0 

WLP 
CCS 
9.8 

103.3 

WLP 
CCS 

9.5 
102.8 

WLP 
CCS 
9.5 

103.6 

Description 
Appearance 
pH ( 20 mg / mL ) 
% Assay 
Phenobarbital 
Sodium 
Related 
Substances 
( % Area ) 
2EPMM 

NMT 0.2 % BQL ND ND 
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TABLE 13 - continued 
NMT 0.2 % 
NMT 0.2 % 
NMT 0.2 % 

ND 
BQL 
BQL 

ND 
0.03 
0.06 

ND 
0.04 
0.05 

PBG 
PEAU 
Any 
unspecified 
degradation 
product 

NMT 1.5 % BQL 0.1 0.08 Total 
degradation 
products 
Water Content 
by Karl Fischer 
Note Book Reference 

NMT 3.0 % 0.8 0.9 1.1 

192045-163 to 189 192051-84 to 122 

DOA : Date of Analysis ; 
WLP : White Lyophilized Powder ; 
CCS : Clear Colorless Solution , 1 minute after reconstitution ; 
ND : Not Detected ; 
NMT : Not More Than ; 
BQL : Below Quantitation Limit ( 0.05 % ) 
2EPMM : 2 - Ethyl - 2 - Phenylmalonamide , monohydrate ; 
PBG : a - Phenylbutyrylguanidine ; 
PEAU : Phenylethylacetylurea 

[ 0122 ] Data for Osmolality , Particulate matter and assay 
for Sodium Chloride is disclosed in Table 14 . 

TABLE 14 

Phenobarbital Sodium for Injection , USP , 200 mg / vial in Water or Sodium 
Chloride - Osmolality , Particulate Matter and Assay for Sodium Chloride . 

Osmolality * 
( mOsmol / Kg ) Particulate Matter 
( Specification : ( By Light Obscuration method ) 

To be Ref : USP < 788 > 

Assay of Sodium 
Chloride 

( titrimetric ; Ref 
USP monograph 

for Sodium 

210 UM reported ) 
Reconstitution 
in 10 mL ( 20 
mg / mL ) 

Specification : 
( NMT 6000 

particles / vial ) 

225 ?M 
Specification : 
( NMT 600 

particles / vial 

Chloride 
Injection 

Specification : 
( 95.0 % -105.0 % ) Batch No 

148 80.0 0.67 NA 

372 171 1.33 99.99 

NPH2031A ( 200 
mg / vial ) 
NPH2031B ( 200 
mg / vial ) 
( Phenobarbital 
Sodium 200 mg , 
9 % Sodium 
Chloride ) 
Water - Blank 
0.9 % Sodium 
Chloride 

0 
270 

NA 
NA 

NA 
NA 

NA 
NA 

[ 0123 ] Lyophilization parameters used for the 65 mg / vial , 
100 mg / vial , 130 mg / vial and 200 mg / vial are disclosed in 
Table 15 . 

TABLE 15 

Lyophilization Cycle parameters . 

Lyophilization Cycle 1 * Lyophilization Cycle 2 ** 

Condenser 
set point Vacuum Temperature 

C. [ mTorr ] ° C . 

Hold 
Time 
[ mm ] 

Condenser 
set point Vacuum Temperature 

[ mTorr ] 

Hold 
Time 
[ mm ] Section Phase ° C . ° C . 

1 off n.a. n.a. 

2 
3 

Loading 
Freezing 
Freezing 

off 
off 

-5 
-50 

5 
60 

off 
off 
off 

-5 
-52 

10 
120 

( Ramp ) 
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TABLE 15 - continued 

Lyophilization Cycle parameters . 

Lyophilization Cycle 1 Lyophilization Cycle 2 ** 

Condenser 
set point Vacuum Temperature 

C. [ mTorr ] 

Hold 
Time 
[ mm ] 

Condenser 
set point Vacuum Temperature 

[ mTorr ] 

Hold 
Time 
[ mm ] Section Phase ° C . ° C . ° C . 

4 Freezing off -10 30 off -52 

n.a. 5 
6 
7 

-50 
off 
75 
75 

-50 
-50 
-50 

-60 
n.a. 

50 
50 

-45 
-42 

180 
( Hold ) 
n.a. 

30 
100 

( Ramp ) 
1120 
( Hold ) 
n.a. 

8 75 -45 50 -42 

9 75 -43 n.a. n.a. 

10 75 -35 n.a. n.a. n.a. 

Freezing 
Evacuation 
Primary 
drying 
Primary 
drying 
Primary 
drying 
Primary 
drying 
Primary 
drying 
Primary 
drying 
secondary 
drying 
secondary 
drying 

120 
30 
400 

( Hold ) 
350 

( Hold ) 
300 

( Hold ) 
250 

( Hold ) 
60 

( Hold ) 
120 

( Hold ) 
120 

( Hold ) 
120 

( Hold ) 

11 75 -20 n.a. n.a. n.a. 

12 75 0 n.a. n.a. n.a. 

13 75 50 50 35 100 
( Ramp ) 
420 

( Hold ) 
14 75 25 50 35 

Lyophilization Cycle 1 * : 65 mg / vial , 130 mg / vial and 100 mg / vial samples disclosed in Tables 1 , 2 , 3 , 16 and 17 
Lyophilization Cycle 2 ** : NPH2031A ( 200 mg / vial Phenobarbital Sodium ) and NPH2031B ( 200 mg / vial in Phenobarbital Sodium and 90 
mg / vial Sodium Chloride , NPH2020 ( 65 mg / vial ) and NPH2021 ( 130 mg / vial ) 

[ 0124 ] Six months stability data for Phenobarbital Sodium 
for Injection USP , 100 mg / vial is included in Table 16 . 

TABLE 16 

Product Name 

Vial Make 

API Mfg . 

Phenobarbital Sodium for Injection USP , Batch # NPH1980 Date Manufactured : 
100 mg / vial Sep. 25 , 2019 
5 mL Clear Untreated Article # 9621139054 Date Initiated : 
5 mL Clear Treated Article # 9621130486 Sep. 30 , 2019 
Phenobarbital Sodium , USP Grade P , C - IV : Siegfried USA , LLC Lot # 1845X006 ; Re - test Date : Nov. 16 , 2023 
Aptar stelmi 13 mm Grey Bromobutyl 2 leg Lyophilization Flip Off Seals : Wheaton , 13 mm 
Rubber stopper , Lot # G702 / 91884 Red Plastic top flip off with 

Aluminum Seal , Lot # NA 
Inverted Stability 25 ° C. , 60 % RH ( RT ) & 40 ° C. , 

75 % RH ( ACC ) 

Stopper Used 

Configuration 

1 Month 3 Months 6 Months 

Initial RT ACC RT ACC RT ACC 

Test Spec . UT T UT T UT T UT T UT T UT T UT T 

WLP 
CCS 

9.2-10.2 
90.0 % -105.0 % 

WLP 
CCS 
9.7 

98.4 

WLP 
CCS 
9.7 

97.8 

WLP WLP WLP 
CCS CCS CCS 
9.6 9.7 9.6 

98.6 99.0 98.0 

WLP 
CCS 
9.5 

100.4 

WLP WLPWLP WLP WLP WLP WLP WLP 
CCS CCS CCS CCS CCS CCS CCS CCS 
9.7 9.7 9.7 9.7 9.8 9.9 9.8 9.9 

99.1 98.7 97.0 96.9 97.7 98.3 97.2 97.6 

NMT 0.2 % ND ND ND ND ND ND BQL BQL BQL BQL ND ND ND ND 

Description 
Appearance 
pH 
% Assay 
Phenobarbital 
Sodium 
Related 
Substances 
( % Area ) 
2 EPMM 
PBG 
PEAU 
Any 
unspecified 
degradation product 

NMT 0.2 % 
NMT 0.2 % 
NMT 0.2 % 

ND 

BQL 
0.05 

ND 

BQL 
0.06 

ND ND ND 

BQL BQL BQL 
0.05 0.05 0.05 

BQL 
ND ND ND ND ND ND ND ND ND 

BQL BQL BOL BOL BOL BOL BOL BOL 
0.05 BOL BOL BOL BOL BOL BOL BOL BOL 

NMT 1.5 % 0.06 0.06 0.05 0.05 0.05 0.05 BQL BOL BOL BOL BOL BOL BOL BQL Total 
degradation 
products 
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TABLE 16 - continued 
NMT 3.0 % 0.7 0.6 1.0 1.0 1.1 1.3 1.2 1.1 1.6 1.5 1.6 1.2 1.5 2.0 Water Content 

by Karl Fischer 
Note Book Reference 192031-91 to 101 192031-169 to 183 192039-44 to 52 192045-52 to 85 

WLP : White Lyophilized powder ; 
CCS : Clear Colorless Solution , 1 minute after reconstitution ; 
UT : Untreated ; 
T : Treated 
ND : Not Detected ; 
NMT : Not More Than ; 
2EPMM : 2 - Ethyl - 2 - Phenylmalonamide , monohydrate ; 
PBG : a - Phenylbutyrylguanidine ; 

TABLE 17 

Phenobarbital Sodium for Injection , USP , 100 mg / vial Formulation Details . 

Manufacturer / Lot 
number 

Concentration 
( mg / mL ) Ingredients 

Concentration 
( mg / vial ) 

Batch Quantity 
( 100 mL ) 

100 mg 10.113 g Phenobarbital 
Sodium , USP 
Grade P 
C - IV 

101.13 mg 
( ~ 100 mg 

Siegfried USA , LLC 
Mat No : 300040 
Lot # 1845X006 
Retest date : Nov. 16 , 2023 

Phenobarbital 
Sodium after LOD 
correction 
Q.S. to 1 ml NA Q.S. to 100 mL or 103.3 g 

NA 
NA 

NA 
NA 

NA 
NA 

NA NA NA 

Water for In house 
Injection 
100 % Nitrogen Airgas 
5 mL , untreated Gerresheimer 

Article # 9621139054 
5 ml , treated Gerresheimer 

Article # 9621130486 
13 mm Bromobutyl Aptar - Stelmi 
Lyophilization C16216720GC6TP3 
stoppers 
Seal : 13 mm Seal , Wheaton 
Flip - Cap , Red Unlined 

NA NA NA 

NA NA NA 

Diluents that can be used : Water for Injection , 0.9 % Saline or 5 % Dextrose 
Proposed Reconstitution Volume : 5 mL 

[ 0125 ] Representative chromatograms and / or correspond 
ing calculations are shown in FIGS . 2A - 211 , 3A - 3L , 4A - 4L , 
and Tables 2 and 3 . 
[ 0126 ] X - Ray Powder Diffraction . With reference to 
FIGS . 5A - 5D , XRPD was performed using the Rigaku 
Smart - Lab X - ray diffraction system configured for reflection 
Bragg - Brentano geometry using a line source X - ray beam . 
The X - ray source is a Cu Long Fine Focus tube that was 
operated at 40 kV and 44 mA . That source provides an 
incident beam profile at the sample that changes from a 
narrow line at high angles to a broad rectangle at low angles . 
Beam conditioning slits were used on the line X - ray source 
to ensure that the maximum beam size is less than 10 mm 
both along the line and normal to the line . The Bragg 
Brentano geometry is a para - focusing geometry controlled 
by passive divergence and receiving slits with the sample 
itself acting as the focusing component for the optics . The 
inherent resolution of Bragg - Brentano geometry is governed 
in part by the diffractometer radius and the width of the 
receiving slit used . Typically , the Rigaku Smart - Lab is 
operated to give peak widths of 0.1 ° 20 or less . The axial 
divergence of the X - ray beam is controlled by 5.0 - degree 
Soller slits in both the incident and diffracted beam paths . 
The samples were placed in a low - background , silicon 
holder using light manual pressure to keep the sample 
surfaces flat and level with the reference surface of the 
holder . The samples were analyzed from 2 to 40 ° 20 using 
a continuous scan of 6 ° 20 per minute with an effective step 
size of 0.02 ° 20 . 

[ 0127 ] The recitation of ranges of values herein is merely 
intended to serve as a shorthand method of referring indi 
vidually to each separate value falling within the range . 
Unless otherwise indicated herein , each individual value is 
incorporated into the specification as if it were individually 
recited herein . All methods described herein can be per 
formed in any suitable order unless otherwise indicated 
herein or otherwise clearly contradicted by context . The use 
of any and all examples , or exemplary language ( e.g. , “ such 
as ” ) provided with respect to certain embodiments herein is 
intended merely to better illuminate the full scope of the 
present disclosure , and does not pose a limitation on the 
scope of the invention otherwise claimed . No language in 
the specification should be construed as indicating any 
non - claimed element essential to the practice of the claimed 
invention . 
[ 0128 ] It should be apparent to those skilled in the art that 
many more modifications besides those already described 
are possible without departing from the full scope of the 
concepts disclosed herein . The disclosed subject matter , 
therefore , is not to be restricted except in the scope of the 
appended claims . Moreover , in interpreting both the speci 
fication and the claims , all terms should be interpreted in the 
broadest possible manner consistent with the context . In 
particular , the terms “ comprises ” and “ comprising ” should 
be interpreted as referring to elements , components , or steps 
in a non - exclusive manner , indicating that the referenced 
elements , components , or steps may be present , or utilized , 
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or combined with other elements , components , or steps that 
are not expressly referenced . Where the specification claims 
refers to at least one of something selected from the group 
consisting of A , B , C ... and N , the text should be 
interpreted as requiring only one element from the group , 
not A plus N , or B plus N , etc. 
What is claimed is : 
1. A pharmaceutical composition comprising lyophilized 

amorphous Phenobarbital Sodium . 
2. A method of producing a storage - stable form of lyo 

philized Phenobarbital sodium that forms no more than 
0.2 % phenylethylacetylurea ( PEAU ) when reconstituted in 
an aqueous solution , the method comprising : 

adding Phenobarbital Sodium to water to form a Pheno 
barbital Sodium solution ; 

if necessary , adjusting the pH of the Phenobarbital 
Sodium solution to or between 9.2 to 10.2 ; and 

lyophilizing the Phenobarbital Sodium solution . 
3. The method of claim 2 , wherein the water is Water for 

Injection . 
4. The method of claim 3 , wherein the Water for Injection 

is sparged with nitrogen prior to adding the Phenobarbital 
Sodium . 

5. The method of claim 4 , wherein the Water for Injection 
is sparged with nitrogen for at least 30 minutes prior to 
adding the Phenobarbital Sodium . 

6. The method of claim 2 , wherein the water is cooled to 
or between 2 to 8 ° C. prior to adding the Phenobarbital 
Sodium . 

7. The method of claim 2 , wherein the adjusting com 
prises measuring the pH of the Phenobarbital Sodium solu 
tion , and wherein if the pH is higher than 10.2 , the adjusting 
comprises adding Hydrochloric acid ( HCI ) . 

8. The method of claim 2 , wherein the lyophilized Phe 
nobarbital Sodium forms no more than 0.1 % phenylethyl 
acetylurea ( PEAU ) when reconstituted in an aqueous solu 
tion after storage of the lyophilized Phenobarbital Sodium 
for up to 6 months at room temperature ( RT ) and accelerated 
stability conditions ( ACC ) . 

9. The method of claim 2 , wherein the lyophilized Phe 
nobarbital Sodium forms no more than 0.05 % phenylethy 
lacetylurea ( PEAU ) when reconstituted in an aqueous solu 
tion after storage of the lyophilized Phenobarbital Sodium 
for up to 6 months at room temperature ( RT ) and accelerated 
stability conditions ( ACC ) . 

10. The method of claim 2 , wherein the lyophilized 
Phenobarbital Sodium forms no detectable amount of 
2 - ethyl - 2 - phenylmalonamide ( 2EPMM ) or alpha - phenylbu 
tyrylguanidine ( PBG ) when reconstituted in an aqueous 
solution after storage of the lyophilized Phenobarbital 
Sodium for up to 6 months at room temperature ( RT ) and 
accelerated stability conditions ( ACC ) . 

11. The method of claim 2 , wherein the lyophilized 
Phenobarbital Sodium is stable up to at least 6 months at 
accelerated stability conditions ( ACC ) which is equivalent 
to 24 months at room temperature ( RT ) . 

12. The method of claim 11 , wherein the stability of the 
lyophilized Phenobarbital Sodium is determined by adding 
the lyophilized Phenobarbital Sodium to an aqueous solu 
tion to form a reconstituted lyophilized Phenobarbital 
Sodium and analyzing to quantitate the amount of phenyl 
ethylacetylurea ( PEAU ) , 2 - ethyl - 2 - phenylmalonamide 
( 2EPMM ) , and / or alpha - phenylbutyrylguanidine ( PBG ) in 
the reconstituted lyophilize Phenobarbital Sodium . 

13. The method of claim 2 , wherein the Phenobarbital 
Sodium solution is at a concentration of 65 mg / mL , 100 
mg / mL , 130 mg / mL or 200 mg / mL . 

14. The method of claim 2 , further comprising filtering the 
Phenobarbital Sodium solution prior to lyophilizing . 

15. The method of claim 2 , further comprising : 
aliquoting the Phenobarbital Sodium solution into a vial 

prior to lyophilization ; and 
after lyophilization , applying a closure to the vial under 

vacuum . 

16. A method of treating an individual in need of Pheno 
barbital Sodium , the method comprising : 

adding saline or dextrose to a composition comprising 
lyophilized amorphous Phenobarbital Sodium immedi 
ately prior to administration to form a Phenobarbital 
Sodium solution ; and 

administering the Phenobarbital Sodium solution to the 
individual . 

17. The method of claim 16 , wherein the individual 
suffers from epilepsy . 

18. The method of claim 17 , wherein the individual is a 
newborn suffering from neonatal epilepsy . 

19. The method of claim 16 , wherein the composition is 
a powder dose of 65 mg , 100 , 130 mg or 200 mg . 

20. The method of claim 16 , wherein the administering 
comprises intramuscular injection or intravenous injection . 




