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= Abstract=
Effect of thyroparathyroidectomy on urinary excretion of sodium, potassium, calcium
and phosphate in the rabbits

Duck-Kyung Choi M.D., Ph.D.

Department of Physiology, Medical College of Korea University

The effect of parathyroid hormone on calcium and phosphate metabolism have been widely
investigated, however less attention has been paid to the effect on urinary excretion.

This study was performed for the purpose determining urinary excretion of Na, K, Ca, and
Po, of 18 thyroparathyroidectomized (TPTX) rabbits, which were TPTX previously 7 to 10
days compared with the same normal ones.

After TPTX 0.2 mg/day of synthyroid was donated to the rabbits.

The concentration of electrolytes in the serum and urine was determined by the following
method; Na and K were determined by means of flame photometry, Ca was by EDTA
titration method!®, and Po, by Fiske and Subba-Raw method?®,

The results as follows.

The concentrations of electrolytes in the serum were

1) In the normal control rabbits (N=25)(data, Mean+S.E.)

Na 131.72+1.33 mEq/L, K 3.5910.28 mEq/L, Ca 12.5840.29 mg%, Po, 4.0 0.45

mg%.
2) In the TPTX rabbits(N=18)
Na 140.61+2.56 mEq/L, K 3.38-:0.36 mEq/L, Ca 12.18+0.45 mg%,

mg%,
There was no significant change between the normal and TPTX rabbits. The concentration

Po, 3.92:£ 0.35

of elelctrolytes in the urine were variously changed.

3) In the normal rabbits.

Na 8.40+1.09 mEq/L, K 81.59+10.19 mEq/L, Ca 16.0243.12 mg%,
mg%,

4) In the TPTX rabbits,

Na 14.57+3.39 mEq/L slight increased, K 116.06-+12.77 mEq/L significant increased
(p<0.05), Ca 18.905.44 mg% no significant increased, Po, 43.38+8.67 mg% significant
increased (p<{0.01).

The effect of TPTX was assumed that it affected wpon increasing tubular secretion of K*

and inhibition of the tubulat reabsorption of Po,,

Fo, 13.1642.89
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B £#20) Calcium 3+ Phosphorous o 2}el] 2
dgdehe AL FAY Adelr) o] TRo] A4F Ak
e 4 o Hol sl wlxE kel st
9T Aol grh

47 19354 Ellsworth and Nicholson?& 4k
Aell parathyroid extract(PTE)& FAlslz kel
Nad K& w4 5718 2tw oapsee Po, o
HCOs8 =77 ggdekn stgeut 19514 Kleeman
and Cook = £ a1@e] FA YxldA PTEE &9
gl ot 4719k e At oA Tagvh 2w 3
sk

1960 Nordin &% PTE £ & x3 Na, K, Cl,
HCO;, Po,5o @d5AE Aoy 2344 FE
(PTH) 4] Aol gt AR Al g TPk &
Jedcha 9.

19693 Puschett and Goldberg =% A}#kej] 4] PTE
S 2 HCO;, PO =% WAZI/F gl &) o]
A3k A EAh AR 9o o Bol 2k shglesl, 19804
Winaver $ &% 244 §-zH4h4 4 $%& (Thyropara-
thyroidectomy, TPTX)ejt} ol ]9 Piretanide &}
PTE & .%o sl3 proximal tubule o] 4] ¢] HCO;, Po,
2] o] & 3}akgl ul piretanide o} =24 ¥l PTE
2] 2+8o] Po, s AL FYFHA FoHAIRAEH ol F
£ PTEZ 24 Al=d AFTE Ak =&
o}z 3hgiel,

ol A 1979 Zilenovski &% FAuk nk4
TPTX 5E¢ #-5a NaHCO; NaCl, calcium gluco-
nate 5¢] g o2 A XN volume expension-g-
A7lz ANDY uF dE& 2235196 PTE & 5
Aol B APFAA 2AT HAFF A F
4F Bl AT A oS FRE dAelgivty B
w3t ek

o] vt £ ECF ¢ vloume s ZA & 53¢
9 Posl wjol B 2™, olwAE A4EAAE
%9 Po,o] wjAel] A& of T, Calcium & <27}
A FEY L4 A3 FAAHE A9 Pod] AF
4+ 9 x3uide 2 47, sk Alxdd Poel
F3 PTH o} saAloll Wi - F2me wgep™®,

ol Aal & AQEY By HAdd A F3t
4 &% ECF9 wi% = PTHY PTEE

o] hyperparathyroidism AFs & wE4d-E W9 Ak

Relg

29 Poyt 7let AsAY st FT 4T Rzl
Hzrabd A4 2 Q18 hypoparathyroidism 2] Abejel]
A E A AR ARA o] Tl BT Xuye =Evh

olo) AXEL EF S 4o E AR ER4AE
FAe AEstz il 1040 AARF €A oF
a4 Na, K, Ca, Po,®| 525 stz AEAd 2
3 02 et rlel G ¥ e wtelv

Ay Y H

AEFEL 2kgAFY S EA F(254) *}%4%"
5 TPTXA 15Yel4 2 FF4d 4 vA9 37
g AEste Agshgsh,

TPTX 9 A& 3% Nembutal §4¢ 20mg/
kg gz FuFisa A4+ Y54 ANTF &9,
At 249 $4L AAGES LA B4 3
AT A8 Atz et

HE AT ZEE GA] o 3923 I
4z 209k HHE 25 FASIE R ZAA AP A
£ Hstr] 918k synthyroid 0.2 mg/day ¢ g3
B Sg¢ 95 ATHLR Fqaq.

TPTX A9 94 ¥ %3¢ Na, K, Ca, Po,gt &
F4rez gu TPTX ¥ 7~10¢ A4 o4& 4

ooz dhoker Ade AAYAA 259 AYL

Wl AHehe At dg

Na, K9] A%¢ Flame photometery & Cal
ethylen diamine tetraacetic acid (EDTA) A & ] of 19
9tz Poy Fiske and Subba-Row method2o]]
gty o X B8y Fof FA4A6A A gl

A d"H 4 5

Ha 23] Ay 2509k TPTX A 184
8 33 Fzk(Mean+S.E.) S Table 14 A)A)gkel,

rﬂ zF9 AN Nag=ze T 151.7241.33
mEq/Lelx K5EL 3,59+0.28mEq/Lejx Ca
EL. 12.58+0.29mg%, Po,x 4.5030.45 mg%2A
FAlzhe) "yl £get st

TPTX 72 #AM ol &Y HE& Ed Na 140.61
+2.56 mEq/L & vi& ol23uy} Frstgdzn Ky
2t 3.3810.36 mEq/L & &40 2 & b4}
gt BAEA 2ot glw Cal 12.1840.45mg%
2 2FH3 2ol g2 Po: 3.92+H0.35mg% E

S A thA ztad Agelglou SAEHoE sty
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Table 1. Data of electrolytes in the serum and urine of the normal and TPTX rabbits

Na(mEq/L) K(mEq/L) Ca(mg%) Po,(mg%)
Serum Normal g. M. 131.72 3.59 12.58 4.50
(N=25) S.E. 1.33 0.28 0.29 0.45
TPTX g. M. 140.61 3.38 12.18 3.92
(N=18) S.E. 2.56 0.36 0.45 0.35
Urine Normal g. M. 8.40 81.59 16.02 13.16
(N=22) S.E. 1.09 10.19 3.12 2.89
TPTX g. M. 14.57 116.06 18.90 43.38
(N=18) S.E. 3.39 12.77 5.44 8.67
P <0.05 <0.01
TPTX : Thyroparathyroidctomized rabbits. Data: Mean—+S.E.
mEq/L mEq/ mg % mg %
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Fig. 1. Changes of Na, K, Ca and Po, concentration in serum befor and after TPTX rabbits.
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Fig. 2. Changes of Na K Ca and Po, concentration in urine befor and after TPTX rabbits.

Table 2, Ratio of the electrolytes in the urine and serum (U/S) befor and after TPTX rabbits

Nat K+ Ca*tt Po,—-
Normal(N=22) g. 0.0510. 01 23.121+4.19 1.28+0.34 3.88+1.05
TPTX(N=18) g. 0.0940.02 37.45+4.59 1.53-+0.42 11.0242.51
p <0.05 <0.05
Data: Mean-+S.E
ojglem Cag 16.0243.12mg%, Po: 13.16% o)Absk e ZF AP BH 2 =F4 AHA
2.89mg%o] 4 vt rx=z TPTX Y AFE vastz 958 43% 2

TPTX #¢ »% Na¥E: 14.57+3.39mEq/L =
A FAgid o4 Ssidn Ke 116.064-12.77
mEq/L 24 f-9atA] F7Hp<0.05)s+g 2 Cad
18.90+5.44 mg%2A W EZFRY LA} BE Z5)
o AT fd4de] itk Po, & 43.38+
8.67mg% A H TR Y53 (p<0.01) Srsa
b & K9 Hust Fols Foietd =% widol
7t 2 4 gdubd Pod) Evb: Akl
AFTFrE dAH o] wjAdngo] F7F Aolg & 5 9
At

Y 1,261 AA g
Z g3y o & AN = 9 FRHA o
Jeht =54 K, Po st 953 $4% A ¥

A B
4 gvh, s F EREY A4 LFoR w4
= ok4e Asjawx 2 944 (U/S ratio) Al4kstd
Table 26 =) Al gke},

2 A7 2266l A& Nao] 0.05:-0.01(Mean£S.E.)
o)z K& 23.1244.1924 &% wde] 453 2
AL B < glglv}. Cat 1, 28+0.34¢l 2 Po,= 3.88
+1.05¢] gl ek
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Fig. 3. Comparison of U/S ratio mean data of Na, K, Ca and Po, in befor and after TPTX rabbits.

A F 1891 A = Nao] 0.0940.0284 = ZFs}
kgl K2 37.4514.5924 JATEG 453 (p
<0.05) 2 Holgdeh. Ca8l vl: 1.5310.422 A
T3k date] 9.9 Po,x 11.0242.5124 HEF
2ol 458 Fobskg e (p<0.05).

olgig AxtE 29 3¢ A AT

| &t

dA A dW ARE =& Nao] < 140 mEq/L
o]a Ke] 5mEq/L, Ca-& 9.2~10.4 mg% (5mEq/L)
Ageln Po,= 4mg%(2.4mEq/L)7F F4 4%
EEDES

ol F 242 AZEN Ay Aelely AEFo], 73
st §R Aolole EAUAHe] glo} 4B kel bio-
chemical potential, electrical potential ] z}e¢]e] &)
sted a4k Aol Feted Fdglol FRolEol Ut
2 glem o] Az AFA HAm Fe 3

%A Potential o] g sle] F84, dubdq o5&
Fo2A MAY 343 A (steady state) = §-x5tzm
A Aol

olel g AAY A4 2ALLL TES 47F
A5l F2 P ol F R AFS, AT A
FAxd o oA, HoldA o] oA T4k &ty
ATE B o] X 2 31 Fe] 2AS S YT
ARy A7 A n dE Aol s

AZgA Cast Po, = FHA3L T4}, A7AA
FY AFHAST 2 9o A% Fase WYy
Cad 50%7F ¥ =dds Agsta 3o FHile]F
o] Ersit Aolx, 5%7tH Aol B4 9
o0} o] &9 A]s}t ol 3, 45%F X}t o] & AR
gate] 5 T Y+ A= o] ¥4 £slicalcium
o] Fge] F.asiel 54

Azl Cast Podl #AT Adte 249
mineralization & A &AF 2 CasZrt 6mg%he) st
=2 deolAd A4 Ee sxdt F44 FrkE @y
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oto} tetamic contraction & 4272 4 mg%hol ¢l 2
o oA Y § ] evtm sk,

inorganic Po, & ¥ FHF2 AllA = 3.5~
4.0mg 7 FAH ol olelo]o A 4~5mgHE
A i Foh, dubd o g HPo, -4 AdE Y& A
o] 2.1 mEq/L 24 v 32-¢& A=Atz HPo, 8 Abe
2 9t AL 0.26mEg/L 24 ofF A2 ofe]n o]
S A g es TE 3 2R
HPo,~~, H,Po,~7} aAle§¢] Abgdrl 2438 o3
I e e FAY Ao,

B A A AzF¢ #€3W Na, K, Ca, Po, ¢ &
Eo] 131.72 mEq/L, 3.59mEq/L, 12.58mg%, 4.50
mg%ete A& g dets g4 g, TPTX &
A o] &4 zho]l Nao]140.61, Ko 3,38 mEq/L ¢
3 Cae] 12.18 mg%, Poyb 3.92 me%eAs 2410
2 £ 952 o & Aol WEex o3
AL PTHY AHAAANAE o] g 24 3bgo] g
gl el opy st A s},

A Aeq] AE 2752 AlmHy i
ZATA Apole] w2t 7 ANE # FIFELY
AE4 D Fu 71Re] 123w ADH, Aldosterone =
2] hormone 2822 H,O 3 Nag] A ka4 %
7 o] Fe] gelAlrle A& olv A& dHA ' A4
ot}

23 F344 F&e] A9 Caleium R} 4 29 -

4 Po, % ZAd AAsn A= JAE dF
Agitte AQEY AF By pho!disss

Ellsworth and Ncholson®& A& y-=jel] o} B7F4F
A %% (PTE)E FAdEHY Naf n% sj4le]
kAL o]} o2 Po,ol HCOs4 wlAe] Frhakgl
2n ol AlmAY AFFIAEL dA A goletn
a9 3, 1951 Kleeman 3} Cook®= A Arel FHd
A 422 PTE & Rl o »F Po,d W43
7He BRI FESgete Bk wF gleh

19601d Nordin-23 PTE & AuFY o8
HCO;, Na, K, Cl, Po,8 &7}e} pHS 238 2K
1} GFR| A8 ol & B4 4. Frbet Al matel] o
PTES A A 93 & dgrtn gt

196311 Lavender and Pulman 22 ] Swef] oz
747 x4 Calcium g & F9]3lx Po,o] Wil & 3
23} A3l hypercalcemia 7} Pos8) Al ezt A 42
£7HA71 2 Po,d] A& Az shgod 1969
1d Puschett and Goldberg -804} dol] 4] NaHCO. &

3
2
&

ol o] Zol o ¥ bicarbonatie diuresis 7} g9z F4 -

22 PTE & S 3hu} Pod wi4e] Frkeleg 2 o]
#35 PTH 9 zrgo] carbonic anhydrase ZF-8-&
AA7l 2 HCO.S Akt AFF ALA2 = 7]
Substed Pod] Al F45 AdAP o2 o5
9 Poyst vhebt Ae] ofd 7t sln Bwsigvl.

19761l Pnschett and Zurbach'®%-& TPTX 7ol 4
PTE & #4258 54L& HCOs2 proximal fra-
ctional reabsorption & Z4F o1} Ay HCO;W
A ultra filtrable Po, ¥ Ca 5-& ®w %ol glgl
v}3 stgew PTH 7} tubularfluid transport mecha-
nism & A skl gtz gl

197943 ZilenovskiF-2® PTX rat & F4AZ(HE &
)5k FAF(HEFE 3~44d A5HOE HED 0.5M
NaHCO; £, 0.5% NaCl g +Calcium gluconate
Qo}-8- F9]35}e] ECF ¢ Volume expension & |71

+ FYsgd& o P w2 Pod] wiAe] AN
calcium gluconate €9 F9lol4 ¥ WEFo] ¢4l
o FAT 2okl gy A WA Fuhge] Arx
gt = Al PTX e bovine PTE & % 3}
32 A7 A EE Fdsidely] 458 Pos M4
o] Zrlate NaHCOz&Ho|A & 63.7%, NaCl-gf
A AL 61.9%¢ Poold57H7F lgdEvl ol & ECF £
Volume expension £ 43 8F-2 971 = ul NaHCO,71 Po,
9] tubular reabsorption g A 3}A]7] & F-Fo] YA &
¥}, 2855 o PTEs} Pos] AF+E <73
£ A zoha wuehgsh .

3ol o] 22 1980 Winaver 5% /& o442
2 a4 TPTX # (2% 3~79 A#4)E sbsx pire-
tanide(o] A]) & ®o] F4vly Na, Ca, HCO:9
AAw MAZAF d9et Pok %A o
Aoz Hel Pooll =a AF Akgtd 714e Na,
Ca, HCO:9} vt #elst 9A etttz gz
PTH & pir-tanide ¢} 7}x] Fosha} &A= 7 Ca,
HCO,9 widoe] gglx Posd wido] 7.4~20.0%%
=27 Zrhstged PTH 2Hgol Pod A3t o) 5
o ¥-¢ Fag 98¢ ste Aol otd 7 s Eud
ek B T

o] b3} zbe Al B o TYA.o2 uFe] PTH
A Fhol ol B84 vz 53l Pool el
A o] & AL T Al

= A Auld 4 TPTX 552 A% Ao =k PT
Hu PTE & %o 3le]hyperparathyroidisme] 4e] 2
FES A FF AN )Tl wMFo] Ll &
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3] Po,d] A g2 AL TR = sl

2 AP FAAH e TPTX E hypoparathyroi-
dism &} Arejel A8 serum 3 k5] A WAL
Hl P2 R el

1973 Fernandez 5-2'P A4 TPTX F 30%9]
serum Ca &} 37t gfvtx et £ AFdAE
TPTX¥ serum Ca 9] & zrdi BX Xz €3
W ARE FEE LR fi 9 Fd e Yoy
A9 Az 24 HAFHz Jd9dvtn sAlle. e
Y k% AL A ZA ok Frbstged K,
(p <0.05), Poy(p <0.01)%& #As Fstgleh o
g A3 PTHY FP4dl7}l Po,s 94 =49
AZFFE JAFERA mFllde] 71 Aelz K
4 LA =R Fulob SoHE Aol Aale] obd7t 4
zZ =

2 AR oled A 4UEY PTE PTH &
o] 2 hyperparathyroidism & Atejol= wike] X7 o)
g =u BTFdx Pood Ko nFwide] Zrlstgdwl
AL 2 o]HE ABslr] Batste.

PTHY =71} zt&A4ld7F Poat 71el Asid e A
k3 B3 o] F dAE T2 AAE 1A | o)e
PTH Y o4 2% oAl od dale] A

&ex TEIE

= =

SAA4A Aol A=A AL Na K, Cay
Po, 54 F371Adl w3 L n A L=E A3
A & 48¢ Axsger

A9y e 2kg AT EAF(N=25) j422 3
A B7ARA A &(thyroparathyroidectomy, TPTX)

& stz 2% eld 0.2mg/day & synthyroid & 73 7
Hon Bt 7~108¢] AFAF TPTXEAE =k

A€ 230 2 =39 Na, K, Ca, Po, =%
2 (A NRTLE A3 4525 AL APFer 3]
o W AT AsE st 2o,

1) 3AEA(N=25) dYW NaxEE 13172+
1.33mEq/L (Mean +=S.E.), K'¥ZL 3.59+0.28
mEq/L, Cal 12.584-0.29mg%, Po,: 4.51:0.45
mg%e] R &k,

2) AT (N=18)9 &4 NayEx 140.61+2.56
mEq/L, K¥=%= 3.38+0.36 mEq/L, Cag 12,18+
0.45mg%, Po,& 3.9210.35mg%E AP T3 W=

T Apolell & 2 Aelst glglth

3) EZF(N=22)8 xFol wAds Nad 8.40%
1.09mEq/L o]z Ko] 81.59+10.19 mEq/L, Ca
16.02£3.12mg%, Po,s} 13.16+42.89mg%e] 910
::]

4) AP FY(N=18)x 5 Na FE = 14.5743.39 mEq
/L, K 35X 116.06+12.77 mEq/L 2 #-9 & 2715
s 2 (p<0.05), Cat 18.9045.44 mg%, Po, =
43.3818.67mg%EA AT w4 F7H7H(p<0.01)
At ek

5) ¥-zr4k4 A %) (hypoparathyroidism) AlA] &t
o B4 E3A64 4 nAx 58 K, Pod =%
WAo] kg AL K9 Alxg Fulsl $71sln Po,

]

9 AFFA A Aol ohdsb AFA s,

REFERENCES

1) Ellsworth, R. and W.H. Nicholson: Further
observations upon the changes in the electro-
Iytes of the urine following injection of para-
thyroid extract. J. Clin. Invest. 14:823-827,
1935.

2) Kleeman, C.R. .and R.E. Cooke: .The acute
effects of parathyroid hormone on the metabo-
lism of endogenous phosphate. J. Lab. Clin.
Med. 38:112-127, 1951.

3) Nordin, B.E.C.: The effect of intravenous para-

thyroid extract on wrinary pH, bicarbonate

excretion. Clin. Sci. 19:311-319, 1960.

Puschett, J.B. and M. Goldberg: The relatio-

nship between the renal handling of phosphate

and bicarbonate in man. J. Lab. Clin. Med.

73:956-969, 1969.

Winaver, J., D.B. Sylk, P.R. Teredsai, J.S.

Robertson and J.B. Puschett:

effects of piretanide on proximal tubular Po,

and HCO; transport. Am. J. Physiol. 238:

F 60-F 68, 1980.

Zilenovski, A.M., S. Kurochs, S. Bhat, D.E.

Bank and N. Bank: Effect of sodium bicarbo-

nate on phosphate excretion in acute and chronic

PTX rats. Am. J. Physiol. 236, F 186-F 191,

1979.

7) Massry, S.G., J.W. Coburn and C.C. Kleeman:

4

~

5

[

Dissociative

6

Rt



8)

9

~—

10)

11)

12)

13)

—#EH A P34 HEe] =F Na, K, Ca g PO, n]3]& 93—

The influence of extracellular volume expension.

on renal phosphate reabsorption in the dog. J.
Clin. Invest. 48:1237-1245, 1969.

Suki, W.N., Martinez-Maldonadg, D. Rouse-and
A. Terry: Effect of expension of extracellular
fluid on renal phosphate handling. J. Clin.
Invest. 48:1888-1894, 1969.

Puschett, J.B., Z.S. Agus, D. Senesky and M.
Goldberg: Effects of saline leading and aortic
obstruction on proximal phosphate transport.
Am. J. Physiol. 223:851-857, 1972,
Eknoyan, G., W.N. guki and Martinez-Maldo-
nado: Effect of diuretics on urinary excretion
of phosphate, calcium and. magnecium in thyro-
barathyroidectomized dogs. J. Lab. Clin. Med.
78:257-266, 1970.

Fernandez, P. and J].B. Puschett: Proximal
tubular actions of metolazone and chlorodiazide.
Am. J. Physiol. 225(4):954-961, 1973.
Lavender, A.R. ard T.N. Pulman: Changes in
organic- phosphate excretion induced by renal
arterial infusion of calcium. Am. J. Physiol.
205(5):1025-1032, 1963.

Hellman, D.E., William Y.W.AU and Frederic
C.B.: Evidence for a direct ¢ffect of parathyroid
hkormone on wurinary acidification.: Am. J.
Physiol. 209(3):643-650, 1965.

14) Amiel, C., H. Kuntziger and. G. Richet: Micro-
puncture study of handling of phosphate by
proximal and distal nephron in mnormal and
barathyroidectomized rat. Pfluger Arch. Am.
J. Physiol. 317:98, 1970.

15) Wen, S.F.: Micropuncture study of proximal
tuble phosphate transport in the dog. Clin. Res.
20:616, 1972.

16) Wen, S.F.: Micropuncture studies of phosphate
transport in the proximal tuble of the dog. J.
Clin. Invest. 53:143-153, 1974.

17) Denis, V.W. and P.C. Brazy: Sodium, pho-
sphate, glucose, bicarbonate and alanine intera-
ctions of the rabbit kidney. J. Clin. Invest.
62:387~397, 1978.

18) Puschett, J.B. and P. Zurbach: Acute effects
of parathyroid hormone on proximal bicarbo-
nate transport in the dog. Kidney Int. 9:501-
510, 1976.

19) Diehl, H. and Ellinghboe, I.L.: Anal. Chem. 28:
882, 1956. .

20) Fiske C.H. and Subba Raw: The colorimetric
determination of phosphorus. J. Biol. Chem.
66:375-400, 1925.

21) Guyton: Textbook of Medical physiology p.
1055-1066.

— 76—



