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PAEZ, X , J W NYCE AND R D MYERS. Dtfferennal feedlng response~ evoked m the rat by NPY and NPYt-27 rejected m- 
tracerebrovenmcularly PHARMACOL BIOCHEM BEHAV 38(2) 379-384, 1991 --Neuropeptlde Y (NPY) given by the lntra- 
cerebrovenmcular (ICV) route in the rat evokes hyperphaglc-ltke feeding. To exanune the molecular nature of action of NPY, 
comparisons were made between the central effects of this peptide and a newly synthesized amino-terminus fragment, NPYt_27 A 
single guide tube was implanted stereotaxlcally to rest just above a lateral cerebral ventricle so that ICV injections m a volume of 
10 Ixl of e~ther CSF control vehicle or peptide could be given in the unrestrained rat Native NPY or NPYt_27 was given in doses of 
5 0 or l0 0 v,g, whereas nondeprotected NPY was infused m a dose of l0 0 IJ, g- The retakes of either regular commercial rat diet or 
specmlly prepared chocolate-flavored biscuits as well as water were recorded intermittently for 4 0 h following each ICV infusion 
Although a clear-cut dose response with a latency of similar magnitude emerged for both molecules, NPY was found to be nearly 
twice as potent as NPYt_z7 in reducing spontaneous feeding A corresponding infusion m the same volume of either nondeprotected 
NPY or CSF control vehicle was without effect When chocolate-flavored biscuits were provided to the rat, an ICV infusion of a l0 0 
v,g dose of NPY enhanced significantly both rate of eating and total cumulative intake of flavored food in comparison to that after a 
similar infusion of NPYI_27 or either control solution These results suggest that native NPY acting centrally affects gustatory and/ 
or olfactory systems to a much greater degree than does NPYt_z7 Consequently, the carboxy terrmnus amano acids 28-36 appear to 
be essential in shifting the sensory threshold for food ingested by the rat and thus may govern the overall magnitude of its intake. 

Neuropeptlde Y Feeding Intracerebroventncular infusion Food intake Neuropeptlde Y1-27 Hunger 
Peptldes Hypothalamus Water intake Satiety mechamsm 

THE central action of neuropeptide Y (NPY) m mduclng an in- 
tense feedmg response has been locahzed anatomically to the me- 
dial and other hypothalamlc areas (10). When microinjected into 
the paraventrlcular nucleus (PVN), NPY evokes a dose-depen- 
dent feedmg response which, when compared to norepmephrlne- 
induced feeding, is characterized by a longer latency but far 
greater potency and longevity (28). By repeated perfuslons of 
NPY intermittently within medial hypothalamic sites of the rat, 
nonsatiable feeding is evoked m which up to twice the normal 24 
hour intake of food is consumed in less than five hours (22,23). 
Evidence also exists that NPY produces carbohydrate selective 
feeding an a choice situation since the rat preferentially consumes 
this micronutnent over that of fat or protein (29). 

Although the part of the NPY molecule which is functionally 
active has not yet been clarified, differences between the poten- 
cies of several fragments have been demonstrated in different 
neurobiologlcal systems. For example, the deletion of tyrosine at 
the armno terminus (NPY2_36) decreases by three-fold the agonist 
action peripherally of NPY on adrenergic transnussion in the vas 

deferens preparation, whereas successively cleaved fragments of 
the NPY molecule (i.e., 5-26, 11-36, 25-36) are proportionally 
less potent (3). Substitution of tyrosme in position 20 and 21 and 
of alanine in the first 10 residues generally diminishes the bind- 
ing affinity for NPY receptors in the brain of the rat (14). How- 
ever, the 2-36 fragment of NPY, but not the 5-36 moiety is even 
more effective in evoking feedmg when tt is injected into the 
PVN (13). Although NPY26_36 and 20-36 given ICV in the mouse 
are without any effect on feeding behavior, the latter carboxy 
ternunus fragment reportedly improves memory retention in a 
manner similar to that of NPY (5) Further, NPYI3_36 given ICV 
is without any anxlolytic effect on the rat placed in conflict tests 
in contrast to that of NPY (6); however, this fragment does ele- 
vate the levels of DA and DOPAC in the cortex of the rat simi- 
larly to that of NPY (7). In this connection, carboxy terminus 
fragments also are more potent than NPY in inhibiting calmodu- 
hn-stimulated phosphodiesterase activity (8). 

In the present study, we compared the central effect on feed- 
ing of a cleaved portion of the amino terminus of the molecule, 
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NPYI_z7, with that of native NPY. Two doses of both NPY and 
NPY~_27 were injected by the mtracerebroventricular (ICV) route 
to induce feeding m the fully satmted rat (1, 12, 15). As a con- 
trol for its molecular specificity, nondeprotected NPY was also 
rejected ICV following the same experimental procedures. 

METHOD 

Male Sprague-Dawley rats (N = 5) weighing 409--456 g at the 
time of surgery were kept in an individual cage w~th a 12.12 hour 
light-dark cycle (0630-1830 h). Water and Punna rat pellets were 
provided ad lib throughout the experiments. 

Surgical Procedures 

After the rat was anesthetized with sodmm pentobarbital (35-  
45 mg/kg) mtrapentoneally and placed m a stereotaxlc instru- 
ment, a 20-ga thin-walled guide tube 10 mm m length was 
implanted just dorsal to the right lateral cerebral ventricle accord- 
mg to methods described previously (18). The incisor bar was set 
3 0 mm ventral to the interaural hne, and the stereotaxic coordi- 
nates of Paxmos and Watson (25) were as follows: 0.8 mm cau- 
dal to bregma, 1.4 mm lateral to the sag~ttal sinus, and 3.0 mm 
below dura mater. To prevent occlusion of the guide, a 23-ga 
stylet was mserted m the tube. A period of 5 days or more elapsed 
prior to an experiment. The patency of each ventncular cannula 
was verified physiologically both at the beginning as well as at 
the end of a series of experiments. The test rejection consisted of 
an ICV infusion by gravity flow of 10 ILl of a standard artificial 
CSF solution (19) containing 10 p-g NE-HC1 (Sigma) which 
evokes spontaneous feeding m the fully satiated rat (20) 

Synthesis of Pepttdes 

Using Fmoc-BOP chemistry, NPY was synthesized by one of 
us (J.W N.) by means of an automated BloSearch model 9600 
peptide synthesizer. The side chain protected amino acids (Milh- 
gen BioSearch) were' Tyr (tBu [tert-butyl]), Thr (tBu), Ser (tBu), 
Glx (Tmob [2,4,6-trimethoxybenzyl]), Asx (Tmob), Arg (Mtr [4- 
methoxy-2,3,6-trimethylbenzenesulfonyl]),  His (Trt [tnphenyl- 
methyl ] ) ,  Asp (Ot Bu I t -butyl  ester])  and Lys (Boc [t- 
butyloxycarbonil]). The nonprotected armno acids used were lie, 
Leu, Ala, Met, Pro and Gly. The final product was deprotected 
with a molar excess (10 ml/g) of TFA/thloanisole/ethanedith~ol/ 
amsole which serves to separate the peptide from the PAL resin 
and consequently removes s~de-cham protecting groups. After 
completion of the deprotect~on process, the compound was pun- 
fied by means of a Waters model 600-E HPLC system using a 
1 × 25 cm VYDAC 5 micron C~8 column with 0.1% TFA->60% 
acetomtrile m 0.1% TFA, applying a hnear gradient over 45 mln 
The mare peak detected by UV absorbance at 215 nm was col- 
lected and lyophd~zed repeatedly. Purity of the final product was 
estimated to be >95%.  The NPYt_,, 7 fragment of native NPY 
was synthesized ~dentxcally except for premature termination of 
the sequence at amino acid posihon 27. 

As a molecular control for the newly synthesized NPY used 
for these experiments, a portion of the synthesis was undertaken 
leaving the protected groups intact. This nondeprotected form of 
the native peptide was refused ICV in an identical manner so as 
to parallel that of the deprotected NPY. Commercml NPY, used 
as a test substance m selected pdot experiments and for compar- 
ison of purity of synthesized product, was obtained from Penin- 
sula Laboratories. 

ICV Injecnon of Compounds 

Both NPY and NPY ~-2v were given ICV m doses of either 5.0 

or 10 p-g/10 p,l, whereas 10 p-I of artlfiCml CSF vehicle or 10 
p-g/10 p-I of NPY nondeprotected were used as control solutions 
All solutions were prepared freshly on each day and filtered 
through a 0.22 p-M mdlipore filter just prior to an ICV infusion 
which was made at 0700-0800 h. 

A 23-ga rejector needle was attached to the end of a length of 
PE 50 tubing which was filled with the respective control or pep- 
tide-containing soluuon Gravity flow into the ventncle was es- 
tablished m each rat by adjusting the depth of the injector needle 
to 1.0 mm or more below the tip of the guide tube (18). Follow- 
mg an ICV infusion of 10 p-I of the solution over an interval of 
30-40 s, the rejector needle was kept In place for an addmonal 
30 s, then removed and replaced by the stylet The tubing and 
each rejector needle were always kept m 70% ethanol and flushed 
several times pnor  to their use. 

To determine the effects on feeding behavior of nauve NPY 
compared to NPY~_,_7, each rat was tested in the presence of the 
regular commercml diet (Punna Rat Chow) as well as chocolate- 
flavored biscuits (23) comprised of a wetted mixture of 38% 
ground Purina rat chow, 30% sucrose, 14% commercml evapo- 
rated milk and 18% instant chocolate powder (Nestle Qulk). Each 
rat received both native NPY and NPY~_27 as well as the two 
control solutions, CSF and nondeprotected NPY m a randomized 
order. One week before the imtiation of the experiments the rats 
were acchmated to a palatable food ration which was presented 
together w~th the standard commercial rat pellets. Fresh food was 
always inserted m the test chamber 1 0 hour before the ICV re- 
jection commenced. The cumulative food retake was recorded at 
30 minutes and then every hour for 4 hours. 

Histological and Statistzcal Analysis 

In addition to the NE patency test (vide supra), at the end of 
the experiments the position of the ventncular cannula was veri- 
fied following standard histological procedures. After the rat was 
perfused transcardmlly w~th 10% buffered neutral formahn, the 
brain was removed, sectioned and stained with cresyl violet to 
Vlsuahze the cannula track. 

The data were analyzed by computer using the Stat-Mate soft- 
ware program One-way analyses of variance were performed by 
Newman-Keuls tests when appropriate. For comparisons of the 
results of two sets of food retake measures, Student t-tests also 
were performed. In both cases, a p value of <0.01 was consid- 
ered to be staustically s~gmficant. 

RESULTS 

The ICV injection of either native NPY or the armno terminus 
peptide, NPY~_27, induced behavioral activation of the rat which 
was followed by the spontaneous ingestion of its regular food. As 
shown in Fig. 1, the rate of feeding over the first 0.5 h of  both 
NPY- and NPY~_27-treated rats was virtually identical. However, 
throughout the 4.0 h period of observation (Table 1), the overall 
differences among all groups were statistically significant during 
the remaining time course of the experiments [e.g., F(5 ,48)= 
20.29, p<0 .01  at 0.5 h and F(5 ,48)=29.62 ,  p<0 .01  at 1.0 h] 

Following the ICV administration of either the lower 5.0 p-g 
or higher 10.0 p-g dose of NPY, the mean total intake of food 
consumed by the rats was greater than that after injections of the 
equivalent doses of NPYt_27, i e., 2.4_-,0.7 g versus 4 5 ~  1.0 g 
and 3.2___0.4 g versus 6.5---1.3 g, respectively (Table 1). Simi- 
larly, significant dose-related differences in feeding evoked by 
the ICV infusion of native NPY and NPY~_27 emerged by the 1 0 
h interval, F(3,35) = 21.34, p < 0  01, and persisted over the course 
of the test period In comparison to the central effect of the lower 
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FIG 1 Mean ± S E cumulative intake of food in rats in which an ICV 
mfusmn of 5 0 or l0 0 I.tg NPY and NPY~_27 or CSF control vehicle was 
given in a volume of 10 la, l at zero h Rats were provided regular com- 
meroal diet before the expenment and throughout the 4 0 h test interval 

doses of NPYI_27 and NPY, ICV rejection of either the control 
vehicle or nondeprotected NPY (Fag. 1) induced a significantly 
lower cumulative intake of food of l. 1 -+0.6 and 1.8-+ 1.4 g, re- 
spectively (Table 1), by the 4 0  h period, F(3,30)=20.29,  
p<0.01.  

The latency of feeding in response to both lower and higher 
doses of NPY administered ICV was 12.8 -+ 3.3 mm and 12 5 -+ 3.9 
min, respectwely. However, the latency to feed following the in- 
jection of NPYI_27 was 16 1 --+6 3 mm after the 5 0 Ixg dose but 
only 4.4-+0.8 man following the higher 10 Ixg dose. In contrast, 
the latencles of the feeding response after injection of the control 

solutions were substantmlly longer 47.3 _+ 14.4 man after 10 v-g 
nondeprotected NPY and 3.4 +0.5  h following the CSF vehicle. 

As presented in Table 2, the ICV infusion of the lO Ixg dose 
of NPY evoked an immediate and stgmficantly greater intake of 
the chocolate-flavored food than that following the same dose of 
NPYl_27, F(1,23) = 122.86, p<O.O1. As shown in Fig. 2, the m- 
take of the more palatable food increased sharply at the beginning 
of the test interval over that ingested by the rats given ICV injec- 
tions of either NPYI_27 or control solutmns [e g., F(3,48) = 89.01, 
p<O 01 at 0.5 h]. Nevertheless, by the 4 0 h anterval, the 
NPYt_27 induced a higher retake of the more palatable food than 
that evoked by the control CSF, F(1,24)= 9.55, p<0.01 ,  but not 
following injection of the nondeprotected NPY (Fag 2). 

A comparison of the mean intakes of the two foods offered to 
the rats ts presented in Fag 3. Although the consumption of choc- 
olate-flavored food induced by the lO p.g dose of NPY was greater 
within the first 0 5 h after the ICV reJection than that of regular 
diet, F (1 ,21)=2343 ,  p<0.01 ,  as well as at 1.0 h, F ( l ,21)=  
I 1.76, p<O 01, the retakes were not significantly different there- 
after. Slmdarly, the rats' retake of the flavored food after injectmn 
of NPYt_27 was less than that of regular diet at 0.5 h but signif- 
acantly greater at the 4.0 h interval, F(1,19)=20.25,  p<O 01. 
The control rats ate slgmficantly higher amounts of the chocolate- 
flavored food than the regular diet (Fig. 3) following the ICV 
administration of eather CSF or nondeprotected NPY at the 4 0 h 
interval, F(1,14)= 12.40, p<0.01 and F(1,22)=53.97,  p<0.01 ,  
respectwely 

DISCUSSION 

The present results demonstrate that the central administration 
of NPYI_27, an amino terminus fragment of NPY, reduces spon- 
taneous feeding in the rat with a response latency similar to that 
of NPY. However, the dose response analysis showed that NPY 
is essentially twice as potent as NPY~_27 in evoking ingestive 
behavior Whereas NPY seems to produce a selective preference 
for chocolate-flavored food to the apparent point of nonsatiabfl- 

TABLE 1 

MEAN_+ S E CUMULATIVE INTAKE (GRAMS) OF COMMERCIAL DIET IN RATS AFTER 
ICV INJECTION OF NPY OR NPY,_27 (DOSE PER 10 p.l VOLUME) 

Time Course (hours) 

lnjecUon 0 5 1 0 2 0 3 0 4 0 

NPY 
100p.g 24 + 08 44 ± 13 60 + 14 64 + 13 65 _+ 13 
(N = 8) 

NPYt_27 
1001xg 2 1 -- 04  2 2 - - - 0 4  3 0 - + 0 4  3 2 - - - 0 4  3 2 - + 0 4  
(N= 10) 

NPY 
5.0/~g 16 - 05 2 6 - ' - 0 4  4 0 _ + 0 9  41 + 09  45 ± l 0  
(N=8) 

NPYI_27 
5 0 g g  1 4 ± 0 6  17---+06 21 ± 08 23 ± 0 7  2 4 - - - 0 7  
(N = 10) 

NPY nondeprotected 
100}xg 1.0 ± 06  16 ± 12 16 -+ l 2 18 -+ 14 1.8 ± 14 
(N=5) 

CSF Controls 
(N=8) O0 O0 09  -+ 04  09  - 04  1 1 ± 06  

N = Number of experiments 
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FIG 2 Mean ± S E cumulative intake of food m rats given an ICV m- 
fusion of NlaY, NPYI_27 or nondeprotected NPY, all m a dose of 10 0 
gg,  or CSF control vehicle at zero h The regular food was replaced by 
chocolate-flavored biscuits offered to the rats before the experiment and 
throughout the 4 0 h test interval 

lty (22,23) ,  NPYI_27 does  not  arouse  a special preference for this 
h~ghly palatable and nutri t tonally enr iched food.  Apparent ly ,  there- 
fore,  the s e g m e n t  o f  feeding behavior  media ted  by gus ta tory  and/  
or  olfactory s t imuli  appears  to be affected to a m u c h  greater  degree 
by nauve  N P Y  than NPYl_27. Th i s  sugges t s  that amino  acids 
2 8 - 3 6  play an important  role m govern ing  the magn i tude  o f  food 
ingested by the rat. 

We  env i sage  that N P Y  possesses  a dual  funct ion in the cen-  
tral m e c h a m s m  under ly ing  the regulat ion o f  feeding behavior .  
F~rst, the peptide os tens tb ly  modi f ies  the intrinstc carbohydrate-  
cont ingent  drive for calories m that the rat c o n s u m e s  its regular  
food readdy after NP Y ~s injected ICV. In fact,  Lelbowttz  and 
col leagues  showed  that NP Y injected in the P VN of  the rat evokes  
a discrete preference for carbohydrate  over  fat and protein (29). 
Secondly ,  the peptide apparent ly shif ts  the gus ta tory  or olfactory 
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FIG 3 Histogram companng mean ± S E total intakes of chocolate-fla- 
vored food (C) versus regular diet (R) at 0 5 h (top) and 4 0 h (bottom) 
after ICV infusion at zero h of 10 0 I-tg NPY, NPYI_27 or nondeprotected 
NPY or of the CSF control vehicle 

or  both thresholds  under ly ing  the sensory  c o m p o n e n t  o f  f eedmg,  
because  the central  act ion o f  NPY ts augmen ted  s ignif icant ly by 
the palatabdt ty o f  the food.  Since NPYI_27 appears  to s t imulate 
only the drive for calories and its effect  ts re la twely unchanged  

T A B L E  2 

MEAN+S E CUMULATIVE INTAKE (GRAMS) OF CHOCOLATE-FLAVORED FOOD IN 
RATS AFTER ICV INJECTION OF NPY OR NPYI_27 (DOSE PER 10 i~l VOLUME) 

Time Course (hours) 

Injection 0 5 10  2.0 3 0 4 0 

NPY 
1001zg 4 4  --. 10  61  --- 10  7 1 --- 11 7 1 --- 10  7 5  +- 1.0 
(N = 14) 

NPY 1-27 
1 0 0 ~ g  0 7 - + 0 4  18  +-- 0.6 3 4  +-- 0.9 4 5  ± 1 1 5 0  ~- 1 2 
(N = 10) 

NPY nondeprotected 
10.01.tg 11 +-- 0 6  2 0  ~ 10  4 0  -~ 1 3 4 5  ± 14  4 5  +-- 14  
(N = 10) 

CSF Controls 
(N=15)  1 1 ~ 0 4  2 2  +-- 0 6  3 2  +-- 0 8  3 7 - - - 0 9  3 . 7 - - - 0 . 9  

N = Number of experiments. 
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by the flavor of the proffered food, the amino actds 28-36 moi- 
ety of the NPY molecule must contribute, therefore, to gustato- 
ry-olfactory mechanisms involved m the control of feeding. In 
terms of the issue of palatability, the neuronal mechamsm could 
revolve about a sensory system upon which NPY acts either to 
increase the acceptability of a less appetizing food substance or 
to further enhance the intake of an already palatable food. 

Because of the 10-mm latency preceding feeding after an ICV 
injection of NPY, tt is probable that the peptlde does not act dt- 
rectly on either pre- or postsynapttc elements of neurons within 
the paraventncular or ventromedtal nuclei or other perifornlcal 
structures tmphcated in the ingestion of food (11). One possibil- 
ity is that NPY rectprocally stimulates the synthesis and/or re- 
lease of a catecholamlne or serotonm within medial hypothalamic 
neurons. Recently, phasic changes in the in vwo profile of activ- 
ity of these monoammes in NPY-contammg perfusate collected 
from the PVN of the feeding rat have been demonstrated (22,24). 
This could explain the delay in the lntracerebral effect of the 
peptide on the feedmg response since NE given either directly 
into the PVN (10,11) or by the ICV route (20) evokes feeding 
characterized by a much more rapid onset and shorter duration 
than that of NPY Interestingly, an olfactory stimulus coupled 
with an odorous food such as peanut butter exerts an intense ef- 
fect on the release of a catecholamme neurotransmltter from the 
same area of the medial hypothalamus (21) at which NPY exerts 
its potent action on the feeding response. The coexistence of NPY 
and norepmephrine (NE) in neurons of the bralnstem with their 
ascending fibers innervatmg the medial hypothalamus (4,26) would 
support this suppostuon. 

In terms of the cellular mechantsm whereby NPY or NPYl_27 
mobilizes the feeding response, we envisage that the peptlde may 

inhibit the local activity of medial hypothalamic neurons which 
comprise the rostral terminal input from vagal afferent neurons of 
gastric origin and which signal the condition of satiety (27). Such 
an inhibition of satiety neurons by NPY would thus suppress the 
satiety mechanism and consequently result in feeding. In this 
connection, when NPY is injected ICV, the mgestive response ts 
not blocked by cholecystoklnln injected either peripherally or 
centrally (9,17). This suggests that the hunger-sensory signals 
generated centrally by an elevated lntracerebral level of NPY may 
override peripheral satiety sensors. In this connectton, structur- 
ally related analogues of NPY given ICV to the rat evoke differ- 
ent cumulative intakes of food as well as significant differences 
in time spent eating (2) This corresponds to our finding in which 
both NPY and NPYt_27 evoke the same sharp increase in feedmg 
initially, but the latter peptlde IS essentmlly without effect after 
30 mln. 

In summary, the present results show that NPYI_27 did not 
augment the intake of chocolate-flavored food above that of the 
control level. Amino acids 28-36 of native NPY are likely re- 
volved in an alteration of the sensory threshold for a given food- 
stuff and may be as tmportant as the nature of the mtcronutnent 
~tself Thus, the distraction between the mechantsm of action of 
NPYl_27 and native NPY may rest simply m the greater shift in 
sensory threshold so that the food presented to the animal either 
tastes better or smells better or both. 
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