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1. Q-PCR
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1.3.1 Q-PCR

« FEHISIYAERET

Sequence of forward primer

— B5-CATCACACTGTGTTGGTCATTGC-3
Sequence of reverse primer

— B5-CTCATGGATACCAGTCAGGTTTGT-3

Sequence of probe (reverse)
 5-(6-Fam)CACTGAGACACAACAGGAACTCCGCC(BHQ1)-3
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Q-PCR

W5 R E

Seqguence of forward primer
— 5-CGGAAACGACTGAAACGACTTC-3
Sequence of reverse primer
— B-GTGTGATCCTACCTGACTGTTCTAA-3
Sequence of probe (forward)

5-(6-Fam)CAGCAGCAGCAGCAGCAGCAGCAG(BHQ1)-3’
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Q-PCR

o« HFERITIYIRIERE

Sequence of forward primer
— B5-GATTCCTCTCGCATCCATGCAG-3

Sequence of reverse primer
— 5-GGTCCAAGTCAGCACTGGAG-3

Sequence of probe (forward)
e 5-(6-Fam)TGGAGTCGG+G+CCCG(BHQ1)-3

0 JE A



O D
Q-PCR

RIESEIEY/ Pk,

Sequence of forward primer
— 5-GTAACGCCCTCCAAATCAATAAGA-3

Sequence of reverse primer
— 5-GGTCAACATGGCTTAGTCAAACTT-3

Sequence of probe (forward)
o 5-(6-Fam)AGGAGCAGGTATCAAGCACACATCTCGT(BHQ1)-3
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 Working LOD bovine: 7 pg per mg of
crude heparin

 Working LOD ovine: 70 pg per mg of
crude heparin

e Working LOD caprine: 4 ng per mg of
crude heparin
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Figure 3 Disaccharide profile for eight common saturally oceurring dizsaccharides derived
from heparan sulphote. Seporation was achieved vang high-performance strong snion ex-
change chromatography (H25AX) on a cetyl-triethylammonium ion (CTA) derivatized C18
silica-hased column (C18 Hypersil) with a 090 min, (-2 M ammonium methane

sulphonate linear gradient, pH 2.5 fow rate 0022 mbfmin. Peaks amnd structures as dedined
in I'g. 2.
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Table 1. Disaccharide analysis of porcine, ovine and bovine heparins and their low molecular weight products(%w/w)

ADiH-OS ADiH-NS ADiH-68 ADH-6NS ADH-  ADiH- Unknown
(UZN)S  (ULN6)S (R time 37.6min)

Porcine

Native 24 14 @ \ @ 63.0

LMW (HNO,) 25 08 28 6 48 2.6
Fragmin® (HNO,) 10 06 26 68 21410 166
LMW (Cu*) 12 0.7 23 80 1 44

Ovine

Native ] 0.3 @ 60.0

LMW (HNO,) 15 0.5 10 42 2 34 12
LMW (Cu**) 07 0. 10 6.6 Y

Bovine

Natie oy D 2

LMW (HNO, 29 05 K 2] I & 1.1
LMW (Ce*) 1.1 06 08 53 AR
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Figure 4 Hizh-performance strong anion exchange (HPSAX) elution profile of size separated poreine mucosal derived heparan sulfate

(FMHE) eligesaccharides of uniform siee consisting of five disaccharide units. Run sonditions were Dionces Propac PAT1 column wath o
(-180 min, 0-2 M NaCl linear gradient, pH 3.5; fow rate 1 ml/min.
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1.3.3 1BC-NMRJU %2 FF & k5 g
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Fig. 2. {A) Component | and 2 factor regression score (FRS) plots, which reproduced features of the bovine spectra and the differences between the porcine and
bovine spectra, respectively. (B) *C NMR spectra (as examples) of 2 (of porcine origin) and 7 (of bovine origin). Peaks picked from the FRS plots were tabulated

and tentative assignments made (Table 1T).
FRS: PA-rF[RIH QA
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Binding domain for HGF
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Binding domain for antithrombin 11
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3.1 USPXiHiXa/llajs sk

Anti-factor Xa and Anti-factor lla assays, with their associated
variation, to show that they support the Anti-factor Xa to Anti-factor
lla ratio of 0.9-1.1.

Anti-factor lla is not less than 180 U/mg.
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AN

Nucleotidic impurities specification to “Not
More Than (NMT) 0.19%.”

AR FAHPLCIIE (APP)
Q-PCR (Sanofi-Aventis)

* Protein im
0.10%."
Lowry
BCA (bicinchoninic acid, — Mk H R
YR

..,- ~ -~ 117)\V I\IIT

\purities specification to “NM
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Protein impurities specification to “NMT 0.10%.”

Company 1
Lowry

Company 2
BCA

Company 3
Lowry

Accuracy

Spec. 75%-125%
(0.2%, 1.0%, 1.8%)

Spec. 80%- 120%
(0.05%, 0.2%, 0.5%)

Spec. 75% -125%
(0.15%, 0.3%,
0.45%)

Precision

Repeat <15%
Interm. <25%

Repeat < 15%
Interm. <15%

Interm. <15%

Specificity

Based on Water
Blank

Based on Water
Blank

Based on Water
Blank
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Heparin has a relatively broad molecular weight
distribution.

Optimal and well controlled manufcaturing
process should be able to produce batches with

average molecular weight between 14,000 and
16,000 Daltons.

High molecular weight polysaccharide units are
heavily sulfated and may contribute to Heparin
Induced Thrombocytopenia (HIT).
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Molecular weight distributions of

unfractionated heparins
« Candidates for 6™ IS
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UFH SEC-MALLS

UF Heparin Mw PolyD

Range (n=20) 14193-16232 1.01-1.04
USP 14653 = 15 1.01 = 0.01
Mean 15360 = 725 (4.7%) | 1.03 X 0.01 (1.0%)
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3.4 &M I H-NMR JFERIESK 6 1Lzl

» Unidentified peaks have been observed in the *H NMR in the range 2.12 — 3.00
ppm. Signals at 2.17 and 2.25 ppm have been observed extensively in heparin
APIs.

« Sanofi-Aventis reported that the 2.17 ppm peak was due chiefly to
6-O-acetyluronic acid residues and likely result from peracetic acid
(CH;COOOH) treatment of heparin.

B

« Further analytical characterization at Baxter indicates that 2.17 ppm signal
has contributions from acetylation at more than one site in uronic acids
due to peracetic acid treatment of heparin.

* The 2.25 ppm signal is another O-acetylated species.

» Baxter has recently observed a signal at 2.15 ppm that may also be an
acetylated species.

« Caution for use of plastic bottles for storage and shipment.
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'H NMR of Peracetic Acid-Treated Heparin 6

SEk
| 225 1 . 1oq7
IAPI“Test® s | I |
‘AP Contror 1
1API “Control” i i
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Conclusions: The 2.17 ppm (and sometimes the 2.25 ppm) peak can be
generated from a control lot of heparin APl under a variety of experimental
conditions using peracetic acid.
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'H NMR Spectra of Control Heparin After Treatment with13C,- 6
Labeled Acetic Anhydride
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Conclusion: This data demonstrates that the 2.17 and 2.25 ppm peaks can be
formed using acetic anhydride as well as peracetic acid, suggesting an
acetylation rather than an oxidation.
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TABLE 5: Global Injectable Anticoagulants Market by Region for the Period
2007-2015 (Sales in US$ Million)

CSBIO
BlENk

Region/Country 2007 2008 2009 2010 2011 2012 2013 2014 2015 % CAGR
us 2173.76 2393.64 2630.76 2886.33 3127.69 2933.04 2869.32 2936.08 3026.82 4.23
Japan 299.48 322.44 346.44 371.41 395.71 416.38 437.30 458.34 479.48 6.06
Europe 2100.04 2261.87 2428.98 2600.82 277591 293734 3101.00 3268.58 3438.78 6.36
Rest of World 407.25 436.83 467.52 498.73 529.67 558.08 586.87 616.26 645.71 5.93
4980.53 5414.77 5873.71 6357.29 6828.98 6844.84 699448 7279.27 7590.79 541

Total

2008-2009: BizAcumen Estimates
Data is reported at the Retail Level

2010-2015: BizAcumen Projections

—e—US —a— Japan —a— Europe
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Figure 4.4 Heparins: Market Forecast ($bn), 2010-2025
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TABLE 6: Percentage Breakdown of Global Injectable Anticoagulants Market
by Region for the Years 2008 & 2012

Region/Country 2008 2012
US 4421 42,85
Japan 5.95 6.08
Europe 41.77 42.92
Rest of World 8.07 8.15
Total 100.00 100.00
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TABLE 7: Global Injectable Anticoagulants Market by Segment for the Period
2007-2015 (Sales in US$ Million)

Product Segment 2007 2008 2009 2010 2011 2012 2013 2014 2015 % CAGR
Unfractionated Heparin 469.71 477.88 481.81 48179 47588 46262 45203 44318 43577 -0.93
Low Molecular Weight Heparin  4510.82 4936.90 5391.90 5875.51 6353.10 6382.21 654246 6836.08 7155.01 5.94
| Total 4980.53 5414.77 5873.71 6357.29 6828.98 6844.84 6994.48 7279.27 7590.79 5.41
2008-2009: BizAcumen Estimates 2010-2015: BizAcumen Projections
Data is reported at the Retail Level
O Low Molecular Weight Heparin @ Unfractionated Heparin
8000
6400 N
4800 /
3200
1600
0
2007 2008 2009 2010 2011 2012 2013 2014 2015
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TABLE 8: Percentage Breakdown of Global Injectable Anticoagulants Market
by Segment for the Years 2008 & 2012

Product Segment 008 2012,

Unfractionated Heparin 883  6.76
Low Molecular Weight Heparin -~ 9117 93.24
Total 100.00  100.00
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TABLE 9: Global Unfractionated Heparin Market by Region for the Period
2007-2015 (Sales in US$ Million)
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&

"
Reglon/Country 2007 2008 2009 2010 2011 2012 2013 2014 2015 % CAGR
us 162.2 167.5 170.8 173.3 171.6 163.7 158.4 153.9 150.0 -0.97
Japan 40.6 41.3 41.7 42.0 41.8 41.2 40.5 40.0 39.5 -0.33
Europe 220.1 2216 221.3 218.6 215.2 211.0 207.0 203.7 201.1 -1.13
Rest of World 46.8 475 48.0 47.8 473 46.7 46.1 456 451 -0.45

| Total 469.7 477.9 481.8 481.8 475.9 462.6 452.0 443.2 4358  -0.93 |
2008-2009: BizAcumen Estimates 2010-2015: BizAcumen Projections
Data is reported at the Retail Level

—e— US —a— Japan —a&— Europe
245
e - = —
155 | e————1¢ * * e — —
110
65
B B L L L L —i ] a
ED T T T 1 T T T T
2007 2008 2009 2010 2011 2012 2013 2014 2015
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TABLE 10: Percentage Breakdown of Global Unfractionated Heparin Market
by Region for the Years 2008 & 2012

Region/Country 2008 2012
US 35.04 35.39
Japan 8.64 8.91
Europe 46.38 45,61
Rest of World 9.94 10.09
Total 100.00 100.00 |
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TABLE 11: Global Low Molecular Weight Heparin Market by Region
for the Period 2007-2015 (Sales in US$ Million)
Region/Country 2007 2008 2009 2010 2011 2012 2013 2014 2015 % CAGR
us 2011.55 222617 245992 2713.05 2956.14 2769.31 2710.88 278218 2876.77 4 57
Japan 25891 28116 30474 32937 35380 37518 39679 41837 439.96 6.85
Europe 1879.89 204022 220767 238219 256072 272630 289402 306486 3237.70 7.03
Rest of World 360.47 38935 41956 45090 48233 51142 54078 57068 60059 6.59
| Total 4510.82 493690 539190 5875.51 635310 6382.21 6542.46 6836.08 7155.01 5.94 |
2008-2009: BizAcumen Estimates 2010-2015: BizAcumen Projections
Data is reported at the Retail Level
—e—US —a— Japan —a— Europe
3500
EBDD = = — =t
2100
1400
700
0 & — - = - o U - = I
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TABLE 12: Percentage Breakdown of Global Low Molecular Weight Heparin
Market by Region for the Years 2008 & 2012

Region/Country 2008 2012
US 45.09 43.39
Japan 5.69 5.88
Europe 41.33 42.72
Rest of World 7.89 8.01
Total 100.00 100.00
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