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Thyroid Hormone Action in Streptozotocin (STZ)-Diabetic Rats

Teiji TAKEDA
Department of Geriatrics, Endocrinology and Metabolism
Shinshu University School of Medicine
(Directer : Prof. Takashi YAMADA)

Malic enzyme (ME) activity, 3,5,3'-triiodo-L-thyronine (T,)-responsive hepatic nuclear protein (n pro-
tein), cytosolic Ts-binding protein (CTBP) and hepatic nuclear T receptor (NTR) were measured in diabetic
rats before and after administrations of insulin (4 IU/100g body weight) and/or Ty (6 1g/100g body weight),
in order to evaluate whether thyroid hormone action is altered in streptozotocin (STZ)-diabetic rats.

First, the n protein was purified and its monospecific antibody was raised. On Western blotting analysis,
total hepatic n protein was decreased in thyroidectomized (Tx) rats, and increased within 12 hours after
administration of 1 ug Ts/100g body weight. Maximal response was attained at 0.3 g Ts/100g body weight
24 hours after the treatment. The n protein was present mainly in nuclei, very slightly in cytosol and
microsome and was absent in mitochondria after subcellular fractionation of rat liver by differential
centrifugation. The ME activity, n protein, and CTBP were decreased in diabetic rats and were increased after
administrations of insulin and/or T, NTR was not altered in diabetic rats regardless of administration of
insulin. However, Ts-induced activity of ME was diminished in diabetic rats compared to normal and Tx rats.
The increase in ME activity was synergistic after repeated simultaneous administrations of insulin and T so
that the increase was more than the summation of responses to these hormones alone. In addition, the response
of the ME activity to Ts was restored after administration of insulin to diabetic rats. Although the response
of the ME activity to a single or repeated injection of T; was blunted, a single injection of insulin after
repeated administrations of T, drastically increased the ME activity to the level attained by simultaneous
repeated injections of T and insulin. These results indicate that T, action is not diminished in diabetic rats
and apparent diminution of the response of the ME activity is due to lack of insulin necessary for ME activity.
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Table 1 Several indexes in DM, DM+I and FR groups

NL DM DM+I DM+I DM+I R
12h 24h 36h [A] [B]
T,  125.2+11.4 80.8:+6.4** 117.329.5 120,06.0124.0%3.6 105.7+5.0 134.0+4.0125.5:10.5
[ng/dl] (5) @ 3 €3 &) 3 ¢ (2)
T, 4.0+0.6 2.3+£0.1** 4.7+£0.7 3.1£0.3 3.740.7 3.3+0.1 3.7£0.1 4.2%£0.5
[pg/dl] 5 1Y) ) ¢} €)) &) @ )
Weight gain ~ 54.744.6 —8.0+10.,2** 48.3+5.6 46.5%£3.5 —11.0+5.0
[/ month] @ @ ND ND ND o) ) )
Blood sugar 97.4+20.6  506£56** 300=161 212269 336+226 221172 440£63 98.0%4.0
[mg/dﬁ () &) ©)) @ &) &) 2) @
LW/BW  3.6+0.4 4.6:£0.4* 4.6+0.2* 5.3%0.5 5.5%0.5 7.6+0.9** 7.3£0.2 3.7x0.2
(%) ® ©) &) @ @ &) @ ¢)

Serumn T, T, body weight gain (g/month), blood suger {mg/dl) and liver weight/body weight (LW/BW)(%)

were determined in the following rats.

NL: normal rats with vehicle (PBS) administration. DM : untreated diabetic rats.

DM-+1, 12h : diabetic rats treated with insulin 12 hours before sacrifice.

DM-+I, 24h; diabetic rats treated with insulin 24 and 12 hours before sacrifice.

DM <1, 36h: diabetic rats treated with insulin 36, 24 and 12 hours before sacrifice.

DM-+I[A] : diabetic rats with daily insulin administration for a month started from 5 days after STZ
administration. DM-I[B]: diabetic rats with daily insulin administration for a month after 30 days of

STZ administration.

FR: normal rats whose food intake was reduced, to match the weight gain to diabetic rats.

ND: not determined. Each value is the mean-+standard deviation (SD) of more than 3 samples or the
mean-+range of 2 samples. The number in parentheses is the number of animals studied. *: p<0.05
compared to NL group, **: p<0.01 compared to NL group.
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Fig. 1 Time course of hepatic and renal malic enzyme (ME) activities after

administration of insulin and/or T, to diabetic rats.

Diabetic rats were treated with insulin (—O—), Ts (— ) or insulin and
Ts (—@—) every 12 hours, Rats were sacrificed 12 hours after the last injection.
The ME activities of the livers and kidneys are shown in upper and lower
panels, respectively. Each result indicates the mean=+SD of 4 animals except for
24 hours T; alone (mean and range of 2 animals) and 12 hours insulin and T,
(mean and range of 2 animals). *: p<0.05 compared to DM group (0 hour),
**: p<0.01 compared to DM group (0 hour).

thyronine (T;) % X " NADPH % Sigma #: (St.
Louis, MO, USA) o % D%, 1 v 2 vit Novoit

(Copenhagen, Denmark) @k b4 v 2 Y v & Hus
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Table 2 Response of malic enzyme (ME) to a single injection of T,

A . ME activity B : ME activity A ME Ratio
before T, after T increased (B—A) (B/A)
[U/mg protein] [U/mg protein] [U/mg protein]

DM ) 5.5+1.5 6.7+2.5 1.2+1.2 1.2+0.2
DM+Ix1 (@ 5.3+0.5 9.7+£0.7 4.4+0.2 1.8+0.1
DM+Ix3 (3 15,542, 4** 32.9411,9** 17.4£9.5* 2.1+0.5%

NL €)) 22.9+1.4** 42.6+3,8** 19.8+2.5%* 1.9+0.1**

Tx @)) 7.6 26.0 18.4 3.43

Diabetic rats were treated with insulin (I) (4 [U/100g body weight) once (DM +1x1) or three times (DM -+Ix
3) every 12 hours. A single injection of Ty (5.g/100g body weight) was given 12 hours after the last insulin
administration. These rats were sacrificed 12 hours after the injection of Ts and ME activities were measured.
“A ME increased” was calculated by subtracting the ME activity before the T, injection from that after the
T, injection (B—A). “Ratio” was calculated by dividing the ME activity after the T injection by that before
the T injection. The number in parentheses is the number of animals studied. Each value is the mean+SD
of more than 3 samples or the mean+range of 2 samples. *: p<0.06 compared to DM group, > p<0.01
compared to DM group.

Table 3 Response of malic enzyme (ME) to a single injection of insulin (I)

A : ME activity B : ME activity AN ME Rati
before I after increased (B—A) B/ AO)
[U/mg protein] [U/mg protein] [U/mg protein]
DM @ 4.9%1.4 4,7%0.8 —0.2%1.0 1.0£0.2
DM+T;3x1 (2) 7.7%€1.1 13.5%2.9 5.8+£1.7 1.7+£0.1
DM+Ty%x3 (3) 9.51k1.4* 25.815.2** 16.44£3.9** 2,7+0.2**

Diabetic rats were treated with T; (5 £g/100g body weight) once (DM+T;%1) or three times (DM+T;X3)
every 12 hours. A single injection of insulin (4 IU/100g body weight)} was given 12 hours after the last T
administration. These rats were sacrificed 12 hours after the injection of insulin and ME activities were
measured. “A ME increased” was calculated by subtracting the ME activity before the insulin injection from
that after the insulin injection (B—A). “Ratio” was calculated by dividing the ME activity after the insulin
injection by that before the insulin injection. The number in parentheses is the number of animals studied.
Each value is the mean=+SD of more than 3 samples or the mean+range of 2 samples, *: p<0.05 compared
to DM group, **: P<0.01 compared to DM group.

S8 A4 i Muench® o FiEic X WAL, E, Bzt

[251] T, (2,200£Ci/gmol) ¥k New England
Nuclear #: (Boston, MA, USA) » 6, ERECH
7z Williams E % Flow Laboratories #: (Irvine,
Scotland) mbERFRAF Uiz,

ERRIERERE DR LT, BHOT — 2 ¥
fE MRS B\ RTEE LM & L TR LT %
725 — # % Student’s t test iz X » 2L, p<0.05%
FREEHCER & L,

m # -3
A %ﬁi‘y bt:ﬁ(?ém;ﬁl‘a, Tﬁﬂfﬁtﬁﬂw-‘f‘é‘

808

DM Bc i IEE B L Ty, TR RfE &
LEEETF L, ZOETA v A Y vIRE12H
BurwixEEL, EEHIEEREYRDEd 1
(Table 1), F7, E#¥7 v tOREELHRL,
REMINA DM BEE ~ v 7+ X @B (FR) O xh?
hofEiy, THHEGERELEYRD ol FED
WHNLIEREE, DM+I [A, B] wis\C456~558/
BThoteds, DMEFRECEREFRFIL—8.08/
A, —11.08/ACH -tz MPHE L DM F 506+
56mg/dl & @Ehsatods, v A VIREC L DETL
Joo LnL, IEEMLFRBICE CREEL b -1,

f5NEEE Vol 39



WERRIRIC B 1) 5 BBk v € B

Fig. 2 SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and silver staining
of proteins at each purification step of rat hepatic n protein.

Samples were hepatic nuclear globulin extracts of thyroidectomized (lane
4) and Ts-treated (lane 5) rats, and the n protein preparations at the steps of
mono Q-Sepharose (lane 1) and hydroxylapatite (lane 2) column chromatogra-
phy, and electroelution (lane 3). BSA: bovine serum albumin, Oval: oval-

bumin.
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Fig. 3 Subcellular localization and T,;-responsiveness of n protein.

Lanes from 1 to 5 show the subcellular localization of n protein after differen-

tial centrifugation. A normal liver (8g) was homogenized in 50 ml of buffer A (0.32
M sucrose/2mM MgCl,/2mM EDTA/20mM Tris-HCl, pH7.4). Nuclear globulin
extract (lane 1), heavy mitochondrial fraction (lane 2), light mitochondrial fraction

(lane 3), microsomal fraction (lane 4) and cytosolic fraction (lane 5) were prepared

according to de Duve et al**. Final volume was adjusted to 50 ml each and 10 gl

each of these fractions was used. Lanes from 6 to 10 show induction of n protein

with various doses of T;. Thyroidectomized rats (95-105g body weight) were inject-
ed with vehicle (PBS) alone (lane 6), 0.1 xg T (lane 7), 0.3 ug T; (lane 8), 1.0 ug Ts
(lane 9) or 5.0 ug T, (lane 10). Rats were sacrificed 24 hours after the treatment and

liver (2g) was homogenized in 10 ml of buffer A. Five ul each of whole homogenate

was used. Lanes from 11 to 14 show time course of n protein induction by Ts.

Thyroidectomized rats were given Ts (1.0 xg/100g body weight). Rats were sa-
crificed 0 hour (lane 11), 12 hours (lane 12), 24 hours (lane 13) and 48 hours (lane 14)
after the treatment. Five ul each of whole homogenate was used. These samples

were electrophoresed and Western blotting was performed by the use of anti-n

protein antibody.

BSA : bovine serum albumin, Oval : ovalbumin.
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Fig. 4 Induction of n protein by T, and insulin in perfused liver.

Perfusion of livers from two thyroidectomized rats were performed. No T, was

added for the first 2 hours of perfusion and partial hepatectomy was performed

(lane 1,3). Then the perfusion was continued for additional 6 hours with (lane 2) or
without (lane 4) the addition of 10"M T,. A liver from a diabetic rat was also
perfused for 2 hours without insulin (lane 5) and partial hepatectomy was perfor-

med. Then 10~"M insulin was added and the perfusion was continued for additional

6 hours (lane 6). Nuclear globulin extracts prepared from these livers were electro-

phoresed (30xg protein in each sample) and analyzed by Western blotting by the use

of anti-n protein antibody. BSA : bovine serum albumin, Oval: ovalbumin.
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Fig. 5 Induction of n protein by T, and insulin in diabetic rats.

Hepatic nuclear globulin extracts were prepared from diabetic rats given
vehicle alone (lane 1,5), T (lane 2,6), insulin (lane 3,7), or Ts and insulin (lane 4,8).
They were applied to SDS-PAGE and Western blotting was performed by the use
of anti-n protein antibody. BSA : bovine serum albumin, Oval : ovalbumin.

(%) | Normal Range
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©
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o 50
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Fig. 6 Time course of induction of n protein in hepatic nuclear extract of diabetic
rats given T and/or insulin.

Diabetic rats treated with insulin (—O—), T; (—{_}) or insulin and T; (—@—)
were sacrificed 12 hours after the last treatment. Hepatic nuclear globulin extracts
were prepared. Each of them containing 30xg protein was applied to SDS-PAGE
and Western blotting was performed by the use of anti-n protein antibody. The
amount of n protein was determined by densitometry and is expressed as the
percentage to that of normal rats. Each result indicates the mean=®SD of 3 or 4
animals except for 36 hours T; alone (mean and range of 2 animals). *: p<0.05
compared to DM group (0 hour), ** : P<0.01 compared to DM group (0 hour).
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Table 4 Hepatic nuclear T, receptors (NTR) in various groups

DM+1
12h 24h  36h

DM+IT,

Nuclear T; receptors NL DM DM+T,

Maximal T,-binding

ca acity 110.1£19.0 105.7::18.3 93.5+19.5 96.5 103.4 102.3%25.3 120.4=*17. 3
Ka 5.1% 7.142.3 8.5£4.3 7.5 6.9 9.4+5.8 7.2%0.7
{x10* 1/mol] (4) ) G @ M €)) (3)

Scatchard analysis of T, binding to rat hepatic nuclear T; receptors was performed as described in Materials
and Methods, and maximal T, binding capacity and affinity constant (Ka) of T, to isolated nuclei were
calculated. Rats were treated as described in Table 1. DM+ T : diabetic rats treated with T, 12 hours before
sacrifice. DM+IT; : diabetic rats treated with insulin and T, 12 hours before sacrifice. Each value is the
mean+SD. The number in parentheses is the number of animals studied.

Table 5 Hepatic and renal malic enzyme, and cytosolic Ts-binding protein in various groups

NL DM %ﬁj‘ ﬂ%ﬁl FR
Hepatic ME activity 20.1£5.9%* 3.3+2.1 24.814,.8%* 47.5+4.1 23.443.6
[U/mg protein] ® o €)) @) @
Renal ME activity 20,7+3.5* 14.7£3.1 31.844,2** 28.7%+6.0 37.4%0.2
[U/mg protein] (5) @ 3 ¢)) [¢3)

Hepatic CTBP
[pmol/mg protein]

Renal CTBP 8.51:1.48 6.134+0.99
[pmol/mg protein] 3 (5

1.70+0.96** 0.21%0.06 1.6940.63** 0.32+0.03 0.4540.04
@ (6> ® @ @

6.26+1.43 7.7540.82 4.54+%0.03
@ (2 @

Hepatic and renal malic enzyme (ME) activity and cytosolic Ts-binding protein (CTBP) were measured as
described in Materials and Methods. Rats were treated as described in Table 1. Each value is the mean+SD
of more than 3 samples or the meanz+range of 2 samples. The number in parentheses is the number of animals
studied. *: p<0.05 compared to DM group, **: p<0.01 compared to DM group.

NEHOMEM»FAED Hhic, Fig.5, lane 5~8 D% L, Tk A vR Y VORBHES T v 2 Y vE

BT BSA & Ovalbumin (Oval) ofioii@ ik
By PSS B, sy sge T
HolicbEBbh s, '
NEENT,OL TR, 1V AY VA FIET 5
EMNRENI, TORBA v R v OEBENR
By, IR ERRER L v ERE RN UeEE Y
BT Ao BRER YT, TORR, 1 vz
) VIEET CHEiD bhinhofenl, 1 v A D VEE
EFcoERFcnEarFE s hi (Fig4,
lane 5, 6) ZDORHNEHOEINEA VA Y v D
k2 EEBERTH S L E L bR,
CONEHEF A ) —TEETS L, DM
Brztb~ A v 2 ) v ek TR 51285 R o 8
TRCOBEFRTEWTEERETH - Fig.6)o L

No. 6, 1991

Bl & HAE e ¢ ME & 38 7x o T\ T, S6RER
B THEMTn B I DMBEL g CET L
F DA O\ THI BTy,

D DM 5w AF#Efak: T,% &% (NTR) & CTBP

DEE)

Yic DMK EEIC 36 13 B ME o FURBi & v & v 1ot
TA5RIGETOREZMRY <2 THH~RD e, Fik
B v OERBEATS & Shd NTR A0
T, ORATIEE T % £F L b s CTBP #HIFE L7,
NTR vz DM B, 18, EER oTholMcdz
3iedrofc (Table 4), LasL, CTBPi3, DM 5
y PFT 1] T+ 5 BAREERNERHC
U Lic (Table 5), DM 5 » 212/
Rl &t v 2y vy, Toehfiths - XERHRST5

813



K H A =

€10,
g
o
g-‘D_
= O
€5 SRl !
[ae e
£ 05r ’_0)
Nacket *—r“
(&)
';E 8
C o
=0

(&)
r

0 10 20 30 40 70 100
Time (hours)

Fig. 7 Time course of alteration of hepatic cytosolic T;-binding protein (CTBP)
in diabetic rats given T, and/or insulin.

Diabetic rats treated with insulin (—O—), T3 (—{_|—) or insulin and T,
(—@®—) were sacrificed 12 hours after the last treatment. Hepatic cytosols were
prepared and maximal Ty binding capacities of CTBP were measured. Each
result indicates the mean=®SD of 3 animals except for 12 and 24 hours T alone
and 24 hours insulin alone {mean and range of 2 animals). * : p<0.05 compared
to DM group (0 hour), **: p<0.01 compared to DM group (0 hour).

30

)
(=]
I
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Fig. 8 Mixing experiment of CTBP from normal and diabetic rats.

The amount of cytosol from diabetic rats was adjusted to give ['2I] T,
binding activity equal to that of normal rats. Specific [**5I] T, binding activity
of rat hepatic cytosol was determined by the use of 28.9 fmol ['25I] T\,. Cytosols
were mixed with the following combinations. D+D: hepatic cytosols from 2
diabetic rats, N+N : hepatic cytosols from 2 normal rats, D+N: hepatic
cytosols from a diabetic and a normal rats. Each vertical line represents the

standard deviation.
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