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Nutritional regulations for the metabolic impacts of environmental chemicals
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In industrial society, we have many chances to take various kinds of environmental chemicals,
food additives and drugs. Among these, many fat soluble, low molecular synthesized organic
chemicals {xenobiotics) are commonly metabolized by liver mixed function oxidases (or drug met-
abolizing enzymes) and induce these oxidases, These xenobiotics may affect the requirement of
several vitamins, cholesterol metabolism, and lipid peroxidation. We studied on the nutritional
regulations for the metabolic impacts of those environmental chemicals. Anfimutagenic sub-
stances in foods were also studied.

1) Environmental chemicals and ascorbic acid metabolism: The administration of PCB,
DDT or aminopyrine to rats caused a marked increase in urinary excretion of ascorbic acid (vit-
amin C) and in various tisse levels of ascorbic acid. When rats were fed diet containing PCB or
DDT, the incorporation from U-"C-glucose into ascorbic acid in liver were significantly increased
together with the increase in the activities of hepatic UDP-glucose dehydrogenase, UDP-glucuronyl
transferase. Good correlation between the liver level of ascorbic acid and the activity of UDP-
glucose dehydrogenase was observed. The turnover rates of ascorbic acid in various rat tissues
were accelerated by feeding PCB containing diet suggesting the increased requirement of vitamin C
in the animals including man in which ascorbic acid can not be synthesized. When guinea pigs
were fed the PCB containing diet, the concentration of ascorbic acid in spleen, kidney and muscle
was significantly decreased suggesting the moderate deficiency of ascorbic acid. In contrast to
above organs, the concentration of ascorbic acid in liver where the main place of xenobiotic catab-
olism was increased indicating the increased demand of ascorbic acid in this crgan. In vivo catab-
olism of 2 xenobiotic (zoxazolamine) was greatly accelerated by PCB feeding and this acceleration
was greater in guinea pigs fed diets containing higher amount of ascorbic acid than that required
for the prevention of scurvy. In a mutant strain of rats in which ascorbic acid can not be syn-
thesized, some drug metabolizing enzymes were more induced by PCB with higher level of dietary
ascorbic acid than usual requirement. These results indicate the increased requirement of ascorbic
acid when xenobiotics are injested.

2) Xenobiotics and cholestero]l metabolism: We found the various kinds of xenobiotics in-
cluding PCB and DDT eclevated the serum level of cholesterol. High level of cholesterol is con-
sidered to be an important risk factor of atherosclerosis. It was found that the serum lipoprotein
pattern of hypercholesterolemic animals due to PCB diet is quite different from that due to high
cholesterol feeding. In the former, both HDL-cholesterol and LDL-, plus VLDL-cholesterol were
significantly elevated whereas in the latter case, only LDL-, plus VLDL-cholesterol was increased
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and HDL-cholesterol was inversely decreased. The induction of hypercholesterolemia in rats by
dietary xenobiotics was due to the increased biosynthesis of cholesterol in the liver. This increased
cholesterogenesis was regulated by elevating the HMG CoA-reductase. This enzyme is activated
by dephosphorylation and inactivated by phosphorylation. Hypercholesterolemia due to dietary
PCB was not mediated by phosphorylation-dephosphorylation mechanism but mediated by in-
creased enzyme amount, Cholesterol-7a-hydroxylase activity was also significantly elevated by di-
etary PCB anad fecal excretion of bile acids was also increased. One of the physiological signifi-
cance of increased cholesterogenesis would be for the higher production of bile acids to accelerate
the xenobiotics excretion in bile, Induction of hypercholesterolemia due to dietary PCB was in-
hibited by a-adrenergic blocker (phenoxybenzamine) suggesting the effect of PCB was through
catecholamine system,

3) Much attention are forcused on protective role of natural antioxidants against the oxida-
tive damages caused by environmental chemicals. In the course of isolation and identification of
natural antioxidants from plant materials, we have identified g-diketone derivatives as the main
antioxidants in the leaf of Eucalyptus globulus. Screening for matural antioxidants in Japanese
domestic plants indicated a strong evidence for the presence of different antioxidants in the leaf
wax of cherry trees. Lignan type antioxidants were also isolated and identified from sesame seeds,
and potential use of natural antioxidants in food systems as well as in the biological systems have
been attempted. Desmutagenic effects of antioxidants have been evaluated and ascorbic acid and
cysteine were found to play an important role in inactivation of C-nifro mutagens formed by the
reaction of food components with sodium nitrite.
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Table 1.

Effect of dietary addition of PCB, DDT and aminopyrine on tody weight gain,

liver weight, tissue level of ascorbic acid, urinary ascorbic acid and plasma glucose®.

Groups CO&; §)° ! 20% (p:%m 50]% I];El‘m a}'ﬁ ?r? g pp)?rrirrlle
(5 (5 &)

Body wi. gain for 14 days, g 23.9+3.8 72.34:2.7 74,344.7 67.7+7.2
Liver wt. % 4.52+0.05* 6.284-0.12> 5.86-0.10° 4.8240.12¢
Tissue level of ascorbic acid, pg/g tissue

Liver 26510+ 844 +-29v 761425° 6374 34¢

Kidney 9745 3654-14% 2963-7¢ 22834

Muscle 3710 64+4% 60430 59420
Urinary ascorbic acid mg/100 g body wtjday 0.244-0.02* 9.07+£0.38> 9.30-0.44" 5.88+0.76%
Plasma giucose, mg/100 m{ 1594:10 15343 160247 16044

1 Data presented as means 4 SE.

2 Number of animals eacd group is shown in the parenthesis.

wbed Means within a column not followed by the same superscript letter are significantly different

(P>0.03).
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Fig. 1. Incorporation of C into ascorbic acid

from p-(U-4C) glucose. The radioactivity
in total ascorbic acid in various tissues is
presented as percent of the radioactivity in
administered p-(U-YC} glucose (8.5 pxCifrat).
The weight of muscle was calculated as
45 percent of body weight. Control: con-
trol group, 200 ppm PCB: 200 ppm PCB
group, 500 ppm DDT: 500 ppm DDT group,
1,000ppm Ap: 1,000ppm aminopyrine
group.
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Fig. 2. Pathway of ascorbic acid synthesis.

Table 2. Effect of dietary addition of PCB, DDT and aminopyrine on the activities of
hepatic UDPG dehydrogenase and v-gulonolactone oxidaseb.

200 ppm 500 ppm 1.000 ppm
Groups C‘zg}g‘" PCB DDT aminopyrine
(6) (6} (6)
UDPG dehydrogenase,
activity®/g liver 0.229-£0.006 0.368+0.017" 0.354+£0.022* 0.264:0.025%®

activity/100 g body wt

1.044+0.056~

L-gulonolactone oxidase,

activity?/g liver
activity/100 g body wt

0.128:4.0,022
0.577+0.109

2.4684.0.162%

(.1374:0.031
0.922+0.213

2.11540.186*  1.3344-0.094"

0.1070.011
0.641£0.081

0.1234:0.013
0.558£0.089

1 Data presented as means;SE.
produced/minute.

% Number of animals is shown in parentheses.
# pmoles of ascorbic acid produced/minute,

® pmoles of NADH
2,5 Means within a column not followed

by the same superscript letter are significantly different (P<0.05).
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Fig. 3. Correlation between liver level of

400+

Liver ascorbic acid {xg/g)
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UDPglucose dehydrogenase activity
{activity/g liver)

ascorbic acid {ug/g) and the activity of hepa-
tic UDP glucose dehydrogenase (activity/g).
Experimental period was 14 days. Control:
control geoup, 200 ppm PCB: 200 ppm PCB
group, 500 ppm DDT: 500 ppm DDT group,
1,000 ppm Ap: 1,000 ppm aminopyrine
group, 500 ppm PCB: 500 ppm PCB group,
2,000 ppm Pb: 2,000 ppm pentobaribital
group, 3,000 ppm Chl: 3,000 ppm chlore-
tone group.
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Fig. 4. Effects of the Dietary Addition of Xenobiotics on the Autivitic of Hepatic UDP-
Giucose Dehydrogenase (A), UDP-Glucurony! Transferase (B), f-Glucurondase (C) and

UDP-Glucuronic Acid Pyrophatase (D).

The bars indicate means and the vertical lines above the bars indicate the SE.
Bars not followed by the same superscript letter are significantly different (p<0.05).
Cont., control group; PCB, PCB group; DDT, DDT group; AP, aminopyrine group.
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Fig. 5. Specific radioactivities of ascorbic acid
in urine and various tissues of rats fed basal
diet or 200 ppm PCB diet. After the feed-
ing of the test diets for 14 days, body
ascorbic acid was labeled with ¥C by the
administration of »-(1-*C) ascorbic acid.
Points represent means+SE except for
points of plasma, because plasma was pooled
in each group. C---, control group;
®—@, 200 ppm PCB group.
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Table 3. Effects of dietary addition of PCB on tissue ascorbic acid and urinary ascorbic

acid.

Control group

40 ppm PCB group

(/) (pg/100 g body wt.) (ng/100 g) {ug/100 g body wt.)
Liver 62.7£6.9 251423 51.44+5.8 30634
Spleen 163-£13 25.0+2.3 145-1-8 10.8::0.9
Kidney 33.743.0 24.7+£2.5 19.34:2.2*%0 14.94+1.7%
Muscle 12.7x1.0 5724-43 8.2-4:0.3* 369+ 15%
Total 872463 702-+41
Urine On day 10 to 11 202432 89411*
On day 14 to 15 8249 8749

p#8{100 g body wt./day)

U Means -

=+ SE. Asterisks denote significant differences from the value of control group (p<0.05).
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Fig. 6. Effects of dietary addition of PCB and
ascorbic acid on plasma and liver levels
of zoxazolamine: 25 minutes after the in-
traperitoneal injection of zoxazolamine.
The bars indicate meens and the wvertical
lines above the bars indicate SE, The bars
not followed by the same superscript letter
are significantly different (p<0.05).
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Fig. 14. Effect of dietary level of ascorbic
acid on liver cytochrome P-430 reduction
in OD rats.
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BIC & - TH LLBEHI NN, b7 2
24 RS 300 ppm LTS
B Bhieh ot (Fig. 14),

TRBOFERMNEG, L, FOEE E RS
1z, PCB 71 & OB LM E 0 BR OBl
WOWBE LY, 7A=Y ERAERAREN LT
Bh, 7AzAYVERSRERNSELCEC
X o TR L 5 52 EARI i,
SR L E b IS B\, PCBIER4AM T
S0 7 A2 A ¥ vERRNER L D ISRV A
Z, BEE (BI#ER) bdEXhiLxls
e Lis (Fig. 8),

2, B L AMm = VAT e - AR

RED 5 & T O

M= vAT r -~ AVEEETIIRIE L OFRE & &
VAEBEA S b, BRkOBEREFO—2THD L
Vbl Tw b, thEITE LA VAT R -
OIER e BN O JIFIE L FAME= v AT e
—~ ARSI T A MBS ERETH D - LR
EhoTwioh, JEE 6, PCB, DDT HEZ .
FOMlE AT R AP LLEL KA ER
SGiffude, PCB, DDT i XigsstE, €5F #
B, £RbEt (WhdrE AL FT 40 A,
Y v, B oSt
B, FFEWpRMEROBEP, 5, PRFT7TA
20w ERERIBEIN G S Sk L e R 52 B
ZEaD, BEREEREEBET sBEOLEY
oo T L 2 VAT e — AR R R
ST L2 A, PCB, DDT Lldcd, 7 =
v b v, BHA, BHT, v bRy g —nip b4

S DLOMRIFLCMPF2 vAFa -k LFA
ALEEDH A EMGD o7z (Table 4), MWEE
VORI E L CHREEAMES &b, BEED(LFEY
BROMT 5z &b b, E0EL 0L oM
2VvAFe - LRTAFARSDETHER
HCEERMETH D, TO LB oW
L, T, chbdkfidy (- 2Tz PCB,
DDT @ X 3 iE4S T OB e a®wc
TP R L BT 2 DR LT W )
WLAEa VAT e — AN, SHEO2 VAT
v R LB E LS LS RtV v
RYPTOI VAT B ARMR R T, T i
B, 2 VAT R RSN S AL
g VAFe—AFERT R, HDL-avzasr
— MR T B, TR L, ki
S5 f-i84r HDLem v A S e — -y, (LDL-4
VLDL)-2t v AT m «— A4 B AT 5 TR
BRI - TR D, B2 vAs e — LIEDH
LW EF AL LTLREELZL D EF LA bR
% (Fig. 15), PCB A& BN LB ovTah
e, M= vAF e —LlEE s b B
fo T LR L3k, PCB EiRinficfla b,
X o b oM, Bl v AT e - fl
Ry (Fig. 16),

SRS = VAT B - AN x BT
VWO, M= VAT R A0 LRER O
X hh, SERHOETC L LdEFLLR
By FTHO Rz vAT e —A~DIL
DAL A T<Fok o %, PCB 1= *H,0 O bhiA
LITELLHEML, FTeoavadse — L GHO

Table 4. Effect of dietary xenobiotics on serum total cholesterol and HDL-cholesterol

Gains in Colesterl
Chemicals body wt. HDL 27 ratio
(g} Serum (mg/100 mi) VLDL.LDL
Control 45.5 98-+-4 61-+4 3743 1.65
PCB 40.6 18543 12541 6042 2.08
Chloretone 43.9 1704 1164-2 5443 2.14
DDT 48.9 152411 9748 5443 1.80
BHA 53.3 13143 763 56.4-2 1.36
Caffein 29.0 13011 8349 47 +6 1.77
BHT 44.9 12845 7842 5043 1.56
Pentobarbltal 45.0 12344 7944 44443 1.80
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Fig. 15. Differences in serum lipoprotein cho-
lesterol pattern between PCB or cholesterod
fed rats.

EA»rRE R (Table 5), METR o2 X 57
it B -t

2 VAT R =AW T 2 F A-CoA hbERTE
Mahbh, TOHERHRL e Fadesf
AFp-rpr i CoA vHEyi—+¥ (HMG-
CoA vy x—¥) ThHdI eMmbhTtn5b,
¥, =0 HMG-CoA L & ¥ # — ik Y viidb-
iy vERbIC X » TR R TR b, EfES
RizpdazrimuhTws0w, FToEik
T b LEETEC OV T OFEM R i L1 (Table 6),

Table 5. Effect of dietary addition of 0.i%

cholesterol in vivo.

[

=

[=
T

Basal diet

150 ab

-
-
——

Serum cholesteral. mg/d!

_\\

5 10 15 20
days

Tig. 16. Time course change in serum level

of cholesterol in rats fed a PCB containing
diet.

Table 6 A b5 L5 PCB HfBIR 22045
ETREEELEROSEEL L LE L
L, o3 vase — v GR OB Z OREGE
BEECH B HMG-CoA v & 7 & — EDiEENM
rADEBNEMT BRI, Lind, ok
I, v vERE, By vEMEERG X SPEETC
o, BRBEFOLOOHNC LD ENRSH
oo

AR L 5T VAT v — AR
HEBNEHCOVTRERD I ENEL BN S,
1) FEapiassssn e hidie o, i
OB O HIC T VAT v~ A-D AR L IR

PCB on *H,O incorporation into hepatic

Stimulation

Group Normal PCB (-fold} r

No. of rats 5 7
Final body weight (g) 93,4-43.0% 94.7+3.0
Liver weigh (&) 3.68+0.13 6.86-+:0,13 <{.001
Hepatic cholesterel

megfg liver 1.94+0.13 6.53+:0.29 3.4 <0.001

megfliver 7.114+0.53 45.0+2.8 6.3 <0.001
3,0 incorporation into hepatic

cholesterol

dpm/g liver 394456 1570160 4.0 <0.001

dpmy/liver 1430+ 180 1077041090 7.5 <{.001
Serum cholesterol

mg/100 m! 9iv 143

» Mean+SEM, ' Pooled sample
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Table 6. Effect of dietary PCB on total and expressed activities of HMG-CoA reductase

of Wistar female rats {expt. 1)b.?

HMG-CoA redvctase activity

Total (active--inactive)

Expressed {(active)

Basal PCB Basal PCB
(nmoles of mevalonate formed/min)
Stimulation Stimulation
(-fold) {-fold}
per g tissue 2.78:4:0.15 7.26:£0.75% 2.6 0.55:0.02~ 0.98.4.0.06° 1.8
per 100 g body wt. 14.24+0.80*  52.8545.70® 3.7 2.83£0.14  7.104-0.44% 2.5

! Different superscripts indicate significantly different means (P<0.001). * Microsomes were pre-
pared in the presence (for expressed reductase activity which was present initially in the tissue) or

absence (for the total reductase activity) of 50 mM sodium fAucride.

Expressed repuctase activity was

compared to the toial reductase activity obtained after full activation of the enzyme by preincubation

with added E. Coli alkaline phosphatase.

The preincubation period was 60 min and fnal incubation 30

min at 37°, Conditions for incubations and analyses are described in detail under “Materials and Methods”,

T5, 2) EHERDTEGRERCER » Z 15
o, WHEC X - CilBHhic gl 2 s 08, F
DEEABLLECEORETCLLEa VAT R —
ADBERLHINT S, 3) R4 kSR
AR VAEHBLT, fiadAFef Fhrzey
RN, TORMEE LTOaIvATFr—AD
TN E S, ETHD, 1) 20Tl
MM ELATE IR T W32 bk & AE
MTE%, 3) DAL VARAEVELTD= A
Fa AT v FO5R LR g4 7
Weillbhd, 2) oRHEBOER VTR T
v b2 PCB BT 52 &1k » T Fig. 17 1wi
Lht ki, —RBEECREA T e — A2
U G2 N3 5 = & e b AR AR CL + o

PRk fodic, 2 VAT e —Anb & < OB
DR SR, FEPCHE L Tw 22 208005,
T, abAFn —/bﬁa%ﬂﬁﬂ”@’%&@ﬁgﬂiﬁéﬂ%
THEI VAT —ATo-k Ve$ s -Gk
it PCB BrEBCHERECES, 3 VAT = —h
BIEHREER OBIMMGBERMC LB M T 5 R i
(Fig. 18), £HERHE L VIBIE2 v AT r — A4
R AT 2EENEBRO—2ThBLEL LA
o BRwal~o X bz, &ABRHORECia v
AFe—aAfgE LR, HDL-2 L AS v —a,
LDL-, VLDL-2 V25 u — A L dic LR L, A%
b RRD L, Ea VAT e —AMNfED
FHLoeeFr e LTLBEETHHEEL RS,

BB, SRS LimEavAye—n L
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Fig. 17, Fecal bile acids and sterols.
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Fig. 18, Cholesterol Ta-hydroxylase activity,

ML, SEELREE OWECH B TBARS (5
Ay — ARERRIEADTR) L < lE Lo,
BEALE EHREIIRE LR oo f#ko Bm
FEOER & RELBERCS b, BRoERELS
R CTHICER 2hTw 58, BB Es
AbEEO— oD ERIC I RO B B - 2t
HELMBTHE S, *i, PCB Kk 5Bkl
BWOERIIEx 1 vE, £ 1 v CoORB~DR
M & TRl S i, cheoz &b
HRBEASEYER £ 1 vE MBI Bl
BEdzEnflontitot,

4. RERFERESEOBR L CoEMERE
AH, RAanHoEb B hBEL O

Table 7. Effect of chronic a-blocker treatment on serum cholesterol levels in rats fed
either PCB- or tyrosinecontaing diets (experiment 3)!.%.2
Group Cholesterol HDL-Chol. LDL+ VLDL-Chof.
mg/d{ megfd! mg/di
Pair-fed control (204 Casein) 94.34:5.6* 58.8:4-5.3 35.5+2.8
Pair-fed PCB (300 ppm) 221.6:8.3% 126.74-8.9= 94.94-6°
Ad libitum PCB (300 ppm)+a-biocker 156.3:4-2.0° 105.243.9v 55.0+3.6%
Pair-fed contro} (209 Casein) 111.246.1* 66.63.8 44.6+3.5*
Pair-fed tyrosine {10%) 148.3-£13.1° 91.1+12.6% 57.2.-3.20
Ad libitum tyrosine (10%) 4-a-blocker 110.6+3.6* 62.4+7 48.243.4%

I Feeding period was 14 days.

2 Means +SE. of 6 rats per group.

3 Means within a column not

followed by the same letter are significantly different (p <0.05).

BT a7 = 2 S v AT ) T
Ehbo bk, SHERBEERCRP LT -AT
D vEOIAENT Az E v e L
(Table 7), =D L3z &b, EERMKT X
BRBHY A b v AP S BV IRAIFEY
B L CHT a2 —AT I VEOHWEEL,
ar e-Seasfka LT HMG-CoA v &2 & —¥
ERAERL, 2 VAT e —ASRARNT 5
DEFEL BB, LD XA B R
HM LT = VAT e — LR LA A B
Hodhso L wxRERL, Tofiiiememec
R LEBLCLOEEL B,

3. B E LR LI E

IFER IR S R AT 5 IR W IR L
R OB E S T B, Fig. 19 iR
+ X5, PCB gy A€, MTRAE
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2
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Fig. 19. Effect of dietary ascorbic acid and

Vit. E on TBA value of guinea pig liver

fed PCB containing diet.
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