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The Effect of Various Acid-Base Disturbances on the Gastric Acid Secretion in Dog

AERBH BHAE ANBEE
FEHEF& 0k KB AB

F W

HRB SRl 3 H®e FWe A8 pRER
S MHERES AZ H4Hd EHAAZ ez
Ar EpBiell A BEMSWEE % HI{ERY UH
B Z3detz & 4 v (Grossman, 1974).
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Hollander = BEMiIlR-TA Zriste HY*EEE 160
mEq/Led Zo|2tx #wEdlict. MKl o] gzke] pH2
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Ar}, 5% CO,-0, RESRZ REAA Rt 2 5
Wi o2 MiEE #HBeAch. @4 0.6 M NaHCO,
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B B MElA o jast o4 SREE B
B ERAbel o BRGRE Juk: BiZstslch .

thgol] Ht 3z w3l o]9j9 &3} & Pco,, HCO,
8 F7el @& S48 Fu] F 24 28E w7 95
& 0.3N HCl-¢ $q15e] o214 4b5 & Sata A7 Ik
J TFNZ ALIEL AA THAY YBYFL do . . -, , L
A MK pH = kM —Ed Fel = 2A s b 0 ' 2 3 4
PO, o HCO,~ @iEwH S v A 3 ok Time , hrs

4 0.6M NaHCO, & @R R 5%
C0,-0. HEBAZ WRAA KA iEs FRik
BiEe HEAAA M pH e —EsA MrsAl

Blood

p H "‘\,{,————X

i ~
o~

L Gostric Juice

A - T S L L e
T

Secretory response of gastric acid to the
infusion of hydrochloric acid in #1 dog.
The secretion of gastric acid was induced
by frequent histamine injection.

Fig. 1.

Table 1. Effect of Acute Metabolic Acidosis on Secretion of Gastric Acid to Frequent Histamine
Injections in the Dog.
Blood Gastric Juice
Dog Elapsed
B°‘}g’g“’t time Condition oy peo, HCO,~  Na* k- Elow g Nar ke
mmHg mEq/L. mEq/L mEq/L ml/min mEq/L mEq/L
Dog 1 o control 7.35 36 19.2 148 2.1
13.2 0.3 M HCl infusion
0—30 18mEq 7.26 3t 13.2 149 2.1
30—80 36 7.22 26 10.1 150 2.8 2.55 139 7.2
80—120 63 7 7.10 26 7.7 145 3.6 1.90 100 8.2
120—150 81 « 7.02 24 6.0 144 4.3 1.65 66.2 85
150—180 99 # 6- 99 24 5.5 135 4.4 1.40 46.0 9.0
180—220 117 # 6.98 20 4.6 144 5.4 1.30
220—280 maintained # 7.08 17 4.9 147 6.3 1.40 25.5 11.0
Dog 2 0 control 7.33 45 22.9 155 2.6 0.57 3.70 115 10.5
12.6 0.3 M HCI infusion
0—40 27 mEq 7.22 45 17.4 145 2.2 3.0 3. 50 107 14.2
40—80 54 # 7-15 31 10. 4 149 2.5 0.6 3.70 101 13.2
80—130 72 # 7.13 35 11.0 150 3.6 2.90 96.4 11.5
130—180 90 ~ 7.10 32 9.7 153 3-9 0.27 2.65 87.2 10.3
180—240 maintained 7.15 34 11.2 153 3.9 3.15 85.8 3.5
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Table 2. Effect of Acute Metabolic Alkalosis on Secretion of Gastric Acid to Frequent Histamine
Injections in the Dog.
Blood Gastric Juice
Dog  Elapsed
Bod);wt ::?i?:e Condition oH Pco, HCO,~ Na* K+ F;-laot‘: H Na* K+
mmHg mEq/L mEq/L mEg/L ml/min mEq/L.  mEq/L
Dog 3 0 control 7.30 43 20. 4 164 3.1 0.49 3.70 148 3.6
12.6 0.6 M NaHCO,
0—30 120 mEq 7.51 49 52.2 183 2.3 0.35 4.20 144 3.9
30—60 240 # 7.51 72 55.1 192 2.8 5.90 153 4.4
60—90 maintained 7.48 57 41.0 183 2.7 6.25 157 4.3
90—130 375 ~# 7.63 64 65. 1 215 2.6 7.40 170 4.5
130—170 420 »# 7.55 54 45.1 223 4.3
Dog 4 0 control 7.45 37 24.8 153 3.3 0. 30 2.50 140 55
12.0 0.6 M NaHCO,
0—40 72 mEq 7.60 47 44.1 154 2.9 0.32 6.4 177 9.9
40—80 150 ~# 7.52 62 48.0 168 2.9 0.33 5.0 151 6.7
80—I120 222 »# 7.65 56 59. 6 175 2.8 0.07 58 153 6.6
120—150 312 »# 7.70 52 62.8 180 2.5 0.10 6.6 162 6.7
150—180 372 » 7.67 54 50.4 179 2.6 0.08 6.4 180 6.2
180—220 420 »# 7.69 52 59.6 177 2.5 0.03 7.1 191 5.9
220—300 maintained 7.66 46 50.1 176 2.6 0.07 7.35 191 6.0
% BEHER 202870 3050 pg ¢] Histamine & —
s} Blood TR ST TMARE T o
N S — & Wl 4 HREHE ¢ S UL B @
ol /*\x/ el BIRME AL 2 FEstd mEe pH, Pco,
/G:Jsfric Juice € fixEsta HCOy #Rr= mife) CO, BREEES
5r x 0.0301 % 3l Henderson-Hasselbalch Kol ks 4
pH 4} stgek. pH, Pco,= pHe= (IL Model 123, pH/
PCO, Microsample system)z 37°Ce|A HiEstgda
3r 1Ml el Nat, K+ #¥E = Flame Photometer(IL
21 Model 143)= #I5Est4 o}
|+
, . , . . X B K &
0 I 2 3 4 5
Time, hrs A 12etE] B A A3 RS, d4493 2§54
Fig. 2. Secretory response of gastric acid to the gdatelF W A At 5EQ geE, By o

infusion of sodium bicarbonate in #3
dog. The secretion of gastric acid was
induced by frequent histamine injection.
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Fig. 8 Secretory response of gastric acid to
hypercapnia in #5 dog. The secretion
of gastric acid was induced by frequent
histamine injection.

¥+ EAsSgHY HCO, ##F Yy 13.2—4.6 mEq/L 2 3
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2.5501 4 1.30¢] o]2i M-S nolgdcl. HE Nat,

K+ @i H g7 S-Hud e gosdsh

A 2014 = A 13 2 Wee Bt 8 sl
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Table 8. Effect of Acute Respiratory Acidosis on Secretion of Gastric Acid to Frequent Histamine

Injections in the Dog.

Blood Gastric Juice
Dog Elapsed . —
30‘}3; we  time  Condition gy pco, HCO;~ Nat Kt Flow  pH Na* K+
mmHg mEq/I. mEg/L. mEq/L ml/min mEq/l.  mEq/L
Dog 5 0 control 7-26 46 1¢.9 155 2.9 0.10 7.40 135 9.8
12.0 5% CO0,-0, mixture inhalation
0—40 7-08 69 19.8 160 2.6 0.10 7.49 153 8.3
40—85 7.08 73 20.9 163 2.4 0.13 7.40 153 8.8
85—130 7.06 75 20.5 160 2.4 0.12 7.32 156 7.8
Dog 6 0 control 7.36 54 29.5 153 2.7 0.60 3.75 91.8 5.1
14.4 5% CQ,-0. mixture inhalation
0—40 7.21 74 28.6 152 2.6 0.08 5. 50 99.5 5.7
40—70 7-18 78 28.1 158 2.6 0.09 5.5 121 4.4
70—100 7.16 81 27.9 155 2.7 0.07 6.70 112 6.4
100—130 7.17 76 26.8 147 2.6 0.02 6. 50 114 7.2
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A 544 fy#e pH 7. 26, PO, 46 mmHg, HCO,~ #
B 19.9 mEq/L e]glv}l. 7] PCO.E 69—75 mmHg
B #@inAd ey HCO~ @E=E 20.5—20. 9 mEq/L =
gin=lz pH e 7.08—7.062.2 Fol A

AL HHS pH = 740914 CO,-& WAAA Mmae]
PHEE #MAAzle of BHyel pHFe A2 ol
Bbglel 7.49—7.32 Alelel w2y}t 28w HHE
Bl #b7t @l 4ol Nat, K @mrsl o e e
= B{EEH @gieh A 59 Bbe] dws Al 5% A pH
o ggket

7| 59 m¥ pH @ikel o2 Wyme pH o BT W
R Aol 4 3l v

BEREAA SEY 425 o7 A 7,804 Ir
M B B 8 kel Jehd e . , , . : .

A 7oA m#Es) pH 7.36, PCO, 47 mm Hg, HCO,- & o] ] 2 3 4 5
B 25.7TmEq/L ojglel. 7o B@EBEA ALY B Timo  hrs
0 PCO, = 24—17mmHg 2 wejA 5 HCO,~ # e = Fg. 4. Secretory response of gasiric acid to

i w hypocapnia in #7 dog. The secretion
23.9—17.2 mEq/L 2 @Aetsiom pH: 7.41-7.63 of gastric acid was induced by frequent

o2 kR&g e histamine injection.
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“Table 4. Effect of Acate Respiratory Alkalosis on Secretion of Gastric Acid to Frequent Histamine
Injections in the Dog.

Blood Gastric Juice
Dog Elapsed
Bocli(ygwt ;ilrirll]e Condition pH Pco. HCO-, Na* K+ llotw: pH Na+ K+
mmHg mEq/L mEq/L mEq/L ml/min mEq/L  mEq/L
Dog 7 0 control 7.36 47 25.7 153 2.5 0.32 3.9 155 8.7
10.5
Hyperventilation
0—40 7.42 39 23.9 153 2.4 0.10 7.7 171 6.0
40—80 7.44 35 22.7 157 2.2 0.17 7.4 180 7.0
80—130 7.59 21 19.0 156 2.2 0.16 7.1 162 6.6
130—180 7.57 23 - 19.9 158 2.3 0.40 7.1 144 53
180—225 7.63 21 21.3 153 2.3 0.58 7.8 148 57
225—270 7.50 20 17.2 143 1.5 0. 16 7.6 154 4.4
270330 7.57 20 17.3 149 1.8 0.38 7.45 91.0 4.3
Dog 8 0 control 7.30 52 24.5 155 2.6 0.10 3.15 126 4.1
12.7
Hyperventilation
0—30 7.62 19 19.1 158 3.0 0.12 3.35 150 3.5
30—60 7.59 18 17.1 150 2.7 0.08 6.45 140 5.1
60—90 7.62 16 15.7 152 2.3 0.09 4.38 150 6.3
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" abie & Effect of Acute Metabolic Acidosis Complicated with Respiratory Alkalosis on Secretioft
of Gastric Acid to Frequent Histamine Injections in the Dog.
Dog Elapsed Blood Gastric Juice
PR e R R e mie S, O e mhan
o min
Dog 9 0 control  7.27 55  24.4 149 0.37 1.8 70 2.0
15.6
HCl+Hyperventilation :
0—60 30mEq  7.43 27 17.3 151 0.12 2.65 90 2.2
60—120 45 # 7.38 % 146 152 0.09 225 91 2.1
120—180 60 # 7.39 21 12,2 149 0.11 240 108 3.4
Dog 10 0 control  7.42 38 237 157 35 0.06 670 138 31
13.2
HCl+Hyperventilation
0—60 36mEq 7.35 24 128 153 3.6 0.18 7.60 174 7.4
60—100 45 7 7.37 15 84 153 3.6 0.26 665 141 3.6
100—130 55 # 7.38 13 7.4 157 47 0.20 69 126 42
- 130—160 60 # 7.35 14 7.5 148 39 016 7.10 152 5.4
st o Nat, K* BEL @K Hmssich
PRI S — ] 45—60 mEq & WEE-S HIRH sl Rk BEHRR
T Blood A7 m#el pH - WBS FA s vk Pco, HCO;
6F @S WAz A 9104849 mE 2 HEARE
# 5%dl Fstech
S A 9¢ m#e] pH £ 7.27, Pco- = 55 mmHg, HCO,~
4t B 24. 4mEq/L °] 3} ¢t
pH A7 el RPEEE 2 RRESTES HEAA 0
3r e < we pHE 7.43, 7.38, 7.39% #EAzh ol
Al ,(/G(Js"ic e PCO, = 26, 21 mmHg 2 WA=z HCO, BEE
17.3, 14.6, 12.2mEq/L = R4+
'r old E#-e pH 1.80]Q Aol 2.65, 2.25 2.40%
! ) ; 1 T EmEgoy & By ol ofzg £ SH

0 | 2 3
Time, hrs

of EREIgEh A 10= A 99 #qkel WSty

72—150 mEq ¢ NaHCOQ, & BIRHEH= M) 5%
CO,-0, REZHE WWA# mue pH#EHSE A
slar HCO, @S} Pco, & FEES #EmA 7 11,12
A mE, BWATRS E 6FN #RIA

A 119 m@el pH = 7.32, Pco; 44 mmHg, HCO4-
B 21.7 mEq/L o] gl o

o} 7]e] NaHCO, #:4tet CO, BAE A1A mwe pH
B 7.40—7. 44 = ##A 5 &9 PCO. = 57642 HEinH

Fig.5. Secretory response of gastric acid to
injection of hydrochloric acid and
hypocapnia in #9 dog. The secretion
of gastric acid was induced by frequent
histamine injection.

olw] Bl pH3Frel 3.90l" Aol BEMREZ MK
o pH7t kHeHA & 7.10—7.80 = LAsIgl=. o] &

(2 nql Aol & 4@l A 84 B @HE
A 73 BUEd =
WEnpms o pHe 8¢ pHol AT = B#E

i HCO, @Y 36.5—38.3 o2 Mma At o« A
#o pHx 3.42414 7.30-7.40°0.% A9 mye] pH
kel g el o)A % WA Aol £ 6l
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SYE-- &0l mue) pHet BHiel pHstel M -
HEE BRT A4 mus] pHAF A4nc} Fepad
Haeel pH = 48l mw pHel #5ste mw pH>t T
WEER Rolzly deld 4% Bge pHx topA
= 5% @3S olqlth

* =

HEeel #kt= H* 5 Cl-ojul. H* & #iMgA-]A #
BEiCHT fea] @ e Y sl &£42 H 9
g2 CO. et ahlet. Mms A-ra HalA smey
Bol CO. ftigol glelxd Hme HuRe 24 g
= 9lots slw (Delrue, 1933; Gray and Adkinson,
1941; Hogben, 1953) i3 84 4R E o9} &
B #E57T |ES YR (Apperly and Crabtree,
1931; Friirst, Langfeldt and Mgrstad, 1956) Dave-
nport £o sy CO, = MlEAC FiFd BE: %4
8 U7l dEel sz e HEE g4 2EYL gt
it ¥} (Davenport et al., 1950). ‘

CO: ¢ H,CO, 59 kit AQE dojrbs FiEo)n
REFEE 33 =223t mgiA CO, 44 CO,
o] et HRH-e R RAKEERY BEfFES kel
Wi e ehREEs Aoz ¢HA god ammz
Davenport 9} Fisher o fk3tel B¥ipEol 4 $ps & fe

Bilood
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Fig. 6. Secretory response of gastric acid to

infusion of sodium bicarbonate and
hypercapnia in # 1] dog. The secretion
of gastric acid was induced by frequent
histamine injection.

Frh BR A& wde T Mke ¥9 dogt o
$7] o] Bk EBMifuol Mipslvi(Davenport, 1939,
15840).

HEES HHe] & o CO. 9 FIA-E (Pl

Table 6. Effect of Acute Metabolic Alkalosis Complicated with Respiratory Acidosis on Secretion
of Gastric Acid to Frequent Histamine Injections in the Dog.

%Og Elapsed - Blood Gastric Juice
B dy wt. time Condition _ Flow |
° ke min P oly mEo/L mEA/L mBa/L miin P mEe/L mBa/L
Dog 11 0 control 7-32 44 21.7 153 3.1 0.20 3.42 125 5.9
11.5
NaHCO,+5% CO0,-0, mixture inhalation
0—60 72 mEq 7.40 61 36.5 161 2. 4 0.21 7-30 178 5.9
60—90 108 # 7.40 64 38.3 173 2.4 0.13 7.40 150 3.9
90—120 150 » 7.46 57 37.5 161 2.6 0-09 7.30 147 4.2
Dog 12 0  control 7.36 42 22.9 152 330 022 3.60 141 8.6
13.2
NaHCO;+5% CO0O.-0, mixture inhalation
0—30 48 mEq 7.43 57 36.6 161 2.3 0.34 3.50 123 8.7
30—60 72 ¥ 7.40 61 36.5 163 1.8 0.25 5.08 126 8.6
60—30 100 # 7.42 64 40.1 174 i.8 0.31 7.25 140 7.2
90—120 120 # 7.42 68 42.6 168 1.5 0.15 7.10 139 6.5
120—150 140 7 7.42 71 44.5 172 1.7 0. 18 7.35 212 7.8
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7 $lehd MR AMRS fRHE EEe ek s EH
o B =g woHok & Aclnh. whebA o BEFRS 7
=2 A ETA7E B S aHd A a4t
(Davies, Roughton, 1948).

Davenport & ##s} 7o HEoES REL EEs
BffAA A migez 2] CO, e ol o3-S
KAksted H,CO, & o] Fu vh4 H+s} HCO, =2 fRAES
g o] H*& HAEoz S Hbel =y HCOy =
oA mage T FHEW g Roex Pejdrh

o= EgsEs HY @arel Pco. & EmAZ A
o2 R BEA A = gedE BRSHI BRI
2 g R s HY gEst Pco. & WA
A RBHE 2 R dREdAde BB H
g Aeox WHEIG 2y FEY TRAREE ¥4
KRB B 9 RBEHE SEEdAE 912 Bl B
&g o) R BEE P ERE: SR A4 4
o] BASE Ad FaEA gk

PO, Bkl T A BE Y GFEEdd B
HE e A 2ol BEawel BY BiE oA 2
AL G TRIT A Fe] CO 7t oS3 WHA H
4 gAY CO,dl &iFES Y HrAgmd slef Hrol ¥
slol 2d F4E fExE CO. 7 AT F& CO
Listel MEz By HYE 58 4z I =EdA
ol

=2 B el B BRAA Hadtd RREA
gzt g His Clo] A 2H7] HE MlAA &
W ot EEolth(Rehm, 1950). Cl-o] i LKA
A FwEz Hreol B4 sidez
(Hokin et al., 1951; Rehm, 1953). &1} o] ¢} &=
Hto] %M RAMle] 4 F#sz = Clo] B4
&gl tbaiE kel (Rehm, Schlesinger, and Dennis,
1953).

AHBS #HEBEL Bl 2w HeF Cle] Az
e EEo HWAHIZE ERMRMMA AL HY &£ Cl-
o iAol deid BES B 8

Zpe = BRI AL F PR B-EL HELHR
A o)A ERbMKA H EE®LE HET A
t}(Brown et al., 1967; Kim et al., 1968). L¥u} o}
ek myge HCO, o Clo] e AWy —aste Az
wnsk WA HiEae el E M-BiE bfe) &
gloz mug HCL- @EEr) sty Cl-gist #hm
om WkE=. aslDE EB-EE B4 deive
HCO,~ gRs el ##{krt RiERye = Cl-o gpre] ke
v o zle] H 3 v o] HEZWA st Ao
2 "ojAch
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Fig. 7. The relationship between blood pH and

gastric juice pH.

fRait miEd A e HCOBEZF 4 Wisdoz
Cl- 9 #g: #mss H = oln] Ehnse] gonz
mEpel Hkt @ H 3 Cl- & BRRMk =43 #
BT T UE Acls. =28 dd FRG#EE o« 13
&3k o

gy dRyEdAE HH 3 Cl- & 25 Bidn
= HBowe s 28 s dd

b MpiEdl A= HY @Ere #ms v HCO, of 1§
inslet Cl-e] #W4stA ®vh oleldted HY & st
Cl- = HAs o EFREA et HH 3 Clo] Zg
¥E SWHA A 2388 E Aelth

o] HBIAE FHoWd & Bi: gl

g gEdd s Hr@gge #esEs HCOs
o] @AE = KE Cl-o] el olz]sl cldd=
IR BEAAS Rz HY e gdda C- e
winEnz E@mowd € p#s FA+ X 531
).

R FES PRE o] BEeHdE dede
e = mEFESL EHES] A BEd BEE HY 4
w|inek Cl- o) 8 23 n el oe] fEd RER
Ht o ®Aet Cl-o #hrt A8 g4 H @Ede
itk gl Cl-9 Hmate] Hehd Aeleh ool =
mi4E pH ol = #ik7l glglert PCo. o #A =2 iR
= WAl eba ge}(Brown et al., 1963, 1967, 1968).
28] she H 9o wist Cl-o vt fzksol Fma
el 2 #ke ot

9 A eREES WRE BE A#IAA%

wo) = R G Ed 2R HY o @spst C- 9
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A aela W RE ERiE &Y Hr o Ewmel Cl-y
W7t A2 BAEe H 9 B #Erl glov
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ABSTRACT

The Effect of Various Acid-Base
Disturbances on the Gastric Acid
Secretion in Dog

Kai Pyung lee, M.D. Woo Gyeum Kim, M.D.
Pyung Chul Min, M.D.

Department of Surgery, College of Medicine
Seoul National University, Seoul, Korea

The response of gastric acid secretion during

various alterations in acid-base balance was
examined in twelve dogs.

Metabolic acidosis was induced by infusion of
hydrochloric acid. Along with the decrease of blood

pH, gastric acid pH decrease eminently. The
relationship between concentration of H* and Na*
plus K* was clear inversely proportional in the
gastric juice. .

Metabolic alkalosis was induced by infusion of
sodium bicarbonate. During metabolic alkalosis,
gastric acid pH increased gradually and even
higher than blood pH.

When respiratory acidosis was induced by inhala-
tion of 5% CO0,-0; mixture, there was no remar-
kable change in the gastric acid pH. On the
contrary, inducing respiratory alkalosis by hy-
perventilation, acid gastric pH increased accom-
panying with the increasing blood pH.

The response of gastric acid secretion was
negligible, during the complicated disturbance
induced by the infusion of hydrochloric acid and
simultaneous hyperventilation with no considerable
alteration of plasma pH. However, during mixed
disturbance, induced by the infusion of sodium
bicarbonate and CO,-0, mixture inhalation, there
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was an increase in gastric acid pH.

The above results suggest that the response of
gastric acid secretion during the various acid-base
disturbances depends primarily upon the effect to
the H+ and Cl- concentration in the blood. The
direct effect of pH value on plasma H* concentra-
tion and indirect effect of HCO,~ to the plasma
Cl- concentration were relatively important rather
than arterial PCO,.
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