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Protective effects of fulvotomentosides on cadmium—induced hepatotoxicity

LILt Ya—Ping, LIU Jie. JIA Xian-Sheng'. MAO Qing'. Curtis D KLAASSEN’
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ABSTRACT  Fulvotorientostdes (Ful) is the total
saponing of Louicere fulvotomentosa.  In the present
siudy. we eaxamined the effects of Ful on cadmium
{CdCliminduced acule liver 1ojury i mwe.  Ful
pretreatment (150 mg - kg™’ sc - 3 d) remarkahty de-
creased CACL (2.7 mg Cd - kg '. 1vj—induced liver
damage as wndwated by serum activities of afanine
aminotransferase and sorbitol dehydrogenase,  Dis-
tribution of Cd to 12 organs and hepaoc subeellular
fractions was determined 2 h after Cd chaltenge. Ful
pretreatmtent did not preduce a marked shift 1 the
distribution of Cd to various organs. but markedly
aliered the hepalic subcetlular distcbudten of (d.
with more Cd bound to metaltothionein {MTY i the
vytosol, less in the nuclear, miltochondrial.  and
microsomal fracliens. Ful pretreatment produced a
dose—dependent increase 1n hepatic MT as determined
by the Cd - hemoglobin assay. Tn conclusion. Ful
protected against Cd hepatotoajcity by inducing
MT. which binds Cd 1 the eviosol and lowers the
amount of Cd z2vailable to other critical organelles and
proteins.
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Cadmium (Cd} is an environmental
pollutant which presents a potential threat to
human beings'''. Acute exposure to Cd causes
severe liver damages as indicated by marked
elevation in serum alanine aminotransferase
(ALT / GPTy and sorbitol dehydrogenase
{SDH) activities, as well as widespread liver
congestion and necrosis'' -,

Fulvotomentosides (Ful} is the total
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saponins isolated from Lonicera fulvoto—
mentosa™',  an herbal drug traditionally used
for infectious diseases. Ful has been shown to
have anti-inflammatory'*  and protective ef-
fects against some hepatotoxicants™. The
aim of the present paper is to examine the pro-
tective effects of Ful against cadmium (CdCl,)
hepatotoxicity.

MATERIALS AND NMETHODS

Chemicals and mice Ful was extracted
from Loricera julvotomentosa by Guizhou In-
stitute of Chinese Traditional Medicine'"', Ful
is composed of 5 triterpenoid saponins, of
which three have been identified as
fulvotomentoside A, x~hederin. and
sapindoside B. CdCl, was obtained from
Fisher Scientific Co, USA, and "™CdCl. (carri-
er—free} was obtained from New England Nu-
clear Co, USA. All chemicals were dissolved
in saline. Male CF—1 mice (26 - s 2 g) were
housed in plastic cages and exposed to a 12-h
light “ dark ¢ycle. Food (Purina Lab rodent
chow) and tap water were provided ad fih.

Evaluation of hepatotoxicity Mice re-
ceived ecither saline (10 ml - kg™, sc) or Ful
(150 mg - kg™', sc) 60. 36, and 12 h prior to in-
Jection of a hepatotoxic dose of CdCl, (3.7
mg Cd - kg '+ w). Twelve hours following iv
CdCl-. mice were decapitated, and blood was

collected.  Serum activities of SDH® and
ALT - GPTY' were measured as indices of
hepatotoxicily.

Organ distribution of "Cd  The distri-
bution of '"Cd to various organs was deter-
mined 2 h following iv '"™CdCl, (35 mg
Cd - kg '. 370 kBq / mg Cd). The concen-
trations of '"’Cd in liver. kidney, spleen,
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lung, heart, pancreas. stomach. intestine, mus-
cle. bone. brain. and blood were deter-
mined by gamma scintillation. The femur.
soleus. and initial 15—cm segment of inteshine
were used as representative of bone. muscle.
and intestine, respectively'®.

Suobeellular distribution of '"Cd  Mice
were pretreated as descnibed above. A por-
tion of liver was homogenized in (1 @ 4. wt:
vol) Tris buffer {sucrose 0.25 mol - L™, Tris—
acetate 10 mmol - L', pH 7.4). Various
fractions were prepared by differential
centrifugation at 4T '™, The resultant pellets
were defined as nuclel (600~ g, 10 min),
mitochondria (10 000x g, 10 min}, micro—
somes (100 Q00> g, 65 min), and cytosol
(100 000 % g supernatant). The distribution of

"SCd in the hepatic cytosolic fraction was
chromaiographed on Sephadex G-75 gel
filtration.  Elution was performed with
Tris—acetate 10 mmol - L™, (pH 7.4} at a flow
rateof 30 ml - b7 at4C. and seventy 5—ml
fractions were collected. The amount of

"Cd in subcellular fractions was measured
as described above.

Metallothionein {MT) induction in liver
Mice were pretreated with saline (10
ml - kg™', s¢) or Ful (15, 150, and 450
mg - kg™, s¢} for 3d. Twenty—four hours af-
ter the last dose, livers were excised and
homogenized as previously described in
Tris~HCI buffer 10 mmol - L™, followed by
cenirifugation (10 000 x g, 10 min). Resultant
supernatant was centrifuged at 100 000 x g
for 65 min at 4T . The MT conceniration in

hepatic cytosol was quantitated by the
Cd / hemoglobin assay'™.
Statistics Comparison between control

and treatment grovps was made by ¢ test.
RESULTS

Prevention of CdCl, hepatotoxicity
Marked clevation of serumt ALT and SDH uc-
tivitics were observed in mice 12 h following 1v

CdCl, (Fig 1). The activities of ALT and
SDH were 35~ and 21-fold higher.
respectively. than that of controls, Ful

pretreatment attenuated the marked increases
of ALT and SDH activities produced by
CdCl,. ALT and SDH activities were de-
creased by 96 and 85%, respectively. ALT
and SDH activities in mice receiving Ful
pretreatment + saline challenge were not dif-
ferent from that of controls.
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Fizg 1. Effects of Ful pretreatment (150 mg - kg™', sc
> 3 d) on serum ALT and SDH activities following sa-

line (»=5) or Cd (3.7 mg: kg™'. i¥) challenge
(r=13-18), xx5 'P>0.05. “*P<DOL
Distribution of 'Cd Pretreatment

with Ful resulted in an 11% increase of '®Cd
in liver and a small decrease of '™Cd in kid-
ney, testes, bone, and blood. There were
no changes in  'Cd distribution to spleen.
intesting, stomach. pancreas. heart,
lung, brain, and muscle as a result of Ful
pretreatment (Tab 1).

Pretreatment with Ful decreased the
amount of 'Cd in mitochondrial and
microsomal fractions 20%. ln contrast. Ful
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Tab 1. Effect of Ful pretreatment on the distribution of

"™Cd (ug- g tissue) to majer organs. n=6-8.
Xty TP>005 “TP<0.05
Tissue Control Ful—pretreatment
Liver 313226 5.5z 265°
Intestine 14.8£1.83 12.9+£1.29°
Kidney 12.5=1.44 10.5£1.52"
Pancreas 9.23-0.35 Q.07 094"
Stomach 4.54 =049 198+0.5p
Heart 2.88+{.37 249+0.12
Spleen 2.35+0.30 2.02+042°
Lung 1,62+ 0.18 1374013
Bone 17620012 093+ 14"
Testes 0.72+0.06 .59+ 0.03""
Bloud 0354005 G27+007°
Muscle 0.321£0.03 0.30=-0.03°
Brain 0.16+0.01 0.15=001"°
pretreatment caused an increase of '™Cd in
the cytosol (170% of contrel) {Fig 2). When

the data were expressed as % of the total
'"*Cd within the Liver (lower panel). the dift
ferences in all fractions were more evident.
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Fig 2, Effect of Ful pretreatment (150 mg - kg™". sc -
3 d) on hepatic subcellular distribution of '"™CdCl,
(3.5mg - kg™'. 370 kBq/ mg Cd, ip). Lower panel
shows the % of total Cd in homogenate. n=#6.
TP>005. TTP<0.05. TTP<0.01.

x5,

The distribution of Cd within hepatic
cytosol is shown in Fig 3 by representative
gel—filtration efution profiles. In control mice,
the majority of '"™Cd in the cytosol was asso-
ciated with high—molecular—weight proteins
{(HMW, fraction Ne 10—23). however, follow-
ing Ful pretreatment, the majority of '"Cd
eluted with the low—molecular—weight
protein, metallothionein (MT, fraction Mo
31—486). Pretreatment with Ful did not alter the
distribution of '™Cd to HMW proteins but
markedly increased its binding to MT. When
the data were expressed as % of total '™Cd
within the cytosol (Fig 4), 84% was associated
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Fig 3. Representative gel—filtration elution profiles of
Cd in hepatic cytosol from conirol or Ful-pretreated
mice. Fractions No 10—23 and 31-46 were considered
to be high—molecular—weight (HMW) protein and
metallothionein (MT). respectively.
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Comgpilation of gel-filtration of Cd in hepatic
n=6, xts5 “P<0,0.
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with HMW proteins and only 16% was bound cytosol. and less was present in the
to MT in conitrol In contrast. Ful mitochondrial.  microsomal. and nuclear
ptetreaiment increased the amount of '*Cd fractions. The majority of Cd in the cytosol
bound to MT to 55% and reduced the '""Cd of Ful-preireated mice was associated with
associated with HMW to 45%. MT. with less Cd bound to HMW proteins
Induction of hepatic MT Ful compared to controls. This  altered

pretreatment produced a dose—related increase
in hepatic MT. MT concentrations in liver in-

creased 5—. 20—, and 70-fold after sc Ful
15. 150. and 450 mg - kg™' - d7' for 3 d.
respectively (Fig 5).
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Fig 5. Hepatic MT Induction following Ful

pretreatment (15450 mg - kg™'. sc> 3 d). a=5.
xts UTP<0OL

DISCUSSION

The ability of Ful to protect against
Cd—induced toxicity may theoretically result
from a decreased distribution of Cd to the tar
get organ of acule Cd toaicity, the liver.
However. in the present study, we did not
observe a decrease in distribution of Cd to the
liver following Ful preireatment. In fact,
more of the Cd accumulated in the liver of
Ful—pretreated mice. Therefore. protection
15 not due to decreased Cd accumulation in the
liver.

An alterpative explanation for the protec-
tion is that Ful pretreatment may alter the
subcellular distribution of Cd. The present
study supports this theory. Following Ful
pretreatment. more Cd was found in the liver

subceliular distribution of Cd in the liver is
extremely important. because MT sequesters
Cd in the cytosol and renders it nontoxic™'®.
This concomitantly decreased the aumount of
Cd available 1o critical organelles and
proteins. which are suggested to be targets of
Cd toxicity!'™1

Ful pretreatment produced a dose—
related Induction of hepatic MT. MT., a
cysteine—rich and metal-binding protein. has
been proposed to play an imporiant role in the
detoxitication of heavy metals. as well as free
radicals™'*!™", MT is known to be induced by
metals, hormones. and various stresses''™'® §g
tar there is no information on induction of MT
by triterpenoid saponins such as Ful. MT in-
duction by Ful explains the mechanism of the
protection against Cd. but also may be re-
sponsible for some other pharmacological ef-
fecis produced by Ful,

In summary. Ful pretreatment markedly
protects against Cd—induced hepatotoxicity.
This protection appears to be due to an in-
crease of MT in the liver. thus altering the
subcellular distribution of Cd. with more Cd
localizing in the cytosol bound to MT and less
associated with other critical organelles and
proteins.

REFERENCES

1 Bernard A. Lavwerys K. Effects of cadmium
exposure n humans. In:  Foulkes EC.  ed.
Cudmriven.  Berlm:  Springer—Verlag, 1936 -
135=T. (Hundbook of experimental phurmacology;
val B0)

2 Dudley RE. Svoboda DJ. Klaassen CD. Acute
exposure to cudmium causes severe hiver injury in
rats.  Foswol Appd 19820 65 :
-3,

Phurmacud


http://www.cqvip.com

A #F IR

Avta Pharmacofugica

Sinica 1992 May. 13 (1) © 217 -

N

rt

Mao Q. Jia XS. Studies on the chemical constit-
uents of Loricere pulrvtomentosa Hsu et S0 C.
Cheng. Acta Pharm Sin 19895 24 © 269-74,
Liu J. Xia L., Cheng XF Anu—inflammiulory
effects of fulvotomentosides. Acta  Pharmuacol
Sm 198R. 9 - 3957

Liu ¥P, Liu J. Klaassen CD. The effects of
Chinese hepatoprotective compounds on €xperi-
mental liver injury m mice. Toxivelogist 1989
9 199,

Asada M. Gulambos JT. Sorbitol debydrogenase
and hepatocellular 1njury; An expenmental and
clinjical  study. 1963, 44 -
578—87.

Gastrovnterofugy

Bergmeyer HU. Scheibe P.  Wahlefeld AW,
Opumization of methods for  aspartate
aminotransferase and alamne aminotransferase.

Clin Chesn 1978; 24 @ 58-73,

Goering PL. Klaassen CD  Zine—induced toler
ance to cadmium hepatotoxicily Toxice! Appl
Pharmacel 1984, 74 299-307,

Ealon DL. Toal BF. Ewvaluation of the
Cd / hemoglobin affinity assay for the rapid de-
termination of metallothionen
tissues.  Toxwol Appl Phormacol
134—42.

Goering PL. Klaassen CD.  Altered subeeltular
distribution of cadmium
pretreatment.
70 ;. 195--203.
Multer L. Consequences of cadnuum toxicity n
rat hepalocytes: mitochondrial dysfunclion and
lipld  perowadation.  Toxwologr 1986 40 :
285-95,

Kude N, Yamashina §. Waku K Protection

in  biological
1482, 66 .

following cadmium
Toxicol 4ppl Pharpmacof 1983

A Ak e e M e et e e e e e . e S~ — —

against cadmium loxicity by zinc: decrease in the
Cd—high molecular weight protein fruction in rat

Iiver and kidney on Zn pretreatment.  Toxicolog)
1986. 40 : 26777,

13 Valtee BL. Ulmer DD. Biochemical effects of
mercury.  cadmium.  and lead.  4nnu Rev
Biocherm 1972, 41 © 91-128.

14 Dunn MA, Blalock  TL. Cousins  RI.
Metallothionein.,  Proc Sec Exp Bl Mad 1987,
185 ;. 107-19.

15 Webh M. Role of metallothionein 1n cadnuum
metabolism. In: Foulkes EC. editor  Cuadrim,
Berlhin: Sprnnger—Verlag. 1986 - 281--337.
{ Handboah of experimental pharmaceloey: vol 80).

2{3— 27

BHRETDL LA RATE SR (A {RIA

e _

NZET e ST

. \r

WEE, W kK, TEL, F F' CurnsD

KLAASSEN  (Department oF

Toxicology und Theraperties, University of Kansaa

Moedical Conter. Kansas City KS 661607417, USA)

Pharmacolug).

BE AHEELSE L fulvotomentosides: Ful)df
SICAITF DR ARG AN B R A H, KiEN
BLEIE T Ful IESATIE R K8 & B Er
(metallothionein, MT). MT & & Cd FHERRAE o,
MifdE D Cd 8. fhbrde, Rk tf B fu g vh s«
FEBEERTS . Rk s Cd JIFankeim S

Rt NRTRXSRR: W M mEm
ams CHERER dET AT ERAE G ey

D BT DISAHSCAT, BERT 550002, AiE

e e T M e e e e el e e e e e e e e e e .

International Symposium on Natural Drugs

1992 Nov 10-12

Please contact

Mr LI Bao—Shuo,

Nanning. China

Seeretanat of ISND—92,

Guangy Association for Scienve & Technology.
31 Gueheng Road. MNanming 530023, China
Fax 86—771-26194: 46—771-26854.
Telephone 26194, Telegram 9600,



http://www.cqvip.com

