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Heparin: Oldies but
Goodies
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연구배경


l 혈액이 굳지 않도록 사용하는 항응고제


l 합성 의약품으로 대체가 불가능한 전문의약품이자 필수의약품 (퇴장방지의약품)


l 돼지 소장에서 점막을 수집한 뒤, 단백질을 분해 시킨 후, 여과, 흡착, 분리, 침전 공정 등을 통해 추출 및 정제하고 있음


헤파린(Heparin)


▣ 헤파린의 혈액응고 저해작용]


ATIII


1916년 : 개(犬) 간으로부터 헤파린 처음 발견 / 추출


1930 ~1995년 : 소(牛), 돼지(亥) 폐, 간, 장기로 추출


1996년 : 영국에서 광우병 사태 발생


1996년 이후 : 소 유래 헤파린은 시장에서 자발적으로 퇴출됨.


2008년 : 헤파린 파동 이후 US FDA에서 돼지 장점막 유래 헤파린


만을 의약품으로 사용하도록 규정


• Natural anticoagulant 


• 1916, Jay Mclean(1890-1957), cf (W.H. Howell)


• 1918-20, William Howell(1860-1945) confirmed (다당체)


• 1934 First trial to prevent postoperative thrombosis 


• 1937 Thromboembolism during blood transfusion







History of Heparin 


광우병







연구배경


헤파린은 산성 뮤코 다당류의 혼합물로


강한 혈액 항응고 활성을 가지고 있으며,


범발성 혈관 내 혈액응고 증후군의 치료,


정맥혈전증, 심근경색증, 폐색전증, 뇌색


전증, 사지동맥혈전 색전증, 수술중, 수


술 후의 혈전 색전증 등 여러 혈전 색전


증의 치료 및 예방 이외에, 혈액투석, 인


공심폐 등의 체외 순환장치 사용시나 혈


관 카테터 삽입 시 또는 수혈 및 혈액 검


사 시 혈액응고의 방지에 사용됨.


헤파린(Heparin)







v North America heparin market was 
valued at USD 4,498.8 million in 2020


v Low molecular weight heparin segment 
dominated the global heparin market in 2020


매년 3.7% 증가


2021 $9.38 billion
2028 $12.06 billion


COVID-19 
* 수요가 증가







Structure of heparin 


• Heterogeneous mixture of sulfated polysaccharide (pork, cow or ox)


• Polydisperse


• MW : 5 ~ 30 kDa, Mr : 12 kDa


Chemical structure of heparin: pentasaccharide sequence 
essential for binding to antithrombin III







A schematic representation of heparin. In UFH (upper figure) every HA5 (black) has 
sufficient sugar moieties (gray) to its left side to form a C-domain. In LMWH (lower figure) 
the molecules are broken up and HA5 domains that do not belong to a C-domain appear.


Frontiers in Medicine | www.frontiersin.org 1 November 2019 | Volume 6 | Article 254







Mechanism of Heparin Action 







4억 5천


7천 4백만


천 백만


1억 4천


Source : Statistia 2022 


가(家)
돈(豚)


전 세계 돼지 사육 수











ACS Appl. Bio Mater. 2020, 3, 5, 2897–2909


Animal Bioscience 2021; 34(3): 338-344. 
Special Issue십이지장 공장 회장


점막하조직
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조헤파린


Addition of sodium bisulfite 


- Desulfation ?? 







Biologiclas 67(2020) 56-61


Heparin Manufacturing Process







Recovery of Heparin from Pig Intestines 
vExtraction of the crude intestinal material


- approximately 0.8 Kg per animal 


v Following an extensive purification  


- 180–260 mg of Heparin from each animal


v To get ~0.5 kg Heparin  : ~1800 intestines are required 


A transmission electron micrograph of an activated mast 
cell releasing granules containing heparin and histamine.
Science Photo Library /Alamy Stock Photo







Disaccharide composition of  HP/HS 
from several species


Halocynthia roretzi


composition (%)


0S
NS
6S


2S
NS6S


2SNS
2S6S
2SNS6S


(1)
(2)
(3)


(4)
(5)


(6)
(7)
(8)


Porcine intestine


Bovine lung


Bovine kidney


Drosophila


C. elegance 


0 20 40 60 80 100


멍게


From Toshihiko Toida







HPLC of unsaturated disaccharides from HP


J. Chromatogr. A, (1999) 830, 197-201 







Safe Heparin 


Robert J Linhardt (RPI, Troy, NY) 
NY Times, 2008/04/30 







Nat. Biotechnol. 2016, DOI: 10.1038/nbt.3606







Nat. Biotechnol. 2016, DOI: 10.1038/nbt.3606























United States Pharmacopeia (USP) heparin sodium


Clinical and Applied Thrombosis/Hemostasis Volume 27: 1-14, 2021


1. H1-NMR: identification and impurities 
including OSCS 


2. SAX-HPLC method 
3. Anti-factor Xa/anti-factor IIa ratio(0.9~1.1)
4. Viral inactivation
5. Sheep plasma assayàchromogenic anti-


factor IIa assay 


6. Limit on galactosamine ≤1%
7. Residual solvents 
8. Protein impurities ≤1%
9. Nucleic acid impurities ≤1%
10. Potency: 180USP>units/mg
*Since 2014 
1. Weight average MW
2. Protein impurities ≤ 0.1%
3. Nucleic acid impurities ≤ 0.1%







800 MHz NMR (Bruker)


A1: anomeric protons of α -glucosamine N,6 disulfated, 
C1: anomeric protons of α-glucosamine N-sulfated 
D1: anomeric protons of α-glucosamine N,3,6 trisulfated
A2: H2 of α -glucosamine N-sulfated 
I1: H1 of 2-sulfated  α-iduronic acid 
I5: H5 of 2-sulfated  α-iduronic acid
GlcNS-G: anomeric proton of α -glucosamine N-sulfate linked to β-glucuronic acid. 
CH3 to the N-acetyl group







Anion-exchange chromatography of heparins from different animal 
sources (AS-11HC) HP-I (red line), HB-I (blue line) and HP-L (green line) 


Scientific Reports | 6:35619 | DOI: 10.1038/srep35619







DS/HP calibration 
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Low Molecular 
Weight Heparin 







Low molecular weight heparins（LMWHs）


Approved name Method of production


Parnaparin peroxidolysis


Dalteparin nitrous acid depolymerization


Nadroparin isoamiy nitrite depolymerizaion


Tinzaparin enzymatic digestion


Enoxaparin benzylation followed by alkaline hydrolysis


Advantages of LMWHs towards UFH


・less side effects such as HIT


・No needs blood level monitoring 


・bioavailability 











Structure and NMR spectrum of Tinzaparin
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Wang P et. al., Carbohydr Polym 2022, 295: 119818.


Heparin Production & : Multitarget Effects


Fondaparinux







Engineered Heparin 







Expression of heparin sulfotransferases and epimerase enzymes.
Green Chem., 2022,24, 3180-3192


Biosynthesis and Recombinant Heparin 


2.08 g L−1 bioengineered heparin







Heparin as a Systemic Anticoagulant in COVID-19


Frontiers in Medicine(2021) 8, Article 615333







Conclusion


• Heparin is the old drug, but still essential.  


• It is still produced from animal tissues.


• Regulations have become so tight since heparin crisis.


• Recombinant heparin might be available in the future.


• Non-anticoagulant heparin has high potential to be used in 
antiviral therapeutic effects. 







우리 B&B 회사개요


설립일 2012년 03월 07일


업태


종목


사업규모
(22년 12월 기준)


제조업, 도·소매업, 무역업


축산물, 화장품 원료 제조업 및 도·소매업


헤파린나트륨, 천연 돈장 케이싱, 
RINCARE 기초 화장품


- 자본금 : 1,904,000 (천원)
- 매출액 : 17,005,000 (천원)
- 상시 근로자 : 39명


Call : 070)8891-8958  /  Fax : 063)571-5300


전북 정읍시 신태인읍 석지로 621-48


전화번호


주소


403-81-66796사업자등록번호


박상협대표


주 생산품







회사개요


(단위 : 백만원)


ü 연도별 매출 및 수출실적


구분 2018 2019 2020 2021 2022


수출금액($) 2,095,275 974,283 4,727,381 5,591,712 11,355,932 


수출금액(백만원) 2,245 1,133 5,361 6,260 13,400


총매출액(백만원) 5,820 8,009 14,876 15,962 17,065
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