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Abstract

Mycophenolic acid is commonly prescribed in adult kidney transplant recipients for preventing graft rejection. A therapeutic
target for total mycophenolic acid area under the concentration—time curve (30-60 mg h/L) has been established in adult
kidney transplant recipients and widely referenced today. However, this specific target range does not adequately characterize
mycophenolic acid-associated adverse effects. The primary objective of this qualitative and critical review was to character-
ize the exposure-toxicity relationships of mycophenolic acid in an attempt to determine whether exposure thresholds can be
identified. The secondary objective was to determine the associations of clinical variables with specific adverse effects. The
inclusion criteria consisted of all peer-reviewed papers in adult kidney transplant subjects (average study age > 18 years)
with both exposure (area under the concentration—time curve) and toxicity data. The exclusion criteria were papers involving
the pediatric population, studies lacking either area under the concentration—time curve or toxicity data, or studies with no
apparent reported variations in area under the concentration—time curves. Of the 28 papers identified, inconsistent findings
have been reported for the most frequently characterized adverse events of mycophenolic acid (gastrointestinal, infectious,
and hematological), while promising exposure thresholds (i.e., >40-60 mg h/L for total mycophenolic acid) have been sug-
gested by a few studies. The roles of free mycophenolic acid exposure, mycophenolic acid metabolites, or clinical factors
influencing the manifestation of the toxicities also remain to be clarified. Although it is not yet possible to define toxicity
threshold(s) for the purpose of mycophenolic acid therapeutic drug monitoring, the information obtained and the limitations
identified in this comprehensive literature body have provided a good foundation for future investigations.

Introduction

Key Points

Mycophenolic acid (MPA) is commonly prescribed in com-
bination with a calcineurin inhibitor and a corticosteroid in
adult kidney transplant recipients as part of maintenance
immunosuppression therapy for preventing graft rejection
[1, 2]. Mycophenolic acid exerts its pharmacological action
by inhibiting inosine-5’-monophosphate dehydrogenase,
thereby reducing the production of guanosine nucleotides
in both B and T lymphocytes [2]. The pharmacokinetics While promising exposure thresholds

of MPA is highly variable between and within individuals, (i.e.,>40-60 mg h/L for total mycophenolate) can be
hypothesized for the development of toxicity, further

investigations using properly powered, controlled,
>4 Tony K. L. Kiang randomized, or blinded trials with the primary aim to
thiang @ualberta.ca investigate specific toxicities are required

Gastrointestinal, infectious, and hematological adverse
events are frequently associated with mycophenolate in
adult kidney transplant recipients; however, the overall
collective data are inconclusive to support a consistent
relationship between mycophenolate exposure and the
manifestation of these adverse events
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recirculation), metabolism (e.g., genetic polymorphisms in
UGT-glucuronosyltransferases and transporters [e.g., mul-
tidrug resistance-associated protein 2, solute carrier organic
anion transporter family enzymes]), and excretion (e.g. renal
function) [1, 3, 4]. Because of the large apparent pharma-
cokinetic variability, therapeutic drug monitoring of MPA
has been recommended by many clinicians to optimize effi-
cacy (e.g., [5]) and minimize toxicity (e.g., [6]). Moreover,
the significant plasma protein binding of MPA leading to a
low free fraction (1-3% under normal conditions) and the
extensive metabolism of MPA in the production of glucuro-
nidated metabolites can further complicate the therapeutic
drug monitoring of MPA [1, 3]. These characteristics under-
score the importance of considering free MPA concentra-
tions and MPA metabolism while interpreting its pharma-
cokinetic—pharmacodynamic relationships.

Although there are both proponents and opponents to
MPA therapeutic drug monitoring [2], a therapeutic target
for the MPA area under the concentration—time curve (AUC;
30-60 mg h/L) has been established in adult kidney trans-
plant recipients and widely referenced today. This specific
target range was initially established in a patient popula-
tion administered mycophenolate mofetil, cyclosporine,
and corticosteroids where a significant correlation between
total MPA exposure and biopsy-proven acute rejection was
evident within 6 months post-transplant [5]. Moreover, it
was determined that more subjects with lower MPA expo-
sure (27.6+12.3 mg h/L) had a biopsy-proven acute rejec-
tion (27.5%, n=>51) compared with sub-groups with higher
MPA exposures (54.8 +15.3 mg h/L, 14.9%, n=47; or
96.7+32.2 mg h/L, 11.5%, n=>52) [5]. The resulting lower
threshold of MPA (i.e., 30 mg h/L) for establishing efficacy
has been subsequently verified in many other studies [4],
supporting a robust pharmacokinetic—pharmacodynamic
relationship. However, trends toward higher incidences of
adverse events (e.g., gastrointestinal [GI] or hematologi-
cal) in the high MPA exposure target group in comparison
to those with lower exposures were observed in the same
study, but the differences were not statistically significant
and meaningful thresholds for toxicity were not established
[5]. Therefore, this specific MPA upper therapeutic target
(60 mg h/L) does not adequately characterize MPA-asso-
ciated adverse effects and should not be interpreted as the
threshold for the development of toxicity.

Mycophenolic acid is associated with many adverse
effects [1, 3]. The most common side effects are GI in
nature, manifesting in the clinic as nausea, vomiting, stom-
ach cramps, and sometimes bothersome diarrhea [7, 8],
which can significantly affect quality of life and lead to
high rates of mycophenolate discontinuation [9]. Clinical
management of GI side effects usually involves reducing
the dose, increasing the dosing frequency, or switching to a
potentially gastro-protective enteric-coated formulation to
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mitigate the hypothesized localized insult to GI mucosa by
mycophenolate mofetil [7, 8]. However, complicated side
effects such as infections or hematological complications
(anemia, leukopenia, neutropenia) can also occur relatively
frequently but require more resources for management.
More importantly, these severe complications may lead to
unwanted complications that may threaten graft survival and
significantly reduce the patient’s quality of life. For example,
a common clinical approach in the absence of MPA expo-
sure data in a neutropenic/leukopenic patient is the empiric
reduction of MPA dosage [7, 8], which can result in an
increased incidence of graft rejection [10]. A leukopenic
patient with infection is also more likely to be admitted to
the hospital, requiring significant expenditures in human
(nursing, clinical pharmacy) and drug (e.g., broad-spectrum
antibiotics, granulocyte-colony stimulating factor) resources.
Having clinical tools (i.e., therapeutic thresholds) that can
assist clinicians identify the likelihood of developing MPA-
associated toxicity would help mitigate these complications
and reduce costs associated with their care.

The exposure-toxicity relationships of MPA have been
summarized in the solid organ transplant population (e.g., [1,
3]), but a focused and updated critical summary in the adult
kidney transplant population is warranted. As it is widely
accepted that MPA exposure (i.e., AUC) but not individual
concentrations (e.g., trough) best correlates with efficacy and
potentially toxicity [4], this review focuses only on exposure
data. Furthermore, because of significant differences in phar-
macokinetic characteristics in pediatric subjects [11], only
adult data, where the majority of the information is avail-
able, are presented. The primary objective of this review
was to characterize the exposure-toxicity relationships of
MPA for individual MPA-associated adverse effects in an
attempt to determine whether an exposure threshold can be
identified. The secondary objective was to determine the
associations of clinical variables (e.g., patient demographi-
cal information, type of graft) with specific adverse effects.

2 Data Selection

This was a qualitative and critical review of the peer-eval-
uated literature. PubMed, MEDLINE, and EMBASE were
searched, with no time limits, using combinations of the fol-
lowing terms: mycophenolic acid, mycophenolate, Cellcept,
Myfortic, pharmacokinetics, pharmacodynamics, exposure,
toxicity, adverse effects, gastrointestinal, hematologic, infec-
tion, anemia, leukopenia, neutropenia, and kidney trans-
plant. The reference sections of all identified papers were
further screened manually. The inclusion criteria consisted
of all papers in adult kidney transplant subjects (average
study age > 18 years) with both exposure (AUC) and toxic-
ity data. The exclusion criteria were papers involving the
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pediatric population, studies lacking either AUC or toxic-
ity data, or studies with no apparent reported variations in
AUCs. All included studies are summarized chronologi-
cally in Table 1, incorporating information on the patient
population, experimental design, dosing, analytical assay,
and exposure-toxicity relationships. For the text discussion,
data are presented based on adverse-effect categories: GI,
infections, and hematological.

3 Important Mycophenolic Acid-Associated
Adverse Events

3.1 Gastrointestinal Adverse Effects

Of the 28 identified papers, 21 have characterized GI adverse
events either independently or as a composite of adverse out-
comes (Table 1). The most common adverse events charac-
terized were diarrhea, abdominal pain, constipation, dyspep-
sia, flatulence, nausea, and vomiting. The frequencies of GI
side effects are highly variable between and within studies
(Table 1). Overall, the relationships between independently
characterized GI side effects and MPA exposures have proven
to be mixed, with only a limited number of studies supporting
an association. In a double-blinded, concentration-controlled
study with primarily Caucasian subjects taking mycophe-
nolate mofetil, van Gelder et al. [5] reported trends toward
higher incidences of diarrhea (19.2%), vomiting (9.6%), and
abdominal pain (13.5%) in their high MPA exposure group
(AUC 96.7+32.2 mg h/L) compared with other subjects
with lower MPA AUCs (medium 54.8 +15.3 mg h/L or low
exposure 27.6 + 12.3 mg h/L) within 6 months of transplant.
Despite not reaching statistical thresholds, these findings
seemed to suggest an exposure-dependent effect, especially
in the case of diarrhea where the incidence increased more
than two fold (from 8.5% to 19.2%) with an increase in expo-
sure between the two AUC groups (Table 1). Likewise, in
a German population taking enteric-coated mycophenolate,
Sommerer et al. [12] reported higher MPA AUCs in individu-
als with GI side effects (n=6, AUC of 51 mg h/L) compared
with subjects with no GI adverse events (AUC of 38 mg h/L)
within 2 months post-transplant; however, a subsequent mul-
tiple regression analysis failed to identify MPA AUC as a
predictor of GI effects. The findings from these two studies
suggested that an AUC of 50-60 mg h/L might be the thresh-
old limit for the escalation of diarrhea, but additional analysis
(i-e., using receiver-operating characteristic curve) is needed
to confirm this hypothesis.

However, in contrast to the findings of van Gelder et al.
[5] and Sommerer et al. [12], an inverse relationship has
also been reported between MPA exposure and GI tox-
icity. This was evident in a Japanese population where
Kagaya et al. [13] reported a higher number of subjects

with diarrhea (56%) had lower MPA AUCs (on day 28)
than subjects with elevated MPA AUCs, although no sta-
tistical analyses were provided. Similarly, in a retrospec-
tive study by Pillans et al. [14] in a Caucasian cohort, GI
adverse events were found in subjects with reduced exposure
(n=4, AUC 23.7+2.43 mg h/L, days 2-5) compared with
individuals with no documented GI events (n=23, AUC
33.2+1.73 mg h/L) (Table 1). This observation may be
explained by the direct insult of MPA or its metabolites on
luminal surfaces of the GI tract (i.e., the lower the absorp-
tion, the higher the local concentration) or an artefact of not
capturing MPA exposure at the same time as the occurrence
of GI side effects, which may explain the apparent inverse
association between systemic exposure and toxicity.

Further support for an exposure-GI toxicity relation-
ship was not evident in other studies using mycopheno-
late mofetil in primarily Caucasian populations. Atcheson
et al. [15] did not find an association between MPA AUC
(measured on day 5) and the occurrence of GI events within
1 month post-transplant. In a randomized controlled study,
active MPA concentration adjustment led to increased MPA
AUC on day 14 (33.7 vs. 27.1 mg h/L, respectively) and day
30 (45.0 vs. 30.9 mg h/L) post-transplant compared with
a fixed-dosing regimen, but the higher exposure did not
translate to increased GI events (97% vs. 90%, respectively)
within 12 months of follow-up [16]. In an extended-duration
(5 years) observational study [6], the proportion of subjects
with non-infectious diarrhea was similar in patients with an
AUC < 30 mg h/L (5.8%) compared with those with an AUC
of 30-60 mg h/L (3.9%) or an AUC > 60 mg h/L (4.4%).
In patients subjected to intensified MPA dosing for the first
5 days [17], increased MPA AUC on day 3 (59.3 mg h/L vs.
40.3 mg h/L standard dosing) and day 5 (59.3 mg h/L vs.
46.8 mg h/L) did not translate to increased incidence of con-
stipation (35.3% vs. 29.9%), diarrhea (51.5% vs. 41.8%), dys-
pepsia (13.2% vs. 19.4%), nausea (50% vs. 49.3%), or vomit-
ing (22.1% vs. 28.4%) during the 6 months of follow-up. Lack
of differences in the incidence of GI effects between the two
groups was further confirmed in a categorical analysis using
an MPA AUC cut-off of 60 mg h/L determined at 5 days post-
transplant [17]. Furthermore, in patients with early corticos-
teroid withdrawal, Le Meur et al. [18] also did not observe
a difference in the overall incidence of diarrhea between
the concentration-control (15%) or fixed-dosing (8.8%)
groups over 12 months, despite significantly higher MPA
AUCs at week 2 (36.2+14.8 mg h/L vs. 29.3+12.4 mg h/L,
respectively) and week 6 (44.2+16.1 mg h/L vs.
36.8 +18.1 mg h/L) post-transplant (Table 1). Finally, in a
Chinese cohort, concentration control of MPA led to reduced
MPA AUC (54.06 mg h/L, day 30) compared with fixed dos-
ing (61.38 mg h/L), but this did not translate to differences in
diarrhea occurrence (19.8% vs. 22%, respectively] over the
12-month follow-up period [19] (Table 1).

A\ Adis



T.K. L. Kiang, M. H. H. Ensom

1536

[+1] 100T sueltd

[€€] 1002 pemoN

[¥€] 100T pemo

(500>d) (14 3w €L TFTEE
DAV ‘€T=14) JUOAI SIOAPE [D OU 'SA (/Y SW €4°TF L'€T DV = 1) WUIAD 9SI19APE [D
H)
:(yoeoxdde Surjdures payrwi] eia ‘G- skep) DNV

Kio1x0) jo proysaiyy 10y (%9°6S Lroyrads ‘¢ ¢g A
-AT)ISURS) /4 SW 9°/¢ JO JO-INd DV UL pajedipul sisK[eue onsLo)oeIeyd Sunerado 10A1000y
*(60°0>d) uowi3ar Arep 991m) 3 ¢°( uo Sururewal syuaned 1oy (J/y Sw 7801 FH0°9¢
‘L= U) SJUIAD ASIQAPE ou 'SA (/Y Sw 0G'8T F8¢"8% JO DNV ‘soqyoud ordwes ¢ =u)
(eruadoyfooquiony) ‘sniSeydoss ‘eoyrrerp ‘erwoue ‘eruadoyna]) SIUAA ASIAPE Jo Aisodwo)
:(uoneyuerdsuen 3sod syjuow ¢ (un dn pue juerdsuen jsod £pres) L 05Ny

(50"0 < d) uounr3ar A[rep 901m) 3 | uo Sururewar syuaned 1oy (/4 Suw 211 FOL'SS
“T1 =) SJUAD ASIQAPE ou 'SA (/4 Sw £8°67F 899 JO DNV ‘11 =u) (eruadoiko
-oquioiy) ‘snieydoss ‘BdYLIRIP ‘BIUSUE ‘BIUAdOYNI]) SIUSAS ISIOAPE JO disodwo)

:(uoneyuerdsuen 3sod syyuow ¢ un dn pue juerdsuen jsod £pres) I 050y
(S0°0<d) (MO]) %S"TT "SA (eIpaurIanut) %8-ZT 'sa (YS1Y) %7 1T ‘eruadoynay
SJOIYJA [Ed130[0JRURH
(50°0 < d) (mO]) %6°S "SA (ALIPAULIAUL) %19 "SA (YSIY) %8"¢ ‘BIUOWINAUY
suondayuy

(S0°0 < d) (mOI) %6°G "SA (AeIpaLIANUI) %G8 "SA (YSIY) %G ¢ -uted [eurwopqy

(S0°0 < d) (MO]) %T "SA (SILIPIULIANUI) %179 *SA (USIY) %9°6 :SUNIWOA
(50°0 < d) (mo) %8°L "SA (AreIpaWLIANUL) %G’ *SA (USIY) %T'61 *BIYLIEI

JuAWAINSLAW DY
SE QWIT) SUES A Je PIZLISIOBILYD JOU SJUIAD 9SIOAPE 910N (00 <d) (/4 Sw ¢'ZI F9°'LT

J[qe[ieAe

Jou JrjoqeIdw

‘uonenUIdU0d
101 ) 1dH

JIqe[reae
jou 9)IjoqeIewW
‘UOTIBIUAIUOD

12101 ‘LINA

JqeIeAe

Jou )TjoqeIdw

‘UONLIUIOUOD
1210} “LINT

(3y/3w ¢°) Quosiu

-paxd pue (9[qeLrea asop)
ouriodso[o4o :uonedrpaw-0)
3 7 :Kep/JINJA dUBUIUIRIA
VN :uononpuy

(syyuow ¢ Aq

Aqrep Sw (] 0) paradey) spro

-19)S0011100 pue (Juaunsn(pe

asop yim Aep/3y/3w ()
SNWI[0IOR) :UON)BIIPIW-0))

Q0URID[0)

uo paseq paysnlpeng 3 |
:Aep/JIATAl RUBUUIBIA]
VN :uononpuy

(stpuowr ¢ £q Afrep

Sw ¢ 0y paxadey) spro1Isod

-n100 pue (Kep/3y/w 01-5)
QuL10dso[oAd :uonedIpIw-0))

Q0URID[0)

uo paseq pasnlpe ng 3 ¢
:Aep/JINAl dUBUdUIRIAI

skep 01

X Aep/3y/3w 4 urnqo[3
A KdowAy)-nue :uonINpuy

(pay10ads jou 9s0p) suosiu
-paxd pue (9[qeLieA asop)
QuLI0dSO[oAD :uonBIIPIW-0))

aanoadsonay

[BUONBAIISQO ‘[9qe]
-uado ‘aanoadsorg

[BUOTIBAISSqO ‘[oqe]
-uado ‘aanoadsolg

quou | 9w X J-)Soq
VN :uonouny [eusy
VN :(33) 1SPm

J[eW %8/, XS

(S9-10) 6¢ :(s1eak) a8y
uerseone)) :AyRIUPY

Jouop SUIAl] %¢¢ 3Jead Jo adLy,

LT :9z1s djdureg

syyuow ¢ 0) dn :dwIm XJ-)S0J
8 Aep uo (18-L77)

U/ W G/ :Uenouny [eudy

VN :(3%) uSopm

U G XS

(89—C¢) 6¥ :(s1eak) ady

VN Aoy

JLIdABpED :)Jeas Jo AdAY,

16 :azis dpdureg

sypuow ¢ 0) dn :owIm XJ-)S0J
8 Aep uo

(8L~€7) U/ TW GG :uondUNY [BURY

VN :(33) 1uSom

UQWI /] X3S

(L9-91) £t :(sxeak) 3By
VN :A3pryyy

SLIDARDPED 87 :)Jead Jo adA],
1€ :9z1s dpdwreg

SUJUOW § UTY)IM W) X -ISOJ
(ySry) Tp/Sw [¢°] pue ‘(AyeIpawIoluI)
Tp/3w L' “(3s0p mop) Tp/3w 99'T

QUIUNEAID WINIJS UONIUNY [BUIY

(ysy)

€ T1F L9 ‘(rerpauniaun) ' F6°69
‘(9s0p MO]) $'TT F8°69 :(3Y) IBPM

J[BW %8'¢9-8'8S XA
(ysry)

S'0TF9°0S ‘(SrerpawIanul) €1 F6°9%

JO 07 Yoom 1B DNV ‘1S =u) dnoi3 amsodxa Mo[ ay) Ul %/, *SA (/4 Sw €G] F8HS J[qe[IeAe jou dnoi3 (as0p MO]) G 11 F 8Lt :(STeak) 98y

JO 07 Yoam 18 DNV ‘L =u) dnoiS ayerpowIorur ut %/ / *sa (/4 SW Z'ZE F L'96 BIRp 9)I[OqRIoW Juowean 1d 8 €760 pa[[onuod-uor) ueIseone)) Of| AUy

[s] JO 07 Yeam Je DNV ‘7S =) dno1d amsodxo Y31y ur 9,18 JUSAD 9SIOAPE [ & ‘UONEIIUIOUOD :Kep/JINTA dUBUUIBIA -BIUOUOD ‘pUIlq or1oARpED :3Jeas Jo adA],

6661 19p[oD ueA :(yoeoadde Surdures payuil] 1A 07 Yoom) DNV 2101 ‘D 1dH VN :uoponpuy  9d[qnop ‘9Andadsoid 11 :9z1s apdureg
SOOUAIRJY diysuonerar Kyorxo}—amsodxg Kessy uowidar Suisoq ugisop Apmg uonendod yuaneq

syuardroar juerdsuen Aouppy inpe ur sdigsuoneyar A101xo3-a1nsodxa yJA uo s3urpuy Apmis jo Arewwng | a|qel

A\ Adis



1537

Exposure-Toxicity Effects of MPA

(S0'0<d) 143w L9F9TE
JO (¢ =1) JUSAQ ISIOAPE OU "SA /Y Sw ['1¢ F LGS Jo (¢ =u) dnoiS 10910 9s10ApY

1005y ‘dnoidqns snwrjoroe],

(S0'0<d) 1/ 5w ¢'8F 96T

pay10ads Jou proIals
‘snwifoIoe) Ym (payroads
10U 950p) %8¢ ‘(Pay1oads
J0u 250p) AuLI0dSO[oAd
YIM 976 JUonedIpaw-07)

SYooMm 7 :oul) X [-)S0d
VN :uondunj euay
VN :(33) 1uSem

Sw L' 0gF STl VN :Xa§
JO (8] =) JUIAS ISIDAPR OU "SA /4 Sw ()’ 01 F'0¢ JO (01 =u) dnoid 1092 as19ApY J[qe[reAe J0u :Kep/AININ UBUUIRIAI 1 F 8¢ :(sa8ak) 33y
10705y ‘dnoiSqns ouniodso[ok)  ejep ayrjoqeiow Joydaodar-g osouedef :Aypruypy
[1€] (0°0<d) T4 Sw (' F 1°0¢ (17 =1u) JUIAD 9SISAPE OU "SA /Y Sw §'77F 7'6€ Jo ([ =u) {UONRIUIOUOD -un[napIayul 0y Apoqnue [UOLIRAIISQO ‘[oqe[ 10UOp SUIAI] %16 :3Jea3 Jo adLy,
GOOZ Ol0WEYQ D pue ‘(7=1u) B[[oOLIRA ‘(7] =U) AIND JO asodwod) dnois 1090 as1eape 00Ny ‘[[e1oA0 2101 {LINA ue,, pasn 9/ ¢ :uondnpuy -uado ‘oanoadsold 9y :9z1s dydureg
Arep Sw oy
wozenyip A[rep Sy/Sw ¢ IUOW | UTYIIM W) X-1S0q
quojostupaid (0] = u) Juow ury/qu gz F 1°0%
DNV [#10) Sursn -1snfpe asop yim AJrep 201m) QOURIBI[O SUIUNLAIO :U0NIUNY [BUIY
PAAIISQO OUAIPIP ou 20N (S0°0>d) (T SW ['0F ['] 2PNV VAIA) $199JJ9 9SI9Ape 3y/3w [ snwIjoIoe) 10 81 F6°7L :(8Y) WS
ou 'sA (/4 Sw ¢'0F '] RUDNV VJIA) uonodjur 1o eruadoyna o eruadojAooquuory ], (zg =u) Aqrep 001m) Sy/Sw § orew %/ G Xa§
S199)J9 [E9130[0JRWRY 10 UONJOIJU]  SUOENUIIUOD Qu1I0ds0[0Ad :UONBIIPIW-0)) 1°€1 F € :(saeak) ady
(500 < d) (3[qe[TeAR JOU BIEP DY) JUIAD ISIOAPE [D) OU 'SA ({ = 1) JUSAD ISIIAPE [D) 901J 10} SIN 3 7 :Kep/JINJA dUBUIUIRIA ueiseone)) %86 AUy
[s11 TOD  {Uonenuaduod ‘t pue () Kep 3w (g [PUOTIBAIISQO ‘[oqe] SuIAl] 91 ¢ :33ead Jo adLy,
00T UOSYANY (yoeoxdde Suridwres payrwry eia ‘g Kep) 9 0oy [®101 10) D' 1dH qQeWIXI[ISEq :uondnpuy -uado ‘eanoadsoid ¥ :9z1s djdureg
(500> d) yuedsuen jsod sypuowr 7 e
(T4 8w ¢ I1TF €'Th DNV ‘T9=1u) Brudue ou 'sa (/4 3w 6’ [¢F 119 DNV ‘T¢=u) eruduy
(50°0 > d) yuerdsuen jsod syjuow ¢ e
(T 8w 61 FG'LE DNV ‘8¢ =) BrwdUE OU 'SA (/4 W 6'§TF 1’67 DNV ‘1S =u) pruduy (8w ¢ 1e pourejuTEW
(50°0 > d) wuedsuen 1sod sypuow 71 18 (T4 SW 6 [ZF T 10 Syjuow G I9A0 o parade)
DNV ‘S, =u) eruadoyna] ou 'sa (/4 Sw 9'SHF'H8 DNV ‘S =1u) eruadoyno ‘Sur 0g—¢1) duojostupaid SyIuoW 7| W) X [-1S0d
(500> d) yuerdsuen jsod syyuow ¢ Je (/4 SW ¢'STF €T -[Ayow pue (Juounsnlpe Uty W 6°16-6'9€
DNV ‘18 =u) eruadoyna| ou 'sa (J/y Sw ¢'0¢ FH' 19 DNV ‘11 =u) eruadoyno asop yim Aep/3y/8w 70) QOURIBI[D QUIUNLAID :UONIUNY [BUIY
SJI3Y3 [EII30[0TeWH SNWI[0IOoL) {UOHEDIIPIW-07) 1°0L—T'L9 :(33) 3M
(0'0 < d) porrad Szo USW (G XS
Apmis 211U Y} 10A0 D)V IB[IWIS ARY (G8—8/ = U) UOTIJUI OU "SA (/]—C = 1) SUOTIOJU] J[qerreae 1 :Aep/JINJAl 9UBUIUIBIA] €I FH'1G :(sI8af) 98y
SUONHIJPUT  jou Af[oqeIow (Tg=u) [euon VN :Kyoruyyy
[62] yoeoxdde ‘UONEIUIIUO0D $ X 8y/3w | uayp ‘IXx 3y -BAIISQO ‘papul[q oLIdARPRD :3Jead Jo adA],
007 s1odAny] Surdures payrury yum (uepdsuen-isod skep 09¢ pue ‘06 ‘¢t ‘[DNV Y] L) 9000V 2101 ‘IJINH /3wl 7 qewnzi[oep :uondnpuy  -9[3uls ‘0Anoadsolq 001 :3z1s spdureg
(900=4) (/4 Sw 66 DNV) $199fqns
JewrIou ‘SA AA\L Sw 201 DNV uﬁm:O.:_UZ_w VYdIN nO~ = tv muﬂvﬁmﬁ_ orwaue fuou_.n—ﬁ—w uaampyg Amﬂ_u:OE G IaA0 syjuowr 71w X 1-1sod
(60°0=9) (/4 3w 06 DNV) $109(qns [euwriou Jjo paxade) ‘3w 7 1) duojosiu VN :uopduny [eudyy
sA (/4 Sw Z1¢1 DNV opruomon(3 VN ‘01 = #) siuaned oruadoyna] ‘s1oalqns usomieg -paxdiAyjow pue (Juounsnlpe VN :(3Y) 1YSoM
§109JJ9 9s19Ape ou Jo spotrad “sa (g =u) eruadoynay Jlqe[reAe asop ym Kep/3y/Sw 7°0) e G XS
pue (6 =) BIWAUE JO 9UALINIJ0 SuLIp DV dpruomon[3-[Aoe VA 10 DNV 9pruol eJep 9)I[oqRIoW SNWI[0IOR) :UON)EIIPIW-0)) ['€1 Ft'6¥ :(s1eak) a8y
|.Du_.;w VYdIN nUD< VdIN 2313 ,UD< VdIA [830) Ul 9JUIJJIp ou fuoo_.n—.ﬁ._w ures 9y} uryrpy JEOSM‘SEQOEOO 3 T u%ﬁ—U\rﬂSE AdUBUIUTIEIAI Teuon VN “\ma_“w_::ﬁmm
[sg] TSTO9JJ0 [BOIS0[0JBURH  VJIA 991) pue ¢ X3y -BAJ9SQO ‘papul[q JLIoARDPED :)Jead Jo adAY,
€00g stodAnyp :([sKep £ uryiim] 30age 9sI0ApE Jo own ay 1e) ¢ 0Ny 01D TdH /Sw | qeunzioep :uoponpuy  -9[Suls ‘9Anoadsold 6¢ :9z1s didweg
SOOUAIRJIY diysuonerar Kyorxo}—amsodxg Kessy uowidar Sursoq ugisop Apmg uonendod yuoneq

(ponunuoo) | sjqey

A\ Adis



T.K. L. Kiang, M. H. H. Ensom

1538

[91]
L00T IO 9T

(60°0 > d) dnoi3 asop-paxy ur ased | sa dnoid pafjonuod-uon
-BIU3JUOD Ul U0nIyur momuos Josased g ,A&&vm “SA Qno‘_uv Ecomoxsv— ,A&Lc “SA Qnocv eruduy
SJI3Y3 [EII30[0TeWH
(%ey
'SA %Gt) UONOJUL [RLIDIORY (%TE "SA %TE) UONIYUL AIND (%L "SA %LL) UONIJUL [[BIAQ
TSUOTIFUT
“(9SOP-Paxy "SA PA[[ONUOI-UONRIIUIIUOD ‘%06 “SA %L6) SIUAD [D)
™
JO 20U21IND0 0) 30adsar Y)im sdnoIS om) U2amIdq OURIJJIP ON
(/4 3w g "sA 71/q Sw §'9¢) 1 ypuour
pue ‘("J/y Sw [°¢¢ "SA /Y SW g'LE) 9 o (/Y Sk §'L¢ "SA I/ SW 9°¢y) € Yruow
(S0°0>d /4 SW 6°0€ "SA /Y W (' Gp) T yuow (0°0>d “TI/q W [°LT "SA /Y W L ¢E)
1 Aep (9SOP-paxy "SA PI[ONUOI-UOTIENUIIUOD “J/Y SW 67 "sA /4 Sw £ $7) L Keq
SPOYIUW PAJRIAAIqqe
-uersokeq ‘paseq-uonendod Sursn (Z] pue ‘g ‘¢ ‘| yiuow ‘4 Kep ‘4 Kep) 0Ny ueIpaN

BOULIBIP INOYIIM IO [)IM
syuaned ur C0) vy apruomon(s YA 1o C 0NV opruonon(s VJIA [AOV UL 9OUQISHIP ON
BOYLIBIP INOYIM 10 (%¥T)
ia sjuened ur sonfea DV VJIA UT SOOULIOYIP ON "papiaoid jou eiep DV [BOLIOWNN
™
soyIjoqeIoul J0J o[l [ep
-10zaden) 10 YJJA 0] Spoylow pajeiadiqqe uisn (7] pue ‘g ‘¢ ‘| yuow ‘0] Aep ‘¢ Aep) DOV

(squowr 9— ur
o paradey) suostupaid pue
(s1231%) UO paseq pajenn)
Qur10dso[oAd :uonedIpIw-0))
dnoi3 [0nu02-UOHENUIOUOD
AU} UI 9SOP J[QBLIEA pu®
dnoi3 asop-paxy oy ur 8 ¢
:Aep/JINTAl UBUIUIBIAI
¥ pue () skep uo
Sw (7 qewxifiseq :uondnpuy

9Iqe[IeAR Jou
©Iep 9)I[OqRIoW
{UONBNUIDUOD
[©10} ‘payroads
jou Aesse Jo adA,
(payr1oads
10U USWIZAI) SPIOIISOINI0D
pue (3331e) 0) pajenn) snw
-1]010®) 10 (39511} 01 pajenI)
Qur10dso[oAd :uonedIpaw-0)
1981e) 0) parenn
ULIe [0U0I-UONENUIIU0D
Ul 9s0p s)am X 3
LR 9sop-paxy :Aep
JANIA dUBUUIBIA
S[[99-], Isurese sarpoqnue
10 103d0da1 g-1 Isurede Apoq

a[qu[reAe Sa
-oqejoul ‘uor
-BIJUADUOD 80}

Ppa[jonuod
‘pazrwopuel ‘[oqey
-uado ‘aanoadsorg

Ppa[[onu0d
‘pazrwiopuel ‘[dqe|

s109[qns jo Aytofew 10J %0 :ViId
SYIUOW 7| 9w XJ-1S0q
VN :uonoduny [eudy]
VN :(33) 14SPMm

apew (g
dnoi3) 98¢ pue (v dnoid) 91/ :Xa§
sdnoi3 yioq ur g ~ :(s1eak) a8y
(youar) ueisedne)) :KyRUYY
VN :yeas jo ad£y,

(g) dnoa3 asop-paxy ut /9

pue () dnoi3 [oNu0d-UoNENUIdIUOD
ur 0L—(1e103) Lg] :azis ajdureg

SYIUOW ] W XJ-)S0J
VN :uopounj [eudy

VN :(33) 1uSPMm

%89—CS Xd§

6 ~ :(s1eak) I3y

UBISEONED) %9°C6~S L8 SAMIUYYY
VN :)jeas jo adLy,

[sz] LooT 1o119H [8€] rern DDA ayp Jo Apms-qng ‘SINPUE )TdH  -DUE [puo[d0UOW :uoponpuy -uado ‘aAndadsoid (12101) 06 :az1s dpdureg
(t Yoom £q Ajrep uon

Sw ()] 03 paradey) Sp10I12ISOd -ejueldsuer) 1a)ye sAep gz :dwn) X [-1S0J

-11100 puE (UONENUIOUOD U0 VN :uopouny [euay

paseq pasnipe ‘Sy/3uw 61°0) 96 (33 JyBrop

(S0'0<d) (/4 8w 9" T¢ FH°0S ‘9 =U) suondayur SNUWIT[OIOR) UONBIIPIUI-0)) J[eW 6 X3S

[eIIA OU “SA ("T/Yy W ¢'0g FG19 JO DNV ‘G =1u) snIiA Lreg-uraisdg 0) pajejar Aoueusiew Jqe[reAe Q0URIA[0) L'6€ :(sIeak) ady

pue ‘sNSAd SISLYIIOWAY SNITAOUIPE ‘SILITA 10)SOZ B[ILIBA ‘AJAD SUIPN[OUT SUONOJJUT [BITA  JOU I[OqRIdW uo paseq paysnlpenq S g osoueder :Ayoruy)y

WUONIIPU]  ‘UONENUIIUO0D :Aep/JINTAl RUBUUIBIA] VN :Jeas jo ad£y,

[z€] S00T yores (8T 4ep) “ DNV 12101 ‘' 1dH VN :uononpuy aAndadsonay 1¢ :9z1s djdureg

SOOUAIRJIY diysuonerar Kyorxo}—amsodxg Kessy uowidar Sursoq ugisop Apmg uonendod yuoneq

(ponunuoo) | sjqey

A\ Adis



1539

Exposure-Toxicity Effects of MPA

dnoi3 pojean
OVL oy ur (Juerdsuen-jsod syjuow g —¢ uaamiaq) eruadoynaf [/y Sw ¢1° 1] Inoyim 1o
[7/4 S 9¢'1] yra syuaned ut (¢ ypuout je) DY APIUoIIN(S YN [A0V UI 9OUIIDLIP ON
*dnoi3 ysD ul 9Jel JUIAD MO
*dnoig pajean Jy1, ur sypuowr g1—¢ udamiaq eruadoynay padofeadp syoalqns jo (zz=u) %191
TSJIIY3 [EIIS0[0TeURH
(A1eAnoadsar ‘sypuowr 7—¢ udamiaq
10 yjuow 181y 9y) ur) eaydrerp [¢ Aep “J/y Sw ¢6°1] moym 1o [¢ Aep “J/y Swi Gpg]
yim syuaned ur (¢ yiuow Jo ¢ Aep &) DNV 9pruoInon(s YA [AOV Ul 0UIHIP ON
9[qe[IeAR JOU sajel IO “(yuedsuen-isod syjuow 7—¢)
dnoi3 ysD ur 986 *sa eayLrerp padofeaap dnoisd pajean-Jv.L ul %61 ypuou |
UM eoyLIeIp pado[oAdp UOTENUOUOD PIUOININ|S YA K98 i s302[qns §17/3T
H )
payroads jou DY 91joqeIowt
[9z] 10J POYRIA "VdIAl 10f SPOYIdW pajeradiqqe Suisn ([ pue ‘g ‘¢ ‘[ yruows ‘O Aep ‘¢ Kep) DOV
800C UQIAITY ueA [8¢€] et DOAA 2y jo Apmis-qng

(stsA[eue eonsness ou) (%1) 1/4 3w Op1 DNV

*SA {(%S2) /U SW 0F1-001 DNV "SA (%61) /U 3w 001-0L DNV "SA (%61)
/4 3w 0L-0S DNV "SA (%9€) /U SW 06 >INV VAN “BOULIEIP YiIa s109[qns jo uonodorq
B

[£1] 800 vAedey] :(8z Aep) 0NV

(S0°0>d) (%S$2) /4 3w 09 <DNV "SA (%L1) /U Fw 09-0€
DNV $A (%T 1) T4 3w 0g > DNV P/1/3 01 > erwdue yra s193(qns jo uonsodoid
(S0°0>d) (%€¥9) /U Sw 09 <INV "$A (%T°TS) /¥ 3w 09-0¢
DNV "$A (%8°0%) 7T/4 3w 0g > DNV :P/1/3 T1 > eiwdue {ia s199(qns jo uonsodoid
(0°0>d) (%¥'T1) /U 3w 09 <DV 'SA
(%L) 7T/4 Sw 09—0€ DNV A (%S) T/U Sw g > DNV eruadoyna] pra s102(qns jo uonsodord
:S399J9 [edI50[0JeUdH
(S0°0<d) (%1°L) T4 Sw 09 <DV "sA (%01)
/U SW 09-0€ DNV "SA (%6°6) T/U SW g > DV :SUONOJUI im s303fqns jo uonsodoiq
TSuoTIyuy
(S0°0<d) (%¥) /4 W 09 <INV "SA (%6°€) T/U SW 09-0€
DNV SA (%8°6) T/ Sw 0 > DNV BIYLIRIP SNONIQJUI-UOU (Im s109[qns jo uontodoig
B
SONV §°¢‘T steak  Sur
-paoaxd awm,, pue ‘DY YIUOW g JO SYIM { M DV YIUOW-E PUB JOIM- JO SNooM T
unpIm ‘QNV L Aep Jo skep £ Urim :paururid)p-21d JUdAL 9sI0ApE pue DY JO Surwiy,

(pay1oads
JOU USWIZAI) SPIOIISOINI0D
pue (3a31e) 0) pajenn) snux
-1[019.) 1O (3931e) 0 pAjenn)
Qur10dso[oAd :uonedIpaw-0)
10818) 0) parenn
uLIe [0U0J-UONENUIIU0D
Ul 9s0p s)am X 3
uLe 9sop-paxy :Aep
JANIA dUBUUIRIA
«pamor[e
Kderayy uononpur,, :uoyonpuy

J[qe[IeAR S|

-0oqejow ‘uon
~RIUIOUOD [B10)

‘SW Pue )'1dH

(1 Yoom £q Sw o1
0) ‘osop Surrade)) ouostupaxd
pue (32813 0) pajeni asop)

J[qe[IeAe Jou SNWI[O0IOR) {UOIBIIPIW-0))

eJep 9)I[OqRIoW S¢-1
‘UONeNUIOU0D :Kep/ NN PURUUTETA
®101 ‘07 1dH VN :uoponpuy

(owm 1940 parade) ¢ asop
mo,,) auojostupardiAyow
pue (3a31e) 0) PAjENN) ASOP)

SNWI[0IOR) :UONBIIPIW-0))
S¢-1

J[qe[IeAR JOU
eRp A)[0qeIowW

SYIUOW 7| :dUI XJ-)SOJ
VN :uopouny [eudy

VN :(3Y) ySom

J[eW %79 X3S

8'TIF L 8 i(s1eak) a3y
ueIseone)) %88 ARy
VN :}jeas jo adLy,

€€ azis A dweg

pa[jonuod
‘pazrwopuel ‘[oqey
-uado ‘aanoadsorg

sKep gz :ouwm X J-1504
WEYOFTY

QUIUTBAIO WINIAS {UONOUN] [BUIY

8TIF6'SS (3 13M

J[eW 9¢ :Xa§

611 F6'Ch :(s1eak) 93y

asouedef :Kypruyy

Surary :33easd jo adAJ,

1. :3z1s ajdureg

[BUONBAISQO ‘Toqe]
-uado ‘eanoadsoid

SIBAA G :owm X -1S04

(G Teak—/, Aep) unwu/ T £°G6-8°9¢
QOURIBI[O QUIUNEAIO :U0IUNY [BUdY
(G xeah— Aep) v'HL—T'L9 +(3Y) WBPM

[euonBAISSqO USW (G XS
‘(eyRp ONPUDOORW 8 CI FH'16 :(saeak) gy
-reyd o) papurq uerseone)) AR

(9AIND [Ny pazInn yotym /£ Kep Ioj {UONEIUIIUOD :Kep/JINTA URUUIEIA -o[3urs ‘Joqe] OLIOABDED %86 :)jead Jo adAL,
[9] 800 stedAny]  1doox9) VA 10J spoylow pajelaalqqe Suisn (G pue ‘¢ ‘] IedK ‘¢ yiuow ‘g Joom /., Aep) DNV 210 { LINA VN :uondnpuy -uado ‘aansadsorg 001 :9z1s djdueg
SOOUAIRJIY diysuonerar Kyorxo}—amsodxg Kessy uowidar Sursoq ugisop Apmg uonendod yuoneq

(ponunuoo) | sjqey

A\ Adis



T.K. L. Kiang, M. H. H. Ensom

1540

*$109J dsIoApE [eunsajuronses Jo1paid jou pIp DNV VAN (Z€°0=4S ‘' 0=¥)
suonoajur Junorpaid s[qerrea A[uo oyy sem Ty VN ‘sesATeur uorssaigar sdnnur uy
(500> d) ([0z1-L] /4 Sw Lg
Jo D) uonaagur ou “sa ([s3uer]uerpaw Qg [—Lg] T/4 SW G9 JO DAV ‘6="1) SUONIJU]
TSUOnIIPul
(50°0>d) ([0€1-L] /4 Sw 8¢
JOo D1V) 109J52 9pTs ou 'sA ([oSuer]uerpawt ‘[9/—6g] /U SW G Jo DAV ‘9 =) $199Jj2 pIs [D

418 ™

010T Is1owwos :(payroads jou Surwn) 05Ny
(%€ OVLL

‘%T VSO 1D dnoIn 19¢ DVIL ‘%0 VSO :d dno1 %7 VL ‘%S Vs 1V dnoin) serueudifejy
(%6 DV.L

‘%T VSO D dno1n %1 DV ‘% VSO :d dno1n %91 JVLL ‘%S vsO 1v dnoin) sareqeiq
(%0T DVL ‘%9t
VSO 1D dno1d %€z DVIL ‘%81 VSO :d dnoIn %47 VL ‘%81 VO 1V dnoin) uoisudliadAy
SRYO
(%0€ DVL ‘%9
v$D D dnoIn %9z JVLL ‘%LT Vs :d dno1D 19,67 DV ‘%81 vsO v dnoin) eruadoynory
531939 [edI30[0)BeUdH
(%11 DVLL ‘%L VSO :D dnoin
%T1 DVL ‘%91 VSO :d dno1n 96 DV ‘%€1 VSO 1V dnoin) suonoggur snsiuniioddg
Suonddyul
(%9% OV.L ‘%1
VsD 1D dnoIn (%9 DV ‘%9¢ VSO g dno1n 1911 DV ‘%E1 VSO v dnoin) eoyrrerq
™
ch_\so:md 3} JO 32ULINII0 0) uouQmOH P sdnoi3 UM SAOUAIJIP ON
AmQSOHm ulamiaq :0:.:%8 IND Qwes uaamiaq sdnsnels Ocv AU Qso‘_mu ,U<.—. pue <mUv
U SW (61 F '8 PUB ¢4 F ['6¢ sA (4 dno1n Qv pue vsD) /Y Sw ¢'8] F ¢’ pue
T6IF1°91 'sa (V dno1n QYL pue vsD) I/ SW 0°LT F 6Ly PUR ['4[ F0'9p:DNV Wuow 7|
(sdnoi3 usomioq uowISar [N dWes Uaam)aq sonsness ou) (O dnoin ‘QyL pue ys))
T SW L LTF TR PUB C'STF9'pe SA (g dno1D QYL pue vsD) /Y SW §'61 F 'Ly pue
991 F6'¢h 'sa (v dnoxp DV pue vs)) /Y Sw 'L F 'Ly PUe ['STF '8P DNV Ypuow 9
Amﬁ:_o.ﬁw :uukﬁvﬁ_ an_wuh ~ZU ues :uukﬁoﬁ— moﬁmumum O:V AU ﬁ_—._o\_o Hvz\,ﬁ U:m <rUV
/U SW TOTF T 6F PUB €11 F ['9¢ sA (g dno1n DVL pue vsD) /Y 5wl L'8] F 61 pue
691 F ¢ 1+ 'sA (v dnoip ‘QVL pue vsD) /U SW 6'81 F £'8% PUB L'6] F ['0F:DNV yuow ¢
AmQ:Ouw usaamiaq EOE_MQ IND duwes uaamiaoq sdnsnels Oﬁv AU Q:OHO ,Uz\,ﬁ pue <mUv
T4 BW G ST F Q'S PUB ['H] F¢9¢ 'sA (g dno1n QVL pue vs)) /Y 5w 0'L] F 49 pue
€I F¢TE sa (V dnoin Qv pue vsD) T/ Sw 0'91 F ['9¢ Pue £'G1 FT'6€ :DNV yuow |
AmQ:Oum uaamiaq :va_woh IND Qwes uaamiaq sdnsnels Ocv AU QBOEU hU<.H pue <mUv

J[qe[reAe Jou
BIEp JI[OqEIoW
MEOSN\:EOQEOO
[®100 “LINA

J[qe[IeAe Jou
BIEp I[OqEIOW

(A1rep Sw og—21)
QuojostupaidjAyjow pue
(&qrep 2ot Sw 00E—001)
Qur10dso[o£d :uonedpaw-0)
Sw e
01 0z. :Aep/arejoudydodSu
P3JB0I-ILIINUI DUBUIIUIRIA
4 pue () skep
UO QEWIXI[ISEq UOPINpU

(pay1oads jou asop)
quostupaid pue (s)o31e) 0)
Palenn 9sop) sNWI[OIor) I0
Ju10dso[oAd :uonedIpaw-0)
gV sdnoid ur pajenn
9s0p :Aep/JIAJAl RIUBUIIUIRIA

[RUOTIBAISSQO ‘ToqR]
-uado ‘eanoadsoid

skep 96—(1 :owm X504
urwy/ T (9.-0€) 9%
uonen[y Ie[nIowo[s :ueyouny [eudy
VN :(33) 1ySrom
JeW Z¢ :Xd§
(89-61) ¥ :(s1eak) ady
(uBWIOD) uRISEINED) :AYIIUYI
SUIAL %1 Th 3eas Jo adA,
99 :3z1s Idwreg

sqjuow 7 :dwim X -1S0d
sdnoi3
SSOIO® UTW/ JW /9—GQ ~ UOHBN[L
IR[NISWO[S QUI[ASEq :U0NIUNy [eUdY
V/N (3Y) JSPmM
sdnoi3 [re ur ofewr 9, 7¢ ~ :Xag
(D dnoi3) 9 6y ‘(g dnoid)
8'8p (v dnoid) ¢'gy :(s1eak) a3y
(D dnoi3)
%9'69 Pue (g dnois) %6°0L (v
dnoi3) %869 ueiseone)) :KyRIUYIY
©
dnoi3) 9116 (g dnois) %86y (v
dnoi3) %61 oL1aARpED :3Jea3 Jo adAY,
(D dnoi3
‘IND PIepues yim as0p-paxy) Oyg
(g dnoas ‘IND [ewIou yiim [01uod

T SW ST FZ'8E PU ¢ 11 F0'0€ "sa (g dno1n Qv L pue ys)) /4 Sw 6°¢[ FS'g¢ pue {UONRIIUIOUOD qewInzIjorp pue ‘qeuwt Ppa[jonuod -uonenuaduod) £ ¢z (v dnoid ‘IND

€I FH0€ A (v dnoin Qv L, pue vsD) T4 SW O'GT F6°8€ PUB L4 F L 1€ :DNV 01 Aed  [#101 ‘payroads -IXI[Iseq ‘UInqoj3 91Ko0w ‘pazIwopuel ‘[aqe| PAONPAI YIIM [OIUOI-UOTIRIUIOUOD)
[0€] 600T uolseny spoyjowr pajeradIqqe Suisn (g pue ‘g ‘¢ ‘| yyuow ‘gf Kep) C'0yNy  jou Kesse Jo adA],  -Aynue jo drmxIw tuonINPUf -uado ‘oanoadsorg €17 — ([2103) 0L :9z1s Ajdweg
SOOUAIRJIY diysuonerar Kyorxo}—amsodxg Kessy uowidar Sursoq ugisop Apmg uonendod yuoneq

(ponunuoo) | sjqey

A\ Adis



1541

Exposure-Toxicity Effects of MPA

[L1T010C
JIeyURYSLINOD)

[0Z] 010T 1opuel

(%81 "sA £'17) uonoojul 1oen Areutin pue ‘(%6 01 "sA §'g) xo[duis
sad1oy (%0 'SA §'L) UONIRJUT ATND “(%6T "SA 8'8€) Iowan) (%¢°S "SA O7) SARQRIP “(%T
*SA () SSOT WYBToM (% T H€ "SA € 1) SUDIWOA (%(°0S "SA 8'8F) BOSNRU ‘(%7 CT "SA 0°0T)

eisdodsAp ‘(%L v "SA €°16) BAYLIRIP (%" €T "SA §'7€) uonednsuod (%9 'sa §°¢) eruado
-Ko0quiory) (%¢°S "sa (°S) eruadonnau (%481 "sa () eruadoynay o) 10odsar yym ¢ Aep 1e
T4 3w 09 <DV VAN 'SA T/U SW 09> DNV VAIN YIM S[ENPIAIPUI USOMISQ SQUIIJIP ON
(%E°LE "SA 6°0€) Jowan pue (%91 "SA T'ET) SA_QRIQ
SRPPO
(08=1‘%S¢)  Kep 1e /4 3w 09> DNV VAN 'SA
(%€°6S ‘8e =) ¢ Kep Je T/q SW (09 <DV VAIN UNA S[ENPIAIPUT UT Juanbaiy arow enusuy
(%€ "sA 6'7) euadoifooq
-WOIY) PUE ‘(%€ 'SA 6°C) eruadonnau ‘(%¢g “SA LH1) eruadoyna] ‘(%8°8€ "SA 9°Ch) BIuAUY
SJO9JA [Ed130[0JBURH
(%S sa
T'9T) UOTIOJJUI JoBT} ATRULIN PU. ‘(%6 'SA ¢ Q1) Xo[durs sadIdy (%06 "SA G'T) UOTIOJUI AIND
“suondIyul
(%S°T "sA ') SSO[ JYSTom Pue (%1'8C "SA ['7T) SUNIWOA (%€ 61 "SA 0S)
vOSTIRU (%161 "SA T'¢T) eIsdodsAp “(%8° 1t "SA G'TG) BOYLIRID (%6°6T "SA €'6¢) uonednsuo)
™
:Surmor[oj oYy 03 10adsar YIIm SUSWISAT PIEPUR)S “SA POYISUSIUT UIIMIO] IUIIYIP ON
sSurpear DNV I9YJO UL SOOUSIIYIP ON
(50°0>d) (prepuess) /4 Sw g9 *sA (sudut) /4 Sw ¢°6$ DNV § Ked
(50°0>d) (prepuers) /4 Sw ¢y 'sA (sudiut) /4 SW ¢'66 DNV € Aed
m Pue [ syjuowr uo pue Ow\—NJUm:u
je DNV parersuad-asnpoyos Surjduwres payrwr] pue (yuerdsuen-isod ¢ pue ¢ skep) {1 0yny

(%ST°SA 1) SUONOJUL IO ‘(% "SA 81) SIOPIOSIP 1D ‘(%S "SA 9) SI9P
-IosIp EO_MO_OHNEDS 0] uoummuuh s w:@E_wP_ prepue)s ‘SA pIYISUdUL UIMII(] JUIPIP ON
TSTO9J [EO130[0JEUIdY IO SUOTIJUl T
(50°0>d) (prepurls) /4 Sw 08'ST F09° 1€ "SA (dsudun) /4 Sw 0z'L1 F09° T+ :0NV 1T ked
(S0°0 > d) (prepuess) 71/y Sw Op'81 FOE" 1€ "sa (dsuun) /Y Sw Op" L1 F08°CH 20NV 01 Led
(500> d) (prepuess) /4y Sw [£°81 F09°CE "sa (3sudun) Iy Sw 0L ST F 20NV € Aed
:(pay10ads 10U SJUOAD ASIOAPE 0} Joadsar im owmn) L 0yNy

Jlqe[reAe

Jou dr[oqeiew

‘UOTIBIIUIOUOD
18101 ‘O 1dH

J[qe[reae
sajIoqeIW
‘uonoery 931y
‘UONBINUIIUO0D

12101 ‘5 1dH

(eonoead 10)udd oyroads
12d) suostupaid pue (Ju
/3u G1—8 0) pajenn ASop)
SNWI[0IOR) {UOHBIIPIW-0))

(Kep/3 )
pIrepue)s 1o (Arep S g uay)
‘G—1 sAep uo 3 ¢ payrsuajur

:Aep/JINAL RdUBUUIRIA!

(%68-28)
Apoqnue z-7] :uondnpuy
(Apmys jo pud
[mun Arep Sw 4 03 2sop Sur
-1ode) ouojostupaidiAyiowr
Ppue (33318) 0 pajent) asop)
QuL10dso[oAd :uonedIpIw-0))
B opp1
uay) ‘74 Aep [nun Swr 091
uay) ‘skep ¢ 10j Sw (88T)
payIsuaur 10 (W O 1) pIe
-puess :KepyayejoudydodSu
P3180)-ILIdUY IOUBUIUIRIA
¥ pue () skep uo
Sw (7 qewxifiseq :uondnpuy

pa[[onuod
‘pazrwiopuel ‘[dqe[
-uado ‘eanoadsoid

sdnoa3-jorrered
‘pazrwopuel ‘[dqey
-uado ‘oanoadsorq

SYIUOW 9 UTYIIM W) X [-1S0J
syuow 9

J© U/ JW GG ~ :uonouny [eudy

8 8L-LL~:(3%) USPM
Jew (pre

-pue1s) %7°L9 "SA (SUAT) %169 :XdS
(prepue’s) T¢I F6'Ly

*SA (ASURUI) 7] F ' :(STedA) 98y
ueIseone)) (pIepue)s)

%T6L "SA (3SUANUD) %78 AMdIUYIH
(pIepuels) %¢9 "SA (Isudur)

996G Ul paseadap :)yead Jo adAy,
(prepuels) /9 ‘sa (dnoi3

asuaiur) 89 — ([8101) G¢ :azis jdwreg

sqluow ¢ :du) X [-1S0qd

VN :uopounj [eudy

VN (3% 1SPm

S[eW %ES XS

Sy F 661 :(sIeak) ady

(uewLIon) URISEONRD) 4/ AU
SuIAl] %7 $1yeas Jo adKy,

(1e103) G/ :azis apdureg

SOOUDIAJY

diysuonerar Kyorxo}—amsodxg

Kessy

uowidar Sursoq

ugisop Apmg

uonendod yuoneq

(ponunuoo) | sjqey

A\ Adis



T.K. L. Kiang, M. H. H. Ensom

1542

[81]

110T MO o7

(S00<49) (%8%)

dno13 asop paxy ‘SA (%6°L) [0TUOD UONBIIUIIUOD UT SUONIJUI $adIay] JO 9OUIPIOUI [[RIAQ
(500 <d) (%0'91)

dnoiS asop paxy 'sA (% ) [01UOD UONEIIUIIUOD UT SUONIJUI ATAD JO OUIPIOUL [[BISAQ)
(§0'0<d) (%8 tv) dnoi3

ASOp PaxY 'SA (%8'8F) [ONUOD UOHEIUIIUOD Ul SUONIJUI [RLIIOL] JO 9OUIPIOUI [[BIOAQ
(s00<d)

(%8°8) dnoi13 asop paxy "sa (%G]) [0NUOD UONBIUIIUOD UT BIYLIRIP JO 9IUIPIOUI [[RIAQ

H )

JuaIoyIp ApueoyruSis-uou sjutod dwn IoYI0 Ul DOV
(50:0>d) (Sut

-SOp PAXY) /Y SW ['§] F§'9¢ 'SA ([0NU0D UONLNUGOUOD) /Y SW ['9] FT'HF DNV 9 Ho9M
(50°0>d) (Sur

-S0p PAXY) T/Y SW '] F €67 "SA (I0NU0D UONLNUGOU0D) /Y SW §'#[ FT'9¢ DNV T IoOM

spoyjow pajeradiqqe-ueisakeq ‘paseq-uone[ndod Suisn (g pue ‘9z ‘71 ‘9 ‘g syeam) L0y

(S0'0<d) (%1 'SA %TH) SHIUIY
(S0'0<d) (%E'T "sA %8°7) smukreydoseN
RO
(S00<d) (%L'T "sA %L+) eruadoikooquiony ],
(S0°0<d) (%ETT 'sA %1°€1) vruadoynay
(S0°0<d) (%1°ST "SA %8'GT) prurdUY
(S0°0<d) (%S0 "SA %T'{) $199JJ9 ISIOAPE [BIIZ0[0IBWAY SNOLIDS
(S0°0<d) (%E 6E "SA %Y 6€) $1994J0 ISIIAPE [2I150[01EWY #[EIOL,
*SJO9JJ9 [edlso[oreuH
(S0°0<d) (%S0 "SA %E"€) UONIJuL PUNOM
(S0°0<d) (%S "sA %€ €) pruownaug
(S0°0<d) (%ET "sA %8°7) 191502 sad1oy
(S0°0<d) (%6°TE "SA %L +E) uonodjur 1en Kreuriny
(50°0<d) (%6°S "sA %8) 1en K1ojendsar roddn
(S0'0<d) (%81 "SA %8°€) UONIJYUL SIIIA g
(S00<d) (%8°TT 'sA %S'L) AWD
(S0°0<d) (BTHT "SA %ET) SUONOYUL SNOLIDS
(S0°0<d) (%S°€9 "SA %" 19) SUONIIAUL 4 [€I0L,
TSuonRIJul
(50°0<d) (%6'9T *SA %1°TT) SUBIWOA
(S0°0<d) (%69C "sA %1€) easneN
(S0°0<d) (%THT "SA %9°67) BAYLIRIQ
(S0'0<d) (%1°0€ "SA %T'9¢) uonednsuo)
(§00<d) (%16 'sA %1°€1) uted [puIOPqY
(S0'0<d) (%8°L "SA %6’S) STUIAD ISIOAPE [D) SNOLIDS
(S0°0<d) (%E 0L "SA %LL) SIS SIOAPE [D) # [£10],
i
(S0'0<d) (%S0 "SA %6'1) AIND “(%E'T "SA %1°9) BOULIRIP (%'t "SA %9°9) eluadoyno]
(S0°0>d) (%S0T "SA %6 1€) uondniiaui/uonNONpPaI 0) SUIPLI] JUIAI ISIFAPE (IIM JUNR]
(S0°0<d) (%S0 "SA %6'T) UOHIYUL AIND
(S0°0<d) (%T'€T "SA %8°]]) UONENUNUOISIP FUISNED SJUIAD ISIIAPY
(S0'0<d) (%E'T 'sA %8°C) KouruSieN
(60°0<d) (%861 "SA %P'GS) SIUIAI ISIOAPR IIAIS JO # [RIO],
(500 <d) suawi3a1 (%¢°L6) PIepurls ‘sA (2%9°86) PIYISUAIUI UI SJUIAS ISIAPE # [BI0],

(femeipyim

A[1e9) SPI0I)S0O1II0d JO

sAep £ pue (3031e) 0} pajent)
QuLI0dSO[oAd :uonBIIPIW-0))

/4 3w of

Jo 10318} DNV AQq pamoi[oy

skep 01 x Kep/3 ¢ yum Sur

-1JE]S [OUOD UOHEBIIUIIUOD

J[qe[ieAe 10 Kep/3 g 9s0p paxy
jou AI[oqeIow :Kep/JININ UBUUIRIAI
‘UOTIEIUIIUO0D Kpoquue 103dodar-g

2100 ‘O TdH -UR{N3[ISIUI-NUR :UONINPU]
(Apms noy3no1y) Aep

/3w g 0) parade)) Spr01aYSOd
-1)100 pue (33813 0) paenn)
auriodso[o£o :uonedpaw-0)
[ocl 010¢ 1opuelD se
awres :Kep/ayejoudydodfw

PA[[ONU0D “Toqe]
-uado ‘poziwopuerx
‘oandadsold

Apoqnue aAnsear [oued 90

[IuoW 7| Ui XJ-)S0J

VN :uopounj [eudy

VN :(3¥) uSopm

S[eW %1799 X398

['€1F &8y :(saeak) afy

(youar]) uerseone)) :AyRIUYIY

pay1aads jou % ‘yioq :3jeas jo adAy,
GT1 =1 9SOp Paxy /7| = U [01U0D

UONENUAOU0D — ([810)) /¢ :9ZIs djdures

syjuow 9 :dwr XJ-1504

VN :uonduny [euday

VN :(33) 1uSPm

J[eW %79 ~ XS

9 ~ :(s1eak) I3y
(prepuers) 91°8 sA (Poy

-ISuaIUY) %9°/ 8 UBISLINE)) AYOTUYYH
(prepuels) %69 "sa (payts

juefdsuen dqe[IeA® Jou P3JB0D-ILIDNUD IDUBUIIUIRIA -UAUI) %7 6S JLIdARPED :3Jedas Jo adL],

-150d sy0om g 381y Ay ur dnoiS prepue)s “sa dnoi3 payisuajur ur YSIY %/ 01 %€€ DNV 9N[OqeIoW ‘Uuon (pay1oads sdnoi3-jorrered (47 =ordwes 3[q)

:(uerdsuen 1sod-skep /8 [nun dn) {0y URIPOIN  -eNUOUOD [10) jou) Aderayy uononpur ‘pazIwopuel ‘[qe| €72 prepue)s ‘(14 =ordures 3dq) 81C
[12] 110T ppng [6€ ‘07] 010T I9puR[D pue | [()Z IPIOWWOS WOoIJ BIRp dY) JO Led ‘SN 10 D'TdH PAATIS03I 9,G/ suondNpuy -uado ‘oanoadsorg payisuaul — ([8101) [ :9z1s Ajdweg
SOOUAIRJIY diysuonerar Kyorxo}—amsodxg Kessy uowidar Sursoq ugisop Apmg uonendod yuoneq

(ponunuoo) | sjqey

A\ Adis



1543

Exposure-Toxicity Effects of MPA

(50°0<d) (%0 "sA %) eruadorfooquioryy,
(S0'0<d) (%S "sA %1"p) eruadoynd]
(S0'0<d) (%S 1T "SA %T'8) BrIOUY
(S0°0<d) (%8°8T "SA %¥'TT) TedIS0[OIRWaH
TSJIY3 [EI130[0JBURH
(S0°0<d) (%ST "sA %S +) uonoayur yoen Areurrn
(500 <d) (%8¢ "SA %1°9) elUOWNAUJ
(50°0<d) (%0 "sA %0°7) uonodjur 1oen Alojendsar raddn
(S0°0<d) (%61 "sA %1 ') uonsojut Kiorerrdsoy
(%0) A&pedorydou g
(S0°0<d) (%8°€ "SA %0) BIWIAIIA UOHORJUT g
(S0°0<d) (%61 "SA %T'8) UOIAUT AIND
(S0'0<d) (BT9¥ 'S %T HS) uonoyuy
suonddyuY
(S0°0<d) (%8°S "SA % 1) Suntwop
(S0°0<d) (%8°€ "SA %0) eosnEN
(S0°0<d) (%0 'sA %0°7) vrsdadsiq
(S0°0<d) (%96 "SA %TTT) BOYLIEIQ
(S0°0<d) (%61 "sA %1t) uonednsuo)
(S0'0<d) (%61 'sA %0) uted [eurwopqy
(S0°0<d) (%8°8T "SA %8°8€) SIPIOSIP [D
™
(S0'0<d) (%°ST) pIepuels “SA (%G°9Z) PAYISUNUI UT JUSAD ISIOAPE JIOAJS [[BIOAQ
(suoneindod dn-moj[o}) 71—9 YIUOA
(S0°0<d) (%1°¢ "sA %¢9) eruadoikooquioryy,
(S0°0<d) (%8°0€ "SA %t ST) eruadoynay
(S0'0<d) (%ETE "SA %9'8T) BIWAUY
(S0°0<d) (%8°0S "SA %8°0S) [ed150[0IeWH
TSJIY3 [Ed130[0JBUH
(S0'0<d) (%L LY "SA %9t) uonoajut 1oen Kreurrn
(S0°0<d) (%ETT "SA %E Y1) BrUOWNSUY
(S0'0<d) (%G1 "SA %g ¢) uonoagur 1oen Koyendsar roddn
(50'0<d) (%T'6 "sA %8'Y) uonoojut Kiorerdsoy
(%0) Ayredorydou g
(S0°0<d) (%T°E "SA %E'9) BIWAIIA UOIOAJUT S
(S0'0<d) (%SET "SA %1 T1) UONUL AIND
(S0°0<d) (%08 "SA %gL) UOTIdJU]
suondIyul
(S0'0<d) (%L'LT *SA %LT) SUBIWOA
(S0°0<d) (%80€ "SA %S 9¢) BasnEN
(500 <d) (%0 "sa %¢9) eisdadskq
(S0'0<d) (%0t 'S %L'6€) edYLILI
(S0'0<d) (%1°€T "sA %7 0¢) uonednsuo)y
(S0°0<d) (%76 "sA %9°07) ured [euriopqy
(S0'0<d) (%¥°SL "SA %S T8) SIPIOSIP [D
™
S0°0>d YIIM 1x2) oY) UT (PIEPUEIS) 9%G°(S "SA (PAYISULIU) %8°69 St pajou
sem SIYL "(S0°0 <d) (%9°'%9) PIEPUEIS "SA (%8°69) POYISUUI UI JUIAD ISIOAPE QIOADS [[BIOAQ
(suoneindod jeon o) uonuaur) Z1—() YWUON

dqe[IeA® Jou
BIEP AI[OqRIAW

Apms ay3 InoySnoayy
Kep/3w G ~ouostupaid
pue (JoS1e) 0) parenn)

Quriodso[o£o :uonedrpaw-0)

[oz] 010 1opuelD se
Qwes :Aep/arejoudydodSu

SYIUOW 7 U XJ-)SOJ
urwy/Ju9'Lg
'SA (payIsudIul) unwy/TW §'y,G Uon

-en[y JR[NISWO[S :uonduny [eudy

VN :(3%) WBem

el %Y'SS :Xd§

S €I F TS :(sIeak) ady

sdnoi3-jorrered (1e101) UBISEONR) %G6 AIDIUYI

[6€ ‘02] 010 Topue[D 1od sjUSWINSEAW DY ‘UONENUIIUOD PI)L0I-DLIAIUI DUBUNUIL]A|  ‘POZIWIOPURI ‘[oqe] (12101) OLIOARPED % ¢ Y/ 3yead Jo adAL,
[zzl €10T sury [6€ ‘02] 0107 1opuelD pue [ [()Z IPISWWOS WOl APnIs Ay} JO UONBNUNUOD) 2101 ‘D TdH  QBWIXIJISEQ UO [[@ :UOnINpuf -uado ‘oansadsord 7S pIepuels ‘6f payisudu] :zis Adueg
SOOUAIRJIY diysuonerar Lyorxo}—amsodxg Kessy uowidar Suisoq ugisop Apmg uonendod yuoneq

(ponunuoo) | sjqey

A\ Adis



T.K. L. Kiang, M. H. H. Ensom

1544

(50°0<d) (%1°9G) 9s0p PaxY "sA (%6'16) dnoi3 [0NUO UOTIENUIIUOD UT BIWAUY
SJI3P3 [EI130[0TeWH
juejdsuen-jsod syjuow g > PAUAWNIOP UOTOJUL JO A0[RI
([eSuny ‘fena ‘[er1o)oeq "8°9) SUONOJUI OY19ads UT OUIAYIP OU Jnq
‘(500> d) (%L°T€) 950p Paxy 'sA (%8°91) dnoi3 [01UOD UONBIUIOUOD UT SUOTIOYUI [[BIAQ

(Arep Sw g jo dourUUIBL
[mun asop Suriadey) suosiu
-paxd pue (3051e) 12d pajenny)
SNWI[0IOR) {UOIBIIPIW-0))
/4 SW 09-0¢ DNV VAN
19318} 03 9sop parenn dnoid

%01 > Apognue 9A1deal [dued
Syiuow 7| :duil) XJ-1S0J
VN :uondunj [euay
VN :(3%) 1SPM
SuIsop paxy ul afew %7/, Jon
-U0J UONEIUIOUOD UL J[BW % ¢ (), XdS

TSUOTIYUT JIqe[IeAR [0IUOD-UONBNUIIUOD (A[[ed sdnoi3 g ur ¢¢ ~ :(saeak) a8y
(500 <d) (%TT) 250p paxy 'sA (%8°6T) dnoid [oNUOd UOTENUIIUOD UT BIYIILI 10U 9)I[0qe)ou -TUID paYen) uay) ‘skep O¢ asaury) :Ayprpy
TOD  ‘UONE)UIIUOD X Kep/3 ¢ Suisop paxy pajefar SuAl] :3yeas jo adLy,
(S0'0>d) (/4 8w §¢'19 DNV) ASOP PaAXY “SA (T/Y SW 90§ DNV) [0NUOD UONBNUIIUOD)  [e10) ‘payroads :Aep/JIATAl UBUIUIBTA]  [BUOTIBAIISAO ‘[oqe] T8 =1U3SOp paxy ‘(] = U [01}UOD
l61]1 102 nq :sa13orens Surpdwes payrwry Sursn (sdnois g 10y o[qeyreae eyep (¢ Aep A[uo) {oHny jou Kessy VN :uononpuy -uado ‘0Anoadsord  uonenuadUodI—([e101) €81 :dzIs jdweg
(syuaned
YSLI MO[ UI SYIUOW 4§ I9AO
(ySnon Dy I, Surpn[our) BIWAIA SIIA g )M PIIRIDOSSE SI0JIBJ [EIIUI[O JAYIO SNOLIBA o parade) ‘Kep/3y/Sw 1)
*pasn 10JIqIyul uLIAUIo[ed Jo adA) Jo aansadsai (g0 > d) SPI019)SOINI0D Pue (19318) %0 < Apoq
Ayredorydou pajeroosse-sniiaewoA[od pue BIWAIIA (1M PIIBIOOSSE /Y S S <INV VAN 0) pajen1) 9SOp) SNWI[OIdE) -nue oAnoeal [oued YIm %8°0¢
Ayyedoydou pajerdosse-sniiaewoAjod Jo poysaiy) 10y (%¢8 Aoyoads ‘99t 10 (333181 0) pajenn asop) SYIuOW ()9—7 W) XJ-150g
ANAnISuLs) /4 Sw (o6 JO JJo-1nd D[V Uk PAIBDIPUT SISATeUE JNsLIo)oeIeyd Sunerado 1oATo0xy Qur10dso[oAd :uonedIpIw-0)) VN :uopouny [eudyy
Ayredoydou pajeroosse-snaiaewoA[od uaaoid 9/ pue ‘Sniia g pouleIsns yim %0g (14 Sw 09—0¢) VN :(3Y) 1YSoM
‘SnIIA Mg yim %6z Suedsuen-jsod syiuow ¢'¢ F ¢/ 20UALINOI0 UBIW BIWAIIA SOIIA Mg J[qe[ieAe 1931e) 0) pajenn asop U %19 XA
porrad Apnis SuLINp BLINIIA [9AS[-USIY %/ PUR ‘SIIA S PIUIRISNS YIIm jou 9)1joqeIoW :Aep/INTAl RUBUUIBIA] L €1 F 'Ly :(sTeak) a3y
%6€ ‘SNIIA Mg PIm %84 Juejdsuen-jsod syjuow 7'/ F9°/ 90UILINOI0 ULSW BLINIIA SNIIA 3  ‘UONEIUIDUOD (%S°LL) VN :Kpmuayy
[8z] SUONIIYU]  [B10) ‘payroads urnqois Loowkynue JLIOABPED %676 3Jead Jo adAY,
€10T [ean-ruiog :(querdsuen-isod syjuow ¢ je) LI 05Ny jou Kessy 10 qeWIXI[ISEq :uonInpuy aanoadsonoy (AINIA UO %9°96) 0F :3z1s djdureg
s)a191e1d 10 $9)1£503N9 PUE D[V APIUOINONS VA U2MIoq SUOTIB[ALIOD ON
SIUN0S 9)AJ0IAIS pue DNV UdOMIOq
uonE[a1I09 o {(60°0 < d) (/4 FW $Z'01EF LE'09Y DNV dPIuoInon(s VN ‘G =) saILd
-0I)IAId > "SA (/Y 3W 0G'€ZE F09°02F DNV Apruoinon(S VA ‘9¢ =U) SK20IYIAID [BWLION
SAN[BA JLIDOJRWAY PUE DY U0IMIdq
UONB[ALI0D JUBOYIUSTS £(G0°0 <) (/U SW GT'61€ F L6967 DNV dPruomdn|s VW ‘17 =4)
J0jRWAY > 'SA (/Y SW 86°C1€FZ0'L8E DNV APIUOININIS VI ‘0F = t) ILID0IRWaY [EWION
san[eA urqo[Soway pue Dy U22mM12q UOR[1I0D JUBD
-yIusIs (600> d) (/4 W STHTy F L"6£9 DNV SPIUOININS VI ‘L] =) UIqo[Sowoy
[ewwiou > 'sA (/4 3w €9°8L1 F [L'8T¢ DNV 9PUOIMIN[S YN ‘b€ = ) UIqO[SOWY [EULION
s1o10181d J0 $9)K003NS] pUE DV VJIN U99MIAq SUOTIB[ALIO ON
SJUNOD K011
PUE D1V U29MI2q UOTIB[21I0D OU (00 <d) (TT/4 SW €601 F £T'€C DNV VAN ‘61 =1)
$)A201IAId [ewIou > *SA (/Y 3w 07 11 F8°87 DNV VAN ‘T =U) S91K001J1A10 [RULION SIBAA 67 F L'{ owl) X -1S04
Loy (poyroads U/ W 47+ 485
PuB D)V U29M19q UONR[ALIOD ou (0" 0 <d) (T/4 Sw €71 F81°97 DNV VAN ‘LT=u) JOU 3SOP ‘4G =) SPIOIA) QOUBIBI[O QUIUNEAIO :UONIUNJ [eUdY
JLIO0JRWAY [BULIOU > 'SA (/4 SW O 01 F06°'LZ DNV VAN ‘P€ = 1) ILI00JeWaY [BULION -S001)109 pue (pay1oads jou L9T F61L (3Y) WS
sanfeA urqo[3oway 3SOP ‘g =U) SNWI[0IOR) 10 Usul ¢ :X3§
PUE DV US9MIOq UOTIE[21I0D O 1(S0"0 <d) (TT/Y SW 9%¢1 F00'8C DNV VAN ‘61 =1) QIqe[reae (pay1oads Jou asop ‘g7 =1u) TIF ¢ i(saeak) a8y
urqoj3oway [ewriou > 'sA (/4 Sw £Z7°01 F08'9C DNV VAN ‘T =) UIqo[Soway [PULION  BIEp I[0qeIow suriodso[o£o :uonesrpow-0) VN :Kpmuayy
TS]O9JJ3 [EOIS0[0JBUIRY  ‘UONBIUIOUOD VN :Aep/JIAIA dUBUIUIRJA] [BUONBAIISQO ‘[9qR] VN :3Jeas jo adAy,
[L€] €10T de190S :(pay1oads Jou sJuaA? dsIoApE 0} 30adsar yim swn) " yny 2101 ‘D 1dH VN :uononpuy -uado ‘oanoadsorg 19 :9z1s dpdwreg
SOOUAIRJIY diysuonerar Kyorxo}—amsodxg Kessy uowidar Sursoq ugisop Apmg uonendod yuoneq

(ponunuoo) | sjqey

A\ Adis



1545

Exposure-Toxicity Effects of MPA

[Lz]
S10¢ @10jRUIO],

(S0°0 <d) 1uapIAL (0T F L9°T) SOTeW 'SA (1L F €6°¢) 21098 [D) 10y31y
SulARY SO[BWIDJ JO SPUAI) ‘JUIAD 9SIOAPE [D) pue /Yy Sw 09 <DV VAN Pim sjuaned ug
PIAIISQO dIIM SJUIAD
9SIDAPE [D put DNV Ip1uomon[3 VA 10 VJIA U9am)dq uoneroosse ou ‘dnoid ormuo ug
Q[eOs pajepI[eA AQ PISSISSE SJUAAD ISIAPE [D)
T
JUOAD 9SIOADE JO ow) Je apruomon|s VA pPue VdIN 10§ ¢ 0Ny
J[QB[TBAR JOU S)UIAQ ISIQAPE JO QOUALINIIO JO SWIL],
(%11 'sA t'6) eruadojfooquiory ],
(%ST "sa 8°81) eruadoynay
(%ST sA §7) eruouy
(%9°€S "SA 6'9t) SIOPIOSIP [EJIF0[OJeWH
TSTO9JJ0 [BI130[0JC WO
(%L°GE "SA €[ €) UonoJuI JoeI) AIeuLin
(%L°01 "SA £°9) rrUOWNAU]
(%112 "sA §'71) uonodjur Joen Klojendsay
(%L°0T $A £°9) UONIJUL AIND
(%6°TH "SA 9°0F) uonodyu|
“suordIyuy
(%L0T "SA £°9) SunTWoA
(%ST 'S §'81) BasneN
(%1°T€ "SA GT) ddua[me]]
(%L°01 s ¢'9) eisdadskq
(%1°T€ 'sA §7) vayLIRIqQ
(%€ Y1 'sA 1) uonednsuo)
(%S "sa §'81) ured [europqy
(%1°LS "SA %8 €t) 19pIOSIP [D
ID
SMO[[0] SE (9SOp pIepue)s ‘SA 3sop mo[) sdnoid
7 U99M19q (SYIUOW  UT PAATISQO) SJUIAQ ISIOAPE [ENPIAIPUI JO [[EIAO UT SOIUIIYIP ON
sdnoI3 7 uoamiaq DNV Ul SIOUIYIP OU :9 — [ SYIUOJA
Awuz_m> Jedrawnu OEV AWOC > N\v dnois ISOP MO[ < D[NV 9SOP pIepue)s .7 JIIM
(50°0>d) (/4 Sw §') dnoi3 as0p Mo "sA (/Y Sw ¢°6G) 9sOp pIepueIs DNV § Aeq
(50°0>d) (/4 Sw 7'g¢) dnoid asop mof “sa (/Y Sw °LS) 350p prepuers :3NV ¢ Aeq

J[qe[ieAR

elRP AI[OqRIoW

‘uonenUAdUOD
18101 ‘SINO'T

dqe[IeAR JOU
BIEP 9)I[OqRIoW

Sp1019)
-SO911100 U0 1M $103[qns J1
Ieapoup) *(331e) 0) pajenn)
SNWI[0IOR) :UONBIIPIW-0))
asuodsar earuro
03 pasnlpe Sursop orndwo
:Aep/ajejoudydodfux
P97€02-I119)Ud IDUBUIUIRA
VN :uononpuy

(skep ¢ 10y Aqrep

Sw (] suostupaid) pro1g)sod

-1102 pue (3o51e) 12d pajenn)
SNWI[0IOR) {UOIIEIIPIW-0))

(&jrep Sw (8 1) osop

MO "SA (101jea10y) Swr 080T

‘09-1¢ skep Sw 09Z1 ‘0€-0

sAep uo Sw (1) dnoi3 pre

-puess :KepyayejoudydodSun
P3JE0I-ILIINUI IDUBUIIUTRIA

[PUOTIBAISSQO ‘[oqe[
-uado ‘aAandadsoid

dnoi3-jorrered

sdnois [re 1oy juerd
-suer) jsod s1eok 967 < :owmy X -1S0q
(sdnoi3 sso1oe) ury/ W G'$9-8 61
UONEN[Y JE[NISWO[S :U0NIUNy [eudy
(sdnoi3 sso1oe) §'46—1°¢/ +(3Y) WS
SI[RW Q¢ ‘SIA[RWIJ T XS
(sdnoi3 sso1oe) +'05—G L1 :(S18ak) a8y
(D) ueiseone) ¢ pue
(VV) uedLwy uedstiyy ¢ :Aporugyy
oLIoARDPED :)Jead Jo adAY,
L9 :9z1s djdureg

SYIUOUI 9 UL XJ-)SOJ
Sypuo g Je ury/ T ¢'9G—7G el

uonen[y Ie[nIowo[s :uonouny [eudy

5 99-19 :(3) 1Sp

sdnoiS g ur 97/ ~ :xa§

sdnoi3 g ur /¢ ~:(saeak) sy

asoury) Ay

VN :}Jeas jo adLy,

:s91391ens Surpduwres payw] ym {UONBNUIIUO0D urngo[3ounwur AKo0wAy) ‘paziwiopuel ‘foqe| (87 =) 9s0p pIepuels
[¢2] ¥10T Suiq (9 °¢ ‘1 syuow ‘seaM 7) DV pAIeIsdIqqe pue ‘oaInd [[ny Sursn (G pue ¢ skep) 0Ny ®101 S\ LINA uewinynue jiqqelr :uondnpuy -uado ‘aanoadsorg pue (gg =u) asop MmoJ :azis Jjdureg
SOOUIRYOY diysuonerar Ayorxo}—amsodxg Kessy uowdar Suisoq ugisop Apmg uonerndod juaneq

(ponunuoo) | sjqey

A\ Adis



T.K. L. Kiang, M. H. H. Ensom

1546

snuwrjoIoe) 1)V, Juerdsuen :xJ, ‘payroads jou Jo J[qe[IeAR JoU

'¥N ‘Anowonosads ssewr (S proe orjouaydodiwr 1y rejouaydodiw  JINIA ‘Anewonsads ssew-Ayderdorewonyd pmbiy :SINDT (AydeiSojeworyo pibiy souewroyrad ysiy ;D) TdH ([eunsaur
-onsed ;10 ‘enbruyo9) Aesseounwrwr pardnnw swAzus [ [INY QULI0ds0[o4d 1S L10JIQIYUI ULINAUID[BD ([N ‘UOTIOJUI SNIIAO[ESIWOILD AJAD ‘OAIND SUIN-UONEIUIIUOD I} I9puUn BaIe 1DV

(papraod
JOU ©Jep [EOLIOWINU) SAN[EA D[V PIZI[EULIOU-UN )M JE[IWIS POUTBWA SSUIPUY [[EIOAQ
(S0°0>d) WS|[0 OTXS { UBy) 123215 Junoo [rydonnau
QIN[osqe IM $102(qns Ul 3/7/q SW ¢ [T F T SA MUWYS[[9D O X &' UBY) SSI] JUN0d
[ydonnau gnjosqe YPim $199(qns ut 3/7/y SW Gy F €S DNV PIZI[RULIOU-ISOP ‘(puoll [ Iy
sajeLIeA0d 9[dnnw Sunerodioour Surfepouwr uors
-sa13a1 ordnnw Sursn sSurpuy Je[IWIS ‘SISA[eU. UOISSAISAI Jeaul] o[3uls uo paseq (50'Q>d
‘T89°0=4) spiuow g pue (00 >d ‘1990 =) Spuout ¢ (500> d ‘G670 = 1) Yruow |
Je Junod iydonnau Anjosqe pue (3/7/4 Sur) 9sop/DNV VJIN U9OMIOq UOTBIOOSSE dSIOAU]
TSJI3Y [EII30[0TeWH
soyorordde Suridures payrwiy Sursn (Syjuow g pue ‘syjuow 9 ‘yuowt 1) DNV

(%8 A %9) (/601 X €>) eruadoyna| 210498

(%L SA %G) ("1/3 09 >) BIWAUR 2IIAS

TSJI3Y3 [EI130[0TeWH

(%L "SA %t) uonodaul anssn 1jos juejdsueniiod

(%% "sa %¢) Ayyedorydou pereroosse-sniia g

(%6 "SA 9%¢€) uondJuI 1081 dANSITIQ

(%11 "SA %8) uonoddyuI 1oe1) Areurin

(%0€ "sA %1 1) uonoojur Kreuowng

(%8t "SA %67) uonoduy

“suonoIyuY

(%€ "SA 9%1) UONONNSqO [eUNSAIU]

(%0t ‘dnoi3 prepuels ‘sa %4 ‘dnoi3 asuaur) eoyLreIq

™
1SMO[[O]

se sdnoIS om) U9aM]aq SIUIAD ISIOAPE JO SIUIPIOUI A} USIMIIQ SIOUAIJJIP [BONISTILIS ON
(50°0>4d) (/3 8L6)

dnoi3 prepuess uey Jomof (/3 67'88) dnoi3 payisuayur ur uiqojSoway ‘do-jsod yoom |
(500> d) werdsuen ysod / Kep

[9€] 810¢ Suers

Jqe[reAe

Jou I[oqeIow

UOTIBIIUIOUOD
18103 ‘'SIWO'T

dqe[IeA® Jou
BIEP AI[OqRIAW

Q01J-PI0IA)S0O1II0)
*(3951ey 0) paysnipe) snw
-1[010®) {UOIBIIPIW-0))
(spuow 1) 3 S0F 91
pue ‘(syyuow ¢) GO F Gl
‘(puowr 1) 3ZT0F 61
:Aep/JINTAL dUBUUTRIAI
VN :uononpuy

(tpuour 1sT unpIm

Sw ()] 03 paradey) Sp10I12ISOd

-1)102 pue (3951e) 0} pajent))
SNWI[0IOR) {UONBIIPIW-0))

(fep

/3W 0801—0TL USY} YoM |

10y Aep/Swr (801 uaY)

Yoom 1 I0f Aep/Su Op1)

prepuels ‘sa (Aep/Sw 0801

—0TL UsY) 39m T 10}

Kep/3ut Oy uay) “Yoom |

10y Aep/Sur 091¢) payisuajur

:Aep/ayejoudyydodfw
P3)B0D-ILIINUD IDUBUIUTRIA

sypuow 7] 01 dn :owm XJ-1504
(sypuowr 1)
T1F29 pue ‘(syiuow 9) [ ¥¢9
‘(puowr [) Jwr ¢/ /Uy W g F 46

UONEN[Y JE[NISWO[S :UonIUNy [eUdY
(Squow 71) 97 F 6L pue ‘(sypuout 9)

STF 6L “(Wuow 1) €7F9L *(3%) 13PM

SO[BW [T :Xd§

11 F96 :(saeak) agy

VN Koy

QAI[ pUB OLIdARPED :}Jead Jo adA],

1¢ :9z1s djdwreg

[BUOTIBAISSQO ‘[aqe[
-uado ‘eanosadsoid

SYIUOW 7| UM XJ-)SOJ

juerdsuen

-1s0d yyuow | urw/ T ¢9—(9 ~ uor
eIy Ie[NISWO[S :uondunj [eudy
VN :(33) 1uSPm

dnoi3 prepues
UL %8°CS "SA PIYISUAUI UL 9 L°¢C :XdF
(sdnoi3 g ur) g~ :(s1eak) a3y
asoury) Ay

(yreap K101B[MOIIO
I19)Je UOIRUOP) JLIdABDED :)Jead Jo 3dAT,

18 (T4 Sw ¢'g¢g F 0 SH) dnoid prepuess “sa (/Y Sw §4'GE F 8199 DNV) dnoid payisudu]  {UONBIUIOUOD qewrxIfiseq Jo urnqojs 171 Suisop prepue)s ‘78
[2] 810¢ Suad oAy [y oy Susn (£, Kep) L0y [®101 S LIINA AkoowAyinue :uononpuy aAndadsonoy payisuaui—([101) 60 :3zIs A dweg
SOOUAIRJIY diysuonerar Kyorxo}—amsodxg Kessy uowidar Suisoq ugisop Apmg uonendod juoneq

(ponunuoo) | sjqey

A\ Adis



Exposure-Toxicity Effects of MPA

1547

The lack of association between MPA exposure and
GI toxicity was also observed in studies that have utilized
enteric-coated mycophenolate. In a short parallel-controlled
study in primarily Caucasian patients, Glander et al. [20]
did not observe a difference in GI disorders (18% vs. 14%)
despite higher MPA AUCSs in the intensified group on day
3 (45+15.70 mg h/L vs. 32.60+ 18.71 [standard dosing]),
day 10 (42.80+17.40 mg h/L vs. 31.30 + 18.40), and day
21 (41.60+17.20 mg h/L vs. 31.60 + 15.80) post-trans-
plant. In a similarly designed study with a larger sample
size and longer follow-up period of 6 months, Budde et al.
[21] also did not draw a relationship between elevated MPA
AUCs (week 6) in their intensified MPA dosing group and
increased frequencies of total GI adverse events (Table 1).
Moreover, the incidence of GI adverse events appeared to
occur more frequently within the first 6 months post-trans-
plant, as demonstrated by Arns et al. [22] where relatively
fewer events were identified within the follow-up period
between 6 and 12 months in comparison to the entire study
period from 1 to 12 months. Consistent with other studies,
irrespective of the follow-up period, no differences in the
incidences of GI adverse events were observed by Arns et al.
[22]. Furthermore, negative findings were also observed
in Chinese subjects taking enteric-coated mycophenolate,
where neither Ding et al. [23] nor Peng et al. [24] reported
differences in GI adverse effects (including abdominal pain,
constipation, diarrhea, dyspepsia, flatulence, nausea, vom-
iting) between the intensified dosing group that exhibited
higher MPA AUCs (measured at 2 weeks in Ding et al. and
day 7 in Peng et al.) and standard dosing groups (Table 1).

In addition to MPA data, attempts to correlate MPA
metabolite exposures and GI side effects have not been
successful. Heller et al. [25] characterized the exposures
of both acyl MPA glucuronide and MPA glucuronide in
patients administered mycophenolate mofetil and found no
differences in subjects with or without diarrhea. van Agteren
et al. [26] also did not report altered AUCs of acyl MPA
glucuronide (measured at day 3 or month 3) in relation
to episodes of diarrhea reported within the first month or
between 3 and 12 months post-transplant. Likewise, in sub-
jects administered enteric-coated mycophenolate, Tornatore
et al. [27] found no associations between MPA glucuronide
AUC (characterized at time of event) and GI adverse effects.
However, the authors did find a trend of female subjects
having a higher GI score compared with male patients in a
subset of subjects with an AUC > 60 mg h/L, which might
indicate a potential sex sensitivity toward these GI adverse
events (Table 1).

3.2 Infections

Of the 28 identified papers, 18 have characterized infection
events either independently or as a composite of adverse

outcomes (Table 1). The most commonly reported events
were cytomegalovirus (CMV), BK virus, upper respira-
tory tract, pneumonia, and urinary tract infections. The fre-
quencies of infections varied significantly between studies
(Table 1). Overall, only a limited number (n=4) of studies
have supported a relationship between MPA exposure and
the occurrence of infections. In a primarily Caucasian popu-
lation, Atcheson et al. [15] reported higher free MPA expo-
sure (1.9+0.3 mg h/L, measured on day 5) in subjects taking
mycophenolate mofetil with a composite of thrombocytope-
nia, leukopenia, or infection compared with patients exhib-
iting no adverse effects (free MPA AUC 1.1 +0.1 mg h/L)
within 1 month of transplant. However, the significance was
lost with total MPA AUC and no analysis on infection events
itself was conducted. In a German population taking enteric-
coated mycophenolate, subjects with infections exhibited
higher total MPA AUC (65 mg h/L, timing not specified)
compared with those without infections (37 mg h/L) dur-
ing a follow-up period of 56 days. These findings were sup-
ported by further multiple regression analyses where MPA
AUC was identified as the only variable capable of predict-
ing infection (r=0.44) [12], although the specific details of
the infection events were not available.

Similarly, in a larger study with a longer follow-up
period (24-60 months), it was determined that an MPA
AUC > 50 mg h/L (measured at 3 months post-transplant)
was associated with viremia and polyomavirus-associated
nephropathy based on a receiver operating characteristic
analysis, although other clinical factors such as tacrolimus
concentration also have contributed to BK viremia [28]. In
the same study, both BK virus viruria and viremia occurred
relatively early ~7.6 to 7.9 months post-transplant, with up
to 48% of the subjects experiencing an episode of viruria
(Table 1). However, because the majority (77.5%) of the
patients were administered anti-thymocyte globulin, it was
not clear whether this specific induction therapy had a role
in enhancing the association or manifestation of this viral
infection. Finally, in a Chinese population, Fu et al. [19]
reported a lower infection rate in their concentration-con-
trol group compared with the fixed-dosing group (16.8% vs.
31.7%) during the 12-month follow-up period. This obser-
vation correlated with differences in MPA exposures (i.e.,
54.06 mg h/L vs. 61.38 mg h/L) documented in the con-
centration-controlled vs. fixed-dosing groups, respectively,
suggesting an AUC of 60 mg h/L might be the threshold for
the escalation of infection events. However, further analy-
ses on specific types of infection (e.g., bacterial, viral, and
fungal) did not lead to significant findings between their
treatment groups (Table 1). Consistent with the findings
of Borni-Duval et al. [28], the majority of infections were
also documented within 6 months post-transplant. Taken
together, these data provide some evidence supporting an
MPA exposure-infection relationship.
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In contrast to the aforementioned studies, the majority of
the studies (n=14) have not supported an MPA exposure-
infection relationship. This is evident in several studies with
Caucasian subjects taking mycophenolate mofetil (Table 1).
In a double-blinded concentration-controlled study, the
incidence of pneumonia (3.8-6.4%) within the 6-month
follow-up period was not different between patients with
varying MPA AUCs [5]. Throughout a follow-up period of
12 months, patients with documented infection had simi-
lar MPA AUCs compared to subjects without active infec-
tions [29]. Moreover, active concentration-control of MPA
resulted in elevated MPA AUCs early post-transplant but
did not translate to increased occurrence of overall infec-
tion (77% vs. 74%) [16], CMV (1.5% vs. 9% [17] or 24.4%
vs. 16.0% [18]), herpes simplex (10.3% vs. 9% [17] or 7.9%
vs. 4.8% [18]), bacterial (48.8% vs. 44.8% [18]), or uri-
nary tract infections (16.2% vs. 25.4%) [17] captured over
6—12 months. In the study by Gourishankar et al. [17], the
occurrence of infections was also similar between patients
with MPA AUC <60 mg h/L or AUC > 60 mg h/L. Like-
wise, over a 5-year follow-up period, the proportion of
subjects with infection was similar between patients with
AUC <30 mg h/L (9.9%), AUC 30-60 mg h/L (10%), or
AUC > 60 mg h/L (7.1%) when MPA exposure was captured
around the time of the event [6]. Finally, in a multi-arm com-
parative study, the occurrence of opportunistic infections
(7-16%) was similar between patients in the MPA concen-
tration-control group (with or without reduced calcineurin
inhibitor dosing) compared to fixed MPA dosing, despite
apparent differences in MPA exposure [30].

Similar negative findings were evident in subjects tak-
ing enteric-coated sodium mycophenolate (Table 1). In
a primarily Caucasian population, intensified treatment
for 2 weeks resulted in increased MPA AUCs from day
3 to day 21 (31.60 + 15.80 mg h/L of standard dosing vs.
41.60+17.20 mg h/L), but no differences in the incidence
of infections within the 3-month period were observed (14%
vs. 15%) [20]. Using a larger sample size over a longer fol-
low-up period, intensified treatment further increased the
MPA AUC by 47% by week 6 (vs. standard dosing), but the
total number of infections (61.5% vs. 63.5% respectively;
including CMV [7.5% vs. 12.8%], BK virus [3.8% vs. 1.8%],
upper respiratory tract [8% vs. 5.9%], urinary tract [34.7%
vs. 32.9%], herpes zoster [2.8% vs. 2.3%], nasopharyngitis
[2.8% vs. 2.3%], or pneumonia [3.3% vs. 5%]) during the
6-month follow-up period remained the same [21]. Moreo-
ver, using the same experimental design but extending the
follow-up to 12 months, the incidence of overall infection
(73% vs. 80%; including CMV [11.1% vs. 13.8%], BK
viremia [6.3% vs. 3.1%], respiratory infection [4.8% vs.
9.2%], upper respiratory tract [3.2% vs. 1.5%], pneumo-
nia [14.3% vs. 12.3%], or urinary tract infection [46% vs.
47.7%]) also remained comparable [22]. Consistent with
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other MPA-associated adverse effects, most infection events
were documented within 6 months post-transplant (Table 1).

In Japanese populations taking mycophenolate mofetil,
Okamoto et al. [31] found trends of increased MPA AUC
(39.2+22.8 mg h/L, n=12) in subjects identified to have
adverse effects (composites of CMV infection, varicella
infection, and GI side effects) compared with subjects with
no side effects (AUC of 30.1+8.0 mg h/L, n=21) over a
2-week observational period. In a subgroup analysis, patients
taking tacrolimus exhibiting adverse effects appeared to
have further elevated MPA AUCs (55.7+31.1 mg h/L,
n=15) compared with subjects without adverse events
(32.6 +£6.7 mg h/L), but none of these differences were sta-
tistically significant (Table 1). Similarly, Satoh et al. [32]
also reported trends of increased MPA AUCs (61.5 mg h/L,
n=>5) in Japanese patients with viral infections (i.e., CMV,
varicella zoster, adenovirus, and malignancy related to
Epstein—Barr virus) compared with patients without viral
infections (AUC of 50.4 +31.6 mg h/L, n=16) during
28 days post-transplant (p > 0.05). The MPA AUC levels
were comparable between the two Japanese studies for sub-
jects taking concurrent tacrolimus, and these values were
higher than those obtained in subjects taking cyclosporine
[31], possibly owing to the inhibitory effects of cyclo-
sporine on the enterohepatic recirculation of mycopheno-
late. Although MPA exposure can vary significantly based
on the co-administered calcineurin inhibitor, it is not clear
whether this can lead to different thresholds of toxicities.
Similar to the Japanese population, Chinese patients tak-
ing enteric-coated mycophenolate receiving intensified
dosing had elevated MPA AUCs early post-transplant (e.g.,
59.3 mg h/L vs. 44.8 mg h/L [standard dosing] on day 5),
but this did not translate to increased infection (40.6% vs.
42.9%, including CMV [6.3% vs. 10.7%], respiratory tract
[12.5% vs. 21.4%], pneumonia [6.3% vs. 10.7%], or urinary
tract infection [31.3% vs. 35.7%]) over 6 months. These find-
ings were reproduced by Peng et al. [24] in another Chinese
cohort where increased AUCs in their intensified treat-
ment group (66.18 +35.48 mg h/L vs. 45.30+23.5 mg h/L
[standard group] on day 7) also did not translate to increased
incidences of infection (29% vs. 48%, including pulmonary
[11% vs. 20%], urinary tract [8% vs. 11%], digestive tract
[3% vs. 5%], BK virus-associated nephropathy [3% vs. 4%],
or soft-tissue infection [4% vs. 7%]) during 12 months post-
transplant. Overall, the observation of a lack of association
between MPA exposure and infection is consistent between
ethnicities.

3.3 Hematological Disorders
Of the 28 identified papers, 19 have characterized hemato-

logical side effects either independently or as a composite of
adverse outcomes (Table 1). The most commonly reported
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events were leukopenia and anemia, with only a limited
number of studies investigating neutropenia. The frequen-
cies of hematological disorders varied significantly between
studies (Table 1). Similar to the other adverse effects dis-
cussed in this paper, only a limited number (7 =6) of studies
have supported a relationship between MPA exposure and
the occurrence of hematological toxicities. Inconsistent find-
ings have also been reported from different investigators.

In patients taking a low-dose mycophenolate mofetil
regimen co-administered with tacrolimus, Mourad et al.
[33] found a significant difference in MPA exposure in
subjects presenting with composite adverse events (leuko-
penia, anemia, diarrhea, esophagitis, thrombocytopenia)
[n=31 sample profiles, AUC of 48.38 + 18.50 mg h/L)
compared with subjects with no adverse events (n=47,
36.04 +10.82 mg h/L) during the 3-month follow-up
period. A further receiver operating characteristic analy-
sis also indicated an MPA exposure cut-off of 37.6 mg h/L
for developing toxicity (Table 1). However, in a similarly
designed trial by the same investigators using a higher dose
of mycophenolate mofetil co-administered with cyclo-
sporine, the relationships between MPA exposure and the
same composite adverse outcomes were lost [34]. Consist-
ent with the occurrence of GI or infectious complications,
this observation supports the notion that other clinical fac-
tors (e.g., type of concurrent calcineurin inhibitor) should
be considered when interpreting the adverse outcomes of
MPA. Furthermore, Kuypers et al. [29] reported higher total
MPA exposure for subjects with leukopenia compared with
those with no leukopenia at 3 months (61.4 +30.9 mg h/L
vs. 42.3+25.3 mg h/L) or 12 months post-transplant
(84.4+45.6 mg h/L vs. 44.2+21.9 mg h/L). Similar associa-
tions between MPA exposure and anemia were also observed
(Table 1).

However, in a previous study in a much smaller sample
(n=39), the same authors did not observe statistically sig-
nificant correlations between total MPA AUC, free MPA
AUC, MPA glucuronide AUC, or MPA acyl-glucuronide
AUCs with respect to anemia and leukopenia, despite trends
indicating higher exposure in patients with documented
hematological toxicities [35]. These findings further under-
score the importance of a power analysis in these relatively
small observational studies. However, Atcheson et al [15]
were able to find a relationship between free MPA AUC
(characterized on day 5) and either thrombocytopenia or
leukopenia within 1 month post-transplant, as evident by
patients exhibiting side effects having higher exposure (MPA
AUCfree 1.9+0.3 mg h/L) compared with those with no
adverse effects (MPA AUCfree 1.1 +0.1 mg h/L). However,
inconsistent with Kuypers et al. [29], the relationship was
lost when total exposure was characterized (Table 1).

Furthermore, in a longer term, 5-year follow-up study
using a categorical approach, Kuypers et al. [6] were able

to estimate the exposure thresholds for developing hema-
tological toxicities. In this study, an exposure-effect rela-
tionship was clearly evident in subjects with leukopenia
(AUC <30 mg h/L [5%] vs. AUC 30-60 mg h/L [7%]
vs. AUC>60 mg h/L [12.4%]), anemia < 12 g/L/day
(AUC <30 mg h/L [40.8%] vs. AUC 30-60 mg h/L [52.2%]
vs. AUC > 60 mg h/L [64.3%]), or anemia < 10 g/L/day
(AUC <30 mg h/L [14.2%] vs. AUC 30-60 mg h/L [17%] vs.
AUC> 60 mg h/L [25%]). These findings provided support
for using an MPA AUC cut-off of 60 mg h/L for the detec-
tion of leukopenia or anemia, but further receiver operating
characteristic analyses are needed to establish the specificity
and sensitivity of this specific threshold. Finally, in a corti-
costeroid-free population, Kiang et al. [36] found significant
correlations between total MPA exposure and neutropenia
in three different periods within the first year of transplant
(Table 1). While a strong correlation was observed, further
analyses are still needed to identify the specific MPA AUC
thresholds for developing neutropenia. As well, the relation-
ship between MPA exposure and neutropenia still remains to
be established in the corticosteroid-based population.
Similar to other discussed side effects, a large number of
studies have not supported an MPA exposure-hematological
toxicity relationship, irrespective of MPA formulation or
patient ethnicity (Table 1). In a prospective, double-blinded,
concentration-controlled study, the incidences of leukopenia
within 6 months of a transplant were not statistically signifi-
cant between patients with different levels of MPA expo-
sure, although a trend was identified where subjects having
elevated AUCs (96.7 +32.2 mg h/L) appeared almost twice
more likely to develop neutropenia [5]. In a randomized pro-
spective controlled study by van Agteren et al. [26], 16%
of the subjects were found to have developed leukopenia
between 3 and 12 months post-transplant; but, this was only
observed in the tacrolimus, and not cyclosporine, co-treated
patients. No difference in acyl MPA glucuronide exposure
(measured at month 3) in patients with (1.36 mg h/L) or
without (1.15 mg h/L) leukopenia was identified in this
study. Similarly, Gaston et al. [30] did not report a difference
in the incidence of leukopenia between concentration-con-
trolled or fixed-dosing MPA regimens with either normal-
or reduced-dose calcineurin inhibitor co-administration.
In support of these findings, Sobiak et al. [37] found no
consistent associations between MPA or MPA glucuronide
exposures and levels of hemoglobin (some correlation with
glucuronide observed), hematocrit, erythrocyte count, leu-
kocytes, or platelets in their relatively lengthy (4.7 years)
observational study. Furthermore, in a series of studies that
have examined the effects of intensified vs. standard dos-
ing (of either MPA formulation), early increases in MPA
AUC:s did not generally translate to increased incidences of
hematological disorders over 3 months [20], 6 months [17,
21, 23], or 12 months [16, 22, 24] post-transplant. More
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specifically, in individuals with an MPA AUC <60 mg h/L
vs. an MPA AUC > 60 mg h/L, Gourishankar et al. [17]
found no difference in the incidence of leukopenia (20 vs.
18.4%), neutropenia (5.0 vs. 5.3%), and thrombocytopenia
(3.8 vs. 2.6%). Moreover, based on the study by Arns et al.
[22], it was clearly evident that the majority of the hemato-
logical events (e.g., leukopenia, thrombocytopenia, anemia)
occurred within the first 6 months post-transplant, an obser-
vation that is consistent with the other identified adverse
effects of MPA (Table 1).

4 Conclusion and Future Directions

The overall collective data can be best described as incon-
clusive to support a relationship between MPA exposure
and the manifestation of specific (i.e., GI, infection, or
hematological) adverse effects. While promising exposure
thresholds (i.e., >40-60 mg h/L for total MPA) or exposure-
toxicity correlations for MPA have been suggested by a few
studies presented in this review, many were observational
in nature and of relatively short duration. Furthermore, the
limited and conflicting experimental evidence supporting
free MPA exposure or MPA metabolites as potentially bet-
ter markers of toxicity indicates that further validations
are required. The number of papers with negative findings
also outnumbered those that have reported associations
(Table 1). With respect to clinical factors affecting MPA
toxicity, concurrent calcineurin inhibitor administration
(i.e., either tacrolimus or cyclosporine) does have signifi-
cant effects on MPA exposure, but clear relationships with
MPA -associated toxicity have not always been documented
(Table 1). Tornatore et al. [27] suggested that female sub-
jects were more likely to develop GI adverse events, but
the majority of other studies have not conducted sex-based
analyses. Moreover, although there does not appear to be
significant differences in the MPA exposure-toxicity rela-
tionship based on ethnic makeup, the majority of the data
were obtained from Caucasian-based populations (with the
remaining from Asian subjects) with no single paper hav-
ing conducted a properly controlled comparison (Table 1).
Additional systematic analyses with other clinical markers
(e.g., the type of transplant [live vs. cadaveric], age, induc-
tion therapy, or concurrent supportive medications) were
also difficult because of the heterogeneous nature, limited
number, and inconsistent reporting (i.e., with missing data)
of the included papers (Table 1).

However, many confounding factors that could have
attributed to false-negative findings were also evident in
these studies. (1) In many cases, the identified toxicity may
not be attributed to MPA alone, and other concurrent drugs
(e.g., tacrolimus for diarrhea; type of induction therapy for
infection or leukopenia) may have masked the contribution
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of MPA. Perhaps a “combined” therapeutic window as pro-
posed by Kuypers et al. [29] might be able to mitigate part of
this limitation with the co-administered maintenance immu-
nosuppressant therapies. (2) The majority of the studies
lacked sufficient power for detecting differences in toxicity
events that were often characterized as secondary endpoints.
Where power analyses have been conducted, they were
mostly tailored to the primary end-point for MPA efficacy
(i.e., rejection frequency). (3) The MPA-associated toxicities
were often not consistently or clearly defined between the
studies. As examples, different definitions based on indi-
vidual center practices for diarrhea (with or without baseline
consideration) or leukopenia/neutropenia (severity, cut-off)
were evident. (4) Different analytical assays for MPA were
used between studies, which could have resulted in different
exposure estimations (Table 1). For example, several studies
have utilized immunoassays that are known to over-estimate
MPA concentrations as a result of cross-reactivity with the
acyl MPA glucuronide. With the majority of centers now
electing to use liquid-chromatography mass spectrometry
for improved selectivity and sensitivity, it is unclear whether
these historical data collected with different assays can still
be relevant for current practice today. (5) With the exception
of a few studies, the majority did not capture exposure data
at the same time as the occurrence of MPA adverse events.
Many studies were also designed to only increase early MPA
exposure, which led to mostly negative associations with
adverse outcomes that were captured over a longer period
of time. The inconsistencies between the timing of MPA
exposure estimation and the occurrence of toxicity could
have severely minimized the sensitivity of the correlations.
Finally, (6) the majority of the studies presented in Table 1
had a follow-up period within 12 months; therefore, very
limited data on the longer term toxicity threshold, which
may be different than the acute period (i.e., within the first
year post-transplant), were available.

Collectively, we have summarized the literature that
suggests promising MPA exposure-toxicity relationships
in adult kidney transplant recipients. Although it is not yet
possible to define toxicity threshold(s) for the purpose of
therapeutic drug monitoring, the information obtained and
the limitations identified in these studies have provided a
good foundation for future investigations using properly
powered, controlled, randomized, or blinded trials with the
primary aim to investigate specific toxicities.
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