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Chondroitin sulfate
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Hereditary multiple Simpson-Golabi-Behmel

Exostoses Syndrome
HS Polymerase HSPG (Glypican 3)
Mutation deletion
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I 5 HJ
Morphogens Growth factors and receptors Tissue remodeling :
Activin EGF family Tissue plasminogen Cell adhesion molecules
BMP-2, -4 Amphiregulin activator E, L, P-selectins
Chordin Betacellulin Plasminogen activator MAC-1
Sonic hedgehog Heparin-binding-EGF inhibitor-1 N-CAM
Frizzled-related Neuregulin Protease nexin | PECAM
peptides FGFs (1-23)/[FGFRs TIMP-3 h /
Sprouty peptides PDGF/PDGFR Complement proteins  Chémokines
wnt (1-13) GDNF/cRet All 25 proteins C-C, e.g. MIP-1a,
Growth factor binding  VEGFs/VEGFRs Coagulation/anticoagulation RANTES
proteins (BP) HGF/cMet Antithrombin Ill CXC, e.g. IP-10, IL-8
Follistatin TGFR1,-2 Heparin cofactor Il
IGE BP-3. -5 ECM components Leuserpin Cytokines
: Fibrin Tissue factor GM-CSF
TGF-B BP : - TR
: Fibronectin pathway inhibitor IL-2 -3 -4.-5-7-12
Noggin Interstitial collagens Thrombin | : f et
Anti-angiogenic factors Laminins : Ar
Angiostatin Pleiotropin (HB-GAM) Proteinases Kininogen
e Tenascin Neutrophil elastase TNF-o
PE4 ;F/if][;g?é)ctiisnpondln Cathepsin G Viral and parasite
: i MCP-4, -5 Coat proteins
Collectins Fibrillin : P
Tropoelastin Carboxypeptidase A HIV-1 tat
SPA, D Unclassified HIV-1 gp41, 120
MBP Energy balance Acetylcholinesterase HSV gB gé gD
Antimicrobial peptides Agouti signaling peptide HIP : T
PR-39 Agouti-related protein yroglobuiin HHV-8 gK8.1A
Bac 5, 7 SPoB. & (2::)),/?0%2'2? aAm loids Circumspr(.)rozoite
B defensin Lipoprotein lipase yP y

Superoxidase dismutase

Triglyceride lipases glucose-6-phosphate isomerase



ural or spinal hematoma
Hemorrhage
Elevations of serum aminotransferases

Pain

Hematoma

Ecchymosis

Erythema

Anemia

Fever

Nausea

Edema

Dyspnea

Confusion

Diarrhea

Pneumonia

Atrial fibrillation

Heart failure

Local reactions at the injection site (i.e., skin necrosis, nodules, inflammation, oozing)
Systemic allergic reactions (i.e., pruritus, urticaria, anaphylactoid reactions)
Vesiculobullous rash

Thrombocytosis

Thrombocytopenia with thrombosis

Hyperlipidemia

Hyperlipidemia with marked hypertriglyceridemia

Ataxia

Decreased motility

Cyanosis

Coma

Death
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Crude Heparin

Ethanol

precipitate "\ E%,']';,BSE?E DS
Bleach
Cation
Exchange |
E:Q?f&ﬁgte I\ E:F)Gaﬁwnf‘%g
oy |
USP Heparin

2009 Oct 6;106(40):16956-61
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Fig. 1. Pan et al
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Water Unknown
Impurity

/
Oversulfated heparan sulfate (OS-HS)

30% OS-HS + 70% heparin

Heparin

OS-HS contaminated heparin

ey T L | v L ¥
6.0 5.0 4.0 3.0 2.0 ppm



Crude Heparin

\_Tank Bottom  +HS

precipitate CS-A, CS-C, DS

orecipitate [\. GAG Waste +Hs

A Ethanol
Bleach
Cation
Exchange
Ethanol
Dry
B USP Heparin
Contaminated Heparin
2004 to lot 15 of 2007 :
Heparin+

Chemically Sulfated/Desulfated GAG waste

Heparin, DS

Contaminated USP Heparin
Lot 16 to 49 of 2007 :
Heparin+
+ Chemically Sulfated/Desulfated GAG waste
+ Chemically Sulfated Tank Bottom (OSCS enriched)
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