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1. BERENC BT BRI

(1) fEH

WRASE TR U BRBORER /KT VERE
PR IR B TLHEIE 20 1% & O RS FLIRR 4% 6B (X

E

T 2 At & Ui, SEFIORNE Table 1 1057
Ufe. R E LT, BREB XCRRIBREDOREKE
RIS OIERMEE A S B (B 34, Lok 2 41,
4y 27~38F) AR,

2) FHik :

a) BO7 F—EEmEE. oral glucose toler-

ance test (O-GTT) ‘
Higegiic b v—35 v G200ml AR, IR
FAHT, BRI 30 43, 6043, 120 43, 180 4 ic Ik &
Ym L, Ik, M immunoreactive insulin
(IRD % L Ufi3E immunoreactive glucagon (IRG)
2RI L. MBEEhEIC X 2 A%, BANETRS
S EEREIEE Ulcs, BIRIEEZ A Tl 2R
SE LT dRD &SI E L 7. BifE 115 mg/dl Bl
T, 6043 150mg/dl IR, 12043 115 mg/dl DI
FOA&TEM T HDOEERE, 604 185mg/dl
PIE, 120 538 150 mg/d1 LI LD 2 D% T b D%
BRFREE L, WIhORICHE S0 b OE5RE
Pl DY 1t ‘

b) REEk 7 F—FEERER. intravenous glu-

cose tolerance test (IV-GTT) N
O-GTT #f5f7t: 3 B LoMEE BT, BREzlE
Mpic50% 7 N —SEEERNEE RV, 208 O 7 F—§EE
kL 0 30 BEITEAL, &5 Lol i ik
KEELTEO I 214 — VIR S, 7 F — 855
ABT, ZBEAKLS, 24, 54, 104%, 154F, 2047,
30 AricRm Lciings, IRI, IRG 2HE L.

2. BYERICET AHELE

(1) EBRDY

T4 AE—FRHEET v b (RERY 2608) ZAL,
AaFyvs sy, BREERESVvE Yy (TSH)
B55 5 b, BRERHES v b O 3HORRIBHRER
TAREES » b AR L7z,

a) e vltEs o b

L-%4 oy (Sigmai#) %, 160 pg/ml & 13
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Table 1. Clinical and biochemical data in the patients with thyroid dysfunctions.
HYPERTHYROIDISM
Case Age Sex Ts(ng/d) PBI (ng/d) BMR (%) '~PRES(H ogrrs [Y-CTT
1 31 M 523 12.2 +37.5 51.0 N 1.87
2 43 F 185 9.6 +32.7 31.0 N 1.98
3 5 F 610 12,9 +39.3 90.9 N 1.54
4 5 F 383 10.2 +13.0 70.6 N 2.24
5 58 F 150 14.4 +30.2 71.2 N 1.78
6 24 M 380 40.4 +75.2 40.0 B 1.30
7 338 M 518 12.4 +41.2 70.2 B 2.03
8 4 F 800 13.4 +64.8 95.6 B 1.98
9 47 M 648 13.4 +60.5 79.5 B 1.28
10 47 F 218 11.4 +35.2 83.1 B 1.35
11 48 F 386 17.8 +46.2 73.8 B 1.45
12 49 F 635 24.0 +68.3 87.3 B 1.86
13 5 F 395 19.6 +49.8 83.3 B 1.80
14 52 F 560 13.3 +28.0 88.5 B 1.51
15 53 F 493 13.9 +51.2 90.1 B 1.58
6 54 F 650 16.5 +86.5 84.5 B 1.68
17 48 F 600 17.8 +92.2 90.1 D 1.33
18 49 F 380 10.2 +35.4 84.2 D 0.63
19 51 F 268 7.0 +34.0 72.2 D 0.92
20 5 M 462 9.4 +11.0 75.8 D 1.82
HYPOTHYROIDISM
1 4 F 95 3.4 ~18.0 2.9 N 1.47
2 5 F 28 3.6 ~15.0 7.0 B 1.82
#*N - normal pattern

B : borderline
D : diabetic pattern -

% &S5 (0.9 % NaCl 98ml jc3f L 1N-NaOH
2ml ZES LIS D) KiEh L, s0pg/day (0.5ml/
day) %, ¥4 7 v FiTIZ AR DS 0.5 ml/day
BENZN 14 BIEIEERERZT DK,

b) TSH #5355 b ‘

TSH (F t ose—sv, Armour ) % 0.9 % NaCl
I 2 Bifir/ml &85 & SR L, 1Bi6r/day (0.5

ml/day) % 14 BRAEEAEHET DR, WBF v b
iiZ 0.5ml/day @ 0.9 % NaCl % [E#Eic 14 BRIRE
B U7, EBRT®IC, i TRIRBOE AR ZRER
L.

©)  HUMRIBEHR T v b

18~24 et & Lizik, YV RNV R — e Y
74 & (30 mg/kg) NERENTESTIC X 2 REE T iIC 31
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WIEP WA, FRIBEHBL Uc. IR v hic
B, BFERETD, 2T 14 BEICERZ1T
Dfc. FEEVKTH, Sc TRREOEA LGN ETE
Fliz. Bk, 3HLTOT v F FEBERICTHE
U, K& & DIHERHICERTE A LI L.

2 FHik

a) invivo DER

i IV-GTT

18~24 i th, RV P/NWE R~V e VT4 T
LTI, 2097 F—¥EAESE RV, R#RkED
0.5g/kg 7 F—Hi%# 3B TEAL, IR &Ik
X0, AR, HEABSS, 104, 200 R L,
i, IRI, IRG ZHE L.

ii vau¥= vEREER. arginine tolerance test

(ATT)

IV-GTT tRBEOFET, 10% L-7r¥=viE
W CRERID 2RV, B#kLYD 15mg/min O
ETIsHEEAL, B#EIRED, HEAR, BABBR
54, 104, 154>, 20 icERm L, M, IRI, IRG
ZRELU.

b) in vitro OFEER

18~24 B th, RY PNV ER—I e VT4 Y
LB R, Grodsky BOFHEPIHEL, B, T2
el o—EE LU E & SIcEREER L U, Krebs-
Ringer bicarbonate buffer (KRBB : 0.5 #4-M%
FUTIVEBIPL6BTFFAL T VEEL) WWTH
WUt BREBERE 4l iTHERE L, 5.5mM
(100 mg/dD) 7 F—fEE&ts KRBB 12T 40 R
WU, ERERESEE, MELVBELTREDT

F—Hi% U L 7 v = VIEREES 0.15ml O
ETEAL, 16.7mM (300mg/dD) X 5.5mM
' K —fi+ 6.4mM (100mg/dD) 7= vk %
M, &x 20 HEMER L. SR 1448 & LT,
THEEKG A Cy VICERR L, IRG @l E B i,
g 1mlic U 5 ¥ e —v 500 BAr AN, mh
iz —20°C THHERE L.

3. HIEERXUHEERE

SEFlomEERE, TlEZEEELHL Auto-analyzer T
X, Mmrh Ts i3 Radioimmunoassay ic L0, %7-
S w b OIMEEIT glucose oxidase ¥z, MiFa LV X F
o~V REEREICLD, @TORKIL DTS VR
Vi 2k, S viE 0K HikaR 15
™Iz X 5 Radioimmunoassay it X OHIEL 7.

IV-GTT itk pHEHER K-@) &, £ TR
10, 20, 30 4@ MfEfEAEM, v b T 10, 2045

DIMEHEZRAY, kXL DRKDIz. K= (0.693/t12)
X100. FEEMEici2 Student’s t test L.

£ ES
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(1) BRI TEE
a) O-GTT

lugE, IRI, IRG OZB)% Fig. 1 KR UK. MfE
BEMETRREE OMICERA NI DID, B
Bt 30 4, 60 4%, 120 AN BT, FRRIE B BE T
EEFTHSREMEER U . mh IRD Rk
BREIBERETH . mhh IRG KT, i
RERAH NI DD, HBEIT BT 304>, 60
ar, 120 3 THIELI N icERICE s Lz oic st L,
PRI BT UEEE Cld 30 S s Il i &
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Fig. 1. BS, IRI and IRG responses to O-GTT

in the patients with hyperthyroidism.
Error bars represent S.E. M.
0 control (n=5)
@ hyperthyroidism (n =20)
* p<0.01, significantly different from
control. :
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58 F (E¥46), 24~54F (FH46F), 48~53
F CE#H5s50) Thoik. o 3B IRI, IRG
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BS, IRI and IRG responses to O-GTT
in the patients with hyperthyroidism,

Error bars represent S.E. M,

Fig. 2.

O .control (n =5)
" @ hyperthyroidism with normal O-

GTT (n=5)

@ hyperthyroidism with borderline O-
GTT (n=11)

A hyperthyroidism with diabetic O-
GTT (n=4)

* p<0.01, significantly different from

control.

=

HELTZ0oMEIIRBETH 2.

b) IV-GTT (Fig. 3)

MAEE, BMEIIEZEDSS SN hD7eh, ERkic
B, DWIONOR AR BN TS BRI R TEE TH %
OFEERA SN, IR] 1T 2 DI TEEATRTEET,
24, BAMEICBOTHBHLID SHED BEERL
7o, 103 PIRiciRZ» & o idiro/c. IRGEE, 1
S HMEEIN 10 P TIRIZREM/ERL, Dk 304
ECTHBREERU. BiEP CREHET TORTE
B RE TV 24 pg/ml, BURIRESBETLEE <2
20pg/ml THY, MPEMICER A SN D k.
Fig. 413 O-GTT icBy 2 Mg o®slic, IV-
GTT <ok, IRI, IRG FIEERLEbDTH 5.
MR, FHEICIZO SO D2ERA LS D7
23, 7N —EARRIE, SREHCH UTHIRMERETT
HIED 3HE bICHEREMEER L. IRL 3, THE
IR 2MTBNT, SHEONERH I VEMEE &
D, EEMBD 24, 54, 1050MEH L 00k BT
D24, BAEEMERE DN E DT, TRER
BIREE BERIRED 2 0EE OIICHESENA SNz,
IRG i3, 2FHC BT I0 S THRIE/AEE D, Ll 30
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BS, IRI and IRG responses to IV-GTT
in the patients with hyperthyroidism.

Fig. 3.

Error bars represent S.E. M.

o control (n =5)

@ hyperthyroidism (n =20)

* p<0.01, significantly different from

control,
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Fig. 4. BS, IRI and IRG responses to IV-GTT

in the patients with hyperthyroidism,

Error bars represent S.E.M.

O control (n =5)

® hyperthyroidism with normal
O-GTT (n=5)

# hyperthyroidism with boderline
O-GTT (n'=11)

A hyperthyroidism with diabetic
O-GTT (n=4) )

# p<0.01, significantly different
from control.

SETHHINTEY, 2BEMcENRRERA LN
Y- 3o ral )

K- (Fig.5) 1t, O-GTT ®R|ITHZ &, R
T, BRRNETHRBREIDOEETET RS oh
7.

¢) SAIRI/SABS kL0 -=AIRG/2ABS

O-GTT it BV % 304, 604, 1204, 1804+%
U IV-GTT icBF 5 14, 24, 54, 104, 15
55, 204y, 304y, OFMEAIBYZHMELYD O 1L

P<0.05
3.0r P<0.05|
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C N B D

K-values in IV-GTT in the patients
_with hyperthyroidism,

Fig. 5.

The bars represent meaﬁs.

C : control ‘

N: hyperthyroidism with normal O~
GTT

B : hyperthyroidism with boderline
O-GTT

D : hyperthyroidism with diabetic O~
GTT

DOEmS (ABS) ofaFiz SABS & U, F#gic IRI
DHHER Y Oy (AIRD 0#F1z SAIRI, IRG
DHHEL D DL (-AIRG) O#fnE -3AIRG &
LT SAIRI/SABS 5 Xk, -SAIRG/SABS % &7
bop Table2 T 3. SAIRI/SABS, -SAIRG/
ZABS & big, O-GTT LB T3, FRIREE 2T
EETERDOETRE SNk, IV-GTT it Tit,
O-GTT PREARTHIC BT SAIRI/SABS &
-2AIRG/ZABS OETHED Sl

() FREREEEETE Fig. 6)

O-GTT i X A MBI EH B L BRI AR L,
Z OO IRIIMER G & BRIEER Ui IRG 13T
KBOTHREERAERLEY, IV-GTT k3 IRG
WERBIFTEHok. T IV-GTT T, IRIK
IROTEEDS 5 A BN D E VI BERBER L.

2. TpFERR

(1) KEBIVMEz VRTFa— (Table3) .

A3 VEES 9 MVCBOTERO R ERD
A, FRRMRERAEE T » MTBOTREEINOIE
&5, TSH #5.5 » + TRRWBEE Rk 4EERE
mbsd S,

mEavaFo—wR, ¥4 sy vgbs o b
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Table 2.. TAIRI/ZABS and ~-2AIRG/ZABS in O-GTT and IV-GTT.
O-GTT IV-GTT
subjects
SAIRI/ZABS ~-SAIRG/3ABS SAIRI/SABS -SAIRG/2ABS
control  (n=5) 2.04+0.45 1.00£0.41 0.380.06 0.17+0.06 .
hyperthyroidism (n =20) 0.63+0.30% 0.13%0.08 0.36+0.05 0.13£0.03
N (n=5) 0.98+0.80 0.39£0.23 0.49:0.19 0.16+0.05
B (n=11) 0.60+0.16* 0.04£0.03* 0.35-:0.03 0.13+0.03
D (n=4) 0.21+0.18* 0.05+0.04* 0.27+£0.12% 0.07+0.05*

N': hyperthyroidism with normal O-GTT

B : hyperthyroidism with borderline O-GTT

D : hyperthyroidism with diabetic O-GTT

(Mean + S.E.M.)

* p<0.02, significantly different from control.
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BS, IRI'and IRG responses to O-GTT and IV-GTT in

0 60 120 18!?\[ .
Fig. 6.
two patients with hypothyroidism,
O casel : ‘
@ case 2

CBNTHRERE %, BREHE7 v bitB0WTE
BOLRZZRDIHs, TSH #5535 v b Tld, HEE
EEIFIIhOK.

2) IV-GTT

a) yfuodFvogEs .y b (Fig. D

Ze R M E IR L O SETH Db, BEW
HBOMBERRINRBELE BEE#ETHY, K-Eicd
EhBH SN pO. IR FKIZ, 543, 10 3MicB
THEOEEERL, IRG RIEIHREE RETH

D7z, ) : ,
b) TSH#&535 v b (Fig. 8) .
Mgl B Offic 20872, K-flicd
24 ohiisofc. IRI KIS, 543, 104y, 20 3¢
FEOEBEZRL, IRG FURCIZ EHADNEHD
1. ; .
c) HURIEELS v b (Fig. 9)
BIEREIMEIC I 2D S NE Dok D3, 54r, 1057,
04CBNT, WEBLD IEELBMENED S
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Table 3. Body weights and serum cholesterol levels in the rats with experimentally-induced
thyroid dysfunctions,
before treatment after 2 weeks
experimental rats
: : serum cholesterol
body weight (g) body weight (mg/dl)
thyroxine-treated (n=15) 268 + 6 220 + 8% 42 + 3*
control (n =15) 263 + 2 277 -+ 6 57 + 2
TSH-treated (n=14) 263 + 7 273 = 7 57 + 1
control (n =15) 257 + 3 281 + 8 58 + 1
thyroidectomized (n ==13) 262 + 4 270 + 5% 66 £ 2%
sham-operated (n=14) 261 + 4 294 + 8 57 + 1
# p<0.01, significantly different from control. (Mean + S.E.M.)
- ~ 300¢
3 = ; ; ;
o 5 200}
= £
- = 100
£ E
3 E
= - %
& | Z ol
~ 1301 ~140r
E : €
g 100} 2 110}
© ©
x 70 . . , T gol . . .
-0 10 20 0 10 20
T MIN. MIN.
Fig.7. BS, IRI and IRG responses to IV-GTT Fig. 8. BS, IRI and IRG responses to IV-GTT

hiz.

in the rats treated with thyroxine.

Error bars represent S.E .M,

o control rats (n =5)

® rats treated with thyroxine (n =5)
* p<0.05, ¥ p<0.01, significantly

different from control,

L L, K-ERBERENRS SNThDk.

IRI Kii, 10 4%, 15 S CHBEREBEAR L ks,

IRG F&
3

ICRZEBH LN DI,

ATT

a) Y4 uFyvEEsy b (Fig. 10)
e Ei M BB L DV EEERL, TAF=VE

in the rats treated with TSH.

Error bars represent S.E.M.

o control rats (n =5)

@ rats treated with TSH (n =5)

* p<0.05, ¥ p<0.01, significantly
different from control. .

k154, 205 THMIHRBEIVREEZRLL
S, MEHEE O S OIRERLZENES SN,
7z. IRI FUiiE, 54, 154, 200 CHARB A E%E
R, IRG FISEBHEHEFAKETH DL,

b) TSH #5535 v ¢ (Fig.1D)

mgEdhss, IRI K5, IRG Kihd dicaBE & 13
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- 300 . 1201 lARGININE 15mg /min l
3 - ,
© 200 T:. 50 «
o 100 £ *
“ ol o 40}
%1m- > ~ 100
oot 32
T ol E ol
~140p ~ 300 , ,
= £
£ 5 200f /f%
S 5 100} |
144
= sol . i % = e %
MIN. MIN.
Fig. 9. BS, IRI and IRG responses to IV-GTT Fig. 10. BS, IRI and IRG responses to ATT
in the thyroidectomized rats. in the rats treated with thyroxine,
Error bars represent S.E. M. Error bars represent S.E. M.
o control rats (n'=5) e O control rats (n= 5)
® thyroidectomized rats (n=5) © rats treated with thyroxme (n 5)
* p<0.05, ¥ p<0.01, significantly * p<0.01, significantly different
different from control. from control,
BERETH 7. © 130r IARGININE 15mg/min]
c) HRpfHLs v b (Fig. 12) ‘ ;.;
Mg, 104y, 154, 20 A CXUEREE D b % 2
U7, IRI FUSBRISER L, 54%, 1043, 1547, E
20 S THBIIEMSS . IRG B, 155% m 20
TREWZP DM, TAF=VEARILE D205 200
THERL, MEH LD bEROBEE LD, =
(4) eV R E
a) FAEEIVEET Y b 2 100
i 4v2) vEE (Fig. 13) -
16.7mM 7 F—Elsicd U, 8 1Hici3 22 28 = ol
B oNIHp DD, B2 HENREICH L TREBR ~ 300¢
BTk, F 72, 6.4mM T = VEERICH LT ;é 200k
i, lﬁmﬁ%%m%#ﬁ<,2ﬁfﬁﬁmﬁm%T §4®.
Uicds, BRREEH TR DK, ©
i s = vEs (Fig. 14) = 0% 5 5
7 P73 N EREoNT, T MIN.
EEN Va5 Lf@lmz>4p@{g}im>&mby‘_. Fig. 11. BS, IRI and IRG responses to ATT

b) TSH #5354 bt

i 4v=2y vEiE (Fig. 15)

TR —HECET AR, 1, 2HEbRELIE
BEBTCHh O, TAFE=VICHT ARIBTIE, 248

in the rats treated with TSH.
Error bars represent S.E.M.

O control rats (n =5)

@-rats treated with TSH (n=4)
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Error bars represént S.E.M.

O control rats (n =4)

® thyroidectomized rats (n =4)

* p<0.05, ¥ p<0.01, significantly
different from control.

55mM GLUCOSE
16{37&%:055 [E.4mM ARGININE

PERFUSION TIME
Insulin secretions to glucose and

arginine from perfused pancreas of

the rats treated with thyroxine.

Error bars represent S.E.M.

O pancreas of control rats (n =5)

® pancreas of the rats treated with
thyroxine (n =5)

WIREOBRIENS LN BEBEOETRIE LDk,
s vER (Fig. 16)
TR BT ARSI RS IFEREETH D

ii

Fig. 14.

(uU/m!l)

IR

Fig.

7z,

i

ZRUIH, 2HICRERS SN,

IRG (pg/mtl)

300}

4
(o]
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2004

100%

100¢

(=]
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15.

55mM GLUCOSE

lS»LmM ARGININE

16.7mM
l GLUCOSEI

PERFUSION TIME

Glucagon secretions to glucose and

arginine from perfused pancreas of

the rats treated with thyroxine,

Error bars represent S.E M.

o pancreas of control rats (n =5)

® pancreas of the rats treated with
thyroxine (n =5)

* p<0.02, significantly different
from control.

5.5mM GLUCOSE

IS.LmM ARGININE

16.7mM
| GLUCOSE[

B0 MIN.
PERFUSION TIME

€0

Insulin secretions to glucose and

arginine from perfused pancreas of

the rats treated with - TSH.

Error bars represent S.E. M,

o pancreas of control rats (n'=5)

@ pancreas of the rats. treated with
TSH (n =5)

FUF= VI LUTE, 1 HESREOERIEER

L.
c) PR T v b

4 v2) vEIs (Fig. 17)

TR —BICHT A RIETR, 1 AR RICERS

TF =
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5.5mM GLUCOSE

lS.LmM ARGININE

300k
E 200}
S
Q.
~100p
©
o« e’y
~ ol speu . N
' %0 60 B0 MIN.
PERFUSION TIME
Fig. 16. Glucagon secretions to glucose and

arginine from perfused pancreas of
the rats treated with' TSH.
" Error bars represent S.E.M.
'O pancreas of control rats (n =5)
@ pancreas of the rats treated with
STSH (n=5)
* p<0.01, 31gn1ﬁcant1y different from

control

VIR LT, 2HIEHOIHIERIERS SN E
BOETI it\inot

i s VER (F1g 18)

7 ¥ —Ecd A BB SR TE Ok, T
WE= VeI AEBTIR, 1HEBSRESRIEZERL
To s 2 HCIZ DS ST DT ;

A) B4 VRY VYBIURI VAT VAR

7B XUTF= VHlIc L B 20 53 [ O
A VR VABBETVE=S VI X3 20 AREO
W vk Iy aWE%A Tabled (TRT.

i y4edFv 55y b

7T B4 YR VAMBEOBREET, 7
WwE= VT B ENORE LR, BLROTVvF=Y
Wt B 7 BE v BEOBREK TS S8,
WINOEEOEH TR, DI.

ii TSH#EES v M :
7%—%6%?54/10/ﬁM%ﬁﬁﬁﬁ&
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Table 4.

Total output of insulin and glucagon during 20 minutes from

perfused pancreas of the rats with experimentally-induced thyroid dysfunctions.

] . Glucagon output
) Insulin output (ng/20min) (ng/20min)
experimental rats
16.7mM glucose 5.5mM glucose + 5.5mM glucose +
: g 6.4mM arginine 6.4mM arginine
thyroxine-treated (n =5) 218 + 42 222 + 30 11+ 1
control (n=5) 241 + 23 189 + 19 12 + 2
TSH-treated (n=5) 248 + 19 219 + 70 11 £ 1
control (n=5) 240 + 28 198 =+ 16 12 + 3
thyroidectomized (n =4) 327 + 36 288 + 64 12 + 3
sham-operated . (n=5) 311 £ 70 333 + 79 12 + 2
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ABSTRACT

Clinical and experimental studies on the effect
of thyroid hormone on endocrine pancreas

Tadasu Ikepa

Department of Internal Medicine, Tottori
University School of Medicine, Yonago, Japan

In order to estimate the effect of thyroid
hormone on endocrine pancreatic functions, the
levels of serum insulin and plasma glucagon in
oral glucose tolerance test (O-GTT) and intra-
venous glucose tolerance test (IV-GTT) were
measured in twenty patients with hyperthyroid-
ism and two patients with hypothyroidism,
and the dynamics of insulin and glucagon in
IV-GTT, arginine tolerance test (ATT) and
perfusion study of isolated pancreas in the rats
with experimentally induced various thyroid
dysfunctions were investigated.

The following results were: obtained in the
clinical studies :

1. Insulin secretion and glucagon suppression
in response to glucose were impaired in
the patients with hyperthyroidism.

2. Excessive extra-pancreatic, glucagon

k response to O-GTT was observed in the

patients with hypothyroidism,

3. O-GTT and IV-GTT had the same sig-
nificance to examine glucose tolerance in
hyperthyroidism,

And in the experimental studies :

1. Insulin and glucagon releases from iso-
lated, perfused pancreas of the rats with
thyroid dysfunctions were not changed.

2. In the thyroxine-treated rat, decrease in
glucose-induced insulin -secretion, elé-
vation of fasting blood sugar-levels and
increase in arginine-induced insulin release
were observed, but glucagon secretion
was not changed.

3. In the thyroidectomized rat, increase in
glucose-induced insulin release, increase
in arginine-induced glucagon secretion and
decrease in arginine-induced insulin re-
lease were observed, but glucose intolera-
nce was not occured.,

These results suggest that thyroid hormone
has no direct effect on pancreatic A and B cells,
but has ‘a diabetogenic effect through . the
suppression of glucose-induced insulin release,
and that glucagon has no influence on glucose
tolerance in thyroid dysfunctions.
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