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Abstract: Tacrolimus is a calcineurin inhibitor immunosupe@® that has seen
considerable use in both adult and pediatric smigshn transplant recipients. Though there
is much pharmacokinetic data available for tacrabrim the adult population, the literature
available for children is limited. Furthermore, yelittle is known about the
pharmacogenomic differences in the two patient ggolBased on what information is
currently available, clinically significant diffenees may exist between the two
populations in terms of absorption, distributiorgtabolism and elimination. In addition,
inherent physiological differences exist in the ygwehild including: less effective plasma
binding proteins, altered expression of intestidajlycoprotein, and increased expression
of phase 1 metabolizing enzymes, therefore one dvexpect to see clinically significant
differences when administering tacrolimus to a cthiThis paper examines available
literature in an attempt to summarize the potemiermacokinetic and pharmacogenomic
variability that exists between the two populations
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1. Introduction

Tacrolimus (Prograf, FK506) is a macrolide immurmsessant first isolated froi®reptomyces
tsukubaensis in 1984 [1]. Since that time, tacrolimus has sagea cyclosporine use [2] owing to
reports of reduced acute rejection [3-5] and bettelerability. Tacrolimus exhibits its
immunosuppressive effects through binding to imnpimians known as FK-binding proteins (FKBP),
this complex interferes with the activity of a w#@ phosphatase also known as calcineurin. Under
normal circumstances, calcineurin cleaves a phasgiraup off NFAT (nuclear factor of activated T
cells); this transcription factor then enters thelaus and initiates the production of interleuRias
well as a host of other chemokines which eventuaekyls to T-cell replication. With the tacrolimus-
FKBP complex present, dephosphorylation does notroand T-cell proliferation is halted [1,6-9].
Additionally, tacrolimus may also inhibit B-cellguiuction, although to a lesser extent [7].

Adverse events associated with both calcineurinbitdrs are vast but some dichotomy exists
between the two drugs [10]. Adverse events wortkingoinclude nephrotoxicity, hypertension,
diabetes, neurotoxicity, hyperkalemia, hypomagnégsem hirsutism and gingival
hypertrophy/hyperplasia [10]. Tacrolimus seemsd@ésociated with more neurotoxicity and diabetes
but less so with cosmetic effects, such as hinsuaaad gingival hyperplasia [1@jhen compared to
cyclosporine. This is a major consideration for fediatric population, who may be especially
compromised by cosmetic side effects. Most of theeese events associated with tacrolimus are dose-
dependent thus minimizing exposure can reduce tnesanted effects, however insufficient exposure
will result in acute rejection [10]. Balancing thexposure becomes a critical aspect in patient
management with this narrow therapeutic index ageotutine measurements of drug concentration
are taken just preceding the next dose to obtanrdugh concentration which depending on timer afte
transplant is usually kept between 5 and 20 ng/bill. [

Despite overall lack of data on immunosuppressagtin children, management of the pediatric
populations remains based on the information ewteapd from the adult patient. The pediatric
population has many  physiological differences thatan  significantly  alter
pharmacokinetic/pharmacogenomic disposition in geoh absorption, distribution, metabolism and
excretion [12]. In general the pharmacokineticstadrolimus display significant interpatient and
intrapatient variability and are also dependenthentype of organ transplanted [13,14].

Although the stomach of a growing fetus is cellylaimilar to that of the adult within 20 weeks of
gestation, it appears to lag behind in terms otfiom for several years [15]. Intestinal motilityhich
plays a role in the absorption of many drugs ineesavith age and usually becomes similar to that of
an adult by 36 weeks of age [16]. Additionally,anfile diarrhea may also affect drug disposition.
Distribution in the pediatric population is ofteary different from the adult population becauséhef
differences in body compartment composition. Tdtatly water is greater in the neonate than the
infant and is even less in the adult. The percentaigbody weight that is represented by fat also
increases with age up to one year before decreasitige adult [17] and is an important factor when
considering the distribution of lipophillic drugélterations in protein binding may play a role in
neonatal patients; albumin and alpha-1-acid glyaimin levels and their affinity for ligands on
binding sites are not equivalent to the adult usitibut one year of life [18]. Additionally presenafe
fetal proteins can further complicate drug bindihg].
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P-glycoprotein (PGP) is an efflux pump that is @gsed on the cell membrane of many tissues. It
is widely known that tacrolimus is a substrate G thus age dependent variations in this proteins
expression may lead to important pharmacokinetarplacogenomic variability. Drug metabolism
may be the most important factor when evaluatingriplacokinetic differences in the adult and
pediatric patient. Phase 1 metabolism involves atia, reduction and hydrolysis. Phase 1 enzymes
can activate or inactivate a drug and can occuwrbedr after phase 2 metabolism, which is generally
responsible for making molecules more polar antee&s excrete. In the case of tacrolmius, the drug
is inactivated by cytochrome P450 enzymes locatedgpily in the liver and to some extent the Gl
tract. Metabolism of tacrolimus is primarily condied by the 3A family of P450 enzymes, which have
variable expression depending on age [20-22]. Aaltadly, many agents commonly prescribed in the
transplant setting that may induce or inhibit CYHB3#ctivity can have altered or unexpected effects
on the exposure to tacrolimus in the pediatricgrdtivhere phase 1 enzymes are expressed at differen
levels from that of adults.

Extensive clinical data suggests that pediatriceptd may require higher doses of tacrolimus to
obtain the same therapeutic concentrations as saddite to certain pharmacokinetic and
pharmacogenomic differences. The objective of plaiser is to review the four basic pharmacokinetic
principles of absorption, distribution, metabolismnd excretion (ADME) in relation to
pharmacogenomics to examine where variability tiethe adult versus pediatric organ transplant
recipient receiving tacrolimus therapy.

2. Absorption

The absorption of tacrolimus occurs in the smatiestine and is erratic and is decreased
substantially by the presence of food. The bioabdlity ranges from 5-93% with a mean of 25% in
the adult population [7]. In the pediatric popuatiCmax occurs at 1-2 h [23,24], which is similar t
what is seen in adults [11]. The mean bioavailgbis reported as 31% [25] by the manufacturer.
However, this data comes from a very small samplehiddren with ages ranging up to 13 years old.
Contrarily, data from some studies suggest thatesgion of intestinal CYP3A may be increased in
the very young pediatric population [25,26] whichyrdead to some differences in oral bioavailahility
The interpatient pharmacokinetic variability ofteeen in children is multi-factorial. Differences in
intestinal P-glycoprotein (PGP) and intestinal iitgtican explain some of the inconsistency. PGP is
an energy-dependent transmembrane efflux pump eddog the multidrug resistance 1 gene (MDR1
or ABCBL1) gene. PGP has been shown to efflux upO8s of drug back into the gastrointestinal tract
[27]. Specific to tacrolimus, several reports haescribed an association between tacrolimus dose-
adjusted trough concentrations and MDR1 genotypdsreas others found no association. The
potential role of other transporter proteins sushraulti-drug resistance protein 2 remains unclear.
vivo, in adult kidney transplant recipients, no asdemawas found between MDR2 polymophisms
and tacrolimus trough levels. However, case remutgest that diarrhea; especially in young patient
can greatly increase oral bioavailability by desreg exposure to PGP [28-30]. Unfortunately, there
not a lot of data regarding intestinal P-glycopiotexpression in the pediatric population, from the
information we currently have from animal dataseems that PGP representation is likely similar to
that of an adult shortly after birth [31]. Despiseveral possible mechanisms that can lead to
pharmacokinetic differences in absorption betwedulta and children, these differences are difficult
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to establish owing in large part to the intrinsigalnreliable absorption characteristics of tacmls.
Thus, if a real difference is present, it is likelpt large enough to be clinically significant and
therapeutic drug monitoring ensures that drug kaed kept in a desired therapeutic window.

3. Distribution

Tacrolimus is bound mainly to alphal-acid-glycopimotand to a lesser extent aloumin as well as
several other minor binding proteins [32]. Approately 99% of the drug is bound [32] in plasma and
concentration dependent distribution to erythrogyige extensive which results in blood to plasma
ratios ranging from 15:1 to 35:1 [33]. Thereforehole blood is used to obtain tacrolimus
concentrations for therapeutic drug monitoring. HHitgvels of tacrolimus binding proteins in
erythrocytes drive distribution. Aside from tacrolis concentration, red blood cell distribution is
dependent on several factors such as hematocnitpet@ture and protein concentration [7,33].
Additionally, animal models suggest that tacrolintlistributes to lungs, spleen, liver, kidney, brain
and muscle [34]. A study comparing pharmacokingifiierences in the adult and pediatric population
noted that pediatric recipients had a volume dfritistion of 2.5 L/kg nearly twice that of adult3g].
The low apparent volume of distribution is from tperspective of whole blood as it would be
significantly greater based on plasma. Total cleearom the blood was also twice as large as the
adult value [35]. Interestingly, a pediatric pogida kinetics study conducted by Zhaioal. in 2009
noticed that along with CYP3A activity and body gidi, hematocrit was the biggest factor
influencing clearance of tacrolimus [36]. Speciliga hematocrit less that 33% was associated aith
significantly higher rate of clearance [36], po$sittue to the greater exposure of undistributedydeou
metabolizing enzymes. In pediatric patients, théuced drug binding affinity of plasma proteins
increase the fraction of unbound drug; this may rbsponsible for increased distribution and
elimination. It is likely that the need for highdpses of tacrolimus needed to achieve the same
concentration range required with more elapsed tpost transplant are due to the recovery of
hematocrit seen with new allograft [37].

4. Metabolism/Elimination

Elimination of tacrolimus is accomplished by metfa@og enzymes of the cytochrome P450
system. The portion of unchanged drug excretedsigjmificant [33]. There are several metabolites of
tacrolimus. Although some have shownvitro activity; however theitin vivo activity is still to be
determined [39], and they do cross react with tawielimus antibodies that are used for
immunoassays. Most of the biotransformation isqrered by the 3A family of CYP enzymes with the
possible minor involvement of other phase 1 enzypd® The CYP3A5*1 allele is the wild type
gene that displays normal enzymatic activity [4lHhe CYP3A5*3 allele codes for a nonfunctional
protein resulting in poor drug metabolizing in th@mozygous *3/*3 patient.g., poor metabolizers)
[41]. Accordingly the *1/*3 heterozygous populati@are intermediate metabolizers of CYP3A5
substrates of tacrolimus [41]. The homozygous pwoetabolizer genotype is reported to have a
frequency of 0.83 in the Caucasian population wWithsingle gene occurring in 0.92 of the population
[36]. It has been shown that *1/*1 genotypes regjtuvice the dose of tacrolimus to maintain deseabl
trough levels [42].
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Tacrolimus is excreted primarily via the biliaryute [43] and systemic clearance can range
from .6-5.4 L/h/kg [44] though the range greatlypeeds on the type of transplant the patient
underwent as well as several other variables afreaehtioned. Hepatic CYP3A metabolism may be
the source for the greatest pharmacokinetic vanaseen between adults and children. As described,
CYP3A5 and to a slightly lesser extent, CYP3A4 the primary oxidative enzymes responsible for
tacrolimus elimination [45]. It has been suggestedsome time that hepatic enzymatic activity ie ag
dependent and may not be as profound in the ped@dpulation [46,47]. Additionally, there may be
enhanced hepatic blood flow in the pediatric pofattain proportion to size [48]. Magt al. found
thatin vivo 3A4 activity is highest in the younger populati@7] after the 3A family comes to full
maturation at about one year of age. Another stledgcted expression of CYP3A4 mRNA at 120% of
the adult population in children older than 12 nienf49]. This would explain why several studies
report patients younger than six years old needisgbstantially larger dose of tacrolimus to achiev
similar levels [50,51]. Consequently, certain siflave reported a blood clearance of 0.14 L/h/kg in
the pediatric population compared to 0.06 in adGi.

5. Conclusion

Though there is scarcity of pharmacokinetic/phawgacomic data available for pediatric patients
in comparison to the amount of adult studies; themaifficient data to suspect that certain diffiees
are nonetheless present. For some time, differandespatic enzyme activity were implicated in the
apparent variability in tacrolimus clearance. lerss that these differences may be of importance
especially in children under six years of age, wGaiP enzyme expression may be most prevalent. In
accordance to increased hepatic metabolism, intdstnetabolic clearance may be elevated for the
same reason. P-glycoprotein activity may contridotéentestinal biotransformation to decreased oral
absorption in pediatric transplant patients. Addigilly because of the nature of immature plasma
binding proteins, pediatric patients have a retiedince in volume of distribution due to the gezat
abundance of free drug in the blood. Though mudheflata agrees with these particular findings, th
problem with most pediatric pharmacokinetic studigsthe inclusion of a wide range of ages,
anywhere from 1-18 years of age. To obtain a beitelerstanding of kinetic/genomic principles in
immunosuppressive pharmacology, larger studies w#fined narrow ranges of age should be
conducted and compared to results seen in addltturfately, with the implementation of therapeutic
drug monitoring, the effects of significant diffees in pharmacokinetics/pharmacogenomics can be
carefully observed and necessary adjustments tagii€an be implemented.

References

1. Goto, T.; Kino, T.; Hatanaka, H.; Nishiyama, M.; @lara, M.; Kohsaka, M.; Aoki, H.; Imanaka
H. Discovery of FK-506, a novel immunosuppressantated from Streptomyces Tsukubaensis.
Transplant. Proc. 1987, 19, 4-8.

2. UNOS Market Share Report. Immunosuppression anttipeatrend. 2002, chapter 4. Available at
http://wwwunos.org/ (accessed on July 16, 2010).

3. Knoll, G.A.; Bell, R.C. Tacrolimus versus cyclosporfor immunosuppression in renal
transplantation: meta-analysis of randomised trigisMed. J. 1999, 318, 1104-1107.



Pharmaceutics 2010, 2 296

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Pirsch, J.D.; Miller, J.; Deierhoi, M.H.; Vincentk.; Filo, R.S. A comparison of tacrolimus
(FK506) and cyclosporine for immunosuppression raftadaveric renal transplantation.
Transplantation 1997, 63, 977-983.

Mayer, A.D; Dmitrewski, J.; Squifflet, J.-P.; Besse; Grabensee, B.; Klein, B.; Eigler, F.W.;
Heemann, U.; Pichlmayr, R.; Behrend, M.; Vanrertterg, Y.; Donck, J.; van Hooff, J.;
Christiaans, M.; Morales, J.M.; Andres, A.; JohnsRiW.G.; Short, C.; Buchholz, B.; Rehmert,
N.; Land, W.; Schleibner, S.; Forsythe, J.L.R.;bba) D.; Neumayer, H.-H.; Hauser, I.; Ericzon,
B.-G.; Brattstrom, C.; Claesson, K.; Mihlbacher, Fohanka, E. Multicenter randomized trial
comparing tacrolimus (FK506) and cyclosporine ie firevention of renal allograft rejection.
Transplantation 1997, 64, 436-443.

Peters, D.H.; Fitton, A.; Plosker, G.L.; Faulds,Tacrolimus. A review of its pharmacology and
therapeutic potential in hepatic and renal tramgplt#on.Drugs 1993, 46, 74-749.

Plosker, G.L.; Foster, R.H. Tacrolimus: a furthpdate of its pharmacology and therapeutic use
in the management of organ transplantatiazngs 2000, 59, 323-389.

Brazelton, T.R.; Morris, R.E. Molecular mechanismf action of new xenobiotic
immunosuppressive drugs: tacrolimus (FK506), smak (Rapamycin), mycophenolate mofetil
and leflunomideCurr. Opin. Immunol. 1996, 8, 710-720

Thomsan, A.W.; Bonham, C.A.; Zeevi, A. A mode ofiat of tacrolimus (FK-506): Molecular
and cellular and cellular mechanisrfiker. Drug Monit. 1995, 17, 584-591.

Danovitch, G.M. Immunosuppresive Medications andtéuols for Kidney Transplantation. In
Handbook of Kidney Transplantation; Danovitch, G.M., Ed.; Lippincott Williams & Wilkis:
New York, NY, USA, 2005; pp. 72-90.

Quan, D.J.; Winter, M.E. Immunosuppressants: Cydase, tacrolimus and sirolimus. Basic
Clinical Pharmacokinetics, Winter; Lippincott Williams and Wilkins: New York, NY, U&, 2004;
p. 241.

Besunder, J.B.; Reed, M.D.; Blumer, J.L. Principtésdrug biodisposition in the neonate. A
critical evaluation of the pharmacokinetic-pharndgtamic interface (Part 1).Clin.
Pharmacokinet. 1988, 14, 189-216.

Kelly, P.A.; Burckart, G.J.; Venkatatamanan, R.rbdmus: A new Immunosuppresive agefin.

J. Health Syst. Pharm. 1995, 52, 1521-1535.

Astellas Pharma US, InBrograf (tacrolimus) Prescribing Information; Astellas Pharma US, Inc.:
Deerfield, IL, USA, 20009.

Rane, A. Drug Disposition and Action in Infants a@thildren. In Pediatric Pharmacology:
Therapeutic Principles in Practice, 2nd ed.; Yaffe, S.J., Aranda, J.V., Eds.; WB Sausid
Philadelphia, PA, USA, 1992; pp. 10-21.

Dumont, R.C.; Rudolph, C.D. Development of gastestinal motility in the infant and child.
Gastrointest. Clin. North Am. 1994, 23, 655-671.

Friis-Hansen, B. Body composition during grath vivo measurements and biochemical data
correlated to differential anatomical growRediatrics 1971, 47, 264-274.

Miyoshi, K.; Saijo, K.; Kotani, Y.; Kashiwagi, T.Kawai, H. Characteristics of fetal human
albumin in isomerization equilibriunTokushima J. Exp. Med. 1966, 13, 121-132.



Pharmaceutics 2010, 2 297

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Notarianni, L.J. Plasma protein binding of drug@iagnancy and neonat€3in. Pharmacokinet.
1990, 18, 20-36.

Johnson, T.N.; Rostami-Hodjegan, A.; Tucker, G.fiedittion of the clearance of eleven drugs
and associated variability in neonates, infants ahifldren. Clin. Pharmacokinet. 2006, 45,
931-956.

Tanaka, E.In vivo age-related changes in hepatic drug-oxidizing c&pan humans.J. Clin.
Pharm. Ther. 1998, 23, 247-255.

May, D.G.; Porter, J.; Wilkinson, G.R.; Branch, R.Arequency distribution of dapsone-N-
hydroxylase, a putative probe of P4503A4 activitya white populationClin. Pharmacol. Ther.
1994, 55, 492-500.

Filler, G.; Grygas, R.; Mai, |.; Stolpe, H.J.; Grer, C.; Bauer, S.; Ehrich, J.H. Pharmacokinetics
of tacrolimus (FK 506) in children and adolescemtish renal transplantsNephrol. Dial.
Transplant 1997, 12, 1668-1671.

Astellas Pharma US Inc. Prograf prescribing infdroma (US) [online]. Available from at
http://www.astellas.us/docs/prograf.pdf (accessedpril 29, 2006)

Hines, R.N. Ontogeny of human hepatic cytochrom&s0R]. Biochem. Mol. Toxicol. 2007, 21,
169-175.

Johnson, T.N.; Tanner, M.S.; Taylor, C.J.; Tucker]. Enterocytic CYP3A4 in a paediatric
population: developmental changes and the effecbeliac disease and cystic fibrods. J. Clin.
Pharmacol. 2001, 51, 451-460.

Christians, U.; Strom, T.; Zhang, Y.L.; Steudel,;\®chmitz, V.; Trump, S.; Haschke, M. Active
drug transport of immunosuppressants: new insigitgharmacokinetics and pharmacodynamics.
Ther. Drug Monit. 2006, 28, 39-44.

Asano, T.; Nishimoto, K.; Hayakawa, M. Increasecraimus trough levels in association with
severe diarrhea, a case reporansplant. Proc. 2004, 36, 2096—-2097.

Hochleitner, B.W.; Bosmuiller, C.; Nehoda, H.; FriliwM.; Simma, B.; Ellemunter, H.; Steurer,
W.; Hochleitner, E.O.; Konigsrainer, A.; MargreiteR. Increased tacrolimus levels during
diarrheaTransplant Int. 2001, 14, 230-233.

Guido, F. Calcineurin Inhibitors in Pediatric Refahnsplant Recipient®ediatr. Drugs 2007, 9,
165-174.

Mahmood, B.; Daood, M.J.; Hart, C.; Hansen, T.Watitiko, J.F. Ontogeny of p-glycoprotein in
mouse intestine, liver and kidney.Invest. Med. 2001, 49, 250-257.

Nagase, K.; lwasaki, K.; Nozaki, K.; Noda, K. Dibtrtion and protein binding of FK506, a
potent immunosuppressive macrolide lactone, in lublaod and its uptake by erythrocytds.
Pharm. Pharmacol. 1994, 46, 113-117.

Venkataramanan, R.; Swaminathan, A.; Prasad, Tin, J&; Zuckerman, S.; Warty, V.;
McMichael, J.; Lever, J.; Burckart, G.; Starzl, Qlinical pharmacokinetics of tacrolimu€lin.
Pharmacokinet. 1995, 29, 404-430.

Wijnen, R.M.; Ericzon, B.G.; Tiebosch, A.T.; BeyseA.J.; Groth, C.G.; Kootstra, G. Toxicity of
FK 506 in cynomolgus monkey: noncorrelation with BE6 serrum levelsTransplant. Proc.
1991, 23, 3101-3104.



Pharmaceutics 2010, 2 298

35. Wallemacq, P.E.; Verbeeck, R.K. Comparative clihipharmacokinetics of tacrolimus in

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

pediatric and adult patientSlin Pharmacokinet. 2001, 40, 283-295.

Zhao, W.; Elie, V.; Roussey, G.; Brochard, K.; Nlatj P.; Leroy, V.; Loirat, C.; Cochat, P.;
Cloarec, S.; André, J.L.; Garaix, F.; Bensman, Fakhoury, M.; Jacgz-Aigrain, E. Population
pharmacokinetics and pharmacogenetics of tacrolimude nova pediatric kidney transplant
recipients Clin. Pharmacol. Therapeut. 2009, 86, 609-618.

Milsap, R.L.; Hill, M.R.; Szefler, S.J. Special pheacokinetic considerations in children. In
Applied Pharmacokinetics Principles of Therapeutic Drug Monitoring; Evans, W.E., Schentag,
J.J., Jusko, W.J., Eds.; Applied Therapeutics :In&¥ancouver (WA), Canada, 1992,
pp. 10-1-10-32.

Venkataramanan, R.; Swaminathan, A.; Prasad, h; g Zuckerman, S.; Warty, V.; Lever, J.;
Burckart, G.; Starzl, T. Clinical pharmacokinetmfstacrolimus.Clin. Pharmacokinet. 1995, 29,
404-430

Sattler M, Guengerich FP, Yun CH, Christians U, BewF. Cytochrome P450 3A enzymes are
responsible for biotransformation of FK506 and mapein in man and raDrug Metab. Dispos.
1992, 20, 753-761.

Kelly, P.; kahan, B.D. Review: Metabolism of Immsappressant Drug€urr. Drug Metab.
2002, 3, 275-287.

Larriba, J.; Imperiali, N.; Groppa, R.; Giordani, @lgranatti, S.; Redal, M.A. Pharmacogenetics
of immunosuppressant polymorphism of CYP3AS in réransplant recipientdransplant. Proc.
2010, 42, 257-259.

Macphee, I.A.; Fredericks, S.; Tai, T.; Syrris, €arter, N.D.; Johnston, A.; Goldberg, L.; Holt,
D.W. Tacrolimus pharmacogenetics: polymorphism®aated with expression of cytochrome
p450-3A5 and P-glycoprotein correlate with doseunement. Transplantation 2002, 74,
1486-1489.

Moller, A.; lwasaki, K.; Kawamura, A.; Teramura,;XShiraga, T.; Hata, T.; Schafer, A.; Undre,
N.A. The disposition of 14C-labelled tacrolimus eaftintravenous and oral administrationin
healthy human subject®rug Metab. Disposition 1999, 27, 633-666.

Spencer, C.M.; Goa, K.L.; Gillis, J.C. Tacrolimws update of its pharmacology and clinical
efficacy in the management of organ transplantafbwngs 1997, 54, 925-975.

Kamdem, L.K.; Streit, F.; Zanger, U.M.; Brockmdllei.; Oellerich, M.; Armstrong, V.W.;
Wojnowski, L. Contribution of CYP3AS5 to thin vitro hepatic clearance of tacrolimuslin.
Chem. 2005, 51, 1374-1381.

Tanaka, E.In vivo age-related changes in hepatic drug-oxidizing apac humans.J. Clin.
Pharm. Ther. 1998, 23, 247-255.

May, D.G.; Porter, J.; Wilkinson, G.R.; Branch, R.Arequency distribution of dapsone-N-
Hydroxylase, a putative prove for P4503A4 activitya white populationClin. Pharmacol. Ther.
1994, 55, 492-500.

Murry, D.J.; Crom, W.R.; Reddick, W.E.; Bhargava,; EEvans, W.E. Liver volume as a
determinant of drug clearance in children and abaets.Drug Metab. Disposition 1995, 23,
1110-1116.



Pharmaceutics 2010, 2 299

49. de Wildt, S.N.; Kearns, G.L.; Leeder, J.S.; van da&ker, J.N. Cytochrome P450 3A ontogeny
and drug dispositiorClin. Pharmacokinet. 1999, 37, 485-505.

50. Przepiorka, D.; Blamble, D.; Hilsenbeck, S.; Dasoel, M.; Krance, R.; Chan, K.W. Tacrolimus
clearance is age-dependant within the pediatriciiadipn. Bone Marrow Transplant. 2000, 26,
601-605.

51. Montini, G.; Ujka, F.; Varagnolo, C.; Ghio, L.; Gawri, F.; Murer, L.; Thafam, B.S.; Carasi, C.;
Zacchello, G.; Plebani, M. The pharmacokinetics mmehunosuppressive response of tacrolimus
in paediatric renal transplant recipier®sdiatr. Nephrol. 2006, 21, 719-724.

© 2010 by the authors; licensee MDPI, Basel, Swidérnel. This article is an Open Access article
distributed under the terms and conditions of theeave Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).



