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ABSTRACT

Current evidence revealed that diabetes mellitus (DM) is ranked fourth in the cause of
the death in the United States. Moreover, DM is also among the top five causes of
death in Taiwan since 1983. The onset of diabetes can be divided into nature and
nurture. Diabetes also cause many complications including ploydipsia, polyphagia,
polyuria, and blurred vision. There were many different researches focusing on
hypothalamus of diabetic rats. For example, glucagon signal in the hypothalamus
inhibits liver glucose production. Previous evidence shows that appetite is under the
control of hypothalamus. Therefore, the present study investigated whether the
diabetic symptoms in patients were connected with the changes in hypothalamus.
Ovariectomized (OVX) female rats were divided into control and diabetic groups.
Diabetic animals were induced by streptozotocin (STZ) (50 mg/kg; i.p.) injection.
After 7 days of STZ injection, rats were scarified and their hypothalami were removed.
The result showed that the expression of NPY1R was significantly increased in
female diabetic rats. Therefore, NPY1R might affect the appetite of female diabetic
rat. However, other receptors (NPY5R, MC3-R, and MC4-R) and their ligands (NPY,
CART(55-102), and CART(61-102)) didn’t reveal significant difference. Another
experiment in diabetic male rats was carried out by dividing them into four groups:
control, diabetic, insulin replacement diabetic, and phlorizin treated diabetic rats.
Insulin replacement diabetic rats were given insulin subcutaneously in diabetic rats at
the dose of 8 IU/kg every 12-hour for 3 days, while phlorizin was given
subcutaneously in diabetic rats at the dose of 400 mg/kg every 8-hour for 3 days.
Results revealed that NPY, NPY 1R, CART(55-102), and CART(61-102) expression in
four groups were similar. These results suggested the main reason for the hyperphagia
in diabetic rats might not be due to the changes in hypothalamic neuropeptides and
blood glucose, but might be caused by others complex factors.

Key words: diabetes mellitus - appetite ~ hypothalamus ~ neuropeptides
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B B ( diabetes mellitus, DM ) # % B gk 7 g FI L S Fop
1983 # 0 k- E =R o@n T x»Fl2 - ooa ¥ LAERRBET A 5 % - AR
F(#E ) e = ih‘%ﬁdﬁs(w EAN)iE A A o AERE € FIASEF 5 hiE g o
He e g i858 5 RIoild 5% - &t ¥ &4 > TALF  (hypothalamus)
iﬂ@ﬁéﬁﬁﬁﬂﬁ’?ﬁiﬁﬁﬁéﬁhr HoE B FARE PERED S A
EERIFTE 2 HESFLE-ES TS mo TARE 5 A5 (arcuate nucleus)
¥og A 5ok )4 neuropeptide Y (NPY) ~ pro-opiomelanocotin (POMC) -
Agouti-related peptide (AgRP) - orexin ~ 4= cocaine- and amphetamine-regulated
transcript (CART) » izt 4 5Pk ¢ BB AP H B PR T > H30iEa 4 4 sk
AP TrTE o Pt o AR F B REB(GlheF 2his )2 FF S VR
FHE (L) TARE NPY o 2 (234 T4 POMC 2 CART A 143> 3 g0
TEaiTa 2 piEE ottt 2F a4 @yh s 4 PKA~PKC~cFos/cun ~ AP-1 ~
CREB-~ 2 NK-kB signaling % > 12 2 3% it fis » &]4c superoxide dismutase (SOD) ~
peroxisome ~ % catalase % > pARRERE RS S S ST R XFH” g »@3 ofe F_»
PREARTAFL AL TS FRBRRE SR SRR FCER?
Fi AR A PR PN GERFA 0 TRPAR L l—§_¢u£ i3
L v g g 24 s 7 Tt 0 AT R R T AR R ! 93PS (NPY ~ POMC ~ 2
CART) ~ = 4, @£ (PKA-CREB SIgnallng) s 2y (L FE(SOD) o Ao ¥R - AlE
Fofpde dr ch @ g R i

# Fip (Diabetes mellitus, DM) &~ FE & B 5 > B g fopm i & 2 55 &
2 (1)% - ABRAILE 55§ AL 0 F15 AL 4 eumse » L5 beta
i B2 AL KA G R oS SR S AR R FIRE R G A
il 8 (anti-insulin autoantibody) s & £ o gt vb o B FUL L G Ko 0 e fE
% § % %47 2 S (insulin-dependent DM) 5 (2)%2 S AW RRIL R SR R R
X RA 4 TR P A R LA s X ) r’m‘%ﬁ\/ﬁa CFIR L R AR
R R R LB G R 0 X flax fLhk g ‘? #F A B R R
(insulin-independent DM)  #% 7 & ¥ chmfics 450 & s M~ #E AR~ 2 = 5 (5 40 >
&~ %)% (Cooke DWetal., 2008) o ¥ ¢ » ¥EFRop s (8 hiB g o 45 1 & f
P~ RA ;,f,isf% %"aﬁf i AR foltRE R hE B R BRRSE
B S ] E B LS B TR RS i T LTI
i%«iﬁﬁﬁaﬁﬁ@r,Jimi%gﬁ YLaE YR b BB R o
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T A5 (hypothalamus) iz 3% 75 38 e ‘EH;’]L P gy -ra]fuu PR i B LR
e B AR fr4] L4 5 i (Melmed Setal., 2005) - T ALE & 5 3 &R
Bom KT R E YR FE R FET 2 %&%ﬁi
Era e pESAF w0 TARE LR (lateral hypothalamic area) % i& & ® 1%
(feeding center) > 1 & # it A f §F aH 3> & nipd] > Ft § MV ax PITEEE
PFEERGERM D F 2 A RATNELT  MNEFERP L S F L8
FREJE ° TARE LR ] R (ventromedial hypothalamic) % 46 % ¢ +%(satiety center) »
LRSS FEPRE LR S BT R T TIEE R g B R
GERC IR FAGE- WXL R EERK A G H R E AL

Wopt L am g o B TARE ORI FIT T LR A
73 vafmzé "W’xéﬁ(neuropeptides)?‘ Eié%é"‘v 3o BT AR s fEA G AE
- AR fad 5 NPY/AQRP A 5~ s fddd (G~ X 3l g ¢ (7
FHIEH Ao D ¥ - FAEPrd] a4 5 POMC/ CART # (g7 > P fadd 5 =
FEALIIVER R EFFESER S - E L F o ipr o BIpd - TARE 20
B OREA GIEPR G R  ARR TR o

(2) =it

TARLE A R AN A EPHEEE o) 2 REE S T T p A A kR
ERNLR AP R EFER LS oo TAREATRIEN ISR 0 FFET Y
%% e s o S PenF s uaeyg o TARE ¢hipl % (lateral hypothalamic area)

B Thuk? 45 ) @ TARFE ML 4% (ventromedial hypothalamic nucleus) | £_ " &
a ¥ 1% (Mayer Jetal, 1967)- p* ¢t » T 4R F 15 A54% (arcuate nucleus)=ni & &
P53 fézé CER -G ig 8 g (g NPY/Agouti related peptide
(AgRP)# 5~ » ixfdfl A X Dk ¢ & T4 3 £ 4+ (Kalar SP et al., 1999;
Morton GJ et al.,2001; Ellacott KL et al.,2004)> @ ¥ - f& % #r4] & g5 (g~
POMC/ CART # (g~ » 2 A G A F AL FITI R R FJ/MILEF " c & fd
AE AT BRI #;mm (Zigman JM et al., 2003; Schwartz MW et al.,
2005) fe LFgidgd HEFEF (Rt ) ey FRRE FALES £ E
(Cone RD, 2006; Elmquist JK et aI., 1999; Schwartz MW et al., 2000; Spiegiman BM
etal., 2001) -

NPY . TAkre ¥ § - A& & chitie & 455275 (Clark JT et al., 1984; Levine
AS et al.,1984; Stanley BG et al., 1984) > NPY {3 245 ¢ ¥ 4| * B g £ 47
FlE M & T fFe TARE 5 A4 ;a/»\;'& NPY » NPY ¥ 12 %“gé = NPY Y1
receptor (Y1R) 4= B & NPY Y5receptor (Y5R) £ % Beni & » ik 8 ok
£ (Roseberry AG et aI., 2004)» # iv* & w5 NPY i gﬁ%"lz,%fY5R# 3 S
B ap ok g ¥t NPY S YIR EX BiE* RN g s F anmf
iT#* (Keen-Rhinehart E et al., 2007) -



POMC # 5~ #li¢ POMC (S /Fi&(7i4F (E% » WA 4 #itfidy o
POMC & {7 ¢ fi it 13 & {8 7 fad o ma-melanocyte-stlmulatlng hormone (a-MSH)
A e e ik o i £ ond I (Takahashi A et al., 2013; Monutjoy KG,
2010) - a-MSH # 12 e 33 &3t T R B F # 4% (paraventricular nucleus) 7
melanocortin-4 receptor (MC-4R)z melanocortin-3 receptor (MC-3R)# % B % & »
A 24 drd|#E s £ crc %k (Shwartz MW et al., 2000) -

CART T AR E ¢ Jriy & ds s T B 5 4 S50 AR iy #rhE B> 5 ¢
CART 3 A54% 7 iT% cniz % &2 POMC il > it 5922 MC-AR % & A 4 fri |3 S
# e d (Kristensen P et al.,1998) -

EE AR APRHRZFR T A G0 RIRIB(blhoF 2L
phynylpropanolamine) » # &5 > T A5 NPY » % 34 T 4L POMC %k # ¥ 3%
& {7 5 (Hsieh et al., 2011; Kuo et al., 2011) > ¢t #F > Fuis 4% %3 (reactive oxygen
species) % freeradicles 2. i % - ]4- SOD and nitric oxide synthesis (NOS) » » %
B s A (Kuoetal., 2009; Kuo et al., 2012) - 3% % 2 4, i@ i1E > &|4e @ protein
kinase A (PKA) (Hsieh et al., 2007) ~ protein kinase C (PKC) (Kuo et al., 2009) -
CAMP response element binding protein (CREB) (Hsieh et al., 2008) ~ nuclear protein
kappa B (NF-kB) (Kuo et al., 2012) signaling > %2 POMC % & 5eab 477 o gt #F »
Y1R receptor 2 MC3R =~ %}ff’fik g & 2_ A k%4 (Hsieh et al., 2011; Hsieh et al.,
2013) o fe B iBUA mErR G BYE s A GRS Bepir o N B

LR EER A MABEE L A F G AR G ? F o AR R T ALE
zmd ,.;ﬂi KE 4 @fheR oy - AW o b A SR IR AT 1D

AFHRDLE P DL F - R RSO RFEES ENR T
B A 531 P5(01 NPY ~POMC = CART 5 )7z £ % 1L FF cnBf B4 o gt ¢k > T AR

2 4 @ E (PKA-CREB signaling) » #¢ 593k % 8 (Y1IR,MC3R ) % ju3 it
m@om'Mﬂﬁw#%—m%@

(z) e
AP B q bAF T RS o Golrde e FRB R B P cn & R )
1 954 R

Male Wistar rats (200~300 g, Animal Center of National Cheng Kung University
Medical College) were housed individually in a cage, maintained at 22+2°C
according to a 12:12-h light-dark cycle (lights on at 6:00 AM), and habituated to
frequent handling. Drug administration and food intake assessment (LabDiet, PMI
Nu- trition International, Brentwood, MQO) were performed daily at the start of
dark phase (6:00 PM). This study has been carried out in accordance with the
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Guide for the Care and Use of Laboratory Animals as adopted by the National
Institutes of Health. Rats were divided into 4 groups:

Group 1: Control (normal rats)

Group 2: Diabetes rats (50 mg streptozotocin in 0.05 M citrate buffer)

Group 3: Diabetes + insulin treatment (8 1U/kg every 12-hour for 3 days)

Group 4: Diabetes + phlorizin treatment (400 mg/kg every 8-hour for 3 days)

2. FEF - Ao b & 5 ERIE

(1) Induction of diabetic condition,
Rats were fasted for 24 h and then given with a single injection of STZ (65 mg/kg,
i.v.) into the femoral vein under the anesthesia of pentobarbital (Nembutal, 40
mg/kg, i.p.). A fasting blood glucose level greater than 350 mg/dL at 72 h after
STZ injection confirmed the presence of diabetes. Hyperglycemia was confirmed
once for every 3 days during this stage and sustained for at least 3 weeks. Clinical
features of the disease (polyuria, polydipsia, polyphagia, weight loss and malaise)
were also observed during this stage. Blood glucose levels were measured using
glucose oxidase method as described in the purchased Glucose Kits. One week
after establishing basic hyperglycemia, the animals were divided into several
groups for further studies

(2) Determination of plasma glucose level (PGL)
To examine the change of PGL, blood samples were taken from femoral vein for
4 days in both normal and diabetic rats. Blood were centrifuged immediately at
15000 rpm for 3 min and PGL was measured using glucose oxidase method.

3) Normalization of PGL by phlorizin treatment

To examine the effect of restored euglycemia on NPY, POMC, and CART
expression in diabetic rats, diabetic rats was given with phlorizin (0.4 g/kg, s.c.)
twice a day for 4 days (Day -3 ~ Day 0). The drug phlorizin was used to
normalize the PGL. Phlorizin normalizes PGL by blocking reabsorption of
glucose from kidney tubule and increasing glycosuria (Rossetti et al., 1987). In
addition to phlorizin, insulin was also used to normalize the PGL as described
below.

(4) Insulin replacement
The preliminary study revealed that repeated treatments of insulin (1 unit/ml,
i.p.) twice a day for at least 7 days were necessary for the restoration of feeding
behavior, PGL and NPY content in diabetic rats. Therefore, insulin was

4



administered to diabetic rats twice daily for 7 days (Day —6 ~ Day 0).
3. BT AR 80 3 B2 A 47 mRNA

(1) RNA extraction

Hypothalamic NPY, POMC and CART mRNA levels were measured in a block of
mediobasal hypothalamic tissue as described previously (Morris, 1989). The
block of mediobasal hypothalamic tissue was dissected rostral-caudally from the
optic chiasma to the mammillary body, and extended laterally from the midline of
hypothalamus to the perihypothalamic nucleus and superiorly to the anterior
commissure. Total RNA was isolated from tissues using a modified guanidinium
thiocyanate-phenol-chloroform method (Chomczynski & Sacchi, 1987). Each
hypothalamic block was homogenized in 1 ml of TRIZOL reagent using an
Ultrasonic Processor (Vibra Cell, Model CV17; Sonics & Materials Inc., Danbury,
Connecticut, USA). After an incubation at 22°C for 5 mins, each sample was
added with 0.2 ml of chloroform, shaken vigorously for 15 secs, incubated at 22°C
for 3 mins, and then centrifuged at 12,000 g for 15 mins under 4°C. After removal
of agueous phase and precipitation with 0.5 ml isopropanol, samples were
incubated at 22°C for 10 mins and centrifuged at 12,000 g for 15 mins under 4°C.
The gel-like RNA pellets were washed with 75% ethanol by vortexing and
centrifugation at 7,500 g for 5 mins under 4°C. Thereafter, RNA pellets were dried
briefly, dissolved in RNase-free water, and stored at -80°C. The RNA was
determined spectrophotometrically at 260 nm (Hitachi U-3210, Japan).

(2) RT-PCR
With the use of the First-Strand cDNA Synthesis Kit (Boehringer Mannheim),
RNA was reverse transcribed into single- stranded cDNA. For each sample, 8 pl
of sterile diethyl pyrocarbonate (DEPC)-water containing 2 pg of RNA were
added to oligo-p(dT)15 primer (0.8 ug/ul) followed by a heating at 65°C for 15
min, a cooling at 25°C for 10 min, and then addition to a reaction mixture
consisting of 10X reaction buffer (100 mM Tris, 500 mM KCI; pH 8.3),
deoxynucleotide mix (10 mM each), MgCI2 (25 mM), RNase inhibitor (40
units/ul), and AMV reverse transcriptase (25 units/ul). Reaction mixtures were
incubated at 42°C for 2 h and then brought to 95°C for 5 min to terminate the
reaction, followed by soaking at 16°C. PCR was subsequently carried out by
mixing 3 pl of cDNA product with mastermix solution consisting of DEPC-water,
10X reaction buffer, MgClI2 (25 mM), deoxynucleotide mix (10 mM each), P1
and P2 primers (1 pg/ul each), and Taq polymerase (5 units/ul). GAPDH was
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used as the internal standard calibrator. PCR reactions for NPY were carried out
on a PCR thermocycler (Perkin-Elmer GeneAmp 2400) for 28 cycles with the
following steps: 91°C for 1 min (denaturing), 60°C for 1 min (annealing), and
72°C for 30 s (extension), followed by a final elongation step at 72°C for 7 min;
and finally the PCR products were soaked at 16°C. PCR reactions for the other
molecules analyzed were carried out in steps similar to those de- scribed above
except for changes in two steps (annealing and cycles), described as follows: NPY
(60°C, 28 cycles); POMC (60°C, 28 cycles); CART (60°C, 28 cycles).

(3) Gel electrophoresis

5.

After RT-PCR, 8 ul of each PCR product was subsequently separated by flat-bed
gel electrophoresis on a 3% agarose gel. Gels stained by ethidium bromide (0.5
ug/ml) were visualized under UV light, photographed, and then scanned
densitometrically (Hoefer, San Francisco, CA, USA). Ratios of NPY and GAPDH
MRNA for each treatment day were calculated to determine relative NPY mRNA
levels. Contents of NPY mRNA in AMPH-treated group were indicated as the
percentage of control group. Similar steps were used to determine hypothalamic
NPY, POMC and CART mRNA levels.

BT AR F_F‘« » 4 B~ F-v F (Western blot)

Protein samples extracted from hypothalamus tissue were separated in a 12.5%
polyacrylamide gel, transferred onto a nitrocellulose membrane, and then
incubated separately with specific NPY antibody (Santa Cruz Biotechnology,
Santa Cruz, CA) or POMC antibody or CART antibody (Phoenix Pharmaceuticals)
and B-actin (Sigma-Aldrich, St Louis, MO). After incubation with horseradish
peroxidase goat anti-rabbit 1gG and donkey anti-goat 1gG, the color signal was
develop by 4-chloro-1-napthol-3,3’ -diaminobezidine and 0.9% (wt/vol) NaCl in
Tris-HCI (Sigma Chemical). Relative photographic density was quantified by
scanning the photographic negiative film on a Gel Documentation and Analysis
System (Alphalmager 2000; Alpha Innotech, San Leandro, CA).

Statistical analysis

Statistical data were assessed by t-test, one-way or two-way ANOVA followed by
post-hoc Dunnett’s test. P<0.05 was considered to be statistically significant.
Values are represented as meanzstandard error (S.E.M.).
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