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STEELE, T D , H U BRYANT, P V MALVEN AND G K W YIM Nocturnal depletion ofhypothalamtc dynorphm 
m anorerw Wallter-256 tumor-bearmg rats PHARMACOL BIOCHEM BEHAV 29(3)541-545, 1988 --Rats Implanted with 
the Walker-256 (W-256) tumor exhlNt marked anorexia that is most apparent at night In this model, the hypothalamlc 
kappa oplold system was examined for deficits that might contribute to this tumor-reduced anorexm In anorexic tumor- 
bealang rats (TBR), nocturnal levels of lr-DYN-8 were slgmficantly reduced m the hypothalamus, but lr-DYN-17 levels 
were not Accumulation of aH-etorphme or ~H-ethylketocyclazocme, a putative hgand for the kappa receptor subtype, was 
not increased in the hypothalamus of the TBR, as might have been expected ff there were less endogenous dynorphm to 
occupy the oplold receptors m this region In vitro binding assays w~th 3H-ethylketocyclazocme indicated that dynorphm 
depletmn m the TBR was not sufficient to increase the numbers of kappa oplold receptors in the hypothalamus Also, the 
sensmwty of kappa opmld receptors revolved m feeding was not altered m the TBR as indicated by an intact feeding 
response to ketocyclazoclne In summary, the marginal deficits of hypothalamlc dynorphm m W-256 tumor-beanng rats 
that comode with the phase of tumor-reduced anorexm may contribute to the reduction m food retake 

Hypothalamlc dynorphm Nocturnal depletion Anorexic 

T H E  anorexia  f requent ly  associa ted with many forms of  
malignancies can be one of  the pr imary debili tat ing features 
o f  the disease [30] This anorexia  subsequent ly  contr ibutes  
to cancer  cachexm,  a syndrome which as many as two-thirds 
of  cancer  patients suffer f rom prior  to death [23] Phar- 
macological  t rea tments  o f  the anorexic  condi t ion may im- 
prove  the physiological  well-being of  the patient  dunng  the 
course  of  the disease 

Numerous  studies have sought to define inadequacies  m 
the appeti te control  sys tem which underl ie  the reduced ap- 
pet i t ive drive and food intake observed  dunng  tumor  growth 
in a var ie ty  o f  animal models  [6, 17, 23, 27] Since the regu- 
lation of  feeding is control led by a var ie ty  of  both central  and 
peripheral  componen t s ,  a broad spec t rum of  possible defects  
exists Rats beanng  the Walker-256 (W-256) ca rc lnosa rcoma 
have  been  uti l ized ex tens ive ly  for the s tudy of  potential  de- 
fects in appeti te  regulat ion that may contr ibute  to tumor-  
induced anorexia  Al tera t ions  in p lasma and brain amino 
acids [13,14] and central  neurot ransmlt te r  levels  [24,25] have 
been invest igated as potent ial  factors  in the anorexia  of  the 
W-256 tumor -beanng  rat (W-256 TBR) In addmon ,  levels  of  
hormones  o f  the pi tui tary-adrenal  axis are al tered in these 
animals [35] 

Much ev idence  has implicated the endogenous  oplolds as 

potential  neuromedla tors  in the control  of  both normal  and 
pathological  feeding states [5, 12, 19, 33] The kappa oplold 
receptor  and its endogenous  hgand dynorphln-A (DYN) [3] 
appear  to have a profound influence on appeti te regulation in 
rats [18, 20, 21] and in squirrel  monkeys  [9] The W-256 TBR 
displays a feeding profile slmdar to that of  animals treated 
with the opiate antagonist  na loxone [33], as well  as that of  
normal  rats forced to drink 2% NaC1 [2] Spontaneous  noc- 
turnal and 2-deoxyglucose- induced hyperphaglas  are sup- 
pressed in response  to both t reatments  [2,33] The NaC1 
drinking regimen depletes D Y N  and vasopress in  levels  of  the 
neurohypophysls  [11], but  not  in the hypothalamus or  o ther  
brain areas general ly associated with feeding [1] In the 
anorexic  W-256 TBR,  dayt ime levels  of  lmmunoreac t lve  
D Y N  1-17 (Ir-DYN-17) and D Y N  1-8 (Ir-DYN-8) are 
l ikewise depleted in the pituitary, but not  m the hypothala-  
mus [34] H o w e v e r ,  hypothalamlc  levels  of  D Y N  in rats fol- 
low a circadian rhythm,  increasing at night when spontane- 
ous food intake of  the rat is greatest  [26,28], and the anorexia  
of  the W-256 T B R  is most  apparent  [22,24] Thus,  the pres- 
ent  study was conduc ted  to determine if nocturnal  deplet ion 
of  hypothalamlc  D Y N  accompanies  the nocturnal  anorexia  
o f  the W-256 TBR.  

Since the initial port ion o f  this study indicated that noc- 
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turnal levels of ~r-DYN were reduced m the hypothalamus of 
the W-256 TBR, the kappa oplo~d receptor system was 
further examined for possible compensatory changes as have 
been observed following depletion of op~olds by 
monosodmm glutamate-reduced les~ons of the arcuate nu- 
cleus [29]. Specifically, hypothalamlc uptake of exogenously 
admlmstered radlolabelled oplo~d agomsts, used to estimate 
m wvo binding, was measured to ascertain ff the DYN de- 
pletion was severe enough to reduce the degree of oplo~d 
receptor occupation by the endogenous hgand In wtro bind- 
Ing of 3H-ethylketocyclazocme to hypothalamlc membranes 
was also exammed to determme if the depletion of DYN 
resulted m up-regulation of hypothalamlc oplold receptors 
Finally, the biological responsiveness of the kappa-medmted 
feeding system was assessed by momtormg the feeding re- 
sponse of the W-256 TBR to ketocyclazocme In view of the 
difficulty m stimulating food retake when ketocyclazocme ~s 
given at mght [21], daytime ketocyclazocme-mduced feeding 
was measured 

METHOD 

General 

Male, Sprague-Dawley rats obtained from Harlan 
Sprague-Dawley Inc. (Madison, WI, Budding 205) weighing 
100-150 g were housed m individual cages (25x21×20 cm) 
with a wire mesh floor m a temperature-controlled room 
(24-26°C) on a 12/12 hr hght cycle (hght onset at 0800) Dur- 
ing a 3-5 day acchmaUon period, the ammals had free access 
to food (Wayne Lab-Blox) placed on the floor of the cage, 
and water was available ad hb 

Tumor Implantation 

The Walker-256 carcmosarcoma, a non-metastas~zmg 
tumor, was obtained from the E G and G Mason Research 
Institute (Worcester, MA) Using sterile techmques, and a 
13-gauge trocar, the tumor fragments were implanted into 
the right hind hmb of ether anesthetized host rats Control 
animals were anesthetized and received sham trocar injec- 
tions in an ldent~cal manner 

Feedmg Studtes 

Measurements of nocturnal food retake were begun at 
least one day prior to tumor implantation. Measurements 
were made by placing a pre-we~ghed amount of food on the 
cage floor ~mmediately prior to the beginning of the dark 
cycle and subtracting the amount remammg, including spd- 
lage collected on paper towels, at hght onset Experiments 
were conducted when nocturnal feeding m W-256 TBR had 
decreased by about 50% compared to non-TBR, usually on 
day 8 of tumor growth when tumor volume was approx- 
imately 35 mm a. 

Dynorphtn Radtolmmunoassay 

Six W-256 TBR and six sham-implanted ammals were 
sacrificed by decap~tatlon approximately 4 hr into the dark 
cycle on day 8 after tumor ~mplantat~on Daytime measure- 
ments of hypothalam~c ~r-DYN-17 and ~r-DYN-8 were ob- 
tained from two non-TBR Brains were dissected on a 
chdled, glass plate accordmg to the method of Glowmsk~ and 
Iversen [7]. After dmsect~on, the t~ssue was placed m 
paraf'dm, frozen on dry ~ce and stored at -70°C untd time of 
extraction 
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FIG 1 Hypothalamlc tissue concentrations of lmmunoreact~ve 
dynorphm-A 1-8 0r-DYN-8) and 1-17 (Ir-DYN-17) for ammals sac- 
rlficed during the nocturnal phase of the lighting cycle Bars repre- 
sent means (-+S E M ) from six controls (CON) and six W-256 
tumor-bearing rats (TBR) *p<0 05 for CON vs TBR 

For the extraction, the tissue was weighed, transferred to 
polypropylene tubes, homogemzed m aodLfied methanol (1 1 
mixture of absolute methanol and 0 1 N HC1) with a Brink- 
mann Polytron, and then centrifuged at 1500×g for 15 mln at 
4°C The resulting supernatant was used for the DYN assays 

Assays for Ir-DYN-17 and lr-DYN-8 have been prew- 
ously described and validated [1] Tissue concentrations of 
Ir-DYN-17 and Ir-DYN-8 were expressed as plcomoles/g wet 
weight Statistical comparisons were performed with a 
one-way analysis of varmnce (ANOVA) 

In Vlvo Uptal~e A~ay  

Two groups, consisting of eight W-256 TBR and eight 
controls, were used to determine the m VlVO uptake of 3H- 
etorphine, a non-specific opiate receptor hgand [32], and 
JH-ethylketocyclazocme, a putative kappa receptor agomst 
[16] Studies were conducted approximately 4 hr into the 
dark cycle on day 8 of tumor growth for both groups Rats 
were injected IV (tail veto) with 100/xl of either 3H-etorphlne 
(2 /xCi. S A =46 Ct/mmol, Amersham) or ZH-ethylke- 
tocyclazocine (5 /xCi, S A =22 5 0 / m m o l ,  New England 
Nuclear) The rats were sacnfied by decapitation 20 mln 
later, and samples of hypothalamlc and cerebellar tissue 
were taken Uptake m cerebellar tissue was subtracted from 
hypothalamic uptake to correct for non-specific uptake 
[4,10] Tissues were weighed, placed in plastic sclntdlatlon 
wals, and 500/zl of tissue solubdlzer (Soluene) was added to 
each sample The samples were incubated m a shaking water 
bath at 37°C untd decomposluon occurred at which time 10 
ml of ACS scmtdlant was added Samples were counted in a 
Packard Trlcarb Model 4530 scmtdlatlon counter Corrected 
hypothalamlc uptake for each rat was calculated as tissue 
dpm/mg tissue wet weight Comparison between W-256 TBR 
and controls was by Student 's t-test 

In Vitro Blndmg Assay 

Ammals were sacrificed by decapitation 4 hr into the dark 
cycle on day 8 of tumor growth, and the hypothalamus was 
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FIG 3 Corrected m VlVO uptake of tritium in the hypothalamus of 
sham-implanted (CON) and W-256 tumor-bearing rats (TBR), 20 
mm after IV ZH-etorphme (open bars) or ~l-I-ethylketocyclazoclne 
(hatched bars) Bars represent mean_+S E of dpm/g tissue for 8 
ammals 

rapzdly dissected according to the methods of Glowlnskl and 
Iversen [7] Hypothalamlc samples from eight W-256 TBR 
and eight control animals were pooled, weighed, and 
homogenized m 30 volumes of 50 mM Tns-HC1 buffer 
(pH=7 4) with a Brmkmann Polytron at setting 6 for 20 sec- 
onds The homogenate was centrifuged at 49,000×g for 20 
mm at 4°C in a Beckman L5-65 ultracentrifuge The pellet 
was resuspended in 30 volumes of buffer and incubated in a 
37°C water bath for 30 mln to remove any endogenously 
bound llgand The sample was centrifuged as before and re- 
suspended In 30 volumes of buffer 

For binding analysts, a 500/zl aliquot of homogenate was 
prelncubated for l0 rain at room temperature with 100/zl of 
either unlabelled ethylketocyclazocine (supplied by D 
Leander, Ell Lilly & Co , Indianapolis, IN) or Tns-HCl A 
20 mln incubation with ~H-ethylketocyclazocine was begun 
by adding 100 /zl of radlohgand with final concentrations 
ranging from 0 1 to l0 nM The incubation was terminated by 
filtration through Whatman GF-B filters, followed by a wash 
with 4 ml of Tns  buffer Fdters were placed in plastic sclntd- 
lation vials to which 500/xl of Soluene was added and incu- 
bated overnight Sample counting was done under the same 
conditions as for the m vtvo uptake assay An ahquot of each 
tissue was assayed for protein content by the method of 
Lowry [15] 

Assay tubes were prepared in trlphcate and the bound 
dpm for each tube was subjected to Scatchard analysis using 
a microcomputer program Data are reported as plcomoles/ 
mg protein 

D a y t t m e  Ketoc  y c l a z o e m e - I n d u c e d  F e e d m g  

Ketocyclazoclne, a gift of the Sterling-Winthrop Institute, 
was dissolved in an equimolar amount of HCI Twelve W-256 
TBR and twelve non-tumor animals were divided into two 
groups, one of which received ketocyclazocine (3 mg/kg, SC) 
and the other received an acidic saline solution (pH=4 9) as 
a control Two-hour daynme food intake was monitored as 

described for the nocturnal 
analysis was performed w~th 
post-hoc Newman-Keuls test 

feeding studies Statistical 
a one-way ANOVA and a 

RESULTS 

The levels of lr-DYN-8 and lr-DYN-17 In the hypothala- 
mus of animals sacrificed approximately four hours into the 
nocturnal phase of the lighting cycle are shown in Fig 1 In 
W-256 TBR, nocturnal levels of Ir-DYN-8 were 15% lower 
than those of sham-implanted animals (p<0.05) Mean noc- 
turnal levels of lr-DYN-17 were also decreased by 15% in 
W-256 TBR, but were not significantly different from con- 
trol 

The results of the regression analysis shown in Fig 2 
reveals that nocturnal hypothalamlc Ir-DYN-17 levels of 
control rats were inversely correlated ( r = - 0  88, p<0.05) to 
nocturnal food intake that was measured during the 3 hours 
just prior to sacrifice In the W-256 TBR, no such correlation 
was observed (r= +0 64, p > 0  10) 

As shown in Fig 3, corrected m VlVO uptake of 3H- 
etorphlne and aH-ethylketocyclazocme in the hypothalamus 
did not differ in W-256 TBR and non-tumor-bearing rats The 
m vttro binding analysis with 3H-ethylketocyclazocine also 
failed to detect significant differences in the number of kappa 
receptors present m the hypothalamus of the two groups 
[Bm~,- + S E.M. (pmole/mg protein) W-256 TBR=0 198_+0 082, 
non-TBR=0 136_+0 026] 

Administration of the kappa agonlst ketocyclazocme 
markedly Increased (p<0 05) two-hour daytime food intake 
in both the sham-implanted animals and the W-256 TBR (Fig 
4) The degree of enhancement was similar in the two groups 

DISCUSSION 

In the present study of the anorexic W-256 TBR, modest 
reductions in hypothalamlc levels of Ir-DYN-17 and lr- 
DYN-8 were observed during the noc turna l  phase of the light 
cycle This contrasts with our previous findings that d a y t t m e  
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FIG 4 Daytime feeding response to ketocyclazocme (3 mg/kg, SC, 
KETO) m sham-implanted (non-TBR) and W-256 tumor-bearing rats 
(TBR) Control ammals (CON) were rejected with an aodic sahne 
solution Bars represent mean-+S E 2 hr food retake for 6 ammals 

hypothalamlc levels of these peptldes in W-256 TBR and 
non-tumor-bearing rats did not differ [34] These dwergent 
findings can be reconciled by the association of elevated 
nocturnal DYN levels in the hypothalamus with the maximal 
nocturnal feeding period of rats [26,28] The observed noc- 
turnal depletion concurs w~th our anticipation in this study 
that depletion of DYN m the W-256 TBR would be more 
apparent at night, the time when the W-256 TBR IS anorexic 
[19, 22, 30] 

The nocturnal hypothalamlc levels of Ir-DYN-17 and lr- 
DYN-8 reported here for non-tumor-bearing animals were 
higher than our previously reported levels obtained during 
the dayume [34] Measurements of lr-DYN-8 and Ir-DYN-17 
In the hypothalamus of  two non-TBR sacrificed during the 
daytime m the present study were similar to these previously 
reported daytime levels (approximately 16 pmole/mg tissue) 
Although the nocturnal levels of  hypothalamlc lr-DYN-17 
and Ir-DYN-8 levels in the W-256 TBR were also higher than 
daytime levels, the elevaUon of DYN in the W-256 TBR is 
not as marked as m the normal rat Thus, If DYN levels 
indeed follow a orcadlan rhythm [27,29], the apparently 
modest reduction m nocturnal DYN may potentially reflect 
considerable "blunt ing" of the circadian elevation, and 
hence could contribute significantly to the nocturnal 
anorexia of the W-256 TBR 

Determining the relative importance of nocturnal DYN 
depletion in th~s tumor-reduced anorexm IS hindered by the 

lnabdlty to assess turnover rates of this peptlde [1] This 
problem allows for only simple model speculation that a de- 
crease in DYN levels, rather than release, leads to decreased 
food intake The relationship between Ir-DYN-17 levels and 
3 hr food retake just prior to sacrifice in the W-256 TBR was 
in the direction consistent with this expectation (1 e ,  posi- 
tive), but not significant ( r = + 0  64, p < 0  17) Surprisingly, 
the relation was reversed in non-tumor animals animals that 
consumed the most food had the lowest Ir-DYN-17 levels 
(Fig 2) Given the well-documented stlmulatory effect of 
kappa agonists on food intake [18, 20.21], one interpretation 
of these data is that ammals consuming the most food early 
in the night depleted a larger portion of their nocturnal DYN. 
thereby lowenng their hypothalamlc Ir-DYN-17 levels 
toward daytime levels A more detailed time-course analysis 
of the relationship between DYN levels and food intake in 
the W-256 TBR is required for a clearer understanding of the 
role of DYN depletion in this nocturnal anorexia 

The results of the subsequent studies did not indicate that 
the magmtude of the DYN depletion was severe enough to 
induce significant compensatory changes in the kappa oplold 
receptor The unchanged uptake of 3H-etorphlne, a non- 
specific, high affinity oplold receptor hgand [32], in the 
hypothalamus of the W-256 TBR indicates that opiate recep- 
tor occupation by endogenous opioids was not reduced 
Even with the use of a radlollgand with a higher selectivity 
for the kappa receptor, ~H-ethylketocyclazoclne, signifi- 
cantly enhanced accumulation of  radlolabel could not be 
demonstrated in the hypothalamus of the W-256 TBR The m 
vttro study of ~H-ethylketocyclazoclne binding to hypotha- 
lamlc kappa receptors likewise faded to provide evidence for 
receptor up-regulation, since Bma. was similar m control and 
the W-256 TBR The intact ketocyclazocme-lnduced feeding 
response that was observed m the W-256 TBR in the daytime 
feeding study indicates that the kappa oploid receptor itself 
m these animals IS not defective 

In conclusion, the apparently "b lunted"  nocturnal eleva- 
tion of a potent appetite stimulant such as DYN may play a 
role in the selective reduct]ons m nocturnal feeding in the 
W-256 TBR In this regard, a coincident depression of  noc- 
turnal feeding and depletion of hypothalamlc DYN has been 
previously observed in arcuate nucleus-lesioned rats [28] It 
is most likely that diminished function of hypothalamlc 
dynorphln systems represents only one of a multitude of 
factors, including alterations In brain catecholamlne [13,25] 
and serotonerglc actwlty [14,24], that underlie the nocturnal 
anorexia of the W-256 tumor-bearing rat 

ACKNOWLEDGEMENTS 

We thank Dr A GoldsteIn for supplying the antl-DYN-17 
antibody used In these expenments, and K M Johnson and S A 
Haglof for their techmcal assistance This study was supported in 
part by the American Cancer Society, grant 194B and the Pardee 
Foundation Henry Bryant received addttlonal support as an AFPE 
H A B Dunning Memorial Fellow 

R E F E R E N C E S  

Bryant, H U ,  G K W YlmandP V Malven CNStIssue 
levels of dynorphm-A Immunoreactlvlty and the anorexia asso- 
ciated with sodium chloride imbibztion in the rat Pepttdes 6: 
5%65, 1985 

2 Bryant, H U , M  T Lowy, P V Malven, T D Steele andG 
K W Ylm Effects of 2% sodium chloride imbibltlon on various 
opiate related hyperphaglc condlttons Pharmacol Btochem 
Behav 23: 391-395, 1985 



D Y N O R P H I N  D E P L E T I O N  A N D  A N O R E X I A  545 

3 Chavkln, C ,  I F James and A Goldstem Dynorphm is a 
specific endogenous hgand of the kappa-opiate receptor Sci- 
ence 215: 413-414, 1982 

4 Dum, J ,  C Gramsch and A Herz Act~vat,on of hypothalam,c 
beta-endorphln pools by reward induced by highly palatable 
food Pharmacol Btochem Behav 18: 443--447, 1983 

5 Ferguson-Segall, M ,  J J Flynn, J Walker and D L Margules 
Increased lmmunoreact~ve dynorphm and leu-enkephahn m 
posterior pltu,tary of obese mice (ob/ob) and supersensitivity to 
drugs that act at kappa-receptors Ltfe Sct 31: 2233-2236, 1982 

6 Garattm,, S , A Blzzl, M G Donelh, A Gua,tlnl, R Samanm 
and F Spreafico Anorexm and cancer in ammals and man 
Cancer Treat Rev 7. 115-140, 1980 

7 Glowlnskl, J and L L Iversen Regional studies of catechol- 
amines in rat braln--I The d,sposltlon of 3H-norepmephnne, 
3H-dopamlne and aH-DOPA m various regions of the brain J 
Neurochem 13: 655-669, 1966 

8 Goldstem. A and V E Ghazarossmn Immunoreactlve dynor- 
phm m p,tmtary and brain Proc Natl Acad Set USA 77" 6207- 
6210, 1980 

9 Herman, B H and S G Holtzman Repeated administration of 
naltrexone and dlprenorph,ne decreases food intake and body 
weight in sqmrrel monkeys L~fe Sct 34: 1-12, 1984 

10 Hollt, V and A Herz In VlVO receptor occupation by opmtes 
and correlation to the pharmacological effect Fed Proc 37: 
158-161, 1978 

11 Hollt, V , I Haarman, B R Se,zlnger and A Herz Levels of 
dynorphm (1-13) ,mmunoreact,vlty m rat neurolntermedmte 
pRmtar~es are concomxtantly altered w~th those of leucme- 
enkephalm and vasopressln m response to various endocnne 
mampulatmns Neuroendocrmology 33: 333-339, 1981 

12 Jalowlec, J E ,  J Panksepp. N N Zolov,ck and B H Her- 
man Oplold modulat,on of ingestive behavior Pharmatol 
Biochem Behav 15: 477-484, 1981 

13 Krause. R ,  J H James, C Humphrey and J E Fischer 
Plasma and brain amino acids m Walker 256 carcmosarcoma- 
beanng rats Cancer Res 39. 3065-3069, 1979 

14 Krause, R .  J H James, V Zlparo and J E Fischer Brain 
tryptophan and the neoplastic anorexla-cachexla syndrome 
Can¢er 44: 1003-1008, 1979 

15 Lowry, O H ,  N J Rosebrough, A L Farr and R J Randall 
Protein measurement with the Fohn phenol reagent J Btol 
Chem 193: 265-275, 1951 

16 Martin, W R .  C G Eades, J A Thompson, R E Huppler 
and P E Gilbert The effects of morphine- and nalorphme-hke 
drugs m the nondependent and morphine-dependent chronic 
spinal dog J Pharma~ol Exp Ther 197: 517-532, 1976 

17 Mordes, J P .  C Longcope, J P Flatt, D B MacLeanand A 
A Rossini The rat LTW(m) Leyd,g cell tumor Cancer 
anorexm due to estrogen Endocrtnology 115: 167-173, 1984 

18 Morley, J E and A S Levlne Dynorphm-(1-13) mduces feed- 
mg m rats Ltfe Sct 29: 1901-1903, 1981 

19 Morley, J E , A  S Levme, G K W Y l m a n d M  T Lowy 
Oplold modulatton of appetite Neurosct Btobehav Rev 7: 281- 
305, 1983 

20 Morley, J E .  A S Levlne, M Grace and J Knelp 
Dynorphm-(1-13), dopamlne and feeding m rats Pharmacol 
Blochem Behav 16: 701-705. 1982 

21 Morley, J E , A S Levme, M Grace and J Knelp An mvest,- 
gatlon of the role of kappa opmte receptor agomsts in the tmtm- 
tlon of feeding Ltfe Set 31: 2617-2626, I982 

22 Morrlson. S D Dmrnal dlstnbut,on of motor activity and feed- 
lng dunng growth of tumors Cancer Res 34: 1632-1635, 1974 

23 Morrlson. S D Control of food intake m cancer cachexla A 
challenge and a tool Phystol Behar 17: 705-714, 1976 

24 N,chols, M ,  R P Malckeland G K W Ylm Increased cen- 
tral serotonerg,c actlwty associated w,th nocturnal anorexia re- 
duced by Walker 256 carcinoma Life S~t 32: 181%1825, 1983 

25 Nichols, M B ,  R P Malckel and G K W Ylm Brain cate- 
cholamme alterations accompanymg development of anorexia 
m rats bearing the Walker 256 carcinoma Ltfe S~t 36: 2223- 
2231 

26 Przewlock,, R ,  W Lason. A M Konecka, C Gramsch, A 
Herz and L O Reid The oplold peptlde dynorphm, c,rcadlan 
rhythms and starvation Scleme 219: 71-73. 1983 

27 Radchffe, J D The MT-W9A mammary carcinoma A promis- 
ing new model for studying the anorexm-cachexm syndrome 
Nutr Rep Int 29: 83%844, 1984 

28 Reid, L O ,  A M Konecka. R Przewlock,. M H Mlllan. M 
J Mtllan and A Herz Endogenous oplo,ds, c,rcadmn rhythms, 
nutrient deprivation, eating and drinking L~fe Sct 31: 182% 
1832, 1982 

29 Slmantov, R and S Am~r Regulation of opmte receptors in 
mouse brain arcuate nuclear lesion reduces receptor upregula- 
tlon and supersensltwlty to opmtes Bratn Res 262: 168-171. 
1983 

30 Theohg,des, A Cancer Cachexm In Nutrttton and Cancer. 
ed,ted by M Wm,ck New York Wdey. 1977. pp 75-79 

31 Weber, E ,  C Evans and J D Barchas Predommance of the 
amino terminal octapeptlde fragment of dynorphm m rat brain 
regions Nature 299: 77-79, 1982 

32 Wuster, M ,  R Shulz and A Herz Spec~fic,ty of oplolds 
towards the/z, 8 and e-opmte receptors Neuro~ct Lett 15: 193- 
198, 1979 

33 YIm, G K W , M  T Lowy, J M Daws, D R Lamb andP V 
Malven Opiate involvement m glucopnwc feeding In The 
Neural Basts of  Feedsng and Reward. edited by B G Hoebel 
and D Novm Brunswick, ME Haer Instttute. 1982, pp 485- 
498 

34 Ylm. G K W .  H U Bryant andP  V Malven Assessment of 
dynorphm-A depletion in the anorexm of Walker-256 tumor 
beanng rats Phy~tol Behav 35: 117-120, 1985 

35 Zepp. E A and M V Gray Hormones ofthepltmtary-adrenal 
axis m rats beanng the Walker-256 carcinoma Cancer Lett 18: 
14%155, 1983 


