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ABSTRACT

Leptin, synthesized in adipose tissue, suppresses food intake and increases
sympathetic activity. On the other hand, orexin, produced mainly in lateral
hypothalamus, stimulates food intake and may maintain arousal state. Although
besides appetites both leptin and orexin are associated with the regulation of
cardiovascular and autonomic function, roles of these peptides on control of
breathing and metabolism remain unclear. Thus, we investigated the central action
of leptin and orexin on resting ventilation, hypercapnic ventilatory response
(HCVR) and metabolism in Zucker rats. The effects of leptin and orexin were tested
in obese Zucker rat as a model of genetic obesity and its lean counterpart as a model
of normal growth. A micro-polyethylene catheter was inserted into the lateral
cerebroventricle several days before experimental date. Animals were anesthetized
with intraperitoneal injection of urethane allowing to breath spontaneously.
Ventilation (\-TE) was measured by the barometric technique of plethysmography and
VO: was calculated from inflow-outflow O:2 difference. After resting ventilation for
60 min, 9%CO:z gas was challenged for 2 min (HCVR). Then after, either 10ug of
orexin-A or 10pg of leptin was injected i.c.v. followed by the same protocol as above

described was performed. The administration of leptin significantly increased Vr




and Vg in lean rats, but not in obese rats. VE/VOz and HCVR were unaffected by
leptin in both groups. In lean rats, the administration of orexin significantly
increased \-TE, \-702, resulting significant elevation in VE/V O:. Furthermore, orexin
significantly augmented HCVR. We, therefore, conclude that leptin increases
metabolic rate leading to a rise in ventilation under condition with a normal leptin
receptor. On the other hand, orexin may stimulate resting ventilation and modulate

central chemosensitivity directly via respiratory center.
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Key words: leptin, orexin, control of breathing, ventilation, metabolism



INTRODUCTION

Obesity often leads to serious health problems, including hypertension,
hyperlipidemia, diabetes, and respiratory disturbances during sleep. It is now
recognized that obesity and hyperphagia (overeating) is associated with elevated
leptin?, synthesized in adipose tissue, which suppresses food intake by acting on
the satiety center in the ventromedial hypothalamus (VMH) 2 . In contrast, orexin,
produced mainly in the lateral hypothalamus (LLH), stimulates food intake with
maintaining arousal response ¥. Although the actions of leptin and orexin on the
appetites are controversial, receptors of these peptides are found together in
feeding-regulating neurons in the haypothalamic arcuate nucleus . Furthermore,
these peptides have been demonstrated to increase arterial blood pressure, heart
rate, and sympathetic nerve activity®. In addition to the effects on cardiovascular
and autonomic function, leptin replacement in obese mutant mice, which lack
circulating leptin, increased resting minute ventilation, suggesting that leptin can
prevent respiratory depression in obesity®’. On the other hand, orexin may
contribute to the pathophysiology in patients with obstructive sleep apnea
syndrome”®_ However, precise roles of these peptides on control of breathing remain

unclear.



The obese Zucker (Z) rat, a genetic model of obesity with a receptor mutation in
leptin access pathway into the brain, presents many of the same abnormalities as
observed in morbidly obese humans, including diabetes, metabolic impairments,
and a blunted respiratory drive. The underlying mechanisms responsible for the
depressed ventilatory drive in the obese Z rat have been unknown.

The purpose of the present study was to determine the role of leptin and orexin
in control of breathing and metabolism in obese Z rats. We hypothesized that the
blunted respiratory drive previously observed in obese Z rats are secondary to
altered leptin and orexin levels in the brain. To test our hypothesis, we investigated
central actions of leptin and orexin on resting ventilation, metabolism, and
ventilatory response to hypercapnia in obese Z rats. A parallel study design was

used with age-matched lean Z rats serving as non-obese controls.

METHODS
Chemicals
Orexin A (human) was from Peptide Institute, INC. Leptin (murine) was from

Sigma-Aldrich.



Animals
The studies were performed on all male Z rats (lean phenotype [Fa/?] and obese
phenotype [fa/fal n =41, 478.0 £ 25.2g and n=11, 775.0 + 19.5g, respectively).
Ambient temperature was maintained at 24 °C with a 12-hour light/dark cycle. All
animals were provided with standard laboratory chow and water ad libitum.
Before 3 to 7 days of experiment, all animals were anesthetized with i.p.
pentobarbital (50mg kg -1bw) and a 0.8mm of outer diameter polyethylene cannula
was positioned stereotaxically above a lateral cerebral ventricle at the following
co-ordinates: 1.7 mm lateral to the midline, 0.4 mm posterior to the bregma, 3.0
mm from the cranial theca. The cannula was secured to the skull by super glue. All
experimental protocols were approved by the institutional animal care and use
committee of the Asahikawa Medical College.
Intracerebroventricular injection. Artificial cerebrospinal fluid (ACSF) had the
following composition (in mM): 125.1 NaCl 2.6 KCl, 0.9 MgClz, 1.3 CaCl2, 21.0
NaHCOs, 2.5 NasHPOs, and 120 mg/ml BSA. Leptin and orexin-A were dissolved in
10 pl ACSF and injected into the lateralcerebroventricle over 1 minute. Control
experiments were performed with intracerebroventricular injection of 10 pl ACSF in

4 rats.



Technigques and measurements

Ventilation was measured by using the barometric technique of prethysmography.
A cylindrical Plexiglas chamber with a volume of 3.7 liters was used for the
measurements of ventilation. The rat was placed in the chamber within a restrainer,
which did not permit backward rotation. The chamber had an inlet tube that was
connected to pressurized air tanks. Inlet flow was regulated at 1.5 L/min by a
flowmeter (Kofloc Co.Tokyo,Japan). The concentrations of inflowing or outflowing
02 and COz were monitored by an O2-COz analyzer (IH26, San-Ei CO.Tokyo. Japan).
To measure ventilation, the chamber was completely sealed after momentarily
interrupting the flow through if, and the oscillations in pressure caused by
breathing were recorded by a sensitive pressure transducer (TR602T, NIHON
KODEN CO.JP). The signal was received, amplified (Mac Lab, Ad instruments Co.)
and the data was analyzed by the software (Chart ver.3.0, Ad instruments Co.). The
Colonic temperature was measured by Teflon shielded sensor inserted about 50mm
beyond the anus and connected to thermo recorder TR51A (T&D corporation, Tokyo,
Japan). The temperature and the relative humidity were monitored with digital
thermo-hygrometer RD6540 (A&D corporation, Tokyo, Japan).

Respiratory frequency per minute (f) was calculated directly from the VE -induced



pressure swings. Tidal volume (V1) was obtained as a function of the pressure
change inside the chamber. Pulmonary Vi was calculated (Ve= Voxf) and expressed
in either absolute value (ml/min) or corrected value for body weight (ml-kg* *min’?).
02 consumption (VO2) and CO: production (VCO2) were calculated from the
inflow-outflow Q2 and CO: differences multiplied by the gas flow, neglecting the
small error introduced by a respiratory quotient less than unity. All \.702 and T;/'CC)z
values (presented at STPD) are expressed either in raw data (ml/min) or per unit of
effective body mass because lean and obese rats of the same size have different body
compositions. Effective body mass for lean and obese Z rats was calculated as
1.00xM0%%5and 0.86xM?75, respectively, where M is the body weight (kg) of the
animal °.

Experimental protocol

Study 1.

To clarify physiological roles of leptin and orexin on resting ventilation and
metabolism, lean Z rats were tested at first. To investigate effects of leptin and
orexin under condition of morbid obesity, obese Z rats were tested secondly. After
an intraperitoneal injection of urethane (1.2 g/kg), the rat was put into the

barometric chamber. It allowed to breath room air spontaneously. Baseline T(c), f,




Vr, VE and metabolic parameters were measured at 10 min intervals for 30 min.
Then, ACSF (10pD), leptin (10pg dissolved in 10ul ACSF), or orexin (10pg dissolved
in 10pl ACSF) was injected into lateral ventricle through micro cannula followed by
monitoring each parameter at 10 min intervals for 90min. In obese Z rat, the
administration of ACSF was omitted.

Study 2.

To investigate the role of leptin and orexin on respiratory chemosensitivity in
normal control and morbid obesity, we tested hypercapnic ventilatory response
(HCVR) in both lean and obese Z rats. After anesthetizing with intreperitoneal
injection of urethane, the rat was put inside the barometric chamber. The rat
breathed room air for 30 min followed by exposing hypercapnic gas (9%COs, 40%0z)
for 2 min (control HCVR). After enough recovery duration, leptin or orexin was
injected into lateral ventricle. The second protocol as the same as above described
performed 30 min after injection of each agent (leptin or orexin HCVR).

Statistical Analysis.

In study I, analysis of variance (ANOVA) with repeated measure was used. In
study 2, differences in HCVR between lean and obese Z rats were analyzed by

one-way ANOVA. A P value of <0.05 was considered statistically significant. All



data presented in the text, tables, and figures are expressed as means + SE.

RESULTS
Effect of leptin in lean rats

As shown in Figure 1 and Table 1, the administration of leptin gradually
increased f and Vr significantly (f from baseline value of 92.7 + 6.6 /min to 90 min
value of 110.2 = 7.0 /min, p<0.01; V1: from baseline value of 4.1 + 0.3 to 90 min value
of 4.8 + 0.3 ml, p<0.05). Consequently, Vi was significantly increased from baseline
value of 366.0 + 19.8 to 90 min value of 518.7 = 39.1 ml/kg/min (p<0.01). Although
leptin showed a slight increase in body temperature T(c) and VOq, the differences
were not significant (Figure 2 and Table 1). The value of V&/VO: 90 min after the
administration of leptin was significantly increased from the baseline value (34.5 +
2.5 vs. 26.8 + 1.3, p<0.05).
Effect of orexin in lean rats

As compared to the effect of leptin, orexin abruptly increased f and Vr at 30 min
followed by showing a gradual decrease (Figure 1 and Table 1). As a result, Vi was
significantly increased to peak value of 603.6 + 28.9 ml/kg/min 30 min after the

administration of orexin from the baseline value of 373.6 + 31.2 ml/kg/min (p<0.01).

10



As shown in Figure 2, in contrast to the effect of leptin, orexin significantly
increased VOz at 30 min (baseline value of 14.0 + 0.6 ml/min to peak value of 17.5 =
1.3 mV/min at 30 min, p<0.01). On the other hand, T(c) was gradually increased for
90 min by orexin. Ve/VO: was significantly increased to peak value of 35.8 + 2.3 at
30 min from baseline value of 27.0 + 2.4 (p<0.01) and the increase remained for 90
min.
FEffects of leptin and orexin in obese rats

In obese Z rats, leptin had no effect on resting f, Vr, VE, and other metabolic
parameters (Figure 3 and 4). On the other hand, orexin abruptly increased f
significantly at 20 min and this rise remained until 90 min (Figure 3). Vr showed a
gradual elevation but the difference was not significant. VE was increased
significantly at 40 min by the administration of orexin and this rise lasted until 90
min. In contrast to the result of leptin, orexin significantly increased T(c) as
compared to baseline value (p<0.01) as shown in Figure 4. Furthermore, VOz was
significantly increased at 20 min and remained until 40 min (p<0.01) followed by
gradual decreasing to the baseline level. Ve/VO: was not altered by the

administration of orexin (Figure 4).

11



Effect of leptin on HCVR in lean and obese rats
In lean rats, Ve during room air breathing was increased by COz exposure, but
leptin did not affect this Ve response to hypercapnia. In obese rats, leptin also did
not influence the Vi response to hypercapnia (left panel of Figure 5 and Table 3).
Effect of orexin on HCVR in lean and obese rats
In lean rats, orexin significantly augmented the VE response to hypercapnia
(p<0.05) as shown in right pannle of Figure 5 and Table 4. However, in obese rats,
orexin did not alter the VE response to hypercapnia (right pannle of Figure 5 and

Table 4).

12




DISCUSSION

The important results of the present study are that: 1) The administration of
leptin significantly increased VE and ‘;702 in lean rats, but not in obese rats. 2) ‘;}'E
NOz and HCVR were unaffected by leptin in both groups. 3) In lean rats, the
administration of orexin significantly increased Ve and VO:. And Ve VO
significantly increased in lean rats. 4) orexin significantly augmented HCVR.

The present results indicate that leptin increases metabolic rate leading to a rise
in ventilation under condition with a normal leptin receptor. On the other hand,
orexin may stimulate resting ventilation and modulate central chemosensitivity
directly via respiratory center.

Leptin is first reported as a peptide to control appetite and energy
consumption?191V, Altered energy homeostasis leads to change in Oz consumption
and that follows modulate ventilation. Recently, leptin is thought to have tight
relationship to ventilation. O’donnel et.al reported that leptin replagement
improved minute ventilation and ventilatory response to hypercapnia in
C57BL/6J- LepP® mice®. Funahashi et al. reported that leptin receptor and orexin
receptor are co-existence in the ARC?. So Leptin and orexin may affect with each

other. Cai et.al reported that, hypotharamic prepro-orexin mRNA concentration in

13



Zucker fatty rats were lower than those in lean controls'?. Lower metabolic rate

observed in Zucker fa/fa rats may related with not only leptin receptor disturbance

but also orexin containing neuron system.

At present, this manuscript is not completed.
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Table 1. Effects of leptin and

orexin on resting ventilation in lean rats

ACSF(n=4)
Time, min 0 30 60 90
f, breaths/min 90.3+3.6 91.1%5.0 95.5+5.3 91.6+£3.7
Vo, mUkg0? 4.0+0.2 4.0+0.2 4.1+0.2 41+02
Vg, mUkg®™/min | 359.9+18.3 365.8+21.4 390.2+33.3  375.8+23.1
Vg/VO, 26.6+2.2 26.7+1.2 28.1+0.8 26.8+1.4
VO,, mVkg®™/min 13.7£0.8  13.7+0.8 13.84+0.9 14.1+0.8
VCO,, ml/kg®"5/min 8.8+0.7 9.3+1.1 8.6+0.8 9.1+1.4
.0 36.4+0.1 36.3%+0.1 36.2+0.3 36.2+0.3
Leptin(n=10)
Time, min 0 30 60 90
f, breaths/min 92.7+6.6 103.4+7.3%% 107.0£6.8% 110.2£7.0%3%
V., ml/kg? " 4.1%+0.3 4.4+0.3 4.7+0.3% 4.8+0.3%
Vg, mVkg®"/min | 366.0£19.8 452.5£38.3% 492.2+34.1% 518.7+39.1%
Vi/VO, 26.8+1.3 30.6+£1.7 33.3+2.4 34.5+2 5%
VO,, mlkg?™/min | 13.8+0.8 14.7%0.8 14.9x0.6 15.2+0.9
VCO,, mlVkg®/min | 9.2+0.6 9.4+0.7 9.8+0.8 10.3+0.5
T.C 36.4+0.4 36.5+0.5 36.7+0.5 36.9+0.5
Orexin(n=10)
Time, min 0 30 60 20
f, breaths/min 92.7£5.6 108.4x7.5%%  127.75.6%% 117.1+£6.5%x%
V., ml/kg078 4.0%+0.2 4.8+0.2%%  4.6+0.3% 44402
Vg, ml/kg®™/min | 373.6+31.2 603.6+28.9%% 580.7+£39.4%% 513.4+34.6xx
Vg/VO, 27.0£24 35.8+£2.3%% 355+2.8%%  34.4+3.3%x
VO,, ml/kg®’5/min 14.0£06  17.5+1.3%%  16.9+1.1x% 15.5+1.0%
VCO,, mUkg®"5/min | 8.9+0.4 1224£0.9%%  11.8+0.6%% 10.8%+0.4%%
T,%¢ 36.3+£0.3 36.5+0.3 37.0£1.0%%  37.110.3%%

Values are mean =SE

¥

% p<0.05 significantly different from corresponding control value
% p<0.01 significantly different from corresponding control value



Table 2. Effects of leptin and orexin on resting ventilation in obese rats

Leptin(n=6)
Time, min 0 30 60 90
f, breathe/min 121.4+69 117755 118.7+5.9 118.7+6.9
Vi, ml/kg®? 46+0.3 4.7+0.3 4.9%+0.4 5.3+0.5
Vi, mUVkg?75/min 597.1+49.5 618.8+56.8 633.9%x56.6 657.4*x75.8
Ve/VO, 51.8+5.2 52.1+4.6 51.9x3.3 56.1+5.9
VO,, mlVkg®"5/min 11.8+1.0 12.1+1.0 12514 122+1.5
VCO,, ml/kg®"5/min 6.9%+0.5 6.9+0.6 7.3+0.9 76%+1.1
T,C 35.1+0.9 34.9+0.8 35.0+0.8 35.0+0.8
Orexin(n=6)
Time, min 0 30 60 90
f, breaths/min 123.6+5.3 141.5%9.0 144.3+9.2 % 144.4%8.6 x
Vo, mlkg0 7 4.4%0.5 4.1%+0.4 4.5+0.5 4.6+0.5
Vg, mUkg®75/min 609.1+50.2 705.2+51.1 727.3x39.8% T12,7+32.8 %
Vg/VO, 52.7+6.2  55.2+4.0 58.1%4.1 58.95.7
VO,, ml/kg®"5/min 11.9+0.9 13.0+1.0 % 12.7+0.8 12.5+1.0
VCO,, ml/kg®75/min J 7.1+0.9 7.9+1.03% 7.9%1.0 82+1.1
T, C | 375£03  38.1+03x% 38.6+0.4%% 39.0£05x

%p<0.05 significantly different from corresponding control value
%%p<0.01 significantly different from corresponding control value




Table 3. Effects of leptin on ventilatory response to hypercapnia *

Lean (n=10) Obese (n=6)

Control Leptin Control Leptin

HCVR(AVg) ,mUkg/min  126.0£56.7 170.9+53.8 199.5+33.8 106.7+46.8

Table 4. Effects of orexin on ventilatory response to hypercapnia *

Lean (n=7) Obese (n=5)

Control Orexin Control Orexin

HCVR(AVg) ,mVkg/min 137.8+£83.0 325.4+85.7% 127.5£12.2 135.0£26.5

Definition of abbreviation HCVR=hypercapnic ventilatory response
AVyg = increase In Vi from room air to hypercapnia.

* values are means = SD for the number of rats in each group.

¥ p< 0.05 significantly different from control value.



Figure 1. Effects of leptin and orexin on resting ventilation in lean rats
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%p<0.05 significantly different from corresponding control value
xxp<0.01 significantly different from corresponding control value



Figure 2. Effects of leptin and orexin on resting metabolism in lean rats
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Figure 3. Effects of leptin and orexin on resting ventilation in obese rats
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Figure 4. Effects of leptin and orexin on resting metabolism in obese rats
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Figure 5. Effects of leptin and orexin on hypercapnic ventilatory response
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VE was not increased by cerebroventricular administration of Leptin in nether lean nor

obese Zucker rats during hypercapnia.

Vg was significantly increased by cerebroventricular administration of Orexin in Lean Zucker
rats during hypercapnia.

Vg did not increased by Orexin injection in Obese Zucker rats.

Xp<0.05 significantly different from Control value
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