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Changes in Hepatic Carbohydrate Metabolism of the
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Hexachlorophene (HCP) has been used extensively in consumer products, medical and
agriculture preparations as an antibacterial and antifungal agent (Marzulli and Maibach
1975). But the safety of HCP use in some of these preparations has been questioned due
to its potential neurotoxic effects (Powell and Lampert 1977). Some reports indicate
binding of HCP to liver proteins and accumulation of high concentrations of HCP in liver
(Powell and Lampert 1977). In vitro and in vivo inhibition of the enzymes of energy
metabolism (Wang and Buhler 1978) and manifestation of hepatic mitochondrial lesions
(Caldwell ez al. 1972) by HCP, prompted us to study some metabolic consequences in Mus
booduga liver during repeated HCP treatment.

MATERIALS AND METHODS

Six groups of healthy mice Mus booduga in the weight range of 10+ 2 g (Mean, = S.D.),
fed ad lib, were aclimatized to laboratory conditions (temperature 30 +2°C; relative
humidity 75 %; and a light period of 12 h) for ten days prior 10 experimentation. This
species has been successfully -used earlier in our laboratory as an animal model in
toxicological studies (Prasad 1986).

Technical grade hexachlorophene (2, 2-methylenebis-3, 4, 6 —trichlorophenol) obtained
from Sigma Chemical Co., USA, was dissolved in a minimum volume of corn oil and was
administered orally at a dose of 60 mg/kg/day to the first three groups of mice for 1, 3
and 7 days respectively. The remaining three groups were given an isovolumetric amount
(0.02 ml/day) of corn oil and were treated as controls. Mice were sacrificed on the 2nd,
4th and 8th day, and blood samples were obtained in heparinized vials by tail and cardiac
punctures. Glucose (Kemp and Van Heijningen 1954), lactate (Barker and Summerson
1941) and pyruvate (Reitman and Frankel 1957) contents were analysed in the blood
samples. The liver was excised rapidly and 10% (W/V) homogenate was prepared in 0.25
M ice cold sucrose using a Yorko-speed control homogenizer. The homogenate was
centrifuged at 4000 X g for 20 min, and the cell free extract was used for the estimation of
glygogen (Kemp and Van Heijningen 1954), lactate, pyruvate contents and for assaying
lactate (LDH), succinate (SDH) and malate (MDH) dehydrogenases (Nachlas et al. 1960).
The protein concentration in the enzyme source was analysed following the method of
Lowry et al. (1951), using bovine serum albumin as a standard.

The enzyme activities and the concentration of the metabolites were expressed as the
mean, + S.D. of six observations. The significance of the difference between control and
experimental samples was assessed by the student’s t-test.

1 Correspondence and reprint requests.

157



100°0> 4 (053u02 woyj Juarap Lpueoygudig ,,
*10°0>d orjuod woxj JuAsMIp Apuenudg ,
*S[OIJU03 13A0 saduwyo ¢, o1 sasayjuared dyy wr san[ep
‘SIUQWILIAdXa XIS JO "(I'S T ‘SUBIW 1B SAN[LA

pooyq jo u go1/Sw se pajuasardar are san[Bp I

OeLi+) (s'8z1+) (sevi+) P18 dianiiyg
«6EV F 918y 96T F 09°LY «iEV F 09°TF €07 ¥ ¥9°81 «STT F 9¢°61 861 F €691 /P1E dMPEY

(Ls'8¢-) (cL'6€-) (8€6-)
+860°0 F €V0 €00 ¥ 0L0 «S0°0 F v¥°0 600 F €LD +£0°0 ¥ 850 ¥00 F #9°0 P sumiy

Oree+) (67°59+) (0ep+)
«P0T T 9L61 €S'T ¥ €761 €Sl F LS'L 960 ¥ €901 960 F b6'6 9Tl F £5°6 [PIOE npEy

(86'7¢+) (cs'81+) (€9'L+)
«»fSL F 98 86T ¥ 1009 «JI'S F IT8L I0°S ¥ 1659 PL'9 F T6'F9 $9'8 F 7¢°09 pasoan)
skep £, jox3u0) s{ep ¢ {013u0) £fep 1 jonuo) I3jWerE

Juaunyeal) suaydolopyoexay pajeadar Sunmp ssjwered pooyq p3npoog snpy ui sajuey) I AqeL

158



*100°0> 4 [ou0d wosj AP APUBBLS 4,
*10°0>d 1o1ju0s wogy Juarapp Lpuedyruds ,
TOIIU0D A0 SABuBYDd 9 a1e SIsIYjuared wr san[ep
‘SUOI)BAIISQO XIS JO *(J'S F ‘Sueauwl aIe san[ep
‘ansst) wid/3w se paywasaadas axe sonjep 1

(ro71+) (90°28+) (8s°Ly+) PIOR Jlanng
«lVT T L90T ST0 F LY «S6°0 T ¥L'6 ¥S0 F SE'S €01 F I€L 660 F 96 /BO1B DR

(98°7v-) (8's-) (rs'8-)
110 F 180 S00 T 160 LO0 F 1870 €00 F 980 y0°0 F SL'0 S0°0 ¥ 780 (PIO dumig

(66°15+) (06'cy+) (88°11+)
0T T €9L €L0 F 10°S 970 F 80°L €50 F 6V 80 ¥ 66 69°0 T oy P J1pEy

(9v99-) (sz'og-) (sL's-)
»61°E T 65T €S F 9SVE +50°S F WL €6F% F CI'IE €6'T F 8LVE ¥E'Y T 06'9€ U804
skep onuo) skep ¢ [033u0) fep 1 [01u0) jwered
JUW)BAI)

auaydoroqyoexay pajeadar 3unnp p¥npoog snpy asnow jo JaAy jo soyelr pe danikd/pe apey pue pe sanikd ‘poe e ‘waBodL(d jo spaad] ayy wi soluBy)y "7 AYEL

159



“100°0> 4 (0xju00 woxy JusIp AppuEdyIUALS ,,

‘10°0>9 1onuod woyy Judasayp Apuenpudhg ,
*S[0IJR0D 1aA0 sadueyd g, a1w sosayjuered ay) Ul sanfup
‘Spuawiadxd XIS Jo ('S F ‘SUBIW AXe Sn[vp
ysura3o1d Swuezewo) Jo fown Se pajuasaidar are sanes

(ecee-) (szv-) (18'9-)
+900°0 F 8200 600°0 F V0D +5000 F £20°0 2000 F 0¥0°0 $00°0 F 150°0 000 F v¥0°0 as8uUaZ0IpAYaP BN

(roz-) (8's1-) (Lsvz-)
#1070 F S9¥°0 00 ¥ €850 «£0°0 ¥ Y0S°0 90°0 F S65°0 +80°0 F 9¢¥0 60°0 ¥ BLS'0 oseuadospiysp jemddNg

(95°5€-) (iree-) (eve+)
0800 F ST 90°0 F STT «P00 F LET 600 ¥ STT 01’0 ¥ 1T 8070 + tE7 aseuadosphyap aepey
siep L 1053007) skep € [oxuo) £ep Y 1o13U0) awfzuy

Juowean) auaydolopyoexay gajeades Surinp p3npoog snyy Wl SeSEUABOIPAYaIp d)e[EW PuE IYEUDINS D)ePE] deday Jo spEAd] LAPE Ay Ut saFuey) g e,

160



RESULTS AND DISCUSSION

In mice (Mus boosuga), toxicity symptoms were manifested initially as a weakening of leg
muscles within 5 days of repeated HCP treatement. Prolonged treatment for 7 days lead
to severe paralysis of hind quarters and the mice almost dragged their hind legs along the
bottom of the cage. Other symptoms of intoxication included high respiratory rate and
listlessness.

Results presented in Table 1 suggest that the mice were hyperglycaemic and
hyperlactaemic after 3 and 7 days of treatment. The hepatic glycogen content was found
to be progressively decreased at the three time periods. The hepatic lactate levels were
elevated after 3 and 7 days treatment whereas the pyruvate levels were decreased at the
three time periods. Both decreased pyruvate and increased lactate levels caused a
pronounced rise of lactate/pyruvate (L/P) ratios of blood and liver. Hepatic
NAD-lactate, succinate and malate dehydrogenases have showed diminished activities
after 1, 3 and 7 days of HCP treatment (Table 3).

Repeated oral administration of sublethal dose of HCP (60 mg/kg/day) to the mouse
produced alterations in the biochemical constituent of blood and liver (Table 1 & 2) and
activity levels of hepatic LDH, SDH and MDH (Table 3). A rapid fall in liver glycogen
content concomitantly with increased blood glucose levels suggests an enhanced hepatic
glycogenolysis. Decreased glycogenesis or glyconeogenesis may also be attributed to the
decreased glycogen content in liver (Elkeles and Tavill 1983). Despite progressive
elevation in blood and liver lactate levels, hepatic NAD~-LDH activity was decreased
suggesting a reduced flux of lactate into neoglucogenic pathway and/or into Krebs citric
acid cycle for oxidation. The concept of excess lactate assumes that the ratio of
lactate/pyruvate (L/P) in the blood is approximated by the ratio of NAD/NADH in the
cells and is reflective of tissue redox state. Because of relatively low pyruvate and high
- lactate contents, the blood and liver L/P ratios were elevated at the three time periods
suggesting tissue hypoxia and enhanced rate of anaerobic glycolysis during
hexachlorophene treatment.

Hepatic succinate and malate dehydrogenase activities showed consistent decrement during
repeated HCP teretment suggesting a reduced oxidation of malate and succinate.
Caldwell er al. (1972) have observed high affinity of rat liver mitochondria for
hexachlorophene, with subsequent inhibition of the mitochondrial enzymes. The
mechanism of HCP toxicity is not fully established. However binding of HCP to hepatic
cell membranes (Mavier et al. 1976) and mitochondria, in vitro inhibition of
succininoxidase, cytochrome oxidase (Gould et al. 1955) and decreased catalytic efficiency
of various pyridine nucleotide dependent dehydrogenases in the presence HCP (Wang and
Buhler 1978) suggest that similar sort of interactions may be involved in diminishing of
hepatic SDH and MDH activities. Since these dehydrogenases catalyze
oxidation-reduction reactions essential in controlling cellular metabolism, their diminished
activities following HCP treatment could have adverse effects on the tissue energy state. .

The results of the present study suggest the perturbation of the hepatic redox state and
oxidative metabolism, together with the uncoupling of oxidative phosphorylation (Cammer
and Moore 1972; Nakaue et al. 1972) result in a significant reduction in the cellular high
energy phosphate reserves (Caldwell et al. 1972) during repeated HCP treatment. This
perturbation may have a contributory role in the manifestation of hepatotoxicity by HCP
(Prasad 1986).
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