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ABSTRACT 

The present study aims to evaluate the effect of dehydroepiandrosterone (DHEA)  on adenylate  nucleaotide  pool including ATP, 
ADP, AMP, total adenylate (TA), adenylate energy charge (AEC) phosphate potential and inorganic phosphate (Pi) in partially 
hepatectomized, propagated- cirrhotic and cirrhotic -partially hepatectomized rats. Male Wistar albino rats (100: 120g) rats were 
used in this study and DHEA hormone was administered orally by gastric intubation at a dose 300 mg/kg body weight daily for two 
weeks. The present biochemical results reveal disturbances in adenylate nucleaotide pool in hepatectomized, cirrhotic and cirrhotic-
hepatectomized rats and attenuation of these findings upon treatment with DHEA. Thus, it could be concluded that, DHEA 
treatment markedly ameliorate the adenylate pool in different therapeutic groups. 

Keywords: Dehydroepiandrosterone (DHEA), hepatectomized rats, cirrhotic, adenylate energy pool. 

 
INTRODUCTION 

ehydroepiandrosterone (DHEA) is naturally 
occurring adrenal steroid in mammals which can 
be synthesized via cholesterol and is metabolized 

to androsten-edione and estrogens. The decline in their 
production is the most characteristic age-related change 
in the adrenal cortex.1 

It was reported that, DHEA has various biological effects, 
such as antiobesity, antidiabetic and anticarcinogenic 
when administered to mice and rats. In addition, DHEA in 
vivo plays a role in peroxisome proliferators activated 
receptor alpha induced DNA synthesis in rats after partial 
hepatectomy.2 Moreover, DHEA facilitates liver 
regeneration after partial hepatectomy.3 

Actually, liver regeneration is a fundamental mechanism 
by which the liver can withstand injury. Changes in the 
morphology and physiology of organs and tissues such as 
the liver might be due to the accumulation of oxidative 
oxygen species (ROS) and reactive nitrogen species (RNS). 

Hepatocytes are very rich in mitochondria and have a 
high respiratory rate, so they are exposed to large 
amount of ROS and permanent oxidative stress which 
may be involved in the hepatocyte dysfunction observed 
in the setting of fulminate hepatic failure.4 

In addition, mitochondria isolated from rat liver during 
the early phase of liver regeneration, after partial 
hepatectomy showed marked decrease in the rate of ATP 
synthesis, increase of malondialdehyde and of oxidized 
protein production, decrease of the content of intra–
mitochondrial glutathione and of protein thiols on 
mitochondrial proteins as well as increase of glutathione 
bound to mitochondria proteins by disulfide bonds. These 

observations suggested an increase production of ROS in 
liver mitochondria following partial hepatectomy.5 

Dimethyl nitrosamine (DMN) through metabolic 
activation by cytochrome P450 2E1 exerts hepatotoxicity 
and tissue injury. Liver injuries induced by multiple DMN 
treatments lead to hepatic necrosis, fibrosis, and 
eventually cirrhosis.6 

Thus, the present results aim to evaluate the level of ATP, 
ADP, AMP, TA, phosphate potential and inorganic 
phosphate in partially hepatectomized, cirrhotic and 
cirrhotic–hepatectomized rats and the effect of DHEA 
hormone in amelioration the level of adenylate 
nucleotide pool in different therapeutic groups. 

MATERIALS AND METHODS 

Chemicals 

All chemicals used in the present study were of high 
analytical grade, products of Sigma (USA), DHEA 
manufactured by Natrol, Inc. Chatsworth (USA). 

Animals 

Male Wistar albino rats (100: 120g) were selected for this 
study. They were obtained from the Animal House, 
National Research Center, Egypt. All animals were kept in 
controlled environment of air and temperature (26±3°C) 
with access of water, diet and ad libitum. 

Ethics 

Anesthetic procedures and handling with animals were 
complied with the ethical guidelines of Medical Ethical 
Committee of the National Research Centre in Egypt and 
performed for being sure that the animals not suffer at 
any stage of the experiment. 
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Partial Hepatectomy 

Rats were partially hepatectomized at 9-10 am according 
to the method of Higgins and Anderson.7 

Induction of Cirrhosis 

Liver cirrhosis was initiated by intraperetonial injection of 
dimethyl nitrosamine at a dose of 1 ml (diluted 1:100 with 
0.15 M sterile NaCl) per 100 gm body weight. The 
injections were given on three consecutive days of each 
week for a period of 3 weeks.8 

Route of Administration 

DHEA suspended in H20 and given orally by gastric 
intubation in a dose of 300 mg/kg body weight daily for 
two weeks.3 

Experimental Design 

A total of 190 adult Wistar albino rats, weighing 100-120 
g. were randomly divided into 7main groups, fed on 
standard diet and tap water as follows: 

Group (1): Normal healthy untreated control group (10 
rats). 

Group (2): Untreated 33% partially hepatectomized rats 
(40 rats), sacrificed, after one, three days, one and two 
weeks (10 rats each), respectively. 

Group (3): Untreated propagated-cirrhotic rats (10 rats), 
liver cirrhosis was initiated for one month, and then rats 
were sacrificed immediately. 

Group (4): untreated cirrhotic- hepatectomized rats (40 
rats), cirrhotic rats post one month of imitation were 
subjected to one third partial hepatectomy and then 
were sacrificed, after one, three days, one and two weeks 
respectively (10 rats each). 

Group (5): Treated hepatectomized rats with DHEA (40 
rats) and sacrificed also, after the same intervals 
respectively (10 rats each). 

Group (6): Treated cirrhotic rats (10 rats) treated with 
DHEA for two weeks and then sacrificed. 

Group (7): Treated cirrhotic-hepatectomized rats (40 
rats), treated with DHEA and scarified after one, three 
days, one and two weeks of treatment (10 rats at each 
interval). 

Enzymatic determination of adenosine nucleotides (ATP, 
ADP and AMP) and inorganic phosphate (Pi) in tissue 
extracts of Albino rat liver 

Preparation of tissue extract 

Adenosine nucleotides were extracted from liver of albino 
rats using trichloroacetic acid (7% TCA) according to the 
method of Wijsman.9 0.25 g from rats liver tissue (V1) 
were homogenized in 5 ml ice-cold 7% TCA (V2). The 
homogenate was centrifuged at 3000 rpm for 15 minutes. 
The supernatant (V3) was neutralized with 0.25 M sodium 
hydroxide to pH 6.5-7. The volume of the neutralized 

extract was measured (V4). The neutralized solution was 
allowed to stand for 10 minutes in ice-cold water, the 
precipitate was discarded and the supernatant was used 
for measuring ATP, ADP, AMP and Pi. From V1, V2, V3 and 
V4 the dilution factor (F) can be calculated according to 
Lamprecht and Trautschold10 from the following 
equation: 

 
Determination of ATP with hexokinase and glucose-6-
phosphate dehydrogenase (G-6-P-dehydrogenase) 

The enzymatic determination of adenosine triphosphate 
(ATP) by spectrophotometric method involving pyridine 
nucleotides has come into general use because of its 
simplicity according to Lamprecht and Trautschold.10 

Determination of ADP and AMP 

ADP and AMP in tissue extract of albino mice were 
determined according to the method of Jaworek et al.11 

Calculation of Adenylate Energy Charge (AEC) 

Adenylate energy charge has been proposed as a 
measure of the energy potentially available from the 
adenylate system for cellular metabolism and can be 
calculated from the following equation according to 
Atkinson and Walton.12 

 
and is expressed without dimension. 

Determination of inorganic phosphates (Pi) 

Inorganic phosphates (Pi) was determined in the same 
extract in which ATP, ADP and AMP were determined. 
The method used was that of Fiske and Subbarow.13 

Calculation of phosphate potential 

Phosphate potential is an alternative index used to 
indicate the free energy status of the tissues and can be 
calculated from the concentrations ratio of [ATP], [ADP] 
and [Pi] according to Van Waarde et al.14 

 
is expressed without dimensions. 

Statistical Analysis 

Statistical analysis is performed using two ways analysis 
of variance (ANOVA) combined with Co-state computer 
program and Post Hoc (LSD). Unshared letters between 
groups are significant at p value ≤ 0.05. 
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RESULTS 

Effect of DHEA treatment on ATP, ADP and AMP, levels, 
adenylate energy charge (AEC), total adenylate (TA) 
level, inorganic phosphate level and phosphate potential 
in different therapeutic groups 

As compared to normal healthy rats, partially 
hepatectomized rats showed insignificant decrease in 
AMP level after one, three days and two weeks, while 
significant decrease (p≤0.05), post one week of operation 
was demonstrated with percentage decrease reached to 
48.45% (Fig.1). ADP level showed significant increase with 
time intersection reached to its highest percentage 
increase two weeks post-surgery (1480.00%) (Fig.2). 
However, ATP level  showed  significant 
(p≤0.05),decrease with time intersection  recorded more 
or less similar  lower levels one and two weeks post 
operation(72.56% and 71.39%, respectively) (Tables 1,2 
and Fig 3). Whereas, AEC, recorded significant decrease 
with time intersection and showed its lowest value two 
weeks post operation with percentage decrease 
amounting to 26.23% (Fig. 4). Also, TA showed significant 
decrease at 1st, 3rd day and 1st week with percentages 
60.39, 48.69 and 51.52%, respectively, although, two 
weeks post operation exhibited insignificant change as 
compared to normal control group (Fig 5). With regard to, 
inorganic phosphate and phosphate potential, significant 
decrease (p≤0.05) was noticed in the concentration of 
inorganic phosphate with different intervals recorded the 
lowest concentration level after one day (80.20%). While, 
phosphate potential demonstrated insignificant change 
after one day, one week and two weeks post operation, 
while significant decrease was observed after three days 
with percentages decrease 86.66 and 60.00%, 
respectively as compared to normal healthy rats (Table 1, 
2 and Figs.6,7). 

In addition, as compared to normal control rats, 
propagated -cirrhotic rats showed insignificant decrease 
in AMP level, while ADP level recorded significant 
(p≤0.05) increase amounting to 486.39%. In contrast, ATP 
level demonstrated significant decrease reached to 27.85 
% (Table 1).Moreover, AEC and TA showed  insignificant 
change, while significant (p≤0.05), decrease was detected 
in inorganic  phosphate level and phosphate potential 
with percentages decrease amounting to  42.86% and 
50.00 % as compared to normal healthy rats (Table 2 and 
Figs 1-7 ). 

Concerning, cirrhotic–partially hepatectomized rats, 
insignificant change was recorded in AMP level one, two 
days and one week post operation, while two weeks 
showed significant increase with percentage increase 
reached to 118.87 % . While, ADP level exhibited 
significant increase with the time intersection recorded 
the highest percentage increase after two weeks 
(619.00%). In contradictory, ATP showed significant 
depletion with effect of time, recorded the lowest 
percentage decrease after two weeks (45.30%) (Table1 
and Figs 1-3). Regarding to AEC, it showed significant 

decrease after one, three days and two weeks with 
percentages 35.80, 11.40 and 18.40%, respectively, while 
insignificant change in AEC was detected after one week 
(Fig. 4).  TA and inorganic phosphate showed significant 
increase (p≤0.05), after one day with percentages 
increase reached to 79.50 and 38.78%, respectively, 
while, significant decline was demonstrated in TA after 
three days (41.80%) and one week (42.80%), followed by   
insignificant change  after two weeks(Fig. 5). However, 
inorganic phosphate level recorded insignificant change 
after three days and two weeks, while one week showed 
significant decrease with percentage of 39.52 %, as 
compared to normal control rats (Fig. 6). Furthermore, 
phosphate potential declared significant decrease after 
one, three days and two weeks with percentages 
decrease 83.6, 83.33 and 73.33%, respectively, while, 
insignificant change was detected after one week (Table2 
and Fig. 7). 

Furthermore, treatment of partially hepatectomized rats 
with DHEA showed significant (p≤0.05), decrease in AMP 
level after one day of   DHEA treatment with percentage 
decrease amounting to 78.30%, while significant increase 
was detected after three days, one and two weeks of 
treatment with percentages increase reached to 58.49, 
31.32 and 59.43 %, respectively (Fig.1) . Also, ADP 
exhibited significant increase after one, three days and 
one week post treatment with percentages increase 
186.05, 418.32 and 395.64%, respectively, while 
insignificant change was observed in ADP level two weeks 
post DHEA treatment (Fig.2) . Remarkable significant 
decrease in ATP level was detected in partially 
hepatectomized rats treated with DHEA after one and 
three days (37.99 and 31.51 %, respectively), while 
insignificant change was observed after one week of 
treatment. Whereas, significant increase (10.09%), was 
noticed post two weeks as compared to normal healthy 
rats (Table 1 and Fig.3). Considering AEC, insignificant 
change was noticed with time intersection post DHEA 
treatment (Fig. 4). However, significant decrease was 
observed in TA level at 1st day post treatment with 
percentage decrease reached to 33.77 %, then, 
insignificant change was detected (Fig. 5). On the 
contrary, significant increase in inorganic phosphate was 
recorded one day post treatment with percentage 
increase 27.83%, and insignificant change was noticed 
after other durations (Fig.6). Treatment of partially 
hepatectomized rats with DHEA showed also, insignificant 
change in phosphate potential after one, three days and 
one week post treatment, while, two weeks after 
treatment showed significant increase (p≤0.05), reached 
to 106.63%, as compared to normal healthy rats (Table 2 
and Fig. 7). 

It was found that, cirrhotic rats after two weeks of DHEA 
treatment, exhibited significant increase(p≤0.05) in AMP, 
ADP, ATP and TA with percentages increase amounting to 
115.967, 967.44, 12.333 and 55.53%, respectively, while 
AEC and phosphate potential recorded significant 
decrease of 6.55 and 73.06%,respectively as compared to 



Int. J. Pharm. Sci. Rev. Res., 33(2), July – August 2015; Article No. 57, Pages: 285-294                                                        ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
 

288 

normal control group. Although, insignificant change was 
noticed in inorganic phosphate level as compared to 
normal healthy rats (Table 1and Figs 1-7). 

Moreover, treatment of cirrhotic–partially 
hepatectomized rats with DHEA showed 
significant(p≤0.05), increase in AMP level after three days 
and one week of treatment with percentages increase 
reached to 104.30 and 30.30%, respectively while, 
insignificant change post one day and two weeks of DHEA 
treatment (8.74 and 9.37%,respectively), was detected . 
Also, ADP level showed significant (p≤0.05), increase with 
time intersection recorded the minimum percentage of 
increase after three days (116.40%), while the highest 
percentage was recorded post two weeks of treatment 
(512.63%). However, ATP showed significant decrease 
(p≤0.05) after one and three days of DHEA treatment 
with percentages decrease reached to 36.81 and 25.67%, 
respectively. Insignificant change was observed in ATP 
level after one week of treatment followed by significant 
increase after two weeks of treatment with percentage 
increase 9.56%, as compared to normal control group 

(Table 1 and Figs 1-3). With regard to AEC, it showed 
insignificant change with the time intersection, as 
compared to normal control group (Fig. 4). TA  level 
showed significant decrease after one day (27.63%), 
followed by insignificant change after three days and one 
week as compared to normal control group. While, 
significant increase (26.68%), was noticed in TA level after 
two weeks of DHEA treatment as compared to normal 
control group (Fig.5). Inorganic phosphate showed 
significant decrease in cirrhotic –partially hepatectomized 
rats treated with DHEA with the time  intersection 
recorded percentages decrease amounting to 46.10, 
77.40, 76.80 and 57.90%, after one, three days, one and 
two weeks respectively (Fig. 6). While, phosphate 
potential demonstrated insignificant change one day post 
treatment as compared to normal control ,then 
significant increase was detected after three days, one 
and two weeks with percentages increase reached to 
243.33, 136.67 and 156.67%, respectively as compared to 
normal healthy rats (Table 2 and Fig. 7). 

Table 1: Effect of DHEA treatment on AMP, ADP and ATP levels in normal and different therapeutic groups 

Time 
Groups 

Parameters 
AMP ADP ATP 

1 
D

ay
 

1)Normal 1.06 ± 0.157 def 0.57 ± 0.013 ij 12.03 ± 1.068 f 

2)PH 0.81 ± 0.02 efg 1.35 ± 0.014 gh 3.42 ± 0.001 I 

3) Cirr.-PH 1.29 ± 0.04 cde 2.15 ± 0.002 a 2.43 ± 0.011 a 

4)Cirr.-PH with tt. 1.16 ± 0.03 def 1.44 ± 0.08 gh 7.60 ± 0.09 j 

5)PH with tt 0.23 ± 0.06 hi 1.64 ± 0.10 fgh 7.46 ± 0.01 b 

3 
D

ay
s 

1)Normal 1.06 ± 0.157 def 0.57 ± 0.013 ij 12.03 ± 1.068 e 

2)PH 0.93 ± 0.495 defg 3.64 ± 0.482 de 2.64 ± 0.091 d 

3) Cirr.-PH 0.97 ± 0.012 defg 2.72 ± 0.031 def 4.51 ± 0.232 k 

4)Cirr.-PH with tt. 2.18 ± 0.083 ab 1.24 ± 0.064 gh 8.94 ± 0.312 i 

5)PH with tt 1.68 ± 0.271 bc 2.97 ± 0.023 def 8.24 ± 0.561 b 

1 
w

ee
k 

1)Normal 1.06 ± 0.157 def 0.57 ± 0.013 ij 12.03 ± 1.068 b 

2)PH 0.55 ± 0.015 gh 2.98 ± 0.17 def 3.30 ± 0.242 bc 

3) Cirr.-PH 1.39 ± 0.113 cd 1.31 ± 0.03 gh 5.35 ± 0.102 j 

4)Cirr.-PH with tt. 1.39 ± 0.06 bc 2.26 ± 0.072 ef 11.58 ± 1.111 b 

5)PH with tt 1.39 ± 0.041 bc 2.84 ± 0.021 def 11.20 ± 1.041 b 

2 
w

ee
ks

 

1)Normal 1.06 ± 0.157 def 0.57 ± 0.013 ij 12.03 ± 1.068 a 

2)PH 0.80 ± 0.567 efg 9.06 ± 0.903 b 3.44 ± 0.201 f 

3)Cirr.-PH. 2.32 ± 0.891 a 4.12 ± 0.383 d 6.58 ± 0.219 c 

4)Cirr. 0.73 ± 0.06 fgh 3.36 ± 0.982 def 8.68 ± 0.801 j 

5)Cirr.-PH with tt. 1.17 ± 0.084 def 3.51 ± 0.061 de 13.18 ± 0.29 de 

6)Cirr.withtt 2.30 ± 0.045 a 6.12 ± 0.204 c 13.51 ± 0.93 g 

7)PH with tt 1.69 ± 0.029 bc 0.94 ± 0.008 hij 13.24 ± 1.13 b 

Data are means ± SD of 10 rats in each group; Unshared letters between groups are significant at P ≤ 0.05; Data are expressed in µmol /g wet weight; 
PH with tt: Partially hepatectomized rats with treatment; Cirr. with tt: Propagated cirrhotic rats with treatment.; Cirr.- PH. with tt: Propagated cirrhotic- 
partially hepatectomized rats with treatment.; PH: Partially hepatectomized rats.; Cirr.: Propagated cirrhotic rats.; Cirr.-PH: Propagated cirrhotic -
partially hepatectomized rats. 
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Table 2: Effect of DHEA treatment on adenylate energy charge, totaladenylate, inorganic phosphate levels and phosphate 
potential in normal and different therapeutic groups 

Time 
Groups 

Parameters 
AEC TA Inorganic phosphate Phosphate potential 

1 
D

ay
 

1)Normal 0.81 ± 0.02 bcd 14.09 ± 0.11 de 31.05 ± 0.002 cde 0.30 ± 0.0072 de 
2)PH 0.73 ± 0.02 f 5.58 ± 0.01 i 6.12 ± 0.03 jk 0.41 ± 0.003 cd 

3) Cirr.-PH 0.52 ± 0.05 i 25.30 ± 0.01 a 43.09 ± 2.76 a 0.54 ± 0.001 f 
4)Cirr.-PH with tt. 0.82 ± 0.05 bcd 10.20 ± 0.03 f 16.73 ± 0.04 hi 0.32 ± 0.67 de 

5)PH with tt 0.89 ± 0.05 bcd 9.33 ± 0.05 fg 39.69 ± 13.71 ab 0.29 ± 0.065 ef 

3 
D

ay
s 

1)Normal 0.81 ± 0.02 bcd 14.09 ± 0.11 de 31.05 ± 0.002 cde 0.30 ± 0.0072 de 
2)PH 0.64 ± 0.10 gh 7.23 ± 2.49 hi 10.63 ± 0.96 jk 40.00 ± 0.001 cd 

3) Cirr.-PH 0.72 ± 0.00 f 8.20 ± 0.04 gh 31.68 ± 0.087 cd 0.05 ± 0.678 f 
4)Cirr.-PH with tt. 0.77 ± 0.001 def 12.36 ± 0.07 e 7.00 ± 0.87 jk 1.03 ± 0.003 a 

5)PH with tt 0.76 ± 0.03 c 12.88 ± 1.88 e 24.82 ± 3.054 defg 0.27 ± 0.073 ef 

1 
w

ee
k 

1)Normal 0.81 ± 0.02 bcd 14.09 ± 0.11 de 31.05 ± 0.002 cde 0.30 ± 0.0072 de 
2)PH 0.72 ± 0.08 f 6.83 ± 2.75 hi 15.57 ± 6.930 hi 0.23 ± 0.0018 def 

3) Cirr.-PH 0.75 ± 0.01 f 8.05 ± 0.05 gh 18.78 ± 0.87 ghi 0.22 ± 0.003 def 
4)Cirr.-PH with tt. 0.83 ± 0.06 bc 15.24 ± 0.00 d 7.18 ± 0.98 jk 0.71 ± 0.07 b 

5)PH with tt 0.82 ± 0.08 bc 15.43 ± 1.29 d 22.73 ± 1.338 fghd 0.24 ± 0.086 def 

2 
w

ee
ks

 

1)Normal 0.81 ± 0.02 bcd 14.09 ± 0.11 de 31.05 ± 0.002 cde 0.30 ± 0.0072 de 
2)PH 0.60 ± 0.08 h 13.30 ± 0.07 e 19.77 ± 0.78 ghi 0.27 ± 0.008 d 

3)Cirr.-PH. 0.66 ± 0.01 g 13.02 ± 1.28 e 24.26 ± 4.581 efg 0.08 ± 0.004 f 
4)Cirr. 0.81 ± 0.09 cde 12.76 ± 0.01 e 17.74 ± 0.67 ghi 0.15 ± 0.007 f 

5)Cirr.-PH with tt. 0.85 ± 0.08 abc 17.85 ± 1.52 c 13.06 ± 1.67 ij 0.77 ± 0.06 b 
6)Cirr.withtt 0.76 ± 0.05 ef 21.92 ± 0.02 b 28.61 ± 0.912 cdef 0.08 ± 0.01 f 
7)PH with tt 0.86 ± 0.02 ab 15.87 ± 1.06 d 35.21 ± 1.54 bc 0.62 ± 0.512 bc 

Data are means ± SD of 10 rats in each group.; Unshared letters between groups are significant at P ≤ 0.05; Inorganic phosphate is expressed as µmol /g 
wet weight. Adenylate energy charge (AEC) and phosphate potential are without dimension.; PH with tt: Partially hepatectomized rats with treatment.; 
Cirr. with tt: Propagated cirrhotic rats with treatment.; Cirr.-PH with tt: Propagated cirrhotic- partially hepatectomized with treatment.; PH: Partially 
hepatectomized rats.; Cirr.: Propagated cirrhotic rats.; Cirr.-PH: Propagated cirrhotic -partially hepatectomized rats. 

 
Figure 1: Percentage change of  DHEA treatment on AMP 
level 

 
Figure 2: Percentage change of DHEA treatment on ADP 
level 

 

 
Figure 3: Percentage change of  DHEA treatment on ATP 
level.

 
Figure 4: Percentage change of DHEA treatment on AEC 
level 
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Figure 5: Percentage change of DHEA treatment on total 
adenylate level. 

 
Figure 6: Percentage change of DHEA treatment on 
inorganic phosphate 

 
Figure 7: Percentage change of DHEA treatment on 
phosphate potential 

DISCUSSION 

Liver regeneration after two-thirds partial hepatectomy 
(PH) in rodents has become a useful paradigm of studying 
regenerative organ growth. The popularity of the model is 
based on two important aspects. First, the removal of the 
resected tissue is not associated with massive necrosis. 
The resected hepatic tissues are amenable to “clean” 
removal due to the multilobular structure of rat and 
mouse liver. Thus, regeneration of the residual lobes from 
its very beginning is mediated by processes relevant only 
to liver tissue and not to necrosis or acute inflammation. 
In contrast, in models involving necrosis of lobular zones 
induced by toxins (such as CCl4, Di-methyl nitrosamine), 
the events of first day after toxic injury are dominated by 
acute inflammation of the necrotic zones. 
Polymorphonuclear leukocytes and macrophages 

infiltrate the necrotic area to remove dead hepatocytes. 
Second, because PH stimulates immediate initiation of 
regeneration without complications from inflammatory 
situations, and because PH can be performed in a few 
minutes, the regenerative phenomena can be precisely 
timed, with a reference (time 0) point from the time of 
the performance of PH. These two attributes of the 
model are the major reason for its usefulness and 
enhanced popularity.15 Hepatic fibrosis, which arises from 
overproduction of extracellular matrix, including 
collagens, is a prepathologic state of cirrhosis that occurs 
as a consequence of severe liver damage in diverse 
chronic liver diseases. Fibrogenesis with loss of liver 
function leads to development of cirrhosis. 
Dimethylnitrosamine (DMN) through metabolic activation 
by cytochrome P450 2E1 exerts hepatotoxicity and tissue 
injury. Liver injuries induced by multiple DMN treatments 
lead to hepatic necrosis, fibrosis, and eventually 
cirrhosis.6 

Because of liver function is usually impaired in patients 
with cirrhosis, and because cirrhotic livers are less able to 
regenerate, it is important to stimulate both the re-
generation and function of the remnant cirrhotic liver 
after hepatectomy. 

Liver injury is characterized by oxidative stress, 
inflammation and fibrosis. The use of drugs for cirrhosis 
treatment might be focused to attack the causes of 
oxidative stress and inflammation preventing cirrhosis 
complications and apoptosis.16 

The ameliorations of DHEA are attributed to a multi-
functional steroid produced in the adrenal cortex. It can 
also be synthesized in the central and peripheral nervous 
system17, and is involved in a wide range of biological 
effects in humans and rodents. Together with its sulphate 
ester (DHEA-S),they are the most abundant steroids in 
humans that can act both directly or through its 
metabolites (including androstenediol and 
androstenedione), which can undergo further conversion 
to produce primarily testosterone and estradiol.18 Several 
beneficial effects have been observed in relation to the 
administration of DHEA (mainly in animals), including 
improvement of vascular function19, cardioprotective, 
enhancement of glucose uptake in adipocytes and 
hepatocytes20, prevention of oxidative tissue damage, 
and action as an antioxidant agent, all of which provide a 
promising strategy for the treatment of hepatic  disorders 
and  nephropathy.21 DHEA supplementation in rodents 
has produced antioxidant effects in a wide variety of 
protocols for oxidative stress.22 Thus, the ameliorative 
effects of DHEA may be related to its   antioxidant effect 
that preserved liver functions and architectures.23 

Regarding to adenylate nucleotide pool, the present 
results reveal that partially hepatectomized rats exhibited 
insignificant decrease in AMP level after one, three days 
and two weeks, while significant decrease post one week 
of operation was demonstrated. ADP level showed 
significant increase with time intersection reached to its 
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highest percentage two weeks post-surgery. However, 
ATP level showed significant decrease with time, 
recorded the lowest   level two weeks post operation. 
Whereas, AEC recorded significant decrease with time 
intersection and showed   its lowest value two weeks post 
operation. Also, total adenylate, showed significant 
decrease with the time intersection. With regard to, 
inorganic phosphate and phosphate potential, significant 
decrease was noticed in inorganic phosphate with the 
effect of time, showed the lowest percentage decrease, 
at two weeks post operation, while phosphate potential 
demonstrated insignificant change at different durations 
post operation as compared to the normal healthy rats .In 
addition, cirrhotic rats showed an insignificant decrease 
in AMP level, while   ADP level recorded significant 
increase. In contrast, ATP level demonstrated significant 
decrease. Moreover,  AEC , total adenylate  and 
phosphate potential  showed insignificant decrease, while 
significant decrease was detected in  inorganic phosphate 
concentration  as compared to  the normal healthy rats. 
Cirrhotic - partially hepatectomized rats, showed an 
insignificant change in AMP level one, two days and one 
week post operation, while two weeks showed significant 
increase in AMP level. While, ADP level exhibited  
significant increase with the time intersection. In 
contradictory, ATP showed significant depletion with the 
effect of time .Whereas, AEC showed significant decrease 
at different durations recorded the lowest percentage 
decrease after one week. Total adenylate and inorganic 
phosphate showed significant increase after one day. 
While,   significant decline was demonstrated in total 
adenylate after three days and one week, followed by 
insignificant change after two weeks. However, inorganic 
phosphate recorded insignificant change after three days 
and significant decline at one week and insignificant 
change post two weeks as compared to normal control 
rats. Furthermore, phosphate potential declared 
significant decrease at one, three days and two weeks, 
while one week recorded insignificant change. 

It's of a great importance to mention that, mitochondria, 
the main supplier of cellular energy, are functionally 
impaired during the early phase of liver regeneration 
after partial hepatectomy. Mitochondrial dysfunction is 
accompanied by a higher release of ROS, oxidative 
damage for membrane proteins, lipids and a decreased 
ATP production.24  Previous studies have demonstrated 
that cellular apoptosis consumes large amounts of 
nicotinamide adenine dinucleotide (NAD),  and the 
process to resynthesize NAD, results in a decrease of 
cellular ATP level.25  Our data showed that ATP content 
was dramatically decreased in the livers of different 
experimental models. These situations were correlated 
with elevated levels of oxidative stress and increased 
expression of pro-apoptotic genes.25 

The energy charge level, which indicates a metabolically 
available energy pool, is normally maintained at a 
constant level. In this dynamic steady state, a rise in 
energy expenditure in the cells would result in a decrease 

of the energy charge. Also, it is considered as an index of 
such cellular energy status for understanding the range of 
equilibrium between energy generating and energy 
utilizing reactions within cells.26 

It was found that, AMP nucleosides acts as a regulator of 
intracellular levels of AMP. Regulation of the activity is a 
consequence of alterations in the ratio of ATP, AMP and 
Pi. Regulation of cellular energy metabolism may be 
brought about by changes in the ATP/ADP ratio, which is 
considered to reflect the metabolic status of the cell, a 
low ratio indicates reduced metabolism. ATP/AMP ratio 
reflects the energy requirement of a cell and rate of ATP 
utilization. Cells which require a large change in the rate 
of glycolysis to satisfy energy demands theoretically 
possess a high ATP/AMP ratio.27 

In Okatani et al.28 study, marked reduction in respiratory 
control index was detected in hepatic mitochondria from 
ischemia / reperfusion and explained this observation to 
a reduced State 3 respiration and an increased State 4 
respiration. The decrease in ADP/O in mitochondria from 
ischemia/reperfusion was likely due to uncoupling as a 
result of membrane damage. Ischemia / reperfusion and 
almost in general liver injury, a marked drop in the pH 
indicating a decrease in ATP synthesis and an uncoupling 
of oxidative phosphorylation. The increase in State 4 
respiration in mitochondria during liver injury may also be 
explained by their uncoupling. The stimulation of 
uncoupling induced by ischemia/reperfusion or 
cytotoxicity was supported by increase in ATPase activity. 
It was suggested that, the coupling mechanism for energy 
transfer reactions of the electron transport system may 
be altered during ischemia/reperfusion and liver injuries. 
Higher levels of oxygen free radicals are also found when 
the respiratory chain is inhibited.29 A large body of 
evidence suggested that a channel formed in 
mitochondrial membranes, identified as the permeability 
transition pore, is involved in cell damage associated with 
ischemia/reperfusion and several liver injuries.30 This 
channel increases the permeability of the inner 
mitochondrial membrane to solutes.31 Permeability 
transition pore opening is triggered by the association of 
calcium overload with an inducer such as oxidative stress 
or high phosphate concentrations; both these conditions 
are encountered during ischemia/reperfusion and  liver 
injuries.28Treatment of  partially  hepatectomized rats  
with DHEA, significant (p≤0.05), decrease in AMP level 
was detected 1st day of DHEA treatment,  while significant 
increase was recorded at 3rd day, one and two weeks of 
treatment with percentages of improvement  reached to 
68.70,79.00,83.40%, respectively. Also,  ADP exhibited 
significant increase at 1st, 3rd days and one week post 
treatment with percentages of improvement 34.80%, 
118.00%, 25.50% respectively, while insignificant change 
was observed in ADP level  two weeks post DHEA 
treatment . Remarkable significant increase in ATP level 
was noticed post two weeks with percentage of 
improvement 81.40% as compared to normal healthy 
rats.AEC showed insignificant change with time 
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intersection post DHEA treatment, while, significant 
decrease was observed in TA level at 1st day with 
percentage of improvement reached to 19.60%, then, 
insignificant change was detected. On the contrary, 
significant increase in inorganic phosphate was recorded 
one day and two    weeks post treatment with percentage 
of amelioration 108.10%, an insignificant change was 
noticed in inorganic phosphate level after three days, 
while significant reduction was recorded post one week. 
Treatment of partially hepatectomized rats with DHEA 
showed also, insignificant change in phosphate potential 
at 1st, 3rd days and one week post treatment, while, two 
weeks after treatment showed significant increase (p≤ 
0.05), reached to 116.8%, as compared to normal healthy 
rats. 

It was found that, cirrhotic rats after two weeks of DHEA 
treatment, exhibited significant increase(p≤0.05) in 
AMP,ADP, ATP and TA with percentages of improvement 
amounting to 147.10, 481.30,40.10 and 64.90%, 
respectively, while AEC and phosphate potential recorded 
significant decrease as compared to normal  control 
group. Although, insignificant change was noticed in 
inorganic phosphate level as compared to the normal 
healthy rats. 

Moreover, treatment of cirrhotic –partially 
hepatectomized rats with DHEA showed insignificant 
change of AMP level post   two weeks of DHEA treatment 
with a percentage of improvement 115.00%.Also, ADP 
showed significant (p≤0.05), increase with time 
intersection recorded  its lowest level after three days 
with percentage of improvement 258.10 %,while the 
percentage of improvement reached to 106.30% post two 
weeks of treatment. However, ATP showed significant 
increase at 2nd week post treatment with percentage of 
improvement 54.80% as compared to normal control 
group. With   regard to AEC, demonstrated insignificant 
change with the time intersection as compared to normal 
control group. TA level showed significant increase after 
two weeks of DHEA treatment with percentage of 
improvement 34.30% as compared to normal control 
group. Inorganic phosphate exhibited  significant 
decrease in cirrhotic –partially hepatectomized rats 
treated with DHEA with the time recorded percentages of 
enhancement reached to 84.80, 597.90, 37.30 and 
36.00% after one, three days, one and two weeks 
respectively. While, phosphate potential demonstrated 
insignificant change one day post treatment as compared 
to normal control, then  significant  increase was detected  
after three days, one and two weeks with percentages of 
improvement reached to 329.90, 164.90 and 234.30%, 
respectively as compared  to  normal healthy rats. 

The enhanced levels of adenylate nucleotide pool in 
different experimental groups treated with DHEA may be 
explained on the basis of, increased ADP-phosphorylation 
rates,  resulted in   stimulation of respiratory activity and 
increase in the energy potential of the liver.32 It is 
possible that DHEA treatment-induced changes in the 

respiratory activities in mitochondria that could influence 
the cellular reactive oxygen species (ROS). Thus, 
treatment with DHEA leads to stimulation of respiratory 
activity and increase in the energy potential of the liver 
mitochondria. However, the effects were dose dependent 
and tissue specific. Also, higher dose (2.0 mg) of DHEA 
had adverse effects.32 In   addition, treatment with DHEA 
resulted in an increase in the contents of cytochrome 
aa3b and ATPase activity. It is well established that crucial 
polypeptide of cytochrome oxidase, cytochrome b and 
FoF1 ATPase are coded by mitochondrial DNA.33 It may be 
suggested that, DHEA action may be mediated by 
activating specific mitochondrial genes coding for 
polypeptide subunits of cytochrome aa1, b and FoF1 
ATPase. In this connection, the presence of 
dexamethasone binding site in COX II region of 
mitochondrial genome has been demonstrated.32 It would 
be interesting to know if similar DHEA binding site(s) 
exists on mitochondrial genome. Likewise, increase in the 
glutamate dehydrogenase and succinate reductase 
activities suggested that DHEA action may also be specific 
for activating these nuclear genes.23 One mechanism 
indicated that, DHEA decreases the methylation of 
hepatic DNA by NDMA (Dimethyl nitrosamine), without 
inhibiting the metabolic activation of the carcinogen. This 
may be attributed to DHEA increased cellular protein 
content, which in turn serves as a trap for the 
electrophilic form of NDMA, thus reducing damage to 
cellular DNA. The significance of the results of this study 
is the decreased methylation of DNA in rats treated with 
DHEA. The present results supported the hypothesis that 
DHEA modulates NDMA–induced hepato- 
carcinogenesis.23 

It has been reported that treatment with DHEA elevated 
the concentration of NAD and NADP in liver34, and 
enhanced  the rate of malic enzyme gene transcription.35 
Hypertrophy of hepatocytes following treatment with 
DHEA has been attributed to proliferation of peroxisomes 
and mitochondria.36 Antioxidant effects of DHEA have 
also been demonstrated.37 

Hormone replacement therapy with DHEA is a frequently 
discussed topic, especially in Alzehimar‘s disease(AD) and 
general liver disease.38 DHEA is a well-known inhibitor of  
glucose 6-phosphate dehydrogenase (G6PD), and it is 
hypothesized that reduced G6PDH activity has a 
beneficial effect on age related disease development and 
longevity.39 Because NADPH is a key co-factor in the 
activity of many antioxidative and reductive enzymes40,  
its depletion may result in an impairment of fuel 
utilization and consequently the onset of the diseases. In 
addition to its other roles, NADPH is a co-factor for the 
enzyme CYP7B1, which is abundant in brain and liver  
tissues and responsible for 7a-hydroxylation of DHEA.41 In 
a good agreement with the present findings Liu and  
Dillon19, found that, mitochondria, isolated from rat livers 
during the early phase of liver regeneration (7–24)hours 
after partial hepatectomy), showed: (i) decrease in the 
rate of ATP synthesis; (ii) increase of malondialdehyde 
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and of oxidized protein production; (iii) decrease of the 
content of intra-mitochondrial glutathione and protein 
thiols of mitochondrial proteins; (iv) increase of the 
glutathione bound to mitochondrial proteins by disulfide 
bonds. These observations suggested an increase 
production of oxygen radicals in liver mitochondria, 
following partial hepatectomy, which can alter the 
function of the enzymes involved in the oxidative 
phosphorylation. 

CONCLUSION 

It could be concluded that, fluctuation in 
adenylatenucleotide pool level was achieved in 
hepatectomized, propagated-cirrhotic and cirrhotic -
partially hepatectomized rats and attenuation of these 
findings upon treatment with DHEA. Thus, DHEA 
treatment markedly ameliorate the adenylate pool 
including the level of ATP, ADP, AMP, phosphate 
potential, inorganic phosphate and adenylate energy 
charge in different therapeutic groups. 

REFERENCES 

1. Goel RM, Cappola AR, Dehydroepiandrosterone sulfate and 
postmenopausal women, Curr Opin Endocrinol Diabetes Obes, 
18(3), 2011, 171-176. 

2. Robinzon B, Miller KK, Prough RA, Biosynthesis of [3H]7alpha-
hydroxy-, 7beta-hydroxy-, and 7-oxo-dehydroepiandrosterone 
using pig liver microsomal fractions, Anal Biochem, 333(1), 
2004, 128-135. 

3. Kitamura T, Tanaka K, Morita K, Saito S, Kiba T, Numata K, 
Sekihara H, Dehydroepiandrosterone (DHEA) facilitates liver 
regeneration after partial hepatectomy in rats, Life Sci, 65(17), 
1999, 1747-1756. 

4. Detry O, Gaspar Y, Cheramy –Bien JP, De Roover A, Honore P, 
Meurisse M, Defraigne JO, Pincemail J, Oxidative stress in the 
liver and the brain of rats in fulminant hepatic failure, 
Transplant Proc, 37(6), 2005, 2883-2885. 

5. Guerrieri F, Vendemiale G, Grattagliano I, Cocco T, Pellecchia 
G, Altomare E, Mitochondrial oxidative alterations following 
partial hepatectomy, Free Radic Biol Med, 26(1-2), 1999, 34-
41. 

6. Kang KW, Kim YG, Cho MK, Bae SK, Kim CW, Lee MG, Kim SG, 
Oltipraz regenerates cirrhotic liver through CCAAT/enhancer 
binding protein-mediated stellate cell inactivation, FASEB J, 
16(14), 2002, 1988-1990. 

7. Higgins GM, Anderson RM, Experimental pathology of the 
liver: 1. Restoration of the liver of the white rat following 
partial surgical removal, Arch Pathol, 12, 1931, 186-202. 

8. George J, Rao KR, Stern R, Chandrakasan G, 
Dimethylnitrosamine-induced liver injury in rats: the early 
deposition of collagen, Toxicology, 156(2-3), 2001, 129-138. 

9. Wijsman TCM, Adenosine phosphates and energy charge in 
different tissues of Mytilusedulis L. under aerobic and 
anaerobic conditions, J Comp Physiol, 107(2), 1976, 129-140. 

10. Lamprecht W, Trautschold I, Determination of Adenosine – 5–
triphosphate with hexokinase and glucose-6- phosphate 
dehydrogenase. In: Methods of Enzymatic Analysis. Ed 
Bergmeyer HU, Academic Press, London, 1974, 2101-2109. 

11. Jaworek D, Gruber W, Bergmeyer HU, Adenosine-5-
diphosphate and Adenosine-5-monophosphate, In: Methods of 
Enzymatic Analysis, Ed Bergmeyer HU, VerlageChemieWein 
Heim, Academic Press, London, 1974, 2126-2131. 

12. Atkinson DE, Walton GM, Adenosine triphosphate conversion 
in metabolic regulation rat liver citrate cleavage enzyme, 
JBiolChem, 242(13), 1967, 3239-3241. 

13. Fiske CH, Subbarow Y, The colorimetric determination of 
phosphorus, J Biol Chem, 66, 1925, 375-400. 

14. Van Waarde A, Vanden Thillart G, Erkelens C, Addink A, 
Lugtenburg J, Functional coupling of glycolysis and 
phosphocreatine utilization in anoxic fish muscle. An in vivo 
31PNMR study, J BiolChem, 265(2), 1990, 914-923. 

15. Michalopoulos GK, Liver regeneration: molecular mechanisms 
of growth control, FASEB J, 4(2), 1990, 176-187. 

16. Salazar-Montes A, Ruiz-Corro L, Lopez-Reyes A, Castrejon-
Gomez E, Armendariz-Borunda J, Potent antioxidant role of 
pirfenidone in experimental cirrhosis, Eur J Pharmacol, 595(1-
3), 2008, 69-77. 

17. Baulieu EE, Robel P, Schumacher M, Neurosteroids: beginning 
of the story, Int Rev Neurobiol, 46, 2001, 1-32. 

18. Mo Q, Lu SF, Simon NG, Dehydroepiandrosterone and its 
metabolites: differential effects on androgen receptor 
trafficking and transcriptional activity, J Steroid 
BiochemMolBiol, 99(1), 2006, 50-58. 

19. Liu D, Dillon JS, Dehydroepiandrosterone stimulates nitric 
oxide release in vascular endothelial cells: evidence for a cell 
surface receptor, Steroids, 69(4), 2004, 279-289. 

20. Yamashita R, Saito T, Satoh S, Aoki K, Kaburagi Y, Sekihara H, 
Effects of dehydroepiandrosterone on gluconeogenic enzymes 
and glucose uptake in human hepatoma cell line, HepG2, 
Endocr J, 52(6), 2005, 727-733. 

21. Richards RJ, Porter JR, Inserra F, Ferder LF, Stella I, Reisin E, 
Svec F, Effects of dehydroepiandrosterone and quinapril on 
nephropathy in obese Zucker rats, Kidney Int, 59(1), 2001, 37-
43. 

22. Jahn MP, Gomes LF, Jacob MH, da Rocha Janner D, Araújo AS, 
Belló-Klein A, Ribeiro MF, Kucharski LC, The effect of 
dehydroepiandrosterone (DHEA) on renal function and 
metabolism in diabetic rats, Steroids, 76(6), 2011, 564-570. 

23. Prasanna HR, Hart RW, Magee PN, Effect of short-term 
exposure of rats to dehydroepiandrosterone on the hepatic 
metabolism of dimethylnitrosamine, Biochem J, 262(3), 1989, 
985-988. 

24. Grattagliano I, Lauterburg BH, Portincasa P, Caruso ML, 
Vendemiale G, Valentini AM, Palmieri VO, Palasciano G, 
Mitochondrial glutathione content determines the rate of liver 
regeneration after partial hepatectomy in eu- and hypothyroid 
rats, J Hepatol, 39(4), 2003, 571-579. 

25. Iida T, Isaji S, Yagi S, Hori T, Taniguchi K, Ohsawa I, Mizuno S, 
Usui M, Sakurai H, Yamagiwa K, Yamakado K, Uemoto S, 
Assessment of liver graft function and regeneration by 
galactosyl-human serum albumin (99mTc-GSA) liver 
scintigraphy in adult living-donor liver transplantation, Clin 
Transplant, 23(2), 2009, 271-277. 

26. Chapman AG, Atkinson DE, Stabilization of adenylate energy 
charge by the adenylatedesaminase reaction, J BiolChem, 
248(23), 1973, 8309-8312. 

27. Dehn PF, Schirf VR, Energy metabolism in largemouth bass 
(Microptetus floridanus salmoides) from stressed and non 



Int. J. Pharm. Sci. Rev. Res., 33(2), July – August 2015; Article No. 57, Pages: 285-294                                                        ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
 

294 

stressed environment: Adaptations in the secondary stress 
response, Comp Biochem Physiol A Comp Physiol, 84(3), 1986, 
523-528. 

28. Okatani Y, Wakatsuki A, Reiter RJ, Enzan H, Miyahara Y, 
Protective effect of melatonin against mitochondrial injury 
induced by ischemia and reperfusion of rat liver, Eur J 
Pharmacol, 469(1-3), 2003, 145-152. 

29. Livrea MA, Tesoriere L, D’Apra D, Morreale M, Reaction of 
melatonin with lipoperoxyl radicals in phospholipid bilayers, 
Free Radic Biol Med, 23(5), 1997, 706-711. 

30. Crompton M, The mitochondrial permeability transition pore 
and its role in cell death, Biochem J, 341(2), 1999, 233–249. 

31. Zoratti M, Szabò I, The mitochondrial permeability transition, 
BiochimBiophysActa, 1241(2), 1995, 139-176. 

32. Patel MA, Katyare SS, Effect of dehydroepiandrosterone 
(DHEA) treatment on oxidative energy metabolism in rat liver 
and brain mitochondria, A dose-response study, Clin Biochem, 
40(1-2), 2007, 57-65. 

33. Poyton RO, McEwen JE, Crosstalk between nuclear and 
mitochondrial genomes, Annu Rev Biochem, 65, 1996, 563-
607. 

34. Swierczynski J, Slominska E, Smolenski RT, Mayer D, Increase in 
NAD but not ATP and GTP concentrations in rat liver by 
dehydroepiandrosterone feeding, Pol J Pharmacol, 53(2), 2001, 
125-130. 

35. Song MK, Grieco D, Rall JE, Nikodem VM, Thyroid hormone-
mediated transcriptional activation of the rat liver malic 
enzyme gene by dehydroepiandrosterone, J Biol Chem, 
264(32), 1989, 18981-18985. 

36. Bellei M, Battelli D, Fornieri C, Mori G, Muscatello U, Lardy H, 
Bobyleva V, Changes in liver structure and function after short-
term and long-term treatment of rats with 
dehydroepiandrosterone, J Nutr, 122(4), 1992, 967-976. 

37. Yildirim A, Gumus M, Dalga S, Sahin YN, Akcay F, 
Dehydroepiandrosterone improves hepatic antioxidant 
systems after renal ischemia-reperfusion injury in rabbits, Ann 
Clin Lab Sci, 33(4), 2003, 459-464. 

38. Cameron DR, Braunstein GD, The use of 
dehydroepiandrosterone therapy in clinical practice, Treat 
Endocrinol, 4(2), 2005, 95-114. 

39. Schwartz AG, Pashko LL, Dehydroepiandrosterone, glucose-6-
phosphate dehydrogenase, and longevity, Ageing Res Rev, 
3(2), 2004, 171-187. 

40. Mamelak M, Alzheimer’s disease, oxidative stress and 
gammahydroxybutyrate, Neurobiol Aging, 28(9), 2007, 1340-
1360. 

41. Chalbot S, Morfin R, Dehydroepiandrosterone metabolites and 
their interactions in humans, Drug Metabol Drug Interact, 
22(1), 2006, 1-23. 

 

Source of Support: Nil, Conflict of Interest: None. 


