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Les bassins versants du Burkina Faso, cruciaux pour l'approvisionnement en eau de surface, subissent 
une dégradation caractérisée par une diminution des superficies des plans d'eau. 
alarmante a motivé, la présente étude, dont l'objectif est d'analyser l'évolution temporelle et spatiale 
des plans d'eau du bassin versant du Lac Bam.
diachronique des images Landsat des années 
disparité morphologique de l'espace occupé par les plans d'eau au cours de la période étudiée. En 
effet, ces plans d'eau sont passés d'une superficie de 2885,67 hectares en 1986 à 1105,75 hectares en 
2000, pour atteindre 618,37 hectares en 2014, soit un taux moyen de régression annuel de 2,80% en 
28 ans.
de son périmètre au cours de la même période. Le périmè
kilomètres en 1986 à 48,30 kilomètres en 2000, puis à 42,38 kilomètres en 2014. Parallèlement, sa 
superficie a également connu une diminution, passant de 853,67 hectares en 1986 à 585,11 hectares 
en 2000, pour finaleme
évolution préoccupante de la dynamique des plans d'eau du bassin versant du Lac Bam, soulignant 
ainsi l'urgence d'identifier les facteurs sous
appropriées pour une gestion durable de ces ressources en eau.
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INTRODUCTION 
 

Obstructive jaundice is a mechanical obstruction due to a 
tumor, stone, inflammation and many other 
intrahepatic bile duct pathologies and results in accumulation 
of bile in liver cells and bile ducts(1). Toxic substances that 
should have been excreted by the bile accumulate in the blood 
as a result of the ensuing disruption in the entero
This high toxic substance level causes many complications 
such as hepatic dysfunction, immunosuppression and 
hypotension. Obstructive jaundice has a high mortality and 
morbidity rate due to its complications (1,2,3).
acid is a molecule with antioxidant characteristic. Lipoic acid 
is synthesized by lipoic acid synthase found in mitochondria in 
physiological systems (4). Alpha lipoic acid derivatives react 
with oxygen radicals and remove them from the environment 
(5,6). Alpha lipoic acid has also been shown to decrease 
fibrosis by stopping the PAI-1 inhibitor that plays a role in the 
fibrosis process (7). We aimed to investigate the effect of alpha 
lipoic acid on obstructive jaundice by intraperitoneal 
administration in rats with experimental obstructive jaundice in 
this study. 
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ABSTRACT 

Les bassins versants du Burkina Faso, cruciaux pour l'approvisionnement en eau de surface, subissent 
une dégradation caractérisée par une diminution des superficies des plans d'eau. 
alarmante a motivé, la présente étude, dont l'objectif est d'analyser l'évolution temporelle et spatiale 
des plans d'eau du bassin versant du Lac Bam. La méthodologie adoptée repose sur une analyse 
diachronique des images Landsat des années 1986, 2000 et 2014. Les résultats obtenus révèlent une 
disparité morphologique de l'espace occupé par les plans d'eau au cours de la période étudiée. En 
effet, ces plans d'eau sont passés d'une superficie de 2885,67 hectares en 1986 à 1105,75 hectares en 

000, pour atteindre 618,37 hectares en 2014, soit un taux moyen de régression annuel de 2,80% en 
28 ans. Quant au réservoir du lac, il a également subi une régression significative de sa superficie et 
de son périmètre au cours de la même période. Le périmètre du lac a diminué passant de 64,77 
kilomètres en 1986 à 48,30 kilomètres en 2000, puis à 42,38 kilomètres en 2014. Parallèlement, sa 
superficie a également connu une diminution, passant de 853,67 hectares en 1986 à 585,11 hectares 
en 2000, pour finalement atteindre 349,63 hectares en 2014. Ces résultats mettent en évidence une 
évolution préoccupante de la dynamique des plans d'eau du bassin versant du Lac Bam, soulignant 
ainsi l'urgence d'identifier les facteurs sous-jacents à cette régression et de prop
appropriées pour une gestion durable de ces ressources en eau. 

 This is an open access article distributed under the Creative Commons
medium, provided the original work is properly cited. 

Obstructive jaundice is a mechanical obstruction due to a 
tumor, stone, inflammation and many other extrahepatic or 
intrahepatic bile duct pathologies and results in accumulation 
of bile in liver cells and bile ducts(1). Toxic substances that 
should have been excreted by the bile accumulate in the blood 
as a result of the ensuing disruption in the enterohepatic cycle. 
This high toxic substance level causes many complications 
such as hepatic dysfunction, immunosuppression and 
hypotension. Obstructive jaundice has a high mortality and 
morbidity rate due to its complications (1,2,3). Alpha lipoic 

molecule with antioxidant characteristic. Lipoic acid 
is synthesized by lipoic acid synthase found in mitochondria in 
physiological systems (4). Alpha lipoic acid derivatives react 
with oxygen radicals and remove them from the environment 

ic acid has also been shown to decrease 
1 inhibitor that plays a role in the 

We aimed to investigate the effect of alpha 
lipoic acid on obstructive jaundice by intraperitoneal 

xperimental obstructive jaundice in 

 
 

MATERIALS AND METHOD
 
The study was conducted after obtaining permission from the 
Kafkas University Animal Trials Local Ethics Committee 
(KAÜ-HADYEK - 2012-31). 
 
Animals: We used 24 Wistar albino female ra
weight of 250-300 g divided into 3 groups of 8 animals.
 
Group I: Sham group (the group where only laparotomy was 
performed). 
 
Group II: Alpha lipoic acid (a
administered alpha lipoic acid at a dose of 75 mg/kg 
intraperitoneally together with an obstructive jaundice model),  
 
Group III: Control group (the group where only the 
obstructive jaundice model was used),
 
Surgical procedure: The rats in all study groups were kept in 
the same laboratory environment for one week b
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Les bassins versants du Burkina Faso, cruciaux pour l'approvisionnement en eau de surface, subissent 
une dégradation caractérisée par une diminution des superficies des plans d'eau. Cette tendance 
alarmante a motivé, la présente étude, dont l'objectif est d'analyser l'évolution temporelle et spatiale 

La méthodologie adoptée repose sur une analyse 
1986, 2000 et 2014. Les résultats obtenus révèlent une 

disparité morphologique de l'espace occupé par les plans d'eau au cours de la période étudiée. En 
effet, ces plans d'eau sont passés d'une superficie de 2885,67 hectares en 1986 à 1105,75 hectares en 

000, pour atteindre 618,37 hectares en 2014, soit un taux moyen de régression annuel de 2,80% en 
Quant au réservoir du lac, il a également subi une régression significative de sa superficie et 

tre du lac a diminué passant de 64,77 
kilomètres en 1986 à 48,30 kilomètres en 2000, puis à 42,38 kilomètres en 2014. Parallèlement, sa 
superficie a également connu une diminution, passant de 853,67 hectares en 1986 à 585,11 hectares 

Ces résultats mettent en évidence une 
évolution préoccupante de la dynamique des plans d'eau du bassin versant du Lac Bam, soulignant 

jacents à cette régression et de proposer des mesures 
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AND METHODS 

The study was conducted after obtaining permission from the 
Kafkas University Animal Trials Local Ethics Committee 

We used 24 Wistar albino female rats with a live 
300 g divided into 3 groups of 8 animals. 

Sham group (the group where only laparotomy was 

Alpha lipoic acid (a-LA) group (the group 
administered alpha lipoic acid at a dose of 75 mg/kg 

toneally together with an obstructive jaundice model),   

Control group (the group where only the 
obstructive jaundice model was used), 

The rats in all study groups were kept in 
the same laboratory environment for one week before the 
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experiment and were fed standard rat food ad libitum. They 
were then anesthetized by using a combination of 
intraperitoneal 10 mg/kg xylazine HCl (Rompun 2%, Bayer - 
Turkey) and 80 mg/kg ketamin HCl (Ketasol, 50 mg/ml, inj., 
İnterhas, Turkey).  Each animal was placed on the operation 
table in the supine position and the ventral abdominal region 
was prepared for aseptic surgery. The anterior abdominal wall 
was shaved and site cleaning was performed with povidone 
iodine. The abdomen was entered with median laparotomy. 
The main bile duct was located and left as is in the Sham 
group. The main bile duct was again located in Group II and 
Group III. The bile duct was ligated in both Group II and III. 
The layers were then anatomically closed with 5/0 silk. The 
abdominal suture line was cleaned with povidone iodine. We 
then administered daily 50 mg/kg/day Alpha lipoic acid (a-LA) 
intraperitoneally (IP) for ten days. Blood was drawn on the 
postoperative 3rd, 5th and 10th days and the animals were 
sacrificed by hypovolemia 
 
Cytogenetic Study: The femoral bones of the sacrificed rats 
were removed. After the bones were cleaned thoroughly from 
muscles, the femur bone was cut from both ends and the bone 
marrow was transferred to a centrifuge tube containing 3 ml of 
calf serum using a syringe. The tubes with bone marrow 
sample were centrifuged at 2000 rpm for 5 minutes. The 
supernatant was thrown away. A drop of calf serum was added 
to the remaining part in the tube and suspended. A drop of this 
sample was smeared on clean slides. These slides were air 
dried and fixed in methyl alcohol for 10 minutes. Bone marrow 
preparations were evaluated with the method first developed 
by Schmid (8). Fixed preparations were first stained with 
0.25% May-Grünwald stain for 5 minutes and washed with 
pure water. Then they were again stained with 0.125% May-
Grünwald stain for 5 minutes and washed in pure water. 
Finally, they were stained with 20% Giemsa stain for 30 
minutes and washed and left to dry. The preparations were 
examined under an Olympus CX21 light microscope at 1000x 
magnification and 1000 PCEs (polychromatic erythrocytes) 
were randomly counted from the preparation. The number of 
MNPCEs (micronucleated polychromatic erythrocytes, figure 
1) was identified and the percentages determined.  
 
Statistical analysis: The SPSS18 software program was used 
for the statistical analyses of all data obtained from the study. 
Mean and standard deviations, which are the central 
distribution criteria, were calculated in the statistical analysis 
and the intergroup differences of nominal values were 
determined by using Fisher’s definite chi-square test. P values 
<0.05 were accepted as significant. The Kruskal-Wallis test 
was used for the analysis of the values obtained by 
measurement and the significance between the 2 groups for 
parameters found to be statistically significant was evaluated 
with the Mann-Whitney U test with Bonferroni correction; P 
values <0.015 were accepted as significant. 
 

RESULTS   
 
Cytogenetic Results: The number of MNPCEs was found to 
increase in the group with main bile duct ligation and the 
group with Ligation + alpha lipoic acid (50 mg/kg/day) 
compared to the Sham Group with Laparotomy only 
(p<0.001). Besides, administration of alpha lipoic acid together 
with ligation was found to show a protective effect by 
decreasing the MNPCE count. 

Table 2 presents the MNPCE counts, percentages and group 
means from a total of 10000 PCE cells counted in each group. 
(Table1).  
 

DISCUSSION 
 
Obstructive jaundice can develop due to various causes such as 
benign and malignant tumors of the bile duct, biliary surgery 
and biliary pancreatitis and results in structural and functional 
disorder of the hepatobiliary system. It can cause serious 
complications such as sepsis, renal and hepatic dysfunction, 
gastrointestinal hemorrhage, coagulopathy, cardiovascular 
dysfunction, and peripheral vasoconstriction. These 
complications are among important problems of general 
surgery due to the mortality and morbidity they cause (1,2). 
We therefore focused on obstructive jaundice in this study and 
aimed to investigate the effect of intraperitoneal alpha lipoic 
acid administration in rats with experimentally-induced 
obstructive jaundice. 
 
The endotoxemia that develops in obstructive jaundice triggers 
a pro-inflammatory process and results in the production of 
free oxygen radicals (1, 2, 3, 4). Glutathione plays a major role 
in cellular defense against oxygen radicals. MDA is the final 
product of lipid peroxidation. MDA levels increase in tissue 
damaged by lipid peroxidation (4,6). The activity of enzymes 
such as glutathione, peroxidase and superoxide dismutase that 
remove free oxygen radicals from the environment decreases 
and thus sensitivity to the tissue damage created by free 
oxygen radicals increases in rats with induced obstructive 
jaundice (9). Alpha lipoic acid is a molecule with antioxidant 
characteristic. Lipoic acid is synthesized by lipoic acid 
synthase found in the mitochondria in physiological systems 
(10). Alpha lipoic acid derivatives react with oxygen radicals 
and remove them from the environment and also protect the 
cell membrane by reacting with vitamin C and glutathione. It 
also contributes to the recycling of vitamin E (11,12).  Aydın 
et al.(13) studied the protective effect of lycopene, a 
carotenoid in many fruits and vegetables, against oxidative 
stress and DNA damage in Wistar albino rats where 
experimental bile obstruction had been created and reported 
lycopene to significantly decrease DNA damage and improve 
the liver and kidney damage seen in rats with obstructive 
jaundice. Tokaç et al.(14) investigated the effects of curcumin, 
known to have antioxidant characteristics, against DNA 
damage and oxidative stress created by bile duct ligation in 
Wistar albino rats and reported curcumin to decrease DNA 
damage and possibly have a protective effect on cholestasis-
caused damage in the rat liver and kidney tissues. Dadhania et 
al. (15) investigated the possible protective effects of alpha 
lipoic acid against intestinal toxicity created with methotrexate 
in Sprague-Dawley rats and reported that alpha lipoic acid 
decreased DNA damage and oxidative stress with a protective 
effect. Our cytogenetic data showed a significant difference 
between Group I, II and III for the number of micronuclei 
(p<0.001). Alpha lipoic acid had a protective effect with a 
decreased number of micronuclei in Group II compared to 
Group III. We are aware that drugs have side effects in 
addition to therapeutic effects. We therefore prefer to use drugs 
at a therapeutic dose in daily practice to decrease the side 
effect incidence. However, we decided to conduct our study 
with a moderate alpha lipoic acid dose as determining a drug's 
effect using various doses can potentially provide a more 
objective approach.  
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Alpha lipoic acid has been reported to have beneficial effects 
in various pathologies such as atherosclerosis, diabetes, 
neuronal degeneration, joint disorders and multiple sclerosis 
(16). We were similarly able to show that alpha lipoic acid had 
beneficial effects in obstructive jaundice, a condition we 
frequently encounter, in a rat model. We believe this drug that 
is commonly used for many disorders in the clinic can also be 
used in obstructive jaundice cases in the future. We hope that 
our study will guide future studies on the subject. In 
conclusion, we believe that alpha lipoic acid contributes to the 
prevention of obstructive jaundice when administered 
intraperitoneally in rats with experimental obstructive 
jaundice. 
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Table 1. Groups, MNPCE Group Means and MNPCE (%) rates 
 

Groups Total PCE MNPCE MNPCE (%) Group Mean 

Sham Group that Underwent Laparotomy Only (n=10) 10000 32 0.32 3.2 
Group that Underwent Bile Duct Ligation (n=10) 10000 165 1.65 16.5 
Ligation + Alpha Lipoic Acid (50 Mg/Kg/Day) (n=10) 10000 76 0.76 7.6 

PCE: Polychromatic erythrocyte, MNPCE: Micronucleated Polychromatic Erythrocyte 
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