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ABSTRACT. Aloe contains abundant aloin, a C-glycoside derivative of anthraquinone. Based on recent reports 
indicating that the water extract of Aloe enhances the ethanol oxidation rate and also that quinones, in general, 
have a functional role in elevating the alcohol oxidation rate in ~ivo, we have attempted to identify the quinone 
derivative contained in Aloe that could increase the alcohol oxidation rate. Upon oral administration of aloin 
(300 mg/kg) given 12 hr prior to the administration of alcohol (3.0 g/kg), the blood alcohol area under the curve 
(AUC) was found to be decreased significantly (by 40%). This was supported by increases in the rates of blood 
alcohol elimination and the disappearance of alcohol from the body by 45 and SO%, respectively. Analysis of 
hepatic triglyceride (TG) levels revealed that both the ethanol and the aloin treatment alone significantly 

increased the TG levels in a comparable manner; however, the level obtained by the combined treatment of 
aloin and ethanol was not statistically different from that produced by either treatment alone. The levels of 
serum t_-aspartate:2-oxoglutarate aminotransferase (AST) and L-alanine:2-oxoglutarate aminotransferase (ALT) 
activities were not increased by acute alcohol intoxication, aloin alone, or by the combined treatment of alcohol 
and aloin. Pretreatments with aloe-emodin, the anthraquinone aglycone of aloin, resulted in a significantly 
decreased blood alcohol AUC and an increase in the rate of ethanol disappearance. These results suggested that 

when the aloin localized primarily in the skin of Aloe is ingested, aloe-emodin (the quinone aglycone) may be 
released, and the released quinone may produce acceleration of the ethanol metabolism rate in vivo. BIOCHEM 
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In a recent experimental animal study conducted by Sakai 

et al. [l], water extract of A!oe was reported to increase the 

rate of alcohol oxidation. The objective of our study was to 

determine if this observed increase in alcohol oxidation 

rate was due to aloin, a component of Aloe, which is known 
to be metabolized to its aglycone, aloe-emodin (a quinone 
substance) [2]. 

Aloe has been used as a folk remedy to strengthen the 
stomach and to relieve constipation for 3000 years [3]. To- 
day, it is widely used as a general health food for some of its 
acclaimed effects. Aloe is known to suppress stomach acid 
secretion [4], to cure frostbite [5], to have an anti- 
inflammatory action [6, 71, to cure radiation burns [8-lo], 
to improve blood glucose levels [ll], to have an anti-viral 
action [12], and to modulate the immune response [13-161. 
Aloe contains many active ingredients, but the best known 
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is aloin (lo-glucopyranosyl-1,8-dihydroxy-3-(hydroxy- 
methyl)-9( lOH)-anthracenone). Aloin is also called barb- 
aloin, a bitter-tasting yellow crystal, and it s a C-glycoside 
derivative of an anthraquinone [17]. Although the C- 
glycoside side chain of aloin is not easily hydrolyzed in vitro 
[18], orally administered aloin is known to be hydrolyzed by 
esterases secreted by intestinal microflora [19, 201. Once 
the C-glycoside is hydrolyzed, it forms aloe-emodin an- 
throne, which is further auto-oxidized to the quinone aloe- 
emodin (Fig. 1). 

Ethanol is the most widely abused drug in the world; it is 
well absorbed and distributed, and it produces depression of 
the central nervous system, among many other toxicities. 
Ethanol is cleared from the body primarily by hepatic oxi- 
dation catalyzed initially by the NAD’-dependent cytoplas- 
mic ADH,§ (EC 1.1.1.1) to form acetaldehyde [21, 221. 
Subsequently, the acetaldehyde is oxidized to acetate by 
mitochondrial aldehyde dehydrogenase. The resulting ac- 
etate is utilized in the mitochondrial Krebs cycle to provide 
energy. Continued oxidation of ethanol following acute 
alcohol intoxication results in shifting of the intracellular 
redox state to a reduced state, and this is illustrated by the 
decreased NAD’ to NADH ratio. Under such a condition, 
due to lack of NAD’ and the abundance of NADH, the 
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FIG. 1. Possible degradation pathway of aloin. 

ethanol oxidation rate would be slowed and, also, as the 
consequence of such redox state changes, fatty acid oxida- 
tion would be hindered, thus causing fatty liver due to 
excess accumulation of TGs in liver cells [23]. 

Quinone compounds are reduced to hydroquinones, and 
this reaction is catalyzed primarily by QR (EC 1.6.99.2), 
which is abundant in the cytoplasm of liver cells [24, 251. 
This QR reaction proceeds in an opposite direction from 
that of ADH and as the quinone is reduced to hydroqui- 
none, NAD(P)H is oxidized to NAD(P)‘. Thus, when the 
ADH and QR are operating together in close proximity to 
each other (both enzymes are localized in the cytoplasm of 
liver cells in great abundance), quinones such as aloe- 
emodin may become reduced, thereby regenerating NAD’ 
via the QR. This regenerated NAD’ may then be utilized 
by the ADH for further oxidation of ethanol. Such a co- 
operative interaction between ADH and QR, leading to an 
increased rate of ethanol oxidation, has been demonstrated 
in a recent series of studies [26, 271, and a mechanistic 
scheme for the working hypothesis is presented in Fig. 2. 

Sakai et al. [l] reported that a water extract of Aloe could 
increase significantly the rate of ethanol oxidation by low- 
ering the serum lactate/pyruvate ratio to a non-ethanol 
(control) level in animal studies. Based on this report and 
knowing that Aloe contains a substantial quantity of aloin, 
a derivative of anthraquinone [28], the present study was 
designed to ascertain if aloin could be the substance con- 
tained in Aloe which has promoted the alcohol oxidation 
rate. This study was conducted also as a part of a long-term 
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FIG. 2. Cooperative interaction of ethanol oxidation and 
quinone reduction for the effective shuttling of NAD+ and 
NADH for the maintenance of a normal hepatocelhdar cy- 
toplasmic redox state. 

effort to develop a non-toxic amethystic agent from the 
widely used Aloe. 

MATERIALS AND METHODS 

Chemicals 

Aloin and aloe-emodin were purchased from the Sigma 
Chemical Co. (U.S.A.) and were purified to 99% in our 
laboratory. Ethanol was purchased from Merck (Germany). 
The enzyme assay kits used to determine AST and ALT 
activities were purchased from the Youngdong Pharmaceu- 
tical Co. (Korea). Other chemicals used were of reagent 
grade and were purchased from the Sigma Chemical Co. 

Experimental Animals 

The three-week-old female Sprague-Dawley rats used in 
the present study were donated by the Animal Breeding 
Laboratory of the Yuhan Pharmaceutical Co. (Korea) and 
were kept at the animal holding facility at Seoul National 
University with free access to food and water in a 20 f 1” 
room maintained under 55 f 1% humidity and 12-hr light- 
dark cycles until they grew to over 180 g in weight. 

Treatment and Sample Preparations 

Aloin (100 and 300 mg/kg) was administered by oral intu- 
bation in a corn oil vehicle (100 and 300 mg/mL, respec- 
tively; 1 mL/kg) 12 hr p rior to ethanol administration. 
Aloe-emodin (50 mg/kg) was given by i.p. injection in a 
corn oil vehicle (50 mg/mL; 1 mL/kg) 2 hr before the oral 
administration of ethanol. A 40% ethanol solution was 
given to the rats by oral intubation (gavage) at a dose of 3.0 
g/kg. At 0.5, 1, 2, 4, 6, 8, and 10 hr after ethanol admin- 
istration, blood samples (100 p,L) were taken from the tail 
vein to determine the blood alcohol concentrations. 
Twenty-four hours after ethanol administration, rats were 
killed under ether anesthesia, blood was obtained by heart 
puncture, and the liver was removed. The blood was kept at 
room temperature for a minimum of 30 min to allow clot- 
ting. Serum was obtained from the clotted blood by cen- 
trifugation at 20,000 g for 2 min and then refrigerated. 
Serum AST and ALT activities were determined within 3 
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days of collection. The excised liver was washed with 67 
mM phosphate buffer (pH 7.3) solution and weighed before 
being stored frozen at -20” for subsequent determinations 
of TG levels. 

Statistics 

Determination of Blood Ethanol Cuncentrutiuns 

Blood alcohol concentrations were determined by the 
method of Bonnichsen and Theorell [29]. Briefly, to the 
lOO-FL blood samples collected from the tail vein at vari- 
ous time points, 800 FL of perchloric acid (0.33 N) was 
added with vortexing and the mixture was centrifuged at 
12,000 g for 45 sec. A 50-FL aliquot of the supernatant was 
mixed with 2.4 mL of ethanol assay buffer (pH 8.7 solution 
containing 75 mM Na,P,07 * lOH,O, 75 mM semicarba- 
zide HCl, and 20 mM glycine). The blank sample consisted 
of 50 FL of 0.33 N perchloric acid. To this mixture, 50 FL 
of 25 mM NAD’ and 10 FL of 15 kU/mL ADH were added 
with mixing and incubated for 70 min at 25”. Alcohol 
levels were determined by calculation from the absorbance 
of the generated NADH product at 340 nm by the oxida- 
tion of alcohol present in the samples. 

The SPSS computer program was used for statistical analy- 
sis. The means and standard errors were calculated for all 
treatment groups. The data were subjected to ANOVA 
followed by the Duncan’s Multiple Range test to determine 
which means were significantly different from each other or 
from controls. Student’s t-test was used to analyze the re- 
sults that contained only two groups of data. In all cases P 
values of ~0.05 were considered to be significant. 

RESULTS 
Effect of Aloin on Alcohol Metabolism 

Biochemical and En-tic Assays 

The hepatic TG content was determined by the method of 
Van Handel and Zilversmit 11301 as modified by Butler et al. 
[31]. Serum AST and ALT activities were determined by 
using commercial enzyme assay kits. Briefly, to each 0.5-mL 
aliquot of pre-warmed (37”) assay mixture kit solutions, 100 
p,L of serum was added and incubated at 37” for either 60 
min (for AST) or 30 min (for ALT), and then 0.5 mL of 
chromogenic solution containing 2,4-dinitrophenylhydra- 
zine was added. After allowing 20 min at room temperature 
for color development, 5 mL of 0.4 N NaOH solution was 
mixed in, and the absorbance at 505 nm was determined. 
For the blank, 100 FL of distilled water was used. 

To determine the effect of administering purified aloin on 
alcohol metabolism, the aloin was dissolved in corn oil and 
administered orally to rats at two doses (100 and 300 
mg/kg) 12 hr prior to administering the ethanol. The con- 
centrations of blood alcohol were determined at various 
times following ethanol administration (Fig. 3), and the 
kinetic parameters were calculated and presented in Table 
1. Results (Fig. 3) showed that there were no differences in 
the blood alcohol level resulting from 100 mg/kg aloin pre- 
treatment. However, there were significant decreases in the 
blood alcohol concentration in response to pretreatment 
with 300 mg/kg aloin. The AUC of blood alcohol was 
decreased markedly, and the rate of ethanol disappearance 
and the slope during the elimination process were increased 
markedly in response to the 300 mg/kg aloin pretreatment 
(Table 1). No differences in these kinetic parameters were 
observed with the 100 mg/kg aloin pretreatment. 

0.3 
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s 
v Aloin 100 mglkg 

P 0 Aloin 300 mg/kg 

Calculation of Blood Ethanol Kinetic Parameters 

To describe the time course of the blood ethanol curve in 
an individual animal following a given oral dose of ethanol, 
we used the Widmark equation [32], based upon the one- 
compartment open model wl.th zero-order elimination. The 
slope (p) of the elimination phase was calculated by a lin- 
ear least squares regression of the descending linear portion 
of the blood ethanol curve. The derived ethanol concen- 
tration at the start of ethanol administration (C,) was ob- 
tained from the y-intercept of the regression line. The vol- 
ume of distribution (y) was calculated by dividing the total 
dose by C,. The ethanol disappearance rate (p - y) from the 
total body was obtained from the product of the slope and 
the volume of distribution. The AUC was calculated with 
the trapezoidal method from. the beginning of drug admin- 
istration to the time at which ethanol was not detected. 
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FIG. 3. Effects of aloin on blood alcohol concentrations fol- 
lowing oral administration of ethanol to fasted rats. Female 
Sprague-Dawley rats were fasted overnight prior to oral in 
tubation of ethanol (3.0 g/kg). Aloin dissolved in corn oil 
was given to rats at doses of 100 and 300 mg/kg by oral 
intubation at 12 hr prior to ethanol administration. Values 
are means * SEM for EL15 rats. Key: (*) significantly diier- 
ent from the control value (two-way ANOVA followed by 
Duncan’s Multiple Range test, P < 0.05). 
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TABLE 1. Effects of aloin on kinetic parameters of blood ethanol in fasted rats 

Group 

Control 
Aloin 

100 m&g 
300 mg/kg 

N 

15 

9 
8 

AUC Slope (P) Volume of distribution Rate of disappearance 

[(mg/mL) - hrl [mg/( mL - hr)] (mLJkg body wt) [mg/(hr - kg body wt)] 

14.2 ? 1.2 0.24 f 0.02 1142? 48 255 * 17 

15.0 * 1.3 0.19 + 0.02 1303 * 159 221 * 21 
8.8 + 1.4* 0.35 f 0.05* 1179 & 156 381 f 49* 

The kmetic parameters were derived separately from each animal and are presented as means ? SEM. Th e e th anal disappearance rate from the total body was obtarned from the 

product of the slope multiplled by the volume of distribution. 

* Signlfuntly different from control (one-way ANOVA f o II owed by Duncan’s Multtple Range test, P < 0.05). 

Effect of Aloin on the 
EthanoleDerived Acute Hepatic Toxicity 

Accumulation of TGs in the liver is a sensitive indicator of 
hepatotoxicity caused by acute alcohol intoxication [33]. 
To determine if aloin is able to protect against alcohol- 
induced hepatic TG accumulation, hepatic TG levels were 
determined in rats treated with no ethanol (control), with 
ethanol alone (24 hr after 3 g ethanol/kg), with aloin alone 
(36 hr after 300 mg aloin/kg), and with ethanol and aloin 
together (24 hr after ethanol but 36 hr after aloin). Results 
shown in Fig. 4 indicate that hepatic TG contents were 
increased significantly by ethanol exposure alone, by aloin 
treatment alone, and by combined ethanol and aloin ad- 
ministration. Although the data suggest an almost additive 
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FIG. 4. Effect of aloin on hepatic TG accumulation induced 
by ethanol. All treatments were the same as described in Fig. 
3. Aloin (300 mg/kg) was given to rats 12 hr prior to admin- 
istering the ethanol; 24 hr after the ethanol administration, 
the rats were killed and their livers were excised for TG 
determinations. Values are means * SEM for 4 rats. Key: (*) 
significantly different from the normal value (one-way 
ANOVA followed by Duncan’s Multiple Range test, P < 
0.05). 

increase in TG levels, statistical analysis by one-way 
ANOVA indicates that the increases seen with alcohol 

alone, aloin alone, and with combined treatment were not 
significantly different, thus suggesting an effect that is much 
less than additive. 

Having observed that aloin alone could induce the el- 
evation of hepatic TG levels, we sought to determine if 
additional manifestations of hepatotoxicity such as hepato- 
cellular necrosis were induced by aloin pretreatment alone 
or by the combined pretreatment of aloin and ethanol. 
Hepatocellular necrosis caused by one-electron reduction 
metabolism of quinones can result in the release of hepa- 
tocellular cytoplasmic enzymes such as AST and ALT into 
the systemic circulation. Thus, we determined AST and 
ALT activities at 24 hr after ethanol or water (control) 
administration with or without aloin pretreatment. Results 
shown in Fig. 5 indicate that none of these pretreatments 
caused hepatocellular necrosis. These results are different 
from those observed for TG in that aloin did not affect this 
parameter of hepatotoxicity. 
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FIG. 5. Effect of aloin on serum AST and ALT levels in rats 
24 hr after ethanol administration. All treatments were the 
same as described for Fig. 4. Values are means * SEM for 4 
rats. 
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FIG. 6. Effects of aloe-emodin on blood alcohol concentrae 
tions following oral administration of ethanol to fasted rats. 
Female Sprague-Dawley rats were fasted overnight prior to 
oral intubation of ethanol (3..0 g/kg). Aloe-emodin dissolved 
in corn oil was given to rats at a dose of 50 mg/kg i.p. 12 hr 
prior to ethanol administration. Values are means f: SEM for 
7 or 8 rats. 

Effect of Aloe-Enwdin Quinone, the 

Aglycone Derived from Aloin, on Ethanol Metabolism 

We hypothesized that the aloin-induced increase of the 
ethanol oxidation rate was due to its quinone metabolite, 
aloe-emodin. To test this hypothesis, 2 hr before the oral 
administration of ethanol rats were given 50 mg/kg aloe- 
emodin in corn oil by the i.p. route to enhance delivery of 
the quinone substance to the liver. As shown in Fig. 6, 
aloe-emodin pretreatment produced marked decreases in 
blood alcohol levels. In Table 2, it is shown that aloe- 
emodin pretreatment signifl.cantly reduced the AUC and 
increased the rate of ethanol. disappearance. Attempts were 
made to increase the ethanol metabolism rate by increasing 
the administered dose of aloe-emodin up to 300 mg/kg, but 
it proved lethal (data not shown). 

DISCUSSION 

In the overall pathway of ethanol oxidation, the first step, 
namely the oxidation of ethanol to acetaldehyde, is con- 
sidered to be the rate-limiting step. The reaction occurs 
primarily in the liver and is catalyzed by ADH, an NAD’- 
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dependent enzyme localized principally in hepatocellular 

cytoplasm [34]. However, it is still a matter of debate as to 
whether this ADH reaction is rate-limited in viva by the 
slow turnover rate of ADH or by the slow capacity of liver 
to regenerate cytosolic NAD’ from NADH produced dur- 
ing alcohol oxidation [35]. In connection with this debate, 
several in wivo attempts have been made by Higgins [36] to 
demonstrate the importance of rapid NAD’ availability in 
influencing the rate of ethanol oxidation. For example, 
when an excellent electron acceptor such as methylene 

blue was administered to experimental animals to enhance 

oxidation of NADH to NAD’ non-enzymatically, the el- 
evated level of NADH and the decreased level of NAD’ 

(decreased hepatic NAD’ to NADH ratio) induced by 
ethanol administration was reversed and the in viva rate of 

ethanol oxidation was observed to be accelerated [37, 381. 
Thus, it appeared that ready availability of NAD’ increases 
the turnover rate of ADH and enhances the ethanol oxi- 

dation rate. 
The ADH reaction catalyzing the oxidation of ethanol is 

known to proceed as follows: NAD’ binds to ADH, first, by 
forming an ADH-NAD’ complex; then, ethanol binds to 
this binary complex and forms a ternary complex. On the 
ternary complex, ethanol is oxidized to acetaldehyde and 
the NAD’ is reduced to NADH. Acetaldehyde then leaves 
the ternary complex quickly but the NADH evacuates 
slowly, thus hindering the binding of NAD’ to ADH for 
continued rapid oxidation of ethanol [22]. Hence, the slow 
speed of NADH departure limits the turnover rate of ADH, 
and this constitutes the rate-limiting step in the ethanol 
oxidation process. Based on this mechanism, it was sug- 
gested by Cha and Heine [39] that if there is an enzymatic 
reaction, such as lactate dehydrogenase converting pyru- 
vate to lactate, which utilizes NADH and regenerates 
NAD’ in the vicinity of ADH within the cytoplasm, it may 
strip the NADH off the residual ADH-NADH complex 
and accelerate the ADH turnover rate, thus, enhancing the 
overall rate of alcohol oxidation. 

Indeed, in the hepatic cytosol, there is an enzyme system 
known as QR, formerly called DT-diaphorase, which cata- 
lyzes the two-electron reduction of quinones to hydroqui- 
nones. The enzyme is present at relatively high levels in the 
liver and is known to be induced by the administration of 
some food-additive hydroquinones such as butylated hy- 
droxyanisole (BHA) and some xenobiotics [39-41]. The 
QR reaction proceeds in a directly opposite sequence from 

TABLE 2. Effects of aloe-emodin on kinetic parameters of blood ethanol in fasted rats 

AUC Slope (P) Volume of distribution Rate of disappearance 
Group N [(mg/mL) * hrl [mg/(mL . Ml (mL/kg body wt) [mg/(hr - kg body wt)] 

Control 8 14.4 ZL 1.4 0.23 r 0.03 1044 + 66 269 ? 13 
Aloe-emodin 7 9.9 k 1.6* 0.21 * 0.02 1448 + 276 323 ? 16* 

The kinetic parameters wete derived separately from each atumal and are presented as means ? SEM. Th e ethanol disappearance rate from the total body was obtained from the 

product of the slope multiplied by the volume of distribution. 

* Signlfontly different from control (I’ < 0.05, t-test). 
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that of ADH. Thus, QR binds NADH first and then the 
quinone, forming a ternary complex. On the ternary com- 
plex, quinone is reduced to hydroquinone and NADH is 
oxidized to NAD’. While the hydroquinone is thought to 
leave QR quickly, the NAD’ departs the QR slowly, and 
this slow departure step is known to constitute the rate- 

limiting step in the overall QR reaction. Thus, when the 
QR and ADH reactions are operating together in close 

proximity to each other (both enzymes are localized in the 
cytoplasm of the liver cell and are present in great abun- 
dance), quinones like menadione (vitamin K3) or tert- 
butylquinone (produced from the administered BHA) are 
reduced to their respective hydroquinones more quickly in 
the presence of ethanol and, in turn, ethanol is oxidized 

more quickly in the presence of quinones. Such a coopera- 
tive interaction between QR and ADH in viva enhancing 
the ethanol oxidation rate has been demonstrated in a re- 

cent series of studies reported by this laboratory [26, 271 and 
the working mechanistic hypothesis is presented as a 
scheme in Fig. 2. 

As part of the continuing effort to develop non-toxic 
amethystic agents (i.e. substances that enhance the alcohol 

oxidation rate and that allow quick recovery from alcohol 
intoxication), we have unsuccessfully tested the amethystic 
effects of some polyphenols, known to be present in tea, 
that could be oxidized easily to quinones (unpublished re- 
sults). Thus, we have turned our attention to the report of 

Sakai et al. [l] which indicated that water extracts of a 
widely used health food, Aloe, could enhance the oxidation 
rate of alcohol. The skin of Aloe plants contains a substan- 

tial quantity of aloin, a C-glycoside of anthraquinone [18, 
281, which when ingested, is readily hydrolyzed to aloe- 

emodin anthrone by the intestinal bacterial esterases [19, 
201. The released aloe-emodin anthrone can be readily 
auto-oxidized to aloe-emodin quinone within the intestine 
[19]. We therefore postulated that the orally administered 
Aloe extracts could release aloe-emodin quinone which, 
when absorbed in the liver, could bring about an enhanced 

rate of alcohol oxidation via cooperative interaction be- 
tween QR and ADH (Fig. 6 and Table 2). 

The present results appear to support this hypothesis: 
aloin and aloe-emodin pretreatments were capable of re- 
ducing the blood ethanol AUC and increasing the ethanol 
disappearance rate from the body. According to a report 
published by Ishii et al. [42], at least 6 hr was required to 
release sufficient aloe-emodin from orally administered 
aloin. However, Sakai et al. [l] observed an enhanced al- 
cohol oxidation rate with a 30-min pretreatment of Aloe 
extracts, suggesting that sufficient aloe-emodin had been 
released by this early time point. This could be explained by 
the fact that, while the yellow-colored extract of Aloe skin 
is known to contain the quinone derivatives, it may also 
contain the already hydrolyzed aloe-emodin anthrone or 
other hydrolyzed quinones. Our experiments with purified 
aloin showed that at least 6 hr of pretreatment was required 
to produce a significant reduction in the AUC of blood 

alcohol and that maximal effects were observed by a 12-hr 
pretreatment (data not shown). 

Although the calculated slope and volume of distribution 

produced by the two drug treatments (Tables 1 and 2) 
appear to be different or even opposite (in the case of 
slope), apparent contradictions can be basically eliminated 
by a statistical review. In comparing the blood ethanol 

concentration results shown in Fig. 3 (aloin) and Fig. 6 

(aloe-emodin), it can be seen that while aloe-emodin al- 
tered the absorption kinetics (04, hr), aloin did not. Fur- 

thermore, while aloe-emodin did not appear to affect the 
elimination slope markedly (4-10 hr), aloin treatment had 
increased the elimination slope markedly. Thus, when 
these differences are entered into the calculation of appar- 
ent volume of distribution, the aloe-emodin appeared to 

increase the volume of distribution. This would explain the 
apparent discrepancy in the results shown in Tables 1 and 
2. The mechanisms involved in this discrepancy may have 
been due to the fact that aloin is a glycoside and aloe- 

emodin is an aglycon. Aloin is a glycoside of the aloe- 

emodin quinone and must be hydrolyzed by the intestinal 
microflora before affecting ethanol metabolism. Thus, aloin 
was given by the oral route and aloe-emodin was given the 
i.p. route. Aloe-emodin was administered i.p. because we 
wished a rapid or efficient absorption of the quinone sub- 
stance directly into the liver. Because the two routes of 
administration were different, it was not surprising to see 

that the treatments became effective at different phases. 
Many previous attempts have been made to increase the 

rate of ethanol metabolism, but as of yet none has changed 

the rate by more than 50% [36]. The failure of any single 
agent to produce a more extensive increase in the metabo- 

lism rate of ethanol appears to have possible explanations; 
when one process is accelerated, another becomes rate lim- 
iting. Applying this concept to our model, even though the 
reoxidation of NADH was stimulated by treatments of 
aloin or aloe-emodin so that the cytosolic redox state would 
remain at the non-ethanol-treated level, the level of ADH 

(V,,,) may have assumed the role of primary control for 
the ethanol metabolism rate. Therefore, combinations of 
agents affecting several processes concomitantly may be re- 
quired for further acceleration of the ethanol metabolism 
rate. In our experiments, treatment with aloin resulted in 

about a 50% increase in the ethanol disappearance rate 
(Table 1). This indicates that the ethanol metabolism rate 
may not be further enhanced unless total ADH activity is 
also increased, which has yet to be demonstrated success- 
fully. 

The primary cause of alcohol-induced fatty infiltration of 
liver is thought to be due to an increased synthesis of lipids 
within the liver and also to an increased mobilization from 
adipose tissue into the liver in the face of the blocked free 
fatty acid oxidation caused by excess NADH [43]. Thus, 
upon improved oxidation of NADH and regeneration of 
NAD’ by utilizing the QR with provision of quinone sub- 
strates (aloe-emodin quinone), the rate of alcohol metabo- 
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lism was demonstrated to increase (or the blood alcohol 
AUC was shown to decrease). This situation would also 

allow the fatty acid oxidation to proceed at a faster rate and 
perhaps push towards lowenng the TG levels in the liver. 
Thus, based on the results presented in Table 1 that show 

reductions of blood alcohol AUC with prior intubation of 
aloin, it was expected that the increased hepatic TG level 

caused by alcohol intoxication would be decreased by aloin 
pretreatment. However, for unknown reasons, the aloin 
treatment alone elevated the hepatic TG content (Fig. 4). 
Since the elevation in TGs from the combined treatment of 
aloin and ethanol was not significantly different from that 
produced by either treatment alone, it is possible that the 

aloin pretreatment may have mediated some of the alcohol- 
dependent accumulation of TGs in the liver. It was inter- 
esting to note that, while the single treatment of aloin 

alone or the combined treatment of alcohol and aloin had 
caused accumulation of hepatic TGs, there were no in- 
creases in serum AST or ALT activities. This result indi- 

cated that the accumulation of hepatic TG itself does not 
lead to hepatocellular necrosis. 

In conclusion, aloin, a C-glycoside derivative of anthra- 
quinone localized in the skin of Aloe, may release the qui- 
none when ingested, and the released quinone (aloe- 
emodin), in turn, may accelerate the rate of ethanol me- 
tabolism in wiuo. Further research is required to ascertain 
whether aloin-emodin or other aloin derivatives can effec- 
tively increase the ethanol oxidation rate without inducing 

any hepatotoxicity, such as hepatic TG accumulation. 

This work was supported by a grant from the Ministry of Health and 
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