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ABSTRACT 

The major, if noi sole, cause of 2.3.7.8-ietrachlorodibenzo-p-dioxin (TCDD)-induccd dealh in laboratory animals 

studied is a gradually increasing voluntary feed refusal. Much higher concentrations of TCDD were produced in various 

brain regions of rais including the hypothalamus after intracerebroventricujar (i.c.v.) than after lelhal intravenous (i.v.) 

injections; yci i.c.v. dosed rats thrived, whereas rats injecled i.v. displayed the typical cachectic syndrome. These findings 

preclude the possibdiiy of a direct effect of TCDD on central appetite regulaiion. It was further determined that TCDD-

induced appeliie suppression is of peripheral origin beginning wilh inhibition of phosphoenolpyruvate carboxykinase 

(PEPCK). The resulting reduction in gluconeogencsis leads to progressive increases of plasma tryptophan levels, which 

in turn appear to cause a serotonin-mediated reduction of feed intake, li is suggested that subchronic and chronic 

toxicities of TCDD and of related compounds may also be related to inhibition of key enzymes of gluconeogencsis. 

MATERIALS. MtTHODS 

Mate Sprague-Dawley rats (225-275 gr: Sasco, Omaha, NE) were used in all experiments. Thev were allowed a 3 
day acchmaiion period and were housed individually in a climale-conlrolled animal facility al 2I*2*C and a 12 hr 
light, dark cycle (06:00 10 18:00). Animals had free access to lap water, and were fed Purina Rodent Ch'ow 5001 (Ralsion 
Wohnrn M A ' ? " ! ! ' ^ u T r n n " " " " = " ' ^ " " ^ performed wiih TCDD (99% chemical purity, Cambridge Isotope Labs.. 
Woburi^ MA), or H TCDO (purity > 97%, specific aclivity 40 Ci/mmol: Cambridge Isotope Labs.) dissolved either in 
corn oil/acetone 95/5 (v/v), or in a 10% corn oil/water emulsion. Corn oil/acetone was administered i p. at 4 ml/kg the 
oil/water emulsion I V. into the tail vein at 4 ml/kg. 

Experirtem I.- TCDD in corn oil/acetone was given i.c.v. at 8 /rg/kg (80 ^1/kg) wiih a standard stereotactic 
procedure imo lhe right lateral ventricle. Intravenous TCDD in the oil/water emulsion was given at 72 M/kg Feed 
intake and body weights ^vcre recorded daily. Groups of 4 rats each were sacrificed ai 1 4 8. and 32 days after 
treaiment. Radioaciiviiy m liver and various brain areas was determined by liquid scinlillation counting and TCDD 
concentrations calculated as ppb. 

Experimeni 2. Rais were treated i.p. with 5, 15, 25, 50. and 125 « / k g TCDD. Body weighi-matched conlrol 
animals received vehicle only and were pair-fed to their TCDD-treated counterparts with one day's delay. Cumulative 
leed intake was calculated for days 4 through 7 after treatment; groups of 5 rais were sacrificed afier an overnight fast 
on day 8 aller treatment. Livers were removed and phosphoenolpyruvate carboxykinase (PEPCK) activity deiermined 
according to Pelrescu et al. in a lOO.OOOg supernalanl of liver homogenate, using deoxyguanosine 5'-diphosphale as 
he nucleotide subsiraie (ih.s specifically avoids interference from pyruvate kinase). Oxaloaceiate formed during the 
r ' M l ^ ^ . f " ^ " " ™<:iion was deiermined speclrophoiomeirically at 340 nm with malaie dehydrogenase in the presence 

01 NADU. Reaction blanks comained neither blcarbonaie nor CO 
„ • n-^.?fC'""'"'•* R^" '= " ' "=< ! 125/ig/kg TCDD i.p., or vehicle alone. Vehicle-treated controls were pair-fed 10 
their TCDD-ireaied counterparts. A l 4, 8, and 16 davs after dosing, groups of 5 animals received i.v. a 0.2 mM solution 
01 L-alanine in saline (1 ml/kg), comaining 50 ;;Ci "C-alanine (specific activity 135 mCi/mmol: ICN Radiochemicals 
Irvine, CA), and were sacrificed 10 mm later. Gluconeogenesis was measured in deproieinized blood samples by 
oelermination of C-alanine with ion exchange chromaiography on Dowex 50Wi8 ' , and of '"C-glucose with a batch 
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-: vchuiij'.c [)ioci.-tli;re 0:1 iXiwo.x SOW.v.S plus Duo l i i c A - ' : ^. Concentrat ions of al:inirie nnd ^jlucoso in plasma were 
: ;nin(:( ] by standard cnzy i i ia i ic procedures. Kesuli : ; in TCUD-t toatc 'd animals wore e.xprcsned as percent o f pa i r - f ed 

: ;o ls . 
E.xpiTimciu 4 : One c roup o f rais received i.p. 125 / i g / k g T C D D , two groups received vehicle on ly . One o f the 

cl l . ' - t reated groupc was pa i r - f ed to the TCDD- t roa ied ari imals. the other group had ad l i b i t um access to feed. Groups 
7 C D i > - u c a i c d and pa i r - f ed animals, respecti vel y. were decapitated on days 4 , 8. and 16 after t rea tmen i , ad l i b i i u m -
::nimals on day 8 on ly ; t runk blood was col lected in hepar inized tubes and plasma prepared. Brains were also 
".ed and disscctc<l into several areas. T ryp tophan w.is determined in extracts o f plasma and hypotha lamus and 

n n i n e d by M i ' LC on a reverse phase C IS co lumn w i t h f l uo romet r i c detect ion ^. Serotonin ( S - H T ) and 5 - h y d r o x y -
.eacctic acid ( S - I M A A ) in hypothalamus extracts were also determined by H P L C w i th f l uo romet r i c de lcc i ion ^. 

,.-ucal analyses were per fo rmed wi th Student's i - test. 

RRSLI.T.S A.ND DISCUSSION 

The acute lo.Kicity o f T C D D and related ch lor ina ted hydrocarbons is characterized by d is t inct symptoms in 

csse.-.i ially all mammal ian species studied: progressive reduct ion o f feed intake accompanied by body w-eight loss 

cver . :ua l l y result ing in death o f the animals ^'^. In i t i a l l y , investigat ions focussed on altered body weight set -po in ts o f 

T C D D - i r e a i e d rats ®'̂ . However , as Fig. I shows, T C D D does not exert a d i rec t e f fect on central appet i te regulat ion. 

Inje-.rt ing TCDD into the lateral cerebral ventr ic le produced conccni rat ions in various regions o f the bra in much higher 

than i lethal i.v. dose w i thout any adverse ef fect on feed intake or body weight ' ° , whereas the i v. dose great ly impai red 

bot.-. • F ig . I) . Ih i s f i nd i ng precludes the possib i l i ty o f a d i rect e f fec t o f T C D D on the hypothalamus and suggests that 

tho 2;r>pctitc suppressive ef fect o f T C D D is o f per iphera l o r i g i n . 
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F I G L R F , 1: Feed intake ( top panel) , and concentrat ions 
o f T C D D in two brain regions (midd le panels) and l iver 
( b o [ : o m panel) o f rats af ter a non- Ic tha l i.c.v. or a lethal 
i.v. i n j e c t i o n 

F I G U R E 2: Dose-rcsttonse o f cumula t ive feed intake and 
PEPCK ac t i v i t y i n T C D D - t r e a t e d male rats (upper 
panel) , and corre la t ion between feed intake and PEPCK 
ac t i v i t y ( lower panel) 

It has been demonstrated that T C D D and other ch lor inated hydrocarbons inh ib i t act iv i t ies o f key enzymes of 

gluconeogenesis l ike phosphoenolpyruvate carboxyk inase, pyruvate carbo.xylasc or glucose-6-phosphatase " ' ^ ' 3 . The 

ear l iest observed ef fect o f T C D D is decreased act iv i ty o f PEPCK one to two days after dosing '"*. PEPCK is considered 

one -T-f the key enzymes regulat ing gluconeogenesis in l ong - te rm feed depr i va t ion '*. PEPCK responds to feed depr iva t ion 

w i t h increased act iv i ty '•*. However , in contrast to feed -depr i ved rats, PEPCK ac t i v i t y is decreased by T C D D in a dose-

dependen t fashion (F ig . 2). Moreover , the dose responses to i nh ib i t i on o f PEPCK act iv i ty and reduct ion o f feed intake 
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TAOLE i Gluconeogenesis in TCDD-ircated 
rats relative to pair-fed controls 

occur in the same dose rangî  ('"'S- ^. uppci panel) wiih a highly 

significant correlation (Fig. 2, lowci panel). It is noteworthy that 

among the numerous biological effects of TCDD (e.g. enzyme 

indue tion, immunosuppression, chloracne, etc.),only gluconeogenic 

enzyme activities show dose response in the same range where 

appetite suppression occurs. The apparent consequence of 

decreased PEPCK activity is inhibition of gluconeogenesis by 

TCDD, demonstrated by decreased conversion of '^C-alanine into 

"C-glucose (Table I). As a likely sequel of its decreased 

utilization for gluconeogenesis, plasma alanine levels (both '*C-

and total alanine) progressively increase in TCDD-trea;ed rats ^ ,̂ 

together with some other glucogenic amino acids ^̂  including 

tryptophan (Fig. 3, upper panel). The role of tryptophan in 5-1-IT-

mediated appetite suppression is well established ^̂ "̂ ^ and 

accordingly its levels increase in the hypothalamus (Fig. 3, lower panel). As a consequence " 5-HT and more clearly 

5-MlAA also increase in the hypothalamus of TCDD-treated rats (Fig. 4). It is important to point out that the time course 

of appetite suppression in TCDD-treated rats coincides with increased plasma nnd hypothalamic concentrations of 

tryptophan (Fig. 3) as well as with elevated 5-HT and more clearly with 5-HlAA levels in the hypothalamus (Fig. 4). 

Norepinephrine, dopamine and their metabolites are unaffected in the hypothalamus of TCDD-treated rats ^ .̂ 

Day aflcr dosing 
wilh TCDD' 

4 

8 

16 

Blood "C-glucose 
(% of conlrol) 

76 ± lO" 

51 i 8 

35 ± 12 

" 125/Ig TCDD i.p. 
"̂  Mean + S.E.M. n •• 
Modified from '^ 

Tryptophan ConccnU"ation Hypothalamic Concentration 

Time after TCDD (days) 

FIGURE 3: Time course of tryptophan concentrations 
in plasma (upper panel) and hypothalamus (lower panel) 
of TCDD-treated, pair-fed and ad libitum-fed rats after 
a lethal dose of 125 ^g/kg i.p. • •= signif. at p < 0.05. 
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FIGURE 4: Time course of 5-HlAA (upper panel) and 
5-HT (lower panel) concentrations in hypothalami of 
TCDD-treated, pair-fed and ad libitum-fed rats after a 
lethal dose of 125 Mg/kg i.p. * • signif. at p < 0.05. 

Thus, it is now possible to suggest a sequence of events constituting the acute toxicity of TCDD and most likely 

that of all toxic TCDD congeners in the rat. So far the earliest documented effect of TCDD is decreased activity of 

PEPCK by one to two days after dosing. This leads to inhibition of gluconeogenesis detected at four days after dosing. 

Inhibition of gluconeogenesis is the most likely cause of progressively increasing plasma tryptophan levels observed four 

to 16 days after dosing. This seems to result in a serotonergic appetite suppression, which appears to be the ultimate but 

indirecT cause of the acute toxicity of TCDD. l l needs to be emphasized that the likelihood of a coincidental corrc\aiion 
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i t.[ [WU cvciir-. ( i i i l i i l j i l i n i i '.1 I ' l . l ' f . 'K ;i ' ,: i^' i iy ;tri'l i<-,|ijciit)ii MI' feed in i : ik ' :J , MiD.iriM'j"! t'V •'•• '"^my :."(nieini: i l -..u-.yr. a:. 

' .I inw[i ii.Mc, i:. M' " " " Miial l . 

(•! i : ;ul ' . \ : l i*: i:i"l ': ': i i l; ir L.r.:'.- (-1' m l i i b i ; Imi lA' I'i I 'f/K rci iKiin'. Io l-e ' : I IJCI ' I : I1I ;<I . I I M U - ' - V . : I . llir;r-; :tr(: far-i-.^acli in;; 

i i i i ;) in:: ir iori ' . t^l ih i ' ; nuvel I j i i l c c r l i i i i i l y m-t uiipfim: mijcl i i ini- jm o f tox i c i l y . i i o ih l l iv in.<.iciiy "^f rCl.>D :tnd mcchanr.m;; 

(ll aiM»i;iiie iec,ul;i l io[i aic litj',hf> i.|>ecic'. speci l ic . Ihu : , . TCDD and Mini la i comiKtund;, may he sui iable tools to study 

ai ip ' ; ine r c f j u b l i o " in vai iou'; • i ;u:ci i ; : w i ih l ike ly bc i i f . f i l ^ Idr a hcllt;r iiii ',l(;i:,i:iiiflin(', nf human appeti te contro l 

mi:..lia[ii-,iii'-, ; i in i i l ; i [ l y . and pi.-rhap'; i imic impoi la ru ly . i i in l ike ly thai many i iu l ic l i rnnic and c l i rnn ic tox ic i t ies and 

pi i ' / . ih ly al'.t"! carcinoj ' .cnici ly o f I CDi.) and cunr,t^u'-fS are (elali;<l to more r.ublle consequence:, o f i n h i b i t i o n of 

(;lijctim'(j|;(:nic t r i i / y inc . CJIuco'.o-^)-phi:i'-,i)liaiase ha:; been used as marker rnzy i i i ' : for [ireneuplastic foc i ' . a l though a 

i.;ui'.': r f f c c i n:!aii(>iii,hip ha: not i)ecn considered Huwe ver, Hana-^ch c i a l . •"''•'''"' (nti med out a high corre lat ion between 

jjlycojM-nnMs (};lycojN;n btoraj'/: decrease) and relaietl e n / y malic chanj^cs (par t i cu la i iy glucusc-6-phosphatase de f i c iency) 

and hej ta iocel lu la i mmors. I hest." authors suggested ihe possibi l i ty o f a cause -cr fec i ic la t ionship. T C O D causes both 

t;lycr)}'.(:nur.i'j ^^ and i n l i i h i i i on fjf j ', lucose-6-ph(t:.phatar,c, ; i : ; wel l as o f pyruvate caiboxylase act iv i t ies , but PEPCK 

act iv i ty \h affecic.<l ei ther by lov-er tloscs. much eaiher or both. Therefore, enrymeri of glucrmcoccncsis, par t icu lar ly 

I ' l. l ' t K , and the molecular mechanisms o f their regulat ion nu(',lit to I>e inc luded in fu ture sluil ics o f hepatocarcinogenesis. 
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