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A Study on the Activation Conditions of Pancreatic Enzymes
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Abstract  This study investigated the activation conditions of pancreatic enzymes from porcine pancreas.
Duodenum induced the activation of pancreatic protease and lipase in pancreas. When 10% duodenum was
added to pancreatic juice and the mixture was incubated at 30C for 90 min or at 25C for 4 hrs, the
activities of pancreatic protese and lipase reached the peak. When the pancreatin was prepared by sequential
process of enzymatic activation at 25C for 4 hrs, centrifugation, acetone precipitation and freeze-drying, the
specific activities of pancreatic protease, lipase and amylase were 136, 116 and 400 U/mg-protein, respectively.
The protease, lipase and amylase activities of the prepared pancreatin were 5.4, 58.0 and 16.0 times higher
than those of USP standard, respectively.

Key Words : Pancreatin, Pancreatic enzymes, Activation, Duodenum

1. N2 B2 AZFARE ARG E A hei1,2]. Fe] A3tas

A A B A wasE e A 212

T o}l (pancreatin)S FA0] QEH] A|EZojjA] b S4sto] AFH 55 4o ¢ 7] wiol dalEE

Solu T Alo|AA0 R Hu|so] LA Sojo] At SlEAch AUEeEAL BAo] gl ATA Fe= v

= sslaase] Bgol. Sojd| Aol oz Bulsl & BASHEo] 4348 T

g olel&  trypsin, chymotrypsin, elastase 2l 285 oheh FPgell A EulE a4l 248k a9 1
b ig

carboxypeptidase A, B 5-2] T2 EL3]| § 4~ (protease), | , HIZdF Y] trypsinogen AJo]A1F W<
7 lipase®} phospholipase A2 59] A|HME3)|d A(lipase)  enterokinaseo]] ©]3f] trypsin & & 2HJ3}te|m trypsin T}
of ApEAEsanylsF BT Y BeEsd] 2 HBYPY Dl BeEsel QYRS B4
2 40H4] 5o ofRA At ofyel AEA RS H7HE SRS EF TS typsinogend SHYSHAZIO RN <

B ATE 201005 Hedishi shedaaue] A2e wob Susiasych
TWAAR} 7 15 (kimdc@chungwoon.ac.kr)
2=l 10d 109 309 2"l (12} 109 119 169, 23 10 11 299)) AR 119 019 13

276



padolel 23ase] B4s 24 @7

Q9] 43440 TSR ASAITH-S] AolAg 7P} W] e TSIl TS G
wEba] &u BX]) HPFo 2 RE AStaLE BE = ERISH] flEl HolA M7t Aa S iRt
Zofo] padolels A= A9 ThABEAS} A ulwshgich HEZE A4 100 go] 5 mM CaCly - 2450
ML) BASIE] A o] thio] SBEAA  BOUGEEEOL pH 82) 100 mig AV NS AL
2A9] 1 1S A 4 GTHeT) AR MEEE  stel A 22 s B T ARl A%
o] A3}aAEL AT 7]7] Y8l enterokinase”} TS 250 mlo] E|EE =88 Hrlsteict Alo|x|#; A7}

== O

FE2E WA Al H7isiol

W8 AA ZANA FA
255 incubation @'OE/‘H trypsinogen<- trypsin® & &+
AIAA wA oY BagS SHiAlZ= 9]
o W Gt B AL Ao|A o] Solgl
enterokinase S 2-&-5}0] T gotelo] a4 S o)
SoAt eI, ol 918l Aol Aol 1R Aletel
250f Ate] whet Hd astaad] 2493 s g
QUsfeict. olo] ujet B Hxo] RS 2Ue B
Sofelg Azstol v]RFALEUSPI ulmIecY.

o] gl Alolg
Aol Axshs

A3

=

T

Trypsinogen

rb Enterokinase
Trvpsi

rypsin

Chymotrypsin Phospholipase A2

Elastase Colipase

Carboxypeptidase A,B

d}

HX] 4

=2

(22 1] aebgol o Akl o
2ojas B Y

23l Bt A

2. M2 % di

21 EHIHOIEl EAEY £
HA) PFoRHE FE3 B Yolel ] thE R
Ak, Z]Ho]’l\?_‘ﬁH_é__i ‘;14 %j]j B3] H_Q‘__,_v,] 32]—/\{ ° USP ¥&
E2|(U.S. Pharmacopeia, Rockville, MD, USA)S 7|2

2 3lo] u]=51AEZ2(USP)Q] wh[10]0] wheh 2481

). chillz o FZEZAIFE bovine serum albuming:
AFgsto] BCA hha Aaba[le] el 4asiick
2.2 MO|X|E H7toll ofst FE AStsA &
A3t

277

& 7 100 g Aol A% 10 goll F=8-l(pH 8.2)
100 ml-g& 718k WAE ARgsho] akafigh & fafjofo]
250 mlo] g &89 AUkt 24 AEae
P2z A wRkshHA 300t A]g— R
YA (4T, 10,000 x g, 20 min)3}e] A}
Arsl|as, ZIHJ-F%EH

=
Aate] A3 e

1__

e

=
=7b A aad
o sholatgic). A 100 gof Alo]A|

[

ZZ0l(pH 8.2) 100 ml
F o] 250 mlo] =
Z¥7ke] A BE 25T &

g

o524

2.4 Tt ¥|OtEl HM|=

A% 100 goll AoIAFE 10 & W31 2EEopH
8.2) 100 ml& H7}sto] mhaljal & Baljolo] 250 mlo] =]
£5 328908 W1 2508 FefzolH 44]
7t incubation A]71 & ¥41E2](4TC, 10,000 x g, 20 min)
slol AFEOLS UYlTh AFEOlS 4TolA 1A Bt
incubationd}al 4C2] OPIES FHE % 70%(W/w)7}
HEE 5RO AA A3t F 4Tof|A] 3087t wytske]
saturation A|Zlch U4lEe| = AF5HE A ASt] T
S DaL 4ColA 1547 WA]8}o] ofAlES SHA
AxAR7]0)A A8} b [Ete) s e
50 mM phosphate £F=-8M(pH 7.2)0] =

W A

A, AR E A ol Ao

H U}i

R

=
3}
=



eribel7)astalew Al Al12d ALz, 2011

3.1 HOIXIE H7I7F HE &9 Yzl

Dlxl %F

2% 2Ae4 Bl AlolAge Wk Adel
culgBanae] Aol 3 AE o WA veht

]0%(w/w)4 /;:}0]1]731— A7) AR A B g A &
)

Hﬂﬂ Z|ch gl E%*%D} Aol e dfefaa
o] 2HdE& &% 23t w9 vln|gt Zl(data not shown) o
2 Uey] 2ol Ao AR aae] gy St
= 2] HolAldol Sl Tl ERs| Ao 7 At
7} oFye} enterokinase®] A 443} vhgo w2

ol g sl a o] FAISHI2Jo] ofg AIE o 4 Uck
w3 gl pe| o] B4o] WEAIzio] net 5718
= WolA% AR oI8) Hujna|ase] B
7} EAHoR SRt A8 Holzch A%l n4
A pHE 822 23 FE8NS ALBFH HE 240l
9] pHE 6.0 X7} E+=4| o] enterokinase?] WHS-9]
27 pHel 560] 2USER B BATO) A S

2 Zohg 4 gl

2499) ymogen T
1S3 % aﬁ HhE gHEeiX)7]
o Maglch23). whebd dhzzat 4lo] 1

FRell A AR EA0] T 2 Afol7} Gelrh T

2C].
wlaba] Ao 10%(wiw)e] Ao |3k

O
=
0°CoflA 9023t HE-gA7| T Thld Fafaso] 2dolrt

2o gim AR a0 ST A
o} a8y Bagorele] §43HIIE ik
283k 79 30 Col|A] 905-0] Holrtw 32
aavt 2298 Hol 480 28] 4
A3y m Rl WRS Lw B ukil Ao| HlFZR|E
JEU LEE xeo7 Wo| Lk Ao

A)eh=d]| A7k —'Jﬂ
AREER HE 54|

of 7742 a8l TR & 4
5C2] LxoA HA a40 A A
42843t A= g vwsh)

o)
ro
K1
it

ox.
Lo
2 oL
fo &2
1 orle
= >
(o)
i o rlo

4 o
2=
L

&O no{«
o 8
=R
o
>
o
nich
>
flo yo foh

3.2 HIS2E9 HOIXIE ol Y =

o| gdzto olxl= Fe

—.E
do &

O,

A

bl

% 2BoA] Hzo] iz AHEFaAE A7) 18 3A0A BEo] 25ToA Ao|xAe H7tsho]
Aol ulgl 2ol MAs] Erlete AAS Beou FEY aaE TS Aol RS 158
I Z7F Al w9 vjo@ch ey Aol X% Arlge]l &9 AdETolds dHdEaae] S5} 50% A
M Azho] Ae] whel AHFEalE st 20 Aw g =5 dojuk, AolXA MRS 10%(wiw)7F EAEH
eI} 908 o] S HEL o] 938 gaste d Bl AR U ¢ UAKTE 10%2] Ao A% 7t Al
A& BTk o= trypsinol] o8 AR EAE0] B4 25ToflA e aso) Sdshe 43kl Hdighel
shglo) whet Aol Z7HaY 115kchrt BES Ajgte]l 24 E=ESRRlch AES|aal] BT AolA Y] 7t
oA e ol o) AR A4S 33} LRI B ol wet 2 ZolE HolA| GFYTHIH 3B 30TolA
OHYEA| Il o] o] Tl AR F Lol o FAL WS O Auel Hluste] W, 25ToflA AYEsiase] &

20000 10000 40000
@A) (B) ©

16000
L) u 7500
12000
5000
8000

Activity (Ufml)

4000 T

e drmemeo A A 2500 { .

30000

20000

10000

Incubation time (min)

(38 2] 30collA AolAd A7b7t #rge) ehid &

60 0 120 150 0 30 60 90 120 150

Incubation time (min) Incubation time (min)

& (W, AolXA AL A, HED).
Data are averages of duplicate measurements with spread less than 10%.

S aL(A), AR EAB) W AR ARC) Bl MA=

278



20000

40000

12000
A) B)
16000
- 9000
E
5 12000 " [
- 5000
2 .
= 000 R
o o
< AT 3000
4000 4
0 0

30000

20000

10000

o

2

Incubation time (hr)

[22 3]125ColA Alo|x%
A3 (-m-, 10% Ao|RA 7}, --

Ao ) 2,000 Uml A% 2718k
whe} 2ol 348 sk @
oliz 25TColA] XEa| R o)

a1, AJZko] Al

ANE ehtA kol

32} L2V} ok Foz

fA o] s ade] F2o) ofs) ATEA g
L 2 ou4Eteg gEdobd a4 FASo)

25C9] 2w7} Askehe skeolatgitt Alo| A A 71ekut

Incubation time (hr)

il el sdaaasw, 8

4 6 2 4 6

Incubation time (hr)

9 AR ERC) Bl MRl

B E2(B) L

-, 2% 410]A]%} A7P. Data are averages of duplicate measurements.

slE)o] 2E BT ATIA 33.2%2] B0 A=

HIZYEL 116 UmgO R o] USP 7]3<] S8ul= vl
© £QkeH10]. MEESEAE 2F 42.1%2] FHAo] &
Z|E]|Q3, HIEEE 400 U/mgO & USP 7152 16412]
2L HFSkaL YATHI0L 71Eo] Hirg dichloro
methane_v"—} trichlorofluoro methane 2] G-} & A}8-3}o] 3]

BhS 2m AER a0 FAo Ao S 4 gh wagobd of Tl s a4 200 Umg, Z|Haf
orotrH 1 3C]. whebA Aol 10%(wiw)e] A]o] XA EA 58 Umg 2 AEES|EL 140 Umg®] HEAE
¥ JH]EP 25Col|A] 4AI7k incubation AlZ|H Tl [15]9} vlwEtHE w, HolA S Hkste] XAshE =
AR ase AR gstET, ARsjaset dE Hog Az gadgorsle] v AR aao] ugg e
Haf gl EWE =2 LELEHOPFdé Az 4 ek = ok FAE AR aaet el aae] vy
T 950 A debdok
3.3 E3OLE! M=
F7g 100 gofl Aol 10 g& ¥ar mhafste] 25T
A 4X|7} incubationA] 7] 1, YAIEE], oENA W £ 4, A=
AR5 AA 2T 146 29 U&HEHOPQ—% Az 4= 9l
olt}. Mol BtiAe] e FASET 2288 B AolA1ge] Hrtet vhe-zzdo] HiA] APElM &t
1o Yepfiict. diABejais= 4*]7]- incubation®]| Hobd Bage] SISt mX= FRE 2ARE 2
ola oF 2.6 AL, SFskE AME 100%= b AR Hrhe A G AR At AR
B W B5EAE AXE §eF 56.0%9] waEs)  HEse] WS frevhs ISkt 10%(ww)2]
2 g5et 5 9k SEAZR B 10 mge ¢ HOIAEE H7kste] 30TollA 9027F wkeAIZ] et
T@—oﬂ 1 miof] o] 48 2% Aol wite] wha = PRI M3 s ase] dol of 3 ¥
AR EAO HBAEE 136 Umgo|x, o]= USP 7| 7, AdEsfiass] 842 oF 2v) &7 uehydch 19
o] 5449 A GER|THI0]. AR aAE S U 30TCoA= AEeiasrt eqhget 2o v
(2 1] #agotgle] AR gL, A PEsas d dEaase] =& 4 &=
R H A PR &4 AeEefaa
i 2/3(U/ml) TE(%) 2/3(U/ml) TE(%) 23(Ujml) TE(%)
aha = 5275 - 15,558 53,556 100.0
4N = 13,607 100.0 19,616 100.0 48,013 89.7
EAAZ 1,355 56.0 1,158 332 4,006 4.1

279



LN

A12H A1E, 2011

NS 2w 25T R W 543
Aol 10%(w/w) o] =]

24

OA]

{Xe]

Aok Awsigct A4
& 71ste] 25 Coll A 4417} wt
Ao SRRl ase] BBk Palo] meshe
AR e} HERS A FHE 7 918
shlahirh. 25 Col 4] 4417k Bo) EATHASE Ul

o

al,

o
=

Rel, opENH W FAdz| ApyoR et v
aeﬂora AAEO| NEHEE 24 A3, S
A 136 U/mg, AHHEs|a4 116 Umg W AEESa
4 400 U/mgo 2 YElgth
Hn2s
(] 258, 24, Axe, “pado 74 mzs
AT, oRAatE|A, A33H, A4S, pp. 273279, 1Y
2003.
[2] J. E. Clain, et al., "In vitro enzyme activity of

commercially available pancreatic enzyme extracts",
South African Medical Journal, 53(15), pp. 582-583,
1978.
[3] L Jung, oS4,
ofel I A
pp. 98-102, 12, 2009.
T. Wieloch, "Trypsin
procolipase", FEBS, 185(1), pp. 63-66, 1985.
[5] A. Larsson and C. Erlanson-Albertsson, "The effect

of pancreatic procolipase and colipase on pancreatic

AsH, HA AgeRty #ad
A5, A7leds, A4d, A2,

s

[4] activation

of  porcine

lipase activation",
and Lipid Metabolism, 1083(3), pp. 283-288, 1991.
M. H. Kang and J. Lee, "An improved procedure for

Biochimica et Biophysica Acta-Lipids

[6]
the recovery of pancreatic enzymes with enhanced
activity”, Biotechnology Techniques, 10(6), pp. 419-424,

1996.

H. Kimura, et al.,

(7]

"Activation of human pancreatic

lipase activity by calcium and bile salts", The Journal
of Biochemistry, 92(1), pp. 243-251, 1982.

[8] S. H. Lewis, U.S. Patent
3956483, 1976.

[9] M. Abboudi, et al.,

which

“Preparing pancreatin",

“Method for producing pancreatin
of residual
U.S. Patent 5861291,

contains low amounts organic
solvent and product thereof",
1999.

[10] USFDA, “Pancreatin”, The United State Pharmacopeia,
1995.

[11] C. M. Stoscheck, “Quantitation of protein",
in Enzymology, 182, pp. 50-68, 1990.

[12] D. A. Grant and J. Hermon-Taylor, “Purification of

Methods

280

porcine enterokinase by affinity chromatography",

147(2), pp. 363-366, 1975.

[13] D. H. De Souza, "The stability of pancreatic lipase",
Biochemical Journal, 10(1), pp. 108-114, 1916.

[14] B. Borgstrom, "The temperature-dependent interfacial

Biochemical Journal,

inactivation of porcine pancreatic lipase effect of
colipase and bile salts",
Acta-Lipids and Lipid Metabolism,
490-497, 1982.

[15] H. Hans,
pancreatin and product thereof", U.S. Patent 4019958,

1977.

Biochimica et Biophysica
712(3), pp.

et al., “Continuous process of producing

Z1
(=]

= ZE(Dong Chung Kim)

19909 29 : &
I} (]34
199219 84:
T} (o]3HAAb
2003 8¥:
T} (53R
20009 9% ~ A : oo
W AFGSe xus

AAeSta AYs)st

Aot okt

(e}





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


