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A S A74%% (erythrocyte sedimentation rate, ESR) 9 &3 -& Fe&RAYQ Hol7)
€ sHARt oM ® ZAF AW Ad, dF (A F B REIAWHOEA Aoy AhE
o 4 ZFAQUA ol &5 o™ FF buffalo & A Y3 WSFFEoAs A1 HE
K (rouleaux formation, RF)e] 2] o} ESRo] 235 Hzslxm, zejA Azl A
3 &R Xtz AP o] RF= AE 79 d3439 W uce F2 A7 F
Z29 AT WAt v ALE o] A YO TEA FA = AT Aol
o},

%, Fahaeus” & ¥% A%, &+ 39 v, €719 27 5 9% A% Sxel v

T 2L vgstz, vt2 HEF AdAG4Y £ $3 (aggregation)®’ o] A Fxo 1)
A€ 7P F2% 8903z st o™, Fegler® & ESRo] 433] wi& 2o AE1+5
ESRo] 53] =& 49t HYY EAd Hdol= #E A7 S5 eple, B2 429 HY
o AEFE B o dolx =3 AY F2F B s ol BE 7Y
ESRE #$-8t= F71 d REo] AE+ Ao ohes AL AAR Ao, 53] A+ o
AYA = SHPAo] ESRE A7 AYE 23] £ o, TEX AITHY A4
2ol 7b & el ESRY o] & opr| A 7ivt 2 AH & 4 9o}

o] A uhEEEol4 ESRS Y4A S8o] 27Ho] @t AREL A o] Hel 45 A4
micro-ESR FAH & AR vk Y2,210 ool 4 (@4 R4) o4 ESRY 22 ¥l
T R 40 HEFt B BAATS AAshe] 2 AFHE ou] pud ¥ Yopt

o) A& 7| 2E St © dolr} ukRFF Hubel 2 H ESRo] W o] & 93 nyx ¢,
R, A, HYe] A8 7o Iy A S AEF5 a4A2std oo dgshe
ESR ¥ AEF 4] ¥HsE HAste] Al 2 vl adt A5 fold 44E A7
B w3h= wpo) o},

A
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I. &8 % F&k

1. & =*

Bovine serum albumin(BSA) # trypsin(type ), a-chymotrypsin(type II), pro-
nase E(type XIV), neuraminidase(type V), heparin(grade I) %<& Sigma che-
mical it} A&, B-galactosidase(5531 LA) = BRLjt9 &, sodium dodecyl sulfate
(SDS)+ Y& FbEmate] ®ind AH&stg SFTE 550 2& AA st Ba-
rnstead &t2] NANOpure cartridge systemol] S3AAH A 7] A3 o] 18 megaohm-cmr}
He As AHEsd e

2. WREY

@AE FUAF 44 FFEPIA, RaE BT Za9 A SPelA, AFL A 4
A A, AN AFL S Aol TRl A G FAR Q440 Gk 14 o4 5
£ $ANE 445 2 WAL A, AP 9ol ARG 42l YA AL

St o

3.% m

At A FHEAAY (median cubital vein) oA, 4, oA AAWA 138 F
A7z FFHez o 30ml o] UL HH5t heparin(1001U/ml) 2.2 38 A slzm
FTAZ o & A2 ubste] 1412F oJwio] Aol AH8-33ch

4. IR 78

Heparin 2] A& 43 & 50 o] 71Ed Yo 2 Fejagdeh. %, 4°Coll4 1,000
X g2 587 Y4¥Astel 843 A% (buffy coat) & AA}A,

A" H¥FE 4°C, pHB.09 0.15M NaCl-5mM sodium phosphate buffer (PBS
) Beloll BEAA A wi, ARz A9 2ol YU Rt 43AL wigeh ol 2
e 23¢ 4390 ol W7 33) ol WEstm, o 2FAci 454 A AA
sho] wEre] £91 WISk

5. FRMERS| SRR
HE7o gaAeo AH-4d g4E B F4L2 trypsin, chymotrypsin, pronase <,
Gl Ba) §4 2 neuraminidase ¥ galactosidase 58 AFL3stgur AdFeo s4aAg
< ¥EH 2R Carraway'®7F 7| &3 W] w3t &, 2 A" kKmE 1ml S 2.9ml
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2] PBS(pH 8.0) o #ifiA7] 3, o}7le] A4 0.5mg/ml & 73k 37°Coll 1417 ¥hs
Al Ak §4AIE 0.05mg/m! 2 phenylmethanesulfonyl fluoride(PMSF) € 7}t &
£748¢ AAANASG 2%, FA ALFE PBSHACZE A AT of 2 o] 2HE A7 @A
S ot

6. ESR2 Az

Hiecdt 2448 A8 (FA4AD 3839 A7tE 7 838 E/9H capillary
hematocrit X7} 94§ ;3, 2 30ml~100ml o] FHEE 245 Yo 3t ESRE ZA3HA
o}, ESR Ay e W 1.1 ~1.2mm, Z°] 7.5cn9 nonheparinized capillary
hematocrit tube(W. Germany A]) & o] &3} ALH3 w525 25 ddo4 AL
%o 2 & ESR/hr(90° -micro ESR/hr) 3 45° A4t2 & ESR/hr(45° -micro ESR/
hr) & FA4std 24t TE¥E 72 4427} ESRel v|X & 9 ¢e vz FAsiq .

7. RSt &

AP+ H A A NaCl T80 & o] &3 454 H PP Abgel £k spectronic spec
trophotometer 2 540 nm ##oll4 FA35td % hemolysis & T3t ok A A A E ol 9]
oA E£HMA (LA o FE& AHHlA 0.44 %, 4ollA 0.59%, AbekelA 0.66 %,
el 0.56 %= G Uk o] ¥ A4 2EAAY T2 B £ FHY
of 7t7h-E sEAA 48 A 55 Ao st g dFste] 0.85 %A 0.05%
2 0.70 %7 HEF HFHAE At 2 % hemolysis § 7 S4A 2] AT HE v
2 Hostg ek 53] At#elA = 0.60 %Y x5 13

8. FRIMERE SR

A g 792 Fairbanks 5- " Schrier™ ¥ b ZF 5 'Wo] 7]&d oz F39lch
%, A35 Hd ol 209 £%2 5mM sodium phosphate butter(pH 8.0) & 754
L8714 AEA Zukg o §¥4 L 4°Col4 10,000 X §2 10 #7F Y4l HE
TS AA AR 45AE AAS o A2 HE o] YRAg I x| Hojx A}

A4 AlPstgon, o AP uie} shEo] U= & gelatind] IJAEE A AL

9. FmERE KFERSB AE

A Fuke] il AGetl Lowry 5 ' 9 Folin phenol o2 24351¢ 02w, bovine
serum albumin(BSA) & T &ohiz 2 &gt
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IT. & R

1. Fm=W EHRKARO| HK
At ub g2 A7 oy A FL Table 1o] EAlE vheh 2ol Aol wlsto]  ul
FEeolA 493 ket (PC0.0D).

Table 1. Comparison of protein content of erythrocyte membrane between
luman and rominant

Protein content (mg/ml) of erythrocyte membrane

Human Korean native  Holstein Korean goat Sheep
cattle
No.of animal 8 8 8 8 8
Range 2.3 —-3.1 3.0 — 4.0 3.2 ~4.2 2,8 —4.9 3.4 —5.2

Mean +S.D. 2.85+0.28  3.60 +-0.417° 3.71+0.36" 4.13+0.83 3.9440.56
S tatistic n n =4 n, =35
analysis F 6.98

P <0.01

L.S.D 0,53(t0.05) 0.71(10.01)

** : Highly significant increase in contrast with human (p { 0.01),

2. FRmago] MEA20) 2|5t ESRO WK

559 42 HETE A AT 749 ESRY vl 5 EHE Table 20 £33
o},

Table 20]4] & uhe} o] 2.2 Folzkx 90° %4} ESR 2rh 45° A4 ESRo| 44 w
Eges e & 900, o Aol AgelA B ubaEEol4 Rk a4A S A5
E o A5k ol AL A 2moldE 90° A4l woh R 2w (45° HAD) ol A
100 o] 4¢] 27} AL nYlon, WMEEEAL AP L 42 vms B 45 HAbol4
7t 3 &S e

Abge] ESRo|] A¥fA dFEEEe Aug 45° HAHE $Yo]E o] Y Wy} AP
£ #8, AAT F F4F ESRS o Z4x BFolA oS @iz ek (p<0.01), 4hFE-Fol
AE FHoA ¥ Wil s 457 AApel A FAS g

5%° A4 5 pronase & A 3 HHFo) 4= At 459 iS5 B4 AFHF
7ol vAA P 371 (p<0.01) & 22, chymotrypsin A 2o ojA & A, A

e AloF 2 kol A mho], =28 neuraminidase A 2o o] A= At} ] ol 4] Tho] H
28t Z7H(p<0.01) & vl on, galactosidase A 2ol YojA = AbFo|p B E ulF5-Fof
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Table 2. Comparison of erythrocyte sedimentation rate in relation to erythrocytes
treated with enzymes, such as proteinases and glycosidases, in lnman and

ruminant animals

S pecies 3 ESR(mm 7hr) S
(n = eachg) Samples 45 Angled 90 Angled
Mean+S.D Mean +S.D
Whole blood 24.2+ 6.3 2.1+ 2.0
Washed RBC* 57.6+ 6.0  24.0+13.5"
Human RBC treated with trypsin® 62.8 + 3.0 49.9+12.5
RBC treated with chymotrypsin 62.1+ 2.7 43,9 + 12.0"*
RBC treated with pronase 65.2+ 3.2 47.5 + 12.3**
RBC treated with neuraminidase 61.1 + 3.6 40.4 +13,5
RBC treated with galactosidase 59.3+ 9.3 25.4+17.8
Whole blood 3.1+ 1.6 0 + 0
Korean Washed RBC 22,3+ 4.4 0.2+ 0.1
native RBC treated with trypsin 22,3+ 6.4 0.2+ 0.2
cattle RBC treated with chymotrypsin 18.2+ 1.6 0.2+ 0.3
RBC treated with pronase 45.3+12.6 6.7+ 7.4
RBC treated with neuraminidase 18.1+ 2.8 0.2+ 0.2
RBC treated with galactosidase 17.0 + 2.9 0.1 + 0.1
Whole blood 7.24 2.7 0.0+ 0.0
Washed RBC 18.3 + 4.6 0.3+ 0.5
Holstein RBC treated with trypsin a7.3+23.6 3444321
RBC treated with chymotrypsin 19.3+ 6.0 0.2+ 0.3
RBC treated with pronase @.2+14.5°  17.5+25.2""
RBC treated with neuraminidase 19.8 + 7.1 0.1+ 0.1
RBC treated with galactosidase 17.1 + 4.7 0.1+ 0.1
Whole blood 7.4+ 9.4 0.1+ 0.3
Washed RBC 15,7426.8 0.3+ 0.4
Korean RBC treated with trysin 19.5 +22.4 0.3+ 0.6
RBC treated with chymotrypsin 45.2112.8“ 2,5+ 2.2
goat RBC treated with pronase 62.4121_4** 48.5 i30.9“
RBC treated with neuraminidase 40.7 + 19.9"" 10.8 + 25.8""
RBC treated with galactosidase 18.0 +18.6 0.3+ 0.6
Whole blood 9.5+ 2.6 0.1+ 0.1
Washed RBC 22.7+ 5.3 0.4+ 0.3
Sheep RBC treated with trypsin 53.1 + 9.0** 12,6 + 19.6**
RBC treated with chymotrypsin 55.4 + 5.0** 14.8 + 15.8*‘
RBC treated with pronase 45.3i12.4** 55+ 9.4
RBC treated with neuraminidase 40.2i12.0** 4,0 + 8.0
RBC treated with galactosidase 16.8+ 1.6 0.2+ 0.3

* The ESR of washed RBC was measured after washed RBC was suspended in 2,

autologus plasma.

3 volumes of
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b Trypsin treated of RBC was carried out by incubating 25 % washed RBC suspension in PBS,
pH 8.0, with 0.5mg/ml trypsin for lhr at 37°C. The trypsinized RBC was suspended in
autologous plasma, and its ESR was measured at described for washed RBC, The other
enzyme treatment was so with this.

* Significant difference (p{0.01) between whole blood and washed RBC.

** Significant difference (p {0.01) between washed RBC and enzyme-treated RBC.

A AAHYFEA vk ESRS $ A7 AAHA Rskeh S 4F|WHE trypsin
A2 AU TFolA Holstein EFN 4L ESRS AAT Z7HE 290} B9al4 & F7heh7)
2 Aol F3sd

3. Mol BN 20| O3 KFmEo) HE

5% Y Eal a4 2z AYFE AYE o 2 HIF HIGo) v]A= A 549
592 % hemolysis & Table 39 EAISHH .

Table 3. Comparison of osmwtic fragility of erythrocytes treated with the
various enzymes in human and ruminant animals

Species % Hacl
Samples
(n = each8) 0.85 0.30 0.75 0.70 0.60
Whole blood 0.2+ 0.5+ 05+ 0.5+ 27+
0.4 1.3 1.3 1.4 8.1
Washed RBC 0.8+ 07+ 074 09+ 3.1k
1.2 0.8 0.8 - 0.8 0.9
RBC treated with trypsin 0.3+ 0.2+ 05+ 05+ 20+
0.7 0.6 - 1.3 1.3 1.2
Human RBC treated with chymotrypsin 0.84 0.5+ 1.1+ 0.9+ .4+
1.1 1.0 1.1 1.1.. 7.6
RBC treated with pronase 2.2+ 2.0+ 56+ 6.6+ 13.9+
1.9 1.9  10.0 11.4 1.6+
RBC treated with neuraminidase 1.0+ 1.2+ 2.6+ 1.7+ 3.5 1
1.5 3.1 1.3 1.8 0.0
RBC treated with galactosidase 2.5+ 1.9+ 3.2+ 2.9+ 6.8%
2.9 1.9 3.6 - 3.4 3.3
Whole blood 3.0+ 7.0+ 11.8+ 24.7+
4.8 12,9 13.4 20.6
Washed RBC 1.7+ 4.3+ 10.4+ 214+
3.0 48 15,4 24.2
Korean RBC treated with trypsin 1.4+ 3.0+ 9.6+ 20,44+
2.2 .49 208 22,2
native RBC treated with chymotrypsin 0.3+ 2.8+ 14,3+ 24,4+
0,7 4.9 30,0 28.7
RBC treated with pronase 10,8+ .23.8+ 42,1+ 55.04+
T.4%+ . 18.6 26,3 27, 24»
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Species % Hacl
_ Samples
(n=eachd) 0.85  0.80 0.7 0.70  0.60
cattle RBC treated with neuraminidase 1.1+ 1.4+ 4.3+ 12,0+
1.6 1.8 6.2 16.1
RBC treated with galactosidase 0.4+ 1.7+ 5.9+ 8.6+
0.7 2.6 9.2 13.0
Whole blood 2.6+ 7.3+ 19,2+ 31.6%
3.7 9.4 27.5 35.0
Washed RBC 51+ 13,04 22,1+ 36.6+
6.3 15.3 24.9 35.1
RBC treated with trypsin 3.5+ 9.94 27.1+ 35.0+
7.6 22.1 8.4 34,2
Holstein RBC treated with chymotrypsin 8.1+ 14.94 223+ 30,0+
14,2 23.6 28.6 33.0
RBC treated with pronase 18.6 + 27.54+ 39.9+ 50.3k
19.3% 28.0 30.9 28.1
RBC treated with neuraminidase 3.2+ 7.2+ 146+ 29.9+
6.7 13.1 20.1 29.0
RBC treated with galactosidase 0.9+ 2.3+ 7.1+ 13.8%
1.1 3.7 6.6 10,8
Whole blood 17,4+ 41.8+ 70,6+ 85.6+
17.6 25.4 12,0 4,7
Washed RBC 23.2+ 45.24 T1.5+ 87.0+
20.3 21,8 12,2 10.4
Korean RBC treated with trypsin 27.4+ 50.24 72,6+ 80,8+
25.8 25.1 17.8 12.0
goat RBC treated with chymotrypsin 31.7+ 54,44 73.3+ 82.3%
26.6 25.9 17,0 8.7
RBC treated with pronase 67.0+ 80.84 84,5+ 85.2+
15, 3% 6.3 5.4 6.4
RBC treated with neuraminidase 21.3+ 45,94 73.0+ 80.0+
22.9 19.4 17.1 14.8
RBC treated with galactosidase 193+ 50,4+ 75,7+ 82.8%+
20,7 26.0 22.7 7.1
Whole blood 170+ 31.74+ 53.1+ 72,0+
13,2 24,1 26,7 21.6
Washed RBC 19.5+ 32.54 52,1+ 71.24+
17.8 23.4 25.9 24,4
RBC treated with trypsin 17,7+ 30.9+ 47.5+ 66.4%
12,2 19.8 22,2 20.3
Sheep RBC treated with chymotrypsin 15,8+ 34,04+ 56.2+ 69.8+
13.8 27.6 27.17 25.9
RBC treated with pronase 57.2+ 74.9+ 85,0t 87.41
29,6%x 24,6%x 19,7 20.0
RBC treated with neuraminidase 14.5+ 26,0+ 48.2+ 68.7+
S 12.3 21.0 20.0 23.8
RBC treated with galactosidase 14,2+ 28.94 54.4% 70.7+
11,6 20.4 28.8 22.1

_7_

: Significant jincrease in contrast with the washed RBC( p<0.05),
: Highly significant increse in contrast with the washed RBC (p {0.01).
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Table 3014 & 4~ Y= vhe o] A4 SENA ] 55 v £2 SN 7E w5
o 4 28 wAl JBE g ol 3R A= 0.85%% 0.6%, @49} Holstein &
Zo A= 0.85%9F 0.7%, AHokat Hol &= 0.85%9 0.8 %S NaCl F&fol4] A2
R R A

5%9] 7+ g4 e HYFT oA pronase A HE-FFolMnt ALEe ZE  uSEE
oA Axe] ol UTAUE de] 2T (vA HIFI)N w3l % hemolysis 9
T4 S7HE B2 Al GaA 8 AEF oA = dH2FFe] FA 37 AA= A gk
pronase 3 & A7 lojA Atake] 0.85 %oll4, 223 Holstein 249 0.7 %ol A
% hemolysis 9] §AA o A= AAH A FHEA s 2 F TRl Y= HZT
v ste] FoF A & B

V. % 7

At A8 Ao 2/3% AShe polypeptide™™™ & Arjdeee F15F A
7t A& o] F AZE AFShe Y DAL 2 FFIF Yok g 1m0 23
glycophorin (PAS-1) < A2 trypsin, papain ¥ bromelain % 22 g4z
£d9 24, band 3(polypeptide 3 ©] =)L trypsinel A A= LHHAA
& W4l chymotrypsin, pronase ¥ subtilisin? 2+ o) 23 G40 ol M= 23
o] FL o P ha gt e

P87 TG F band 32 A o199 o2 ZRFAAE L F2 g #HAE
G4E molZ glou glycophorin# sialoglycoprotein (PAS-2 b)) 2 22 il g
& FEo WA dojd EE H A FE Mol ofF T oW AL I A%
3 tjgo] 245 Bge Aol KEANA Bus s glg. @2

Table 14 M= vpe} Zo] AP dfd FFL A H o2 Atel4] B} WF:FE
o4 ¥2 AFS Bolx e, ol ot AHdelAl & f band QU ¥HFEE < o
A= 2L 2z AR PAS-1, 2 3 3 d4le] W-SEel4d+ PAS-BR dAH &
2,1 Foll AEA s A og AgH

olf ¢y F T Y A= L band 13 2 (¥A spectrinojztz@) 2 band
3l o] F band 1-& 9HE4 @<l spectrin® a-subunit (33 240,000) o] i
band 2+ spectrin®} f-subunit (£33 215,000) & ¢34 U}t Band 32 3
a2 Yo g 53t 9l integral protein 224 anion channel +4-& 3= iy
Az ¢4 Y1

duby o2 A7t 752 Ak 8 o] dAlREsh HE el lojA A g

— 8 —



RBEY FmEke] BEA )7} ESRo X & 4% 9

A & A A A A, E=E ol2FH FAF Y L3 proteinases 4
glycosidases & ZH§A1A AEF2o] 9}, £ Wiel =350 9l& dHEde &
AlA 7] 5o W3, Hopde WEkE B o] FHE S 3l

L H, Winzler’™ £ A3 A3 5 LA 542 Aespd AP rore] b
sialoglycoprotein © 2 Y€ sialoglycopeptide 7} 2= S FA&As15 o0, = Boyer® +
Gl Fal G4 o3 &3o] dojdx Byt ololA Carraway™x HE79 trypsin A
H2 HEFHolA] sial 4] Fej P& B A7 dHe] 2 Z 5o Atz w3
Fot. AEFY trypsinAH Y= o] Wl s ¥ AQl band 39 HEF  =EFEYE
THAAE 233 Uh® =3 pronase®® Y chymotrypsin® £ F23 HE-F%e] poly
peptide, band 3§ 347l 23 60,000l FHS HHAYE ¢HA ek

ojof - At & dTolAl AL WEEE A FoA R Ak F5H A 5,
ol 4] == pronase o] 98} 4], Holstein @44 = pronase 2} trypsin°o] a4, =&l
A) 2 Akokol) 4] = pronase, trypsin ¥ chymotrypsinel] 2si4 zZ+t7z+ ESR 9 A5 F71&
doZch o] AHZ Hol glycosidases M.t} proteinasesol 4] 2] ¥ ¥ o] & Haj5
of ESRE 347 Aoz masgidh

AP 1o HAAAHE 94 pronase A TollA 2t SIHE AT, o)A R o] Fo] Hol 5 Fe
84 % pronase 7} A 877 S AE F& ohs M 2 58S M AR QA"

 okoll Qloj 42] ESR-L galactosidase A 27~Z A3 U™z BE a4 274 &
A F7LE vEskon, HEF H A QA pronase A FollAut S Aok o9 o]
Hed ATl Fetd e Fog oS d79 97 oz o

el

l:l

V. & ]

SbEEEY AT AREES 28 YA S W Bz A, ¥, Holstein B4, 28
2 gAY 2 goF £ H&EFE proteinases?l trypsin, chymotrypsin, pronase
283 glycosidases Q] neuraminidase ¥ galactosidase & X} g3t ESRY &2 o5&
A4St Sl AEFe] Hd AAs sl

AP Fat g F gk gH-9oll4 3.60 +0.41, Holstein R&oll4 3.7140.36,
G2 A Aol Al 4.1340.83, wokol4 3.94 4-0.56, 22z AbadelA 2.8540.28
mg/ml 24 2539 Zo| Atgre] A Bt F9keh (p<0.01).

Proteinases ¥ glycosidases & A g Jd Foj) o4 ESRY uHSL w5589 &
Ee #5HE ogshAl vEste 53] F55 = 22 glycosidases A 2] 7ol 4] Kt} pro-
teinases d 2 F %4 ESRo] @A 27 (p<0.01) 5+ Holgich Hak]  glojA:

— 9 -
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galactosidase & A 93k trypsin, chymotrypsin, pronase ¥+ neuraminidase & 3 g
HE1o] 4 ESRY AT F715 B3}
HETO] AFA HFgd2 ALy BE o584 o] 559 a4 F ¥ pronase £
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The Effect of Enzyme Treatments on Ruminant ESR
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> Abstract <

Their relations to the slow erythrocyte sedimentation rate (ESR) of the
ruminants were investigated by treating the erythrocytes with proteinases such
as trypsion, chymotrypsin and pronase, and glycosidases such as neuraminidase
and galactosidase.

Protein content in the erythrocyte membrane was 2.85+ 0.28 in human, 3.60
+0.41 in Korean cattle, 3.71 & 0.36 in Holstein, 4.13 +0.83 in Korean native
goat and 3.94 4+ 0.56mg,/ml in sheep, showing higher in ruminant animals than
in human (p<0.01).

In the erythrocyte treated with the enzymes, ruminants except sheep was
better digested by proteinases than by glycosidases, showing remarkable increase
(p<0.01) of the ESR in accord by pronase, trypsin or chymotrypsin treatment
of erythrocytes. In sheep, the ESRs were accelerated in erythrocytes treated
with pronase, trypsin, chymotrypsin and neuraminidase.

Erythrocyte osmotic fragility was increased in erythrocytes treated with
only pronase among five enzymes in all the human and ruminant animals used in

this study.



