
Advances in Environmental Biology, 8(11) Special 2014, Pages: 801-805 

 

AENSI Journals  

Advances in Environmental Biology 
ISSN-1995-0756      EISSN-1998-1066  

   

Journal home page: http://www.aensiweb.com/AEB/ 

 

 

Corresponding Author: Esmaiel Amraie, Department of Biochemistry, Payame Noor University, Isfahan, Iran.  

            E-mail:eamraye@yahoo.com 

Acute and Chronic Effects of Phenobarbital on the Glucose 6 Phosphatase Enzyme, 

Glucose and Glycogen Concentration in Rat Liver 
 

Mahnaz Bezhgi, Mohammad Fazilati, Rahiel Amini, Esmaiel Amraie, 

 
Department of Biochemistry, Payame Noor University, Isfahan, Iran. 

 
A R T I C L E  I N F O   A B S T R A C T  

Article history: 
Received  15  June  2014 

Received in revised form 

8 July  2014 
Accepted  4 September  2014 

Available online 20 September 2014 

 

Keywords: 

phenobarbital, glucose 6 phosphatase 

enzyme, glucose, glycogen  

 Phenobarbital is used as an antiepileptic drug. It activates many metabolizing enzymes 
in the liver. Accumulation and consumption of phenobarbital is very high in the brain, 

kidney and liver. .It also has the ability to distribute in tissues and body fluids. . 

Glucose-6-phosphatase plays an important role in stabilizing blood sugar. Its main 
physiological role in the liver is to catalyse the dephosphorilation of G6P. Material and 

methods: In this study, to determine the chronic effects of phenobarbital on the glucose-

6-phosphatase enzyme activity and its effect on the amount of glucose and glycogen, 45 
male rats of the wistar strain [200-250 g] were used. Blood sample connection was 

performed through Decapitation method. Measuring glucose-6-phosphatase enzyme 

activity, Blood serum glucose and hepatic glycogen content in rats was performed 
respectively according to the Bell and Doisy method, ortotholoidin method and Mendel 

method. Results: The amount of glucose, liver glycogen and Glucose 6 phosphatase 
activity in the group of animal’s interaperitoneally injected with 100 mg PB after 48 

and 72 hours showed a significant difference with the control samples. [P<0/05]. Long 

term injection of 40 and 60 mg PB after 10 days showed a significant decrease in the 
activity of glucose-6-phosphatase and glucose concentration and after 15 and 60 days 

showed a significant difference with the control samples. Conclution: by increasing 

time and dose, glucose decreases and glycogen increases. On the other hand, following 
a decrease in glucose and glucose-6-phosphatase enzyme activity, Glucokinase activity 

increases and subsequently gluconeogenesis is activated. 
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INTRODUCTION 

 

 Phenobarbital reversibly reduces the activity of excitable tissues. Its main effect is on the microsomal 

metabolizing system. . Enzyme activity enhances, protein and fat in the smooth muscles ER, stimulating 

enzymes responsible for the metabolism of the body's natural components such as bilirubin and is used in 

neonatal hypobilirubin. [11, 32] Phenobarbital is used as an antiepileptic drug. [18] It activates many 

metabolizing enzymes in the liver.[19]  Long-term utilization of this substance leads to chronic damage to the 

liver. Phenotypic Symptoms of its consumption are disorder, sleepiness, depression and anxiety. [6]  Most of its 

activity is in the ER of liver and kidney. Accumulation and consumption of phenobarbital is very high in the 

brain, kidney and liver.It also has the ability to distribute in tissues and body fluids. [12] 

 Some of Phenobarbital consumption impacts is a reduction in the concentration of some carcinogens which 

are by products of smoking. It is also important to note that PB reduces smoking based bladder carcinoma while 

has a converse impact on smoking based lung cancer.[31] PB cause liver tumors  and its activity is restricted to  

CAR receptor [Constitutive active/androstane].[33] Among the Possible mechanisms for the effect of 

phenobarbital oxidative stress and damage to cellular DNA, has been reported.[27] 

  NF-B - transcription factor which is activated by oxidative stress, leads to proliferation and apoptosis of 

liver cells.[20] This factor is readily activated by PB.[4] Due to the activation of NF-B   oxidative stress, thus 

antioxidants can prevent this activation.[10] Vitamin E prohibits the PB induced intraction of NF-B and 

cellular DNA.[1,20] But ,had no effect on cell growth parameters produced due to PB consumption and Only 

prevent the induction of  BNF- activity.[20] 

  Glucose-6-phosphatase plays an important role in stabilizing blood sugar By trasfering glucose-6-

phosphate intermediates into ER.[9,12] The main physiological role of G6Pase in the liver is to catalyse the 
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dephosphorilation of G6P .[25] The enzyme is active in PH=6-7 and  zinc ions, flurizin [26] and ferritin [23] are 

its main  inhibitors. Activity of glucose-6-phosphate is related to  hormones and diet.[9] It has Highest activity  

in rat liver lobules  surrounding areas and Starvation increases  2 to 3 times its activity in central and peripheral 

lobules  of rat liver .[15] the glucose molecules which are transferred  into the liver,are phosphorilated to G6P 

by glucokinase. Hormones such as glucagon and insulin regulate the activity of glucokinase. Immunological 

[22, 25] researches have demonstrated that glucose-6-phosphate dehydrogenase deficiency can be dangerous for 

diabetics. [5] Low activity of this enzyme is associated with glycogen storage disease [25]. Untreated diabetes 

increases the activity of glucokinas [2, 30] and activity will return to normal after treatment [16, 30]. 

 

MATERIAL AND METHODS 

 

Material: 

 All the chemical materials were prepared from Merck Germany. 

 

Methods:  

Animals: 

 Male rats of the wistar strain [200-250 g] were kept in cages in 25ᵒC.  45 rats were injected with 50-100 

mg/kg Phenobarbital per day. The desired parameters were measured in 24-48 and 72 houres after injection. 

 To determine the chronic effects of phenobarbital on the glucose-6-phosphatase  enzyme activity and its 

effect on the amount of glucose and glycogen[long-term] 75 rats were divided into 15 groups of five numbers. 

Rats of  group 1 were injected with physiologic serum[ control group] and groups 2,3,4,5 were injected 

intrapenitoally with 10,20,40 and 60 ml/kg PB respectively. After 10, 15 and 60 days, the mice were dissected 

and required measured factors were measured. 

 

Dissection and sampling: 

 blood sample conection  was performed through Decapitation method by guillotine. This method is fast and 

a maximum amount of animal blood serum can be obtained after centrifugation.Blood serumshoud be 

transferred to  the test tube , quickly to avoid blood clotting. 

 

Keep the liver: 

 Immediately after killing the animals, the liver was removed and washed in cold physiologic serum and was 

dewatered. Part of the liver removed and cut into small pieces [all steps were performed at  4C . Then 8 ml/gr 

of  0/25 M sucrose solution was added to the container  content. Sucrose provide a neutral environment and is 

isotonic to the cytoplasm and cytosol. Measuring Blood serum glucose in rats was performed according to the  

ortotholoidin method.  Ortotholoidin react with aldehyde groupe of gloucose  and produces an  equilibrium 

mixture of glycosylamine and related shift base[28] green colore and a measurable wavelength of 630 nm.[34] 

Hepatic glycogen content was measured according to the method of Mandel et al]Mandel, etal, 1954]. This 

method, glycogen in the presence of hot and concentrate sulfuric acid   is converted to 5-hydroxymethyl furfural 

. Then  the latter substrate reacts with  an intermediate produced from the combination of glucose and methyl 

furfural and turn into pink. the glycogen content can be measured from Light absorption so that  the pink color 

intensity is in direct proportion to the glucose concentration.[24] Glucose 6-phosphate is enzyme activity is 

higher in the liver and kidney and located in microsoms. This enzyme is a main factor of carbohydrate 

metabolism and its activity is measured usually by measured of inorganic phosphates resulting from hydrolysis 

of glucose-6-phosphate. Enzyme activity measurment of glucose-6-phosphate was performed according to the 

method of Bell and Doicy[Bell and Doisy] [14]. 

 

Results: 

 Glucose 6 phosphatase activity , glucose concentration and liver glycogen of rat After receiving 50 and 100 

mg/kg  phenobarbital at 24, 48 and 72 hours  is given in tables 1,3,5 respectively. Tables 2,4,6 show this 

parameters after 10,20,40,60 mg/kg Phenobarbital intraperitoneally  injected at days 10,15,60. 

 
Table 1: Changes of specific activity of the enzyme glucose-6-phosphatase after IP injection of phenobarbital in rats [short-term] 

Day 

concentration 

specific activity  of 

control nmol/min/mg] 

Specific activity[1 day] 

[nmol/min/mg] 

Specific activity[3days] 

[nmol/min/mg] 

Specific activity[5 days] 

[nmol/min/mg] 

50 mg/kg 
 

4.65  0.75 3.35[%27.8]  1.08 2.345[%49.5]  0.75 1.482[%68.1]  0.51 

mg/kg  100 4.65  0.75 2.178[%53.2]  0.68 2.21[%52.5]  0.16 1.455[%68.7]  0.7 

Results at the level of 0/05 percent are meaningful.  

Numbers in parentheses are percent of changes compared with control. 
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Table 2: Changes in specific activity of the enzyme glucose-6-phosphate after IP injection of phenobarbital in rats [long-term]. 

Day 

concentration 

specific activity  of 

control [nmol/min/mg] 

Specific activity[10 

days] [nmol/min/mg] 
Specific activity[15 

days] [nmol/min/mg] 
Specific activity[60 days] 

[nmol/min/mg] 
10 mg/kg 4.65 0.75 3.445[%25.9]  0.54 2.515[%45.9]  2.29 2.06[%55.7]  1 
20 mg/kg 4.65 0.75 *3.250[%30.1]  0.52 2.458[%47.1]  0.8 2.07[%55.4]  0.63 
40 mg/kg 4.65  0.75 *2.774[%40.3]  0.99 2.43[%47.7]  1.18 1.9[%59.1]  1.56 
60 mg/kg 4.65  0.75 *3.887[%16.4]  1.38 2.289[%50.7] 0.69 *3.74[%19.6]  0.91 

Results at the level of 0/05 percent are meaningful. 
Numbers in parentheses are percent of changes compared with control 

 

Table 3: Changes of glucose concentration of blood after IP injection of phenobarbital in rats [short-term]. 

Day 

concentration 
specific activity  of control 

[ml/100mg] 

Specific activity[1 day] 
[ml/100mg ] 

Specific activity[2 days] 
[ml/100mg] 

Specific activity[3 days] 
[ml/100mg ] 

50 mg/kg 148  8.03 144[%2.7] 9.95 140[%5.4]  9.75 139[%6.08]  2.95 
100 mg/kg 148 8.03 135[%8.78] 8.75 *134[%9.46]  6.24 *135[%8.78]  7.31 

Results at the level of 0/05 percent are meaningful. 
Numbers in parentheses are percent of changes compared with control 

 

Table 4: Changes of glucose concentration of blood after IP injection of phenobarbital in rats [long-term]. 

Day 
Concentration 

specific activity  of control 
[nmol/min/mg] 

Specific activity[10 days] 
[nmol/min/mg] 

Specific activity[15 days] 
[nmol/min/mg] 

Specific activity[60 days] 
[nmol/min/mg] 

10 mg/kg 148 8.03 146[%1.35]  8.21 134[%9.46]  13.83 *124[%16.2] 13.71 
20 mg/kg 148  8.03 146[%1.35]  8.57 *130[%12.2]  7.52 *124.8[%15.7]  8.23 
40 mg/kg 148  8.03 *134[%9.46]  7.1 130[%11.5]  9.14 *115[%22.3]  11.05 
60 mg/kg 148  8.03 *132[%10.8]  5.92 *127[%13.85]  6.38 *122[%17.6]  6.08 

Results at the level of 0/05 percent are meaningful. 
Numbers in parentheses are percent of changes compared with control 

 
Table 5:   concentration changes of liver glycogen after IP injection of phenobarbital in rats [short-term]. 

Day 

concentration 

specific activity  of control 
[mg/kg] 

Specific activity[1 day] 
[mg/kg] 

Specific activity[2 days] 
[mg/kg] 

Specific activity[3 days] 
[mg/kg] 

50 mg/kg 30.6  1.19 30.7[%0.33] 2.16 31.7[%3.59]  1.67 32.5[%6.2]  2.15 
100 mg/kg 30.6  1.19 30.9[%0.98]  1.23 *32.9 [%7.5]  2.25 33.1[%8.2]  3.01 

Results at the level of 0/05 percent are meaningful.. 
Numbers in parentheses are percent of changes compared with control 

 

Table 6:   concentration changes of liver glycogen after IP injection of phenobarbital in rats [long-term]. 

Day 

concentration 

specific activity  of control 
[nmol/min/mg] 

Specific activity[10 days] 
[nmol/min/mg] 

Specific activity[15 days] 
[nmol/min/mg] 

Specific activity[60 days] 
[nmol/min/mg] 

10 mg/kg 30.61.19 30.7[%0.33]  1.23 31.5[%2.94]  2.6 32.3[%5.56]  3.05 
20 mg/kg 30.6 1.19 30.9[%0.98]  1.27 *32.8[%7.19]  2.31 *32.5[ %6.21]  2.25 
40 mg/kg 30.6  1.19 31.1[%1.6]  2.16 32.5[%6.21]  2.22 *33.4[% 9.15]  3.4 
60 mg/kg 30.6  1.19 31.2[%1.96]  2 *32.8[%7.19] 3.01 *33.8[%10.45]  3.62 

 *Results at the level of 0/05 percent are meaningful. 

Numbers in parentheses are percent of changes compared with control. 

 

 The amount of glucose in the group of animals interaperitoneally injected with 100 mg PB showed a 

significant difference with the control samples.  

 Glycogen injection did not have any effect after 24 hours. However, after 48 to 72 hours a significant 

increase was shown.[p<0.05]  

 Long term injection of 10,20,40 and 60 mg/kg/day of PB for 10 , 15 and 60 days also evidenced a decrease 

in the activity of G6Pase along with increase in dose and time. 

 Consumption of PB for a period of 10 days showed a significant decrease in the activity of this enzyme. 

[p<0.05] 

 Daily injection of 40 mg PB to rats also showed a significant difference with the control samples. The 

amount of glucose with injection of 40 and 60 mg PB  showed a significant reduction after 10 days.[P<0/05]. 20 

and 60 mg concentrations after 15 days and total concentrations after 60 days showed a significant difference 

with the control samples. 

 

Discussion and conclusion: 

 Liver is the only organ that controls blood glucose levels because it has phosphorilation and 

dephosphorilation enzymes of hexoses[especially glucose] . Therefore it plays an important role in the 

metabolism of carbohydrates in the body. Control of Carbohydrate metabolism in the body is done by the 

balance between the activity of the enzymes hexokinase [especially Glucokinase] and glucose-6-phosphatase . . 

Thus , anything that affects the activity of one or both enzymes, alters carbohydrate metabolism [7].  

Phenobarbital affects  the liver enzymes and  reduces impacts of other  drugs . Also, it stimulates  the natural 
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enzymes that are responsible for metabolism [such as bilirubin] and hepatic microsomal enzymes that play a 

vital role in the metabolism of drugs .[21]. Following  Short-term injection of 50 and 100 mg/ kg phenobarbital 

at 24, 48 and 72 hours, with an increasing time and dose, the activity of the enzyme glucose-6-phosphatase 

decreased. Usage  of phenobarbital had no effect in the first 24 hours, but the amount of 100 mg after 48 and 72 

hours showed a reduction effect. liver tissue influenced by Phenobarbital showed a change in color, morphology 

and histology. Long-term injection of 10, 20,40 and 60 mg/kg /day phenobarbital for  10, 15 and 60 days 

showed a reduction in the  glucose-6-phosphatase enzyme activity while increasing time and dose of PB . 

Phenobarbital causes changes in the liver tissue and reduces synthesis of glucose-6-phosphate in the 

endoplasmic reticulum .[3,17]  Inhibitory effect  of PB on glucose-6-phosphatase reduces the  glucose levels . 

Phenobarbital treatment enhances insulin-mediated glucose metabolism and improves lipid metabolism in the 

diabetic rat.As well, there is a strong association between glucose metabolism and hepatic microsomal  enzymes 

activity  [29]. Hepatic gluconeogenesis is highly dependent on glucose-6-phosphatase enzyme activity [6,18] 

Although the consumption of phenobarbital reduces cocentration of glucose and glucose-6-phosphate, But 

glyconeogenesis substances contained Pyrovic acid, lactic acid and some amino acids will be converted to  

glucose-6-phosphate and excess of G6P will inter pathway of glycogen synthesis and will increase glycogen 

concentration. So,an increase in glycogen concentration is not because of an increase in glucose concentration.In 

brief, by increasing time and dose, glucose  decreases and glycogen  increases.On the other hand, following  a 

decrease in glucose and  glucose-6-phosphatase enzyme activity,  Glucokinase activity increases and 

subsequently  gluconeogenesis is activated. 

 

Conclusion: 

 By increasing time and dose, glucose decreases and glycogen increases.On the other hand, following a 

decrease in glucose and glucose-6-phosphatase enzyme activity, Glucokinase activity increases and 

subsequently gluconeogenesis is activated. 

1- The effect of phenobarbital on liver cells, decrease the activity of the enzyme glucose-6-phosphatase and 

subsequently the blood sugar level is reduced. 

2- Phenobarbital cause an increased in hepatic glycogen. 

3- Low doses of phenobarbital can be used to help people with diabetes. 

 

REFERENCES 

 

[1] Agarwal, M.K., M. Iqbal, M. Athar, 2005. Vitamin E inhibits hepatic oxidative stress, Toxicity and 

hyperproliferation in rats treated with the renal carcinogen ferric nitrilotriacetate. Redox. Rep. 10: 62-70. 

[2] Arion, W.J., P.W. Carlson, B.K. Wallin and A.J. Lange, 1972. Modification of hydrolytic and synthetic 

activities of liver microsomal glucose-6-phosphatase. J. Biol. Chem., 247: 2551-2557. 

[3] Barthel, A., D. Schmoll and T.G. Unterman, 2005. FoxO proteins in insulin action and metabolism. Trends 

Endocrinol. Metab, 16: 183-189. 

[4] Calfee-Mason, K.G., B.T. Spear, H.P. Glauert, 2002. Vitamin E inhibits hepatic NFkappa B activation in 

rats administered the hepatic tumor promoter. Phenobarbital. J. Nutr, 132: 3178-3185. 

[5] Carette, C., D. Dubois-Laforgue, J.F. Gautier and J. Timsit, 2011. Diabetes mellitus and glucose-6-

phosphate dehydrogenase deficiency: From one crisis to another. Diabetes & Metabolism, 37: 79-82. 

[6] Di Mizio, G., A. Gambardella,  A. Labate, A. Perna, P. Ricci and A. Quattrone, 2007. Hepatonecrosis and 

cholangitis related to long-term phenobarbital therapy: An autopsy report of two patients. Seizure, 16: 653-

656. 

[7] Dipietro, D.L., C. Shama and S. Weinhouse, 1962. Studies on glucose phosphorylation in rat liver. 

Biochem, 1: 455-462. 

[8] Fan, Z., H. Du, M. Zhang, Z. Meng, L. Chen And Y. Liu, 2011. Direct regulation of glucose and not insulin 

on hepatic hexose-6-phosphate dehydrogenase and 11-hydroxysteroid dehydrogenase type 1. Molecular and 

Cellular Endocrinology, 333: 62-69. 

[9] Fazilati, M., M. Taghikhani and G.H. Riazi, 1990. The effect of sulfur mustard on glucose phosphorylating 

enzyme and liver cells in male rats. J. Sci. I.R. IRAN, 1: 323-326. 

[10] Glauert, H.P., K. Calfee-Mason, Y. Li, V. Nilakantan, M.L. Twaroski, J. Tharappel, B.T. Spear, 2008a. The 

role of NF-kappaB in PPARalpha-mediated hepatocarcinogenesis. PPAR Res., 286249. 

[11] Goodman, G.A., T. Rall,  A. Niss and B. Taylor, 1991. Basis of the Therapeutics. Goodman & Gilman's the 

pharmacological, 358: 944-945. 

[12] Guionie, O., E. Clottes, K. Stafford and A. Burchell, 2003. Identifcation and characterisation of a new 

human glucose-6-phosphatase isoform. FEBS Letters, 551: 159-164. 

[13] Heller, W.M., 1988. Drug information for the health care professional. Barbiturates[Systemic]. [USPD] 8th 

Edition, 1: 430-431. 

http://www.sciencedirect.com/science/journal/12623636


805                                                                    Mahnaz Bezhgi et al, 2014 

Advances in Environmental Biology, 8(11) Special 2014, Pages: 801-805 

[14] Hansjorg. E., E. William and M. Lands, 1969. A new sensitive determination of phosphate. Anal. Biochem. 

30: 51-57. 

[15] Jonges, G. and N. Noorden, 1992. In situ kinetic parameters of glucose-6- phosphatase in the rat liver 

lobulus. J. Biol. Chem., 267: 4878-81. 

[16] Koceir, E.A., Y. Dahmani and  X. Leverve, 2003.  Low rate of glucose 6-phosphate hydrolysis in liver cells 

is a physiological feature of non-diabetic wild sand rats [Psammomys obesus]. Diabetes Metab., 29: 363-74. 

[17] Kuo, M., V. Zilberfarb, N. Gangneux, N.  Christeff  and T. Issad, 2008. O-glycosylation of FoxO1 increases 

its transcriptional activity towards the glucose 6-phosphatase gene. FEBS Letters, 582: 829-834. 

[18] Kwan, P., M.J. Brodie, 2004. Phenobarbital for the treatment of epilepsy in the 21
st
 century: a critical 

review. Epilepsia, 45:1141–9. 

[19] Lachaud, A.A., S. Auclair-Vincent, L. Massip, E. Audet-Walsh, M. Lebel, A. Anderson, 2010. Werner’s 

syndrome helicase participates in transcription of phenobarbitalinducible CYP2B genes in rat and mouse 

liver. Biochemical Pharmacology, 79: 463-470.  

[20] Li, J., C. Harp, J.C. Tharappel, B.T. Spear and H.P. Glauert, 2011. Effect of vitamin E on hepatic cell 

proliferation and apoptosis in mice deficient in the p50 subunit of NF-jB after treatment with Phenobarbital. 

Food and Chemical Toxicology, 49: 2706-2709. 

[21] Mosckinsky, F.M. and J.E. Elletman, 1968. Metabolism og glucose in the islets of langerhance. J. Biol. 

Chem., 243: 2730. 

[22] Nordlie, R.S. and J.D. Foster, 2010. A retrospective review of the roles of multifunctional glucose-6-

phosphatase in blood glucose homeostasis: Genesis of the tuning/retuning hypothesis. Life Sciences, 87: 

339-349. 

[23] Puntarulo, S., A.I. Cederbaum, 1994. Feritin-dependent inactivation of microsomal glucose-6-phosphatase. 

Biochem. Biophys. Acta, 1200: 41-47. 

[24] Rafelson, M.E., S.B. Binkley and J. Hayashi, 1971. Basic biochemistry. 3th Edition. The macmillan 

Company. New York, 105-107.  

[25] Soty, M., J. Chilloux, S. Casteras, A. Grichine, G. Mithieux and A. Gautier-Stein,  2012. New insights into 

the organisation and intracellular localisation of the two subunits of glucose-6-phosphatase. Biochimie, 94: 

695-703. 

[26] Swanson, M.A., 1955. Glucose-6-phosphatase from liver. In: Colowick, S.P. Kaplan, N.O. eds., Methods in 

Enzymol. Vol. II. New York, Academic Press, pp: 541-543  

[27] Tharappel, J.C., B.T. Spear, H.P. Glauert, 2008. Effect of phenobarbital on hepatic cell proliferation and 

apoptosis in mice deficient in the p50 subunit of NF-kappaB. Toxicol. Appl. Pharmacol, 226: 338-344. 

[28] Teitz, N. and W. Ed, 1987. Textbook of clinical chemistry. Philadelphila W.B Saunder Company, 350.  

[29] Venkatesan, N., M.B. Davidson, R.B. Simsolo and P.A. Kern, 1994. Phenobarbital treatment enhances 

insulin-mediated glucose metabolism and improves lipid metabolism in the diabetic rat. Metabolism, 43: 

348-356. 

[30] Willms, B., P. Ben-Ami and H.H. Soling, 1970. Hepatic enzyme activities of glycolysis and 

gluconeogenesis in diabetes of man and laboratory animals. Horm Metab. Res., 2: 135-141. 

[31] Whysne, J., R. Peterm and M.W. Gray, 1996. Phonobarbital mechanistic data and  risk assessment. Enzyme 

induction enhanced cell prolloferation, and tumor promotion. Toxical pharmacol. Ther, 72: 153-191. 

[32] Xiao, D., Y.T. Chen, v Yang and B. Yan, 2012. Age-related inducibility of carboxylesterases by the 

antiepileptic agent phenobarbital and implications in drug metabolism and lipid accumulation. Biochemical 

Pharmacology, 84: 232–239. 

[33] Yamamoto, Y., R. Moore, T.L. Goldsworthy, M. Negishi, R.R. Maronpot, 2004. The orphan nuclear 

receptor constitutive active/androstane receptor is essential for liver tumor promotion by phenobarbital in 

mice. Cancer Res., 64: 7197-7200. 

[34] Yes, He. And E. Goodwin, 1973. Evalution of some factors influencing the Ortoluidine reaction with 

glucose. Anal. Chem., 45: 2126-2165. 

[35] Zaragoza, A., D. Andres, D. Sarrion and M. Cascales, 2000. Potentiation of thioacetamide 

hepatotoxicity by phenobarbital pretreatment in rats. Inducibility of FAD monooxygenase system and 

age effect. Chemico-Biological Interactions, 124: 87-101. 

http://www.sciencedirect.com/science/journal/03009084
http://www.sciencedirect.com/science/journal/00260495
http://www.sciencedirect.com/science/journal/00062952
http://www.sciencedirect.com/science/journal/00062952
http://www.sciencedirect.com/science/journal/00062952

