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SUMMARY

In Korea, most of medical materials extracted from meat by—products have imported
due to weak developmental needs and few domestic demands, ealthough the extraction
technology of useful medical components from the kslaughterhouse by—-products already
had been established practically in developed countries.

However, it would be much desirable to develop and establish the basic technology
applicable to the production of medicinal component in pilot scale rather importing the
technology from the foreign countries. Therefore, this study was performed to develop
laboratory production technology consisting of extraction, isolation and purification of
Qgpgtgig(anticoagulant) prepared from pig intestines.

Samples of pig intestines for heparin extraction were collected from I1-Sim slaughter-
house (cooperative research counterpart) located in Chun—An, Chung-Nam province.

For extraction of heparin, only small intestines among pig whole intestines were uséd
and cut in two sides and intestinal contents were removed with running tap water at first
and washed with physiological saline water a second time. Whenever doing sample pre-
parations the cautions are given not to touch or lose mucosa from intestinal lumen.

After washing intestines, small intestines were cut by proper lengh to work with and
mucosa were colleced with slide glass. Prepared mucosa were placed in freeze-drying
bottle.

The scope of the 1st year study was only to find optimal conditions of extraction and
isolation in lab scale and majar part of the study was to establish the production technology
of the heparin containing water—type solution. Considering annual slaughtering size of
pig, heparin extractable raw materials in Korea were estimated to amount 300-400 times
the imported amount of heparin sodium. Thus research programs for improving the rec-

overy rate of extractions are urgently needed.



Nevertheless, this study was performed only one—year so that not much significant
outcomes had been obtained, so several things should be pointed out for the de&elopment
technology of heparin preparation from meat by~products in current situation of Korea.

1) Standard work environment of slaughterhouse should be modeled for efficient
sample collection and preparation.

2) To collect wholesome the by—-products, layout, equipment and work facilities
should be properly designed and constructed not to contaminate or incoporate
undesirable foreign materials.

3) Research should be conducted in collaboration with industies and universities for
concrete and practical results. Especially, since heparin is medical components,
the safety of extracted heparin should be testified and proved medically before
usé by several different government institutions responsible for safety regulati.on
or enforcement.

In conclusion, rather strategic and long-range research programs designed to develop
processing technology of medical component from the by-product which might cause

environmental pollution should be required in the governmental level.
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AoiEle TRBE A THERE shbolsl B FF 2 Bl RBGEHe] TH
gEgEo] 4F O 2 mucoitin polysulfuric estero]] &3t} daldl &
Hes G 22 215 D IRl EE (S 2T

Wi B 7)EF 24 2 a4 cot (D7 A7) A %S Lol NEE F5]
9 ato olg 7}x] 82 1A 7} o] LA T E3F polysaccharide?] heparind H A 9] -5
TR 2EA HoBE basophils(RE o] LF)H Ao mast cellso] o8] EAch.
Mast celle se} ThE 7|2l BAMES SeRs AG2A 9 BRojch. of 27
o2 3E Fuislo] WhEEHo] RAEY £07 Eoiirh. FEIAE HiA B 1ml
o #l=tel 0.2mg =7 AHEETh 28U HukRl 1mg2 0CelA = 2 100-500
ml, 220 A= ol 10-20mle] 1 E =52 F 4= qlvh(Swenson, 1984).

HeparinS antiprothrombin} antithrombin @ 24 2+-8-3}7] w] o 53] 4443 4
E 9| X 3t3} thrombosis?] | Fof o] &5 I grh. EJF o o3} =& 9] blood
clots] WA 3R h=w] 0] 7] ek

&)=}l 1 unit= o 2F heparin sodium 0. 01mg (2F 201U) I} ZEt}. 71&o| A 8 & ¢
8] Z5] 2o0]E -2 TA| = sodium citrateo] T}, Citrate: <] calcium ions¥} 27
&lLod insoluble calcium saltE AT HIEA] Fosfof & AL UF W citrateE

A 7}8}A] oFofof dkeh. 9Lkt citrateZ} ZE-FF oF 9 calcium ions?} ZFE 4 Q1S

7} VERATE. Sodium citrate@} G-A}sF B2 0.2-0.4% T E 24 -2 15 9z 3.

Potassium salts:= 8 & w] AM2-617] ket o] &= AAuly] 7HgA wjEo|c).
T2 883} 8-S 1A 2= oxalates?} fluorides?| sodium, potassium ! ammonium

salts7} 91t}. EDTA (ethylenediaminetetrascetic acid) 2} Z+o| chelating &}3HE A A] &
S A 24 0]-85 3L 2T}, Heparin 7] thrombocytopenia (il MRIRAME) = =12 o]

A 223} heparin BT} A 0] A %3} heparing AFESE uf) WlHsls Ao E BEaE

—10—



3 gtk vl e -9 oA FE3F heparing AHE-3FIL KR ol A= A E H =] ol A
223} heparine A8-3F31 9T} (Bottiger, 1987).

Heparin9] EX}2F-& H 7 12,000-15, 000 Daltono] ™ #z}zl E2}9] 30-50%3 E-‘E‘
antithrombin I1lof) ZA 33} 2 24 3531 2H8-& Yepdth. Uwiz] EXE -2 inactived}
T} (Anderson, 1976). A& o2 AYAbs] 31 Q]+ heparin ={x| o] o ZHe] 2
E5 T 49 #oA G| = AL glycoasminoglycans© & A =T} (Lasker, 1977).
Heparin®] & §317]%5 & antithrombin?]5& &I A7]= 5 FH-Hrt(Yurts,
1977, Rosenberg; 1977).

Aty o 2 A F9 EEHRSF IS Uete A 224 718 F8A He AL ERR
FJrolth. I 7)o A el 7] edEtE v Fo] & BB Aol
PRedETE 71ed 94 AR7 BERSS st Aot BEEEe] Hy
AT B 7l eg Al o] £FMR v X Bde A9 AdiHo|t). o] w2} Bk

A 7HESHUFTHOE AT - 7| /LTS o 2A Hilfe] HEk

3t o] FAME T AR A BEER Hififel AR £ @ES o
= 1oz Holth. oA KL BUFY AT FilE o= 8lA slod {L
Ao A WHES $E EAERY BWER 101 BKER 5 o8 94
e A& AXNATEZR 2Hoid REREE Y RS a7stA Hoh. B4
BEERS i et £ERMol obd HaRolste fite 23 Aok
ol B 0] SUSLEIZI 7R & Dadt AERM B9 ol Bl EpAIES vlet
2 et 2 hREEe] A - S8 - s BT ATERR 2 FEREBRBRE ) A o
2 EthsRslr, S8 2 EABEEEN 2l o £ T RN ol Bl
F71H o= fEREojopt $AH3 7| eE ke £ ATk NN BEEE K
flro]l FEECBIRY A8 Bty SO A BET Hiffol R 7tk Holoh
ol &= 1b2 WHS MET SRAE I Yo & ol E AT &8k - S8 - fhiiol A
= = R EmEC| Y Biffol S CHEEAT 28], 1986).
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99 B5 =5 FAEERE 32, o] £HIL Y& 58 YA E B
BERgoN A insulin, trypsin, chymotrypsin, lipase, F&TFZEgE0]A] ACTH, TSH, fifiollAl
heparin, PJBEol| A heparin, pepsin, rennet 5-0]t}(APRIA, 1983).
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ZE0 105C AdAzY, A4S Soxhlet AW, zohiA S Kieldahl A3,

Lt 27| etk

gr2b7) o] 33 Dodgson(1962) o] ol whel BA 3t &, 7Rt A
0.2mlo] 4% TCAS-o} 3.8ml B BaCl2- 2}el A 2k (Z 24 400mlo]] A}l
65°Col Al =of 4°Col Al FRHE X7 3 o] o] BaCl2 2g o =9 3 2-34] 7k 1}

s [+}
2] & ALL) 1mlE A 7)sto] mul & 20871 5kx] slod 360nmol| Al S E A5t

THg =Y 24
TR F 24 22 Blakeney 5 (1983) o] # o] wel A A sttt &, 7Bl
A2 0.2mlel] 15M NHAOHE % 7bsho] NHAOH %7} 1.0M7} oA 24 5 22
EEEAE myo-inositol& H7lslH T Al Z-8¢] sodium borohydride-8-2 (NaBH2

2g& dry-dimethyl sulfoxide 100mle]l 100°Co| Al =0 ZA)) & gof 40°Ce] Al 90K &
YAIZ] & 79 9] sodium borohydride:= acetic acidZ E3fA|Zicl. SHEE A E 2
o} acetic anhydride (2ml)£} 1-methyl imidazole (0.2ml)& @3 FTHkal & A 26 A
10871 8kx] 8}o] acetylationA]Z] & 71¢] ¢ acetic anhydride= Z& 3

o Bajstdct. WzAZ] & dichloromethane (Iml) & 2o w4k & & Hg|slo]
dichloromethaneZ-& Q-& 3. -20°Co] A AFste] =31 EA 3193 t}. Gas chromatography
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(GO 9] &4 =& & 134 2t



Table 1. Operating conditions of the GC for alditol acetates

Instrument Hewlett Packard GC Model 5890

Column SP-2380(0.25mm i.d. X 30m; film thickness:0.2um)
Oven temp. 230°C (hold time, 10min.), 2.5°C/min., 265°C
Carrier gas Helium, 1lpsi

Make up gas Nitrogen(30ml/min)

Detector Flame Ionization Detector

Injector temp. 265°C

Detector temp. 265°C

TZY g2 TFEA ke FZulE 177} retention timeg v] walo] &Holstyd
ol A ZFe YEZEEZ (myo-inositol) 3} T A ¢k (L-rhamnose, L-fucose, L-ribose,
L-arabinose, D-xylose, D-mannose, D-galactose, D-glucose) & Al 8¢} EU 3}A ace-
ylationale] 5= AoiH W& Tskod BASIGTE BEN ke TzalE g

< 2813} 7).

.
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Fig.1. GC chromatogram of alditol acetates.
a. Rhamnitol, b. Fucitol, c. Ribitol, d. Arabinitol,

e. Xylitol, f. Mannitol, g. Galactiol, h. Glucitel,

i. Myo-inositiol



2}. Uronic acid2| &2k & =4

Uronic acid®] ¥2F-& KnutsonZ} Jeanes(1968) &l ¥iyiof w2l B sdct. &, H2
SO4-borate A]2F(H3BO3 24.74g& 4M KOHE} 45mlo] =91 ¥ FFSFE 100mlE
4= 25ml Asked AW PA AT 1L D) 6mic] S EAL AR £

ol
0.7mlE ¥ THtE Wslgoh Wztg 2-<fof carbazoleg- (carbazole 2 o EF-E

(4

o] =03 0.1% Solg 2AD 0.2mlE o] INIEE T 55C FE27¢0l A 3087 7}
2k A) 7 530nmoll A EREE ZAsigch & A% F42 galacturonic acidE o]
gtol s
Uronic acid®] ZA-& Lehrfeld (1987) ¢} ¥ o] ule} A5kt
74 EEE A 2 £ Imlo)l YR EEEZE myo-inositol & % 7}3F & 0. 5M sodium

carbonate (78 £ 1) & W11 30°Co|A] 458-7F 8X] 3t & 4% sodium borohydride (0. 5ml)

Ol

= 7lstod A Lof 90E7F ukx]sle] U AIZ . T 9] sodium borohydrides acetic
acid2 A 7}sbe] Ea)AZl & cation exchange column(2ml, AG 50W-X8, 200-400
mesh, H+ form) o] @o] Nao| &2 A 7% & A=A Z . #zh& Gml, 28) & 7t
o3 borateZ trimethyl borate 2 A A8} 1L 21 Zalof| A 85°Col| A 2A]7H A Z8}od aldonic
scid= aldono lactone & 2 A kA Ft}. ZFALE pyridine (1ml) 3} 1-propylamine (1ml) &
Yol el 3 55Co| 4 3087 AAdskyTh AN T AL E Bol ol AN
3 t}A] pyridine (0. 5ml) 7} acetic anhydride (0.5ml)¢of] = & 95°Co\ A 1A 7 7}E

3ol GCEA & skdT). GCY BAzAL = 29} 7t

Table 2. Operating conditions of GC for alduronic acids

Instrument Hewlett Packard GC Model 5890

Column SP-2380(0.25mm i.d. X 30m; film thickness:0.2um)
Oven temp. 265°C

Carrier gas Helium, 1lpsi

Make up gas Nitrogen(30ml/min)

Detectior Flame Ionization Detector

Injector temp. 265°C

Detector temp. 265°C




Al eko] =3 ZwulE 123} retention timeS v] I &lo] EQiElR O
v §heFe Y B ZFE2] (myo-inositol) I} I FA] ¢F (D-galacturonic acid, D—-glucuronic
acid, D-mannuronic acid lactone, L-gulonic acid lactone) & A] 8 o} 52 &14] ] 2] 8}¢]

AR e & Felo] BasiETh. BEA G 22ulE T13e 19 29 Bk,

3.4

Wy 353
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G.9 y18
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P prarei=ogs §

JUY

Fig.2. GC chromatogram of alduronic acids.
a. Mannuronic acid, b. Glucuronic acid,

¢. Guluronic acid, d. Galacturonic acid
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#1719 %L Seno5 (1970) &) o] wlz} A A&kt =, cellulose acetate filmE
7] 2] 0.3M calcium acetate-g-2of] 1087+ F x| 8to] A3l A7 T AR 2 3} o] &
71E M AL 5EF HYE A FHTh A] B89 (0. 1%) 2 cellulose acetate filmo]| capillary
pipet© 2 3 11 1E& spottingdt & ZA] 0.3M calcium acetate 7]} =04 5mA AEE

28] 3A 7 AR 7 Aol AZF T 0.5% toluidine blueZ LA A HT}.

3. szl R sdEd M=

ofo
2
filo
)
B

3| 3}2] & 3-8} animal organ® E R E| &|u2l ko] =& 584

(=)
37] 918 42 1 33 2} wiA o5 AV 2RE svlele] T 3y maF
9] raw material®] 43 ThE 0 & 20-80C2E00A 1.5-12.0%9] @ =& 71
= 9 & ¥ 8-12.89 pH Y (BE €2 $E710.5 22U Yx] 1.8 2% F

T) oAl raw material®] F&F o] £o]Zic},



heparin—containing raw materialS 3Z (Hungarian 53] No. RI-705)

20 kg of heparin raw material
+100kg offinely ground pig’ s small intestine(18%dry substance content)

450 1 water
150 1 of 10% ammonium sulfate sol’n

mixing

38°C heat / mixing

40%NaOHd 7}

pH 8.8 - 9.2 & %A

3 1 toluol, 36 hr %<9} autolysis,
38C A
pH= 6hrult} check (& Q3 40% NaOH
EhaY

fm g
18% HCl & pH 7.3 - 7.78 ZA

boiling pointZ7}x] heat / 10 min =<9} boiling

seive ( B0°CollA] fat &) 7A )

btained dark brown colored liquid : 638 1

Fig. 3. Fractionation of partially purified heparins of small intestinal mucosa on DEAE-

Sephadex A-25



Heparin®] $=&-2 Anno(1966) 2} lizima—Mizui (1985) 9] ¥l o] &£3}ed 18] 49} 72
Tl ZAZXAIF 100g] 85%(V/V) &b g ILE Jo] 70°CHA &,

oizhstod wleke 484 HES AASIAT. o] vlzke A Y 222 33 o
=P

A

HE A kAT Rk 2&% 1Al 254 1.3LE 13 £ Be

212 ¥H T 10N NaOHE0 2 Z3A7 ILE 24 558 siadch 539

CaCl2E o] A7|A] k& wizbx] 715 & YA E2] (3,0008X 10min) 5ko] L4714+

o
2
X
ot
Kl
o,
ol
2
filo
An
i
ok
il
M

A=k (M. W. cut off : 6,000-8,000) 0] o] 244
Holo] 3] §o) T2 A7t W42 (10,0006x 10

3
o]
o,
2
)
i
o
A
M,
& n

B 2 F572 7123}0d crude heparinS €t 2220 =
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Ground freeze—dried intestinal mucosa
Refluxed 4times with 85%(V/V) methanol for 2hrs

| |

Residue Filtrate
Extracted 3times with d—-HCl(pH 2.0) at 65 for 1lhr
Filtrated through gauze and filter paper

Filtrate

Neutralized with NaOH sol’ n.

Concentrated to 1L

Precipitated with CaCl2

Centrifuged at 3,000g 1Omin.

Precipitate Supernatant
Dialyzed against water
Precipitated with ethanol (3vol.)
Centrifuged at 10,000g 10min.

-

Precipitate Supernatant
‘ Lyophilized

Crude heparin

Dissolved in water (1%)
Precipitated - with 5% cethylpyridium chloride
Centrifuged at 3,000g 1Omin.

Precipitate Supernatant
(CP-Acidic polysaccharide complex)

Dissolved in 3M CaCl2 at 37 {for 48hrs

Precipitated with ethanol (3vol.)

Centrifuged at 10,000g 1Omin.

Precipitate Supernatant
Dissolved in water

Dialyzed against distilled water

Lyophilized

Partially purified heparin

Fig. 4. Preparation procedure of partially purified heparin from freeze—dried mucosa

of swine intestine
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gl e TEEE BAY Y] FEE(EAAZE A 2% ) $E 91.0%,
ol 65.2%, XA 7.8%, 3 7.9%, BshE gL 10.1%% UEIETH(ES).

Table 5. Proximate composition of freeze~dried swine intestine (%)

Moisture C. protein E. E C. ash Total CHO

91.03+3.53 65.16+4.11 7.82+0.34  7.9146.40 19.1140.52

2) heparin®] & ¥ ZA
A &% H9hE o] &3¢ crude heparin &2 29.6%, F-EAA a3 £

61.4%0|TH(E6).

Table 6. Yields of crude heparin and partially purified heparins extracted from swine

intestine
Sample Crude heparin(%) Partially purified heparin(%)
Mucosa 29.64 2.85 61.41 4.19

Ion—exchange chromatography® E&8 3%t 7} 8 Hol A& Z73} Zrr}., = uronic
acid9] 3 Fr-10] 14.40%, Fr-27} 9.11%, Fr-37} 9.04%F £&&9 o =17}
SNELE ZF43 vbH AT 9 ke Fr-l10] 21.75%, Fr-27} 22.85%, Fr-37}
30.58%%24 §-2q9 FELrl F/FEsE SUkslt). A g2 diEn
7V FVE4E FeFo] 7HA3tod Fr-10] 4.00%, Fr-27} 3.17%, Fr-37} 2.98%0] %At}

=
cheko] 1A Hl 82 Fr-1-2 E0] A 0 Z xylosed] &F&Fo] &=9F 1 Fr-2% galactose, Fr-

—37—



3% fucose? &FEFo] =9k},

Table 7. Proximate composition of partially purified heparins extracted from swine int-

estinal mucosat

Fraction Uronic Sulfate Protein Proportion of monosaccharide(%)?
Scids (%) %) %) Fue Gal Glu Man Xyl
Fr-1 14.40 21.75 4.00 54.82 8.75 - - 36.43
+0.71 £0.89 £0.22 +1.30 +0.36 +0.18
Fr-2 9.11 22.85 3.17 36.01 41.17  9.43 0.88 12.5

10.49 +0.93 £0.18 +0.28 10.87 £0.67 10.06 10.11

Fr-3 9.04 30.58 2.98 69.13 25.86 3.42 1.39 -

+0.58  +1.24 £0.38 +0.43  +1.45 £0.57 £0.05

1. Mean#*+S.D.
2. Calculated from GC analysis, considering the total amountsunder the five monosacch

arides as 100%
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Table 8. Effect of partially purified heparin solutions on coagulation assay

Clotting time(sec)

PT APTT

Partially purified 30 140

heparin

3 9]
of stz FIAA7E ZHEH AY GA E- o] EXE off dojdr}. ¥bHo) APTT
& WA 74 E (intrinsic pathway) 9] & 52 B34 2

o] gy dojdch(F A 5, 1992).

272 AL8-3F A1 heparin sodium (F-2] A 2F) o] 749 20 g/mlof| Al APTTSA %t
o] 140& 4Tt welx U3 APTT G 32 427) ¢aiA BERA A% At 3]

1 )% s5hale] Wla) ok 6,25 o) B ol Wasisth FRNSTHL §
19, BAF B 7250 gl YRtk BIE ol 2o] B AR ES} £es

i
gro- 8 o] Z7)sl= Aol o}d & & 4= ¢t} (Nishino, 1989; Nishino, 1994).
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