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ABSTRACT

AIM: To observe theacute effectsof huperzine A andtacrineon rat liver. METHODS: Changesof liver coeffident,
serum biochemistry, and histopathology were detected after single dose. In vitro cytotoxicity was assessed by
determining extracellular and intracellular amount of lactate dehydrogenase in cultured hepatocytes. RESULTS:
Both huperzine A and tacrine raised liver coefficient and increased serum aspartate aminotransferase and alanine
aminotransferase. Tacrine induced liver hi stopathologic changes. The acute effects of huperzine A on liver could
be redressed by atropine, while effects of tacrine on liver could not. Concentration-dependent in vitro cytotoxicity
occurred with tacrine, but not with huperzine A. CONCLUSION: Theacute effectsof huperzine A onrat liver are

not related to hepatotoxicity. The acute effects of tacrine on rat liver are related to hepatotoxicity.

INTRODUCTION

Physologica homeostasi s of organism may be
disturbed by acute exposure to xenobiotics, especialy
chemical agentswith high activity. The occurrence of
acute exposureto xenobiotics usualy resultsfrom self-
medication, suicide or homicide attempts, drug
addiction, or exposure to toxins. Now, the incidence
of acute exposure to xenobiotics hasa significant trend
to increase and get great hazad for the people.

Huperzine A (HupA) and tacrine (TAH) are ace-
tyl cholinesterase (AChE) inhibitors approved for the
treatment of Alzheimer’s disease (AD)™. The 50 %
inhibitory concentration (1C,) of HupA for AChEis 82
nmol/L, and IC,, of TAH for AChEis93 nmol/L. The
acute 50 % lethal dose (L D) in mice (po) is 17.31
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mmol/kg for HupA and 199.83 mmol/kgfor TAH?, A
sries of studies have been conducted to evauate the
toxicity of HupA and TAH. However, there isno report
documenting the acute effects of HupA and TAH on
liver, the mogt i mportant organ for detoxification. In
the present study, attempts have been made to observe
acute effectsof HupA and TAH on rat liver.

MATERIALSAND METHODS

Chemicals and reagents HupA was provided
by Department of Phytochemistry, Shanghai Ingitute
of Maeria Medica, Chinese Academy of Sciences. TAH
was purchased from Sigma Chemical Co, USA. The
reagents used for serum biochemigry detection were
purchased from Roche and Sigma Co. All other re-
agentswere of andytica grade and purchased from
commercia sources.

Animals and treatment Forty-eight Sprague-
Dawley rats (about 2-month old) were supplied by
Shanghai Experimental Animal Center, Chinese Acad-



- 248- MaXC et al | ActaPharmacol Sin 2003 Mar; 24 (3): 247-250

emy of Sciences (Gradell, Certificate No 005). The
rats were randomly divided into eight groups (A to H)
and each group contained 3 male and 3female. Group
A was treated with distilled water, group B and C with
HupA 0.1 and 2 mg/kg , group D with HupA 2 mg/kg
and atropine 0.05 mg/kg, group E and F with TAH 2
and 40 mg/kg, group G with TAH 40 mg/kg and atro-
pine 0.05 mg/kg, group H with atropine 0.05 mg/kg,
respectively. HupA and TAH were given orally once.
Atropine was given subcutaneoudy five times (once
every hour) after administration of HupA and TAH.
Animal fecilities were maintained under 12-h light/dark
cycle (light on a 7:30 AM), (22+2) °C and 50 %-70 %
relative humidity. Foodandwater are dlowed ad libitum.

Serum biochemistry Blood samples were taken
a 24 h after dosing. Serum was separated for bio-
chemical assay; parametersincluded total bilirubin (BIL),
agpartate aminotransferase (AST), aanine aminotrans:
ferase (ALT), adkaline phosphatase (ALP), tota protein
(TP), and albumin (ALB). The assay was performed
with a biochemical autoanalyzer (Roche Cobas,
Switzerland).

Histopathology Each liver wasweighed andliver
coefficient (liver to body ratio) was caculated. Liver
tissues were fixed in 10 % buffered formal dehyde,
embedded in paraffin, sectioned at approximately 6
microns, and stained with hematoxylin and eosin (HE)
for histologic examination.

Hepatocyte culture Techniques for isolating
single hepatocytes are based on the descriptiont®.
Briefly, the technique used a two-gtep in situ perfusion
of theliver with coll agenase to digest the connective
tissue and differential centrifugation to isol ate paren-
chyma hepatocytes. Monolayer culturesof hepato-

cytes were established in Eagle’ s minimal essentia me-
dium with nonessential amino acids (MEM) supple-
mented with insulin (0.1 pmol/L), dexamethasone (0.1
pmol/L), gentamicin (50 pg/L) and 15 % FBS on col-
lagen-coated 24-well plates at adensity of 2x10° celld/
well. When the cells were plated, viability detected by
trypan blue exclusion was greater than 90 % for all
experiments. Cellswere alowed 2 h for attachment
before treatment.

Cytotoxicity Cells were exposed to HupA and
TAH (0to1 mmol/L) for 4 h in serum-free media and
then the toxicity was determined by measuring extra-
and intracellular levelsof lactate dehydrogenase(L DH).
Extracellular LDH was assayed in themedia. Intracel-
lular L DH was assayed following addition of mediacon-
taining 0.5 % Triton-X100 to lysethe cells. Theratio
of intracellular LDH to total LDH wascaculated. LDH
wasdetermined using a Roche biochemica autoana yzer.
Experiments were performed in triplicate with each
compound.

Statistics Data were expressed as mean+SD and
analyzed using analysisof variance (ANOVA) followed
by Newman-Keulstest. P<0.05 wasconsdered datis
tically sgnificant.

RESULTS

Liver coefficient Changes of liver coefficient
areshown in Tab 1. For female rats, sgnificant in-
creaseof liver coefficient wasnoted in high dose groups
of HupA and TAH. When combined with atropine, the
liver coefficient in HupA group was redressed, but it
was ill higher in TAH-treated rats. For male rats,
HupA-induced increase of liver coefficient was not
found, whilein TAH group theliver coefficient was

Tab 1. Changes of liver coefficient, ALT and AST of rats treated with huperzine A (HupA) or tacrine (TAH) were determined
at 24 h after dosing. HupA1l: 0.1 mg/kg; HupA2: 2 mg/kg; TAHI: 2 mg/kg; TAH2: 40 mg/kg; Atropine: 0.05 mg/kg. n=6.

Mean=SD. "P<0.05, ‘P<0.01 vs control.

Groups Coefficient (Femae) Codfficient (Male) ALT/U-L? AST/U-L?
Control 3.88+0.08 4.51+0.09 3444 55+7
HupAl 3.86x0.05 4.59+0.06 35+4 61+6
HupA2 4.07+0.06" 4.55+0.07 93+36° 125+54°
HupA2+Atropine 3.89+0.10 4.46+0.12 3916 6119
TAH1 3.9010.11 4.59+0.09 3316 6218
TAH2 4.25+0.08" 4.80+0.16" 118+63° 108+67°
TAH2+Atropine 4.17+0.07° 4.71+0.05 90+50° 122+35°
Atropine 3.90+0.06 4.54+0.09 3445 62+12
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significantly increased no matter it wascombined with
atropine or not.

Serum biochemistry Twenty hoursafter dosng,
significant increase of serum AST and ALT occurred
both in HupA- and TAH-treated rats. Changesof AST
and ALT were shown inTab 1. About 3-fold increase
of ALT and 2.5-fold increase of AST were notedin rats
treated with 2 mg/kg HupA, but they wereredressed to
norma range when combined with aropine. Asfor
TAH (40 mg/kg), about 4-fold increase of ALT and
2-fold increase of AST were observed, and they could
not be redressed by atropine. No signifi cant change of
serum BIL, ALP, TP and ALB wasnoted after 24 h
treated with HupA or TAH.

Histopathology HupA-rdated higologica changes
of liver were not found. In TAH-treatedrats, the liver
tissues showed the f eatures of hepatocyte swelling and
Disse’ sgace disappearancein midzonal and pericentra
regions of the liver lobule. Steatos's and necross were
not observed. Histology of liver from ratstrested with
HupA and TAH was shown inFig 1.

Cytotoxicity Cytotoxic effects obtained after
4-h exposure to HupA and TAH wereillustrated in Fig
2. Concentration-dependent decrease of intracellular
LDH to total LDH occurred with TAH. At concentra
tion of 200 umol/L TAH, the percent of intracellular
LDH to total LDH was lessthan 50 %. At concentra
tionof 1 mmol/L TAH, the percent of intracellular LDH
to total LDH was 9.6 %. Concentration-dependent de-
crease of intracellular to total L DH was not observed in
HupA-treated hepatocytes. At concentrationsfrom 0
to 1 mmol/L of HupA, the percent of intracellular LDH
to total LDH was no less than 70 %.

DISCUSSION

In the present study, we examined the changes of
liver coefficient and srum biochemistry eter Sngledose
of HupA and TAH inrats. Both HupA and TAH raised
liver coefficient and increased serum ALT and AST in-
dicating that liver was affected during the acute expo-
sureto HupA and TAH. HupA and TAH are AChE
inhibitors, which may increase ACh at the celiac gan-
glion and thus increase sympathetic activity viathe he-
patic nerve™. It iswell known that the sympathetic
nervous system plays an important rol e of the micro-
circulation in the liver™™. ACh isreleased in the celiac
ganglion and causes an action potential that propagates
through the hepati ¢ nerve and induces the decreasing
sinusoidal vascular space and tissue perfusion’®. So it

Fig 1. Histology of liver from rats after 24-h treatment with
HupA and TAH. HE staining, x132. CV: central vein.
(A) Control. (B) HupA 2 mg/kg. (C) TAH 40 mg/kg.
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Fig 2. Percent of intracellular to total LDH in hep atocytes
treated with HupA and TAH for 4 h. »=3. Means+SD.
*P>0.05, "P<0.05, ‘P<0.01 vs control.
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is possible for overdose of HupA and TAH to get ad-
verse effect on liver because of AChE inhibition and
AChincrease in cdliac ganglion.

Atropine, an anticholinergic reagent, inhibits the
actions of ACh and cholinomimetic drugs with the
mechanism of selectively blocking muscarine
cholinoreceptor. Ni cotine cholinoreceptor can aso be
blocked when dose of atropine was high enough. In
clinical, high dose of atropine was used to relieve
vasogpasm, relax peripheral vascular, and ameliorate
microcirculaion. In the present sudy, HupA-induced
rissof liver codficient and increaseof AST andALT in
serum were redressed when combined with atropine.
While for TAH, thesgnificant increase of liver coeffi-
cient and serum AST and ALT could not be redressed
by atropine. It isthus suspected that the acute eff ects
of HupA onliver arerdated to AChE inhibition. Asfor
TAH, the acute effects on liver are related not only to
AChE inhibition, but aso to cytotoxicity.

Histopathologic and cytotoxic studi es confirmed
the suspect. Higologic changes showed the occur-
rence of TAH-induced hepatotoxicity, while HupA-re-
lated histologic changes of liver were not found. Cul-
tured hepatocyteswere used in thisstudy, which eimi-
nated extrahepatic effectsthat could be aspotential con-
tributors to hepatic ef fect in whole animals”™. Concen-
tration-dependent decrease of intracellula LDH to tota

LDH occurred with TAH, but not with HupA, which
indicated that HupA was not hepatotoxic in vitro. In
conclusion, the acute ef fects of HupA onrat liver are
not related to hepatotoxicity. The acute effectsof TAH
onrat liver arerelated to hepatotoxicity. It isrecom-
mended to protect liver during acute exposure to TAH.
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