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ABSTRACT

This study investigated the effects of hepatoprotection by Pterocarpus santalinoides methanol
leaf extract during carbon tetrachloride-induced sub-acute hepatotoxicity on thiopentone
sleeping time in albino rats. Leaves of Pterocarpus santalinoides were dried under shade,
pulverized into powdered form, extracted by cold maceration with 80% methanol, and used for
the study. Thirty adult male albino rats randomly assigned to six groups (A — F) of five rats
each were used for the study. Carbon tetrachloride was administered to groups A — E rats at
the dose of 1 ml/kg intraperitoneally at three-day intervals from day 0 to day 12 of the
experiment (total of five times). Group A rats were treated with 10 ml/kg distilled water
(negative control), groups B, C and D rats were treated with 50, 250 and 500 mg/kg extract,
respectively, Group E rats were treated with 100 mg/kg silymarin as positive control, while
Group F rats were given only 10 ml/kg distilled water (normal control). Treatment with the
extract, silymarin and distilled water placebo were done per os, twice daily, from day 1 (a day
after the first carbon tetrachloride injection) up to day 15 (end of the study). Blood samples
were collected from all the rats on day 15 for liver function tests. After the blood sample
collection, a single intra-peritoneal injection of 50 mg/kg sodium thiopentone was given to all
the rats to induce narcosis. The duration of sleep (sleeping time) for each rat in all the groups
was recorded. Results showed that the group D rats given 500 mg/kg extract had significantly
(p < 0.05) shorter sleep duration when compared to the negative control (Group A) and the
group treated with 50 mg/kg extract (Group B). Also, co-treatment at the dose of 250 and 500
mg/kg extract and 100 mg/kg silymarin (Group E) significantly (p < 0.05) protected
hepatocellular integrity and ameliorated impaired hepatic excretory function induced by
carbon tetrachloride. It was concluded that the extract at 500 mg/kg dose significantly
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shortened sodium thiopentone sleeping time in albino rats with hepatopathy caused by carbon
tetrachloride.
Keywords:  Pterocarpus santalinoides leaf extract, CCls-induced hepatotoxicity, Sodium
thiopentone-induced sleeping time, Rats.

INTRODUCTION

Barbiturates are narcotic drugs which can reduce anxiety and produce a calming effect by inducing the
onset of sleep as well as maintaining sleeping duration [1,2]. They are extensively used in the treatment of
different psychiatric disorders including anxiety and insomnia. Sodium thiopentone (thiopental,
pentothal) is the thiobarbiturate analog of pentobarbital and an analog of thiobarbital [3,4]. It is a rapid-
onset,  ultra-short-acting general  anesthetic, ~ which  rapidly  reaches the  brain to
cause unconsciousness within 30-45 seconds after intravenous administration. As with all lipid-soluble
anaesthetic drugs, the short duration of action of sodium thiopentone is due to its redistribution away from
central circulation towards muscle and fat tissue due to its very high fat—water partition coefficient [4].
The free fraction in the blood is metabolized in the liver to pentobarbital 5-ethyl-5-(1'-methyl-3'-
hydroxybutyl)-2-thiobarbituric acid, and 5-ethyl-5-(1'-methyl-3'-carboxypropyl)-2-thiobarbituric acid
[4,5], but the ability of the liver to transform the drug to these inactive forms may be impaired by
hepatopathy from extraneous toxic injuries; and such incidence prolongs the drug-induced narcosis or
sleeping time.

Carbon tetrachloride (CCls), a hepatotoxicant is metabolized to trichloromethyl radical (CCI;0O-), and
trichloromethylperoxy (CCls00") radical, which impair hepatocellular processes by oxidative injuries
causing hepatopathy and inhibiting microsomal enzymes necessary for barbiturate metabolism [6,7,8].
Pterocarpus santalinoides DC (red sandal wood) is a tree with bright yellow flowers and irregularly
shaped fruit pods [9,10]. In Southeastern Nigeria, the tender leaves of P. santalinoides are used as
vegetable in soups, and may be helpful traditionally in treating heart and liver diseases, diabetes mellitus,
arthritis, nausea and vomiting, infertility and stomach ache [11,12,13,14]. Pterocarpus santalinoides leaf
extract is reported to be protective against toxic injuries to the liver [15,16,17,18,19,20,21,22], but there
has been no report on the effect of P. santalinoides methanol leaf extract on sodium thiopentone-induced
sleeping time (narcosis) in individuals exposed to hepatotoxic xenobiotics. The aim of this study therefore
was to evaluate the effects of hepatoprotection by P. santalinoides methanol leaf extract during CCl, -
induced sub-acute hepatotoxicity on thiopentone-induced sleeping time in albino rats,

MATERIALS AND METHODS

The plant leaves used for the study were collected from Pterocarpus santalinoides tree at Nru Community
in Nsukka Local Government Area of Enugu State, Nigeria. The plant was identified and authenticated by
a plant taxonomist at the Department of Plant Science and Biotechnology, University of Nigeria, Nsukka.
A Voucher Specimen (UNH No. 2017/02) was deposited in the University of Nigeria, Nsukka Herbarium.
The leaves were allowed to dry under shade and later finely ground into powder using a grinding
machine. Extraction was done with 80% methanol (Sigma-Aldrich, St. Louis, Missouri, USA) by the cold
maceration technique, with intermittent shaking at two-hour intervals for 48 hours. The extract (PME)
obtained was filtered with Whatman size 1 filter paper and concentrated to dryness in a rotary evaporator
(Buchi, Switzerland).

Thirty adult male albino rats (Rattus norvegicus), weighing between 180 g — 200 g were procured from
the Laboratory Animal Unit of the University of Nigeria, Nsukka. They were housed in stainless steel
cages in a fly proof animal house at room temperature and allowed 2 weeks to acclimatize before the
commencement of the study. They were fed commercial pelletized grower’s feed (Grand Cereals Ltd, Jos,
Nigeria) and provided with clean drinking water ad libitum. The study was approved by the Institutional
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Animal Care and Use Committee of the University of Nigeria, Nsukka (FVM-UNN-IACUC/2016/0814).
Guidelines for the humane handling of animals were followed all through the study.

The rats were randomly assigned to six groups (A — F) of five rats per group. Rats in groups A — E were
given intra-peritoneal injections of 1 ml/kg CCl, (Sigma-Aldrich, St. Louis, Missouri, USA) in equal
volume of olive oil at the beginning of the study (day O) and afterwards at three-day intervals for 12 days
(days 0, 3, 6, 9 and 12) [20,23,24]. Additionally, Group A rats were given distilled water at the dose of 10
ml/kg per os twice daily as placebo and served as negative control, while rats in Groups B, C and D were
treated per os twice daily with 50, 250 and 500 mg/kg of PME, respectively. Group E rats were treated
with silymarin (Sigma-Aldrich, St. Louis, Missouri, USA), a hepatoprotective drug, at the dose of 100
mg/kg per os twice daily, and the silymarin (SLM)-treated group served as positive control, while Group
F rats were given distilled water at the dose of 10 ml/kg per os twice daily as placebo, and served as
normal control (not given CCl,). Treatments with PME, silymarin and the distilled water placebo
commenced on day 1 and were continued for 15 days.

Blood samples (2 ml from each rat) were collected without anticoagulant by the orbital technique [25] on
day 15 (after the last treatment), to harvest serum for evaluation of levels of enzyme markers of
hepatocellular damage [alanine aminotransferase (ALT), aspartate aminotranferase (AST), and alkaline
phosphatase (ALP) activities] and liver function (serum albumin, total cholesterol and total bilirubin),
following standard biochemical procedures, using test kits [Quimica Clinica Aplicada (QCA), Spain].
Serum ALT and AST activities were assayed following the Reitman-Frankel method [26, 27], while the
serum ALP activity was determined by the phenolphthalein monophosphate method [27,28]. Serum
albumin levels were determined based on the bromocresol green method [29], serum total cholesterol by
the enzymatic colorimetric method [30], and serum total bilirubin by the Jendrassik-Grof method [31].

After blood sample collection on day 15, a single intra-peritoneal injection of 50 mg/kg sodium
thiopentone (Vitapure Corp., Mumbai, India) was administered to each rat to induce narcosis and
determine onset and duration of sleep in each rat.

Data analysis

Data obtained from the study were analyzed using one way analysis of variance (ANOVA) and variant
means were separated post hoc using the least significant difference (LSD) method. Significance was
accepted at P < 0.05. The statistical package of the social sciences (SPSS) software was used for the
analysis. Results are presented as means + SEM.

RESULTS

There was prolongation of sleep duration (narcosis) in all the hepatopathic rat (HPR) groups (A-E) treated
with CCl,, with Group A (negative control) having the longest duration of sleep (Figure 1). Treatment
with PME at all the doses led to significant (p < 0.05) shortening of the sleep duration in a dose-
dependent manner, with Group D (500 mg/kg PME) having the shortest duration of sleep among the PME
treated HPR groups. The mean sleep duration of Group D (500 mg/kg PME) rats was significantly (p <
0.05) shorter than those of Groups A (negative control) and B (50 mg/kg PME) rats, but was comparable
(p > 0.05) to the sleep duration of the Group C (250 mg/kg PME) and Group E treated with SLM. The
sleep duration of all the HPR groups were however significantly longer (p < 0.05) than that of the normal
control (Group F).

Treatment with PME at the doses of 250 and 500 mg/kg in HPR groups (C and D) and treatment of HPR
group with SLM (Group E) led to significantly (p < 0.05) lower serum ALT activity when compared to
the HPR group A (negative control without hepatoprotective treatment) (Table 1). Treatment with 250
mg/kg PME (Group C) and 100 mg/kg SLM (Group E) led to significantly lower (p < 0.05) serum AST
activity, which was comparable (p > 0.05) to the serum AST activity of the normal control (Group F).
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There were no significant (p > 0.05) differences in serum ALP activity between PME-treated HPR groups
(B, C and D), although there was lowering of serum ALP activity which occurred in a dose dependent
manner. The serum ALP activity of the normal control (Group F) was significantly (p < 0.05) lower than
that of the negative control (Group A) and all the PME-treated groups.

Table 2 shows the serum levels of albumin, cholesterol and bilirubin in rat groups co-treated with graded
doses of PME and hepatotoxic dose of CCls. There were no significant (p > 0.05) variations between the
negative control (Group A) and the PME-treated groups (B, C and D) in their serum albumin levels
(Table 2). However, treatment of HPR group with SLM (Group E) led to significantly (p < 0.05) higher
serum albumin level that compared (p > 0.05) with that of the normal control (Group F). Treatment with
500 mg/kg PME (Group D) led to significantly (p < 0.05) lower serum total cholesterol level when
compared to the negative control (Group A), and there were no significant (p > 0.05) differences in serum
total cholesterol levels between Group D and Groups B, C, E and F. Treatment with 250 mg/kg PME
(Group C), 500 mg/kg PME (Group D) and 100 mg/kg SLM (Group E) in HPR groups led to significantly
(p < 0.05) lower serum total bilirubin level when compared to the negative control (Group A) and HPR
group treated with 50 mg/kg PME (Group B).
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Figure 1. The sleep duration of rat groups co-treated with varied doses of Pterocarpus
santalinoides methanol leaf extract (PME) and hepatotoxic dose of carbon tetrachloride
(CCl,), and then given 50 mg/kg body weight of sodium thiopentone.

Table 1. The serum enzyme activity of rat groups co-treated with graded doses of Pterocarpus
santalinoides methanol leaf extract (PME) and hepatotoxic dose of carbon tetrachloride (CCls), and
then given 50 mg/kg body weight of sodium thiopentone.

Mean + standard error (IU/L)

*Groups Alanine Aspartate Alkaline
aminotransferase aminotransferase phosphatase

Group A 103.2 +4.64® 123.21 £7.84% 389.05+59.722
Group B 99.45+5932 120.04 £ 7.39° 391.12 £ 45.322
Group C 4758 +6.91° 76.98 +7.74° 359.75+10.112
Group D 76.83+6.21°¢ 105.87 +5.21 2 339.02 +17.88%
Group E 46.87 +7.24° 75.16 + 6.63° 278.34 £21.57%®
Group F 30.66 + 4.83° 63.12 + 6.38° 105.73 + 20.34°

a b ¢ Different alphabetical superscripts in a column indicate significant (p < 0.05) differences between the
groups; *Groups: Group A — CCls + 10 ml/kg distilled water (negative control); Group B — CCl, + 50
mg/kg PME; Group C — CCl4 + 250 mg/kg PME; Group D — CCl4 + 500 mg/kg PME; Group E — CCls +
100 mg/kg SLM (positive); Group F — No CCl,, no treatment (normal control)

Table 2. The serum levels of albumin, cholesterol and bilirubin in rat groups co-treated with graded
doses of Pterocarpus santalinoides methanol leaf extract (PME) and hepatotoxic dose of carbon
tetrachloride (CCl,), and then given 50 mg/kg body weight of sodium thiopentone.

Mean + standard error (mg/dl)

*Groups Serum Albumin  Serum Total Serum Total
Cholesterol Bilirubin
Group A 3.45+0.23% 82.12+8.112 0.71+£0.052
Group B 3.43+0.16¢2 62.97 £9.93 0.64+0.13¢
Group C 3.48+0.15¢% 61.65+ 3.05 0.36 £ 0.08°
Group D 3.46 +£0.10¢° 55.73 +£2.39P 0.40 £ 0.04°
Group E 3.69 +0.12° 63.15+ 5.54 0.37 £0.05°
Group F 3.73+0.11° 62.45 + 3.56 ® 0.38 +£0.04°

a.b.¢ Different alphabetical superscripts in a column indicate significant (p < 0.05) differences between the
groups

*Groups: Group A — CCls + 10 ml/kg distilled water (negative control); Group B — CCls + 50 mg/kg
PME; Group C — CCl4 + 250 mg/kg PME; Group D — CCls + 500 mg/kg PME; Group E — CCls + 100
mg/kg SLM (positive); Group F — No CCly4 no treatment (normal control)

DISCUSSION

The prolonged sleep duration in HPR groups given thiopentone injections was due to the liver damage
caused by CCl, toxicity. Thiopentone is catabolized by the microsomal enzymes in hepatocytes [4,5],
leading to cessation of its action. Toxic hepatopathy causes depletion of the microsomal enzymes leading
to the accumulation of thiopentone in the blood and prolongation of its narcotic action. According to
earlier reports [8], catabolic inactivation is important in determining the duration of the drug action. The
finding in this study that the HPR group treated with 500 mg/kg PME had significantly shorter sleep
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duration when compared to other HPR groups, suggests that PME at this dose may have preserved the
activity of the microsomal enzymes of the hepatocytes.

The findings that PME at the doses of 250 and 500 mg/kg led to significant lowering of the CCls-induced
elevation of serum ALT, AST, serum total cholesterol and/or serum bilirubin, imply that PME at these
doses was protective of the hepatocellular integrity and hepatic excretory function. This hepatoprotective
activity of PME compared with that of silymarin (a standard hepatoprotective drug), and concurs with
earlier reports [18,20,32], which indicated significant lowering of serum ALT, AST and bilirubin of rat
groups treated with P. santalinoides leaf extracts.

The shortening of sleep duration was highest in the group treated with 500 mg/kg PME (Group D), while
hepatocellular integrity and hepatic excretory function was most protected at the dose of 250 mg/kg PME
(Group C). This implies that the facilitation of microsomal enzyme activation and thus thiopentone
catabolism is not directly related to hepatocellular integrity and hepatic excretory function. This confirms
the commonly known multiple unrelated functions of the liver and the varied effects of liver
disorders/diseases on drug pharmacokinetics [33,34,35].

It was concluded that the administration of PME (500 mg/kg) significantly shortened thiopentone-induced
sleep duration prolonged by toxic damage to the liver from CCl, intoxication of rats because of the
hepatoprotective effect of the extract.

REFERENCES

1. Katzung, B. G., Masters S. B. and Trevor, A. J. (2009). Basic and Clinical Pharmacology, 11"edn.
McGraw-Hill, New York, NY, USA.

2. Russo, H., Bres, J., Duboin, M. P. and Roquefeuil, B. (1995). Pharmacokinetics of thiopental after
single and multiple intravenous doses in critical care patients. European Journal of Clinical
Pharmacology, 49 (1-2): 127 — 137.

3. WHO (2009). World Health Organization’s Model List of Essential Medicines 16™ list, March
2009. World Health Organization (WHO), Geneva, Switzerland.

4, Bory, C., Chantin, C., Boulieu, R., Cotte, J., Berthier, J. C., Fraisse, D., and Bobenrieth, M. J.
(1986). Use of thiopental in man. Determination of this drug and its metabolites in plasma and urine
by liquid phase chromatography and mass spectrometry. ComptesRendus de I'Académie des
Sciences, Série 111, 303 (1): 7 - 12.

5. Winters, W. D., Spector, E., Wallach, D. P. and Shideman, F. E. (1955). Metabolism of thiopental-
S35 and thiopental-2-C14 by a rat liver mince and identification of pentobarbital as a major
metabolite. Journal of Pharmacology and Experimental Therapeutics, 114(3): 343 — 57.

6. Muriel, P., Alba, N., Perez-Alvarez, V. M., Shibayama, M. and Tsutsumi, V. K. (2001). Kupffer
cell inhibition prevents hepatic lipid peroxidation and damage induced by carbon tetrachloride.
Comparative Biochemistry and Physiology Part C: Toxicology and Pharmacology, 130: 219 — 226.

7. Weber, L. W. D., Meinrad, B. and Andreas, S. (2003). Hepatotoxicity and Mechanism of Action of
Haloalkanes: Carbon tetrachloride as a toxicological model. Critical Reviews in Toxicology, 33 (2):
105 -136.

8. Anaga, A. O, Asuzu, I. U., Shetty, S. N. and Anika, S. M. (2010). Laboratory Manual of
Pharmacology and Toxicology, 2"%dn. Fourth Dimensions Publishing Co. Ltd., Enugu, Nigeria, pp.
31-33.

9.  Adetunji, J. A. (2007). Reviewing Pterocarpus speciesand their distribution. African Journal of
Traditional, Complementary and Alternative Medicine, 4(2): 23 — 36.

10. Osuagwu, G. G. E., Okwulehie, J. and Emenike, J. O. (2007). Phytochemical and mineral content
of the leaves of four Nigeria Pterocarpus (2 ACQ) species. International Journal of Molecular
Medicine and Advanced Sciences, 3(1): 6 — 11.

51


https://en.wikipedia.org/wiki/World_Health_Organization
http://jpet.aspetjournals.org/cgi/pmidlookup?view=long&pmid=13243246
http://jpet.aspetjournals.org/cgi/pmidlookup?view=long&pmid=13243246
http://jpet.aspetjournals.org/cgi/pmidlookup?view=long&pmid=13243246

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Adesina, S. K. (1982). Studies in the Nigeria herbal medicinal plants. International Journal of
Crude Drug Research, 20 (2): 93 — 100.

Igoli, J. O., Ogaji, O. G., Tor, A. A. and Igoli, N. P. (2005) Traditional medicinal practice amongst
the Igede people of Nigeria, Part Il. African Journal of Traditional, Complementary and Alternative
Medicine, 2 (2): 134 — 152.

Nworu, C. S., Akah, P. A., Nwachukwu, J. O. and Asogwa, C. (2009). Antidiarrhoeal activity of
Pterocarpus santalinoides L'Hérit ex DC Leaf extract. Journal of Complementary and Integrative
Medicine, 6(1): 145 — 153.

Lawal, I. O., Uzokwe, N. E., Igbanugo, B. I., Adio, A. F., Awosan, E. A., Faloye, B. and Adesoga,
A. A. (2010). Ethno-medicinal information on plants. African Journal of Pharmacy and
Pharmacology, 4(1): 001 — 007.

Poppenga, R. H. (2007). Herbal medicine: Potential for intoxication and interactions with
conventional drugs. In: Veterinary Herbal Medicine. Wynn, S. and Fougere, B. (eds.). Mosby Inc,
Missouri, USA, pp. 183 — 207.

Tiwari R. H. and Sinha, M. (2010). Veterinary Toxicology. Oxford Book Company, Jaipur, India,
pp. 133 — 174.

Anowi, C. F., Okonkwo, C., Agbata, C. A. and Ezeokafor, E. (2012). Preliminary phytochemical
screening, evaluation of acute toxicity and antipyretic activity of methanolic extract of Pterocarpus
santalinoides (Fabaceae). International Journal of Pharmaceutical and Phytopharmacological
Research, 1(6): 343 — 346.

Ihedioha, T. E., Onwuegbuka, L. U. and lhedioha, J. I. (2017) Hepatoprotective effects of methanol
leaf extract of Pterocarpus santalinoides DC on acetaminophen-induced liver damage in albino rats
(Rattus norvegicus). Nigerian Journal of Animal Production, 44(5): 34 — 39.

Ihedioha, T. E., Okechukwu, V. N. and lhedioha, J. I. (2018). Effects of aqueous leaf infusion of
Pterocarpus santalinoides DC on serum lipid profile of guinea pigs (Carvia porcellus). Journal of
Complementary Medicine Research, 7(2): 154 — 160.

Ihedioha, T. E., Asuzu, I. U., Anaga, A. O. and lhedioha, J. I. (2019). Hepatoprotective and
antioxidant activities of Pterocarpus santalinoides methanol leaf extract. African Journal of
Pharmacy and Pharmacology, 13(18): 359 — 373.

Ihedioha, T. E., Asuzu, I. U., Anaga, A. O. and lhedioha, J. I. (2020). Haematology, serum
biochemistry and histopathological changes associated with sub-chronic administration of methanol
leaf extract of Pterocarpus santalinoides DC in albino rats. African Journal of Pharmacy and
Pharmacology, 14(15): 136 — 146.

Ihedioha, T. E., Asuzu, I. U., Anaga, A. O. and lhedioha, J. I. (2021). Blood cellular, serum
biochemical and organosomatic alterations in albino rats following subacute oral administration of
varied doses of Pterocarpus santalinoides methanol leaf extract. Journal of Complementary
Medicine Research, 12(1): 62 — 69.

Robin, S., Sunil, K., Rana, A. C. and Nidhi, S. (2012). Different models of hepatotoxicity and
related liver diseases: a review. International Research Journal of Pharmacy 3(7): 86 — 95.

Singh, R., Kumar, S., Rana, A. C. and Sharma, N. (2012). Different models of hepatotoxicity and
related liver diseases: A review. International Research Journal of Pharmacy, 3(7): 86 — 95.
Bolliger, A. P. and Everds, N. E. (2010). Hematology of laboratory rodents: mouse (Mus musculus)
and rat (Rattus norvegicus). In: Schalm’s Veterinary Hematology, 6"edn., Weiss, D.J. and Wardrop,
K.J. (Eds.). Wiley-Blackwell, lowa, pp. 852 — 862.

Reitman, S. and Frankel, S. (1957). A colorimetric method for determination of serum glutamic
oxaloacetic and glutamic pyruvic transaminases. American Journal of Clinical Pathology, 28: 56 —
62.

Colville, J. (2002). Blood chemistry. In: Laboratory procedures for Veterinary Technicians,
(4%edn.). Hendrix, C.M. (ed.). Mosby, St Louis, pp. 75 — 103.

Klein, B., Read, P. A. and Babson, A. L. (1960). Rapid method for the quantitative determination of
serum alkaline phosphatase. Clinical Chemistry, 6: 269 — 275.

52



29.

30.

31.

32.

33.

34.

35.

Johnson, A. M. (2008). Amino acids and proteins. In: Tietz Fundamentals of Clinical Chemistry,
(6™ ed). Burtis, C. A., Ashwood, E. R. and Bruns, D. E, (Eds). Saunders Elsevier, Missouri, pp. 206
— 316.

Rifai, N., Warnick, G. R. and Remaley, A. T. (2008). Analysis of lipids, lipoproteins and
apolipoproteins. In: Tietz Fundamentals of Clinical Chemistry, (6" ed). Burtis, C. A., Ashwood, E.
R. and Bruns, D. E. (eds.), Saunders Elsevier, Missouri, pp. 422—-427.

Higgins, T., Beutler E., Doumas B.T. (2008) Analytical methodology — Serum bilirubin, In: Tietz
Fundamentals of Clinical Chemistry, (6" ed.). Burtis, C.A., Ashwood, E.R and Bruns, D.E (Eds),
Saunders Elsevier, Missouri, pp. 524 — 525.

Offor, C. E., Nwankwegu, N. J., Ugwu-Okechukwu, P. C. and Aja, P. M. (2015). The effects of
ethanol leaf extract of Pterocarpus santalinoides on liver enzymes of albino rats. American-
Eurasian Journal of Agriculture and Environmental Sciences, 15(5): 920 — 922.

Lu A. U. (1976) Liver microsomal drug metabolizing enzyme system: functional components and
their properties. Federation Proceedings, 35(13): 2460 — 2463.

Farrell, J. C., Cooksley, W. G. E. and Powell, L. W. (1979). Drug metabolism in liver disease:
Activity of hepatic microsomal metabolizing enzymes. Clinical Pharmacology and Therapeutics,
26(4): 483 — 492.

Rodighiero, V. (1999). Effectes of liver disease on pharmacokinetics. An update. Clinical
Pharmakokinetics, 37(5): 399 — 431.

53



