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Context: In the meadow of medical sciences substituting a diseased organ with a
healthy one from another individual, dead or alive, to allow a human to stay alive
could be consider as the most string event. In this article we review the history
of transplantation, mechanisms of rejection, nephro-neurotoxicity of tacrolimus
and cyclosporin in organ transplantations.

Evidence Acquisitions: Directory of Open Access Journals (IDOA]J), Google Schol-
ar, Pubmed (NLM), LISTA (EBSCO) and Web of Science have been searched.
Results: The first reference to the concept of organ transplantation and replace-
ment for therapeutic purposes appears to be to Hua-To (136 to 208 A.D), who
replaced diseased organs with healthy ones in patients under analgesia induced
with a mixture of Indian hemp. In 1930, the first human renal transplant pet-
formed by Voronoy in Russia. The first liver transplant in humans was performed
on March 1, 1963 by Starzl in Denver, USA. Medawar was the first to assert that
rejection was an immunological response, with the inflammatory reaction due
to lymphocyte infiltration. Consequently, rational immunosuppressive therapies
could inhibit deleterious T-cell responses in an antigen specific manner.
Conclusions: Searching related to the history of organ transplantation from mythic to
modern times suggests that, to prevent graft rejection, minimize nephro and neuro
toxicity monitoring of immunosupressive concentrations could provide an invalu-
able and essential aid in adjusting dosage to ensure adequate immunosuppression.

Implication for health policy/ practice/ research/ medical education:
Previous studies from the 12-th century B.C. up to modern times have focused on quality and quantity of
life in transplant recipients. This review focuses on the history of transplant and immunosuppressive drug

therapy.
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1. Context
he introduction of cyclosporin and tacro-
T limus for immunosuppression in organ
transplantation heralded a new age for

transplantation. The efficacy of both drugs al-
lowed rapidly expanding indications within and
outside transplantation and permitted both the re-
laxation of restrictions in donor selection as well
as in the preservation of grafts. Mythical literature
richly describes transplantation as a cure for dis-
ease. An Indian legend from the 12th century B.C.
recounts the powers of Shiva, who xenotrans-
planted an elephant head onto a child to produce
the Indian god Gaesha. In modern times, replac-
ing a diseased organ with a healthy one from an-
other individual, dead or alive, to enable a human
to survive, can be considered to be the most stir-
ring event in the field of medical science.

Transplant antigens must be efficiently pre-
sented to the recipient’s immune system to evoke
a rejection response. The host immune system
must recognise an allograft as being foreign be-
fore it can mount an immunological reaction
against it. The human major histocompatibility
complex (MHC) is referred to as the HLA com-
plex and comprises seven genetic loci clustered
on the short arm of chromosome 6 (1-4).

In this article we review the history of trans-
plantation, mechanisms of rejection, nephro-
neurotoxicity, of tacrolimus and cyclosporin in

organ transplantations.

2. Evidence Acquisition

Directory of Open Access Journals (DOAJ)
Google Scholar, Pubmed (NLM), LISTA (EB-
SCO) and Web of Science were searched with
key words relevant to “Immunosuppression,
Mechanisms of Rejection, Toxicity, Organ Trans-

plantation”.

3. Results

53 research and review articles relevant to
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this topic directly or indirectly have been found.
From the information given in these papers, the

following aspects were drawn out.

3.1 The History of Organ Transplantation

In ancient China, Yue-Jen (407-310 B.C.) in-
duced anaesthesia lasting 3 days, by “the absorp-
tion of extremely strong wine, opened up the
chest of two soldiers and after examining them,
exchanged their hearts and transplanted them”.
The first reference to the concept of organ trans-
plantation and replacement for therapeutic pur-
poses appears to be to Hua-To (136 to 208 A.D.),
who replaced diseased organs with healthy ones
in patients under analgesia induced with a mix-
ture of Indian hemp.

Jaboulay (1,2,5) performed the first renal
transplant in man, transplanting the left kidney
of a pig, into the left elbow of a woman suffer-
ing from nephritic syndrome (1,6). Like other
subsequent attempts the graft failed rapidly be-
cause of vascular thrombosis. Until 1954, it was
shown that a denervated kidney could function
normally when reimplanted in the same person
from whom it has been taken. In 1936, the first
human cadaveric renal transplant performed by
Voronoy in Russia, survived four days and due
to genetic incompatibility between the donor
and the recipient, homologous transplantation
seemed doomed to failure (1,7-8).

Liver transplantation was first attempted in
dogs by Welch in Albany in 1955 and Cannon
in California in 1956. The first liver transplant
in humans was performed on March 1, 1963 by
Starzl in Denver (9). The recipient survived for
five hours after the transplantation, succumbing
to the complications of coagulation and hae-
mostasis encountered during the operation. The
first long-term survival was achieved in 1967 by
Starzl (1). Continuing progress in the 1960’s and
1970’s was very slow and one year patient sut-
vival was only 35%. The 1980’ was a decade in
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which new immunosuppressive therapies after
liver transplantation helped to increase graft and
patient survival by treating acute and chronic re-
jection more effectively. One year survival for
liver transplantation in Europe rose progressively
from 47% in 1968-1988 to 67 % in 1988-1996.
A further advance was the improvement of liver
preservation by the introduction of University of
Wisconsin Solution (Viaspan) in 1987 extending
periods of cold storage in Collins solution by two
to three fold (1, 10, 11).

3.2 Mechanisms of rejection

Rejection can be defined as graft damage aris-
ing from response to the transplanted organ by
the recipient immune system and may take several
forms resulting in different clinical patterns (12-
14). The two major presentations after liver trans-
plantation are acute and chronic rejection, with
hyperacute rejection rarely encountered (15,16).
Acute rejection may occur at any time after liver
grafting with the first episode usually occurring
around the 7th day. The diagnosis, suggested
by clinical signs and biochemical abnormalities,
is confirmed by histology. Three fundamental
histological lesions are usually observed: a por-
tal infiltrate of inflammatory cells, biliary lesions
and endotheliitis (17). Chronic rejection, which
can present as early as the first two weeks after
transplantation, is characterised by slowly declin-
ing graft function and is usually accompanied by
the corresponding elevation of liver enzymes
and especially bilirubin. Histological changes in-
clude a progressive reduction in the number of
bile ducts associated with the classical histologi-
cal picture of “vanishing bile duct syndrome”
and the thickening of the hepatic arterioles and
obliterative arteritis (18). Medawar was the first
to assert that rejection was an immunological
response, with the inflammatory reaction due
to lymphocyte infiltration (1, 9). Graft rejection
may be governed in part by the type and extent
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of histocompatibility differences between donor
and recipient with humoral mechanisms of likely
greater importance in the rejection of renal than
liver grafts (1, 12, 19). The two principal events of
the human immune response are the recognition
of epitopes on peptide antigens by T-cell recep-
tors (TCR) and recognition of different epitopes
on processed antigens by B-cell receptors. These
initial events result in cytokine-dependent prolif-
eration, differentiation and maturation of func-
tional subsets of T-cells and B-cells that secrete
immunoglobulin (1, 20, 21). These cytokines not
only serve as ligands for cellular receptors that
generate and regulate the immune response, but
they may also be toxic to adjacent cells or tissues.
Adhesion molecules present on leukocytes and
target tissue regulate migration of effector cells
and their adherence to antigen-presenting cells
(APCs) or target cells expressing foreign anti-
gens. Transplant antigens must be efficiently pre-
sented to the recipient’s immune system to evoke
a rejection response (1, 21, 22).

This may occur in one of two ways: (a) do-
nor antigen may be processed by host APCs and
presented in conjunction with host class II hist-
compatibilty antigens; (b) donor antigen can be
presented directly to alloantigen-specific host
cells by donor APCs without the need for pro-
cessing by the host for host class II restriction (1).
Numerous cells can function as APCs, including
Kupffer cells, macrophages, dendritic cells, en-
dothelial cells, B-cells and activated T-cells. Pro-
cessing and release of an antigen by an APC or
degradation of antigen by extracellular proteases
in sites of inflammation may produce exogenous
peptides (1, 23).

Cytokines are soluble proteins secreted by
multiple cell types (monocytes, macrophages,
lymphocytes, endothelial cells and fibroblasts)
that regulate the immune response. Soluble fac-
tors, cytokines and arachidonic acid metabolites

may exacerbate graft damage. Tumor necrosis
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factor, which is produced by activated macro-
phages, has cytotoxic properties. Activation of
macrophages or dendritric cells results in produc-
tion of interleukin-1 (IL-1), which stimulates the
production of IL-2 by antigen-stimulated CD4+
T-cells. IL-2 binds to IL-2 receptors on antigen
stimulated precursors of helper, cytotoxic, and
suppressor T-cells, resulting in their prolifera-
tion. The diverse effects of these cytokines may
magnify effector mechanisms in allograft rejec-
tion. The development of acute rejection in liver
transplantation may occur as follows: (a) APCs
(which may include biliary epithelial cells and
vascular endothelial cells) present transplant an-
tigens to CD4+ T-helper cells in the presence of
interleukin 1; (b) these T-cells become activated
and release lymphokines (including interleukin 2)
which lead to the recruitment and proliferation
of lymphocytes, some of which have cytotoxic
potential; (c) the escalating immunological reac-
tion results in the production of cytokines which
attract other cell types such as eosinophils, mac-
rophages and neutrophils; (d) the combination of
T-cell cytotoxicity and a more generalised inflam-
matory response results in damage to the graft
and finally clinical rejection (24, 25).

The host immune system must recognise an
allograft as being foreign before it can mount an
immunological reaction against it. Recognition
depends on the presence of allogeneic histocom-
patibility determinants and the most important
of these are coded for by the major histocompat-
ibility complex (26, 27). The function of major
histocompatibility antigens is to act as recogni-
tion signals in lymphocyte reactions. They are
essential for the development of both humoral
and cell-mediated responses and are involved in
recognition of self (1,28). The human major his-
tocompatibility complex (MHC) is referred to as
the HLA complex and comprises seven genetic
loci clustered on the short arm of chromosome
6 (1, 24, 27). The HLLA gene products are sub-
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divided on the basis of their function and bio-
chemistry into class I and class II. Class I MHC
molecules are required for antigen presentation
to CD8+ T-cells, can be recognised directly as
antigen presentation to CD4+ T-cells and are
also potent allogeneic antigens. Class I MHC
molecules can bind endogenous peptide antigens,
antigenic proteins from infectious agents and au-
toantigens. In contrast, class II MHC molecules
bind only processed peptide fragments of anti-
gen. T-cells expressing the cell-surface molecule
CD8+ preferentially recognise antigen-MHC
class I complexes whereas T-cells bearing CD4+
antigens preferentially recognise antigen-MHC
class II complex. CD8+ and CD4+ T-cells can
also react directly with allogeneic (non-self) MHC
molecules. The summation of these points con-
firms Medawar’s hypothesis that non-self class I
and class II MHC antigens are recognised as for-

eign following allograft transplantation (1, 28,29).

3.3 Imunosuppressive therapy (Lacrolimms and Cyclosporin)
A major objective of rational immunosup-
pressive therapies is to be able to inhibit del-
eterious T-cell responses in an antigen specific
manner (1, 29-31). Peripheral deletion of acti-
vated T-cells has an important function in the
regulation of the extent of an immune response.
Agents, which attack T-cells are associated with
profound immunosuppression i.e., T-cell selec-
tive pharmacological agents primarily inhibit ele-
ments that regulate their maturation or differen-
tiation. The prototypes of this family of agents
are cyclosporin and tacrolimus, which inhibit an-
tigenic signal activation necessary for lymphokine
synthesis and cytotoxic T-cell generation. (1, 32,
33). Combination of total body irradiation, ad-
renal cortical steroids, and the myelotoxic drug
6-mercaptopurine (6-MP), were shown between
1953 and 1959 to modestly prolong skin allograft
survival in several animal species (34). Although

the results obtained with total body irradiation
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represented a considerable advance, its extreme
severity resulted in a high mortality rate from
aplasia (1, 34).

Azathioprine was used in transplantation but
its low efficacy was associated with considerable
myelotoxicity. Following observation by Good-
win that cortisone could reverse the acute rejec-
tion of renal allografts (1) the combination of
azathioprine and cortisone was used clinically to
optimise benefit and reduce toxicity (1, 35).

The major advance in clinical immunosup-
pression eventually arrived in 1983 with the intro-
duction of cyclosporin. Trials with the first of the
new generation of primary immunosuppressants,
tacrolimus (FK5006) began six years later and were
followed by a continually growing series of new
agents. The most widely evaluated and promis-
ing currently are mycophenolic acid mofetil, si-
rolimus (rapamycin), mizorbine, deoxyspergualin,
brequinar sodium, leflunomide and monoclonal
antibody preparations (1, 36, 37).

Mycophenolate Mofetil (MMF), the morpho-
linoethyl ester pro-drug form of mycophenolic
acid (MPA), was approved for use in 1995, in
combination with cyclosporin and prednisone, in
preventing rejection in renal transplant patients.
MPA selectively and reversibly inhibits inosine
monophosphate dehydrogenase (IMPDH), an
enzyme that plays a pivotal role in synthesis of
new DNA. IMPDH is the first of two enzymes
responsible for the conversion of inosine mo-
nophosphate to guanosine monophosphate and
activated T-cells are exquisitely dependent on this
pathway for synthesis of new DNA (36-38).

The introduction of cyclosporin for immuno-
suppression in liver transplantation in the early
1980s heralded a new age for transplantation. Its
efficacy allowed rapidly expanding indications
within and outside transplantation and permit-
ted both the relaxation of restrictions in donor
selection as well as in the preservation of grafts.

Liver transplantation together with that of other
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organs (kidney, pancreas, heart, heart-lung and
intestine), became possible. In T-cells cyclospo-
rin inhibits the calcium/calmodulin-dependent
phosphatase calcineurin thereby preventing the
activation of T-cell specific transcription factors
such as NF-AT involved in lymophokine gene
expression (39). Oral cyclosporin therapy was
complicated by inconsistency in the absorption
of the conventional formulation (Sandimmun),

particularly in liver transplant recipients (40).

4. Conclusions

In this review the history of organ transplan-
tation, mechanisms of rejection and immunosup-
pressive therapy related to both tacrolimus and
cyclosporine have been summarized. It could be
concluded that immunosuppressive monitoring
to prevent graft rejection and nephro-neurotox-
icity is an invaluable and essential aid in adjusting
dosage to ensure adequate immunosuppression.
Cyclosporin is extensively metabolised to more
than 25 metabolites with cytochrome P450 3A4
iso-enzymes located in liver and small intestine
mainly responsible and implicated in several drug
interactions (41- 44).

Tacrolimus inhibited thymocyte differentia-
tion, T-cell proliferation and cytokine production
with additional inhibition of B-cell activation and
proliferation also noted. Tacrolimus binds first
to an abundant, endogenous cytosolic 11.8-kDa
protein termed FK506-binding protein (FKBP).
It forms a pentameric complex with calcineurin,
calmodulin and calcium. Dosage may also vary
with the indication for transplantation and the
time after grafting. Liver transplant recipients’
show reduced demands for tacrolimus with in-
creasing time after grafting and paediatric recipi-
ents require larger doses because of increased
clearance.

Many of the toxic effects of tacrolimus are
more frequent after intravenous than oral admin-

istration and may be reversed on dosage reduc-
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tion. Toxicity may occur more frequently in liver
graft recipients early after transplantation when
serum albumin and plasma protein binding are
low, increasing free drug concentrations. Because
of the continued reductions in tacrolimus dose,
there has been a considerable decrease in the fre-
quency of severe adverse reactions, but the ma-
jor manifestations continue to be nephrotoxicity,
de-novo diabetes mellitus, infections and a broad
range of neurotoxicities (1, 45, 40).

Cyclosporin and tacrolimus appear to in-
duce a similar incidence of nephrotoxicity, and
similar changes in serum creatinine levels occur
with either drug following transplantation. The
clinical presentation and morphology of tacroli-
mus nephrotoxicity are identical to those of cy-
closporin. The exact mechanism of tacrolimus
nephrotoxicity remains unknown but may result
from alterations in mesangial and endothelial cell
production of vasoactive substances which are a
contributing factor to the decreased renal blood
flow and glomerular thrombosis. In liver trans-
plant recipients no convincing therapeutic strat-
egies exist to combat nephrotoxicity other than
dose reduction. The nephrotoxic potential of ta-
crolimus is markedly enhanced by ischaemia and
other nephrotoxic drugs.

Tacrolimus has a negative effect on the pan-
creatic beta islet cell. Glucose intolerance and di-
abetes mellitus are well recognised complications
of tacrolimus-based immunosuppression among
adult solid organ transplant recipients but may
be confounded by the influence of preoperative
events in the short term.

Infections with bacterial, fungal, viral and
protozoal organisms were reported to occur in
less than 50% of patients treated with tacrolimus.
A retrospective analysis of 2180 liver transplant
recipients showed that the incidence of aspergil-
losis was significantly lower among patients re-
ceiving tacrolimus than cyclosporin. Infections,

and particularly those with cytomegalovirus, were
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less frequent in acute liver failure patients after
liver transplantation and receiving immunosup-
pression with tacrolimus versus cyclosporine.
Post-transplant lympho-proliferative disorders
(PTLD) occur with a similar incidence among
patients treated with either tacrolimus or cyclo-
sporin. However, there is a strong association
between the development of PTLD and infec-
tion with Epstein-Barr virus (EBV) especially in
children treated with tacrolimus.

The broad range of nervous system disorders
most frequently encountered includes tremors,
headache and insomnia, with other less common
manifestations including paraesthesia and sei-
zures (1, 47-53).

Conflict of interest

The authors declared no competing interests.

Funding/Support

None declared.

Acknowledgments
I would like to take this opportunity to express my
sincere appreciation and thanks to Dr. Palizban for

his assistant to prepare this manuscript.

References

1. Tolou-Ghamari. Monitoring tacrolimus (FK500) in
liver transplant recipients: A consideration of alternative
techniques and the influence of clinical status. 1998.

2. Cooper DK. A brief history of cross-species ot-
gan transplantation. Proc (Bayl Univ Med Cent).
2012;25(1):49-57.

3. Colombo D, Ammirati E. Cyclosporine in transplanta-
tion - a history of converging timelines. ] Biol Regul Ho-
meost Agents. 2011;25(4):493-504.

4. Kahan BD. The evolution of therapeutic immunosup-
pression and the potential impact of drug concentration
monitoring, Ther Drug Monit. 1995;17(6):560-3.

5. Jaboulay M. Greffe de reins au pli du coude par soudures
artérielles et veineuses. Lyon Med. 1906;107(39):575-83.

6. Calne R. The history and development of organ trans-

plantation: biology and rejection. Baillieres Clin Gastroen-

www.nephropathol.com



terol. 1994;8(3):389-97.

7. Voronoy U. Sobre el bloqueo del aparato reticuloendo-
telial del hombre en algunas formas de intoxicaciom por el
sublimado y sobre la transplantatacion del rinon cadavetico
como metodo tratimiento de la anuria consecutive a aquella
intoxication. 1937;97.

8. Starzl TE. France and the eatly history of organ trans-
plantation. Perspect Biol Med. 1993;37(1):35-47.

9. Kuss R, Bourget P. An illustrated history of organ
transplantation: the great adventure of the century. France:
Laboratoires Sandoz, Rueil-Malmaison. 1992.

10. Kalayoglu M, D’Alessandro AM, Knechtle SJ, Sollinger
HW, Pirsch JD, Hoffmann RM, et al. State of the art of liv-
er transplantation in the USA. Transplant Proc. 1993;25(4
Suppl 3):47.

11. Tolou-Ghamari Z, Palizban A. The history of liver and
renal transplantation. The Internet Journal of Pharmacol-
ogy. 2003;2(1).

12. Patel SR, Smith NH, Kapp L, Zimring JC. Mechanisms
of alloimmunization and subsequent bone marrow trans-
plantation rejection induced by platelet transfusion in a mu-
rine model. Am | Transplant. 2012;12(5):1102-12.

13. Sis B, Jhangri GS, Riopel J, Chang ], de Freitas DG, Hi-
dalgo L, et al. A new diagnostic algorithm for antibody-me-
diated microcirculation inflammation in kidney transplants.
Am J Transplant. 2012;12(5):1168-79.

14. Suthanthiran M, Strom TB. Mechanisms and manage-
ment of acute renal allograft rejection. Surg Clin North
Am. 1998;78(1):77-94.

15. Gelb B, Feng S. Management of the liver transplant pa-
tient. Expert Rev Gastroenterol Hepatol. 2009;3(6):631-47.
16. Adams DH, Neuberger JM. Patterns of graft rejection
following liver transplantation. | Hepatol. 1990;10(1):113-9.
17. Egawa H, Berquist W, So SK, Cox K, Menegaux F, Es-
quivel CO. Isolated alkaline phosphatemia following pedi-
atric liver transplantation in the FIK506 ERA. Transplanta-
tion. 1995;59(5):791-3.

18. Calmus Y. [Rejection of a liver allograft. Diagnosis and
treatment|. Ann Radiol (Patis). 1994;37(5):377-82.

19. Kawabe T, Nakai T, Shindo K, Yasutomi M. Immuno-
logic mechanism of rejection and graft-versus-host disease
following orthotopic small intestinal transplantation in rats.
Transplant Proc. 1998;30(1):27-8.

20. Critchley WR, Fildes JE. Graft rejection - endogenous
or allogeneic? Immunology. 2012;136(2):123-32.

21. Pattison JM, Krensky AM. New insights into
mechanisms of allograft rejection. Am J Med Sci.
1997;313(5):257-63.

www.nephropathol.com

Nephro and neurotoxicity of calcinenrin inhibitors

22. Li W, Wu WW, Lin XS, Hou SX, Zhong HB, Ruan DK.
Changes in T lymphocyte subsets and intracellular cyto-
kines after transfer of chemically extracted acellular nerve
allografts. Mol Med Report. 2012;5(4):1080-6.

23. Abadja I, Sarraj B, Ansari MJ. Significance of T helper
17 immunity in transplantation. Curr Opin Organ Trans-
plant. 2012;17(1):8-14.

24. Kerzerho J, Yu ED, Barra CM, Alari-Pahisa E, Girardi
E, Harrak Y, et al. Structural and functional characterization
of a novel nonglycosidic type I NKT agonist with immuno-
modulatory properties. ] Immunol. 2012;188(5):2254-65.
25. Teodorczyk-Injeyan JA, Sparkes BG, Mills GB, Peters
WJ. Soluble interleukin 2-receptor alpha secretion is related
to altered interleukin 2 production in thermally injured pa-
tients. Burns. 1991;17(4):290-5.

26. Wiesner RH, Ludwig J, Krom RA, Hay JE, van Hoek B.
Hepatic allograft rejection: new developments in terminol-
ogy, diagnosis, prevention, and treatment. Mayo Clin Proc.
1993;68(1):69-79.

27. Anderson BE, Tang AL, Wang Y, Froicu M, Rothstein
D, McNiff JM, et al. Enhancing alloreactivity does not
restore GVHD induction but augments skin graft rejec-
tion by CD4(+) effector memory T cells. Eur ] Immunol.
2011;41(9):2782-92.

28. Gavin MA, Bevan M]J. Major histocompatibility com-
plex allele-specific peptide libraries and identification of 'T-
cell mimotopes. Methods Mol Biol. 1998;87:235-48.

29. Costantino CM, Spooner E, Ploegh HL, Hafler DA.
Class IT MHC self-antigen presentation in human B and T
lymphocytes. PLoS One. 2012;7(1):e29805.

30. Cicora F, Roberti J, Lausada N, Gonzalez P, Guerrieri
D, Stringa P, et al. [Immunosuppression in kidney donors
with rapamycin and tacrolimus. Proinflammatory cytokine
expression]. Medicina (B Aires). 2012;72(1):3-9.

31. Tolou-Ghamari 7, Wendon J, Tredger JM. In vitro
pentamer formation as a biomarker of tacrolimus-related
immunosuppressive activity after liver transplantation. Clin
Chem Lab Med. 2000;38(11):1209-11.

32. Ostrov D, Krieger |, Sidney J, Sette A, Concannon P. T
cell receptor antagonism mediated by interaction between
T cell receptor junctional residues and peptide antigen ana-
logues. ] Immunol. 1993;150(10):4277-83.

33. Vanrenterghem YE Impact of new immunosup-
pressive agents on late graft outcome. Kidney Int Suppl.
1997;63:581-3.

34. Starzl TE. Liver transplantation. Gastroenterology.
1997;112(1):288-91.

35. Booth RA, Ansari MT, Loit E, Tricco AC, Weeks L.,

Journal of Nephropathology, Vol 1, No 1, April 2012 29



Tolon-Ghamari 7

Doucette S, et al. Assessment of thiopurine S-methyltrans-
ferase activity in patients prescribed thiopurines: a system-
atic review. Ann Intern Med. 2011;154(12):814-23, W-295-8.
36. Bumgardner GL, Roberts JP. New immunosuppressive
agents. Gastroenterol Clin North Am. 1993;22(2):421-49.
37. Lebreton L, Jost E, Carboni B, Annat J, Vaultier M,
Dutartre P, et al. Structure-immunosuppressive activity
relationships of new analogues of 15-deoxyspergualin. 2.
Structural modifications of the spermidine moiety. ] Med
Chem. 1999;42(23):4749-63.

38. Musuamba FT, Mourad M, Haufroid V, Demeyer M,
Capron A, Delattre IK, et al. A Simultaneous D-Optimal
Designed Study for Population Pharmacokinetic Analyses
of Mycophenolic Acid and Tacrolimus Early After Renal
Transplantation. ] Clin Pharmacol. 2011.

39. Ho §, Clipstone N, Timmermann L, Northrop J, Graef
I, Fiorentino D, et al. The mechanism of action of cy-
closporin A and FK506. Clin Immunol Immunopathol.
1996;80(3 Pt 2):540-5.

40. Tredger JM, Grevel ], Naoumov N, Steward CM, Niven
AA, Whiting B, et al. Cyclosporine pharmacokinetics in
liver transplant recipients: evaluation of results using both
polyclonal radioimmunoassay and liquid chromatographic
analysis. Bur ] Clin Pharmacol. 1991;40(5):513-9.

41. Sommerer C, Giese T, Meuer S, Zeier M. New con-
cepts to individualize calcineurin inhibitor therapy in
renal allograft recipients. Saudi | Kidney Dis Transpl.
2010;21(6):1030-7.

42. TOLOUE GHAMARI Z, PALIZBAN A. LABORA-
TORY MONITORING OF CYCLOSPORINE PRE-
DOSE CONCENTRATION (C0) AFTER KIDNEY
TRANSPLANTATION IN ISFAHAN. IRANIAN JOUR-
NAL OF MEDICAL SCIENCES (IJMS). 2003;28(2):81-5.
43. Tolou-Ghamari Z, Palizban A, Gharavi M. Cyclospo-
rin  trough Concentration_Rejection relationship after
kidney transplantation. Indian Journal of Pharmacology.
2003;35:395-96.

44. Gabe SM, Bjarnason I, Tolou-Ghamari Z, Tredger JM,
Johnson PG, Barclay GR, et al. The effect of tacrolimus

30 Journal of Nephropathology, Vol 1, No 1, April 2012

(FK500) on intestinal barrier function and cellular energy
production in humans. Gastroenterology. 1998;115(1):67-
74.

45. Akhlaghi F, Dostalek M, Falck P, Mendonza AE,
Amundsen R, Gohh RY, et al. The concentration of cyclo-
sporine metabolites is significantly lower in kidney trans-
plant recipients with diabetes mellitus. Ther Drug Monit.
2012;34(1):38-45.

46. Thomson AW, Stephen ME, Woo J, Hasan NU, Whit-
ing PH. Immunosuppressive activity, T-cell subset analy-
sis, and acute toxicity of FK-506 in rats. Transplant Proc.
1989;21(1 Pt 1):1048-9.

47. Peters DH, Fitton A, Plosker GL., Faulds D. Tacrolimus.
A review of its pharmacology, and therapeutic potential in
hepatic and renal transplantation. Drugs. 1993;46(4):746-94.
48. Fukazawa K, Nishida S, Aguina L, Pretto E, Jr. Cen-
tral pontine myelinolysis (CPM) associated with tacroli-
mus (FK500) after liver transplantation. Ann Transplant.
2011;16(3):139-42.

49. Penninga L, Moller CH, Gustafsson I, Steinbruchel
DA, Gluud C. Tacrolimus versus cyclosporine as pri-
mary immunosuppression after heart transplantation:
systematic review with meta-analyses and trial sequen-
tial analyses of randomised trials. Eur | Clin Pharmacol.
2010;66(12):1177-87.

50. Tolou-Ghamari Z, Palizban AA, Michael Tredger J.
Clinical monitoring of tacrolimus after liver transplantation
using pentamer formation assay and microparticle enzyme
immunoassay. Drugs R D. 2004;5(1):17-22.

51. Tolou-Ghamari Z, Palizban AA. Kidney transplant re-
cipients and the incidence of adverse reactions to cyclospo-
rin. Saudi Med J. 2004;25(10):1499-500.

52. Tolou-Ghamari Z, Palizban A, Wendon ], Tredger J.
Pharmacokinetics of Tacrolimus Immediately after Liver
Transplantation. Transplantationsmedizin. 2004:112-6.

53. Tolou-Ghamari Z, Palizban A, Tredger J. Modelling Ta-
crolimus AUC in Acute and Chronic Liver Disease Imme-

diately after Transplant. Transplantationsmedizin. 2004;16.

www.nephropathol.com



