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ABSTRACT 
 
Alcohol consumption in human has increased from year to year in Indonesia and more recently, an 
increasing number of cases of alcohol intoxication, alcoholic liver disease, and death were observed. 
The purpose of this experimental study was to examine the significance of two known biochemical 
markers of alcohol given by mouth in the Wistar rats. The study design used was the “True 
randomized experimental post test only control group design". The rats were randomly distributed 
according to the experimental design and were treated daily for six weeks (chronic intake)  with 5% 
and 20% alcohol. This study used 15 rats with 5 rats for treatment group treated with 5% alcohol, 5 
rats for treatment group treated with 20% alcohol, and 5 rats as control group treated with distilled 
water. The biochemical markers were aldehyde dehydrogenase (ALDH) and Fatty Acid Ethyl Esters 
(FAEE). ALDH and FAEE were two biochemical markers of ethanol which are sensitive and specific 
for alcohol consumption. The study was conducted in two phases. Initially, rats were treated orally 
everyday for six weeks with 5% and 20% alcohol, and then the blood level of ethanol, ALDH and 
FAEE were measured. Blood samples were collected at 6 and 24 hours after the last oral intake of 
chronic alcohol administration. Qualitative analysis was carried out to detect the presence of ethanol, 
ALDH, and FAEE in the treatment groups and quantitative analysis to determine their levels in the 
blood of Wistar rats. Statistical analysis of ALDH was done by using parametric test  and the presence 
of FAEE persisting longer than ethanol by non-parametric test. The results showed that ALDH 
persisted and increased significantly following chronic consumption of alcohol in the rats. Similarly, 
FAEEs persisted longer than ethanol after alcohol intake. After six hours, the ALDH level increased 
by 108.14% in the rat treated chronically with 5% alcohol and by 85.07% in rat treated with 20% 
alcohol. After 24 hours, FAEE also persisted longer in the blood than ethanol following treatment 
with alcohol 5%. ALDH levels increased  by 83.11% after chronic treatment with 5% alcohol and by 
112.05% in the rats treated with 20% alcohol.  In the blood collected  24 hours after the last treatment 
with 5% alcohol, ALDH increased by 95.11% and by 86.79% in the rats treated with 20% alcohol. 
FAEE persisted longer than ethanol in the blood following administration of 5 %  and 20% alcohol  
both at 24 hours following chronic treatment. The longer persisting ALDH and FAEE were  new and 
good biochemical blood markers for chronic alcohol consumption in the Wistar rats. 
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Introduction  
 

Continued and persistent alcohol use and abuse may lead to alcoholism and a variety of chronic 
disorders. Persistent and prolonged consumption of alcohol drinks may result in saturation of 
digestive enzymes and rapid increase of blood  alcohol concentration (BAC). The use of BAC level to 
determine the level of alcohol consumption has a time limitation since alcohol will be quickly 
eliminated from the blood circulation. It is therefore necessary to find other biomarkers which appear 
to persist longer in the body of an organism.   

In the human body, alcohol was metabolized in the liver to produce fatty acid ethyl ester 
(FAEE), ethyl glucuronide (EtG), and ethyl sulfat (EtS) (Pawan, 1972; Wurst et al., 2003; Skipper et 
al., 2004; Weinmann et al., 2004; Costantino et al., 2006; Dahl, 2006). However, FAEE is considered 
as one of specific and sensitive marker as metabolite ethanol use because it can be detected longer in 
the blood (Wurst et al., 2004). Besides, FAEE is also a more stable marker and it is therefore regarded 
as a potential new biomarker for ethanol chronic consumption (Laposato, 1997; Bisaga et al., 2005). 
FAEE is non-oxidative ethanol metabolites which appears to be toxic to cells, both in vitro and in 
vivo. Large accumulation of FAEE following repeated exposure  to ethanol in the muscles may cause 
myopathy. FAEE can still be detected in the serum for more than 24 hours after consumption of 
ethanol (Salem et al., 2006; Kulaga et al., 2006; SOASAS, 2006).  

Until recently, determination of level of alcohol consumption in a suspected individual is 
generally carried out by detection of ethanol level in the blood.  In practice, detection of liver disorder 
induced by chronic alcohol consumption is done by measuring the serum levels of transaminases: 
glutamic piruvic transaminase (SGPT) and glutamic oxaloacetic transaminase (SGOT), which have 
been used as biochemical markers (Wallach, 2004 and POA, 2006). In spite of it, ALDH and FAEE 
both appear to have a higher level of specificity and stability, and so we decided to study the practical 
significance of ALDH and FAEE as Biochemical markers because they simply persist longer in the 
blood stream of an organism (Zakhari, 2006).  
 
Materials and Methods 
 
The study method was a true experimental design using randomized post test only control group. All 
Wistar rats were adapted in  cages in the Pharmacology Department  of Udayana University Medical 
Faculty. This study used 15 rats with 5 rats for treatment group treated with 5% alcohol, 5 rats for 
treatment group treated with 20% alcohol for six weeks, and 5 rats treated with distilled water was 
used for the control group. Qualitative analysis was carried out to detect the presence of ethanol and 
FAEE by GC-MS with retention time. Quantitative analysis was carried out to detect ALDH level by 
Elisa. GC can be used to analyze qualitative and quantitative ethanol and FAEE automatically. Elisa 
method was used to know the level of ALDH. The study was sanctioned by the Ethics Commission 
for Research and Research Development Unit Udayana University Medical Faculty/ Central General 
Hospital of Denpasar.  
 
Results  
 
Aldehyde Dehydrogenase Levels in Blood of Wistar Rats  
 
ALDH levels in the blood of Wistar rats following oral treatment with alcohol were as follows.  In 
chronic alcohol consumption, the level of  ALDH after 6 hours were 7.2878 ± 0.1465 U/L for alcohol 
5% and  8.4399 ± 0.5844 U/L for alcohol 20%. Whereas after drinking 24 hours, they were 7.7228 ± 
0.6406 U/L for alcohol 5% and 7.3933 ± 0.2739 U/L for alcohol 20%. Kolmogorov-Smirnov test 
showed that all the data were normal (p > 0.05). Furthermore, the homogeneity test data indicated that 
the data content in the blood of rats ALDH was homogeneous, as the p value was > 0.05.  Thus, all 
data can be analyzed by parametric tests using one-way ANOVA. The levels of ALDH in the blood of 
Wistar rats taken 6 and 24 hours after alcohol administration 5 % are significantly different (p < 0.05) 
(Table 1). This indicated that ALDH levels after 6 hours and 24 hours in six weeks after alcohol 
administration was significantly different. 
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Table 1. The levels of aldehyde dehydrogenase in the blood of  Wistar rats after chronic alcohol administration 
Treatment 6 hours p value 24 hours p value 

Control 3,9801 < 0.05* 3,9581 < 0.05* 

Alcohol 5% 7,2878 7,7228 
Alcohol 20% 8,4399 < 0.05* 7,3933 < 0.05* 

Description:* different significant statistically between control and treatment rat (alcohol 5% and 20%) in blood after 6 and 24 hours alcohol 
consumption. 
 

One-way Anova test showed  that ALDH level in rat’s blood were significantly different 
between control and 5% alcohol treatment for six weeks  (p < 0.05). In chronic of alcohol treatment  6 
hours, the ALDH level for alcohol 5% (7.2878 U/L) and for alcohol 20% (8.4399 U/L) were 
significantly higher than the control rats (3.9801 U/L). Similarly, in chronic alcohol treatment in  24 
hours, the ALDH level  for rat with 5% alcohol treatment (7.3933 U/L) and  for rat with 20% alcohol 
treatment were also  significantly higher than control rats (3.9581 U/L). 

 
Fatty Acid Ethyl Ester persist longer than Ethanol in blood of Wistar Rats 
 
After repeated chronic alcohol administration in  6 hours after the last treatment were  0.0000 ppm for  
control rats,  5.9357 ppm for 5% alcohol treatment and 1.3423 ppm for 20% alcohol  treatment. And 
in 24 hours after the last treatment showed that concentration of ethanol were 0.0000 ppm for control 
rats, 1.0283 ppm for 5% alcohol treatment and 1.5269 ppm for 20% alcohol treatment. However, data 
on FAEE were not quantitative but  as detectablity category 1 if there was no peak, category 2 if there 
was only 1 or 2 peaks and category 3 if  there were 3  peaks or more occurring at the  same retention 
time for FAEE standards. 

FAEE persisted longer than ethanol in the blood of rats after alcohol treatment.  After chronic 
alcohol treatment in 6 hours after 5% alcohol treatment, FAEE was significantly less datectable (1.8) 
than ethanol (3) (p < 0.05). However, in 24 hours,  FAEE was more detectable (2.4) than ethanol (1) 
(p < 0.05). In 6 hours after 20% alcohol treatment, FAEE was more detectable (1.4) than ethanol (1) 
and at 24 hours, FAEE was more detectable (2.4) than ethanol (1) (Figure 1).  
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Discussion  

 
Aldehyde dehydrogenase level in the blood of Wistar rats   
 
The results showed that ALDH level persisted longer (more higher) after peroral alcohol 5% 
consumption in the blood of Wistar rats both chronic compared to control rats.  

Figure 1. Mean of detection number FAEE and etanol after 
chronic alcohol consumption (5 dan 20%) 
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In chronic alcohol consumption, the different of mean ALDH levels  were 3.3077 and 4,4598 
after 6 hours significant different between control and alcohol treatment (5 % and 20%) respectively. 
The data indicated that the increase of ALDH levels were 83.11% and 112.05% at 5% and 20% after 
last alcohol administration.  

A similar result was also obtained in chronic alcohol administration, in 24 hours after alcohol 
consumption, it was also found significant different between control and alcohol treatment (5% and 
20%).  ALDH levels in blood rats were 3.7647 and 3.4352 and it seemed there was the increase of 
95.11% and 86.79%. This result was not  different from the result obtained in 6-hours examination. In 
general, the results obtained from repeated peroral administration of alcohol in rats can cause ALDH 
levels as a biochemical marker, in chronic. Marchitti et al. (2008) stated that the aldehyde is a reactive 
molecule that can be oxidized by ALDH into acetate. In people who consume alcohol will be 
increased acetaldehyde levels and become toxic to various organs/tissues. To prevent of poisoning by 
acetaldehyde,  the body produces ALDH to oxidize acetic acid (Hoek et al., 2004; Lieber, 2005; 
Moon et al., 2007). Thus, it could be understood that consuming alcohol continuously can make 
ALDH produce more enzymes. The consumption of chronic alcohol that can be cause someone to be 
accustomed (tolerance to alcohol) was closely related to  ALDH level in the body. The role of ALDH 
oxidize acetaldehyde into acetate was also proved in embryonic development, neurotransmision, 
oxidative stress, and cancer as well as functioning hydrolyze esters, antioxidants, bioaktivasi toxins, 
and ultraviolet light absorption (Marchitti et al., 2008). In this case acetaldehyde converted to acetate 
for subsequent metabolism.  

Repeated alcohol administration which becomes a social problem is called alcohol abuse or 
alcoholism. Lately, the experimental studies on the oxidation of ethanol have been carried out (Xin-
sheng Deng and Deitrich, 2008). It is said that ethanol is a complex problem and is not only seen from 
the ethanol itself, but also the metabolite acetaldehyde into acetic acid. ALDH plays an important role 
in tolerance and dependence of someone to alcohol. In the brain, the enzyme catalase which functions 
similar to Alcohol dehydrogenase (ADH), ethanol into acetaldehyde can alter the work of several 
mediators that interfere with central nervous system. Nakamura et al. (2004) also mentioned that the 
accumulation of acetaldehyde causes the release of Kupffer cells, TNF-α, and acute liver 
inflammation in rat.  

Chronic alcohol consumption as much as 90 g alcohol per day for five years or more for 
humans can cause pathological changes and disease on multiple organ systems such as liver, heart, 
and pancreas, especially those associated with fibrosis settled and cardiopathy. Research in animal 
models by Jones (2005) showed that the fibrosis caused by alcohol poisoning can be cured by zinc 
supplementation in the diet. Zinc is an antioxidant compound that can inhibit cell apoptosis and liver 
damage by blocking the formation of FAEE that trigger apoptosis and inflammation of liver cells 
(HepG2) (Ciesielska et al. (2007). The role of ALDH in the metabolism of alcohol is also reviewed by 
Zakhari, 2006. Variations of ALDH-gene influenced the levels of alcohol consumption, tissue 
damage, and  alcohol dependence. Lachenmeier, 2008 says that the use of alcohol can cause skin 
irritation, especially in human with ALDH deficiency. In the meantime, Seitz et al. (2001) states that 
alcohol consumption can increase the risk of cancer in the digestive system, especially in individual 
who suffer from lack of ALDH.  

 
Presence of Ethanol and FAEE in the blood of Wistar Rats  
 
Calibration is performed with GC obtained correlation coefficients of ethanol was 0.997 and the 
correlation coefficient of FAEE palmitic acid ethyl ester was 0.993. Results showed that the GC can 
be used to measure the levels of both compounds in the samples. The correlation coefficient and a 
resolution of the separation of many compounds are two important things in the validate method of 
analysis of certain compounds was done by GC. The study using a patient's hair samples showed that 
the correlation coefficient of palmitic acid ethyl ester was 0.945 with a cut-off value between heavy 
drinkers and non drinkers at 0.40 ng/mg (Wurst, et al., 2004). Furthermore Yegles et al. (2004) 
compared EtG and FAEE levels among heavy drinkers (EtG 0.03 to 0.42 ng/mg; FAEE 0.65 to 20.50 
ng/mg) and lightweight (EtG <0.002 ng/mg; FAEE from 0.26 to 0.50 ng / mg). Strong positive 
relationship with R2 value of 0.0914 was obtained between EtG and FAEE as determined by GC-MS. 
EtG in the study were purified by SPE method using aminopropil column, whereas FAEE 
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microextraction purified by solid phase method (solid phase microextraction/SPME). From these 
results one could prove with heavy drinkers to see FAEE cut-off value of 1 ng/mg, the presence of 
EtG has been enough to prove that someone is a heavy alcohol drinker. FAEE measurement 
validation in rat blood was done by standard palmitic acid ethyl ester, myristic, linoleic, oleic, and 
stearic. With some of the standard equation of each line in succession FAEE was y = 0.056 x with R2 
= 0.995, y = 0.059 x with R2 = 0.993, y = 0.013 x with R2 = 0.889, y = 0.070 x with R2 = 0.989; y = 
0.064 x with R2 = 0.992. However, with these standards using the original blood sample of rat, the 
results showed the qualitative data in the form of chromatogram peak FAEE that can not be converted 
to FAEE concentration using standard equations above. In fact, the chromatogram using some of the 
above standard has been in line with research Wurst et al., 2004 which found that the cut-off value of 
ethyl palmitate amounted to 0.40 ng/mg with R2 = 0.945 in hair and has been used as biological 
markers of consumption 30-60 g alcohol per week. Some factors that cause the chromatogram peak 
not to be  converted into FAEE levels were the low levels of FAEE in the blood sample. This situation 
is caused by sample preparation by SPE which were not maximal and small FAEE levels in the rat’s 
blood.  

Sample preparation is an important factor in determining the levels of FAEE in biological 
samples. In this study, FAEE were isolated and purified from rat’s blood using SPE and then injected 
into a Varian GC-MS equipment DB-5% phenyl methyl Polysiloxane calibrated with internal standard 
ethyl caproate. This method has been applied by previous researchers (Chaterine et al., 2003; Caprara 
et al., 2006) for biological samples such as blood, tissues, meconium, and human hair with an 
extraction efficiency rate reaches 40 to 73% and detection limit (limit of detection /LOD) reached 
0.008 to 0.084 pmol/mg. In addition FAEE levels by SPE method can also be determined by binding 
of albumin carrying fatty acids (Best et al., 2006). FAEE levels were  obtained between 0.1 and 2.0 
mol per mol protein by using hair samples. The use of hair samples to detect FAEEs have been held 
by Pragst and Yegles, 2008 and it is one technique to detect alcohol abuse during pregnancy 
retrospectively. Tracking FAEE in hair samples is better than in blood sample as performed in this 
study but it needs further research.  

FAEE and EtG are metabolite of ethanol specific markers and sensitive and can be obtained with 
a mixture of solid phase microextraction n-heptana/dimetil sulfoxide tetra-hydrofuran and GC-MS. 
The detection limit of FAEE and EtG was 10-10 pg/mg (Pragst and Yegles, 2008). However, Wurst et 
al., 2006 mention that FAEE is a new marker to identify sensitive and specific alcohol abuse 
compared with other alcohol metabolites. The presence of FAEE in hair has been used as biological 
markers in the prenatal period for diagnosis of fetal abnormality rate due to alcohol (Fetal Alcohol 
Spectrum Disorder/FASD) in pregnant women who suffered from alcoholism (Kulaga et al., 2009). 
Moore et al., 2003 state that the total FAEE concentration > 10 000 ng/g in meconium specimens was 
strong enough to show that new births have been exposed to some alcohol during pregnancy.  

FAEE was detected by Infrared (IR) spectroscopy to prove the functional group of FAEE 
compound.  The specific functional group FAEEs were C-H (3600-2500 cm-1); C = O of aldehydes, 
ketones, and carboxylic ester (1870-1540 cm-1); C = C (1455 and 1390 cm-1); and C-O (1190-1140 
cm-1) (Silverstein, 1991).  

In this study it was also observed that in chronic alcohol administration, ethanol is fast 
disappearing from the blood when compared with the acute alcohol administration. The higher ALDH 
level after chronic alcohol consumption (Table 1) due to loss of alcohol from the blood. It is known 
that ALDH oxidizes acetaldehyde (a toxic compound) to acetic acid (is not toxic) (Moon et al., 2007; 
Nakamura et al., 2004; Giebultowicz et al., 2008; Marchitti et al., 2008). In chronic alcohol 
consumption, ethanol is rapidly disappearing from the blood and can cause tolerance of alcohol 
consumption. Tolerances were not easily visible, intoxicated when they became accustomed to 
consuming alcohol and ethanol could be as enzyme inducer (Katzung, 2002;Yoon et al., 2006).  

 
Conclutions  

 
Aldehyde dehydrogenase level persisted longer in the blood of Wistar rats after peroral alcohol 
consumption for six weeks. In the blood taken after 6 hours, at 5% alcohol ALDH level was higher or 
increased by 83.11% and 20% alcohol by 112.05%. But, after 24 hours, 5% alcohol content of ALDH 
was higher or increased by 95.11% and 20% alcohol by 86.79%. 



 
 

6 
 

Fatty  Acid  Ethyl  Esters   persisted   longer   than    peroral  ethanol after peroral alcohol 
consumption for six weeks.  It looked at  providing alcohol 5%  and 20% in blood collected after 24 
hours.   
 
Suggestions 

 
ALDH and FAEE biochemical markers can be used as a diagnostic test after 24 hours of peroral 
alcohol consumption and the test can provide a longer time. 

Searching on FAEE detection by ELISA to obtain quantitative results simultaneously and in cases 
of alcohol abuse. 
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