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Objective Conclusions
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. . . - - ™ over the counter. :
than 300 people from at least seven countries died from ingesting TD-NMR using the WaveGuide Formpla able to:
contaminated over the counter cough syrup.! Most of the fatalities were 2 Dext'r:i‘:t:z‘;::a':;ma Robitussin | Robitussin CF | Muckex | Delsym | Sudofed | CVS - Wolgreens
children under the age of five.! These countries have reported with S Phenylephrine HCI" : 25 o L B v Show that WaveGuide’s UNMR distineuish bet
. . . . . . - Guaifenesin - 5 - - -

confirmed or suspected contamination with high levels of diethylene glycol £ Chiorpheniramine maleate® ) : - : : : - . OW that WaveLulde s t can distinguish between
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used as industrial solvents and antifreeze agents that can be fatal even if Dip:ﬁ?}?ﬁ:fﬂed _ _ _ ; ; ; ;
taken in small amounts.! The World Health Organization (WHO) has issued i oot g . Z M v Show that WaveGuide’s uNMR can detect contaminants such as
global medical alerts and called on governments, regulators, and key Fdette discdun 2 I 2 : Diethylene glycol and Ethylene glycol as low as 2.5%.
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substandard products.!> The U.S. Food and Drug Administration (FDA) has g psms_y,en:,yco,z,g,z,j ‘ ‘ ‘ : : ‘ ’ o ointspin o chair:I P P Y
joined with WHO in the investigation of contaminated cough syrup and a § Sodium chloride’ : : : : : : : y P PPYY
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A proof-of-concept study explored the feasibility of identifying DEG and EG
contaminated cough syrup using Time Domain NMR (TD-NMR) with the
portable and inexpensive WaveGuide Formula™ instrument. The results
show that TD-NMR can readily detect the presence of DEG and EG in
cough syrup. This technique shows promise for final product testing as an
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Less than 20 pL of sample typically used per test.

Results
Objective 1: Test a set of commercially available cough syrups and determine if the WaveGuide’s uUNMR instrument can differentiate them. Objective 2: Determine if the WaveGuide uUNMR instrument
075 can detect Diethylene Glycol (DEG) and Ethylene Glycol (EG)
' Sample ' . . .
e Single-exponential model analysis - T2 values (Fig. 1 and Table 1). ® Robiussin contamination in cough syrup.
. . e . . [ —— ' ® Robitussin 97.5% - DEG 2.5%|
e Six out of seven cough syrups are clearly distinguishable from each other (Fig. 1 and Table 1). ._ Robissin 95% - DEG 5%
.. . . . ] ® Robitussin 90% - DEG 10% o I I I I I
 Delsym and Sudafed show a similar single-exponential T2 profile. -2 8  Fobbuesin B DEG 20X Robitussin cough syrup was spiked with Diethylene glycol and
5 Lo Ll ® PR D3 Ethylene glycol, both at 20%, 10%, 5%, and 2.5%.
e Bi-exponential model analysis - T2 values (Fig. 2 and Table 2). i g
e All seven cough syrups are clearly distinguishable from each other (Fig. 2 and Table 2). 0 | y
 Delsym and Sudafed show different bi-exponential T2 profiles which allow to differentiate them from each other. ‘ | * Bi-exponential model analysis - T2 values.
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ﬁ ' E 0.9 _ : Robitussin spiked with DEG DEG Conc. (%)
= 0.9 Mucinex z 0.8 - | 0 2.5 5 10 20
= 08 - ~ 0.7 il 2 exponential T2a 1.6286  1.5564  1.4718  1.3524  1.1095
0 0.7 - H Delsym = BE L 2 exponential T2b 0.7076  0.6928 0.6817 0.6525  0.5726
0 06 D' 1 0551 Standard Deviation (n=6)
% ' Sudafed D'a = - Robitussin spiked with DEG DEG Conc. (%)
ﬁ 0.5 VS DIE 0 2.5 5 10 20
< 04 01 I - 2 exponential T2a 0.01437 0.01313 0.00639 0.01424 0.00397
_E 0.3 B Walgreens 0.0 2 exponential T2b 0.01690 0.01856 0.01839 0.01610 0.00935
l ! | | ! |
Ei Robitussin  Robitussin -~ Mucinex Delsym Sudafed CVS Walgreens 0'51,1 12 3 (4 5 16 7
EJ'D CF Taa Figure 3 and Table 3: Bi-exponential analysis (T2) of Robitussin spiked
' with four concentrations of Diethylene glycol.
Cough Syrups Bi-exponential T2a M Bi-exponential T2b
Figure 1 and Table 1: Single-exponential analysis (T2) of seven commercial cough syrups. Figure 2 and Table 2: Bi-exponential analysis (T2) of seven commercial cough syrups. Each
Each cough syrups show a unique T2 signature. cough syrups show two unique T2 signatures. LD ; Sample
o
Single Exponential T2 Bi-exponential T2a Bi-exponential T2b M i
Cough Syrups o Cough Syrups o o
Mean St. Deviation Mean St. Deviation Mean St. Deviation
Robitussin 1.516 0.012 Robitussin 1.629 0.014 0.708 0.017 s @
Robitussin CF 0.928 0.006 Robitussin CF 0.356 0.005 1.043 0.007 ' | ° :
Mucinex 0.787 0.003 Mucinex 0.825 0.004  0.414 0.016 07f o S
Delsym* 0.664 0.012 Delsym* 0.328 0.005 0.718 0.012 " B Fatliaiam etk
Sudafed* 0.703 0.005 Sudafed* 0.801 0.006 0.255 0.003 e ®  Robitussin 80%- EG 20%
CcVvs 0.560 0.013 CVS 0.193 0.005 0.648 0.013 0
Walgreens 0.338 0.002 Walgreens 0.143 0.002 0.392 0.002
“Verv simil : : N y : 8 Mean (n=6)
y similar Single Exponential T2 values Very separable by Bi-Exponential T2 values 065 - »
' B Robitussin spiked with EG EG Conc. (%)
L ]
0 2.5 5 10 20
Raw . manipulation and/or error within the pharma I 2 exponential T2b 0.7076 36934 dDO'G.Si.Z ( 0_'5)119 0-5373
MEICHEIS Fharmacies, sector supply chain. Low upstream visibility 5 L : A o
: Affiliates, Hospitals, : 06 Robitussin spiked with EG EG Conc. (%)
Packaging Wholesale Governments, and control, travel delays with temperature 0 25 5 10 20
Packing Rpet‘?"etrsﬁ deviations/lack of highly accurate temperature 2 exponential T2a 0.01437 0.00494 0.01239 0.00796 0.00293
) atients _ i
loss, and missing chain of custody.%13 5
Supplier OEM/ Supplier OEM/ Supplier OEM/ Supplier Distribution Consumer e Qver 2/3 of US active ingredients were from b Figure 4 and Table 4: Bi-exponential analysis (T2) of Robitussin spiked
India, China and Italy and >50% of finished N with four concentrations of Ethylene glycol.
) * * * * * > pharma products manufactured ex-US.1*
\ | \ |  Foreign FDA inspections are down 79% and
. roduct bei Y domestic inspections down 35% in 2022 s 1',2 1’3 1'@ 1'5 1la 1'?
Igh chance or product being High chance of quality compromise ST TR - - - - - - -
tampered during transportation during transportation from compared to 2019 highlighting need for 23
from manufacturing to distribution distribution to consumer easy touch point testing.'#




