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1.Introduction

In rats intoxicated lethally with TCDD, de novo biosynthesis and turnover of serotonin (5-
HT) in the brain is elevated">*. These effects appeared to be mediated via increased free tryp~
tophan in the plasma of TCDD-treated Long-Evans (Turku AB; inbred) rats. Tryptophan is
reversibly bound to albumin in the circulation*. The changes in free tryptophan occurred at
doses known to elicit !e:hality in Long-Evans rats and correlated inversely with body weight
change in this strain of rats. In contrast, TCDD-resistant Han/Wistar (Kuopio; outbred) rats
showed no such cffects in tryptophan metabolism at any dose tested® (up to 9600 pg/kg).

The guinea pig is the most TCDD-susceptible mammal with an LDy, in the range of 1-2
pg/kg for TCDD?, and the hamster a highly TCDD-resistant with an ip LD, greater than
3000 pg/kg®. Although interstrain comparisons may be a more meaningful model to study
mechanisms of toxicity due to higher physiological similarity between the experimental sub—
jects, the large difference in LD, values between guinea pigs and hamsters offers an alterna—
tive approach to examine the mechanism of action of TCDD and to test for the validity of the
results obtained with other models.

The present studies were undertaken to investigate whether or not the association between
TCDD lethality and changes in tryptophan metabolism also holds true for guinea pigs and
bamsters. Furthermore, decreased gluconeogenesis due to suppression of liver
phosphoenoylpyruvate carboxykinase (PEPCK) has been implicated in the acute lethality of
TCDD in some rat strains and the dose-responscs for decreased PEPCK activity and increased
serum tryptophan concentration were close to parallel in the Long—Evans rat’. Therefore, we
also examined the effect of TCDD on PEPCK activity in the livers of these animal species.

2.Materials and Methods

Guinea pigs (Dunkin-Hartley) and Golden Syrian hamsters were kept in stainless steel wire
mesh cages and provided with powdered K1 feed (Lactamin, Stockholm, Sweden; for guinea
pigs) or pelleted R3 feed (Ewos, Sddertilje, Sweden; for hamsters). At the onset of the
experiments the guinea pigs were 8 and the hamsters 11 weeks old.
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Experimental design. Guinea pigs were given a single ip dose of 0.3, 0.9, 1.6 or 2.7 ug/kg
TCDD dissolved in corn oil and hamsters 900, 2700 or 4000 pg/k:z. Controls received the
same volume (5 mi/kg for guinea pigs and 7.5 ml/kg for hamsters) of corn 0il alone. Doses
for guinea pigs were chosen such as to range from nonlethal to lethal. For hamsters, all doses
proved to be nonlethal (data not shown). Pair-fed control guinea pigs were given feed
according to the amounts consumed by the 2.7 pg/kg TCDD dosage proup. Trunk blood was
collected in heparinized dishes. The brain and the liver were quickly removed and frozen in
liquid nitrogen. Plasma and ultrafiltrate were separated from blood by centrifugation. All
samples were then stored at —80 °C until analyses (1-2 months).

Biochemical analysis. Plasma and brain tryptophan, brain 5-HT and 5-hydroxyindoleacetic
acid (5-HIAA) were measured by an HPLC method as described previously®. Plasma free
fatty acids (FFA) and albumin were measured with a Wako test kit (Wako Chemicals GmbH,

" Neuss, Germany) and an Albuminic kit (BioMerieux, Charbonnieres-les~Bains, France),
respectively. Plasma glucose was measured with Peridochrom Glucose®, (Boehringer
Mannheim GmbH, Mannheim, Germany) test kits. Activity of liver PEPCK (EC 4.1.1.32) was
measured with a bioluminescent method according to Wimmer®, Liver glycoger. was measured
by the method of Hultman® with minor modifications.

Mean + SD were calculated for every variable. Data were stratified by time and assessed
statistically by one-way analysis of variance (ANOVA) coupled with predetermined
orthogonal contrasts. In the case of nonhomogeneous variances, the Kruskal-Wallis
nonparametric one-way ANOVA followed by the Mann-Whitney U7 test were used.

J-Results Table 1. Body weight at 10 days after dosing
refative to the initial body weight.

Body weight gain was dose-dependently

inhibited in TCDD-treated guinca pigs _Guinea pigs Hamsters
(Table 1). There was virtually no growth in Body Dose Body
control hamsters and there was a slight pxg weight ngkg Weight
tendency towards body weight loss (not Change (%) Change
significant) in TCDD-treated hamsters. (%)

0 14.843.7 0 ~0.312.7

Brain 5-HT metabolism was not affected by
any dose of TCDD in guinea pigs as _93 12.643.4 900 —4.142.9
evidenced by unaltered levels of bmin (g 4949.6° 2700 24425
tryptophan, 5-HT and its main metabolite,

5-HIAA (data not shown). In addition, 18 43£19° 4600 730424
plasma levels of neither free nor total 27 -9.9+11°

tryil::]t:aphzim were affected in TCDD-treated pair—fed | —8642.7%

gu pgs §|gnﬁlcanliy EECICH( ?fm aﬁ ilblnlm zea CODHDE

; 0.05).
Similarly, brain 5-HT and 5-HIAA were (&;n(lss)[,, N=3-8.

unaffected in hamsters at any dose or time

point after TCDD administration (data not

shown). Increases were seen in brain tryptophan, plasma free and total tryptophan
concentrations but without dose-dependence. The bound fraction of tryptophan in plasma re—
mained, however, the same (around 25 %), over the whole dose range.
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Table 2. Effects of TCDD in hamsters.

Day Dose Brain Plasma Plasma Plasma Plasma Liver

postexp | pg/kg trp* free total FFA Glucose glycogen
nmol/ g trp mg/ | p mg/ | mmol/ | mmol/ | mg/g
tissue

Day 0(5 2411117 | 5564064 | 253:4.82 | 0701031 | 3.7810.43 | 32.4114.8

4 900 (6) | 36.043.79 | 9.87+2.62* | 39.647.57* | 0.67+0.22 | 43411.16 | 36.243.7
2700 (5) | 31.0+5.10 10.3£0.84* | 35.245.01* | 0.66+0.18 | 4.05:0.61 | 35.8+15.0
4600 (5) | 33.248.74 | 8.2242.02* | 33.247.12 | 0.62+0.14 | 4.75:0.56 | 37.9+12.2
Day 0 (6) 1934247 | 591£1.15 | 22.443.23 1.10£0.39 | 4.0740.62 | 47.4121.8
10

900 (6) | 24.743.04* | 8.04+1.24* | 31.5£3.78* | 0.7430.22 | 3.87+0.51 | 24.1+14.4
2700 (6) | 29-242.60° | 8.29+1.00* | 34.0+1.49° | 0.69+0.25 | 3.58+0.60 | 29.61+4.9

4600 (6) | 27.943.34* | 7.6940.70* | 31.1344.39* | 0.5210.14* | 4.22+0.58 | 26.0+7.0
For detauls, see 1ablel. *tryptophan

Plasma albumin was unaffected by TCDD in both guinea pigs or hamsters (data not shown).
FFAs were dose-dcpendently elevated in TCDD-treated guinea pigs at 4 and 10 days after
exposure (Table 3). There was at least an equal increase in nair-fed guinea pigs. '~ contrast.
FFA concentraivns #¢. v woow ~uspuiiuiiiny dec, vesvd all BAISICIS ai wic wit {TE PO i + wwic
2).

Table 3. Effects of TCDD in guinea pigs.

The activity of PEPCK was not affected
by TCDD in guinea pigs (Fig. 1, top) Day Dose Plasma Plasma Liver
whereas in hamsters it was profoundly  postexp | ugkg | FFA Glucose | glycogen
suppressed (Fig. 1, bottom). mmol/ | mmol/ | | mg/g
Nevertheless, both guinea pigs and p, | o) |o018:0.10 | 7.48:1.00 | 5474268
hamsters treated with TCDD maintained 4

normal glucose levels during  the 03(6) | 022:010 | 7431083 | 3204378

observation period (Tables 2 and 3). 09 (6) | 030£0.15 | 7.77:096 | 26.0411.9
Liver glycogen Icvels were not much 6® o s |7 s
affected in hamsters (Table 2) but they 6(6) | 0404013 | 75040.66 | 250495
tended to be dose~relatedly decreased in 2.7(6) | 0.55+0.19* | 7.7810.37 | 24.0+4.87
guinea pigs although not as much as in 0 0
pair—fcd controls (Table 3)_ ?gy (U] .1510.29 7.4440.98 | 72.8416.3
03 (4) 0.1840.09 7.68+1.28 | 69.8410.7
Discussion 09 (7) | 034£034* | 7.132037 | 40.0¢10.5*
Results of these experiments 16 3) | 0.27+0.04* | 7.6340.75 | 39.049.61*
demonstrate thata &};}l)otheses generated 27 ®) | 0545024+ | 7554128 | 28.84109°
by studies in rats>™"" are not capable of
explaining species differences in the P-f(6) | 0.78+0.09* | 6.22+1.06 | 15.745.91°

acute toxicity of TCDD between guinea For detals, see table
pigs and hamsters. The implication is
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that one should be very careful in
differentiating between causality and
coindicence among various Guinea Pigs

manifestations of TCDD toxicity. 0 convol B 18 wo/kg

0.3 soskg W @7 pgixg

Many diffcrent consequences may ¢ 007 R 0.9 jugrkg B rair=fed
have a common origin, but they may £ 350 1
not bear a causal relationship among :E’ w04 1 Il Ty o
themselves, and due to different 3 . | IL o LI )
physiology of different species, the & N %
spectrum of consequences varies. z 200 1 § ;5 g§ :E

Al RIN INE &
No association could be found < 1 |PN N NE ¢
between changes in tryptophan % / N \E $
metabolism and TCDD lcthality, as & 507 N / kS
evidenced by the lack of effect of a & o S5 s A
lethal dose of TCDD on brain 5- ! 4 10
HIAA, tryptophan and free
tryptophan concentrations in the Hamaters [ cont-ol

L. . 125 - [ 900 wg/kg

plasma of TCDD-sensitive guinca 8 2700 pg/kg
pigs. In contrast, the hamster £ W 4800 pg/kg
exhibited increased brain tryptophan & 190 ]
levels although there was no lethality 3
at the doses studied. £ 54

> L
These findings stand in sharp contrast 2 s0 vt
to our previous observations from < I
two rat strains with a thousandfold % 2s \
difference in susceptibility to TCDD. g \
Those studies showed that in TCDD- & 2N
susceptible Long~Evans rats, brain 10
5—HT metabolism, free tryptophan in Day After Dosing

the plasma, body weigh loss and
lethality are all dose-dependently Fig. 1 The effect of TCDD on liver PEPCK activity. N=6-8.

increased by TCDD in a temporally * and ** denote sl:.nistially significant differcnces (p<0.05
concurrent way’. In contrast, 9 P<0-01 respectively).

TCDD-resistant Han/Wistar rats did

not exhibit these changes at any dosc tested (the highest 9600 pg/kg). Hence the wasting
syndrome and lethality were associated with changes in tryptophan metabolism in rats.
Assuming a causal role for the increased indoles in anorexia wouid dlictate similar increases
in brain 5-HIAA, brain tryptophan and plasma free tryptophan across TCDD sensitive and
TCDD-resistant species. According to the present results this was not the case.

In rats the augmented levels of free tryptophan may be mediated via increased FFA in the
plasma®. In the present study, FFA levels were elevated in TCDD-treated guinea pigs but
still these animals had normal plasma free tryptophan levels. It is riot known at this stage
whether the discrepancy between rats and guinea—pigs follows from a difference. in the plasma
lipid profile or from different conformational effects of fatty acids cn the albumin of these

species.

ORGANOHALOGEN COMPOUNDS
222 Vol.25 (1995)




—

R e W R O W T — e~ = =i N W ———— R W ~w——

TOX

In the present study, hepatic PEPCK activity, a proposed key target of TCDD acute toxicity
in rats®® was affected in hamsters but not in guinea pigs. Furthermore, plasma glucose
remained unaltered in both species. Finally, liver glycogen was depressed in guinea pigs alone
with the greatest decrease in pair-fed controls suggesting that the change was probably due
to hypophagia. Therefore, dysregulation of glucose homeostasis and inhibition of
gluconeogenesis cannot constitute a universal mechanism for the acute lethality of TCDD
cither, but rather these phenomena can be viewed as various consequences of toxicity.

References

1) Unkila M, Pohjanvirta R, MacDonald E, Tuomisto J (1994a) Characterization of 273,7,8-
tetrachlorodibenzo~p-dioxin (TCDD)-induced brain serotonin metabolism in the rat. Eur J Pharmacol
270: 157-166

2) Unkila M, Pohjanvirta R, MacDonald E, Tuomisto JT, Tuomisto J (1994b) Dose responsc and time
course of alterations in tryptophan metabolism by 2,3,7,8-tetrachlorodibenzo-p—dioxin (TCDD) in the
most TCDD-susceptible and the most TCDD-resistant rat strain: relationship with TCDD lethality.
Toxicol Appl Pharmacol 128: 280-292

3) Rozman K, Pfeifer B, Kerecsen L (1991) Is a serotoergic mechanism involved in
2,3,7,8~tetrachlorodibenzo-p-dioxin (TCDD) induced appetite suppression in the Sprague Dawley rat?
Arch Toxicol 124: 124-128

4) McMenamy RH, Oncley JL (1958) The specific binding of 1-tryptophan to serum albumin. J Biol Chem
233: 1436-1447

3 Schwez B, Normis J, Sparschu G, Rowe V, Gehring P, Emerson J, Gerbig C (1973) Toxicology of
chlorinated dibenzo-n-..ix:ins. Environ Health Permspect »n 70 87-90

6) Olson IR, Holscher MA, Neal RA (1980) Toxicity of 2,3,7,8-tetrachlorodibenzo-p—dioxin in the golden
syrian hamster. Toxicol App! Pharmacol 55: 67-78

7. Fan F, Rozman K (1994) Relationship between acute toxicity of 2,3,7,8-tetarchlorodibenzo-p—dioxin
(TCDD) and disturbance of intermediary metabolism in the Long-Evans rat. Arch Toxicol, in press

8) Wimmer M (1988) A bioluminecent assay for the determination of phosphocnoylpuryvate carboxykinase
activity in nanogram-sized tissue samples. Anal Biochem 170: 376-381

9 Hultman E (1967) Muscle glycogen in man determined in needle biopsy specimens. Method and normal
values. Scand J clin Lab Invest 19: 209-217

10) Weber LDW, Lebofsky M, Greim H, Rozman K (1991a) Key enzymes of gluconeogenesis are dose
dependently reduced in 2,3,7,8-tetrachlorodibenzo-p—dioxin (TCDD)-treated rats. Arch Toxicol 65:
119-123

11) Weber LDW, Lebofsky M, Stahl BU, Gorski JR, Muzi G, Rozman K (1991b) Reduced activities of key
enzymes of gluconeogenesis as a possible cause of acute toxicity of 2,3,7,8-tetrachlorodibenzo—p—
dioxin (TCDD) in rats. Toxicol 66: 133-144

12) Kelling CK, Christian BJ, Inhorn SL, Peterson RE (1986) Hypophagia -induced weight loss in mice,
rats, and guinea-pigs treated with 2,3,7,8—tetrachlorodienzo-p~-dioxin. Fundam Appl Toxicol 5: 700-
712

13) Unkila M, Pohjanvirta R, Tuomisto J.T. and Tuomisto J. (1995) Alterations in plasma tryptophan
binding to albumin in 2,3,7,8-tetrachlorodibenzo-p-dioxin -treated Long-Evans rats. Eur. J.
Pharmacol: in press.

ORGANOHALOGEN COMPOUNDS
Vol.25 (1995) 223




ORGANOHALOGEN COMPOUNDS
224 Vol.25 (1995)



