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a-Amylase catalyses the hydrolysis of starch, glycogen, and related poly- and oligosac-.
charide by random cleavage of a-D-(1-4) glucan linkage. In man large amounts of amylase
are secreted into the digestive tract by the salivary and exocrine pancreatic gland, minimak
amount being produced also in other tissues.

It has been known that a-amylase exists in multiple molecular forms, isoenzyme whick
can be separated from each other because of difference in their physicochemical properties.
By using various methods, several groups of investigator have separated the many iscenzyme
in serum, saliva and pancreatic juice. Furthermore, changes of the normal serum isoenzyme
pattern is diagnostically useful even when the total serum enzyme activity is noninformative,
such as the clinical use of isoenzyme of serum lactate dehydrogenase.

Procarboxypeptidase-A which is one of the pancreatic enzymes is also present as isoenzy-
mes. Four forms of procarboxypeptidase-A have been found in the bovine enzyme and three
forms of the porcine enzyme. In human pancreatic juice four forms of procarboxypeptidase-A
isoenzyme were found by isoelectric focusing method.

Recently, the so-called isoamylase analysis was developed for the diagnostic use of amylase-
in pancreatic diseases. In alcoholic patients, the serum concentration of pancreatic isoamylase
is subnormal and this lowered activity provides strong evidence for pancreatic exocrine
insufficiency.

The purpose of this study was to elucidate the variations of the isoenzyme of amylase
and procarboxypeptidase-A in serum, saliva and pancreatic juice of the experimental animals.

The results are as follow.

1) Three main forms of isoenzyme of amylase by isoelectric focusing were found in pa-
ncreatic juice of normal rabbit. However, many new bands were appeared in the pancreatic
juice of cholic acid administered animal intravenously while the infusion of cholic acid or

elastase into pancreatic duct produced the decrease of number of the fractions on the isoele-
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Ttric focusing.

In the case of serum isoenzyme from normal animal, two major and a few minor isoamy-
lases were observed. By injecting alcohol intravenousely the fractions of serum isoamylase
were significantly decreased and in contrary to the patfern in the pancreatic juice the
infusion of cholic acid or elastase into pancreatic duct exhibited a significant decrease of
‘the isoenzyme of amylase fractions. In saliva from normal animal three main isoamylase
were produced by the administration of alcohol.

2) In the case of procarboxypeptidase-A isoenzyme, two major fractions which have isoel-
‘ectric point at 6,2 and 6.4 and other two minor bands were observed in the pancreatic
Juice of normal rabbit. By the treatment of the juice with trypsin, only one band was
produced on the isoelectric focusing. No procarboxypeptidase was appeared on the electrofo-
‘cusing by the infusion of cholic acid or phospholipase A into the pancreatic duct of rabbit.
However, a single major fraction of procarboxypeptidase-A was appeared at 3 hr after
simple ligation of the pancreatic duct. No significant changes were observed in the juice 'of
the alcohol or cholic acid administered group.

£ 95% d gk (Kim ¥ Hong, 1975).
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Carboxypeptidase-A (E.C. 3.4.2.1., Peptidyl-L-
a-Amylase(E.C. 3.2.1,1, a-1, 4~glucan-4-gluca- amino acid hydrolase): #HAol4 FwdE Zng
\nohydrolase)f AL 8 glycogen ¢ saianst 83 Fholxm C-wwke] $3 carboxyl /1% 74A
E&olr}, Aeke] Elel A sk #4360 A EXE N, peptide & 71 E @r}b. &8 HAANE 4, A= 4
245 a-amylase ¢ FYEL gchs] Aalm =, ] = 379 carboxypeptidase A FFF L7 EA

‘ovarian cyst, X, HA @ okl FoHe] 9= e trypsin. 22 AR A EE o] Tkt Are]l AR
a-amylase 9] 4 £ 1= u]ofzicl, EE22d e A W gte} (Folk & Schirmer, 1963). At&+e] o= 4

ole g AR, BEr 9 Ao Haw Elel o . 7 M EZEL} gow trypsin o2 HHL AAAA

& a-amylase ZYA & QFF £ gk, EAd B 3R 14e REes Jehla B4E5 FEdE
o N2 TS vtz degn me Fdclul o] o} #g) A proenzyme o2 Hu]Ho] LsiudlA

O

TEEL (isoenzyme) g} el X oz Fxjriele B g4z vtn 33 ub geb(Kim @ White, 1971).
@'7\4] 4] o] 1-5-.] =] 3. 2. ¢lv}, Patton gl P1gman(1957) S e L R oA A 9 %%j’_,{:ﬂ'%‘ﬂ-%—% A
Al o) F A S o] g5t el el S48 am- g EH o2 vl » B3 (McGeachin I Lewis, 1959)

YL

Ylase 55 §_ B 2Eagoy 2% asgsge o o9 9 SEIA BT 4T ol FeiHn 2
i%_"i o OB FEEAE 2 sh) 59w (Zipkin 5, o}, Joseph 3-(1966)-2 FAG Rt dA e # am-
1957; Weinstein %, 1960; Mandel 2 Ellison, 1961). ~ vlased] @l@sle FFEist vebdebn F43 u
FTELY FHFE 2 254 v sto)sb 9ol gt =R FANFERAY e AAGEFA
E79] AZAdA 349 amylase 52 x4 1YL, % amylase ¥3]o] 73] vehd ke elAle] o
ol Aol e shte) 288 gt ¥yslm(Malacinski |0 5 3% 2 FEEZFAE Bh amylase $g¢] 5
% Rutter, 1969), 3oko] 3ol 35 (Kim 2 Hong, st eta @b (Skude, 1977). A Iofo] Elelell=
1975), s}A Aol 24] (Marchis, 1967), 24 3 1) amylase 7} EA5h} AP oz A4-E A&}
ZellE 27 (Sick, 1964)¢] amylase BS54 23 0] o 49 FEFF4& Jebdeh(Kim @ Hong, 1975).
AL Yok ® A HAde 1~249 & 2y GEFFE0E % A AR AY ¥A pancre-
"3 1A ol4ke] %33 (Splekerman S, 1974)0] ¢l th atic isoamylase 8] ¥ %} e} (Johnson ¥ Levitt,

Lok R B4 YA G B e E e e 1978) & Exe g E3 FF5EL) A7+

=T

amylase T EAE Helslgd o] (1%, 1972) 2% & AEatAle gEA A g
A Bl SR 5e] 59 amylase 5 T4 £ A4gdAE 485ES Agstd AR AsE
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A JAR sk Aot Feg e , Ebed
2 HAY amylase s} procarboxypepmdase-A =
F4&Y 9F5E A4S vlu fastg .

() HEEE:AFEFEE A% 2kgdy 7S
o] 22w o] secobarb1tal(30mg/kg 2 w33le ¥
+ AFA L wel AAE 1w 2 )4 polyethylene
A4 st AL ARAG. dAL 294
dged, Bae AAFE FHEE L0014 F459
T, A 4 el AFHAE 5 o) kegw CCK-PZ1U,
secretin 1U 9 pilocarpine Img 9] Z gy Fwje
A s,
(L) MElZ:
A) Aol FYE
i) Alcohol(3.5¢/ke) B F
ii) Cholic acid(30mg/kg/min) o 3
B) A FlE
) qtE ARALTE
if) A=ld g4 (2ml) F4F
iii) Alcohol(10% Ethanol 2ml) 9]
iv) Cholic acid(10mg) F4}F
v) Trypsin(20,000U0) 591
vi) Phospholipase A(9U) Fo]F
vii} Elastase(2mg) F4]F
A7l FEEE AR 50em H09 gt sle] F9
2 A AATYn 2F 143 SR ELS AFHE
ek,

2) dady

SxA] &4 (isoelectric focusing)-& Ampholine ca-
rrier ampholyte pH 3~10%8 ¢]§€3}e polyacryla-
mide ¥t&o A At (A5, 1972). el 2ml,
)& 0,4ml, €. 0,2ml Z 22 AHLshe

Amylase 22549 13¢ 4=F3x 0% 2L
o 3ml, 30% acrylamide 3.5ml, riboflavin g4

Iml @ 5% 5mlE E3std SaqdEae 22
Hell A, oz FEFFA ohE 2447 5A
A&t B gel ol AEA F .
gel-&- A5l amylase £3]-2
da=A gk (3 8 F, 1974).

Procarboxypeptidase-A = 5 F &7} Bt gel =}
3 n-carbo-g-naphthoxy-L-phenylalanine & 7} " 2
diazo blue B 2 43ty v}, Procarboxypeptidase-
A9 BHHE $std smg
4°C ol 1842 A A 3hd ek,

iodinej 2.2 A
o

AELAE o

bovine trypsin &2

AE M H

[== 2 |

A) Amylase EE&84

(1) HAF MY HYl 5~848 FF
Gehgos & 29 ol 2 BAAL
]

6.3 6.1
g 6. 4019k ErR A E 7~1018 B FTFTELYE
] AL

¢+ F gom F EEE iE4 2
3, 6.6 X 6.9015k=F, BANAE 6~8M¢ FF
£+ E AT FEHE oheld 2 eAlA
7.80]4 v+ (Fig. 1).

2) ML FYUF : Alcohol FH FeJF 4

AL
lo

Table 1. Isoelectric focusing patterns of isoenzyme of procarboxypeptidase-A in rabbit pancreatic juice

after altering pancreatic function

Intravenous Infusion

Ductal Instillation with Obstruction

Normal Alcohol Cholic acid Obstruction Saline Alcohol gli(éhc Trypsin igg:ghX' Elastase
1hr shr 5hr 1hr 3hr 5hr 1hr Shr 5hr 1hr
Major 6.2 6.2 6.2 6.2 6.0 6.1 6.1 6.2 6.0 6.1 6.0 — 6.0 — 6.2
(fg’)d 6.4 6.4 6464 6.36.462 6.4 — 6.2 62 — 6.5 - 63
Total
Band 4 2 2 2 2 2 2 4 1 4 2 0 3 0 3

(No.)
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Table 2. Isoelectric focusing patterns of iscenzyme of amylase in rabbit pancreatic juice after altering

pancreatic function

Intravenous Infusion

Ductal Instillation with Obstruction

Normal Alcohol Cholic Acid Obstruction Saline Alcohol S&glic Trypsin ﬁgg:ghg Elastase
1hr 8hr 5hr 1hr 3hr 5hr 1hr 3hr 5hr 1hr
6.1 6.3 6.26.2 6.05055 6.16.156 6.3 6.2 6.4 6.2 6.3 6.4

Major 6.3 6.4 6.4 6.3 6.1 5.9 5.8 6.2 6.3 6.2 6.5 6.4 6.3 6.5
Band 6.4 6.5 6.6 6.4 6.2 6.0 6.0 6.3 6.4 6.3 6.4 6.6
{Ip) 6.5 6.2 6.1 6.5
' 6.3 6.2

6.4 6.3

6.6

Total
1(3;1{;51) 5-8 6-85-10 6-7 6-8 7-11 10-15 5-7 4-6 5-9 5 6 6-8 7-10 7 5

Table 8. Isoelectric focusing patterns of isoenzyme of amylase in rabbit serum after altering pancreatic

function
Ing?;‘l’s%%us Ductal Instillation with Obstruction
Normal Alcohol Obstruction Saline Alcohol C?(()lhc Trypsin Egg:g?' Elastase
1hr 38hr 5hr lhr 3hr 5hr lhr
Major 6.8 7.0 6.9 6.8 6.6 5.5 5.4 6.9 5.4 4,0 5.4 5.4 5.3
Band 7.8 7.5 6.5 6.4 6.7 4.6 6.7 6.7 6.7
{Ip) 6.7 6.9 5.5
6.6
Total
Band 6-8 3 3 3 6-10 8-10 6-9 6 5 7-15 10 8 5-17
(No.)

295E 4
o 1ARE LA BT 347
9

A FEFEELY F EYE

O Z 0
= —

W-Fol ol
H A4 = alcohol

Foll & st

FE5 .2 1eh}x] gkgkrh. Cholic acid & A<
. Al 773 skl
2 2L 24 3519

FE547 5~6A T Fohg e

by

1E5E £ ddod e
2 0]-F3]
Fastdeh, AR
HAgon Ha FE

ptidase-A FFF &7 4] 2P oz el

F7F Z7bstd b, 48" 494 4 phospholipase A
E W Fdka 12-F AFHT FHHolk dA
A W HEe] gig vk Cholic acid ¥ elastase & &
g3 YA E dFe] ddoy €3 FFE L
o EH 7k Frbshd 2 TR S g
. Trypsin g B3t HAdAx= 8IS0 S7F
b L A el 11% FEH 7L o Skl o
kg o] alcohol F3] F¢] A4 FRIFIF H4
stgon g4 FLITE @io}fgp} Table 2,3).

=3

B) Procarboxypeptidase-A EE5A

1) HAFE|H : FaE7)e el o] E procarboxype-

| %
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Pancreatic
juice

Saliva

Serum

Fig. 1. Isoenzymes of amylase in pancreatic juice, saliva and serum of rabbit by
isoelectric focusing.

a b

Fig, 2a. Isoelectric focusing patterns of rabbit pancreatic juice shows four areas of
procarboxypeptidase— A activity in the right hand strip. All of the proteins
present can be seen to the left.

Fig. 2b. Again the proteins as stained on the left, this time after incubation with
trypsin for 18h at 4°C only carboxypeptidase—A can be seen as stained by
. n-carbo-gnaphthoxy-L-phenylalanine.

— 19—
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Fig. 3. Procarboxypeptidase~ A in rabbit pancreatic juice after pancreatic duct
obstruction.

Fig. 4. Isoelectric focusing patterns of procarboxypeptidase—A in rabbit pancreatic
juice after intravenous injection of ethanol.
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2 gL Fyg -5}?]_"-‘_5’; 2 5AgL 6,24 6.4
olglch, Trypsin o= A5 FHAo = 171k
FFEL Yl JAEE v sty ok (Fig, 2a,
2b).

I : Alcohol @ cholic acid & g =3
2788 FEEuk Bols Az Ak
o whel 1*"1 AL ofsted gl vt (Fig. 4).

(3) FAUW FUAT : AL kAL 1A TE Fof o
A procarboxypeptidase-A FETFH L)
5ol g2t E49 RS ofalelg
TG ok FRH ] b 5

Y trypsin @ elastase F93 HAol= 248 22
35 @ouke] $2350] elyken alcohol 9] Fof
AL ozk 2Rk SR8 & B 4 99 4wk cholic
acid & ph0sphol1pase A FY4E HAYQAAE 55
&9 B3e ol B 4 gly o (Table 1, Fig. 3).

249 93 9
] amylase %E‘&Eéﬂ %ﬂohﬁl A4 A
A2k v} (Fridhandler 5, 1972). =k4 A4
A A= 23W AAY amylase FFEL A&
shed ol FArlE A s Folelm g vl Yo
itt &, 1977) oj&+4dd F=Fell A el g ¢ amy-
lase A E7 vl Bax 9,11‘% (Berk @ Fridhan-
dler, 1975). Fridhandler 5 (1972)-& o] &3 am-
ylase o] 20| iz F3 531 ‘4—«17\]‘4 g
=34 43 amylase FFEL ASRAE THH ¢
A ¢kr} (Johnson & Levitt, 1978; Berk &, 1979) =l
A alcohol FEA & Wulo] T Saldu] €3
W #HA8 amylase 9] FFEL7) A= (Skude B
Wadstein, 1977) alcohol-& F®uy B4 HF A5}
Z+&=gre}h (Marin 5, 1973). %= A= alcohol & F
Jog Reda] 39 7k glom ZEE
Fooll 4 H w7k A sk v} (Demol 5, 1980). o} <Al
A48 FFAAAG0E AT AAAoIHL 2,
HEA & 4 alcohol F-FA] FH 9 Ewls] 5] FAH &=
gl o] #Hal 9 (Oddi sphincter ¢] 42 AL
7} A= 2 welA secretin B CCK-PZ & 2-u]5kAl

o 1] [0
N
X,
lo,
>

ftad
2
_‘VL
:\l
)I
L‘i

1= 2

o7 olgr 7bH Aol gle B (Sarles, 1971)E 3l o]
alcohol o] fxsqfu Tofl v]2]= o aFel]l Fsf ool =
A& oA alcohol-& &3 amylase
Ao A 0 ehedel 4

3 Ao A g Tedshd AL
Zglal, amylase, trypsin 58 E4&EA =7}
o} (Hara 5, 1974) 2 31 ol Hgdl A3 zgus
L Agay] hormone & FE|AA LV 7t
gl 22390 (Forell 5, 1971) a}rﬂ
CCK-PZ %8 & oAAA 5&3‘_
FA4sh A SeA 0 9
gelada 5, 1973). E& %m&%
2w 7} Srtslels w . (Green B Nasset, 1977)2}
Ez A4 cholic acid 59 FF4LE T4 25
a7l Z71E Qo (Hong 5, 1973) 822 vl Se) &
Fakol HEALv O ol ALL shex £ A gk
B A4 cholic acidE& AHH Fo4 3
amylase 55E49 FI 571 FHEL 53 F
T FrhELm Hol g4l 4?11/“3 H] "%‘
71 el glent 2 FlAld
oF & Helwh

AP FEY AL A
7 7184 (72, 1973
A amylase EFE LY
=l ol FHYHu A Fel 71 $
gle] theB Ao s 5ERLE (Kim 2 Hong, 1975) =
B HiLY 4ot 2HFA e A 4 oR
BAGS el AfeAn 4748 ¢ U0 (E,
1078), A AR RN AFYY TP o F
R3] ek o AT E Aol bz ol FiY
¢l proteolytic degradation o]l deamination ¢} 2] 3}
Aolgka gek (Ngrby, 1964), 2 A3 oA 34 24
# amylase BFa4E 4 WFo] govk EAde
Aze) Ashel Wk 2iAe 248 E 4 dach

=S A F98d  hemorrhagic necrosis 7F
A 715 (Harell 5, 1978) trypsin® FAAZLE
A e
proteolytic zymogen &3] elastase & ZA3AA &
F& slFAgletn ke (Geokas 5, 1968). phospho-
lipase A = lecithin 2 lysolecithin &% E&AA 2
A EAd o8] FHArE A7) (Schmidt 5 Crentz-
feldt, 1969; Sjodahl %, 1975) HF& RFE AL EE
AgA Ad4E FUFTAA = BHAAF €3 al

—

OOIA
0
rui ;9,
i
m i

ruIru

=~
ols
-

WA 7] =d o] & trypsinogen & &4 3R]
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cohol 2] &= F<43] 3R}
ZTAAE AFE 17%‘& ol
AATZNY WA TEA &

u} g

alcohol == FFASF

£ AS g o)

3t alcohol o]} wFHS§AF

HES-S RolBE
)

A

af géle] siAsT E A
Rl Aseln 2% oH (R, 1973). 48
A4 AEE FAAE AAH FYA Y amylase F
FELIL TLsE AL 28 F1E 9 B
cholic acid ¥ elastase ToJA] AR 5A Lelyliu),
ol o] &7ld HELI BAWE o] L o
4 e AL g2 E 49 Fh)el procarboxy-
peptidase-A & Fu) 3tk 2] B &9 P 3~4
MY TFEL dod HA FE2A4E trypsinl
AAA A Y 2Hoes ebdr)(Folk, 1963).
AgF el = 44 FFEELT 9o AL trypsin
o2 ARG i Eowks YEbLE Hol 2
ZAYql proenzyme &2 FHoMo Fujglcia WE
ak gl=(Kim g White, 1971). & A AE B 5
Aol = 471¢] procarboxypeptidase-A 7} EA 5 2
% 24 FRY FLI el 2= vl okg H2E o)
fLw trypsin A2 A LI ule] el A

L2 Rel E7FY X proenzyme O BaulEE A
o] g43sle}, Alcohol o]t #FALE FwWy T3
A A F2A2 gz ARs A daAg
AEA Ad+E A T A2 F Q& %“4
Bl fHat Aol Al wel £Y it i

Qe ol 5A7 FAHHF FFEELEL ) 31"{31
S Bagl dRAE% (A, 1973). =3 A

AR FUA FFEEEGo] BaAYEd F8 che
olic acid B phospholipase A Sof Foll4] o3 &
3] ZtaFe] F9) KAFE FFELEHe] As vhek

WA ggtel, oj@ A2 ® ¥el fa = procarboxype-
ptidase-A & FFFLANL 279 AN H 5L
&+ 9o ¢4 AL AR AL
gl EAALE dolgl e

=} 2

APA o H2AR Er
amylase &} procarboxypepti

A g ARY Seg
A A9, 23 9 el
dase-A FFELS WELS FAREYo = RFT 9}
ohgd e 2% gt

1. Amylase BZF & FAAN = 3N EZ
Ed FEH] g2 SAALE 44 6.3, 6.1 @ 6.4
olgic}. cholic acid FHu] B2 RIA4rT A4

apgol B AT

Z7}ska &= cholic acid ¥ elastase §9] 02 &
g7 848 24sgch

A4 AdE 29 FFEL FEY] AEHM
I 548268 ¥ 7.805i5h Alcohol A EH 2
83 amylase FFEAo BAe FEFG o AR
Wl cholic acid 8} elastase & F43t4d FFE4LY 2

ot "xs Sorstgle

HAEtH ol = 3709 amylase TS FE 4] 23] 6]
2883 2 S43226.9, 6.3 6.60]9 ). Alcohol

Ay B4 = 2Y o) o ,L Z=71eld o}

2. Procarboxypeptidase-A FFF 4 A& N o] 4

49 FFELEY ] ekt oF %—Er 42 2=
) AL 6.2 B 6.401909 trypsin XA FHA
AA e 1H8 E4FHule] 3859}, Alcohol o1}
cholic acid HaW Sl AL vl eFq FEErko] 1}
B AR dEARdqs AR AT EAY
FEeue] dehgon sARFAE A9 FTELY
28L& 2 4 ¢g9d. Crolic acid 8¢ phospholipase
A Fg FYFEAAE ZE 23S E 4 qdqh

o]4e] A2 wlRo] FAAA, HY WU el
8714 amylase &} procarboxypeptidase-A FFE
&7F A AV FY HEZR FFELY W Fo
deolyn 53] procarboxypeptidase-A EEF &7} o
< o7l et
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