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=Abstract—
Effects of Electrolytes, pH, Glucose, Acetic acid and Propionic acid

on Oxygen Consumption in Clonorchis Sinensis

Hwa Woong Kim, M.D., Hyung Kon Choi, M.D.,

Byung Oh Yun, M.D., and Young Ho Ha, M.D.

Department of Pharmacology, Kyungpook National University, School of Medicine
Taegu, Korea

(Director: Prof. Chong Suk Kim, M.D.)

Oxygen consumption by Clonorchis sinensis (C.S.) was observed in a medium of valuable pH of
KRP, lack of certain electrolytes of KRP and of glucose, acetic acid or propionic acid was added to
KRP. The results were as follows.

1. In a different solutions, KRP with or without 0,4%-glucose, 0.9%-saline solution, the varia-
tion of oxygen consumption by C.S. was not significant.

2. Oxygen consumption by C.S. was inhibited by the solution of KCl, CaCl,, or MgSOy in a 0.9%
solution of saline.

3, Under the acidity, oxygen consumption was enhanced but under the alkality, it was inhibited.

4, Oxygen consumption by C.S. was inhibited by acetic acid or propionic acid in KRP solution.

5. C.S. keeping in KRP solution for a long duration, oxygen cosumption was reduced in the course

of time.
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2. {53 : Glucose, sodium chloride, potassium chlo-
ride, calcium chloride, magnesium sulfate, acetic acid,
‘propionic acid, hydrochloric acid % sodium hydroxide
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3. EBREE . Krebs-Ringer-Phosphate (KRP) 72¥ol A
me BMERES L AL BEN = slu SEEY #
Holl wel BEREES g1k 2ol 4Esdd

E1E:0.9% NaCl & 0.9% NaCle] 1.15% KC],
1.22% CaCl, =¥ 3.82% MgSO,& st £@K< (B
<19 #&EE KRP 9 AR5 B—d.)

#om:pH 12,6, 6.1, 6.4, 7.8 83 9 9.8 KRP
B+

H3BE: 4X1073¢8) glucose, 7X10-3¢] acetic acid, pr-
opionic acid & ¥t KRP Bixe-

548t KRP o oyl o 4 24, 48, 72 BsSq MBS
R A9 BRRERA 1AL BESE £& PR
.

L k4] &fE medium ol = penicillin 2, 000 unit/ml 9}
streptomycin 0. lmg/ml 7} 45 ¢ ).

4, BBEBEPIERETE @ Precision Scientific Co.#l2)
Warburg manometer @ reaction vessel (25ml)¢ {FH

e} Es
BE® F %

85 1% - Warburg vessel 8] £550] 1.8ml¢] 0.9%-
NaClBR-& ¥ T RBKRGE BET HE Torison
Balance 2 5 100 mg & Bfsle devl. frzde
CO7t teEE 2N-KOH 0.1ml 2 ¥ Azumi Filter
paper No2 & 4cm?2 &z} 4B FolA B-& £ fllgd =
RS e £=9 BEY 0.9%-NaCl, 1.15%-KCl,

1.22% CeCl,, 3.82% MgSOst 51 5% £BERE &%
0.2ml & Y-t BesR e i 170 804 7] 5 Bl ma-
nometer of] < A sl 38°C &) Warburg ¥ #8rhe] 32354
Feh. 30 SR IEETD el fES e EEd EiEsla
30 et} Hhgsrl BE St MR ES Warburg standard
manometric technique o] k3l HIGEHE st ot

HEoPE U HIBE: Warburg Vessel 8] =0 1.8ml
®] KRP & dx EEe Hikdl Kt HBE 1Hrel
o Yok filEds 28 BHIEERY £=9 KRPY
pH7I 2.6, 6.1, 6.4, 7.8, 83 ¥ 9.8/} 2 4+ 9=
£ HCl 9 NaOH 7% 0.2ml & Y=o, 3R FHE
FF glucose = 4X10-% #EES} 5 =& acetic acid ¢} pro-
pionic acid ¥ (10% NaOH 2 thfste]) 7X10- & E 7}
HE2 53 Bk 0.2ml & Y&}

hiFd = &% WRT Hikst F—slA 2N-KOH
3 BEE ¢ Warburg vessel & 9 1470 BE=R
B4 71 4% EDFF  manometer o] MfEStd —EREfE B
BAA® A=z REE x4 EHEst & 30 a0tk
Hpge] MRWEES WETESH . hise Kkig 2
QIR \EHEE F 189 2ol

%47 Warburg vessel ¢] £S5} KRPH¥ 2 ml-&
Wi hs FARJ5HE Hkste 100 mg RiSHE et
W2tk e WKk 2 BREBE FES SR
s o, 1 Ao BEREERE AET HE IHE
Eold DB =3e) 24, 48, 2RISR
e 25e 304 FHReR 180 45< MEMREE NE
HEslgch. Vessel 3¢ KRP &= & 4 #pfielel FHas
Aoz THslgdH.
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% 1%:0.9% NaCl, 1.15% KCl, 1.22% CaCl,, 3.
82% MgS0,2| g me| BEARN X ¥E
RS 30 50 MRBEES e BB
4.61X(10-2¢M/min/100mg; LT o & ZEEE el i
FWE S Aie &8E-2 NaCl o] 4.59, KCl 4,58,
CaCl,7} 4.60, MaSO,7} 4.56 o 2 Az vk =k
S HEEER 3055404 30 45ES BEREEE YR
o] 4.28 1w H3hel KC1-2 3,91, NaCl-e 3.86, Mg-
SO& 3.82, CaCly:= 3.63.0. 24 #AF vl 60 4ol
A 30 4R mEIEEE HERH 412 Hshe sa-
line-2 4.16 24 A4 #(LE & 4+ gz KCl£& 3,
47, CaCly2 3.44, MgSO, & 3,39 24 za=glth 90
Sroll A 30 3Rl EARIBERE BBl 5.01 AW e}k
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o] NaClo] 4.65, KClo| 2.91, CaCl,7} 3.26, MgSO,
7} 3.922A = gvh 120 ol A 30 e BB
o] 5.08qlu] H.ste] NaCl7} 4.42, KCl 7} 3.86, CaCl,
7 4.20, MgSO,7} 3.15 2 7R zhasd fRfe]= 150 &
1A 30 S BRE
3.44, CaCly7} 4,30, MgSO,7} 2.99 24 NaCl & B
#3h FI%E7 9o, KCl, CaCl, MgSO= #a% =2
gt

Table I. Effect of NaCl and KCl, CaCl, or MgSO,
in medium of NaCl on oxygen consumption
by clonorchis sinensis(10~2x#M/min/100mg)

5.14, NaCl 7} 5.48, KCl 71

0.90% | 1.15% % | 3.82%
NaCl | KCl CaCl, | MgSO,

Time ] KRP

(min) 4.61 4.59 4,58 | 4.60 4.56
0—30 1(-0. 153|(20. 18)|(=0. 09)](Z0. 24)|(40. 13)

4,28 3.86 391 3.64 3.82
30—60 (0. 12))(£0. 41)((30. 18)|(-0. 03)|(£0. 32)

4,12 4,16 1 3.47| 3.44| 3.39
60—90 (0. 115((£0. 05)|(3=0. 11D|(Z£0. 06)|(£0. 14

5.01 4,65 2.91 3.26 3.92
90—120 (0. 09)|(£0. 14)/(0. 34)|(£0. 25)|(£0. 01D

5.08 | 4.42 3.86 4,20 3.15
120—150 {(==0. 203|(0. 20){(E0. 01D|(E0. 15){(+-0. 09)

5,14 548 | 3.44| 430 2.99
150—180 {(-0. 18),(-0. 42)|(£0. 10){(+0. 18) (0. 200

0180 | 471 | 4.53 L 3.69 { 3.91 | 3.47

% lwo |l [m |8 |n

1021 /min/I00mg

x—x KRP

o——e 0.90% NaCl
o—0 I.1 5% KCI
a—a 1.22% CaClz
a—a 3'.82% Mg.304

30 60 90 _ 120 50 180
Time (min)) :

Fig. 1. Effects of NaCl and KCl, CaCl, or MgSO,

in medium of NaCl on oxygen consumption
by clonorchis sinensis.

@2 KRP oﬂ H#kel NaCl, KCl, CaCl,, MgSO,:
BFEREY F4E L 4 990y, NaCl-e ®#sr 7
&% Ay :Leﬂ_vﬂ BEEE 180 574 9 fEEmERE
THHES sl BB 4.714d Kstd NaCl st

4.53, CaCly7} 3.91, KClv} 3.69 7} MgSO, 3.47 24
WHd e = 4+ dushEE1E 2 B LED.

Fo@ pHe 87t FRRS EBRERN Ox=
ME

KRP ¢} pH 7} #6514 ol 3k iRk A & &3] BR
FHNEES 4.48, 4.49, 4.47, 4.44, 4.50, 4.5501%
o) {59 NaOH i HCI %8 fHpksle =4 pH
e oz e bk 2ok HE 30 S
30 3RS HEEe] 4.29, pH 2.6414 8.29, pH 6.1
| Ax 6.54, pH 6,464 = 6,98 2 FE%s) @i Mk
BBE Rgx pH 7.8 4 & 4.10, pH8. 3¢ 4= 3.35,
PH 0.8 4 3,02.24 WAHE Rgvh

1HIE 90 el A 120 57k 30 5fi-&, Bl 4.98,
pH 2.6¢1 A= 8,42, pH6.1914 6.74, pH6. 414 5,24
o] 3 pH 7.8 )| A = 3.76, pH 8.3 A 4.25, pH 9,84 A
3.78 o) 510 m 150 oll A 30 43HIS] Mo MERBE B
Rife] 5,14, pH 2.6 A= 5.62, pH 6.1 4+ 6.34,
pH 6.4 A& 5.28 0] pH 7.86] A 4.83, pH 8.3l
A 3.82, pH 9.844 2.95 & el gich

LlLES) BES 180 47hA) HBmRPERY THES L
#rslsl ¥R EEe] 5.00 AW K3l pH 2,614 7,01, pH
6.1 o4 6.44, pH 6.4l A 5.85 24 BMRBPES B
e, pH7.86 A+ 4.46, pH 8.3l 4 & 3.77, pH 9.8
dAE 3.07 24 BEBEERY WHOR REE Jebig
ch(E2E 2 H2ED.

5 3 B : 4X103Glucose, 7X10~% Acetic acid & 7X
10-°Propionic acid 2] FF&®12| BE SR DX = HE

% 30 5ol A 30 5RL HBHfe]l 3.83, glucose
2 FRinglk B2 3.96, acetic acid ¥ propionic acid S ¥
e Be £4 2.01 3 2.40 o] givk. fHEH 90 ol A
30 S-S BEREe] 4.30, glucose & FHNg FE-2 5. 20,
acetic acid @ propionic acid & ¥EmMI B £4% 2.03
2 1.660]%c}

fHIES 150 el A 30 HRdS BEREo] 404, glucose
= RE BES 4.46. acetic acid T propionic acid &
GRS £4 2.76, 9 2.730 ¢k

LS BUES 180 H71A MERRIGESY THES I
sl EERe] 4.10 4w M3t glucose & FRAudL B
L 444 BA REE BN 2g ot kEHY e ac-
etic acid @ propionic acid = 2.52 B 2.38 24 FHET
BMFERBS L 4+ dddEE3E 2 3ED.

AR KRPUUHMA 24,48 72550 e MHE
m kel BEAREN OiX = BE

KRS dEe A FRER-E Rt AR T He

HERe = #8u 24,48, 7247 ol MBS B
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Table II. Effect of a variable pH on the Oxygen consumption by clonorchis sinensis in a medium of KRP
(X10~2uM/min/100 mg)

Time Control pH 2.6 pH 6.1 pH 6.4 pH 7.8 pH 8.3 pH 9.8
(min) 4.48 4.49 4.47 4.44 4.50 4,55 4.36
— (+0.02) (0.11) (0. 21) (£0.05) (£0.100 (0. 05) (20.09)
4.98 5.39 5.44 5.78 4,76 3.62 3.28
0 —30 (£0.18) (£0.03) (0. 01) (=40.02) (£0.01D (£0.17 (£0.03)
4.29 8.29 6.54 6. 98 4.10 3.35 3.02
30—60 (0. 05) (+0.3D (+0.19) (£0.11) (£0.13 (+0.34) (+0.34)
5. 38 8.69 7.4 6.58 4.90 4.15 2.88
60—90 (+0.31) (£0. 01D (+0.12) (=£0. 20) (£0.02) (£+0.16) (£0.44)
4.98 8.42 6.74. 5.24 3,76 4.25 3.78
90—120 (30.07) (0. 01D (40.10) (40.41) (0.21) (10.16) (0.1
5.24 6. 09 6.24 5.24 4.30 3.42 2.52
120—150 (40.18 (+0.13) (+0.240 (20.08) (4:0.30) (iO. 13) (0.2
5,14 5. 62 6.34 5.2 4,83 3,82 2.95
150—180 (+0.0D (0. 04 (+0.14) (0.0 (+0.42) (40.1D (-0.04)
i
0180 50 | 7ol | 6 585 | 446 | 37 | 3.0
% 100 | 140 | 128 17 | 8 | 7 | a1
1G M /min/100mg Table III. Effect of glucose, acetic acid (HAc) and
9 propionic acid (C;Hs;Ac) on the oxygen
8} consumption by clonorchis sinensis in a
ol medium of KRP (X10-2¢M/min/100 mg)
6F -
. 4X10°° | 7X107% | 7X10°
s} Time | Control | &X107 | "HAc | CHAc
4r (min) 4.4 4,50 4.45 4.48
3 - (£0.38) (H0.21)| (£0.05)] (40.12>
2} AN o 78 L36 s.45) 273 2.0
il o 2 A 0 —30 | (Ho2D| GHZD| (D (HL1D)
. T pH 64 _ BapH 98 ) 3.83 3.96 2,01 2.40
FEEE ) 90 120 150 180 30 — 60 | (£0.07) (F0.19] (£0.11)| (F0.01)
Time (min.)
. . 4.20 4.3 3.26 1. 86
Fig. 2, Effect of a variable pH on the oxygen con- 60 — 90 | (+0.2D (iO.’Z%) (£0.09)] (£0.09
sumption by clonorchis sinensis in a medium .
of KRP. 43| 52| 208 166
90 —120 (30,10 (+0.10)| (0,19 (40.24>
4.56 5.03 2.33 3.16
RIBEEE HErstd o}t vl SelAal 24 A s 120150 | (£0.14)| (£0.15) (4:0.16)] (10.14)
= Hfflozds 18079 BRWEHEE & 305+ 4.04 4.66 2.76 2.73
BB $5E 5.60, 5.40, 4.56, 4.50, 4.36, 4.40 0% 150180 | (£0.3)} (F0.14) (£0.16) (£0.23)
A BiEEe] 5,73, 5.90, 6.26, 6.13, 6.20, 6.50 <l¥)
A Aed REE 5 Agw Aot g o 08| 40| e | 25| 23
£ o2 YE 180 SS9 MAWEE & 3050 W % |w |[ws | e | s

EI FEE 5.63, 4.73, 5.00, 4.80, 5.26, 406015
71otE 7247 HE Bifleniel 180 4799 EaRISHE
£ ¥ 30 5+e WER #E 5.70, 5.40, 5.10, 4.90,
5.06, 4.16 . 2A WPA REE 2d Foo

SLES] RS JlolF 24, 48, T2BFHINE ¢ Y-E
180 F74A 9] REEEIRRS TRt LEshd HEl
6.12¢15l Hdte] sl ol Bkl A 24 BeRAFRol 4.81, 48
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Fig. 3. Effect of glucose, acetic acid and propionic
acid on the oxygen consumption by clonorch-
is sinensis in a mediam of KRP.

Table IV. Effect of duration of incubation in KRP
on oxygen consumption by Clonorchis sin-

ensis (X10-?uM/min/100 mg)
Time | o | 2 | 48 | 72hes.
(min.) 5.73 5. 60 5,63 5,70
0 — 30 (3£0.22)| (£0.05)| (Z40.23)| (+0.37)
5.90 5,40 4.70 5. 40
30 — 60 (£0.09)| (£0.11) (40.09)| (F0.07)
6.26 4.56 5. 00 5.10
60 — 90 | (0.09) (£0.36)| (+0.17)| (£0.10)
6.13 4.50 4.80 4.90
90 —120 | (40.30) (0.45)| (0.13)| (40,09
6.20 4.36 5.26 5. 06
120—150 | (40.13) (0.1} (0.2 (=0.10)
6.50 4.40 4.06 4.16
150—180 | (0.01)| (40.11) (+0.04){ (Z0.10)
0180 | 6.12 | s \ 4.91 5.06
% | 100 | | s | &
162 UM/ min/ 100mg
c i
6‘t X x\x.___-—x/!
st w
4l
3+ X: x O hr.
o—m—s 24 hrs.
2 o>——e 48 hrs.
o | o——072hrs.
3060 96 20 150 180

Time {min.)

Fig. 4. Effect of duration of incubation in KRP on

oxygen comsumption by clonorchis sinensis.

Eifect of Electrolytes, pH, Glucose, Acetic acid and Propionic acid on Oxygen Consumption in C.8.— 21

R 9 T2REERC] £E 491 € 5.06 024 MR
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B A ER

HREE R A FEme eSS BEd del B
B EES e B R R R g2
#-% & Ao|vt. Ben Dawes®: FA K] HEol Al me-
dium RS TEME-S FRFESIa fasciola hepatica $] me-
dium © 24 = Hedon Fleig %°] 713 #Estelz 89
o},
TR PR S RSy BEER VS
Hz 9oy AYsl KRPE medium o2 3 AolH,
el = KRPo| glucose, acetate =& glycine, leucin
&g Wi AS & 4 gk, Mansour” & fasciola he-
aptica & glucose-hedon-fleig medium o A1  #ZFE 5L ¢
e glucose & 43f#sle] propionic acid @ acetic acid
E AEdle FAST deba #ET vl gk

e fFikHe] propionic acid & FAIE Hitic
dlo= KRPY BMRE =+t pHES #(LoT R 7]
A PES L H5s g

= PR A = KRP & EABKo= st KRPd
glucose, acetate, propionic acid & #4% HINP L =H)
KRP 9| ERoe —#% mEste —fabs A
<4 ¢k KRPY pHE #E =+ KRPERIA R
T BN FEYE o S KRA BEEED WA=
B L AoRA 1 HEY @K oest 3

BES #¥EY-& «f KRP K st 0.9% NaCl,
1.22% CaCl,, 1.15% KCl, 3.82% MgSO,&9¢] [EF=
BRI 1l 90 0.9% NaCle A& KRP #sl
A B f%E 2904, KCI, CaCl,, MgSO,%&
o FEEA WS MEHE A: 2dvh KERE 5
MEsd X Bt o=A BEY + gout, HFREY
SEHERE B A = K, Ca*f, Mg 459 ion o] 777651 |
=4 BEF AL obd A& BIRSMH o] 5ol FET o
ol & ion Ffge] NEF Ao Azt

pH ¢| oo A 2] BEREE BEAA KX BRI
¥ KR B A5 BRBRA #mEY K
el & #ikE WA= 2 gdeh. o] BEE Bol o] EH
& mppe] JRAFRMES) MEIERC KT Aol ot 4
A=k, 233 NaOH ¢ Btk A= 2 JERIEM ol
5231w, NaOH & H9] lipid =+ proteind] PR o]
miRRs BEshe] MRS BEd mElsie Al okl
7t 4 A=l et

2213 KRPd| glucose & Mg -¢ sl KRP ol
B A BERE 44 Bn=lglont € £ obd A
O 2A FERSREEA A S A4 glucose & FEnol uk
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EA HEF Aol obd-§ BEIRslw, propionic acid ¥

acetic aciddl] ¥R 8, BRPEI EEs s

Edl o] AL Asl Hkde HEE=A Mansour” s}
fasciola hepatica ¥ S XKREE 4Fslod propionic acid
‘A acetic acid & 4ESt energy = FIFRH T govt
BB A o] 2 RBE s AdA & Edl
o8 & 4 gov BE— a8ty propionic acid & ac-
-etic acid & FIHT oi & glucose X glycogen &8 47
Bt Fifshe A Lol BRBECT ginE = Avlgtz 2
ool & Ao|v] E— o] Eo] MRS EHMRBWE oF
wlgln o] &g RBNRHd BEE deoslEAelelz B
ofok & Aolv}. EAH| propionic acid & acetic acid £}
RS BEBBROHBRE WAL do2 v &
7t MBS Aelela A4,

& ]

FFRRS] REER BEHaA KRP gk & HER
= sl SEEmE, pH o 81, ZERY KB4 w
2 FmEINES Bt} glucose, acetic acid, propionic acid
<o e MREEY B BREKsd ohis e
BRE a9

1. KRP, KRP-(.4% glucose & 0.9% saline-g- o
e B S & o RS MREEA ¢ BE
=AY g ,

2. KCl, CaCl; ¥ MgSO,= FFRHS BEEES I
Hetd o

3. —ET FERA KRP ¢ @ikl BEsld B

hold A A s BRWE/ Binstel, @ikel 5 -

9 AE Es gk

4. Acetic acid @ propionic acid & FFHe . BER
e SsIstsh

5. KRP $lol| 4 RS MAMKEL & B%

RET BPE Xetel
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