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Sa Uk Hong: Comparison of Serum and Pancreatic

Enzyme Activities in several Vertebrates

The levels of activities of amylase, lipase and trypsin in both the
pancreatic tissue and serum of 18 species of vertebrate animals were
measured and enzymologically compared with each other.

1) The value of amylase in the pancreas of experimental mamm-
alia has been found decreasing in the order pig, rat, dog, cat,
rabbit and cow; that of pancreatic lipase has been found decreasing
in the order of pig, dog, cat, rat, rabbit and cow; and that of
trypsin has been found decreasing in the order of pig, cow, dog,
rat, rabbit. Thus the value of all the above three kinds of enzymes
were observed highest in pig, but in cow amylase and lipase were
observed lowest while trypsin were observed considerably high.

2) In view of diets, the comparatively high values of pancreatic
enzyme were observed in the ommivorous animals such as pig, rat,
dog, while the values observed low in the herbivorous animals,
such as cow and rabbit.

3) In the bovine, the values were observed moderately high except
lipase which were found comparatively low.

4) In the Reptilia and Amphibia such a mud turttle and frog, the
values were shown in similar measure with each other, that is, the
pancreatic amylase and trypsin were observed considerably high
while the lipase was found low.

5) In the species of Reptilia such as a viper and snake, the
activities of pancreatic enzymes were not detected. But in the tissue

of liver, stomach, activities of the enzymes were found considerably
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high. Lacertilia animals such as lizard the values of pancreatic
enzymes were little observed.

6) In the fish in which the pancreatic tissue is scattered in the
liver, the panereatic enzymes were found in the liver tissue consid-
erably higher than in the other tissues but lower than in the
warm-blooded animals, especially the lipase was lower.

7) In generally the values of serum amylase and lipase were
observed higher than those of man; and even in the cold-blooded
animals in which the values of pancreatic enzymes were shown
low or none, the values were also observed high.

8) The above three kinds of pancreatic enzyme values of those
experimental animals have shown a tendency of higher degree in
higher taxa than in lower taxa according to taxonomical order.

9) In view of tissue, the pancreatic cell was observed large in
the mammalian animals such as rat and pig and cytoplasm was
also abundantly contained in the acinous cell; and the bovine and
and the snake have the pancreatic cells of the similar rosette form
the comparatively large acinous cells of long rhombic form in
which the spindle shaped neucleus and the abundant cytoplasm
were contained. In the fish the pancreatic cell were found scattered

in the liver in which the very large pancreatic islet were found.
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sofol ot Bl oA kel o3 FEM:fES] ERW S0 FHAS = HIE o)A mEw
011’?-:—41 31410’22,23)' : . .

ol X ¥ RBME{LEERS Ty E£2 WMWY B 8Ee 5miAE HEs
v HAY Mol Bite Bl AT BB BET 98 Foloh. HEmRILENQ Fs
€ HOL Zimmerman®%o] 21 e FWitEMWS AR GOT, GPT o fks, Be{rs
T IEHEE WES S fe =2 ZRE BT #H3ol S HHESY 2 AA Mk
712} amylase, lipase, trypsin o B3he] RO 2 HBE(EY FHol A BigEst He ofF
232 x3gl ot

A BigEe BEWIE{LREE amylase, lipase, trypsin B |34 amylase, lipase o) JEpEi:o} ep
3RS ARRERRY RS TR 5 AECl BT B 18 REol Hete A rEmo T Y
ERET K, B 2A REs o | |

x L

RBODY—ERDY 18EP A, zofel, B/, v EHABE BREASEA @58 K
AFYE EAMdor B oBlE Y RET BREAA BAGZ 8%, arm
2k, Zbek, ok, e, SA 2 FEGHMEC A BREER Aele] ofo], AEH, o,
w7 & ELIREA A A e fEAsE Y. KB £ 9 SixE AN BER ER
el A B B ket #ifEs A& @mstl o (Table ).

mi% W el MBI Bl A BRES Hifgd ks RBE ol A
5~15 7r5-oF JRIES & oAl WA ¥ 30 A KBS mKS 522 BEA7 o
LAY BRESH MRS E skl

MRS S ADESHY) S ARRES BRI A s A% B, #ikd =it A
2] W& A £ ¥y acetone - fidte] homogenize 8 1% Al 3~4 [A] ¥ acetone & & Hghf-S-
S HK 1y ether 2 HRIGS 5820 #iHRES . ki #ES BABoR o
Al 478t9) 3 el ether & HaEol A HEAZ T 2 &E AR MEs mEe
ERSHA =i ol ek e Hike 15° itk HEAA K@Estd = A4EY MEIE KT
2] <klle. o] MM MEFHE->- FERTH pH 7.0 phosphate buffer o] —sEmps
suspension Al A FHE BRHUE MK E A

Mm% % &R Amylase o] RIF—Amylase HisE->- #E (amylose, pH 7.2) 5ml & &4
AREE ol 38° 9 fEEMAA —ES WEE WSl E 5 A1 HuES % % 0.5ml
5 fnsha i 1RER], MRRIEWS) Biidl = 50 IEFESHA incubation & 1% 0.5ml 9|
N-NaOH & jjig}o] incubation -2 v}3] ). incubation 3t % AERKel BT} B2 Nelson-
Somogyi 125 o] #E5}e] 540 my o] 4] Beckmann D.U. Spectrophotometer 2. #5Esl 2 JiE 2
MniE amylase JHEEEE K313l oF.

mi% % &R Lipase o] B —Lipase i+ HE (olivedh, pH 8.2) 0.5ml & 28°
G dol REZF —E3HA 2 W7=] 198 ohg K 0.5ml & sl ErESHA M
TE-S 24 F5H], MR- 10 23 incubation & 1% ethyl alcohol 5ml 2 fsle] KpES {5
1EA) A JEEER) JSRAER-S Cherry et Crandall 7296 fk31e] 0.05N-NaOH g o 2 #isedts w}
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2 A3 Hrkoz HERES ool Mo R lipase HkEE Kotgl ot

#gR Trypsin o| BfE—trypsin FIFEHE-S Anson 320 #3te] K 1mlE &% BB
ol Yol 35° 9] fHiEMIA ©|2 incubation dle] —EREE HifH 33 2% Duodenum ¥
oml & 3t o-& IERES] 204y 4% Bk vlE] 35° & & HH (hemoglobin, pH 7.5) 5mlE
stz IERESHAl 10 £ incubation 8}e] Hff=] tyrosine ¥ #fFjk-S Beckman D. U. Spec-
trophotometer £ 274 mp ol A W[5Eslod trypsin {EHAES Keksli o

#H&A Pepsin o] I —Pepsin iG#E(lE Anson®" ko] ¥#&3le] B (hemoglobin pH 2)-&-
35° fEi el &4 5mlE fusted incubation 8 % K-S 1ml fp3ts IEMESA 10 HH
incubation A 7] 1% J#EEE] tyrosine I ¥R S 274 my o A] Beckmann D.U. Spectrophotometer
2 HiEstkal e

BRSSO hE—F B WL —#52 formalin o &Stz paraffine UJF-S Hl
{3+e] hematoxyline-eosine #Huf-& slo] Hfistsd o}

Table [. List of Experimental Animals

Mammalia
Dog Carnivora Canidae Canis familiaris Linne
Cat Carnivora Felidae Felis catus LINNE
Rat Rodentia Muridae Rattus rattus rattus LinNe
Rabbit Rodentia Leporidae Lepus coreanus TrHoMasS
Pig Artiodactyla Snidae Sus scrofa var. domesticus Brisson
Cow Artiodactyla Bovidae Bos taurus var. domesticus GMELIN
Aves
Duck Anseres Anatidae Anas domestica LinNE
Chicken Galli Gallidae Gallus domesticus LinNE
Kamchatkan R . . e .
rustic bunting Passeres Friugllidae Emberiza rustica latifascia PorTENKO
Reptilia
Snake Spuamata Colubridae Natrix tigrina lateralis BReTrOLI
Viper Spuamata Crotalidae Agkistrodon halys brevicaudus StriNEGER
Lizard Spuamata Scincidae Leiolopisma laterale laterale Say
Turtle Chelomia Trionychidae Amyda maackii BranpT
Amphibia
Frog Anura Ranidae Rana nigromaculata nigromaculata HarLowEeLL
Teleastomi
Carp Cypriniformes  Cyprinidae Cyprinus carpio LinnE
Cat-fish Cypriniformes  Siluridae Parasilurus asotus LinnE

Snake head Ophicephaliformes Ophicephalidae  Ophicephalus argus CanTor
Eel Anguilliformes  Anguillidae Anguilla japonica Temminck et ScaireEr
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HHED Bele 1850 EREYS HBBMI Rl =tehd &% 1001y LEHe
#ste] FEWISEBER trypsin, amylase, lipase o] ¥E#EEES HI5E3te] mean values & Koz &
BPIHS MREE Bl om =8 ol % 8y iM% amylase I lipase 2] mean values
= AfY A sty o

WARRERE AT B PR SR amylase o) gho] 4o lolA 7b A Qon o
o fatel e #1065, A3, AXd A E 20% Lbeldn EAE 3% o
ol& # 5EBREEY EHEE Jebdz YUrh. lipaseo] QolAE o] 47 717 worow
E7 A ol Ant oz 23 A, mofel W sl A E Lo Habel #1045 Lk &
HEEE 22 ddzm AAdAL # 7HRES v FT Q. trypsin & EA7F BIE
f@E e s glom] & olo] [hahe] #y 4ffolgz A= 4 345, 23], Aol oA
= 215 HE o Fm 9o

RME FEeeRiEe TR SN ®E o, oo ot WRMES Lo
. amylase &= g, o#lo] QejAdE wlash} AL s 1/29 velFm gglm,
lipase el A= #) 5 %2 A4 ool trypsin & oja] B, S|l AR usshel ou} 4o
AE L5 REY T o lHE wdFn 9.

Tesagiel BEMEREE W aiRel 43 5], A=t Phiol Al = amylase, lipase, trypsin
T NERE dew Tebiish Abzlel A AHE 20 (45 wolFg i AtE mabulo
Hested amylase &= #7 6 1%, lipase &= %7 1.4 %, trypsin & % 2.5 fizo] 9 c}.

RIS B2 70 72] o) Al & lipase, trypsin & % whul o) jEbE(ES- v) S5k} amylase
fEH2 K 12 f5FRErS =2 lHE ne g

B BRMRET AElAE TS St = fhel amylase, lipase, trypsin &
HES 45 amylase o A & ] 717} BK(EE ez om FEAE oo st 473
&, Aole #1565, JeldAd e b L @S 2ol £ 2015 Llkol et lipase o] §lof
A e wzlake] HiF T {EHE Rel o} AR v Sd 4E ez 909 en, trypsin
= Aol A REMEE e eH AFEAE oo HEle W 4, HAdAE K21,
dole # 6 {52 7M=& @5 etz ¢ ok(Table ).

WERI e BEEE AR Rl ek mSlEY, B8, OB, Wik, fOER)
o MEfiE FRERESRS WRES B @R Fig 13 2o —@rmes IFdsymel f
Foll SlelA & MERS MEMHEZE o ol (KTFEZ, Wi, WEES R4S EsEs
Fuch BT w2 HAele BE 3 mWABYM A £ amylase, trypsin 3 lipase {7} —#g
o2 MERM Z7F ot o5 B amylase, lipase it =5 fiffo] Hstel Bk
7b @S] weted, trypsine] Slel A& Mhig{EREFES: Dol By mEd EEE g
St MERAA S REWL ATE 1 E @HS Y 2 EEE gl M3y A#E
BB vl HE WSz U

Rt 2= BEBRE—SDYS S J2s #EE & o S Stk IE
B A= HEM =], 7], Ao MREE A £, A9 EHEd Kk
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Be AMEST % 9 ARE BRASZE BEEY 92, A, AAAE A ool
9 wffkel £7, Lo Hehd amylse ik Bige £orom AMBYSH ROBYHS
£ iy amylase ol A FMEM] EHF ot lipase ftio] 4 £ XRE wxl Zahgloh

27.500 ~ 27, 500
~ o
g g g
25,0008 g 8 125, 000
-] = . o | Elf~ 3 = g
n = 2 B 3 a8 sl ity E] S8 o
& = 218 it s £ ” el gl & E 2 = |5 g
1 E o 0 O4lE 5] oY FF Ol & 4 F ¢
20.000§ o g i £E 2 g g < o | £l g = & || 20, 000
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2
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15 H E
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CEEREREEE R B CEr B FREREEEE LR L O LR S S S P L
53 & e & 55 &
w4 P x3

Fig. 2. Valuz:s for Amylase and Lipase Activity in the Serum of 18 different Animal Species.

BRESSe BRSO B &R e KRN R ik Stz
g ke 2718 Jh3on MEEECK A Z2He M AREES solt Aol Mol
gz 2R BT 277F Az 5#AskR] qkgl oh(Fig. 3-1). zoFolo KIRMEE
ol £ ARHAfESEY ot M) HEE ol FA X MINES MEiEe woor H#R i
—FHE e 2 ar e bkl e, WG 4EMS M NERRCE FRFE ] o
2E PMERAIRS T ohFig. 3-2). =] FREE LY 23 B%3 275 v3e
= REE SIS 2 MIIRERC = BRPEAE et BT BAS volw Aol FHMeld
o} (Fig. 3-3). W/ BE 2717k Iy Astot #e sldeh. 3o AL BERRE 27
7t Zb Z I3 M) EEstgden RME STt E AR e w velygoFig. 3-
Y. BNBE 2717 b Zlen MiEE wkskeh. S0 BASWRIE =70k Ab 3
I #wERe] AoEs MiME S #Astsl G(Fig. 3-5). FUhBE Aot ATE
N WIRIEY WwER-2 Aot filge koA e oz 3 Bkl 2 BAABE 4
#olem 4 BURELSIE 7H o (Fig. 3-6). &, o®l, =z, 4mab 3 {8 Fo] 59 K
BRIEE =% HLsksl o Rosette & ol Fx IRMIITE KRS o F= [Likw 2 &
e #¥ BEd MilEES sixlz 99 oh(Fig. 3-7, 8, 9, 10). —#fIe® BIhEE 3
I ROEEEg on BONEE SH1EA] glTh ool KRS e sS4 1
el BAESI] dom oi9- 2 S5EERS MU THMEEES sty BEE ~#EeR
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Fig. 3. Histological View of Pancreatic Tissue.( x 450)

1. Dog 2. Cat

3. Pig 4, Rat

5. Kamchatkan rustic bunting 6. Frog
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7. Chicken 8. Duck

11, Carp © 12, Cat-fish



June, 1968 ~ % - -} =4 Ed 11

BEFI= o Slx BENEe =t ABY £ MG Fot 4 & o) =X AowRe ELE B
£ 2der MES BEils & EHEE 3EN= ‘giu}(an. 3-11). ol =3 FF
ke TR A S S ffEe ¢ F ddod RIRSATANY Aoz #u=Eg. A
719 Bl —5 IR RIR=AE (2Bt dokz i“% —ile BWELE s
B NEZE B E2le] Rl A ANWRE IRIEMRC] RS ERN = e
g zymogen k& 2 et

MmE R ER
A HEAI A WER WEERSRIE T MiETEel HE A 3l iSRS 1276, B
A & g A iso enzyme 9 klnetlc HERS 2R kst HF HEe) EEE 4 glort

A BRAA T —EY HkoR MiEs mHEE kel MBI T fEXol Bk
S B o

18 FES] HEREPIOl Hel PEEe amylase, lipase, trypsin o] (EHH:EE [LEsh mESLEMO
A= amylase ffiell Aol A =2 >F >A>oFo| > A >4 AR, lipase fHE =) 2] > >
SoFol >3 >EA >4 JRANLE, trypsin it AR >E>A>AS>EA Y ﬁfii . {ERTe]
-8 BT vl o9& &y Bouchardat?, Me-Geachinl®&5e] — i Bhiel] A
BZESt Wl amylase fEio] fHAFA hes] —FHE R = o}t BRI wbel WMQM‘?{?{@Q
AR FE ERA o #R] sl=] 9] Bl v WM 3 WEMHREs =Y BEEE
R -2 RSt Aol QlolA = fhEMAl Histel FEME amylase 3 lipase {7} o} BAR{EE
vHER W MER trypsin By A OG0z & EE FRSA £9 B HOTRDE 70%
Blbel WMASMEHRE BB Ahe Keller®™ %o ks Mo, =8 Aoz »
of Fefrfkolzta & 5 & A=, 3 F AAA 374 BRI B kel —#RAY

LB e w2 [@E 2 2 glen EAHER E7, 4dA amylase (@l 99 #ix
Bl bt RS KTl QL& mobeh. lipasefdix Al E7, &olA v ik
ol A, ==, A 3 ATkl aefolel Hishe] Horeh. o] & Magee %ol 2o Lol

EEE Y HEEMBERS ] amino Brf —§ 247 amino B¢ FpNshe] fRESh HRbER
REBEAE] @ing & B, @wdstal e, oo kT kel WMEERER 4
HT GE PN AERAAE HEEBYA ety NANEmS WEREsr %) =
S I i Bhre) BRI B8 WIREMES skl Eoh zEdh Alehe] MR
TTRE ZieveW 4ol {kabw FETEA] 9lolAl KR MK amylase Bl lipase fgie} ALk fiE
WA E tEFeh o RSt Jlof wk=a] Bhe] frfEo Zube) WM{LMRE £ ¥t SFAES)

A GEE A R . TS WS AR R Ax Sre] 524A1L
ﬂoi ,\l% ook B DIESREE REEl [Leted 21RE b lo] MliERRyo 2t

i ko2 5ERd] sl WM MRS WIS & + Aot

el ‘01*1 K@l o2, ¥ amylase 7} BFEsel %4 woh HiEe] Eo {HE v

L glont lipase &= A 7F ol [hste] S| 0w trypsin i A& u) %)),
o2 EMnEhPl Bete BEc MILET BRimBWel Hete WRGsr s o
o HikEror: UMER HbE w5 gl

¥
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Jeszd= ?PEMW uk amylase {&7} o] o EotE Bl st HESHA ks AT
2ot ML SRS vebdol Aete B S R ZT £ ARSI R At
SRR “ELF H@? el Bst— BYID amylase {7l A W2 AStE wisdt BEY B
FEgolztnx £ o ok Wi BEete fEFel, 4raAldAs BILHERE WA
Fetgieh. webA MEe] Wi W IS MIRete] HEtol Al & pepsin & MWigEste] R
A WSSl pepsin - Table [lo]A] m+= whe} Zhol  Lhlky 53t WEHMEEES 2 TR A
+ amylase, lipase, trypsin BF 42| S RWED T QAT 53] Wk 4=l
AE IVE WESENEEE WES R 42 Biez wol Wikl EI el KA M
EREE AWsts] et £ < sleh. =rbyl, f8 5], A=A, AT 2 MR
gl A SE&s] el el Fst @R olehxhe Bk MARER R B AL MR

Table [[. Distribution of Three Kind of Enzymes in Liver and Stomach of Snake and leer

Species ' Amylase | Lipase J} Trypsm ' Pepsin
Snake 18 23 35 ‘ 163
Viper 21 l 25 a7 | 117

oA x R e B Awel KR amylasesto] ERL G AAAE el ol
amylase, trypsin o], Aol A& H{ L WIS A2 QA oA WML B
A gree] WEES Bel Mk Afbslel RomA MBS KUt 4t AL R
BEYE Bl 2 o3l eh.

RS oJelel Slol A e Table et o] NHFHES MR (b 2 WA

Table V. Distribution of Three Kind of Enzymes in Various Organs of Carp

Organ or tissue ] Amylase I prase 1 Trypsm ; Pepsm
Serum 1008 145

Liver 623 37 264

Stomach 293 54 272 73
Upper intestine 735 57 252

Low intestine 611 53 335

Pyloric portion 261 57 438

Spleen 444 44 130

Kidney [ 26 25 39

HE =l v o858 IKTE S wghrl. Mc-Geachin and Debnam®e] #s62) Fli
Aol fFEESHE MRl Al vk ol oh FFAfol A = amylase & REAISFE Sled] AEEBRA
= FFHEEA € R BEdRke) BB Lo REY B ohe Wi koz fHAE
Hohsl & BRS et ek SimEme]l fO8 2 S, WA Bte e, W,
HEA, Aol, Az, Eeb, f@Fol, L), AT HEES ALY BIFE 1
FLE, BEC) Bste A, =1, &, #, B, zokel, A, o, o MREE LEKE
4 BAfEs ZRE 2o Fa gl

WEbgrs (LRl R ZRE LEekd B o= BRed 250 9o —ies
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MHIZ EE 9 EERT JoA & BITFS BRY HBEEZE Sobobe fHRAe] 9.

M amylase o} lipase EE LLired = SWEBN RHH ZRE BEL & Jov Zim-
mermann®¥ o] [fjgHe] GOT, GDT ¥ ffiRekot #el =t=} th=dz Rt w9 7o)
iM% amylase, lipase = Fholl =h2 & #H& WIS & & Ad k. M amylasefgi= s12])
22 ) FEFe =rbl) A Aeld HA) A=A o) B HJD A ATe) 4D
FEAD) BA) 3oFol) A MRKLE =T bS] MiE amylase nod & (HE wdam
ezel FelH, & 4% LIk, &id 8018 {E#E vreb vt lipase o) A & 24
b M As LA A MEged S4E BRAStZE =T Table [ Fig. 29 o)
lipase 30~100 BEfi AFolel SlolAl & FERE QIlch. ik amylase 7} A}els etz 3
kel A, A, FAedA 2F 5 EHE 2dFZ I M1 amylase P lipase {fiE 58
TRy Riel Al shte] AE(bERRy o]l F & lAlont b ol E migEERs} miEhe 1
et MAERYel EEH:S BAfES] Rl o] A g

HET WM 2 MiES] amylase o lipase ¥i#HEE [Liks=l AABC Esls 7, 3ofe)
ol A & PEMERE: MAERERED sl 10~204% o], lipase fiix 7= H =] o] A 50
BUE =t —Rive s MR X RS B3t BPWIAM T MW amylase B lipase 7} iy
7% amylase 3l lipase o [b3}e] 2 IEHILS] HE 2Tz Yot RS oo R
ol ATEE BRAStEE 2F THEWE 243 MIEMRIE T BIBREEEA Hstd 2o
oA 187 EEREMW 1A =T MEMHKEST KERERESE BT s 2
= o] M1 amylase I lipase 7} R amylase T lipase 9}& #EBEC] $iot=z Ruest A=
stz 2o

]

B

WHEENY) 18 BE 1Bste] WP amylase, lipase, trypsin 2 [j%d1 amylase, lipase }%@E
F HLBHoR g, i3l

1. WEPLENEIS WM (LRESEel  9lol A amylase JEH:fEE ==, 7, A, :oko], B4 B
&9 JRo2 (KT 2 lipase fEHAEE HA=], A, zoFol, 3, B2 @ 49 JEOE, trypsin
< ==, &, A, A, B9 HoE EKTE A=A R BEEES Rustz &
ol A& amylase 3 lipase 7} B T{&E vFebdol Histed trypsin mbo] @5 %o (HS T
35l =t

2. oz yo} HEMWIABY A=, 4, A Ho 5o BERRHES, HAHSY
d EA, & FlAxe & BEBE et E el et

3. BEClA = g 22 WRREES Yebl o) lipase & ETFES REsHA T

4. AT Atte BOR BERAEE ez 25 E% 2 K amylase ©
trypsin 3 -2 lipase {65 e}yl o}

5. & Fe], Amate] KA BILEEES BAEg o) I, T % AL
A HERY B WERRES e Eebl Ee MBS EERES Y Qo

6. RS WS Pl BAEstz o] MRk A HHEEY BWELRERS vBdg oy
BiEHPel ezt X2 EE el o] #5d] lipase {fie #4319l o

i
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7. BREY KEEEEE AR YA e [Es mAEe BEs 28BEe BY
A MAZ B o RS W THA %R Z5E —RIVSE BRET oAl T
fEmel et ‘

8. % el Mm% amylase ¥ lipase ffie ABIZ Abuke] {fol st ¥ fEE ER
T oEd WRERET 3o 2L 23 B JeIAE B2 EE ez 98l

9. MR L MILEAAE 2 2 A KIREZL 23 RS EREY BEsse
o BN, SRS WIRME FRE EIE Rosette ol o Buile Hlghy & Rkl #5
BT BEY MEES AR Z dn REAAE THAC BiEse i 2 BARE H
Ratglo

K Biges WS Be MAE o9 T4 RGN, WEE WO Be PEE R4 TR,

BB ML 2 AMERMLO] maelH FRAM ¥ S Tk FA KER, [ ML
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