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> Uncertainty remains regarding space radiation impacts on drug stability
and shelf life. Radiation exposure to consumables is expected to increase
with long duration exploration missions.

> Space environmental analog and ground-based targeted radiation
research could reveal valuable insight into drug safety and effectiveness.

wCapability Shift: In 2018, the NASA Space Radiation Laboratory (NSRL) at
Brookhaven National Laboratory (BNL) was commissioned to simulate the shielded
radiation environment encountered by an astronaut within a typical exploration
vehicle using mixed-species beam exposures.




Research Objectives

> Evaluate if ground-based rapid-switching radiation beam exposures
can effectively reproduce previously observed effects of spaceflight
on drug stability and shelf life.

> Evaluate the utility of simulated GCR single beam exposures as an
effective ground-based analog for predicting GCR impacts on drug
stability and shelf life during spaceflight.

High Level Plan:

2017: e 2019: Year 2020: Year
Experimental 20.;'.: s'tlirr'"t'al One Two
Design 9 Evaluation Evaluation



> Four medications were prioritized and selected based on:
**Pharmaceutical stability profiles confirmed by previous research / literature
*»Clinical relevance for exploration spaceflight

Table A. Experimental Drug List

Test Product Identifier Drug
A *Acetaminophen 500 mg Tablets (APAP)
B *Amoxicillin 500 mg Capsules (AMOX)
C “Ibuprofen 400mg Tablets (IBU)
E "Promethazine 25mg Tablets (PMZ)

*Repackaged; *Manufacturer Packaging

*»Sets (identical brands / lots) of each drug product procured for each experimental arm

Sufficient quantities to provide a statistically significant number of replicates
— 50-100 dosage units / package
— 4 different drugs x 2 packages each x 4 different study conditions = 32 packages of drugs

*»Packaged (as closely as possible) to resemble flight medical systems operational packaging
(e.g. drug flight bottles / plastic bags / unit-dose strips, etc.).
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		Test Product Identifier		Drug

		A		*Acetaminophen 500 mg Tablets (APAP)

		B		+Amoxicillin 500 mg Capsules (AMOX)

		C		*Ibuprofen 400mg Tablets (IBU)

		E		+Promethazine 25mg Tablets (PMZ)






C) Materials & Methods: Irradiation Logistics .
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Irradiation:

> The first experiment at NSRL to utilize the Mixed-
Species Simulator

» Exposure Dose: Two mixed-beam radiation doses
supported by rapid-switching beam technology
< 0.5Gy
*1.0Gy

» GCR-like beam profile:
% 1H, 4He, 12C, 160, 28Si, 48Ti, and *°Fe

» Dosimeters enclosed in clear gelatin capsules and
attached to front and / or back, of each drug
product package, to provide estimation of
irradiation dose received.

Image from R. Gaza, “SRAG Radiation Dosimetry Report’, June 2018, courtesy of Dr. Tony Slaba, NSRL
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Drug Stability Analyses: USP monograph Test methods
developed for all analyses

» APl chemical content analysis using USP methods (UPLC H-Class System
with PDA Detector)

s Trial runs to validate USP method suitability
“*Assay methods validated using commercial reference standards

»Presence of formulation impurities or degradation products verification
“*Assessment of chromatographic peak percentages
** Generation of drug formulation component chromatogram overlays

»Dissolution testing to determine API release characteristics
UV / Vis Spectrophotometer to assist with dissolution assessments

*Method development and analysis completed by third-party vendor
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Nasa,

2017: 2018: 2019: Year 2021: Year
Actual Experiment Initial One Three
Execution: al Design Testing Evaluation Evaluation
JSC Procured and Shipped to Testing: Intermediate
CONTROL repackaged (if | Lab Vendor Initial (T1), Storage:
necessary) Year 1(T2), | Environmental
Year 3 (T3) Chambers
TRAVEL Procured and Shipped to No Shipped to | Testing: Intermediate
CONTROL repackaged (if | NSRL treatment Lab Vendor Initial (T1), Storage:
necessary) Year 1(T2), | Environmental
Year 3 (T3) Chambers
Irradiated Procured and Shipped to Single dose | Shipped to | Testing: Intermediate
Group 1 repackaged (if | NSRL of 0.5 Gy Lab Vendor Initial (T1), Storage:
necessary) Year 1(T2), | Environmental
Year 3 (T3) Chambers
Irradiated Procured and Shipped to Single dose | Shipped to | Testing: Intermediate
Group 2 repackaged (if | NSRL of 1.0 Gy Lab Vendor Initial (T1), Storage:
necessary) Year 1(T2), | Environmental
Year 3 (T3) Chambers
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Results: APl Content

> A" APAP and |BU samples met USP 115 Acetaminophen, % Active Ingredient (Average) 115 Ibuprofen, % Active Ingredient (Average)
potency requirements:
 APAP control / irradiated API content: o Alowable A Range *
. 93— 104% o orersae [ | B
- IBU control and irradiated API content: 00 ",\\* 00 \/ :
¢ 95 - 109% % i N % U!SPAIIowabIeAIRange
90 —Y 90 —Y
> Most AMOX samples met USP a5 . . . a5 . . .
potency requirements:
« T1-T3 control API content: 94 — 102% Amoxicillin, % Active Ingredient (Average) Promethazine, % Active Ingredient (Average)
« T1—-T3*irradiated API content: 90* — Hs Hs
102%, one replicate with AP| = 89.97 10 —3 10 —3
B | P e |
» T3 PMZ samples failed to meet the o | —ssersnca | | |y ! = 1 ~rosysmech |
USP potency requirements: s 55 Usp Alowatie s ~
« T1-T2 control / irradiated API content: w0 Y oo \
. 99 — 109% . . N
« T3 control / irradiated API content: 87 — m 2 ™ m 2 ™

89%




EXMCE)  Results: Dissolution and Impurities

»Dissolution (APl Release):
*Some samples revealed changes in release between the two time-

points

 No demonstrated change in APAP or IBU

« Apparent change consistent throughout all study conditions in PMZ

» Variable apparent change in AMOX with the greatest change in Irradiation

Group |l
* No third time-point dissolution analyses due to insufficient drug sample.

»Impurities:
**Chromatogram assessments for all study drugs, at all 3 timepoints
revealed no new or foreign peaks in any of the irradiated drug samples.



Discussion

> Evidence suggests the simulated GCR exposure did not precipitate
non-characteristic degradation, following three years post-
radiation exposure.

“*Although all 4 medications expired prior to T3:

 All control and irradiated APAP and IBU met USP potency requirements
 All control and 3 of 4 irradiated T3 samples of AMOX met USP potency requirements

*»“Lag-time” degradation behavior consistent with some solid dosage forms
observed in acetaminophen (APAP).
« Little or no degradation during the initial phase of the degradation pathway (lag-time

degradation behavior); followed by degrading at a rapid rate (Conners et al, 1986;
Lakka, NS and Kuppan, C, 2019)
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APAP and IBU have robust drug stability profiles associated with
chemical and formulation characteristics.

“* Phenol ring makes APAP chemically stable and hard to degrade (Xu et al. 2018)

“* FDA SLEP confirmed APAP potency 24 months beyond labeled expiration date (Lyons
et al. 20006)

“» APAP was one of eight medications confirmed as potent (99.7%) 28-40 years beyond
expiration (Cantrel et al. 2012)

“* No differences in dissolution, hardness and API potency were observed for
acetaminophen tablets exposed to x-ray irradiation at 0.34 mGy, 0.1, 0.5, 300 Gy doses
(Uehara et al. 2020)

“* The Amneal Pharmaceuticals brand of IBU 400 mg tablets used in this BNL study is
film coated.

« Tablet film coating can protect product APls from light, oxidation, and moisture
leading to increased product stability (Seo et al. 2020)



«C)Concurrence with Stability Literature ™= =

AMOX remains potent for more than a year post labeled
expiration (19.5 months in this study).

** No loss of potency following 10.0 Mrad dose of gamma irradiation
(Kabir et al. 20006)

“* FDA SLEP confirmed AMOX potency 21-23 months beyond labeled
expiration date (Lyons et al. 2006)
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Degradation of PMZ samples suggests a chemical or structural
predisposition to degradation.

*+ Phenothiazines include vulnerable planar heterocyclic ring system
(Smarandache et al. 2015)

** PMZ is a chiral compound, highly sensitive to oxidative, hydrolytic, and
photolytic degradation (Saad et al. 2016; Takale et al. 2021)

Over 40 years of demonstrated oxidation of selected phenothiazines (e.g. PMZ)
during analytical sample preparation (Campbel et al. 2018; Kojlo et al. 2001;
Karpinska et al. 1996; Pankratov et al. 1993)
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The potency observations of this study concur with previous JSC
spaceflight and beam irradiation drug stability studies:

» Sustained potency for APAP, IBU
s (BCM lrradiation Study, L. Putcha et al. 2006), (NSRL Simulation Radiation Study, L.
Putcha et al. 2006 ), (Wotring, 2016), (Du et al. 2011), (Cory et al., ExXMC Report,
Reference ID: 0923-000193, 2016)
» Declining potency for AMOX with radiation and time
< (Du et al. 2011)

» Potency below USP thresholds for PMZ

s (BCM Irradiation Study, L. Putcha et al. 2006), (NSRL Simulation Radiation Study, L.
Putcha et al. 2006), (Du et al. 2011)



Inconclusive State

This study does not provide adequate evidence to support that the
simulated GCR radiation had any effect on stability of the active
ingredients, dissolution, or impurities of the 4 study drugs. The
simulated GCR did not introduce any degradation effects in the 4
study drugs that were not evidenced in prior radiation or stability
experiments. Because of the lack of comparable data from the
actual space environment, it cannot be determined if there are no
radiation effects on drug stability or if the analog is not reflective of
space radiation.

Consequently, it is still unknown if space radiation will cause
degradation in pharmaceutical products in a space mission beyond
low Earth orbit.



Study Limitations -

> The GCR profile may not have accurately represented the
spectrum (or harshness) of radiation conditions that will be
encountered during the mission.

> The experimental radiation was applied at a single time point
(acute exposure of high dose) while space mission radiation
will be chronic in nature (low dose over sustained period).

> The study drugs, a small subset of over 190 drugs used in
space, is not reflective of the drugs most susceptible to
radiation degradation.



Forward Work

¢ Follow-up studies to this pilot study are warranted.

« 33-GCR, believed to be a higher fidelity analogue of space radiation, is now
available at NSRL. The mixed-species beam composition has been shown
to have impact on results in cellular studies.

* Repeat study with additional replicates to verify reproducibility and capture
confounding variations within starting drug lot and lab variability.

« Test a larger and more chemically diverse pool of study drugs.
— Liquid formulations are generally more sensitive to degradation.
— ldentify drugs sensitive to radiation specifically for next study.

« Add a pharmacokinetics evaluation to verify drug efficacy in vivo.
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Irradiation Dose
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»>Irradiation Dose Measurements ougType [ Bxposure [ TLO-100 [ 10400 T TLD-100 [ Nomina
Dose (mGy) Back/Front Dose
o I I (mGy) (mGy)
g Entrance dose for Irradlated drugs at Acetaminophen | A3a_Front | 465.3+6.3 448.1 + 6.1 0.93+£0.02 500
. 500mg A3a Back | 431.0+5.9 T 500
the 05 Gy dose- 4227 i 57 - A3Z B:zk 412.7+56 | 412.7+8.38 N/A 500
Acetaminophen | Ada_Front | 932.4+12.7 0.93+0.02 1000
465 . 3 i 6 . 3 m Gy 500mg Ada_Back |866.0+11.8 899.2+9.8 1000
Adb Back |843.9+11.5|8439+11.5 N/A 1000
Amoxicilli B3a Front | 436.2+5.9 0.84 +0.02 500
d A meaSU red dOSG Of 7'1 5% |Ower than n;gglr:gm BgZiBraocnk 365.2+5.0 400.7%5.5 500
the expected nominal dose (500 mGy) S [ aee Tromt Tooaat it T o007 | 2000
500mg B4a Back | 744.4+10.1 804.4%9.0 1000
* . . B4b Back | 747.0+10.2 | 747.0 + 10.2 N/A 1000
00‘ E ntra n Ce dose for I rrad Iated d rugs at Ibuprofen C3a_Front | 422.7+5.7 405.7 + 5.5 0.92+0.02 500
400mg C3a Back | 388.8+5.3 ST 500
the 1.0 Gy dose: 856.8 = 11.6 - Gob Back | 3944254 | 3900254 | NA | 500
Ibuprofen C4a_Front | 871.5+11.8 8226+ 9.2 0.89+£0.02 1000
932 4 —+ 1 2 7 mGy 400mg C4a Back | 773.7+10.5 T 1000
) - ) Cab Back | 733.3+10.0| 733.3+10.0 N/A 1000
Levofloxacin D3a_Front | 432.0+5.9 4196+ 5.6 0.91+0.02 500
« a measured dose of 7-14% lower than 500mg D3a Back | 393.2£53 | 500
. D3b _Back | 384.0+5.2 | 384.0+5.2 N/A 500
the expected nominal dose (1 000 mGy) Levofloxacin | D4a_Front |856.8%116 | o .. o | 1.00£0.02 | 1000
500mg D4a Back | 854.2+11.6 T 1000
. D4b Back | 711.0+9.7 | 711.0+9.7 N/A 1000
‘:‘ A dose-decreaS”'lg trend between the Promethazine | E3a Front | 448.46.1 | , . [ 085002 | 500
25mg E3a Back | 379.2+5.2 T 500
front and baCk TLDS Of 7 —_— 16% WaS : E3b Back | 400.4+5.4 | 400.4+5.4 N/A 500
Promethazine Ed4a_Front | 923.6+12.6 8475497 0.84+0.02 1000
25mg E4a Back | 771.5+10.5 T 1000
Observed for eaCh d rug g rou p E4b Back | 769.4+10.5 | 769.4 + 10.5 N/A 1000

Note: The TLD measured dose values include the control dose subtraction, no

additional corrections needed.
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ERME) Historical Significance .

> Historical NASA drug stability studies suggested that spaceflight

conditions compromise medication safety and efficacy (Putcha et al,
2001 — 2011).

> Historical NASA ground analog experiments designed to simulate the
effects of high-energy radioactive particles on medications during
spaceflight, suggested that radiation exposure during spaceflight
could threaten drug quality and potency on long-duration exploration
missions (Putcha et al, 2006).

> Follow-on NASA flight studies revealed reduced active
pharmaceutical ingredient (API) concentrations, and altered drug

release; when compared to matching ground controls (Putcha et al,
2006 — 2011).



y

sampLg | Product STUDY ARM | 4 LABELED | ® LABELED | % CHANGE IN API2021 (T3) | N %EEE%ES o REEET%&%lﬂT
A1a Srryasiin ghes O e 95.3 103.22 7831 94.72 +0.54 40609 R
A1b il i g 100.4 101.85 ™M .44 96.17 +0.47 V421 Al skt
A2a il ik ok rad bl 9708 102.18 5 25 92.97 +0.46 44 23 W1ijg§;j3}
pow; || BEermegheh R il 97.73 102 .81 152 93.24 +0.40 3450 SR =)
Riw | Doommsehes | MemseCmw]l | 40048 102 45 12 27 94 36 +0.71 V5 81 Wl g
Ko || Iotammenten | e 96 51 99 86 13 47 94 49 +078 4209 R )
Ada c e | St e o 9576 102.4 16 .93 94.94 +0.35 10 856 L8 ijgi ESTSJ
Adb Sonsime o M e s 103 .67 99 32 Va2 94 28 +0.37 19 06 (—r1i3225=5T3)

sawpLe | productname | stuovamm | XABELED, [ %LABELED, | XCHANGEN | XLASELED | N3 eplicwes | XCHANGEM | mequmemenT
e | o 103.85 98 24 $5.4 97.01 +0.59 4659 (Tatee T
cib. | gdvemstes et 106.6 102.94 4343 96.81 +0.67 4918 i R
G | e et 109.32 97.21 ¥ 11.08 97.22 £1.17 L 11.07 4 e
;| i M ol D 103.84 101.37 312.38 97.55 +0.86 16.06 B
€32 | woowptamess | dredseamsiy | 1906 | 9098 v902 o7.67 £0.40 838 | bas
G | Gy Tatke | paadan Cpl 100 31 96.96 4113 97 54 +0.33 41077 P
caa 400 Y Sblets iy 104.38 9515 18.84 97 .85 +0.22 1626 {ﬂl’jlszé =
cab | 400 oS ehiets e rpomdiy I 106.43 9537 11039 97 84 +0.05 1807 (F s B0

“Significant Change” is 5% or more change in assay from its initial API content, or failure to meet the USP acceptance criteria for potency. Annex 10, WHO Technical Report Series 1010, 2018
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SaMPLE | productname | stuovarm | XLASELES | X LASELED | e CHANGEN | SEEKES) | n - repcees | XSHAMEEY | mequiRcment
B | g memes, o 100.16 102.08 ~1.92 96.42 +0.36 1373 (k" 10
Bib SUUAHTQD’gjgiS”uIES D 97.44 98.58 117 93.83 +0.33 13.70 (11 ijl;g-'sm}
B2a SUUAHTQD’gjgiS”uIES s biian 100.96 101.51 10.54 94.64 +0.55 16.26 L ijl;i'sm}
B2b SUUAmm;’gjgiS”ules RS B e 100.04 100.02 40.02 94.35 + (.29 1569 £ ijz-'sm}
B3a EUUA;ﬂ;ggggules (;u;r;gi;}gfeggrgggy 101.57 99 68 4 1.86 89 97 +0.14 111.42 {T1I:.=T-£32}F';?SS
B3b IO oo S (L el 99.31 97.11 4222 95.26 +0.63 4408 (T1 ijz-'sm}
B4a e OO (B L 0874 98 97 1023 95 23 +0.37 $3.55 g oo WY
B4db EUUAr;ngmg:igisnules (;;g;gga_téﬂeggr$_gg';} 102.42 93.72 4849 95.03 +0.08 4722 R ijg'sm}

SAMPLE | Product Name STUDY ARM ;ﬁPll_inE:gIﬁ'Ei fpﬁuﬁ%ﬁ% E’pﬂ'ﬁ "!rg'frr':‘: API262) L:EE:» N =?S;gptl?:::a:nes E“Pf:'%f.‘r‘f 'frr':":_ RE%?.ITE%%?NT

sample (95-110%)
E1a 3 .fgur:ﬂ:éigti e 99.17 100.2 104 88 00 +1.15 V11.26 ‘T}:rg]z:;fﬁ‘ﬁ
E1b § g“r;”ge%éigt‘; i b 104 .66 10139 312 88.86 +0.33 V15.10 ‘T}%ﬂ::ﬁﬁ
E2a ; éor;rﬂ;bzfgtz Trrii&h?ﬁ'%ifﬁm 107.32 100.09 4673 88.13 +0 64 V17.88 ‘T}ﬁﬁfﬁ'ﬁ
e | © _,;”r:g’eﬁ‘:;ligtz Tgi;:;?%iﬁfm 104.33 100 68 3349 87 67 +0 29 V15.97 ‘T}:rgﬁ’::ﬁ'ﬁ
E3a ; g“r:‘geﬁ‘:éigt‘; (uﬁi‘;ﬂiﬁﬁg 103 104 02 10.99 87.23 +0.24 V1531 W}:r;—f,}::ﬁsg
E3b 5 g“r;rs#‘:éigtz (url.ig;ai‘;’;gg;%'y 109.53 101 4779 87.26 +0 55 V2033 W}T;]EI}::;?SS
Eda EP _,g”r;’"ﬂ:gligtz g;ﬁffgﬁg? _UnpelL 108.33 102.3 557 87 37 +0 43 V1935 ”}Tgﬁfﬁﬁ
E4b 5 g“r;”;ﬂ‘:éigt‘; ['ﬁr;{éﬁffgaﬁr? PDDG'L 107.3 10053 4631 87.29 +0.90 18.65 ”iﬁf;fﬁsﬁ

Cell Shading Color legend: Blue: Difference between the T1 or T2 and T3 API values fall within RSD = basically no change; Yellow: > 5% change between T1 and T3; Light Red: Failed USP API potency acceptance criteria,



Assay Chromatograms: Acetami_hdp_he'n"

SMC

EXPLORATION MEDICAL CAPABILITY
> LNroma

overlay assay methods, revealed no new or foreign peaks in any of the irradiated drug

samples
2018

2019 2021

ALY

Acetaminophen

150 2 25 A 15
Yt

SanpleNane Adb, Vial 1.8.1; Injection 3. Avea 369666, % /ven 10000
SanpleName Ao, Via 1AT, Inection 3, Avea 366975, % Avea 100.00
SanpleNane Ma; Vi 1AB Inecton 3, Avea 365012, % Avea 100.00
SampleName Ada Vial 1A inection 3; Area 386682, % Area 10000
SanpleName A2a id 1A4; Inecion 3, Avea 73388, % Avea 100.00
SanpleName AZt; Via TAS: Inection 3. Avea 377961; % Avea 100.00
SanpleName Alb; Vial 1A Inecion 3, Avea 381647, % /vea 100.00
SarmpleName Al Vial 1A2, Inection 3, Area 428807, % /vea 100.00
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0.0504

0.03H
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-0.010H
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i
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040

SampleName A2b
SampleName A2a
SampleName A3b
SampleName Ala
SampleName Adb
SampleName Ada
SampleName A1b
SampleName Ala

Vial 1
Vial1
Vial 1
Vial 1
Vial 1
Vial 1
Vial 1
Vial 1

250

Minutes
B,1; injection
A.8; Injection
AT, Injection
A 6; injection
A5, Injection
A4, Injection
A 3; Injection
A.2; Injection

Area 2137598;
Area 2073687,

Area 2173357

Area 2058976
Area 2089438,

Area 2065353

Area 2183829;

Area 2028548

% Area 100.0C
% Area 100.0C
% Area 100.0C
% Area 100.0C
% Area 100.0C
% Area 100.0C
% Area 100.0C
% Area 100.0C
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EXPLORATION MEDICAL CAPABILITY

2018

2019
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0.018 [

“Amoxicillin'

0016 Il

0014

0012+
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— SanpleName B1a; Vial 1:A2; Injection 3
—— SanpleName B1b; Vial 1:A3; Injection 3
——— SanpleName B2a; Vial 1:A4; Injection 3
SanpleNarme B2b; Vial 1:A5; Injection 3
SanpleName B3a; ial 1:A8; Injection 3
SampleNare B3b; Val 1:A7; Injection 3
SanpleNare Bda; Mal 1:A8; Injection 3
SarpleName B4b; Val 1:B,1; Injection 3
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. Vial 1:A 4; Injection 3
: Vial 1:A5; Injection 3
; Vial 1:A,6; Injection 3
; Vial 1:A,7; Injection 3
; Vial 1:A8; Injection 3
; Vial 1:B,1; Injection 3

AU

-0.006

0,018

0016

0014

0012

00104

0.008

0.006

0.004

0,002

0.000-

-0.00

-0.004q

-—-——JH

0.49

-5

0.76

i = OF

|

[
]
| - *
[
; ‘L
o

2.35
4.24

.

A

0

050

1.00

150 200 250 3.00

Minutes
—— SampleName B4b; Vial 1:B,1; Injection 3
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— SampleName B3a; Vial 1:A.8; Injection 3
——— SampleName B2b; Vial 1:A,5; Injection 3
SampleName B2a; Vial 1:A4; Injection 3
—— SampleName B1b; Vial 1:A3; Injection 3
—— SampleName B1a; Vial 1:A.2; Injection 3
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Assay Chromatograms:

EXPLORATION MEDICAL CAPABILITY

2018 2019 2021
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Sampieame Cbx Mial 1:AS; Injection 3 T T P e L " § SampleName C4a; Vial 1:A,8; Injection 3
SampeName C2a al 1:A6; Injection 3 Minutes —— SampleName C3b; Vial 1:A.7; Injection 3

SanpieNarme C2 Vial 1:AT: Injection 3 S Name Can —— SampleName C3a; Vial 1:A 8; Injection 3
SarpleName Cla Vial 1:A8; Injection 3 SampleName: C3b —— SampleName C2a; Vial 1:A 4; Injection 3
SampieNare Co Vial 18,7, Inection 3 e Name: oa SampleName C1b; Vial 1:A,3; Injection 3
SampieName Cda Mial 1:B.2 Ijection 3 SampleName: C2a —— SampleName C2b; Vial 1:A,5; Injection 3
Samplehame Clox Vil 1:8.3; Injection 3

SamplerneEg:: —— SampleName C1a; Vial 1:A,2; Injection 3
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Assay Chromatograms: Promethazine

EXPLORATION MEDICAL CAPABILITY -

070
) ]
0o 8 ] 3
- di 1
0 4
; 0.60
0% I ] i
o] ¥
045
05 ]
040
2
< 0.2 0354
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0.304
015
EIESt
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- 0104 m
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o 2m 0 sm | am 00 | om | W0 w0 | B0 | 2m —_—
Mrutes 1 0.00 200 4.00 6.00 8.00 10.00 1200 14.00 16.00 18.00 200
onbprisidh 4 20} — SampIeNameME"::'s\/ia\ 1:A,8; Injection 3
Eta Vid A3 hection 3 : ,. . . ,‘ - - — . - : Vial 1:A8; Injecti
WE;W b WZ} 0.00 200 400 8.00 8.00 oo 12.00 14.00 5.00 18.00 20 SampleName E4b; Vial 1:B,1; Injection 3
Sa\rl:igmaw-eEz‘a;\ﬂanﬁu.f)j Irjection 3 SampleName: E1b —— SampleName E3b; Vial 1:A,7; Injection 3
Sanpleae E2 Via '|'AG‘ hjection3 — 2"“*””“91 Ei: —— SampleName E3a; Vial 1:A6; Injection 3
SarumEﬁiW 1AT‘ Injediion 3 sﬂﬁﬂié Ela —— SampleName E2b; Vial 1:A5; Injection 3
: » Hg- SampleName: E3b SampleName E2a; Vial 1:A4; Injection 3
Sanplehame E3b; Vial 1AB, Injecion 3 —— SamplcName: E2a —— SampleName E1a; Vial 1:A.2; Injection 3
Eda Vi 181 3 SampleName. Eda ampleName Efa; Vial 1:A2; Injection
Sarrplehame Eda V1, Inection SampleName: E2b —— SampleName E1b; Vial 1:A 3; Injection 3




C Results: API Release (Dissolution) Recap

EXPLORATION MEDICAL CADABILIT\

' requirement Tor

Jissolution.

“*Some samples revealed “significant changes” in release between the two time-points
“*No third time-point dissolution analyses due to Insufficient drug sample

Acetaminophen: Amoxicillin:
Sample | Product Name | Sample Name  |% Dissolved| 2018 Standard (% Dissolved | 2019 Standard | % Change in |USP Standard | | Sample | Product Name Sample Name |% Dissolved | 2018 Standard |% Dissolved | 2019 Standard |% Change in|USP Standard
2018 |Deviation (n=6)| 2019 |Deviation (n=6)| Dissolution | (280%) 2018 |Deviation(n=6){ 2019  |Deviation (n=6)| Dissolution | (280%)
Vo Acetaminophen | - Non-iradiated JSC | 99.51 1.10% 10254 1.07% 304 Pass " Amoxicilin Non-irradiated JSC 100.16 5.78% 0343 212% 16.72 Pass
500mg Tablets |~ Control Group 500 mg Capsules | Control Group
M Acctaminophen |  Non-iradiated JSC | 100.74 3.56% 1004 1.24% 031 Pass B1h Amoxicilin Non-irradiated JSC 9744 5.06% 9218 4.53% |54 Pass
500 mq Tablets | Control Group 500 mg Capsules | Control Group
s Acetaminophen | Non-irradiated 10012 295% 101.09 149% 097 Pass s Amoxicillin Non-irradiated 100.96 463% 89.69 316% 1118 Pass
500 mg Tablets (Traveling Control Group 500 mg Capsules | Traveling Control Group
gy |cclamicphen |Noviradd Traveingl 10077 | 448% 9047 208% 129 Pass gy | Amodciin Non-iradiated 10004 | 4700 240 1.65% |14 Pass
500 mg Tablets | Control Group 500 mg Capsules | Traveling Control Group
3 Acctaminophen | Imadiation Group| | 10275 401% 10049 1.67% 22 Pass B% Amoxicilin Iradiation Group | 101.57 6.17% 9125 3.89% 11016 Pass
o o mg Tablets | (Vixed-beam 0.5Gy 500 mg Capsules | (Vixed-beam 0.5Gy Total
gy |Aoclminphen | irafaionGrupl | 10085 | 2% | 0L9 | 0B 0.4 Pass gy, | Amoiclln | Iradafon Growp| | 983 548 91.05 543 1832 Pass
500 mg Tablets | (Mived-beam 056y 500 mg Capsules | (Vixed-beam 0.5Gy Total
g |fccamnopten | radalonGoupl | 905 281% | 10043 | 156% 09 Pass Btq | Amoiciin | radaton Croup B 15 8.13 217% 1278 Pass
500mg Tablets | (Mixed-eam 1.0Gy 500 mg Capsules | (Mixec-beam 1.0 Gy Total | ™ '
b Acetaminophen |  Irracliation Group Il |~ 95.46 447% 100.74 208% b.54 Pass Bth Amoxicilin Iradfiation Group 00 2 191 88.59 5.18% 1135 Pass
500 mg Tablefs | - (Mixed-beam 1.0Gy 500 mg Capsules | (Mixec-beam 1.0 Gy Total ' e




EXPLORATION MEDICAL CAPABILITY

Results:

Ibuprofen: Promethazine:
Sample | ProductName |~ Sample Name | 2018% | 2018 Standard |  2019% | 2019Gtandard |% Change in| USP Standard | | Sample |Product Name|  Sample Name 208% | 2018 Standard | 2019% | 2019 Standard | % Change in | USP Standard
Dissolved | Deviation (n=6) | Dissolved | Deviation (n=6) | Dissolution |  (280%) Dissolved ~(Deviation (N=6) | Dissolved | Deviation (N=6) | Dissolution | (280%)
" buprofen | Non-iradated 10084 1.30% %2 0.20% 125 Pass Efa | Promethazine | Nonimadiated %48 0920 10346 0.53% 15,05 Pass
400 mg Tablets | JSC Contrl Group 25mq Tablets | JSC Control Group
" bpoen | Noiradeed | 10097 | O%% | %A | 06% 7 Pass Efb | Promethazine | Non-iradiated %% 0.58% 1039 068% 1066 Pass
400mg Teblets | JSC Control Group 29mg Tablets | JSC Control Group
% huprofer Norwimadiated 103 152% 081 000% 26 Pags Ela | Promethazing | Non-iradiated %21 213% 1029 0.46% 1482 Pass
400 mg Tablets | Traveling Contol Group 25 mg Tablts | Traveling Control Group
" bgon | Noimadaed | 10058 | 2% | %5 | 0% PO | Pas Ed | Promethazine | Nonadated %69 13 | 1089 | 03% 1531 Pass
400mg Tablts |Traveling Contrl Group 25mq Tablets | Travelng Control Group
o |bUpr0fen Inadiaton GrOUp | 10049 190% 0874 040% “74 Pags ESa | Promethazine | Iradation GrOUp | %.12 169% 10390 0.32% T589 Pass
400 mg Tablets (Mixed.beam 05Gy 25 mg Tab|elS (M|Xed'beam OSGYTOtal
“ buoen | Inedefion Gowp! | 10059 198 0886 042 1 Pags Ed | Promethazing | Iradiaton Group | 9.9 0.80% 104,03 0.59% 1543 Pass
400my Talels | (Vieed-beam 0.56y 25 Tablets | (Mivec-oeam 0.5Gy Total
" bupokn | iradiion Group Il | 10053 1.36% %9 071% 153 Pass Eda | Promethazine |  Iradafion Group I |~ 9841 1.47% 10350 0.51% 1017 Pass
400 mg Tablets | (MivecHbeam 1.0 Gy 25mq Tablets |(Mied-beam 1.0 Gy Tota
" bupofen | inadaton Gowp I | 100 206% | %905 | 086% 0% Pass Ed | Promethazing | Iradiaion Growp I |~ 9848 062% 10346 0.53% 15,05 Pass
400mg Tablets | (Mixed-beam 1.0 Gy 25 mg Tablets |(Mixectbeam 1.0 Gy Total




"gradation Products / Impurities: _AC-e_t‘-arﬁi."Ophen

EXPLORATION MEDICAL CAPABILITY

mpurities peak percent calculations, and overlay chromatograms using
methods, revealed no new or foreign peaks in any of the irradiated drug samples

2021

2018

2019

impurities

9070 = T = 0010 =
£ - 3
2] 3
2 0 000 ] 3
o008 £ 0.008-| 5
§l 0.0804 f
0.006- 'i - 0.006+
|
‘ l
000 ' | o .oec] 0.004- |
‘!\ | i1
b YN
3 | { ( |
g oo ———— \,‘u‘. | ﬁ l‘l I \/“/ 0.0%5] 0.000-
e | \ L.J 2
\J\/\"”“J“w) \w‘”""lp 0020
0.002 ~ -0.002+
e 2 % ? ________M‘ -0.004
0006 0010 -0.006+
23,008 o -0.008
0010 0040 T — —
.00 1.00 2.00 3.00 4.00 500 6,00 7.00 800 900 10.00 11.00 0 040 0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
Mrutes Minutes
SarrpleName A2b, ia 1.A6, Injection 3 ——— SampleName A4b; Vial 1:B,1; Injection 3
SarrpleName A2a, Vial 1.A5, Injection 3 By ™ 150 & ba +bo sbo = bo 7 bo 5.5 obo SampleName A4a; Vial 1:A,8; Injection 2
SanpleName A3a; a 1:A7; Injection 3 Minutes —— SampleName A3b; Vial 1:A,7; Injection 3
SanpleName A3b; ial 1:A8; Injection 3 T SambloName: Ade —— SampleName A3a; Vial 1:A/6; Injection 3
SanpleName Ma; Vial 1B,1; Injection 3 SampleName: A3b —— SampleName A2b; Vial 1:A5; Injection 3
SarrpleNarme Adb; Vial 1:B,2; Injection 3 ot iieieres SampleName A2a; Vial 1:A,4; Injection 3
SarrpleNanme Ala; Val 1:A3; Injection 3 ——— SampleName: A2a — SampleName A1b; Vial 1:A,3; Injection 3
SarrpleName A1b; Va 1:A4; Injection 3 — ;ﬂs::x,_::: ——— SampleName A1a; Vial 1:A 2; Injection 3
Degradation | Retention time | A1a | A1b | A2a | A2b | A3a | A3b | Ada | A4b | Standard Degradation | Retentiontime | Afa | Alb | A2a | A2b | Ada | Adb | Ada | Adb | Standard | |DeQradation gpetention time |A1a|A1b|A2a|A2b|A3a|A3b|Ada|A4b| STD
Peaki# : Deviation Peak# Deviation 1 P_Aminophenol | ND | ND | ND | ND |ND | ND | ND | ND |
1 P-Aminophenol | ND | ND | ND | ND | ND | ND | ND | ND - 1 P-Aminophenol | ND [ ND | ND | ND [ ND | ND | ND | ND - 2 269 003|004|003|003[003| ND |0.05|003|0.0077
2 3.738 0111012015011 | 011 ] 012 | 0.1 |0.130 0.016 3 293 0.03]|0.02|0.02|0.02]|0.02] ND |0.02]|0.03|0.0016
3 4.946 0.03 |0.03 [0.04 |0.03 [0.03 |0.03 [003 |0.04 | 0.005 2 3669 002 1002 002 | 002|002 | 002 | 0.02 | 002 0.00 4 3.60 0.10[0.10]0.10]0.10[0.10[0.08] 0.1 [0.10]0.0035
4 7.369 0.02 [0.02 [0.02 [0.02 [0.02 0.03 |0.02 |0.03 | 0.005 3 4.817 002 {003 003 | 003 | 002|002 |002] 002 | 00045 5 4.69 005]0.05[005[005[005[005]0.05/0.05[0.0012
5 7.83 012|012 |012|012|0.13]013]0.12]0.12|0.0044
sz etshosiihouientostont o | [T | o (o[ w w0 fonlw o | &8 feenitaitie s pit oo
: : - - - - - - : : 5 8.052 0163 [ 016 | 017 | 0163 | 017 | 0.16 | 0.16 | 0.16 0.0052 8 9.38 003/003|0.02]0.03]003]0.03/0.03]0.03|0.0041
7 94 0.07 1007 |0.07 {007 [0.07 |0.07 |0.07 |0.07 0.000 g 10.38 0.01|0.01|0.01|0.02[0.02| ND [0.01]0.01|0.0049
8 9.872 0.02 | 0.02 |0.02 [0.02 |0.02 |0.02 |0.02 |0.02 | 0.000 b 9.34 002 1002002002002 002|002] 002 | 00015 10 11 50 0.03|003]0.03|003|003|003]|003|003]00012




Méegradation

EXPLORATION MEDICAL CAPABILITY -
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000 050 1.00 150 200 250 300 150 400 45 500 550 800 0.00 200 4.00 6.00 2;310 10.00 12.00 14.00 16.00 A b 200 400 &0 8 o 10 00 1200 14 00 18 ¢
e utes Mrutes
E SR — S leN B2b; Vial 1:B,2; | tion 3 SampleName ; 2. Injection 3
WM g:::d:ligi }r’-mg SampleName Bia: Vial 1-A 5. injection 3 N e s
Sarrgl ! Sty r| 2 —— SampleName B1b; Vial 1:A,6; Injection 3 SampleName Bab; \ Injection 3
SanpleNare B22; Vial 1:A4; nms —— SampleName B3a; Vial 1:A7; Injection 3 SampleName B3a, \ Injection 3
SarrpleNane B2b; Vial 1:AS; Injection 3 SampleName B3b; Vial 1-A 8; InJecl\on 3 :\‘III(IIPNI'W‘ B2b \ 3; Injection 3
Sarrpleane B3a; Vial 1:A8; Injection 3 SampleName B2a: Vial 1:B.1- Injection 3 SampleName B2b. \ Injection 3
SarrpleName B3b; Mal 1:A7; Injection 3 SampleName B4a; Vial 1:A,3; Injection 3 SampleName B2 Injection 3
SarpieName Bda; Vial 1:A8; Injection 3 —— SampleName B4b; Vial 1:A4; Injection 3 SampleName B1 Injection 3
SanpleNane B4b; Vial 1:8,1; Injection 3
Degradation | Retention | Bla | Bib BZa B2b Bla | B3b Bda B4b | Standard Degradation | Retention Standard | | Degradation | Retention Standard
Peakt | Time (Ava) s Peaki | Time (Avg) | B12 |B1P | B22 | B2b | B3a | B3b | Bda | Bab v || "B00G" " | fime (avg) | B12 | B1b | B2 | B2b | B3a | B3b | Bda | Bab | pINET
Related | 0.52 05 | 048 | 049 | 049 046 | 047 | 042 | 045 0.32 Related | 0.50 046|047 046 | 046 | 046 | 047 | 051 | 051 0.022 Related | 0.50 048 | 053|050 ] 051|054 | 050|052 053 | 00190
Related D 132 [02]023 | 022 | 023 | 026 | 024 | 03 | 0% | 0040 Related D 132 [032]033 029 029028 028 ND | ND | 0020 Related D 132 038 | 033 | 037|037 032038036 035 | 00202
Related A 195 [ 044045 | 044 | 045 ) 049 ) 047 | 06T | 048 | 0056 Related A 195 [o042]043] 042042041043 038 | 043 | 0016 Related A 195 0.48 | 045 | 047 | 044 | 0.47 [ 048 | 050 | 050 | 00219
Related B 2.26 ND ND ND ND MND ND ND ND - Related B 2.26 ND | ND [ ND | ND | ND | ND ND ND - Related B 226 ND | ND | ND | ND | ND | ND | ND | ND —
Related E 7.59 045 | 049 | 048 | 048 | 081 | 049 | 056 | 049 0.041 Related E 7.78 059 | 061|060 | 059|059 059 | 072 [ 072 | 0084 Related E 778 1.07 | 104 | 1.08 | 105 | 098 | 1.07 | 1.03 | 1.02 | 00336
Related G 8.14 011 | 012 | 012 011 013 | 013 | 017 | 013 0.019 Related G §.14 ND [ ND | ND | ND | ND | ND | ND | ND - Related G 8.14 0.19 | 018 | 019 | 0.19 | 0.17 | 0.20 | 0.20 | 0.20 | 0.0090
Related G 9.17 004 [ 004 | 004 004 | 005 | 005 | 0.08 | 005 0.014 Related C 93 ND | ND | ND | ND | ND | ND | ND | ND - Related C 9.30 ND | ND | ND | ND | ND [ ND | ND [ ND =
Related H 10.71 069 | 0. 07 069 0.76 072 0.98 072 0.097 Related H 10.57 059062061 |061]063]|062]| 069 | 068 0.036 Related H 10.57 065 | 059 | 0.63 | 060 | 055 | 0.64 | 059 | 058 0.0340
Dimer 1190 007 | 0.08 | 0.06 0.08 003 | 008 | 012 | 009 0.018 Dimer 11.90 ND | ND | ND | ND | ND | ND | ND | ND - Dimer 11.90 015 | 012 | 014 | 010|011 | 011|013 ] 012 | 00163




Mé Degradation Products / Impurities: Ibu1pi'5fen--*.

EXPLORATION MEDICAL CAPABILITY
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