CHAPTER IV

RESULTS

GROUP I (CONTROL ANIMALS)

GENERAL CIRCULATION

Effects of hypertonic and hypotonic saline intrarenal infusion
on general circulation of six dogs in group I are shown in Table 1.
During intrarenal infusion of hypertonic saline (537 mOsm/kg) and
hypotonic saline (27 mOsm/kg) solutions, each period was 10 minutes,
it was found that cardiac output (CO), mean arterial pressure (MAP),
heart rate (HR), total peripheral resistance (TPR), packed cell volume

(PCV), plasma volume (PV) and blood volume (BV) changed insignificantly.

There were some systemic changes during hypotonic saline
infusion, since effective renal plasma flow (ERPF) and renal blood
flow (RBF) decreased significantly (P < 0.05) in the contralateral
kidney. During hypertonic saline infusion, there were no significant
changes in ERPF, RBF and RVR of the contralateral kidney. Thus,

general circulation would not be effected by hypertonic saline solution.

RENAL FUNCTIONS

In the control animals, the effects of hypertonic and hypotonic
saline infusion on renal hemodynamics were shown in Table 2,3,4,5.

The results were compared with the control state of the same kidney.
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Table 1 Effects of hypertonic and hypotonic saline infusion on

general circulation of six dogs in the control group.

Isotonic saline Hypertonic saline Hypotonic saline
‘NS NS
CcO (ml/min/kg) 111.13 ¥ 30.79 104.04 * 28.54 122,79 ¥ 55,31
NS NS

MAP (mmHg) 121.89 * 21.59 122.56 * 20.49 128.67 * 18.93 -
NS NS
HR (beat/min) 139.00 ¥ 20.00 146.00 ¥ 20.00 127.00 ¥ 22,00
5 NS NS

TPR (dyne-sec/cm~ 503439 I 285.39 531.25 ¥ 247.10 548,49 T 394.67
/kg) NS NS

pPCV (%) 31,00 ¥ 6.09 29,83 + 7.08 28.50 * 5,86.
NS NS
PV (ml/kg) 53.82 ¥ 14.91 61.73 * 12,26 47.43 T 13,01
NS NS
BV (ml/kg) 84.90 * 20.00 89.17 * 19.65 67.35 £ 21.94

values were statistically significantly different by paired t-test

with respect to the same state of control. (NS

(MEAN * SD.)

= not significant)



Table 2 Effects of hypertonic and hypotonic saline infusion on renal hemodynamics compared with the control

state in the control group. (MEAN #+ SD.)
Urine flow GFR ERPF RBF FF Renal fraction RVR
(ml/min) (ml/min/100gm) (ml/min/100gm). (ml/min/100gm) -( % ) (%) (dyne-sec/cm” /100gm)

EFFECT OF HYPERTONIC SALINE

Contralateral kidney 0.27+0.15 = 66.66%13.81 193.91+40.06 .292.02+84.00  34.51% 5.51  7.67+2,57 34530,36+5697,39

Infused kidney (isotonic) 0.32%0.14 61.39+15.53 179.97+41.47 265.94+78.05 34.11% 3,15 7,21%2.45 38028,71+6065.99
. NS NS . NS : NS NS NS . NS

Contralateral kidney 0.28%0.14 58.97%21.71 198.27+65.93 290.93%f112.70 30.91%f 9.73 8.52%4.51 37707.89+13802.13
. ) * NS NS NS NS NS NS

Infused kidney (hypertonic) 0.62%0.42 69.12%13.02 199.13%58.02 289.69%100.84 35.99% 7.58 8.57t4,22 35931.84%8209.58

EFFECT OF HYPOTONIC SALINE

Contralateral kidney 0.42%0.28 77.44%24.55 205.21490.97 299.27£149.87 40.09%10.11 7.67%2.57 39049.34%16011.19

Infused kidney (isotonicl  0.56%0.40 74.29%21.72  176.86%76.66 273.01%121.49 46.13%15.61  7.21%2.45 43857.13£22419.20 -
: . _ NS NS N . NS NS

Contralateral kidney 0.41%0.24 76.03%33.08 175.52%80.37 " 251.55%£125.50* 45.37%15.79  6.49%3.82 48740.96121865.69 *

. : : NS NS NS : NS NS

Infused kidney' (hypotonic)  0.43+0.38 60.14+27.14 144.22455.41 215.74+ 82.88" 41.99%12.47  5.312.61 54635.97+25522.117

Values were statistically significantly different by paired t=test: (*p < 0.05, NS = not .significant)

61l
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Table 3 Effects of hypertonic and hypotonic saline infusion on
plasma concentration of electrolytes (PE) compared with

control state in the control grotip. .(MEAN + SD,)

Plasma Isotonic saline Hypertonic saline Hypotonic saline
concentration

_ NS NS

Na (mEg/L) 140.00 * 3,95 139.17 £ 7.49 138,17 + 2,32
. NS NS

K (mEg/L) 2.78 * 0.20 2,80+ 0,29 3.13t 0,33
NS NS

Cl (mEg/L) 117,83 % 5,95 113,84 * 10,91 114,00 * 12,28
NS NS

Ca (mg%) 7.46 1 0,61 7.50 £ 0.29 7.45 & 0.43
NS NS

Pi (mg$%) 2.78 * 0.64 RS 0.71 2.73 t 0.69

Values were statistically significantly different by paired

t-test. (NS = not significant)



Table 4 Effects of hypertonic and hypotonic saline infusion on urinary excretion of electrolytes (U V)

and fractional excretion of electrolytes (FE L compared with the control state.in the control

group, (MEAN + S.D.)

U_ V- U,V F
Na v V Cl Ca Pi FENa FEK S cl o Ca EPi
(qu/mln/kg)(qu/mln/kg)(qu/mln/kg)(mg%/mln/kg)(mg%/mln/kg) (%) (%) (%) (%) (%)
EFFECT OF HYPERTONIC SALINE
ntralateral kidney 3.28%1.88 0.74%0.25 2.22%2.05 0.07%0.06 1.09%0.58 1.28%0.71 14.16% 5.21 1.23%1.02 0.58%0.54 20.29% 8.27
fused kidney (isotonic)  4.46%2.22 0.66+0.21 3.59%2.57  0.13#0.08 1.21#0.65 2.05+1.36 13.52+.3.87 2.12+1.84 1.09+0.83 23.97+10.11
. , NS NS NS ‘ NS NS NS NS NS NS |5
atralateral kidney 3.68%1.99 0.78%0.19 2.77%2.44 0.09%0.05 1.43%0.58 1.82%1.11 18.07i'6.82 1.71*¥1.58 0.81%0.60 31.14% 8.88
. N S N
Eused kidney (hypertonic) 7.83%5.31* 0.93+n.24*  7.38+6.03* o.lsto.13Nsl.47io.66N53.24t2.55Nsl7.75t 8.03Ns3.84i3.45 S1.3421.15" 26.49+10.14
EFFECT OF HYPOTONIC SALINE
itralateral kidney 5.11#3.81  1.I1%0.92 4.13%4.207 0.,10+0.07 1.71%0.61 1.91%+1.60 18.18+14.83 1.9742.08 0.66%0.49 32.72+13.98
‘used kidney (isotonic)  6.24*%4.61  1.29+0.92 5.33%4.77  0.09£0.06 1.40%0.63 2.38+1.93 21.72£15.29 2.51+2.34 0.67+0.50 26.86+12.21
. N NS NS : NS NS NS NS NS NS N
tralateral kidney 4.93%3.28"7 1.33%0.87  3.85%3.42 - 0.09%0.06 "1.81%0.62 1.63%70.82 '21.66%12.17 "2.03%1.63 0.73#0.83 36.96%+13.21
used kidney (hypotonic) 4.91%4.49%° 1 2g+1 06™5 3.ggta.77NS O.OBiO.OSNsl.35iO.6lNS2.22tl.49NS25.25ilS.9ONSZ.36i2.l3NSO.79i0.53NS33.l6t16.76N

Values were statisfically significantly different by paired t-test.

(*p < 0.05, NS

not significant)

Lz



Table 5 Effects of Hypertonic and hypotonic saline infusion on plasma osmolarity, urine osmolarity,
u/p osmolarity ratio, osmolar clearance and free water clearance compared with the control state
in the control group. (MEAN % SD.)

Plasma Osmolarity Urine osmolarity u/p osmolarity ratio Osmolar clearance Free water clearance
(mOsm/L) (mOsm/L) (ml/min) . (ml/min)

EFFECT OF HYPERTONIC SALINE

Contralateral kidney . 915.13+635.81 3.21%2.22 0.67%0.35 - 0.40%0.40

Infused kidney (isotonic) 287.10%10.42 729.87+475.54 2.55+1 .66 0.64+0.24 - 0.32+0.33
- : 1
Contralateral kidney 854.93+640, 975 2.99+2, 26NS 0.67+0, 348 - 0.39+0,36"S
. ) S »
Infused kidney (hypertonic) 287.93% 8.75"° - 663.13+483, 24N 2,311, 7188 0.92+0, 198 - 0.31%0.42%S

EFFECT OF HYPOTONIC SALINE

Contralateral kidney ' ' 650.00+671.22 2,28%2,35 0.74%0.64 - 0.3240.47
- Infused kidney (isotonic) 284.78+ 6.97 602.73+494.38 ‘ 2.11+1.73 0.8740.62 - 0.31+0.40
Contralateral kidney 776.93+729, 79N 2.72+2, 545 0.83+0, 49N - 0.4240.37"
Infused kidney (hypotonic) 286.10% 4.19™° 615 g0+470.27NS 2.15+1.64"° 0.75%0, 697> - 0.32t0.38™

Values were Statistically significantly different by paired t-test. (NS = not significant)

44
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During the control peroid, the experimental kidney was infused with
isotonic saline (290 mOsm/kg). In the experimental peroid, hypertonic
saline (537 mOsm/kg) was then infused into the renal artery. It was
calculated that sodium concentration in the renal artery was elevated
by 2.67 * 1.81 (Mean * S.D.) pEq/ml/min. The rate of urine flow of
the infused kidney was increased significantly (P < 0.05) from a mean
value of 0.32 (méan * s.D.) ml/min to 0.62 (mean * S.D.) ml/min while
the contralateral kidney was not markedly changed. The urinary

excrétion of sodium (UNaV), potassium (UKV) and chloride (U lVJ of

C
the infused kidney were increased significantly(P < 0.05). The
glomerular filtration rate (GFR), the effective renal plasma flow and
the renal blood flow increased by approximately 13%, 11% and 9%
respectively while the renal vascular resistance (RVR) decreased by
approximately 5%. There were no marked changes in urinary excretion
of calcium (UCaV), inorganic phosphorous (UinJ, plasma concentration

of electrolytes (PE}, osmolar clearance (COst and free water clearance

(CH 0]' During hypertonic saline infusion, the renal hemodynamics of
2

the contralateral kidney were not changed significantly.

Intrarenal ‘infusion of hypotonic saline solution (27 mOsm/kg) ,
it was calculated that sodium concentration in the renal artery was
decreased by 2.87 * 1.94 (Mean * S.D.) MEq/ml/min. The RBF was
decreased significantly whereas RVR increased significantly (P < 0.05).
The rate of urine flow and GFR were decreased by approximately 23% and
18% respectively. Urinary sodium and chloride excreticns were éecreased
proportionally to the rate of urine flow. The infusion of hypotonic
saline caused slight decreases in UKV, u

VU Vs U/P osmolarity

Cc P

ratio, urine osmolarity and CH B while there were no significant changes
2



24

in plasma concentrations of electrolytes and plasma osmolarity. COsm
was decreased by approximately 13% from the mean control value. The
effect of hypotonic saline infusion on the contralateral kidney
showed that ERPF and RBF decreased signifieantly (P < 0.05) while

RVR increased significantly (P < 0.05). There were no significant

changes in the rate of urine flow, GFR, UNaV’ UKV, u..Vv, U aV, UPiV,

Cl Cc

plasma concentrations of electrolytes, urine osmolarity, CH 0 and
2

2 %
Osm

GROUP II (HYPOTHYROID ANIMALS)
The present data show that the concentration of serum thyroxine
(T4) in the hypothyroid group was lower by approximately 87% as

compared with the control group. The mass of thyroid gland and the

kidney were not different from the control group (Table 16).

GENERAL CIRCULATION

It was found that HR in the hypothyroid group (Group II)
decreased significantly (P < 0.05) with respect to the control group
while CO, MAP, PV and BV did not change significantly (Figure 1).
There were no changes in CO, MAP, HR, PCV, PV and BV during either
hypertonic or hypotonic saline infusion (Table 6). There were some

systemic changes during hypertonic saline infusion because U aV and

N
fractional excretion of sodium significantly increased (P < 0.05) in

the contralateral kidney. No systemic alterations were seen in

hypothyroid animals during hypotonic saline infusion.
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Table 6 Effects of hypertonic and hypotonic saline infusion on

general circulation of six dogs in

the hypothyroid group.

Isotonic saline

Hypertoniec saline

Hypotonic saline

CO (ml/min/kg)
MAP (mmHg)
HR (beat/min)

TPR (dyne-sec/

cm /kqg)
PCV (%)
PV (ml/kg)
BY (ml/kq)

Values were statistically significantly different

t-test with respect to the same state of control,

(NS

124,54 * 88,86
102,11 + “20E3
110,00 ¥ 21.00

410.89 t 234.95

28.17 * 8,68
ey 181 A LA ok
94,90 * 40,00

not significant)

95,12
99,58
112.00
436.87
28.00
50,01

70.80

I+

(MEAN * sD)

NS
35,50

NS
16.81

NS
15,00

NS
170,58
NS

NS
10,53

NS
10,00

NS
85,12 + 31.72

N
102.50 £ 20,12

N.
94,00 ¥ 23.00

NS

529.29 + 310.37
27,58 *
NS

58.00 * 20.98

87,50 *

by paired



Table 7 Effects of hypertonic and hypotonic saline infusion on renal hemodynamics compared with the control

state in the hypothyroid greup.- (MEAN + S.D.)

Urine flow GFR ERPF RBF FF Renal fraction ) RVR 5 -
(ml/min) (ml/min/100gm) (ml/min/100gm) (ml/min/100gm)-  ( % ) (%) (dyne-sec/cm” /100gm)

EFFECT OF HYPERTONIC SALINE

Contralateral kidnéy 0.33%0.24 59.97+10.19 163.86%30.46° 228.99%34.95  37.42%f 6.39 5.53%2.84 36238.76%8242.66

Infused kidney-(isotonicl 0.38%0.33 50.18%f16.58 137.15%£59.66 194.86158,79 30.20%17.69 4,89%2,25 45483.75+£16590.53
: NS NS NS NS NS NS
Contralateral kidney 0.43%0.33 52,59%13.31% 139.62+29.34 193.14%40.07 - 38.69% 7.39 5.26%£2,19 43130.42£13524.49

S

. . ) NS . NS NS N NS NS
Infused kidney (hypertonic) 0.62%0.59 43.53*13.46 120.41%41.20 166,28%55.69 35,74% 7.69 5.13%2.84 56429.,17+33224.76

EFFECT OF HYPOTONIC SALINE

Contralateral kidney - 0.36%0.30 59,27+18.75 146.84t34,66 201.64151 .64 41.40% 9.78 5.53+2,84 43340.77+18769.72

Infused kidney (isotonic) 0.33%0.22 44.,52%15.88 110.34%34,49 149.98%50.64 40.21%11.19 4.89%2,25 67985, 38+54920.29
NS NS NS NS NS NS NS

Contralateral kidney _ 0.32%0.21 60.60%15.72 137.59%31.13 189.62+32.89 45.01*f 8.62 5.73%1.94 45643,30%£17507.21
’ NS NS

NS NS NS NS
Infused kidney . (hypotonic) 0.22+0.17% 33.92%13.15 77.13%40.88 107.68%58.92 45.72%12.72 3.34%f1.61 99972.32%56223.07

Values were statisfically significantly different by paired t-test. (*p < 0.05, NS = not significantly)

9¢
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Table 8 Effects of hypertonib*&ﬁﬁkh'ﬁ tonic saline infusion on
plasma concentration of electrolytes (P ), compared with

the control state in .the hypothyroid giroup, (MEAN + SD,)

Plasma Isotonic saline Hypextonic saline Hypotonic saline
concentration
_ NS NS
Na_ (mEq/L) 128.83 ¥ 3.66 130.17 * 2.79 129.33 ¥ 2,66
N NS NS
K (mEq/L) 2.90 ¥ 0.69 2.71 * 0.59 2.86 ¥0.59
NS NS
cl (mEq/L) 111.00%8x34.71 11048t 4,32 - 111.83 f 6.01
NS NS
Ca_ (mg %) 5.56 &+ 1.79 5.38 + 1,42 5.43 £ 1.86
= + NS NS
Pi (mg %) #. 55 & 1.33 2.39 ¥ 1,09 2.41 ¥ 1,09

Values were statistically significantly different by

paired t-test. (NS = not significant)



Table 9 Effects of hypertonic and hypotonic saline infusion on urinary excretion of electrolytes (UEV)
and fractional excretion of electrolytes (FEE) compared with the control group in the

hypothyroid group. ~ (MEAN % S.D.)

\'4 . U_..v F
UNa UKV UClV UCaV Pi FENa FEK FECl FECa EPi

(qu/min/kg)(qu/min/kg)(qu/min/kg)(mg%/min/kg)(mg%/min/kg) (%) : (%) (%) (%) (%)

EFFECT OF HYPERTONIC SALINE

ntralateral kidney 2.89%2.41  0.9410.28 3.09£3.98  0.07+0.07 1.10£0.77 1.72+1.79 23.5135.39  2.19+3,39 1.00£1.08 31.24+20.30
fused kidhey (isotonic)  3.613.86 0.85:0.27 3.86£5.21  0.09%0.13 0.85:0.57 3.72#3.68 25.52+6.51 2.75%4.13 1.39%1.92 31.98+22.71
S

. ' N. NS NS NS NS NS NS
ntralateral kidney 3.90%2.69* 1.01%0.33 4.30%3.65  0.07%0.07 1.21%0.82772,44%2.13* 27.95+3.84 3.05%3.53 "1.19%1.21 42,77%25 527

. ) . NS NS NS NS NS NS NS " NS NS N
fused kidney(hypertonic) 5.07%2.99 0.98%0.34 6.15%4.52 ~ 0.06%0.05 0.95%0.70 3.32%2.61 28.19%7.78 4.86%5.11 0.89%0.55 39.99%25.79

EFFECT OF HYPOTONIC SALINE

itrarenal Kidney . 3.38%2.83 0.99%0.27 3.68%5,18 0.11%10.19 1.22%0.72 1.93%f1.74 27.05%8.86 2.45%3.79 1.28%2.02 37.69%21.72
used kidney (isotonic) 3.18%2.63 0.81%0.29 2.57%1.95 0.07%0.05 0.92%0.69 3.56%3.16 28.13%9.89 1.91%1.49 1.54%1.87 37,69+24,97

S

N : N N N N
tralateral kidney 3.41%2.88 ~ 0.98%0.30"° 2.44%2_ 19N o.llio.16Nsl.47io.88N52.o3i2.24N525.0916.51 S 1.87%1.85 S1.3711.95 S43.41t28.50

\{ \f A N
used kidney.(hypotonicL 2.16 2.39% 0.63 O.35NS 1.72 2.18NS 0.04 O.OSNSO.93 O.92Nsl.75 1.03h826.78 7.711\s 1.62 1.12N30.96 l.lSNS39.98 27.13

Values were Statistically significantly different by paired t-test. (*p < 0.05, NS = not significant)



-
Plasma osmolarity . Urine osmolarity U/P osmolarity ratio Osmolar clearance Free water clearanc
(mOsm/L) - (mOsm/L) (ml/min) (ml/min)
EFFECT OF HYPERTONIC SALINE
Contralateral kidney : 696.77%296. 33 2.43%1 .05 0.62%0.18 - 0.29%0.1¢
Infuseq kidney _(isotonic) 288.15+ 5,18 605.571238,02 2.10£0.83 0.61%0,.32 - 0.23%0.07
Contralateral kidney | 589.55+427,36NS 2.01*1.46M  0.60%0.21NS - 0.17#0.27"8
Infused kidney (hypertonic) 292,271 6,81%5 509.58%341,93NS 1.7321,15N8 0.6620, 25N - 0.12%0,37

EFFECT OF HYPOTONIC SALINE -

Contralateral kidney 665.67+396.95 2.28%1.37 0.670. 35 - 0.29:0.18

Infused kidney_(isotonic) 291.20%5, 36 625.07+252,91 2.15+0.87 0.61%0. 36 - 0.29%0.20
. . N
Contralateral kidney 724.70+359,17NS 2.5141. 20N 0.65:0.27"° . _ o 3447 10NS
. NS NS

Infused kidhey (hypotonic) 289.47+10.17NS 632.70+271.93NS 2.1940.97 0.38+0.19* - 0.16+0.05

6¢

Values were statistically significantly different by Paired t-test, (*p < 0,05, NS = not significant)
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RENAL FUNCTIONS

Effects of hypertonic saline infusion in hypothyroid animals.

The infusion of hypertonic saline in hypothyroid dogs caused a signi-
ficant decrease in GFR (P < 0.05) from the mean control value in the
infused kidney (Table 7). The rate of urine flow increased by

approximately 63% while ERPF and RBF decreased 12% and 14% respectively.

u v, U
a

\Y
N ’Uc

K V and UPiV increased by approximately 40%, 15%, 59% and

1

11% respectively from the mean control values (Table 9). The plasma
concentrations of electrolytes, plasma osmolarity UCav and UClV did
not change significantly but urine osmolarity, U/P osmolarity ratio

decreased slightly (Table 8,9,10). C and C were increased by
Osm H20

approximately 8% and 47% respectively from the mean control values
(Table 10) in the infused kidney. There was a significant decrease
in GFR (P < 0.05) of the contralateral kidney. ERPF, RBF and renal
fraction were decreased slightly but RVR and the rate of urine flow
increased slightly (Table 7). The urinary excretion of sodium,
fractional excretion of sodium and inorqaﬁic phosphorus increased

significantly (P < 0.05) while UKV’ U.V, FE FE ., , plasma

Cl cl’ Ca

concentration of electrolytes, plasma osmolarity and COsm did not

chanﬁe significantly (Table 8,9,10). Urine osmolarity decreased

slightly but C increased slightly in the contralateral kidney

HZO

(Table 10) as compared with the control state of the same kidney.

Effects of hypotonic saline infusion in hypothyroid animals.

The infusion of hypotonic saline into the infused kidney caused a

significant decrease in the rate of urine flow, UN V and C0
a sm

(P < 0.05) while GFR, ERPF and RBF decreased 25%, 30% and 28%
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tespectively. During hypotonic saline infusion, there were slight

increases in FF and RVR while 'U VvV, U_V, U'av, FE FE _, FE

K cl C Na’ K 24 lig 5

ca’

urine osmolarity, U/P osmolarity ratio decreased slightly. There were

' no marked changes in plasma osmolarity and CH 0 during hypotonic saline
2

infusion. Parameters of the contralateral control kidney did not

change significantly as compared with the control state of the same kidney.

Comparison between hypothyroid and control animals. After

total thyroidectomy in dogs for 1 week, the contralateral kidney
showed decreases in GFR and RBF by approximately 11% and 21%
respectively but RVR increased by approximately 4% when compared with
the contralateral kidney of the control group (Figure 3,4,5). The

rate of urine flow, filtration fraction (FF), renal fraction, U av’

N

u.v, u

K Clv' b

iv, fractional excretion of sodium (FE a)’ chloride

P N

(FEcl), calcium {FECa) and inorganic phosphorus (FEPi) changed
insignificantly (Figure 2,6,7,8,9,10,11,13). During hypertonic
saline infusion, there were significant decreases in GFR and RBF
(P < 0.05) but increase in RVR by approximately 57%. The rate of

urine flow, U aV’ u v, U

K Vv, UPiV, FE

E
s F c1’ FE FEPi’ renal

N cl Na ca’

fraction and FF were increased slightly while FEK was increased
significantly (P < 0.05). These responses of the infused kidney in
hypothyroid group were in the same direction as compared with the same

state of the control group during hypertonic saline infusion.

Compared with the same state of control animals, during
hypotonic saline infusion of the infused kidney, it was found that
RBF decreased significantly (P < 0.05) while GFR, the rate of urine

flow, renal fraction, UNaV’ UKV, U

Clv, and Ucav decreased slightly.
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There was a significant increase in FE, (P < 0.05) and slight

K

increase in RVR, FF, FE_ , FE_., FE while U iV and FEPi did not

Na el Ca P

change significantly.
GROUP III (HYPERTHYROID ANIMALS)

The present data showed that the concentration of serum
thyroxine (T4} in the hyperthyroid group increased significantly
(P < 0.05) compared with the cantrol group. The mass of thyroid
gland in this group was by approximately 21% lower than the control

group but kidney mass was not different (Table 16).

GENERAL CIRCULATION

It was found that HR in the hyperthyroid group increased
significantly (P < 0.01) compared with the control group. CO
increased by approximately 54%, while TPR decreased by approximately
10%. PVC, PV and BV were not different from the control group
(Table 16). There were no changes in CO, MAP, HR, TPR, PCV, PV and
BV during either hypertonic or hypotonic saline intrarenal infusion
in this group (Table 11). But there were some systemic effects during
hypotonic saline infusion, since GFR decreased significantly (P < 0.05)
of both kidneys. 1In hypertonic saline infusion, systemic alterations
were shown because RVR decreased significantly (P < 0.05) in both

kidneys in comparison between control and experimental period.

RENAL FUNCTIONS

Effects of hypertonic saline in hyperthyroid animals. Infusion

of hypertonic saline directly into the renal artery, there were slight
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Table 11 Effects of hypertonic and hypotonic saline infusion on

general circulation of fiwe dogs in the hyperthyroid group.

Isotonic saline Hypertonic saline Hypotonic saline
NS NS

co (ml/min/kg) 171.78 & 86.94 165.93 ¥ 81,54 129.27 ¥ 50.62
NS NS

MAP (mmHg) 133.20 ¥ 26.60 136.27 ¥ 18.60 128,67 ¥ 14.59
_ P! + NS i NS

HR (beat/min) 223,00 T 47.00 206,00 T 46.00 230.00 ¥ 50.00
. NS NS

TPR (dynegsec/ 450.02 * 384.89 489.78 T 424,72 425.80 * 262.12
cm” /kg) NS NS

PCV (%) 30.80 ¥ 7.79 31.20t 8.17 30.80 t 6.76
NS NS

PV (ml/kg) 61.59 ¥ 25,14 §T.ATI &2 £) 22,55 63.40 * 21.01
NS NS

BV (ml/kg) 70.90 * 48.49 80.60 = 24,30 89.36 ¥ 24,50

Values were statistically significantly different by paired
t-test with respect to the same state of control.

(NS = not significant) (MEAN % SD.)



(uesTITUbTS 30U =

SN ‘50°0 > dy) "3se3-3 paxted Aq jusiaiITp AT3ueOTITUBTS ATTEROTISTIRIS oIxom sanTeA

T9°066TLT6L"0TT6S 16°T56b°L 65 ETF8S €€ S$8°SHTF8S 80¢ 66°T638L°E€ZZ 0L 6TF06°99 zv 038st0  (9TUS3odAy) Ksupty pesngur
SN SN SN SN SN SN
SE¥8Y8TTF86°0SLZE IV ZISE'8 T PIFOP HE  00'EETFOL OLE 60°96F68°957 %98 9TF98°LL ZE* 036970 AsupTy TexsyeTex3zUCH
SN SN SN SN SN SN
61" 68LZTFPE TTLIE Z9°€3T0°6 €€°ZIFT9°CZE 9" 60TFSL S8E 65 " 28166 ° 697 L6°TTFEO" 08 6£°0329°0  (OTUO30ST)  AsupTy posnurl
60°ZZLZTTCT 1660€ ¢y’Z390°8 €S'TIFSE'EE  OE"9STFLO" 8OF €€°L676H°282 88°ST706°58 62°0325°0 Asupty TersjeTRIZUCY
INITVS DINOIO&AH JO IDEIJT )
€°0966 TLO"LLEST Z8°€306°8 _ €2°% FL8°¥Z _ €€ TIETFOL LTV _ OT°S8L T96°58Z €0°STFEE" 69 65°03.8°0 T(oTuo3zxadiy) & -
*¥ F a F mmz F o F = F A F o §°05L8°0 T9Tuol Y) ASupTy pesngug
0°SPHPOTT60°TZE6Z "TFS9°8_ 68°8 FL6°LT _ 96TTETFES LIV 86 LETTEDST 11°92380" “0T6L" ks
¥»S0°S¥% F TZEse mzmm 7S mmz 8 F L = FES = LETR € - T°92380°18 mzmm 036L°0 UpTy TeIsjleTeIluc)
SZ°€E00TFTIP TLLST T9'EFT0°6 €S°% FLZ"ST  p96ETFEE"8YP 0SS FIP' LOE 62°LTF89°SL 9v* 03180  (PTuo3jost) Asupry pesnur
S9"E€SOPTF6T " Th6LE Zv°ZF90'8 9Z°S ¥99°9Z 88 GBIFIT 9vp 8T 8OTFEL'EOE €8 ETF6L" LL 9ET0FEL" O AsupTy TexsjETEIIUGCH
ANITVYS DINOILHI4AH J0 ID0dJId )
(wbpoT/ uo/o8s-sulp) (%) (%) (wboOoT /utw/TW) (WHOOT/uTW/Tw) (WHQQT/uTur/Tw) (uTw/Tur)
S ya¥ UOT30BIF TRUSY EES Jgy &t ) MOT3 auTIn

1°ds ¥ Nv@W) °dnoxb proxduyizaediy sy3z ut sijeas Tox3uos ay3z

U3ITM peIedwod SOTWRUAPOWSY TPUSI UO UOTISNIUT SUTTES oTuojodiy pue otuo3zzsdAy 3o s3oeIzm ZT =192l



35

Table 13 Effects of hypertonic and hypotonic galine infusion on
plasma concentration of electrolytes (PE}, compared {ith

the control:state in tle hyperthyroid group. (MEAN * SD.)

Plasma Isotonic saline Hypertonic saline Hypotonic saline
concentration
NS 4 NS
Na (mEq/L) 137.60 ¥ 6.19 137.00 ¥ 6.28 - 137.60 I 6.58
NS : " NS
K (mEg/L) 3.08 ¥ 0.6€ 2.98 £ 0.63 3,04 £ 0,55
NS ' NS
Cl (mEq/L) 109.00  4.42 109.80 ¥ 5,93 114.00 t 5,83
NS NS
Ca (mg %) 7.06 £ 0.24 7.3Y.%/0.58 7.25 ¥ 0.62
NS NS
Pi (mg %) 4.17 * 0.55 3.94 * 0.59 3.89 * 1.06

Values were statistically significantly different by paired

t-test. (NS = not significant)



Table 14 Effects of hypertonic and hypotonic saline infusion on urinary excretion of electrolytes (UEV)

and fractional excretion of electrolytes (FEE) compared with the control state in the hyperthyroid

dogs. (MEAN % SD,)

U_..V FE FE_.
Una’ UV UarV VsV CP1 FENa FEy FEqy Ca Pi

(uEq/min/kg) (uEq/min/kg) (UEQ/min/kg) (mg%/min/kg) (mg%/min/kg) (%) (%) (%) (%) (%)

EFFECT OF HYPERTONIC SALINE

'mtralateral kidney 6.93%6.99  1.73%0.77  6.79%7.10 0.15%0.10 2.11#1.12 2.02%1.71 25.13%¥4.78 2.52%2,25 0.94%0.43 22.12%7.82

1fused kidney (isotonic) 6.67t7.87 1.84*0.84 7.33%8.56 0.13%0.08 1.73%£0.86 1.88%1.97 25.78%5.29 2,55£2,73 0.75%0.34 18.08%6.57

SR NS NS NS NS NS NS NS NS N
ntralateral kidney 7.10%7.70 1.70%0.82 6.2416.95 0.13%0.08 1.7310,87* 1.99+2.08 24.64%8.64 2.02+2.31 0.76%0.34 18.89%6.56
NS NS N NS__ NS NS NS N
fused kidney (hypertonic) 7.67%9.62 = 1.76%0.87 8.17+10.61° 0.14%0.12"°1.78%1.39"°2. 232,43 27 66%6.81"° 2.91+3.32"%0.83%0.64"519.97%9. 21
EFFECT OF HYPOTONIC SALINE
ntralateral kidney 5.77£5.14  1.68%0.57 5.29%4.96  0.09%0.07 1.89%1.38 1.69%1.18 23.34%6.13 1.67%1.39 0.59%*Q0.24 20.58%14.14

fused kidney (isotonic) 6.39%6.62 1.73%0.69 4,71%5.26 0.11+0.07 1.94%1.72 1.73%1.59 23.78%6.48 1.48%f1.46 0.55%0.28 33.06%10.07

NS NS NS NS NS NS NS NS NS D
ntralateral kidney 4.79%4.96  1.61%0.61 5.11¥6.19 0.08+0.04 1.41#1.12 1.39+1.29 23.92%5.55 1.86+2.15 0.48+0.22 15.47+ 9.39

S S

‘ NS N NS NS NS NS N NS NS b
fused kidney _(hypotonic) 4.99%5.84 ~ 1.59%0.76 4.52%5.56 = 0.09%0.07 "1.45%1.40 1.39%1.38 25.19%5.54 = 1.59%1.76 0.52%0.23 27.59%10.64

Values were statistically significantly different by paired t-test. (*p < 0.05, NS = not significant)

9¢



Table 15 Effects of hypertonic and hypotonic saline infusion on plasma osmolarity, urine osmolarity,
U/P osmolarity ratio, osmolar clearance and free water clearance compared with the control

state in the hyperthyroid group{MEAN # SD.)

Plasma osmolarity Urine osmolarity U/P osmolarity ratio Osmolar clearance Free water clearance
- (mOsm/L) (mOsm/L) (ml/min) (m1l/min)

EFFECT OF HYPERTONIC SALINE

Contralateral kidney 369.60%163.02 1.25%0.55 0.88%0.55 - 0.13%0.49
Infused kidney (isotonic) 295,16+3.07. 334.60+99,39 1.13%0.33 0.88+0.61 - 0.11%0.26
Contralateral kidney : : 322.28%52,815° 1.19%0,32"° 0.81%0.43%° - 0.01%0.13"°
I : . NS 88 NS NS NS
nfused kidney (hypertonic) 295.82+3,29 317.92%129.4 1.070.42 0.80%0.51 0.06£0.17

' EFFECT OF HYPOTONIC SALINE

Contralateral kidnéy 540.00%126.96 1.83%0.43 - 0.88£0.42 - 0.36%0.18
Infused kidney (isotonic) 294.46%6,09. 476.24%144.58 1.62%0.49 0.91%0.56 - 0.10%0.38

' N
Contralateral kidney 462.76%152.79™° 1.56%0.52"° 0.65%0. 20* - 0.16%0.07"°
: v v N NS NS
Infused kidney (hypotonic) 295.26+2.68° 437.50t143.95™° 1.48+0.49"° 0.74%0.49 - 0.16%0.10

Value were statistically significantly different by paired t-test. (*p < 0.05, NS = not significant) w

’
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increases in the rate of urine flow and C » accompany with slight

H20

changes in GFR, ERPF, RBF, plasma osmolarity, plasma concentration of
electrolytes, urinary excretion of electrolytes and U/P osmolarity ratio.
RVR increased markedly of both kidﬁeys. During hypertonic saline infusion,
renal functions of the contralateral control kidney except RVR did

not show significant changes as compared with the control state of the

same kidney (Table 12,13,14,15).

Effects of hypotonic saline infusion in hyperthyroid animals.

The effects of hypotonic saline solutiqn on infused kidney caused a’
significant decrease in GFR (P < 0.05) while RVR increased by approxi-
mately 86% as compared with the control state of the same kidney. ER?F,
RBF and rate of urine flow decreased by approximately 17%, 20% and 6%

v, U

respectively. There were slight decreased in U v, UCaV and Upiv.

K Cl

The plasma concentrations of electrolytes and plasma osmolarity were

not different from Fhe mean control values, while urine osmolarity, U/P

osmolarity ratio, C and C were decreased slightly (Table 12,13,14,
Osm H2O

15). When hypotonic saline was infused, the contralateral kidney showed

decreased in GFR and COsm (P < 0.05) but increase in RVR by approximately

5%. The rate of urine flow, ERPF, RBF, urinary excretion of electrolytes

did not decrease significantly. There were no significant changes in

plasma concentrations of electrolytes and plasma osmolarity. B

Comparison between hyperthyroid and control animals : In

comparison between these two groups, it showed that the rate of
urine flow, UKV and Uclv increased significantly (P < 0.05) in the
contralateral kidney. GFR and RBF increased by approximately 39%
and 61% respectively while RVR decreased to 28% (Figure 2,3,4,5).

There were significant increases in Uclv, (P < 0.05), UKV, (P < 0.05)
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and FE, (P < 0.001) but UyaV? UggV and UL,V inCreased slightly in the

E
F c1’ FE and

contralateral kidney (Figure 8,9,10,11,12,13). FE =

Na’

FEPi were not different from mean values of the same state of control
group. In comparison between the hyperthyroid and the control groups,
hypertonic saline infusion caused a significant decrease in RVR

(P < 0.05) in both kidneys. The rate of urine flow increased
significantly (P < 0.05) in the contralateral kidney and also
increased in the infused kidney by approximately 40%. GFR, RBF,
renal.fraction, UNav’ Uclv, and UPiV increased slightly in both
kidney while there was a slight decrease in RVR. FF decreased significantly
in the infused kidney (P < 0.05) but the contralateral kidney .showed
a slight decrease. UKV increased significantly in both kidneys (P <
0.05) whereas fractional excretion of electrolytes and_UCaV changed
slightly (Figure 10,11,12,13). During hypotonic saline infusion in
the hyperthyroid animals compared with the control group, it appeared
that there were some changes in renal functions in this group. The
changes of hyperthyroid group were in the same direction as those of

the control group.
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Table 16 Mean values ( + S.D,) of serum thyroxine (Td)' body mass

and mass of thyroid gland and kidneys in control group

(aroup I), hypothyroid group (group II) and hyperthyroid

aroup (group III).

Measurement Group I Group II Group IITI
(contxol) (hypothyroidism) (hyperthyroidism)
NS *
Serum T, (ug %) 0,89/ 0,57 0,11 * 0,02 12,26 £ 8,206
NS NS
Mass of thyroid 74,04 + 9,75 79,69 * 17.90 58,12 + 14,89
(mg/kg bedy mass)
: NS NS
Mass of kidney - 5.85 + 1,09 5,04 + 1,32 5,86 + 0,98
(gm/kg body mass)
NS NS
Body mass (kg) 14,17 * 2,42 14,83 + 2,29 13.60 * 1.08

p-values by unpaired t-test. (*p < 0,05

NS = not significant)
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B 1hypothyroidism

) : .
200 hyperthyroidism 200 F
3
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MAP
100 HR 100 e
(mmHg)
g (beat/min)
0 0]
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Cco
- ' 0,05 |
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(57

FIGURE 1 Values are means # SD,Caxdiac out put (CO), mean artertal blcod pressure

(MAP), heart rate (HR) and plasma volum (PV

) in control group (Gr,.I), hypothyroid ¢
- : L ) oup_(Gx.II
hyperthyroigd group (Gr.III), 1 ; MR

AThe statistical difference between gréup I and group II or group I and group III
at the same state was tested by unpaired t-test. (* PL0.05, ** p<0.01)
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D control
(i hypertonic saline infusion
44 hypotonic saline jinfusion

THE CONTRALATERAL .KIDNEY

1.0p *
0.8} '
URINE FLOW
(ml/min)  0.6F
0.4F .
0.2

THE TNFUSED KIDNEY

. *
1.0
0-8
0.6F
0.4}
0.2} :
0 l 77! _ :

Gr.I Gr.II Gr.III

FIGURE 2 Effects of hypertonic and hypotonic saline

infusion on urine flow in control group (Gr.I), hypothyroid group
(Gr.II) and hyperthyroid group (Gr.III). Results are means % SD.
The statistical difference between group I and group II or group I
and group III at the same state was tested by unpaired t-test

( * P<0.05)
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CJ control
-hypertonic saline infusion
24 hypotonic saline infusion

THE CONTRALATERAL KIDNEY

100 |
80 I '
GFR
60 b
(ml/min/ 2
100
gm)w !
20 r

0
THE INFUSED KIDNEY
100
80 F *
60 p *
a0} -
20}
0

Gr.I Gr.II Gr.III

FIGURE 3 Effects of hypertonic and hypotonic saline infusion on glomeru:
lar filtration rate (GFR),in control group (Gr.I), hypothyroid group
(Gr.IT) and hyperthyroid group (Gr.III). Results are means + sD.
The statistical difference between group I and group II or group I
and group III at the same srate was tested by unpaired =t test

(*p < 0,05)
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J  control . .
Bl hypertonic saline infusion

/7.] hypotonic saline infusion

THE CONTRALATERAL KIDNEY

500
400

300 F
RBF
(ml/min/ 200

100gm)
100 -

THE INFUSED KIDNEY

500

400 |

300 F

200 f

100 f

Gr.I Gr.IT Gr.III

FIGUPE 4 Effects of hypertonic and hypotonic salineﬂ
infusion on renal blood flow..(RBF) in control group (Gr.I),
hypothyroid group (Gr.II) and hyperthyroid group (Gr.III). Results
are means 1SD. The statistical difference between group I and group II

Or group I and group III at the same state was testéd by unpaired t-test,
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D control

' ] hypertonic saline
hypotonic saline

THE CONTRALATERAL KIDNEY .

60000
50000 -

400007

RVR

30000
(dyne-sec/

cmSZJ.OOQm) 20000 -

~10000

THE INFUSED' KIDNEY

90000

80000

70000

60000

O

50000

40000

30000

20000

lo000f

AN TSNS

Gr.I Gr.II Gr.III
FIGURE 5 Effects ¢f hypertonic and hypotonic saline infusion on
rengl vascular resistance (RVR) in group I (contxol), group II (hypothyroidism)
ﬁ?d group III (hyperthyroidism), Results are means t SD, The statistical
difference between group I and group II or group I and group III.at the same

state was tested by unpaired t-test., (*p < 0.05)
[
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D control
255 hypertonic saline
hypotonic saline

THE CONTRALATERAL KIDNEY

S0F
40F
FF 30k
(%)
20
10F
0

THE INTFUSED KIDNEY

1-%
50
a0
*
0}k X e .
20
10k
0 -

Gr.1I Gr.1I Gr.IIT

FIGURE 6 Values are means * SD. of filtration fraction‘in control
group (Gr.I), hypothyroid group (Gr,II)and hyperthyroid group (Gr.III) during
hypertonic and hypotonic saline infusion, The statistical difference between
group I and group II or group I and group III at the same state was tested by

unpaired t-test. (*p< 0.05, **p <« 0.01)
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THE CONTRALATERAL KTDNEY

10p
RENAL T
FRACTION
(%)
0

THE - INFUSED KIDNEY

10F
5~
0

r. Gr.IT Gr.III

FIGURE 7 Values are means # SD. of yenal fraction in control
group (Gr,I), hypothyroid group (6r,II) and hyperthyroid: group (Gr,.III)
durinq‘hypertonio and hypotonic saline infusion.'The-statistical.diffeience
between group I and group IT or group I and group IXI at the same state

was tested by unpaired t-test,
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B hypertonic saline
‘A hypotonic saline
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E
Na ECl
> st
(UuEg/min (uEg/min’
/kg) /kg)
0 0
THE ]INFUSED KIDNEY THE INFUSED KIDNEY
10[ iO
5- | r[i'l.[kgé
0 A 0
Gr,I Gr, IT Gr.ILIL . Gr,II Gr,III

FIGURE 8 Effects of hypertonic and hypotohié saline infus;ojn on uginary excretion of sodium
and chloride in control group (Gr.i), hypothyroid group (Gr,II) and hyperthyroid group (Gr,III),
Results are mean + SD, The statistical difference between group I and gxoup II or group I and group III

at the same state was tested by unpaired t-test,
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FIGURE 9 Effects of hypertonic and hypotonic saline infusion
on urinary excretion of potassium in contxol group (Gr,I), hypothyroid
group (Gr.II) and hyperthyroid group (GQ.III). The statistical
difference between group I and group II or group I and group III at

the same state was tested by unpaired t-test., ( p < 0,05)
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' Ei‘éURE 10 Effects of hypertonic and hypotonic saline infusion on urinary excretion of calcium and in~.
crganic phosphorus in control group. (Gr.I), hypathyroid’ group (Gr.II); ahd hyperthyroid group (Gr,III), Results are

mean * SD, The statistical difference between group I and group II or ‘group I and group YIT at .the. same-state was

tested by unpaired 't-test.
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"
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hypotonic saline infusion
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I
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Gr.I
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FIGURE 11 Effects of hypertonic and hypotonic saline infusion on fractional excyetion of sodiup

and chloride in control group (Gr.I), hypothyroid group (Gr.II) and hyperthyroid group (Gr.III). Results

are mean _*_' SD, ‘The statistical difference between group I and group II or group I and group III at the

same state was tested by unpaired t-test.

LS



FE
(%)

52

D control
3] hypertonic saline infusion
hypotonic saline infusion

THE CONTRALATERAL RIDNEY
30 "
20
10 L
0

THE INFUSED KIDNEY
30 b * : *
20 F
10 ¢
0
Gr.I Gr.II Gr.III

FIGURE 12 Effects of hypertonic and hypotonic saline

infusion on fractional excretion of potassium in control grxoup.(Gr.I),

hypothvroid
means * SD,
group I and
(*p < 0,05,

group (Gr,II) and hyperthyroid group (GR.III), Results are
The statjistical difference between group I and group II or
group III at the same state was tested by unpaired t-test,

* % p < 0.0l’ * % %k p < 0-00_]_]
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. FIGURE 13 Effect of hypertonic and hypotonic saline infus;_L_on on fractl'onal ‘excretlonIIc)ﬁf ;aelscilllugx; Zr;ci J;:;oaz;]gsa;nle. rhe
phosphorus in control group (Gr.TI) + hypothyroid group’ (Gr.II) and hvperthyroid group (Gr.I ). ey meansish.
statistical difference between group I and group II or group I and group III at the same sta‘te was teste y )8
t-test. '
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