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Renal and Hormonal Responses to Atrial Natriuretic Peptide and
Furosemide in the Freshwater Turtle, Amyda japonica

Kyung Woo Cho, Suhn Hee Kim, Gou Young Koh and Kyung Hwan Seul

Department of Physiology, Jeonbug National University Medical School

Effects of synthetic atrial natriuretic peptide and furosemide on the cardiovascular and renal
functions were examined in the freshwater turtle, Amyda japonica.

Both atria and ventricle of turtle contained an immunoreactive atrial natriuretic peptide. Synthetic rat
atrial natriuretic peptide (atriopeptin III) and turtle atrial extract caused a decrease in mean arterial
blood pressure and the vasodepressor effect was dose-dependent. In hydrated turtles received either
atriopeptin III or turtle atrial extract, no significant change in renal function was observed until 100
min except a slight natriuresis at 60 or 100 min after injection of 30 ug/kg atriopeptin III or atrial
extract, respectively. However, furosemide, 2 mg/kg, caused marked diuresis, natriuresis and kaliuresis.
In non-hydrated turtles, no significant change in renal function was observed until 6 hrs following
injection of 30 ug/kg atriopeptin III. Plasma aldosterone decreased at 2 hr and increased at 24 hr after
injection of atriopeptin III although plasma renin concentration did not change. But, furosemide

* caused persistent diuresis, natriuresis and kaliuresis. Additionally, plasma aldosterone and renin
concnetrations were significantly increased at 24 hrs after injection of furosemide.

In conclusion, we suggest that the freshwater turtle may have an atrial natriuretic peptide in heart
and vascular receptors for atrial natriuretic peptide, and that atrial natriuretic peptide is more
important in the regulation of blood pressure rather than that of renal function in freshwater turtles.
We also suggest that an increased plasma renin concentration caused by furosemide may not be due
to the sodium concentration delivered to macula densa, but due to the dehydration caused by persistent
diuresis and natriuresis.

Key Words: Atrial Natriuretic Peptide, Renin, Aldosterone, Furosemide, Turtle, Natriuresis,
Diuresis.
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9l =] 9] 0.1 (Garcia et al. 1982), ¥EF5-F %3t o}
Uk AR ST B3t AT ARl = 2
3to] &}z th(De Bold & Salerno, 1983), ANPS]
E3jol dstol A, oi7) SapEl slstod AT ul,
diuretic 9 natriuretic F.37}o] 2jol| ¥} BP9 o]
2}(De Bold et al. 1981; Cantin & Genest, 1985;
Needleman et al. 1985; Sonnenberg, 1985), reninz}
aldosterone 2-u]¢] <A (Cantin & Genest, 1985;
Needleman et al. 1985) 5 thokdt E3-E 713l o] ¥
33,

ANPY X % 4% 4T T2 ol
we} bzl Uehde] YeiAch EHETeIAE A
wfo] F2  ZA 51} (De Bold & Salerno, 1983;
Trippodo et al. 1983), submammalian vertebrateol]
AE A4 9 Aol EA4gol Ao (De
Bold & Salerno, 1983 ; Duff & Olson ; 1986), -}t
2, E7 |9} & okalF gl wio A] immunoreactive
ANP7} Autdlol] &A)%to] B 3% gt} (Netchitailo
et al. 1986; Chapeau et al. 1986), #}&7-9] A Ao
£ QupA oz ANPA ZA5HER], ANPS AaD
A, A71% % hormoneAlo] Bl & Jge Fof
ARl BAAAE obd Be A7t ol YE A
24 o,

A AHE-2 2e}t(Amyda japonice) A Aoll ANP7L &
AEA, Aok 32l 0 4 ANP 42 4
37, A177]% 9 hormoneA ol v] X & 3o F
olelx Ttz ston, AefelA 2 AR &
o 5. E-F3}3 (Lee, 1968; Stephens & Robertson,
1985), ¥ renin A oll& FFE #|AA B+

. ZFA(Stephens & Robertson, 1985; Cho et al.
1987) 5} Zs}Ajzichs 2% (Cipolle & Zehr, 1985)
o] AdX3tn YAL+E furosemides] AlA7|5 3}
hormoneA|d]| v|x & °3 8-S ularslaz} 3l

A4 8 9oy

1) AHES off Y $£& :200~400g H 2
A}2} (Amyda japonica) 2] ¥-7} W ol thiopental sodium
20 mg/kgs] T2 oHH T F A5 % Aelol PE
wbing$ Y Hech, AxE Aol $EE B9z
aAste] AT ol Ao o2 o 1.3cme] 3

4ol A7 o 2cme] YFAAE 3o, 2FFE L
2] 3l 3 4ol silicone tubingS 4}9] 3131 o} (Lee,
1968),

2) ANP Sofof| ot ME7|Se| He-ctAlZt &
ole| 53} : 43 2% glucose9} 0.2% NaClo| 3}
F5 £ 0.05 ml/ming] £ % 2 AW F4)3l2,
2] 7} & 208 7}A o8 2~33] Axsld HEZH 2
et FEL AY Ao 0.6% salineo] 343}
o Aol FALstgich. Atriopeptin ITI(rat ANP
5-28, AP II) = 5.30ug/kgsl Al 3|4 3te] Fod3}
2, Aete] AutFE AL 3ute] o] At} Au-E ol
o} 2w o2 A F 300uld] salineol] =3
Fosigich, GEFA F 63 Fxslglew, AP III
30 ug/kg F9) gl Alglol A4 &= o] % furosemide 2 mg/
kg A T3t 43] At A, ¥
#} renin A = 7 hematocrite] W3S 27| 93}
AL G4F F4] 208A, F4 20 H 80E F
o stgem, WL A-FHE 55l physigraphol
TS

3) ANP Sofof ojt AMEI|Se| He-TARL &
oto| 3} : ANP £ % AA|7F Fate] &35 3
A35l3, hydration FIHE WA str] Yo,
hydrationg- 31| ¢gkeh. $1oF FLGE WeE 1
4, 248 3 1402 2Aoz 2~38) Ausisic
AP I1I 30 ug/kg, isotonic saline T+ furosemide 2
mg/kgS Aol TRt F Aol 63] Wish
glt}, AP 117} & renin 4 % Y aldosterone F
Sol ol AL JBL 1] A, FEFA 1A1A
B of 24071, 24417k Fol AWabsteh,

4) ANPZ2| radioimmunoassay : P 2] ANP =
A8 9% ANYL proteolytic enzyme inhibitor
mixture 200 ul(EDTA 5 mg/ml, SBTI 50 BAEE /ml,
aprotinin 200 KIU/ml) 7} E-o] Q1= A&l 319
o, Azl ANPS| 48 0.19% BSAE £33 0.
IN acetic acid 2 mlof] Al¥t =& AA-& Yo 587}
#9] %, Polytron homogenizerZ u}4]3le] 4C, 10,
000g2 537} Belate] 2 AR NS ALgstsich, A
uly) o] ANP2] RP-HPLCE. Abe]| 3l ANP9| profile
& zxaiglen, olmel eutione 0%l 60%
acetonitrile (in 0.05M NaH? PO4) £8S 40&7}
linear gradient2 3}, flow ratet= 1 ml/ming]
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t}, ANPoj o3l 84|+ Cho et al.(1987) 9] vl of]
w}glo v}, 1-125 ANP: AP III(Peninsula Labora-
tories)ol] chloramine-TH} © 2. jodination A|7]%&
Sephadex G-25% o] -3te] 254}, Assay: o
ul= o] ul¥o]| ulglom, bound form& charcoal
suspension &2 2-2] 3l c}(ANP RIA w}¥] =% &
%),

150l »)X& ANPg] &3—

5) 8% renin #AM T 9 aldosterone® radio-
immunoassay ! ¥ % renin ¥4 5.+ 7} & substrate
£ o] 83l &A3l9 2 (Cho et al. 1987), aldos-
terone-2 solid-phase RIA kit (Diagnostic Products
Corporation)& o] 23] t},
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Fig. 1A. Representative standard curve and serial dilutions of turtle atrial extract. Standard
curve for ANP (®) and serial dilutions of atrial extract (O) are shown.
1B. Reverse-phase HPLC of turtle atrial extract. Elution was.done by a linear gradient
of 0 to 60% AcOH in 0.05M NaH, PO4 for 40 minutes at a flow rate of 1ml/min.
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A 2] Student’s t-testol] &j3}g T},
4 " 45

1) X}2} 4 &e] immunoreactive ANP : Fig. 12
ANPS S234E 1ef £ gles, A2k A% 2
zale) 94 TAL FFTA) FYGE el F2
glt} (Fig. 1A), Ajg} Alvb $Z-o89] immunoreactive
ANP (ir-ANP)& 2~37]] elution profiled 1.o]
v, 2 & 3h}t hANP, rat ANP % AP 119} 5
2319ich(Fig. 1B), Ir-ANPE Al ohfzl, 414
A= 2Asigles, $ABe ANP Hapo] 34
wach ske}, W ANPE o] Yozt 27
S A] ¢kgkch(Table 1),

2) ANP2} xj2te| getol ojxle @& : AP III,
53 30ug/kg, Tt Aot ARFEY Fofol 9

sled Aet Wk FAF 2t E 2% (Fig 2), o
£ 5ol 3 dgte A A 3] s, Fo 8~10F F
of o] AFE Bgen, o|F 3557 X33}
dort, Fof 1008 Foll & Aol =31R] o3k
t}, o]2] 3 Aqls}7}t &7 dose-dependentd} 3l th,

3) ANP7} xjaje| ME 7isofl ojx= L& : AP

Table 1. Immunoreactive atrial natriuretic pep-
tide content in turtle heart extract and

plasma

Left atrium (n=19) 795.3 £ 90.7 pg/mg

of wet tissue
Right atrium (n=19) 873.5 £ 94.1 pg/mg
(n=19), 76.3 % 12.4 pg/mg
(n=5) ND

Ventricle
Plasma

Values are mean * SEM,

Table 2. Effects of atriopeptin III and turtle atrial extract on the renal function in hydrated freshwater
turtles
Collection periods (Time in min)

20 40 60 80 100 120 140
Group I 53.5 55.5 60. 60.5 56.1 59.2 69.2
* 8.6 + 8.7 + 8. + 8.3 + 75 *t 6.6 11,4
uv Group II 49.6 54.6 55, 62.8 71.5 71.3 65.7
t 8.4 + 9.3 11, +12.1 +12.0 12.0 +12.8
Group II  37.1 39.6 46. 45.7 43.3 53.0 55.2
57 * 4.0 * 3, * 9.0 +11.3 +11.6 *13.4
Group 1 0.09 0.11 0.15 0.11 0.10 0.11 0.09
+0,02 +0.03 $0.05 +0.02 +0.02 +0.02 30.02
UNaV  Group Il 0.43 0.52 0.55 0.70 0.82* 0.84 0.61
10.05 +0.06 10.06 $0.10 +0.13 10.12 10.06
Group III  0.63 0.73 0.91 0.76 0.79 1.10 0.90

$0.24 +0.28 *0.35 10.25 +0.26 10.45 10.32 *
Group I 10.2 10.4 17.7 14.5 14.7 15.8 22.2
29 + 2.8 t 6.2 * 6.0 * 6.8 79 127
UKV  Group Il 112.8 118.8 120.2 1325 147.2 184.5 140.9
+36.8 129.7 *41.1 +42.0 +39.9 +49.5 *43.3
Group III  49.3 62.5 79.7 57.5 64.3 78.5 62.4
+17.5 +28.2 *+33.9 +20.7 +23.1 +26.7 +19.9

Values are mean + SEM,

Group I (n=9) received 5 xg/kg AP III ; Group II (n=9) received 30 ug/kg

AP III ; Group 3 (n=7) received atrial extract after the second collection period. UV, urine volume
expressed in pl/min/kg; UNaV, the excreted amount of Na in xEq/min/kg; UKV, the excreted amount

of K in nEq/min/kg.
followed by Protocol 1.

* | Significantly different from control period, p < 0.05. Experiements were
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Fig. 2. Effect of atrial natriuretic peptide or turtle atrial extract on the mean arterial blood
pressure of hydrated turtles. Values are mean = SEM. A, turtles received 5ug/kg
AP III (n=9) ; B, turtles received 30ug/kg AP III (n=9) ; C, turtles received atrial ex-
tract (n=7). Arrows indicate the injection time. * , Significantly different from
contrul value, p < 0.001.
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Fig. 3. Effect of atrial natriuretic peptide, 30ug/kg AP III, and furosemide, 2mg/kg, on
renal function in hydrated turtles. Values are mean £ SEM. UV, Urine volume ;
UNaV, excteted amount of sodium ; UKV, excreted amount of potassium. * .
Significantly different from control values, *, p < 0.05; ** p < 0.025,; ***,
p < 0.01.
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11 5, 30 ug/kg, =& =g} v} 22 oL hydrated
Zpepol| A xolr}, potassium wj Aol F-o] 3
38 Ho]x] g9k} (Table 2), AP III 30 ug/kg &
At A FEY o] 6037 100% wlofl vl
22} 9] 3 sodium WA e F7HE g, o

14 W4dspel 3718 L31cH(Fig. 3), Hydrationg
34 @b AAIZE Sob DAY Aol AP IIL, 30
ug/kge A% 75l 1T W Bolx Bgte
w, furosemide £ 2 7|ch g v} A4A <l ok o
A8 AFe) WA 3718 w3 (Fig. ),

o, furosemide 2 mg/kg F-of = FAF = Y A

Table 3. Effect of atriopeptin III, 30 ug/kg, on the plasma renin concentration and hematocrit in hy-
drated freshwater turtle

Control (—20 min) Experiment (20 min) Recovery (80 min)

3.14 + 0.42
28.3+ 0.3

3.30 £ 0.40
28.9%0.7

3.18 £ 0.36
29.1+1.0

PRC  (n=6)
HT (n=6)

Values are the mean + SEM. PRC, plasma renin concentration, expressed in ng ANG 1/ml/hr ; HT,
hematocrit. Experiments were followed by Protocol 1.

O COKTROL(N=6)
@ A? 111(%=8),30ug/kg

uv :

ul-min™ g™ 100 * A FUROSEMIDE(N=5),2my/xc
50
0
UNaV 3
uEq-min kg™ 2
1
0
UKV 0.2

wEq-min 'kg'

T 0
0

Time in hours

Effect of atrial natriuretic peptide, 30 ug/kg AP III, and furosemide, 2mg/kg, on
the renal function in non-hydrated turtles. Values are mean * SEM. Open dots
represent the renal function in turtles received reptilian saline (n=6), closed dots
are in turtles received AP III (n=7) and closed triangles are in turtles received furo-
semide. Other legends are the same as in Fig. 3.

Fig. 4.
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Effect of atrial peptide, 30ug/kg AP III, and furosemide on the plasma aldosterone

and renin concentrations in non-hydrated turtles. Values are mean + SEM. Open
bars indicate the hormone concentrations in turtles received reptilian saline (n=5)
and closed bars are in turtles received AP III (n=10) and dotted bars are in turtles
received AP III (n=7). PRC, plasma renin concentration ; Cont, control. * Signifi-
cantly different from control value, p < 0.05.

4) ANP7} 8% renin #4 %, hematocrit Y
aldosterone T 0f| 0|Xl= 98 : djgke] AP IIIE
Eojut-e hydrated x}e}ol| A HA renin A4 E o
hematocrite 2/ g W3-E Rolx] gk} (Table
3). Non-hydrated z}g}el| 2] AP III 30 ug/kg Fof 2
A7t 3 87 renin A=+ HIE Holx] HUgte
u 24A7k Follt Frte] AYE 2, ¥R
aldosterone 5% ANPEof 247k Zoll= §-2]3}
HaE, 214417 Folv AT 718 Ko (Fig.
5). Furosemide, 2 mg/kg, Fo4F 2A]7kuf =}lz}e]
renin 34 %) aldosterone FX -+ W3S Ho|x
Wkot, 2447 ol = 2 23 FHE LAY
(Fig. 5).

i &

Aot A3l H4340] ANPS EE34

= 85t glow, HPLCo) ¢ & elution profileo]
AP I} rat-ANPS} FA3HE BoiF AgA A=
zpete] Alubol rat-ANPS} ALt ir-ANP7} 2213t
< 733 A%k gleh, HPLCY profile =}z}
Aukell proANP =& ZAE 7154-¢ Bojx 3l
28

Ak A4He) ANP ¥ L4588 2400
A ko, Aol Ay B o} ¥ ir-ANP
7t EA e AL ATAA e ANP 23
£ 4713} Netchitailo et al. (1986) &} 319} x| 3}
Aok, gl A% 2& -2 ANP-like activity & 7}
I Yo, B foie A4S Agucs o ¥
ANP-like activity5- 3§35t 9go] Rusct
(De Bold et al. 1983; Gregg & Wideman, 1986;
Netchitailo et al. 1986; Duff & Olson, 1986), o] =]
3t A5 = v|Fo| £ o submammalian vertebra-



—d A ) et A

tesol| Al & W& Fxolzjal Alutal A4 wE ANP
£ 35k gle T"r%%ﬂl AE F2 Aulell o}

Z2 ANPE tdlx e Rez 353,
ANPS} A3 2o ol 2] 3 @%}0}7& e T
5%l 4]} submammalso}| 4] §-A}3} %4 o} (Seymour,
1985; Gregg & Wideman, 1986), #}zloj4] ANPoj]
o g dkstde Aol A Fof 4~1080] e}
sor], 1008 AXE 2 Bsbr A4s)o] Bz
S s sieh, 3 AP Il 918 49014 3
£ A48 tehhd, 2a%ck 4593, dose
-dependent 5}¢t}, o]+ Gregg & Wideman (1986)
o BtolAl TR EoH} FASIEO L, Cantin &

Genest(1985), Seymour (1985) 7} Zf-5EolA] 3 -

A3F ANP2] g5}l v 2= Aol 2ol & B
siet, ol ofto] WA o} Ape}l = Holl 4] ANPo]|
T Edshd B3] wbg A 7ke] Aol @ AL ofulx
ANP2] AE3t=ql whzt7|vh, ANP 4839 &3}
Wy Alo] o] wbg-of Aolof o7 Aoz AR,

tteke] ANP F-ofof & 27813 0F7k] natriuresis
ahS zsla, gl et uhdol A vehd=
2, non-hydrated =}z}ojj4] ANP &5 AX| 75
Qb AR}, AlAVE] WEkE $AY 4 Y
2 A¥ZAINE submammalsofl4] ANPoj 93}
diuresis ¢} natriuresis & 323 Duff & Olson
(1986), Gregg & Wideman (1986) 2] ¥ 3.9} x}o]
£ wo]2 9t} Duff & Olson(1986)-2 go]ol 4] 10
ug/kgs] ANP Sclo] o)sl] Wate] Zohsh w7
diuresis®} natriuresis® TS By slgod,
Gregg & Wideman (1986)-2 %ol 4| ANP Fof 2 Na
WAF] Z7HE 2T G 2et o5 K
< YA el A RAT A E A vishH Al v
uk-2-0j9f t} (Needleman et al. 1985)

thefe] ANP Fojollx E7813 2pefoll A vkt
AR EAE Bolx ol & Z4 3R e}, zehe] A
A s Ad g3l & osmolality (40+2mosm, n=10)+
o) ou] nlado] ¥F aldosterone L% ¥-F
E2o] u|sled Er}(Salazar et al. 1986) = A4 &
a)-Zol| 4435} R}zl aldosterones}t 7+
conservationol] 348 ¥ & & 23 7} sodium wj A o] I
Ay 328 2ok o weslo] 9lg sbsAl ol
o, 28{ 22 zelol4] ANPO AlAddE ZHF

sodium

DA21E Al 13 1987—

2ol ¥l AR BE T Y& Reloh, m=x
ANPol] o3 @A 513 244 gl Whslrte] AAE
HE ALEE M A= v AS & ¢lg Ao,

ANPRofof 2J g P aldosterone ¥ 59 74
£ W Aol 4] ANPoj 2] 4 aldosterone §-2} o 4] & 2}
Zg Atarashi et al.(1984) 7} Obana et al.(1985) 2]
B39 Xk ek, 2k ANP 5of 2447} &
9] ¥ aldosterone} renin A 0 =5} o] 8-+
B4 s,

Aeh Ag750l BlAE ANPS] G%E furose-
mide®}= AR Aol & B yirt, ool ANP Fof
o= AHeke] A7) 5ol T WEHE Lolx] fske.
1}, furosemide Fo§ % H A3 o] E75 ¥l A
& A% 439 FAL ool EAA22 Upila
gee BAS el AW loop olwAl
furosemldeOI] o) slo] #pzke] A renin A =+
7} & 4% 9|3 (Cipolle & Zehr, 1985), W 3}35}=] ¢
£ 45 9)&o] o#dz r}(Stephens & Robertson,
1985; Cho et al. 1987), Cipolle & Zehr (1985)= 10
mg/kge] furosemide 2~33] Z&F A2 ¥ A renin
gz o] 518 Pa3 dlwd, Cho et al.(1987) & 5
mg/kg®] furosemide U] F-of = &7 renin T4
= H3E B 235U Cho et al e ojeld
#ol9) 7bzd ol & Fold furosemide 43},
furosemide —Eror]i?l JAA 7 & APA7ke] F8.3
Wart F 4 gle Aolek &AE .

Non-hydrated &}-2tol] 4] furosemide 2 mg/kg 5o
£ B4 6A177HA] BAF olx AHE A4
o], furosemide F-of 24|7} 7R]oll+= A renin
A% 3 aldosterone Fxof HIE B <+ e
U, £ 2427k Foll= B2F AR FoHEe B
/"&%}9&4 Furosemideo]] ¢]3§F & A renin Iy &£
717 AL Ao $)x 8 macula densao]
ol -4%?%}—.—_- de{Al  wleo]w (Vander, 1967),
macula densar} wets]o] gl =] 948 =}2} (Sokabe et
al. 1969; Jeong, 1985) ol 4 g}x] 71 9] & 7} renin F
b Z37 A gx QgL olsi® abee,
Furosemide Eojol| 2] 5}e] w7t ol ¥ A renin
FA4x Frb 59-EF BAE F d 2ZH= Cho
et al.(1987)¢] 219} Ax| 3tz glor, furosemide
o 24417 Foll vepts ¥ renin A=}

01)1 [
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aldosterone #-8]F 7} 2|42 ¢l diuresis, natriur-
esisol] &3t WAL o] AF Q] ATl &5e] 1}
ehie Aoz Algdd,

E=| =

Submammalian vertebratesol A} & . &R 9} 715
o] & oted#] gYx] L+ atrial natriuretic peptide2]
Aretol| 48] F.1}9} atrial natriuretic peptide$} furo-
semide?] AlA&AE wlw HEs2A et

zete] AlAdE ZREEolAet w3
immunoreactive ANP % proANP7} &3} 1 9l o
o, 2 e AALTE Auel, $Aule ANP
ol sHauct mskel,

ANP 9 Az} A% 222 Folz gae] AATY
S74e Legen, Wel AL AL,
dose-dependent }93 c},

At At ANPe) o8 diuresist: A @
gtow, w| kst §-2] 3} natriuresis§ 4 o t}, o
w] furosemide= & =] 3} diuresis, natriuresisE& Y o
et

zte}ol| 4] ANP Eof &= aldosterone -5-H] & <] A5}
glom, furosemide Fof 2 THA| 7k F-ololl= WS
Bolz] gtort, A7t AHEE EH renin YA
9} aldosterone =& Z7}A| A},

o] Ae] AYA 2 ANPE Aetoll 4] 2] F <l
TE 33 e Aozt FEHH, AAHY 2
TEFE Aol g zletol 219 ANP2| &L A3
A ee] 28 ohs oo 246 IS Aelzt 3
= A,

1
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