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Environmental Risk Assessment Summary 
Mycophenolate mofetil / Mycophenolic acid 
 
Introduction 

The publication of environmental risk assessment (ERA) summaries is part of Roche’s engagement on 
developing a better understanding of issues regarding pharmaceuticals in the environment (PiE). 
 
New pharmaceutical substances are investigated for biodegradability and initial ecotoxicity during their 
development. For registration, a full state-of-the-art environmental risk assessment is developed based 
on chronic environmental effects and advanced environmental fate data, as required by the pertinent 
regulations. While not a regulatory requirement, Roche also investigates older pharmaceutical 
substances, normally at a simpler scale, in order to assess their environmental risks. 
 
For active pharmaceutical ingredients, the potential environmental risk is calculated from the ratio 
between the predicted environmental concentration (PEC) of the substance in the aquatic environment 
based on a conservative emission scenario and the predicted no effect concentration (PNEC), a 
concentration below which no adverse effects on the environment have to be expected. 
 
 
Summary 

The drug Mycophenolate mofetil (MMF [18]) was developed in the early 1990s as an 
immunosuppressant API used for the prevention of solid organ rejection in transplant recipients [24]. 
MMF is the active pharmaceutical ingredient in the Roche product CellCept [17]. MMF is a prodrug 
and is rapidly and fully hydrolysed in the liver and intestine to the active substance Mycophenolic acid 
(MPA [19]). 
 
MPA was discovered >100 yr ago as a natural substance synthesized by various molds of the genus 
Penicillium. It was recognized early to potentially be a broad‐spectrum API, due to antibacterial, 
antiviral, antifungal, antipsoriatic, and anticancer activity (the latter through inhibition of angiogenesis. 
It was also shown to be a specific inhibitor of the immune system and was developed in the early 1990s 
as an immunosuppressant API used for the prevention of solid organ rejection in transplant recipients 
[24]. 
 
MPA is a reversible, potent, and noncompetitive inhibitor of the enzyme inosine‐5′‐monophosphate 
dehydrogenase (IMPDH), which is essential for the biosynthesis of purines. Inhibition of IMPDH 
particularly affects lymphocytes because they rely almost exclusively on de novo purine synthesis, 
whereas many other cell types can switch to salvaging pathways. Therefore, MPA suppresses the 
proliferation of T‐ and B‐lymphocytes and also inhibits antibody formation by B‐lymphocytes. This 
selectivity for lymphocytes explains the off‐label use of MPA in autoimmune diseases [24]. 
 
Because MPM is fully cleft to MPA and the excreted metabolites are 7‐O‐MPA glucuronide (MPAG) 
and MPA, the ERA is performed for the active substance MPA. 
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Results from standard tests suggest that MPM is not readily biodegradable. However, primary 
degradation (presumably to MPA) was complete within 28 days of incubation [3] [7]. In a 
sediment/water fate test 14C-MPM was completely biotransformed to several metabolites (both 
carboxyl-14C and morpholine-14C radiolabelled moieties. 58.9 and 60.2% (for 1 and 5 mg/L dosing, 
respectively) of the carboxyl-14C radiolabelled moiety and 21.5 and 28.0% (for 1 and 5 mg/L dosing, 
respectively) of the morpholine-14C radiolabelled moiety were trapped as 14CO2 [2]. 
 
Franquet‐Griell et al. (2017 [20]) investigated the biodegradation of MPA in an aerobic sequencing batch 
reactor with an initial concentration of 1 to 1.2 g/L activated sludge that was run for 5 cycles of 48 h 
each. Biodegradation rate constants kbiodeg for MPA in the first and the fifth cycle were 0.0017 min–1 and 
0.0006 min–1 [20]. A simulation test according to OECD 314B to assess the biodegradation in activated 
sludge showed that MPA was rapidly mineralized, with biodegradation starting directly after 
application, and increasing rapidly at the beginning and more slowly afterward up to 82.2% of initially 
recovered radioactivity (iRR) at day 28. DT50 values for primary and ultimate degradation of 1.7 and 2.9 
days were observed [10]. 
 
These studies indicate that neither MPM nor MPA are persistent compounds. 
 
The PEC/PNEC ratio is 0.62. With reference to the Guideline on the Environmental Risk Assessment 
on Medicinal Products for Human Use of the European Medicines Agency [15], a PEC/PNEC ratio of 
<1 means that MPM, MPA and/or their metabolites are unlikely to represent a risk to the aquatic 
environment. 
 
Predicted Environmental Concentration (PEC) 

The PEC is based on the following data: 
 
PEC (mg/L) = (A × 109 × (1–R)) ÷ (365 × P × V × D) 
 
A Total patient consumption of MPA (as the sum of MPM and MPA) in the European country with 

the highest yearly per capita use in the period 2014–2018 (data from IQVIA [21] 
R Removal rate during sewage treatment = 0.117; i.e. 11.7% [25] 
P Number of inhabitants in the country with the highest per capita use in the respective year of the 

period 2014–2018 [16]; resulting in a consumption of 296.4 mg/y per inhabitant 
V Volume of wastewater per inhabitant and day (default value) = 200 L day-1 [15] 
D Dilution factor of wastewater by surface water flow (default value) = 10 [15] 
 
PEC = 0.358 µg/L 
 
Note: MPM and MPA are at least partially metabolised in the body. Since little is known about the 

ecotoxicity of these metabolites, it is assumed as a worst case that they have the same 
ecotoxicological relevance as MPM and MPA. 
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Predicted No Effect Concentration (PNEC) 

Chronic studies have been performed with MPA based on OECD Test Guidelines [22] for species from 
three trophic levels (green algae, invertebrates, fish) and by including a cyanobacteria species. The lowest 
EC10 is 5.8 µg/L assessed for the F1 generation in a fish partial life cycle test with Danio rerio [13]. 
Applying an assessment factor of 10 according to the EMA Guideline [15], this results in a PNEC value 
of 0.58 µg/L. 
 
PNEC = 5.8 µg/L ÷ 10 = 0.58 µg/L 
 
 
PEC/PNEC Ratio 

PEC = 0.359 µg/L 
PNEC = 0.58 µg/L 
 
PEC/PNEC = 0.62 
 
With reference to the Guideline on the Environmental Risk Assessment on Medicinal Products for 
Human Use of the European Medicines Agency [15], a PEC/PNEC ratio of 0.62 (i.e. <1) means that 
MPM, MPA and/or their metabolites are unlikely to represent a risk to the aquatic environment. 
 
 
Aquatic Toxicity Data for Mycophenolate Mofetil (MPM) and Mycophenolic Acid (MPA) 

Study Guideline Results Test item Ref. 
Growth inhibition test with 
green algae (Desmodesmus 
subspicatus) 

OECD 201 72 h EC50 (growth rate) 0.618 mg/L IMC 
72 h EC50 (biomass) 0.229 mg/L IMC 
72 h NOEC (growth rate) 0.085 mg/L IMC 
72 h NOEC (biomass) 0.040 mg/L IMC 

MPM [4] 

Growth inhibition test with 
green algae (Raphidocelis 
subcapitata) 

OECD 201 96 h EC50 (growth rate) 0.068 mg/L GMC 
96 h EC50 (biomass) 0.017 mg/L GMC 
96 h EC10 (growth rate) 0.012 mg/L GMC 
96 h EC10 (biomass) 0.008 mg/L GMC 

MPA [14] 

Growth inhibition test with 
cyanobacteria (Anabaena flos-
aquae) 

OECD 201 72 h EC50 (growth rate) 0.423 mg/L GMC 
72 h EC50 (yield) 0.176 mg/L GMC 
72 h EC10 (growth rate) 0.155 mg/L GMC 
72 h EC10 (yield) 0.085 mg/L GMC 
72 h NOEC 0.084 mg/L GMC 

MPA [11] 

Acute immobilisation test 
with Daphnia magna 

OECD 202 48 h EC50 >27.7 mg/L TWM HTC 
48 h NOEC 27.7 mg/L TWM HTC 

MPM [5] 

 EPA-660/3-
75-009 

48 h EC50 755 mg/L MMC 
48 h NOEC 440 mg/L MMC 

MPA [1] [14] 

Daphnia magna, 
Reproduction Test 

OECD 211 21 d EC50 4.29 mg/L MMC 
21 d EC10 0.929 mg/L MMC 
21 d NOEC 0.630 mg/L MMC 

MPA [12] 

Acute toxicity to Guppy 
(Poecilia reticulata) 

OECD 203 96 h LC50 >0.21 mg/L TWM HTC 
96 h NOEC 0.21 mg/L TWM HTC 

MPM [6] 
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Study Guideline Results Test item Ref. 
Fish partial life cycle test with 
zebrafish (Danio rerio) a) 

OECD 229 / 
OECD 210 

F0 generation 
23 d EC10 (survival) 0.0189 mg/L GMC 
F1 generation 
34 d EC10 (mortality) 0.0058 mg/L GMC 

MPA [13] 

Bacteria toxicity (toxicity 
control in biodegradation test) 

OECD 301 F 14 d NOEC 100 mg/L test concentration MPM [3] 

Toxicity to nitrifying bacteria ISO 9509 4 h NOEC 27.8 mg/L IMC MPM [8] 
Toxicity to anaerobic bacteria 
(in biodegradation test) 

OECD 311 62 d LOEC 94.2 mg/L test concentration MPM [9] 

 
EC10 Concentration of the test substance that results in 10% effect 
EC50 Concentration of the test substance that results in 50% effect 
NOEC No observed effect concentration 
GMC Geometric mean measured concentration 
HTC Highest tested concentration 
IMC Initially measured concentration 
MMC Mean measured concentration 
TWM Time-weighted mean measured concentration 
 
a) Shortened life-cycle test with zebrafish – an investigation of effects on F0-Reproduction, F1-early-life stages 

and F1-survival; test performance based on a detailed review paper by the OECD (2008 [23]) 
 
 
Environmental Fate Data for Mycophenolate Mofetil (MPM) and Mycophenolic Acid 
(MPA) 

Study Guideline Results Test item Ref. 
Ready biodegradability OECD 301 F BOD ÷ ThOD (mineralisation) 

4% after 28 d 
DOC elimination 
33% after 28 d 
Primary degradation 
100% after 28 d, measured by LC-UV 

MPM [3] 

(Using a wet-milled suspen-
sion in the nanometre range) 

OECD 301 F BOD ÷ ThOD (mineralisation) 
33% after 28 d 
Primary degradation 
100% after 28 d, measured by LC-UV 

MPM [7] 

Biodegradation in activated 
sludge 

OECD 314B Primary degradation 
DT50 1.7 d 
kbiodeg 0.017 h-1 
Ultimate degradation 
DT50 2.9 d 
kbiodeg 0.010 h-1 
82% mineralisation (14CO2) after 28 d 

MPA [10] 

Biodegradation in an aerobic 
sequencing batch reactor 

NA kbiodeg 0.102 h–1 (1st cycle) 
kbiodeg 0.036 h–1 (5th cycle) 

MPA [20] 

Sediment/water fate test FDA 3.11 Carboxyl-14C-MPM 
58.9–60.2% mineralisation 

MPM [2] 
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Study Guideline Results Test item Ref. 
Morpholine-14C-MPM 

  21.5–28.0% mineralisation   
Hydrolysis NA 50% (118 h, pH 5.1, 37 °C) 

50% (19 h, pH 7.4, 37 °C) 
MPM [18] 

 NA khydrolosys 0.012 h–1 MPA [20] 
 NA 46.2% loss (pH 5.1) 

29.0% loss (pH 7.0) 
36.7% loss (pH 8.9) 

MPA [26] 

Photodegradation NA kphoto 0.004 min–1 (artificial sunlight) 
kphoto 0.0284 min–1 (UV-C irradiation) 

MPA [20] 

 NA kphoto (pH 5, winter) 0.0017 min-1 
kphoto (pH 5, summer) 0.0059 min-1 
kphoto (pH 7, winter) 0.0049 min-1 
kphoto (pH 7, summer) 0.018 min-1 
kphoto (pH 9, winter) 0.0087 min-1 
kphoto (pH 9, summer) 0.031 min-1 

MPA [27] 

Adsorption/Desorption to 
soils and sludges 

OECD 106 KOC SOIL 168–557 L/kg 
KOC SLUDGE 30–37 L/kg 
Kd SOIL 2.2–5.0 L/kg 
Kd SLUDGE 9.3–13 L/kg 

MPA [31] 

 
BOD Biochemical oxygen demand 
CO2 Carbon dioxide produced 
DOC Dissolved organic carbon 
DT50 Half life 
kbiodeg First order degradation constant 
kd Partition coefficient in activated sludge (estimate) 
ThOD Theoretical oxygen demand 
TOC Total organic carbon 
 
 
Physical Chemical Data for Mycophenolate Mofetil (MPM) and Mycophenolic Acid (MPA) 

Study Guideline Results Test item Ref. 
Water solubility NA ≤22 mg/L (22 °C) MPM [18] 
 FDA 3.04 45 mg/L (25 °C, pH 5) 

710 mg/L (25 °C, pH 7) 
MPA [28] 

Dissociation constant pKa NA 5.6 MPM [18] 
 FDA 3.04 4.58 (carboxylic) 

8.045 (phenolic) 
MPA [28] 

[29] 
n-Octanol-water partition 
coefficient 

NA logDOW  2.28 (pH 5, 25 °C) 
logDOW  0.48 (pH 7, 25 °C) 
logDOW  ≤–1.54 (pH 9, 25 °C) 

MPA [30] 
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